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FOREWORD

v

This is an outstanding book.  We live in an age where a declaration of conflict of
interest is expected.  Let me confess that Dr. Weber and I are long-standing friends who
have worked together on many occasions, in fact, we worked together on a major project
the week that the pages of this book arrived. Clearly, I would have had a problem if this
book was less than excellent, but it is not.

Hypertension is a major medical problem, almost certainly the most common chronic
disease in the urban world.  With the exception of pediatrics, at least 20–25% of patients
seen in any practitioner’s office—whether they practice general medicine or a subspe-
cialty—have hypertension as part of their medical story.  Over the past 30 years, the
management of hypertension has moved from a formulaic approach that experts tried to
apply to everyone, to highly individualized management.  This is a field that is evolving
quickly, not only in the area of pathogenic insight, but also in the areas of blood-pressure
control, which measures should receive priority, and identification of patient subsets in
whom special goals or approaches to therapy are appropriate.  We have a wide range of
choices, and clearly want to use the available approaches to their best advantage.

Each chapter in this book has been written by an authority in the field.  Equally
important, or perhaps more important, is the remarkably focused chapter headings.  In
most books, what would have been a single subject is addressed in three chapters, as one
example.  The first of this triad focuses on the concepts involved in setting targets when
starting hypertension treatment.  The next chapter focuses on choosing the first agent.
The third chapter in the triad focuses on managing an inadequate response to the first
agent.  Why does this strategy work so well, which it does? The answer, I believe, lies
in the focus.  Because the author has only that specific topic to address, it is addressed
in adequate detail.  These are, after all, the truly important questions.  Samuel Goldwyn
is reputed to have said “Never make predictions, especially about the future.” To close
this Foreword, I am going to make a prediction.  This is going to be a very successful
publication.  There is something in it for everyone who sees patients, and it is well-
informed, thoughtfully organized, well written, and judicious in the selection of empha-
sis and of detail.

Norman K. Hollenberg, MD, PhD
Brigham and Woman’s Hospital, Boston, MA





PREFACE
Hypertension Medicine is intended to be read by clinicians and to be helpful in a

practical and immediate fashion.  I have chosen topics that should cover common ques-
tions and emerging areas of interest.  It always seems logical to explore in depth the basic
sciences and epidemiology that provide the underpinnings of our knowledge of hyper-
tension practice.  But I have tried to avoid this temptation, using only the background
necessary to explain or amplify clinical ideas.

We have emphasized brevity.  I have asked our authors to minimize references and to
prepare chapters short enough to be read comfortably at one sitting.  We have sought an
informal tone, as though the writer and the reader are having a collegial conversation.  I
have also asked the authors not to shy away from controversy or personal opinions;
candor is vital when sharing clinical information and new concepts with colleagues.

The first section of Hypertension Medicine deals with the relevant background to
hypertension: why we diagnose it, and why in most patients we now believe it should be
treated aggressively. We then consider some of the major underlying mechanisms of
hypertension, particularly those that help explain our approaches to treatment.  The next
section focuses on techniques for evaluating patients before treatment, bearing in mind
that so many hypertensive patients have concomitant conditions like lipid disorders and
diabetes mellitus, and often already have evidence of cardiovascular and renal changes.
The final section deals with treatment.  The discussion of antihypertensive drugs is
relatively short.  Rather, our major emphasis is in dealing with practical issues of man-
agement: how to select treatment to optimize results in difficult-to-treat hypertensive
patients, and how to deal with major concomitant problems.

I am grateful to my many colleagues who were willing to share their expert knowledge
and contribute chapters to this book.  I also thank my distinguished friend Norman
Hollenberg for agreeing to write a foreword, and my office coordinator Jeanne Minsky
who worked so effectively with the authors and the dedicated editorial staff at Humana
Press in bringing this project together.

Michael A. Weber, MD
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Table 1-1
Trials Addressing Whether Treating Diastolic Hypertension in

Younger Persons Reduces Morbidity and Mortality

Study Date published

Veterans Administration Cooperative Study 1967, 1970
United States Public Health Services Study (USPHS) 1977
Australian Therapeutic Trials in Mild Hypertension 1982
Medical Research Council Trial (MRC) 1985

Numerous clinical trials have been done to evaluate the value of
treating hypertension (1). Some of the published trials have addressed
whether patients with high blood pressure (BP) should be treated (2–6),
some have looked at how aggressively they should be treated (7,8),
and others have asked what classes of drug or drugs we should use
to treat our hypertensive patients (9–13). Are there really important
differences between classes of antihypertensives or is the only important
thing that BP be lowered? Finally, many clinical trials in hypertension
are in progress (14–16). It is hoped that these studies will answer the
many remaining questions. Pathophysiologic constructs are interesting
but can be misleading. Epidemiologic analyses provide hypotheses for
us to test. Only clinical trials done in people can confidently guide our
treatment decisions and tell us how best to treat our patients.

WHETHER TO TREAT YOUNGER PERSONS
WITH DIASTOLIC HYPERTENSION

Table 1-1 lists the important trials that addressed the most basic
question: Will reducing BP also reduce morbidity and mortality in
hypertensives? The first of these trials, the Veterans Administration
Cooperative Study (VA) trial, began in 1964. By 1967 in only 143
subjects and after only 18 mo of follow-up, this study showed a clear
benefit of active treatment for those with diastolic blood pressure (DBP)
between 115 and 129 mmHg (2). Treatment with a combination of
a diuretic, vasodilator, and sympatholytic (reserpine) dramatically
reduced hypertension-related mortal and morbid events (27 vs 2, respec-
tively) compared to treatment with a placebo. In 1970, after an average
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of approx 3.3 yr of observation, the VA study also demonstrated the
benefit of treating hypertensive patients with an entry DBP of 90–114
mmHg (3). Most of this benefit was evident in those with a DBP
between 105 and 114 mmHg and in those with a comorbid condition
and/or end organ damage, namely those with the highest absolute
risk (17).

Over the next 15 yr, several other studies confirmed and extended
those findings (4–6). These included the United States Public Health
Service Study (4) and the Australian Therapeutic Trial in Mild Hyper-
tension (5). In both, diuretics were the initial active therapy. In the
Medical Research Council (MRC) trial, which enrolled 17,354 partici-
pants with a DBP between 95 and 109 mmHg, half of the volunteers
were randomized to receive placebo and half to active therapy, of which
50% got a diuretic and 50% a -blocker as initial treatment (6). These
studies, together with the VA trial, clearly showed that treating diastolic
hypertension reduces strokes by approx 40%, but neither individually
nor in the aggregate could they show a statistically significant reduction
in myocardial infarction (MI) or coronary artery disease (CAD) events.

WHETHER TO TREAT OLDER PERSONS
WITH HYPERTENSION

Although the benefit of treating younger hypertensive patients ( 69
yr) was proven by the mid-1980s, many still doubted whether there
would be benefit in older persons, with diastolic, systolic and diastolic
or isolated systolic hypertension. Although there were substantial num-
bers of participants over 60 yr in the VA Cooperative Study, in the
Australian trial (18) and in the MRC study (6), no one older than 69
yr at entry was eligible to participate.

In the 1980s and 1990s, the issue of whether to treat older persons
was settled (Table 1-2). The first group of trials entered older subjects
with diastolic hypertension. These included the European Working
Party in the Elderly (EWPHE) published in 1985 (19), then the Swedish
Trial of Old Patients (STOP-Hypertension) in 1991 (20), and finally
the Medical Research Council—Elderly (MRC-E) Study published in
1992 (21). The MRC-E trial also enrolled older persons with isolated
systolic hypertension, who made up 43% of their cohort. These trials
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Table 1-4
Trials Addressing What Our Goal for Antihypertensive Therapy Should Be

Study Date published

Hypertension Detection and Follow-up Program (HDFP) 1979
Hypertension Optimal Treatment (HOT) 1998
United Kingdom Prospective Diabetics Study (UKPDS) 1998

Two other studies, the Systolic Hypertension in the Elderly Program
(SHEP) (25) and the Systolic Hypertension in Europe (Syst-EUR) (26),
addressed the issue of whether treating older persons with isolated
systolic hypertension (SBP 160 mmHg with DBP <90 mmHg in
SHEP and <95 mmHg in Syst-EUR) would also confer benefit. SHEP,
whose main results were published in 1991, began treatment with a
low dose of chlorthalidone (12.5 mg), increasing it to 25 mg and then
adding atenolol (25–50 mg) or reserpine (0.05–0.10 mg) if needed, to
reach the BP goal. Syst-EUR, published in 1997, used different classes
of agents to lower BP. The initial treatment was a moderately long-
acting calcium antagonist (nitrendipine), followed by the ACE inhibitor
enalapril, and, finally, the diuretic hydrochlorothiazide.

Both studies had similar results (Table 1-3) and unequivocally
showed the value of treating older persons with isolated systolic hyper-
tension. The benefit was evident within slightly more than 2 yr in Syst-
EUR and by 4.5 yr in SHEP, meaning than an older individual with
those BPs whose life expectancy is presumably at least that long would
benefit from treatment and should receive therapy.

WHAT OUR GOAL SHOULD BE FOR
ANTIHYPERTENSIVE THERAPY

There have been two clinical trials in hypertension that have directly
addressed the question of whether we would reduce hypertension-
related morbidity and mortality by more aggressive compared with less
aggressive antihypertensive therapy (7,8) (Table 1-4). The first of these
was the Hypertension Detection and Follow-up Program (HDFP) (7).
This trial was begun in 1972 in the United States and was completed
in 1979. The investigators reflected the American, but not the European
or Australian, view that it was not ethical after the VA trial was
completed to do a placebo-controlled study in hypertensive patients
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with an elevated DBP. Therefore, HDFP compared the results of treating
hypertensive patients to a goal (<90 mmHg if entry DBP was >100
mmHg or a 10 mmHg reduction if entry DBP was 90–99 mmHg) vs
usual care. Rather than having a placebo as the control, HDFP compared
a group called Stepped Care (SC) that was treated with active medication
(a diuretic followed by methyldopa, hydralazine, and guanethidine, if
needed), and treated to that goal, with a control group whose members
were cared for by their primary physicians and treated however vigor-
ously their physicians deemed necessary, the so-called referred care
(RC) group. The SC group really should have been called Special Care
because these individuals were seen very frequently and received care
and surveillance for many problems other than hypertension. The RC
group should have been called Routine Care because these individuals
were seen only at the HDFP clinical centers twice in the 5 yr and were
otherwise treated per their physicians’ routine. The participants in RC
actually received similar medication but fewer were treated and those
who received treatment were certainly less aggressively managed. At
the end of the trial, the participants in the SC group had their DBP
lowered to an average of 83 mmHg compared with an average of 89
mmHg in the RC group. All-cause mortality, the primary end point
in HDFP, as well as cardiovascular mortality were both statistically
significantly reduced in the SC vs RC group. The benefit was seen in
all demographic groups except for white women, whose absolute risk
was very low. HDFP did not enroll enough white women to be able
to show benefit in these relatively low-risk individuals.

The second study looking at the DBP goal of therapy was the
Hypertension Optimal Treatment (HOT) study, completed in 1998 (8).
HOT was specifically designed to determine whether hypertensive
patients ages 50–80 with elevated DBP (100–115 mmHg at baseline)
would do better if DBP was lowered to <80 mmHg, vs <85 vs <90
mmHg. HOT was done in a Prospective Randomized Open Label
Blinded Evaluation design. In such trials, the drug administered is
known to investigators and participants but all end points are evaluated
by a committee blinded to the drug actually used or, in this case, the
BP goal. All subjects received a dihydropyridine calcium antagonist
started at a low dose (5 mg of felodipine) followed by either an ACE
inhibitor or -blocker at low dose, if more therapy was needed to
achieve the predetermined goal. The investigator decided which class
of drug to add. If the goal was still not reached, further increases in
the dose of felodipine to 10 mg (step 3) and then increased doses of
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the second drug were mandated (step 4). Finally, a diuretic or other
therapy was added (step 5) to achieve the study goal. The cohort
enrolled was very large (nearly 19,000) and the follow-up was planned
to be approx 2–2.5 yr (40,000 participant-yr). The study was extended
to an average follow-up of 3.7 yr (71,000 participant yr) when the
event rate in all groups was substantially less than predicted. These
participants were practically immortal.

The main result in HOT was disappointing to some because there
was no difference in the rates of study end points between these groups.
The optimal BP was calculated to be 138/83 mmHg, a strikingly similar
finding to that of the HDFP. There was no evidence of an on-treatment
DBP under which the event rate rose (i.e., there was no J-point ascer-
tained). In the 1501 subjects with type 2 diabetes, there was a highly
statistically significant trend (p < 0.001) for reduced cardiovascular
(CV) events when DBP was lowered to <80 mmHg. This finding
supports the concept that the lower the achieved DBP the better, espe-
cially in those with a high absolute risk for events.

In my view, HOT should not be viewed as a failed study. More than
90% of the cohort, primarily recruited from private practices in 26
countries, had their DBP reduced to <90 mmHg and were able to
maintain that level for several years. In fact, more than 50% of those
randomized to be treated to a DBP of <80 mmHg achieved this very
aggressive goal. The treatment used was conventional and simple to
implement. Ordinary doctors treating ordinary patients with ordinary
medicines achieved the study BP goals and did so without causing
harm. To accomplish this level of success, combination therapy was
usually necessary. Only about one third of those who were to be treated
to <90 mmHg got to that level with a single agent, and only 26%
treated to <80 mmHg reached it with monotherapy. HOT taught us
that practitioners can achieve very aggressive goals, but it often takes
multiple drugs to reach those goals. Doctors given goals can achieve
them. Although HOT did not clearly discover a DBP level that was
too low, it did show that the subjects treated aggressively did not have
more adverse reactions. If anything, the group randomized to and treated
to <80 mmHg had an improvement in quality of life and cognitive
function, especially when compared with those that were resistant to
therapy (27).

A more recently published trial, the United Kingdom Prospective
Diabetes Study (UKPDS) (28), confirmed the substantial benefit of more
aggressive compared with less aggressive antihypertensive therapy in





Chapter 1 / Prevention of Cardiovascular Events 11

Table 1-5
Trials Addressing Which Drug or Drug Regimen to

Use to Treat Hypertension

Study Date published

Medical Research Council (MRC) 1985
International Prospective Primary Prevention Study in 1985

Hypertension (IPPPSH)
Heart Attack Primary Prevention in Hypertension Trial 1987

(HAPPHY)
Medical Research Council—Elderly (MRC-E) 1992
Treatment of Mild Hypertension Study (TOMHS) 1993
VA Cooperative Study of Monotherapy 1993

Unfortunately, there are still no definitive comparative studies of
either the older class of antihypertensives appropriate for monotherapy
(diuretics and -blockers) compared to the newer classes (calcium
antagonists, ACE inhibitors, -blockers, / -blockers or angiotensin
receptor blockers) or of the newer classes to each other. Only the
TOMHS and Veterans Administration Study of Monotherapy have
attempted to do this, and neither trial was large enough to be able to
define differences in event reduction or even differences in antihyperten-
sive efficacy except in some subgroups (11,12). For example, older
( 60 yr) African American men had greater BP reduction with diuretics
and calcium antagonists than with other classes of drugs in the Veterans
Administration Study of Monotherapy. This differential BP response,
however, was not evident in whites or African American men under
60 yr. Small and occasionally statistically but not clinically significant
differences in clinical or metabolic adverse reactions were noted, but
these differences were not important enough to provide the solid evi-
dence necessary to make firm therapeutic recommendations (32–34).
There is no difference in the benefits achieved in men and women,
especially in older persons or those at risk (35).

WHICH DRUGS TO USE IN SUBGROUPS OF
HYPERTENSIVE PATIENTS

Although clinical trials done specifically in hypertensive patients
were unable to allow us to make broad evidence-based recommenda-
tions, other trials were quite helpful in delineating special subgroups
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Table 1-7
Considerations for Individual Antihypertensive Drug Therapya

Indication Drug Therapy

Compelling Indications Unless Contraindicated

Diabetes mellitus (type 1) with ACE I
proteinuria

Heart failure ACE I, diuretics
Isolated systolic hypertension Diuretics (preferred), CA

(older patients) (long-acting DHP)
Myocardial infarction -Blockers (non-ISA), ACE I

(with systolic dysfunction)

May Have Favorable Effects on Comorbid Conditions

Angina -Blockers, CA
Atrial tachycardia and fibillation -Blockers, CA (non-DHP)
Cyclosporine-induced hypertension CA

(caution with the dose of
cyclosporine)

Diabetes mellitus (types 1 and 2) ACE I (preferred), CA
with proteinuria

Diabetes mellitus (type 2) Low-dose diuretics
Dyslipidemia -Blockers
Essential tremor -Blockers (non-CS)
Heart failure Carvedilol, losartan
Hyperthyroidism -Blockers
Migraine -Blockers (non-CS), CA

(non-DHP)
Myocardial infarction Diltiazem, verapamil
Osteoporosis Thiazides
Preoperative hypertension -Blockers
Prostatism (BPH) -Blockers
Renal insufficiency (caution in ACE I

renovascular hypertension and
creatinine >3 mg/dL)

May Have Unfavorable Effects on Comorbid Conditions

Bronchospastic disease -Blockers
Depression -Blockers, central -agonists,

reserpine
Diabetes mellitus (types 1 and 2) -Blockers, high-dose diuretics
Dyslipidemia -Blockers (non-ISA), diuretics

(high-dose)
Gout Diuretics

Continued
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Table 1-7 Continued

Indication Drug Therapy

May Have Unfavorable Effects on Comorbid Conditions

2° or 3° heart block -Blockers, CA (non-DHP)
Heart failure -Blockers (except carvedilol), CA

(except amlodipine, felodipine)
Liver disease Labetalol, methyldopa
Peripheral vascular disease -Blockers
Pregnancy ACE I, angiotensin II receptor blockers
Renal insufficiency Potassium-sparing agents
Renovascular disease ACE I, angiotensin II receptor blockers

aModified from ref. 24. ACE I, angiotensin-converting enzyme inhibitors; BPH,
benign prostatic hyperplasia; CA, calcium antagonists; DHP, dihydropyridine; ISA,
intrin sympathomimetic activity; MI, myocardial infarction; and non-CS, noncardio-
selective.

in older persons, elderly hypertensive patients with gout should almost
surely be treated with some other class of agents.

Sometimes comorbid conditions may influence the choice of initial
therapy, based not on the likelihood of improvement in symptoms or
worsening of a comorbid condition, but because of other clinical factors.
Diuretics, e.g., will increase bone mass and may prevent osteoporotic
fractures (40). Thus, diuretics would be a good choice in a hypertensive
patient who has or was at risk of having osteoporosis.

The issue in two particularly important subgroups, the elderly and
type 2 diabetes, is less clear. Although -blockers and diuretics may
have adverse metabolic effects (raising triglycerides, lowering high-
density lipoprotein cholesterol and worsening glucose tolerance), (32–
34) the SHEP study (41) demonstrated clear benefit in the subgroup with
type 2 diabetes. In Syst-EUR, in which the regimen began with a dihydro-
pyridine followed by an ACE inhibitor and a diuretic, the subgroup with
type 2 diabetes also did particularly well. Perhaps the key point is that
bothof thesestudiesshowtheclear benefitof loweringBPinhypertensive
patients with a high absolute risk. In 1994, the National High Blood Pres-
sure Working Group on Diabetes included ACE inhibitors, -blockers,

/ -blockers, calcium antagonists, and diuretics all as appropriate
choices for initial therapy indiabetes (42).Now thegroup wouldprobably
add angiotensin receptor blockers to that list.

In the elderly the choice is also complex. As discussed, diuretics
are clearly better than -blockers but data from Syst-EUR (26) clearly
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events in hypertensives (14). Finally, a study is currently being planned
to determine whether treating older hypertensive patients with stage 1
systolic hypertension (SBP 140–159/<90 mmHg) will reduce morbidity
and mortality as was proven for stage 2 to 3 isolated systolic hyperten-
sion (>160 mmHg/<90 mmHg), in SHEP and Syst-Eur.

CONCLUSION

In the more than three decades since the completion of the first
clinical trial in hypertension, the VA trial, the value of treating hyperten-
sion is now solidly based on hard and unassailable evidence. Although
these trials may not truly mimic what the practitioner deals with on a
daily basis, practitioners treating patients with high BP can be reason-
ably certain that much of what they are doing is evidence based, if
they apply the lessons we have learned from clinical trials:

1. Rely on lifestyle modification to lower BP modestly and make hyper-
tension patients more responsive to treatment but not necessarily to
prevent morbidity and mortality.

2. Begin treatment in hypertensive adults under the age of 60 with diuret-
ics or -blockers unless they have a comorbid condition or another
clinical feature, which alters that choice.

3. Begin treatment in older hypertensive patients with either diuretics or
a dihydropyridine calcium antagonist, especially if they have stage 2
to 3 isolated systolic hypertension.

4. Plan to treat to a DBP of <85 mmHg and even lower (<80 mmHg) in
diabetics. The goal for SBP is probably <140 mmHg in nondiabetics
and <130 mmHg in diabetics.

5. Plan to need more than one drug for the majority of hypertensive
patients and inform them that this may be the case.

6. Keep informed of the results of the many trials in progress and be
willing to change practice if the data are compelling. If they are not,
stay with what is known to be effective.
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Currently, 12–15% of the adult population is in the age >65 yr group,
and 20% is ages 45–64 yr. The median age is at its highest point since
the U.S. census began to track it more than 160 yr ago. One American in
8.7 is over age 65. There are more Americans older than 65 than there
are ones younger than 25. By the year 2030, the age >65 yr group will
double in number to one in four, or 65 million Americans. By the year
2040, 20% of the population will be over age 65, and another 20% will
be in the age 45–64 group (2). Therefore, as the average age increases,
and if the relationship of age with high BP continues, an increasing pro-
portion of Americans will have hypertension. How important is this?

Hypertension contributes to the leading costs in health care. Currently,
an American physician devotes 40% of his or her hospital time to adults
above age 65. Ninety-seven percent of older adults use more than one
drug per day, and 30% use more than five drugs per day. Hospitalized
older adults receive an average of 10 different drugs. The expenses of
senior care will consume 75% of the total health care dollar by the year
2030. Can the aging vascular disease relationship be altered?

The Framingham Study identified aging and high BP as the predomi-
nant risk factors for coronary heart disease. Although the hypertensive
patient at age 30 has a very low risk of having a cardiovascular event, by
age 65 his or her risk for stroke or heart attack will have increased fourfold
over that of a person with normal BP. BP increases with age for both
African Americans and Caucasians. Using the figure of 160/95 mmHg,
the prevalence of hypertension over age 65 is 60% among African Ameri-
cans and 44% among Caucasians. For 140/90 mmHg, 75% of African
American patients and 60% of Caucasian patients have elevated BP.

SYSTOLIC HYPERTENSION

The prevalence of isolated systolic hypertension (>160 mmHg)
increases with aging with 5% in the age 60–69 group, 10% in the age
70–79 group, and 16% in the age >80 group. The magnitude of systolic
blood pressure (SBP) correlates even more closely with stroke, heart
failure, coronary heart disease, left ventricular mass, and renal failure
compared to diastolic blood pressure. Hypertension surpasses cigarette
smoking, obesity, or family history and rivals cholesterol and diabetes
as a risk factor for cardiovascular disease in the aging population. What
are the changes associated with aging that lead to higher BP and
increased cardiovascular risk?
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False BP elevation is associated with aging as well. The so-called
Osler maneuver is an evaluation of the peripheral pulse, which assists
the physician in determining whether the resistance of the blood vessel
walls is elevated compared to the pressure within the vessel. This
resistance is related to the structural changes in the vessel wall with
age. This maneuver palpates the radial pulse while the cuff occludes
the artery in the upper arm. If the artery can be felt, it is said to be a
positive test.

ALTERED CARDIOVASCULAR FUNCTIONS WITH AGE:
CAUSES OF HYPERTENSION

Cardiovascular functions that change with aging, increased periph-
eral vascular resistance and arterial rigidity, are in concert with reduced
cardiac output, cardiac and stroke index, baroreceptor sensitivity, and

-adrenoreceptor sensitivity (3). Aging often affects renal function
adversely and may lead to reductions in glomerular filtration rate,
renal blood flow, and plasma renin activity, and these combined with
increased plasma volume contribute to the rise in BP (4). With aging
there may be reductions in brain metabolism, nerve conduction velocity,
basal metabolic rate, vital capacity, and maximal breathing capacity,
which serve to raise BP. The effects of aging on the kidney are reduc-
tions in renal mass and renal tubular and arteriolar intimal function
leading to elevated BP, along with increased glomerular sclerosis.
Amazingly, perhaps, approximately one third of older patients have no
loss of renal blood flow, renal mass, or creatinine clearance, whereas
for most, there is a 30–50% reduction in renal cortical mass, blood
flow, creatinine and free water clearance, and a heightened tendency
to conserve sodium. Other physiologic changes occurring with aging
have effects on BP regulation; the normal drop in BP after meals (5)
(related in part to a shifting of blood flow to the splanchnic circulation)
is more pronounced in the older patient. This may be related to baro-
receptor hyporesponsiveness in some patients. Therefore, drugs taken
at mealtime may result in more BP reduction than at other times because
of the added orthostatic effects of eating.

Every year hypertension via aging leads to end-stage renal disease
and enormous monetary costs, as well as suffering. In the 1990s, $2.8
billion was spent on the treatment of renal disease per year. Hyperten-
sion-induced nephrosclerosis accounts for 25% of end-stage renal dis-
ease in the United States, and African Americans are proportionately
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senior patient carefully for renal and carotid bruits, and other vascular
changes. The risks of cardiovascular complications—fatal and nonfatal
coronary vascular events, strokes, renal disease, left ventricular hyper-
trophy, diminished cardiac output and arterial compliance, and
increased peripheral vascular resistance—are all related to the rise in
BP with aging. Thus, the prevalence of coronary heart diseases increases
with age: of hypertensive patients >60 yr 44% have coronary artery
disease, compared with 31% for those <40 yr. Concomitantly, the
incidence of insulin resistance and type II diabetes increases with age.
Some standard antihypertensives may interfere with the management
of the diabetic patient. Thiazide diuretics and -receptor blockers may
affect glucose tolerance adversely, and -blockers may mask the symp-
toms of hypoglycemia after insulin therapy.

THERAPEUTIC CONCERNS IN SENIOR
HYPERTENSIVE PATIENTS

There are several important considerations in the pharmacokinetics
of therapy in hypertensive seniors; drug clearance and thus half-life
are prolonged. Drug absorption is generally unchanged, but distribution
is altered secondarily to reduced body water and lean body mass, as
well as to increased body fat. Hepatic elimination is reduced as liver
mass declines, and thus so does metabolic clearance. Hepatic blood
flow declines 40–45% by age 65, and liver microsomal enzyme activity
is reduced.

-Receptor blocker therapy may not be as effective as using diuretic
or the low-dose combination of the two in the older hypertensive patient,
perhaps owing to lower patient compliance because of real or imagined
side effects. A minority of studies suggest that there is a reduction in
the efficacy of angiotensin-converting enzyme inhibitor on BP control
in the older patient, and others suggest that the calcium channel blockers
are more effective in the older patient, especially those with low renin
activity. Atenolol was not as effective as the calcium channel blocker
verapamil in reducing both BP and left ventricular mass in a study of
elderly patients with high BP.

Evidence from “outcome” trials of more than 20,000 elderly hyper-
tensive patients demonstrated the benefits of BP control (10). The myth
of “100 plus year age” as a marker for an acceptable SBP has been
replaced by “less than 140 less than 90.” These studies demonstrated that
BP reductions of 12 mmHg systolic and 4–6 mmHg diastolic in seniors
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are associated with reductions of coronary mortality of 25% and stroke
mortality of 45% (10,11). Thus, the relationship of aging to BP is a
two-way street: rising BP may be fatal for the senior, and lowering it
is potentially life saving. Patients should have BP lowered to the range
of 130–140 systolic, and to 80–90 diastolic. In diabetic patients, the
goal should be <85 diastolic, and <130 systolic (12). Although BP
rises with age, antihypertensive therapy has been shown to reduce
morbidity and mortality significantly in patients older than age 80 as
well as those younger than age 80. Current trends in treating hyperten-
sive seniors breathe optimism. Fortunately, the proportion of hyperten-
sive patients on therapy is increasing with age, with 47% on therapy
in the age 65–74 group, compared with 41% in the age 55–64 group.
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PHYSIOLOGICAL PROFILE

It has long been assumed that in African Americans, plasma volume
is expanded; however, the actual data on this are conflicting. Yet, there
is little doubt regarding the fact that African Americans, particularly
women, prominently manifest salt sensitivity. Salt sensitivity is an
important intermediate BP phenotype for a multiplicity of reasons.
First, salt sensitivity has been linked to obesity in both Caucasians and
African Americans. Although my focus is on hypertensive individuals,
normotensive individuals also manifest salt sensitivity but to a lesser
degree than among hypertensive individuals. I recently showed that
the link of salt sensitivity with body size in African Americans was
virtually all attributable to fat notlean body mass. Moreover, I and others
have shown that the abnormal diurnal BP variation—an attenuation or
absence of the nocturnal BP fall—has been linked to obesity and, in
turn, to salt sensitivity. Salt sensitivity also increases BP medication
requirements, although to a lesser degree for diuretics and calcium
antagonists than for other drug classes. This makes attainment of ade-
quate trough BP reductions—a surrogate marker of 24-h BP control—
perhaps more difficult in salt-sensitive patients. Salt-sensitivity has also
been linked to a pattern of abnormal intrarenal hemodynamics (raised
intraglomerular pressure, increased intrarenal vascular resistance and
filtration fraction) that, if sustained over time, could lead to progressive
renal injury.

African Americans are also noted for their tendency to manifest
suppressed circulating renin levels as well as a lesser stimulation of
circulating renin with provocative volume-depleting stimuli. Suppres-
sion of circulating renin levels can be a marker for several physiologic
and hemodynamic states, including high levels of dietary sodium intake,
high levels of tissue angiotensin II in the juxtaglomerular cells of the
renal afferent arteriole, high BP levels, and plasma volume expansion.
The totality of evidence, though largely circumstantial, points to a
central role for the renin-aldosterone-kinin system in the pathogenesis
of elevation and pressure-related TOD in African Americans.

Although it is beyond the scope of this chapter, several other patho-
physiologic aberrations have been described in African Americans.
However, it is important for the reader to understand that these racial
differences represent quantitative, not qualitative, differences. In addi-
tion, within any racial or ethnic group, there is tremendous variation
in the actual expression of any of the aforementioned physiologic traits.



Chapter 3 / Effects of Race on BP 29

Finally, whether racial/ethnic physiologic tendencies represent primary
(genetic) or secondary phenomena, perhaps attributable to BP per se,
remains speculative.

GENERAL THERAPEUTIC PRINCIPLES

The general therapeutic approach to hypertension does not vary
significantly by race or ethnic group. Once the diagnosis of hypertension
has been confirmed, the patient should undergo comprehensive history,
physical, and laboratory examinations that focus on identifying the
status of related target organs (brain, kidneys, and heart) that may have
been damaged by hypertension and/or other coexisting cardiovascular
conditions such as diabetes mellitus or hyperlipidemia. An assessment
of patient well-being is extremely important.

Lifestyle modifications such as weight loss, salt and alcohol restric-
tion, and increased physical activity are particularly useful, either alone
or in combination with antihypertensive drug treatments, in lowering
BP. Weight loss is particularly effective in lowering BP. Moreover,
weight loss attenuates the pressure response to dietary sodium intake,
which, in turn, lowers antihypertensive medication requirements to
achieve a given BP level. Reducing sodium intake is also an important
lifestyle change in hypertensive African Americans because the major-
ity of hypertensive African Americans are salt sensitive. Thus, lowering
sodium intake to approx 2 to 3 g (87–131 mmol/d) will augment the
BP-lowering response of virtually all antihypertensive drug classes,
particularly those with the renin-angiotensin-aldosterone-kinin system
as their primary site of action. Appropriate levels of regular aerobic
physical activity lower BP as well as contribute to the maintenance
of normal body weight. African-American women, particularly those
residing in the southeastern United States, are disproportionately over-
weight compared with Caucasian women. In addition, many African-
American women report low levels of physical activity. Nevertheless,
hypertensive African Americans of both sexes will benefit from prudent
initiation of the aforementioned lifestyle modifications. However, if
the patient is unable to effectively adopt these lifestyle modifications,
the practitioner should avoid the trap of allowing the patient’s lack of
success to become a wedge to the patient-practitioner relationship.
Finally, there must be ample consideration and respect of individual
preference, which may be deeply rooted in cultural tradition and beliefs.
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Dietary sodium intake attenuates the magnitude of BP lowering with
virtually all antihypertensive drug classes. The attenuation of the BP-
lowering effect can be overcome, at least in part, by several strategies:
(1) reduce the sodium intake, (2) uptitrate the drug dose, or (3) add a
diuretic. Perhaps one major reason that diuretics and calcium antago-
nists have been widely perceived as the most effective antihypertensive
monotherapy for the African-American hypertensive patient is because
their BP lowering efficiency is less attenuated than other drug classes
in the setting of usual (physiologically high) amounts of dietary sodium.
It is reasonable to give an adequately dosed antihypertensive agent
about 6 wk to fully manifest its BP-lowering effect at a given dose.
When a therapeutic trial of sufficient duration has been given to a drug
and BP remains uncontrolled, the practitioner must decide whether to
substitute or add another drug from a different therapeutic class. When
BP levels are in the high JNC VI stage 2 range (170–179/105–109
mmHg), strong consideration should be given to adding a second anti-
hypertensive agent as opposed to substituting another drug.

PREFERRED DRUG THERAPIES

African Americans and Native American Indians will not infre-
quently have coexisting cardiovascular-renal conditions for which
selected drug therapies should be preferred. For example, both diabetic
and nondiabetic renal insufficiency represents conditions for which
ACE inhibitors have proven benefit. Thus, the practitioner can show
preference for an ACE inhibitor by initiating therapy with an ACE,
pushing the dose into the upper therapeutic range, and adding a second
agent from a different class when monotherapy with the ACE inhibitor
fails to achieve the BP goal. Even when monotherapy with the ACE
inhibitor has been ineffective in reaching the BP goal, the added agent
will manifest a steeper dose-response curve when prescribed concur-
rently with the ACE than when taken at the same dose as monotherapy.
It has been repeatedly shown that African Americans with CHF have
ACE inhibitors prescribed less often than their Caucasian counterparts.
A similar scenario can be construed for a -blocker or long-acting
calcium antagonist to be a preferred drug class in hypertensive African
Americans with symptomatic coronary ischemia. 1 Antagonists are
particularly useful, either alone or in combination, in diabetic persons
because these agents improve insulin sensitivity, and they also have a
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favorable effect on all lipoprotein fractions. A key concept regarding
a preferred drug dose is that it should not be abandoned solely because
of inadequate BP lowering.

CONCLUSION

The ultimate goal of antihypertensive drug therapy in African
Americans is to improve patient well-being as well as to prevent pres-
sure-related complications such as stroke, cognitive dysfunction, heart
failure, renal insufficiency, and myocardial infarction. Patient character-
istics that may attenuate the BP response to various antihypertensive
drugs—renal function, obesity, sodium intake—are disproportionately
prevalent in African Americans. However, when treating an individual
patient, race is an inadequate criterion on which to base drug selection.
African Americans will require combination drug therapy more often
than their Caucasian counterparts to achieve their target BP. Neverthe-
less, the benefits of successful BP treatment to goal or lower levels
will confer tremendous benefit, to both patient well-being and overall
cardiovascular health in this high-risk population.
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area that requires urgent attention. However, even in well-controlled
hypertensive patients, the rate of CAD remains higher than in normoten-
sive subjects with similar BPs (4). The main reason for this discrepancy
is probably related to hypertension not being simply a disease of high
numbers but, rather, a complex inherited syndrome of cardiovascular risk
factors, all of which contribute to heart disease in hypertensive patients.
Furthermore, because high BP may be a late manifestation of this disease
process, it is possible that patients with the hypertension syndrome may
develop cardiovascular disease before they develop high BP. Thus, it is
becoming obvious that simply treating BP is not enough. The treatment
plan should include aggressive management of the syndrome as a whole
rather than isolated treatment of the various risk factors.

This chapter demonstrates that hypertension is an inherited syndrome
of cardiovascular risk factors, all of which appear to be genetically
linked, clinically manifest independent of one another, and contribute
to the development of cardiovascular disease in these patients. This
realization has many important implications toward our approach to
the treatment of patients with this syndrome. The management plan
and the selection of antihypertensive agents need to focus both on
reducing BP to goal levels and on achieving this with “syndrome
friendly” drugs.

LIPIDS IN THE HYPERTENSION SYNDROME

Hypertension and lipid abnormalities often coexist. Each is an inde-
pendent risk factor for cardiovascular events. Moreover, the likelihood
of coronary events appears to be exaggerated when the two problems
occur together (5). The explanation for this phenomenon is not clear.
However, studies in models of genetic hypertensive rats indicate that
the vascular smooth muscle of these animals binds with a greater
affinity to low-density lipoprotein than do the cells from normotensive
controlled animals (6).

The presence of high BP and hyperlipidemia is so common in hyper-
tensive patients that many have argued that the high BP itself may play
a role in altering lipid metabolism, resulting in lipid abnormalities.
Recent data, however, have demonstrated that high BP and hyperlipi-
dimia are genetically inherited and probably genetically linked, but are
separate variables that may frequently present independently of one
another. In a study comparing age-, sex-, and body mass index (BMI)-
matched normotensive patients with and without a family history of
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hypertension, the patients with a family history of hypertension (hyper-
tensive-prone patients) had significantly greater total cholesterol levels
than those without a family history of hypertension (7). This would
suggest that the abnormalities of lipids precede the abnormalities of
BP in patients likely to develop high BP over the next few years. Thus,
we see two important cardiovascular risk factors in these hypertensive
prone patients, both of which appear to be inherited, occur indepen-
dently of one another, and contribute to the development of heart
disease. This may have important therapeutic implications, because
studies using the occurrence of coronary events to judge the success
of treatment of hypertensive patients have shown that the treatment
of hypertension alone, or hypercholesterolemia alone, produces only
modest results. Only when both problems were controlled simultane-
ously was there a marked reduction in CAD (8).

LEFT VENTRICULAR HYPERTROPHY

Left ventricular hypertrophy (LVH) is commonly regarded as a
“normal” finding in hypertensive patients with little consequence. There
is, however, a very strong relationship between left ventricular muscle
mass and the incidence of cardiovascular events. A recent report from
the Framingham Heart Study has confirmed that echocardiographically
measured LVH, independent of other associated risk factors, is a power-
ful predictor of cardiovascular events or death (9). Hypertensive patients
with LVH have a fivefold increased risk of myocardial infarction (MI)
and a threefold increased risk of sudden death compared with similar
hypertensive patients who do not have LVH (9).

Echocardiography M-mode techniques have made it possible to mea-
sure the thickness of the left ventricular walls and chamber size, thus
enabling accurate calculations of left ventricular muscle mass (10).
Because of the sensitivity of the echocardiographic measurements, the
prevalence of LVH in hypertension is now known to be far greater
than previously supposed. In a survey of an unselected clinic population
of hypertensive patients, ECG and chest radiographic estimates of the
prevalence of LVH were in the range of 5–10%. Echocardiography in
the same patients indicated that almost 50% had increased left ventricu-
lar muscle mass (11).

Although sustained high BP can produce hypertrophy of the left
ventricle, there is good evidence that LVH can develop early on in the
course of hypertension and may actually precede the onset of high BP.
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In a study of young individuals (age <30 yr) with mild hypertension,
it was found that approximately half of these patients had values for
septal and posterior wall thickness that were greater than the highest
values found in an age-control group (12). Interestingly, subsequent
BP measurements indicated that many of these young hypertensive
patients had normal or borderline BP values; the echocardiographic
wall thickness in this subgroup, however, was not different from the
increased measurements in the patients whose BP was in the hyperten-
sive range.

In a separate study, in which echocardiographic findings in normoten-
sive children of normotensive patients were compared with those of
age-, sex-, and BMI-matched normotensive children of hypertensive
parents, the offspring with hypertensive families had significantly
greater left ventricular wall thickness and muscle mass (13). Thus, in
hypertensive-prone patients, abnormalities of left ventricular muscle
mass may occur prior to the development of high BP. LVH is therefore
another risk factor that is commonly associated with high BP, but
presents independent of high BP and frequently before its onset.

It is generally believed that regression of LVH as a result of antihy-
pertensive treatment will be associated with a reduction in cardiovascu-
lar outcomes. However, this has not been shown in outcome studies,
and current (14) studies are under way to assess the impact of LVH
regression on cardiovascular mortality and mobility. Nonetheless, the
selection of a drug that will reduce BP and cause regression of left
ventricular hypertrophy in hypertensive patients appears to be logical,
although the final results of the outcome studies are still pending.

VENTRICULAR AND ARTERIAL COMPLIANCE

Hypertension is characterized by structural changes in the arterial
circulation. Hypertrophy and hyperplasia of arterial and ventricular
walls in association with increased laying down of connective tissue
elements are common findings in hypertensive patients (14). These
changes stiffen the walls, resulting in reduced arterial compliance and
reduced ventricular compliance (diastolic dysfunction). Comparisons of
normotensive and hypertensive subjects have established that changes in
cardiovascular compliance frequently precede the increase in BP in
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hypertensive subjects. Moreover, studies have suggested that abnormal-
ities of compliance can precede the abnormalities of BP and may not
worsen the increasing BP (15). In a recent study comparing arterial
function in normotensive subjects from hypertensive parents with that
of normotensive subjects from normotensive parents, it was demon-
strated that the patients with a family history of hypertension (hyperten-
sive-prone patients) had abnormalities of arterial function despite the
fact that they were still normotensive (16). Similarly, in a study using
an invasive technique to measure arterial compliance, normotensive
subjects from hypertensive parents demonstrated a significant reduction
in arterial compliance (arterial stiffening) compared with normotensive
subjects from normotensive parents (17). These findings suggest that
the abnormalities of arterial structure and function frequently associated
with hypertension may precede the onset of high BP and, in fact, may
play a role in the pathogenesis of increasing BP.

A similar patient model was used to assess ventricular compliance in
hypertensive-prone subjects. Transmitral flow characteristics, measured
by Doppler echocardiography, have been used as an index of left
ventricular filling during diastole; an increased ratio of late to early
left ventricular filling reflects reduced compliance of the left ventricular
wall. In advance stages, this may result in congestive heart failure in
hypertensive patients (18). It appears likely that the changes in ventricu-
lar compliance in hypertensive patients also precede the onset of high
BP. Among a group of normotensive male college students, matched
for age, blood pressure, and left ventricular mass, those with a family
history of hypertension had delayed diastolic filling compared with
those who did not have a family history of hypertension (18).

Thus, the changes in compliance, frequently associated with hyper-
tension, appear to precede the onset of BP and occur independently of
BP. Furthermore, it has been demonstrated that reduced compliance
causes an increase in BP and therefore may play a role in the pathogene-
sis of increased BP.

ABNORMAL GLUCOSE AND INSULIN METABOLISM

In recent years there has been growing interest in the presence
of insulin resistance (syndrome X) in hypertensive patients. Multiple
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may include an increase in the pressor action of angiotensin II (27)
and angiotensin II–stimulated production of aldosterone (28). In one
study, chronic administration of insulin to rats increased BP, which
remained increased for several days after the insulin was discon-
tinued (29).

It appears that insulin resistance and elevated insulin levels may pre-
cede the onset of high BP. In a study comparing age-, sex-, and BMI-
matched normotensive patients with and without a family history of
hypertension, insulin levels were significantly higher in patients with a
family history of hypertension than in those without a family history of
hypertension (7). Furthermore, the insulin:glucose ratio, whichcorrelates
well with insulin resistance measured by the euglycemic clamp technique
(30), demonstrated that patients with a family history of hypertension
were less sensitive to their own insulin than those without a family history
of hypertension, despite the presence of normal BP (7). Similar findings
were reported in a study of young African-American men; fasting plasma
insulin concentrations were significantly greater in patients with border-
line hypertension than in normal control subjects, and the young hyper-
tensive subjects exhibited a diminished capacity to clear glucose from
their plasma (31). A similar picture of impaired glucose tolerance and
compensatory hyperinsulinemia has been observed in normal offspring
of patients with type II diabetes (32), suggesting a possible link between
the mechanisms that mediate an increase in BP and diabetes.

There is good evidence that insulin resistance and hyperinsulinemia
are important cardiovascular risk factors. Early evidence linking diabe-
tes and atherosclerosis came from the International Atherosclerosis
Project (33). Later, in prospective population studies, increased insulin
concentrations were implicated in the development of CAD (34,35).
These studies have also shown that hyperinsulinemia is associated
with increased triglycerides and decreased concentrations of HDL (34)
cholesterol. Other studies have shown that changes in lipoprotein com-
position that are characteristic of NIDDM are extremely atherogenic
(36). In the Paris Prospective Study, plasma insulin concentrations were
a patient-independent predictor of CAD. The Helsinki Policemen Study
(39), a prospective study of 982 men, showed that high plasma insulin
was predictive of CAD, death, or nonfatal MI over a 9.5-yr follow-
up. In the prospective Cardiovascular Munster study (40), hypertension,
NIDDM and hyperinsulinemia were shown to be independent risk
factors for CAD.

Thus, abnormalities of glucose and insulin metabolism are yet
another genetically determined cardiovascular risk factor that may occur
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in patients prone to the development of hypertension. These abnormali-
ties appear to be genetically determined and linked to hypertension.
However, they appear to clinically manifest independent of BP. Further-
more, they may play a role in the development of atherosclerotic disease
and reduce arterial compliance, which ultimately may also be important
in the pathogenesis of high BP.

OBESITY

Recent large studies have demonstrated that hypertensive patients
had a greater BMI than well-matched normotensive male and female
subjects in every age group (41). Obesity is associated with metabolic
complications that are considered to be risk factors for cardiovascular
disease, including insulin resistance, hyperinsulinemia, glucose intoler-
ance-NIDDM, hypertension, and changes in the concentrations of
plasma lipids and lipoproteins (42–44). Only recently has truncal obe-
sity, characterized by a large waist:hip ratio (apple shape obesity), been
shown to predict the risk of CAD (45). The mechanisms that link
obesity and hypertension-lipid abnormalities are not clear. In view of
the efficacy of weight loss and exercise in reducing BP, it has been
speculated that insulin provides the link between obesity and increases
sympathetic nervous system activity (46). The hyperglycemic clamp
technique has been used to compare obese hypertensive patients with
obese normotensive patients and lean control subjects to determine
whether additional hyperinsulinemia and insulin resistance is associated
with obesity when hypertension was also present (47). Both of these
groups were similar and showed greater insulin concentrations and
insulin resistance than their lean counterparts, but obesity and hyperten-
sion were not additive in these effects (46). When obese and nonobese
patients with NIDDM with and without hypertension were compared,
it was shown that there was a greater insulin resistance and that hyper-
tension was present in lean individuals with NIDDM, but not in their
obese counterparts (48).

ENDOCRINE CHANGES

The sympathetic nervous system and the renin angiotensin system
are believed to play an important role in the pathogenesis of high BP.
Many of the modern antihypertensive drugs function by interrupting
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these systems in order to reduce BP. It has been demonstrated, in recent
studies, that plasma neuroendocrine levels and plasma renin activity
were significantly elevated in normotensive subjects with hypertensive
parents compared with matched normotensive subjects from normoten-
sive parents (7). It is interesting that these increases in neuroendocrine
levels occur prior to the development of elevated BP and that hyperten-
sive-prone patients with significantly elevated neuroendocrine and
angiotensin II levels can be absolutely normotensive. These findings
suggest that the hypertensive effects of these hormonal systems are
not entirely owing to their vasoconstrictor properties, but may also be
owing to their influences on the structure and function of cardiovascular
smooth muscle.

RENAL CHANGES

Because of recent interest in milder forms of hypertension, early
changes in renal function have been observed. It has been demonstrated
that there are differences in renal functional reserve in children of
normotensive compared with children of hypertensive parents. Thus,
despite apparently normal renal function, children of hypertensive par-
ents appear to be less able than children of normotensive parents to
increase their creatinine clearance in response to protein load and also
are more likely to exhibit microalbuminurea. These data were confirmed
in a later study that demonstrated significantly more microalbuminurea
in normotensive adults with a family history of hypertension than
matched normotensive adults without a family history of hyperten-
sion (20).

These data suggest that early changes in renal function may precede
the development of high BP and may occur independently of high BP.
Moreover, the reduction in renal function may play a role in causing
high BP.

NORMOTENSIVE SUBJECTS WITH HYPERTENSION
SYNDROME VS HYPERTENSIVE SUBJECTS

There are convincing data to suggest that many of the components of
the hypertension syndrome precede the onset of high BP. Furthermore,
normotensive subjects who are prone to developing hypertension (by
virtue of a strong family history of hypertension) have significantly
more cardiovascular risk factors than matched normotensive subjects
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without a family history of hypertension, and are thus more likely to
develop cardiovascular disease. The question arises: How do normoten-
sive subjects with a family of hypertension (who are seldom treated)
compare with true hypertensive subjects (who are usually treated) in
terms of cardiovascular risk factors?

A recent study (49) comparing the cardiovascular risk factor in
normotensive patients with a family history of hypertension with hyper-
tensive patients (matched for age and BMI) with and without a family
history of hypertension, no differences were found in the plasma levels
of insulin, norepinephrine, renin activity, and cholesterol. There were
also no differences in insulin sensitivity, microalbuminuria, or systolic
BP response to exercise. All three groups, however, were significantly
worse in each of these parameters than the control group (normotensive
subjects without a family history of hypertension).

Thus, in terms of cardiovascular risk, “normotensive hypertensive”
subjects (who are not treated) have a similar cardiovascular risk factor
profile and therefore are at similar risk of cardiovascular disease as
hypertensive subjects (who are treated to protect them from developing
cardiovascular disease). The only difference is that the normotensive
subjects have not yet developed high BP, which seems to be a late
manifestation of this disease. Because, universally, BP measurement
is used to isolate patients with the hypertension syndrome in order to
initiate treatment to protect them from developing heart disease, it is
possible that physicians are treating these patients too late in the disease
process. If physicians were to isolate and treat these patients earlier,
before they develop high BP, there might be a bigger impact on the
course of this disease, thereby possibly protecting the patients from
developing high BP, and from developing heart disease.

It is conceivable, although by no means proven, that the hypertension
syndrome may be reversible prior to the onset of high BP and that the
development of high BP is a marker of irreversible vascular changes
after which physicians can only control the disease. Evidence for this
statement is the fact that early in the disease process, aerobic exercise
may frequently reverse many of the cardiovascular risk factors associ-
ated with hypertension and may prolong or prevent the onset of high
BP. This is not the case in hypertension, which is not weight induced.
In addition, studies of controlled hypertensive patients have demon-
strated that cardiovascular disease in these patients is more common
than in age-matched, sex-matched, normotensive subjects, suggesting
that there is more to hypertension than high BP (49).
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CONCLUSION

There are increasing data to suggest that in many patients, high
BP may be a late manifestation of a complex inherited syndrome of
cardiovascular risk factors. Moreover, it is possible that patients with
the hypertension syndrome will develop cardiovascular disease prior
to the development of high BP. It appears that high BP may represent
a late phase of the disease process, indicating advanced or even irrevers-
ible vascular damage, and that in order to significantly affect these
patients, treatment would have to be started prior to the onset of the
increase in BP.

The problem is that BP is the tool used to isolate patients with the
disease syndrome. We may be missing the boat. We need to investigate
tools that will help isolated patients early in the course of the disease.
One possibility would be the use of noninvasive measures of arterial
compliance, which appears, in most patients, to be abnormal years
before the onset of the increase of BP.

Another dilemma is the approach to treatment of these patients.
Exercise and diet are clearly beneficial and may often be the only
modality required. But, it would appear that in some patients, early
drug intervention with drugs such as angiotensin-receptive blockers
and angiotensin-converting enzyme inhibitors may be quite helpful in
reversing the disease and perhaps preventing the onset of high BP.
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BODY WEIGHT

Body weight has long been linked to BP levels. More recent findings
indicate that the distribution of body fat may be a more important
determinant of BP elevation and the risk for cardiovascular disease.
An increase in visceral abdominal fat (the central or “apple” form) in
contrast to the lower body adiposity pattern (the “pear” shape) is linked
not only to BP elevation but also to insulin resistance, dyslipidemia,
and an increased risk for cardiovascular events. These associations
have been based largely on epidemiologic evidence. However, there
are now several intervention trials in which it has been demonstrated
that weight loss, often as little as 5 kg rather than a reduction to “ideal”
body weight, is associated with a decrease in BP and an improvement
in insulin sensitivity. Studies on both humans and experimental animals
suggest that the sympathetic nervous system (SNS) is involved in
the pathophysiology of the weight–blood pressure–insulin resistance
relationship, but therapeutic interventions based on these findings are
not yet available to confirm this connection.

Another mediator of the body weight–blood pressure relationship
appears to be the kidney. In experimental animals, obesity has been
associated with alterations in renal blood flow and glomerular filtration
rate or intraglomerular pressure. In humans, urinary microalbumin
excretion was increased among obese subjects, supporting an abnormal-
ity in renal function in humans as well. Moreover, microalbuminuria
has been linked to an increased risk of cardiovascular events in hyperten-
sive individuals.

SALT (SODIUM CHLORIDE)

The relationship between dietary salt consumption and elevated BP
is well-known (2). The prevalence of hypertension and its consequences
is linearly related to dietary salt intake in societies throughout the
world. Hypertension and its sequelae are virtually absent in societies
in which habitual salt intake is <50–100 mmol/d. However, there are
other differences between these groups and those that habitually con-
sume larger amounts of salt. The “low-salt” societies tend to be isolated,
genetically homogeneous, physically fit, and consume increased
amounts of potassium and calcium in the form of fresh fruits and
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vegetables. Increased salt intake is associated with societal “accultura-
tion.” This implies a crowded and sedentary lifestyle as well as many
other behavioral factors that may affect BP and cardiovascular risk. In
addition, the age-related increase in BP is observed only in societies
in which salt intake is high. Many of the elderly individuals in low-
salt cultures have BP levels that are no higher than those of young adults.

Despite this convincing evidence, controversy still exists concerning
the importance of salt in human BP in general, in hypertension, and
as a treatment modality. Without considering the various reasons for
this controversy, suffice it to say that the magnitude of the effect of
salt intake on BP is diluted by the fact that there is substantial heteroge-
neity in the BP responses of humans to alterations in salt intake (2).
Numerous studies have demonstrated that salt-sensitive and salt-resis-
tant individuals can be identified within both the hypertensive and
normotensive populations (3). Salt-sensitive subjects will demonstrate
a decrease in BP with dietary sodium reduction, usually to the level
of 100 mmol/d (2.4 g/d). The human need for sodium is about 10
mmol/d (230 mg/d). Thus, the threshold for BP responsiveness to a
reduction in salt intake is many times higher than the physiologic
requirements. It is often difficult to differentiate between salt-sensitive
and salt-resistant subjects without sophisticated research techniques.
However, a trial of modest dietary salt restriction or diuretic adminis-
tration should identify those most likely to benefit from this dietary
intervention. Moreover, there have been no adverse reports when
a modest reduction in salt intake such as 80–100 mmol/d has
been followed.

Certain population groups have been reported to be more likely to
be salt sensitive than others (2). Hypertensive individuals are more salt
sensitive than those with normal BP. Among hypertensive subjects,
salt sensitivity of BP is more frequent among African-Americans (75%)
than Caucasians (50%) (3) and increases with increasing age (4). The
latter finding is also observed in the normotensive population, with the
finding that significant salt sensitivity of BP is not seen until the age
decade of 60 yr or more. Individuals with reduced renin responses to
sodium and volume depletion, the so-called low-renin subjects, are
more likely to be salt sensitive than those with brisk renin responses (5).

In addition to a possible permissive effect of sluggish renin responses
to salt sensitivity, a variety of substances have been reported to be
involved in the pathophysiology of salt sensitivity of BP. An extensive
scientific critique of the many studies that have been conducted in this
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area is beyond the scope of this chapter; however, note that the SNS,
endothelin, insulin sensitivity, atrial natriuretic factor, alterations in
renal hemodynamics, and leptin have all been implicated in the patho-
physiology of salt sensitivity. It remains to be determined which of these
many factors are primary events and which are simply compensatory
responses or epiphenomena.

It has been shown that salt sensitivity requires the administration of
sodium as the chloride salt and that other forms of sodium do not have
the same pressor effect. However, this is a moot point because >95%
of the sodium found in foods is in the chloride form. Moreover, most
of the salt found in food is added in the preparation, processing, and
preservation of food, and only 15% is added as the discretionary form
(as table salt). Thus, it is important for the food preparer as well as
the patient to become familiar with identifying the salt content of foods
at the grocery store and restaurant as well as in cooking.

Another important recent finding related to salt and BP is the observa-
tion that long-term follow-up of salt-sensitive normotensive subjects
over a period of 10 yr or more demonstrated an eightfold greater rate
of BP increase compared with those who were initially salt resistant
(4). This finding supports the epidemiologic observations relating the
age-associated rise in BP to increased salt intake.

POTASSIUM

As already mentioned, in societies in which there is a low prevalence
of hypertension and its complications as well as little age-related
increase in BP, people tend to consume increased amounts of potassium
(and calcium, as discussed in the next section) and follow a reduced
salt diet. Fewer studies have examined the relationship between potass-
ium and BP than those involving sodium. However, the findings regard-
ing potassium tend to be consistent. In general, the effect of potassium
is smaller than that of sodium based on interventional trials (6). Again,
heterogeneity in responsiveness of BP to alterations in potassium intake
or balance has been demonstrated. Among potassium-replete normoten-
sive subjects, typically those consuming 60 mmol/d of potassium or
more, little effect on BP can be demonstrated with additional potassium
administration. However, in hypertensive populations, particularly
those comprising substantial numbers of individuals in whom dietary
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potassium intake is traditionally deficient (the elderly, African Ameri-
cans) or those in whom diuretic-induced potassium loss occurs, potass-
ium supplementation has been shown to lower BP. It has also been
observed that potassium is more likely to lower BP in hypertensive
individuals consuming a high salt intake, further suggesting a link
between sodium and potassium intake in their effects on BP.

The amount of potassium intake required for optimal reduction in
BP in those who are sensitive to this mineral is not clear. Most studies
indicate that dietary potassium deficiency begins at levels of intake
<50 mmol/d and is clearly observed at intakes of 30 mmol/d or less.
Dietary sources of potassium are largely fresh fruits and vegetables.
In environments where these are scarce, e.g., because of cold climate
or high cost, potassium deficiency is more likely. Among a group of
normotensive nurses in whom dietary intakes of potassium, calcium, and
magnesium were deficient, only potassium supplementation reduced BP
(7). Recent studies using diets involving multiple mineral manipula-
tions, such as the Dietary Approaches to Stop Hypertension (DASH)
trial (8), are discussed in the Combination Diets section.

CALCIUM

Epidemiologic surveys have suggested a relationship between
reduced dietary calcium intake and hypertension. Several studies have
demonstrated a small and inconsistent effect of calcium supplementa-
tion to lower BP. Again, this appears to be largely owing to the heteroge-
neity in human responses to calcium supplementation. Subgroup analy-
ses of some of the larger studies suggest that those in whom dietary
calcium intake is often reduced (African-Americans, the elderly) are
more likely to demonstrate a reduction in BP with calcium supplementa-
tion than other groups in whom intake is higher. Because both subgroups
are traditionally salt sensitive, we conducted a study of calcium supple-
mentation in a group of normal and hypertensive subjects who had
been previously categorized with respect to salt sensitivity of BP (9).
We found no significant effect of calcium supplementation on BP for
the entire group. However, when the subjects were separated on the
basis of salt-sensitivity status, we found a significant decrease in BP
when the salt-sensitive subjects received calcium supplements and a
significant increase in BP when calcium was given to the salt-resistant
subjects. These findings suggested a reciprocal relationship between
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the effects of calcium and sodium on BP that was confirmed by the
results of the DASH trial (see Combination Diets section).

OTHER DIETARY CONSTITUENTS

There is, at present, no convincing evidence to link alterations in
magnesium intake with BP, and thus the JNC VI report did not advocate
an increase in this mineral for the purpose of lowering BP (1). Caffeine
may raise BP acutely in caffeine-naı̈ve individuals but does not appear
to be a factor in the chronic elevation of BP. Moreover, there is no evi-
dence that withdrawal of caffeine in habitual consumers produces a
decrease in BP. Although some studies have suggested a beneficial effect
of large amounts of omega-3 fatty acids in reducing BP, intolerance of
these doses makes this an impractical approach for most individuals.

COMBINATION DIETS

A variety of studies have examined the effect of combined dietary
approaches on BP as nonpharmacologic treatment of hypertension or
for the prevention of hypertension in those at increased risk (high-
normal BP). These combined studies have been fraught with problems
resulting from recidivism, inadequate achievement of dietary goals, or
relatively short duration. In general, it can be stated that weight loss
appears to be the most effective single intervention as long as the weight
loss can be maintained. There does not appear to be an additive benefit
when potassium supplementation is combined with modest dietary salt
restriction beyond that seen with salt restriction alone. However, in the
DASH trial, when a specific diet incorporating modest salt restriction
with an increase in fresh fruits and vegetables and low-fat dairy products
(presumably increasing potassium, calcium, and magnesium intake)
was followed, a significant reduction in BP was observed over the 8-
wk study period (8). This benefit appeared to be greatest among African-
Americans and those with higher initial BP levels (10). Another study
examining multiple dietary changes was a subgroup of the Nurses
Health Study II (7), which compared the effects of supplemental potass-
ium, calcium, magnesium, or all three minerals to placebo in normoten-
sive nurses in whom dietary deficiencies of these minerals were docu-
mented. As previously mentioned, potassium supplementation alone,
but not combination supplementation, lowered BP.
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ALCOHOL

Alcohol consumption has been shown to have a biphasic effect on BP.
Small amounts of alcohol appear to lower BP, presumably secondary to
a vasodilator effect, but as alcohol consumption increases, BP rises.
The dose-response characteristics vary from individual to individual
and may be based on factors such as body surface area, gender, and
race. The racial differences may be explicable, in part, by virtue of
genetic differences in alcohol metabolism. The mechanism for the
alcohol-induced increase in BP appears to be related to activation of,
or increased responsiveness to, the SNS. This is manifested by an
increase in cardiac output when more than one ounce of alcohol is
consumed. Thus, a prudent recommendation to hypertensive subjects
is to limit their daily alcohol consumption to no more than 2 oz (60
mL) of 100-proof spirits (or 2.5 oz of 80-proof whiskey), 24 oz (720
mL) of beer, or 10 oz (300 mL) of wine. For those hypertensive
individuals in whom habitual alcohol consumption exceeds these levels,
a reduction in intake may lower BP or make it easier to control.

CONCLUSION

A variety of dietary and lifestyle factors can influence BP. The
ideal recommendation for individuals who are hypertensive or are at
increased risk for its development are to maintain a body weight as
close to ideal as possible; to consume a diet modest in salt content and
enriched with fresh fruits, vegetables, and low-fat dairy products, and
to consume no more than the recommended optimal amounts of alcohol.
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Fig. 6-1. Hypothetical interaction of factors that may contribute to behaviorally
mediated hypertension.

personality differences between normotensive and hypertensive individ-
uals, and the third is to examine the relevance of individual differences
in susceptibility or reactivity to standardized stressors in a laboratory
setting. Fourth, conducting animal experiments of stress-induced hyper-
tension also is informative.

Figure 6-1 shows a convenient model for defining the roles of psycho-
logic factors. There are three independent variables. First is the nature
of the stressor, which is a characteristic of the environment. Second
is the individual’s perception of the stressor. This will depend on both
the individual’s personality and previous experience. What is stressful
for one individual is not necessarily as stressful for another. The effects
of the perceived stress on BP will in turn depend on the third factor,
which is the individual’s physiologic susceptibility. This may depend
on genetic and environmental factors, e.g., a family history of hyperten-
sion, and the state of sodium balance. It seems reasonable to suppose
that all three are important and that any effects on hypertension are
likely to be interactive. This chapter discusses each of these three
variables in turn, and also some of the possible physiologic mechanisms
that might mediate their effects on BP.
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Fig. 6-2. BP in a group of Italian nuns living in a secluded order, compared with
control subjects. Reproduced with permission from ref. (123).

ENVIRONMENTAL SOURCES OF
PSYCHOLOGIC STRESS

Although BP tends to rise with age, this is not an invariable phenome-
non, and many societies have been described in which it remains low
throughout life. The change with age appears to be determined culturally
rather than genetically. A good example of this phenomenon is provided
by a 30-yr observational study of Italian nuns living in a secluded
order, reported by Timio (1). The nuns were compared with a control
group both at entry and after 30 yr. BPs were the same at entry, but
by the end of the study were approx 30 mmHg higher in the control
subjects than in the nuns (Fig. 6-2). The differences could not be
explained by changes in body weight, by diet, or by childbearing. Timio
(1) concluded that the differences were owing to the monastic and
relatively stress-free environment in which the nuns were living.

The effects of social interactions on BP have also been studied in
experimental animals. Figure 6-3, taken from a study by Hallbäck (2),
shows that in spontaneously hypertensive rats being reared in social
isolation results in a lower BP than when rats are reared in colonies.
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Fig. 6-3. In spontaneously hypertensive rats (SHR) social isolation (I) results in
a lower BP than being reared in colonies (C). In normotensive control rats (NCR)
this effect is not apparent. Reproduced with permission from ref. 2.

In normotensive control rats, however, this environmental difference
is without effect.

A similar series of observations has been made in people who migrate
from a stable traditional society to a Westernized one. Studies of the
nomadic Samburo in Kenya (3) and of the bushmen of the Kalahari
(4) have shown no increase in BP with age. Bushmen who abandon
their traditional lifestyle, however, and become farm laborers, or even
prisoners, have blood pressures 15 mmHg higher than the nomads (5).
And Samburo warriors who joined the Kenyan army also showed an
increase in BP (6). Numerous other studies could be quoted confirming
the effects of acculturation from structured traditional societies to con-
temporary Western life, but the problem with nearly all of them is that
it is difficult to know exactly what factors were responsible for the
rise in BP. While stress may be one of them, there are also major
dietary changes.

One of the most important of these studies is the Kenyan Luo
migration study (7), in which 355 subjects who migrated from rural
villages to Nairobi were followed prospectively for 2 yr after they
migrated, and were matched with a control group that stayed in the
villages. Even as soon as 1 mo after migrating, the distribution curve
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Fig. 6-4. Urine norepinephrine and BP in Samoans living a traditional village life
or after acculturation to a Western lifestyle. Adapted from ref. 8.

of BP had shifted to the right in the migrants. There were also significant
increases in body weight, heart rate, and urinary sodium:potassium
ratio. Over the 2-yr follow-up period, the differences in BP persisted,
whereas those of body weight and heart rate did not. The authors
suggested that the two factors responsible for the early increase in BP
were sodium retention and increased sympathetic nervous system (SNS)
activity occurring in response to the stress of migrating. As shown in
Fig. 6-4, urine catecholamines tend to be higher in Westernized Samo-
ans than in those living a traditional village life (8).

Defense-Defeat Model

The defense reaction is a very fundamental response to challenges
in the natural environment and consists of a generalized autonomic
arousal, with an increase in BP and cardiac output, and increased blood
flow to the skeletal muscles. Many years ago Brod et al. (9), observed
this reaction and found that these changes resemble those seen in young
patients with borderline hypertension. It has been proposed by Neel
(10) that “diseases of civilization” such as diabetes may occur as a
result of natural selection, and that traits that confer red a survival
advantage in primitive societies may be detrimental in modern society.
Julius et al. (11) have extended this concept to include hypertension,
and propose that a permanent hemodynamic pattern of the defense
reaction would lead to hypertension and insulin resistance.

On the basis of an extensive series of studies of mice housed in
colonies designed to promote social interaction and conflict, Henry et
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Fig. 6-5. The Defense-Defeat model of Henry (12). The left-hand side shows the
defense reaction, characterized by sympathetic activation, and the right-hand side
the defeat reaction.

al. (12) proposed that two psychophysiologic patterns, which they
referred to as the defense and defeat reactions (Fig. 6-5), might deter-
mine which individuals become hypertensive and which do not. Their
mice were housed in population cages consisting of boxes connected
by narrow tubing, wide enough to accommodate only one mouse at a
time. This promotes the development of a social hierarchy, in which
the dominant animals develop higher BPs than the subordinates. Subse-
quent work showed that the highest BPs (160 mmHg) were seen in
subdominants attempting to achieve control; the BPs in stable unchal-
lenged dominants was 145 mmHg, and in the subordinates 125 mmHg
(12,13). Similar results have been reported by Fokkema (14) in rats,
in which the subdominant individuals again had the highest BPs (14).

The subdominant animals are conceived as showing a chronic
defense (fight or flight) reaction, characterized by activation of the
SNS, whereas the subordinates exhibit the defeat reaction, in which
there is activation of the pituitary-adrenal cortical axis.

Not surprisingly, comparable studies in humans are sparse. A situa-
tion analogous to the social interaction of mice in population cages
was reported by D’Atri and Ostfeld (15), who studied men confined
to prison. The systolic blood pressure (SBP) of men who had lived for
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Fig. 6-6. The Demand-Control model of Karasek. The high-strain jobs are in the
bottom right quadrant.

several months in a dormitory was 131 mmHg, whereas in men living
in single-occupancy cells it was only 115 mmHg. Furthermore, transfer
from a cell to a dormitory caused BP to increase, and vice versa (16).
These changes could not be attributed to diet, because all the prisoners
ate the same food.

Demand-Control and Effort-Distress Models

The subdominant individuals in the social hierarchy of the Defense-
Defeat model may be perceived as attempting to achieve control. Two
models that originated in Sweden, and that closely resemble each other,
have some similarity to the model of Henry et al. (12). The first is the
Job Strain model of Karasek and Theorell (17), which was specifically
designed to assess occupational stress. It has two orthogonal compo-
nents: psychologic demands, and decision latitude, which is equivalent
to control (Fig. 6-6). The most stressful (or “high-strain”) jobs are
those that are perceived to combine high demands and low decision
latitude. This model has been used mainly for studying the effects of
job strain on the development of coronary heart disease (18,19), but,
in my laboratory, we have shown that it may also be relevant in the
development of hypertension. In the Cornell Worksite Study (originally
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Fig. 6-7. Interaction between job strain and alcohol intake on BP. Reproduced
with permission from ref. 21.

a case-control study of men employed in a variety of jobs), we found
that hypertensive individuals (the cases) were approximately three times
as likely to be employed in high-strain jobs as the normotensive controls
(20). Exposure to job strain was also associated with an increased left
ventricular mass, which would be consistent with the effects of a
sustained elevation in BP. Subjects in high-strain jobs also had higher
ambulatory BP (21). Interestingly, this elevation in BP was seen not
only during working hours but also while at home and during sleep.
An important aspect of the results is that neither of the two components
of job strain—demands and perceived control—were individually asso-
ciated with any changes in BP; only the interaction of high demands
and low control had an effect.

Two other interactive effects that were observed in our study are
worth noting. The first was with alcohol intake. The highest BPs were
observed in subjects who were in high-strain jobs and drank regularly
(Fig. 6-7). However, alcohol intake had no discernible effect on BP in
subjects with low-strain jobs. In the present context, alcohol intake
may be regarded as another environmental pressor agent, whose intake
is perhaps related to personality. The second interactive effect was with
age. The effects of job strain on BP were much greater in older than
in younger subjects. This finding could have at least two explanations:
first, the effects are cumulative over many years, and, second, the
physiological susceptibility of the older subjects might be greater. In
a 3-yr follow-up of 195 men in the Cornell Worksite Study (22), we
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found that the cross-sectional relationships between job strain and BP
were virtually identical 3 yr apart, although nearly half of the men had
changed their job strain status. In addition, men who remained in high-
strain jobs over the 3 yr had BPs at work and at home that were on
average 11/7 mmHg higher than those in men in non-high-strain jobs
at both times, and men who changed from a high-strain to a non-high-
strain job showed a decrease of 5/3 mmHg. There was a small but
insignificant increase in men who went from a non-high-strain to a high-
strain job. These results strongly support the idea that the previously
observed association between job strain and BP is causal.

These findings have received some support from other studies.
Theorell et al. (23) studied 161 men with borderline hypertension with
ambulatory monitoring and found that job strain (expressed by the ratio
between psychologic demands and control) was significantly related
to diastolic pressure during work and at night. Van Egeren (24) studied
11 subjects with high-strain jobs and 26 with low-strain jobs, and found
higher BPs in both groups during work and while at home in the former.
There was a less clearcut tendency for sleep BPs to be higher as well.
A third study, by Light et al. (25), performed in 129 healthy young
men and women found that job strain was associated with higher work
BPs in men, but not in women.

A closely related model is the effort-distress model of Frankenhaueser
(26). This also has two orthogonal components (see Fig. 6-5), which
are termed effort and distress. Effort corresponds to demands in the
job strain model, and distress to control. Effort is conceived as arousing
the SNS, and distress the adrenocortical system. A typical example of
this type of approach is provided by a study conducted by Lundberg
and Frankenhaueser (27) in which normal subjects performed two tasks.
The first was a monotonous vigilance task that was perceived to induce
effort and distress, and the second was a more enjoyable self-paced
reaction-time talk, which required effort but without distress. During
the vigilance task, urinary excretion of both epinephrine and cortisol
increased, whereas during the reaction-time task only epinephrine
increased. This model has not yet been related to sustained hypertension,
but it is relevant because epinephrine and cortisol are both potential
pressor hormones.

Models of Socioecologic Stress

The studies of the effects of acculturation, which I have briefly
reviewed, suggest that there is something about modern society that
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tends to elevate BP. Waldron et al. (28) pooled data from 84 different
societies and concluded that higher BPs were associated with increasing
emphasis on a market economy, increased economy competition, and
decreased family ties. These associations appeared to be independent
of salt intake, and in men, of obesity.

In another series of studies, Dressler and colleagues (29–31) have
developed the concept of “lifestyle incongruity,” which is defined as
the extent to which a high status style of life exceeds an individual’s
occupational class. Its evaluation is relatively objective and is based
on a match between occupation and income, on the one hand, and
possession of material goods, on the other. Lifestyle incongruity has
been found to be related to BP not only in developing countries (29–31)
but also in African Americans in the United States (32).

A somewhat similar approach has been used by James et al. (33),
who developed the concept of John Henryism to investigate the effects
of socioecologic stress in African Americans. An individual who scores
high on the John Henryism scale is one who believes that he can
control environmental stressors through a combination of hard work
and determination. In their first study, James et al. (33) found that men
who scored below the sample median on education but above the
median on John Henryism had higher BPs than men who scored above
the median on both measures. In a subsequent study (34), they found
that men who had achieved a relatively high level of job success and
scored high on John Henryism had higher diastolic pressures than men
with similar levels of job success and low John Henryism. Another
psychosocial factor that contributed to higher BPs in the more successful
men was the perception that being African American had hindered
their chances of success.

The effects of socioecologic stress on BP in African Americans (32)
have also been documented in a study by Harburg et al. (35). They
performed a population survey of BP in different neighborhoods of
Detroit, which were defined as either high stress or low stress according
to the socioeconomic status of the inhabitants (defined by variables
such as income, home ownership, and education) and instability vari-
ables (e.g., crime rate and marital instability). The highest BPs were
seen in African-American males under the age of 40 living in high-
stress neighborhoods; African-American and Caucasian males living
in low-stress neighborhoods had similar BPs. More recent research
conducted in U.S. cities has provided further evidence for a “neighbor-
hood” effect on BP (people living in poorer neighborhoods have higher
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Fig. 6-8. The relationships between SBP and residential neighborhood (expressed
as median house value) in women living in four US cities. The women in Jackson
were predominantly African American, whereas those in the other three cities
were Caucasian. Adapted from ref. 36.

BP; see Fig. 6-8) (36), which is related to psychosocial factors indepen-
dently of the traditional environmental influences (35,37).

Role of Genetic Factors and Race

As mentioned, hypertension evolves through an interaction of indi-
vidual and environmental factors. Such individual factors are likely to
be at least in part genetic. Thus, the mice in Henry et al.’s studies (12)
were of a certain strain, and experiments in other strains have not been
found to replicate the hypertension (38,39). A good example of the
role of genetic factors is provided by a study conducted by Henry et
al. (39) in different strains of rats, using a design similar to the studies
conducted previously in mice, in which social interaction raised BP.
When subjected to the same protocol, there was no effect on BP in
Wistar-Kyoto hyperactive rats, a modest increase in Sprague-Dawley
rats, and a much more marked increase in Long-Evans rats.
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Another animal model of stress-induced hypertension is the border-
line hypertensive rat, which is a cross between the spontaneously hyper-
tensive rat and the normotensive Wistar-Kyoto rat. When reared in a
benign environment, the borderline hypertensive rat remains normoten-
sive, but if subjected to continued environmental stress or a high-salt
diet, it becomes hypertensive (40).

In the United States, African Americans bear a greater burden of
cardiovascular disease than Caucasians, and the prevalence of hyperten-
sion is approximately double. This difference, however, is much greater
in the United States than in other countries. Several studies have docu-
mented that hypertension was traditionally relatively rare in Africa,
with the exception of the big cities (41). It is also clearly established
in longitudinal studies conducted mostly in Africa (described above)
that moving from village to city life is associated with an increase
in BP, which suggests that environmental factors are predominantly
responsible. A major unresolved issue is whether the higher prevalence
of hypertension seen in African Americans in the United States com-
pared with Caucasians is genetic or environmental. So far, attempts
to identify genes or physiologic processes that distinguish “African-
American hypertension” from “Caucasian hypertension” have proved
disappointing (41). Several studies have found that African Americans
with darker skin have higher BPs than those with light skin, which could
be explained by either genetic or cultural factors. Although there have
been reports of racial differences in physiologic regulatory processes
such as sodium sensitivity, the renin-angiotensin system, and kallikrein,
there is no evidence that these differences, which are usually subtle, are
causally related to the differing prevalence of hypertension (41).

Considerable attention is currently being paid to identifying racial
differences in genes that contribute to the development of hypertension,
or that increase the susceptibility to environmental factors. An example
is the angiotensinogen gene, in which a mutant allele has been reported
to be related to BP in Caucasians (42), and which has been found to
occur much more frequently in African Americans in the United States
and Nigeria (43). It cannot, however, be assumed that this explains the
higher prevalence of hypertension in African Americans, because within
African Americans there is no correlation between the presence of the
mutant allele and BP (44). It is possible that there are gene-environment
interactions that predispose African Americans to the pressor effects
of environmental stimuli, but these are difficult to demonstrate in human
studies, because they require evaluation of the expression of a genotype
in different environments. The problem is compounded by the fact that
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Fig. 6-9. Prevalence of hypertension in U.S. African American (■) and Caucasian
(�) subjects according to years of education. Data from ref. 45.

hypertension is almost certainly polygenic, so that the presence or
absence of a particular allele is unlikely to account for more than a
small effect on BP.

Presently, the higher prevalence of hypertension in African Ameri-
cans in the United States can best be explained by environmental
factors. The prevalence of hypertension is inversely proportional to
educational status, particularly in African Americans (45) (Fig. 6-9).
A proportion of the racial differential can be explained by obesity
(particularly in African-American women) and mineral intake, but
potentially stronger and also less well-defined factors are psychosocial
stress and racism. The low prevalence of hypertension in rural Africa
has already been referred to, and there are populations in which an
African-American–Caucasian BP difference is absent or very small.
One example is Cuba (46), and another is factory workers in England
(47). In both populations it was concluded that the similarities of social
class between the ethnic groups might account for the similarity in
BPs. In the United States, there is such a strong association between
race and socioeconomic status that it is quite difficult to separate the two.

INDIVIDUAL PSYCHOLOGIC FACTORS AND
PERCEPTION OF STRESS

Two types of factors relevant to individual differences in the way in
which potential stressors are perceived are the individual’s personality,
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which is relatively immutable, and the individual’s previous experience
or learning, which obviously is not. Because there is no evidence that
hypertension is a learned behavior pattern (although this remains an
interesting possibility), my discussion is restricted to personality vari-
ables.

Personality Variables and Hypertension

The idea that there is a “hypertensive personality” has been mooted
for many years, but is still unsettled. The concept originated with
Alexander (48), who proposed that the hypertensive individual experi-
ences repressed hostility, or “anger-in,” which is channeled into the
autonomic nervous system, resulting in increased BP. This theory has
been reviewed by Shapiro (49). A potential problem with such studies
is that characteristics such as anger and anxiety, which are frequently
associated with hypertension, may be a consequence of making the
diagnosis (a “labeling” phenomenon) rather than being etiologic factors,
and there is always a problem of knowing what constitutes an appro-
priate control group. A more reliable method may be to study a randomly
selected population. One such study was conducted by Harburg et al.
(35), who found that in men, anger-in was correlated with BP. Two
other personality variables that have been reported to be characteristic
of hypertensive individuals are submissiveness (50) and alexithymia,
which has been defined as an inappropriate affect, difficulty in express-
ing emotions, and an absence of fantasies. There is limited evidence
for both (reviewed in ref. 51).

Type A Behavior Pattern, Anger, and Hostility

Several related personality characteristics have been investigated
with regard to hypertension, which all relate to hostility and aggression.
One of the earlier studies reporting this phenomenon was conducted
by Wolf and Wolff (52), who evaluated personality measures using
both interviews and questionnaires in 103 hypertensive patients, who
were compared with 150 patients with allergies and 61 normotensive
hospitalized patients. They concluded that the hypertensive patients
had restrained aggression and excess inner tension. A more recent
example of such a finding comes from a study by Perini et al. (53),
who compared young subjects with borderline hypertension with age-
matched normotensive controls with and without a family history of
hypertension. The hypertensive patients showed less externalized
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aggression, more internalized aggression, and more submissiveness.
They also demonstrated evidence of increased SNS activity, such as
faster heart rates and higher plasma catecholamines. Although many
other studies have reported varying degrees of association between
inhibited aggression and BP (reviewed in ref. 51), others have reported
negative or inconsistent results.

The Type A behavior pattern, which is generally regarded as being
at least in part a personality variable, has been most closely related to
coronary heart disease. Most studies have not found any close relation-
ship with hypertension (54), perhaps because most of them used only
one or two BP measurements. An example was the Western Collabora-
tive Group Study, in which 3524 men were followed for 8 yr (55). In
their study, Irvine et al. (54) compared the prevalence of type A in
109 untreated hypertensive subjects and 109 demographically matched
control subjects, whose BP was measured five times over 5 mo. Type A
behavior was assessed by the structured interview and was significantly
more prevalent in the hypertensive subjects (78%) than in the normoten-
sive subjects (60%). Hostility, which is now considered to be one of
the most important components of coronary-prone behavior (56), was
also higher in the hypertensive subjects.

Everson et al. (57) found that anger (whether expressed or repressed)
is associated with an increased risk of developing hypertension over
a 4-yr follow-up period. Hostility has also been shown to have an
interactive effect with occupational stress on BP, at least over the short
term. In a study of paramedics who wore an ambulatory BP monitor
during a workday, Jamner et al. (58) found that subjects who scored high
on hostility and defensiveness demonstrated higher diastolic pressures
while in the hospital, but not while waiting for a call at the ambu-
lance station.

Anxiety and Panic Disorder

Associations between anxiety and depression with hypertension and
cardiovascular morbidity have been observed in cross-sectional studies
(59–62). Panic disorders also occur more commonly in hypertensive
than in normotensive individuals, although whether the panic disorder
precedes or follows the hypertension is unknown (62,63). One prospec-
tive study has found that individuals who report high levels of symptoms
of anxiety or depression are at increased risk of hypertension 9 yr
later (64).
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INDIVIDUAL DIFFERENCES IN SUSCEPTIBILITY TO
PSYCHOLOGIC FACTORS

The effects that a given level of perceived stress will have on the
cardiovascular system will depend to some extent on the physiologic
susceptibility of the individual. In other words, for a given intensity
of a stressor, some individuals will be more reactive than others. In
practice, it may be difficult to separate the physiologic and psychologic
components of reactivity, but conceptually this distinction is important.
Of all the components of the potential interactions between stress and
BP, reactivity has received much more attention than any other, and
perhaps more than it deserves.

Reactivity Hypothesis

In its simplest form, the reactivity hypothesis states that individuals
who show increased cardiovascular reactivity to psychologically stress-
ful stimuli are at increased risk of developing cardiovascular disease.
The latter is often taken to include hypertension and coronary heart
disease as if they were a single entity, which of course they are not.
Two forms of the hypothesis as it relates to hypertension have been
proposed: in one, the “Recurrent Activation Model,” the response to
laboratory tests, is assumed to be correlated with intermittent pressor
responses to stress occurring in everyday life, whereas in the other,
the “Prevailing State Model,” the laboratory response predicts the aver-
age level of BP (65). It has also been suggested that stressors initially
produce transient elevations in BP by neurohormonal mechanisms, and
that these elevations may in turn induce structural changes in the
arterial wall, which eventually results in a sustained increase in vascular
resistance and hence BP (66). This mechanism is usually thought to
be elicited by stimuli that are psychologically stressful, but there is no
clear reason why it should not also apply to physically stressful stimuli
such as exercise.

It must be admitted, however, that direct evidence in support of this
mechanism is limited. It has recently been demonstrated, e.g., that
neurogenically produced pressor episodes do not on their own lead to
any sustained increase in the basal BP level, although they can produce
left ventricular hypertrophy (67). And exercise training, which certainly
produces intermittent neurogenically mediated pressor episodes, results
in a reduction in the resting BP level (68).
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Some of the criteria that this hypothesis must satisfy have been
reviewed elsewhere (69). First, the degree of reactivity for an individual
subject should be stable over time; second, it should, to some extent,
be generalizable from one type of challenge to another; third, it should
be generalizable from the laboratory to the stresses of everyday life;
and fourth, reactivity should be an independent predictor of disease.

The test-retest reliability of BP changes measured during reactivity
testing is not very good, with correlation coefficients ranging from about
0.4 to 0.7 (65,70–73). Surprisingly, few studies have systematically
examined the extent to which an individual subject’s response to one
task will predict his or her response to another. Parati et al. (74) found
that the responses to two predominantly mental tasks (mental arithmetic
and mirror drawing) were quite well correlated with each other (r =
0.78, p<0.01), and also the response to two predominantly physical
tasks (isometric exercise and the cold pressor test), but correlations
between the responses to the mental and physical tasks were not signifi-
cant. Fredrikson et al. (75) examined the correlation between the change
scores for four tasks: an attentional demands task, mental arithmetic,
the cold pressor test, and isometric exercise. The only significant corre-
lation for systolic pressure was between mental arithmetic and isometric
exercise in normotensive subjects; for hypertensive subjects none of
the correlations was significant. By contrast, Turner et al. (76) found
significant correlations between four tasks (two involving speech and
two mental arithmetic) ranging from 0.62 to 0.80 for systolic pressure,
and considerably lower for diastolic. These results suggest that there
is limited evidence for generalizability of reactivity across dissimilar
tasks, and that characterizing an individual as being generally “hyper-
reactive” has little validity at the present time.

Physiologic and Demographic Factors Affecting Reactivity

Several studies have compared BP reactivity in normotensive and
hypertensive subjects. We reviewed a selection of these that gave
adequate details of the actual BP levels and stastistical comparison
(69). The two most extensively studied tests have been mental arithmetic
and the cold pressor test. We concluded that there is a tendency for
hypertensive subjects to show increased reactivity to behavioral, but
not physical tasks. A more formal meta-analysis was undertaken by
Fredrikson and Matthews (77). They concluded that patients with essen-
tial hypertension (with BPs of at least 165/95 mmHg) showed an
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Fig. 6-10. Mean BP and heart rate in an informed (solid lines) and uninformed
group (dotted lines) at rest and during a cold pressor test (CPT). # and * indicate
significant group differences (*p < 0.05; **p < 0.01). Reproduced with permission
from ref. 79.

exaggerated SBP response to passive stressors (including the cold pres-
sor test), in comparison to normotensive controls, although this was
seen in only 31 of 63 studies. Overall, borderline hypertensive subjects
showed a significantly greater response to active stressors (in 8 of 25
individual studies).

The only population-based study, conducted in 169 men and 120
women by Julius et al. (78) in Tecumseh, Michigan, did not find any
correlation between reactivity to mental arithmetic or isometric exercise
and the resting level of BP. They pointed out that one reason for the
discrepancy between their findings and those of other studies comparing
normotensive and hypertensive subjects was that their subjects were
not necessarily aware of which diagnostic group they were in, whereas
in most other studies they were. The importance of this is that it has
been shown by Rostrup and Ekeberg (79) that labeling subjects as
hypertensive increases their BP reactivity (Fig. 6-10).

Several studies have examined the influence of family history of
hypertension on reactivity, and many have dealt with children. The
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meta-analysis by Fredrikson and Matthews (77) concluded that 13 of
30 studies demonstrated an increased BP or heart rate reactivity in
association with a positive family history, and that overall this effect
was significant in comparison with subjects without a family history.
The difference was more reliable for active than passive tasks. However,
one study reported that the BP response to dynamic exercise was
exaggerated in subjects with a family history of hypertension in compar-
ison to those without one (80). A more recent study of normotensive
young adults found that subjects with a positive family history (either
one or both parents hypertensive) had higher baseline BPs (measured
both in the laboratory and during ambulatory monitoring) but did not
show an exaggerated BP response to four different stressors (81). The
Tecumseh study did not find any association between BP reactivity
and family history (78).

Psychologic Factors Influencing Differences in Reactivity

As already reviewed, attempts to relate a specific personality type
with hypertension have been, on the whole, disappointing. The picture
is a little better with BP reactivity: in a meta-analysis of 71 studies
comparing cardiovascular reactivity in type A and type B individuals,
Harbin (82) concluded that type A men showed a consistently greater
reactivity of systolic (but not diastolic) pressure and heart rate to cogni-
tive challenges. In parallel with these findings, it has also been reported
that men and women scoring high on tests of hostility have a larger
BP reactivity when attempting a frustrating task (83).

With mental challenge tasks requiring an active response by the
subject, it is to be expected that the subject’s attitude to the task will
affect the response. This has been confirmed in a study by Smith et
al. (84), who found that the increase in BP occurring during talking is
much greater if the person who is talking is trying to persuade another
person to change his or her opinion about something, compared to just
talking alone.

Does Reactivity Measured in the Laboratory Predict BP
Changes During Everyday Life?

The rationale generally proposed for the use of laboratory tests of
cardiovascular reactivity is that an individual’s response to such a test
may predict how he or she will respond to stressful situations in real
life. Until quite recently, it has not been possible to test this assumption,
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but with the introduction of ambulatory monitoring techniques it can
now be attempted.

Four studies have compared the response to laboratory stressors with
BP variability measured with the intra-arterial technique of ambulatory
monitoring (85–88). Several studies have used noninvasive ambulatory
monitoring techniques (70,73). Because BP is recorded intermittently
rather than continuously by this technique, the characterization of BP
variability and reactivity is inevitably less precise than with intra-
arterial monitoring. All these studies found very low or absent correla-
tions between BP reactivity (measured as change scores) and ambula-
tory BP.

Viewed as a whole, these studies suggest that if there is an association
between reactivity measured in the laboratory and the BP variability
or reactivity of daily life, it is rather weak, or is obscured by the
problems of measurement error. Furthermore, it appears to be quite
nonspecific; that is, it can be demonstrated equally well (or poorly)
with laboratory challenges both with and without a strong behavioral
component. The simplest explanation of the few positive findings is
that there are significant interindividual differences in BP variability
that may be detected both by laboratory testing and by ambulatory
monitoring. As they stand, the results of these studies provide little
evidence that the type of reactivity testing commonly used in the
laboratory is an ecologically valid representation of the stresses of
everyday life. Yet, the assumption of such validity is the basis for
much of the work being done in this field. It seems clear that a great
deal of research must be done in this area before conclusions can
be drawn.

In the Tecumseh population study (78) of 169 men and 120 women,
two indices of reactivity (mental arithmetic and isometric exercise)
were related to two measures of target organ damage (left ventricular
mass and minimal forearm vascular resistance). Subjects classified as
hyperreactors to mental arithmetic did not show any greater signs of
vascular damage than the others.

Prognostic Significance of BP Reactivity

BP is not the only factor that can be used to predict hypertension.
A family history of hypertension is also of major importance. In Thom-
as’s (89) prospective precursors study of medical students at Johns
Hopkins University, it was found that subjects who had two hyperten-
sive parents and a high initial clinical systolic pressure (above 125
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mmHg) were 12.6 times as likely to become hypertensive over a 30-
yr follow-up period as subjects without these risk factors. The study
also found that reactivity to the cold pressor test failed to predict future
hypertension, but a subsequent analysis, published in 1989, and using
more sophisticated statistical techniques (90), found that after adjusting
for age, obesity, baseline BP, and smoking, an exaggerated response
to the cold pressor test did predict the development of hypertension
after an interval of 20 yr. Without these adjustments there was still no
association, however. Other prospective studies have reported mixed
results, mostly negative (91–94).

Two studies have reported that the reactivity to mental arithmetic,
which has more of a psychologic component than the cold pressor test,
does predict future BP. The first, by Falkner et al. (95), followed 80
adolescents with borderline hypertension for up to 5 yr. The develop-
ment of hypertension was predicted both by a positive family history
and by an exaggerated BP response to mental arithmetic. The relative
importance of the two was not evaluated. The second study, by Borghi
et al. (96), reported that subjects with a positive family history and
borderline hypertension showed an increased reactivity to both behav-
ioral and physical challenges, and that they were more likely to become
hypertensive over a 5-yr period. Overall, the evidence that BP reactivity
is an independent predictor of future BP status is unconvincing.

PHYSIOLOGIC MECHANISMS THAT MIGHT MEDIATE
STRESS-INDUCED HYPERTENSION

Since the evidence that chronic stress contributes to the development
of hypertension is not yet widely accepted, it is not surprising that
relatively little is known about the underlying physiological mecha-
nisms. It can be assumed that the brain is the prime mover, but there
are in principle two types of mechanism that could be involved. First,
there might be a direct effect, for example via stress leading to increased
activity of the sympathetic nervous system. Second, there might be an
indirect effect such as a stress-induced increase in sodium intake.

Sympathetic Nervous System

For any postulated mechanism linking the brain and BP, the auto-
nomic nervous system is the primary candidate. There is increasing
evidence for a subtle overactivity of the SNS in the early stages of
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most impressive demonstration of the delayed pressor effect of epineph-
rine was provided in a study conducted by Blankenstijn et al. (104),
who infused epinephrine, norepinephrine, or dextrose for 6 h in normal
volunteers, and monitored the effects on BP over the next 26 h using
intra-arterial monitoring. The infusion was given between 10:00 AM

and 4:00 PM, and the subjects were in bed from midnight to 8:00 AM.

Arterial pressure was at first reduced by the epinephrine, but by the
end of the infusion was above the baseline value, and remained elevated
throughout the night. Infusion of norepinephrine produced an initial
elevation in pressure, but no sustained effects. The pressor effect of
epinephrine was most marked during periods of increased sympathetic
activity, e.g., when the subjects were active, and not when they were
at rest. The increased BP following epinephrine infusion was not
accompanied by any changes in heart rate. However, a more direct test
of the epinephrine hypothesis was recently reported by Goldstein et
al. (105), who found that local infusion of epinephrine does not enhance
norepinephrine release. This casts doubt on the proposed mechanism
of this phenomenon.

Another mechanism is via the renal sympathetic nerves, which pro-
mote sodium retention and renin release as well as increase renal
vascular resistance. DiBona et al. (106) have shown that air-jet stress
leads to an increased activity in the renal sympathetic nerves, and that
enhanced sympathetic responsiveness to air-jet stress cosegregates with
arterial pressure in a back-cross experiment between the borderline
hypertensive and the Wistar-Kyoto rat strains (107). The SNS may
also influence the permeability of vascular smooth muscle cells to
sodium (108), and there may also be trophic effects an cardiac and
vascular muscle (109).

Renin-Angiotensin System

Several studies have implicated the renin-angiotensin system in the
development of stress-induced hypertension, an effect that could be
mediated by the influence of sympathetic nerves on renin release. Thus,
in the borderline hypertensive rat, 10 d of air-jet stress can induce
sustained hypertension, but this is prevented by pretreatment with capto-
pril (40). Plasma catecholamines were unaffected by either the exposure
to stress or treatment with captopril, suggesting that the SNS was not
the prime mover in this model of hypertension. Plasma renin activity



78 Part I / Hypertension Medicine

was increased in Henry’s mice subjected to chronic social stress, and
captopril also lowered the BP (110).

Endogenous Opioid System

There has recently been a lot of interest in the possibility that endoge-
nous opioids may modulate the effects of stress on BP, stemming
from human studies using opioid antagonists such as naloxone and
naltrexone. It has been shown that pretreatment with these agents can
increase the BP, catecholamine, and glucocorticoid response to psycho-
logic stress (111,112). Young adults who are presumed to be at low
risk for future hypertension (e.g., those who have a low casual pressure
or who are physically fit) show a more developed opioid inhibition of
the stress response or reactivity than those at higher risk. And a study
using ambulatory monitoring to evaluate the effects of naturally occur-
ring stress found that opioid blockade had no effect on the resting
pressure, but did enhance the BP response during periods of stress (112).

Structural Changes in the Heart and Resistance Vessels

It is well recognized that in the majority of patients with sustained
hypertension, peripheral resistance is increased. That this is not wholly
attributable to neurohumoral influences has been argued most forcefully
by Folkow (66), on the basis of both anatomical and functional studies.
Thus, even during maximal vasodilation such as occurs following a
period of ischemia, hypertensive subjects still show an increased resis-
tance to blood flow (66). These changes are largely owing to medial
hypertrophy, and can be regarded as an adaptive process in the presence
of increased pressure and for flow. The extent to which stress can
produce such changes is unclear, but there is evidence that the growth
of vascular smooth muscle can be influenced by a number of stress-
related factors, including angiotensin, catecholamines, and corticoste-
roids (100).

Sodium Retention and the Kidney

The case for the dominant role of the kidneys in the long-term
regulation of BP has been proposed by Guyton (99) on the basis of
the phenomenon of pressure natriuresis: an increase in arterial pressure
(by any mechanism) causes increased sodium and water excretion,
which will tend to lower the blood volume and hence also the pressure.



Chapter 6 / Stress in Development of Hypertension 79

Sustained hypertension occurs only when the set point of the renal-
volume mechanism for pressure control is reset to a higher level of
pressure. This could occur either because of sodium and volume reten-
tion or because of a change occurring in the kidney (e.g., an increase
in prerenal resistance).

There is increasing evidence from animal experiments that environ-
mental stress can cause sodium retention mediated via renal sympathetic
nerve activity (113,114). The same phenomenon has also been described
in humans (115). In addition, mental stress results in a greater increase
in BP in salt-sensitive than in salt-resistant subjects (116), which would
be consistent with the observation of Anderson et al. (114) that experi-
mental hypertension is more readily produced when environmental
stress is combined with a high salt intake.

In the borderline hypertensive rat, chronic exposure to conflict stress
for 2 h a day can lead to sustained hypertension (117). In the early stages
of this process, however, exposure to the conflict situation produces only
a slight increase in BP. Analysis of the hemodynamic pattern shows
that there is a profound renal and mesenteric vasoconstriction that is
offset by skeletal muscle vasodilation (118). An analogous observation
by Hollenberg et al. (119) showed that the effects of a behavioral
challenge on renal blood flow lasted much longer than the effects on BP.

Role of Glucocorticoids

An important physiologic component of Frankenhaeuser’s (26)
Effort-Distress model is the increase of cortisol that occurs in the “high
effort-high distress” situation. Although most of the attention has been
given to the SNS as the prime mediator of stress-induced increases in
BP, there is also evidence to suggest that glucocorticoids may be
involved. The effects of glucocorticoids on BP are complex and not
well understood, although there is agreement that they tend to have a
pressor effect, as reviewed recently by Whitworth (120). They may
also increase the reactivity to adrenergic stimulation, particularly to
epinephrine (121), although this effect is less certain in humans (120).
Whitworth et al. (122) gave four different synthetic steroids to normal
subjects for 5 d, at doses that had similar glucocorticoid activity, but
that had little or no mineralocorticoid effect. All four raised BP without
any accompanying sodium retention. The effects on the diurnal profile
of BP were not evaluated; it might be expected that the increase in BP
would be particularly pronounced at night.
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CONCLUSION

Attempts to find a single cause of hypertension have proven univer-
sally frustrating. This applies no less to psychologic than to physiologic
causes. It thus seems plausible that hypertension may be the result of
the interaction of a variety of factors, whose contribution may vary in
different individuals. It is well established that BP is socially and
culturally determined, but the precise factors responsible for group
and individual differences remain elusive. Although dietary habits are
undoubtedly important, they cannot explain the observed differences,
and there is a growing body of evidence to suggest that psychosocial
stressors also play a role. Several different factors and models to explain
their effects have been proposed, and a common feature to all is an
element of discord between the individual and his or her social setting.
In the job strain, or demand-control model, there is the conflict between
demands and control. Thus, most of those models rely on an interaction
of two or more factors to produce hypertension, rather than by any
one factor acting in its own. Because human behavior is infinitely
complex, these models are not mutually exclusive. For example, we
should not necessarily expect a model that predicts hypertension in
African Americans living in Detroit to work in Italian nuns living in
a convent.

The role of individual factors must also be acknowledged to be
important. Personality variables have been the subject of much attention.
Repressed anger and submissiveness are the two that are most frequently
invoked, but the findings are quite mixed. In part, this may be a measure-
ment issue, because of the difficulties in quantifying something as
nebulous as personality, but it may also mean that we should be focusing
on subsets of patients (e.g., those with high renin levels) in whom
personality variables contribute to BP, perhaps in conjunction with
environmental stressors.

The most extensively studied individual factor is BP reactivity, but
despite an enormous amount of research on the subject, the relevance
of increased cardiovascular reactivity to the development and conse-
quences of hypertension remains unclear. There is no consensus as to
which test should be used to define reactivity, and the generalization
of an individual’s responses from one test to another cannot be assumed.
Hypertensive subjects tend to show greater reactivity than normotensive
subjects, particularly to behavioral challenges, but this may be a conse-
quence rather than a cause of the hypertension. The reactivity hypothesis
requires that reactivity predict the development of hypertension.
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Attempts to demonstrate this have met with varying success, and in
some of the reportedly positive studies, it has not been established that
reactivity is independent of other predictors. These considerations lead
us to conclude that on the basis of present evidence, increased BP
reactivity to behavioral stimuli is unlikely to play a primary role in the
development of hypertension. The evidence that chronic exposure to
environmental stressors can accelerate the development of hyperten-
sion, on the other hand, is quite encouraging. Whether or not such
stressors produce a more pronounced effect in individuals who have
a particular personality type, or who are hyperactive, remains unclear,
but may prove to be a productive area for future research.
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Fig. 7-1. Distribution of heart rates in the population of Tecumseh, MI (reprinted
from ref. 4).

tone in hypertension (2), but, of necessity, these observations are limited
to a small number of patients. The simplest and therefore best docu-
mented evidence for sympathetic overactivity stems from measurements
of heart rate in hypertension. The evidence that tachycardia is important
in hypertension (3) can be summarized as follows. In large population
studies, heart rate is invariably positively correlated with blood pressure
(BP). Fast heart rate in normotensive subjects is a predictor of future
hypertension, and in most studies and at all ages hypertensive subjects
have faster heart rate than normotensive subjects, and the distribution
of the heart rate in these populations is bimodal (Fig. 7-1). The bimodal
distribution (4) and the fact that the group with tachycardia also has
higher BP suggest that the “hyperkinetic neurogenic” hypertension may
be a separate, pathophysiologically distinctive entity. Data indicate that
about 30% of patients with hypertension have tachycardia (5).

The tachycardia in hypertensive patients can be abolished by a phar-
macologic denervation of cardiac sympathetic and parasympathetic
receptors, which, in turn, suggests that the tachycardia is neurogenic (6).

CHANGING PHENOTYPE OF SYMPATHETIC
OVERACTIVITY IN HYPERTENSION

An increased sympathetic tone in patients with the hyperkinetic state
who have mild hypertension, tachycardia, and increased cardiac output
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increases, less sympathetic outflow is needed to maintain the same BP
elevation. Under these circumstances, the plasma norepinephrine values
in hypertensive patients are nominally similar to the ones in normoten-
sive patients. However, in spite of the diminished tone, the central
nervous system continues to maintain the BP at hypertensive levels.
Details supporting this hypothesis are given elsewhere (11).

INTERACTION OF SNS AND RAS

As is the case with many systems that regulate important functions
in the body, the SNS and RAS interact and mutually reinforce each
other’s actions. Sympathetic stimulation via renal -adrenergic recep-
tors elicits the release of renin from the kidneys. Renin, in turn, releases
angiotensin from its substrate. Angiotensin increases the sympathetic
discharge from the brain and, peripherally, potentiates the sympathetic
cardiovascular responses. In view of this, it is not surprising that patients
with elevated plasma renin activity also have increased norepinephrine
values (2).

In addition to a direct mutual potentiation, the RAS and SNS potenti-
ate each other’s physiologic actions. A good example is fluid and
sodium balance in which both systems induce retention but through
very different mechanisms: angiotensin via aldosterone, sympathetics
through a direct renal action. Similar potentiation of physiologic out-
comes through different mechanisms occurs regarding the trophic effect
of both systems on smooth muscle hypertrophy and regarding the
enhancement of coagulation. As discussed next, in the pathophysiologic
setting of hypertension, these physiologic interactions promote cardio-
vascular complications.

SYMPATHETIC OVERACTIVITY AND CORONARY RISK
IN HYPERTENSION

The authoritative meta-analysis of large antihypertensive trials by
Collins et al. (12) shows that antihypertensive therapy is fully capable
of reducing strokes but that the effect on reduction of coronary events
is less than anticipated. The failure to reduce coronary outcomes is
particularly clear in younger patients.
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To a student of physiology, such an outcome is not at all surprising
because elevation of BP is only one of multiple pathophysiologic abnor-
malities in hypertension. Many of these abnormalities are in their own
right and independently of BP are conducive to excessive coronary
events. The interaction between the overactivity of the RAS and the
SNS is one of the most important pressure-independent coronary risk
factors in hypertension.

Trophic Effects

Both the RAS and the SNS favor cardiac and vascular hypertrophy.
Whereas hypertrophy in the short term enhances the functional perfor-
mance of cardiovascular organs, long-standing and advanced hypertro-
phy carries negative prognostic implications. A hypertrophic heart
becomes stiffer, which impedes the diastolic filling and function. In
due course the hypertrophic myocardium outgrows its blood supply,
which eventually causes ischemic heart disease. It is therefore not
surprising that left ventricular hypertrophy is an independent potent
predictor of cardiovascular mortality (13).

As indicated earlier, hypertrophic arterioles become hyperresponsive
and this leads to acceleration of hypertension. Because of the thicker
wall, the hypertrophic vessels are also less capable of vasodilation.
The insufficient vasodilation is further aggravated by pressure-related
endothelial dysfunction. These processes lead to a substantial decrease
in coronary reserve in hypertension.

Tachycardia

It is generally assumed that tachycardia is a benign sign, which is
typical for nervous people whose BP is only temporarily elevated.
However, epidemiologic data do not provide support for such an inter-
pretation. A fast heart rate is a strong and independent predictor of
cardiovascular mortality and morbidity. The importance of heart rate
could be predicted from physiology; the work of the heart is a product
of both heart rate and BP. Furthermore, the excessive and frequent
pulsatile flow has a deleterious effect on coronary blood vessels and
tachycardia is conducive to arrhythmias. Support for these statements
can be found in a recent review (see ref. 3).
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pancreatic secretion of insulin increases in order to enhance the glucose
clearance. The end result is a steady state of high insulin and near
normal glucose. Support for this concept has been described in detail
elsewhere (17) and is based on the following observations. First, a
decreased skeletal muscle capillary density has been found in insulin-
resistant states of hypertension, obesity, and type II diabetes. Second,
antihypertensive drugs that cause vasoconstriction worsen insulin resis-
tance and those that cause vasodilation improve insulin sensitivity.
Third, exercise training improves insulin sensitivity and increases skele-
tal muscle capillary density.

IMPLICATIONS FOR PRACTICE

The understanding that hypertension is associated with multiple
coronary risk factors and that both the RAS and SNS overactivity
contribute to pressure-independent cardiovascular morbidity in hyper-
tension ought to affect clinical practice. It is logical that antihypertensive
drugs, which centrally decrease the sympathetic outflow or peripherally
interfere with angiotensin’s action, may be particularly useful in patients
with multiple cardiovascular risk factors. However, currently a clini-
cian’s enthusiasm for sympatholytic agents is restrained by the aware-
ness that drugs such as reserpine, aldomet, and clonidine can cause
considerable side effects. The new imidazoline agonists appear to be
equally effective as clonidine while causing fewer side effects, but
they are not available in the United States. Problems with the clinical
diagnosis of neurogenic hypertension are another impediment to the
use of sympatholytic agents. How is a physician to know which patient
has a neurogenic form of hypertension? The answer is reasonably
simple. In the absence of other causes (hyperthyroidism, anemia, pulmo-
nary disease), a resting sitting heart rate of 75 beats/min or higher is
a good indicator of sympathetic overactivity in hypertension.

Whereas on conceptual grounds the use of drugs that antagonize the
renin angiotensin system appears to offer additional benefits, physicians
will not change their prescribing habits until there is some demonstration
that these theoretical properties can be translated into practical advan-
tage. Several comparative trials of old vs new antihypertensive drugs
are under way. Should these trials prove the superiority of new agents,
physicians will use them more frequently.

Currently, decreasing BP by any of the available drugs remains
the primary clinical objective. It is, however, reasonable to tailor the
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LVH is initially a compensatory mechanism for the increased sys-
temic vascular resistance that occurs in hypertension, but this hypertro-
phy eventually becomes deleterious and can result in inadequate myo-
cardial perfusion and cardiac dysfunction. LVH has emerged as an
independent cardiovascular risk factor with prognostic precision that
may be better than blood pressure (BP) itself. Primary care physicians
must therefore be aware of the importance of LVH as a cardiovascular
risk factor, understand the methods of detecting LVH and diastolic
dysfunction, and be aware of current methods of treating LVH.

EPIDEMIOLOGY OF HYPERTENSIVE
CARDIAC HYPERTROPHY

BP is the major determinant of left ventricular mass index (left
ventricular mass corrected for body surface area) with better correlation
with 24-h ambulatory BP measurement than office BP (2). This is
probably because of the greater reproducibility of ambulatory BP com-
pared with office BP and the fact that it more closely represents overall
BP levels. Similar to other hypertensive complications, systolic (both
basal and exercise BP) rather than diastolic BP is more consistently
related to left ventricular mass index. The prevalence of LVH among
hypertensive subjects varies from 3 to 50%, depending on whether
electrocardiography (ECG) or echocardiography is used for diagnosis
and whether treated or untreated patients are studied (3). This variability
not only reflects differences in the populations studied, the severity of
hypertension, but the methods and normal values used to define LVH.
It is apparent that LVH is a common finding in hypertensive subjects.

Although the overall hemodynamic load is certainly the prime ele-
ment in the development of LVH, several other clinical factors affect
the clinical expression of left ventricular mass. Epidemiologic studies
such as The Framingham Study (4) have shown that the prevalence of
LVH increases slowly with age with a sharp rise in subjects over 60
yr. However, this increase in LVH with age may be dependent on other
factors such as the prevalence of hypertension or obesity. It has also
been revealed that women have less LVH than similarly aged men
until about the sixth decade, after which the rates are higher in women.
The effects of body mass index (BMI) on cardiac mass are noteworthy
because for any given level of BP the prevalence of LVH increases
sharply as BMI increases. Thus, it is appropriate to express left ventricu-
lar mass indexed for body surface area, body weight, or height. Many
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Table 8-1
Clinical and Pathophysiologic Factors Linked to Increase in

Left Ventricular Mass

Clinical Factors Pathophysiologic Factors

BP Glucose intolerance
Age Sympathetic nervous system activity
BMI Renin-angiotensin system activity
Alcohol intake Insulin and growth hormone
Sodium intake
Race and family history
Valvular heart disease
Uremia

other clinical and pathophysiologic factors have been suggested to play
a role in the development of LVH (Table 8-1). One contentious issue
is whether race is itself an independent factor in the higher prevalence
of LVH in African Americans. This remains an unresolved but debated
area (5).

PATHOPHYSIOLOGY OF LVH

Current thinking about the pathogenesis of LVH is that of an adaptive
process initially. It is thought to be initiated by sustained or episodic
increases in BP that impart added work on the heart with increases in
wall stress (Laplace’s law) and myocardial oxygen consumption (Fig.
8-1). This then leads, through several cellular mechanisms, to hypertro-
phy of myocytes as well as other supporting tissue. Note that cardiac
myocytes cannot undergo hyperplasia because adult myocytes are ter-
minally differentiated and cannot replicate. Because there is inadequate
capillary increase to keep up with the cardiac hypertrophy, the relative
capillary density is reduced with a possibility for inadequate coronary
flow to meet the demands of the bigger myocardium. The increase in
cardiac mass is associated with an increase in left ventricular end-
diastolic pressure, which may eventually lead to reductions in filling
for the ventricle. Furthermore, the hypertensive heart becomes more
dependent on left atrial emptying to maintain cardiac output. In extreme
forms of diastolic dysfunction with abnormalities of left atrial function,
clinical CHF may develop.
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T = PR/2

where T = wall tension, P = pressure, R = radius of chamber. Increases in pressure must
cause increases in tension. But

S = T ÷ h

S = wall stress, t = wall tension, h = average wall thickness.

Therefore

P = (S · h · 2) ÷ R

Therefore any increase in wall stress must be accompanied by increases in h/R, which
is the relative wall thickness. The typical change in the heart is an increase in both septal
and posterior wall thickness giving concentric left ventricular hypertrophy.

Fig. 8-1. Explanation of ventricular hypertrophy based on Laplace’s law.

ADVERSE CONSEQUENCES OF LVH

Several large epidemiologic and prospective studies have shown that
ECG or echocardiographic LVH is a serious finding and increases the
risk for coronary artery disease (CAD), CHF, stroke, cardiac arrhyth-
mias, and sudden death (4–7). Subjects with LVH suffer about two to
four times the cardiac complications of hypertension as their hyperten-
sive counterparts with no LVH. Furthermore, these findings have been
reported in a variety of patient populations: subjects with and without
hypertension and with and without CAD. In one report from The
Framingham Study, the cardiovascular mortality in a group of subjects
with ECG-determined LVH with ST-T wave changes was about seven
times higher than that of an age-matched group with normal ECG. Other
work has shown that patients with LVH who experience a myocardial
infarction (MI) have a higher death rate than similar subjects without
LVH with an acute MI. Further data published from The Framingham
Study (6) on a group of 3220 subjects over age 40 and who were
clinically free of cardiovascular disease show that echocardiographic
determination of left ventricular mass was associated positively with
the incidence of cardiovascular disease and death from cardiovascular
disease (Fig. 8-2). Similar results have been obtained on a group of
elderly patients from the same database. Therefore, LVH is a cardiovas-
cular risk factor similar in importance to diabetes, hypertension, and
hypercholesterolemia. In fact, the Sixth Joint National Committee on
the Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC VI) has included LVH as one of the factors in stratifying
patients into the high-risk category (8).
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Fig. 8-2. The age-adjusted incidence of cardiovascular disease over 4 yr with left
ventricular mass index. Reproduced from ref. 6 with permission.

From a practical point of view, the finding of LVH on ECG with
ST-T wave abnormalities should be as ominous to the primary care
physician as the finding of old q-waves indicative of a previous MI.
Similarly, an echocardiographic report of LVH based on an increase
in relative wall thickness and normal chamber size should also alert
the clinician that the subject is at increased risk.

LEFT VENTRICULAR MASS, HYPERTENSION, AND
DIASTOLIC DYSFUNCTION

Diastolic dysfunction (9) may be seen in patients with enlargement of
the heart (either LVH or hypertrophic cardiomyopathy), with infiltrative
disease, or with CAD. The type of diastolic dysfunction of interest
here is that found in many hypertensive patients with and without ECG-
LVH. As the extent of LVH increases, so does the incidence of diastolic
dysfunction. With time, the impaired relaxation of the ventricle during
left ventricular filling is severe enough to produce symptoms during
exertion or during atrial fibrillation. The fact that many patients with
LVH will become symptomatic during atrial fibrillation is explained
by the increased contribution of atrial contraction to left ventricular
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filling in these subjects. Loss of the atrial contribution to left ventricular
filling during atrial fibrillation precipitates symptoms owing to increased
pulmonary wedge pressure. Note that diastolic dysfunction may also
be accompanied by systolic dysfunction and a reduced left ventricular
ejection fraction. However, systolic function is typically preserved in
most hypertensive subjects without CAD and diastolic perturbations
predominate.

DETECTION OF LVH AND DIASTOLIC DYSFUNCTION

LVH (10) can be detected noninvasively using 12-lead ECG (Fig.
8-3) as well as echocardiography. ECG is still recommended in the
routine evaluation of hypertensive subjects whereas echocardiography
should be reserved for selected patients (8). Electrocardiographic detec-
tion of LVH has lower sensitivity than echocardiography but has strong
risk prediction when ST-T wave abnormalities are also present. It has
been suggested that these ST-T wave changes may be indicative of
myocardial ischemia—hence the high risk for coronary events in this
group of patients.

Echocardiographic detection of LVH can be done using both M-
mode and 2-D echocardiography; it is well established and gives infor-
mation about anatomical hypertrophy. A limited M-mode study can
provide the wall thickness and left ventricular diastolic dimensions to
calculate left ventricular mass. The data obtained from echocardiogra-
phy also allow the separation of the types of LVH into concentric,
eccentric, and concentric remodeling. Currently, however, whether such
an analysis provides major additional prognostic significance beyond
left ventricular mass is not clear. More detailed examination with Dopp-
ler technology can provide objective measures of left ventricular filling.
Many of the noninvasive indices used are not specific for hypertensive
diastolic dysfunction and may be seen in diastolic dysfunction second-
ary to CAD and various metabolic or infiltrative diseases.

The most common index used to infer diastolic dysfunction is an
alteration in the E:A wave velocity ratio of left ventricular filling. The
E wave represents the early active filling phase in diastole and the A
wave represents atrial filling. The normal ratio varies with age but is
usually >1.0, and in general a ratio <0.5 is clearly abnormal. Other
Doppler changes seen in situations of impaired relaxation include pro-
longed deceleration time and an increased isovolumetric relaxation
time. In the hypertrophied ventricle, a low E wave is seen with a tall



Fig. 8-3. A typical electrocardiogram from a 65-yr-old woman showing LVH with ST-T wave changes.
She had poorly controlled hypertension for many years.
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A wave indicative of reduced early filling and late filling promoted by
enhanced left atrial contraction. The primary care physician may be
told that there has been a reduction in the E:A ratio. These patterns
are also affected by age, and preload and considerable care is necessary
in interpretation.

These Doppler-based abnormalities of flow are common. Even in
relatively young untreated subjects with mild hypertension and without
LVH, ECG shows that about 20–25% have abnormal left ventricular
filling. The abnormalities of diastolic function may antedate overt LVH.

REGRESSION OF LVH AND OUTCOME

It makes intuitive sense that therapy to reverse LVH should reduce
cardiovascular risk in these patients. Diastolic dysfunction improves
appreciably when LVH is reversed by antihypertensive therapy, and
such improvement may be seen in a few months (11). Furthermore,
reversal of LVH should translate into a reduction in cardiovascular
risk. Several studies now indicate that this may indeed be true (12).
In the most recent of these studies (13), 430 patients with essential
hypertension were followed for an average of 2.8 yr. All patients were
studied with ECG and ambulatory BP monitoring and cardiovascular
events ascertained over time. The group of patients in whom there was
an increase of left ventricular mass during follow-up had a higher rate
of cardiovascular events than the group in whom there was a decrease
in left ventricular mass. Furthermore, in the subgroup with LVH at
commencement of the study, there was a higher event rate among those
whose left ventricular mass increased during therapy compared with
those in whom left ventricular mass decreased with follow-up. It there-
fore appears that a reduction in left ventricular mass predicts a lower
risk than in those patients whose left ventricular mass increases over
time. A large multicenter trial, Losartan Intervention for Endpoints,
with hard cardiovascular end points is nearing completion and is com-
paring the angiotensin II receptor blocker losartan to atenolol in patients
with established ECG-LVH.

A controversial issue remains whether certain antihypertensive
agents are superior in reducing left ventricular mass and therefore
reducing risk. Current data do not support one class of antihypertensive
agent over others except that vasodilators that induce reflex tachycardia
are to be avoided as monotherapy. Our practice is to reduce elevated
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BP by whatever methods possible, including lifestyle modifications. If
there is an unusually large left ventricular mass for a patient with
stage 1 to 2 hypertension, then some consideration should be given to
performing ambulatory BP monitoring to document sleep BP, which
may exaggerate LVH if elevated. Additional recommendations should
include reduction of salt and alcohol intake and attainment of ideal
body weight if possible. The antihypertensive drugs of choice for these
subjects should be guided by compelling indications and concomitant
diseases as outlined in the JNC VI report.

ROLE OF LVH AND DIASTOLIC DYSFUNCTION IN
HEART FAILURE

The presence of diastolic dysfunction as a contributing factor to
CHF is significant (14). The clinical features of both systolic and
diastolic forms of heart failure are similar, making routine noninvasive
evaluation of ventricular function during the episode mandatory in
these patients (14). Echocardiography not only detects diastolic
dysfunction but also excludes coexisting valvular, pericardial, and
restrictive disease. In many patients with preserved systolic function
but clinical evidence for heart failure, ischemia may be playing a role
and should be actively excluded. In as many as one third of subjects
with clinical heart failure, diastolic dysfunction is the cause or major
contributor to their disease process (15). Although subjects with dia-
stolic heart failure have lower mortality rates than their counterparts
with systolic failure, the morbidity and mortality is still substantial.
Also of interest is the finding that the incidence of CHF with isolated
diastolic dysfunction as the cause increases impressively with age (16).

The best therapies for subjects with hypertensive diastolic heart
failure are not known. Empiric suggestions derived from clinical experi-
ence include careful diuretic use to eliminate congestive symptoms,
maintenance of sinus rhythm, and use of antihypertensive agents that
slow heart rate and increase filling time. The use of digoxin should be
limited to patients with atrial fibrillation. The goal BP in these subjects
remains unclear although office BP of 135/85 mmHg may be a reason-
able goal. Serial echocardiographic measures of left ventricular mass,
though of limited reproducibility, may be useful to confirm regression
of LVH.
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CONCLUSION

Unfortunately, too many hypertensive patients develop LVH. The
presence of LVH among hypertensive patients should be treated with
concern because it is not a mere cardiac manifestation of hypertension
but portends a worsened clinical outcome. Ideally, prevention of LVH
should be the goal by maintaining good BP control, ideal body weight,
and reduced salt intake. LVH is accompanied initially by minor echo-
cardiographic abnormalities of diastolic function, but as time progresses
these worsen and can induce heart failure. There is promising evidence
that antihypertensive therapy to reduce left ventricular mass is benefi-
cial. Suggested therapy for isolated diastolic heart failure associated
with LVH includes maintenance of sinus rhythm and control of heart
rate, relief of pulmonary congestion, and good BP control in the long
term. Hypertensive heart disease, once identified, remains a major
challenge to treat.
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Fig. 9-1. Dynamic regulation of vasomotor tone and arterial pressure by cardiovas-
cular hormones. Vasodilators, such as (nitric oxide) (NO), and atrial natriuretic
peptide (ANP) or brain natriuretic peptide (BNP) are opposed in their action by
catecholamines (norepinephrine) or vasoconstrictor peptides angiotensin II (Ang
II) or endothelin-1 (ET-1). This endocrine/paracrine system acts locally on vascular
endothelial cells (EC) and smooth muscle cells (SM).

regulation within the blood vessel is the most important contributor to
normotension. One important peptide hormone that is made in the
endothelial cell is the peptide ET-1. This peptide is the most potent
vasoconstrictor in the body. It is 100 times as potent as the previous
endogenous champion, the catecholamine norepinephrine, which is
manufactured in nerve endings that communicate to the adventitial
(outer) layer of blood vessels. ET-1 is a paracrine hormone, which
means that 75% of it is secreted toward the adjacent vascular smooth
muscle cell, where it binds and induces contraction and elevates BP.
Since ET-1 was discovered in 1989 (1), intense research in animals
and humans has led us to understand the importance of this hormone
in human health and disease. As with any hormone, this peptide binds
a protein receptor and triggers a variety of biochemical events in the
vascular smooth muscle cell, which results in vasoconstriction. Haynes
and Webb (2) reported that infusing an ET-1 receptor antagonist into
normal human volunteers resulted in a 68% decrease in basal BP and
vasomotor tone. This suggests that ET-1 is indispensable for the normal
regulation of BP.

Further studies in humans support this idea. In human patients with
mild to moderate hypertension, administration of an ET receptor antago-
nist reduced the diastolic blood pressure by 6 mmHg, which was identi-
cal to the reduction in response to enalapril (angiotensin-converting
enzyme [ACE] inhibitor) in this same study (3). The fact that inhibition
of the angiotensin system or the ET system afforded the same degree
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of BP reduction is not surprising. In heart failure, Ang II is felt to play
a major role in the increased vascular resistance, cardiac hypertrophy
followed by dilation, and altered hemodynamics in this decompensated
state. In several animal models, inhibition of the ET system markedly
resetored normal cardiac and vascular parameters and prevented the
effects of administered or endogenous Ang II. Thus, ET production is
stimulated by angiotensin and mediates the actions of angiotensin on
both the heart and blood vessels. It is predicted that the development
of ET antagonists will be used in conjunction with or in place of
angiotensin antagonists in the future (see below).

ET-1 has also been shown to play an important role in other forms
of hypertension. ET-1 levels are greatly elevated in the pulmonary
blood vessels of patients with pulmonary hypertension, and both animal
and human studies have shown impressive decreased pulmonary capil-
lary pressures in response to endothelin antagonists (4). It is expected
that the ET receptor antagonists will play an important role in the
prevention and treatment of pulmonary hypertension, and thereby pre-
vent the sequelae of right-sided heart failure. In transplant patients,
administration of cyclosporine is necessary to prevent rejection of the
organ. Cyclosporine has precipitated renovascular hypertension through
effects on the afferent renal blood vessels. ET-1 is liberated in response
to cyclosporine in these vessels, and ET receptor antagonists markedly
decrease the intrarenal BPs that contribute to the failure of the trans-
planted kidney, or the overall state of BP in other organ transplant
recipients (5,6).

At least four pharmaceutical companies are actively developing ET
receptor antagonists. There are also positive effects of these antagonists
in preventing ischemia-induced arrhythmias. Therefore, it is not far-
fetched to propose that in the setting of a myocardial infarction, IV
delivery of ET receptor antagonists may prevent further damage to the
myocardium by preventing overconstriction of injured blood vessels
and stabilize the heart to arrhythmias. Furthermore, modifying the ET
system may be part of a treatment plan to prevent the cardiovascular
and cerebrovascular sequelae of poorly controlled hypertension.

Angiotensin II

It is in the endothelium that the precursor hormone angiotensin I is
converted to Ang II by a converting enzyme. Angiotensin is a vasocon-
strictor. The role of the angiotensin system in essential hypertension
is supported in that the genetics of this human disease point out that
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heart. ANP and BNP are synthesized in the heart, but only ANP appears
to be relevant in the normal physiologic state. Based on animal gene
inactivation studies, ANP is the most important endogenous defender
against salt-induced hypertension, promoting a brisk natriuresis in
response to salt challenge in humans (9,10). ANP is also a potent
vasodilator, acting mainly by opposing the vasoconstricting effects at
the vascular smooth muscle cell, of ET-1, Ang II, and catecholamines.
ANP inhibits aldosterone production and action, further limiting the
propensity to retain salt and water in volume-overloaded states such as
congestive heart failure (CHF) or some forms of hypertension. Through
many actions, ANP reduces plasma volume and lowers peripheral vas-
cular resistance in hypertensive patients. This suggests that administra-
tion of ANP may play a role in the treatment of hypertension in the
future. Another member of the family, C-type natriuretic peptide, plays
a local role in regulation of vascular tone and blood vessel remodeling,
because it is made in the endothelial cell and does not appreciably
circulate in plasma.

Another important role of the natriuretic peptides is to compensate
for the sequelae of a failing heart. At a time when the clinical manifesta-
tions of heart failure are not evident, BNP secretion from the ventricle
into plasma is greatly increased, and it is now gaining prominence as
an early marker of this disease. Plasma ANP and BNP levels strongly
parallel the severity of CHF, increasing 40-fold in the most severe
forms of CHF (12). This represents the body’s desperate attempt to
compensate for the failure of the heart to adequately perfuse vital organs,
which leads to heightened renin-angiotensin-aldosterone production.
Because ANP (and more potently BNP) reduces preload and afterload in
CHF, plasma volume expansion is limited and a rise in BP is dampened.
Intraveous administration of ANP has been a mainstay of the treatment
of CHF in Japan for several years and results in salt and water excretion
and decreased vascular resistance. Administration of BNP for treatment
of these conditions is in clinical trial in the United States.

Nitric Oxide

One of the most important factors produced in the endothelium is
the soluble gas NO. NO results from the breakdown of arginine to
citrulline in various cells including endothelial cells. There are various
forms of the enzyme that lead to the production of NO, and all forms
are regulated by either calcium or a variety of peptides, growth factors,
and cytokines. NO is the most potent endogenous vasodilator yet
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described (13). It is the counter to many vasoconstrictors, and thereby
limits the development of high BP. NO also inhibits the proliferation
of vascular smooth muscle cells, thus preventing an initial step in the
development of atherosclerosis.

It has been observed that the ability of atherosclerotic endothelium
to produce NO is impaired. This leads to unopposed actions of vasocon-
strictors such as ET-1, thereby increasing BP and systemic vascular
resistance. Through either mechanism, this places an increased load
on the heart and contributes to the development of cardiac hypertrophy.

Impaired NO production also plays an important role in another
vascular disease—impotence. The failure to vasodilate penile arteries
and veins is not different from that in other blood vessels, reflecting
a more widespread problem in the patient with atherosclerosis. NO
stimulates cyclic guanosine 5 -monophosphate (cGMP) generation as a
second messenger of action, and this fact was used in the development
of Viagra, which also generates cGMP, and therefore bypasses the need
to generate NO in the penis. In arteries that exhibit moderate impairment
of NO production, it has been suggested that providing substrate in
the form of arginine tablets could lead to increased NO production,
and therefore maintain the vasculature for a longer time (14).

DIABETES AND HYPERTENSION

Over the last few years, it has been postulated that hyperinsulinemia
and insulin resistance play a role in the development of hypertension
in humans who are not diabetic. After many studies of this issue, there
is little evidence to convincingly support this idea. However, there
does appear to be an association between the development of diabetes
mellitus and the subsequent development of hypertension. In diabetes,
the normal vasodilator function of insulin has been found to be impaired
(15). This is owing to the inability of insulin to augment endothelium-
related vasodilation, as part of the spectrum of insulin resistance (16).
This defect appears early on in the setting of diabetes, before macrovas-
cular disease develops, and has been observed in the normal, first-
degree relatives of diabetics. There are some data supporting the idea
that insulin does not stimulate normal NO production, or that NO does
not act normally in the diabetic vasculature. Furthermore, the target
organs that bear the brunt of hyperglycemia and related metabolic
disturbances in diabetes are also profoundly affected by hypertension.
These include the retina, kidney, and large blood vessels. The kidney,
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in particular, suffers from the combined insult of diabetes and hyperten-
sion, and management of hypertension needs to be much more aggres-
sive than in the nondiabetic patient. Because intrarenal hypertension
or at least increased renin-angiotensin dynamics occurs in the diabetic
kidney, ACE inhibitors should constitute the first line of therapy for the
hypertensive diabetic. Indeed, development of proteinuria and progres-
sion to renal failure in normotensive diabetics, both type I and type II,
can be markedly decreased by instituting ACE inhibitor treatment (17).

CONCLUSION

The function of the endothelium includes the production of and
response to a variety of vasoactive peptides and factors that regulate
vascular tone. Working in conjunction with the medial layer of the blood
vessel that contains vascular smooth muscle cells, the endothelium has
the capacity to regulate moment-to-moment changes in BP. When the
normal function is disrupted, e.g., by diabetes or arteriosclerosis, the
noncompliant vessel results in increased hypertension in various vascu-
lar beds. Also, increased systemic vascular resistance occurs and leads
to increased work on the heart, leading to hypertrophy and dilation.
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the application of the sphygmomanometer to clinical medicine at the
beginning of the twentieth century, DBP was thought to be initially
the best measure of this risk. In the 1990s, however, authorities advo-
cated that both SBP and DBP, whichever is higher, be used in classifying
hypertensive cardiovascular risk. There are problems with the present
guidelines, in that SBP and DBP represent only two inflection points
on the propagated arterial pulse wave that is measured by cuff readings
at the peripheral brachial artery.

CONCEPT OF PULSATILE AND STEADY-STATE
HEMODYNAMICS

The arterial pulse wave is better described as consisting of a pulsatile
component (PP) during systole and a steady component (MAP) during
diastole. PP, the difference between peak SBP and end DBP, represents
the pressure increment over and above the existing DBP that results
from ventricular contraction and ejection of arterial blood into the aorta.
At any given ventricular ejection, cardiac output and heart rate, large-
artery stiffness, and early wave reflection determine PP. PP, therefore,
is the surrogate measurement of pulsatile opposition to blood flow
during systole. By contrast, MAP is influenced by cardiac output and
peripheral vascular resistance (PVR) in the absence of pulsations, and
is calculated from the following standard equation: MAP = (2⁄3) DBP
+ (1⁄3) SBP (in mmHg). MAP is thought to be the surrogate measure
of static resistance to blood flow provided by the arterioles and small
arteries during diastole.

Both elevations in static resistance and pulsatile arterial stiffness
contribute to left ventricular vascular load and, hence, to hypertensive
cardiovascular risk. The principal question to be answered in this chap-
ter is: Which BP component is the best predictor of hypertensive
cardiovascular risk?

HOW DO HEMODYNAMIC MECHANISMS IMPACT
BP COMPONENTS?

Both increased resistance and increased stiffness elevate SBP. By
contrast, DBP rises with increased PVR but falls with increased stiff-
ness; the relative contribution of each determines the ultimate DBP.
Two clinical patterns of BP elevation can be recognized with systolic
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Fig. 10-1. Arterial pressure components by age. Group-averaged data for all
subjects and with deaths, MI, and CHF are excluded. Averaged BP levels are
from all available data from each subject within 5-yr age intervals (30–34 through
80–84) by SBP groupings 1–4. Thick line represents entire study cohort (2036
subjects); thin line represents study cohort with deaths, nonfatal MI, and CHF
excluded (1353 subjects). Reproduced with permission from Franklin SS, Gustin
WG, Wong ND, Larson MG, Weber MA, Kannel WB, Levy D (1997) Hemody-
namic patterns of age-related changes in blood pressure: The Framingham Heart
Study. Circulation 96:308–315.

With aging and stiffening of central elastic arteries, there is a resulting
increase in amplitude and velocity of the incident waves, so that the
heart is now impacted from early wave reflection during systole rather
than diastole, further adding to increased cardiac afterload. Given the
same stroke volume and ejection rate, the resulting early wave reflection
will produce a higher SBP, a lower DBP, and therefore a wider PP,
but PVR will remain unchanged. In elderly hypertensive patients, in
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Fig. 10-2. Pressure wave recorded along the arterial tree from the proximal ascend-
ing aorta to the femoral artery in three adult subjects ages 24, 54, and 68 yr. In
the youngest subject, amplification of the pressure wave increases approx 60%
during transmission. By contrast, the oldest subject shows minimal amplification
of the pressure wave during transmission. With aging there is a progressive increase
in SBP and decrease in DBP. Reproduced with permission from Nichols WW,
Avolio AP, Kelly RP, O’Rourke MF (1993) Effect of age and of hypertension
on wave travel and reflections. In: O’Rourke MF, Safar ME, Dzau JV, eds. Arterial
Vasodilation: Mechanisms and Therapy, London: Edward Arnold.

contrast to younger adults, early wave reflection can produce increases
in amplitude of PP in the ascending aorta by as much as 40–50%.
With this central augmentation, the amplification effect is significantly
reduced in subjects 50 yr of age and may be eliminated by age 65,
so that central and brachial artery PP become almost identical.

The peripheral amplification and central augmentation phenomena
secondary to pulse wave propagation and wave reflection have impor-
tant clinical implications. First, very young adults may present with
predominant diastolic hypertension by brachial artery cuff pressure
measurements as a result of decreased peripheral amplification of SBP.
Second, because central augmentation abolishes peripheral amplifica-
tion in middle-aged and older subjects, brachial cuff PP can more
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accurately predict cardiovascular risk than in younger subjects. Third,
pharmacologic agents that vasodilate peripheral arteries may largely
abolish early wave reflection and central augmentation, thereby reduc-
ing central PP by a greater margin than brachial artery cuff PP.

CLINICAL AND PATHOLOGIC RELEVANCE OF
INCREASED PP

If arterial stiffness is a risk factor for cardiovascular disease, elevated
PP and reduced DBP should be markers of this risk. Considerable
evidence now favors the superiority of increased PP and decreased
DBP to that of elevated SBP in predicting this risk. In middle-aged
and elderly subjects, PP is an independent predictor of left ventricular
hypertrophy, aortic atherosclerosis, acute myocardial infarction (MI),
stroke, and congestive heart failure (CHF).

Increased PP may be a surrogate marker for several pathologic
mechanisms that contribute to the development of cardiac events. A
rise in aortic pulsatile load increases left ventricular systolic wall stress,
decreases coronary flow reserve, and impairs left ventricular relaxation.
A rise in aortic pulsatile load is a major factor in the development of
left ventricular dysfunction and hypertrophy. Simultaneously, decreased
DBP further compromises the oxygen supply:demand ratio by reducing
coronary flow. Finally, a rise in pulsatile shear stress leads to endothelial
dysfunction and a greater propensity for coronary artery artheroscle-
rosis. Conversely, a wide PP may simply serve as a marker for diffuse
atherosclerosis. Increased pulsatile stress may also be a factor in the
rupture of unstable atheromatous plaques leading to acute MI and
sudden death. Even after extensive MI, PP remains a potent predictor
of future coronary heart disease (CHD) events and the eventual develop-
ment of CHF.

WHICH BP COMPONENT IS THE BEST PREDICTOR
OF PVR, LARGE-ARTERY STIFFNESS, AND
HYPERTENSIVE CARDIOVASCULAR RISK?

In the very young adult hypertensive subject, increases in MAP,
DBP, and SBP can be surrogate measurements of increased PVR or
high cardiac output. Although accelerated or malignant hypertension
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Fig. 10-3. The dual influence of peripheral vascular resistance and large-artery
stiffness on components of BP in a young hypertensive subject (upper arrows)
and in an elderly hypertensive subject (lower arrows). The width of the arrows
depicts the relative magnitude of change in the BP component. The small increase
in PP (upper arrow) in a young hypertensive subject is secondary to the stretching
of central large arteries from resistance-initiated hypertension. The large increase
in PP (lower arrow) in the elderly hypertensive subject is secondary to structural
change in central large arteries that increase their stiffness. Increased resistance
and large-artery stiffness both increase SBP, but have opposite effects on DBP.
See text for details.

generally presents with severe increases in both SBP and DBP, occa-
sionally there is a greater rise in DBP than SBP because of left ventricu-
lar dysfunction and/or failure. For example, BP of 190/140 mmHg
would suggest a possible urgent or emergent clinical state secondary
to accelerated or malignant hypertension. In this uncommon form of
acute hypertensive syndrome, the very high DBP is a surrogate measure-
ment of the severe increase in PVR that can rapidly result in organ
failure and death in the absence of promptly administered antihyperten-
sive therapy.

In the young adult, an increase in PVR may be associated with a
slightly greater increase in SBP than DBP, resulting in a small rise in
PP (Fig. 10.3). This is thought to be a functional increase in PP and
can be explained by a downstream increase in PVR causing an upstream
increase in transmural pressure, which in turn chronically stretches large
central arteries and increases their stiffness. With increasing severity of
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hypertension, SBP may become superior to DBP as a predictor of
cardiovascular risk.

In the middle-aged or elderly hypertensive subject, the onset of
structural damage leads to further large-artery stiffness so that DBP
levels off or falls while SBP continues to rise (Fig. 10.3). Therefore,
PP becomes the single best surrogate for large-artery stiffness and
the single best predictor of cardiovascular risk when elevated SBP is
accompanied by discordantly normal or low DBP. These findings sup-
port the concept that cardiovascular events are more related to the
pulsatile stress of large-artery stiffness and early wave reflection during
systole than the steady-state stress of PVR during diastole.

In summary, the current classification of middle-aged and geriatric
hypertension, which uses the rise in SBP or DBP, or both, overempha-
sizes small-vessel resistance and underestimates the influence of large-
artery stiffness. By contrast, increased PP and decreased DBP are
superior risk markers of cardiovascular disease because arterial stiffness
is represented fully by these components of BP. An elevated PVR can
initiate hypertension and is the dominant component of hypertension
in the young, but large-artery stiffness and early pulse wave reflection
become paramount in the middle-aged and elderly. Therefore, in sub-
jects with identical levels of SBP, those with isolated systolic hyperten-
sion are at greater risk for CHD than those with combined systolic/
diastolic hypertension.

TREATMENT GOALS

Hypertensive treatment goals must be reexamined in light of the
discussed observational findings. The treatment goal may well be SBP
reduction in the young and PP reduction in the middle-aged and elderly.
Clearly, it is invalid to assume that treatment goals have been achieved
with reduction of DBP when systolic hypertension and wide PP persist.
There are many unanswered questions that will require careful testing
in prospective clinical trials: What level of increased PP requires thera-
peutic intervention? How does PP risk compare with the current national
and international BP staging classification? What should be the treat-
ment goal of PP reduction in order to achieve optimal improvement
in cardiovascular morbidity and mortality rates? And what level of
therapeutic SBP reduction should be achieved to optimize reduction
in PP?
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Key Points

• Hypertension detection, referral, and treatment guidelines are
based on blood pressures (BPs) by trained observers using
the standardized BP technique recommended by the American
Heart Association (AHA) (1).

• All clinical studies of BP use a mercury manometer, because
it is the most accurate and reliable instrument available and
should always be the primary standard for indirect BP mea-
surement.

• Inaccuracies are the result of equipment error or human observer
error. Observer errors include errors in technique and errors
related to the subject or patient (2).

• Because of inadequate training and lack of knowledge, BP
readings taken in practice today are rarely accurate, precise,
or reliable.

• A few simple techniques allow you to detect error and increase
accuracy of readings taken in your clinical setting.

Indirect BP measurement is one of the most frequently performed
health care procedures. Because BP measurement is a simple procedure,
it is taken for granted that all graduates from medical training programs
have the ability to record accurate, precise, and reliable BP readings.
However, research since the 1960s has shown this assumption to be
false. Most health professionals do not measure BP in a manner known
to be accurate and reliable. If you doubt this statement, watch as BPs are
taken in your own clinical setting to determine whether the guidelines
discussed herein are followed, and then examine recorded readings for
signs of observer bias. We have published a teaching curriculum that
ensures that those who take BP have mastered the knowledge, skills,
and behaviors needed to obtain an accurate and reliable BP (see ref.
3 for more details on the training and testing of observers).

BP errors may be equipment related, observer related, or patient
related. The two factors that contribute most to poor BP measurement
by modern-day observers are lack of depth when teaching the basic
skills needed to master BP measurement during professional education;
and the growing tendency to rely on, and failure to question, BPs
measured by non-mercury devices. Such devices have been repeatedly
proven less accurate and reliable than a well-trained observer utilizing
a standard mercury manometer, the low-frequency detector of the
stethoscope (bell), and the “old fashioned,” auscultatory method.
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Fig. 11-1. Proper BP technique using American Heart Association Guidelines.

Although one’s work might require few manual readings, it is necessary
to know and understand the principles and steps needed to obtain
accurate indirect auscultatory BPs to verify any automated device.

This chapter provides tools to assess the quality of BP measurement
in your setting and suggestions for implementing a system of quality
assurance. It is likely that patients you care for will be healthier once
you adopt these methods (Fig. 11.1).

OBSERVER ERRORS: CORRECT INTERPRETATION OF
KOROTKOFF SOUNDS

When asked what they were taught about how to measure BP, most
professionals state that they were told only to record the first and last
sounds heard. Accurate measurement is a simple procedure that most
people can learn in a few hours with repeated practice. However,
accurate measurement requires knowledge of the Korotkoff sounds as
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well as knowledge and performance of the steps required to control
factors that can alter BP readings. Accurate measurement also depends
on one’s ability to see, hear, coordinate hand and eye movements,
interpret sounds, and remember the readings.

Errors are common and may be owing to lack of knowledge, inability
to perform the skills necessary to obtain accurate readings, observer
bias, poor judgment, and poor interaction with the subject being mea-
sured. Eyesight and hearing must be good enough to allow the observer
to see the small marks on the manometer and hear the Korotkoff sounds
needed to interpret the reading. In addition, he or she must know
the current recommendations about which Korotkoff phases determine
systolic and diastolic readings.

Hand-eye coordination must be sufficient to release the pressure at the
rate of 2 mmHg per beat while counting backward down the scale. The
observer must learn to listen for the onset and disappearance of regular
sounds, to concentrate in order to remember the systolic until arriving at
the diastolic, and to record the reading immediately and accurately.

RECOMMENDATIONS/ALERTS

How Well Do You Measure Up?

Assess your own and others’ ability to listen for and interpret Korot-
koff sounds using standardized videotapes of recorded BP readings
and using a dual or teaching stethoscope to listen and compare readings
with a colleague.

When hearing loss is suspected, test acuity and document the results.
Persons with documented hearing loss in a range that affects ability
to read BPs should not take readings. So-called enhanced stethoscopes
do not guarantee readings comparable to those by persons with average
hearing, using a standard stethoscope. We have found that it is not
possible to set these devices so that those with impaired hearing can
reliably obtain accurate readings.

Quality Assurance

Warning signs that readers are not precise and accurate:

• More than 30% of recorded systolics and diastolics end in 0
(terminal digit bias).

continued
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• Readings ending in odd numbers. The AHA guidelines recom-
mend reading to the nearest 2 mmHg.

• Readings consistently slightly above or below treatment cutoffs
(cutoff bias or knowledge of treatment bias).

• Readings very similar or identical to last recorded reading (pre-
vious reading bias).

Assessment Tip

• Common errors occur because people are taught to listen for
the first loud, distinct, or strong sound. As a result, they may
record single sounds (artifacts or noise) and ignore most soft
regular sounds when they occur at the systolic or diastolic level.
Before deciding that an observer is unable to hear, make sure
he or she knows how to rule out extraneous sounds and is
listening for the soft sounds that sometimes occur at the systolic
or diastolic levels.

• The usual error is in the range of 8, 10, or 12 mmHg.

Observer Errors: Selecting and Using Equipment

Equipment selection errors include failure to choose the primary
standard mercury manometer and lack of a selection of cuffs with
bladder sizes to accommodate your patient population in your equip-
ment inventory. Common equipment use errors include failure to choose
the correct cuff for a given individual, failure to center the cuff bladder
over the brachial artery in the upper inner arm so that pressure is
maximally transmitted over the brachial artery during measurement,
inflating too slowly, and deflating too quickly. Common reading errors
include failure to record systolic and diastolics to the nearest 2 mmHg
and a tendency to read only the left or only the right side of the
mercury column.

Quality Assurance: BP Equipment

• Sphygmomanometers:
—Set up a maintenance schedule.
—Clean and check mercury manometers yearly.

continued
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Fig. 11-2. How to check and mark the cuffs used in your setting to ensure that
you use the most accurate cuff. Most cuffs made today are not marked correctly
according to the AHA guidelines. The width of the cuff should encircle at least
40% of the arm circumference. The markings for the correct length range for any
cuff are shown in the figure.

—Check aneroid manometers at purchase and at least every
6 mo.

—Check automated devices for ambulatory and home use at
purchase and prior to placing on a given patient.

—Educate staff about how to avoid and what to do in the case
of a mercury spill.

• Stethoscopes:
—Tubing should be thick and no longer than 15 inches.
—Earpieces should be adjustable and eartips cleaned fre-

quently.
—Chestpiece should have a low-frequency detector—most

commonly the bell.
• Cuffs: mark your cuffs (Fig. 11.2):

—Make certain large cuffs are available in each work area.
—Mark cuffs with bladder center and appropriate arm circum-

ference.
—Inflation system: replace when tubing/bladder is weak or

cracked.
—Large cuffs need large bulbs for proper inflation. (Some

prefer large bulbs for all devices.)
—Replace valves and bulbs as needed.

continued
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—Wash or clean cuff fabric frequently. We know of no stan-
dards or practice for this cleaning interval.

Assessment Tip

• Look for errors in the range of 8, 10, or 12 mmHg. This occurs
when the observer releases the pressure too fast, tends to read
only one side of the mercury gage, or fails to concentrate enough
to remember the reading. When pressure is released at 10 mm/
beat, readings can only be to the closest 10.

• What to do when observers have difficulty hearing blood
pressure:
—Make sure they palpate to locate the best place to listen over

the brachial artery.
—Check to see that eartips fit and are pointing in the direction

of the ear canal.
—Use a dual stethoscope to check an observer’s hearing.

• Recheck elevated readings on patients with large or muscu-
lar arms:
—Measure the arm circumference at the midpoint between the

olecranon and acromial process and verify cuff size referring
to Table 11.1.

—When in doubt, use the larger cuff.
—Check to see that the arm and cuff size are recorded in the

patient’s record.
• Questionable readings owing to arm size >41 cm and shape:

choose the cuff that fits the forearm:
—Center the bladder and place the stethoscope over the

radial artery.
—Support the forearm at heart level.
—If unable to hear, palpate the systolic.
—In some patients with large and short arms, it is not possible

to obtain an accurate BP with a large cuff. In these cases,
compare the palpated pressure taken with the large cuff on
the upper arm to that taken with an appropriately sized cuff
on the forearm. If the palpated systolic pressures are within
10 mm Hg of each other, then the upper arm pressure is
reliable. If the forearm is over 10 mm Hg less, then prefer
to use the forearm palpated pressures.
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supported on a flat surface allowing the center of the cuff to be at the
subject’s heart level. Inaccurately low readings occur when the cuff is
above heart level, and inaccurately high readings occur when the cuff
is below heart level. Seated readings require back support. Seat the
patient in a straight-back chair, next to a table or desk, with legs
uncrossed and feet flat on the floor. Standing readings require that the
arm be supported on an inanimate object adjusted, prior to standing,
to place the cuff at heart level. Supine readings may require a small
support such as a firm pillow to raise the center of the cuff to midchest
level. Position yourself and the manometer so that you can easily view
the instrument at eye level.

Environment

Whether BPs are taken in an office or an examination room, the
environment must be controlled in order to obtain accurate readings.
It should be private, quiet, and have good lighting and a comfortable
temperature. After measuring and placing the correct cuff on the
patient’s arm, provide a simple explanation of the procedure and let
the patient rest for 5 min prior to taking the first reading.

Patient Instruction Prior to Measurement

• Ask about the following:
—Exercise within the past hour
—Intake: prescription and over-the-counter medications, food,

and alcohol
—Need to empty bladder prior to measurement

• Determine cuff size and arm required to obtain an accurate
reading. Make sure each person knows the proper cuff size.

• Explain the following:
—The need to rest quietly for at least 5 min
—The need to sit straight with legs uncrossed, feet flat on

the floor
—The need for silence during the reading
—That you will take more than one reading to get an average
—That you will first feel the pulse to estimate the systolic in

order to know how much pressure is needed for an accu-
rate reading
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These steps are necessary for good technique. Following these
steps will help you hear BP sounds more clearly, decrease
patient discomfort, and obtain accurate readings when there
is an auscultatory gap.

• Determining how high to inflate the cuff:
—Prior to listening, estimate the systolic pressure by palpating

the brachial or radial artery for pulse obliteration as the cuff
is inflated.

—Wait 15 s and reinflate to 30 mm Hg above the estimated
systolic. Then begin to listen. This is the only way to avoid
missing an auscultatory gap.

• Allowing the arm to rest between readings:
—Listen as you allow the mercury to fall at 2 mm Hg/s.
—Remember the first of at least two regular beats (systolic

reading).
—Control the valve so that the mercury falls at 2 mm Hg/beat

until the last regular sound is heard.
—Listen for an additional 10–20 mm Hg to confirm disap-

pearance.
—Record systolic and diastolic readings.
—Wait 1 to 2 min before repeating the reading. This is a good

time to take the pulse.
• Placing the stethoscope:

—Hyperextend and support the patient’s elbow while palpating
to locate the best listening point over the brachial artery.
This is usually just under and to the inside of the biceps
tendon. If doing multiple sitting and standing readings, mark
the spot for subsequent readings.

—Gently rest the bell of the stethoscope over this artery listen-
ing point. Make sure the bell is fully in contact with the
skin surface on all sides. This can be determined by lightly
touching the skin next to the bell. If no sound is heard, the
bell needs to be repositioned.

• Avoiding diastolic errors in the presence of an ausculta-
tory gap:
—When the diastolic is high, listen for an additional 40 mmHg

to make certain the Korotkoff sounds do not reappear after
a period of silence.

continued
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• Obtaining accurate estimates when the pulse is irregular:
—Take more readings to get the best average.
—Start listening earlier and listen longer.
—Deflate very slowly.
—Note on the chart that the pulse is irregular.

When sounds are difficult to hear and you have used accurate
technique, try one of these methods to make the sounds louder.a

• Method 1:
—Explain what you are going to do and why.
—Get ready by wearing the stethoscopes’ earpieces forward.
—Support the patient’s arm in a raised position above the head

for 15 s.
—Quickly inflate the cuff while the arm is raised and supported

to 60 mmHg above the palpated systolic pressure.
—Quickly and gently lower the arm to the table.
—Place the stethoscope over the artery.
—Deflate and listen.
—Record the reading and that enhancement was used.

• Method 2:
—Explain what you are going to do and why.
—Ask the patient to pump his or her hand, making a fist 8–10

times after the cuff is inflated.
—Quickly inflate the cuff while the arm is still resting on

the table.
—Remind the patient to start squeezing.
—Stop the patient after 8–10 squeezes.
—Deflate and listen after the patient relaxes his or her arm.
—Record the reading and that enhancement was used.

aUse of enhancement techniques can change the true BP. Use
them only when you are sure you have followed good technique
and are listening in the best place.

ENSURING THAT THE EQUIPMENT USED BY YOU
AND YOUR PATIENTS IS ACCURATE

Accurate equipment is key to good clinical practice. Every clinic
should have at least one mercury manometer to use as the primary
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standard. If the tube is clean, the top of the meniscus is at zero, and
the pressure rises and falls quickly and evenly as pressure is changed
in the cuff, the manometer is accurate. It is the primary standard for
pressure measurement and the same device used for the primary stan-
dard at the National Bureau of Standards.

Campaigns to minimize the use of mercury in medical practice in
order to minimize the loss of mercury into the environment are taking
place throughout the world. You should know that compared to other
sources, mercury manometers are not a significant source of mercury
released into the environment and that every office should have at least
one manometer.

If you use aneroid instruments, someone in your setting must be
responsible for regular inspection and repair. Indeed, most research
has shown that at least 30% of aneroid devices go out of calibration
with age (4). The only way to be certain your aneroid devices are
accurate is to check them against a mercury device at regular intervals.
This process takes less than 10 min and can also be used to test the
accuracy of a patient’s home device. If using a Y tube, simply connect
the two devices and a bulb and inflate to compare readings. The follow-
ing method explains how to compare aneroid calibration to an accurate
mercury manometer without a Y tube:

1. Remove the aneroid device from the tubing connecting it to the cuff
on the mercury device.

2. Take the mercury system cuff and pump enough air into it so that you
can squeeze the rolled up cuff, and the pressure in the manometer will
rise and fall (approx 10–20 mmHg).

3. Fold over the tubing leading to the bulb and pinch it off to hold the
air while you remove the bulb.

4. While continuing to pinch the tubing, replace the bulb with the aneroid
device gage.

5. Release the pinched tubing. Now you should be able to squeeze the
rolled up cuff to vary the pressure in the mercury and the aneroid
gage. You can now “set” the pressure in the mercury manometer to
the level of pressure you want to compare on the aneroid. We recom-
mend you start at 200 mmHg and pause to check each device at the
levels of pressure used to make medical decisions: 180, 150, 140, 130,
120, 110, 100, 90, and 80. If the aneroid reads greater than ±3 mmHg
it should be discarded or returned to the manufacturer for recalibration.

6. Place a sticker with the day’s date on the device. Record the results
on your equipment inventory or quality control document. Implement
a quality assurance system in your office that ensures that all devices
are inspected and calibrated every 3 mo.
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7. Automated and aneroid devices must be checked regularly against a
mercury device. This can be done by using a “Y” tube to connect the
two devices to a common inflation bulb. However, some self-inflating
devices give an error if they do not detect an oscillating BP signal as
the bulb deflates. This can be simulated by gently squeezing the cuff as
the pressure decreases, at, say, 60 cycles per minute. Many automated
devices slow their deflation rate once systolic BP has been detected.

DO YOU HEAR WHAT I HEAR?—CHECK TO VERIFY
ACCURACY DURING ACTUAL MEASUREMENT

After checking the manometer’s pressure-registering system against
a mercury manometer, you are ready to review the patient’s technique
and verify accuracy during measurement. We recommend this be done
at least every 3 mo:

1. Place the automatic cuff on the arm the patient routinely uses during
measurement. It is usually the left arm in right-handed patients because
they can operate the device more easily with the right hand. Of course,
you need to be certain that the BP in the left arm is the same as that
in the right arm.

2. Palpate the brachial artery in the antecubital fossa so that you know
where to place the stethoscope to get the best Korotkoff sounds. If
the patient’s device utilizes an attached stethoscope, place the bell
downstream from where it fits over the brachial artery.

3. Have the patient pump the bulb or initiate automatic inflation.
4. Place the bell of your stethoscope over the brachial artery. Listen for

the Korotkoff sounds and record the pressure you read from their
electronic monitor display. Then note the pressure the automatic device
recorded of the patient. Repeat this three times and compute the average
and then the average by the automated device. If the average of the
readings differs by more than 5 mmHg, this device is not accurate and
should be discarded or returned to the manufacturer.

HOME BPs BY THE PATIENT OR ANOTHER PERSON

Research has demonstrated that patients who take their own BP are
more likely to stay in treatment and have better control (5). The Sixth
Joint National Committee on the Prevention, Detection, Evaluation and
Treatment of High Blood Pressure recommends that patients take their
own BP. If the patient can hear and operate an aneroid device we prefer
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to use this method. The patient is taught using a videotape and individual
instruction (6). The principles and techniques of self-measurement are
the same as described elsewhere in this chapter. We ask patients to
obtain a small calendar record book in which to record their pressure
and pulse. If diabetic they can record their glucose readings there as
well. The goal BP and the medication regimen are recorded in this
book at each visit. Patients are also asked to record their questions for
discussion at the next visit.

Once informed and able to perform accurate readings patients can
be managed over the Internet. After they send a record of their readings
and the medications they are taking, questions can be answered and
dosage adjustments made by e-mail.

CONCLUSION

1. The accurate and reliable measurement of BP is the key to good BP
control.

2. Current evidence documents that correct measurement is almost never
done in practice today.

3. The major reason for the failure to perform this critical medical skill
in a manner required to obtain an accurate measurement is the failure
of the education system to train medical professionals adequately.

4. To ensure accurate measurement the equipment must be accurate. The
primary standard is the mercury manometer and it must be used to
calibrate other devices.

5. The observer must be able to hear the sounds accurately. This can easily
be tested with a dual stethoscope or standardized videotape testing.

6. A quality assurance program can easily be implemented in your practice
setting using the methods described.

7. Methods to check patient devices are easy to perform in the office
setting using a mercury manometer.

8. Schools teaching BP measurement should follow the AHA guidelines
to minimize differences in techniques and readings by graduates.
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Table 12-1
Routine Tests for Essential Hypertension

Definitely indicated Selectively indicated

Serum electrolytes Home BP monitoring
Creatinine Ambulatory BP monitoring
Urinalysis Echocardiogram
Electrocardiogram
Lipid profile

laboratory tests including serum electrolytes, creatinine, and an electro-
cardiogram (Table 12-1), the following questions should be answered
(see also Fig. 12-1):

1. Is the patient really hypertensive?
2. Is the hypertension essential or secondary?
3. What is the degree of target organ damage (TOD)?
4. What is the cardiovascular risk profile of the hypertensive patient?
5. Are there any associated diseases in the hypertensive patient?
6. How easy is it to control the blood pressure (BP) by diet and/or medi-

cation?

The answers to these questions determine whether further workup
is necessary. The decision to order a specific test should be individual-
ized to the specific patient and should always follow a thorough clinical
assessment of the patient; ordering everything to be thorough, from
urinary metanephrines to a magnetic resonance angiogram in a shotgun
approach, is poor medical procedure.

ESSENTIAL VS SECONDARY HYPERTENSION

Essential hypertension is the most frequently encountered form of
hypertension, occurring in more than 95% of the patients; in the remain-
ing cases a cause of the hypertension, i.e., a secondary cause, can be
identified and successfully treated. The patient with essential hyperten-
sion presents commonly with an unremarkable clinical examination
and often with a family history significant for arterial hypertension. In
the patient with newly diagnosed borderline and stage I hypertension,
it is extremely helpful to obtain repeated home BPs and/or ambulatory
BP monitoring to be certain that the patient does not have “white coat”
hypertension and that treatment is necessary. Once treatment is initiated,



What is the cause of hypertension?

Probable essential

What is the risk profile 
       of the patient?

TOD assessment Evaluate for associated 
   diseases (Table 3)  

Probable secondary

Workup for secondary 
    causes (Table 2)

Workup negative Workup positive

Is the BP well controlled 
after starting the treatment?

Continue futher patient 
     assessment as in 
        essential HTN

Treat specific cause
Assess risk profile

as in essential HTN

Yes: follow up as needed No: evaluate for 
refractory HTN

Fig. 12-1. Flow diagram for initial assessment and management of the patient with hypertension.
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if there is no reason to suspect secondary hypertension and BP can be
easily controlled, no further laboratory tests are required for the etiologic
diagnosis of the arterial hypertension. Otherwise, laboratory tests should
be ordered based on a specific suspected diagnosis (see Table 12-2).

ASSESSMENT OF TARGET ORGAN DAMAGE (TOD)

The degree of injury to various organs and systems, i.e., TOD, as
a result of elevated BP, should be quantified in every patient. This
helps to risk stratify the hypertensive patient and to guide treatment.

Assessment can begin with a funduscopic examination. It is useful
to tell the patient during the examination that this is the only “window”
that allows direct visualization of hypertension-induced vessel damage.
“Copper wiring” and arteriovenous nicking are retinal changes that are
specific for arterial hypertension; others may be found in various other
diseases such as “cotton wool spots” in diabetes, systemic lupus erythe-
matosus, and autoimmune deficiency syndrome; flame-shaped intrareti-
nal hemorrhages in diabetes, retinal vein occlusion, and blood dyscra-
sias; and “silver wiring” in diabetes, collagenoses, and arterial occlusive
disease. In selected cases such as retinal vein or artery occlusion, or optic
disk swelling, the patient should be referred also to an ophthalmologist.

When the history or examination reveals a history of stroke, ischemic
transitory attacks, carotid bruits, or abnormal neurologic examination,
further noninvasive evaluation of the cerebral circulation is warranted.
The cerebrovasculature can be investigated with Doppler flow studies
of the extra- and intracranial arteries, ultrasound of the carotid arteries,
MRA of the cerebral arteries, and so forth. CT or MRI scans document
previous cerebrovascular accident.

Hypertensive heart disease can be assessed by clinical examination
that elicits history of dyspnea, heart failure, angina, myocardial infarc-
tion (MI), or coronary revascularization and by a physical examination
that describes the point of maximal impulse (PMI) and presence or
absence of an S4 or S3. In all patients with hypertension, an electrocardio-
gram should be obtained to ascertain the pressure of left atrial and left
ventricular hypertrophy (LVH), intraventricular conduction delay, or
prior MI. Because regression of left ventricular mass is associated with
improved prognosis, it could be argued that a “limited echocardiogram”
to measure left ventricular mass should be a routine part of the laboratory
evaluation of all patients with hypertension.



Table 12-2
Testing for Secondary Hypertensiona

Possible secondary Clinical hints
cause of hypertension suggesting condition Initial testing for condition Additional testing

Renovascular disease Age of onset <20 or >50 yr Captopril-enhanced isotopic Renal arterogram
Smoking history nephrogram
Atherosclerotic vascular disease Duplex sonography (renal arteries)
Abdominal bruit MRA (renal arteries)
Severe, accelerated, or malignant

hypertension
ACEI-induced reversible creatinine

elevation
Renoparenchymal Known preexistent renal disease Serum creatinine Renal biopsy

disease (uni- or bilateral) Urine analysis
Chronic renal failure Renal sonography
Known use of analgetics
Family history of polycystic kidney

disease
Palpable abdominal mass

Cushing syndrome Long-term corticosteroid therapy Urinary free cortisol level Adrenal CT/MRI scan
Truncal obesity with moon facies, Dexamethasone suppression test ACTH sampling

buffalo hump (plasma, inferior
Fatigability and proximal muscle petrosal sinus, after

weakness CRF stimulation)
Hirsutism
Skin striae and ecchymoses

Primary Muscle weakness and fatigue Serum electrolytes Adrenal CT/MRI scan
hyperaldosteronism Polyuria and polydipsia Plasma aldosterone ratio (PRA) Aldosterone sampling

24-h urinary potassium and (adrenal veins)
aldosterone

continued
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Table 12-2
Continued

Possible secondary Clinical hints
cause of hypertension suggesting condition Initial testing for condition Additional testing

Pheochromocytoma Paroxysms or crisis (sudden onset, Urine sample for metane- Adrenal CT/MRI scan
headache, profuse sweating, phrines or catecholamines 131I-MIBG test
palpitations, apprehension) Plasma catecholamines (basal

Orthostatic hypotension and after clonidine)
Familial history significant for phaco-

matoses
Known thyroid or parathyroid tumor

Coarctation of the aorta Young age Chest X-ray MRI
Headache, epistaxis, cold extremities ECG Aortic (and coronary)

and claudication with exercise angiography
Femoral pulses diminished and

delayed when compared with the
radial, brachial, or carotid pulses

Arterial pulsations in the posterior
intercostal spaces

Ejection murmur at the LSB and in
the interscapular area

Difference in BP between upper and
lower extremities

aACEI, angiotension converting enzyme inhibitor; MRA, magnetic resonance angiogram; CT, computed tomography; MRI, magnetic
resonance imaging; ACTH, adrenocorticotropic hormone; CRF, corticotropin releasing factor; PRA, plasma renin activity; ECG, electrocardi-
ography; LSB, left sternal border; MIBG, mono-iodo-benzylguanidine.
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The kidney involvement in hypertension can be assessed by serum
creatinine and urine analysis that measures microalbuminuria or low
degree of proteinuria in the absence of cells or casts as markers of an
active renal disease.

EVALUATION OF OTHER CARDIOVASCULAR
RISK FACTORS

Arterial hypertension is the leading cause for LVH and congestive
heart failure and is a major risk factor for atherosclerosis. During the
initial work-up of the hypertensive patient, one should also assess the
cardiovascular risk profile. The following necessary information can
be obtained from the clinical examination:

1. Family history significant for coronary artery diseases in a first-degree
female relative under age 65 or a first-degree male relative under age 55.

2. Presence of diabetes mellitus, dyslipidemia, or smoking.
3. Body mass index.
4. Known cardiovascular disease.
5. Previous MI, angina, stroke, or transient ischemic attack.
6. Peripheral arterial disease.
7. Sedentary lifestyle, dietary habits, ability to cope with stress.

The following laboratory tests also provide necessary information:

1. Fasting blood sugar.
2. Lipid profile that consists of total cholesterol, triglycerides, low-density

lipoprotein cholesterol and high-density lipoprotein cholesterol.

Homocysteine, Lp (a), and fibrinogen levels are tests that may emerge
in the early part of the twenty-first century as routine risk factors.

It is controversial whether determination of plasma renin activity
(PRA) (normalized for the urinary sodium) should be part of the routine
risk assessment. There is good evidence that elevated PRA is an inde-
pendent predictor of future ischemic heart disease that is independent
of smoking history, glucose level, or cholesterol. However, perhaps
because the PRA level has not yet been incorporated into standard risk
formula, such as the Framingham risk score, it is not standard practice
to obtain this laboratory test. In addition, some advocate that a plasma
renin level may streamline antihypertensive selection. However, choos-
ing initial drug therapy based on age and race is at least as effective
as that based on a renin profile.
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Table 12-3
Testing for Diseases Associated with Arterial Hypertension

Associated disease Clinical clues Initial test

Diabetes mellitus Polyuria, polydipsia, weight Fasting blood sugar,
loss despite polyphagia glycosylated

hemoglobin
Urine analysis

Hyperuricemia Arthritis, kidney stones Serum uric acid
Urine analysis

Obstructive sleep Disruptive snoring, excessive Sleep studies
apnea daytime hypersomnolence

and fatigue, upper body
obesity

Atherosclerosis History of cardiovascular Fasting lipid profile
disease Fibrinogen?,

Lp (a)?,
homocysteine?

ASSOCIATED DISEASES IN HYPERTENSIVE PATIENTS

Hypertension can present as an isolated disease or it can be accompa-
nied by other diseases, such as diabetes mellitus, obesity, gout, and
atherosclerosis. If the clinical examination and initial routine laboratory
tests present enough clues to suggest the presence of these diseases,
further testing is warranted (see Table 12-3).

RESISTANT ARTERIAL HYPERTENSION

Optimal control of BP is as follows:

1. Below 140/90 mmHg in patients with uncomplicated hypertension.
2. Below 130/80 mmHg in the patient with hypertension and diabetes mel-

litus.
3. Below 125/75 mmHg in hypertensive patients with renal insufficiency

and proteinuria in excess of 1 g/24 h.

In patients who remain above these goals despite adherence to a
triple drug regimen that includes a diuretic and near maximal doses of
medications, one should reassess the patient for resistant hypertension.
Many patients with resistant hypertension have normal BP on ambula-
tory or home BP monitoring and require no additional medications.
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CONCLUSION

The evaluation of the hypertensive patient relies mainly on the history
and clinical examination. Routine tests (see Table 12-1) are recom-
mended to assess the TOD and the risk profile of the patient. Home
BP and/or ambulatory monitoring should be performed in borderline
or stage I hypertensive patients. Optional tests should be ordered in
selected patients, after an initial thorough clinical examination suggests
a possible curable cause of the arterial hypertension or for a better risk
factor stratification of the particular hypertensive patient. Some of the
tests may be repeated in the follow-up of the hypertensive patient if,
after clinical reassessment, they are considered to be helpful in providing
better BP control
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Table 13-1
Routine Laboratory Studies Recommended Prior to Initiating Therapya

Urinalysis
Complete blood count
Blood chemistries

Potassium
Sodium
Creatinine
Fasting glucose
Total cholesterol
High-density lipoprotein cholesterol

Electrocardiogram (12-lead)

aData from ref. 11.

Table 13-2
Clues to Secondary Hypertension from Initial Evaluation

Medical history Excludes most cases of pheochromocytoma
Physical examination Excludes coarctation of the aorta and Cushing

syndrome
Complete blood count Excludes polycythemia and other unrelated

diseases
Urinalysis Excludes most cases of significant renal

parenchymal disease
Creatinine or blood urea Excludes renal insufficiency

nitrogen (BUN)
Electrolytes (serum Excludes most cases of primary aldosteronism

potassium)

13-2 summarizes the information to be gained from the initial clinical
evaluation regarding selected secondary causes of hypertension, and
this information is discussed further in this chapter.

COARCTATION OF THE AORTA

While coarctation of the aorta may cause left ventricular failure in
early life, adults with coarctation are usually asymptomatic with the
problem uncovered during a search into the etiology of hypertension
(1). As a result, the medical history may be of little help in suggesting
the presence of a coarctation unless suspected in association with other
congenital malformations such as bicuspid aortic valve, patent ductus
or ventricular septal defect, and mitral valve abnormalities.

The most common location for the coarctation is just distal to the
origin of the left subclavian artery. Occasionally the coarctation is
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proximal to or involves the origin of the left subclavian artery and may
be missed if blood pressures (BPs) are not checked in both upper
extremities and at least one lower extremity. Absent or reduced pulses
in the lower extremities, together with lower BP in the legs than in
the arms, are obviously valuable clues to diagnosis. Typically, systolic
pressures in the arms are similar and significantly higher than the
systolic pressure in either leg, and systolic pressures are elevated dispro-
portionately to the diastolic pressure, resulting in a wide pulse pressure
and bounding pulses proximal to the coarctation. On precordial exami-
nation, a thrill may be observed in the suprasternal notch area, and
visible or palpable pulsations over the intercostal arteries in the posterior
thorax are observed. On auscultation, bruits may be heard over the
intercostal arteries, and if a chest X-ray were obtained, notching along
the inferior border of the ribs and an absent aortic knob may be seen.

CUSHING’S SYNDROME

The astute clinician may pick up on a history of recent change in facial
appearance and considerable weight gain, together with complaints of
weakness, muscle wasting, peripheral bruising, and impotence, and in
women, amenorrhea and hirsutism. On physical examination, the typical
features include truncal obesity, moon face, plethora, and typical pur-
plish skin stria (2). On screening laboratory studies, glucose intolerance
or frank diabetes mellitus may be noted and, occasionally, neutrophilia
with relative lymphocytopenia. A history of recent pathologic fracture
of a rib or vertebra may be obtained.

PHEOCHROMOCYTOMA

Nearly all tumors produce symptoms or signs related to excessive
production and release of catecholamines, and, therefore, the medical
history provides valuable clues to diagnosis (3). A history of symptom-
atic episodes or “spells” including headache, palpitations, pallor, and
profuse perspiration, together with unusual lability of BP or occasional
presentation as accelerated or malignant hypertension, are observed
(4). A history of multiple endocrine neoplasia (MEN) type II, in associa-
tion with pancreatic islet cell tumors, neurofibromatosis, or von Hippel–
Lindau disease, and medullary carcinoma of the thyroid gland or para-
thyroid disease can be most valuable to diagnosis. It is critical to
characterize these spells relative to onset, precipitating activities, sever-
ity, and duration, which should be repetitive and predictable.
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On examination the hypertension may be persistent or intermittent,
and, rarely, hypotension may be a presenting feature in patients secreting
predominantly epinephrine or dopamine. Approximately 90% of tumors
occur within the adrenal glands, and with larger tumors, a midline
abdominal mass may be observed. A palpable thyroid or parathyroid
mass occasionally may be found in the presence of a MEN type II
syndrome. Screening laboratory studies are of little assistance except
for the possible presence of abnormal glucose tolerance.

PRIMARY ALDOSTERONISM

Hypokalemia, whether spontaneous or provoked, provides the best
clue to the presence of primary aldosteronism. One must remember,
however, that normal serum potassium concentrations may be observed
in upward of one third of cases (5). In the normokalemic group, moder-
ate to severe hypokalemia may be induced even by today’s smaller
doses of diuretics. Also, consider the diagnosis in any patient presenting
with resistant hypertension. A history of inordinate weakness, periodic
paralysis, or paresthesias, often noted in older textbooks, is rarely
observed. Similarly unusual is the finding on physical examination
of a positive Chvostek’s and/or Trousseau’s signs. In the absence of
hypokalemia primary aldosteronism masquerades well as essential
hypertension and is easily overlooked on initial evaluation.

RENOVASCULAR DISEASE

Renovascular hypertension may affect as many as 30% of patients
presenting to academic specialty clinics for resistant hypertension. A
thorough initial evaluation and a high index of suspicion will often
identify clinical clues suggestive of renovascular hypertension (Table
13-3). By identifying patients at higher risk, subsequent screening tests
can be both more predictable and cost-effective (6,7).

Fibromuscular dysplasias predominate in younger females in whom
the finding of a continuous epigastric bruit is highly suggestive of the
diagnosis. In patients over age 55, two thirds of the cases are attributable
to atherosclerosis. The finding of hypertension, azotemia, cigarette
smoking, and evidence of extensive vascular disease are all highly
suggestive of the diagnosis. The clinical history and presentation may
suggest consideration of other etiologies including Takayasu’s arteritis,
renal thrombosis or emboli, trauma, radiation, or occasionally extrinsic
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Table 13-3
Clinical Clues to Presence of Renovascular Hypertension

Abrupt onset of hypertension age <30 or >55 yr
Accelerated/malignant hypertension (grade 3 or 4 retinopathy)
Hypertension refractory to a triple-drug regimen
Hypertension and diffuse vascular disease (carotids, coronary, peripheral

vascular)
Systolic-diastolic epigastric bruit
Hypertension and unexplained renal insufficiency
Renal insufficiency induced by angiotensin-converting enzyme inhibitor

therapy

lesions such as retroperitoneal fibrosis or neurofibromatosis. If these
clinical clues are not apparent on initial evaluation, it would seem
inappropriate to pursue additional diagnostic testing as part of the
initial evaluation.

RENAL PARENCHYMAL DISEASE

Patients with renal parenchymal disease usually present with renal
insufficiency, proteinuria, or hematuria (8). Renal parenchymal disease
is a common secondary cause of hypertension although often not revers-
ible. The aforementioned clinical clues are easily detected with a care-
fully performed urinalysis and simple screening tests of renal function
such as a serum creatinine or BUN determination. Proteinuria found
by dipstick should always be confirmed with sulfosalicylic acid because
the dipstick detects only albumin whereas sulfosalicylic acid precipi-
tates any urinary protein, including light chains present in dysprotein-
emic states. When proteinuria is observed, 24-h urine for quantitative
protein should be obtained because proteinuria > 150 mg/24 h represents
significant proteinuria. Renal ultrasound studies are often helpful in
diagnosis and renal biopsy may occasionally be required.

Hypertension, often of moderate to severe degree, usually accompan-
ies renal parenchymal disease, particularly when renal insufficiency is
present. It must be remembered that initial, significant reductions in
creatinine cleareance may not be reflected by changes in the serum
creatinine or BUN concentrations. In an average size adult, a serum
creatinine >1.5 mg/dL may reflect a 40% loss of clearance function;
in an older patient, a serum creatinine >1.4 mg/dL may reflect a similar
loss of renal function.



162 Part II / Hypertension Medicine

THYROID AND PARATHYROID DISORDERS

Thyroid dysfunction, both hyperthyroidism and hypothyroidism, can
associate with hypertension particularly in older patients (9). Thyroid
dysfunction and renovascular disease represent the most common forms
of reversible secondary hypertension observed in hypertensive individu-
als over age 60. The mechanisms of hypertension may provide valuable
clinical clues in these disorders. Thyrotoxic patients have a hyperdy-
namic hypertension and high cardiac output seen predominantly as an
elevated systolic blood pressure. Hypothyroid patients, on the other
hand, have a high prevalence of primarily diastolic hypertension, and
this can be a valuable clue in the elderly, in whom primary diastolic
hypertension is most unusual.

Easily performed thyroid function tests provide the clues to diagnosis,
with an elevated blood thyroxin level and a suppressed serum thryoid-
stimulating hormone (TSH) level being the hallmarks of hyperthyroid-
ism. These values are of course reversed in patients with hypothy-
roidism.

Hypercalcemia is associated with an increased incidence of hyperten-
sion, and hyperparathyroidism is a common cause of hypercalcemia
(10). Most patients with primary hyperparathyroidism are asymptom-
atic, and a cursory history and physical examination do not provide
specific indications for this disorder. The clinical diagnosis is strongly
supported by the finding of hypercalcemia together with an increased
serum parathyroid hormone value. The side effects of hypercalcemia
such as polyuria, polydipsia, renal calculi, peptic ulcer disease, and
hypertension may offer diagnostic clues.

MEN syndromes that may associate with pheochromocytoma and/
or hyperparathyroidism are an important exception. A finding of a
thyroid nodule, thyroid mass, or cervical lymphadenopathy should sug-
gest the possibility of a medullary thyroid carcinoma.

CONCLUSION

Valuable clinical clues to the presence of secondary forms of hyper-
tension may be provided by a thorough initial evaluation of the hyperten-
sive patient. Appropriate referral of patients will depend on the avail-
ability of additional screening studies when indicated and subspecialty
expertise. Table 13-4 summarizes additional screening studies that can



Table 13-4
Studies to Establish Diagnosis of Secondary Hypertensiona

Additional screening studies Diagnosis/localization

Coarctation of the aorta Chest X-ray 2D-echocardiogram
Aortagram
MRI

Cushing’s syndrome Dexamethasone suppression test 24-h urinary-free cortisol
CT
Radioimmune assay of plasma ACTH

Pheochromocytoma Plasma catecholamines Plasma catecholamines
Urinary catecholamines, metanephrine, VMA Urinary catecholamines, metanephrine, VMA
Clonidine suppression test Clonidine suppression test

Preceding to help establish diagnosis, plus:
CT
MRI (extraadrenal tumor)
MIBG scan

Primary aldosteronism Plasma aldosterone:plasma renin activity ratio Aldosterone excretion rate during salt loading
Adrenal CT

continued
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be of particular value when a secondary cause of hypertension is sus-
pected, and also lists more definitive studies required for diagnosis
and localization.
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of such a substance, expressed as milliliters/minute or liters/24 h, and
derived by calculating the urinary excretory rate of the substance (the
product of the urinary concentration of the substance [U] and urine
flow rate [V]) divided by the plasma concentration of the substance
(P), or by determining the plasma clearance of such a substance over
time (the rate at which the substance is removed from the plasma).

Inulin, an uncharged fructose polymer, fulfills the aforementioned
criteria and is the gold standard by which other markers of GFR are
judged (1). Unfortunately, the use of inulin is impractical in clinical
medicine because it requires that laboratory facilities be capable of
measuring inulin, and necessitates either a constant infusion with timed
and complete urine collections for determination of urinary clearances
or multiple plasma samples to determine its plasma clearance following
a single injection.

Creatinine, an endogenous product of muscle cells, is not protein
bound and is freely filtered at the level of the glomerulus (2). Because
the daily generation of creatinine in normal subjects consuming a stable
diet is fairly constant, the serum creatinine (Scr) concentration has been
used as a substitute for inulin in estimating GFR. The use of the Scr
as a marker for GFR, however, has many shortcomings (2,3). Although
primarily produced by muscle, approx 30% of the daily creatinine pool
is derived from ingested meat. Thus, muscle mass (which declines after
age 30), creatinine generation (which is reduced in renal failure), and
diet, in addition to urinary clearance, may affect the Scr concentration
(2,3). Furthermore, unlike inulin, creatinine is secreted by the proximal
tubule of the nephron, which may constitute 10–40% of the total creati-
nine in the urine of normal subjects and up to 50–60% in subjects with
renal disease (2,3). Tubular secretion of creatinine may be inhibited
with many commonly used medications (cimetidine, ranitidine, trimeth-
oprim, triamterene, amiloride, and probenecid), and although the GFR
is unchanged the Scr will increase as a result of the diminished total
renal clearance of creatinine (2). Finally, the methodology by which
creatinine is measured may also result in either spuriously low or high
Scr concentration levels because of the presence of substances that
may alter the accuracy of the assay (2). In addition, regardless of the
method chosen to measure creatinine, a wide range of variability exists
among simultaneously repeated measurements within the same subject
(2). Thus, an increase in the measured Scr from 0.7 to 1.0 mg/dL (both
within the normal range) may reflect a significant diminution in renal
function (~30%) or may only reflect assay variability. Because of these
limitations, the Scr may be variably independent of the absolute renal
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state of creatinine balance exists. The most widely used formulas,
devised by Cockcroft and Gault (6), are as follows:

Ccr =
(140 age) × Weight (kg)

Scr (mg/dL) × 72
(for men)

Ccr =
(140 age) × Weight (kg)

Scr (mg/dL) × 85
(for women)

These formulas will overestimate Ccr when the body weight is signifi-
cantly greater than the lean body mass, and, because they are derived
from the Scr, the same problems exist as already outlined regarding
its relationship with the true GFR as measured by inulin.

Urea, an end product of protein metabolism, is synthesized in the
liver, and following its generation is primarily excreted by the kidney.
Although of small molecular weight, unbound by serum proteins, and
uncharged and freely filtered at the glomerulus, the kidney’s handling
of urea (in the absence of advanced renal failure, i.e., GFR < 20 mL
[min · 1.73 m2]) is greatly dependent on the rate of urine formation
(7–9). Following its filtration, approx 40–50% of the filtered load of
urea is reabsorbed by the proximal tubule regardless of the state of
hydration. It is at the level of the medullary collecting duct (the site
at which antidiuretic hormone [ADH] exerts its action) that the state
of hydration influences urea handling. In the setting of antidiuresis
(presence of ADH), urea permeability is increased in this nephron
segment, resulting in only 35–40% of the total filtered urea load being
excreted, whereas during states of water diuresis (absence of ADH),
urea permeability is negligible and may result in an excretion of 50–60%
of the filtered urea load. Aside from the state of hydration, the blood
urea nitrogen (BUN) is also dependent on both nitrogen load and
metabolism (10). An increase in the BUN may be observed with an
increase in the total nitrogen load such as with increased protein intake,
enhanced catabolism (infection, trauma), or suppression of anabolism
(as observed with corticosteroid or tetracycline adminstration). By con-
trast, a lower BUN will be noted whenever there is a reduction in
catabolic rate or dietary protein intake (10). Finally, the BUN will be
lower in the presence of severe parenchymal liver disease and myx-
edema because urea generation is reduced. For these reasons, the BUN
is a poor marker of GFR. However, despite these shortcomings, the
BUN may be clinically helpful in diagnosing renal insufficiency owing
to volume contraction, renal ischemia, acute glomerulonephritis, and
early obstructive uropathy because these conditions are associated with
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a reduced urine flow rate and may result in a disproportionate increase
in the BUN/Scr ratio (normally 10–15) to two to three times normal (10).

Several radioactive and nonradioactive agents are available to mea-
sure GFR. The radionuclides most frequently used are 125I-iothalamate
(and 131I-iothalamate), diethylenetriaminepenta-acetic acid (DTPA) che-
lated to 99mtechnetium and ethylenediaminetetraacetic acid (EDTA) che-
lated to 51Cr (11). These agents are almost entirely cleared by glomerular
filtration and, although not as accurate as inulin, are frequently used
because of the ease, accuracy, and reproducibility of their measurement.
With these agents, the GFR may be obtained with either standard urine
clearances (requiring timed urine and plasma collections) or by the rate
at which the radioactive tracer disappears from the plasma over a 2- to
6-h period (generally requiring more than one timed plasma specimen)
following a bolus or SC injection of the radioactive agent (11,12). The
plasma clearance of each radioactive isotope is not as accurate as the
renal clearance (exceeding renal clearance by 10–15 mL/min), and, in
general, the plasma clearance will overestimate GFR. Nevertheless,
this method of measuring GFR is the most commonly used. Direct
renal scintigraphic measurement of the radioisotope in the 1- to 3-min
interval following its administration will also allow a determination of
the GFR because the renal uptake of these radionuclides is directly
proportional to GFR (13). Although advantageous because it is quick
and easy to perform (there is no need for blood or urine collection)
and the percentage of contribution of each kidney to the total GFR
may be obtained, it is the least accurate method utilizing radionuclides.
To obviate the need for radioactive agents, the renal and plasma clear-
ance of nonradioactive iothalamate and the plasma clearance of nonionic
iodinated contrast media (primarily iohexol) have been used (14–18).
The plasma clearances of both have been shown to be reliable and
reproducible, and to correlate well with simultaneously obtained plasma
clearances of 51Cr EDTA over a wide range of GFR.

EVALUATION OF THE KIDNEY’S ABILITY TO DILUTE
AND CONCENTRATE URINE

To discern the cause of abnormal water homeostasis frequently
encountered in clinical medicine, an assessment of the kidney’s capacity
to either dilute or concentrate the urine is required. The urine’s osmolal-
ity (which is directly proportional to the number of particles in the
urine), specific gravity (the weight of the urine as compared with an
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Table 14-1
Anticipated Response to Fluid Deprivation Followed by

Vasopressin in Patients with Hypotonic Polyuriaa

Urine osmolality Change in urine volume and
after dehydration osmolality following vasopressin
(mOsm/kg H2O) given after dehydration

Normal >900 No further change.
Complete DI <200 Urine volume is reduced and

osmolality increased markedly,
but does not approach normal
maximal osmolality.

Partial DI <500 Urine volume is reduced and
osmolality is increased by
20–30%.

Nephrogenic DI <300 Urine volume is unchanged;
osmolality remains low.

Compulsive water 600–800 No further change in urine volume.
drinking Osmolality may rise but by <10%.

aReproduced with permission from Massry & Glassock’s Textbook of Nephrology,
3rd ed., Baltimore: Williams & Wilkins, 1995, p. 1786. DI, Diabetes Insipidus.

kidney’s diluting process is already present whenever serum hypotonic-
ity coexists with a urine that is not maximally dilute.

Although a random urine osmolality or specific gravity does not
allow one to determine the maximal concentrating ability of a subject,
an osmolality >800 mOsm/kg H2O or a specific gravity >1.020, in the
absence of those solutes that may falsely increase these measurements,
implies that the urine concentrating capacity is normal. The need for
formally assessing the kidney’s concentrating ability becomes impor-
tant, however, when evaluating a subject with polyuria (21–23). Poly-
uria that results from an osmotic diuresis is isoosmolar and will have
a total urinary solute excretion exceeding the usual 500–800 mOsm/
d seen in normal subjects, whereas subjects with diabetes insipidus
(complete central, partial central, nephrogenic) and psychogenic
polydipsia will be characterized by polyuria with low urine osmolali-
ties. As depicted in Table 14-1, the response to fluid restriction
(approx 12–16 h with a 3% loss of body weight) and exogenous
vasopressin will help distinguish between these various causes of
dilute polyuria. The diagnostic yield of fluid deprivation is further
enhanced by measuring plasma ADH levels (drawn prior to exogenous
vasopressin administration).
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Fig. 14-2. A useful clinical algorithm for identifying the urinary acidification
defect in a subject with a nonanion gap metabolic acidosis of renal origin. (Repro-
duced with permission from Goldstein MB, Levin A [1989] Insights derived from
the urine in acid-base disturbances. AKF Nephrol Lett 6:22).

must be remembered that patients may on occasion have mixed defects
(as may be seen in those with severe tubulointerstitial disease) in which
both H+ secretion and ammoniagenesis are impaired. In these cases, a
low urine pH (<5.3), an abnormal urine to blood PCO2, and a low NH4

+

excretory rate may all be observed.
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EVALUATION OF PROTEINURIA

Normally <150 mg of protein is excreted per day, and levels greater
than this require further investigation (28,29). When evaluating a subject
with proteinuria, it is useful to determine the kind of protein being
excreted, as well as the setting in which it occurs.

Proteinuria may be categorized as being of glomerular, tubular, or
overflow in origin (28). Glomerular proteinuria results from the abnor-
mal filtration of macromolecules (i.e., albumin) across the glomerular
capillary wall, and is the only type of proteinuria that may be detected
by urine dipstick. Low molecular weight proteins, such as 2-microglob-
ulin, amino acids, and immunoglobulin light chains, are normally fil-
tered at the glomerulus and then reabsorbed by the proximal tubules
of the kidney. The excretion of these low molecular weight proteins
is termed tubular proteinuria and results whenever there is a disruption
in the reabsorptive process. When the production of low molecular
weight proteins (primarily immunoglobulin light chains) is excessive
and the normal capacity for their tubular reabsorption is surpassed,
overflow proteinuria results.

Proteinuria may be characterized as being transient (intermittent),
orthostatic (postural), or persistent (28,29). Transient proteinuria is the
most common of the three types and may be seen in the absence of
renal disease. Transient increases in protein excretion may be observed
with heavy exercise, fever, congestive heart failure, and emotional
stress, and are probably induced by a reduction in renal plasma flow
through the effects of angiotensin II or norepinephrine on glomerular
hemodynamics (28,29). Orthostatic proteinuria is characterized by
increased protein excretion while upright but normal protein excretion
while recumbent (28,29). Although the exact cause is unknown, it too
may be the result of neurohormonal activation or transient changes
in glomerular permeability. Transient and orthostatic proteinuria are
generally benign conditions, and the latter may resolve over time (29–
32). By contrast, persistent proteinuria is more often the result of an
underlying renal or systemic illness.

The amount of proteinuria being excreted may be assessed both
qualitatively and quantitatively (33). The urine dipstick detects albumin
but not light chains, and is positive when protein excretion exceeds
300 mg/d; thus, it will not be positive in the presence of microalbumin-
uria. Although useful as a qualitative measure of protein excretion, the
urine dipstick is affected by urine concentration (dilute or concentrated
urines will underestimate or overestimate, respectively, the amount of
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proteinuria), and false-positive results may result in the presence of
highly buffered alkaline urines, phenazopyridine (pyridium), or gross
hematuria (33). Unlike the urine dipstick, mixing an aliquot of urine
with sulfosalicylic acid (SSA) will detect the presence of all proteins
in the urine. The resultant turbidity may be graded and the protein
concentration estimated as follows: trace turbidity, 1–10 mg/dL; 1+
turbidity (turbidity through which print can be read), 15–30 mg/dL;
2+ turbidity (the presence of a white cloud without precipitate through
which a black line on a white blackground can be seen), 40–100 mg/
dL; 3+ turbidity (the presence of a white cloud with a precipitate
through which black lines on a white background cannot be seen),
150–350 mg/dL; and 4+ turbidity (flocculent precipitate), >500 mg/dL
(33). False-positive results with SSA may be caused by radiocontrast
agents, tolbutamide, sulfonamides, high-dose penicillin, or cephalospo-
rin antibiotics, and strongly alkaline urine may produce a false-negative
result (33). The standard method for quantifying protein excretion is
usually accomplished by measuring the protein excretion in a 24-h urine
collection. Although precise, it may be cumbersome and inconvenient to
perform, and at times inaccurate because of incomplete collections.
Because of these difficulties, the protein:creatinine (milligram/milli-
gram) ratio in a random urine has been used as an alternative to a 24-
h urine collection (34,35). A close correlation has been shown to exist
between this ratio and the daily protein excretion in grams/day (i.e., a
ratio of 2.0 would equal a 2 g/d protein excretion). Although not exact,
it does provide the clinician with a semiquantitative measure to classify
the degree of proteinuria in any particular subject. Figure 14-3 depicts
a clinical approach to a subject found to have proteinuria on urinalysis.

As stated, the standard urine dipstick is insensitive for detecting
microalbuminuria. Microalbuminuria is the earliest clinical sign of
diabetic nephropathy, and may be an important marker of atherosclero-
sis and early cardiovascular mortality in those subjects with hyperten-
sion (36–39). Microalbuminuria is present whenever the excretion of
albumin is found to be between 30 and 300 mg/d (20–200 µg/min).
Although screening for microalbuminuria may be done either with
timed urine collections or by determining the albumin concentration
in a random urine sample, the gold standard for detection is still a 24-h
urine collection. The calculation of the albumin:creatinine ratio in a
random urine specimen may minimize the effect of urine volume on
the albumin concentration and provide a useful alternative for detecting
microalbuminuria since it correlates well with those determined by
24-h urine collections (40). When this ratio exceeds 30 mg/g (or 0.03
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Fig. 14-3. A clinical approach to a subject with proteinuria detected by urine
dipstick. (Reproduced with permission from Bernard DB, Salant DJ [1995] Clinical
approach to the patient with proteinuria and the nephrotic syndrome. In Jacobson
HR, Striker GE, Klahr S, eds. The Principles and Practice of Nephrology, 2nd
ed., St. Louis: Mosby Year Book).

mg/mg), it suggests that the albumin excretion is >30 mg/d and that
microalbuminuria is present. Transient increases in albumin excretion
and microalbuminuria may be observed in the presence of fever, exer-
cise, heart failure, and poor glycemic control (36,41). Thus, prior to
screening for microalbuminuria, care must be taken to ensure that none
of these factors exist.
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Table 15-1
Ambulatory BP Monitoring Devices Fulfilling USAAMI or

BHS Specifications

Manufacturer Model

SpaceLabs SL90202, SL90207, SL90209
AND TN2440, TN2421
QietTrack —
NISSEI D240
Profilemet —
CH DRUCK —

bill. Second, most physicians have difficulty in interpreting the results
of ambulatory BP. The aim of this chapter is to provide the guidelines
for a rational approach to the interpretation of the ambulatory BP
monitoring printout.

EQUIPMENT

The ambulatory BP monitor consists of a pump and an arm cuff.
An appropriately sized BP cuff should be selected and placed comfort-
ably on the patient’s upper arm. It is advisable to select the nondominant
arm because this will diminish excessive movement during the measure-
ments of the 24-h procedure. Inflation of the cuff is driven by a small
battery-operated air pump carried in a pouch supported by either the
patient’s belt or a separate shoulder strap. The device is programmed
to automatically measure BP at intervals ranging from every 15 to 30
min. Recorded BPs are stored in the unit and are downloaded to a
computer device on conclusion of the monitoring period. Of the more
than 43 available devices for measuring ambulatory BP monitoring,
one should choose a monitor that complies with the protocol for accu-
racy and performance established by the United States Association for
the Advancement of Medical Instrumentation (USAAMI) or the British
Hypertension Society (BHS). Table 15-1 provides a partial list of
such devices.

INSTRUCTIONS FOR THE PATIENT

Make sure that the patient feels comfortable when the cuff is applied.
It should not fit too tightly but should fit snuggly in order to avoid any
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Table 15-2
Current Recommendations for Clinical Use of Ambulatory BP Monitoring

JNC VI WHO-ISH

ABPM endorsed indications Yes Yes
Evaluation of white coat hypertension Yes Yes
Evaluation of labile BP Yes Yes
Suspicion of hypotensive episodes Yes Yes
Investigation of resistant hypertension Yes Yes
Autonomic dysfunction Yes No

excessive rotation or movement up and down the upper arm. The
cuff should not be removed during the monitoring period. To obtain
clinically accurate readings, it is important to instruct the patient to
pursue activities generally representative of a typical day with the
exception of abstaining from formal exercise routines or bathing
(because this requires removal of the device). More important, if not
excessively inconvenient, monitoring should also be performed on a
typical workday. In addition, the patient should be informed regarding
the frequency of measurements. During the hours the patient is awake,
inflation of the cuff is preceded by a soft tone, which is an indication
to the patient that the cuff will commence inflation in 5 s. Without
unduly interrupting his or her current activity, the patient should try
to minimize any excessive movement of the arm to which the BP cuff
is applied. The patient should also carry a diary to record any unusual
activities or symptoms so that they can be correlated with the BP
printout. This may be helpful when exploring symptoms such as flush-
ing, palpitations, dizziness, headaches, or syncope. Finally, the patient
should be encouraged to retire for the night and to rise in the morning
at the customary hour. When monitoring is completed, the cuff is
removed and the device is connected to a computer or other printer
device, which generates the printout result.

WHEN SHOULD AMBULATORY BP MONITORING
BE CONSIDERED?

Both the US JNC VI and the WHO-ISH advocate the use of ambula-
tory BP monitoring in the diagnosis and management of hypertension
in the clinical situations given in Table 15-2.
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White Coat Hypertension

A high index of suspicion for white coat hypertension should exist
when a patient reports on discrepancies between BPs measured in the
clinic and elsewhere (such as at home or the local pharmacy). White
coat hypertension is also more likely to occur when the patient is highly
dependent on a favorable medical examination outcome in order to
pursue a chosen career or to gain employment. People with anxious
and hyperactive personalities may also be vulnerable. Remember,
though, that the existence of any evidence of hypertensive target organ
damage (such as hypertensive retinopathy, left ventricular hypertrophy,
or proteinuria) precludes a diagnosis of white coat hypertension.

Labile Hypertension

Labile hypertension is manifested by conflicting and fluctuation
office BP readings—sometimes elevated, sometimes normal. This is
usually more of a problem among the elderly and in assessing
systolic BP.

Hypotensive Episodes

Complaints from the patient regarding light headaches, dizziness,
vertigo, and syncope may sometimes be related to overzealous treatment
of hypertension. It is in these situations that the temporal association
of recorded BPs to symptoms documented on a diary card is most useful.

Resistant Hypertension

In cases of resistant hypertension, ambulatory BP monitoring can
also be useful because even when a firm diagnosis of hypertension has
been established, some treated patients can still exhibit elements of a
white coat effect. Typically, readings are high in the office but much
lower when measured at home, and the dilemma is whether to increase
the antihypertensive medication or to leave the treatment unchanged.
Also, refractory hypertension in the face of a loss of the natural diurnal
variation of BP should raise concerns regarding secondary hypertension.

Autonomic Dysfunction

Ambulatory BP monitoring can be useful in diagnosing autonomic
dysfunction when the recorded BPs and heart rates lose their diurnal
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pattern of higher BPs during the daytime and lower BPs during sleep
and the nighttime.

AN APPROACH TO INTERPRETING
AMBULATORY BP RESULTS

The ambulatory BP monitoring report consists of several pages, all
of which can provide useful information when perused for a few
minutes. In general, the report consists of a patient information page;
summary pages of the 24-h, daytime, nighttime, and 1-h averaged BP
periods; a listing of each recording obtained during the monitoring
period along with a date and time stamp; a similar listing of instances
in which the device attempted but failed to obtain measurements; and
various graphic displays relating collected BPs and heart rates to time
of day. What follows is an approach to the interpretation of each of
these segments of the report.

Summary Page

The summary page is the most useful place to begin interpreting
BP results, although often it is the last page of the BP monitoring
report (Fig. 15-1). The 24-h mean provides the average of all BPs
measured during the monitoring period. Because BPs are generally
lower during sleep, a normal 24-h ambulatory BP mean is a little lower
than the normal office BP level of <140/90 mmHg. Normal values of
ambulatory BP continue to be a matter of debate, but a cutoff 24-h
mean BP of 130/85 mmHg is generally consistent with most published
guidelines. BP in excess of these values is compatible with a diagnosis
of hypertension.

Next, scrutinize the daytime and nighttime mean BPs. During the
daytime hours (defined as the period of most active awake activity for
the patient—usually between 6 AM and 6 PM), BP is higher and the
cutoff between normal and abnormal is usually set at the conventional
office BP cutoff of 140/90 mmHg. By contrast, the nighttime mean
BP is lower, with values in excess of 125/75 mmHg, indicative of
hypertension. Another source of contention is in determining what time
periods constitute day and night. Some investigators prefer fixed time
periods (as just suggested) whereas others prefer to relate time periods
for day and night to the actual time the patient was awake or asleep
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Fig. 15-1. A typical summary page of an ambulatory BP report.

during the monitoring period. Until further research resolves this issue,
choose one method consistently.

Determining the differences between the daytime and nighttime mean
values may be of value both prognostically and diagnostically. Night-
time values should be between 10 and 20% less than the daytime
values. This indicates that BP is falling adequately at night, which is
consistent with the normal diurnal variation in BP. Day-night differ-
ences in this range confer “dipper” status to the patient, which is
prognostically favorable (3). Differences less than 10% indicate a non-
dipping status, which can be associated with an increased tendency
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toward the development of hypertensive end-organ damage such as
hypertensive retinopathy, left ventricular hypertrophy, and proteinuria.
Furthermore, the absence of normal dipping may be consistent with
secondary hypertension or autonomic dysfunction and is therefore a
good marker for the need of further work-up (4). Alternatively, dipping
in excess of 20%, especially in the elderly, may also be detrimental
and contribute to watershed or lacunae cerebral infarcts (5) as well as
anterior ischemic optic neuropathy, an increasingly important cause of
deteriorating vision among the elderly population and closely correlated
with excessive dipping (6). Overzealous antihypertensive therapy is
one correctable factor contributing to excessive dipping (7). Remember,
though, that of the three mean values on the summary page the overall
24-h mean ranks highest in importance in terms of diagnosing hyper-
tension.

Also located on the summary page are measures of systolic and
diastolic load. These represent the percentage of BPs in excess of
either 140/90 mmHg for the daytime period and 120/80 mmHg for
the nighttime period. Although even normotensive patients have some
measurements in excess of these ranges, it is advisable to keep the
loads as low as possible. Their value in assessing hypertensive status
based on ambulatory BP monitoring does not supersede that of the 24-
h mean but can be useful in evaluating efficacy of therapy or worsening
hypertension—especially when repeated ambulatory BP monitorings
are obtained over time.

BP Listings Page

The BP listings page is simply a chronological record of all BPs
recorded during the monitoring period. It is most useful for the temporal
correlation of BP with symptoms recorded in the patient’s diary. For
example, a quick scan of the listing can uncover paroxysms of hyperten-
sion or tachycardia, episodes of hypotension, or hypertensive readings
recorded only at the start and end of the monitoring period (i.e., associ-
ated with visits to the clinic), and are strongly indicative of white
coat hypertension. Patients usually enjoy reviewing this list with the
physician and correlating their BPs with various activities during the
monitoring period. This can also be a valuable educational exercise
for patients and is particularly gratifying when the results of therapy
are appreciated.

A review of the listing when the monitor has failed to obtain a
reading gives an indication of the quality of the monitoring. Ideally,
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more than 75% of measurements should result in a BP value, and there
should not be any periods in excess of 2 h in which no usable data
have been collected. Monitorings for which many of the attempted
measurements result in failure need to be repeated because the remain-
ing BPs may not be truly representative of the patient’s BP pattern.

Graphic Displays of Data

Usually three displays of the data are presented. Two are line graphs
of the BPs and heart rates recorded as a function of time (one plots
every reading and the other depicts the data averaged for each hour of
the monitoring period). The third may be a frequency histogram of the
ranges of systolic and diastolic BPs recorded during the monitoring
period. These graphic displays are mainly useful in rapidly evaluating
the degree to which BP boundaries are violated and are useful reinforce-
ments to the patient. They are also valuable in determining whether
any antihypertensive effects provided by therapy are sustained through-
out the dosing interval, especially if once daily medication is being
used. The frequency histograms are really a graphic representation of
the previously discussed BP loads.

Final Considerations

Although the amount of data generated by ambulatory BP monitoring
can be intimidating to the unitiated, a systematic approach to the data
and pages of the report provides a great deal of valuable information
quickly. Too often, reviewers are unduly focused on the need for
cutoffs between normal and abnormal when, ultimately, the real value
of ambulatory BP monitoring lies in its repeated use and data trends
over time. An underappreciated value of ambulatory BP monitoring is
its value in reinforcing for the patient the appropriate diagnosis of
hypertension or normotension, and patients are generally quite apprecia-
tive of a brief review of the data with their physician.
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THE ARTERIAL CIRCULATION AND
ARTERIAL COMPLIANCE

Arterial blood vessels are complex three-dimensional structures
whose components differ in mechanical, biochemical, and physiologic
characteristics (1). The endothelium represents a single monolayer of
cells and possesses little tensile strength but can alter the mechanical
behavior of arterial blood vessels through the production and release
of vasoactive substances that influence vascular tone and structure. The
arterial media bears most of the tensile strain of the blood vessels. The
relative proportions of its constituents—elastin, smooth muscle, and
collagen—as well as the thickness of the media vary considerably
between blood vessels, according to their type, site, and physiologic
function. As the outermost layer of the arterial blood vessel, the tunica
adventitia contains a large number of collagen fibers that can also
influence mechanical properties of the vessels.

The pressure in all systemic arteries fluctuates; the source of the
fluctuation is the pumping action of the heart. The systolic and diastolic
pressures, as traditionally measured by sphygmomanometry, represent
the limits of the pressure fluctuations during the cardiac cycle. This
measurement provides only a limited amount of information about the
cardiovascular system. More information about the interaction of the
heart and systemic circulation may be obtained by measuring the mean
arterial pressure (MAP) and considering the systolic blood pressure
(SBP) and diastolic blood pressure (DBP) at the upper and lower limits
of periodic oscillations about the mean pressure. The MAP can be
obtained by integrating the area under the pulse pressure (PP) contour
or approximated by adding one third of the PP to the diastolic pressure.
The MAP depends only on the cardiac output and the peripheral resis-
tance. The arterial PP, defined as the difference between SBP and DBP,
is a function of the stroke volume, the pattern of left ventricular ejection,
and arterial compliance. Further additional information about the inter-
action between the heart and the arterial system can be obtained by
analysis of the total BP curve that provides information about steady-
state and pulsatile phenomena in the circulation.

Arterial compliance is defined as a change in area, diameter, or
volume for a given change in pressure and is dependent on vessel
geometry in addition to the mechanical properties of the vessel wall
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(2). Arterial wall properties differ in different vessels, differ in the same
vessel at various distending pressures, and differ with the activation of
smooth muscle in the vessel wall. Although no single descriptor of
arterial physical characteristics can completely describe the mechanical
behavior of the vasculature, arterial compliance represents the best
clinical index of the buffering function of the arterial system. Changes
in the mechanical behavior of blood vessels manifested by reduced
arterial compliance can influence growth and remodeling of the left
ventricle, large arteries, small arteries, and arterioles. Clearly arterial
blood vessels can no longer be considered as passive conduits to deliver
blood to peripheral tissues in response to metabolic demands. Instead
they should be viewed as biophysical sensors that respond to hemody-
namic and neurohumoral stimuli that influence the tone and structure
of blood vessels. Figure 16-1 outlines the pathophysiologic conse-
quences of a reduced arterial compliance.

A wide variety of techniques, both direct and indirect, have been
employed to assess the compliance characteristics of arteries in health
and disease (Table 16-1). Previous studies indicate that patients with
documented vascular disease or with a history of vascular events tend
to have less compliant arteries than control subjects (3). Furthermore,
an excess of risk factors for the future development of vascular disease
may also be associated with a less compliant arterial circulation. Thus,
a reduced arterial compliance may provide an index of early arterial
damage that could predispose to the development of major vascular
disease. At present, diagnostic procedures are aimed at assessing the
extent and severity of vascular disease after the development of symp-
toms or when morbid events occur. At this stage the disease process
is already well advanced. The diagnostic challenge must be to detect
abnormal structure and function in the vascular system prior to the
development of symptoms and signs of disease. In this regard, a reduced
arterial compliance may precede the development of cardiovascular
disease and act as a risk factor, or occur as a consequence of established
cardiovascular disease and represent a marker for its presence.

Increased peripheral vascular resistance is regarded as the hemody-
namic hallmark of sustained hypertension. This measure has been used
to estimate vascular adaptations in response to disease in arterial blood
vessels and to monitor the hemodynamic effect of drug interventions.
The resistance calculation reflects a reduction in capillary density and
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Fig. 16-1. Schematic depiction showing how a reduced arterial compliance may
promote blood vessel damage and predispose to premature clinical events.

changes in the wall thickness:lumen ratio of the media in small arteries
and arterioles. It ignores pressure fluctuations occurring in the aorta
and its major branches, where the compliance characteristics of the
vessel wall provide the vital buffering function required to smooth
pulsatile outflow from the heart.

Recent evidence suggests that the altered vascular architecture
described in small arteries may in large part be owing to a remodeling
process rather than growth. Intuitively, changes in small-artery remodel-
ing and growth would be expected to influence the compliance charac-
teristics of these vessels in addition to increasing resistance to blood
flow. Regarding the large arteries, hypertension can be viewed as an
accelerated form of aging. The pathologic changes that occur in the
aortic wall and the associated aortic dilatation and wall thickening
occur at an earlier age if BP is elevated. These degenerative changes will
not influence the resistance to steady blood flow but will significantly
influence the pulsatile pressure load on the heart. Thus, changes in the



Table 16-1
Methods Used to Estimate Arterial Compliancea

Methods Advantages Limitations Information provided

Direct
Angiography Evaluation of aortic Expensive, invasive Regional aortic compliance

segments
Magnetic resonance Noninvasive, not limited Expensive, remote site of BP Regional aortic compliance

imaging by acoustic window, can measurement
examine multiple
segments

TTE/TEE TTE noninvasive, Expensive, TTE limited by acoustic Regional aortic compliance
reasonable availability window, operator-dependent

techniques, TEE invasive
Transcutaneous ET/IVUS Transcutaneous technique Operator dependent, IVUS invasive, Regional compliance of

techniques noninvasive, remote site of BP measurement peripheral arteries
reproducible with ET

Plethysmographic Noninvasive, clinical Remote site of BP measurement Compliance of vascular
techniques research application bed under cuff

Indirect
Stroke volume:PP ratio Noninvasive Needs measure of stroke volume Total arterial compliance

and brachial BP
Pulse wave velocity Noninvasive, reasonable Limited to larger arteries, errors Segmental arterial

availability, reproducible owing to wave reflections compliance
Fourier analysis of pressure Standard technique, Expensive, invasive Total arterial compliance

and flow waveforms reproducible
Pulse contour analysis Noninvasive, reproducible Measurement of stroke volume Total arterial compliance

a IVUS, intravascular ultrasound; TTE, transthoracic echocardiography; TEE, transesophageal echocardiography; ET, echo tracking.
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physical characteristics of large blood vessels will not only alter BP
and in particular the PP, but also cardiac workload and ventricular per-
formance.

BLOOD PRESSURE AND ARTERIAL COMPLIANCE

Hypertension is a major risk factor for cardiovascular morbidity and
mortality. Approximately 20–25% of the adult population in Western
society has hypertension, and about 70% of these individuals have
mildly elevated BPs. The reliability of this measurement in clinical
practice and the minor absolute difference between defined normal and
abnormal readings in different age groups can present difficulties in
deciding who has the disease and who requires treatment. Furthermore,
arterial BP, particularly in the mildly elevated range, lacks sensitivity
in identifying those individuals at greatest risk of developing vascular
events. At present, therefore, many patients are treated to prevent com-
plications that would arise in only a few.

Classification schemes and guidelines have been developed to aid
diagnosis, help assess severity, and determine prognosis in patients
with hypertension (4). Previous recommendations based on the level
of BP alone misclassified individual patients in terms of their risk of
developing future vascular events. It must be emphasized that cardiovas-
cular disease progression is a multifactorial process that can vary by
a factor of 10-fold, depending on the presence of target organ damage
or other traditional cardiovascular risk factors in patients with the same
degree of BP elevation. The concept of absolute risk and its importance
in modifying decision-making processes have been emphasized in more
recent iterations from the Joint National Committee on the diagnosis,
treatment, and control of hypertension guidelines. Thus, cost-effective-
ness may be improved by optimizing the use of monetary resources
for cardiovascular care by limiting exposure of individuals to long-
term drug therapy from which they may gain little, if any, benefit.

A reduced large-artery compliance is a well-accepted finding in
hypertension, whatever the site and method of measurement. As a more
direct measure of vascular damage associated with elevated BP, arterial
compliance may be of value in further improving risk stratification in
these patients (5). It may also serve as a sensitive parameter to assess
the effects of therapeutic interventions on pulsatile arterial function.
Emerging data support the concept that the cardioprotective actions of
drug interventions may depend, at least in part, on improvement in the
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compliance characteristics of the arterial circulation. Hypertension is
a vascular disease characterized by structural and functional changes
in the cardiovascular system. Left ventricular hypertrophy (LVH) and
arterial wall thickening of the blood vessels have been well documented
in chronic hypertension. To some extent, these cardiovascular structural
alterations are a natural physiologic response to high BP and are protec-
tive. Nevertheless, it has been suggested that optimal antihypertensive
therapy not only normalizes BP but also cardiovascular structure.

Because high BP itself will induce a decrease in arterial compliance,
it remains a matter of debate whether the reduction in compliance
represents an alteration of wall properties or is merely a consequence
of the elevated pressure. Currently, considerable controversy exists as
to whether abnormalities in arterial compliance in hypertensive patients
represent intrinsic change in the arterial wall or merely a reflection of
pressure changes, and whether the changes in compliance are located
primarily in the large or small vessels. Several observations suggest
that decreased compliance is not solely a mechanical consequence of
increased BP. These observations include the finding that compliance
is reduced in patients with borderline hypertension and that in patients
with established hypertension, compliance estimates are reduced to the
same extent regardless of the degree to which the BP is elevated.
However, it must be emphasized that a reduced arterial compliance in
hypertensive patients has not been a universal finding, and that mechani-
cal alteration in the muscular conduit arteries in particular may not be
a prominent feature of the disease.

The therapeutic benefits of antihypertensive drugs on arteries consist
of two major effects: the effect owing to the BP lowering and the direct
effect of the drug on the vessel wall. Arterial compliance will increase
as BP decreases owing to the nonlinear distensibility characteristics of
arteries. Most studies cannot differentiate between a compliance change
that is the result of a drug effect on BP and the direct effect of the
drug on the vessel wall (6). This differentiation is important because
a more physiologic therapy, one that benefits pulsatile and nonpulsatile
flow, may be of greater clinical benefit than therapy that lowers BP
alone. The presence of LVH is known to represent an important compli-
cation of established hypertension. Because the association between
ventricular hypertrophy and BP elevation is low, it appears that it is
not a totally pressure-dependent phenomenon. Furthermore, regression
of LVH with drug therapy can occur independent of the decrease in
arterial BP. These data suggest that some antihypertensive agents can
influence growth and remodeling of the left ventricle independent of
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their actions on lowering BP. Similar provocative data can be presented
for the effects of antihypertensive drugs on the physical characteristics
of blood vessels. Clearly, changes in blood vessel structure will affect
the compliance characteristics of the blood vessel. To date, there are
no longitudinal studies that relate abnormal compliance and drug effects
to outcome. Nonetheless, monitoring changes in arterial compliance
may provide a better marker for structural and functional changes
associated with hypertension and their response to therapeutic interven-
tions than can be achieved by monitoring BP alone.

An understanding of the age- and disease-related physiologic changes
that occur in the arterial system is crucial in order to appreciate their
influence and the occurrence of cardiovascular diseases and their
response to treatment. By providing a direct assessment of abnormal
structure and tone in the arterial vasculature, abnormalities in arterial
compliance may improve cardiovascular risk stratification and identify
individuals with early vascular damage who are predisposed to future
vascular events. This hypothesis can be proved only when large groups
of patients are evaluated and followed in a longitudinal fashion over
time. To achieve this objective, techniques for estimating the compli-
ance characteristics of arterial segments or the arterial circulation in
general should be easy to use, robust, reproducible, and noninvasive.
With recent advances in technology, this goal is now becoming a reality.
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Table 17-1
Risk Stratification and Treatmenta

Risk groupb

(B) (C)
(A) At least one risk factor, TOD/CCD and/or diabetes,

No risk factors; not including diabetes mellitus; with or without other
BP stages (mmHg) no TOD/CCD no TOD/CCD risk factors

High normal (130–139/85–89) Lifestyle modification Lifestyle modification Drug therapyd

Stage 1 (140–150/90–99) Lifestyle modification Lifestyle modificationc Drug therapy
Stages 2 and 3 ( 160/ 100) Drug therapy Drug therapy Drug therapy

Adapted from JNC VI with permission.
aA patient with diabetes and a BP of 142/94 mmHg plus left ventricular hypertrophy (LVH) should be classified as having stage 1

hypertension with TOD (LVH) and with another major risk factor (diabetes). This patient would be categorized as stage 1, risk group C
and recommended for immediate initiation of pharmacologic treatment. Lifestyle modification should be adjunctive therapy for all patients
recommended for pharmacologic therapy.

bTOD/CCD, target organ damage/clinical cardiovascular disease.
cFor patients with multiple risk factors, clinicians should consider drugs as initial therapy plus lifestyle modifications.
dFor those with heart failure or renal disease or diabetes.
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because concomitant risk factors are so common in people with hyper-
tension, the majority of patients whose blood pressures (BPs) are consis-
tently 140/90 mmHg or higher are likely to require active treatment.

ARE LIFESTYLE MODIFICATIONS WORTH PURSUING?

Virtually all physicians, as well as the majority of laypeople, know
that losing weight or reducing salt intake is helpful in managing hyper-
tension. But most attempts at lifestyle modification are perfunctory,
and there remains considerable skepticism about these nonpharmaco-
logic strategies.

In fairness, a critical attitude is justified. In an era of so-called
evidence-based medicine, there are few if any data to indicate that
lifestyle modifications actually prevent major clinical events or improve
survival in hypertensive patients. Another problem is one of practicality.
It is truly difficult to achieve and especially to maintain weight loss,
and in contemporary times, when so many meals are eaten away
from the traditional family setting, it is challenging to adhere to
meaningful changes in diet. For this reason, most patients who
are told to lose weight or to make other lifestyle changes will be
relatively unsuccessful.

Worse yet, when the physician is then compelled to prescribe medica-
tions to control BP, this can be seen as a punitive response to the
patient’s failure and therefore may compromise his or her commitment
to the drug therapy. Some physicians have proposed an innovative
alternative: start with drug therapy with the aim of controlling BP
effectively and rapidly; then offer the patient the opportunity of decreas-
ing or even eliminating the drug therapy by making appropriate lifestyle
changes. Regardless of how this is done, there are some important
issues to consider.

Obesity

Obesity is now recognized as a cardiovascular risk factor in its own
right, and is present in about half of all hypertensive patients. Obesity
leads to such abnormalities as LVH, glomerular hyperfiltration and
albuminuria, lipid abnormalities, and insulin resistance. Thus, the hyper-
tensive patient with obesity can present a multitude of problems to be
addressed and monitored during treatment. Strategies that are effective
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in reducing weight might have the added benefits of reversing or pre-
venting the other cardiovascular and metabolic abnormalities that
accompany obesity. Although weight loss through diet is difficult to
achieve and maintain, some new pharmacologic agents have become
available that might facilitate successful dieting and have acceptable
safety profiles during long-term administration. If effective, this type
of strategy could become an important part of managing hypertension.
From the BP point of view, it should be remembered that even modest
reductions in body weight can produce meaningful antihypertensive
effects.

Reduced Sodium Intake

Reducing sodium intake is an area of continuing controversy. It is
likely that effective reduction of sodium in the diet can reduce BP in
some patients. Unfortunately, long-term outcome studies using this
strategy have not yet provided definitive data. One recent trial claimed
that sodium reduction, as well as weight reduction or the combination
of the two strategies, decreased cardiovascular events in elderly hyper-
tensive patients (3). On the other hand, other investigators have agreed
that BP reductions with sodium diets, in general, are modest, and
that the resulting stimulatory effects on the sympathetic and renin-
angiotensin systems could be counterproductive. Clearly, more research
is needed before authoritative guidelines can be issued. Potassium
supplementation of the diet has also been recommended as a strategy
for BP reduction (4). There is some theoretical support for this approach,
but, again, clinical end point data are lacking.

Exercise

Exercise is a strategy that is reasonably effective in reducing BP. An
aerobic regimen should be considered as part of the overall hypertension
treatment plan. Individuals who exercise regularly are more likely to
be motivated to undertake dietary changes, and hence weight loss and
possibly sodium reduction may be useful dividends of this approach.

Lipid Disorders

Decreased high-density lipoprotein cholesterol and increased low-
density lipoprotein cholesterol are common in hypertension. Abnormal-
ities in lipids can be addressed, to some extent, by appropriate dietary
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modification. A substantial number of hypertensive patients actually
meet the published criteria for treatment with the HMG CoA reductase
inhibitors, and the use of these drugs—particularly because they appear
to have cardiovascular primary prevention properties in appropriate
patients—should be strongly considered.

Smoking

Smoking exaggerates the adverse cardiovascular effects of the other
risk factors that tend to cluster in hypertension, and cessation should
be a cornerstone of management.

BP TARGETS

Factors concerning the selection of an initial pharmacologic agent
for treating hypertension are dealt with elsewhere in this book. Also
of interest, however, is the selection of a target BP for each patient.
Despite all the attention that has been directed toward effective manage-
ment of the several risk factors associated with the syndrome of hyper-
tension, it has recently become apparent that BP itself should be a
critical target of therapy. JNC VI, e.g., requires that BP be <130/85
mmHg to be regarded as normal; to be optimal, BP should be <120/
80 mmHg. As a practical matter, the JNC VI recommends treating BP
to below 140/90 mmHg in most hypertensive patients, and to below
130/85 mmHg in patients with concomitant conditions such as renal
insufficiency or diabetes mellitus.

The Hypertension Optimal Treatment (HOT) study (5) has strongly
influenced aggressive new BP targets. This study examined the impact
of differing degrees of BP control on cardiovascular clinical outcomes.
In general, best results were observed when BP was reduced to the
area of 130/82 mmHg. In vulnerable patients, particularly diabetic
hypertensive patients, the final few BP points in this range were impor-
tant; for example, there were fewer events when diastolic blood pressure
(DBP) was reduced to 82 mmHg than when it was reduced only to
the mid-80s. Two other important points were revealed by the HOT
study. First, quality of life was highest in those patients whose BPs
were most markedly reduced. This should help put to rest fears that
intensive treatment of hypertension produces excessive side effects.
Second, multiple drugs, in many cases three or more, were required
to achieve the BP targets. The following conclusion can be drawn: if
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physicians attempt to achieve aggressive BP goals, they can do so in
the majority of hypertensive patients, and even if this requires multiple
drugs, there does not appear to be a quality of life penalty.

Similar findings have emerged from other studies. In a trial in patients
with already existing renal insufficiency—admittedly a minority of
hypertensive patients—optimal prevention of events was achieved
at a BP of approx 125/75 mmHg (6). Another recent study, the
United Kingdom Prospective Diabetes Study, has also shown the
clinical end point benefit of aggressive BP reduction in hypertensive
patients with diabetes. In fact, this study’s investigators claimed that
reaching target BP goals may be more important than the issue of
which type of antihypertensive agent should be used as the basis of
treatment (7).

One other point should be mentioned. There has been concern among
some clinicians about the so-called J-curve phenomenon in which exces-
sive reduction of DBP is thought to increase rather than decrease the
probability of major cardiac events. The basis for this concern is that
because filling of the coronary circulation occurs by backflow during
diastole, excessive reduction in diastolic pressure could result in
decreased blood supply to the myocardium. Several recent studies,
however, have focused on whether or not there is any excess risk
associated with large reductions in the DBP. To date, there does not
appear to be evidence to suggest any particular risk with this strategy,
and it seems that many more hypertensive patients are hurt by inade-
quate reduction in BP than by excessive reduction.

HOW WELL IS BP BEING CONTROLLED?

Although the diagnosis and management of hypertension in the
United States is probably better than in any other country in the world,
according to the National Health and Nutrition Examination Survey,
barely one quarter of hypertensive patients in the United States have
their BPs controlled to the recommended level of 140/90 mmHg (8).
This critical issue is discussed in greater detail elsewhere in this book.
When the question arises about why we are not doing a better job of
controlling BP, most physicians state that they believe the problem lies
with poor patient compliance. To be sure, this is a problem, and much
research needs to be done to understand why hypertensive patients,
who clearly are at risk of devastating strokes and other cardiovascular
events, so inconsistently adhere to their treatment.
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But, much of the blame also can be attributed to physicians. A recent
study from the Veterans Affairs system has indicated that physicians
appear to be reluctant to enforce the changes in therapy necessary to
achieve optimal BP control (9). Indeed, there appears to be a need to
understand why physicians, even when the importance of effective BP
control is clearly understood, are so reluctant to take the necessary
steps to provide the full measure of treatment that patients require.

If reaching target BP goals is so important, how can it be achieved?
First, it is important to prescribe drugs in their full dose. With modern
drugs, including angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, and even calcium channel blockers, maximum doses
can be given in most patients without significant side effects. Second,
it must be understood that achieving meaningful target BP goals will
require multiple drugs. Fixed combination products are sometimes a
useful solution to this issue because they provide the convenience and
cost savings associated with providing two drugs in one pill or capsule.

Large-scale clinical trials have shown that patients are willing to
take multiple drugs to achieve goal BPs, particularly if they know that
preventing strokes and other serious outcomes is the real objective of
treatment. It should also be acknowledged that there are patients whose
BPs are truly difficult to control. New types of pharmacologic agents
will be an important answer to this problem, and physicians must
continue to encourage development of new therapies that will allow
the achievement of effective care for all hypertensive patients.
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one in four Americans has blood pressure (BP) control to a level of
140/90 mmHg or less (1,2). Even more surprising is that only 50% of
patients who are treated actually achieve this level of BP control. In
fact, there has been a steady erosion in hypertension control rates over
the past 10 yr. Thus, current strategies are not working.

Historically, physicians have been taught to keep the treatment of
hypertension simple. Once behavioral modification efforts have proven
unsuccessful, the physician should start with a single agent and titrate
it sufficiently in order to control BP. Unfortunately, in the majority of
cases, higher doses of individual agents result in an increased risk of
adverse events. Thus, rather than a symptomatic improvement in the
condition, symptoms develop that encourage the patient to be noncom-
pliant. More recent effort has focused on studying the use of lower
doses of two or more medications in order to facilitate better BP
reduction yet avoid adverse events associated with higher doses of the
individual drugs.

More intensive reduction in BP is also an area of growing interest,
as numerous outcome clinical trials demonstrate the benefits of lower
systolic blood pressure (SBP) and diastolic blood pressure (DBP) in
reducing the risk for stroke, congestive heart failure, myocardial infarc-
tion (MI), and the rate of progression of renal disease (3,4). In their
sixth report, the Joint National Committee stressed the importance of
controlling BP to 130/85 mmHg, or less, particularly in patients with
diabetes, target organ disease, or renal insufficiency. Consequently, it
is unlikely that there will be a single therapeutic agent that provides
sufficient efficacy and tolerability that it can be used in many patients
as successful monotherapy. Our future approaches to the treatment of
hypertension will rest largely with the optimal combination of two or
more drugs to more intensively lower BP yet avoid the hazards of
higher dose monotherapy. Ultimately, this may prove to be the key
strategy. Note, however, that no two patients are alike. Adverse events
are not uncommon and may vary substantially between patients, not
only for different drugs but also for different doses of medications.
Pathophysiologic explanations for hypertension remain unidentified
although abnormalities of the renin-angiotensin system, the sympathetic
nervous system (SNS), and salt and water handling by the kidney
are leading candidates. Consequently, pharmacologic strategies must
consider targeting one or all of these possible contributing factors.

The purpose of this chapter is to highlight some of the key factors
the physician must consider when choosing the first agent, while also
realizing that in the vast majority of patients a second and possibly even
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abnormalities in glycemic control, potassium homeostasis, and choles-
terol metabolism. They have been shown to be particularly effective
in controlling SBP. Diuretics primarily control BP through a reduction
in peripheral vascular resistance. At the beginning of treatment, they
induce very mild volume contraction. The biologic half-life of diuretics
extends for many months, far beyond their pharmacologic half-life.

Other initial pharmacologic approaches would include other vasodi-
lator classes such as an angiotensin-converting enzyme (ACE) inhibitor,
an angiotensin type 1 receptor blocker, a calcium channel blocker
(CCB), or an -blocker. These drugs are also safe and effective and
well tolerated particularly when used in lower doses. In particular, the
ACE inhibitor and the angiotensin type 1 receptor blocker can be
titrated effectively without a substantial increase in adverse events.
CCBs and -blockers are much better tolerated in the lower half of
their dosing range. CCBs are quite effective even in the face of a
high-salt diet, perhaps owing to their renal vasodilatory effects and an
intrinsic ability to facilitate natriuresis. -Blockers may have a particu-
lar advantage in elderly males in facilitating prostatic urethral relaxation
and improving urinary stream.

Whatever drugs are chosen, slow, careful titration is recommended,
preferably not more frequently than every 3 mo, in order to gain more
intensive control of both SBP and DBP. In many patients, it has taken
them 30–40 yr to develop hypertensive vascular disease. Physicians
should not try to correct that in a matter of weeks. The use of lower
doses of more drugs appears to be ideal in these types of patients,
particularly when one of those drugs is a low-dose thiazide diuretic.

If orthostasis is present, shorter-acting medications dosed at night
may provide an ideal approach. One also needs to remember to adjust
medications for renal and hepatic dysfunction, which is also more
common in older hypertensive patients.

CONSIDERATIONS FOR INITIAL THERAPY BASED ON
GENDER (TABLE 2)

Men and women appear to benefit equally with more intensive control
of BP in reducing the risk for cardiovascular end points (7,8). Men
appear to have decreased resting heart rate, longer left ventricular
ejection fraction time, and increased PP when stressed, compared with
women. Women tend to have reduced total peripheral resistance and
greater blood volume compared with men. Women have a lesser
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Table 18-3
Considerations for Initial Therapy in African-American Patients

Pathophysiology Desirable pharmacologic approach

High peripheral vascular resistance Use a vasodilator (e.g., HCTZ, ACE
with associated reduction in inhibitor, CCB, ARB).
cardiac output

Salt sensitivity Use natriuresis (HCTZ, ACE
inhibitor, ARB, CCB).

Variable blood volume (perhaps Use natriuresis, diuresis (HCTZ; if
greater in some patients relative creatinine >2.0, loop diuretic).
to PVR)

possible teratogenic effects. Similarly, CCBs may delay labor. Optimal
choices would remain alphamethyldopa, hydralazine, or a -blocker
under these circumstances. In women with osteoporosis, HCTZ is the
ideal agent because it antagonizes calciuria and facilitates bone mineral-
ization (10). Women note more pedal edema with CCBs and a cough
with ACE inhibitors compared with men. These differences in side
effects may be less apparent if lower doses of these medications are
employed, particularly in concert with other medications. Despite
underlying pathophysiologic differences between genders, there do not
appear to be any specific differences in response rates to commonly
used antihypertensive drugs.

CONSIDERATIONS FOR INITIAL THERAPY IN
AFRICAN-AMERICAN PATIENTS (TABLE 3)

African-American hypertensive patients present at an earlier age and
more commonly have greater degrees of BP elevation compared with
their Caucasian counterparts (11). They also develop target organ dam-
age (TOD) sooner and have a greater proclivity for hypertensive renal
insufficiency (12). Because these patients are younger and have greater
BP elevation, they frequently pose therapeutic dilemmas. How to avoid
side effects yet provide needed BP reduction requires careful effort.
Lower doses of two or more drugs are frequently necessary.

In African Americans diuretics and CCBs have been demonstrated
to possess more robust antihypertensive properties in lower doses than
other drugs (13,14). These agents are preferable starting points to which
could be added drugs that block the renin-angiotensin system in order
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Table 18-4
Considerations for Initial Therapy in Obese Hypertensive Patients

Pathophysiology Desirable pharmacologic approach

Hyperdynamic circulation Reduce HR and sympathoadrenal outflow
( -blocker).

Increased PVR Use vasodilation (e.g., HCTZ, ACE inhibitor,
ARB, CCB).

Salt sensitivity Use natriuresis (HCTZ, ACE inhibitor, ARB,
CCB).

Expanded plasma volume Use diuresis.

not only to potentiate reduction in BP but also reduce the likelihood of
TOD, particularly to the heart and kidneys. Because African Americans
frequently have elevated peripheral vascular resistance, BP salt sensitiv-
ity associated with a subtle increase in vascular volume, and more
target organ disease, multiple drug therapy is of increased importance.

Because many African-American patients are also younger, it is
even more necessary to explain fully the rationale behind treatment
and to focus on therapeutic strategies that do not impair quality of life.
This is another reason that lower doses of more drugs may be an ideal
therapeutic strategy given younger age, greater risk for hypertensive
vascular disease, and inherent salt sensitivity.

CONSIDERATIONS FOR INITIAL THERAPY IN OBESE
HYPERTENSIVE PATIENTS

Obese hypertensive patients tend to have a hyperdynamic circulation,
increased peripheral vascular resistance, expanded plasma volume, and
greater sensitivity to the influence of dietary salt to raise BP (15,16).
Therapeutic strategies targeted to these specific abnormalities are desir-
able. A -blocker may be helpful in diminishing sympathoadrenal
outflow. Vasodilators such as HCTZ, ACE inhibitors, angiotensin type
1 receptor blockers, and CCBs are suitable for reducing peripheral
vascular resistance. A thiazide diuretic, ACE inhibitor, angiotensin type
1 receptor blocker, or CCB may be helpful for facilitating natriuresis
(17,18). If expanded plasma volume is clinically present, a diuretic
would be the ideal drug with which to start. Otherwise, the choice of
a first agent could be any of the previously listed agents. More often
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reduction reduces left ventricular strain. Ideally, HCTZ, ACE inhibitors,
angiotensin type 1 receptor blockers, and CCBs should be used. There
may be some benefits for specific antagonism of the renin-angiotensin
system in reducing LVH, as has been suggested in some clinical studies.
If heart rate reduction were also necessary, either a -blocker or a
nondihydropyridine CCB blocker would be ideal. This is frequently
necessary if there is associated diastolic dysfunction. To improve myo-
cardial compliance, it is necessary to facilitate ventricular relaxation
and reduce heart rate (19,20); -blockers and CCBs are well suited for
this. It is important to avoid nonspecific vasodilator therapies that may
result in a reflex increase in heart rate. This reflex response may incite
myocardial hypertrophic changes and explain why drugs such as hydra-
lazine and minoxidil have not been proven to be useful in reducing
LVH despite their antihypertensive properties. Additionally, it is also
necessary to avoid volume depletion, which can compromise preload
to the heart and result in a reflex increase in heart rate. This is important
to avoid in patients with LVH and diastolic dysfunction because it may
impair cardiac output.

In patients with systolic dysfunction and an ejection fraction <30%,
pharmacotherapy that offers afterload and preload reduction and natri-
uresis are ideal. Volume control may be necessary, but it is hazardous
to cause volume depletion because this may precipitate hypotension
and functional renal insufficiency and cause an abrupt drop in cardiac
output. Thiazide diuretics are preferred, and only loop diuretics should
be employed in the presence of recalcitrant edema or renal insufficiency
(serum creatinine >2.0 mg/dL). ACE inhibitors are the ideal preload
and afterload reducing agents. ACE inhibitors provide definite survival
advantages in patients with systolic heart failure (21). More recent data
suggest that metoprolol and cavedilol may also provide morbidity and
mortality benefits in conjunction with ACE inhibitor therapy (22). This
may be related to inhibition of the activity of the SNS. The angiotensin
type 1 receptor blocker losartan also demonstrated a survival benefit
in a short-term clinical study (23).

CONSIDERATIONS FOR INITIAL THERAPY IN
PATIENTS WITH RENAL DISEASE (TABLE 6)

Patients with renal disease frequently have increased blood volume
and increased peripheral vascular resistance. Excess blood volume is
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Table 18-6
Considerations for Initial Therapy in Patients with Renal Disease

Pathophysiologya Desirable pharmacologic approacha

Increased blood volume (common Reduce blood volume (loop diuretic,
in glomerular diseases) avoid HCTZ if creatinine >2.0).

Decreased blood volume (common Possibly use salt supplementation.
in tubular diseases)

Increased peripheral vascular Use a vasodilator (ACE inhibitor,
resistance CCB, ARB, -blocker, minoxidil).

Proteinuria Reduce proteinuria (ACE inhibitor,
ARB, NDCCB) (BP systolic 125
mmHg).

Diabetes with proteinuria Control BP and glycemia (ACE
inhibitor, NDCCB?, ARB?) (BP
systolic 125 mmHg).

aAll medications adjusted according to renal function. NDCCB, nondehydropyridine
calcium channel blocker.

more common in glomerular diseases. Patients with primary renal tubu-
lar disorders may present with a salt-losing nephropathy and diminished
blood volume. If there is an abnormality in blood volume, it should
be corrected. Volume overload will more likely be responsive to a
loop diuretic, particularly if the serum creatinine is >2.0 mg/dL.
Vasodilator therapy is ideal in conjunction with diuretic therapy.
ACE inhibitors, CCBs, angiotensin type 1 receptor blockers, -
blockers, and even nonspecific vasodilators such as hydralazine or
minoxidil can be helpful.

Clinical trial data demonstrate the need for more intensive BP
reduction particularly in patients with diabetes, proteinuria (>1
g/d), or those who are of African-American descent (24). An SBP
of 125 mmHg or less is ideal. Consequently, most patients with
hypertension and renal disease will require a minimum of three
medications, if not more. Preferably, lower doses should be employed
in order to avoid toxicity and particularly so with agents that are
primarily excreted by the kidney.

In patients with more than 1 g of protein/d in the urine, whether
associated with diabetes or not, more intensive BP reduction is required.
There is evidence in clinical trials that ACE inhibitors, because of their
effects of reducing both BP and proteinuria, may provide an advantage
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over other commonly used antihypertensive therapies in delaying pro-
gression of renal disease in patients with proteinuric nephropathy (24).
Angiotensin type 1 receptor blockers also appear to provide similar
reductions in both BP and proteinuria as does the ACE inhibitor. How-
ever, long-term studies of these drugs to demonstrate similar renal
protective effects have not been completed. However, these drugs, like
the ACE inhibitors, remain excellent choices in patients with kidney
disease. Nondihydropyridine CCBs also have additive antihypertensive
and antiproteinuric effects with ACE inhibitors, and may be an ideal
strategy in many patients (25). It is also important to realize that
reducing dietary salt intake potentiates both the antihypertensive and
antiproteinuric properties of ACE inhibitors and nondihydropyridine
CCBs and should be routinely employed as an adjunct therapy in all
patients with renal disease.

CONCLUSION

The initial choice of the medication in the treatment of hypertension
should always be in conjunction with efforts at behavioral modification
including reduced dietary salt intake, cessation of smoking, reduced
alcohol intake, reduced saturated fat intake, regular exercise, and obtain-
ment of ideal body weight. There is no ideal first-choice agent. Demo-
graphic factors and comorbid issues must be assessed with the well-
recognized need of more intensive BP reduction. It is also important
to realize that the majority of patients will require two or more drugs
in order to achieve the lower recommended level of BP now recognized
as being beneficial in reducing morbidity and mortality. Lower doses
of two or more drugs also provide an improved opportunity to reduce
BP, utilize possible synergy between the agents, and reduce the likeli-
hood of dose-dependent adverse events associated with higher doses
of the individual monotherapies. Traditional strategies for controlling
BP using single agents titrated to their full extent has not been shown
to be practical or effective in controlling BP over prolonged periods.
Consequently, new approaches need to be adopted. Using lower doses
of more medications with the initial choice being directed toward
identified pathophysiology contributing to hypertension and specific
demographic variables and associated comorbid events may be the
ideal long-term strategy.
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therapy? Is there a drug interaction that is preventing the hypotensive
agent from being effective? Is the patient consuming an excess amount
of sodium?

Inappropriate Initial Therapy

Some drugs are inappropriate for the initial therapy of hypertension.
Direct vasodilators (e.g., hydralazine and minoxidil) are never used
as initial antihypertensive therapy. Sympathetic activation and reflex
tachycardia leads to rapid tolerance to these drugs by causing sodium
and water retention. Peripheral-acting sympathetic drugs such as reser-
pine and 2-stimulants (i.e., methyldopa, clonidine, guanabenz,
guanfacine) may be initially effective, but volume-related pseudotoler-
ance will develop. Finally, loop diuretics (i.e., bumetanide, ethacrynic
acid, and furosemide) are inappropriate therapy for patients who have
normal renal function because of their short duration of action; thiazide
diuretics are more effective. By contrast, for patients who have abnormal
renal function, loop diuretics are appropriate with abnormal renal
function.

Demographics

Failure to take into account demographics may also explain the
inadequate response to a first agent. In general, hypertension in African
Americans is more responsive to monotherapy with the diuretics and
calcium antagonists than to angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers, and -blockers. This observa-
tion only applies to group data and not individual patients. When a
diuretic is added to the less effective drugs, there is no difference in
the efficacy in African-Americans vs Caucasians. Gender and age do
not alter drug responsiveness.

Drug Duration and Timing of BP Measurement

If there is a mismatch between the pharmacologic duration of the
antihypertensive agent and the timing of BP measurement, there may
be an apparent lack of drug effectiveness. This can be avoided by
choosing drugs that are long-acting with at least 50% of peak effect
remaining at the end of 24 h and being aware of the pharmacokinetics
of the chosen drug.
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Adherence

Poor adherence to antihypertensive therapy is an important factor
for the low BP control rate of 27% in the United States (1). However,
patient adherence to a drug regimen may be difficult to assess. Clues
to noncompliance are suggested by a lack of knowledge about the
drugs or dosing, failure to keep appointments, evasive answers to direct
questions concerning compliance, and complaints about cost or side
effects (2). To improve patient adherence to drug therapy, national
guidelines recommend the following (1):

1. Communicate clearly with the patient.
2. Establish the goal of antihypertensive therapy.
3. Reduce BP gradually to minimize adverse effects.
4. Educate the patient about hypertension and involve him or her in

the treatment.
5. Keep care inexpensive and simple, and integrate pill taking into routine

activities of daily living.
6. Prescribe medications according to pharmacologic principles favoring

long-acting formulations.
7. Stop unsuccessful therapy and try a different approach.

Noncompliance seems to be related to the costs of the drugs, level of
education, regimen complexity, and side effects of the drug (1).

Drug Interactions

Many drugs interfere with the efficacy of antihypertensive agents:
corticosteroids, monoamine oxidase inhibitors, nonsteroidal anti-
inflammatory drugs (NSAIDs), tricyclic antidepressants, oral contra-
ceptives, and sympathomimetic medications (e.g., phenylephrine, phe-
nylpropanolamine (3). NSAIDs deserve special emphasis because they
are so easily obtained as over-the-counter drugs. These drugs attenuate
the antihypertensive effects of most antihypertensive drugs. I generally
try acetaminophen, salsalate, or sulindac because these agents are less
likely to cause sodium retention.

Excessive alcohol remains an important drug that is associated with
higher BP levels. Ethanol may be an important secondary cause of
hypertension. It may make the patient refractory to single or multiple
drugs (3). It also appears to independently cause hemorrhagic strokes
even after its hypertensive effects are considered.
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medium or higher dose may be a reason to try another drug (5). Attempt-
ing to find a single drug to normalize BP by testing each drug class
is referred to as sequential monotherapy. Although it is appealing to
find a single drug that will attain goal BP, one could go through each
class of first-line antihypertensive drugs and still not achieve BP control.
The disadvantage of sequential monotherapy is a prolonged duration
of multiple medication attempts. This has the potential for creating a
loss of confidence in the physician and may result in the patient seeking
another physician to manage his or her care.

Remember that only 27% of hypertension patients currently have
their BP under control. Unless the patient has only marginally elevated
BP, it is unlikely that BP control cannot be achieved by fully titrating
a drug or substituting another drug.

ADDING DRUGS

Adding drugs or combination drug therapy should be considered for
those patients who have an incomplete therapeutic response to an
initial agent. Fixed-dose combination with low-dose diuretics is also
considered appropriate initial drug therapy (6,7). However, not all drugs
may be used in combination. Adding an ACE inhibitor to a -blocker,
an 2-stimulant to an 1-blocker, or a -blocker to an 2-stimulant is
not additive (8). Also, it is not wise to combine a loop diuretic and a
thiazide diuretic for patients who have normal renal function to avoid
volume depletion and major electrolyte disturbances. Diuretics are addi-
tive to all agents including the second-line drugs, such as 2-stimulants
and reserpine. There continues to be controversy about whether diuretics
and calcium antagonists are additive; however, several studies support
their effectiveness in combination (9,10). Figure 19-1 gives possible
combinations of first-line drugs.

The main advantage of combining different drugs is potentiation of
hypotensive effects. Fixed-dose combination products have the addi-
tional advantage of simplifying the dosing regimen, improving compli-
ance, and lowering the dispensing cost (11,12). The disadvantages of
fixed-dose combination are the use of undesirable agents, the abandon-
ment of monotherapy, the potential loss of dosing flexibility, and the
inability to determine the cause of adverse reactions.

The combination of a diuretic with a -blocker, an ACE inhibitor,
or an angiotensin II receptor blocker overcomes the disadvantage of
these agents for lower efficacy in African-Americans. If low-dose
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Failure to achieve BP control with the combination of three rational
drugs, which includes a diuretic, requires applying the preliminary
considerations discussed previously as well as the suspicion of a second-
ary cause of hypertension. If nonadherence is a concern, I ask the
patient to bring his or her medications to the clinic in the morning,
observe the patient swallowing the pills, and measure his or her blood
pressure throughout the day and the following morning. Referral to a
hypertension specialist may be needed.

CONCLUSION

When managing an inadequate BP response to an appropriate antihy-
pertensive drug, the physician should consider the possible known
causes for the lack of a response. If no cause is found, the physician
is left with the possibility of changing the drug dose (titration), changing
the drug (substitution), or adding drugs (combination) to the initial
therapy. There is a high probability that adding drugs will be necessary.
If combination therapy is chosen, there is the option of using rational
multiple agents to achieve controlled BP or fixed-dose combination
agents. Patients appreciate fixed combinations because it saves them
money and simplifies their life. Achieving target BP control with the
fewest side effects while reducing morbidity and mortality is the goal
of therapy.

ACKNOWLEDGMENT

I gratefully appreciate the excellent secretarial support by Brooke
Weir.

REFERENCES

1. The Sixth Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (1997) Arch Intern Med
157(21):2413–2446.

2. Gifford RW, Tarazi RC (1978) Resistant hypertension: diagnosis and management.
Ann Intern Med 88:661–665.

3. Setaro JF, Black HR (1992) Refractory hypertension. N Engl J Med 327:543–547.
4. Fagan TC (1994) Remembering the lessons of basic pharmacology. Arch Intern

Med 154(13):1430, 1431.



230 Part III / Hypertension Medicine

5. Brunner HR, Ménard J, Waeber B, et al. (1990) Treating the individual patient:
considerations on dose, sequential monotherapy and drug combinations. J Hyper-
tens 8:3–11.

6. Prisant LM, Weir MR, Papademetriou V, et al. (1995) Low-dose drug combination
therapy: an alternative first-line approach to hypertension treatment. Am Heart J
130(2):359–366.

7. Moser M, Prisant LM (1997) Low-dose combination therapy in hypertension. Am
Fam Phys 56(5):1275–1282.

8. Sutton JM, Bagby SP (1992) Nontraditional combination pharmacotherapy of
hypertension. Cleve Clin J Med 59:459–468.

9. Burris JF, Weir MR, Oparil S, Weber M, Cady WJ, Stewart WH (1990) An
assessment of diltiazem and hydrochlorothiazide in hypertension: application of
factorial trial design to a multicenter clinical trial of combination therapy. JAMA
263(11):1507–1512.

10. Prisant LM, Carr AA, Nelson EB, Winer N, Velasquez MT, Gonasun LM (1989)
Isradipine vs propranolol in hydrochlorothiazide-treated hypertensives: a multicen-
ter evaluation. Arch Intern Med 149(11):2453–2457.

11. Prisant LM, Doll NC (1997) Hypertension: the rediscovery of combination therapy.
Geriatrics 52:28–38.

12. Oster JR, Epstein M (1987) Fixed-dose combination medications for the treatment
of hypertension: a critical review. J Clin Hypertens 3(3):278–293.

13. Neutel JM (1996) Metabolic manifestations of low-dose diuretics. Am J Med
101(3A):71S–82S.

14. Prisant LM, Neutel JM, Papademetriou V, DeQuattro V, Hall WD, Weir MR
(1998) Low-dose combination treatment for hypertension versus single-drug treat-
ment—bisoprolol/hydrochlorothiazide versus amlodipine, enalapril, and placebo:
combined analysis of comparative studies. Am J Ther 5:313–321.

15. Applegate WB, Cohen JD, Wolfson P, Davis A, Green S (1996) Evaluation of
blood pressure response to the combination of enalapril (single dose) and diltiazem
ER (four different doses) in systemic hypertension. Am J Cardiol 78(1):51–55.

16. DeQuattro V, Lee D, Messerli F (1997) Efficacy of combination therapy with
trandolapril and verapamil SR in primary hypertension: a 4 × 4 trial design. The
Trandolapril Study Group. Clin Exp Hypertens 19(3):373–387.

17. Frishman WH, Ram CV, McMahon FG, et al. (1995) Comparison of amlodipine
and benazepril monotherapy to amlodipine plus benazepril in patients with sys-
temic hypertension: a randomized, double-blind, placebo-controlled, parallel-
group study. The Benazepril/Amlodipine Study Group. J Clin Pharmacol
35(11):1060–1066.

18. Morgan TO, Anderson A, Jones E (1997) Comparison and interaction of low
dose felodipine and enalapril in the treatment of essential hypertension in elderly
subjects. Am J Hypertens 5:238–243.

19. Epstein M, Bakris G (1996) Newer approaches to antihypertensive therapy: use
of fixed-dose combination therapy. Arch Intern Med 156(17):1969–1978.





232 Part III / Hypertension Medicine

An exciting alternative to the stepped-care approach to the manage-
ment of hypertension is the use of low-dose combination therapy as
first-line treatment or much earlier in the course of treatment. The
purpose of this chapter is to discuss reasons for poor control rates among
hypertensive patients and to demonstrate that low-dose combination
therapy may provide a solution to many of our current problems associ-
ated with inadequate BP control.

REASONS FOR INADEQUATE BP CONTROL

Data from the National Health and Nutritional Examination Survey
(NHANES) have demonstrated that only 27.6% of hypertensive patients
in the United States have adequate BP control when using 140/90
mmHg as the goal (1). If the goal for treating hypertension is lowered
to 130/85 or 120/80 mmHg, as recommended by the Joint National
Committee, in their sixth report, particularly for patients with associated
cardiovascular risk factors, the percentage of controlled patients is
significantly lower—despite the availability of more than 70 drugs for
the management of hypertension (1). Thus, it is clear that the vast
majority of hypertensive patients are inadequately controlled for hyper-
tension. It is therefore not surprising that our treatment has not achieved
the predicted reduction in coronary artery disease (CAD). There are sev-
eral factors that contribute to inadequate BP control, which can be cor-
rected by the selection of treatment in the management of hypertension.

Patient Compliance

Patient compliance remains the most important cause of inadequate
BP control. Recent surveys have demonstrated that at 1 yr, <30% of
patients are still taking their antihypertensive medication. Although
there are multiple factors that influence patient compliance, including
education, socioeconomic status, and cost, the factors that are most
important are side effect profile and convenience of dosing schedule.

SIDE EFFECT PROFILE

The side effects associated with antihypertensive agents remain the
most important cause of poor patient compliance. It is crucial and
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almost always possible to find drugs or drug combinations that can be
well tolerated by individual patients, and a concerted effort should be
made by physicians to find the “right drugs.” It should be remembered
that almost all the side effects associated with antihypertensive agents
are dose dependent, and utilizing smaller doses of various drugs may
alleviate the side effects. Also, various surveys have demonstrated
that, for various reasons, patients frequently report side effects to their
physicians (particularly impotence) but respond by stopping their medi-
cation or taking it irregularly. Patients should be specifically questioned
to determine whether their drugs are well tolerated.

CONVENIENCE

It has now been clearly demonstrated that antihypertensive agents
dosed twice a day are taken less readily than those dosed once a day
(2). Physicians should make a concerted effort to treat hypertensive
patients with once-a-day agents. However, it is important to use drugs
that have true 24-h efficacy. It has been shown that the risk of nonem-
bolic stroke and of myocardial infarction peaks in the early morning,
which coincides with the rapid surge of BP that occurs during arousal
(typically between 6 AM and noon) (3). It seems likely that adequate
BP control during this period is very important. Antihypertensive drugs,
taken once daily in the morning, that do not provide 24-h efficacy may
leave patients uncontrolled at a time they are most at risk of developing
cardiovascular events. The duration of action of a particular antihyper-
tensive drug can be assessed in the clinical setting by measuring BP
at trough of the drug. Patients should omit taking their medication on
the morning of the clinic visit so that BP is measured at 24–26 h into
the dosing interval. If BP is controlled, the drug is working for 24 h;
if not, it should be substituted or dosed twice a day.

Difficulty in Achieving BP Control with Monotherapy

Studies have shown that with any class of antihypertensive drug,
the response rate ranges between 30 and 60% (4). The remaining
patients will require two or more drugs to achieve BP control. This is
not surprising, because hypertension is a multifactorial disease in which
multiple systems interact and contribute to the increase in BP. Thus,
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agents interrupting only one of these systems will fail or will provide
inadequate control in a significant proportion of patients. Combining
two complementary agents, which interrupt two physiologic pathways,
improves the response rates to 75–90% (4). The remaining patients
will require three or more drugs in order to achieve BP control.

Lower BP Goals

Data from the MRFIT (5) study and from the Hypertension Optional
Treatment (HOT) (6) study have demonstrated that lower BPs are
associated with fewer cardiovascular events. This finding is particularly
true in diabetic hypertensive patients (6,8–10). Furthermore, it has been
shown in patients with renal insufficiency and proteinuria that the
greatest renoprotective effects occur in patients with lower BPs. For
these reasons, the Joint National Committee has now classified a BP
of 140/90 mmHg as high normal and regards a BP of 130/85 mmHg
as normal. In patients with CAD, a BP of 120/80 mmHg should be
the goal and 125/75 mmHg in diabetic patients with diabetic nephropa-
thy. Thus, if only 27.5% of hypertensive patients are controlled at a
BP of 140/90 mmHg, these numbers are substantially lower at the new
BP goals.

Reluctance to Titrate Antihypertensive Medication

In a study performed in 11,613 hypertensive patients in Europe, it
was shown that only 37% were adequately controlled by their own
physicians’ standards for BP control (7). Sixty-three percent were being
treated and had inadequate control. When the study assessed what
action was taken by physicians in response to the inadequate BP control,
it was found that in 82% of cases no action was taken. In the remaining
18% the dose was increased, the drug was changed, or a second drug
was added. The main reasons physicians gave for their reluctance to
change the regimen were their concerns about increased side effects
with increased dose; adverse metabolic consequences, higher cost, and
patient resistance to polypharmacy and/or higher doses.

This would suggest that the best “shot” at controlling hypertension
is the “first shot” because there seems to be resistance by physicians
(in many cases for good reason) to titrate medication. In addition,
patients are more likely to be compliant with their medication if they
achieve adequate control early in the course of treatment (when they
perceive that the drug is really working and achieving good BP control).
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RATIONALE FOR THE STEPPED-CARE APPROACH

The stepped-care approach for the management of hypertension is
currently the suggested and generally accepted approach to the
management of hypertension (11), despite the fact that 50% or more
of patients will not be controlled by nonpharmacologic treatment or
step 1 of the stepped-care approach (4). The rationale for the stepped-
care approach is based on the belief that compared with combination
therapy, monotherapy is more convenient, better tolerated, less expen-
sive, and allows more simple identification of side effects if they occur.
These assumptions are not entirely correct.

First, several low-dose combination formulations (Table 20-1) are
now available as a single pill taken once-a-day. This makes them no
more or less convenient than monotherapy. Second, of the approx 50%
of patients who respond to monotherapy, about 60–70% require the
highest recommended dose to achieve control (12). Because side effects
are dose dependent, these patients are at a greater risk of developing
side effects. Patients taking low-dose combination agents may have
equal or better BP control with fewer side effects because complemen-
tary agents in combination will provide the desired BP reduction at
lower doses (because of the additive effect on BP), but with few side
effects because of the lower doses. Third, two-drug therapy may be
the most expensive way of treating hypertension because it involves
the cost of titration, two co-payments, two dispensing fees, and the cost
of two drugs. High-dose monotherapy also may be expensive because
of titration costs, laboratory testing, and visits for increased side effects,
and if two tablets are required to achieve the desired dose, the cost is
double (in most cases). Low-dose combination therapy requires less
titration, one co-payment, one dispensing fee, and a drug price that is
typically less than if the two components were used as separate agents.
Also it should be remembered that the cost of treating hypertension is
not simply the cost of the drug, but includes the cost of the office
visits, laboratory testing, visits for adverse events, and costs associated
with the consequences of poor compliance and the problems associated
with unhappy patients. Finally, the side effects that are typically associ-
ated with our modern antihypertensive agents are usually drug specific.
It is as simple to stop a combination agent drug because of an adverse
event and use another drug as it is to stop monotherapy. Thus, the
main reasons for advocating the stepped-care approach for the treatment
of hypertension may not apply, particularly with the development of
low-dose combination agents as an alternative form of treatment.
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Table 20-1
Low-Dose Combination Drugs for Hypertensiona

Approved for
Drug class initial therapy Trade name

Beta Adrenergic blockers/diuretics
Bisoprolol fumarate (2.5, 5, or 10 Bisoprolol (2.5 Ziac

mg)/HCTZ mg)/HCTZ
(6.25 mg)

ACE inhibitors/diuretics
Benazepril hydrochloride (5, 10, or 20 Lotensin HCT

mg)/HCTZ (6.25, 12.5 or 25 mg)
Captopril (25 or 50 mg)/HCTZ Captopril (25 Capozide

(12.5 mg) mg)/HCTZ
(15 mg)

Enalapril maleate (5 or 10 mg)/ Vaseretic
HCTZ (12.5 or 25 mg)

Lisinopril (10 or 20 mg)/HCTZ Prinzide,
(12.5 or 25 mg) Zestoretic

Angiotensin II receptor antagonists/diuretics
Losartan potassium (50 mg)/HCTZ Hyzaar

(12.5 mg)
Valsartan (80 mg)/HCTZ (12.5 mg) Diovan/HCT

Calcium channel blockers/ACE inhibitors
Amlodipine besylate (2.5 or 5 mg)/ Irbesartan (150/

benazepril hydrochloride (10 or 300 mg)
20 mg) HCTZ (12.5 mg)

Avelide
Lotrel

Diltiazem hydrochloride (180 mg)/ Teczem
enalapril maleate (5 mg)

Felodipine (5 mg)/enalapril maleate Lexxel
(5 mg)

Verapamil hydrochloride (extended Tarka
release) (180 or 240 mg)/
trandolapril (1, 2, or 4 mg)

aHCTZ, hydrochlorothiazide; ACE, angiotensin-converting enzyme.

BENEFITS OF LOW-DOSE COMBINATION THERAPY

The concept behind low-dose combination therapy is to combine
two complementary antihypertensive agents in order to achieve an
additive effect on BP reduction, but have fewer side effects because
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Table 20-2
Advantages of Low-Dose Combination Therapy

Effectively reduces BP
Effective over 24 h with once-a-day dosing
Higher response rates
Fewer side effects
Fewer adverse metabolic effects
Less expensive than multiple-drug therapy

Table 20-3
Mean Changes in Diastolic BP with a Low-Dose Combination

vs Its Componentsa

Mean decrease in
diastolic BP Response rate

Treatment (mmHg)b (%)

Placebo — 15.8
Amlodipine (5 mg) 8.6 67.5
Benazepril (20 mg) 7.0 53.3
Amlodipine (5 mg)/benazepril (20 13.9 87.0

mg)

aAdapted from ref. 13.
b Placebo subtracted.

of the ability to achieve BP control with small doses of each of the
agents (Table 20-2).

Efficacy

Studies using low-dose combination agents have demonstrated that
the use of small doses of complementary antihypertensive agents results
in additive reductions in BP frequently greater than larger doses of the
component agents (12,13). The greater efficacy occurs as a result of
interruption of two or more physiologic mechanisms contributing to
the increase in BP, thus producing greater reduction in BP than could
be achieved with a more complete block (utilizing high-dose mono-
therapy) of one pathway (Table 20-3). Furthermore, because studies
have shown that physicians are reluctant to titrate antihypertensive
medication, agents that produce BP control (with fewer side effects)
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early in the treatment of hypertension have a greater likelihood of
achieving BP control.

Response Rate

Only about 50% of hypertensive patients will respond to any particu-
lar class of antihypertensive agent (4). In some subgroups of hyperten-
sive patients, response rates may be much lower than 50% with particu-
lar agents, e.g. ACE inhibitors in African-American patients. Adding
a second complementary agent significantly increases response to >75%
and may equalize rseponse across various patient subgroups, as is
seen when adding a small dose of diuretic to an ACE inhibitor or an
angiotensin receptor blocker (4) (Table 20-3). The use of lower-dose
combination drugs thus frequently simplifies the treatment of hyperten-
sion in that all subgroups are more likely to respond to these agents.

Adverse Events

Low-dose combination therapy provides the ability to achieve both
safety and efficacy. Frequently, the doses of monotherapy that can be
used are limited by an associated increase in dose-dependent side effects
that has an adverse effect on efficacy. However, the side effect profile
of many of the newer low-dose combination agents is at least equal
to and sometimes better than that seen with placebo. For example, the
side effect profile of the combination of an ACE inhibitor and a calcium
channel blocker (CCB) is frequently better than similar doses of each
of the components used as monotherapy (13). Peripheral edema is a
common side effect of CCBs and occurs as a result of the vasodilatation
produced by CCBs, which occurs predominantly in the arterial system,
with very little effect on the venous system. These result in increased
capillary hydrostatic pressure and the development of a capillary leak
syndrome with resultant peripheral edema. ACE inhibitors cause vaso-
dilatation in both the arterial and venous systems. Thus, adding an ACE
inhibitor to a CCB results in venous dilatation. The venous dilatation
decreases the pressure in the capillary bed, and the combination results
in less edema than does a similar dose of the CCB given as monotherapy.

Interestingly, cough is the one antihypertensive-related side effect
that is not dose dependent. Therefore, the incidence of cough is similar
in the combination of an ACE inhibitor and a CCB as it is when an
ACE inhibitor is given alone as monotherapy.
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treatment cost. Multiple drug therapy is also quite expensive because
it includes the cost of two agents, two copayments, and two dispensing
fees, as well as the costs of titration. Low-dose combination therapy
is frequently less expensive than multiple drug therapy, requires only
one copayment and one dispensing fee, and often requires fewer office
visits to achieve adequate BP control. Although it is generally believed
that the cost of using combination therapy is higher than any other
form of antihypertensive therapy, when carefully compared to other
modalities of treatment, it frequently may be cheaper.

OUTCOME DATA

There are now several studies indicating that the protective effect
of low-dose combination therapy may be greater than that seen with
higher-dose monotherapy. This is probably related to the fact that lower
BPs are achieved with combination therapy than with monotherapy, and
that BPs have a significant protective effect in terms of cardiovascular
outcome. The HOT study demonstrated that patients in the <80 mmHg
group had a lower cardiovascular mortality than patients in the <90
mmHg group (6). This was particularly true in the diabetic patients.
Perhaps the most important data derived from the HOT study is that
when guided by a protocol, physicians can achieve adequate BP control.
The second most important piece of information is that although ade-
quate BP control was achieved, it was extremely difficult to achieve
it with a single drug, and between two thirds and three quarters of the
patients in this study required two or more antihypertensive drugs to
achieve the target BP (6).

Data from the Fosinopril Versus Amlodipine Cardiovascular Events
Randomized Trial (14) demonstrated that diabetic hypertensive patients
treated with an ACE inhibitor had fewer cardiovascular events than
those patients treated with a CCB. However, the patients treated with
a combination of an ACE inhibitor and a CCB had fewer cardiovascular
events than those treated with the ACE inhibitor alone. This finding
would suggest that ACE inhibitors are indicated in diabetic hypertensive
patients and that they have a protective effect. However, the combina-
tion of an ACE inhibitor and a CCB, probably as a result of the lower
BPs, have an even greater protective effect on cardiovascular outcome
than ACE inhibitors alone. In a study comparing the renoprotective
effects of an ACE inhibitor as monotherapy to a combination of an
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ACE inhibitor and a CCB in patients with diabetic nephropathy, it was
shown that the ACE inhibitor as monotherapy had a protective effect
on the kidney and reduced proteinuria, and that the combination of the
ACE inhibitor and CCBs had an even greater renoprotective effect
with greater reductions in proteinuria (15). This further reduction in
proteinuria is also probably related to the great BP reduction seen in
the patients with combination therapy.

There are thus multiple benefits to low dose combination therapy
which may simplify the treatment of hypertension and provide greater
blood pressure control.

LOW-DOSE COMBINATION DRUG ARMAMENTARIUM

There are multiple low-dose combination agents available for use
in hypertensive patients, including complementary drugs. To achieve
a first-line indication in the treatment of hypertension, low-dose combi-
nation agents have to demonstrate in studies that they are more effective
in reducing BP than each of the components and that they have a side
effect profile that is better than each of the component drugs. All
available low-dose combination agents are more effective in reducing
BP than each of their component agents. However, most of the available
combination agents (with the exception of bisoprolol/HCTZ and capto-
pril/HCTZ) have been given a second-line indication only because they
have a side effect profile similar to one of their respective component
agents even if they are better than the second component agent. For
example, with a combination of an ACE inhibitor and a CCB, the
combination generally has a side effect profile slightly better than that
of the CCB because of a lower incidence of peripheral edema, but has
a side effect profile similar to the ACE inhibitor (because cough is not
a dose-dependent side effect) and, thus, has been given a second-line
indication. Table 20-1 gives available low-dose combination agents.
Low-dose combination drugs should be distinguished from “fixed dose”
combination drugs, which combine two agents at each of their highest
recommended doses in one tablet for convenience. This usually does
not have the desired impact on the side effect profile because higher
doses are included in these combinations. Low-dose combination drugs
produce additive hypotensive effects, but because they comprise
submaximum dose agents, the side effect profile is frequently much
better than that seen with higher doses of monotherapy.
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CONCLUSION

For many years, combination therapy was considered an option only
late in the course of the management of hypertension. The current
approach to the management of hypertension has clearly not been as
effective as anticipated (16,17). The anticipated reduction in the inci-
dence of CAD among hypertensive patients has not been seen. Also,
the control rates of hypertensive patients, as demonstrated by NHANES,
are disturbingly low. For these reasons, it is important that alternative
modalities for the treatment of hypertension be considered. Low-dose
combination therapy provides a very attractive choice either for first-
line treatment in hypertension or for earlier use in the course of treating
hypertensive patients. In addition, it may provide a means of improving
efficacy, increasing patient compliance, and perhaps improving control
rates among hypertensive patients. And, improved control rates may
result in greater reductions in CAD disease among hypertensive
patients.
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identify and control all these risk factors as well. When a patient has
elevated BP levels, repeated measurements will determine whether
initial elevations persist and require prompt attention or have returned
to normal and need only periodic surveillance (1).

CONFIRMATION OF HYPERTENSION AND
DETERMINATION OF SEVERITY

Unless BP levels are extremely elevated (above 180/110 mmHg), a
1- to 3-mo period is allowed for confirming the existence and to define
the severity of hypertension. During this period BP levels should be
measured repeatedly in the clinic in a standardized fashion using equip-
ment that meets certification criteria (4). Alternatively, 24-h ambulatory
BP measurements, or self-administered BP measurements at home can
be performed. While the patient is in the process of confirmation and
determination of the severity of hypertension, lifestyle modifications
should be encouraged. These include losing weight if the patient is
overweight (body mass index > 25 kg/m2), cessation of smoking,
increasing the level of physical activity such as 30–45 min of brisk
walking most days of the week, and moderating alcohol and dietary
sodium intake. Additional dietary changes such as increasing potassium
and calcium intake and other measures such as relaxation and biofeed-
back, meditation, and yoga may be tried.

Once the diagnosis of hypertension has been confirmed, an initial
evaluation should be performed. The purpose of the evaluation is to
exclude secondary hypertension, to assess the presence or absence of
TOD, and to identify associated diseases and other cardiovascular risk
factors. Important information can be obtained from medical history,
physical examination, and laboratory tests. Medical history and physical
examination should be directed mainly to answering specific questions
(see Tables 21-1 and 21-2). Laboratory work-up should include urinaly-
sis, complete blood cell count, blood chemistry (potassium, sodium,
creatinine, fasting glucose, fasting triglycerides, total cholesterol, and
high- and low-density lipoprotein cholesterol), and 12-lead electrocar-
diogram.

Optional tests include urine analysis for microalbumin, blood cal-
cium, uric acid, glycated hemoglobin, limited echocardiography, and
renal ultrasound. Additional diagnostic procedures may be indicated
when the initial evaluation raises the suspicion of secondary hyperten-
sion, or when BP is resistant to treatment. When the diagnosis of
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Table 21-1
Taking a Medical History of a Patient with Hypertension

Severity of Hypertension
Duration and levels of elevated BP (when was the last time normal BP
was measured)

Symptoms and factors suggesting secondary hypertension
Muscle weakness (hypokalemia, hyperaldosteronism)
Tachycardia, tremor, and perspiration (pheochromocytoma)
Intermittent claudication (peripheral vascular disease, renal artery

stenosis)
Use of agents or chemicals that may raise BP or interfere with the

effectiveness of antihypertensive drugs
History of weight gain
Snoring and day somnolence suggesting sleep apnea
Dietary assessment including intake of sodium, alcohol, saturated fat,

and caffeine
Psychosocial and environmental factors

Associated risk factors
Smoking, lack of physical activity, diabetes mellitus, hyperlipidemia
Detailed family history (hypertension or premature cardiac disease,

stroke, diabetes, dyslipidemia, renal disease, or pheochromocytoma)

Evidence of TOD
History or symptoms of coronary heart disease, heart failure,

cerebrovascular accident, peripheral vascular disease, renal disease

Data that may guide treatment
Response and adverse effects of previous antihypertensive therapy
Sexual function
Prostatism

essential hypertension is confirmed, a decision should be made whether
to start antihypertensive medication or to continue with lifestyle modi-
fication. The decision should be based on BP levels, associated risk
factors, and TOD (Table 21-3). The management of hypertensive
patients should include, in addition to lowering BP, recommendations
to control other risk factors and to treat associated diseases. Close
monitoring to assess BP control, compliance, quality of life, possible
side effects or treatment complications, development of other risk fac-
tors, and TOD is mandatory.
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Follow-up should include measurements of heart rate, BP, and body
weight. Heart rate is important to guide antihypertensive treatment. A
young patient with relative tachycardia is a good candidate for a -
blocker and a bad candidate for dihydropyridine calcium antagonists.
Moreover, dose adjustment of -blockers should be based on heart rate.

BP should be measured in the sitting position on the arm with the
higher BP levels. In some patients, particularly older persons and those
with orthostatic symptoms, monitoring should include BP measurement
in the seated position and after standing quietly for 2–5 min.

BP control should be based on measurements obtained in the late
afternoon or evening to monitor control across the day and in the early
morning, at trough effect, to ensure adequate modulation of the surge
BP after rising. This may pose a problem for many patients who are
unable to come to the clinic early in the morning. To overcome this
problem, self-measurements at home can be used. Self-measurements
can be done with either validated electronic devices or aneroid sphyg-
momanometers with appropriate-sized cuffs that have proven to be
accurate according to standard testing (6). Two or more readings sepa-
rated by 2 min should be taken. If the first two readings differ by
more than 5 mmHg, additional readings should be obtained. Self-
measurements may also identify patients with white coat hypertension
(which appears in about 20–25% of hypertensive patients). Indeed,
levels reported by patients at home tend to be lower than the actual
levels (7), but Sega et al. (8) showed that home measurements are
reliable and close to values achieved by 24-h monitoring. To increase
reliability of home measurements, one can use an electronic device
that stores BP levels, heart rate, date, and hour. The devices should be
checked periodically for accuracy against a mercury sphygmomanome-
ter. There is no universally agreed-on upper limit of normal home BP,
but readings of 135/85 mmHg or greater should be considered elevated
(9). Despite the advantage of self-measurements at home, this method
should not be recommended to patients who suffer from panic attacks
or anxiety and stress, who may overuse the device and can become
addicted to it. This phenomenon may by itself increase the level of
panic and stress and thereby increase BP.

Once BP is stabilized at the desirable range, follow-up at 3- to 6-
mo intervals with measuring BP once a month is generally appropriate.
If an abrupt rise in BP occurs in a medicated patient whose BP was
well controlled and stable over a long period, repeated BP measurement
should be performed before any decision is made. Usually the increase
in BP is transient and related to an underlying cause (Table 21-4).
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Table 21-4
Causes of BP Increase in a Stable Medicated Patient

1. Stress or panic attacks
2. Withdrawal of antihypertensive treatment
3. Severe pain (low back pain, abdominal pain, tooth pain)
4. Use of drugs or agents that may increase BP or may blunt the action of

antihypertensive agents (typically nonsteroidal anti-inflammatory drugs)
5. The appearance of secondary hypertension (e.g., renal failure)
6. Weight gain or excessive salt intake

Therefore, it is recommended not to change the antihypertensive regi-
men immediately, but to try to identify the cause and treat it accordingly.
Only when no treatable underlying cause is identified should the anti-
hypertensive regimen be modified.

MONITORING LABORATORY PARAMETERS

The frequency of laboratory follow-up depends on baseline labora-
tory values, associated medical problems and risk factors, and type of
drugs used. If a diuretic, ACE inhibitor, or ARB is prescribed, laboratory
evaluation, which includes glucose, blood urea nitrogen, creatinine,
sodium, and potassium levels, should be recorded within 2 wk. Initiation
of a -blocker, an -blocker, or a calcium antagonist does not require
frequent laboratory evaluation. A slight increase in creatinine levels is
expected after administration of an ACE inhibitor or ARB. An increase
in serum creatinine of <1 mg/dL allows drug continuation, with close
monitoring to confirm stabilization of renal function. A slight decrease
in serum potassium and sodium is expected with diuretic use. However,
these changes are mild and insignificant when a low dose of diuretic
is used. Elderly women are more prone to develop diuretic-induced
hyponatremia (10), and therefore this subgroup of patients should be
closely monitored for serum electrolytes. Note that although most
patients develop electrolyte disturbance during the first month of treat-
ment, there are patients who may develop hyponatremia even after
long-term use of diuretics especially when a precipitating event such
as infection or diarrhea occurs. Any abnormal laboratory results
observed in the first work-up, such as low levels of sodium or potassium
or elevated creatinine, glucose, or lipid levels, require frequent repeated
measurements until they are stabilized in the accepted range. Patients
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Table 21-5
Medical History During Follow-up

1. Weakness (hypotension, bradycardia from -blockers, orthostasis from
treatment).

2. Dyspnea (signs of CHF, or exacerbation of asthma in patients using
-blockers)

3. Chest pain—anginal syndrome (signs of ischemic heart disease)
4. Intermittent claudication, Raynaud phenomenon (side effects of

-blockers or development of peripheral vascular disease).
5. Leg edema (side effect of calcium antagonists or signs of CHF)
6. Bowel movements (constipation as a side effect of calcium antagonists)
7. Nutritional status—assessing salt and caloric intake (to understand lack

of response to treatment)
8. Headache (related to hypertension or side effect of drugs)
9. Sexual activity (side effect of drugs)

10. Nocturia (side effect of diuretic or calcium antagonists, may guide to
change treatment to -blocker)

11. Hypertrophy of the gums (side effect of calcium antagonists)
12. Cough (side effect of ACE inhibitors, or signs of CHF)
13. Insomnia (a marker of depression or side effect of -blockers)
14. Snoring (a sign of sleep apnea)

with renal failure require close monitoring of renal function and electro-
lytes during treatment.

Laboratory work-up should also aim to identify worsening in other
risk factors and TOD. Therefore, it is justified to measure fasting
glucose, lipid profile, and urinalysis, including urine for microalbumin.

If the first laboratory results are normal, evaluation once a year is
recommended. If glucose or lipid levels are slightly elevated, repeated
evaluation is recommended.

MONITORING COMPLIANCE, ADVERSE EFFECTS,
ASSOCIATED RISK FACTORS, AND TOD

Most patients should be seen within 1 to 2 mo after the initiation
of therapy to confirm compliance and identify the presence of adverse
effects. A targeted history and physical examination should be done
to recognize adverse effects and TOD (Tables 21-5 and 21-6). The
frequency of patient follow-up depends on the findings of the last visit.
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Table 21-6
Physical Examination and Additional Tests During Follow-up

1. BP—sitting and standing BP on the arm where BP is higher.
2. Heart rate—to adjust the dose of -blocker and to guide the treatment.
3. Weight—to identify weight gain that may explain uncontrolled BP and

to encourage patients to lose weight.
4. Venous engorgement and other signs of CHF.
5. Bruits over the carotid arteries and abdomen.
6. Legs for peripheral pulses and edema.
7. Fundoscopy—once a year if the initial evaluation showed hypertensive

retinopathy, or when there is doubt whether the patient is well
controlled. If the initial evaluation is normal and the patient is well
controlled, less frequent evaluation is required.

8. Electrocardiogram—once a year to detect arrhythmia or signs of LVH
and strain.

9. Echocardiogram—should be done when a decision should be made
whether or not to start medication, such as in patients with borderline
hypertension, or when white coat hypertension is suspected. It should
also be done for patients with LVH to observe reduction in ventricular
mass (indirect evidence of the efficacy of treatment) and to assess left
ventricular function in patients with dyspnea.

A patient whose BP is stable and who has no TOD or associated risk
factors can be seen once in 6 mo. Any change in drug regimen requires
an additional visit within 1 to 2 mo after the change.

Monitoring and treatment of associated risk factors is part of the
management of hypertensive patients. About 10% of the patients with
hypertension also have diabetes mellitus. These patients require close
monitoring of their diabetes, and therefore frequent measurements of
glucose levels, glycated hemoglobin, and microalbumin in the urine
should be done. In addition, a more thorough physical examination
including fundoscopy should be performed more frequently. Many
hypertensive patients also suffer from hyperlipidemia. These patients
also should be evaluated frequently until lipid profile is normal.

Encouraging a patient to lose weight, exercise, stop smoking, and
avoid alcohol should be emphasized on each visit. The physician should,
however, be aware that smoking withdrawal is associated with weight
gain and trying to convince patients to do both at the same time will
usually fail. Therefore, it may be better to encourage patients first to
stop smoking and only after 6 mo to try a weight reduction program.
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CONCLUSION

Adequate control of BP and additional risk factors requires prudent
and cost-effective monitoring of the patients’ progress. Following the
recommendations given herein will improve and prolong the
patient’s life.
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It is well recognized that it is the physician’s responsibility to diag-
nose when hypertension is present, to rule out remediable causes, and
to prescribe appropriate therapy. Less recognized is the physician’s
duty of care to ensure that therapy is effective in the long term. For
this reason, careful instruction and follow-up of the patient is necessary
to ensure that the therapy is taken as prescribed and produces a continued
antihypertensive effect without troublesome side effects.

Ineffective treatment owing to poor patient compliance has been
recognized as an important pharmacotherapeutic problem (1), but little
research has been conducted to evaluate the health consequences of
noncompliance (2). Several studies have shown that poor patient com-
pliance can be serious enough to cause hospital admission (3–6). Rates
of noncompliance as high as 70% of patients omitting 40% of their
doses during long-term treatment have been reported (7–16). Observed
rates may depend on many factors, including dosing schedules, patients’
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enthusiasm for the doctor, the disease being treated, and the patients’
perception of the importance of the disease.

The difficulty with ensuring treatment compliance in hypertension
is that this condition is usually symptomless. The patient must be
made to realize that when hypertension-related symptoms develop, they
mostly stem from cardiovascular damage and represent the end result
of failure to apply effective antihypertensive therapy.

Even if a patient is sufficiently motivated at the time of initial
diagnosis to adhere to the treatment program, compliance may tend to
slip away with time. Contributing factors may be forgetfulness, a lack
of positive reinforcement by medical attendants and family, a perception
that the taking of any drugs is “unhealthy,” the impact of side effects,
or the expense of medication. All these factors should be taken into
account prospectively, from the time of the initial physician visit. A
routine to forestall their occurrence should be practiced at that time.
At subsequent visits, further steps are needed to diagnose and deal with
suspected noncompliance.

PREVENTION OF TREATMENT NONCOMPLIANCE

Motivation

Rational treatment requires a sensible contract of agreement between
the prescriber and the patient. Any competent life insurance salesperson
knows that he or she must engender a sense of need for the product
in a prospective customer. Yet some physicians provide little incentive
for patients to follow their medication schedules. It is essential for the
hypertensive patient to understand the connection between antihyper-
tensive treatment and prevention of cardiovascular morbidity and mor-
tality. Some basic survey of the history of placebo-controlled antihyper-
tensive treatment trials would be appropriate for many subjects. Others
would be better served by simple analogies of cardiovascular disease,
e.g., an analogy of excessive pressure in a hose pipe. In either case,
the potential benefits of blood pressure (BP) reduction on mortality
and morbidity from stroke and other cardiovascular disease should be
discussed clearly in language the patient understands. However, it must
be recognized that there is little point in prescribing at all for a patient
who has impaired cognitive function or memory, unless specific steps
are taken to ensure supervision by a third party in whom the prescriber
has also engendered the sense of need.
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The degree of motivation to access medications is an important
determinant of compliance. Motivation may be diminished by various
factors ranging from poor manual dexterity in handling medication
packaging to lack of education issues or literacy. For example, there
is evidence that difficulty with handling medication packaging can
cause reduced compliance (17). Also, therapeutic management of
“silent” disease processes such as hypertension is prone to high levels
of poor compliance among populations with low levels of literacy (18).

Information

In accounting in general for patient noncompliance, there is no doubt
that a measure of culpability exists on the part of those doctors and
pharmacists who hold the responsibility for imparting appropriate infor-
mation along with medication prescriptions. Lack of knowledge of
drugs is an important reason that 30–50% of patients deviate from their
prescribed regimens (4,5,19).

The presentation of the case for therapy should be direct and personal.
People are better able to identify with a message if it affects their own
personal situation. This is exemplified by the common observation that
patients often first seek attention for hypertension when a family mem-
ber has a stroke. It is important to realize too that there are strong
countercurrents against therapy that one must try to overcome.

Case story: A 15-yr-old boy was brought by his mother to a physician
for consultation. He had severe hypertension for which no underlying
cause had been found. The physician prescribed a regimen of drug
therapy. The father, furious that his son had been told to take drugs,
telephoned the physician and could not be satisfied that this approach
was correct. He said that he himself had hypertension and was healthy
although he had never taken any medications. The boy’s mother then
called to apologize for her husband’s attitude and to report that
her husband had experienced a heart attack and three strokes over
several years.

Both the potential positive and negative effects of family members
should always be considered. It is usually helpful to have the spouse
or partner present when new therapy is prescribed. With the elderly,
particularly those suffering short-term memory loss or having no part-
ner, a younger family member may be willing to come to the office
visit if requested. A medication schedule should be written at the time
of the interview and given to the patient or consort. Information must
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be provided about the cost and possible side effects of the medication
prescribed. Apart from the issue of medication compliance, it should
be remembered that giving specific details of drug toxicity constitutes
part of the legal responsibility of duty of care that the physician owes
the patient.

Optimizing Therapy

Optimal antihypertensive therapy is that combination of lifestyle and
pharmacotherapeutic measures that achieves target BP without side
effects and with the minimal number of medication doses. Design
factors in reaching this goal are the simplicity of the drug dosage
regimen, the specificity of the agent or agents chosen, the careful
profiling of patients, and the recognition of drug interactions.

Designing for simplicity of the chosen treatment regimen is an
overriding principle in securing good compliance. The most significant
factor associated with compliance is the daily dose frequency (20–23).
Whereas the level of compliance remains the same regardless of the
number of drugs prescribed (21,24), the relationship between compli-
ance and daily dose frequency is a linear one (23). Eisen et al. (20)
have shown that as the daily prescribed dose frequency decreased from
three times to once daily, medication compliance improved by 42%
(20). Again, although the demographic attributes of patients (14,20)
and doctors (16) have occasionally been observed to contribute to
differences in compliance, they do not abrogate the large effect on
compliance of simplicity in the dose regimen (20). Indeed, most investi-
gations have found little consistent relationship among compliance and
age, sex, education level, socioeconomic status, occupation, or marital
status (2,21).

Specificity in medication (i.e., targeting the pathophysiology) in the
particular case of hypertension is often not attainable, because for
most cases we do not yet know the precise operative pathogenetic
mechanisms. However, for those cases in which we do know, choice
of the appropriate medication can secure great benefits.

Case story: A 60-yr-old woman with presumed essential hypertension
was receiving combination therapy with an angiotensin-converting
enzyme (ACE) inhibitor, a low-dose diuretic, and a calcium antago-
nist. She developed a troublesome cough. BP was poorly controlled
and treatment noncompliance was suspected. Substitution of an -
adrenoceptor antagonist for the ACE inhibitor resulted in disappear-
ance of the cough, but BP control remained poor and the patient



Chapter 22 / Treatment Compliance 259

objected to the number of medications and their expense. A finding
of frequent nocturia prompted aldosterone studies, and primary
hyperaldosteronism was diagnosed. Treatment with a single daily
dose of spironolactone and cessation of other therapy resulted in
satisfactory control of BP without side effects.

Patient profiling utilizes detailed knowledge of the patient to select
therapy that will not exaggerate, or may even benefit, any disorder
coexisting with his or her hypertension. Thus, a patient with migraine
and hypertension may be well suited to -blocker therapy, but such a
choice would be inappropriate for a patient with asthma.

Drug interactions are to be kept in mind particularly when building
a stepwise regimen of antihypertensive therapy in patients with hyper-
tension resistant to single-agent treatment. For instance, there is a
positive interaction between ACE inhibitors and diuretics, and a poten-
tially negative one between -blockers and other negative inotropes
such as diltiazem or verapamil.

DIAGNOSING AND DEALING WITH SUSPECTED
TREATMENT NONCOMPLIANCE

At follow-up visits the patient should be asked to either produce or
recite a list of the medications taken. The physician then checks this
against his last notation. Discrepancies are often found. These may
arise because of a misunderstanding between the physician and patient
at the previous visit, or because the patient or another physician has
altered the therapy.

If the patient cannot give a clear account of therapy taken, he or
she should be asked to bring in all their packages of medication for
identification; this tactic is also useful in detecting polypharmacy. Such
measures should be routine because under ordinary conditions doctors
find it difficult to predict their patients’ compliance more accurately
than can be arrived at by random chance (25). Both direct measures of
compliance (blood levels, urinalysis, tracer identification) and indirect
measures (therapeutic or preventative outcome, dispensary data, tablet
counts, patient interview) appear to have serious limitations. Establish-
ing the degree of compliance through patients’ self-reporting has repeat-
edly underestimated noncompliance when compared to objective meth-
ods (26); patients often underreported but seldom exaggerated their
noncompliance (27). Nevertheless, sympathetic questioning of patients
is essential. It has been noted that better results are sometimes obtained
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by interview alone than by the combined use of self-reporting and
diagnostic biochemical tests (13).

If noncompliance is detected or suspected, it is essential to determine
the cause. The cause may be simply the occurrence of side effects that
the patient may or may not have reported to the physician. Either
dose reduction of the medication responsible or replacement by an
antihypertensive agent of another class is indicated. Reducing the dose
is applicable only if the particular side effect is known to be dose
related. For example, the dependent edema caused by dihydropyridine
calcium antagonists is dose dependent, whereas the cough caused by
ACE inhibitors usually is not. Inability to adhere to the dose schedule
is a frequent cause of noncompliance. In this case, simplification of
the schedule may improve compliance, and this is best achieved by
switching to once daily medications. Indeed, because drugs from most
antihypertensive drug classes are suitable for once daily administration,
there is usually no justification in keeping a patient on multiple-dose
regimens. The exception perhaps is during the stage of initiation of
therapy, when in some cases it is safer to titrate to the requisite dosage
with a short-acting preparation before switching to an equivalent dose
of a longer-acting congener.

POLYPHARMACY

Both at initial visits and at follow-up, it is important not to assume
that the physician’s prescribing role can be limited to the disorder
with which the patient has presented. Although most physicians would
carefully enquire about concurrent disease and medication, there is
reluctance to become involved with “natural remedies,” self-prescribed
or given by an alternative medicine provider. However, polypharmacy
is exponentially associated with an increased likelihood of adverse drug
events, independently of the nature of the drugs taken and of the
patient’s underlying pathology (28). Therefore, it is part of the physi-
cian’s role to tailor therapy to minimize the number of compounds
taken, including natural remedies.

This minimalist goal may seem at odds with comprehensive therapeu-
tic plans developed for those with high cardiovascular risk. In a patient
with severe hypertension, hyperlipidemia, diabetes mellitus, and hyper-
uricemia, it may be difficult to avoid the use of multiple medications.
In helping to resolve this dilemma, appropriate application of lifestyle
modifications is a key strategy.
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Case story: An obese 50-yr-old man with treated but poorly con-
trolled hypertension had his first attack of gouty podagra. He was
found to have hyperuricemia, fasting hyperglycemia, and a raised
serum total cholesterol concentration. After consultations with sev-
eral specialists, his therapy included allopurinol, an oral antidiabetic
agent, and a lipid-lowering agent, as well as his previous antihyper-
tensive therapy with the diuretic chlorthalidone and a -blocker.
The patient objected to the number and expense of medications. In
consultation with a nutritionist, dietary goals were set to reduce his
high dietary intake of alcohol, saturated fats, and sugars. A graded
exercise program was started. The patient agreed to adhere to these
lifestyle modifications provided that his drug burden could be
reduced. The diuretic and the -blocker were stopped, and an -
adrenoceptor antagonist, doxazosin, was substituted. All other drugs
were discontinued. Hyperlipidemia and hyperglycemia did not recur,
despite only a 4% weight loss. There was mild continuing mild
hyperuricemia, but no further attacks of gout occurred. BP control
improved.

Comment: The benefits in this case were thought to occur because
of withdrawing the adverse metabolic effects of the diuretic (hyper-
uricemia, hyperglycemia, and hyperlipidemia) and possibly of the

-blocker (hyperlipidemia), substituting a drug (doxazosin) with neu-
tral or possibly beneficial effects on plasma lipids, and applying
lifestyle measures.

CONCLUSION

Apart from the complexity of dosing schedules, evidence suggests
that inadequate communication about drugs is one of the principal
reasons that patients deviate from their prescribed regimens. For most
patients with established hypertension, lifelong antihypertensive ther-
apy is indicated and can obtain a vastly improved outcome in terms
of cardiovascular morbidity and mortality. Treatment compliance is a
key issue in securing this outcome: it greatly depend on the willingness
of the physician and others in the health care team to inform and
motivate patients so that they continue with their therapy.
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Should treatment differ in African-Americans and Caucasians? The
answer is yes and no. Yes, the choice of initial monotherapy should
differ in hypertensive African-Americans and Caucasians. No, the selec-
tion and use of antihypertensive drugs should not differ once the patient
needs the addition of a second or third drug. No, the compelling clinical
indications for specific antihypertensive drug classes do not differ
between African-Americans and Caucasians.

INITIAL CHOICE OF MONOTHERAPY

General

Diuretics or calcium channel blockers (CCBs) are the preferred
initial therapy in hypertensive African-Americans (1,2). This therapy
is preferred because the blood pressure (BP)–lowering effect of mono-
therapy with -blockers or angiotensin-converting enzyme (ACE)
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inhibitors is blunted, likely related to the lower renin profile of African-
Americans. For example, the average BP reduction following mono-
therapy with ACE inhibitors in hypertensive African-Americans is only
about 7.2/6.8 mmHg (3), or a reduction in mean arterial pressure of
about 10 mmHg (4). Similar results apply to most of the -blockers.
Limited data on monotherapy with the angiotensin II receptor blockers
also suggest blunting of the BP response in hypertensive African-
Americans, similar to the ACE inhibitors.

Randomized Clinical Trials

A large randomized double-blind study in 345 hypertensive African-
Americans documented a better (p 0.01) response to a CCB (sustained-
release verapamil, 13.3/ 12.9 mmHg) than either a -blocker (ateno-
lol, 9.8/ 10.2 mmHg) or an ACE inhibitor (captopril, 8.2/ 9.6
mmHg) (5). In this study, the response rate to captopril improved from
44 to 57% when a higher dose (100 mg daily) was given. The absolute
reductions in BP, however, were 151.8/100.7 to 143.6/92.2 mmHg (i.e.,

8.2/ 8.5) with 50 mg daily of captopril, and 150.2/100.4 to 142/90.8
mmHg (i.e., 8.2/ 9.6) with 100 mg daily of captopril. The difference
in BP response between the low dose and higher dose was thus 0/1.1
mmHg. The improved response rate with higher doses of captopril was
partly because the group began with an average diastolic BP (DBP)
of 100.4 mmHg and response rate was defined as a DBP below 90
mmHg. A study of trandolapril (another ACE inhibitor) also reported
a larger decrease in BP with the use of higher doses (6). The response
of 68 hypertensive African-Americans to 1-, 2-, or 4-mg daily doses
of trandolapril was a decrease in sitting DBP by 2.0, 3.8, and 6.5
mmHg, respectively, which was less than in Caucasians (6.1, 8.1, and
8.9 mmHg, respectively) and not significantly different from placebo
(3.2 mmHg). The blunted response of hypertensive African-Americans
to monotherapy with an ACE inhibitor is improved by a low-salt diet
(7), perhaps reflecting both the increased salt sensitivity of African-
Americans and the renin stimulation by the low-salt diet.

Diuretics in Elderly vs Young Hypertensive African-Americans

A comparison of six different antihypertensive monotherapies in
621 African-Americans and 654 Caucasian hypertensive patients was
reported in a Veterans Affairs study (8,9). Overall, the response rates
(DBP <95 mmHg after 1 yr) to diltiazem (72%), clonidine (62%),
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hydrochlorothiazide (HCTZ) (55%), prazosin (54%), and captopril
(50%) were better than placebo (31%). This study is sometimes quoted
as showing that elderly African-Americans have a better response to
diuretics (i.e., HCTZ, 12.5–50 mg daily) than younger African-Ameri-
cans. However, the average age of the “elderly” ( 60 yr) African-
Americans was 66 yr and the average age of the “younger” (<60 yr)
African-Americans was 50 yr. Moreover, BP was reduced from 157/
100 to 141/88 (i.e., 16/ 12 mmHg) in the older group and from 147/
100 to 133/90 (i.e., 14/ 10) in the younger group. These differences
in response are of borderline clinical significance at best, and should not
restrain the use of diuretics in young hypertensive African-Americans.

Initial Therapy with Low-Dose Combination Drugs

Low-dose combination therapy with a diuretic plus an ACE inhibitor
or a -blocker is also appropriate first-line antihypertensive therapy in
African-Americans (1). Such combinations can enhance the reduction
in BP and also reduce adverse effects. These positive effects might
decrease the number of office visits and the time needed to achieve
control of BP, although this is unproven. Examples of low-dose combi-
nations that are approved by the Food and Drug Administration for
initial therapy include the combination of captopril and HCTZ (10)
and the combination of bisoprolol and HCTZ (11).

Current Prescribing Patterns

Despite the recommendations of the Sixth Joint National Committee
on the Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC VI) and the evidence that monotherapy with diuretics
or CCBs reduces BP better than -blockers or ACE inhibitors, a recent
national survey of primary care physicians’ use of antihypertensive
therapy in African-Americans revealed initial selection of diuretics in
only 43% of patients, CCBs in 23%, ACE inhibitors in 20%, and -
blockers in 9% (12).

TWO- AND THREE-DRUG THERAPY

General

The issue regarding which drug class to choose as initial monotherapy
in hypertensive African-Americans is relatively moot because the
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Table 23-1
JNC VI Recommended Goals of Hypertension Therapya

Condition SBP DBP

Hypertension (HBP)b <140 <90
Isolated systolic HBP <140 —
Diabetes mellitus <130 <85
Renal failure <130 <85
Proteinuria > 1 g/d <125 <75

aReprinted with permission from the July 1999 issue of American Family Physician.
Copyright American Academy of Family Physicians.

bHBP, high blood pressure.

Table 23-2
Number of Drugs Required to Achieve Control of BP

African- Target Baseline Follow-up Number
Americans BP control control of HBP

Clinical triala (%) (mmHg) (%) (%) drugs

AASK (13) 100 <140/<90 24 81 3.23
HOT (14) <10 DBP <80 0 57 approx 1.6
Diabetics

UKPDS (15) 8 <150/<85 0 56 3.0
(in 29%)

NIDDM (16) 54 <130/<85 0 ? 4.2

aAASK, African-American Study of Kidney Disease and Hypertension; HBP, high
blood pressure; HOT, Hypertension Optimal Treatment study; UKPDS, United King-
dom Prospective Diabetes Study; NIDDM, noninsulin-dependent diabetes mellitus
study.

majority of hypertensive African-Americans will require two or more
drugs to achieve the new goals for systolic blood pressure (SBP) and
DBP. Table 23-1 provides a summary of the BP goals recommended
by JNC VI. Table 23-2 shows that the average number of drugs needed
to reach goal BP can range from 1.6 to 3.2 in nondiabetic hypertensive
patients (13,14). In diabetic hypertensive patients, a recent United King-
dom study (8% African-Americans) reported that 29% required three
or more drugs to reduce BP to <150/85 mmHg (15). Bakris (16) reported
an average use of 4.2 drugs to achieve a BP reduction to <130/85
mmHg in a biracial group of diabetics.

If not chosen initially, low-dose diuretics (e.g., 12.5–25 mg of HCTZ
daily) are usually necessary as second-line therapy in hypertensive
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Table 23-3
Morisky Scale for Medication Adherence (20)

1. Do you ever forget to take your medicine?
2. Are you careless at times about taking your medicine?
3. When you feel better, do you sometimes stop taking your medicine?
4. Sometimes if you feel worse when you take the medicine, do you stop

taking it?

African-Americans. Whenever a diuretic is used in combination with
an -blocker, a -blocker, an ACE inhibitor, or an angiotensin II
receptor blocker, there is no difference in the BP-lowering effect in
African-Americans and Caucasians (17,18). In other words, racial dif-
ferences in the BP response to monotherapy are abolished by the use
of a diuretic.

Managing the Patient with Uncontrolled BP

BP is very difficult to control in some hypertensive African-Ameri-
cans (19). The two most common reasons are nonadherence to medica-
tions and an often occult, very high dietary salt intake. Nonadherence
can be suspected by one or more “yes” answers to the simple four-
item Morisky scale (see Table 23-3) (20). An extreme dietary salt
intake can be suspected if a 24-hr urinary sodium excretion level is
200–400 meq/d. Control of BP will not be achieved if the patient
continues not to adhere to medications or consumes a high-salt diet.

In a medication-adherent patient, the most common cause of refrac-
tory hypertension is inadequate diuretic therapy (21). Clinical manage-
ment may require increasing the dose of HCTZ (e.g., from 12.5 to
25–50 mg daily), switching a thiazide-like diuretic to a loop diuretic
if the serum creatinine level exceeds 1.5–2 mg/dL (133–177 µmol/L),
or switching a once daily dose of furosemide to a twice daily schedule
(i.e., 40 mg daily to 40 mg twice daily) or to a longer-acting loop
diuretic (e.g., torsemide, 5–10 mg daily).

Compliant hypertensive African-Americans with true resistant
hypertension should have screening tests for secondary causes (see
Chapter 13), especially sleep apnea. In the absence of a secondary
cause, additional therapy to block the sympathetic nervous system (e.g.,
a central -agonist such as clonidine or a peripheral -antagonist such
as doxazosin) is useful in some patients. Direct vasodilators (hydrala-
zine, then minoxidil) can also improve BP and are useful in those with
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heart rates below 80–90 beats/min. Referral to a hypertension specialist
is indicated for positive screening tests for secondary causes or persis-
tently elevated BP despite these therapies (see Chapter 41).

COMPELLING CLINICAL INDICATIONS

General

JNC VI (1) identified four compelling clinical indications for the
use of specific antihypertensive drug classes (if not contraindicated):

1. Acute myocardial infarction (MI)—Use -blockers; use ACE inhibitors
for an ejection fraction <35–40%.

2. Systolic heart failure—Use ACE inhibitors and diuretics.
3. Type 1 diabetes with proteinuria—Use ACE inhibitors.
4. Isolated systolic hypertension—Use diuretics (preferred) or long-acting

dihydropyridine CCBs.

These indications do not differ in African-Americans and Caucasians.

Use of �-Blockers After Acute MI

-Blockers are underused in patients with acute MI. For example,
Soumeral et al. (22) reported that during 1987–1991, -blockers were
prescribed for only 21% of 3737 elderly survivors of acute MI in New
Jersey. In a large Medicare database, Gottlieb et al. (23) found that in
1994–1995, the use of -blockers at the time of discharge after an
acute MI was only 35% in Caucasians and 32% in African-Americans.
By 1997, the physician self-reported use of -blockers post-MI had
risen to 66% (12), but self-reported choices can differ considerably
from actual prescribing practice. There are still far too many post-MI
patients who do not receive the proven benefit of -blockers in this
setting, even without contraindications for their use.

Use of ACE Inhibitors for Systolic Heart Failure

The Studies of Left Ventricular Dysfunction found that the mortality
from symptomatic or asymptomatic left ventricular dysfunction was
even higher in African-Americans (men or women) than in Caucasians
(24). In African-Americans, a 25–36% excess risk of death remained
after adjustment for age, severity or cause of the heart failure, coexisting
conditions, and use of medications. The benefit of ACE inhibitor therapy
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for heart failure is proven, yet ACE inhibitors are underprescribed (25).
An analysis of 1529 office visits (1989–1994) for congestive heart
failure revealed the use of ACE inhibitors by only 27% of Caucasians
and 21% of African-Americans (26). In 1997, 82% of primary care
physicians self-reported the use of ACE inhibitors in this setting (12).
This study, however, did not give these results separately for African-
American and Caucasian patients.

There is no scientific reason for the lower use of either -blockers
post-MI or ACE inhibitors for heart failure in African-Americans,
especially since the benefits of these drugs on survival derive from
many mechanisms in addition to their effects on BP.

GOAL BP

Table 23-1 provides a summary of JNC VI recommendations for
the level to which SBP and DBP should be reduced. The 1991–1994
Third National Health and Nutrition Examination Survey data, however,
indicate that SBP <140 and DBP <90 mmHg are present in only 27%
of all adult hypertensive patients in the United States and in only 49%
of those receiving treatment (1). More recent analyses suggest that
control of SBP to <140 mmHg is only half as likely as is control of
DBP to <90 mmHg (27). How bad these control rates would be if the
specific new lower goal BPs for diabetes and so on were used in the
analyses is unknown.

There are no large-scale data sets to suggest that the goal BP levels
should differ in African-Americans and Caucasians. The broad chal-
lenge is to attain successfully the stated goal BP in all ethnic groups.
This will often require special attention to medication adherence, com-
pliance to lifestyle modifications, and use of multiple-drug therapy.
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Not only physicians and scientists, but also governmental agencies
and health insurers are finding it important to use objective measure-
ments of the benefits and cost-effectiveness of antihypertensive treat-
ment. These outcomes can be classified as short-, intermediate-, and
long-term. The short-term outcomes are most relevant to the practitioner
and include such measures as BP control, laboratory changes, and
quality of life. By contrast, the long-term outcomes, typically measured
in randomized clinical trials, are of particular interest to policy makers
and guidelines writers and focus on whether treatments affect survival
and the incidence of major cardiovascular events. Intermediate out-
comes, usually measurable within months of starting treatment, deal
with such clinical surrogates as treatment-induced changes in left ven-
tricular structure, arterial compliance, and renal function. No longer
are the traditional short-term outcomes adequate to describe a new drug;
hypertension specialists, formulary committees, health care economists,
and even regulatory agencies now expect sponsors to plan studies that
define a drug’s full range of outcomes. This chapter discusses some
of the criteria for these outcome measures.
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Although awareness of hypertension is greater than it was 20 yr ago,
national surveys, such as the National Health and Nutrition Examination
Survey, indicate that hypertension is still not adequately controlled (1).
It is estimated that less than one quarter of hypertensive patients are
controlled at a target blood pressure (BP) of 140/90 mmHg. Although
intensive management of hypertension reduces the incidence of stroke
and heart failure, coronary events are still the most common result of
hypertension. Hypertension-related morbidity and mortality will not
decrease until changes are made in treatment protocols, and these
changes must be based on quantifiable outcome measures.

The Sixth Joint National Committee on the Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC VI) identifies
short-, intermediate-, and long-term outcomes for the evaluation of
antihypertensive therapy (2). Short-term outcomes, such as BP levels,
are commonly measured at the initiation of antihypertensive therapy.
Both short- and intermediate-term outcomes are used to assess how
successfully hypertension therapy controls BP and prevents end-organ
damage. Long-term outcomes assess the success of hypertension treat-
ment in the prevention of coronary disease, heart failure, stroke, renal
failure, and mortality over many years.

Because the ultimate goal of treating hypertension is prevention of
long-term effects, one can make a strong argument for including long-
term outcomes in hypertension management protocols. However, long-
term outcomes generally take several years and huge expenditure to
document, and therefore the cost-effectiveness of gathering these data vs
their potential health benefits becomes a separate, measurable outcome.

SHORT-TERM OUTCOMES

Short-term outcomes, e.g., BP levels, treatment compliance, clinical
chemistries, and side effects, assess the initial effects of therapy. Table
24-1 provides a complete list of short-term outcomes and how they
are measured.

Short-term outcomes are generally quantified in numerical values.
Recent data from studies such as the Hypertension Optimum Treatment
(HOT) trial have shown that clinical events occur less frequently in
patients whose diastolic blood pressure (DBP) levels are in the low
80s, compared with patients whose DBP levels are in the upper 80s
(3). In addition, reducing BP levels to <125/75 mmHg appears to
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Table 24-1
Short-Term Outcome Measures

Outcome How outcome was measured

Blood pressure Numerical values (direct
Office measure)
Indices of 24-h efficacy

Symptomatic side effects Present/absent
Mild/moderate/severe on analog

scale
Quality of life Numerical values

Patients
Perception of spouses or others

Compliance with treatment Yes/no
Drug utilization, self-reported Percentage achievement of
Timely prescription refills optimal performance
Adherence to clinical appointments

Lifestyle modifications Numerical values (direct measure
Weight control or self-reported)
Weekly aerobic exercise Yes/no
Alcohol reduction
Smoking cessation

Routine clinical chemistries Numerical value (measured
Electrolytes variables)
Renal function
Glucose

Number of drugs taken Numerical value (measured
variables)

Frequency of physician visits Numerical value (measured
Complexity of treatment variables)

Frequency of clinical tests Numerical value (measured
variables)

Total direct medical costs of treatmenta Numerical value (calculated)
Indirect costs of treatment Numerical value (calculated cost

Travel expenses and direct measure)
Loss of productivity
Increased insurance costs

Global evaluation: patient Analog scale
Subjective perception of satisfaction

Global evaluation: physician Analog scale
Subjective perception of satisfaction

aCosts = drug cost + monitoring cost + side effects cost savings in management
of underlying disease.
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preserve renal function most effectively (4). The JNC VI also advocates
a lower target BP level of <130/85 mmHg for patients with concomitant
disease or evidence of end-organ damage (2). Addressing these short-
term outcomes may reduce the incidence of long-term morbidity.

Many antihypertensive therapies have side effects that diminish
patients’ quality of life and thus lead to poor compliance. Instruments
to validate quality of life were introduced to allow for more quantifiable
measures of how hypertension and hypertension treatment affect
patients’ lifestyles. These instruments allow physicians to select drugs,
or adjust drug doses, on the basis of improving a patient’s quality of
life (i.e., diminishing the side effects that discourage a patient from
continuing with treatment). Other quantifiable, short-term measures
include routine laboratory tests, the number of drugs used, the frequency
of physician visits, and the cost of treatment.

Some short-term outcomes are more difficult to measure because
they rely on self-reporting by patients. These include lifestyle modifica-
tions and patient global evaluations. Despite the subjective nature of
self-evaluation, a patient’s perception of the success of therapy is an
important variable of long-term compliance.

INTERMEDIATE-TERM OUTCOMES

Table 24-2 presents intermediate-term outcomes, which are measured
approx 6 mo after the start of antihypertensive therapy. At this point,
presumably, dose adjustments have been made and the patient’s treat-
ment regimen and short-term measurements are fairly stable. The pur-
pose of intermediate-term outcomes is to monitor signs indicating end-
organ damage, such as impaired renal function, echocardiography
changes, or altered left ventricular function. There is no clearly estab-
lished causal link between intermediate-term outcomes and long-term
clinical events. However, the relationship between chronic hypertension
and clinical events suggests that monitoring of intermediate-term out-
comes may aid in the early identification of end-organ damage.

Intermediate-term outcomes include all short- and intermediate-term
clinical and economic outcomes, such as lost workdays and health
resources utilization (Table 24-2). Lost workdays during initiation of
treatment may be attributed to visits to the clinic for BP monitoring
and general assessment, whereas days missed in the intermediate phase
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Table 24-2
Intermediate-Term Outcome Measures

Outcomea How outcome was measured

All short-term clinical and economic See Table 24-1
outcomes

Concomitant metabolic risk factors Numerical values (direct
Lipid profile measure)
Glucose tolerance, HbA1c

Renal outcome measures Numerical value (direct
Renal function measure)
Proteinuria/microalbuminuria

Cardiac outcomes: ischemia Present/absent: yes/no
ECG changes New findings: yes/no

Cardiac outcomes: left ventricular structure Numerical values (direct
and function measure): yes/no
ECHO left ventricular mass
Doppler diastolic function
ECG left ventricular hypertrophy

Cardiac outcomes: arrhythmias Present/absent
Symptoms Numerical values
ECG/ambulatory monitoring

Arterial compliance Numerical value (direct
Noninvasive estimates of arterial measure)
stiffness

Clinical evidence of atherosclerosis Present/absent: yes/no (or
New-onset angina pectoris measure of severity of
Findings of carotid stenosis vascular changes)
Renovascular findings
Changes in optic fundi

Patient days lost from work Numerical value (measured
variable)

Health resources utilization Numerical value
Related hospitalizations
Clinical visits
Advanced imaging or other tests

aECHO, echocardiography; ECG, electrocardiography.

might result from hypertension-related complications. Physicians must
consult with patients during this phase in order to determine whether
missed workdays or health care utilization are clearly related to hyper-
tension symptoms or treatment. The economic impact of these outcomes
is quantifiable.
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Table 24-3
Long-Term Outcome Measures

How outcome was
Outcome measured

All short-term and intermediate-term clinical See Tables 24-1 and 24-2
and economic outcomes

Mortality Yes/no
Cardiovascular
Noncardiovascular

Cardiac events Yes/no
Sudden death
Myocardial infarction
Angina pectoris
Coronary artery bypass surgery
Precutaneous transluminal coronary

angioplasty
Congestive heart failure
Clinically significant arrhythmias

Cerebrovascular events Yes/no
Strokes, hemorrhagic or thrombotic
Transient ischemic attacks

Renal events Yes/no
Renal insufficiency Numerical value
Renovascular disease

Aortic and peripheral vascular disease Yes/no
Cost-effectiveness Numerical values

Cost per year of life saved (calculated)
Cost of health resources
Patient and indirect costs
Costs of lost productivity

LONG-TERM OUTCOMES

The events of cardiac, cerebrovascular, renal, and vascular diseases
are associated with long-term hypertension. Prevention of morbidity
and mortality owing to clinical events is the ultimate goal of antihyper-
tensive therapy. However, it generally takes years, even decades, for
the long-term outcomes of hypertension and antihypertensive therapy
to become apparent.

Long-term outcomes include all short- and intermediate-term out-
comes, as well as the incidence of hypertension-related clinical events
and mortality (Table 24-3). Mortality resulting from cardiovascular
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disease can be attributed, at least in part, to hypertension, whereas mortal-
ity resulting from causes other than cardiovascular disease may indicate
that antihypertensive therapy was effective during the patient’s lifetime.

Long-term outcomes may aid assessments of the costs of antihyper-
tensive treatment and the value of antihypertensive therapy in the con-
text of reducing morbidity and mortality. By using large population
studies, one can evaluate the cost per year of each life saved, as
well as quality-adjusted life years. In addition, long-term evaluation
of antihypertensive agents may identify the drugs of optimal benefit
to patients, e.g., those with antiproliferative properties that can inhibit
vascular changes.

CONCLUSION

Most clinical studies use only short-term outcome measures to deter-
mine the efficacy of a particular drug because they can be assessed
immediately and economically. The causal connection between short-
and intermediate-term outcomes and long-term morbidity and mortality
is still under investigation. However, all three ranges of outcomes
should be considered in assessments of how effectively antihypertensive
therapies prolong life and reduce clinical events. Short-term measures
are easily attainable. However, intermediate- and long-term measures
are obtained over many years of patient monitoring, and the process
is costly.

If clinical trials are expanded to include short-, intermediate-, and
long-term outcomes, they may lead to hypertension-management regi-
mens that reduce morbidity and mortality, improve quality of life, and
provide economic justification for prescribing newer, promising drugs.
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Diuretics have been and remain an important class of antihyperten-
sive agents. They are a critical component of the hypertension therapeu-
tic regimen, particularly for patients with systolic hypertension, the
elderly, African Americans and diabetic patients. In large controlled
clinical trials, diuretic therapy has consistently lowered morbidity and
mortality for cardiovascular disease as well as stroke. For this reason,
diuretic therapy is an important component of the overall antihyperten-
sive regimen.

The first availability of the thiazide diuretics in the late 1950s greatly
improved the therapeutic outlook for patients with hypertension and
simplified its management. Over the past 40 yr there has been an
evolution in the understanding of diuretics that has resulted in a change
in the use of these drugs from high dose monotherapy of 50–200 mg
of hydrochlorothiazide (HCTZ) to lower doses (6.25, 12.5 mg) used
either as monotherapy or in combination therapy with other drugs.
There are several reasons for this change in diuretic dosing: (1) it was
realized that diuretics effectively reduce blood pressure (BP) at doses
much lower than initially recommended; (2) they have far fewer side
effects and are better tolerated at lower doses; and (3) many of the
metabolic and electrolyte abnormalities associated with high dose
diuretic therapy are rare at low doses.

It has also now become clear that diuretics have antihyperten-
sive actions beyond that of natriuresis. A number of studies have
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Fig. 25-1. Effects of diuretic-based treatment on stroke rates in several antihyper-
tensive trials. MRC, Medical Research Council; SHEP, Systolic Hypertension in
the Elderly Program; AUST, Australian Trial in Mild Hypertension; EWPHE,
European Working Party on Hypertension in the Elderly; and STOP, Systolic
Trial in Old People.

demonstrated that the predominant long-term antihypertensive action
of diuretics is vasodilation. The mechanism of this effect is not well
understood. It is possible that it is related to shifts in cellular concentra-
tions of electrolytes such as sodium, calcium, or even magnesium.
Volume reduction is a modest effect and volume usually returns to
baseline, or near baseline levels, within 3 d.

The JNC VI recommendation (1) that diuretics should be used as
first line therapy for the treatment of patients with essential hypertension
is based on numerous clinical trials demonstrating consistent reduction
in cardiovascular morbidity and mortality. This benefit is especially
evident in elderly patients, primarily manifesting elevations in systolic
blood pressure, where diuretics have exhibited substantial ability to
reduce morbidity and mortality related to stroke, myocardial infarction,
and congestive heart failure. Many of these trials utilized diuretics as
the initial therapy but allowed addition of other agents, usually -block-
ers, in order to achieve goal BP. Summary data from diuretic-based
trials are given in Fig. 25-1 and Table 25-1.

Thiazide diuretics are also beneficial in hypertensive diabetics. In
the Systolic Hypertension in the Elderly Program trial (SHEP), the
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Table 25-1
Effects of diuretic-based treatment on rates of major cardiovascular
endpoints in several antihypertensive trials. MRC, Medical Research

Council, SHEP, Systolic Hypertension in the Elderly Program; AUST,
Australian Trial in Mild Hypertension; EWPHE, European Working Party
on Hypertension in the Elderly; and STOP, Systolic Trial in Old People.

diabetic cohort of patients with isolated systolic hypertension had reduc-
tions in cardiovascular events that equaled or exceeded the reductions
in the overall patient population studied. This indicates that diuretics
can be effectively used as first line therapy in the diabetic population,
especially when used in low doses to minimize adverse metabolic
effects. The JNC VI consensus report suggests that diuretics in low
dosages may be used as first line therapy in diabetic patients with
hypertension, alone or in combination with other drugs. In the diabetic
hypertensive, a combination of low-dose diuretic with either an ACE
inhibitor or an angiotensin receptor blocker is an ideal way to facilitate
the more intensive BP reduction (<130/85 mmHg) that these patients
require. Thiazide diuretics can be considered as “blood vessel condition-
ing” agents in that they can facilitate blood pressure reduction with
other classes of medication, particularly those that block the renin
angiotensin system. This is very helpful in patients who are more
resistant to antihypertensive therapy due to different response pattern
such as the elderly, diabetics, African Americans, or those who are
more salt sensitive.
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Older clinical data with high doses of diuretics raised concern about
potential adverse metabolic effects of these drugs. This was of particular
concern in patients with impaired glucose tolerance or those with
clinical diabetes mellitus. However, carefully conducted trials with
low-dose thiazide (6.25–12.5 mg) diuretics have demonstrated no asso-
ciation with adverse effects on lipids, glucose and insulin metabolism,
or electrolyte balance. These results are in direct contrast to what has
been reported for hydrochlorothiazide at doses >25 mg. Since the
majority of hypertensive patients require combination therapy to
achieve lower BP goals, low-dose combination drugs are becoming an
alternative first line therapy in an effort to obtain better BP control
with diminished adverse events and metabolic side effects.

In summary, thiazide diuretics have undergone a resurgence in use.
Our appreciation of how best to use them in lower doses and in conjunc-
tion with other medications has improved their therapeutic index. More-
over, they are cost-effective and have been demonstrated to be especially
effective in the treatment of systolic hypertension and in enhancing
BP responsiveness in combination therapy. In addition, diuretics also
have a consistent track record for reducing hypertensive morbidity
and mortality.
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-Adrenergic receptor blockade is a principal treatment for cardio-
vascular disease, including ischemic heart disease and heart failure
(1,2). Hypertension is a leading risk factor for these major causes of
death in modern society. Although -blockers lower blood pressure
(BP) in many patients (3,4), their antihypertensive efficacy varies widely
among individuals, indicating the pathophysiologic heterogeneity of
hypertension (5,6). In fact, of all the hypertensive patients in the United
States who are treated with an antihypertensive medication, fewer than
half achieve a target pressure of 140/90 mmHg (7). This chapter
reviews some of the mechanisms by which -blockers lower BP and
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provides a rational approach for identifying the hypertensive patient
who is most likely to have a favorable response to this treatment.

PHARMACOLOGY

-Adrenergic receptor blockers are competitive antagonists charac-
terized as 1-selective or 1-nonselective (4). Cardiac tissue contains
both 1- and 2-receptors; therefore, cardioselectivity is an inaccurate
term when describing -blocker actions.

-Blockers can be classified further depending on the presence of
partial -agonist activity, referred to as intrinsic sympathomimetic
activity, and also by other features including lipid solubility. Highly
lipid soluble drugs (e.g., propranolol) are excreted by hepatic metabo-
lism, whereas the kidneys eliminate more hydrophilic drugs (e.g., aten-
olol) (8). -Blockers that are extensively metabolized by the liver are
cleared at a rate approaching hepatic blood flow (~1.5 L/min), whereas
renal clearance is much slower, approximating the glomerular filtration
rate (120 mL/min). It is therefore reasonable to select the drug that is
cleared independently of the diseased organ.

OVERVIEW OF HEMODYNAMIC EFECTS OF
�-BLOCKADE

Poiseuille’s law states that, in a cylindrical tube, the ratio of the
pressure gradient ( P) to flow (Q) is a function of the dimensions of
the tube (length L and radius r) and the viscosity ( ) of the fluid. The
ratio of the mean pressure gradient to mean flow is indicative of the
resistance (R) to flow through the system. Accordingly,

R = P/Q
in which R = (8 l/ r4)

Assuming that Poiseuille’s law can be applied to the vasculature,
then BP is directly related to cardiac output (CO), a primary determinant
of blood flow, and to peripheral vascular resistance (TPR) (Fig. 26-1):

BP = CO × TPR

When propranolol, a nonselective -blocker, is infused intrave-
nously, heart rate and CO fall acutely (4) (Fig. 26-2). The reduction
in CO is correlated to the decline in heart rate. As CO falls, TPR
increases by a baroreceptor mechanism, and, hence, BP is not reduced
acutely during -blockade (9). This rapid rise in peripheral resistance
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Fig. 26-1. The renin-angiotensin-aldosterone system and the regulation of BP.
Solid lines indicate stimulation, and dotted line indicates inhibition.

can be prevented by pretreatment with a -adrenergic receptor blocker
(e.g., phentolamine). However, within hours to days after initiation of

-blockade, TPR declines, and, consequently, BP falls in those patients
who are responders to treatment. Thus, a characteristic feature of antihy-
pertensive efficacy during chronic therapy with -blockers is the fall
in vascular resistance at any given CO.

Vasodilation by epinephrine is mediated by 2-adrenergic receptors.
Nonselective -blocking agents attenuate this effect, and, thus, epineph-
rine binds preferentially to the -adrenergic receptor. As a consequence
of the unopposed 1-mediated vasoconstriction by epinephrine and
norepinephrine, BP can rise paradoxically during nonselective -block-
ade (4,10). This increase in BP can be striking in patients with pheochro-
mocytoma.

As with most other antihypertensive agents, fewer than half of all
hypertensive patients have a satisfactory reduction in BP during treat-
ment with -blockers. However, Buhler et al. (11,12) reported that
the plasma renin activity (PRA) level was useful for predicting the
antihypertensive efficacy of these agents. BP was controlled by

-blocker monotherapy in 75% of hypertensive patients with a high
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Fig. 26-2. Hemodynamic response to acute and chronic -blockade. Immediately
after propranolol infusion, BP does not fall because the reduction in cardiac index
(CI) and heart rate (HR) are offset by the rise in peripheral resistance (TPRI).
Chronically, TPRI and BP fall in patients with an antihypertensive response.
(Reproduced from ref. 4.)

PRA level, 65% with a medium renin level, and only 10% with a low
renin level (Fig. 26-3). Moreover, the fall in PRA during treatment
with propranolol was directly related to the reduction in BP (Fig. 26-4).
This was the first demonstration that the efficacy of an antihypertensive
agent could be predicted by a blood test—in this case the PRA level.

RENIN-ANGIOTENSIN SYSTEM AND
BP HOMEOSTASIS

To understand the relationship between the renin system and the
antihypertensive efficacy of -blockers, a brief review of the renin-
angiotensin system is warranted (Fig. 26-1).
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Fig. 26-3. Antihypertensive response to the -blocker propranolol is related to
the pretreatment PRA level. Patients in the high-renin subgroup had the greatest
magnitude of reduction in diastolic BP compared to the normal and low-renin
subgroups (top, individual values; middle, mean values for each subgroup).
(Bottom) Mean BP values during pretreatment control ( ) and during treatment
with propranolol (■) in the renin subgroups. (Reproduced from ref. 11.)

The renin-angiotensin-aldosterone system regulates peripheral vas-
cular resistance and renal reabsorption of sodium and water (13). Renin
is normally secreted by renal juxtaglomerular cells into the systemic
circulation in situations in which BP is reduced, such as during upright
posture and during sodium depletion. Specific renal stimuli include
reduced renal perfusion pressure, increased 1-adrenergic stimulation,
and reduced chloride delivery to the macula densa located at the distal
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Fig. 26-4. Propranolol-induced changes in diastolic BP in relation to decrements
in PRA in patients with low- (▲), normal (●), and (■) high-renin subgroups.
(Reproduced from ref. 11.)

nephron. Renin cleaves the decapeptide angiotensin I from angiotensin-
ogen. Angiotensin II, an octapeptide, is then formed from angiotensin
I by angiotensin-converting enzyme (ACE). Angiotensin II (Ang II),
the main effector substance of this system, raises BP toward normal by
stimulating vascular smooth muscle contraction and, hence, increasing
vascular resistance. It increases blood volume by stimulating renal
sodium and water reabsorption directly at the proximal tubule and
indirectly by increasing adrenal cortical production and release of aldo-
sterone. These actions are transduced by the type 1 Ang II receptor
(14). The consequent rise in BP to normal exerts negative feedback
inhibition of renin secretion. These coordinated renal and adrenal
responses maintain BP within the normal range.
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Disruption of these mechanisms provides a pathophysiologic basis
for hypertension (15). High renal perfusion pressure should suppress
renin secretion. However, approx 70% of hypertensive patients do
not have a low PRA level despite high BPs (16). That excess renin-
angiotensin activity maintains high BP is supported by the fact that
drugs that interrupt the renin system lower BP (17) (e.g., ACE inhibitors,
Ang II receptor antagonists, and -blockers).

�-BLOCKADE AND RENIN SYSTEM ACTIVITY:
RELATIONSHIP TO ANTIHYPERTENSIVE EFFICACY

In the 1960s and early 1970s, the nonselective -blocker propranolol
was found to significantly reduce PRA levels in normotensive subjects
and hypertensive patients in a dose-dependent manner, whereas diuret-
ics stimulated PRA and did not lower BP when renin was elevated.
Buhler et al. (11) reported a significant correlation between the pretreat-
ment PRA level and the fall in BP during -blocker monotherapy (Fig.
26-4). Furthermore, D-propranolol, which has the quinidine-like effect
but not the -blocking properties of DL-propranolol, the clinically used
racemate, does not suppress renin secretion and does not lower BP (9).
Subsequent studies found that this renin response was transduced by
renal 1-adrenergic receptors and that all -blockers reduce the PRA
level, although this effect may be attenuated in agents with intrinsic
sympathomimetic activity.

We have evaluated mechanisms whereby -blockers lower renin
secretion. Campbell et al. (18) have shown that the plasma total renin
level, defined as the sum of plasma prorenin + PRA, is directly related
to (pro)renin gene expression. This indicates that that the product of
(pro)renin gene expression (i.e., prorenin) circulates in proportion to its
production rate either as prorenin or as renin (18). In both normotensive
subjects and hypertensive patients, PRA decreases significantly during

-blockade. This occurs without affecting plasma total renin because
there is a reciprocal increment in plasma prorenin (19,20) (Fig. 26-5).
Therefore, -blockers appear to suppress renin secretion by reducing
the proportion of prorenin that is processed to renin within the kidney,
without affecting (pro)renin gene expression.

Although renin secretion is the regulated step in the formation of
Ang II, it is Ang II that stimulates vasoconstriction and aldosterone
production. Plasma Ang II levels, like PRA levels, also decline during

-blockade in normotensive subjects and hypertensive patients and are
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Fig. 26-5. Effect of -blockade on PRA (■), prorenin (�), and plasma total renin
(PRA + prorenin; combined white and black bars. PRA is significantly reduced
during -blockade. Plasma prorenin increases modestly, so that total renin is
unchanged. (Reproduced from ref. 20.)

highly correlated with PRA levels (20,21) (Fig. 26-6). As predicted by
the reduction in PRA and Ang II, aldosterone excretion also falls during
treatment with -blockers, although to a lesser extent than PRA and Ang
II because potassium excretion decreases when aldosterone production
falls. Taken together, these findings indicate that -blockade suppresses
the major components of the renin system, and this relates to the
antihypertensive efficacy of -blockers.

In contrast to -blockers, which reduce Ang II levels by suppressing
PRA, ACE inhibitors decrease the rate of Ang II formation from angio-
tensin I. In view of the different mechanisms by which -blockers and
ACE inhibitors reduce Ang II formation, the addition of an ACE inhibi-
tor during -blockade might be expected to reduce BP further if the
Ang II level was not already maximally suppressed. Indeed, acute
captopril administration enhances the antihypertensive effect of -
blockade, consistent with the further acute reduction in Ang II. In
essential hypertension, Pickering et al. (22) demonstrated that propra-
nolol lowered BP and suppressed PRA, whereas captopril monotherapy
caused a comparable reduction in BP, but PRA rose. When these agents
were administered together, their antihypertensive effect was enhanced.
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Fig. 26-6. Direct relationship between PRA and plasma Ang II level before and
during -blockade in normotensive and hypertensive subjects. R2 = 0.55;
p < 0.0001.

This amplified response was attributed to their complementary antirenin
system actions, since the PRA rise that occurred during the administra-
tion of captopril was blunted by propranolol. Furthermore, aldosterone
decreased further during combined treatment, indicating reduced Ang
II levels.

Several studies have suggested that elderly patients are less respon-
sive to antihypertensive treatment with a -blocker (5,23). Some studies
have found PRA levels to decline with advancing age, and thus provide
one mechanism for the higher rate of failure to respond to -blocker
monotherapy in the elderly (9).

�-BLOCKADE AND PREVENTION AND TREATMENT
OF ACUTE MYOCARDIAL INFARCTION

-Blocker treatment during the earliest phase of an acute myocardial
infarction (MI) prolongs survival and reduces the risk of recurrent
MI (1). This salutary response has been attributed to several factors,
including reduction in myocardial oxygen utilization and attenuation
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of the proarrhythmic and prothrombotic effects of excess adrenergic
activity that occur during acute MI (24).

Several lines of evidence suggest that excess renin system activity
is associated with an increased risk of MI and that the risk of reinfarction
can be reduced by treatment strategies that interrupt the renin system.
First, Ang II infusion causes acute MI in experimental animal models
(25). Second, prospective and retrospective studies have demonstrated
that ambulatory hypertensive patients with high PRA levels are at
threefold greater risk for suffering an MI compared with those with
low- and medium-renin levels (16,26). Third, ACE inhibitor treatment
during acute MI reduces the risk of reinfarction (27). Fourth, patients
who present to an emergency room with chest pain and an acute MI
have PRA levels that are more than twofold higher than those in whom
the diagnosis of acute MI is ruled out (28). These findings form the
basis for the hypothesis that the therapeutic effects of -blockade during
acute MI are, in part, owing to the drug-induced suppression of renin
system activity.

SUMMARY

The importance of renin system suppression in the antihypertensive
efficacy of -adrenergic receptor blockade is supported by the direct
relationship between the antihypertensive efficacy and the pretreatment
renin level, the suppression of renin by all types of -blockers, the
correlation between the reduction in renin and the long-term fall in BP
and peripheral vascular resistance, and the comparable antihypertensive
efficacy of -blockers and other antirenin system drugs (i.e., ACE
inhibitors, Ang II receptor blockers) (17). Lack of antihypertensive
responsiveness to -blockade in an individual patient indicates that
other nonrenin mechanisms are predominant, including -adrenergic
vasoconstriction or sodium-volume–sensitive hypertension. Although
a subset of hypertensive patients can be identified by excess adrenergic
activity, plasma catecholamine levels are not reliable predictors of the
antihypertensive efficacy of -blockers.

In the antihypertensive response to -blockade, cardiac output is
depressed initially, thereby promoting baroreceptor activation and

-adrenergic-mediated vasoconstriction. Although the PRA level falls
promptly during treatment, the vasodilating effect is offset by brisk
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-adrenergic-mediated vasoconstriction. Within days to weeks, -
adrenergic activity decreases, vasodilation then occurs because renin
system activity is suppressed, and BP falls.
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Calcium antagonists have been available for study and clinical use
since the 1960s. As a class of antihypertensive agents, they are the
most heterogeneous in their chemical structure, modes of action, and
clinical indications. However, they all share a common physiologic
action: decreasing the intracellular availability of calcium ions in cardiac
and vascular smooth muscle cells, thereby directly inhibiting their
contractility. At least four different receptors, with varying affinities
to calcium antagonists, regulate calcium ion movement across the cell
membrane (1). In addition, some of the diversity of this class of drugs
may be explained by the difference in intracellular calcium ion release
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Table 27-1
Calcium Antagonists Approved for Treatment of

Hypertension in the United Statesa

Drug Form PO dose for SR

Amlodipine (Norvasc) Tablet 2.5–10 mg QD
Diltiazem (Cardizem CD, IV, IR, SR 180–480 mg QD (CD)

Dilacor XR, etc.)
Felodipine (Plendil) SR 2.5–10 mg QD
Isradipine (Dynacirc) Tablet 2.5–10 mg QD
Nicardipine (Cardene SR) IV, IR, SR 30–60 mg BID (SR)
Nifedipine (Procardia XL, IR, SR 30–120 mg QD

Adalat CC)
Nisoldipine (Sular) SR 20–40 mg QD
Verapamil (Isoptin SR, IV, IR, SR 120–480 mg QD

Calan SR, etc.)

aPO, oral; IV, intravenous preparation available; IR, immediate release tablet; SR,
sustained release tablet; QD, once a day; BID, twice a day.

from the sarcoplasmic reticulum and the mitochondria as well as binding
to specific intracellular proteins (e.g., calmodulin).

CLINICAL PHARMACOLOGY

Eight calcium antagonists are currently approved in the United States
for use in the treatment of hypertension (see Table 27-1). Other than
verapamil and diltiazem, all other calcium antagonists have a dihydro-
pyridine core structure. Most are metabolized in the liver via CYP3A,
a subset of the cytochrome P450 family of oxidative enzymes, to less
active metabolites. Verapamil and diltiazem can inhibit the clearance of
other CYP3A substrates (e.g., carbamazepine, cyclosporine, lovastatin,
simvastatin, midazolam). Most often this interaction is of little clinical
significance. Inducers and inhibitors of CYP3A-mediated drug biotrans-
formation can affect the metabolism of the calcium antagonists (2).

Of all the calcium antagonists, verapamil consistently increases
digoxin blood levels. Combining amiodarone, digoxin, or -blockers
with verapamil or diltiazem can cause synergistic inhibition of sinus
node and atrioventricular node conduction. Intravenous verapamil
coadministration with -blockers is contraindicated owing to the risk
of asystole (3). Lithium-induced neurotoxicity has been reported to be
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Fig. 27-1. Percentage of patients presenting with edema of all forms on various
treatment strategies (4).

predisposed by concurrent use of verapamil. Interestingly, concurrent
intake of grapefruit juice with certain dihydropyridine calcium antago-
nists enhances their bioavailability, and patients should be warned not
to drink grapefruit juice with calcium antagonists.

Vasodilatory edema has been reported for all calcium antagonists.
It seems to be more common with the dihydropyridines than the nondi-
hydropyridines, and more common in women than in men. Vasodilatory
edema is dose dependent and does not respond to diuretic therapy. It
often limits high doses of monotherapy of dihydropyridine calcium
antagonists. However, vasodilatory edema has been shown to respond
quite well to the addition of either an angiotensin-converting enzyme
(ACE) inhibitor or an angiotensin receptor blocker (Fig. 27-1). (4).

Constipation occurs as a direct extension of the pharmacologic effect
from vascular to gastrointestinal smooth muscle relaxation. Constipa-
tion is more common with the nondihydropyridine calcium antagonists
than with the dihydropyridines. Headache is frequently reported with
the use of rapid-acting calcium antagonists, but less commonly noted
with the slow onset and sustained release preparations. In fact, some
calcium antagonists, particularly verapamil, have been used for the
treatment of migraine. Gingival hyperplasia can occur with prolonged
use of all calcium antagonists and, again, seems to be counteracted by
the addition of an ACE inhibitor or an angiotension receptor antagonist.
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HEART RATE AND CARDIAC CONDUCTION

Calcium antagonists lower arterial pressure by decreasing total
peripheral resistance. Consequently, reflexive tachycardia and an
increase in activity of the sympathetic nervous system are commonly
seen, particularly with the first dose. It has been shown that with
sustained therapy, heart rate and norepinephrine levels remained
unchanged or only slightly elevated with long-acting dihydropyridines;
both heart rate and norepinephrine levels decreased with long-acting
nondihydropyridines (5). Sympathetic activity has been well identified
as a powerful independent risk factor for cardiovascular morbidity and
mortality (6). Conceivably, the increased mortality reported in some
studies in which short-acting calcium antagonists were inappropriately
used could have been related to increased sympathetic activity. Alder-
man et al. (7) have shown a five- to eightfold difference in morbidity
and mortality between short- and long-acting calcium antagonists.

In pharmacologic doses, most calcium antagonists diminish automa-
ticity of the sinus node, slow conduction in the atrioventricular node,
and have little if any effect on the automaticity of the myocytes. These
effects are considerably more pronounced with the nondihydropyridine
calcium antagonists than with the dihydropyridine derivatives. The
combination of the nondihydropyridine calcium antagonists with -
blockers is therefore relatively contraindicated. The dihydropyridine
calcium antagonists generally have little if any effect on cardiac conduc-
tion and can be combined with -blockers (8).

CARDIAC CONTRACTILITY AND HYPERTROPHY

In general, calcium antagonists are negative inotropic agents and
therefore are likely to impair cardiac pump function to some extent.
The most profound negative inotropic effect is seen with verapamil
and diltiazem. This direct effect is partially overridden by afterload
reduction and reflexive sympathetic drive elicited by most of the dihy-
dropyridine derivatives.

Left ventricular hypertrophy (LVH) has been identified as a signifi-
cant pressure-independent risk factor and a harbinger of sudden death,
myocardial infarction (MI), congestive heart failure, and other events
leading to cardiovascular morbidity and mortality (9). Not all antihyper-
tensive agents are equally effective in regressing LVH. In a recent meta-
analysis of 50 randomized, double-blind trials, calcium antagonists
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Fig. 27-2. Percentage of change in left ventricular mass index with the four
antihypertensive drug classes. Mean values and 95% confidence intervals adjusted
for duration are given. p < 0.01 between drug classes; † p < 0.10 between drug
classes (Bonferroni correction) (Reprinted with permission from ref. 10.)

decreased left ventricular mass by 9% compared with a 7% decrease
with diuretics, 6% decrease with -blockers, and 13% decrease with
ACE inhibitors (Fig. 27-2) (10,11).

It seems that the dihydropyridine calcium antagonists have a some-
what less powerful effect on left ventricular mass than the nondihydro-
pyridines when the antihypertensive efficacy is taken into account (12).
Thus, for any given decrease in arterial pressure, verapamil and diltia-
zem may reduce left ventricular mass more than dihydropyridine deriva-
tives. This difference, at least to some extent, may be related to the
effects of the respective calcium antagonists on sympathetic activity.

CORONARY BLOOD FLOW AND
MYOCARDIAL ISCHEMIA

All calcium antagonists are vasodilators and therefore increase coro-
nary blood flow. In addition to coronary blood flow, determinants of
myocardial ischemia such as heart rate, contractility, and arterial pres-
sure are also profoundly and variably affected by calcium antagonists.
Their overall effects on myocardial oxygenation depend on an interplay
of these mechanisms, either directly or through reflex sympathetic
stimulation. It should therefore not be surprising that, in certain clinical
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situations, some calcium antagonists may even have a detrimental effect
on myocardial oxygenation.

Acute exacerbation of angina and even acute MI have been observed
when arterial pressure was excessively lowered by short-acting nifedi-
pine (13). Short-acting nifedipine has never been approved for the
treatment of any form of hypertension, emergent or not. Messerli and
Grossman recently documented that the use of this drug can lead to
serious, even fatal, adverse events (14). Based on that study, the Sixth
Joint National Committee on the Prevention, Detection, Evaluation and
Treatment of High Blood Pressure JNC VI has now labeled short-
acting calcium antagonists as unacceptable for use in hypertension (15).

Clearly, the situation is different with long-acting calcium antago-
nists, particularly with the nondihydropyridines (16). In the post-MI
patient, nondihydropyridine calcium antagonists, such as verapamil,
should be considered as an alternative if -blockers are contraindicated
or not well tolerated. Several studies now attest to the benefits of the
nondihydropyridine calcium antagonists in the post-MI patient (17–20).
The benefits may be particularly pronounced in post-MI patients who
are hypertensive.

CLINICAL USE OF CALCIUM ANTAGONISTS
IN HYPERTENSION

All calcium antagonists lower arterial pressure when given acutely
and with prolonged administration. Tachyphylaxis of the antihyperten-
sive effect has not been reported. In general, there is little, if any,
difference in blood pressure (BP)-lowering potency among the various
agents, provided that an adequate dose is given. The effect on arterial
pressure seems to be somewhat more powerful in the elderly or African
American patients who are characterized by a low activity of the renin-
angiotensin system than in the younger or Caucasian patients (21). In
general, calcium antagonists are well tolerated and metabolically inert
and have been documented to reduce or prevent target organ disease
in the heart, brain, kidneys, and vascular tree. Recent data from the
Systolic Hypertension in Europe (Syst-EUR) study (Fig. 27-3) have
shown that calcium antagonists diminish morbidity and mortality in
the elderly patient with isolated systolic hypertension (22). Based on
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Fig. 27-3. Syst-EUR: fatal and nonfatal stroke in 4695 randomized patients.

the Syst-EUR study, JNC VI has labeled long-acting dihydropyridine
calcium antagonists as an appropriate alternative in older patients.
Similarly, in the Systolic Hypertension in China (Syst-CHINA) study,
a reduction in morbidity and mortality was seen with a dihydropyridine
calcium antagonist when compared with placebo (23). Thus, apart from
the diuretics, calcium antagonists are the only drug class for which two
independent, prospective, randomized studies documented a significant
reduction in morbidity and mortality. A recent substudy of the Syst-
EUR showing a 50% reduction in dementia of all causes, mostly of
the Alzheimer type, with calcium antagonists in the elderly makes these
drugs even more attractive. Recent large prospective randomized trials
such as STOP II, NORDIL, and INSIGHT, attest to the safety and
efficacy of this drug class.

CLINICAL USE OF CALCIUM ANTAGONISTS IN
HYPERTENSIVE PATIENTS WITH DIABETES

Both the Syst-EUR and the Syst-CHINA studies document a greater
reduction in morbid events in the diabetic than in the nondiabetic
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Table 27-2
Syst-EUR: Benefits in Diabetic Patients (22)

Diabetics Nondiabetics
End point (n = 446) (n = 4250) p value

Total mortality 0.46 0.93 <0.06
Cardiovascular mortality 0.24 0.86 <0.03
All cardiovascular events 0.32 0.73 <0.03
All cardiac end points 0.29 0.80 <0.06
Fatal/nonfatal stroke 0.38 0.59 <0.44

Fig. 27-4. Relative hazard rates of active treatment compared with placebo in
diabetic and nondiabetic patients with adjustments for the covariates. *P for
interaction; ** for sex, cardiovascular complications, age, entry SBP and DBP,
smoking, and residence in Northern China. (Reprinted with permission from
ref. 23.)

subpopulation (Table 27-2; Fig. 27-4) (24,25). Thus, by itself, is not
surprising because hypertension is a powerful risk factor for cardiovas-
cular morbidity and mortality in the diabetic patient, and any reduction
of arterial pressure can be expected to confer some benefits. However,
of interest is the comparison of the Syst-EUR with the Systolic Hyper-
tension in the Elderly Program (SHEP) (24) study. In the SHEP study,
chlorthalidone was used as step 1 therapy, whereas in the Syst-EUR
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Fig. 27-5. Comparison of Syst-EUR and SHEP studies. Mortality and morbidity
in (A) nondiabetic and (B) diabetic patients. (Reprinted with permission from
ref. 24.)

nitrendipine was the initial therapy. In the nondiabetic population, there
was not much difference between the two treatment strategies. Both
reduced stroke or cardiovascular events (Fig. 27-5). However, in the
diabetic subpopulation, nitrendipine had a significantly greater effect
than chlorthalidone. Interestingly, in the Hypertension Optimal Treat-
ment study in which felodipine was used as initial therapy, there was
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a distinctly greater trend of reduction in cardiovascular events with BP
lowering in the diabetic when compared with the nondiabetic popula-
tion. In diabetic patients, the use of felodipine in the treatment group
with a target of diastolic pressure <80 mmHg led to more than a 50%
reduction in cardiovascular events than in the one with a target of 90
mmHg (26). Recent data from the Appropriate Blood Pressure Control
in Diabetes study have shown that there was no difference in renal
outcome (proteinuria, glomerular filtration rate) between ACE inhibi-
tors and dihydropyridine calcium antagonists after 5 yr of therapy in
the diabetic hypertensive patient.

Lack of adverse effects on glucose metabolism, lipid metabolism, and
renal perfusion make the calcium antagonists an attractive therapeutic
choice for use in diabetic patients (27).

CONCLUSION

By definition, all antihypertensive drugs, including calcium antago-
nists, lower arterial pressure. However, calcium antagonists, in addition
to lowering arterial pressure, have a variety of beneficial effects in
patients with hypertensive heart disease. They reduce LVH and improve
its sequelae, such as ventricular dysrhythmias, impaired filling, and
contractility, and the heart rate–lowering calcium antagonists reduce
the risk of postinfarct reinfarction. Although the efficacy with regard
to some of these properties clearly varies from one calcium antagonist
to another, these drugs remain a cornerstone for therapy in patients
with essential hypertension, particularly in African American, elderly,
and diabetic patients.

The short-acting calcium antagonists should no longer be used in
hypertensive patients. In fact, most of the short-acting calcium antago-
nists have not been approved for the treatment of hypertension. The
practice of using oral or sublingual nifedipine in a hypertensive emer-
gency or pseudoemergency should be abandoned because it can lead
to serious side effects such as syncope, MI, stroke, and even death.
By contrast, as shown by several studies, the use of the long-acting
formulations seems to be safe and promising in patients with essen-
tial hypertension.

It should be emphasized that hypertension remains a surrogate end
point and that not all drugs that reduce BP will paribus passu reduce
morbidity and mortality. A prime example of failure of the so-called
surrogate end point concept is provided by a recent meta-analysis in
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hypertension in the elderly: although -blockers did lower BP, they
consistently failed to reduce heart attacks and mortality from cardiovas-
cular and all causes (28). This means that numerous elderly hypertensive
patients are exposed to the side effects, inconvenience, and cost of -
blockers without harvesting any benefits.

Many large, prospective randomized trials against placebo, such as
the Shanghai Trial of Nifedipine in the Elderly (STONE) (29), Syst-
EUR, and Syst-CHINA, and against active therapy, such as the Swedish
Trial in Old Patients with Hypertension-2 (STOP II) (30), the Nordic
Diltiazem (NORDIL) study (31), and the International Nifedipine GITS
Study Intervention as a Goal in Hypertension Treatment (INSIGHT)
(32), have recently attested to the safety and efficacy of calcium antago-
nist in the treatment of essential hypertension. With the exception of
the diuretics, calcium antagonists, within a very short period of time,
have emerged as the best documented drug class in the antihyperten-
sive arsenal.
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The introduction of angiotensin-converting enzyme (ACE) inhibitors
for the treatment of hypertension and heart failure is probably the most
important advance in cardiovascular pharmacotherapy in the last few
decades. Although the role of the renin-angiotensin system (RAS) in
cardiovascular diseases had been investigated extensively for more than
70 yr, the therapeutic application of this knowledge became possible
only after the introduction of a practical way to block this system. It
is now well established that activation of the RAS has a detrimental
effect on the cardiovascular system and promotes arterial, myocardial,
and renal damage. ACE inhibition was shown to diminish morbidity and
mortality in patients with ischemic cardiomyopathy after myocardial
infarction (MI), in patients with left ventricular impairment ranging
from subclinical diastolic dysfunction to advanced systolic dysfunction
with decompensated congestive heart failure (CHF), and in patients
with diabetic nephropathy. Accordingly, these conditions are now com-
pelling indications for treatment with ACE inhibitors (1), even in non-
hypertensive patients.
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Fig. 28-1. The renin-angiotensin cascade.

ANGIOTENSIN- AND BRADYKININ-MEDIATED ACTIONS

When ACE inhibitors were first introduced in the treatment of human
hypertension (2), their effects were attributed solely to blockade of the
generation of angiotensin II (Ang II). It is now known that ACE inhibi-
tion has a dual effect in vivo: it interrupts partially the formation of
the vasoconstrictor Ang II and it interrupts the degradation of the
vasodilator bradykinin (3). Figure 28-1 is a simplified representation
of the renin-angiotensin cascade. Accordingly, the results of ACE inhi-
bition are attributable in part to Ang II withdrawal and in part to
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Table 28-1
Angiotensin- and Bradykinin-Mediated Effects That Are Attenuated and

Potentiated, Respectively, During ACE Inhibition

Angiotensin-mediated effects Bradykinin-mediated effects

Systemic vascular resistance Protection from injury of ischemia/
reperfusion

Preload and afterload Perfusion of vulnerable areas
(regional)

Myocardial contractility Rheology of blood (antithrombotic)
Myocardial oxygen consumption Glucose supply and metabolism
Perfusion of heart and other Antiarrhythmogenic effects

vital organs Antimitotic-antiproliferative effects
Cellular growth and proliferation Proinflammatory effect

Nociception

bradykinin potentiation (Table 28-1). In general, the systemic hemody-
namic changes (e.g., decrease in peripheral arterial resistance, fall in
blood pressure (BP), reduction of preload and afterload) are attributable
mainly to Ang II withdrawal, whereas bradykinin tends to redistribute
regional blood flows within organs (e.g., increase flow to subendocardial
rather than subepicardial regions in the heart, or to papillary rather
than medullary regions in the kidney). Notably, because of different
sensitivity of the vasculature of various organs to the vasoconstricting
effect of Ang II, ACE inhibition causes general redistribution of blood
flow favoring perfusion of vital organs; that is, it enhances the coronary,
renal, adrenal, and cerebral circulation at the expense of the musculo-
skeletal and cutaneous circulation (4). This is of particular importance
in patients who benefit from very low systemic BPs (such as patients
with chronic CHF or diabetic nephropathy), which might otherwise
compromise the perfusion of vital tissues (5). Under normal conditions,
ACE inhibition does not alter cardiac output or heart rate. However,
in patients with decompensated heart failure, characterized by neuro-
hormonal activation (including activated RAS and catecholamines),
ACE inhibition increases cardiac output and decreases heart rate while
diminishing myocardial oxygen demands.

Two distinct types of Ang II receptors have been identified on
cell membranes and are designated as AT1 and AT2. Under normal
conditions, all of the currently known effects of Ang II are exerted via
activation of the AT1 type of receptors. The AT2 type of receptors are
believed to play a role mostly in fetal development, because their
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Table 28-2
Actions of Ang II via AT1 Receptor Stimulation

Systemic (endocrine) effects of circulating Ang II
Vasoconstrictive (preferentially coronary, renal, cerebral)
Steroidogenic (aldosterone)
Dipsogenic (central nervous system effect)
Renin-suppressing (negative feedback)

Tissue-specific effects of Ang II as local hormone
Trophic/mitogenic (cardiac and vascular myocytes)
Inotropic/contractile (cardiomyocytes)
Chronotropic/arrythmogenic (cardiomyocytes)
Thrombogenic (plasminogen activator inhibitor)
Oxidative (generation of reactive oxygen species)
Ion transport channels (myocytes, renal cells)
Neuroexcitation (sympathetic nerve terminals)
Endothelin stimulation (endothelial cells)

numbers decline sharply in the postnatal period. However, they increase
again under pathologic conditions, such as the failing myocardium, in
which they may be involved in apoptosis (i.e., cell death). In recent
years it has become apparent that Ang II acts both as a circulating
“endocrine” substance and as a locally generated autacoid exerting
paracrine, autocrine, and intracrine effects (Table 28-2). The local
effects are tissue specific; that is, they depend on the cell type responding
to the Ang II stimulation. Thus, activation of AT1 receptors in cardiomyo-
cytes and vascular smooth muscle cells elicits changes in the electrophys-
iologic milieu (enhancing contractility and electric current conduction),
as well as changes in the production of intracellular proteins, including
protooncogenes and growth factors, leading to cell hypertrophy and pro-
liferation (6). Endothelial cells respond by producing various autacoids
(e.g., endothelin), neural cells by modulating release of neurotransmit-
ters, fibroblasts and platelets by releasing growth factors, and so on.

Bradykinin also exerts its effects via specific receptors. The B1

type of receptors are generated de novo under conditions of tissue
inflammation or injury and mediate endotoxic shock. The physiologi-
cally important local hemodynamic and metabolic effects of bradykinin
are mediated via the B2 type of receptor. Stimulation of B2 receptors
results in the local release of autacoids, including nitric oxide and
products of activation of the arachidonic acid cascade (e.g., protacyclin),
which mediate the local vasodilatory, metabolic, and tissue-protective
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effects of bradykinin (7). An important metabolic effect is the facilita-
tion of insulin-dependent glucose transport across cell membranes.
Essential hypertension is almost always associated with some degree of
insulin resistance, which frequently progresses to overt type 2 diabetes
mellitus. (The constellation of hyperinsulinemia, hyperglycemia, hyper-
lipidemia, hypertension, and abdominal adiposity—each trait being an
independent coronary risk factor in its own right—is known as meta-
bolic syndrome X and is encountered in 40–50% of patients with
essential hypertension.) ACE inhibition tends to decrease insulin resis-
tance, whereas other antihypertensive agents, such as thiazides and, to
a lesser extent, -adrenergic blockers, tend to accentuate it further.
Experimental studies using specific antagonists to the B2 bradykinin
receptor and to various autacoid intermediaries, have determined that
the effect on glucose transport is a direct effect of bradykinin itself (8).

Bradykinin is also believed to be responsible for some of the adverse
reactions to ACE inhibition, namely, cough and angioedema (9). Both
are attributed to the nociceptive and proinflammatory properties of
bradykinin. The incidence of cough varies between 3% and 39% (10),
depending on the demographic characteristics of the population (more
frequent in females vs males, in older vs younger patients, and in
Caucasians vs African Americans with Orientals being the most sensi-
tive). It is also aggravated by coexisting conditions, such as chronic
CHF causing pulmonary congestion, or atmospheric pollutants causing
heightened tracheobronchial irritability. Angioedema is extremely rare
(about 1 in 2000 or less) but can be fatal if not recognized. It can occur
at any time, even years after initiation of ACE inhibition, possibly
triggered by allergens, which might have otherwise produced a minor
reaction, that gets exaggerated by ACE inhibition. Both of these adverse
effects are “class effects” encountered with all ACE inhibitors. Adverse
reactions to withdrawal of Ang II are also “class effects” and will
recur with every other ACE inhibitor as they are part of the drugs’
pharmacologic profile (see Table 28-3). In contrast, adverse reactions
due to idiosyncrasy of the patient against a particular compound are
attributed to a drug’s specific chemical structure. Such reactions are
more common with captopril, especially at higher doses, but are rare
with the “second generation” ACE inhibitors. Captopril is the only
ACE inhibitor available in the U.S. that contains a sulfhydryl group
in its molecule, which makes it likely to cause adverse reactions similar
to those of other –SH– containing drugs with unrelated pharmacologic
effects (e.g., penicillamine or thiureas). Idiosyncratic reactions will
resolve upon changing to another drug of the same class, whereas
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Table 28-3
Adverse Effects of ACE Inhibitors

Class effects
Cough
Angioedema
Hyperkalemia
Renal insufficiency (in bilateral renal artery disease)
Hypotension (in hypovolemia)
Teratogenesis (in pregnancy)

Idiosyncratic effects
Allergic reactions (rash, fever)
Interstitial nephritis
Bone marrow suppression
Taste alterations

Table 28-4
ACE Inhibitors Available in the United States

Generic name Trade name Daily dose range (mg)

Captopril Capoten 50–200 (divided)
Enalapril Vasotec, Renitec 2.5–40
Lisinopril Zestril, Prinivil 5–80
Quinapril Accupril 20–80
Benazepril Lotensin 10–40
Fosinopril Monopril 10–40
Ramipril Altace 2.5–10
Trandolapril Mavik 4–16
Moexipril Univasc 7.5–15
Perindopril Aceon 4–16

adverse reactions owing to the drug’s pharmacologic properties require
change to an agent from a different class.

CLINICAL EXPERIENCE WITH ACE INHIBITORS

The first orally active ACE inhibitor, captopril, was released in 1981
and was soon followed by a dozen second-generation ACE inhibitors.
Table 28-4 lists those currently available in the United States along
with the recommended daily doses for hypertension. In the treatment
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of CHF the starting doses should be the lowest. In fact, in patients
with decompensated heart failure treated with diuretics, it is often
recommended to start with low-dose captopril until it can be determined
that the patient tolerates ACE inhibition without developing hypoten-
sion or functional renal insufficiency. Once tolerability has been
ensured, the patient can be switched to one of the long-acting agents
for convenience. In stable patients initiation of treatment with any ACE
inhibitor is appropriate. All except captopril are long-acting once-a-
day drugs, whose absorption is unaffected by the presence of food. They
are effective as monotherapy in about 60% of unselected hypertensive
patients, with no gender predilection. Preexisting levels of plasma renin
activity do not predict the BP response of an individual—indeed, elderly
patients who usually tend to have suppressed renin levels have nonethe-
less excellent response to ACE inhibition at lower doses than young
or middle-aged patients (11). African-American hypertensive patients
tend to respond less well to monotherapy than Caucasians. However,
the addition of a diuretic, which makes the BP more renin dependent,
enhances the response of all patients to ACE inhibition and dissipates
any racial differences. In addition to raising the response rate to >80%,
this combination is also particularly effective in maintaining metabolic
stability, because ACE inhibition attenuates the common side effects
of diuretics (e.g., hypokalemia, hyperglycemia, hyperuricemia). A fixed
combination of an ACE inhibitor with a thiazide can be used for
convenience after an effective dose has been established.

Advantages of ACE inhibitors include the lack of side effects com-
mon to other antihypertensive classes (e.g., fatigue, drowsiness, impo-
tence, forgetfulness) and the absence of adverse effects on coexisting
conditions or concurrent treatments (e.g., chronic obstructive pulmo-
nary disease, diabetes mellitus, ischemic heart diseases, heart failure,
renal failure). Far from being contraindicated, for most of these condi-
tions, the hemodynamic and metabolic consequences of ACE inhibition
present distinct benefits: the enhanced insulin sensitivity is helpful in
type 2 diabetes; the decrease in systemic vascular resistance and after-
load is helpful in CHF; and the preferentially enhanced coronary blood
flow and renal flow and the diminished intraglomerular pressures are
beneficial for ischemic heart disease, renal insufficiency, and diabetic
nephropathy, respectively. Because of its effect on intrarenal hemody-
namics (12) (i.e., preferential vasodilation of efferent vs afferent arteri-
oles with decreased intraglomerular pressure), ACE inhibition decreases
proteinuria and protects the patient from developing glomerulosclerosis
and renal failure. Chronic renal failure is no contraindication to the
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use of ACE inhibitors, provided the doses are adjusted to the level of
creatinine clearance. Bilateral renal artery stenosis or stenosis of the
artery to a single kidney is a contraindication, because ACE inhibition
will precipitate functional renal insufficiency that can be reversed only
by switching to a different class of drug.

Within tissues of target organs, the inhibition of locally generated
Ang II and potentiation of local effects of bradykinin exert additional
vasculoprotective, renoprotective, and cardioprotective actions in terms
of prevention or reversal of vascular wall hypertrophy, nephrosclerotic
lesions, left ventricular hypertrophy, and remodeling. In particular,
ACE inhibition has been shown to protect the myocardium from acute
ischemic and reperfusion injury, such as occurs after MI and reperfusion
postthrombolysis.

The cardioprotective and renoprotective properties of ACE inhibi-
tion, first demonstrated in small clinical studies, have now been con-
firmed by a number of large, controlled, longitudinal multicenter trials
in CHF (13–15) post MI (16–19), diabetic nephropathy (20), and
chronic renal insufficiency (21). All these trials, even those in which
cardioprotection was not the primary objective, have established that
ACE inhibitors protect the already injured myocardium from further
damage. Indeed, they diminish the rate of recurrence of new events
(22) and attenuate the rate of progression of heart failure (13–19); that
is, they confer secondary cardioprotection. What has not yet been
established is whether they can also confer primary cardioprotection,
i.e., prevent or retard the onset of coronary disease in otherwise healthy
hypertensive patients. Evidence from studies designed for other pur-
poses, such as the Appropriate Blood Pressure Control in Diabetes
(ABCD) trial (23), the Fosinopril Amlodipine Cardiovascular Events
Trial (24), and Multicenter Isradipine Diuretic Atherosclerosis Study
(MIDAS) (25), as well as evidence from studies of chronic heart failure
(13–15), suggest that treatment with ACE inhibitors may indeed dimin-
ish the incidence of first heart attacks by about 25% (22,26).

As many classes of safe and effective antihypertensive agents have
become available over the past few decades, the goals of treatment have
shifted from immediate BP lowering—which is taken for granted—to
quality of life and long-term protection from cardiovascular complica-
tions. A favorable side effect profile is one of the most important factors
in enhancing patient compliance and maintenance of good BP control,
especially in otherwise healthy and asymptomatic patients. Effective
BP lowering by any drug can successfully decrease the incidence of
malignant hypertension, renal failure, stroke, and heart failure; however,
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the incidence of heart attacks has remained disproportionately elevated
(27), even with optimal BP control. A large, ongoing, long-term trial
funded by the National Institutes of Health, the Antihypertensive Lipid
Lowering Trial to Prevent Heart Attack (28), is designed to compare
the capacity of various classes of antihypertensives drugs to confer
primary cardioprotection. Meanwhile, ACE inhibitors (and probably
Ang II antagonists, as well), on the basis of their excellent tolerability
and tissue-protective properties, seem to best fulfill both of the afore-
mentioned goals.
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The angiotensin II (Ang II) receptor antagonists are the most selective
blockers of the renin-angiotensin system (RAS) currently available.
The efficacy of these drugs is similar to that of the other major antihyper-
tensive drug classes, but they appear to exhibit fewer side effects.
Angiotensin receptor blockers (ARBs) selectively block the angiotensin
AT1 receptors, leaving AT2 receptors exposed to increased circulating
concentrations of Ang II. It is not yet known whether the AT2 receptor
is expressed or mediates meaningful hemodynamic or vascular effects in
clinical hypertension. ARB and angiotensin-converting enzyme (ACE)
inhibitors differ in their interactions with the RAS, bradykinin, and
other neurohormonal mediators; the two drug classes have similar
hemodynamic effects, but it is not yet known whether they might have
differential impacts on clinical outcomes. Although ARBs are still
relatively new, several rigorous clinical trials with morbidity and mor-
tality end points are already in progress.
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RATIONALE FOR THE USE OF ARBs
IN TREATING HYPERTENSION

Blocking the RAS is a rational approach to treating hypertension. Ang
II contributes in two major ways to the clinical picture of hypertension: it
raises blood pressure (BP) through its vasoconstrictor actions, and it
has trophic actions on the heart and circulation that might contribute
directly to cardiovascular and renal events. The RAS can be interrupted
by -blockers, which decrease renal renin secretion, and by ACE inhibi-
tors, which limit conversion of angiotensin I (Ang I) to Ang II. ARBs,
however, provide the most direct means for antagonizing this system.

PHARMACOLOGY

The ARBs bind selectively to the AT1 receptor, thereby blocking
the vasoconstrictor and other actions typically exhibited by Ang II.
The binding of these nonpeptidic orally administered agents to the AT1

receptors can be either competitive or nonsurmountable. Some ARBs
are prodrugs that require conversion to an active metabolite. To date,
there is no evidence of clinical differences between drugs that work
in their parent form or those that are prodrugs.

All the available ARBs are effective when dosed once daily, although
there may be pharmacokinetic differences among them that could pro-
duce differences in BP effects during a 24-h period. Comparisons using
ambulatory BP monitoring will be required to determine whether these
differences are clinically meaningful. The effects of these agents on
renal function, natriuresis, and metabolic factors have not been fully
defined, and it is not possible to determine whether some agents might
have advantages over others.

Ang II RECEPTORS

At least four Ang II receptors have been described: AT1, AT2, AT3,
and AT4. Only the first two of these have been well defined. The AT1

receptor mediates most of the known physiologic actions of Ang II.
Recently genetic polymorphisms of this receptor have been described,
but it is not known whether these variations are important. The AT2
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Table 29-1
Ang II Receptors and Effects of Blockade

Vascular AT1 receptors
Constantly expressed
Mediate vasoconstriction
Mediate Ang II arterial wall growth effects

Vascular AT2 receptors
Expressed only after injury (sustained hypertension might provoke

expression)
Mediate vasodilation
Mediate antiproliferative actions
Activate other factors (e.g., nitric oxide)

Potential double action of selective AT1 blockers
Directly block vasoconstrictor and growth actions of Ang II at AT1

receptors
Increase circulating Ang II levels
Unblocked AT2 receptors (if expressed) stimulated by increased Ang II

activity, mediate vasodilation and growth inhibition
Net effects: AT1 blockade plus AT2 stimulation

receptor is found primarily during fetal development and appears to
mediate programmed cell death or apoptosis. The AT2 receptor can be
expressed in normal adults in response to trauma or other injuries. It
is possible that such stimuli as aging and high BP could sufficiently
affect the vasculature to evoke the expression of these receptors. When
stimulated by Ang II, these receptors mediate vasodilation and inhibi-
tory effects on cell growth. Recently, stimulation of these receptors
has been shown to increase nitric oxide production. Because administra-
tion of ARBs increases circulating Ang II levels, it is possible that they
work through a dual mechanism: first, direct blockade of the AT1

receptor; and, second, stimulation of the AT2 receptor. Tissue culture
studies have confirmed that AT1 blockade reduces cell growth and
that AT2 blockade (with experimental agents) increases cell growth;
simultaneous blockade of the AT1 receptor and stimulation of the AT2

receptor (the putative situation when an ARB is used) results in an
enhanced antiproliferative effect. These interesting possibilities, which
have yet to be documented in the clinical setting, are summarized in
Table 29-1.
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USE OF ARBs IN HYPERTENSION

The efficacy of ARBs is similar to that found with other widely
used antihypertensive drugs. More interesting, though, is the question of
whether ARBs exhibit dose-response relationships. The lowest effective
dose of losartan, the first of this class to be available, is 50 mg. The
efficacy achieved with 100 mg, however, is not greater; moreover,
doubling the dose of losartan in patients not responding adequately to
50 mg does not provide substantive further benefit. On the other hand,
such agents as valsartan, irbesartan, telmisartan, eprosartan, or canda-
sartan appear to have greater efficacy at higher doses, although even
with these agents the dose-response curves tend to be rather shallow.
This poses an interesting but still unanswered question: When patients
fail to respond fully to an initial dose, should a higher dose be given
or should a second drug be added?

ARBs work equally well in older and younger patients as well as
in men and women. Preliminary data suggest that African-American
patients might also respond to these agents. In particular, with agents
such as valsartan and tasosartan there is a shift in the dose-response
curves such that higher doses can produce antihypertensive efficacies
similar to those observed in Caucasians. It is not clear whether this
phenomenon reflects pharmacokinetic differences between the two pop-
ulation groups or whether it reflects lower levels of renin activity in
African-American patients. Additional studies are important, particu-
larly because African-American patients are especially vulnerable to the
renal and other consequences of hypertension that might be addressed by
this new drug class. There have been relatively few studies of ARBs
in combination with other antihypertensive agents. As with ACE inhibi-
tors, diuretics appear to be a logical addition to ARBs. Experiences
with combinations with other drug classes such as calcium channel
blockers have not yet been published.

SIDE EFFECTS

The absence of symptomatic and metabolic adverse events with
ARBs is one of their strong attributes. The incidence of side effects is
not different from that in placebo-treated patients. Cough is less com-
mon than with ACE inhibitors and is probably similar in incidence to
other drug classes. Note, however, that there have been rare case reports
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of angioedema with ARBs. Like ACE inhibitors, they should be avoided
during pregnancy and in patients with bilateral renovascular disease.

CLINICAL END POINTS

It is too early for definitive data. Studies of heart effects have been
inconsistent: left ventricular hypertrophy has been shown to be
regressed or unchanged by ARBs in different trials, though recent
studies indicate benefit. Studies in congestive heart failure (CHF) have
shown that ARBs have effects on hemodynamics and symptoms similar
to those with ACE inhibitors. There have been no studies of the effects
of ARBs on arteries in humans, but these drugs have reversed arterial
wall hypertrophy in such animal models as the spontaneously hyperten-
sive rat. ARBs have significantly reduced proteinuria in nephrotic
patients as well as in hypertensive patients with or without diabetes
mellitus. Some early studies indicate that candasartan and losartan
might improve insulin sensitivity in hypertension.

ARBs VS ACE INHIBITORS

Beyond their comparable efficacies, there are potentially important
differences between ARBs and ACE inhibitors. ACE inhibitors do not
fully interrupt the RAS; during chronic treatment, enzymes such as
chymase might substitute for ACE and convert Ang I to Ang II. On
the other hand, ACE inhibitors reduce bradykinin breakdown, thus
increasing bradykinin availability and secondarily increasing vasodila-
tory prostaglandins and nitric oxide. These substances may contribute
to both the hemodynamic and cardioprotective effects of ACE inhibi-
tors. The differential effects of ARBs on the Ang II receptors (discussed
earlier) may provide similar but qualitatively different benefits. Because
of their differences, combinations of ACE inhibitors and ARBs have
been studied both in congestive heart failure (no end point data yet
available) and in hypertension. Early evidence suggests that the BP
effects of these two classes may indeed be additive, although such
study design issues as choosing optimal dosing have limited the conclu-
sions. ACE inhibitors have clear clinical benefits when used in heart
failure, following myocardial infarction, and in diabetic nephropathy.
No such data are yet available with ARBs. In one small study, losartan
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was associated with a lower mortality rate than the ACE inhibitor
captopril in patients with CHF, but this could not be confirmed in a
follow-up study.

CLINICAL TRIALS

It is encouraging that the manufacturers of ARBs are already support-
ing major clinical outcome studies in hypertension. For example,
losartan is being compared with atenolol, and valsartan with amlodipine,
in older high-risk hypertensive patients. The end points for these studies
are fatal and nonfatal cardiovascular events and strokes. Other ARBs,
including irbesartan and candasartan, are being studied for their reno-
protective and cardioprotective effects.
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1 Adrenergic blockers (prazosin/Minipress, terazosin/Hytrin, and
doxazosin/Cardura) are approved antihypertensive drugs with a gener-
ally favorable profile of safety and tolerability. They have not gained
widespread sustained use in hypertension because of their relatively
limited monotherapeutic efficacy and their tendency to cause significant
first-dose hypotension and sustained postural hypotension, both of
which are magnified by salt depletion and interactions with diuretics
and other antihypertensive medications. Opportunities remain for use
in essential hypertension, especially with concomitant hypercholesterol-
emia or symptoms of prostatism. Other possible areas of use include
Raynaud syndrome and cardiac failure, especially in combination with
other agents.

�-RECEPTOR PHYSIOLOGY AND BLOCKADE

-Adrenergic receptors are divided into two major types: 1 and 2.
Although additional minor subtypes can be defined pharmacologically,
their clinical significance is currently unclear. 1 Receptors, which are

From: Hypertension Medicine
Edited by: M. A. Weber Humana Press Inc., Totowa, NJ

333



334 Part IV / Hypertension Medicine

usually located on postganglionic synaptic membranes in cardiac and
vascular smooth muscle, cause vasoconstriction through stimulation of
inositol triphosphate and phospholipase-C, with subsequent release of
intracellular calcium. 2 Receptors, which are located on both presynap-
tic and postsynaptic membranes in the central and peripheral nervous
systems and on blood vessels, platelets, and white blood cells, are linked
to G-proteins and inhibit adenylate cyclase. In general, stimulation of

2-receptors (with agents such as clonidine, guanfacine, or methyldopa)
causes a weak direct peripheral vasoconstriction, which is subsequently
overcome by the powerful ability of 2-agonists to inhibit central sym-
pathetic nervous outflow and neuronal norepinephrine release. As a
result, 2-agonists decrease pressure (BP) in all types of hypertension.
By contrast, blockers of 2-receptors (such as yohimbine) cause weak
peripheral vasodilation and marked central nervous sympathetic stimu-
lation, thereby increasing BP.

Blockade of 1-receptors with prazosin (Minipress), terazosin
(Hytrin), or doxazosin (Cardura) effectively displaces norepinephrine
and epinephrine from vascular smooth muscle and interrupts peripheral
sympathetic neurotransmission. There are negligible effects of 1-
blockers on the central nervous system owing to their inability to
effectively penetrate the blood-brain barrier. Hemodynamically, 1-
blockers cause both venous and arterial dilation and thus do not tend
to cause a reflex increase in cardiac output. Selective 1-blockers have
greater antihypertensive potency than nonselective -blockers such as
phentolamine or phenoxybenzamine, which today are used primarily
in the management of pheochromocytoma.

EFFECTS ON POSTURAL HOMEOSTASIS

Normal assumption of upright posture requires instantaneous reflex
activation of the sympathetic nervous system (SNS), which maintains
upright BP via instantaneous venous and arterial constriction and a
concomitant increase in heart rate. During 1-blockade, blunted reflex
venous and arterial constriction during upright posture results in a
tendency for greater pooling of blood in the lower extremities and
greater BP reduction in the upright than supine position. In extreme
cases, especially during periods of extracellular volume depletion or
in individuals with impaired baroreflex sensitivity, symptomatic ortho-
static hypotension or dizziness can occur. Orthostatic increases in car-
diac sympathetic nerve traffic are not affected by 1-blockers and
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postural tachycardia or palpitations are sometimes seen as a result
of exaggerated postural sympathetic activation during chronic 1-
blockade.

OTHER CLINICAL EFFECTS

In addition to their effects on BP, 1-blockers have other potentially
favorable effects.

Lipid Lowering

A small decrease in low-density lipoprotein, cholesterol has been
reported in short-term studies of 1-blockers, with little change in high-
density lipoprotein cholesterol. Effects on triglycerides are modestly
negative, probably owing to the tendency for these drugs to activate
the SNS. The true clinical significance of this effect has not been
studied, however.

Bladder Emptying

Bladder sphincters are richly innervated by sympathetic neurons,
and bladder emptying can be impaired by excessive sympathetic activa-
tion. A modest positive effect of moderate doses of 1-blockers has
been observed in men suffering from decreased force of urinary stream,
urinary retention, and other symptoms of early prostatism. This effect
has caused the widespread use of 1-blockers by urologists and a clinical
indication exists for such symptoms.

Raynaud Syndrome

Raynaud syndrome, a painful manifestation of excessive digital cuta-
neous vasoconstriction often found in healthy young women and in
people with scleroderma, may respond to low doses of 1-blockers (1
to 2 mg daily in some cases).

Heart Failure

Prazosin in combinaton with diuretics or hydralazine has been used
on occasion in patients with chronic heart failure. Although this com-
bined regimen achieves a degree of venous and arterial dilation, the
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efficacy of 1-blockers in heart failure appears to be far less than that
of angiotensin-converting enzyme (ACE) inhibitors.

PHARMACODYNAMIC INTERACTIONS

The addition of various cardiovascular drugs can affect BP and
orthostatic homeostasis when combined with 1-blockers.

Thiazide Diuretics

Thiazides generally potentiate the antihypertensive effects of -
blockers. Because thiazides are direct-acting arterial vasodilators, they
complement the indirect vasodilation of 1-blockers. As arterial dilators,
however, they further activate the SNS and tend to potentiate both
favorable BP-lowering effects and unfavorable postural hypotension
and tachycardia. The antihypertensive effects of 1-blockers are depen-
dent on extracellular fluid volume status. To the extent that thiazides
affect extracellular fluid volume status (usually minimally), they further
enhance the effects of 1-blockers.

�-Blockers

Postural adaptation is often impaired by the addition of -blockade
to 1-blockade because the greater heart rate response to upright posture
seen during -blockade is blunted. This pattern is also seen with - -
blockers such as labetalol.

Nitrates

As strong venodilators, nitrates have their own tendency to favor
postural BP decreases, particularly in elderly individuals with impaired
cardiac systolic or diastolic function who are dependent on high venous
pressure (preload) to drive cardiac output. Particular care must be taken
if -blockers (or nitrates) are to be considered in older individuals, with
gradual dose titration and careful monitoring of orthostatic BP changes.
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RATIONAL CLINICAL USE

The astute clinician can identify several clinical situations in which
-blockers may be useful. Several points can enhance routine use,

which are discussed next.

Monitoring of Orthostasis

It is important to measure postural changes in BP in all patients
being considered for drug therapy. With -blockers in particular, I
recommend monitoring upright BPs along with sitting or preferably
supine BPs. It is my experience that the symptomatic patients have the
greatest differences between upright and supine BPs on therapy.

Dose Times

I do not concur with manufacturers’ recommendations that bedtime
administration is preferred over morning dosing initially and chronically
because of potential problems of orthostatic hypotension. Many older
individuals experience chronic nocturia. Given that BP usually
decreases during the hours of sleep and that orthostatic tolerance is
often impaired in elderly individuals, there is greater potential for
orthostatic symptoms to occur overnight. It therefore seems more pru-
dent to administer the first dose in the morning along with the admoni-
tion to the patient that initial orthostatic symptoms can be alleviated
by recumbency with the legs elevated if necessary.

First-Dose Effects and Chronic Underdosing

A strong first-dose effect is common with 1-blockers. Manufacturers
have therefore recommended that the initial doses be low (usually 1
mg) to minimize the chance of hypotensive symptoms with the first
dose. Fortunately, subsequent doses are usually much better tolerated.
For the purposes of chronic BP lowering, daily doses of 10–20 mg of
any 1-blocker (prazosin, terazosin, or doxazosin) are often required.
Unfortunately, many clinicians fail to titrate to these higher doses,
leaving patients with inadequate BP control.
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Urologic Use and Unrecognized
Pharmacodynamic Interactions

I have seen several cases in which information that an 1-blocker
was prescribed by a urologist for urinary hesitancy was not relayed to
the primary care physician. Subsequent use of other cardiovascular
agents, especially thiazide diuretics, -blockers, nitrates, or ACE inhibi-
tors then caused orthostatic symptoms, which were attributed to the
later drug rather than to the pharmacodynamic interaction of the later
drug with the 1-blocker. Good communication between physicians
and periodic review of all current medications is essential for prevention
of these untoward effects.
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The centrally acting antihypertensive drugs are one of the oldest
classes still in use for the treatment of hypertension. As a group, their
common and unique mechanism of action is to stimulate receptors in
the brain that reduce sympathetic nervous system (SNS) activity, and
lower blood pressure (BP), heart rate, and systemic vascular resistance
while preserving cardiac output (1). The overall hemodynamic and
metabolic profiles are quite favorable for these drugs, but their clinical
use has been limited owing to side effects of sedation, dry mouth, or
mild depression. Recently, newer centrally acting drugs have been
developed that are more specific for the imidazoline receptor, which
results in excellent antihypertensive effects but minimal to no adverse
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effects (2). These newer agents will assume an important role in the
future management of hypertension as monotherapy or in combination
with other antihypertensive drugs.

CENTRALLY ACTING DRUGS

The centrally acting drugs all stimulate the central postsynaptic 2-
receptor or the imidazoline receptor in the brain stem, which reduces the
SNS activity to the periphery (1–3). Methyldopa (Aldomet), clonidine
(Catapres), guanabenz (Wytensin), and guanfacine (Tenex) stimulate
the 2-receptor more than the I1-imidazoline receptor (2). Reserpine
depletes catecholamine stores in both the central and peripheral nervous
systems and differs significantly from the other centrally acting drugs
in virtually all respects. Its use is quite limited owing to side effects
and therefore is not discussed in this chapter.

MECHANISM OF ACTION

Stimulation of -adrenergic or imidazoline receptors in the nucleus
reticularis lateralis of the rostroventrolateral part of the medulla is the
primary mechanism of action of the centrally acting drugs (1–3). The -
adrenergic-binding sites are of two types: presynaptic and postsynaptic.
Stimulation of the postsynaptic 2-receptor centrally lowers BP slightly,
but is mostly responsible for the side effects of sedation and dry
mouth (1,3).

The imidazoline-binding sites are also of two types: I1, which is
sensitive to clonidine and idazoxan; and I2, which is sensitive to ida-
zoxan and largely insensitive to clonidine (2). Stimulation of the I2-
imidazoline receptors lowers BP without the side effects of sedation
and dry mouth (2). Stimulation of both receptors may be necessary to
trigger the central hypotensive response (2). The relative selectivity
for the receptors determines the efficacy and the effects of the centrally
acting agents.

HEMODYNAMIC EFFECTS

In general, the centrally acting agents lower BP, reduce SNS activity,
reduce heart rate, lower systemic vascular resistance, and preserve
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cardiac output at rest and during exercise (1,3,4). In addition, norepi-
nephrine, aldosterone, angiotensin II (Ang II) levels, and plasma renin
activity (PRA) are decreased; renal blood flow, renal plasma flow, and
glomerular filtration rate do not change or increase; renal vascular
resistance is reduced; and there is a sodium-water diuresis in some
patients (3,4). The sodium-water diuresis is especially prominent with
rilmenidine and mononidine and, to a lesser extent, with clonidine,
guanabenz, and guanfacine, owing to selective binding to renal I1-
imidazoline receptors (1–4). Table 31-1 compares the hemodynamic
effects.

PHARMACODYNAMICS, DOSES,
AND METABOLIC EFFECTS

Table 31-2 lists the onset of action, peak effects, plasma half-life,
metabolism, excretion, and recommended doses (5). Clonidine, guana-
benz, and guanfacine all have a neutral or favorable effect on serum
lipids and glucose compared with methyldopa, which has an unfavor-
able effect. Methyldopa reduces high-density lipoprotein cholesterol
and increases triglycerides. There is little reason to use methyldopa
now because the side effects are greater than and the efficacy is inferior
to those of the other centrally acting drugs (4,5).

EFFECTS OF CENTRALLY ACTING DRUGS
ON CORONARY HEART DISEASE RISK FACTORS

Centrally acting drugs have an overall favorable effect on coronary
heart disease (CHD) risk factors. Of the 18 modifiable CHD risk factors,
clonidine, guanabenz, and guanfacine have no adverse effects, giving
them a 0:18 CHD relative risk ratio (see Table 31-3) (4,5). Methyldopa
has a 2:18 CHD relative risk ratio. The newer agents rilmenidine and
mononidine are less well studied in this regard.

CLINICAL USE

Antihypertensive efficacy is excellent and similar with all of the
centrally acting drugs. Selection of therapy depends more on some of
the unique side effects, metabolic and pharmacologic effects, duration



Table 31-1
Hemodynamics of Centrally Acting Drugsa

Rilmenidine and
Clonidine Guanabenz Guanfacine Methyldopa Mononidine

MAP reduced MAP reduced MAP reduced MAP reduced MAP reduced
CO unchanged CO unchanged CO unchanged CO unchanged or CO unchanged
HR reduced (10%) HR reduced (minimal) HR reduced (10%) some decrease HR reduced
SVR reduced SVR reduced SVR reduced HR slightly decreased SVR reduced
RBF, RPF, GFR: no RBF, RPF, GFR: no RBF, RPF, GFR: no SVR decreased RBF, RPF, GFR: no

change or increase change change or increase RBF, RPR, GFR: no change or increase
RVR reduced RVR reduced RVR reduced change RVR reduced
Plasma and urinary NE Plasma and urinary NE Plasma and urinary NE RVR reduced Plasma and urinary NE

and EPI reduced and EPI reduced and EPI reduced Ang II reduced and EPI reduced
Ang II reduced Aldosterone reduced Ang II reduced PRA reduced Ang II reduced
PRA reduced PRA reduced PRA reduced Aldosterone reduced PRA reduced
Aldosterone reduced Ang II reduced Aldosterone reduced Exercise response Aldosterone reduced
Exercise response Exercise response Exercise response preserved Exercise response

preserved preserved preserved Plasma volume preserved
PWP reduced Plasma volume PWP reduced increased PWP reduced
Fluid retention: unchanged Fluid retention: Diuresis

minimal to none Diuresis in some minimal to none Natriuresis
Diuresis in some patients Diuresis in some

patients patients

aCO, cardiac output; EPI, epinephrine; GFR, glomerular filtration rate; HR, heart rate; MAP, mean arterial pressure; NE, norepinephrine;
PRA, plasma renin activity; PWP, pulmonary wedge pressure; RBF, renal blood flow; RPF, renal plasma flow; RVR, renal vascular
resistance; SVR, systemic vascular resistance.
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Table 31-2
Pharmacodynamicsa

Drug Preparation Mechanism of action Pharmacodynamics Adverse effects Contraindications Daily dosage

Clonidine 0.1 mg (oral) Selective stimulation Onset: 1/2–1 h Sedation and Sick sinus syn- Initial: 0.1 mg hs and
(Catapres) 0.2 mg (oral) of postsynaptic 2- Peak: 3–5 h drowsiness; dry drome; second or increase by 0.1 mg q

0.3 mg (oral) adrenergic receptors in Plasma half-life: mouth; dizziness; third-degree AV 3–4 d, giving larger
TTS 1–3 depressor site of vaso- 12–16 h withdrawal syn- block bid doses at bedtime.

motor center of Metabolism: liver drome and rebound Some qd. Usually bid
medulla, nucleus (minimal) hypertension Average: 0.4–0.6 mg
tractus solitari, and Excretion: renal (uncommon with Maximum: 1.2 mg
hypothalamus; reduces TTS—duration of doses <1.2 mg qd); Range: 0.2–1.2 mg
efferent sympathetic antihypertensive weakness; head- TTS: once per week
tone and increases effect: 1 wk ache; bradycardia; TTS: 1, 2, or 3
vagal tone to heart, constipation;
peripheral vascula- impotence
ture, and kidney; (uncommon—4%)
reduces SVR, causing
vasodilation and lower-
ing BP; spares periph-
eral reflexes; reduces
PRA.

Guanabenz 4 mg Stimulation of post- Onset: 1 h Dry mouth; seda- Pregnancy Average dose: 16 mg
(Wytensin) 8 mg synaptic 2 receptors Peak: 4 h tion and drowsi- Range: 8–48 mg

in medulla reduces Plasma and half- ness; fatigue; impo- Maximum: 48 mg
sympathetic activity life: 6 h tence; withdrawal
and reduces SVR and Metabolism: 75% syndrome; rebound
PRA. (site undetermined) and overshoot

Excretion: renal, hypertension; diz-
80% ziness; headache;

constipation
continued
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Table 31-2
Continued

Drug Preparation Mechanism of action Pharmacodynamics Adverse effects Contraindications Daily dosage

Guanfacine 1 mg Reduces sympathetic Onset: 1 h See Clonidine Allergy to 1 mg hs
(Tenex) 2 mg tone, SVR, and HR. Peak: 4 h guanfacine Maximum: 3 mg hs

Plasma half-life:
12 h
Excretion: renal

Methyldopa 125 mg -Methylnorepi- Onset: 2–3 h Lassitude; drowsi- Active hepatic Average: 250–300
(Aldomet) 250 mg nephrine stimulates a Peak: 5 h ness and sedation; disease mg bid schedule

500 mg postsynaptic 2-adren- Plasma half-life: dry mouth; mild Maximum: 3000 mg
Also available in ergic receptor in the 12 h orthostasis; posi-
elixir (250 mg/mL) medulla and decreases Metabolism: tive Coombs Test

sympathetic outflow, hepatic and anemia; posi-
which reduces SVR Excretion: renal tive rheumatoid fac-
and PRA. Also has tor and lupus ery-
some peripheral thematosus
action. preparation; impo-

tence; hepatitis
withdrawal syn-
drome; rebound
and overshoot
hypertension;
altered mental acu-
ity; depression

Rilmenidine 1 mg Stimulates I1 imidazo- — Minimal — 1–2 mg
line receptor

aAV, atric ventricular; TTS, transdermal therapy; SVR, systonic vascular resistance; PRA, plasma renin activity; HR, heart rate.
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Table 31-3
CHD Risk Factors and Centrally Acting Drugsa

Central Methyldopa

Hypertension
Dyslipidemia
Glucose intolerance
Insulin resistance
LVH
Exercise
Potassium
Magnesium
Uric acid / /
Blood viscosity
Blood velocity
Catecholamines
Ang II
Arrhythmia potential
Fibrinogen ? ?
Platelet function
Thrombogenic potential ? ?
Antiatherogenic ? ?
CHD relative risk ratio 0:18 2:18

a , Reduced; , increased; , no change; ?, unknown. LVH, left ventricular hyper-
trophy; CHD, coronary heart disease.

of action, mode of administration, and cost. All are effective as mono-
therapy.

Combination therapy with diuretics, calcium channel blockers
(CCBs), angiotension-converting enzyme (ACE) inhibitors, and angio-
tension receptor blockers (ARBs) have added or synergistic activity
with reduced side effects, particularly if low-dose combination therapy
is used (4,5). Using a centrally acting agent with an -blocker may
result in antagonism in a majority of patients through competing effects
at the receptor binding site. Concomitant use with a -blocker may be
effective in most patients but may result in central antagonism in a
minority. In addition, there is a higher risk for bradycardia or heart
block and a more frequent or more severe withdrawal syndrome if both
drugs are discontinued simultaneously or the centrally acting drug is
stopped abruptly and the -blocker is continued (3–6).

Combination therapy may also reduce left ventricular hypertrophy
better than with monotherapy especially when CCBs, ACE inhibitors
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and ARBs (2–5) are used with centrally acting drugs. Reduction in
SNS activity with centrally acting drugs may reduce cardiac ischemic
events and supraventricular and ventricular arrhythmias when used as
monotherapy or in combination (2–5). Two centrally acting drugs
should never be used together. These drugs should be initiated in low
doses with the predominant dose at night to allow the patient to become
tolerant to sedative side effects. The dose should be increased gradually
every 2–4 wk until the maximum doses are attained or goal BP is
achieved.

Clonidine may be administered orally or transdermally. Oral therapy
is appropriate for chronic hypertension and in hypertensive urgencies
in carefully selected patients (7). Transdermal therapy (TTS) given
once a week, has fewer side effects owing to lower steady-state plasma
levels, but the efficacy is equal to oral therapy (4,5). In general, the
equivalent TTS therapy is three fourths the oral dose (i.e., clonidine
at 0.4 mg orally/d = Catapres TTS 3 once per wk) (4,5). It takes
24–48 h for TTS to achieve adequate plasma levels, but some of the
antihypertensive effects persist 48 h after the TTS is discontinued. The
other drugs are available only in oral form except methyldopa, which
can be administered intravenously or orally. The dose equivalency is
as follows: 0.1 mg of clonidine = 4 mg of guanabenz = 0.25 mg
of guanfacine = 250–500 mg of methyldopa (5). Oral clonidine and
methyldopa must be given twice daily unless renal impairment is present
that would reduce excretion. Guanabenz, guanfacine, rilmenidine, and
mononidine may be given once daily. The centrally acting drugs have
very few contraindications and can be given to patients with many
concomitant diseases such as hyperlipidemia, diabetes mellitus, angina,
congestive heart failure, renal insufficiency, obstructive lung disease,
peripheral vascular disease, and to patients with a history of cerebro-
vascular accidents (4,5). Clonidine may be particularly useful in
patients with concomitant addictive syndromes (opiates, alcohol,
tobacco), anxiety, supraventricular tachycardia, diabetic diarrhea,
essential tremor, menopausal symptoms, migraine headache, and
mitral valve prolapse (4,5).

ADVERSE EFFECTS

Common side effects of the centrally acting drugs are sedation and
dry mouth, which are minimal with low-dose long-term therapy.
Concern about a withdrawal syndrome has been overemphasized
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with all these drugs, particularly clonidine. When low doses are
used, the frequency of withdrawal syndrome is minimal and probably
less than that with -blockers. Other adverse effects are given in
Table 31-2 (4,5).

DRUG INTERACTIONS

Tricyclic antidepressants, monoamine oxidase inhibitors, and pheno-
thiazines may frequently interfere with the antihypertensive effects.
Central nervous system depressant or sedative drugs may be potentiated.

-Blockers may interfere with the antihypertensive effects in a minority
of patients. Oral contraceptives may reduce methyldopa’s antihyperten-
sive effect, and iron salts may reduce its absorption. Methyldopa may
increase lithium levels (4,5).

CONCLUSION

Centrally acting antihypertensive agents are extremely effective anti-
hypertensive drugs with a favorable hemodynamic, metabolic, and CHD
risk factor profile. They can be used in many concomitant diseases
with excellent effects and are relatively cost-effective. Adverse effects
have limited their use, but new agents with selectivity for imidazoline
receptors will result in good BP control and a marked reduction in
side effects. These agents will add to our growing armamentarium of
antihypertensive drugs that can be used as monotherapy or in combina-
tion with other agents.
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Untreated and uncontrolled hypertension is a major health problem
in the United States. Findings from the Third National Health and
Nutrition Examination Survey (NHANES III, phase 2), conducted from
1991 to 1994, indicate that this problem may be worsening (Fig. 32-1)
(1). Major decreases in awareness, treatment, and control rates for
hypertension have been recorded in the past decade despite extensive
educational programs directed toward patients and health care provid-
ers, the widespread availability of facilities for diagnosis and treatment,
and the development of effective management strategies (2–4). Because
of the high prevalence of hypertension in the United States, the observed
decline in control rates is estimated to put more than 1 million hyperten-
sive patients at increased risk for target organ damage (TOD) and
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Fig. 32-1. Trends in awareness, treatment, and control of high BP in noninstitution-
alized adults in the United States expressed as percentage of the hypertensive
population sampled in the NHANES II (1976–1980); NHANES III, Phase 1
(1988–1991); and NHANES III, Phase 2 (1991–1994). (Adapted from ref. 2.)

cardiovascular disease–related morbidity and mortality. Although a
causal relationship has not been established, the decline in hypertension
detection, treatment, and control rates has coincided with an increase
in morbidity and mortality owing to cardiovascular disease (Fig. 32-
2) (5). Since 1993, age-adjusted stroke rates have risen, the slope of
the age-adjusted rate of decline in coronary heart disease has leveled
off, and the incidence of end-stage renal disease and the prevalence of
heart failure have increased. These trends support an urgent need for
greater emphasis on public awareness of the problem of high blood
pressure (BP) and on more aggressive approaches to antihypertensive
treatment and BP control by caregivers.

STRATEGIES FOR ENHANCING AWARENESS
OF HYPERTENSION

Hypertension can be detected only by measuring BP. This procedure
should be carried out at each encounter between a patient and a health
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Fig. 32-2. (Reproduced with permission from Heart and Stroke Facts 1998 Statisti-
cal Supplement, 1997, American Heart Association.)

Table 32-1
BP Measurementa

Patients should be seated with back supported and arm bared and
supported.

Patients should refrain from smoking or ingesting caffeine for 30 min prior
to measurement.

Measurement should begin after at least 5 min of rest.
Appropriate cuff size and calibrated equipment should be used.
Both SBP and DBP should be recorded.
Two or more readings should be averaged.

aSBP, systolic blood pressure; DBP, diastolic blood pressure. (Reproduced from
ref. 2.)

care provider. In addition, community screening at health fairs, schools,
churches, sporting events, and other gathering places for persons who
may not be engaged in the health care system may be useful in identify-
ing previously undiagnosed hypertensive patients. BP should be mea-
sured in a standardized fashion using equipment that meets certification
criteria (Table 32-1) (6,7). Repeated BP measurements made at intervals
are needed to determine whether initial elevations persist and require
prompt attention or whether only periodic surveillance is needed (Table
32-2). It is critical that persons in whom a diagnosis of hypertension
has been considered not be lost to follow-up, since labile or intermittent
hypertension in some people, particularly the young, may lead to fixed
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Table 32-2
Recommendations for Follow-up Based on Initial BP

Measurements for Adultsa

Initial BP (mmHg)

Systolic Diastolic Follow-up recommended

<130 <85 Recheck in 2 yr
130–139 85–59 Recheck in 1 yr
140–159 90–99 Confirm within 2 mo
160–179 100–109 Evaluate or refer to source of care within 1 mo

180 110 Evaluate or refer to source of care immediately
or within 1 wk depending on clinical
situation

aIf systolic and diastolic categories are different, the higher pressure should be used
in planning follow-up (e.g., 160/86 mmHg should be evaluated or referred to source
of care within 1 mo). The scheduling of follow-up may be modified according to past
BP measurements, other cardiovascular risk factors, and/or target disease. All patients
should be given information about lifestyle modifications. (Reproduced from ref. 2.)

hypertension later in life. Furthermore, people with high normal BP
(130–139/85–89 mmHg) are at greater risk of developing definite
hypertension and of experiencing cardiovascular events than the general
population. These increased risks should be clearly explained to patients
in order to reinforce the need for periodic remeasurement of BP.

Measurement of BP outside of the health care setting by the patient
or a friend, relative, or coworker is useful in making or ruling out a
diagnosis of hypertension and in following the course of the BP, whether
or not antihypertensive treatment is administered. Self-measurement
of BP has the particular advantages of distinguishing sustained hyper-
tension from “white coat” hypertension and of enhancing the active
role of the patient in his or her own care, thus fostering adherence to
treatment. The upper limit of normal for home BP is generally set at
135/85 mmHg.

STRATEGIES FOR ENHANCING ADHERENCE
TO ANTIHYPERTENSIVE TREATMENT

Despite its obvious benefits, antihypertensive treatment, whether
by lifestyle modification and/or drug administration, is frequently not
embraced with enthusiasm by the patient. The reasons for nonadherence
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to antihypertensive treatment are many, and include the asymptomatic
and chronic nature of high BP; the adverse effects of many antihyperten-
sive drugs; the sense of deprivation engendered by lifestyle modifica-
tion, particularly when dietary restrictions are involved; the cost of
medication and other aspects of care, e.g., clinic visits and special diet
and exercise programs; and failure of the provider to communicate
the benefits of successful treatment and the risks of nonadherence to
prescribed therapy. Other barriers to care, such as changes in provider,
long waiting times, and restrictions in reimbursement for diagnostic
procedures, also contribute to the problem of nonadherence.

In usual medical practice, low patient adherence seriously under-
mines the effectiveness of antihypertensive therapy. At each step, from
detection through long-term follow-up, large numbers of patients drop
out of care: up to 50% fail to follow through with referral advice, more
than 50% of those who begin treatment drop out of care within 1 yr,
and 50–70% of new treatments are changed or discontinued within the
first 6 mo in most practices (8,9). The initial choice of antihypertensive
drug is an important determinant of adherence to therapy, independent
of the cost of the medication. For example, examination of all outpatient
prescriptions (more than 3 million) for antihypertensive drugs filled in
the Canadian province of Saskatchewan over the period 1989–1994
revealed that 41% of 27,364 newly diagnosed hypertensive patients
stopped treatment during the study period (10). The likelihood of stop-
ping was significantly related to the class of the initial agent—greatest
for diuretics and smallest for ACE inhibitors. Even for those who
remained compliant, fewer than half remained on the initial agent
throughout the period of the study (4+ yr). Because Saskatchewan
Health funds the prescription drug plan for the province, the cost of
medications did not appear to play a role in either the physician’s
choice of drug or the patient’s decision about whether or not to continue
therapy. What was important was the number of changes in the drug
regimen and the class of initial agent chosen. Patients whose prescrip-
tions were changed frequently were less likely to adhere to the regimens
prescribed. Further, angiotensin-converting enzyme (ACE) inhibitors
performed better than diuretics, -blockers, or calcium channel blockers
(CCBs), presumably because they were better tolerated. The angiotensin
receptor blockers (ARBs), which appear to have an even better tolerabil-
ity profile, were not available at the time of this study.

The Losartan Effectiveness and Tolerability (LET) study was a 16-
wk prospective, open label, randomized study that compared a three-
step losartan/hydrochlorothiazide (HCTZ) regimen (50 mg of losartan
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Fig. 32-3. The common side effects (SE5) of antihypertensive treatment were
significantly less frequent in subjects randomized to losartan-based treatment (■)
than in those randomized to usual care (■), which did not include an ARB, in
the community-based LET study. (Adapted from ref. 11.)

titrated to 50 mg of losartan + 12.5 mg of HCTZ and to 50 mg of
losartan + 25 mg of HCTZ) plus additional medications, as needed,
to a usual care regimen (11). Enrollees included 2616 outpatients in
community care sites who required a switch in antihypertensive therapy
owing to either uncontrolled BP (82%) or intolerable adverse effects
(18%). Primary end points included the percentage of patients reaching
goal BP (<140/90 mmHg) and the frequency of medication switches.
Secondary end points were the percentage of patients reaching goal
BP without a switch and the frequency of adverse effects for each
treatment group. BP control rates were identical (66%) in both groups,
but medication switches were significantly less frequent in the losartan
group (113/1303, 9%) than in the usual care group (303/1313, 23%)
(p < 0.001). Figure 32-3 summarizes the adverse effects of medications
for the two treatment groups. Note that the antihypertensive drugs used
by the usual care group after the initial switch included CCBs (35%),
ACE inhibitors (25%), -blockers (9%), diuretics (±another agent)
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Fig. 32-4. Annual cost of changing antihypertensive drug monotherapy in a tertiary
care hypertension clinic was greater with traditional “preferred” diuretic/ -blocker
therapy than with other agents because a greater percentage of patients in the
former group required a change, and the cost per patient was greater in the
former group, offsetting the lower initial acquisition costs of the traditional drugs.
(Adapted from ref. 12.)

(8%), and other classes (22%); twenty-six percent of patients taking
losartan received other medications, and only 9% were switched to
another class. The investigators concluded that the losartan regimen
was as effective as usual care in controlling BP, required fewer switches,
and had fewer adverse effects. They hypothesized that if better tolerabil-
ity translates into better compliance and persistency, a losartan regimen
may result in better long-term hypertension control than usual care
with the older classes of drugs. Further study is needed to determine
whether the hypothesis is correct and whether the benefits seen with the
losartan regimens are also seen with other members of the ARB class.

When selecting antihypertensive drug therapy, it is extremely impor-
tant to consider tolerability and the likelihood that the patient will
adhere to the prescribed regimen over time. The cost of poorly tolerated
therapy, which often involves changes in the drug program, includes
payments for additional clinic visits and laboratory tests, supplemental/
alternative drugs, and treatment of adverse effects. These costs tend to
be higher for patients treated with diuretics and -blockers than with
the newer classes of antihypertensive drugs (Fig. 32-4 (12). In one
study conducted in a tertiary care hypertension clinic, charges generated
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Table 32-3
Suggestions for Increasing Patient Compliance

with Antihypertensive Therapy

Educate patient about hypertension and the importance of following
prescribed drug regimen.

Schedule follow-up appointment during office visit and reconfirm by
telephone.

Prescribe the drug regimen least likely to result in adverse effects.
Choose the least costly regimen likely to be effective.
Prescribe a once-a-day regimen, if feasible.
Simplify drug regimen by using a fixed-dose combination product.
Track attendance.
Monitor for achievement of BP goal.
Reward/acknowledge progress toward goal.
Inquire about compliance obstacles.
Collaborate with patient in devising new treatment strategies.

aAdapted from ref. 13.

for 1 yr after an antihypertensive drug was changed were recorded.
Diuretic or -blocker therapy was changed in 122 of 357 patients,
compared with 44 of the 270 given the newer classes of drugs during
4+ yr of follow-up. Per-patient charges generated in switching from
diuretic or -blocker therapy were $1333 ± 130 (mean ± SEM) over
the next year, compared with $1017 ± 126 for patients switching from
other antihypertensive drugs (p < 0.001). Most of the charges were the
result of additional clinic visits to monitor BP and laboratory parame-
ters. Additional expenses such as the cost of time off from work and
transportation were not included in the analysis. Thus, the cost of
antihypertensive therapy includes much more than that of drug acquisi-
tion alone. The economic burden of poor BP control, with attendant
TOD and cardiovascular events, may ultimately involve disability pay-
ments, hospital costs, and payments to physicians and other health care
providers for the treatment of advanced cardiovascular disease.

Strategies that enhance adherence and improve patient outcomes
must involve both patient education and behavioral modification (Table
32-3) (13,14). Evidence-based approaches that have been shown to be
helpful in maximizing long-term adherence to antihypertensive regi-
mens include educating the patient and his or her family about high
BP and its treatment, individualizing the regimen, providing feedback to
the patient, and promoting social support. With respect to medications, it
is reasonable to individualize antihypertensive treatment based on each
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patient’s personal needs with respect to tolerability, convenience, and
quality of life. Initiation of treatment with a drug that is expected to
be well tolerated and therefore likely to be effective in lowering BP over
time is prudent. Long-acting agents are preferable because adherence to
therapy and consistency of BP control are superior with once daily
dosing. Low-dose, fixed-dose combination therapy can be used in place
of monotherapy as initial treatment or as an alternative to adding a
second agent of a different therapeutic class to unsuccessful monother-
apy. The advantage of this approach is that low doses of drugs that
act by different mechanisms may have additive or synergistic effects on
BP with minimal dose-dependent adverse effects. Single-tablet dosing
provides an additional benefit. The pairing of pill taking with daily
habits, such as brushing teeth or shaving, helps minimize missed medi-
cation. Furthermore, compliance packaging such as blister packaging
helps patients remember when to take their medication and to note
errors in pill taking. Self-monitoring of BP at home and/or at work
increases patient involvement and ties adherence to a successful treat-
ment outcome—BP lowering.

Whenever possible, multidisciplinary teams that address patients’
specific needs and concerns and provide follow-up and feedback should
be utilized. This multilevel approach, in which patients, providers,
and health care organizations/systems take part, is needed to optimize
adherence. Provision of reminders, outreach, and follow-up services is
useful. Many of these functions can be carried out by nurses and/or
office assistants and by the pharmacists who dispense the patients’
medications. Vigilant counseling and surveillance by an interested phar-
macist concerning timeliness of prescription refills and possible drug-
drug interactions can greatly enhance the quality of antihypertensive
treatment.

STRATEGIES FOR IMPROVING BP CONTROL

Data from NHANES III indicate that approx 50% of patients under
treatment for hypertension are uncontrolled (BP > 140/90 mmHg).
When the more stringent BP goals recommended for diabetics (<130/
85 mmHg) and patients with renal dysfunction and proteinuria (125/
75 mmHg) are taken into account, control rates are even lower. The
reasons are complex, but are most commonly related to patient nonad-
herence to therapy (previously discussed), and inadequate and inappro-
priate therapy (Table 32-4) (15,16). Secondary hypertension is a less



Table 32-4
Reasons for Lack of Responsiveness to Hypertension Therapya

Nonadherence to therapy Drug-related causes Associated conditions Volume overload

Cost of medication and Doses too low Increasing obesity Inadequate diuretic
related care Inappropriate combinations Alcohol intake >1 oz of therapy

Instructions not clear and/or (e.g., two centrally acting ethanol/d Excess sodium intake
not given to the patient in adrenergic inhibitors) Sedentary lifestyle Fluid retention from
writing Rapid inactivation (e.g., Sleep apnea reduction of BP

Failure of physician to hydralazine, oral clonidine Progressive renal damage
increase or change therapy [Catapres], captopril Secondary hypertension
to achieve BP goals [Capoten], short-acting CCBs

Inadequate or no patient Drug interactions:
education glucocorticoids,

Lack of involvement of the mineralocorticoids, NSAIDS,
patient in the treatment tyramine and MAO
plan inhibitors, appetite

Side effects of medication suppressants, phenothiazines,
Organic brain syndrome oral contraceptives,

(e.g., memory deficit) sympathomimetics,
Inconvenient dosing antidepressants, adrenal

schedule steroids, nasal decongestants,
cocaine, cyclosporine
(Sandimmune, neoral),
erythropoietin

aNSAIDs, nonsteroidal anti-inflammatory drugs; MAO, monoamine oxidase. (Adapted from ref. 17.)
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Fig. 32-5. Main reduction in BP and high rates of BP control were achieved in
the HOT study by increasing the intensity of treatment from one drug to two to
four drugs in the majority of patients. (Adapted from ref. 15.)

common (<5% of cases overall) but nevertheless important cause of
uncontrolled hypertension, and it is potentially curable. (See Chapter
13 for a discussion of screening procedures for secondary hypertension.)
Because definitive diagnosis and treatment of these conditions can be
technically difficult and operator dependent, referral to a hypertension
specialist is recommended in cases of suspected secondary hyper-
tension.

Most hypertensive patients are undertreated; that is, they are receiv-
ing inappropriately low doses of individual antihypertensive drugs or
too few drugs. For example, in the Hypertension Optimal Treatment
(HOT) study, mean BP on enrollment was 161/98 mmHg on a one-
(~60% of participants) or two- (~30% of participants) drug regimen,
whereas at the end of the study, BP was well controlled (mean = 142/
83 mmHg) on a regimen that required two or more drugs in 52% of
cases (Fig. 32-5) (17). Clearly, the choice of initial monotherapy, which
receives so much attention in the literature and in commercial promo-
tions, is less important than administering appropriate drug combina-
tions in adequate doses because (1) BP can be controlled with monother-
apy in fewer than 50% of patients, and (2) all of the major classes of
antihypertensive drugs appear to be similarly effective in lowering
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BP in persons with stage 1 hypertension and without target organ
damage (15,18).

Underdosing of antihypertensive drugs can be minimized if physi-
cians become familiar with one or two drugs in each class and follow
the manufacturer’s recommendations for their use. Doses should be
titrated upward until BP is controlled or the maximal recommended
dose is reached, in the absence of dose-related adverse effects. A drug
from another class that has additive or synergistic effects with the first
drug should then be added. Addition of a diuretic, even in very low
doses, potentiates most other classes of drugs, and adding an ACE
inhibitor to a CCB both increases efficacy and reduces some of the
dose-related adverse effects, principally peripheral edema, of the CCB.
In general, combining multiple drugs from the same class or drugs that
share a common mechanism of action should be avoided. ACE inhibitor

-blocker combinations do not have additive antihypertensive effects,
and -blocker -agonist combinations are undesirable because their
antihypertensive effects are not additive and because of a potential for
paradoxical hypertension and rebound hypertension on drug with-
drawal. Unless the patient has symptoms or signs of accelerated hyper-
tension, the interval between dose adjustments or addition of new drugs
should be 4 wk or longer, because this much time is necessary for any
dose of antihypertensive medication to reach its full therapeutic benefit.

Fixed-dose combination therapy offers the advantages of improved
patient adherence, by decreasing the number of pills that must be taken,
and enhanced tolerability, by reducing the dose-dependent adverse
effects of individual components (19). To be combined in a single-
dose form, each component in the combination must contribute to BP
lowering, and the dosage of each component must be such that the
combination is safe and effective in a majority of the target population.
The antihypertensive effects of individual components can be additive
or synergistic. In some cases, one component of the combination attenu-
ates the adverse effects of the other; for example, ACE inhibitors blunt
diuretic-induced metabolic abnormalities and CCB-induced sympa-
thetic nervous system activation. Furthermore, the cost of fixed-dose
combination therapy is frequently less than that of individual compo-
nents. Most fixed-dose combinations contain one or even two diuretics
(one for natriuresis, the other for potassium sparing) since diuretics
enhance the efficacy of the other classes of antihypertensive drugs.

Short-acting antihypertensive agents, including dihydropyridine
CCBs such as capsular nifedipine (Adalat, Procardia), oral clonidine
(Catapres), and captopril (Capoten) should be avoided because of the
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need for frequent dosing, leading to noncompliance (15). These agents,
with the exception of captopril, also tend to activate the sympathetic
nervous system, leading to unstable BP control and periods of rebound
hypertension at the end of the dosing interval.

Diuretics are a critical component of multidrug antihypertensive
regimens, because volume overload is the most common cause of
resistant hypertension in patients who adhere to prescribed therapy
(15,16). Avoidance of foods high in salt and increased consumption
of foods high in fruits, vegetables, and low-fat dairy products, which
contain micronutrients that reduce the pressor effect of concomitant
salt intake, are also helpful in reducing volume overload. Thiazide
diuretics are more effective than loop diuretics in lowering BP in
patients with normal renal function, whereas loop diuretics are needed
to control both BP and volume in patients with renal dysfunction (serum
creatinine > 3 mg/dL; glomerular filtration rate < 30 mL/min) (16,20).

COMORBID CONDITIONS

The majority of hypertensive patients have comorbid conditions and
other cardiovascular risk factors and/or TOD that may dictate their
antihypertensive drug therapy (Fig. 32-6) (2). Compelling indications
for initial drug choices from specific classes are based on randomized
clinical trials. These recommendations indicate that a drug from a
specific class should be included in the antihypertensive regimen unless
contraindicated, not necessarily be administered as monotherapy.
Because of the aggressive nature of TOD in these conditions, particu-
larly diabetes and renal dysfunction, a multidrug regimen is usually
needed to lower BP and prevent the progression of renal disease and
cardiovascular events. Furthermore, the level of BP control appears to
be more important than the choice of drug in determining outcome.
For example, the United Kingdom Prospective Diabetes Study showed
that tight BP control was associated with a 24% reduction in diabetes-
related end points compared to usual control, independent of the choice
of antihypertensive drug (atenolol- and captopril-based regimens were
equally effective) (21,22).

In conditions in which ACE inhibitors are recommended first-line
agents, such as congestive heart failure, diabetes, and myocardial
infarction, ARBs are being tested in clinical trials as alternative or
substitution therapies. In view of the excellent tolerability of this new
class of antihypertensive drugs, they may add greatly to our ability to
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Fig. 32-6. General approach to the pharmacologic treatment of hypertension in
patients with and without comorbid conditions that may constitute compelling
indications (supported by randomized controlled trials) for including specific drug
classes in the regimen. (Reproduced from ref. 2.)
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control BP, even in hypertensive patients with TOD and comorbid con-
ditions.
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Abnormalities of blood lipids constitute one of the more common
risk factors for cardiovascular disease that coexist with systemic arterial
hypertension (Table 33-1). Hypertension and lipid disturbances may
be part of a genetic abnormality, the Familial Dyslipidemic Syndrome,
which is found in approx 12% of people with hypertension and in
approx 50% of those with early familial hypertension, increased LDL
cholesterol, and triglycerides. Thus, it is often necessary to consider
the additional cardiovascular risk associated with dyslipidemia when
planning a therapeutic strategy for hypertensive patients.

Cholesterol is one of the major factors in the pathogenesis of athero-
sclerosis. Spontaneous atherosclerosis begins at birth and is associated
with lipid accumulation, macrophage and smooth muscle cell prolifera-
tion, foam cell formation, and endothelial cell toxicity. Much has been
learned concerning the progression from isolated macrophage foam
cells and fatty streaks to atheroma and fibroatheroma. Fibroatheromas
are the most advanced form of spontaneous atherosclerosis and may
produce stenosis of blood vessels. However, the atheroma and fibroath-
eroma may undergo accelerated change owing to disruption of the
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Table 33-1
Epidemiological Relation Between BP and Serum Lipidsa

Lipid fraction
associated

Number of with blood Correlation
Study subjects pressure coefficient P

Tecumseh 3064 TC 0.16 SBP <0.001
Community TG 0.18 SBP
Health

Southern 4839 TC 0.28 SBP <0.05
California TG

Lipid Research 7747 TG + VLDL Not given <0.05
Clinics Program TC
Prevalence

Framingham 5127 TC 0.15 SBP Not given
0.20 DBP

Tromso 16744 TC 0.19 SBP <0.001
Non-HDL-C 0.25 DBP

0.13 SBP
Zavaroni et al. 64 TG Not given <0.05
Williams et al. 6128 LDL-C Not given <0.001

a TC, total cholesterol; TG, triglycerides; VLDL, very low-density lipoprotein; HDL-
C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
SBP, systolic blood pressure; DBP, diastolic blood pressure (From Goode GK, et al.
Lancet 1995; 345:362–364.)

fibrous cap. Disruption is likely owing to hemodynamic forces. During
the early stages of plaque disruption, these fissures probably reseal by
incorporating platelets and thrombus and may produce no symptoms
or may produce a spectrum of unstable coronary syndromes, e.g.,
unstable angina and myocardial infarction (MI).

The association between high cholesterol concentrations and athero-
sclerosis has been known for some time. For clinical purposes, the
focus has been on total serum cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and
serum triglyceride concentrations. Although other measurements may
have value in some settings, e.g. lipoprotein (a), clinical intervention
trials have focused on the aforementioned lipids. The lipoproteins sur-
round the lipid center and serve as transport mechanisms.

LDL-C contains mostly apolipoprotein B-100, which is made in the
liver. Most of the cholesteryl ester in the core of LDL is produced
from the breakdown of VLDL by the liver. Apolipoprotein B-100 is
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recognized by LDL receptors on peripheral cells (e.g. endothelial cells
of coronary arteries, and the liver). The liver removes approx 75% of
LDL from the circulation; the removal rate of LDL from the circulation
depends on both the number and availability of LDL receptors.

LDL-C can accumulate in the arterial wall when serum concentra-
tions are high. When LDL-C is trapped in the endothelium, the particles
undergo physical and chemical modifications; that is, peroxidation of
polyunsaturated fatty acids in LDL-C converts LDL lecithin to LDL
lysolecithin. This oxidized LDL is taken up 10 times faster by macro-
phages than native LDL, which leads to the formation of foam cells.
Oxidized LDL is a potent chemoattractant for circulating macrophages
and when ingested by the macrophages inhibits their motility; this leads
to sequestration of macrophages in the arterial wall. Oxidized LDL
has been reported to be cytotoxic to endothelial cells. Modified LDL
is highly immunogenic and LDL-immune complexes are rapidly phago-
cytized by macrophages. Glycated LDL is also a potent immunogen.

HDL is secreted into the plasma by the liver and intestines and
accepts cholesterol from peripheral cells and other lipoproteins. HDL
serves as a reservoir for apolipoproteins and is also the major pathway
for cholesterol metabolism by the liver. When HDL interacts with the
surface of cells, lecithin cholesterol acyltransferase combines choles-
terol and phosphatidyl choline to make cholesteryl ester, which is then
transported to the liver. HDL also prevents the oxidation of LDL by
binding to transition metal ions in the intima. Thus, in contrast to LDL,
high HDL levels help prevent atherosclerosis.

Triglycerides may be an independent risk factor for cardiovascular
disease in women but not in men. However, the major value of detection
of an elevated plasma triglyceride concentration may be to alert the
physician to the presence of insulin resistance (see below).

There are four groups of patients that characterize the vast majority of
patients with hypertension and coexistent abnormalities of blood lipids:

1. Those with no prior history of a cardiovascular event
2. Those with a history of a prior cardiovascular event
3. Those with coexisting diabetes mellitus or syndrome X

LIPID ABNORMALITIES IN HYPERTENSION WITH AND
WITHOUT PREVIOUS CARDIOVASCULAR DISEASE

All patients with hypertension should have a complete assessment for
the common, known risk factors for cardiovascular disease, including a
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careful history (age, sex, smoking, substance abuse, hormonal status
for women, diabetes, family history of cardiovascular disease), physical
examination (evidence of vascular disease or diabetes), electrocardio-
gram (evidence of previous MI, ischemia, or left ventricular hypertro-
phy), and a lipid profile. The presence of hypertension requires that a
more detailed evaluation be given to all risk factors than in an other-
wise healthy person. It cannot be overemphasized that measurement
of the lipid profile should be performed by a certified laboratory with
the patient in a fasted state (at least 14 h) and after a careful
review of the patient’s dietary habits. Secondary causes of dyslipidemia
should be sought, which include certain drugs (diuretics, glucocorti-
coids, cyclosporin), metabolic conditions (hypothyroidism, pregnancy,
diabetes mellitus), and certain diseases (nephrotic syndrome, biliary
obstruction).

The value of lowering abnormally elevated LDL cholesterol in both
primary and secondary prevention of cardiovascular events has been
well established by many large-scale, controlled clinical trials. The
National Cholesterol Education Program (NCEP) guidelines are help-
ful when deciding how to assess cardiovascular risk in relation to
blood lipid values (see Table 33-2). However, clinical judgment must
always be used when applying such guidelines to actual practice situa-
tions.

Clearly, the NCEP guidelines try to predict those individuals at high
risk for a cardiovascular event that might be modified by treatment of
abnormal lipid values. For those who have had a previous MI or stroke
or who have evidence of peripheral vascular disease, I aggressively
treat even marginally elevated cholesterol values. The optimal values
for cholesterol for any given individual have not been defined.

Dietary measures and appropriate exercise constitute prudent advice
for all patients who seek a healthy lifestyle. However, for patients at
risk for cardiovascular events and elevated LDL-C, I begin treatment
with lipid-lowering drugs immediately. Data from the literature suggest
that this treatment will decrease the progression of spontaneous athero-
sclerosis as well as prevent the accelerated phase associated with
increased plaque vulnerability.

Tabled 33-3 lists drugs that are useful in the treatment of abnormal
cholesterol. The “statins” have been remarkable for their ability to
decrease morbidity and mortality in clinical trials associated with a
reduction in LDL-C and, in some instances, an increase in HDL-C.
The lack of significant adverse events make these drugs highly attractive
as initial agents to prevent the development of atherosclerosis.



Table 33-2
NCEP Expert Panel Guidelines (1993)

Cholesterol HDL Risksa Vascular disease LDL Actionb Goal

<200 >35 DEER, 5 yr
<240 <2 DEER, 1 yr Chol < 200

240 Or <35 Or 2+ Or + Check LDL
<130 DEER, 5 yr

<2 130–159 DEER, 1 yr LDL < 130
2+ Or >160c Step 1 diet or step 2

Repeat 6 mo LDL < 160
or <130
If 2+ risks

+ 100 DEER, 1 yr
+ >100c Step 2 diet, 3 mo LDL < 100

Risksa Vascular disease LDL Goal

Male < 35 or female premenopausal; not high risk 220 LDL < 190
<2 190 LDL < 160
2+ 160 LDL < 130

+ 130 LDL < 100

aRisks are diabetes mellitus; age (male 45; female or premature menopause without hormone replacement therapy); family history
of premature cardiovascular disease (MI/sudden death in first-degree relative male <55 or female <65 yr); hypertension; HDL < 35 (subtract
one risk factor if HDL 60).

bDEER, diet, exercise, and risk-reduction advice; Step 1 diet, decrease sources of saturated fat, total fat, and cholesterol (saturated fat
~10% and total fat ~30% of total calories; cholesterol < 300 mg/d).

cAlthough diet and exercise are the foundation of treatment, practically all of the conditions designated will require treatment with lipid-
lowering drugs.

371



372 Part V / Hypertension Medicine

Table 33-3
Pharmacologic Agents for Treatment of Dyslipidemia in Adults

Effect on lipoprotein

LDL HDL Triglyceride

First-line agents
LDL lowering

HMG CoA reductase inhibitor

Triglyceride lowering
Fibric acid derivative

Second-line agents
LDL lowering

Bile acid binding resins
LDL and triglyceride lowering

Nicotinic acid

DIABETES MELLITUS AND SYNDROME X

Diabetes mellitus and syndrome X are discussed together because
the lipid abnormalities are often similar, i.e., decreased HDL-C and an
increase in triglycerides. Syndrome X is characterized by the following:

1. Hypertension
2. Resistance to insulin-stimulated glucose uptake
3. Hypertriglyceridemia
4. Low plasma HDL-C
5. Hyperuricemia
6. Abnormal plasminogen activator-1
7. Presence or absence of obesity

In patients with overt diabetes mellitus as well as syndrome X, the
major concern is still to treat the LDL-C if it is elevated (Table 33-
4). However, the plasma triglyceride concentration should be given the
first priority for treatment if the value is >500 mg/dL, in order to
prevent pancreatitis.

The use of drugs that improve insulin resistance or hepatic glucose
output (e.g., troglitazone or metphormin) may be of value in managing
individuals with insulin-resistance syndromes, although definitive out-
come trials have not yet been completed and reported.
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Table 33-4
Treatment of Dyslipidemia in Diabetes

Dyslipidemia X Optimal LDL < 100 mg/dL (2.60 mmol/L),
primary therapy directed first at lowering LDL
by diet, exercise, and drugs; when drugs are
necessary, use statin, then bile acid binding
resin.

X If triglycerides > 500 mg, treat as first priority.
X Initial therapy for markedly increased

triglycerides is improved glycemic control;
additional lowering with fibric acid derivatives
or high-dose statins as necessary.

X Niacin should be used very carefully if at all.

CONCLUSION

Hypertension is associated with disturbances of blood lipids in many
ways and contributes greatly to the overall risk for developing cardio-
vascular disease. In every patient who is diagnosed as having hyperten-
sion, an evaluation of blood lipids is required as part of an inventory
of total cardiovascular risk. Failure to do so deprives the patient of the
opportunity to receive therapy that may strikingly reduce cardiovascular
morbidity and mortality.
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Diabetic people are more prone to hypertension than those without
this metabolic disorder (1–6). More than 3 million people in the United
States have both type II diabetes and hypertension (1–3). Cardiovascular
disease (CVD) is the largest cause of morbidity and mortality in diabetic
persons with coexistent hypertension. Accordingly, a major focus of
hypertension therapy for these persons should be the reduction of CVD
morbidity and mortality, while reducing the complications of diabetic
nephropathy. The causation of this comorbidity in Westernized societies
may be attributed to populations getting older, more obese, and more
sedentary (1–6). Up to 80% of the premature mortality in persons with
this diabetes is due to CVD (1–6). Hypertension plays a key role in
promoting CVD in diabetic persons (1–6). These observations have
contributed to the recommendations of more aggressive lowering of
blood pressure (BP) (i.e., to <130/85 mmHg) in people with both
diabetes and hypertension (2–7). However, it appears that most of
such persons are inadequately controlled at this desired BP (5,8). New
strategies are being reviewed to improve our ability to reach BPs in
this high-risk population.

Hypertension and diabetes both increase with advancing age in
industrialized societies (1,2,4,9–11). As in the United States, diabetes
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Table 34-1
Lipids, Coagulation, and Fibrinolysis in Hypertension and Diabetes

1. Increased plasma levels of VLDL, LDL, and Lp (a)
2. Decreased plasma HDL cholesterol
3. Elevated plasma levels of factor VII and VIII
4. Increased fibrinogen and PAI-1 levels
5. Elevated thrombin-antithrombin complexes
6. Decreased antithrombin III, protein C, and S levels
7. Decreased plasminogen activators and fibrinolytic activity
8. Increased endothelial expression of adhesion molecules

mellitus affects more than 15 million people, 90% of whom have
the noninsulin-dependent, or type II, diabetes (3,10). Almost 20% of
Caucasians over 65 yr of age have diabetes; the prevalence is even
higher in African Americans and Hispanics (10,11). Whereas CVD
accounts for 40% of overall mortality in the United States, nearly 80%
of deaths in elderly diabetic persons is secondary to CVD complications,
consisting of sudden death, myocardial congestive heart failure, and
cerebrovascular and peripheral vascular disease (10,11).

People with clinical diabetes and hypertension, or with impaired
glucose tolerance and hypertension, manifest a characteristic dyslipide-
mia, with low high-density lipoprotein (HDL), high very low-density
lipoprotein (VLDL) and a phenotypically small, dense, and more athero-
genic low-density lipoprotein (LDL) (6,12) (Table 34-1). Hypertension
and coexistent diabetes are often associated with coagulation abnormali-
ties as well as lipid disturbances (6,12). Furthermore, disturbances of
the fibrinolytic system have been reported in people with hypertension,
especially in those with concomitant lipid glucose abnormalities and
vascular disease (12). Circulating levels of lipoprotein (a) [Lp(a)] are
often in association with diabetes mellitus (6). By inhibiting fibrinolysis,
increased levels of Lp (a) delay thrombolysis and predispose to plaque
progression. Elevated levels of plasminogen activation inhibitor-1 (PAI-
1) have been reported both in untreated patients with essential hyperten-
sion (13) and in men with prior myocardial infarctions with increased
risk for reinfarction (6). Elevated PAI-1 levels are associated with
abdominal obesity, insulin resistance/hyperinsulinemia, and associated
dyslipidemia (6). Platelet aggregation, activation, and adhesion are
often enhanced in hypertension and associated diabetes mellitus (1,14)
(Table 34-2).
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Table 34-2
Alterations in Platelet Function in Hypertension and Diabetes

1. Increased platelet adhesiveness and aggregation
2. Increased platelet generation of vasoconstrictor prostanoids
3. Reduced platelet generation of prostacyclin and other vasodilator

prostanoids
4. Increased nonenzymatic glycosylation of platelet proteins
5. Decreased platelet production of NO
6. Increased platelet myosin light chain phosphorylation/contraction

Table 34-3
Alterations in Cardiovascular Endothelium Associated with

Hypertension and Diabetes

1. Increased plasma levels of von Willebrand factor
2. Elevated expression, synthesis, and plasma levels of endothelin-1
3. Diminished prostacyclin release
4. Increased destruction of endothelium-derived relaxing factor (NO) and

reduced responsiveness to NO
5. Impaired fibrinolytic activity
6. Increased endothelial cell procoagulant activity
7. Increased endothelial cell-surface thrombomodulin
8. Increased superoxide anion generation
9. Increased expression of adhesion molecules

ENDOTHELIAL DYSFUNCTION IN
DIABETES AND HYPERTENSION

Dysfunction of the vascular endothelium appears to play a major
role in the pathogenesis of CVD in people with hypertension and
diabetes (1,15) (Table 34-3), with hyperglycemia and dyslipidemia as
major contributors (15). Hyperglycemia results in increased destruction
of endothelial cell nitric oxide (NO) (15), which predisposes to
increased production of vasoconstrictor prostaglandins, endothelin, gly-
cated proteins, endothelium adhesion molecules, and growth factors,
which cumulatively enhance vasomotor tone, vascular growth, and
remodeling (15,16). Hyperglycemia and dyslipidemia also delay endo-
thelial cell replication and increase cell death, in part by enhancing
oxidation and glycation (glycooxidation), and altering vascular NO
metabolism (15,16).
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EVALUATION AND TREATMENT OF HYPERTENSION
IN ASSOCIATION WITH DIABETES MELLITUS

The goal of lowering BP in people with coexistent diabetes and
hypertension is to prevent hypertension-associated death and disability
(1–3). Those with diabetes and hypertension, partly because of reduced
baroreceptor sensitivity, often have more labile BPs, and are more
susceptible to postural hypotension. These symptoms are often associ-
ated with a lack of a normal nocturnal “dip” in BPs (1–3). Thus, the
level of BP and the diagnosis of hypertension should be based on
multiple BP measurements obtained in a standardized fashion on at
least three occasions (1–3). Because of the propensity for orthostatic
hypotension, standing BPs should be measured during office visits
(1,3). Furthermore, because of the increased variability in BP of these
patients, ambulatory BP measurements or home BP monitoring may
be particularly valuable. The consensus BP goal in diabetic people with
hypertension is <130/85 mmHg (1–3) (Fig. 34-1).

The purpose of this clinical advisory update is to alert clinicians
about new information to be used in their clinical practice. Therapy in
patients with hypertension and diabetes begins with weight reduction,
increased physical activity, and moderation of salt and alcohol intake
(2,3). The goal BP is 130/85 mmHg. If it is not reached, then pharmaco-
logic intervention is indicated (2,3). Based on clinical trial results, four
classes of drugs have been found to be effective first-line therapy in
these patients (Fig. 34-1). Most hypertensive diabetic patients will
require the use of more than one agent to achieve a therapeutic goal
of 130/85 mmHg (3).

Because proteinuria is a harbinger for CVD and renal disease (17),
angiotensin-converting enzyme (ACE) inhibitors may afford unique
benefits in preventing CVD as well as diabetic nephropathy (2,3). The
Appropriate Blood Pressure Control in Diabetes trial (18) showed a
cardioprotective effect of ACE inhibitors. Recently, the United King-
dom Prospective Diabetes Study Group reported (19,20) that BP lower-
ing with an atenolol-based program was just as effective as a captopril-
based regimen in reducing the incidence of diabetic complications (both
microvascular and macrovascular). Many required these drugs plus a
diuretic to achieve “tight control of 144/82 mmHg.” In patients assigned
to less tight control (154/87 mmHg), there was less use of multiple
antihypertensive agents. Risk reductions in the group assigned to tight
BP control were 24% in diabetes-related end points, 32% in deaths
related to diabetes, 44% in strokes, and 37% in microvascular end
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Figure 34-1. ???

points, predominantly diabetic retinopathy. These results suggest that
combination therapy with either an ACE inhibitor or a -blocker are
very effective in reducing macrovascular and microvascular events
provided that BP is adequately lowered.

Low-dose thiazide diuretics (i.e., 25 mg or less of hydrochlorothia-
zide or chlorthialidone daily) are effective and safe antihypertensive
agents in type II diabetic patients (2,3). In the Systolic Hypertension
in the Elderly Program study, elderly type II diabetic men had reductions
in stroke and coronary heart disease similar to those without diabetes
(21). Low-dose diuretics (i.e., hydrochlorothiazide at 25 mg or lower)
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are not associated with significant metabolic abnormalities (2,3). Lower-
dose diuretics in conjunction with ACE inhibitors usually produces
substantial synergism in reducing BP, and the use of these agents
together further minimizes potential metabolic problems. Diuretics are
important because of the salt sensitivity and expanded plasma volume
that is often present in diabetic patients (22), particularly in those
requiring several drugs to control BP levels of <130/85 mmHg.

Results from the subset analysis of type II diabetics in the Hyperten-
sion Optimal Treatment (HOT) trial (23) and a recent subanalysis of
this cohort in the Systolic Hypertension in Europe (Syst-EUR) trial
(24) suggest that further reduction in diastolic BP below 85 mmHg is
beneficial. HOT also confirmed that multiple drug regimes are required
to reach goal for most hypertensive diabetics. In the Syst-EUR trial,
systolic blood pressure was reduced by a comparable amount in each
group ( 22 ± 16 mmHg for nondiabetic subjects vs 22.1 ± 14 mmHg
for the diabetic group), and the risk reduction in mortality from CVD
was 13% for the nondiabetic subjects and 76% for the diabetic patients
(24). Thus, the benefit conferred per millimeter of mercury BP reduction
appears to be greater in people with type II diabetes than in those with
hypertension but no coexistent diabetes mellitus.
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The prevalence of hypertension in patients with chronic renal insuf-
ficiency (CRI) from all causes increases linearly as renal function
deteriorates, reaching approx 95% as patients approach end-stage renal
disease (ESRD) (1–3). There is now substantial evidence that control-
ling blood pressure (BP) will slow the inexorable decline in renal
function in patients with CRI (4). Nevertheless, at a time when morbidity
and mortality from cardiovascular disease is declining, the incidence
of ESRD is increasing dramatically, particularly in African Americans,
the elderly, and diabetics (5). There is no single explanation for this
fact, but pertinent issues are as follows (6,7):

1. Should the general therapeutic approach to hypertension (nonpharma-
cologic and/or pharmacologic) differ in patients with CRI vs essential
hypertensive patients without renal insufficiency?
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2. Will lowering BP to levels below current standards (140/90 mmHg;
mean arterial pressure [MAP] = 107) better preserve renal function
without increasing adverse consequences?

3. Are there specific classes of antihypertensive drugs that are renoprotec-
tive over and above their effect on BP?

NONPHARMACOLOGIC THERAPY

The same nonpharmacologic measures useful in the treatment of
essential hypertension can be applied to patients with hypertension and
CRI. However, in patients with CRI, sodium restriction becomes the
single most important nondrug approach (3). As glomerular filtration
rate (GFR) declines, sodium balance is maintained after some volume
expansion but at the expense of hypertension. In addition to directly
lowering BP by diminishing extracellular volume and vascular reactiv-
ity, dietary sodium restriction also potentiates the effects of other antihy-
pertensive medications, particularly angiotensin-converting enzyme
(ACE) inhibitors and angiotensin receptor blockers (ARBs) (6,8).
Because the failing kidney is unable to accommodate rapidly to a low-
sodium intake, sodium restriction must be accomplished gradually.
Rapid and marked reduction of sodium intake may result in severe
volume contraction and worsening renal function (3).

PHARMACOLOGIC THERAPY: DIURETICS

If the patient is unwilling or unable to adhere to a sodium-restricted
diet, a diuretic should be used (3). Either a loop-active or thiazide
diuretic may be used, with the choice generally determined by the level
of renal function. As GFR falls below 35 mL/min (serum creatinine
approx 2.5 mg/dL or greater), thiazides become ineffective and a loop-
active diuretic is necessary. Combinations of the two types of diuretics
have been particularly successful in renal failure patients who have
been resistant to either used alone (9,10). Of the three available loop-
active diuretics (furosemide, bumetanide, and torsemide), torsemide is
the best orally absorbed drug (11). The response to diuretics is highly
individual and the dose must be altered as the clinical response dictates.
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As with dietary sodium restriction, severe volume contraction must be
avoided. Therefore, patients should be monitored carefully by daily
weights, BP (particularly orthostatic measurements), and timely evalua-
tion of renal function and electrolytes (3).

In general, the same drugs used in patients with essential hypertension
with normal kidney function can be used in patients with hypertension
and CRI, including the choice of drug if there are comorbid conditions.
Guidelines are provided elsewhere for appropriate reductions in the
dose of renal metabolized drugs such as atenolol, nadolol, hydralazine,
clonidine, and captopril (12). Caution must be exercised with 1-adren-
ergic blockers, which have been reported to produce significant ortho-
static hypotension particularly in patients with autonomic neuropathy
associated with CRI. Centrally acting 2-adrenergic agonists may cause
marked lethargy in patients with a GFR <20 mL/min and should be
administered at reduced doses (6). ACE inhibitors (and probably ARBs)
should be used cautiously in patients with proven or suspected renal
artery disease because they may precipitate an acute loss of kidney
function (13). In fact, if this occurs in a patient previously not suspected
of having renal artery stenosis, the diagnosis should then be seri-
ously considered.

In the most recent Joint National Committee report (VI), two specific
recommendations were made regarding the treatment of patients with
hypertension and CRI. First, BP should be lowered to at least 130/85
mmHg in patients with proteinuria in excess of 1 g/24 h. Second,
patients with hypertension who have CRI should receive, unless contra-
indicated, an ACE inhibitor to control hypertension and to slow the
progression of renal failure (12). Next, these recommendations are
evaluated in light of the available literature.

HYPERTENSIVE NEPHROSCLEROSIS AND CRI

Will lowering BP to the levels suggested (unrelated to the drugs
used) slow the progression of renal disease without undesirable side
effects? With regard to hypertensive nephrosclerosis, there still are no
data from large-scale, prospective, randomized studies designed to
specifically examine whether lowering the BP prevents or slows pro-
gression of renal failure. Furthermore, the appropriate goal BP in these
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patients is not established (7). However, there are data from a variety
of studies suggesting that aggressive treatment of essential hypertension
even with traditional therapy such as diuretics and -blockers can
stabilize renal function as assessed by the serum creatinine (6,7). In
the Hypertension Detection and Follow-up Program (14), the stepped-
care group, which achieved a mean BP of 129/86 mmHg, significantly
lower than the usual-care group (139/90 mmHg), showed stabilization
of renal function after 1 yr of treatment. Similarly, in the Multiple Risk
Factor Intervention Trial (15), with a 7-yr follow-up period of 5061
Caucasian males with mild to moderate hypertension, those subjects
with a diastolic BP (DBP) above 95 mmHg had a more rapid decline
in renal function compared with those patients with a DBP of <95
mmHg. In African-American men, slowing in the progression of CRI
was observed down to a DBP of 75 mmHg. Although the risk for renal
dysfunction was highest in men with severe hypertension, there was
also an increased risk in subjects with a DBP of 85–90 mmHg compared
with those with a systolic BP (SBP) of <120 mmHg and a DBP of
<80 mmHg. This suggests that the lower BP the greater the renal
protection, and that the traditional target BP of 140/90 mmHg may be
too high (6). Those subjects whose follow-up SBP exceeded 140 mmHg
had the most rapid decline in renal function. Other studies have con-
firmed these findings (16–21).

The African-American Study of Kidney Disease trial is ongoing and
is designed to determine the optimum BP to prevent worsening renal
function in African Americans with hypertensive nephrosclerosis and
CRI and to determine the effects of an ACE inhibitor, calcium antago-
nist, or -blocker on the progression of CRI in these subjects (22).
Until the results of this trial are known, it appears reasonable to lower
SBP to <135 mmHg and DBP to <85 mmHg in patients with hyperten-
sive nephrosclerosis and CRI (7).

PROGRESSION OF CRI OF DIVERSE ETIOLOGIES:
WHAT SHOULD THE GOAL BP BE?

The Modification of Diet in Renal Disease (MDRD) (23) was a
large, prospective, randomized trial that compared the effects of “usual”
BP control (MAP of 107 mmHg in patients younger than age 60 yr
and 113 mmHg for those older than 60) with “strict” control (MAP of
92 and 97 mmHg for the two age groups, respectively) in 840 patients
with CRI (GFR range of 13–55 mL/min). Patients were generally
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treated with ACE inhibitors or calcium channel blockers (CCBs), with
diuretics, and with other drugs as necessary. Those patients with a GFR
of 25–55 mL/min in the strict control group had a less rapid decline
in GFR, which correlated significantly with the level of urinary protein
excretion at baseline; that is, those patients with protein excretion >1
g/d demonstrated a slower rate of decline of renal function than the
higher BP group. A longer follow-up period would have been necessary
to determine whether the low BP goal is beneficial in patients with
proteinuria of only 0.25–1.0 g/d. There was no beneficial effect of the
lower BP in patients with a GFR between 13 and 24 mL/min, nor in
patients with adult polycystic kidney disease or chronic interstitial
nephritis.

Support for the MDRD findings relative to BP control and proteinuria
is provided by the Northern Italian Cooperative Study Group, which
evaluated more than 400 patients with nondiabetic CRI over a 30-mo
follow-up period (19). In this study, an MAP >107 mmHg, associated
with increasing levels of proteinuria, predicted a worse outcome.
Aggressive BP control to an MAP of <107 mmHg correlated with a
diminution in proteinuria and prolonged renal survival compared with
those patients with a higher BP. Several other smaller studies confirm
these findings (24–27).

The results of the studies in patients with diabetic nephropathy
also suggest that renal function deteriorates more slowly with more
aggressive lowering of BP and concomitant reduction in protein excre-
tion. The beneficial effect of lower BP is continuous down to an SBP
of approx 130 mmHg and a DBP of 70 mmHg (28–35).

The Collaborative Study Group examined 409 patients with type
I diabetic nephropathy. Lower SBP correlated with remission from
nephrotic range proteinuria (35). When the MAP was reduced to 92–95
mmHg, the benefit of the lower BP was observed regardless of whether
or not an ACE inhibitor was used. The apparent renoprotective effect
of captopril was observed only at the usual levels of BP control (unpub-
lished observations).

Kasiske et al. (34), in a large meta-analysis of patients with diabetic
nephropathy (type I and II), noted that a reduction in BP, regardless
of type of antihypertensive agent used, was associated with a relative
higher GFR in diabetics with proteinuria (34). The GFR was 3.7 mL/
min higher in patients for each 10 mmHg decrease in MAP, emphasizing
again the importance of aggressive control of BP. In none of the studies
reported were there more cardiovascular or other adverse events in
strict BP control groups.
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ARE THERE RENOPROTECTIVE
ANTIHYPERTENSIVE DRUGS?

ACE Inhibitors

Although patients with CRI and hypertension generally respond to
the same classes of antihypertensive agents as do patients without renal
disease, ACE inhibitors are particularly suited for these patients in
whom the renin-angiotensin system is activated (3). It has also been
suggested that this class of drugs has a specific renoprotective effect
distinct from the level of BP by lowering intraglomerular hydrostatic
pressure (PGC), which is elevated in a variety of experimental models
of CRI and appears to be one of several factors that contribute to the
progression of renal failure (36,37). Zucchelli et al. (27), Hannedouche
et al. (38), and Maschio et al. (39) demonstrated an advantage to ACE
therapy in preserving renal function above and beyond simply lowering
BP in patients with nondiabetic CRI.

In the most recent studies reported by the Gruppo Italiano di Studi
Epidemiologici in Nefrologia the effects of ramipril (an ACE inhibitor)
vs placebo were examined in nondiabetic chronic renal disease (40–42).
The degree of BP control was the same in both groups (144.6/88.2
mmHg in the ramipril group compared with 144.6/88.9 mmHg in the
placebo group). Only ARBs were excluded as additional antihyperten-
sive drugs. The patients were divided into two stratums according to
baseline proteinuria: stratum 1, 1–3 g/24 h; stratum 2, 3 g/24 h. The
trial was terminated early in stratum 2 patients because the ACE inhibi-
tor dramatically reduced the rate of decline of renal function compared
with the placebo group (40,41). Ramipril induced an early reduction
in 24-h urinary protein excretion, which correlated with the long-term
effect on GFR decline and was the only covariate that predicted the
drug’s renoprotective effect. The reduction in decline of renal function
was greatest in patients with the highest baseline proteinuria and was
not dependent on the initial degree of renal impairment or baseline or
follow-up BP, which was similar in both groups. These studies suggest
that proteinuria, per se, may be “nephrotoxic.”

The core study patients who were originally on ramipril were contin-
ued on the drug and those initially on placebo were switched to ramipril
at the end of the study (42). At the end of the follow-up study (4 1⁄2 yr),
the patients initially randomized to ramipril had a renal survival rate three
times greater than those who were originally randomized to placebo and
then switched to ramipril, suggesting that the earlier treatment with an
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ACE inhibitor is begun, the more renoprotective it may be. However, the
patients switched to ramipril also had a significant reduction in the rate
of decline in GFR (from 0.81 in the original study to 0.14 mL/[min·mo]
in the follow-up study). These studies strongly suggest that ACE inhibi-
tors are renoprotective separate from their effect on BP.

In a meta-analysis of 10 studies including 1594 patients, Giatras et
al. (43) demonstrated ACE inhibitors to be more effective than other
antihypertensive agents in reducing the development of ESRD in nondi-
abetic renal disease, but not in decreasing mortality.

In the meta-analysis of 100 studies in both type I and type II diabetic
patients noted earlier (34), only ACE inhibitors had an additional favor-
able effect on GFR that was independent of the BP.

The Collaborative Study Group, referred to earlier, definitively dem-
onstrated that ACE inhibition significantly reduces the rate of doubling
of serum creatinine in type I diabetics at usual levels of BP control
(28). Other studies suggest that the early use of ACE inhibitors in
patients with type I and II diabetes and incipient diabetic nephropathy
(microalbuminuria) without hypertension reduces the rate of appearance
of overt nephropathy (macroalbuminuria) (24,44–47).

Based on the available data, in both incipient and overt diabetic
nephropathy and in other forms of CRI, ACE inhibitors should be the
initial drug of choice unless a contraindication to its use exists (7).

Angiotensin Receptor Blockers

ARBs are a new class of drugs that block the rennin-angiotensin
system at a site different than do ACE inhibitors and offer substantial
promise as renoprotective drugs (6,48–50). This class of drugs selec-
tively blocks the binding of angiotensin II to the type 1 angiotensin
receptor on the cell membrane. Although there are no large-scale,
prospective, double-blind studies published, there are promising obser-
vations regarding the possible role for ARBs as renoprotective drugs.
Gansevoort et al. (51) found that an ARB was as effective in reducing
urinary protein excretion in patients with chronic renal disease as an
ACE inhibitor (approx a 50% reduction for each drug).

Calcium Channel Blockers

There are data from both short- and long-term studies available to
evaluate the renoprotective effect of CCBs. Verapamil and diltiazem
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most consistently lower urinary protein excretion in diabetic nephropa-
thy (52). Bakris et al. (53) studied 34 African Americans with type II
diabetic nephropathy with renal insufficiency and proteinuria. After a
mean follow-up of 54± 6 mo, patients taking verapamil had a slower rate
of decline in creatinine clearance and a greater reduction in proteinuria
compared with the group taking atenolol, despite similar BP. In addition,
a greater proportion of the atenolol group had a 50% or more increase
in serum creatinine compared with the verapamil group.

Vellusie et al. (54) compared the effects of an ACE inhibitor (cilaza-
pril) with a dihydropyridine CCB (amlodipine) on GFR and albumin
excretion in 44 type II diabetics with hypertension, 26 of whom were
normoalbuminuric and 18 microalbuminuric. At 3 yr of follow-up, the
decline in GFR and albumin excretion in both groups were similar.
Other studies also suggest that CCBs (both dihydro- and nondihydropyr-
idine) may be beneficial in stabilizing renal function in patients with
CRI (55–59).

CONCLUSION

Treatment of hypertension in patients with renal insufficiency is
indicated at any stage of the disease. It would appear that the goal BP
should be an MAP of 100 mmHg or less and that an ACE inhibitor is
the drug of choice. Diuretics are probably the second-line drugs of
choice. A CCB (diltiazem or verapamil) should be added to achieve
goal BP, followed by other antihypertensive agents, as necessary. The
role of ARBs has not been well defined, but they may be as useful as
ACE inhibitors or possibly even additive. Thus, the recommendations
of sixth report of the Joint National Committee are well founded, with
the possibility that a BP even lower than 130/85 mmHg (MAP of 100
mmHg) may be necessary in all patients with CRI.
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It is estimated that 13.5 million people in the United States have
ischemic heart disease (IHD), and 1.5 million new cases are diagnosed
each year. IHD remains the leading cause of mortality, resulting in
approx 500,000 deaths annually. Many studies have identified specific
risk factors for coronary artery disease (CAD). These include a family
history, diabetes mellitus, hypertension, hyperlipidemia, and smoking.
The incidence of cardiovascular events increases with the number of
risk factors present and is greater than would be predicted by their
combined presence. Primary and secondary prevention including effec-
tive blood pressure (BP) control and lowering of serum cholesterol
levels, together with significant strides in the treatment of IHD, have
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resulted in significant reductions in morbidity and mortality. In this
chapter, we review the management of the hypertensive patient with
IHD.

MEDICAL THERAPY

Medical therapy for the hypertensive patient with IHD is aimed at
lowering BP, reducing myocardial ischemia, alleviating anginal symp-
toms, and preventing recurrent cardiovascular events.

ANTIPLATELET AGENTS AND
ANTICOAGULANT THERAPY

Aspirin has been shown to reduce the risk of major cardiovascular
events in patients with IHD. The risk of death and myocardial infarction
(MI) is reduced in patients presenting with an acute coronary syn-
drome (unstable angina [UA] or non–Q wave myocardial infarction
[NQWMI]). Similarly, the addition of aspirin to thrombolytic therapy
for the treatment of acute MI resulted in an additive benefit, reducing
the incidence of death and nonfatal reinfarction (1). Therefore, aspirin
should be administered to every patient with IHD in the absence of
contraindications.

Patients allergic to or intolerant of aspirin may be treated with
ticlopidine or clopidogrel, which are antiplatelet agents that inhibit
adenosine diphosphate–dependent platelet aggregation. However, clo-
pidogrel appears to have a better safety profile than ticlopidine with a
lower incidence of thrombocytopenia, neutropenia, and gastrointestinal
side effects.

The use of heparin in addition to aspirin is currently recommended
for the acute treatment of moderate- to high-risk patients (2). However,
unstable anginal symptoms recur after heparin is discontinued, owing to
reactivation of the coagulation system, and it appears that concomitant
treatment with aspirin may prevent this withdrawal phenomenon. This
suggests that the culprit lesion is still active after 1 wk of therapy.
Furthermore, a significant number of patients continue to have recurrent
cardiac events for months after discharge. In fact, activation of the
coagulation mechanism has been shown to persist for up to 6 months
after the acute event. Nevertheless, even prolonged treatment with a
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low molecular weight heparin, which has been shown to be superior
to unfractionated heparin (UFH) for the acute management of UA/
NQWMI, did not result in a further decrease in events beyond that
seen in the acute treatment phase.

Newer, more potent antiplatelet agents that block the glycoprotein
(Gp) IIb/IIIa receptor are now available. These agents compete with
fibrinogen for binding to the Gp IIb/IIIa receptor, and thereby inhibit
the common final pathway of platelet aggregation. Because of the
positive results from several clinical trials, tirofiban and eptifibatide
are now widely utilized for the management of UA/NQWMI patients,
in addition to standard medical therapy, especially in those patients
deemed to be at high risk (3). This includes patients with unstable
anginal symptoms associated with ST segment depression, new signifi-
cant T wave inversions or an elevated cardiac troponin. Appropriate
therapy for this subgroup of acute coronary syndrome patients includes
early cardiac catheterization and percutaneous transluminal coronary
angioplasty (PTCA) if feasible (4). In fact, the greatest benefit of these
agents was realized in the subgroup of patients who underwent an early
coronary interventional procedure and in whom the Gp IIb/IIIa infusion
was continued for 12–24 h after the procedure.

To date, clinical trials involving abciximab, a monoclonal antibody
directed at the platelet Gp IIb/IIIa receptor complex, have included only
patients undergoing coronary angioplasty, although the agent remains
under study for use outside the catheterization laboratory. In the Evalua-
tion of Platelet IIb/IIIa Inhibition for Prevention of Ischemic Complica-
tions (EPIC) trial, the administration of abciximab resulted in a 35%
reduction in the risk of major adverse cardiac events at 30 d (5). This
benefit was sustained after 3 yr of follow-up, and it is explained in
part by the ability of abciximab to provide rapid, profound, and sustained
inhibition of platelet function for up to 15 d as it continuously redistrib-
utes among circulating platelets.

�-BLOCKERS

-Blockers without intrinsic sympathomimetic activity are an impor-
tant class of drugs for the treatment of patients with IHD. They exert
their beneficial effects by decreasing BP, heart rate, and myocardial
contractility with a net effect of decreasing myocardial oxygen demand.
The ability of -blockers to improve survival after a transmural MI,
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limit infarct size, and reduce the risk of a recurrent infarction or myocar-
dial rupture has been well documented (6). In fact, -blockers are the
only drugs that have been shown to reduce the risk of sudden cardiac
death and intracerebral hemorrhage after an MI. However, there are
no large-scale clinical trials on UA or NQWMI. For the treatment of
stable anginal symptoms, -blockers offer similar reductions in death,
MI, and relief from angina as compared to calcium channel blockers
(CCBs), but with fewer adverse events.

More recently, -blockers have been shown to improve symptoms
and exercise capacity, as well as decrease mortality in patients with
congestive heart failure (CHF) secondary to systolic dysfunction (7).
Because -blockers have a tendency to exacerbate heart failure symp-
toms, concomitant treatment with diuretics and an angiotensin-convert-
ing enzyme (ACE) inhibitor is necessary.

CALCIUM CHANNEL BLOCKERS

CCBs may be used for the management of anginal symptoms and
BP if adequately controlled with a -blocker. Despite reports suggesting
that short-acting CCBs can increase overall mortality in patients with
CAD, recent studies with long-acting CCBs have failed to support this
claim. In fact, BP control is more persistent and stable and therefore
results in less activation of the sympathetic nervous system. Long-
acting CCBs have also been shown to decrease the incidence of silent
and symptomatic ischemic episodes. In patients with a NQWMI, diltia-
zem reduces the incidence of postinfarction angina, early reinfarction,
and death. However, the use of diltiazem, verapamil, and procardia
should be avoided in patients with an acute MI in the presence of CHF
and severe left ventricular dysfunction.

Second-generation dihydropyridines such as amplodipine and felodi-
pine are now available for the treatment of hypertension and angina.
Because they exert no significant negative inotropic or chronotropic
effects on the heart, they can be used safely in patients with severe
heart failure and severely reduced systolic function (8).

Combination therapy utilizing a -blocker and CCB is generally
well tolerated. However, bradycardia, hypotension, and heart block
have been reported to occur in 10–15% of patients on verapamil and
a -blocker. Therefore, caution should be exercised when using this
combination.
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ACE INHIBITORS

Based on the results of several, large clinical trials, ACE inhibitors
should be part of the medical regimen for the hypertensive patient with
IHD who has CHF and/or a large MI with severely reduced systolic
function (9). More recently, the ACE inhibitor ramipril was shown to
reduce the incidence of MI, stroke or death from cardiovascular causes
in a broad range of high-risk patients with a normal ejection fraction
and no heart failure (10).

NITRATES

Nitrates remain a mainstay of therapy for the management of patients
with symptomatic CAD because they reduce the number of ischemic
events. However, nitrates do not affect mortality or the incidence of
MI in these patients. To avoid the development of tolerance, patients
should have a daily nitrate-free interval.

REVASCULARIZATION

PTCA remains the method of choice for the revascularization of
patients with single- and double-vessel CAD and preserved systolic
function. Compared to medical therapy, PTCA offers improved exercise
capacity and the need for fewer antianginal medications with no impact
on mortality or subsequent MI. In a study of nondiabetic patients with
triple-vessel disease and no significant systolic dysfunction, it was
shown that PTCA and coronary artery bypass graft (CABG) surgery
resulted in equivalent survival and freedom from MI (11). However,
patients initially treated with CABG had fewer episodes of angina,
were on less antianginal medication, and required fewer repeat revascu-
larization procedures. Diabetic patients with triple-vessel CAD appear
to have a higher mortality with PTCA and should therefore be referred
for CABG.

CABG confers a survival advantage in patients with significant left
main disease, triple-vessel CAD with reduced systolic function, double-
vessel CAD with a proximal left anterior descending artery stenosis,
and left ventricular aneurysm with heart failure symptoms or sustained
ventricular arrhythmias. Therefore, CABG is the treatment of choice
for these patients. In patients with anatomy unfavorable for PTCA,
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CABG is utilized for relief of symptoms and offers little or no sur-
vival advantage.

SECONDARY PREVENTION

Modification of the known risk factors for CAD including hyperten-
sion (12), hyperlipidemia (13), diabetes mellitus, and smoking reduces
cardiovascular morbidity and mortality. In addition, family history,
obesity, physical inactivity, homocysteinemia, alcohol consumption,
and psychologic factors are important risk factors for cardiovascular
disease. Instituting an aggressive treatment strategy aimed at slowing
the progression of CAD and preventing recurrent cardiovascular events
is the goal of secondary prevention.

REFERENCES

1. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group (1988)
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among
17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 2:349–360.

2. Braunwald E, Mark DB, Jones RH, Cheitlin MD, Fuster V, McCauley KM,
Edwards C, Green LA, Mushlin AI, Swain JA (1994) Unstable Angina: Diagnosis
and Management. Clinical practice guideline number 10. Agency for Health Care
Policy and Research and the National Heart, Lung, and Blood Institute, Public
Health Service, United States Department of Health and Human Services.

3. Kong DF, Califf RM, Miller DP, Moliterno DJ, White HD, Harrington RA, Tcheng
JE, Lincoff AM, Hasselblad V, Topol EJ (1998) Clinical outcomes of therapeutic
agents that block the platelet glycoprotein IIb/IIIa integrin in ischemic heart
disease. Circulation 98:2829–2835.

4. Ryan TJ, Bauman WB, Kennedy JW, Kereiakes DJ, King SB, McCallister BD,
Smith SC, Ullyot DJ (1993) Guidelines for percutaneous transluminal coronary
angioplasty: a report from the American College of Cardiology/American Heart
Association task force on assessment of diagnostic and therapeutic cardiovascular
procedures (committee on percutaneous transluminal coronary angioplasty). J Am
Coll Cardiol 22:2033–2054.

5. The EPIC investigators (1994) Use of monoclonal antibody directed against the
platelet glycoprotein IIb/IIIa receptor in high-risk coronary angioplasty. N Engl
J Med 330:956–961.

6. Antman E, Lau J, Kupelnick B, et al. (1992) A comparison of results of meta-
analysis of randomized control trials and recommendations of clinical experts:
treatment for myocardial infarction. JAMA 268:240–248.

7. Packer M, Bristow MR, Cohn JN, et al. (1996) The effect of carvedolol on
morbidity and mortality in patients with chronic heart failure. N Engl J Med
334(21):1349–1355.

8. Packer M, O’Connor CM, Ghali JK, et al., for the Prospective Randomized



Chapter 36 / Treating Angina Pectoris 401

Amplodipine Survival Evaluation Study Group (1996) Effect of amplodipine on
morbidity and mortality in severe chronic heart failure. N Engl J Med 335(15):
1107–1114.

9. The SOLVD Investigators (1991) Effect of enalapril on survival in patients with
reduced left ventricular ejection fractions and congestive heart failure. N Engl J
Med 325:293–302.

10. The Heart Outcomes Prevention Evaluation Study Investigators (2000) Effects of
an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in
high-risk patients. N Engl J Med 342:145–153.

11. King SB III, Lembo NJ, Weintraub WS, et al. (1994) A randomized trial comparing
angioplasty with coronary surgery: Emory Angioplasty versus Surgery Trial
(EAST). N Engl J Med 331:1044–1050.

12. Joint National Committee on Detection, Evaluation and Treatment of High Blood
Pressure (JNC VI) (1997) Arch Intern Med 157:2413–2446.

13. Adult Treatment Panel II: National Cholesterol Education Program (1994) Second
report of the Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Circulation 89:1329–1445.





37 Hypertension and Its Treatment
in Concomitant Conditions
Degenerative Joint Disease, Depression,
Alzheimer Disease, and Parkinson Disease

Domenic A. Sica, MD

Contents
Degenerative Joint Disease
Parkinson Disease
Depression
Alzheimer Disease

Hypertension occurs in more than 50 million people in the United
States, and thus, it is not uncommon for it to be present in patients
with other illnesses. This is particularly the case in the elderly in whom
several commonly found illnesses, including degenerative joint disease
(DJD), Parkinson disease, depression, and Alzheimer disease, can make
the treatment of hypertension a particularly challenging proposition.
This chapter addresses these disease states and their relationship to the
treatment of hypertension.

DEGENERATIVE JOINT DISEASE

Hypertension is frequently observed in the setting of DJD, in part,
because the prevalence of each of these disturbances increases with
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age. The treatment of hypertension can be complicated in the presence
of DJD in that the mainstay of therapy for this disease involves adminis-
tration of nonsteroidal anti-inflammatory drugs (NSAIDs). NSAIDs are
well known for their ability to produce de novo hypertension and/or
to attenuate the antihypertensive effect of many drugs routinely utilized
in the treatment of hypertension. In susceptible subjects such as the
elderly or those with diabetes (salt-sensitive hypertensive patients),
NSAID therapy can prompt modest salt and water retention and thereby
expand plasma volume. Secondarily, this combination of events results
in an increase in mean arterial pressure. Except for a change in blood
pressure (BP), the findings of physical examinations are typically insuf-
ficiently sensitive to detect what is otherwise modest plasma volume
expansion.

NSAIDs can blunt the antihypertensive effect of most drug classes
with the possible exception of calcium channel blockers (CCBs). Thus,
CCB therapy may be the preferred mode of therapy in such patients.
Diuretics are suitable alternatives to CCBs but may require higher than
normal doses to effect a diuresis in NSAID-treated patients. This mode
of diuretic resistance is most at issue when potent NSAIDs such as
indomethacin are administered but may be less problematic with other
presumably more “renal friendly” NSAIDs; thus, the adverse renal
effects of NSAIDs have been suggested to be less prominent with the
NSAID sulindac. The interaction between NSAIDs and diuretics seems
to be less impressive for thiazide-type diuretics than for loop diuretics.
In the latter, a significant blunting of diuretic effect can occur and in
susceptible subjects such as those with cirrhosis or congestive heart
failure, extreme volume excess may develop. If an NSAID is felt to
be associated with a change in either the hypertensive or volume profile
of a patient, a switch to an alternative NSAID class and/or a decrease
in dose amount should be considered.

The time of day when an NSAID is dosed in a DJD patient can be
very important. NSAIDs administered at bedtime (if successful in pain
relief) can restore normal sleep architecture by diminishing the impact
of pain on the integrity of the sleep cycle. This may, in turn, simplify
daytime BP control. DJD patients also oftentimes adopt a sedentary
lifestyle because of pain-related limitations in mobility. The ensuing
weight gain secondary to this decreased exercise pattern can result
in deterioration in BP control. Accordingly, DJD patients should be
considered good candidates for lifestyle modifications, such as weight
loss and aerobic exercise, in an effort to control hypertension.
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PARKINSON DISEASE

Hypertension is not uncommonly observed in Parkinson disease
patients. Hypertension does not develop as a direct consequence of
Parkinson disease; rather, it independently occurs in the same age
range, as does most Parkinson disease. The treatment of hypertension in
Parkinson disease can be complicated because certain antihypertensive
drugs (reserpine or -methyldopa) can intensify parkinsonian symptom-
atology or therapies used in this condition exhibit important vasoactive
properties. For example, orthostatic hypotension, which occurs fre-
quently in patients with parkinsonism, can be aggravated by levodopa
therapy. Fortunately, this phenomenon tends to abate over several
months of therapy with levodopa. In addition, monoamine oxidase
(MAO) inhibitor therapy with drugs such as selegiline (Eldepryl ) can
occur as an adjunct to levodopa/carbidopa therapy. At high doses,
selegiline loses its MAO B selectivity and has the potential to interact
with products containing tyramine or other sympathomimetic amines
(see Depression section) with the development of a hypertensive crisis.

Psychiatric side effects including confusion, visual hallucinations,
and paranoia are often present in combination with dementia that is
related to the disease rather than its treatment. These neuropsychiatric
abnormalities along with the natural deteriorative element of this disease
make antihypertensive therapy complicated and oftentimes affect medi-
cation compliance. Like Alzheimer disease, the risk:benefit ratio of
treating hypertension in a patient with Parkinson disease must be care-
fully examined.

DEPRESSION

The relationship between depression and hypertension/cardiovascu-
lar disease is becoming increasingly complex. Several well-designed
studies have demonstrated that depressed patients have a poorer progno-
sis from diverse illnesses such as stroke and myocardial infarction. In
addition, recent studies now suggest that individuals who report high
levels of anxiety or depressive symptoms are at elevated risk for devel-
oping hypertension over the ensuing decade. The exact risk gradient
for this phenomenon depends on race and age, but the relative risk is
on the order of 2.0, or a doubling of the risk.
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Depression is also problematic because many antidepressants mani-
fest direct cardiac effects. For example, tricyclic antidepressants exhibit
a quinidine-like effect and can decrease cardiac output and/or slow
intracardiac conduction. Common adverse reactions to these drugs
include orthostatic hypotension (particularly in the elderly) and a variety
of supraventricular and ventricular arrhythmias as well as heart block.
Patients with significant underlying conduction system disease are at
particular risk from these drugs. Fortunately, except in the instance of
overdose, major cardiac complications are rare in individuals without
underlying cardiac pathology. However, it is advisable to obtain an
electrocardiogram before initiating antidepressant therapy in patients
older than 40 yr.

MAO inhibitors are also used as antidepressants, and in a hyperten-
sive patient carry with their use a substantial likelihood of drug-drug
interactions. The most feared cardiovascular complication of MAO
inhibitor therapy is the precipitation of an adrenergic crisis owing to
concomitant ingestion of sympathomimetic drugs or pressor amines
such as tyramine, which are found in food and beverages. Among the
various MAO inhibitors, tranylcypromine (Parnate ) is perceived as
the most hazardous. Because of the wide range of substances known
to precipitate hypertensive crises in patients treated with MAO inhibi-
tors, it is prudent to have ready access to a listing of foodstuffs as well
as prescription and over-the-counter medications that can trigger an
MAO-related hypertensive crisis. Several antihypertensive compounds
are best avoided in patients treated with MAO inhibitors including -
methyldopa, guanethidine, and reserpine. The best strategy is preventive
for this reaction, because it can prove to be lethal. Thus, in the hyperten-
sive patient with preexisting cardiac disease, any new treatment for
depression should be introduced cautiously with an understanding that
any new symptomatology should warrant a reassessment of a patient’s
cardiac profile.

Depression can also be seen as a side effect of a number of different
antihypertensive medications including -blockers, 1-receptor agonists
(such as -methyldopa), and reserpine. Among the -blockers, propran-
olol is particularly sedating and can cause confusional states and night-
mares. All -blockers penetrate the central nervous system (CNS),
although less lipophilic compounds, such as atenolol and nadolol, pene-
trate much less so than does propranolol. Despite this hierarchy of
CNS penetration, there is only minimal evidence to support the notion
that the lipophilicity of a -blocker determines the likelihood of its
causing depression. Diuretics, CCBs, angiotensin-converting enzyme



Chapter 1 / Hypertension and Concomitant Conditions 407

(ACE) inhibitors, and angiotensin-receptor antagonists appear to have
the lowest associated risk with depression and are therefore the drugs
of choice when depression is a consideration.

Depression has to be viewed as an important confounding variable
in medication compliance. This is unfortunately an extremely difficult
issue, particularly if the depressive symptomatology is intensified by
concomitant antihypertensive therapy. Compliance with medication
should be carefully evaluated in a depressed patient. In this regard, it
is useful to verify patient assertions by crosschecking with information
provided by family members. Depression is a broad term under which
many disease-state variants are grouped together. Reaching a correct
diagnosis (and thereby offering optimal pharmacotherapy) may have
a quite favorable influence on what can otherwise be very destructive
patterns of medication ingestion. Obviously, in the depressed hyperten-
sive patient, it is prudent to replace any potential offending antihyperten-
sive agents before addressing pharmacologic therapy for depression.

ALZHEIMER DISEASE

The treatment of hypertension in Alzheimer disease requires a careful
assessment of the risk:benefit ratio of such an endeavor. Both the
anticipated longevity as well as the functional status of an Alzheimer
patient prove to be important determinants in the decision to treat.
Thus, it is not at all unreasonable to withhold drug therapy in those
hypertensive patients in the borderline stage I category, particularly
if the onset of hypertension coincides with the later stages of Alzhei-
mer disease.

If the decision is made to either begin or continue antihypertensive
therapy in an Alzheimer patient, careful attention should be directed
toward the interface between what might otherwise be viewed as trivial
day-to-day activities such as eating/swallowing, meal and posture
changes, and the prevailing sleep-wake cycle. In the more advanced
stage of Alzheimer disease, nutritional needs may be poorly met without
the support of a caregiver. If such is the case, every effort should be
made to be certain that any long-acting antihypertensive preparations
being administered are not inadvertently crushed to facilitate ingestion.
If this occurs, a sustained-release preparation will frequently assume
immediate released characteristics. This dumping of active drug into the
gastrointestinal tract exaggerates medication peak effect (with possible
CNS symptoms) and diminishes duration of effect.
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Also, careful attention should be directed to the possibility of post-
prandial hypotension in these patients, and, if present, the timing of
medication administration should be such to avoid any overlap between
meal-related BP decrements and peak medication effect. If postprandial
hypotension occurs, decreasing the meal size and spreading total caloric
intake more evenly over all three daily meals can lessen its impact. In
addition, in certain individuals, caffeine intake may attenuate the meal-
related drop in BP. Alzheimer patients should always be evaluated for
the possibility of postural hypotension. If bedridden, deconditioning
can occur quite rapidly in any subject including an Alzheimer patient.
Consequently, this should not be an unexpected phenomenon in the
later stages of the disease. Maneuvers that worsen postural hypotension,
such as volume contraction from diuretics and pulse rate reduction
with -blockers, should be employed in the management of hyperten-
sion only if absolutely indicated and with expressed caution.

As a rule of thumb, nighttime administration of antihypertensive
medication should occur cautiously in an Alzheimer patient and only
if bedtime BPs are documented to be elevated. BP exhibits a circadian
rhythm with a varying degree of drop during sleep. In those older than
60 yr, BP may inordinately drop during sleep (as much as a 30–35%
reduction); this has been termed extreme dipping. Those patients prone
to arising in the middle of the night may be subject to risk if medication
peak effect coincides with the naturally occurring nadir of BP. If night-
time antihypertensive therapy is considered, patients should be advised
to gradually shift from the supine to the recumbent position and to
ambulate at night only with assistance. Extreme dipping of BP is now
believed to be a risk factor for both multi-infarct dementia and other
less severe forms of cerebrovascular disease. Thus, Alzheimer’s disease
or similar neurologic illnesses may represent a preselected population
whose nocturnal BP pattern is phenotypically one of extreme dipping.

Selection of a drug class for the treatment of hypertension in this
population should limit use of drugs with significant sedating effects,
those that produce clinically relevant volume contraction, or those that
significantly decrease cardiac output. ACE inhibitors and CCBs are
reasonably safe compounds in this population, whereas diuretics, cen-
trally acting agents, and -blockers may carry with their use unnecessary
risk. ACE inhibitors may be of particular utility in that they preserve
cerebrovascular autoregulatory ability; thus, even if systemic BP is
reduced cerebral blood flow is well maintained. The principles of effec-
tive antihypertensive therapy in this population should avoid inducing
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postural hypotension and/or sudden drops in BP; hence, unless medica-
tion compliance is an issue, multiple drugs should not be simultaneously
administered. This will lessen the unintended risk of an exaggerated
drop in BP at the peak effect of several antihypertensive medications.

Concomitant medications used in the treatment of Alzheimer’s dis-
ease typically do not affect BP. More important, the introduction of
any new medication in this population can influence BP as it relates
to alterations in cognitive ability. Accordingly, a more effective means
of treating hypertension in this population should involve the use of
home BP monitoring, a process that is simplified by the availability
of a caregiver in the home environment. Home BP monitoring improves
decision making for medication adjustment and provides a means of
delineating the relationship between side effects and the prevailing BP.
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DEMENTIA OR NORMAL AGING?

Cognitive functions may be defined as mental or “thinking”
functions, including all verbal and nonverbal cerebral functions
involved in the processing of information: learning, memory, percep-
tion, association, abstract reasoning, planning, and so on. In normal
aging, there is a slight decline of cognitive functions, especially of
memory for recent daily-life events (short-term episodic memory).
By contrast, dementia denotes a syndrome of persistent cognitive
deterioration, severe enough to interfere with daily activities. Some
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20% of all people over the age of 80 yr suffer from dementia. There
are two major subgroups of dementia disorders: neurodegenerative
dementia, including Alzheimer disease; and vascular dementia. The
borderlines between no dementia and dementia are not clear cut.
Alzheimer disease, and in some cases vascular dementia, has an
insidious onset and a slowly progressive course. In early stages of
Alzheimer disease, the patient is forgetful but does not otherwise
fulfill the criteria for dementia. Thus, the differential diagnosis
between normal aging and early dementia is often difficult. Research
is now focusing on how to define early cognitive decline, and on
attempts to identify potentially treatable risk factors. In our clinical
practice, we have, in the last few years, encountered an increasing
number of patients with mild cognitive impairment who are asking
for treatment to slow down progress of this condition.

MRS. B: A COMMON PATIENT

Mrs. B, a former headmaster, age 82, arrives at your practice
accompanied by her son. She has been treated for hypertension with
hydrochlorothiazide since the age of 60, and has otherwise been quite
healthy. Prior to this visit, her son has called you to explain his concern
about Mrs. B’s failing memory. During the last couple of years, Mrs.
B has grown increasingly forgetful. Now, she has obvious problems,
which cause a great distress to her family. She fails to keep appoint-
ments, mislays her money and keys, and has difficulties with orientation
to time. She has become more inactive, neglects housekeeping, and
has stopped seeing her friends. During the interview, Mrs. B appears
cheerful with no signs of depression. She admits to being forgetful,
but denies that this causes her any trouble. She looks surprised and
slightly embarrassed when her son remarks that she called him some
20 times early this morning, each time asking when they should leave
for the doctor’s appointment. Mrs. B appears unsure when asked about
the names and ages of her grandchildren. She scores 24 of 30 points
on the Mini Mental State Examination (MMSE) (1), she cannot tell
the date or weekday, she loses concentration when counting backward,
and in a test of short-term memory, she cannot remember any of three
words. Her blood pressure (BP) in the sitting position is 180/100 mmHg.

1. Does Mrs. B suffer from dementia, and, if so, is it Alzheimer disease
or vascular dementia?
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2. How should her hypertension best be treated?

ALZHEIMER DISEASE AND VASCULAR DEMENTIA:
CHANGING CONCEPTS OVER TIME

In the mid-1970s, the artificial dichotomization between Alzheimer
disease or presenile dementia, and senile dementia, i.e., dementia
with onset after age 65, was abandoned. With this change in concepts,
Alzheimer disease became transformed from a rare disease to a
major killer, being one of the most common causes of death in the
United States (2). This had an enormous impact on research and
clinicians’ interest in dementia. Today, the term Alzheimer disease
is commonly used irrespective of whether the patient is age 45 or
90. However, this is an oversimplification, because Alzheimer disease
is most certainly a heterogeneous entity, with subgroups still awaiting
their definitions. Early onset Alzheimer disease is often linked to
genetic factors, such as the presence of the apolipoprotein E e4
(apo e4) allele and other, rare genetic aberrations (3). The apo e4
allele is overrepresented in elderly Alzheimer disease patients as
well, but the risk factor pattern is more blunted. The concept of
multi-infarct dementia was replaced in the 1980s by the wider term
vascular dementia, covering dementia resulting from any type of
cerebrovascular disease. Still some 5 yr ago, Alzheimer disease and
vascular dementia were regarded as two separate entities. However,
in recent years, it has become clear that late-onset Alzheimer disease
and vascular dementia have common pathways. Autopsy series
have shown that both pure Alzheimer disease (i.e., without any
cerebrovascular disease) and pure vascular dementia (i.e., without
concomitant neuropathologic evidence of AD) are extremely uncom-
mon (4). Furthermore, recent epidemiologic research supports that
cerebrovascular risk factors are determinants not only of vascular
dementia, but also Alzheimer disease. Dementia after stroke is
common and frequently manifests when the cerebral infarct is
combined with Alzheimer disease pathology (5). In a longitudinal
population-based study, hypertension predicted Alzheimer disease in
very old patients (6). The combination of atherosclerosis and apo
e4 (7) has also been associated with dementia, irrespective of cause.
Even in men without dementia free from stroke, high BP in middle
age predicted low cognitive functions at the age of 70 (8). Pathophysi-
ologic mechanisms may be multifactorial, including silent ischemic
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lesions and blood-brain barrier dysfunction, which, hypothetically,
may trigger -amyloid deposition and neurodegeneration. A practical
conclusion to be drawn from this is that hypertension is a treatable
risk factor, in contrast to older age and genetic factors.

DIAGNOSIS OF DEMENTIA AT THE FAMILY
PHYSICIAN’S OFFICE

The key to dementia assessment is to get an objective medical history
from someone close to the patient. If you suspect dementia, ask the
patient if he or she has memory complaints, but remember that loss
of insight is common, and many patients with manifest dementia would
deny problems. Conversely, many healthy elderly people report forget-
fulness, although it does not cause them any trouble. Make sure that
the patient brings someone close to him or her at the next visit. Arrange
for a private interview with the informant in order to avoid embarrass-
ment in front of the patient. A comprehensive description of the debut
and development of different symptoms yields the greatest part of the
diagnostic information: When and how did the symptoms start? Ask
specifically for treatable symptoms, such as depression, emotional insta-
bility, and insomnia, and about practical problems. Typically, Alzhei-
mer disease presents with an insidious onset of impaired recent memory
and word-finding ability. Subsequently, memory, thinking, verbal, and
spatial functions deteriorate and activities in daily life are affected.
Vascular dementia typically starts abruptly in connection with a stroke,
sometimes without any other neurologic signs. However, the course
of vascular dementia may also be slowly progressive, mimicking Alz-
heimer disease. All patients with cognitive disturbances, irrespective
of age, should be examined as outlined in Table 38-1. This basal
assessment includes medical history, physical examination, and labora-
tory tests in order to exclude hypo- and hyperthyreos, hyperparathyroid-
ism, vitamin B12 deficiency, and other treatable conditions.

There are numerous cognitive tests. The MMSE (1) is the most widely
used screening instrument for cognitive disorders. Another simple test,
sensitive to visuospatial disturbances, is to ask the patient to draw a
clock, set at a specified time. Even more sensitive and specific are
relevant questions concerning family, current activities, and details of
earlier life such as occupation and childhood. Computed tomography
(CT) or magnetic resonance imaging (MRI) are valuable complements,
and are mandatory in the case of rapid progress, and if a chronic subdural
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Table 38-1
Assessment of Dementia in Old Patients

1. Interview
Symptoms: cognitive, emotional, or behavioral?
Onset: sudden or insidious?
Course: slowly progressive or sudden deterioration?

2. Physical examination
Neurological examination
BP, cardiopulmonary system

3. Laboratory tests
B-Hb, B-SR, b-glucose, s-creatinine, s-calcium, s-TSH, s-vitamin B12

4. Cognitive testing
Relevant questions
MMSE, Clock-Drawing Test, etc.

5. Neuroimaging
CT or MRI

hematoma or a brain tumor are suspected. Conversely, neuroimaging is
not always necessary in the assessment of very old patients with a
history of slowly progressive dementia over several years.

HOW TO TREAT HYPERTENSION IN DEMENTIA

The main reason to treat hypertension in people ages 80+ is to
prevent stroke. Stroke is a powerful predictor of dementia, and recent
studies point to the fact that hypertension contributes to Alzheimer
disease and dementia, irrespective of stroke. Therefore, an optimal
antihypertensive treatment hypothetically may prevent or postpone cog-
nitive decline. There are still no clear guidelines regarding antihyperten-
sive treatment in patients over the age of 80. However, it is reasonable
to extrapolate the results from trials in patients ages 70–80. Hence, the
target BP should be <160/<90 mmHg, if this can be reached without
adverse drug effects. It is mandatory to measure BP in both the supine
and standing positions in order to avoid orthostatic hypotension, dizzi-
ness, and falls. Of course, other risk factors, concomitant disorders,
and patient compliance should also be considered in the choice of
therapeutic strategy.

In patients with manifest dementia, we do not know what the optimal
BP is. Advanced dementia, irrespective of cause, is often accompanied
by low BP. Formerly, low BP was considered a cause of dementia. Now,
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the prevailing opinion is that low BP in most cases is a consequence of
the dementia disorder. Possible mediators are weight loss, a sedentary
lifestyle, and perhaps more important, lesions in cerebral BP-regulating
areas. Frontotemporal dementia, an uncommon neurodegenerative dis-
order, is often associated with very low BP even early in its course.
Still, many physicians hesitate to treat hypertension in very old patients,
because they fear adverse effects on cognition from BP lowering.
Geriatricians commonly encounter patients with delirium and dizziness,
and who suffer falls secondary to low BP in cardiac failure. For the
individual physician, adverse effects possibly related to treatment cer-
tainly are more obvious than long-term positive effects (i.e., the non-
development of target organ damage). In a recent enquiry, Swedish
geriatricians were asked for their opinions regarding antihypertensive
treatment of very old patients (9). Almost 40% stated that systolic BP
optimally should be >160 mmHg in an 82-yr-old hypertensive patient.
One third of the physicians believed that, compared with a patient
without dementia, a patient with dementia would benefit from a higher
BP. Similarly, in a study of 300,000 patients in US nursing homes,
hypertensive patients 85 yr and patients with cognitive or physical
impairment were not treated according to current guidelines (10).

ASSESSMENT AND DIAGNOSIS

The first step is to obtain a medical history (e.g., interviewing both
Mrs. B and her son about the onset and course of cognitive problems).
An insidious onset with slowly progressive course suggests Alzheimer
disease. By contrast, an abrupt onset or a sudden worsening points to
vascular pathology. CT or MRI in elderly patients with dementia are
often difficult to evaluate. They may or may not reveal signs of atrophy,
cortical or subcortical infarcts, and white-matter lesions. The absence
of significant vascular lesions on CT excludes, on the whole, vascular
dementia. Conversely, white-matter lesions are common even in the
healthy elderly (11). Thus, this finding does not justify a diagnosis of
vascular dementia. If a patient’s cognitive decline started insidiously
with no time relationship to a stroke, he or she probably suffers from
Alzheimer disease. If neuroimaging shows evidence of cerebrovascular
disease, the diagnosis might still be Alzheimer disease, or Alzheimer
disease with cerebrovascular disease. In the latter case, the most accu-
rate, although not yet established, diagnosis would be Alzheimer disease
of vascular origin.
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IMPLICATIONS FOR TREATMENT

The treatment goal is to achieve a BP of <160/<90 mmHg without
adverse effects. First, determine whether the patient takes his or her
tablets as prescribed. The patient probably needs to be reminded. Avoid
drugs that may cause delirium— -blockers should not be the first
choice for a patient with dementia. Rapid BP lowering and orthostatic
hypotension should be avoided. Generally, old patients tolerate better
low doses of two or three drugs than a high dose of a single agent.
Monitor BP and monitor cognitive functions by interviewing the patient
and his or her caregiver about functions. The MMSE could be adminis-
tered every 6 or 12 mo. The average annual drop in the MMSE in
Alzheimer disease is two to four points. With progression of the demen-
tia disorder, BP may decrease, and treatment should be adjusted. In
brief, other pharmacologic treatment in dementia may include selective
serotonin reuptake inhibitors for emotional disturbances such as depres-
sion and irritability. Acetylcholine esterase inhibitors (donepezil,
rivastigmine) can improve attention, short-term memory, word-finding
ability, and daily activities in mild to moderate Alzheimer disease.
Even more important is to supply psychologic and practical support
to the patient and his or her family (12).

CONCLUSION

Formerly considered a phenomenon of normal aging, during the last
two decades dementia has been recognized as a major health problem.
Old people commonly regard a failing mind as the most frightening
complication of aging. Dementia and cognitive impairment after stroke
cause severe disability and suffering for patients and caregivers, and
the costs for society will steadily rise because an increasing proportion
of the population will reach very old ages. According to recent studies,
hypertension and cerebrovascular disease seem to be important factors
behind Alzheimer disease as well as vascular dementia. Cerebral target
organ damage in hypertension is no longer just a matter of stroke, but
also of dementia. Evidence that an optimal treatment may postpone
some cases of dementia has been reported recently from the Systolic
Hypertension in Europe trial (13). Therefore, antihypertensive treatment
of old patients should be given very careful attention. At present,
however, neither science nor evidence-based medicine can tell what
the optimum BP is in old patients with cognitive decline. Treating very
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old hypertensive patients is a great challenge: Will we succeed in
protecting our patients from stroke as well as dementia?
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Because of widespread treatment of systemic hypertension, true
refractory hypertension is somewhat unusual in the current management
of hypertensive disorders. A majority of patients with uncomplicated
primary hypertension respond to one or two drugs. Hypertension is
considered refractory if the blood pressure (BP) cannot be reduced
below 140/90 mmHg in patients who are compliant with an appropriate
triple-drug regimen that includes a diuretic, with all the components
prescribed in near maximal or tolerated doses. For patients with isolated
systolic hypertension, refractoriness is defined as a failure of an adequate
triple-drug regimen to reduce systolic blood pressure below 160 mmHg.
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Whereas refractory hypertension may be commonly encountered in
specialized centers, its prevalence in the general population of hyperten-
sive patients is quite low. As already indicated, most patients with
chronic uncomplicated hypertension should respond to relatively sim-
ple therapy.

ETIOLOGY

Table 39-1 lists the causes of refractory hypertension. When a hyper-
tensive patient demonstrates resistance to standard or conventional
therapy, proper management depends on the identification of a possible
cause. Before planning therapeutic changes, certain questions should
come to mind: Does the patient truly have refractory hypertension?
Are there any host/environmental factors? Does the patient have pseudo-
resistance? Are there certain drug reactions? Does the patient have a
secondary form of hypertension such as renovascular hypertension?
Are there any mechanisms (pressor) that are responsible for elevating
the arterial BP?

PSEUDORESISTANCE

It is not uncommon to encounter a patient whose clinic/office BP
measurements are higher than the levels obtained outside the office
setting—so-called white coat hypertension. Although white coat hyper-
tension is often considered in the context of mild hypertension (stage
I or II), in some cases refractory hypertension may reflect white coat
hypertension. Patients who may have refractory hypertension do not
demonstrate evidence of target organ damage (TOD) despite seemingly
very high BP readings in the office or clinic. The disparity between
the degree of hypertension and the paucity of TOD can be supported
by the measurement of home BPs and by obtaining ambulatory blood
pressure recordings with an automatic device (1).

Another source of erroneous BP measurement is pseudohypertension,
found mostly in the elderly. In this phenomenon, called Osler’s phenom-
enon, the hardened and sclerotic artery is not compressible so that
falsely elevated pressures are recorded (2). Because of the thickened
arteries, cuff measurements show a much higher reading than the actual
(or intraarterial) BP. There is little doubt that pseudohypertension
does occur in older individuals but its exact prevalence is not known.
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Table 39-1
Causes of Refractory Hypertension

Pseudoresistance
“White coat hypertension” or office elevations
Pseudohypertension in older patients
Use of regular cuff on very obese arm

Nonadherence to therapy
Volume overload
Drug-related causes

Doses too low
Wrong type of diuretic
Inappropriate combinations
Drug actions and interactions

Sympathomimetics
Nasal decongestants
Appetite suppressants
Cocaine and other illicit drugs
Caffeine
Oral contraceptives
Adrenal steroids
Licorice (as may be found in chewing tobacco)
Cyclosporine, tacrolimus
Erythropoietin
Antidepressants
Nonsteroidal anti-inflammatory drugs

Concomitant conditions
Smoking
Increasing obesity
Sleep apnea
Insulin resistance/hyperinsulinemia
Ethanol intake of more than 1 oz (30 mL)/d
Anxiety-induced hyperventilation or panic attacks
Chronic pain

Secondary causes of hypertension (e.g., renovascular hypertension, adrenal
causes renal disease)

Persistently high readings in the absence of TOD or dysfunction may
indicate pseudohypertension. Although some have advocated the use
of intraarterial BP determination as a means of accurately making the
diagnosis of this aberration, I question the practicality of this approach.

A far more common example of pseudoresistance is the measurement
artifact, which could occur when BP is taken with a small cuff in
people with large arm diameters (3). With the patient in the seated
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position, BP should be taken with an appropriate cuff size to ensure
accurate determination. The bladder within the cuff should encircle at
least 80% of the arm. One has to be cautious, however, before dismissing
the reading as a measurement artifact because patients with refractory
hypertension experience a high rate of complications.

NONCOMPLIANCE

Failure to follow a prescribed regimen is an important cause of
refractory hypertension. There may be legitimate reasons for a patient’s
noncompliance such as side effects, costs, complexity of the drug
regimen, and lack of understanding. Social and personal factors may
also play a role in noncompliance.

VOLUME OVERLOAD

Volume overload from any mechanism may not only increase BP
but also can offset the BP-lowering effects of many medications (4).
Excessive salt intake causes resistance to antihypertensive drugs and
can actually raise BP in so-called salt-sensitive hypertension. The
elderly and African-American patients are particularly sensitive to fluid
overload as are patients with renal insufficiency and congestive heart
failure (CHF). Many antihypertensive drugs such as direct vasodilators,
antiadrenergic agents, and essentially most of the nondiuretic antihyper-
tensive drugs (except calcium antagonists) cause plasma and extracellu-
lar fluid expansion, thus attenuating the antihypertensive effects. Of all
the nondiuretic antihypertensive drugs, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin II antagonists, and calcium antagonists
are least likely to cause fluid retention. Antihypertensive responsiveness
can be reclaimed by restricting the sodium intake, increasing the
diuretic, and in some cases, switching to a loop diuretic in the place
of thiazides.

DRUG-RELATED REASONS FOR
REFRACTORY HYPERTENSION

Hypertension may be seemingly refractory if the drugs are used in
subtherapeutic doses or when an inappropriate diuretic is used, e.g.,
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Table 39-2
Drug Interactions That May Lead to Resistant Hypertension

Antihypertensive agents Interacting drugs

Hydrochlorothiazide Cholestyramine
Propranolol Rifampin
Guanethidine Tricyclics
Guanadrel —
ACE inhibitors Indomethacin

-Blockers —
Diuretics Indomethacin
All Cocaine, tricyclics
All Phenylpropanolamine

using a thiazide type of diuretic as opposed to a loop diuretic in patients
with renal insufficiency, CHF, or in those on potent vasodilators such
as minoxidil or hydralazine. Inappropriate combinations can also limit
their therapeutic potential. Adverse drug interactions can raise BP in
normotensive as well as hypertensive patients. Such adverse interactions
(Table 39-2) can occur as a result of alterations in drug absorption,
metabolism, or in the pharmacodynamics of concomitant drugs adminis-
tered for different indications. One example of unfavorable drug interac-
tion is among indomethacin and -blockers, diuretics, and ACE inhibi-
tors. Tricyclic antidepressants (no longer popular) have a significant
interaction with sympathetic blocking agents.

CONCOMITANT CONDITIONS

It is suspected that cigarette smoking can interfere with BP mecha-
nisms (5). Obesity often is a factor in the occurrence of refractory
hypertension. Obstructive sleep apnea is being increasingly recognized
as a possible factor in the development of resistant hypertension. Exces-
sive alcohol consumption (more than 1 oz, or 30 mL) clearly raises
systemic BP, sometimes to dangerously high levels (6). I have seen
panic attacks and hyperventilation as important etiologic factors in
some patients with refractory hypertension. Similarly, chronic pain may
be associated with marked hypertension.
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Table 39-3
Selected Examples of Secondary Forms of Hypertension That May Be

Resistant to Antihypertensive Therapy

Renovascular hypertension Hyperthyroidism
Primary aldosteronism Hyperparathyroidism
Pheochromocytoma Aortic coarctation
Hypothyroidism Renal disease

SECONDARY CAUSES OF
REFRACTORY HYPERTENSION

In a fraction of patients with refractory hypertension, the underlying
cause may be a secondary form of hypertension such as renovascular
hypertension (Table 39-3). Patients with a secondary form of hyperten-
sion may simply present with resistant hypertension. Sudden loss of
effectiveness from a previously stable regimen may raise suspicion
of renovascular disease. Other forms of secondary hypertension may
manifest as refractory hypertension. In a more broader context, certain
hemodynamic or humoral mechanisms can also result in severe or
resistant hypertension (Table 39-4).

MANAGEMENT OF REFRACTORY HYPERTENSION

Proper management of refractory hypertension entails a systematic
approach based on the considerations described in the preceding sec-
tions. It should be emphasized that because uncontrolled hypertension
can cause significant morbidity and mortality, haphazard changes in
the treatment plan should be avoided. An overall management approach
should embrace careful evaluation and rational therapy.

EVALUATION AND ASSESSMENT

When a patient’s BP does not respond satisfactorily, at the outset,
one has to consider whether the patient has pseudoresistance—white
coat hypertension (pseudohypertension in the elderly) and measurement
artifact. In some individuals, it is appropriate to obtain home BP read-
ings or 24-h ambulatory BP recordings in order to document the degree
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Table 39-4
Hemodynamic and Neurohumoral Aberrations Responsible for Refractory

Hypertension and Their Correction

Hemodynamic measurement Management

Cardiac output -Blocker; verapamil
Peripheral resistance Hydralazine; minoxidil; ACE

inhibitor; calcium channel blocker
Plasma volume Diuretic (loop); dietary sodium

restriction
Plasma catecholamines Clonidine; methyldopa; 1-blocker

or 1 + -blocker
Plasma rennin activity -Blocker; ACE inhibitor
Plasma or urinary aldosterone Spironolactone

of hypertension outside the office or clinic setting. In obese individuals,
BP should be measured with a large cuff. It is absolutely critical to
ascertain the patient’s compliance to a prescribed regimen; nonadher-
ence to treatment must be ruled out before further evaluation is under-
taken. Factors responsible for noncompliance should be corrected, if
possible. The treatment should be simplified to encourage patient partic-
ipation. Often a sympathetic yet firm dialogue with the patient reveals
whether or not compliance is the cause. With a good rapport with the
patient, it will be unnecessary to measure the drug level in the blood
to determine the patient’s compliance.

Correction of volume overload is one of the most successful interven-
tions in managing resistant hypertension (7). Excessive salt intake must
be curtailed. Adequate diuretic therapy should be applied based on the
clinical circumstances. The dosage and the choice of the diuretic should
be modified accordingly. Patients with concomitant CHF or renal insuf-
ficiency require optimal volume depletion to achieve adequate BP
control. The doses of antihypertensive drugs should be titrated systemat-
ically to determine whether or not the patient is responding to the
treatment. Drug interactions should be considered and eliminated in
the treatment of hypertension (8,9). A thorough inventory should be
made of drugs that could increase BP, such as steroids, oral contracep-
tives, sympathomimetics, nasal decongestants, cocaine, and appetite
suppressants. Patients should be counseled about alcohol consumption,
weight control, salt intake, and regular physical activity. Conditions
such as obstructive sleep apnea or chronic pain should be addressed.
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Secondary causes of hypertension should be considered in the evalua-
tion of patients with resistant hypertension. Among the causes, a promi-
nent one is renovascular hypertension (10). However, the scope of this
chapter does not permit detailed description of work-up for renovascular
hypertension. Based on the clinical hallmarks, renovascular hyperten-
sion should be pursued in patients with truly refractory hypertension.
Other causes such as primary hyperaldosteronism, pheochromocytoma,
Cushing syndrome, coarctation of aorta, and renal disease should be
considered based on the clinical course and laboratory findings. If an
underlying cause is found, it should be corrected by appropriate means
to permit better BP control.

DRUG TREATMENT

When an identifiable cause is not found, patients with refractory
hypertension merit aggressive drug therapy to control BP (11). The
first step is to optimize the existing therapy either by increasing the
dosages or by changing to different combinations and observing the
patient for a few weeks. In the event that BP still remains uncontrolled,
effective diuretic therapy should be implemented. Assuming that the
patient has failed to respond to conventional therapies, consideration
should be given to use hydralazine or minoxidil (in conjunction with
a -blocker and a diuretic). Because direct vasodilators cause significant
reflex activation of the sympathetic nervous system and fluid retention,
their use should be accompanied by coadministration of a -blocker
and a diuretic (usually a loop diuretic). I often give a trial of hydralazine
therapy before putting the patient on minoxidil. Occasionally, further
reductions in BP can be secured by adding a fourth agent such as
clonidine. In patients with marked renal impairment, dialysis might be
required for adequate control of BP.

CONCLUSION

In most patients with chronic primary hypertension, BP can be
controlled with changes in lifestyle and with one or two drugs. In a
small percentage of patients, however, BP remains uncontrolled even
on a three-drug regimen. These patients have refractory or resistant
hypertension. In the management of refractory hypertension, it is essen-
tial to determine the causes that could be responsible for the failure of
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the patient or the BP to respond to an appropriate regimen. If an
identifiable cause is not found or cannot be corrected, suitable changes
should be made in the treatment plan including effective diuretic therapy
and proper application of potent classes of antihypertensive drugs such
as the direct vasodilators. With the pathophysiologic and therapeutic
concepts discussed, physicians can approach the problem of refractory
hypertension in a systematic fashion on a rational basis.
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Hypertensive emergencies and urgencies need prompt diagnosis and
management because they may potentiate organ dysfunction and even
lead to death if not appropriately treated (1–8). The goal of initial
treatment in these patients is to obtain a safe and controlled reduction
in blood pressure (BP) to a more physiologic, noncritical level, but not
necessarily to a normotensive state. The initial examination should
include careful fundoscopic, mental status, and cardiovascular evalua-
tion. A true hypertensive emergency (e.g., malignant hypertension) is
usually defined in the setting of a diastolic BP (DBP) >130 mmHg.
This is especially true if it is accompanied by altered mental status
papilledema, myocardial infarction (MI), pulmonary edema, evolving
stroke, or a dissecting aneurysm (Table 40-1).

Hypertensive urgencies, on the other hand, present as moderately
severe to severe hypertension (120–140 mmHg diastolic) with no signs
of encephalopathy or concomitant emergency medical condition.
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Table 40-1
Clinical Signs, Symptoms, and Therapeutic Guidelines

for Emergencies and Urgencies

Definition Therapeutics

Hypertensive DBP of 130–140 mmHg Parental antihypertensives
emergencies and acute organ damage (usually sodium

or evolving complication nitroprusside)
Hypertensive DBP of 120–140 mmHg BP reduction, oral agents

urgencies and no acute end-organ over days to weeks
damage or complication

GENERAL APPROACH TO EVALUATION OF
HYPERTENSIVE EMERGENCIES

The severity of a hypertensive emergency relates not only to the level
of BP but also to the rapidity of development, because autoregulatory
mechanisms have not evolved. Thus, with acute elevations in BP as
occurs in hypertension associated with acute glomerulonephritis in
children or preeclampsia/eclampsia in young women evidence of malig-
nant hypertension with fundoscopic and mental status changes may
occur in conjunction with DBPs of only 110–130 mmHg (1–7). By
contrast, patients with long-standing hypertension may not present with
evidence of malignant hypertension, even with DBPs of 140–160
mmHg. Thus, it is necessary to evaluate closely the signs and symptoms
of malignant hypertension, in addition to BP, in the emergency setting.
When these signs and symptoms or evolving complications are present,
BP control with an iv agent, with rapid onset, should be accomplished
as soon as possible (within one half hour) to reduce permanent organ
dysfunction or death. Clearly, the goal of BP therapy should be individu-
alized (i.e., elderly patients with stroke treated more conservatively and
a young patient with papilledema and stupor treated more aggressively.)
However, it is generally appropriate to attempt a 25% reduction of
mean arterial pressure (MAP) over the first 30–60 min of therapy.

DRUG THERAPY FOR HYPERTENSIVE EMERGENCIES

Generally, sodium nitroprusside is the drug of choice for treating
hypertensive emergencies because of its rapid titratability, predictability
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of responses, and general absence of tachyphylaxis. The use of sodium
nitroprusside should be titrated to achieve a BP of 160–170/100–110
mmHg (MAP of 120–130 mmHg). The drug is given as a continuous
iv infusion at 0.5–10 mg/(kg·min). Potential side effects include nausea,
vomiting, and muscle twitching. Prolonged use may cause cyanide
intoxication, methemoglobinemia, and acidosis, necessitating hospital-
ization in a monitered setting. The judicious use of loop diuretics may
be helpful in volume-overloaded states such as acute pulmonary edema,
and later in the course of therapy to maintain adequate urine flow and to
limit the development of drug pseudotolerance to sodium nitroprusside.
Furosemide (40–120 mg) can be administered intravenously in the
volume overload status. No other drug is comparable to sodium nitro-
prusside in the true hypertensive emergency. Nitrate therapy is often
useful in decreasing pre- and afterload as well as for the chest pain in
these patients. Certainly, sublingual or oral short-acting nifedipine is
contraindicated for the treatment of hypertensive emergencies. Careful
attention should be paid to the accompanying problems (e.g., MI)
associated with severe hypertension (Table 40-2).

Hypertensive urgencies are those conditions of very high BP (i.e.,
DBP above 120 mmHg) without accompanying signs and symptoms
of malignant hypertension or complicating concomitant problems (e.g.,
dissecting aneurysm) (Table 40-3). In this situation, BP control can be
carried out more slowly, generally in the emergency room or urgent
care setting without hospitalizing the patient. Generally, the initial goal
of therapy should be to achieve a DBP of 100–110 mmHg, with normal
BP being achieved over several days in the outpatient setting. Several
oral antihypertensive medications (i.e., clonidine, captopril, labetalol)
are well-established drugs used in this setting. In this setting factors such
as anxiety, fear, and the white coat phenomenon must be considered.
Therefore, it is very important to take several BP measurements
over 10–15 min. High BP measurements with automated equipment
should be confirmed with a mercury sphygmomanometer, and mea-
surements of orthostatic pressures and measurements in both arms
should be conducted. Also, careful inquiry should be made regarding
the patient’s use of medications (i.e., nasal decongestants, or nonste-
roidal agents in the elderly) that may have contributed to recent
elevations in BP.

In the urgent care and emergency room setting hypertension is not
uncommonly seen as a result of withdrawal of drugs such as alcohol,
cocaine, and opioid analgesics. Hypertension and rebound increases in
BP are also seen with abrupt discontinuation of antihypertensive drugs
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Table 40-2
Hypertensive Emergencies

Hypertensive encephalopathy
Severe hypertension associated with the following cardiac, cerebrovascular,

and renal events:
Acute MI
Unstable angina
Acute left ventricular failure with pulmonary edema
Acute aortic dissection
Cerebral thrombosis
Intracerebral hemorrhage
Subarachnoid hemorrhage
Transient ischemia
Rapidly progressive renal failure

Eclampsia or preeclampsia
Catecholamine excess states

Pheochromocytoma
Drug or food interactions (tyrosine) with monoamine oxidase inhibitors

Drug-induced hypertension
Overdose with sympathomimetics, cocaine, lysergic acid diethylamide,

phenylpropanolamine, or phencyclidine
Postcoronary artery bypass surgery, with severe hypertension
Postoperative bleeding, with severe hypertension

Table 40-3
Hypertensive Urgencies

1. Severe hypertension without encephalopathy
2. Acute glomerulonephritis with severe hypertension
3. Extensive body burns
4, Acute systemic vasculitis, with severe hypertension
5. Severe hypertension after kidney transplant
6. Post- or presurgical hypertension
7. Rebound hypertension following sudden withdrawal of antihypertensive

agents (i.e., -blockers, clonidine, methyldopa)
8. Chronic spinal chord injury with episodic hypertension

(i.e., clonidine and -blockers). Alcohol intoxication and withdrawal
are common causes of hypertension in the urgent care and emergency
room setting. In both cases, the hypertension is driven by an
overactive sympathetic nervous system, and agents that decrease this
sympathetic overdrive such as clonidine are quite useful. Cocaine and
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other sympathomimetic drugs (i.e., amphetamines) produce hyperten-
sion in the setting of acute use as well as when these drugs are abruptly
discontinued after chronic use. This hypertension is often complicated
by organ dysfunction such as ischemic heart disease, cerebrovascular
accidents, and seizures. Phentolamine is effective, with sodium nitro-
prusside being used when malignant hypertension occurs. Narcotic
analgesic withdrawal may be associated with hypertension as well as
tachycardia, anxiety, and nausea. Hypertension and associated symp-
toms can be affectively treated with clonidine. Monamine oxidase
(MAO) inhibitors in association with certain drugs (i.e., tricylic anti-
depressants) and certain foods (e.g., cheese) may produce a catechola-
mine excess state and even malignant hypertension. Phentolamine and
labetalol are useful for the treatment of hypertension associated with
MAO inhibitor use. In states of hypertension associated with abrupt
discontinuation of clonidine or -blocker therapy, reinstitution of the
respective drug is sufficient in conditions of moderate hypertension.
In conditions of severe hypertension with accompanying signs and
symptoms indicating malignant hypertension, or when concomitant
medical problems coexist, or the identity of the withdrawal drug is
unknown, nitroprusside administration is often necessary.

CONSIDERATION OF CONCURRENT MEDICAL
EMERGENCIES ACCOMPANYING

SEVERE HYPERTENSION

Concurrent treatment of medical conditions that accompany emer-
gent hypertension needs to be addressed (Table 40-1). In the presence of
acute MI, drugs decreasing oxygen requirements or increasing coronary
blood flow are important. Thus, sublingual, iv, transdermal nitroglycerin
and -blockers are valuable in this setting. Nitroglycerin reduces preload
by dilating veins and in high doses reduces afterload by arterial vasodila-
tion. These two actions reduce myocardial oxygen demand and lower
BP, properties also manifested by -blockers. In patients presenting
with congestive heart failure and hypertension, therapy should be
directed toward immediate “unloading” of the ventricle from its pressure
and volume overload status. Pressure overload should be treated with
relatively rapid-acting antihypertensive agents that decrease arterial
pressure, total peripheral resistance, and left ventricular impedance.
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Volume overload is treated with loop diuretics, but care must be taken
not to exacerbate hypokalemic, hyponatremic, metabolic alkalosis.
There is a propensity to this metabolic condition owing to activation
of the renin-angiotensin-aldosterone axis. An integral part of therapy
is directed to replacement of potassium and magnesium.

Acute aortic dissection accompanying hypertension is often lethal
unless appropriately treated. Because the clinical presentation may be
very subtle, a high index of suspicion followed by early diagnostic
intervention and rapid therapy is critical. Dissection is exacerbated by
hemodynamic forces created by the pulse pressure generated by each
heartbeat as well as the absolute level of BP. The initial antihypertensive
therapy should accomplish the lowering of systolic BP to 100–110
mmHg, and to reducing the resting heart rate to 50–60 beats/min in
order to decrease the velocity and strength of cardiac contraction.
Accordingly, antihypertensive therapy must be initiated very rapidly in
the emergency department before transferring the patient for definitive
surgical therapy. Medical therapy includes the use of iv sodium
nitroprusside and a -blocker. Esmolol, a very short- and rapid-
acting -blocking agent, is optimal for decreasing ventricular rate,
cardiac contraction, and oxygen requirements. Alternative therapies
include ganglionic blockage and labetalol by iv bolus and subse-
quent infusion.

BPs are frequently elevated during the period that a stroke is evolving
or has recently occurred. The highest BPs are present in persons with
intracerebral hemorrhage and in those previously hypertensive. If left
untreated, BP usually falls during the first few days after a stroke, but
not necessarily to normotensive levels. Factors in favor of BP lowering
in a setting of an acute stroke include a reduction in cerebral edema,
reduction in the risk of hemorrhage into ischemic brain tissue, and
reduction in the risk of rebleeding in cases of intracerebral or subarach-
noid hemorrhage. However, the general approach of initial BP therapy
is to reduce MAP by not more than 25% over a period of 24 h. Too
rapid a reduction in BP may accentuate neurologic damage, particularly
if BP drops below the lower limit of cerebral blood flow autoregulation.
Thus, too rapid a lowering of BP should be avoided during the acute
ischemic stroke period. Careful administration of nitroprusside in an
intensive care unit remains the treatment of choice for the emergency
management of patients with hypertensive encephalopathy, intracere-
bral or subarachnoid hemorrhage, or an acute ischemic stroke with
accompanying severe hypertension.
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Detection and treatment of hypertension are the most important
interventions, for adult medicine, that are available to prevent mortality
and morbidity due to cardiovascular and renal diseases. This conclusion
is invariably supported by the findings of an abundance of randomized
clinical trials. Despite these facts, population-based surveys clearly
demonstrate that hypertension is not well controlled. In the United
States, less than a third of the hypertensive population has on-treatment
blood pressures (BPs) below consensus recommended goals of 140
mmHg systolic pressure and 90 mmHg diastolic pressure (1). The
discrepancy between the potential benefit of effective management of
hypertension and the limited control now evident is even more promi-
nent in medically underserved communities (2).

Despite the very high prevalence of hypertension in adult popula-
tions, hypertension has been considered, by some, a relatively simple
problem for physicians and other health care providers. A large fraction
of the hypertensive population has BPs only slightly above the cutoff
level of 140/90 mmHg and can be easily controlled by a combination
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of simple changes in diet with one- or two-drug treatment. In general,
this group is healthy, and often free of diabetes, severe hyperlipidemia,
or target organ damage. Only a very small fraction of this group is likely
to have secondary hypertension. There has been general agreement
that comprehensive primary care by family practitioners or internists
coordinated with nurse clinicians and physician assistants, in some
health care systems, can achieve high rates of control, as has been
possible in many clinical trials.

RATIONALE FOR HYPERTENSION CONSULTATIONS

Many hypertensive patients can be controlled with relatively straight-
forward diagnostic and therapeutic interventions. Nonetheless, a small
fraction requires specialized expertise for optimal care; this is now recog-
nized in several guidelines developed for the care of hypertensive patients
(3,4). These guidelines recognize implicitly that the extremely busy pri-
mary care practitioner, facing a broad variety of medical problems in
daily practice, can be helped by experts functioning as a resource for
advice. No precise estimates are available to determine how many
hypertensive patients might benefit from assessment by hypertension
experts. In the United States, it is estimated that there are 40–50 million
hypertensive individuals. If 2–5% would benefit from such consultations
annually, this would result in approx 1 million individuals each year.

The need for such experts arises from several considerations. First,
hypertension may be caused by rare or infrequent specific disorders
(i.e., secondary hypertension), some of which are either curable (e.g.,
pheochromocytoma) or treatable with highly specific, but not often
used drugs (e.g., treatment of Liddle syndrome with high doses of
amiloride). Some examples of rare secondary hypertension arise from
specific mutations that can be fully characterized and employed for
screening and management of their families (e.g., glucocorticoid reme-
diable hypertension and Liddle syndrome) (5). Second, the clinical
pharmacology of the antihypertensive drugs is now highly complex
with at least six major drug classes, many subclasses, differing pharma-
cokinetics, metabolic pathways, and drug interactions to be considered.
Third, given the high prevalence of hypertension, other disease states
may be present requiring a sophisticated decision strategy to optimize
overall management. Consider the issues raised when a hypertensive
patient also has disorders such as peripheral vascular disease, obstruc-
tive pulmonary disease or asthma, or depression.
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Table 41-1
Some Indications for Considering Consultation by a

Hypertension Expert for Individual Patients

1. Refractory hypertension, not controlled adequately on two or more
antihypertensive drugs

2. Suspected white coat hypertension with need for specialized tests
(ambulatory BP monitoring or recorded home BPs)

3. Secondary hypertension requiring special tests and interventions
4. Suspected drug interactions requiring expert knowledge of clinical

pharmacology
5. Multidrug therapy because of complex disease states such as some

hypertensive patients with diabetes, asthma or pulmonary disease, or
depression

6. Elderly hypertensive patients with symptoms that may be owing to
adverse drug reactions or to underlying disease

For some patients, the use of special testing, such as ambulatory
BP monitoring may be appropriate. In many cases, hypertension is
apparently refractory to ordinary treatment and the assistance of a
specialist experienced in the management of such individuals may
lead to improved control. Table 41-1 lists those problems for which
hypertension experts or consultants are often requested to assist in the
management of individual patients. The order given reflects my own
estimate that most referrals are for refractory hypertension, followed
by suspected white coat syndrome and then for secondary hypertension.
Referral patterns may differ among community settings, local practices,
and tertiary care institutions or centers known to have hypertension
research programs, but surveys would be helpful to document such
trends.

WHAT SHOULD THE HYPERTENSION
CONSULTATION CONSIST OF?

Whatever the reason for referring a patient to a hypertension expert, a
comprehensive consultation is necessary. What seems to be the obvious
problem may not be so or may mask alternate diseases or disorders.
An expert in hypertension is first of all an internist (for adult popula-
tions) with specialized training and experience that may include ele-
ments of cardiology, nephrology, endocrinology, clinical pharmacol-
ogy, and geriatrics. The discussion and examples to follow demonstrate
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Table 41-2
Elements of Hypertension Consultation

1. Assessment of overall cardiovascular risk for stroke, ischemic heart
disease, renal insufficiency, and arterial disease

2. Assessment for secondary hypertension through appropriate medical
history, physical examination, and recommended tests

3. Evaluation of past and present antihypertensive therapy (specifically
drug treatment) for adverse reactions, drug interactions, and
appropriateness in relation to necessary control

4. Review of current nonhypertensive drug treatment for compatibility or
lack of it with recommended antihypertensive drug treatment

5. Consideration of possible white coat hypertension or a white coat
component when appropriate and need for supplemental BP
measurement

6. Awareness of other diseases or conditions that might affect management
of hypertension or require additional evaluation

the basis for a comprehensive, rather than a limited, approach. Table
41-2 summarizes the elements of a hypertension consultation.

Overall Risk Assessment

Hypertension is only one of the reversible risk factors that contribute
to future cardiovascular disease. There has been a growing trend to
consider each patient with regard to a risk profile that will focus on
all risk factors needing treatment, in some order of priority. For example,
suppose a 45-yr-old man is referred for possible white coat hypertension
(clinic pressures 150/90–95 mmHg with signs of anxiety) but has a
family history of premature coronary artery disease and serum choles-
terol has not been measured. The consultant orders a serum lipid profile
in addition to 24-h BP monitoring. The result is that 24-h pressures
average 132/84 mmHg, at the borderline. Yet, the serum high-density
lipoprotein cholesterol is 30 mg/dL and the low-density lipoprotein
fraction is 180 mg/dL. The consultant may well defer antihypertensive
drug treatment but insist on statin therapy as the primary preventive
strategy.

To assess overall or absolute risk, information is needed to arrive
at these components:

1. Estimate of average BP.
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2. Nonhypertensive risk factors, primarily smoking, lipid status, and dia-
betic status. One may suspect insulin resistance in the absence of
diabetes when patients are overweight or have metabolic syndrome X,
low serum HDL cholesterol levels, and high serum triglycerides.

3. Target organ damage, by a look at the retinae for arteriolar change,
hemorrhage, or exudates suggesting malignant hypertension; listening
for carotid bruits; cardiac status including electrocardiography and
sometimes echocardiography; renal function; peripheral vascular sta-
tus; and at least a screening neurologic assessment.

Very often patients arrive for consultation with fully adequate records
of their recent tests from the referring physician. In such cases, the
consultant’s task is easier and may focus more on the clinical examina-
tion and review of the information provided.

Secondary Hypertension

Admittedly infrequent, secondary hypertension should still be con-
sidered when patients are referred for alternate problems such as refrac-
tory hypertension or white coat hypertension. A careful history and
pertinent physical examination will usually be sufficient for a decision
to either pursue or eliminate these rare diseases. However, some situa-
tions may be confusing. Although this brief chapter cannot cover all
possible situations, here are a few examples to make the point. Hypoka-
lemia may be attributed to diuretic use without considering primary
aldosteronism. Thus, it may be necessary to stop or modify current
treatment to do the appropriate work-up. In the elderly, apparently
refractory systolic hypertension, together with an abdominal bruit, may
be the clue to extensive arterial disease including renal artery stenosis.
We have seen several patients referred for hypertension with presumed
peripheral arterial disease (reduced distal pulses) who were found to
have coarctation of the aorta. In some cases, this is owing to congenital
coarctation; for others, acquired coarctation caused by inflammatory
aortitis has been found. The overweight, refractory hypertensive patient
usually has ordinary obesity, but checking for signs of Cushing syn-
drome may change diagnostic strategy.

Hypertension found in children and young adults, particularly when
there is a family history of high BP, should prompt consideration of
secondary hypertension including those infrequent genetic disorders
that have been recently well characterized. This should be considered
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especially if hypokalemia is found that is not owing to either diuretic
use or intestinal losses.

Evaluation of Drug Treatment

Many referrals for hypertension consultations will be focused on
antihypertensive drug treatment because of frequent adverse drug reac-
tions and/or refractory hypertension unresponsive to multidrug regi-
mens. It will be necessary for a thorough review of past treatment and
of the current drugs and doses taken by the patient. Careful correlation
of symptoms suggestive of adverse reactions with medication taken at
that time is needed. I find that many patients attribute side effects to
drugs that are not based on known clinical pharmacology, sometimes
because they believe that all drugs have side effects for all patients.
Occasionally a patient’s story may suggest a phobic attitude toward
all drugs. Most often, lack of effective control results from poor com-
pliance, ineffective doses of effective agents, or ineffective combina-
tions.

When the problem is refractory hypertension and the evaluation
suggests that the current drug therapy is ineffective, some recurring
patterns have been observed that are the basis for practical suggestions.
First, during the past decade, there has been a tendency to reduce or
eliminate diuretics from antihypertensive therapy. Yet, many patients
with apparently refractory hypertension will respond well with the
addition of a low-dose hydrochorothiazide-type diuretic. With so many
classes of antihypertensive drugs now available, together with the num-
ber within each class, a full list of those combinations likely to be
effective as alternatives to any one patient’s current treatment is well
beyond the scope of this chapter. What is important is that the consultant
look for effective opportunities that have not been considered by the
referring physician. Those experienced in the management of severe
(stages 3 and 4) hypertension should have had experience with effective
but unusual drug combinations and higher dose ranges necessary for
adequate therapy.

Many hypertensive patients referred for consultation take medica-
tions for other conditions. A careful look at the entire drug menu is
needed to sort out adverse effects, possible drug interactions, and poten-
tial strategies for simplifying overall treatment. For example, a patient
taking a tricyclic agent for depression may experience dizziness owing
to orthostatic hypotension and therefore need adjustment of his or her
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antihypertensive therapy (e.g., eliminating an -receptor blocker) for
optimal effect.

White Coat Hypertension, White Coat Component,
and Reverse White Coat Component

The diagnosis of hypertension and its effective control depend on
accurate estimation of usual or average BP. The limited measurements
made at screening sites or by office or clinic visits may be misleading.
Many patients, being told they are hypertensive for the first time, want
confirmation and certainty of the diagnosis before starting antihyperten-
sive treatment. Others already on treatment, who have been advised to
take additional medication, want to be sure the added drugs are neces-
sary. These concerns bring up the issues of white coat hypertension
(i.e., elevated BPs only in the office or clinic but normal average BPs
outside the office without drug treatment) and a white coat component
(i.e., on-treatment BPs that remain elevated in the office or clinic but
are normal during usual activity). Supplemental BP measurements can
be provided by repeated readings that require many visits, or by home
BP recording, or for the “gold standard,” by 24-h ambulatory BP
monitoring. This latter technique has been the subject of much literature
and has been incorporated into national guidelines for the management
of hypertension when the question of a white coat component is raised.
Specialized hypertension clinics and centers now provide this assess-
ment. Some centers provide a brief summary of pertinent literature
with recently recommended normal values for 24-h BP, daytime or
awake averages, nighttime or sleep BPs, and day:night ratios. My own
preference is to give a brief descriptive interpretation in addition to
the numerical averages to the referring primary care physician. Many
are busy and want a brief opinion backed up by the data that ambulatory
BP monitoring reveals.

The role of home BP monitoring has never been fully established,
but it is thought by some to be helpful. Recent studies have demonstrated
that there is a high degree of inaccuracy if home BPs are not taken
with a recording device that yields objective assessment with computer-
calculated averages (6,7). Physicians are actively exploring this tech-
nique and find it to have excellent potential as an alternate assessment
for quantifying the white coat component.

The use of supplemental pressure determination by either 24-h ambu-
latory or recorded home BPs may reveal that average daily BPs are
higher than office measurements. This has been called the reverse white
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coat syndrome and actually conveys increased risk, which may require
more aggressive antihypertensive treatment. The consultant may need
to spend more time counseling these patients as to need for such therapy
and the value of using supplemental BPs as the basis for management,
rather than the usual clinical readings.

Other Medical Conditions

The referral for a hypertension-related problem may lead to unmask-
ing of other medical problems that need attention. The consultant (for
adults) will have a background of internal medicine that is not to be
discounted in the overall assessment and in the report given by one
physician (the consultant) to the referring doctor for care of someone
that is, for the time being, a patient of both.

HYPERTENSION EXPERTS AS
“POPULATION DOCTORS”

In contrast to the role of consultant as one who evaluates an individual
patient, referred by a primary care physician, there is also the need for
experts who can obtain information from groups of patients and assist
in the improvement of their care on a larger scale. Some experts may
serve to develop guidelines on a national, regional, or local basis; others
may participate in ongoing assessment of care to devise strategies for
improvement. It has been suggested that optimal care of hypertensive
patients, seen as a population, will depend on coordination of primary
and specialty perspectives (8). For a different disorder that poses some
of the same problems of care for large groups, namely type II adult
diabetes, a French study suggested that cooperation between generalists
and specialists (i.e., diabetologists) can improve specific indices of
outcome, namely, control of BP, foot care, hemoglobin A1C levels,
and serum lipids (9). In the United States, a study of care for diabetics
could find little evidence for different outcomes in comparing specialists
(cardiologists or endocrinologists) with primary care physicians, except
for better foot care and management of infections by endocrinologists
(10). The effects of a coordinated system combining both primary care
and specialist exertise for the management of hypertension has yet to
be assessed.
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CONCLUSION

Current techniques for screening, detecting, diagnosing, and treating
hypertension offer promise that hypertension-related cardiovascular
and renal disease can be substantially reduced by ensuring that the
hypertensive population receives optimal management. The complexity
of the hypertension problem, given the number of patients and the
heterogeneity within this group, together with the need for improved
control, implies that new strategies are required. Coordinating care
between primary care providers and expertise available from hyperten-
sion experts, who function as consultants for individual patients and
as resources for groups, has the potential for achieving better health
for adult populations.
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