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Glossary: How we defined
the terms

We use the following definitions for the evidence-based medicine terms
in this book. The definitions are taken from Clinical Evidence
compendium, published in December 1999 by the BMJ Publishing Group
and the American College of Physicians-American Society of Internal
Medicine.1

Absolute risk. This is the probability that an individual will experience
the specified outcome during a specified period. It lies in the range 0 to
1. In contrast to common usage, the word “risk” may refer to adverse
events (such as myocardial infarction), or desirable events (such as cure).

Absolute risk reduction. The absolute difference in risk between the
experimental and control groups in a trial. It is used when the risk in the
control group exceeds the risk in the experimental groups, and is
calculated by subtracting the absolute risk in the experimental group
from that of the control group. This figure does not give any idea of the
proportional reduction between the two groups; for this, relative risk
reduction is needed.

Attributable risk. Measure of how much of the disease burden could be
eliminated if the exposure were eliminated. Alternatively, the rate of a
disease or other outcome in exposed individuals that can be attributed to
the exposure.

Case control study. A study design that examines a group of people who
have experienced an event (usually an adverse event) and a group of
people who have not experienced the same event, and looks at how
exposure to suspect (usually noxious) agents differed between the two
groups. This type of study design is most useful for trying to ascertain
the cause of rare events, such as rare cancers.

Cohort study. A non-experimental study design that follows a group of
people (a cohort), and then looks at how events differ among people
within the group. A study that examines two cohorts, one that has been
exposed to a suspect agent or treatment, and one that has not been
exposed, is useful for trying to ascertain whether exposure is likely to
cause specified events (often adverse). Prospective cohort studies that
track participants forward in time are more reliable than retrospective
cohort studies that look back in time to ascertain whether or not
participants were exposed to the agent in question.



Confidence interval. The 95% confidence interval (CI) would include
95% of results from studies of the same size and design. This is close but
not identical to saying that the true size of the effect has a 95% chance of
falling within the confidence interval. If the 95% CI for a relative risk or
an odds ratio crosses 1, the effect size is likely to lie in a range where risk
is either increased or decreased.

Control. In a randomized controlled trial, the control refers to the
participants in its comparison group. They are allocated either to
placebo, to no treatment, or to the standard treatment. 

Incidence. The number of new cases of a condition occurring in a
population over a specified period of time. 

Meta-analysis. A statistical technique that summarizes the results of
several studies in a single weighted estimate, in which more weight is
given to results from larger studies.

Morbidity. Rate of illness but not death.

Mortality. Rate of death.

Odds ratio. One measure of treatment effectiveness. It is the odds of an
event happening in the experimental group, expressed as a proportion of
the odds of an event happening in the control group. The closer the odds
ratio is to one, the smaller the difference in effect between the
experimental intervention and the control intervention. If the odds ratio
is greater (or less) than one, then the effects of the treatment are more (or
less) than those of the control treatment. Note that the effects being
measured may be adverse (e.g., death or disability) or desirable (e.g.,
survival). When events are rare, the odds ratio is analogous to the relative
risk, but as event rates increase, the odds ratio and relative risk diverge.

Placebo. A biologically inert treatment given to the control participants
in trials.

Randomized controlled trial. A trial in which participants are randomly
assigned to two or more groups: one (the experimental group) receiving
the intervention that is being tested, and the others (the comparison or
control groups) receiving an alternative treatment or placebo. This design
allows assessment of the relative effects of interventions.

Relative risk. The number of times more likely (relative risk greater than
1) or less likely (relative risk less than 1) an event is in one group
compared with another. It is analogous to the odds ratio when the events
are rare and is the ratio of the absolute risk for each group.

Relative risk reduction. The proportional reduction in risk between
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experimental and control participants in a trial. It is the complement of
the relative risk (1-relative risk).

Sensitivity. The chance of having a positive test result given that you
have a disease.

Statistically significant. The findings of a study are unlikely to be due to
chance. Significance at the commonly cited 5% level (P=0.05) means that
the observed result would occur by chance in only 1 in 20 similar studies.
Where the word “significant” or “significance” is used without
qualification in the text, it is being used in this statistical sense.

Systematic review. A review in which all the trials on a topic have been
systematically identified, appraised, and summarized according to
predetermined criteria. It can, but need not, involve meta-analysis as a
statistical method of adding together and numerically summarizing the
results of the trials that meet minimum quality criteria.
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C H A P T E R 1

A guide to this
book
Karen Stamm
Jennifer Moore Arterburn

About the authors

How content is organized

How we located the evidence

How we rated the evidence

Final thoughts



About 20 percent of the population
will have hypertension at some
point in their lives. This book is
dedicated to people with this
lifelong condition and the clinicians
who care for them. 

The rapidly changing landscape 
of hypertension research has
unearthed many new treatment
options for this silent, but serious,
condition. May this book help
clinicians evaluate these options
accurately and efficiently, to the
good of patient care.

About the authors 
In the fall of 1998, BMJ Publishing
Group approached us about writing
a practice-oriented textbook for

primary care clinicians on managing hypertension. We agreed that the
book should summarize all available research evidence that clinicians
need to care for hypertensive patients. We agreed to interpret the data to
make them meaningful and useful and that we’d advise readers about
the quality and quantity of the evidence supporting our findings. We
intended that the book be practical, creative, and innovative—a helpful
model for other evidence-based textbooks. 

The authors are all academic clinicians who treat patients with
hypertension in their general medicine practices. They share similar
philosophies, which emerged as the chapters took shape. Obviously, they
advocate a practice of basing clinical decisions on sound evidence. They
believe that clinicians and patients should make clinical decisions as
partners when possible and that treatment should be tailored to patients’
unique circumstances. They advocate self-care for patients and
continuous learning for themselves. 

As technical writers, we were privileged to contribute throughout the
entire editorial process. It was our first textbook. We tried to serve as
advocates for readers and patients. Only you can judge if we succeeded
in molding a monumental assortment of important information into a
compact book that is easy to read and navigate.
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We’d like to acknowledge other contributors:

• Molly Harris, our medical librarian extraordinaire, who devised no
fewer than 11 literature search strategies that uncovered
approximately 10 000 potentially relevant citations for the authors
and verified more than 900 citations to ensure accurate references

• Dr Scott Richardson, our colleague, who from the project’s inception
offered creative ideas about the book’s structure, content, and graphic
presentation

• Linn Morgan and David Mullins, our valued administrative
assistants, who lent a hand whenever we needed it with their
trademark professionalism and good humor

• Mary Banks at BMJ Publishing Group, who guided us with a light
hand and encouraging spirit

• Authors of the hundreds of studies and systematic reviews we
reviewed, whose work provided the basis for our summarized
findings

• Editors and authors of Clinical Evidence: A Compendium of the Best
Available Evidence for Effective Health Care, Issue 3,1 which served as an
invaluable model and source of information.

How content is organized
Although the chapters vary greatly in the type of evidence presented,
each shares several universal elements:

• Clinical questions introduce various concise, discrete sections within
chapters.

• Example clinical scenarios with patients introduce each chapter and
are resolved.

• Summary bottom lines summarize actions suggested by the available
evidence and its quality.

• Boxes, tables, and figures enhance key information. 

• The type of evidence reviewed for each chapter, how it was located,
and the authors’ critique of its quality are noted.

• Accurate references are provided.
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How we located the evidence
English citations dealing with humans were identified from 1990 to
October 1999 from MEDLINE, The Cochrane Library, EMBASE, and
PsycINFO online bibliographical databases; references of pertinent
articles and reviews; Clinical Evidence: A Compendium of the Best Available
Evidence for Effective Heath Care, Issue 3,1 and experts. An update search
was conducted on PubMed in June 2000.

We conducted 11 literature searches that identified more than 10 000
citations using subject headings unique to the individual online
databases and specific textwords. The searches covered the following
subject areas:

• Risk and prognosis

• Diagnosis and accuracy

• Patient decisions

• Treatment of hypertension

• Treatment of specific comorbid conditions, such as migraines and
gout

• Adverse effects and contraindications of specific antihypertensive
agents

• Management of hypertension

• Refractory hypertension, urgencies, and emergencies

• Patient adherence

• Hypertension in pregnancy

• Secondary hypertension

The search strategies used to identify systematic reviews and clinical
trials were taken from the Cochrane Reviewers’ Handbook.2 Strategies used
to identify therapy, diagnosis, etiology, and prognosis articles were taken
from the book PDQ: Evidence-based Principles and Practice.3 Detailed
descriptions of the searches are available upon request.

How we rated the evidence
Grading the evidence is a tricky business. Not only are there numerous
quality scales, but people take various approaches to applying them. We
decided the imperfect, but reasonable, course was for each author to use
the same scale, developed by the British National Health Service’s Centre
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for Evidence-based Medicine (Table 1.1).4 This scale, developed 20 years
ago and revised in 1998, appears in other evidence-based textbooks.

Although the authors found the scale feasible, helpful, and challenging,
they found themselves with the herculean task of applying it to a huge
amount of hypertension literature. They found it was not applicable to all
of the identified relevant evidence and that it was sometimes inadequate
in capturing important nuances in qualities of evidence. They also found
that the scale focused primarily on methodological quality of research
evidence and that their evidence-based judgments relied heavily on
assessing whether the clinical outcomes were important and large in size.

Table 1.1. Evidence grading scalea adapted from the Centre for 
Evidence-based Medicine.4
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1a Systematic review of
multiple consistent
trials.

Systematic review of
multiple consistent
inception cohort
studies or a clinical
practice guideline
validated with a test
set.

Systemative review
with multiple
consistent Level 1
diagnostic studies or
a clinical practice
guideline validated on
a test set.

Level of evidence Therapy, etiology,
harm 

Prognosis Diagnosis

1b Individual randomized
trial with narrow
confidence interval.

Inception cohort study
with 80% or greater
follow-up.

Independent blind
comparison of
patients from an
appropriate spectrum
of patients, all of
whom have undergone
both the diagnostic
test and the reference
standard.

1c Strong consistent
evidence of major
benefit or harm before
a therapy was
introduced followed by
strong absolutely
consistent evidence of
the opposite effect
after a therapy was
introduced.

Strong consistent
evidence of major
benefit or harm before
a therapy was
introduced followed by
strong absolutely
consistent evidence of
the opposite effect
after a therapy was
introduced.

A diagnostic finding
whose specificity is so
high that a positive
result rules in the
diagnosis and a
diagnostic finding
whose sensitivity is so
high that a negative
result rules out the
diagnosis.

2a Systematic review of
multiple consistent
cohort studies. 

Systematic review of
either consistent
retrospective cohort
studies or consistent
untreated control
groups in trials. 

Systematic review of
multiple consistent
diagnostic studies
Level 2 or greater.



Table 1.1 continued. Evidence grading scalea adapted from the Centre for 
Evidence-based Medicine.4

aThe full scale includes grading levels 4 and 5 for rating evidence that has serious flaws or that
represents expert opinion without critical appraisal of evidence.

To show you how we graded the evidence, we devised and employed
throughout the book a shorthand method that we use to code the levels
of evidence for the studies we reviewed.

• For diagnosis, we use Dx:L__ (“L” stands for “level.” Next to the “L”
will be a number from 1 to 5, possibly followed by a letter denoting
more specificity about the level. Use the table above as a guide.)

• For prognosis, we use Pr:L__

• For therapy, we use Tx:L__

• For etiology, we use E:L__

• For harm, we use H:L__

6 Evidence-based Hypertension

Level of evidence Therapy, etiology,
harm 

Prognosis Diagnosis

2b Individual cohort study
or randomized trial
with confidence
intervals and/or less
than 80% follow-up. 

Retrospective cohort
study or follow-up of
untreated control
patients in a trial or
clinical practice
guideline not validated
in a test set. 

Independent blind or
objective comparison;
or

Study performed in a
set of nonconsecutive
patients or confined to
a narrow spectrum of
study individuals (or
both), all of whom
have undergone both
the diagnostic test
and the reference
standard; or

A diagnostic clinical
practice guideline not
validated in a test set.

2c “Outcomes” research “Outcomes” research

3a Systematic review of
multiple consistent
case-control studies.

3b Individual case-control
study.

Independent blind or
objective comparison
of an appropriate
spectrum, where the
reference standard
was not applied to all
study patients.



When we cite multiple references that are different levels, we indicate the
multiple levels as follows: “Dx:L1, L2” or “Dx:L1, L3” or “Dx:L1, L2, L3.”

Final thoughts
We’re all avid readers as well as writers. We tried to design a book that
would appeal to us if we happened upon it on a bookshelf or a website.
The questions we asked ourselves most frequently were, “Would you
read this?” “Would you understand this?” and “Would you expect to find
that information here?”

To meet the needs of hurried and harried clinicians, we tried to organize
information so that you can learn what you need at the moment. If you’re
in a hurry to get to the bottom line of particular questions, you can read
just the list at the end of each chapter for a summary of major clinical
findings. When you take time to explore a large question (chapter) in more
depth, peruse the chapter contents page to learn the smaller questions the
author addresses. It’s easy to read about a discrete issue or to read the
whole chapter. Do you want to know the quality of the evidence behind a
recommendation or finding? Find those details in boldface within the text.
Do you want to know about the magnitude of observed effects? Look for
relative risks and odds ratios and their confidence intervals peppered
throughout the text.

Lastly, we wanted the book to be a convenient reference, small in size,
and light in weight, albeit not lightweight in content!

References
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C H A P T E R 2

What is this
person’s blood
pressure?
Finlay A McAlister
Sharon E Straus

Is accurate blood pressure measurement
important?

How should we measure blood pressure in the
clinic?

What interferes with accurate blood pressure
measurement?

What is the white-coat effect?

How well does clinic measurement reflect “true”
blood pressure?

How many readings and visits are needed to
diagnose hypertension?

Should we recommend home self-measurement?

Should we recommend ambulatory blood pressure
monitoring?

Summary bottom lines
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Patient Notes
Mr Hi Anxiety, 
age 55, accountant
• Nonsmoker
• No family history of premature

atherosclerotic disease
• Feels well
• Takes no medications 

on a regular basis

Reason for visit
• Routine yearly check-up

Clinical findings
• BP 160/110 mm Hg in the right arm sitting
• Examination otherwise normal

Clinical question
How do we most accurately and feasibly measure “true” blood
pressure in adults?



Is accurate blood pressure
measurement important?

There are many reasons we should routinely and accurately measure
blood pressure in all adults. First, elevated blood pressure is a common
finding that does not have specific clinical manifestations until target
organ damage develops. Second, elevated blood pressure confers
substantial risk of cardiovascular disease, particularly when it coexists
with other risk factors such as diabetes, dyslipidemia, and tobacco use.
Third, the incidence of cardiovascular events in people with elevated
blood pressure can be reduced with appropriate drug therapy. Fourth,
detecting and treating elevated blood pressure before onset of target
organ damage is cost effective.1 Fifth, systematically underestimating
blood pressure denies large numbers of people access to potentially life-
saving and morbidity-preventing therapy. For example, consistently
underestimating diastolic blood pressure by 5 mm Hg could reduce the
number of individuals appropriately identified as eligible for
antihypertensive therapy by almost two-thirds.2 Sixth, systematically
overestimating blood pressure substantially increases numbers of
individuals who receive inappropriate diagnostic labels and treatment
recommendations. For example, consistently overestimating diastolic
blood pressure by 5 mm Hg could more than double the number of
individuals diagnosed with hypertension and significantly increase
health care costs.2 Seventh, whether the seemingly simple act of
diagnosing and initiating therapy for “hypertension” causes significant
psychosocial harm in and of itself is controversial. Observational studies
from the 1970s and 1980s suggest that such diagnostic labeling is
associated with worsened self-perceived health, increased psychosocial
stress, and increased absenteeism from work,3-7 but more recent
observational studies suggest no or minimal psychosocial sequelae.8,9(H: L2)

How should we measure blood pressure
in the clinic?

We need to pay careful attention to technique when measuring blood
pressure in order to maximize the accuracy and reliability of this
diagnostic test. Numerous bodies have published guidelines for
measuring blood pressure that are remarkably consistent (an infrequent
finding with guidelines!). Recommendations adapted from the American
Heart Association are outlined in Box 2.1.10
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Box 2.1. Guides for accurate measurement of blood pressure.

• Seat the patient in a quiet environment with his or her bared arm resting on a support that
places the midpoint of the upper arm at the level of the heart.

• Use a large cuff or estimate the circumference of the upper arm at the midpoint between the
shoulder and elbow and select an appropriately sized cuff. The bladder inside the cuff should
encircle 80% of the arm.

• Place the midline of the bladder over the arterial pulsation and wrap and secure the cuff
snugly. The lower edge of the cuff should be 2 cm (1 in) above the antecubital fossa.

• Inflate the cuff rapidly to 70 mm Hg, and increase it by 10 mm Hg increments while palpating
the radial pulse. Note the level of pressure at which the pulse disappears and subsequently
reappears during deflation.

• Place the stethoscope earpieces into the ear canals, angled forward to fit snugly. Using the
low-frequency position (bell), place the head of the stethoscope over the brachial artery
pulsation.

• Inflate the bladder rapidly and steadily to 20 to 30 mm Hg above the level previously
determined by palpation, then partially unscrew the valve and deflate the bladder about
2 mm/sec.

• Note the level of the pressure on the manometer at the first appearance of repetitive
Korotkoff sounds (Phase I), at the muffling of sounds (Phase IV), and when they disappear
(Phase V). Rate of bladder deflation should be no more than 2 mm per pulse beat.

• After the last Korotkoff sound is heard, deflate the bladder slowly for at least another 10 mm
Hg to ensure that no further sounds are audible.

• Record the systolic (Phase I) and diastolic (Phase V) pressures rounded upwards to the
nearest 2 mm Hg.

• Repeat measurement after the cuff’s bladder has been completely deflated for at least 30
seconds.  

Number of readings
The American Heart Association suggests averaging two readings in the
same arm taken at least 30 seconds apart.10 When these two values differ
by more than 5 mm Hg, we follow the recommendations of the American
Society of Hypertension and take additional readings until a stable level
is reached.11

Measuring in one arm versus two
We try to measure blood pressure in both arms at initial assessment and
subsequently use the arm with the higher pressure.10 Simultaneously
obtained bilateral direct arterial tracings have shown differences of
10 mm Hg or greater between arms in as many as 6% of people with
hypertension.12(Dx: L2) It is generally accepted that blood pressure tends to
be higher in the right compared to the left arm.13

Measuring seated versus supine
We found little difference between blood pressure measured in the supine
and sitting positions as long as the arm is supported at heart level. Virtually
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all national guidelines endorse measurement in the sitting position, and
most of the large clinical treatment trials used this position.

Using large versus small cuff
Virtually all national guidelines now recommend using a large cuff for all
patients. The use of a cuff too large for an individual’s arm has little or no
effect on measured blood pressure,14,15 and the most frequent cause of
incorrect blood pressure measurements is using an inappropriately small
cuff.16, 17

Using mercury vesus aneroid sphygmomanometer
Although mercury sphygmomanometers are uncommonly used, they are
the recommended gold standard for the indirect measurement of blood
pressure. Popular aneroid sphygmomanometers require regular
calibration and checks to avoid nonzeroed gauges, cracked face plates,
and defective rubber tubing.18 Checks show that a third or more of
aneroid sphygmomanometers may be 4 mm Hg or more out of
calibration, and up to 10% may be 10 mm Hg or more out of calibration.19

Korotkoff Phase IV versus Phase V for diastolic
pressure
Some clinicians are confused about whether the Phase IV Korotkoff
sound (muffling) or the Phase V Korotkoff (disappearance of sound) is
most appropriate for measuring diastolic blood pressure.20 Virtually all
national guidelines endorse using the Phase V Korotkoff because it more
closely matches diastolic pressure measured by direct arterial
monitoring, is more reproducible between observers, and was used in the
clinical trials that established benefits of antihypertensive therapy. Using
the Phase IV Korotkoff is appropriate in pregnant women and in
individuals with aortic insufficiency. 

Being properly compulsive versus selectively
rigorous
Busy clinicians can be discouraged by the time needed to meticulously
measure blood pressure as recommended in guidelines. One approach is
to reserve the “proper” compulsive method for patients who have
known or newly detected hypertension, other cardiovascular risk
factors, or target organ damage.13 Since the utility and cost of
compulsive versus selective rigor in blood pressure measurement has
not been rigorously evaluated, we sagely refrain from sharing our
personal recommendations.
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What interferes with accurate blood
pressure measurement? 

Mistakes
In a survey of 114 physicians, none followed all of the recommended
procedures for measuring blood pressure.19 Common mistakes that were
reported by more than 60% of the physicians are presented in Box 2.2.

Box 2.2. Common physician mistakes in blood pressure measurement.

• Using an inappropriately small cuff

• Failing to allow rest periods before measurements

• Deflating the cuff too fast

• Failing to measure the blood pressure in both arms

• Failing to palpate maximal systolic blood pressure before auscultation  

Routine patient activities
Daily blood pressure levels vary substantially in most people. Lowest
levels are when individuals are quietly resting or sleeping. Some
everyday activities that may affect blood pressure are summarized in
Table 2.1. Given these distorting influences, all guidelines recommend a
minimum five minute rest period before measuring blood pressure.

Table 2.1. Effects of routine activities on blood pressure (adapted).2

Activity Effect on blood pressure (mm Hg)

Systolic blood pressure Diastolic blood pressure

Attending a meeting ↑20 ↑15

Commuting to work ↑16 ↑13

Dressing ↑12 ↑10

Walking ↑12 ↑ 6

Talking on telephone ↑10 ↑ 7

Eating ↑ 9 ↑10

Doing desk work ↑ 6 ↑5

Reading ↑ 2 ↑2

Watching television ↑0.3 ↑1

Other patient, technique, and measurer factors
Numerous other factors that can affect the accuracy of blood pressure
measurement are shown in Table 2.2. Although our literature search
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identified multiple studies that investigated potential sources of bias in
the measurement of blood pressure, we selectively cite the studies that
provided the highest level of evidence relevant to each factor.

Table 2.2. Factors that can interfere with the accuracy of blood pressure
measurement.

Factor Effect (measured blood pressure Highest quality 
versus actual, mean values) of evidencea

Systolic blood Diastolic blood
pressure pressure

Patient factors

Emotional extremes Variable ↑ Variable ↑ Level 513

such as pain or
marked anxiety 

Eating or recent meal � 1 mm Hg � 4 mm Hg to Level 421

to no change no change

Talking ↑ 17 mm Hg ↑ 13 mm Hg Level 122

Acute cold exposure ↑ 11 mm Hg ↑ 8 mm Hg Level 223

Physical activity �5 to 11 mm Hg �4 to 8 mm Hg Level 424–26

for one hour or more for one hour or more 

Bowel or bladder ↑ 27 mm Hg ↑ 22 mm Hg Level 427

distension

Contraction of bowel ↑ 18 mm Hg ↑ 14 mm Hg Level 427

or bladder sphincters 

Paretic arm ↑ 2 mm Hg ↑ 5 mm Hg Level 428

White-coat effect See text See text

High stroke volume No effect Variable � Level 513

(diastolic blood
pressure can be zero)

Atherosclerotic Variable ↑ or � Variable ↑ or � Level 429,30

arterial walls 
“pseudohypertension”

Smoking ↑ 10 mm Hg for ↑ 8 mm Hg Level 431

30 minutes or more for 30 minutes or more

Caffeine ingestion ↑ 10 mm Hg ↑ 7 mm Hg Level 431

for 2 hours or less for 2 hours or less

Alcohol ingestion ↑ 8 mm Hg ↑ 7 mm Hg Level 132

for 3 hours or less for 3 hours or less

Auscultatory gap � up to 40 mm Hg ↑ up to 40 mm Hg Level 533

Soft Korotkoff sounds Variable � Variable ↑ Level 513

Technique factors

Supine versus sitting No effect to � 2 to 5 mm Hg Level 134,35

↑ 3 mm Hg if supine if supine 
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Table 2.2 continued. Factors that can interfere with the accuracy 
of blood pressure measurement.

Factor Effect (measured blood pressure Highest quality 
versus actual, mean values) of evidencea

Systolic blood Diastolic blood
pressure pressure

Arm position � (or ↑) 8 mm Hg � (or ↑) 8 mm Hg Level 136

for every 10 cm for every 10 cm
above (or below) above (or below)

heart level heart level

Failure to support arm ↑ 2 mm Hg ↑ 2 mm Hg Level 136

Back unsupported No effect to ↑ 8 mm Hg ↑ 6 to 10 mm Hg Level 437, 38

Patient’s legs crossed Variable ↑ Variable ↑ Level 539

Too much pressure No effect Variable � Level 514

on stethoscope

Bell versus diaphragm bMinimal or no bMinimal or no Level 4 37, 40–42

difference difference

Cuff too small � BP 8 mm Hg ↑ BP 8 mm Hg Level 143

Leaky bulb valve Variable � Variable ↑ Level 444

Cuff too large � up to 3 mm Hg � up to 5 mm Hg Level 415

(no effect in (no effect in
most patients) most patients)

Cuff not centered ↑ up to 4 mm Hg ↑ up to 3 mm Hg Level 545

Cuff over clothing ↑ up to 50 mm Hg ↑ up to 50 mm Hg Level 513, 37

Cuff too loose Variable ↑ Variable ↑ Level 546

Cuff deflation too fast Variable � Variable ↑ Level 513, 47

Repeated cuff inflation Wide variability Wide variability Level 513, 48

(venous congestion) (from ↑ of (from ↑ of
30mm Hg 20 mm Hg
to � of to � of

14mm Hg) 10 mm Hg)

Faulty Variable effect Variable effect Level 513, 18

sphygmomanometer

Environmental noise Unpredictable � Unpredictable ↑ Level 513

Measurer factors

Expectation bias Rounding to nearest Rounding to nearest Level 149

including end-digit 5 or 10 mm Hg 5 or 10 mm Hg
preference

Impaired hearing Unpredictable � Unpredictable ↑ Level 513

Time pressure of Unpredictable � Unpredictable � Level 550

examiner

Parallax error Variable ↑ or � Variable ↑ or � Level 513

aLevel of evidence for diagnostic studies.
bMinimal or no differences are differences that are ± 1 mm Hg.
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What is the white-coat effect?
The white-coat effect is the phenomenon whereby blood pressures that
are measured by medical personnel are elevated above usual levels. In
normotensive individuals, there is generally little or no difference
between clinic and usual blood pressures. However, discrepancies
between clinic and usual blood pressure are consistently seen in patients
with hypertension.51–53 This so-called white-coat hypertension is more
common in older than younger adults and in women than men.54

As many as 20% of patients diagnosed with hypertension based on clinic
blood pressures have entirely normal ambulatory blood pressures. These
so-called white-coat hypertensives include a small proportion (4%) of
patients with very high clinic blood pressures that are 180/110 mm Hg or
higher.51, 55, 56 Although it is difficult to say with certainty in the absence of
Level 1 diagnostic studies, up to 40% of patients with hypertension may
demonstrate white-coat effects in excess of 20/10 mm Hg.13, 57

Reducing the white-coat effect
One way to reduce the white-coat effect is to recheck blood pressure at
the end of the clinic visit to confirm the value obtained at the beginning
of the visit. The degree of white-coat effect is most pronounced when the
patient first enters the examination area and declines rapidly over time.58

Another method of reducing the white-coat effect is to have a nurse or
technician measure the blood pressure. The white-coat effect is of smaller
magnitude when medical professionals other than physicians measure
blood pressure.59, 60

Diagnosing white-coat hypertension
There are no clear-cut, validated diagnostic criteria for white-coat
hypertension. Differences between clinic and ambulatory blood pressure
are highly variable over time,41(Dx: L1) and white-coat hypertension cannot
be diagnosed by clinical examination alone.

Individuals with white-coat hypertension do not necessarily exhibit
anxious symptoms, tachycardia, or other manifestations of increased
sympathetic activity.56, 61–63 Following are clues that may suggest the
presence of a white-coat effect: persistently elevated clinic blood
pressures in the absence of hypertensive target organ damage; elevated
clinic blood pressure with symptoms suggesting postural hypotension;
and marked discrepancy between blood pressure readings obtained in
clinic and other settings. 
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Cardiovascular risk of white-coat hypertensive
versus normotensive patients
While the magnitude of the white-coat effect does not predict
cardiovascular risk,64(Pr: L1) we found conflicting evidence regarding
whether patients with white-coat hypertension are at higher
cardiovascular risk than normotensive individuals. Two large cohort
studies failed to find any excess cardiovascular risk in patients with
isolated white-coat hypertension.65, 66(Pr: L1) On the other hand, cross-
sectional studies have documented a higher prevalence of left ventricular
hypertrophy in people with white-coat hypertension,67–69 and three small
cohort studies have suggested that white-coat hypertension is associated
with structural and vascular changes in the carotid arteries and left
ventricle similar to those seen with sustained hypertension.70–72 (Pr: L1, L2)
Moreover, many individuals with white-coat hypertension subsequently
develop persistent hypertension.73

Whether lowering blood pressure in patients with purely white-coat
hypertension reduces cardiovascular endpoints is unknown. 

How well does clinic measurement
reflect “true” blood pressure?

As pointed out by Reeves, “in clinical blood pressure measurement, we
look through a series of dark glasses.”13 Assuming that our office
measurement techniques are correct and that none of the factors outlined
in Table 2.2 are operative, we may still have further sources of error.
Indirect blood pressure measurements with a sphygmomanometer may
not reflect the concurrent intra-arterial blood pressure and clinic blood
pressures may not reflect the usual blood pressure of an individual over
24 hours. 

Indirect versus direct blood pressure measurement
Even when indirect blood pressure measurements are correctly obtained,
there may be substantial discrepancies between the Korotkoff sounds
and corresponding intra-arterial readings. While indirect blood pressures
correlate well with intra-arterial readings (correlation coefficients 0.94 to
0.98),59 Korotkoff sounds neither appear nor disappear simultaneously
with systolic and diastolic intra-arterial pressure readings. For example,
Phase I Korotkoff sounds do not appear until an average of 3 mm Hg
below the direct systolic blood pressure and the Phase V Korotkoff
sounds disappear an average of 9 mm Hg higher than the direct diastolic
blood pressure.74, 75(Dx: L1) Such direct-indirect discrepancies are not equal
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in all patients; elderly patients with sclerotic arterial walls may have
substantially higher indirect blood pressures than intra-arterial blood
pressures (See “Pseudohypertension” in Table 2.2). Regardless, the
available evidence that documents many deleterious effects of high blood
pressure and many benefits of antihypertensive treatment is derived
from studies that used indirect not direct blood pressure measurements.

Clinic versus usual blood pressure
Blood pressure varies markedly over time. Standard deviations of as
much as 4 mm Hg systolic and 3 mm Hg diastolic have been observed in
continuous arterial blood pressure readings taken over several minutes.76

This phenomenon occurs because blood pressure varies with each
heartbeat, particularly in patients with cardiac arrhythmias, and with the
respiratory cycle.45 Differences are even more pronounced when blood
pressures in the same patient are measured on different days where
standard deviations as high as 12 mm Hg systolic and 8 mm Hg diastolic
have been observed.76, 77 Moreover, blood pressures in the same patient
may vary by as much as ± 15/12 mm Hg on separate days 5% of the time.13

Blood pressure generally falls with repeated measurement. This is
attributable to the following two factors: habituation and regression to
the mean. Habituation occurs as patients become more familiar with the
examiner and the procedures of blood pressure measurement. Regression
to the mean is the tendency for any high (or low) measurement to fall (or
rise) towards the population mean when repeated. Thus, using a single
measurement to define an individual’s blood pressure would
overdiagnose hypertension in 20 to 30% of the population.13, 78 By the
same token, relying on only one measurement will miss one-third of
those who are truly hypertensive.79

How many readings and visits are 
needed to diagnose hypertension?

We found that there is no universally accepted number of visits necessary
to establish a diagnosis of hypertension, but all national guidelines
recommend multiple visits. Randomized trials that established the
benefits of antihypertensive therapy generally used two or three blood
pressure readings at two or more clinic visits to establish the diagnosis.
Mathematical models suggest that the lowest rate of false positives and
negatives occur if two blood pressure readings are taken at each of four
visits. Numbers of visits required are higher for patients with borderline
blood pressures and lower (as few as two) for patients with markedly
abnormal blood pressures, multiple other cardiovascular risk factors, or
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target organ damage.79 Table 2.3 summarizes specific recommendations
regarding initial blood pressure level and frequency of follow-up that
were made by a United States consensus national guideline panel.80

Table 2.3. Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure recommendations for follow-up based
on initial blood pressure (adapted).80

Systolic blood Diastolic blood Recommended follow-up
pressure pressure
(mm Hg) (mm Hg)

< 130 < 85 Recheck in two years

130 to 139 85 to 89 Recheck in one year

140 to 159 90 to 99 Confirm within two months

160 to 179 100 to 109 Confirm within one month

> 180 > 110 Confirm within one week

Number of measurements needed to “confirm” diagnosis not stated.

Should we recommend home
self-measurement?

Having patients take their own blood pressure at home holds
advantages and disadvantages. 

Advantages
Multiple readings can be obtained over a prolonged period of time,
allowing better definition of true blood pressure. Because no medical
personnel are involved, distortions due to the white-coat effect are
eliminated. The specificity of self-measured blood pressure for detecting
white-coat hypertension as defined by 24-hour ambulatory blood
pressure monitoring was 85% in a study of 189 people with high clinic
blood pressures.81(Dx: L2) This high specificity suggests self-monitoring is a
reasonable screening measure and a reasonable method for follow-up of
presumed white-coat hypertension or for treated hypertensive patients
with known white-coat effect.

Disadvantages
There is a greater potential for errors in blood pressure measurement due
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to inadequate patient training and the poor accuracy of many home
electronic monitors.51,82(Dx: L2) One study found that only one of 30 patients
using a manual home blood pressure monitor adhered to correct protocol
and that less than 70% of the self-reported blood pressure measurements
were identical to those recorded simultaneously on an automated
machine.83 Of interest, differences between self-measurements and
automated machine measurements occurred more frequently in patients
with elevated blood pressures. Another study involving 1207 participants
found there were substantial differences in self-measured blood pressure
within the same individuals at different times of day.84(Dx: L4)

Another disadvantage is a lack of certainty and consensus about the
reference values for home self-monitoring. In a recent meta-analysis of 17
studies involving 5422 normotensive or untreated hypertensive
participants, the average blood pressure on home monitoring was 115/71
mm Hg in normotensive people.85 Defining hypertension as two standard
deviations above the mean, home readings of greater than 135/85 mm
Hg could be considered hypertensive.

Home blood pressure monitoring and patient
outcomes 
Unfortunately, large-scale prospective data relating home blood pressure
levels with cardiovascular outcomes are scant. Preliminary data from a
study of 1789 patients suggest home readings more closely correlate with
cardiovascular mortality than clinic pressures.86(Pr: L1) Most
epidemiological and all clinical trial data on cardiovascular morbidity
and mortality in hypertensive patients are derived from studies that used
clinic, rather than home, blood pressure measurements. Self-measured
home blood pressure levels correlate only moderately with 24-hour
ambulatory blood pressure monitoring levels; sensitivity is modest (57%)
for detecting white-coat hypertension.81(Dx: L2)

In a randomized trial of 430 hypertensive patients randomized to home
blood pressure management or usual care, mean changes in blood
pressure at one year were nonsignificantly lower in the intervention
group (systolic blood pressure: –3.2 mm Hg, 95% CI –6.7 to 0.2 mm Hg;
diastolic blood pressure: –1.6 mm Hg, 95% CI -3.6 to 0.4 mm Hg).87(Tx: L1b)
Home blood pressure monitoring patients made 1.2 fewer (95% CI 0.8 to
1.7) hypertension-related office visits, and costs of care were lower in this
group.(Tx: L1b)

Should we recommend ambulatory
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blood pressure monitoring?
Ambulatory blood pressure monitoring (ABPM) permits the

noninvasive measurement of blood pressure over a prolonged period of
time (usually 24 hours). First developed as a research tool in the early
1960s, it has become increasingly popular in assessing hypertensive
individuals. 

Advantages
ABPM provides a more reproducible estimate of an individual’s blood
pressure than clinic pressures. ABPM is not subject to the regression to
the mean phenomenon seen with repeated measurements in the clinic.88

ABPM is relatively free of side effects other than rare cases of olecranon
bursitis, petechia, superficial thrombophlebitis, and neuralgia.89–92 Blood
pressure values from ABPM are better correlated with the presence of
target organ damage than clinic blood pressures.93, 94(Pr: L1, L4) Virtually all
of these studies investigated the association between ABPM readings
and left ventricular mass, a surrogate marker that strongly predicts
future cardiovascular events.53 Although the literature on the ability of
ABPM to predict cardiovascular risk is not as large and consistent as
that for clinic blood pressures, available data suggest that ABPM
provides additional prognostic information above that derived from
clinic blood pressures.65, 66, 95–97(Pr: L1)

The accuracy of ABPM in predicting cardiovascular risk depends on 
the reproducibility of the blood pressure measurements that are
obtained. The predictive power of ABPM appears limited to those people
with mean ABPM readings varying less than 4/3 mm Hg between
days;93(Dx: L1) however, almost one-third of people undergoing ABPM
demonstrate between-day differences in mean blood pressure that are 7
mm Hg or higher.98(Dx: L1)

Disadvantages
ABPM is an expensive technology; total costs are estimated at $6 billion
if ABPM were used routinely for diagnosing and managing hypertension
in the United States.53 Interestingly, in a recent study of 233 patients,
multiple nonphysician-measured clinic blood pressures had high
correlation coefficients with ABPM and were just as highly associated
with albuminuria and left ventricular hypertrophy as ABPM.99
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ABPM “dippers” and “nondippers”
Most people with essential hypertension are “dippers”; their mean
nocturnal blood pressure is over 10 mm Hg lower than their mean
daytime blood pressure. However, ABPM identifies a subgroup of people
with hypertension who are “nondippers.” Compared to “dippers,”
“nondippers” may exhibit higher rates of hypertensive target organ
damage100–102(Pr: L4) and increased cardiovascular morbidity and mortality,66,

97, 103(Pr: L1) even after adjustment for age, sex, presence of other
cardiovascular risk factors, and baseline blood pressures. We advise
caution when applying this evidence because separating patients into
“dippers” and “nondippers” is arbitrary (daytime-nocturnal blood
pressure differences are normally distributed) and the reproducibility of
dipping status is limited.104 For example, in a study of 253 untreated
hypertensive patients undergoing 48-hour ABPM, only 71% remained in
the same classification group (“dipper” or “nondipper”) on consecutive
days.105(Dx: L1)

Normal ABPM range
As with clinic blood pressure measurements, there is debate over the
normal range for ABPM. In their most recent guidelines, the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC VI) and the American Society of
Hypertension chose values that were validated by a Level 1 prognostic
study to represent the point at which hypertensive target organ damage
begins to develop (Table 2.4).80,  106,  107

Table 2.4. American Society of Hypertension Definitions 
for ABPM (adapted).107

Probably normal Borderline Probably abnormal

Systolic average
Awake < 135 mm Hg 135 to 140 mm Hg > 140 mm Hg
Asleep < 120 mm Hg 120 to 125 mm Hg > 125 mm Hg
24 hour < 130 mm Hg 130 to 135 mm Hg > 135 mm Hg

Diastolic average
Awake < 85 mm Hg 85 to 90 mm Hg > 90 mm Hg
Asleep < 75 mm Hg 75 to 80 mm Hg > 80 mm Hg
24 hour < 80 mm Hg 80 to 85 mm Hg > 85 mm Hg

Loada

Systolic < 15% 15 to 30% > 30%
Diastolic < 15% 15 to 30% > 30%

aLoad defined as the percentage of ambulatory blood pressure measurements above threshold
(140/90 mm Hg awake and 120/80mm Hg nocturnal).
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When ABPM should be used
Although using ABPM in all individuals suspected of being hypertensive
would reduce the frequency of misdiagnosis, the cost and drain on
available resources would be tremendous.108 Thus, expert consensus
suggests that ABPM is most useful under the following circumstances:107

• Suspected white-coat hypertension 

• Apparent drug resistance 

• Episodic hypertension

• Suspected autonomic dysfunction

• Hypotensive symptoms on antihypertensive therapy.

Several ongoing randomized trials are investigating the role of ABPM
versus clinic blood pressures in monitoring hypertensive therapy. We
found a randomized trial of 419 hypertensive participants that showed
that following patients with ABPM rather than clinic blood pressures led
to less intensive drug treatment with preservation of blood pressure
control, left ventricular mass, and general well-being.109(Tx: L1) The cost-
effectiveness of this approach is still being investigated. Until several
ongoing studies are complete, the strategy proposed by an ad-hoc panel
of the American Society of Hypertension provides reasonable guidance
for the clinician (Figure 2.1).107

Figure 2.1. American Society of Hypertension strategy 
for the use of ABPM (adapted).107
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Both the Association for the Advancement of Medical Instrumentation
and the British Hypertension Society have developed protocols for
validating blood pressure measurement devices that should be reviewed
if ABPM is being considered.110, 111
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Patient Notes
Mr Hi Anxiety, 
• Routine check-up
• BP 160/110mm Hg

Recommendations
• Return to clinic twice in the next

two months for repeat blood
pressure checks

• Regular exercise and diet
• Obtain a home blood pressure

monitor
• Bring monitor to next clinic visit for calibration
• Visit lab to get fasting lipid profile and glucose prior to next

clinic visit

Clinician plan
• Take two blood pressure readings over the next two months

following the complete protocol for accurate blood pressure
measurement set forth in American Heart Association
guidelines (Box 2.1).



Summary bottom lines
• To accurately measure clinic blood pressure, use the bell of the

stethoscope and take two readings in the same arm at least 30 seconds
apart. If the two values differ by more than 5 mm Hg, take additional
readings until a stable level is reached; using a single measurement
could over- or underdiagnose hypertension in 20 to 30% of the
population. Use Phase V Korotkoff (disappearance of sound) when
measuring diastolic blood pressure because it most closely matches
true diastolic pressure. Use a large blood pressure cuff in all patients
to avoid the possibility of using one too small, which is a common
mistake. (Consensus opinions)

• Allow patients to rest before measuring blood pressure because
common activities can cause substantial distortion. Evidence
regarding specific factors that raise blood pressure levels and their
magnitude of effect is generally weak. Some factors reported to
increase systolic blood pressure levels by more than 10 mm Hg
include talking, acute cold exposure, bowel or bladder distension or
contracted sphincters, smoking during the previous 30 minutes,
caffeine ingestion in the previous two hours, placing cuff over
clothing, and repeated cuff inflation. (Generally Level 4 and 5 studies)

• Be meticulous in following guidelines for proper measurement
particularly when patients have newly detected elevated blood
pressure, cardiovascular target organ damage, or other risk factors or
are receiving antihypertensive therapy. (Consensus opinion)

• The white-coat effect can raise blood pressure in excess of 20/10 mm
Hg in up to 40% of patients. When this is suspected, recheck blood
pressure at the end of a clinic visit, or have a nurse or technician
measure blood pressure rather than the physician. (Consensus
opinion)

• Take two blood pressure readings at each of four visits to yield the
lowest rate of false positive and false negative diagnoses.
(Mathematical models)

• Consider home self-measurement of blood pressure to help avoid
overdiagnosis due to white-coat effects. Realize that whether patient
measurement errors, inaccurate home monitors, and poor correlation
between self-measured blood pressure and ABPM more than offset
the potential benefits is unknown. (Consensus opinion)

• Consider ABPM for evaluating patients with suspected white-coat
hypertension, apparent drug resistance, episodic hypertension,
suspected autonomic dysfunction or hypotensive symptoms on
antihypertensive therapy. (Consensus opinion)
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Patient Notes
Ms Athletic, age 45,
fitness instructor
• Nonsmoker
• No family history of ischemic

heart disease
• Healthy diet and activity 

lifestyle

Reason for visit
• Persistent average home BP

150/95 mm Hg for six months
• Work-up for secondary causes

has been negative

Clinical findings
• Fasting glucose: 6.0 mmol/L
• Fasting lipid profile: total cholesterol 4.40 mmol/L;HDL 0.85

mmol/L;LDL 2.51 mmol/L
• Clinical examination, EKG, and urinalysis normal

Clinical question
• Should we initiate antihypertensive drug therapy in this

middle-aged woman with low HDL cholesterol?
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Patient Notes
Mr Reaven, age 45, 
sales executive
• Smoker
• Family history of premature

myocardial infarction
• Trying diet and activity

modification

Reason for visit
• Persistent average home BP

150/95 mm Hg for six months
• Work-up for secondary causes

has been negative

Clinical findings
• Obese BMI 29
• Fasting glucose 8.0 mmol/L
• Fasting lipid profile: total cholesterol 7.14 mmol/L; HDL 1.85

mmol/L; LDL 4.95 mmol/L
• Clinical examination, EKG, and urinalysis normal

Clinical question
• Should we initiate antihypertensive therapy in this middle-

aged man who smokes and has a family history of early
cardiovascular disease?



What blood pressure level is
“hypertensive”?

Blood pressure level and cardiovascular risk
Large population-based cohort studies consistently show continuous,
strong, and graded relationships between blood pressure level and the
subsequent occurrence of stroke,1-13 myocardial infarction,4-7,9,13-15

congestive heart failure,4, 16 renal failure,17 peripheral vascular disease,4

cognitive decline,18–21 and all-cause mortality.7, 9, 11, 13, 22–27(Pr: L1) There is no
clear threshold value for blood pressure that accurately separates those
who will and will not suffer future cardiovascular events (Figures 3.1 and
3.2).6, 28 Relationships between blood pressure levels and cardiovascular
disease are stronger for systolic than diastolic blood pressure levels and
are consistent across multiple groups or types of patients.15 Relationships
are true for patients without known atherosclerotic disease as well as for
those who have suffered a stroke or myocardial infarction.3, 14

Partial reversal of the cardiovascular risks that are associated with
elevated blood pressure have been demonstrated in multiple high
quality, long-term cohort studies (Pr: L1) and randomized clinical trials.11,

29–36(Tx: L1) Two important issues remain unclear: the exact level of blood
pressure lowering that is associated with the greatest reduction in
cardiovascular risk and whether the benefits of treatment are specifically
tied to the level of blood pressure lowering (see Chapter 4). 

Figure 3.1. Relationships between usual systolic blood pressure and risk 
of stroke, coronary heart disease, and all cause mortality as observed 
among men screened for the Multiple Risk Factor Intervention Trial(MRFIT).5,22
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Figure 3.2. Relationships between usual diastolic blood pressure and
risk of fatal and nonfatal stroke, fatal and nonfatal coronary heart disease 
(CHD), and all cause mortality

Stroke data were derived from a meta-analysis of 45 cohort studies (participant n=450 000);1

Coronary heart disease data were derived from a meta-analysis of nine cohort studies (participant
n=420 000);6 all-cause mortality data were derived from the Chicago Heart Association Detection
Project (participant n=21 220).5

Risk: absolute, relative, and attributable
Most population-based studies confirm that hypertension increases an
individual’s risk for various cardiovascular consequences approximately
two- to threefold (Figure 3.3). The exact magnitude of the reported risks
depends upon the follow-up duration and the blood pressure cut-off
used to define hypertension in each study.37

The absolute risk to any individual for each cardiovascular consequence
depends critically on the presence or absence of various metabolically
linked risk factors and the presence or absence of target organ damage,
particularly left ventricular hypertrophy.4,15,28,38 For example, the following
factors increase risk for coronary events in hypertensive individuals:
elevated low-density lipoprotein (LDL) or total cholesterol, smoking,
impaired glucose tolerance with or without diabetes mellitus, and
reduced high-density lipoprotein (HDL) cholesterol.4 Similarly, diabetes,
valvular heart disease, myocardial infarction, and left ventricular
hypertrophy are associated with increased risks for congestive heart
failure in hypertensive individuals.14

The population attributable risk of hypertension for cardiovascular
disease is tremendous. Hypertension causes approximately 35% of all
atherosclerotic cardiovascular events,4 49% of all congestive heart
failure,16 and 24% of all premature deaths.39
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Figure 3.3. Risk of atherosclerotic events in hypertensive compared 
to normotensive individuals.

CHF Congestive heart failure
CHD Coronary heart disease
ESRD End-stage renal disease
PVD Peripheral vascular disease

Data were derived from 36-year follow-up of Framingham Study participants for all endpoints,
except for ESRD data, which were derived from male Multiple Risk Factor Intervention Trial (MRFIT)
participants.4,17

Defining the cut-point between normotension
and hypertension
Blood pressure levels, like most physiological parameters, are normally
distributed in the population. Neither the distribution of blood pressure
in the population nor the relation between blood pressure and
cardiovascular morbidity provides any justification for a rigid separation
between normotension and hypertension.40 Not surprisingly, there is
substantial disagreement among consensus expert bodies on the
definition of hypertension. Of the 27 national hypertension societies
represented at the 17th World Hypertension League Council Conference
in Montreal, Canada in 1997, 14 reported using a blood pressure level of
140/90 mm Hg to diagnose hypertension, and 13 used 160/95 mm Hg.41

One definition, described by the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
(JNC VI), is shown in Table 3.1.42 This schema acknowledges a linear
relationship between blood pressure level and cardiovascular risk and
classifies patients into strata that are helpful in guiding whether
antihypertensive treatment is warranted. Individuals in the high-normal
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stratum are at substantial risk for subsequently developing sustained
hypertension with relative risks in excess of three for both men and
women.43(Pr: L1)

Table 3.1. Classification of blood pressure in adults.42

Category Systolic blood Diastolic blood
pressure (mm Hg) pressure (mm Hg)

Optimal < 120 < 80

Normal < 130 < 85

High-normal 130 to 139 85 to 89

Hypertension

Stage 1 140 to 159 90 to 99
Stage 2 160 to 179 100 to 109
Stage 3 > 180 > 110

When an individual’s systolic and diastolic blood pressure fall into different
categories, the higher category is used for classification.

What risk factors determine poor
cardiovascular prognosis?

In the following section, we discuss multiple cardiovascular risk factors.
We sort the risk factors into those that cannot be changed and those that
can. Wherever possible, we summarize relative risks for cardiovascular
morbidity and mortality, as well as the impact of therapy in reducing
risks for those risk factors that are modifiable (Table 3.2). Causal
relationships and reversals of risks with treatment are best established for
hypertension and dyslipidemia. Evidence supporting independent
causal effects for other cardiovascular risk factors is weaker for two
reasons: they have been studied in highly selected populations with
many confounding factors, and randomized controlled trials have not
been conducted demonstrating clinical benefits when these risk factors
are modified.

Nonmodifiable risk factors
Age

Cardiovascular risks clearly increase with increasing age.4, 44–47(Pr: L1) A
substantial proportion of this increased risk may be due to the increased
prevalence of associated risk factors such as hypertension and diabetes;
however, even after adjusting for other risk factors, older patients are at
higher cardiovascular risk than their younger peers.
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Gender

Cardiovascular disease is a leading cause of death in both men and
women in Western countries. The incidence of myocardial infarction rises
with age in both sexes, but is greater for men in each age category.48(Pr: L1)
The incidence in women is relatively low until the postmenopausal state
is achieved.

Gender and interactions with other risk factors

Diabetes has a greater relative impact on cardiovascular disease
incidence in women than in men (relative risk for female diabetics 3.7;
relative risk for male diabetics 2.2).44,49(Pr: L1) The relative risk of
myocardial infarction was 1.6 in female compared to male smokers in a
cohort study of over 24 000 individuals.48,50(Pr: L1) Although diabetes and
smoking are associated with smaller relative risks in men, the overall
absolute risk in men is greater than in women.

Race

The incidence of cardiovascular disease varies amongst different races. It
is not clear whether this variation is due to genetic polymorphisms or is a
reflection of differences in socioeconomic status, access to healthcare
resources, or cardiovascular risk factors. The third National Health and
Nutrition Examination Survey shows highly significant differences in
blood pressure, body mass index, physical activity, and prevalence of
diabetes mellitus between ethnic groups in the United States, even after
adjusting for educational differences.51 Although some lower quality
studies report that certain ethnic groups are at higher risk for
cardiovascular events, most high quality evidence that adjusts for
differences in baseline risk factors shows cardiovascular mortality rates
are similar in Caucasians, African-Americans, Hispanics, and
Asians.5,52,53(Pr: L1) Likewise, the major cardiovascular risk factors, such as
hypertension, dyslipidemia, smoking, and diabetes, exert similar relative
risk increases across ethnic groups.5, 52, 53

Family history

A case-control study conducted within the framework of a large
European trial showed that individuals who reported having relatives
with premature coronary artery disease had substantially higher risks of
myocardial infarctions than those without relatives with premature
coronary heart disease. Relative risks were 2 in the instances of one
affected relative and 3 in the instance of two or more affected
relatives.54(Pr: L3) Higher quality studies do not confirm the strength of this
relationship; a large prospective cohort study shows a family history of
premature coronary artery disease increases the relative risk of coronary
heart disease by only 1.3.55(Pr: L1)
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Table 3.2. Magnitude of cardiovascular risk associated with risk factors 
that are potentially modifiable.

Risk factor Range of relative risks from Level of 

highest quality studies prognostic

Ischemic heart Stroke Total evidence
disease cardiovascular

disease

Hypertension See text and Chapter 4

Elevated LDL 1.01 for each 1% increase in total cholesterol 145,56,57

or LDL cholesterol or 1% reduction in HDL
Decreased HDL

Elevated  1.14 (men) to 1.37 1
triglycerides (women) for each

1 mmol/L increase58

Elevated Lp(a) 1.6159 1.8859 1.4459 1

Smoking 1.2 to 2.2438, 44, 1.547 1
46, 50, 55, 57, 60–62a

Diabetes 1.5 to 2.8 2.61 (men) 1
mellitus (men)44, 55, 62, 63; 2.24 (women)63

1.77 to 3.7
(women)44, 55, 63

Sedentary 1.5 to 1.964,65 1
lifestyleb

Body weight 1.7 (men; age under 50) 1
and obesityc 1.2 (men; age over 50)

2.1 (women; age under 50)
1.2(women; age over 50)66

Alcohol (moderate 0.6 to 0.767 1
consumption)

Left ventricular 2.7 (men); 1.8 (men); 3.1 (men); 1
hypertrophy 2.0 (women)68 4.0 3.3 (women)69

(EKG-LVH) (women)68

EKG-LVH 3.0 to 4.0 (men); 1.7 to 5.8 5.84 men; 1
(including 2.3 to 4.6 (men); 3.3 to (women)69

strain) (women)44, 68c 6.2 (women)44, 68c

Microalbuminuria See text

Uric acid NS70 NS70 1
1.571 4

Plasma renin 3.872 — 2.472 2

Fibrinogen 2.373 — 1

Homocysteine 1.374 1
(for each 1.575 6.875 3
5µmol/L increase)

NS: not significant; LP(a): lipoprotein (a)
aRisk varies according to amount and duration of exposure. See individual references for details.
bThe numbers are referring to the least fit group compared to the fittest and second fittest group.
cCalculated from data in reference 66.
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Potentially modifiable risk factors

Systolic and diastolic blood pressure

Systolic and diastolic blood pressures increase an average of 20/10 mm
Hg from the ages of 35 to 60.4 Thereafter, systolic blood pressure
continues to rise with age due primarily to increased arterial stiffness,
whereas diastolic blood pressure peaks at age 55 to 60 and then falls. The
result is an increase in pulse pressure with increasing age. Systolic blood
pressure is the most consistent and significant risk factor for
cardiovascular disease and is an even stronger risk factor than diastolic
blood pressure.56, 76 It is also the most important risk factor for
cerebrovascular disease in both men (relative risk 2.2) and women
(relative risk 2.5).44, 76 Further, isolated systolic hypertension is clearly
associated with substantial risk of cardiovascular disease.7, 9–11, 23, 25, 39(Pr: L1)

Is this risk factor treatable?

Twelve-year follow-up data from the Multiple Risk Factor Intervention
Trial (MRFIT) showed that a 7.5 mm Hg drop in diastolic blood pressure
was associated with a 30% drop in cardiovascular disease mortality.56

Pooled results of nine randomized trials involving approximately 43 000
patients followed for five to six years showed mean diastolic blood
pressure in the treatment arm fell by an average of 5.7 mm Hg and mean
systolic blood pressure fell 10.6 mm Hg.77 The corresponding relative risk
reduction in overall mortality was 11% (95% CI 2% to 19%) and in stroke-
related mortality was 38% (95% CI 19% to 53%). There was also a trend
towards a decrease in mortality from coronary heart disease by 8% and
nonfatal myocardial infarction by 6%. Extrapolation of these data suggests
that reducing diastolic blood pressure in a 35-year-old individual to 88
mm Hg could lead to increases in life spans of one to five years in men and
one to six years in women, depending on pretreatment blood pressure
levels.78 (See Chapter 4 for more detail regarding treatment and its
benefits.)

Pulse pressure

Traditionally, blood pressure has been determined by measuring peak
systolic and diastolic pressure. An alternative approach is to view blood
pressure as having two components: a steady state component
represented by the mean arterial pressure and a dynamic, pulsatile
component represented by the pulse pressure. Mean arterial pressure
depends primarily on cardiac and peripheral vascular resistance,
whereas ventricular ejection, arterial stiffness, and the timing of wave
reflections determine pulse pressure.79 Progressive increases in arterial
stiffness with age cause earlier pulse-wave reflection. This leads to
augmentation of the systolic blood pressure and a drop in the diastolic
pressure so that pulse pressure increases with age.80
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Several studies suggest that pulse pressure may be a stronger predictor
of cardiovascular risk than either diastolic or systolic pressure in middle-
aged and elderly patients.81,  82(Pr: L1)

A recent meta-analysis examined the prognostic implications of widened
pulse pressure in the elderly by combining data from three placebo-
controlled trials.79 Data were derived from 7882 predominantly Caucasian
and Asian patients who were treated with several different
antihypertensive agents. Adjusted analyses showed that a 10 mm Hg
wider pulse pressure was associated with a 10% to 20% increased risk of
death or cardiovascular disease (i.e., total mortality, cardiovascular
mortality, coronary heart disease, and stroke). For a given level of systolic
blood pressure, the cardiovascular risk increased with successively lower
diastolic blood pressure values (Figure 3.4). Data from the large United
States Hypertension Detection and Follow-up Program corroborated
these findings; an increase in all-cause mortality by 11% was found for a
pulse pressure increase of 10 mm Hg.79, 83 In contrast, a similar rise of 10
mm Hg in systolic blood pressure and diastolic blood pressure resulted
in increases in mortality of 8% and 5%, respectively.

Is this risk factor treatable?

Although there are antihypertensive agents that have varying effects on
pulse pressure, no randomized trials have been conducted showing that
agents with specific effects on pulse pressure lead to greater clinical
benefits than do agents without such effects.

Lipid abnormalities

Elevations in serum total cholesterol concentration confer approximately
a 1.9-fold increase in the risk of coronary disease in men and a 1.8-fold
increase in women.44(Pr: L1) An analysis of three international cohort
studies shows up to 80% of the differences in mortality from ischemic
heart disease between countries is explained by differences in serum
cholesterol concentrations.84 A strong, graded relationship between
elevated cholesterol and coronary artery disease is seen with total
cholesterol values greater than 4.65 mmol/L (180 mg/dL).56 The
protective effect of HDL cholesterol is at least as strong as the atherogenic
effect of LDL, particularly in women.48 Indeed, for every 1% decrease in
HDL or increase in LDL, there is an associated 1% increase in coronary
heart disease incidence in either sex.57 (Pr: L1)

Is this risk factor treatable?

A recent meta-analysis of ten cohort studies suggested that a 0.6 mmol/L
drop in total serum cholesterol concentration was associated with
reductions in the incidence of ischemic heart disease of 54% at age 40, 39%
at age 50, 27% at age 60, 20% at age 70, and 19% at age 80.84(Pr: L1) There was
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Figure 5

no clear threshold level below which lowering serum cholesterol failed to
decrease incidence of ischemic heart disease. Studies consistently found
that it takes approximately five years to attain full benefit from treatment
of cholesterol but that reductions in cardiovascular risk begin to appear
relatively quickly: relative risk reductions 7% (95% CI 0% to 14%) after
two years, 22% (95% CI 15% to 28%) from 2.1 to 5 years, and 25% (95% CI
15% to 35%) after five years.84(Tx: L1)

A meta-analysis of five large statin trials showed that a 20% reduction in
total cholesterol (28% reduction in LDL-C, 13% reduction in triglycerides,
and a 5% increase in HDL-C) over five years translated into a 31% risk
reduction in major coronary events (95% CI 26% to 36%) and a 21%
reduction in all cause mortality (95% CI 14% to 28%).85(Tx: L1) Relative risk
reductions were similar in men and women, young and old, and in both
primary and secondary prevention trials. Absolute risk reduction
appeared greatest for patients with highest risk of cardiovascular
disease.86 Extrapolations showed that a reduction in total cholesterol from
pretreatment levels of 240 mg/dL or greater to 200 mg/dL could increase
life expectancy for 35-year-old individuals from two to four years in men
and from two to six years in women, depending on baseline cholesterol
levels.78

Figure 3.4. Risk associated with increasing systolic blood pressure 
at fixed levels of diastolic blood pressure (adapted with permission).79
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Triglycerides

Hypertriglyceridemia is a less well-established cardiovascular risk factor
than elevated cholesterol and LDL values and low HDL values. One
meta-analysis of 17 prospective cohort studies involving more than
57 000 patients found a relative risk of cardiovascular disease of 1.14 in
men and 1.37 in women for each 1 mmol/L (88.6 mg/dL) increase in
serum triglyceride levels.58(Pr: L1) A secondary analysis of data from three
large prospective studies (almost 16 000 subjects) found that triglyceride
measurements did not improve heart disease risk estimation beyond that
attainable using cholesterol measurements alone.87

Is this risk factor treatable?

Several trials suggest that reduced elevated triglyceride levels in patients
with known coronary artery disease are associated with a reduction in
clinically important cardiovascular disease.88–90(Tx: 2B) We do not yet regard
these trials as conclusive because trial participants had concomitant
slight increases in HDL levels, which could partly explain the observed
therapeutic benefits. 

Lp(a)

Elevations of Lp(a), a heterogenous lipoprotein consisting of an LDL
particle and a highly polymorphic apolipoprotein known as
apolipoprotein(a), may predispose to cardiovascular disease via
atherosclerotic and prothrombotic mechanisms.91 While Level 4 cross-
sectional and retrospective studies were the first to identify Lp(a) as a
potential cardiovascular risk factor, nested case-control studies have
shown conflicting results, with two of the four largest studies being
negative.59, 92–95(Pr: not classifiable) A large cohort study has shown that patients
with sinking prebeta lipoprotein, a marker for elevated Lp(a), had a
relative risk of 1.61 (95% CI 1.13 to 2.29) for coronary heart disease and 1.44
(95% CI 1.09 to 1.91) for total cardiovascular disease.59(Pr: L1) Discrepant
results between studies may be related to differences in sampling, storage
techniques, standardization of assays, or definition of cardiovascular
outcomes.93 A cross-sectional study that investigated the association
between Lp(a) and target-organ damage in an Italian population aged 35
to 65 years old suggested that Lp(a) levels were a better discriminator of
the presence of target organ damage than systolic blood pressure, duration
of hypertension or LDL-C.96 Patients with a higher frequency of low-
molecular-weight apo(a) isoforms exhibited more severe target organ
damage. 

Is this risk factor treatable?

We found no randomized controlled trials that investigated whether
cardiovascular disease decreased with treatment of elevated Lp(a) levels. 
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Smoking

Smoking is a significant risk factor for cardiovascular disease. The risk is
proportional to the number of cigarettes smoked and the depth of
inhalation, and appears greater for women than men.38, 47, 48, 50, 56, 97(Generally Pr: L1)
The relative risk of myocardial infarction in smokers compared to
nonsmokers is 1.4 (95% CI 1.3-1.6) for men and 2.2 (95% CI 1.9-2.7) for
women.50(Pr: L1) In a meta-analysis of 17 cohort studies, 14 case-control
studies and 1 intervention trial, the relative risk of stroke associated with
smoking was 1.5 (95% CI 1.4 to 1.6).47(Pr: L1) Increased risk was particularly
marked in younger individuals. Relative risks were 2.9 for people less than
55 years old, 1.8 for people aged 55 to 74 years old, and 1.1 for people older
than 75 years of age. The overall relative risk in ex-smokers compared to
nonsmokers was 1.2, and for those less than age 75 years old was 1.5. We
found little data addressing the risks of pipe and cigar smoking, but one
recent study suggested that such risks were intermediate between that of
nonsmokers and cigarette smokers.98(Pr: L1) For ischemic heart disease, a
relative risk of 1.3 (95% CI 1.1 to 1.5) with a positive dose response
relationship was reported.

Is this risk factor treatable?

Numerous studies show nicotine replacement and structured counseling
both increase quit smoking rates.99, 100(Tx: L1) We found no randomized trials
that examined the effect of smoking cessation on clinical cardiovascular
disease. Observational studies suggested that individuals with or
without known coronary artery disease who stopped smoking seemed to
gradually assume the cardiovascular risk profile of nonsmokers within
one to three years, with the possible exception of the risk of peripheral
vascular disease.60,97,99,101(Pr: L1) In one large cohort of American men,
reduction in smoking of ten cigarettes per day was associated with a 20%
reduction in coronary and all-cause mortality.102

(Pr: L1) Extrapolations suggest that reduction in the number of cigarettes
smoked by 50% may add about 1.2 years to the life of a 35-year-old man
and about 1.5 years to the life of a woman of similar age. Eliminating
smoking altogether could increase life expectancy by about 2.3 years in
men and 2.8 years in women.78

Diabetes

Diabetes is one of the strongest cardiovascular risk factors; associated
age-adjusted risk ratios are about 2.2 for men and about 3.7 for
women.44(Pr: L1) Diabetes has greater relative impact in women compared
to men for all types of cardiovascular disease, except congestive heart
failure.76 In general, mortality rates for coronary heart disease are three to
seven times above baseline for diabetic women, compared to two to four
times above baseline for diabetic men.48 Diabetes often coexists with
obesity, dyslipidemia, hypertension, and hyperuricemia. These
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coexisting risk factors have been given the label “Syndrome X”; patients
with Syndrome X are particularly predisposed to atherosclerotic
coronary artery disease.

Is this risk factor treatable?

Two large trials showed that blood glucose control in Type 1 and Type 2
diabetes delayed the development of microvascular diabetic
complications, such as retinopathy, nephropathy and neuropathy.103, 104

(Tx: L1) Neither trial showed improved glycemic control significantly
decreased macrovascular disease, such as myocardial infarction. Analysis
of the Framingham data suggested that diabetes exerted less impact on
an individual’s atherosclerotic risk than hypertension. Indeed, correction
of hypertension is likely to provide more benefit in reducing
macrovascular atherosclerotic disease than the control of diabetes.55(Pr: L1)

Sedentary lifestyle

Many observational studies show associations between physical activity
and lower incidence of coronary artery disease. However, they often fail
to account for relationships between physical activity and higher HDL
cholesterol levels, lower obesity rates, lower blood pressure levels, lower
heart rates, and lower prevalence of smoking.64,105 One study in middle-
aged Norwegian men followed for 16 years has demonstrated that
physical fitness was a graded and independent predictor of
cardiovascular mortality.65(Pr: L1) The adjusted-risk of cardiovascular
mortality was directly related to the degree of physical fitness: relative
risk was 0.41 (95% CI 0.20 to 0.84) in the most fit quartile, 0.45 (95% CI 0.22
to 0.92) in the second fittest group, and 0.59 (95% CI 0.28 to 1.22) in quartile
3, compared to the quartile with the lowest fitness ratings.65 Similarly, a
meta-analysis of five cohort studies found a 1.6-fold (95% CI 1.3 to 1.8)
increase in coronary artery disease incidence among people with low
activity levels compared to those with high activity levels.64(Pr: L1)

Is this risk factor treatable?

Several randomized trials show that increasing regular physical activity
among sedentary individuals is possible, though difficult to sustain. We
found no randomized controlled trials that examined the effect of regular
physical activity, compared to sedentary activity, on cardiovascular
outcomes. In a prospective cohort study of 636 middle-aged Finnish men,
those with higher physical activity levels lived an average of two years
longer than those with lower levels (p< 0.002).(Pr: L1) However, the
survival curves converged at the end of the 20-year follow-up period,
which suggests that increased physical activity may not prolong the
maximal achievable life span.106
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Body weight and obesity

Increased body weight is one of the most prevalent cardiovascular risk
factors in Western countries. Positive associations between body weight
and incidence of cardiovascular disease are seen in both sexes after
adjustment for other risk factors, though obesity is a more potent risk
factor in women compared to men, and in younger compared to older
people.66(Pr: L1) Putative mechanisms for increased cardiovascular risk in
obese people include associated higher prevalence of hypertension,
dyslipidemia and diabetes, enhanced fibrinolytic activity and higher
fibrinogen levels, and increased cardiac workload and intravascular
volume.107, 108 Whether lean body mass is associated with an increased risk
of noncardiovascular mortality remains unclear, but observational data
from people aged 60 years and older suggest an ideal body mass index of
approximately 28 to 29 kg/m2 for total mortality and approximately 26 to
27 kg/m2 for cardiovascular mortality.109, 110(Pr: L1)

Of the various anthropometric indices of central adiposity, attention has
focused on the waist:hip ratio. Several cross-sectional studies have
shown that elevated waist:hip ratios are associated with other risk factors
such as hypertension and diabetes mellitus.111–113 While multiple
prospective studies have suggested that waist:hip ratios are a better
predictor of stroke or coronary heart disease than measures of overall
adiposity such as body mass index,114–118 more recent studies suggest that
the magnitude of this association may not be as strong as first thought
given the frequent coexistence of elevated waist:hip ratio and other
atherosclerotic risk factors. For example, a nested case-control study
conducted within a prospective cohort study of almost 42 000 older
women demonstrated that although waist:hip ratio was associated with
the incidence of hypertension and stroke, this association was largely
attenuated after adjusting for concomitant hypertension or diabetes
mellitus (adjusted relative risk 1.3 [95% CI 0.8-2.1]).119(Pr: L3)

Is this risk factor treatable?

Several randomized trials show that weight loss among obese individuals
is possible, though difficult to sustain.120(Tx: L1) We found no randomized
controlled trials that examined the effect of weight loss, compared to
either no change or weight gain, on clinical cardiovascular outcomes. 

Alcohol

Observational studies consistently show inverse relationships between
alcohol consumption and death from coronary heart disease. 121-123(Pr: L1, L2)
For example, a large study of 490 000 Americans found the relative risk of
cardiovascular death in subjects who consumed at least one drink per day
compared to nondrinkers was 0.7 (95% CI 0.7-0.8) in men and 0.6 (95% CI
0.6-0.7) in women.67(Pr: L1) Much of the beneficial effects of alcohol on
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coronary artery disease may be explained on the basis of improved HDL
cholesterol profiles.124 Although mild to moderate alcohol consumption
appears to have protective cardiovascular effects, imbibing more than two
drinks per day is associated with increased total mortality, due primarily
to increased incidence of cancer, trauma and cirrhosis.125

Is this seemingly protective risk factor achievable?

We found no randomized controlled trials that examined the effects of
consuming one to two alcoholic beverages compared to either more or
less consumption on clinical cardiovascular outcomes.

Left ventricular hypertrophy

Studies using echocardiography, the most sensitive method of detection
of left ventricular hypertrophy, show an estimated prevalence of 16% in
hypertensive men and 23% in hypertensive women.126 Although initially
thought to represent only a compensatory mechanism from chronic
pressure overload, left ventricular hypertrophy is now recognized as a
strong predictor of future cardiovascular events, independent of blood
pressure.69, 126–129(Pr: L1) One large cohort study showed the age-adjusted
odds ratio of cardiovascular disease for patients with left ventricular
hypertrophy detected by electrocardiogram was 3.1 in men (95% CI 1.9 to
5.1) and 3.3 (95% CI 1.8 to 6.1) in women.69(Pr: L1)

Compared to left ventricular hypertrophy, defined according to
electrocardiogram voltage criteria alone, left ventricular hypertrophy
with repolarization changes on electrocardiogram was associated with a
2.5-fold greater risk for cardiovascular disease.126 Greater degrees of
repolarization change were associated with greater increases in
cardiovascular risk. Improvement in repolarization changes over time
was associated with a strong trend towards a reduction in cardiovascular
risk (odds ratio 0.5; 95% CI 0.2 to 1.01)69 People experiencing serial
declines in voltage on electrocardiogram are at lower risk for
cardiovascular disease (men: odds ratio 0.5, 95% CI 0.3 to 0.8; women:
odds ratio 0.6, 95% CI 0.3 to 1.04), and those with serial increases over
time are at higher risk (men: odds ratio 1.9, 95% CI 1.1 to 3.0; women:
odds ratio 1.6, 95% CI 0.9 to 2.8).69

Degree of cardiovascular risk also has been linked to abnormalities in left
ventricular geometry including concentric remodeling (increased wall
thickness with normal mass), eccentric hypertrophy (increased mass with
normal thickness), and concentric hypertrophy (increased wall mass and
thickness). While concentric hypertrophy appears to confer the greatest
risk,128, 130 it also is associated with the greatest mass, which suggests that
left ventricular geometry does not add additional prognostic value.4
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Is this risk factor treatable?

A meta-analysis of 39 high-quality randomized, double-blind trials
showed that blood pressure reduction decreases in left ventricular mass.
The magnitude of left ventricular hypertrophy regression was related to
the degree of blood pressure reduction, the duration of therapy, and the
left ventricular mass at baseline.131(Tx: L1) After adjustment for different
durations of treatment, there was some suggestion that drug class
influenced the degree of left ventricular hypertrophy regression: ACE
inhibitors decreased left ventricular mass index by 13.3% (95% CI 9.9% to
16.8%), calcium channel blockers by 9.3% (95% CI 5.5% to 13.1%), beta-
blockers by 5.5% (95% CI 2.3% to 8.6%), and diuretics by 6.8% (95% CI
3.0% to 10.7%).131 However, only 1200 and 189 patients received active
and placebo treatment respectively and the mean duration of therapy
was only 25 weeks. 

We found no large randomized controlled trials that evaluated whether
antihypertensive therapy that results in regression of left ventricular
hypertrophy translates into a lower incidence of cardiovascular
complications. We found two relatively small trials of short duration that
reported encouraging preliminary results.127,132(Tx: L2) Further evidence
from larger randomized trials is needed to determine whether a decrease
in left ventricular mass leads to a decrease in the risk of death and other
clinically important outcomes. 

Microalbuminuria

Microalbuminuria is defined as a urinary albumin excretion of 20 to 
200 µg/min on a timed urine collection, or an excretion of 30 to 300 mg
in a 24-hour period.133 Using a mean of two to three measurements is
suggested for diagnosis, because urinary albumin excretion is affected by
multiple factors, including upright posture, higher blood pressure,
exercise, obesity, smoking, and genetic or racial background.133,134 Initial
morning specimens tend to have the least variation.133

The reported prevalence of microalbuminuria among hypertensive
individuals varies widely; a recent review cited prevalences of 10% to
37%.134 Microalbuminuria reportedly has a higher prevalence in patients
with the following conditions: more severe hypertension; more advanced
target organ damage; no nocturnal drops in blood pressure (nondippers);
higher renin levels; rises in blood pressure with increased salt intake
(salt-sensitive), higher insulin levels and insulin resistance.135–143

Traditional cardiovascular risk factors such as hyperlipidemia, obesity,
and smoking also may increase urinary albumin excretion.134–136, 138, 139

Therefore, it is not surprising that urinary albumin excretion rates are
often increased in patients with cardiovascular disease.
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There is conflicting evidence regarding whether microalbuminuria is an
independent cardiovascular risk factor in patients with primary
hypertension. Some preliminary studies suggest it adds independent
predictive ability.138,139,144(Pr: L2, L4) Another study suggests it predicts future
cardiovascular mortality only among diabetic individuals and not in
nondiabetic hypertensives.145(Pr: L2) Whether microalbuminuria is
predictive of eventual renal failure in patients with primary hypertension
is also not definitively known.142

Is this risk factor treatable?

Preliminary evidence suggests that antihypertensive therapy causes
regression of microalbuminuria, but studies done to date are small with
relatively short durations of follow-up (weeks).134 Reduction in arterial
blood pressure, rather than intrinsic properties of specific antihyper-
tensive agents, appears to be the major mechanism for regression of
microalbuminuria. There is no convincing evidence for superiority of any
particular class of antihypertensive medication.134 We found no
randomized controlled trials that investigated whether antihypertensive
treatment specifically aimed at decreasing microalbuminuria results in
improved long-term clinical outcomes. 

Uric acid

As many as one-third of people with hypertension may have elevated
uric acid levels, which may be an early indicator of hypertensive cardio-
renal disease.71 Hyperuricemia is associated with other coronary risk
factors, such as obesity, impaired glucose tolerance, hypertension and
hyperlipidemia. It also is seen in renal failure and may occur as a
complication of treatment with beta-blockers or diuretics. 

Whether hyperuricemia is an independent causative agent in the
development of cardiovascular disease is unclear. At least two studies
have shown continuous, graded relationships between serum uric acid
levels and risk of cardiovascular disease (hazard ratio 1.2), myocardial
infarction (relative risk 2.2), and stroke (relative risk 1.5).71, 146(Pr: L2, L4) In
contrast, a large cohort study showed no overall relationship between
uric acid and risk of coronary heart disease or total cardiovascular
disease after adjustment for associated risk factors.70(Pr: L1) When potential
confounding factors such as obesity and concomitant diuretic therapy
were taken into account, serum uric acid was not an independent
predictor of cardiovascular risk in several trials.147, 148(Pr: L1)

Is this risk factor treatable?

We found no randomized controlled trials that investigated whether
treatment specifically aimed at decreasing uric acid improves cardio-
vascular outcomes. 
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Plasma renin

Emerging evidence suggests that plasma renin may be an important
cardiovascular risk factor. A large cohort study involving 2902 patients
receiving antihypertensive treatment primarily with diuretics and beta-
blockers found plasma renin was an independent risk factor for
myocardial infarction (relative risk 3.8; 95% CI 1.7 to 8.4), total
cardiovascular disease (relative risk 2.4; 95% CI 1.3 to 4.5) and all-cause
mortality (relative risk 2.8; 95% CI 1.2 to 6.8).72(Pr: L2) During a mean
follow-up period of 3.6 years, a 2-unit increase in plasma renin levels was
correlated with a 25% increase in myocardial infarction. 

Is this risk factor treatable?

We found no randomized controlled trials that investigated whether
treatment specifically aimed at decreasing renin levels improves
cardiovascular outcomes.

Fibrinogen

Elevated fibrinogen often coexists with other cardiovascular risk factors
such as smoking, diabetes and hypertension.93,149 There is substantial
individual variability in fibrinogen levels between patients and no single
standardized assay, making it difficult to draw firm conclusions across
different studies. One large American cohort study found fibrinogen was
an independent risk factor for cardiovascular disease.44(Pr: L1) In a large
Scottish survey of 10 359 men and women aged 40 to 59 years, plasma
fibrinogen levels were positively associated with angina, myocardial
infarction, and a family history of premature heart disease, hypertension,
diabetes, and intermittent claudication.149(Pr: L4) A meta-analysis of six
studies showed that the odds ratio was 2.3 (95% CI 1.9 to 2.8) for
coronary disease for the highest compared with the lowest tertile of
fibrinogen level.73(Pr: L1)

Is this risk factor treatable?

We found no large randomized controlled trials that investigated
whether treatment specifically aimed at decreasing fibrinogen levels
results in improved clinical cardiovascular outcomes. However,
preliminary evidence, from a secondary analysis of patients in a
randomized trial designed to test the impact of fibrates in patients with
known coronary atherosclerosis and abnormal lipid profiles, suggests
that reduction of elevated fibrinogen levels may be associated with
reduction in fatal/nonfatal myocardial infarction, stroke, and death.150

(Tx: L4) Although the authors reported relative risk reductions for stroke of
nearly two-thirds in that subgroup of patients with both the highest
tertile of baseline fibrinogens and the highest tertile of fibrinogen
lowering, the analysis was seriously flawed. The subgroup and its
comparators were developed based on post-hoc analysis of data, and
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results were presented without adjusting for treatment allocation or
differences in lipid profile at baseline and during the trial.150

Homocysteine

Observational studies suggest that moderate levels of homocysteine
elevation are associated with increased risk of cardiovascular disease.74, 75, 151,

152(Pr: L2, L3) Specifically, a meta-analysis of 27 studies suggested an
association between homocysteine and atherosclerotic vascular disease.75

(L3, L4) Each 5 µmol/L increase in basal total plasma homocysteine levels
was associated with an odds ratio for coronary artery disease of 1.6 (95% CI
1.4 to 1.7) in men and 1.8 (95% CI 1.3 to1.9) in women. The summary odds
ratios for the same increment in baseline total homocysteine levels were 1.5
(95% CI 2.0 to 3.0) for cerebrovascular disease and 6.8 (95 % CI 2.9 to 15.8)
for peripheral vascular disease. The authors estimated that 10% of the
population’s coronary artery disease risk may be attributable to elevated
homocysteine levels.75 However, higher quality studies in the meta-analysis
reported weaker associations between homocysteine and cardiovascular
risk. 74,151(Pr: L2) A more recent systematic review summarized the results of
the five highest quality case-control studies, in which data was collected
prospectively and differences in age, gender, and other cardiovascular risk
factors were controlled for in adjusted analyses. These authors found a less
convincing association with coronary heart disease (odds ratio of 1.3 [95%
CI 1.1-1.5] for each 5 µmol/L increase in homocysteine levels) and
substantial heterogeneity between the published studies.74(Pr: L1)

Is this risk factor treatable?

We found no completed randomized controlled trials that investigated
whether treatment specifically aimed at decreasing homocysteine levels
results in improved cardiovascular outcomes, but several such trials are
currently underway.152

Infectious agents and low-grade inflammation

Emerging evidence suggests that coronary heart disease is probably not
associated with infectious agents, such as Chlamydia pneumoniae but that
it probably is associated with some low-grade inflammatory processes.153

An early small case-control study reported an association between
elevated titers of Chlamydia pneumoniae and stroke (relative risk 8.6; 95%
CI 1.07 to 68.9), as well as cardiac events (relative risk 2.7; 95% CI 1.04 to
7.0).154(Pr: L3) Subsequently, a nested case-control study within a large
British prospective study of professional men found no material
association between Chlamydia pneumoniae and ischemic heart disease.155

A meta-analysis of all 15 prospective studies evaluating serological
evidence of Chlamydia pneumoniae infection excluded any strong
association between those titres and incident coronary heart disease.156

(Pr: L1) A meta-analysis of 14 prospective studies found people with the

How do cardiovascular risk factors affect therapy recommendations? 53



highest tertiles of C-reactive protein, a marker of low grade
inflammation, had more coronary heart disease than those in the bottom
tertile (summary risk ratio 1.9, 95% CI 1.5 to 2.3).157(Pr: L1) However, it is
still unclear whether C-reactive protein is an independent risk factor for
atherosclerotic disease, given the lack of direct evidence that C-reactive
protein contributes to vascular damage and the marked reduction in
putative effect size that is seen after adjustment for baseline differences
in confounders.157

Is this risk factor treatable?

We found no randomized controlled trials that investigated whether
treatment specifically aimed at infectious agents improves cardio-
vascular outcomes.

Other risk factors

Several additional potential “risk” factors for cardiovascular disease are
being studied, including HDL3, apolipoprotein B, albumin, von
Willebrand factor, factor VIII activity, leukocyte count, and high-risk
genotypes, such as an angiotensin genotype.158 As of June 2000, we found
no large high-quality prospective studies that had established the
independent significance of these factors.

What tools help determine 
cardiovascular prognosis in individual
patients, and how well do they work?

As already discussed, blood pressure level is only one of many risk
factors for cardiovascular disease. The risk of cardiovascular morbidity
or mortality in individuals with mild hypertension depends more on
their constellation of risk factors than their actual blood pressure
reading.4,38,55,159-164(Pr: L1) In order to estimate the prognosis for individual
patients, we need to estimate their absolute risk for cardiovascular
disease and the efficacy of treatment.28,159 For example, a 40-year-old man
with a blood pressure of 160/95 mm Hg who is otherwise healthy and
does not smoke has a 10-year risk of less than 10% of suffering a
cardiovascular event such as stroke, myocardial infarction, or coronary
death. On the other hand, a 40-year-old man with the same blood
pressure who smokes, is obese, and has dyslipidemia has a 10-year risk
of approximately 20 to 40%.165 We describe below numerous methods that
can be used to estimate such individual absolute cardiovascular risks.
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Framingham risk equations
These equations were derived from over 5300 individuals aged 30 to 74
years from both the original and offspring Framingham studies. They are
regression equations for the prediction of cardiovascular disease defined
as coronary disease, congestive heart failure, or stroke.55, 166, 167 These
clinical prediction guides have been validated in data sets other than
those from which they were derived and, as such, represent Level 1
prognostic information. Earlier iterations of these equations included
multivariate-adjusted scores for various atherosclerotic risk factors: age,
sex, total cholesterol, HDL cholesterol, systolic blood pressure, cigarette
smoking, diabetes, and left ventricular hypertrophy on electro-
cardiogram.168 A refinement of these equations that incorporated LDL-
cholesterol and diastolic blood pressure and removed left ventricular
hypertrophy on electrocardiogram is shown in Appendix 1. This
refinement permits estimation of an individual patient’s risk of coronary
heart disease defined as angina pectoris, myocardial infarction, coronary
insufficiency or coronary heart disease death.55

Use of these risk prediction equations is best illustrated by considering
our two patients, Ms Athletic and Mr Reaven. Working through risk
assessment for women with Ms Athletic reveals that her point total is 10
points, which corresponds to an estimated 10-year coronary heart disease
risk of 10%. The average risk of a 45-year-old female is 5% over 10 years.
Dividing Ms Athletic’s risk by the average risk reveals that her relative
risk is 2.0. On the other hand, working through risk assessment for men
for our second patient, Mr Reaven, reveals a point total of 8 points, which
corresponds to an estimated 10-year coronary heart disease risk of 16%.
The average risk for a 45-year-old male is 11% over 10 years. Dividing 
Mr Reaven’s risk by the average risk reveals that his relative risk is 1.5.
Thus, Ms Athletic is at higher relative risk than Mr. Reaven, but lower
absolute risk. We consider the merits of basing treatment decision on
absolute rather than relative risk later in this chapter.

Although the Framingham investigators have urged caution in
extrapolating from the Framingham cohort of predominantly Caucasian,
middle-class Americans recruited from an area near Boston to other
populations, the risk equations have been shown to be reasonably
accurate when applied to other populations in Northern Europe and
other centers in the United States.169–172 Thus, numerous international
guidelines165, 173–175 advise formal risk estimation using simplified versions
of the Framingham risk equations and specify absolute risk treatment
thresholds. However, the Framingham equations appear to overestimate
coronary risk in French, Puerto Rican, and Hawaiian populations, and
another North American-derived risk function overestimated risk in
Japanese and southern European cohorts.176–178 The Framingham risk
equations also have been criticized for not including several
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Patient Notes: What is Mr Reaven’s relative risk?
Age, 45 2 pts
Smoker 2 pts
Diabetic 2 pts
Total cholesterol 7.14 mmol/L 2 pts
HDL 1.85 mmol/L -2 pts
BP 150/95 2 pts
Point total 8 pts
10-year risk of CV disease 16%

What does this mean?
Average risk of a 45-year-old male is 11% over 10 years. Dividing Mr
Reaven’s risk by the average risk reveals that his relative risk is 1.5 for
suffering a cardiovascular event in the next 10 years.

Patient Notes: What is Ms Athletic’s relative risk?
Age, 45 3 pts
Nonsmoker 0 pts
Nondiabetic 0 pts
Total cholesterol 4.40 mmol/L 0 pts
HDL 0.83 mmol/L 5 pts
BP 150/95 2 pts
Point total 10 pts
10-year risk of CV disease 10%

What does this mean?
Average risk of a 45-year-old female is 5% over 10 years. Dividing Ms
Athletic’s risk by the average risk reveals that her relative risk is 2.0 for
suffering a cardiovascular event in the next 10 years.
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atherosclerotic risk factors such as family history, sedentary lifestyle, and
obesity which, at least on univariate analysis, appear to weakly predict
risk. However, it could be argued that these risk factors are likely minor
players and are not strongly and independently related to risk in
multivariate analyses.

Cardiovascular Disease Life Expectancy Model
This is a Markov Model that was developed using data from the Lipid
Research Clinics Follow-up Cohort of approximately 3700 people aged 35
to 74 years, the Canadian Heart Health Survey, and Canadian life tables.
It incorporates age, gender, mean blood pressure, total and HDL
cholesterol levels, and the presence or absence of diabetes mellitus,
smoking, or cardiovascular disease in calculating absolute risk.179 As this
model has been validated in data sets other than those from which it was
derived, it also represents a Level 1 prognostic clinical prediction guide. It
holds several advantages over the Framingham risk equations. First, it
provides a single estimate for the risk of coronary events, death, or strokes
in any one individual. There are two separate Framingham equations for
coronary events and strokes, and no means to combine the two to predict
the risk of stroke and/or coronary events in the same patient. Second, this
model was derived from a cohort of individuals with and without overt
coronary heart disease and thus can be used to predict the potential
benefits of risk factor modification both before and after the development
of symptomatic coronary disease. The Framingham equations were
derived only in people without symptomatic coronary disease. Third, this
model has been validated using data from both primary and secondary
prevention trials and thus can be used to estimate the effectiveness and
cost-effectiveness of various risk factor modifications in a wide range of
patients. The major disadvantage of this model is that it requires access to
the original formulae and is not yet available in a simple chart form such
as Appendices 1 and 2.

The Dundee Coronary Risk Disk
This risk equation was derived from approximately 5200 men aged 40 to
59 years attending various general practices in the United Kingdom.180 The
equation incorporates information on total cholesterol, systolic blood
pressure, and smoking. It provides an estimate of an individual’s relative
risk for coronary mortality versus their age and sex peer group. It was
derived solely in men and has not been independently validated in
women. Although it has been validated in a second cohort of British men,
information regarding its generalizability is limited and its predictive
abilities correlate only modestly with the Framingham estimates
(correlation coefficient r=0.68).169
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The PROCAM Risk Function
This risk equation was derived in 4400 employees aged 40 to 65 years old
in Munster, Germany. It includes age, total and HDL cholesterol, systolic
blood pressure, smoking, family history, diabetes, and anginal
symptoms.181 Although there is a moderate correlation between
PROCAM risk estimates and those derived from the Framingham
equation (r=0.82, p<0.0001), it has not been independently validated in
women and its generalizability to other populations is unknown.169

The British Regional Heart Study Risk Function
This risk equation was derived in 7700 British male factory workers aged
40 to 59 years. It incorporates total cholesterol, mean blood pressure,
smoking, diabetes, symptomatic ischemic heart disease, and family
history.182 It has never been validated in an independent test set, cannot be
used to predict coronary risk in women, and has been found to
systematically underestimate risk when compared to all other risk
functions.169

Advantages and disadvantages of using estimates of
absolute risk to guide treatment
In the hope that antihypertensive drug therapy will be most efficient and
effective if directed at those who, by virtue of their constellation of risk
factors or evidence of preclinical vascular disease, are likely to have a
heart attack or stroke, numerous hypertension guidelines advocate
explicit consideration of an individual patient’s absolute risk of
subsequent cardiovascular disease in the decision to initiate therapy.28,159

These “risk-based” guidelines have several advantages over traditional
guidelines. They inform patient and provider decision-making by
explicitly quantifying the magnitude of expected benefits and harms of
treatment. As individual treatment decisions are based on the potential of
the individual to benefit from an intervention, the benefit to harm ratio is
maximized for each patient. Preliminary evidence suggests that
physicians do implicitly stratify their patients by risk category in
deciding whether to initiate antihypertensive therapy.183 It seems
reasonable to hypothesize that adherence rates and patient outcomes
may be better with risk-based guidelines than those demonstrated with
traditional hypertension guidelines, particularly since consideration of
“the risk to health without therapy” plays an important role in clinical
decision-making.184, 185 Physicians tend to view therapies that confer large
absolute benefits more favorably than those associated with large relative
risk reductions but more modest absolute benefits.186

We acknowledge several shortcomings to the use of risk-based
guidelines. The primary problem lies in the fact that these guidelines
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currently depend on risk-prediction equations, such as the Framingham
equations discussed above, which have some weaknesses, may not be
generalizable to all populations, and are incapable of rapidly
incorporating emerging evidence on newly-appreciated risk factors. A
second problem with risk-based guidelines, at least as currently
envisioned, is that they concentrate on risk over a finite period of time
(such as five or ten years) rather than the lifetime risk from hypertension.
This may be a significant flaw because the calculation of benefit on the
basis of short-term randomized clinical trials might seriously
underestimate the long-term benefits from antihypertensive therapy.187

Similarly, these guidelines tend to focus on endpoints, such as stroke or
myocardial infarction, and do not include other important consequences
of hypertension, such as heart failure, renal failure, or peripheral vascular
disease. Finally, the use of absolute risk treatment thresholds raises
troubling ethical questions, which require explicit acknowledgement and
debate. They favor treatment of the elderly at the expense of younger
patients, men rather than women, and smokers over nonsmokers.159

How do my patient and I decide whether
treatment is worth considering?

Absolute risk profiles and risk-based guidelines do not solve the problem
of setting treatment thresholds for guideline developers or for individual
clinicians treating individual patients. Guidelines often specify different
treatment thresholds for the patient with uncomplicated, mild essential
hypertension (for example, 140 to 159/90 to 99 mm Hg), and patients and
clinicians often vary in their treatment preferences.188, 189 As the majority of
hypertensive individuals have blood pressures in the range mentioned
above, discrepancies in treatment thresholds have important
implications (Table 3.3).159

The process by which treatment thresholds are chosen is rarely explicit.
As there is a direct relationship between diastolic and systolic blood
pressure and the risk of cardiovascular endpoints, the clinical trial
literature does not illuminate a specific threshold separating those who
will derive benefit from therapy from those who will be harmed. Thus, it
seems reasonable to incorporate the opinions of patients and front-line
clinicians both when setting treatment thresholds and when discussing
with an individual patient whether or not to start treatment.63, 190, 191

Patient or physician preferences can be elicited by determining the
smallest amount of benefit which they perceive as outweighing the side
effects, cost, and inconvenience of antihypertensive therapy: their
minimal clinically important difference (MCID).192 Probability trade-off
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tools originally developed for cancer patients can be used to elicit MCIDs.
Clinicians present background information on the disease, treatment
options, and potential outcomes, and then ask patients to choose between
not taking therapy (given their baseline risk of an adverse outcome) or
taking therapy (given a reduced risk of the adverse outcome but also
incurring the inconvenience, side effects, and costs associated with that
therapy188). For example, patients could be presented the following: (a)
their baseline risk for cardiovascular events; (b) the potential benefits of
treatment expressed as absolute risk reductions; and (c) an estimate of the
frequency and type of adverse effects, including inconvenience and costs.
After assessing the patient’s understanding of such pros and cons of
treatment, their preferences are ascertained.

Table 3.3. Implications of different treatment thresholds for patients 
with uncomplicated essential hypertension.159,191

Diastolic blood pressure 90 mm Hg 95 mm Hg 100 mm Hg

Risk of cardiovascular eventa

In 5 years 2% 5% 10%
In 20 years 15% 30% 50%

NNT to prevent one cardiovascular eventb

In 5 years 200 80 40  
In 20 years 27 13 8

Percentage of population 25 14 8
eligible for treatment 

NNT number needed to treat 
aCardiovascular risks were calculated from the Cardiovascular Disease Life Expectancy Model,
assuming the patient was 45 years old and had the average risk factor profile seen in Canadian
hypertensives (risks for men and women averaged).179

bAssuming relative risk reductions with treatment of 25% for any cardiovascular event.33,34,191

We illustrate joint informed decision-making by returning to Ms Athletic
and Mr Reaven. We inform Ms Athletic that her baseline risk of coronary
events (calculated from the Framingham equation as outlined above) is
10% in the next 10 years. As the relative risk reductions in cardiovascular
events seen with antihypertensive treatment are approximately 25% in all
subgroups,33 we are able to tell Ms Athletic that taking antihypertensive
therapy to lower her blood pressure will reduce her risk to 7.5% (or lower,
given the underestimation of benefit in hypertension trials discussed
above). Her costs will probably include having to take one or two pills a
day, costing $10 to 40 per month. The risk of adverse effects including their
exact frequency and nature will vary depending on which
antihypertensive drug is chosen. As Ms Athletic values her active lifestyle
and is reluctant to take medication (she wishes to avoid any perception
that she is “ill”), she decides this benefit is insufficient to accept treatment.
However, she does agree to modify her lifestyle and consume increased
fish oils in an effort to raise her serum HDL cholesterol, the major risk
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factor driving her increased risk as outlined above. 

On the other hand, after we inform Mr Reaven of his baseline risk of
coronary events (calculated as 16% in the next 10 years using the
Framingham equation), the potential to reduce this by 4% with the same
costs, inconvenience, and potential adverse effects faced by Ms Athletic,
he decides to accept long-term treatment. In addition, he agrees to attend
a quit-smoking counseling program.

In the case of the policy maker setting treatment thresholds for
guidelines, a sample of patients and clinicians can be presented with
various scenarios outlining different baseline risks and the hypothetical
benefits from therapy can be varied until the mean or median treatment
thresholds of both groups are apparent. This approach has been piloted
in Canadian and British settings and the preliminary data suggest that
guidelines which set treatment thresholds on the basis of physician or
expert opinion do not accurately reflect the preferences of hypertensive
individuals.188, 189 Coupled with evidence that patients want to be more
involved in decision-making,193, 194 there is a clear need for patient decision
aids and attention to patient preferences when considering the initiation
of antihypertensive therapy for the prevention of cardiovascular disease.

Summary bottom lines
• Advise patients that there is a continuous, strong, and graded

relationship between blood pressure level and the incidence of
cardiovascular disease. No clear threshold value of blood pressure
separates those hypertensive patients who will suffer future
cardiovascular events from those who will not. (Level 1 evidence)

• Advise patients that their individual risk of cardiovascular disease
depends on their blood pressure level, coexistent risk factors, and
whether or not they have hypertensive target organ damage. (Level 1
evidence)

• Inform patients that numerous factors have been shown to increase
cardiovascular risk. The two risk factors most strongly tied to poor
prognosis are hypertension and lipid abnormalities. Other risk factors
include: male gender, family history of premature cardiac disease,
older age, smoking, diabetes mellitus, sedentary lifestyle, obesity
(particularly central adiposity), left ventricular hypertrophy,
microalbuminuria, elevations of plasma uric acid, renin, fibrinogen,
homocysteine, and markers of low grade inflammation such as C-
reactive protein. (Level 1 and 2 evidence)

• Consider using validated models to estimate a patient’s absolute risk for
cardiovascular disease and the efficacy of treatment. The most widely
used are the Framingham Risk Prediction Equations. Considering risk
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Patient Notes

Decision for Mr Reaven
• 10-year cardiovascular risk: 16%

Benefit and cost of treatment
• Reduce risk from 16% to 12% in next 

10 years.
• One or two pills a day, costing $10-$40 

per month, with risk of adverse effects.

Informed decision
He decides benefit does outweigh risks, and chooses to take
antihypertensive medication and attend a quit-smoking counseling
program.

Patient Notes

Decision for Ms Athletic
• 10-year cardiovascular risk: 10%

Benefit and cost of treatment
• Reduce risk from 10% to 7.5% in next 

10 years.
• One or two pills a day, costing $10-$40 

per month, with risk of adverse effects.

Informed decision
She decides benefit does not outweigh risks, and chooses no
medication. But she agrees to modify her lifestyle and to consume
more fish oils to raise her HDL.
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in the decision to initiate therapy explicitly quantifies the magnitude of
expected benefits and harms of treatment. (Consensus opinion)
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Appendix 1: Assessing coronary heart
disease risk for women

These score sheets are based on women aged 30 to 74 years in the
Framingham cohort. Work through Steps 1 through 6 for individual
patients. Add points derived from each Step 1 through 6 to reach a total
score for the individual patient (Step 7). Step 8 shows how the patient’s
score relates to her 10-year risk for coronary heart disease. Step 9 shows
the comparative average risks for other women in her age group.

Step 1

Age

Years LDL points Cholesterol points

30 to 34 –9 [–9]

35 to 39 –4 [–4]

40 to 44 0 [0]

45 to 49 3 [3]

50 to 54 6 [6]

55 to 59 7 [7]

60 to 64 8 [8]

65 to 69 8 [8]

70 to 74 9 [9]

Step 2

LDL-C

(mg/dL) (mmol/L) LDL points

≤ 99 ≤ 2.59 –3

100 to 129 2.60 to 3.36 0

130 to 159 3.37 to 4.14 0

160 to 189 4.15 to 4.91 1

≥ 190 ≥ 4.92 2

Cholesterol

(mg/dL) (mmol/L) Cholesterol points

< 160 < 4.14 [–3]

160 to 199 4.15 to 5.17 [0]

200 to 239 5.18 to 6.21 [1]

240 to 279 6.22 to 7.24 [2]

≥ 280 ≥ 7.25 [3]
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Step 3

HDL-C

(md/dL) (mmol/L) LDL points Cholesterol points

< 35 < 0.90 2 [2]

35 to 44 0.91 to 1.16 1 [1]

45 to 49 1.17 to 1.29 0 [0]

50 to 59 1.30 to 1.55 0 [0]

� 60 � 1.56 –1 [–2]

Step 4

Blood pressure

Systolic Diastolic (mm Hg)
(mm Hg)

< 80 80 to 84 85 to 89 90 to 99 ≥ 100

< 120 0 [0] points

120 to 129 0 [0] points

130 to 139 1 [1] points

140 to 159 2 [2] points

> 160 3 [3] points

When systolic and diastolic pressures provide different estimates for point scores, use the
higher number.

Step 5

Diabetes

LDL points Cholesterol points

No 0 [0]

Yes 2 [2]

Step 6

Smoker

LDL points Cholesterol points

No 0 [0]

Yes 2 [2]
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Step 7

Adding up the points

Age

LDL-C or cholesterol

HDL-C

Blood pressure

Diabetes

Smoker

Point total

Step 8

Coronary heart disease risk

LDL points total 10-Year CHD risk Cholesterol 10-Year
points total CHD risk

≤ –3 1%

–2 2%

–1 2% [<–1] [2%]

0 3% [0] [3%]

1 4% [1] [3%]

2 4% [2] [4%]

3 5% [3] [5%]

4 7% [4] [7%]

5 9% [5] [8%]

6 11% [6] [10%]

7 14% [7] [13%]

8 18% [8] [16%]

9 22% [9] [20%]

10 27% [10] [25%]

11 33% [11] [31%]

12 40% [12] [37%]

13 47% [13] [45%]

>14 >56% [>14] [>53%]
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Step 9

Comparative risk

Age (years) Average 10-year Average 10-year Lowb 10-year
CHD risk harda CHD risk CHD risk

30 to 34 < 3% < 1% < 1%

35 to 39 < 1% < 1% 1%

40 to 44 2% 1% 2%

45 to 49 5% 2% 3%

50 to 54 8% 3% 5%

55 to 59 12% 7% 7%

60 to 64 12% 8% 8%

65 to 69 13% 8% 8%

70 to 74 14% 11% 8%
aHard events exclude angina pectoris.
bLow risk was calculated for a person the same age, optimal blood pressure, LDL-C 100 to 129
mg/dL or cholesterol 160 to 199 mg/dL, HDL-C 45 mg/dL for men, nonsmoker, and no
diabetes.

Reproduced with permission from Wilson PW, D’Agostino RB, Levy D, Belangor AM. Prediction of
coronary heart disease using risk factor categories. Circulation 1998;97:1837-47.
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Appendix 2: Assessing coronary heart
disease risk for men

These score sheets are based on men aged 30 to 74 years in the
Framingham cohort. Work through Steps 1 through 6 for individual
patients. Add points derived from each Step 1 through 6 to reach a total
score for the individual patient (Step 7). Step 8 shows how the patient’s
score relates to his 10-year risk for coronary heart disease. Step 9 shows
the comparative average risks for other men in his age group.

Step 1

Age

Years LDL points Cholesterol points

30 to 34 –1 [–1]

35 to 39 0 [0]

40 to 44 1 [1]

45 to 49 2 [2]

50 to 54 3 [3]

55 to 59 4 [4]

60 to 64 5 [5]

65 to 69 6 [6]

70 to 74 7 [7]

Step 2

LDL-C

(mg/dL) (mmol/L) LDL points

< 100 < 2.60 –3

100 to 129 2.60 to 3.36 0

130 to 159 3.37 to 4.14 0

160 to 189 4.15 to 4.91 1

≥ 190 ≥ 4.92 2

Cholesterol

(mg/dL) (mmol/L) Cholesterol points

< 160 < 4.14 [–3]

160 to 199 4.15 to 5.17 [0]

200 to 239 5.18 to 6.21 [1]

240 to 279 6.22 to 7.24 [2]

≥ 280 ≥ 7.25 [3]
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Step 3

HDL-C

(md/dL) (mmol/L) LDL points Cholesterol points

< 35 < 0.90 2 [2]

35 to 44 0.91 to 1.16 1 [1]

45 to 49 1.17 to 1.29 0 [0]

50 to 59 1.30 to 1.55 0 [0]

> 60 > 1.56 –1 [–2]

Step 4

Blood pressure

Systolic Diastolic (mm Hg)
(mm Hg)

< 80 80 to 84 85 to 89 90 to 99 ≥ 100

< 120 0 [0] points

120 to 129 0 [0] points

130 to 139 1 [1] points

140 to 159 2 [2] points

> 160 3 [3] points

When systolic and diastolic pressures provide different estimates for point scores, use the
higher number.

Step 5

Diabetes

LDL points Cholesterol points

No 0 [0]

Yes 2 [2]

Step 6

Smoker

LDL points Cholesterol points

No 0 [0]

Yes 2 [2]
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Step 7

Adding up the points

Age

LDL-C or cholesterol

HDL-C

Blood pressure

Diabetes

Smoker

Point total

Step 8

Coronary heart disease risk

LDL points total 10-Year CHD risk Cholesterol 10-Year
points total CHD risk

≤ –3 1%

–2 2%

–1 2% [<–1] [2%]

0 3% [0] [3%]

1 4% [1] [3%]

2 4% [2] [4%]

3 5% [3] [5%]

4 7% [4] [7%]

5 9% [5] [8%]

6 11% [6] [10%]

7 14% [7] [13%]

8 18% [8] [16%]

9 22% [9] [20%]

10 27% [10] [25%]

11 33% [11] [31%]

12 40% [12] [37%]

13 47% [13] [45%]

>14 >56% [>14] [>53%]
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Step 9

Comparative risk

Age (years) Average 10-year Average 10-year Lowb 10-year
CHD risk harda CHD risk CHD risk

30 to 34 3% 1% 2%

35 to 39 5% 4% 3%

40 to 44 7% 4% 4%

45 to 49 11% 8% 4%

50 to 54 14% 10% 6%

55 to 59 15% 13% 7%

60 to 64 21% 20% 9%

65 to 69 25% 22% 11%

70 to 74 30% 25% 14%
aHard events exclude angina pectoris.
bLow risk was calculated for a person the same age, optimal blood pressure, LDL-C 100 to 129
mg/dL or cholesterol 160 to 199 mg/dL, HDL-C 45 mg/dL for men, nonsmoker, and no
diabetes.

Reproduced with permission from Wilson PW, D’Agostino RB, Levy D, Belangor AM. Prediction of
coronary heart disease using risk factor categories. Circulation 1998;97:1837-47.
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4
C H A P T E R 4

What are the
elements of good
treatment for
hypertension?
Cynthia D Mulrow
Michael Pignone

What are the goals of treating patients with
hypertension?

What are the therapeutic options for managing
patients with high blood pressure?

What are the benefits and harms of
antihypertensive drug therapy for people with
hypertension?

What are the benefits and harms of treating
dyslipidemia in people with hypertension?

What are the benefits and harms of smoking
cessation in people with hypertension?

What are the benefits and harms of routine
physical activity in people with hypertension?

What are the benefits and harms of particular
dietary interventions in people with
hypertension?

What are the benefits and harms of weight loss for
hypertensive overweight patients?
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What are the benefits and harms of antiplatelet
treatment in people with hypertension?

What are the benefits and harms of modest alcohol
consumption in people with hypertension?

What are the benefits and harms of anticoagulant
treatment in people with hypertension?

What are the benefits and harms of various
antioxidants and vitamins for people with
hypertension?

What are the benefits and harms of garlic,
potassium, calcium, and magnesium
supplementation in people with hypertension?

Summary bottom lines
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Patient Notes
Mr Willie Maykit,
age 68, retired
• Hypertension and diabetes; 

both well controlled
• Medications: ACE inhibitor,

metformin and aspirin
• Supplements: multivitamin 

with ß-carotene, calcium and
magnesium tablets, and fish
oil

Reason for visit
• Wants reassurance that he is doing everything he can to stay

healthy

Clinical findings
• BP 130/78 mm Hg, HgA1c 6.8

Clinical question
What therapies are likely to decrease rather than increase morbid
and mortal clinical events in patients with hypertension?



What are the goals of treating patients
with hypertension?

The following are our goals in treatment decisions:

• Decrease the attendant cardiovascular risk associated with
hypertension

• Decrease the attendant risk of any coexisting cardiovascular risk
factors

• Improve quality of life and encourage healthy lifestyles

• Choose therapeutic agents that are likely to do more good than harm
given each individual’s mix of social circumstances, preferences,
coexisting medical conditions, and concomitant risk factors 

• Minimize adverse effects and inconveniences of prescribed therapies.

What are the therapeutic options for 
managing patients with high blood
pressure?

Multiple options are available to help patients manage their hypertension
and attendant cardiovascular risk. Tables 4.1 and 4.2 display a potpourri
of these options that could be considered singly or in combination,
depending upon the patient’s mix of comorbid risk factors. Table 4.1
specifies options for patients without known cardiovascular disease;
Table 4.2 specifies options for patients with known cardiovascular
disease. We classify options in the following way: 

• Effective. Multiple large randomized controlled trials or multiple
large cohort studies consistently show options decrease rather than
increase the incidence of major morbid and mortal events. 

• Possibly effective. Some, but less, evidence from large trials and
cohort studies that suggest improvements in clinical outcomes or
evidence of close trade-offs between potential benefits and harms. 

• Unclearly effective. No effects on clinically important outcomes are
demonstrated or data are conflicting. 

• Probably ineffective. Multiple trials or cohort studies consistently
show the options do not decrease the incidence of major morbid and
mortal events. 

• Possibly harmful. Trials, cohort or case-control studies consistently
suggest options lead to increases rather than decreases in major
morbid and mortal events.
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Table 4.1. Therapeutic options for people with hypertension and no known
cardiovascular disease.

Effective Possibly effective Unclear Probably Possibly
ineffective harmful

Antihypertensive Weight loss Anticoagulant Vitamin E Alpha-
drug therapies treatment agonists

Lipid therapy Diabetes Diet Short-acting
management modification calcium 

channel
blockers

Smoking Modest alcohol Antioxidants, ß-carotene
cessation consumption vitamin C, supplements

fish oil,
flavanoids

Physical activity Antiplatelet Garlic,
treatment potassium,

calcium,
magnesium

Table 4.2. Therapeutic options for people with hypertension and known
cardiovascular disease.

Effective Possibly effective Unclear Probably Possibly
ineffective harmful

Antihypertensive Mediterranean Antioxidants Vitamin E Alpha-
drug therapies diet agonists

Lipid therapy Diabetes Vitamin C, Short-acting
management flavanoids calcium 

channel
blockers

Smoking Modest alcohol Garlic, ß-carotene
cessation consumption potassium, supplements

calcium,
magnesium

Physical activity Fish oil

Antiplatelet
treatment

Anticoagulant
treatment
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What are the benefits and harms of 
antihypertensive drug therapy for
people with hypertension? 

Benefits of antihypertensive treatment
We found multiple, large randomized placebo-controlled trials that
consistently showed antihypertensive drug treatment decreased the risk
of fatal and nonfatal stroke, cardiac events, and death in men and women
with systolic or diastolic hypertension.1,2(Tx: L1a) We also found
randomized trials that showed quality of life is not adversely affected
and may be improved with antihypertensive drug treatment.3,4(Tx: L1b)

We found that the systolic and diastolic blood pressure reductions
achieved in the trials varied but averaged around 10 to 15/5 to 10 mm Hg.

We found greater absolute benefits of drug treatment were seen among
people with higher baseline cardiovascular risk, such as older adults
with some comorbid risk factors. For example, on average, every 1 000
patient years of treatment in older adults prevented five strokes (95% CI
2 to 8), three coronary events (95% CI 1 to 4), and four cardiovascular
deaths (95% CI 1 to 8). Drug treatment in middle-aged adults prevented
one stroke (95% CI 0 to 2) for every 1000 patient years of treatment and
did not significantly affect coronary events or mortality.5

Benefits of specific antihypertensive drugs
as first-line agents
We are unclear regarding whether benefits of specific antihypertensive
drug therapies are closely tied to their effects on blood pressure or whether
they are due to other multiple, heterogeneous effects of specific agents. We
find it difficult to assess effects of particular agents because most large
trials have tested stepped-care approaches where second and third drugs
are added if a prespecified target blood pressure is not met. Below, we
summarize data regarding particular agents used as first-line agents.

Thiazide diuretics

We found many of the large hypertension trials have compared
hydrochlorothiazide, chlorthalidone, or a combination thiazide and
potassium-sparing agent (e.g., amiloride or triamterene) with placebo or
no drug therapy. Both low-dose and high-dose thiazide regimens
decreased rates of stroke and death; only low-dose regimens had
demonstrated efficacy in reducing coronary artery disease.6(Tx: L1a)
Evidence of effectiveness appeared consistent across several different
thiazides, which suggested benefits are a class effect.
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Beta-blockers

We found reviews of several randomized trials that compared beta-
blockers as first-line antihypertensive agents with placebo.7–10(Tx: L1b, L2b)
We found these data were complicated. In some trials, as many as 70%
of participants also received diuretics; in some trials, there were large
numbers of participants who crossed over to other regimens.
Regardless, data suggest, but do not prove, beta-blockers may reduce
strokes but not coronary artery disease or death. For stroke, estimates of
relative risk reductions of beta-blockers compared to placebo ranged
from 0 to 0.41.7, 8, 10

We found beta-blockers were a heterogeneous class of agents with
various cardioselective actions and intrinsic sympathomimetic activity.
We were unclear regarding whether cardiovascular benefits of different
cardioselective beta-blockers represented a class effect. 

ACE inhibitors

We did not find any large randomized trials with clinical outcomes that
compared first-line therapy with an angiotensin converting enzyme
(ACE) inhibitor to placebo in hypertensive people. We found a large,
randomized placebo-controlled trial that showed an ACE inhibitor,
ramipril, reduced cardiovascular events by 22% (relative risk 0.78; 95% CI
0.70 to 0.86) and death by 16% in high-risk people.11(Tx: L1b) Approximately
50% of the trial participants had hypertension, approximately 50% had a
history of myocardial infarction, and approximately 40% were taking
beta-blockers. Participants with hypertension had relative risk reductions
for cardiovascular events that were equal or greater than those observed
among all participants.

We found data in hypertensive people were insufficient to judge whether
any cardiovascular benefits of ACE inhibitors represented a class effect.

Calcium channel blockers

We found one large randomized trial that compared a long-acting
dihydropyridine calcium channel blocker, nisoldipine, with placebo in
people aged 60 and older with isolated systolic hypertension.12(Tx: L1b)
Rates of cardiovascular events with active treatment were reduced by
0.31 (95% CI 14% to 0.45%). 

We found calcium channel blockers were a very heterogeneous class of
agents with various postulated mechanisms of action. Data regarding
harms associated with various calcium channel blockers are described
below and in Chapter 6. Such data suggest that calcium channel blockers
are unlikely to have class effects in hypertensive people.
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Alpha-agonists and alpha-blockers

We did not find any large randomized trials with clinical outcomes that
compared first-line therapy with either alpha-agonists, such as clonidine,
or alpha-blockers, such as terazosin or doxazosin, with placebo.

Relative efficacy of different antihypertensive agents

ACE inhibitors versus diuretics and/or beta-blockers versus
calcium channel blockers

We found an open, long-term trial, involving 6600 patients aged 70 to 84,
that reported no differences in blood pressure control or cardiovascular
morbidity or mortality among people randomized to conventional
therapy with diuretics and/or beta-blockers versus calcium channel
blockers (felodipine or isradipine) versus ACE inhibitors (enalapril or
lisinopril).13(Tx: L1b) We found a single-blind, long-term trial involving
10 985 patients aged 25 to 66 years that reported an ACE inhibitor
(captopril) was not more effective than conventional therapy (diuretics or
beta-blockers) in reducing cardiovascular morbidity or mortality.14(Tx: L2b)
We found the latter results inconclusive because a flaw in the
randomization process resulted in unbalanced groups. 

We found two additional smaller trials that compared either nisoldipine
with enalapril or amlodipine with fosinopril in hypertensive patients
with Type 2 diabetes.15, 16(Tx: L2b) They found ACE inhibitors and calcium
channel blockers were equally effective in reducing blood pressure, but
calcium channel blockers were associated with a two- to five-fold
increase in cardiovascular events compared to ACE inhibitors. We found
one trial that compared captopril with atenolol in hypertensive patients
with Type 2 diabetes.17(Tx: L1b) There were no significant differences
between groups in blood pressure levels or cardiovascular events. (See
Chapter 6 for further discussion.)

Alpha-blockers versus diuretics

We found one randomized trial that found the alpha-blocker, doxazosin,
increased cardiovascular events, particularly congestive heart failure,
compared to a diuretic, chlorthalidone.18(Tx: L1b)

Beta-blockers versus diuretics

We found five trials involving nearly 20 000 people that directly
compared first-line therapy with thiazide diuretics with first-line therapy
with beta-blockers.8(Tx: L1a) Pooled data showed no statistically significant
differences in cardiovascular outcomes (relative risk 0.88; 95% CI 0.78 to
1.00 thiazide versus beta-blocker) or death (relative risk 0.97; 95% CI 0.84
to 1.11). We found systematic reviews that compared results of trials that
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used diuretics as first-line agents with results of trials that used beta-
blockers as first-line agents.7–9 These showed no significant differences
between diuretics and beta-blockers, although only diuretics showed
significant reductions in coronary heart disease events. 

Calcium channel blockers versus diuretics and beta-blockers

We found one double-blind randomized trial that compared a calcium
channel blocker, long-acting nifedipine, with a combination thiazide-
amiloride diuretic.19(Tx: L2b) Participants were 6321 men and women with
hypertension and at least one additional cardiovascular risk factor. No
significant differences were reported between groups in cardiovascular
events (relative risk 1.10; 95% CI 0.91 to 1.34 nifedipine versus diuretic).
We found a second, large open randomized trial that compared diltiazem
to diuretics and/or beta-blockers in over 10 000 Scandinavian men and
women aged 50 to 74.20(Tx: L1b) Initially a short-acting formulation of
diltiazem was used; this was switched in the later years of the trial to a
long-acting formulation. After four to five years, cardiovascular events
were similar between groups (relative risk 1.0; 95% CI 0.87 to 1.15
diltiazem versus diuretic/beta-blocker).

Tolerability
We found recent studies of low-dose drugs showed good tolerance. For
example, 72% of patients remained on their initially assigned treatment
for four years, compared to 59% of people on placebo in a double-blind
trial that compared placebo with five antihypertensive agents.21

We are unclear regarding which specific antihypertensive agents are
most tolerable to patients. In all but one of four long-term, double-blind
comparisons of low-dose diuretics, beta-blockers, ACE inhibitors, and
calcium channel blockers, tolerability and overall quality of life
indicators tended to be more favorable for diuretics and beta-blockers
than for newer drugs.19, 22–24(Tx: L1b) The exception showed fewer overall, but
more serious effects with diuretics compared to nifedipine, a long-acting
calcium channel blocker.19(H: L1b) Serious effects were defined as “life-
threatening, disabling, or leading to hospital admission.” In drug-drug
trials comparing thiazides with beta-blockers, thiazides were associated
with significantly lower rates of withdrawal due to adverse effects
(relative risk 0.69; 95% CI 4.2% to 7.2%).8(H: L1a)

Drugs with bothersome harms

Symptomatic adverse effects vary by drug class and by agents within
classes. For example, in a recent large trial of 6600 elders followed for five
years, 26% of people receiving calcium channel blockers (felodipine or
isradipine) report ankle edema, 30% receiving ACE inhibitors (enalapril
or lisonopril) report cough, and 9% of people receiving diuretics and/or
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beta-blockers report cold hands and feet.13 Although we do not discuss
bothersome adverse effects related to specific agents in much detail,
Chapter 6 provides additional information about adverse effects such as
sexual dysfunction attributable to specific agents.

Drugs with possible major morbid or mortal harms

We found case-control, cohort, and randomized studies suggest that
short and intermediate acting dihydropyridine calcium channel blockers,
such as nifedipine and isradipine, may increase cardiovascular morbidity
and mortality.25(H: L1, L2, L3) A large trial suggests that an alpha-agonist,
doxazosin, increases risk of cardiovascular events, particularly
congestive heart failure compared to chlorthalidone.18(H: L1b) One
systematic review of nine case-control and three cohort studies has
reported approximate two-fold increases in renal cell carcinoma risk with
long-term diuretic use.26 Absolute risks cannot be calculated from these
studies, but are likely low as renal cell carcinoma is uncommon.

Our practiced judgments
We consider several agents appropriate options for initial treatment of
hypertension (Table 4.3). Of the options, we routinely prefer thiazide
diuretics as first-line therapy for hypertensive patients who do not have
specific comorbid conditions that warrant particular treatment. (See
Chapter 6 for a discussion of several comorbid conditions that warrant
special treatment consideration.) We avoid alpha-agonists and short-
acting calcium channel blockers.

Table 4.3. First-line antihypertensive drug options for people with 
hypertension.

Effective Unclear Possibly harmful

Thiazide diuretics Angiotensin II Alpha-agonists
receptor blockers

Some beta-blockers Some Short-acting calcium
beta-blockers channel blockers

ACE inhibitors Some calcium 
channel
blockers

Some long-
acting

calcium channel
blockers
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What are the benefits and harms of 
treating dyslipidemia in people with
hypertension?

We found approximately a two-fold increase in the risk of cardiovascular
disease in people with elevations in total and low-density lipoprotein
(LDL) cholesterol and low levels of high-density lipoprotein (HDL)
compared to people without such findings. We were unclear regarding
whether elevated triglyceride levels conferred increased independent
risk (see Chapter 3). 

Benefits of drug treatment for individuals with
elevated LDL and total cholesterol levels and/or
decreased HDL levels
We found multiple randomized placebo-controlled trials that consistently
showed treatment of elevated LDL and total cholesterol with diet and
drug therapy reduced the five-year incidence of cardiovascular events
and death by approximately 30% in middle-aged and older men and
women (95% CI approximately 20% to 50%).27–30(Tx: L1a) Risk reductions in
myocardial infarction and coronary heart disease-related mortality
occurred among people who had known cardiovascular disease
(secondary prevention) as well as among those without known
cardiovascular disease (primary prevention).30(Tx: L1a) Risk reductions,
which were apparent within one to two years of initiating drug treatment,
increased with longer durations of treatment. Specifically, relative risk
reductions were 7% (95% CI 0% to 14%) with two years of treatment, 22%
(95% CI 15% to 28%) with two to five years of treatment, and 25% (95% CI
15% to 35%) with greater than five years of treatment.31 We found that
evidence was unclear regarding whether risk reductions continue to
increase with treatment duration of greater than eight to ten years. 

We found one large, double-blind, randomized trial that reported
gemfibrozil, a fibrate, given for five years improved clinical outcomes in
men with known coronary heart disease and low levels of HDL
cholesterol (less than 1.0 mmol/L or 40 mg/dL).32(Tx: L1b) Participants in
this trial had LDL cholesterol levels that were 3.6 mmol/L (140 mg/dL) or
less and average triglyceride levels of 1.8 mmol/L (160 mg/dL).
Gemfibrozil increased HDL levels by 6% and decreased triglyceride levels
by 31%. Relative risk reductions in morbid and mortal coronary heart
disease events with treatment were 22% (95% CI 7% to 35%). Another
randomized, placebo-controlled trial evaluated whether bezafibrate
improved outcomes in people with previous myocardial infarction or
stable angina and the following lipid profile: HDL below 45 mg/dL;
triglyceride below 300 mg/dL, and LDL below 180 mg/dL.33(Tx: L2b)
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Compared to placebo, bezafibrate given for six years significantly
reduced triglyceride levels by 21% and increased HDL levels by 18%, but
did not significantly affect clinical cardiovascular outcomes. The trial had
limited power to detect clinically important differences between groups
and was confounded by people in both groups receiving a second active
agent, colestipol.

Multiple trials suggested that individuals with greater baseline risk of
future cardiovascular disease were more likely to personally benefit from
drug therapy over five to ten years than were individuals with lower
baseline risks.27–30(Tx: L1a) However, we found evidence of clinical benefits
of drug treatment for people without known cardiovascular disease, as
long as they had a potential annual risk of coronary heart disease events
of greater than 1% to 2%.30(Tx: L1a) We found no clear threshold level
whereby further lowering of cholesterol would result in either more
harm than benefit or more benefit than harm.

We found no large long-term trials that directly compared the clinical
effects of different drug therapies aimed at lowering cholesterol and/or
increasing HDL. Across trials that have compared particular agents such
as cholestyramine, gemfibrozil, or a statin with placebo, statins produced
the largest reductions in cholesterol and the largest reductions in
cardiovascular events.30 Benefits of statins seemed to be fully explained
by their lipid-lowering ability. 

Benefits of diet treatment for individuals with
elevated LDL and total cholesterol levels and/or
decreased HDL levels
We found reviews of several randomized trials that evaluated effects of
low-fat diet on cholesterol.34,35(Tx: L1a) Modest sustained reductions of
approximately 3% to 6% in total cholesterol over several months were
reported. More intense low-fat diets appeared to result in greater
reductions in cholesterol than less intense diets. We did not find any high
quality, long-term trials that evaluated whether low-fat diets decreased
the incidence of cardiovascular disease among people with dyslipidemia.

Benefits of treating people with elevated
triglyceride levels
We found no large long-term randomized trials that evaluated whether
treatment of isolated hypertriglyceridemia results in decreased
cardiovascular disease.
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Benefits of treating dyslipidemia in people with
diabetes
We found one double-blind, randomized trial that evaluated clinical
effects of bezafibrate in people with Type 2 diabetes and no known
cardiovascular disease.36(Tx: L2b) Participants had at least one of the
following lipid parameters: total cholesterol at or above 5.2 mmol/L,
triglyceride at or above 1.8 mmol/L, HDL at or below 1.1 mmol/L, or
total cholesterol to HDL ratio at or above 4.7. Compared to placebo,
bezafibrate significantly improved all lipid parameters and decreased
coronary heart disease events (7% versus 23%).

We found one randomized trial that evaluated clinical effects of fenofibrate
in people with Type 2 diabetes, mild dyslipidemia, and angiographically
detectable stenosis.37(Tx: L2b) Participants had dyslipidemia typically seen in
people with diabetes: mean triglyceride 2.42 mmol/L, mean LDL 3.43
mmol/L, mean HDL 1.01 mmol/L, and total cholesterol to HDL ratio above
4. Compared to placebo, fenofibrate given for three years lowered total
cholesterol and triglycerides by 30% and increased HDL levels by 8%.
Fenofibrate significantly reduced progression of focal atherosclerotic lesions
and decreased combined cardiovascular endpoints, such as cardiovascular
death, myocardial infarction, bypass surgery, and hospitalizations by 23%.
The latter comparison was not statistically significant.

Harms
We found no consistent evidence from randomized trials or large
surveillance studies of frequent, serious, or life-threatening adverse
effects of drug therapy for dyslipidemia.35 Myopathy and muscle pain
occur rarely in less than 1% of people taking statins.35

Our practiced judgments
We recommend diet and drug therapy for all of our patients who have
hypertension, dyslipidemia (elevated LDL cholesterol or LDL below 3.6
mmol/L and decreased HDL), and known cardiovascular disease. In
hypertensive people without known cardiovascular disease, we use risk
equations, such as those described in Chapter 3, to estimate their
individual future risk of cardiovascular disease. We recommend diet and
drug therapy for those patients who have an estimated annual risk of
coronary heart disease of greater than 1%. Most of our hypertensive
patients have such risks. As of August 2000, we are generally reluctant to
prescribe drug therapy for our hypertensive patients with isolated
fasting hypertriglyceridemia, but we do discuss therapeutic options and
their unknown but potential benefit and harm with people who have
diabetes or very high levels of fasting triglycerides (greater than 7.9
mmol/L or 750 mg/dL). 
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What are the benefits and harms of 
smoking cessation in people with
hypertension?

Smoking is strongly positively associated with increased overall
mortality, coronary and cerebrovascular disease, various cancers, and
respiratory disease.38, 39(Pr: L1, L2, L3) For example, smokers are about three
times more likely to die in middle age and twice as likely to die in older
age (over age 65) compared with lifelong nonsmokers.40,41(Pr: L1a) Greater
amounts of tobacco use are associated with greater risks. 

Benefits of quit-smoking strategies
We found several strategies, such as counseling and nicotine replacement,
were effective in increasing quit rates among smokers.38, 39(Tx: L1a) We found
no randomized trials that evaluated whether quit-smoking advice and
smoking cessation led to sustained reductions in blood pressure. Several
large cohort studies suggested that smoking cessation reduced risk of
cardiovascular disease, cancer, and respiratory disease.38, 39(Tx: L2a)

Beneficial reductions in death rates with quitting
smoking
In cohort studies, people who stopped smoking had death rates that fell
gradually to lie between those of lifelong smokers and never
smokers.40,42(Tx: L2a) We found no precise estimates regarding the time
required for former smokers to reduce their risk of death near the risk
observed in never smokers, but above studies suggested that such risk
reduction may take as long as a decade or more.

Beneficial reductions in coronary heart disease 
rates with quitting smoking
We found one large trial in middle-aged men that showed routine advice
to quit smoking, compared with no routine advice, led to an average fall
in cigarette consumption of 53% and to a corresponding statistically
nonsignificant fall in the relative risk of death from coronary heart
disease of 0.18 (95% CI –0.18 to 0.43).43(Tx: L1c) We found cohort studies that
suggested that the risk of coronary events is decreased when smokers
quit smoking and that such risk declined to a level comparable to that of
never smokers after two to three years.38(Tx: L2) Declining risks were
independent of the number of cigarettes smoked before quitting.
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Beneficial reductions in stroke rates with quitting
smoking
We found multiple observational studies that reported the risk of stroke
decreased in ex-smokers compared with smokers.38(Tx: L2a) We found
variable estimates, ranging from two to ten years, regarding how long it
took to reduce risk of stroke to levels of nonsmokers.38,  41,  44

Harms
We found no evidence that stopping smoking increases serious or life-
threatening events or death.

Our practiced judgments
We routinely advise our hypertensive patients who are smoking to quit,
and we refer them to various clinic and community counseling and
nicotine replacement programs. We also routinely advise our
hypertensive patients who are not presently smoking to avoid tobacco.

What are the benefits and harms of 
routine physical activity in people with
hypertension?

Benefits
Normotensive and hypertensive people who are physically active and
physically fit typically have one-fifth to one-half of the relative risk of
coronary heart disease and stroke, compared with people who are
sedentary or physically unfit.34, 45(Pr: L1, L2, L3) Risk of cardiovascular disease
declines with increasing levels of activity. In absolute terms, people
leading sedentary lives (those who never or rarely engaged in any
physical activity) suffered about 70 cardiovascular heart disease deaths
per 10 000 person years compared with 40 per 10 000 person years among
the most active participants (those who expend over 3500 kcal per week).
This translates to an estimated benefit from high levels of physical
activity of about 30 lives saved per 10 000 person years at risk.34

We found no randomized trials that examined the effects of long-term
physical activity on morbidity, mortality, or quality of life. Multiple trials
showed exercise interventions, such as walking/jogging, cycling, or both,
often lasting 45 to 60 minutes per session, for three days per week reduced
blood pressure.46, 47(Tx: L1a) Compared with nonexercising control groups,
aerobic exercise reduced systolic blood pressure by 4.7mmHg (95% CI 4.4
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to 5.0mm Hg) and diastolic blood pressure by 3.1mm Hg (95% CI 3.0 to 3.3
mm Hg).46 Greater reductions were seen in people with higher initial blood
pressures. Trials in hypertensive adults that tested long-term exercise
programs of greater than six months’ duration found variable,
insignificant mean reductions in systolic blood pressure (systolic reduction
0.8mm Hg; 95% CI 5.9mm Hg reduction to 4.2mm Hg increase).47(Tx: L1)

Several small, randomized controlled trials of varying quality suggest
that at least moderate-intensity exercise (equivalent to brisk walking)
over six to 12 months is necessary to improve fitness and increase
maximal oxygen consumption. We found no conclusive evidence
regarding differences of benefits between short bouts of exercise several
times a day compared with longer daily bouts. The type and amount of
exercise most likely to result in cardiovascular benefits are unclear, with
some recent studies showing some benefits with simple increases in
lifestyle activity. For example, a cohort study involving 173 hypertensive
men has shown “regular heavy activity several times weekly” compared
to no or limited spare time physical activity reduced all-cause (relative
risk 0.43; 95% CI 0.22 to 0.82) and cardiovascular mortality (relative risk
0.33; 95% CI 0.11 to 0.94).45(Tx: L2b)

Harms
Musculoskeletal strains, sprains, and injuries are the most likely adverse
effects of physical activity. We did not find any representative
population-based studies that characterized the exact type and frequency
of injuries likely to occur with physical activity; these are likely to vary
depending upon the nature of the chosen physical activity.

The absolute risk of sudden death after strenuous activity is small; it has
been variously estimated at six deaths per 100 000 middle-aged men per
year or 0.3 to 2.7 events per 10 000 person hours of exercise.48 Risk of
sudden death is greatest among people who have been previously
habitually sedentary.48-52 Specifically, strenuous activity is estimated to
raise the relative risk of myocardial infarction between two and sixfold in
the hour after activity, with risks returning to baseline after that. Risks
appear much higher in people who are habitually sedentary (relative risk
107; 95% CI 67 to 171) compared with those who engaged in heavy
physical exertion on five or more occasions per week (relative risk 2.4;
95% CI 1.5 to 3.7).49 Injury is likely to be the most common adverse event,
but few population data are available to quantify the magnitude of risk.

Our practiced judgments
Although the clinical significance of reductions in blood pressure
observed with regular exercise is uncertain, regular physical activity is
associated with decreased risk of cardiovascular disease. We routinely
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advise adults to maintain active lifestyles. As many adults may find
regular exercise programs difficult to sustain, we repeat such advice at
multiple visits and reinforce maintenance of physical activity for patients
who are engaging in active lifestyles. As risks of sudden death are
highest among habitually sedentary people, we recommend gradual
programs of increasing exercise for people who are sedentary.

What are the benefits and harms 
of particular dietary interventions in
people with hypertension?

Benefits of low-fat, high-fruit and vegetable diets
We found no randomized trials examining the effects of low-fat, high-
fruit and vegetable diet on morbidity or mortality in people without
known coronary disease. Multiple cohort studies have found that eating
more fruit and vegetables is associated with decreased risk of heart attack
and, possibly, stroke.34, 53–55(Tx: L2) We found that the size of any real
protective effect was uncertain. 

We found data concerning low-fat diets were mixed in people with
known cardiovascular disease. Moreover, systematic reviews and a large
trial showed that low-fat diets compared to other control diets may or
may not reduce death rates from coronary heart disease in people who
have had a myocardial infarction.56, 57(Tx: L2b) In the trial, reported relative
risks of death among people assigned low-fat diets compared to controls
was 0.95 (95% CI 0.75 to 1.27).57

We found one short trial involving 459 adults that showed a low-fat,
high-fruit and vegetable diet modestly reduced blood pressure.58(Tx: L2b)
Participants had systolic blood pressures of below 160 mm Hg and
diastolic blood pressures of 80 to 90 mm Hg. Food was provided to
participants as one of three diets: a control diet low in magnesium and
potassium; a fruit and vegetable diet high in potassium, magnesium, and
fiber; and a combination of the fruit and vegetable diet with a low-fat diet
high in calcium and protein. After eight weeks, the fruit and vegetable
diet compared to the control diet reduced systolic blood pressure by 2.8
mm Hg (95% CI 0.9 to 4.7mm Hg) and diastolic blood pressure by 1.1mm
Hg (95% CI 2.4mm Hg decrease to 0.3mm Hg increase). The combination
diet compared to the control diet reduced systolic blood pressure by 5.5
mm Hg (95 % CI 3.7 to 7.4) and diastolic blood pressure by 3.0 mm Hg
(95% CI 1.6 to 4.3).
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Benefits of high-fish diets
We found no large randomized trials that evaluated whether high-fish
diets improve survival in people without known cardiovascular disease.
We found one large randomized trial that evaluated whether high-fish
diets improve survival among people who have suffered a myocardial
infarction.57(Tx: L1b) The trial compared low-fat diet advice with high-fiber
diet advice with high-fish diet advice of consuming at least two portions
of fatty fish weekly. People given fish advice consumed three times the
amount of fish compared to people not given such advice and were
significantly less likely to die within two years (relative risk reduction
29%; 95% CI 7% to 40%). (For information related to fish oil consumption,
see section on supplements.)

Benefits of Mediterranean diets
We found no large randomized trials that evaluated whether
Mediterranean diets improve survival in people without known
cardiovascular disease. We found one large randomized trial that
compared “usual” dietary advice to advice to consume a Mediterranean-
type diet in middle-aged people who had experienced a recent myocardial
infarction.59(Tx: L1b) The Mediterranean diet consisted of more bread, fruit,
vegetables and fish, less meat, and replacement of butter and cream with
rapeseed oil. This trial was stopped prematurely after two years because
many fewer deaths were observed with the Mediterranean compared to
the usual diet (relative risk reduction 70%; 95% CI 18% to 89%).

Benefits of salt restriction
We found multiple randomized trials that suggested, compared to usual
diets, low-salt diets with or without weight reduction may modestly
reduce blood pressure levels.60, 61(Tx: L1a) We found trials that suggested
people older than 45 years may have greater reductions in blood pressure
than younger people and that lesser reductions in salt restriction (60
mmol daily) were less effective than higher reductions.60-62 Actual salt
intake in most of the trials was heterogeneous, but a mean reduction in
sodium intake of 118 mmol (6.7 g) daily for 28 days led to reductions of
3.9 mm Hg (95% CI 3.0 to 4.8 mm Hg) in systolic blood pressure and 1.9
mm Hg (95% CI 1.3 to 2.5 mm Hg) in diastolic blood pressure.60 In elderly
people, one trial showed a mean decrease in salt intake of about 40 mmol
(2.35 g) daily reduced systolic blood pressure by 2.6 mm Hg (95% CI 0.4
to 4.8mm Hg) and diastolic blood pressure by 1.1mm Hg (95% CI 0.3 mm
Hg rise in diastolic to 2.5 mm Hg fall).61 We found that small trials tended
to report larger reductions in systolic and diastolic blood pressure than
larger trials, which is consistent with publication bias or less rigorous
methodology in small trials. We found no trials that examined the effects
of salt restriction on morbidity or mortality.
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Harms
We found no direct evidence that showed low-fat, high-fish, high-fruit
and vegetable, or low-salt diets increase serious or life-threatening events
or death. Epidemiological data regarding low-salt diets conflict, with one
observational study suggesting that very low-salt intakes may be
associated with increased incidence of myocardial infarction in middle-
aged men.63 Our experience is that the relative inconvenience and cost of
various diets are likely to vary from person to person, depending upon
prior diet and accessibility to particular foods.

Our practiced judgments
Multiple trials show that long-term maintenance of particular diets is
difficult for many people. Although low-fat diets and low-salt diets both
may have multiple benefits, we think the size and nature of their benefits
are unclear, and we do not know whether their benefits accrue
independently or are closely tied to other factors, such as socioeconomic
status and physically active lifestyles.34 Mediterranean-type diets high in
fish, vegetables, and fruits and low in meat and butter appear to improve
clinical outcomes in people who have had a myocardial infarction. Based
on above data, we routinely encourage adults with hypertension to avoid
high fat diets and to eat fish, fruits, and vegetables, but we do not
routinely refer such patients for extensive dietary or nutrition counseling.

What are the benefits and harms of 
weight loss for hypertensive overweight
patients?

Benefits
We found no randomized trials that examined the effects of weight loss
on morbidity and mortality. We found multiple trials that showed
modest weight reductions of 3% to 9% of body weight are achievable in
motivated middle-aged and older adults and may lead to modest
reductions in blood pressure in obese people with hypertension.64(Tx: L1a)
Participants in these trials had caloric intakes that ranged from 450 to
1500 kcal daily. Combined data from six trials that did not vary
antihypertensive regimens during the weight loss intervention period
showed mean blood pressure reductions of 3 mm Hg systolic (95% CI 0.7
to 6.8 mm Hg) and 2.9 mm Hg diastolic (95% CI 0.1 to 5.7 mm Hg). Trials
that allowed adjustment of antihypertensive regimens found that lower
doses and fewer antihypertensive drugs were needed in the weight
reduction groups compared with control groups.
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Harms
We found no direct evidence that intentional gradual weight loss of less
than 10% of body weight was harmful.

Our practiced judgments
Although we find many adults find it difficult to achieve and maintain
weight loss, we routinely recommend slow gradual weight loss in people
who are overweight. 

What are the benefits and harms of 
antiplatelet treatment in people with
hypertension?

Benefits
We found four large randomized trials that evaluated whether aspirin
chemoprophylaxis reduced the risk of coronary heart disease in people
who were at low risk for cardiovascular disease (primary
prevention).65(Tx: L1a) Low-risk people were those who had a 1% to 7% five-
year risk of cardiovascular disease. Three of the four trials used placebo
controls and were conducted under double-blind conditions. Aspirin
chemoprophylaxis was 500 mg daily or less in all the trials and was 75
mg daily in one. Pooled data showed aspirin chemoprophylaxis reduced
fatal and nonfatal coronary heart disease by 28% (95% CI 11% to 41%).
Overall, the incidence of stroke (summary odds ratio 1.06; 95% CI 0.89 to
1.26) and death (summary odds ratio 0.94; 95% CI 0.85 to 1.04) were not
affected. 

We found that two of the trials reported cardiovascular risk reductions
among patients with hypertension.66,67 However, a subanalysis of one of
the trials suggested aspirin reduced cardiovascular events in patients
with systolic blood pressure levels of 130 to 145 mm Hg (relative risk
0.68) but not in patients with systolic pressures greater than 145 mm Hg
(relative risk 1.08).68

We expect additional important information soon will become available
from the women’s health study, a randomized trial that is comparing
aspirin 100 mg daily versus placebo among 40 000 healthy postmeno-
pausal women.69

We found multiple randomized trials that evaluated whether aspirin
reduced cardiovascular events in people with high-risk or known
cardiovascular disease.34, 70(Tx: L1a) Compared to placebo, aspirin reduced
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the odds of a cardiovascular event by approximately 25% (summary
odds reduction 27%; 95% CI 24% to 30%).70 Trials that directly compared
various doses of aspirin generally reported similar efficacy with 75 to 325
mg daily doses compared to higher 500 to 1500 mg daily doses. 

We found randomized placebo-controlled trials that showed
thienopyridine agents, such as clopidogrel or ticlopidine also are
effective in reducing cardiovascular events in people with high risk or
known cardiovascular disease.34,  70 We found data comparing aspirin with
thienopyridine agents were scarce. One large randomized trial directly
compared aspirin and clopidogrel in several thousand people with recent
stroke or myocardial infarction or peripheral vascular disease.71(Tx: L1b)
Clopidogrel reduced cardiovascular events slightly more than aspirin
(relative risk reduction 8.7%; 95% CI 0.3% to 16.5%).

Harms
We found several pooled analyses from multiple randomized trials that
showed aspirin prophylaxis increases odds of gastrointestinal bleeding
by approximately 1.5 to twofold. 72–74(H: L1a) Increased risks were found
with low-dose prophylaxis consisting of 75 to 325 mg daily as well as for
higher doses of aspirin.75, 76 We found evidence was unclear regarding
whether higher doses were associated with marked increased risk of
bleeding.75–77 Risks did not appear lower with enteric-coated or buffered
preparations, and concomitant use of nonsteroidal antiinflammatory
agents or anticoagulants increased risks. 

We found aspirin was associated with a small increased risk of
hemorrhagic stroke, but most available evidence was derived from
middle-aged men and may not apply to elders who have higher baseline
rates of both ischemic and hemorrhagic stroke. 

Our practiced judgments
We have modeled estimated benefits and harms of aspirin prophylaxis
for patients with various levels of baseline risks for cardiovascular
disease (Table 4.4).65 We routinely advise hypertensive patients with
known cardiovascular disease, as well as patients with high risks for a
future cardiovascular event, that aspirin prophylaxis is more likely to
benefit than harm them. We consider patients to be high-risk when their
estimated five-year risks of cardiovascular events are 5% or greater. We
advise patients that the main potential benefits of aspirin prophylaxis are
prevention of heart attacks and that the main potential harms are
gastrointestinal bleeds and, to a lesser extent, hemorrhagic strokes. We
routinely advise clopidogrel for patients with known cardiovascular
disease who cannot take aspirin.

What are the elements of good treatment for hypertension? 101



Table 4.4. Estimation of benefits and harms of low-dose aspirin for people 
with various levels of baseline risk for cardiovascular events*.

Baseline risk over five years

Benefits and harms 1% 3% 5% 10%

Effect on total No effect No effect No effect Possible 
mortality small reduction

CVD events** 3 8 14 28
avoided in aspirin-treated

Effect on ischemic No change? No change? No change? 1 to 3
stroke prevented

Excess hemorrhagic 1 to 2 1 to 2 1 to 2 1 to 2
strokes in aspirin-treated

Excess major 3 to 7 3 to 7 3 to 7 3 to 7
gastrointestinal 

bleeds in 
aspirin-treated

*Estimates are based on 1000 patients receiving aspirin for five years and a relative risk
reduction of 28% for cardiovascular events with aspirin.

**CVD events include nonfatal acute myocardial infarction and fatal coronary heart disease.

What are the benefits and harms of 
modest alcohol consumption in people
with hypertension?

Benefits
We found that observational studies consistently showed an inverse
relationship between coronary artery disease and alcohol consumption.78

However, consuming more than two drinks daily (approximately 20g of
ethanol) was associated with increased total mortality, due primarily to
increased incidence of cancer, trauma, and cirrhosis.79(Pr: L1, L2) We found
numerous population studies that reported positive associations
between higher alcohol consumption and higher blood pressure levels;
the relation was generally linear, although several studies reported a
threshold effect at around two to three standard drinks a day.80

We found a systematic review of seven trials involving 751 hypertensive
people randomized to decrease or quit drinking versus no such advice.
Data were inconclusive regarding blood pressure benefits of alcohol
reduction among moderate to heavy drinkers (25 to 50 drinks weekly).81

Substantial reductions in alcohol use in both control and intervention
groups limited ability to detect differences between groups. 
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Harms
We found no direct evidence that reducing alcohol intake to as few as two
drinks a day is harmful. Multiple studies show higher intakes are
positively associated with higher death, cancer, trauma, and cirrhosis
rates.

Our practiced judgments
We routinely advise our hypertensive patients who do not have a history
of substance abuse that consuming one to two drinks per day is probably
safe and possibly protective, but that more than this is likely harmful. We
routinely advise patients with histories of substance abuse not to
consume alcohol.

What are the benefits and harms of 
anticoagulant treatment in people with
hypertension?

Benefits
We found one large placebo-controlled trial that evaluated whether oral
anticoagulation with low-dose warfarin or aspirin improves clinical
outcomes in individuals without evidence of cardiovascular disease.82

The targeted international normalized ratio (INR) for patients assigned to
warfarin was 1.5. Compared with placebo, warfarin reduced the rate of
all coronary heart disease by 21% (95% CI 4% to 35%) and had no
statistically significant effect on the rate of strokes or cardiovascular
death. 

We found multiple randomized controlled trials that evaluated whether
oral anticoagulation with warfarin improves clinical outcomes in people
with known cardiovascular disease.83(Tx: L1a) Pooled analyses showed that
high intensity anticoagulation with target aims of INR greater than 2.8
decreased the odds of death, stroke and myocardial infarction by 43%
(95% CI 37% to 49%). Moderate-intensity anticoagulation with a target
INR within the 2.0 to 3.0 range did not significantly decrease the odds of
death, stroke, and myocardial infarction. Trials that directly compared
moderate- or high-intensity oral anticoagulation with aspirin showed
similar effects of these agents on death, myocardial infarction, and stroke.
Pooled analyses of trials that evaluated combination regimens of oral
anticoagulation added to aspirin were inconclusive. However, they
suggested low-intensity warfarin with target INR less than 1.5 added to
warfarin was not significantly superior to aspirin alone in decreasing
death, myocardial infarction, and stroke (odds ratio 0.91, 95% 0.79 to 1.06).
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Harms
We found that pooled analyses of multiple, randomized controlled trials
showed moderate- to high-intensity oral anticoagulation compared to
control increased the odds of major bleeds approximately six- to
eightfold. Most of these bleeds were gastrointestinal and extracranial.
Pooled analyses show high- or moderate-intensity oral anticoagulation
compared to aspirin increases odds of major bleeds by more than twofold
(odds ratio 2.4; 95% CI 1.6 to 3.6).83(H: L1a)

Our practiced judgments
We routinely advise our hypertensive patients to take aspirin rather than
warfarin. 

What are the benefits and harms of 
various antioxidants and vitamins for
people with hypertension? 

Antioxidant minerals
We found little evidence that either supported or refuted cardio-
protective associations of copper, zinc, or manganese.84 Cohort studies,
carried out primarily in Finland where intake of selenium is low, report
increased risk of ischemic heart disease in people with low blood
selenium concentrations.85(Pr: L1b)

Beta-Carotene
Prospective cohort studies of ß-carotene report protective associations
between increased intake of ß-carotene and cardiovascular disease.86–88(Pr: L1a)
However, large trials do not show benefits and suggest harm.89–91(Tx: L2b) For
example, one trial suggests supplements are associated with a relative risk
increase for cardiovascular deaths of 0.12 (95% CI 0.04 to 0.22).91 Whether the
trial findings are specific to a particular isomer or dose of ß-carotene is not
clear.

Vitamin C
Multiple cohort studies have shown variable results regarding
associations between vitamin C and coronary heart disease and stroke.86, 89

(Pr: L2) We found no large, long-term trials that evaluated clinical effects of
vitamin C supplementation. 
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Vitamin E
Multiple large cohort studies show positive associations between
increased dietary or supplemental vitamin E intake and ischemic heart
disease.86, 92–95(Pr: L1b, L2b) Four large randomized controlled trials have
evaluated clinical benefits of vitamin E.91, 96–98(Tx: L1b) The largest trial included
29133 male Finnish smokers with and without known cardiovascular
disease.91 Other trials were limited primarily to participants with known
cardiovascular disease. Daily doses that have been evaluated are 30 mg,
300 mg, 400 IU, and 800 IU (1 IU=0.67 mg). The individual trials have
reported mixed results; decreases in nonfatal coronary heart disease
events, as well as increases in coronary heart disease death, have been
suggested. Pooled analyses of the trials showed no evidence that vitamin
E affected cardiovascular disease incidence or death.34

Multivitamins
A large factorial trial from China has compared combinations of the
following: retinol (10000 IU) and zinc (22.5 mg); riboflavin (5.2 mg) and
niacin (40 mg); ascorbic acid (120 mg) and molybdenum (30 µg); and ß-
carotene (15 mg), selenium (50 µg), and vitamin E (30 mg).34(Tx: L2b) After six
years, the combination of ß-carotene, selenium, and vitamin E showed a
relative risk reduction in death from all causes of 0.09 (95% CI 0.01 to
0.16). Other combinations were not associated with reductions in stroke
or death. A second trial from China randomized people with esophageal
dysplasia to receive a multivitamin supplement that contained 14
vitamins and 12 minerals. The supplement included vitamin C (180 mg),
vitamin E (60 IU), ß-carotene (15 mg), and selenium (50 µg). After six
years, the relative risk reduction for death was 0.07 (95% CI 0.16 relative
risk increase to 0.25 relative risk reduction) and for stroke was 0.33 (95%
CI 0.07 relative risk increase to 0.63 relative risk reduction).99, 100(Tx: L2b)

Fish oil
Several short-term trials of a few months in duration have found that 
fish oil (omega-3 polyunsaturated fatty acids) supplementation in large
doses of greater than or equal to 3g daily modestly lowers blood
pressure.101(Tx: L2b) The mean decrease in blood pressure in the treatment
groups relative to the control groups was approximately 4.5 mm Hg
systolic (95% CI 1.2 to 7.8 mm Hg) and 2.5 mm Hg diastolic (95% CI 0.6 to
4.4 mm Hg). We found no evidence of beneficial effect on blood pressure
at lower intakes of less than 3g daily. Belching, bad breath, fishy taste,
and/or abdominal pain occur in about one-third of people taking high
doses of fish oil. 

We found no trials that examined effects of fish oil supplementation on
morbidity and mortality in people without known cardiovascular
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disease. We found one large randomized trial that showed people who
had survived a myocardial infarction who were assigned to receive 1 g
daily of fish oil versus no fish oil were less likely to die within three to
four years (relative risk reduction 0.14; 95% CI 0.03 to 0.24).96(Tx: L1b)

Flavonoids
Multiple cohort studies report variable associations between increased
flavonoid intake and ischemic heart disease.55, 102–105(Pr: L2, L3) One
observational study reported a reduced risk of stroke with increased
flavonoid intake.106(Tx: L4)

Our practiced judgments
We routinely advise our hypertensive patients to avoid �-carotene, and
the benefits of vitamins and supplements other than fish oil are likely
nonexistent or small. We do tell people with past myocardial infarctions
that fish oil supplements may improve survival. 

What are the benefits and harms of 
garlic, potassium, calcium, and
magnesium supplementation in people
with hypertension?

Benefits
We found no verifiable randomized trials that examined the effects of
garlic, potassium, calcium, or magnesium supplementation on morbidity
or mortality. We found 30 trials that measured blood pressure outcomes
among people randomized to garlic supplementation compared to
placebo or nonplacebo controls.107(Tx: L2b) Garlic preparations that were
used varied widely, biologically active constituents of studied
preparations were often unclear, blinding of participants and observers
was often suspect, and cointerventions with antihypertensive therapies
were often not described. Although several trials reported within group
significant reductions in blood pressure, only three demonstrated
statistically significant reductions in blood pressure between people
randomized to garlic and those serving as controls. 

We found several trials that showed that daily potassium
supplementation of about 60 mmol (2000 mg, which is roughly the
amount contained in five bananas) reduces blood pressure a little.108(Tx: L1a,

L1b, L2b) Interventions most often consisted of potassium chloride 
supplementation ranging from 60 to 100 mmol daily. The mean decrease
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in blood pressure in the intervention groups compared with controls was
4.4 mm Hg systolic (95% CI 2.2 to 6.6 mm Hg) and 2.5 mm Hg diastolic
(95% CI 0.1 to 4.9 mm Hg). 

Several short-term, small randomized trials of several weeks duration in
normotensive and hypertensive adults showed calcium supplementation
ranging from 500 to 2000 mg daily may reduce systolic blood pressure by
very small amounts.109(Tx: L2b) On average, mean systolic blood pressure
reduction was 1.4 mm Hg (95% CI 0.7 to 2.2 mm Hg); mean diastolic
reduction was 0.8 (95% CI 0.2 to 1.4 mm Hg). We found no good evidence
on the effect of magnesium supplementation on blood pressure in people
with hypertension and normal magnesium concentrations; a few small,
short-term trials have reported mixed results.34(Tx: L2b)

Harms
We found most garlic supplements are associated with malodorous
breath and body odor (H: L1a) and possibly esophageal or abdominal pain,
flatulence, and bleeding.107(H: L2b, L4) We found no direct evidence of harm
from potassium supplementation in people without kidney failure and in
people not taking drugs that increase serum potassium. We found
gastrointestinal adverse effects, such as belching, flatulence, diarrhea, or
abdominal discomfort, can occur in as many as 10% of people taking
potassium supplements. We found reported adverse gastrointestinal
effects of calcium supplementation, such as abdominal pain, were
generally mild and varied among particular preparations.

Our practiced judgments
We routinely advise our hypertensive patients that the cardiovascular
benefits of taking supplements, such as garlic, potassium, calcium, or
magnesium, are unknown but likely to be small or nonexistent.
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Patient Notes
Mr Willie Maykit
• Hypertensive diabetic
• On multiple medications and

supplements

Actions
• Continue metformin, ACE inhibitor,

and aspirin.
• Advise discontinuation of ß-carotene.
• Advise little likely benefit of his supplements, such as

magnesium, on blood pressure control or cardiovascular
outcomes.

• Advise healthy high vegetable and fish diet, and regular
physical activity.

• Check lipid levels.



Summary bottom lines
• Antihypertensive agents. Inform patients that there are several

appropriate options for initial treatment of hypertension (Table 4.3).
Of the drug options, thiazide diuretics are well-proven, first-line
agents for hypertensive patients without special comorbid
conditions. Alternative agents with some albeit less proven evidence
of efficacy are some beta-blockers, ACE inhibitors, and some long-
acting calcium channel blockers. Avoid short-acting alpha-agonists
and short-acting calcium channel blockers. (Level 1 evidence)

• Dyslipidemia treatment. Recommend diet and drug therapy for
hypertensive patients with dyslipidemia (elevated LDL cholesterol 
or LDL less than 3.6 mmol/L and decreased HDL) and known
cardiovascular disease. In hypertensive people without known
cardiovascular disease, use risk equations such as those described in
Chapter 3 to estimate their individual future risk of cardiovascular
disease. Use diet and drug therapy in patients who have an estimated
annual risk of coronary heart disease of greater than 1%. (Level 1
evidence)

• Quit smoking advice. Routinely advise hypertensive patients who
smoke to quit. Refer people who are contemplating quitting to
various clinic and community counseling, and nicotine replacement
programs. Routinely advise hypertensive patients who do not smoke
to avoid tobacco. (Level 1 evidence)

• Regular physical activity. Routinely advise adults to maintain active
lifestyles. Although the clinical significance of reductions in blood
pressure observed with regular exercise is uncertain, regular physical
activity is associated with decreased risk of cardiovascular disease.
As many adults may find regular exercise programs difficult to
sustain, repeat advice at multiple visits and reinforce maintenance of
physical activity for patients who are engaging in active lifestyles. As
risks of sudden death are highest among habitually sedentary people,
recommend gradual programs of increasing exercise for people who
are sedentary. (Consensus opinion and Level 1 prognostic evidence)

• Diet advice. Maintenance of particular diets is difficult for many
people. Inform patients that low-fat diets and low-salt diets both may
have benefits, but the size and nature of their benefits are unclear. Do
advise Mediterranean-type diets high in fish, vegetables, and fruits
and low in meat and butter, particularly in people with known
coronary heart disease, as this diet may improve clinical outcomes.
(Level 1 evidence) 
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• Weight loss advice. Although many adults find it difficult to achieve
and maintain weight loss, routinely recommend slow gradual weight
loss in people who are overweight. (Consensus opinion) 

• Anticoagulant advice. Consider aspirin rather than anticoagulant
therapy for patients with known cardiovascular disease. Although
anticoagulant therapy with warfarin likely will improve
cardiovascular outcomes in such patients, realize it requires more
intensive monitoring and is associated with higher incidences of
major bleeds than aspirin. (Level 1 evidence) 

• Aspirin prophylaxis. Advise hypertensive patients with known
cardiovascular disease, as well as patients with high risks for a future
cardiovascular event, that aspirin prophylaxis is more likely to
benefit than harm them. Consider patients with estimated five-year
risks of cardiovascular events that are 5% or greater to be high risk.
Advise patients that the main potential benefits of aspirin
prophylaxis are prevention of heart attacks and that the main
potential harms are gastrointestinal bleeds and, to a lesser extent,
hemorrhagic strokes. Advise clopidogrel for patients with known
cardiovascular disease who cannot take aspirin. (Level 1 evidence) 

• Alcohol consumption. Advise hypertensive patients who do not
have a history of substance abuse that consuming one to two drinks
per day is probably safe and possibly protective, but that more than
this is likely harmful. Advise patients with histories of substance
abuse not to consume alcohol. (Level 1 prognostic evidence)

• Beta-carotene, vitamins, and fish oil. Advise hypertensive patients to
avoid supplements containing ß-carotene. Advise them that the benefits
of vitamins and supplements other than fish oil are likely nonexistent or
small. Do tell people with past myocardial infarctions that fish oil
supplements may improve survival. (Mixed Level 1 evidence) 

• Garlic, calcium, potassium, and magnesium supplements. Advise
hypertensive patients that the cardiovascular benefits of taking
supplements such as garlic, potassium, calcium, or magnesium are
unknown but likely small or nonexistent. (Mixed Level 1 evidence)
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We identified English language and human-related literature for this chapter by
searching MEDLINE, the Cochrane Controlled Trial Registry, and PsycINFO. We searched
for systematic reviews and meta-analyses addressing treatment of hypertension from
1966 to 2000. As there are more than 10000 randomized trials that address treatment
of hypertension, we only searched for new trial evidence published since 1995. We
screened titles/abstracts of approximately 500 systematic reviews and meta-analyses
and approximately 1500 trials to help identify the highest quality relevant information
to include in the chapter.
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patients based on
their cardiovascular
risk profile?
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What parameters should we consider when we
help patients with multiple cardiovascular risk
factors prioritize their treatments?

Which therapies will most benefit patients with
hypertension and other cardiovascular risk
factors, but no known cardiovascular disease?

Which therapies will most benefit patients with
hypertension, other cardiovascular risk factors,
and known cardiovascular disease?

How do we help prioritize and sequence various
treatments for hypertensive patients with
multiple cardiovascular risk factors?

Summary bottom lines



118 Evidence-based Hypertension

Patient Notes
Mr William Jones
• Retired city planner
• Hypertension
• 5-year CVD risk: 5%

Mrs Elizabeth Jefferies
• Violinist
• Hypertension, diabetes,

osteoarthritis
• 5-year CVD risk: 7%

Mrs Pauline Smith
• School volunteer
• Hypertension, diabetes,

dyslipidemia, sinusitis
• 5-year CVD risk: 10%

Mr Edward McIntosh
• Retired epidemiologist
• Hypertension, recent myocardial

infarction
• 5-year CVD risk: 15%



What parameters should we consider 
when we help patients with multiple
cardiovascular risk factors prioritize
their treatments?

In Chapter 3, we described tools that can be used to estimate
cardiovascular prognosis for individual patients. In Chapter 4, we
described treatments that are more likely to benefit than harm patients
with hypertension. We described several effective therapies for
hypertensive patients with and without known cardiovascular disease
(see Tables 4.1 and 4.2, Chapter 4). In this chapter, we discuss methods for
integrating and prioritizing therapies for individual patients with
various cardiovascular risk profiles. 

We believe assessment of individual risk is necessary to optimize
decisions about who to treat with what therapy. Such assessment
identifies important comorbid cardiovascular risk factors that may
warrant treatment, and helps establish the amount of absolute benefit
that patients can expect from particular therapies. We also believe that
the benefits of treating hypertensive individuals vary, depending upon
each person’s competing risks of dying from noncardiovascular-related
causes. For example, a patient with multiple serious conditions, such as
end-stage Alzheimer’s disease, obstructive lung disease, frequent falls,
gout, and urinary incontinence, has high competing risks that may
minimize or negate the benefits of treating hypertension.

We find prioritization of treatments for patients with multiple
cardiovascular risk factors and multiple conditions very difficult.
Multiple parameters, such as those given in Box 5.1, deserve
consideration. Knowing and weighing the parameters across multiple
risk factors, conditions, and therapies is laudable, but often not
achievable. Explaining them to patients is daunting and time-consuming.
Some patients are more interested in our “bottom line, authoritative”
recommendations than they are in obtaining diverse, complicated
information necessary to make their own or joint informed decisions.
Nevertheless, we advocate informed joint decision-making, with
attention to the parameters given in Box 5.1, when possible. 
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Box 5.1. Parameters that help prioritize among various treatments
for patients.

• Type and immediacy of expected benefits

• Magnitude of expected benefits

• Type and immediacy of expected harms

• Magnitude of expected harms

• Availability and costs of treatments

• Feasibility, likely adherence with treatments

• Competing risks from various conditions

• Expected interactions with other treatments

• Patient and provider preferences and values  

Which therapies will most benefit 
patients with hypertension and other
cardiovascular risk factors, but no
known cardiovascular disease?

Types of benefits that can be expected from treatment of hypertension
and other cardiovascular risk factors include fewer deaths and longer
survival times, and less fatal and nonfatal cardiovascular disease, such as
myocardial infarction and stroke. Table 5.1 shows the approximate
magnitude of such benefits that can be expected from particular
therapies in people without known cardiovascular disease. The
magnitude of risk reduction for cardiovascular disease is similar for
antihypertensive and lipid-lowering drug therapy; it is slightly lower for
aspirin prophylaxis. Both the type and magnitude of benefits that can be
expected from lifestyle interventions, such as exercising more or quitting
smoking, are less clear. 

Of note, some benefits occur immediately, such as those from aspirin,
while others may require a year or more of treatment, such as those from
lipid-lowering therapy. The effect of long-term treatment for more than
ten years is unknown for all of the interventions. Finally, some of the
interventions, such as quitting smoking, have multiple benefits including
decreased risk of lung cancer and respiratory disease, that are not shown.
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Table 5.1. Approximate relative risk reductions associated with various 
treatments for hypertensive people with other cardiovascular risk factors 
but no known cardiovascular disease

Therapy Approximate relative Approximate relative
risk reduction for risk reduction

death (range) for cardiovascular 
disease (range)

ACE inhibitor (ramipril) 15% (5% to 25%) 20% (15% to 30%)

Antiglycemic Not demonstrated Not demonstrated
drug therapy

Antihypertensive 10% (5% to 20%) 30% (15% to 40%)
drug therapy

Antilipidemic 5% (20% reduction to 30% (20% to 40%)
drug therapy 10% increase)

Aspirin 5% (15% reduction 15% (5% to 30%)
to 5% increase)

Physical activity Unclear Unclear

Smoking cessation Unclear, as much as Unclear, as much as 50%
20% or more

Which therapies will most benefit 
patients with hypertension, other
cardiovascular risk factors, and known
cardiovascular disease?

Patients with hypertension and known cardiovascular disease are at high
risk of future cardiovascular events and warrant aggressive risk factor
management. We found that several different effective therapeutic
options, given in Table 4.2, are available. We found little data that
addressed how the different therapies interacted with one another to
reduce risk. As more marked degrees of abnormalities of risk factors are
associated with higher risks, we usually prioritize treatment of extremely
abnormal levels of blood pressure or lipids over treatment of mildly
abnormal levels of these or other risk factors. Table 5.2 shows
approximate risk reductions that can be expected with different
treatments for patients with known cardiovascular disease.
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Table 5.2. Approximate relative risk reductions associated with various 
treatments for hypertensive people with other cardiovascular risk factors 
and known cardiovascular disease

Therapy Approximate relative Approximate relative
risk reduction for risk reduction

death (range) for cardiovascular 
disease (range)

ACE inhibitor (ramipril) 15% (5% to 25%) 20% (15% to 30%)

Antiglycemic Not demonstrated Not demonstrated
drug therapy

Antilipidemic 20% (10% to 30%) 30% (20% to 40%)
drug therapya

Aspirin 15% (10% to 20%) 25% (10% to 40%)

Beta-blockers 25% (15% to 30%) 25% (10% to 40%)

Cardiac rehabilitation 25% (10% to 40%) 25% (10% to 40%)

Fish oil 15% (5% to 25%) 10% (0% to 20%)

Mediterranean diet 30% (10% to 80%) 30% (45% to 85%)

Smoking cessation Unclear, as much Unclear, as much
as 20% or more as 50%

aApplies primarily to statin treatment for elevations in LDL and total cholesterol. Treatment with
fibrates for near normal LDL and total cholesterol, but low levels of HDL cholesterol, has shown
risk reductions of approximately 10% for death and 25% for cardiovascular disease.

How do we help prioritize and sequence
various treatments for hypertensive
patients with multiple cardiovascular
risk factors? 

We have no profound illuminations regarding fail-safe methods for
helping patients prioritize treatment preferences. We believe that
decisions about which therapies should be used together and the order in
which they should be initiated depends upon the following: 

• The types of benefits that patients are most interested in

• The patient’s individual risk profile and comorbid conditions

• The degree of modifiability of risk and comorbid conditions

• The effect size of available treatments

• The types and frequency of harms found with particular treatments

• The availability, complexity, feasibility, and costs of particular therapies

• Whether patients think they are ready to adhere to particular therapies

• The degree of certainty or uncertainty of assessments
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When facing patients with multiple risk factors and conditions, we
ideally use the above principles to guide our discussions regarding
which therapies should be tried and when. When possible, we use
balance sheets and decision aids, such as Table 4.4 addressing benefits
and harms of aspirin in Chapter 4 and the sample shown in Box 5.2, to
guide discussions. As available data suggest that the relative risk
reductions that can be achieved with particular therapies are generally
independent of underlying cardiovascular risk levels, we project absolute
benefits of treatments for individual patients based on their own
individual risk profiles. Thus, patients at higher risk stand to gain more
from treatment over the next five to ten years than patients at lower risk,
and are less likely to have the benefits of treatment offset by other harms.
Ideally, we try to reach agreement with patients about what constitutes
sufficient enough risk to warrant starting and/or adding treatment. 

Box 5.2. Decision tool for patients without known cardiovascular disease.

Name Mr Singh

Age 85 years

Systolic blood pressure 160 mm Hg

Total cholesterol 20 mg/dl

HDL cholesterol 38 mg/dl

Sex � Male �� Female

Smoker �� Yes � No
Diabetes �� Yes � No
ECG-based LVH � Yes �� No
Risk Time Range 5 Years

Mr Singh, your risk of having a cardiovascular event, such as a stroke or heart attack,
in the next five years is about 25%. By comparison, an 85-year-old man with no risk
factors has about a 15% chance of having such events in the next five years.

The graph shows your risk.

5-year risk for cardiovascular events

Low � High

0% 5% 10% 15% 20% 25% 30%

A number of treatments are available to you that may help prevent future cardiovascular
problems. Some are listed below:

�� Aspirin

��� Blood pressure medication

�� Lipid medication
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Box 5.2 continued. Decision tool for patients without known 
cardiovascular disease.

Taking medication to lower your blood pressure reduces your chance of having a heart attack
or stroke, and several medications are available for this purpose. On average, these
medications lower the chance of having a heart attack or stroke by about 30%. The graph
below shows your own chance of having a heart attack or stroke would be decreased from
about 25% to about 15%. They also reduce the chance of developing heart failure — a
condition in which your heart does not pump the blood well, causing swelling in the legs and
shortness of breath –— by 50%.

Several different medications are available for treating hypertension. Your choice of
medications will depend on many factors, including the cost and side effects of the
medications and the presence of other illnesses that may be helped or worsened by the
medication used to treat high blood pressure.

Risk of heart attack or stroke after adding blood pressure medication

Low � High

0% 5% 10% 15% 20% 25% 30%

Adapted from tool developed by Michael Pignone, MD, MPH: www.med-decisions.com/cvtool

To help prioritize for patients without known cardiovascular disease, we
try to estimate the amount of risk associated with each of the patient’s
risk factors and conditions, using tools such as those described in
Chapter 3. We tie our estimate of benefit from a particular therapy to our
estimate of risk from a particular factor or condition. For example, we
postulate that a patient with especially abnormal levels of a risk factor,
such as severe hypertension, may benefit more from having his or her
hypertension treated than by taking an aspirin. 

We do inform patients about the types of benefits and harms that they
might expect from particular treatments. For example, primary
prevention trials show that aspirin and lipid lowering statin drugs both
reduce risk of coronary heart disease, but probably not stroke. Aspirin is
much less expensive than statin drugs, but it precipitates more adverse
effects, such as gastrointestinal bleeding. Some patients’ choices between
using an aspirin or a statin or both may depend on the costs of the drugs
and their perceived risks of adverse effects. Other patients’ choices may
be more dependent upon their perceived benefits of treatments. For
example, some patients may prefer to stop smoking rather than taking
either an aspirin or a statin, because of perceived multiple benefits of
smoking cessation, and fewer perceived benefits from the aspirin or
statin. Other patients may feel that they are not ready or able to quit
smoking, yet they are ready and able to take medications.
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Patient Notes
Mr William Jones
• Hypertension
• 5-year CVD risk: 5%

Clinician’s actions
• Advised that antihypertensive

therapy with a low-dose
diuretic or ACE inhibitor
would reduce Mr. Jones’ five-
year chance (relative risk) of
death by about 10% and reduce his chance (relative risk) of a
CVD event by about 30%. Advised that such treatment would
decrease  Mr Jones’ five-year probability of having a CVD
event from about 5% to about 3% (absolute risk). Advised of
potential side effects of diuretics and ACE inhibitors.

• Advised that aspirin prophylaxis would reduce his five-year
chance of a CVD event by about 15%, would not affect his risk
of death, and would increase his risk of major gastrointestinal
bleeding by 0.1–0.2% per year.

Mr Jones’ informed decision
• Chooses antihypertensive therapy with a low-dose diuretic.
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Patient Notes
Mrs Elizabeth Jefferies
• Hypertension, diabetes, arthritis
• 5-year CVD risk: 7%

Clinician’s action
• Advised that antihypertensive

therapy with an ACE inhibitor
would reduce Mrs Jefferies’
chance of CVD events by 20%,
from an absolute risk of 7%
over 5 years to about 5.5% over 5 years. Advised that adding
aspirin would reduce her chance of CVD events by 15%, from
5.5% to 4.5% over 5 years, and would increase her risk of
major GI bleeding by more than 0.1- 0.2% per year. Advised
that her current NSAIDs that she takes for arthritis might
interfere with her antihypertensive therapy and increase her
blood pressure (see Chapter 7), and that stopping her NSAIDs
would decrease her bleeding risks. Advised that the benefits
of antiglycemic therapy are unclear but that her chances of
retinopathy and albuminuria would be decreased.

Mrs Jefferies’ informed decision
• Chooses aspirin, ACE inhibitor, and antiglycemic therapy.

Chooses to continue her NSAIDs as well as the aspirin despite
increased bleeding risks because she wants to be pain free and
other pain therapies have not worked for her in the past.
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Patient Notes
Mrs Pauline Smith
• Hypertension, diabetes,

dyslipidemia, sinusitis
• 5-year CVD risk: 10%

Clinician’s action
• Advised that aspirin would

reduce Mrs Smith’s relative
risk of CVD by 15%, an ACE
inhibitor by 20%, and a lipid
lowering agent by 30%. Advised that taking a lipid lowering
drug would reduce her absolute risk from 10% to 7% over 5
years. Adding an ACE inhibitor would likely reduce her
absolute risk further to about 5.5% over 5 years, and adding an
aspirin would reduce her absolute risk to 4.5% over 5 years.
The aspirin would also increase her risk of a major
gastrointestinal bleed by 0.1–0.2%. Advised that aspirin is less
expensive than the lipid lowering drug and the ACE inhibitor,
and that all involve taking single daily doses. 

Mrs Smith’s informed decision
• Chooses to use the statin drug and ACE inhibitor, but not to

take aspirin as the increase in risk of bleeding was too close to
the additional benefit of reducing a cardiovascular event. She
says all of this information about her hypertension, diabetes,
and cholesterol is well and good, but what are we going to do
about the sinusitis that is bothering her now?
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Patient Notes
Mr Edward McIntosh
• Hypertension, recent myocardial

infarction
• 5-year CVD risk: 15%

Clinician’s action
• Advised that switching from a

current high-fat, fast-food diet to a
Mediterranean-type diet could
reduce Mr McIntosh’s relative risk
of death and future myocardial infarctions by about 30% to 50% in
the next two to five years. Advised that this means an absolute risk
reduction for him from his current five-year risk of 15% to around
7% or 10%. Advised that aspirin, a beta-blocker, and cardiac
rehabilitation could each reduce his relative risks of CVD by about
25%, or from 15% to 11%. Advised that combining effective
interventions such as beta-blockers and aspirin will likely reduce
risks further than either intervention alone. Advised that fish oil
supplements alone could reduce relative risk of recurrent
myocardial infarction by about 10%, but that added benefits of fish
oil supplements over consuming Mediterranean-type diets are
unclear. Advised regarding potential adverse effects of therapies
and their costs. 

Mr McIntosh’s informed decision
• Chooses to initiate therapy with a beta-blocker and adopt a

Mediterranean diet. He decides against aspirin therapy because of
a history of stomach upset when he has used aspirin in the past.
Unfortunately, he opts out of cardiac rehabilitation, claiming lack
of time and inconvenience.



Summary bottom lines
• Use the following parameters to help patients with multiple risk

factors and conditions prioritize their treatments (Consensus opinion):

– Assess the types of benefits that patients are most interested in. 
– Assess the patient’s individual risk profile and comorbid

conditions.
– Estimate the degree of modifiability of risk and comorbid

conditions.
– Consider the effect size of available treatments. 
– Review the types and frequency of harms found with particular

treatments.
– Review the availability, complexity, feasibility, and costs of

particular therapies. 
– Ask whether patients think they are ready to adhere to particular

therapies.
– Be honest about your degree of certainty or uncertainty of

assessments.

• Do not forget to address patient’s other comorbid conditions, and to
stay within the time constraints of busy clinic schedules! (Consensus
opinion)

• When available, use written materials and decision aids to help guide
discussions. (Consensus opinion)
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therapy for patients
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conditions?
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When should the presence of comorbid conditions
affect initial choices of antihypertensive drugs?

Which comorbid conditions have good
indications to prescribe specific
antihypertensive therapies?

Which comorbid conditions do not have good
indications to prescribe specific
antihypertensive therapies?

Which comorbid conditions have good
indications to avoid specific antihypertensive
therapies?

Which comorbid conditions do not have good
indications to avoid specific antihypertensive
therapies?

Which comorbid conditions have significant
clinical trade-offs in prescribing or avoiding
specific antihypertensive therapies?
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Which comorbid conditions have insufficient
evidence to either prescribe or avoid specific
antihypertensive therapies?

Summary bottom lines
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Patient Notes
Mr William Lee, age 55, 
corporate sales executive
• Takes HCTZ for hypertension

Reason for visit
• Three gouty attacks in the last 12 months

Clinical findings
• BP 142/86 mm Hg

Clinical question
Should possible drug-related adverse effects influence our choice
of antihypertensive therapy in adults with specific comorbid
conditions such as gout?

Mrs Marjorie Poindexter, 
age 74, retired
• Takes HCTZ for hypertension

Reason for visit
• Follow-up of hypertension and frequent

migraines

Clinical findings
• BP 165/90 mm Hg

Clinical question
When should a comorbid condition, such as migraine headaches,
influence our choice of antihypertensive agents?



When should the presence of comorbid
conditions affect initial choices of 
antihypertensive drugs?

In the following sections we examine several health conditions that may
affect the choice of initial antihypertensive therapy. These conditions fall
into two categories: (1) conditions in which a particular therapy may
offer particular specific benefits, and (2) conditions for which certain
therapies may cause particular harms.

Which comorbid conditions have good
indications to prescribe specific 
antihypertensive therapies?

Coronary artery disease
Angina

We found a meta-analysis of multiple randomized trials that compared
antianginal drugs such as beta-blockers and calcium channel blockers.
Rates of myocardial infarction or cardiac death were similar between
groups.1(Tx:L1a) Overall, beta-blockers were slightly more successful than
calcium channel blockers in reducing anginal episodes (0.31 fewer
episodes per week; 95% CI 0.00 to 0.62). Also, there were fewer
withdrawals from adverse effects with beta-blockers compared with
calcium channel blockers. However, when calcium channel blockers
other than nifedipine were compared with beta-blockers, there was no
difference in anginal events or withdrawal rates. Longer-acting calcium
channel blockers appeared to perform moderately better than short-
acting agents, but the differences were not statistically significant.

Our practiced judgments 

In patients with angina and hypertension, we prefer beta-blockers for
initial therapy if there are no strong contraindications, such as severe
asthma. We use long-acting calcium channel blockers, other than
nifedipine, when beta-blockers cannot be used or when additional agents
are needed for control of symptoms. We also consider ACE inhibitors
concomitantly for high-risk patients with angina and hypertension. ACE
inhibitors may decrease myocardial infarctions and improve survival,
although their effect on angina symptoms is unclear (see below).
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Myocardial infarction

We found several randomized controlled trials that showed patients who
have had a myocardial infarction with no evidence of systolic dysfunction
live longer when they are given long-term beta-blocker therapy.2(Tx:L1a)
Pooled analyses show that the odds of death are reduced by 23% (odds
ratio 0.77; 95% CI 0.69 to 0.85) in patients receiving long-term beta-blocker
therapy compared with those receiving placebo. The risk of nonfatal
reinfarction was reduced by 24% (95% CI 11% to 36%). Of note, beta-
blockers with intrinsic sympathomimetic acitivity should not be used.

We found one large trial in patients at high-risk of cardiovascular disease
that showed an ACE inhibitor, ramipril, reduced the risk of death by 16%
and the risk of cardiovascular events by 22% (relative risk 0.78; 95% CI
0.70 to 0.86) compared with placebo.3(Tx:L1b) In this trial, approximately
52% of the participants had previously had a myocardial infarction, 47%
had hypertension, and 40% were taking beta-blockers. We found
multiple trials that showed various ACE inhibitors reduced
cardiovascular morbidity and/or mortality after myocardial infarction in
patients with left ventricular systolic dysfunction.4(Tx:L1a)

Please see the section that describes conditions with indications to avoid
specific drugs for discussion of calcium channel blockers in people with
myocardial infarction.

Our practiced judgments 

We routinely prescribe beta-blockers without intrinsic sympathomimetic
activity for patients with hypertension and myocardial infarction. We
routinely concomitantly prescribe ACE inhibitors for patients with
hypertension and myocardial infarction complicated by left ventricular
systolic dysfunction. In patients with known left ventricular systolic
dysfunction, we titrate beta-blocker doses very slowly and avoid them if
patients have acute exacerbations of heart failure symptoms. We
routinely avoid calcium channel blockers, such as diltiazem, in patients
with hypertension, recent myocardial infarction, and left ventricular
systolic dysfunction. In patients with hypertension, myocardial
infarction, left ventricular systolic dysfunction, and symptomatic angina
despite ACE inhibitors, beta-blockers, and nitrates, we consider adding
amlodipine and/or revascularization.

Diabetes
We found multiple randomized trials that showed antihypertensive therapy
reduced cardiovascular disease morbidity and mortality in people with
diabetes.5(Tx:L1a) ACE inhibitors, beta-blockers, and low dose thiazide
diuretics were proven effective agents, and one large trial reported no
difference in renal disease between diabetic patients randomized to a beta-
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blocker or ACE inhibitor.6(Tx:L1b) We found two trials that reported
hypertensive diabetic patients who were randomized to take an ACE
inhibitor had fewer coronary heart disease events than patients randomized
to a calcium channel blocker (nisoldipine or amlodipine).7,8(Tx:L1b)

We found a cohort study of over 12 000 American adults aged 45 to 64
that reported patients with hypertension who were taking thiazide
diuretics, calcium channel blockers, or ACE inhibitors had no difference
in the rate of developing diabetes than patients on no therapy.9(H:L2b)
Patients taking beta-blockers had a relative hazard for diabetes of 1.28
(95% CI 1.04 to 1.57) after adjustment for potential confounders. 

We also found a large trial that showed fewer cardiovascular events in
diabetics who had more tightly controlled blood pressure levels (below
150/85 mm Hg) compared to less tightly controlled blood pressures
(below 180/105 mm Hg).10 (Please see Chapter 7 for more information
regarding blood pressure targets in people with and without diabetes. Of
note, antiglycemic therapy for Type 2 diabetes may decrease retinopathy
albuminuria but has no significant demonstrated effects on myocardial
infarction or stroke.)

Our practiced judgments

We consider ACE inhibitors, beta-blockers, or low dose thiazide diuretics
appropriate choices for patients with Type 2 diabetes. However, we
generally advise our diabetic patients with either Type 1 or Type 2
diabetes to take an ACE inhibitor. In patients with Type 1 or 2 diabetes
and previous myocardial infarction, we routinely advise use of both ACE
inhibitors and beta-blockers.

Heart failure from left ventricular systolic
dysfunction

ACE inhibitors and heart failure

We found a systematic review of multiple placebo controlled trials that
showed ACE inhibitors added to diuretic therapy decreased rates of
hospitalizations, recurrent myocardial infarctions, and death (summary
odds ratio for death 0.65; 95% CI 0.57 to 0.74) in patients with heart
failure due to systolic dysfunction.4(Tx:L1a) The largest benefits were found
in patients who had ejection fractions less than 25% and occurred within
the first 90 days of initiating therapy. We found effects were similar across
New York Heart Association classes (NYHA) I through IV and in patients
with ischemic and nonischemic heart failure. The percentage of patients
with both heart failure and hypertension was not reported in the
systematic review, but as many as one-third to one-half of the patients in
some of the trials had known hypertension.
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Angiotensin ll receptor blockers and heart failure

Although angiotensin II receptor blockers improve outcomes in people with
left ventricular failure, we found no large randomized trials that
demonstrate their effects on morbidity or mortality in people with
hypertension.

Beta-blockers and heart failure

We found several systematic reviews and meta-analyses that examined
the effect of beta-blockers on patients with heart failure from systolic
dysfunction.1 ,11–13(Tx:L1a) Trials consistently showed reductions in total
mortality of 30% among patients assigned to standard therapy plus beta-
blockers compared with standard therapy and placebo. Standard therapy
typically includes ACE inhibitors, thiazide or loop diuretics, and possibly
digoxin and/or Aldactone. The percentage of patients with both heart
failure and hypertension generally was not reported in the systematic
reviews. 

Calcium channel blockers and heart failure

We found a review of three randomized trials that have evaluated
whether different calcium channel blockers improve or worsen clinical
outcomes in people with left ventricular systolic dysfunction;14(Tx:L2b)
findings have been mixed. One of the trials in patients already treated
with diuretics and ACE inhibitors found no differences in combined
survival and hospitalization rates between amlodipine and placebo
(relative risk reduction 8%; 95% CI –6% to 21%).15(Tx:L2b) Subgroup
analysis from this trial suggested that patients with primary
cardiomyopathy may have improved survival with amlodipine
compared to placebo (relative risk reduction 25%; 95% CI 0.2% to 45%).
A second small trial in people with idiopathic dilated cardiomyopathy
found no survival differences with diltiazem compared to placebo but
increased exercise tolerance and perceived quality of life with
diltiazem.14(Tx:L2b) A third trial found no differences in clinical outcomes
between felodipine and placebo in patients with NYHA class ll to lll heart
failure.14(Tx:L2b) Large trials are continuing to evaluate whether benefits of
specific calcium channel blockers outweigh their risks. 

Our practiced judgments

We advise all patients with heart failure due to left ventricular systolic
dysfunction to take ACE inhibitors unless they are contraindicated. We
also advise patients with stable heart failure symptoms and left
ventricular systolic dysfunction to take beta-blockers. We avoid calcium
channel blockers other than amlodipine and short-acting alpha-blockers
in patients with left ventricular systolic dysfunction. (For information on
alpha-blockers, see the section that describes conditions that have good
indications to avoid specific drugs.) 
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Migraine headaches
Migraine is a common disorder affecting about 6% of men and 15% to 18%
of women, predominantly between the ages of 25 and 55 years of age.16

While most migraneurs require only symptomatic treatment, some are
placed on prophylactic migraine therapy due to multiple or severe
attacks. To the extent that this population overlaps with the population
requiring long-term antihypertensive therapy, it makes sense to choose an
agent effective for both hypertension therapy and migraine prophylaxis. 

We found several agents that have been used to treat hypertension also
have been used to prevent migraine. These agents fall broadly into three
categories: beta-blockers, calcium channel blockers, and central alpha-
blockers. Of these classes, beta-blockers have been the most tested and the
most preferred among neurologists and primary care physicians.17 Wide
variation in the efficacy of the drugs in this class and the drugs in the other
two classes, however, mandates a close look at individual agents. 

Unfortunately, many studies about individual agents have reached
conflicting conclusions, reflecting differences in study design and
scientific rigor. In several cases, the studies with the largest numbers of
subjects have been of poorer methodological quality than the smaller
studies. Formal meta-analysis has been difficult because of variable
definitions, methods, and outcomes in the studies. One of the more recent
and rigorous attempts to appraise the available information on
prophylactic migraine treatment involved the following: (1) collecting all
randomized double-blind placebo controlled trials of migraine
prophylaxis that appeared in the English language between 1966 and
1996; (2) assigning a scientific rigor score from 1 for minimal to 5 for
excellent for each study; and (3) averaging the scientific scores and results
of the studies for each drug.17 This approach weighted small studies as
much as larger studies and provided ranges of benefit instead of point
estimates. Nonetheless, it provides a useful framework for our discussion.

Beta-blockers

The above mentioned review found 16 of 18 randomized double-blind,
placebo-controlled trials that consistently demonstrated that propranolol
is more effective than placebo in the prophylaxis of migraine with a
benefit of reduced migraine frequency ranging from 10% to 74%.17(Tx:L1a)
Similar results were found in a second meta-analysis of 28 controlled and
open label trials.18(Tx:L1a) There was no difference in efficacy among
patients with classic versus common migraine, nor among patients who
received different doses of propranolol. Less improvement was noted
among people with a longer duration of chronic headaches and among
people who recorded the treatment effects as part of a chronic daily diary
rather than citing them from memory. 
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The review reported three well-designed trials that demonstrated a 28% to
33% reduction in migraine frequency among people taking 100 mg to 200
mg of metoprolol.17(Tx:L1a) Additionally, one large randomized double-blind,
placebo-controlled trial involving 200 migraneurs showed a 39% reduction
in headache frequency with 5 mg of bisoprolol, one of the newer beta-1-
selective adrenergic antagonists.19(Tx:L1b) Results for atenolol and timolol
have been mixed, with a few studies showing efficacy equivalent to
propranolol and a few showing no significant benefit over placebo.17(Tx:L2b)
Trials of acebutolol, pindolol, oxprenolol, and alprenolol have been few, of
poor scientific rigor, and without benefit over placebo.17(Tx:L2b)

Calcium channel blockers

We found four small, randomized double-blind, placebo controlled trials
of verapamil in patients with migraines.(Tx:L2b) Three showed verapamil
compared to placebo decreased migraine frequency by 18% to 52%.20–22

One showed a nonstatistically significant trend toward reducing
migraine frequency that was consistent with those reported in the other
studies.23 Taken together, the trials suggested a dose-response
relationship: migraine frequency decreased 15% with verapamil 240 mg
daily and 50% with verapamil 320 mg daily.

Several small trials suggested flunarizine was associated with a 38%
reduction in migraine frequency after four weeks of therapy.17(Tx:L2b) Results
of the prophylactic trials of nifedipine and nimodipine were mixed.

Central alpha antagonists

We found six randomized double-blind, placebo controlled trials that
addressed whether clonidine decreased migraine frequency.17(Tx:L2b) They
had mixed results. Three studies suggested clonidine decreased migraine
frequency by 10% to 29%, and three showed no benefit.

Our practiced judgments

We conclude beta-blockers, particularly propranolol and metoprolol,
reduce migraine frequency. Because beta-blockers also have as good, or
stronger, general evidence of effectiveness than calcium channel blockers
for patients without special indications, we consider them the preferred
agent in patients with hypertension and migraine. We do not
preferentially advise clonidine in patients with migraine. 

Nondiabetic renal disease
We found a meta-analysis of ten randomized trials that examined the
effect of ACE inhibitors on nondiabetic renal disease.24(Tx:L1a) Trials were
conducted among patients with a variety of causes of renal failure and
compared ACE inhibitors with other therapy such as beta-blockers,
calcium channel blockers, or placebo. Most, but not all, of the studies
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examined patients with hypertension. Mean serum creatinine at baseline
ranged from 1.0 to 4.4 mg/dL. The risk of progression to renal failure was
lower for those taking ACE inhibitors compared to other agents or
controls (relative risk 0.70; 95% CI 0.51 to 0.97). Reported risks of death
with ACE inhibitors compared to controls were imprecise (relative risk
1.24; 95% CI 0.55 to 2.83). 

We found an additional review that summarized trial data regarding
effects of ACE inhibitor therapy on serum creatinine in patients with
renal insufficiency.25(Tx:L1a) Although many patients in the trials had acute
worsening of glomerular filtration and serum creatinine when an ACE
inhibitor was introduced, long-term progression of renal disease was less
frequent among people given ACE inhibitors compared to controls.

Our practiced judgments

We routinely consider ACE inhibitors for patients with mild to moderate
impaired renal function and hypertension.

Perioperative situations
We found two randomized trials that examined whether beta-blockers
given perioperatively improved cardiovascular outcomes among 312
patients undergoing noncardiac surgery.26, 27(Tx:L1b) Participants in both
trials either had coronary artery disease or were considered high-risk for
cardiovascular complications. In one trial, atenolol given intravenously
immediately prior to surgery and orally after surgery for the length of the
hospitalization significantly decreased two-year mortality compared
with placebo (10% versus 21%, p=0.019).26 In the second trial, bisoprolol
given perioperatively, compared with placebo, significantly decreased
death from coronary artery disease or nonfatal myocardial infarction
within 30 days of surgery (3.5% versus 34%, p<0.001).27

Our practiced judgments

We recommend perioperative beta-blockers for patients with poorly
controlled or previously untreated hypertension who are undergoing
surgery and have no major contraindications such as severe asthma. We
also add beta-blockers to current medications for patients with well-
controlled hypertension and moderate to high cardiac risk who are
undergoing surgery and have no contraindications.
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Which comorbid conditions do not have
good indications to prescribe specific
antihypertensive therapies?

Lipid abnormalities 
Lipid abnormalities are often present in patients with hypertension; both
lipid abnormalities and hypertension contribute to increased risk of
coronary heart disease and stroke. When selecting an antihypertensive
agent, clinicians and patients must consider the evidence about the effect
of the antihypertensive drug on lipid levels along with the evidence
about the general effectiveness of the agent in preventing coronary heart
disease and stroke events. A treatment may adversely affect lipid levels
but still produce a net benefit on the risk of cardiovascular disease events.
It also may improve lipid levels but fail to reduce or even increase
cardiovascular disease events. 

We found a meta-analysis of multiple controlled and uncontrolled trials
that examined effects of different antihypertensive agents on lipid
levels.28(Tx:L1a) Table 6.1 summarizes pooled analyses of 474 of these trials
that included more than 65 000 participants.

Table 6.1. Antihypertensive agents’ effect on lipid levels (all units in mmol/L).

Drug class Total Low-density High-density Triglycerides
cholesterol lipoprotein lipoprotein

Diuretics 0.13 No change No change 0.10
(low dose) (0.09 to 0.18) (0.03 to 0.18)

Beta-blocker No change No change –0.10 0.35
(non-ISA) (–0.12 to –0.08) (0.31 to 0.39)

Calcium No change No change No change No change
antagonist

ACE No change No change No change –0.07
inhibitor (0.12 to –0.02)

Alpha-blocker –0.23 –0.20 0.02 –0.07
(–0.28 to –0.18) (–0.25 to -0.15) (0.01 to 0.04) (0.11 to –0.03)

The meta-analyses cited above suggested low-dose diuretics modestly
increased total cholesterol (0.13 mmol/L or 5 mg/dL) and triglyceride
levels and had no effects on LDL and HDL levels. Effects appeared greater
in trials with large proportions of black participants. High-dose diuretics
(data not shown) produced larger increases in total cholesterol (additional
0.12 mmol/L) and also increased LDL levels (0.19 mmol/L). Beta-blockers
modestly increased triglycerides and decreased HDL cholesterol levels.
Calcium antagonists and ACE inhibitors had little or no effect on lipid
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levels. Alpha-blockers decreased total cholesterol, LDL, and triglyceride
levels, and increased HDL levels slightly. We found a randomized
controlled trial published subsequent to the meta-analysis that showed,
over two years, people receiving diuretics and lifestyle modification
advice improved their lipid profiles (decrease of 0.12 mmol/L).29(Tx:L1b)

We could not estimate the clinical consequences of observed changes in
lipid levels with specific antihypertensive agents. We found agents, such
as diuretics and beta-blockers, may have some negative effects on lipid
levels, but they clearly decrease major morbid and mortal events in
people with hypertension (Chapter 4).(Tx:L1) We found other agents such as
the alpha-blocker, doxazosin, may have positive effects on lipid levels,
but short-acting formulations increase the incidence of congestive heart
failure and do not reduce ischemic events compared with chlorthalidone,
a diuretic.30(Tx:L1b)

Our practiced judgments

We conclude that the direct beneficial cardiovascular effects of specific
antihypertensive agents, such as diuretics and beta-blockers, outweigh
any changes in surrogate outcomes like lipid levels. We believe that the
absolute clinical benefits of treating people with moderate to severe
hypertension with low-dose diuretics and beta-blockers are likely much
larger than any harmful effects mediated through lipid levels. We
believe, in patients with mild hypertension, that harmful effects of
specific antihypertensive agents on lipids could mitigate much of the
direct beneficial effects on clinical outcomes. However, in the absence of
strong data supporting this latter hypothesis, we do not choose agents
other than low-dose diuretics or beta-blockers because of potential, yet
unproven, adverse clinical effects.

Smoking
We found a meta-analysis of trials of clonidine for smoking cessation that
includes six trials of 12 weeks duration.31(Tx:L1) Three of the trials evaluated
oral clonidine 0.15 to 0.45 mg daily and three evaluated transdermal
clonidine patches 0.1 to 0.3 mg daily. Clonidine increased the odds of
successful cessation (pooled odds ratio 1.89; 95% CI 1.30 to 2.74). These
odds are similar to those found with nicotine replacement. The authors
estimated that, on the average, this increase would translate to a 9%
absolute increase in quit rate if the baseline quit rate was 14%.31

We found no long-term studies of the effect of clonidine on smoking
cessation maintenance. Adverse effects, such as dry mouth and sedation,
were common with clonidine, making it a poor choice for first-line
smoking cessation therapy. 
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Our practiced judgments

We do not advise choosing clonidine as the agent of choice for
hypertension in patients who also want to stop smoking. It is no more
effective than other smoking cessation therapies, has important adverse
effects, and has no proven morbidity or mortality benefits.

Which comorbid conditions have good 
indications to avoid specific
antihypertensive therapies?

Obstructive airways disease: asthma and chronic
obstructive pulmonary disease
Since their introduction, beta-blockers have been implicated in
exacerbations of airway disease. Through the 1970s and 1980s much
research categorized new beta-blockers according to the type of receptors
they activated. Beta-1-receptor antagonists were mostly selective for the
heart and the beta-2-receptor antagonists were mostly selective for the
lungs and vasculature. Much work was done to evaluate which of these
agents were effective and safe in which patients. 

We found studies that reported airway exacerbation usually measured
physiologic parameters such as airway resistance and forced expiratory
volume in short-term, often single-dose, pre-post designs.(Tx:L2b) Treatment
for underlying obstructive lung disease was discontinued just prior to
testing, leading to confusion about whether the worsening parameters
were secondary to discontinuance of their usual therapy or secondary to
the beta-blockers. Potential confounders, such as allergen exposure,
upper respiratory illness, adjunctive medications, and the severity of the
obstructive lung disease were largely ignored. Patients were separated
according to asthma and chronic obstructive pulmonary disease (COPD),
and according to no, reversible, and irreversible airway obstruction, but
the definitions for asthma and COPD were not clearly defined. Patients
with COPD and a reversible component greater than 15% were not
clearly different than asthmatic patients with a history of smoking.
Additionally, the most relevant clinical outcomes, such as peak
expiratory flow rates, the number or frequency of asthma attacks, and the
subjective sense of wheezing or shortness of breath, were not explored. 

Asthma

We found nine placebo-controlled, crossover trials that examined beta-
blocker use in asthmatics. Of these, eight were randomized, four had
double-blind designs, and three had single-blind designs. Trials
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examined various beta-blockers, including metoprolol, atenolol,
propranolol, labetalol, a nonselective beta-antagonist, and pindolol, an
agent with intrinsic sympathomimetic activity. 

We found the most consistent results were for propranolol, a nonselective
beta-adrenergic antagonist. All four relevant trials showed statistically
significant reductions in FEV1 with propranolol compared to
placebo.(Tx:L2b) The magnitude of the reductions was 20% in the 
unblinded32 and 10% to 25% in the two single-blinded studies,33,  34 but
only 5% or less in the double-blinded study.35 Because unblinded studies
reported greater effects than blinded studies, we suspect measurement
bias. We found two randomized, double-blind, placebo controlled trials
involving COPD patients that showed significant reductions in FEV1 of
20% to 35% and subjective breathlessness (one study) with propranolol.36,

37 The latter findings add support for a true adverse effect of propranolol
on lung function and symptoms in patients with asthma.

We found two of three relevant placebo controlled trials reported a 5% to
10% decrease in FEV1 and significant decreases in peak expiratory flow
rates with metoprolol compared to placebo.38–40(Tx:L2b) The decrease in FEV1
was statistically significant in only one of the trials.40 This trial also
reported a trend (p=0.1) toward significant decreases in the number of
asthma-free days in patients assigned to metoprolol compared to those
assigned to placebo. Reports of decreased asthma symptoms were largely
accounted for by three of 14 study participants. In one of the other small
trials, two of 14 patients reported worsening of the frequency and
intensity of asthma with metoprolol.38

We found one unblinded,32 two single-blinded,34, 40 and one double-
blinded study,41 that reported 5% to 10% decreases in FEV1 that were
statistically significant in three instances with atenolol compared to
placebo or other agents.(Tx:L2b) Two of the trials reported no significant
decreases in peak expiratory flow rate.40, 41 One trial reported no
significant increase in the degree of wheeziness, the number of asthma
attacks, or the use of inhalant among patients assigned to atenolol.40 One
trial reported significantly less wheeziness and less frequent attacks with
atenolol compared to metoprolol.40

We found one trial that reported a statistically significant less than 5%
decrease in FEV1 with pindolol compared to placebo35(Tx:L2b) and one that
reported a nonsignificant less than 5% decrease in FEV1 with pindolol.34

(Tx:L2b)We found one trial that reported short-term intravenous, but not
long-term oral, labetalol decreased FEV1 by 17% compared to
placebo.33(Tx:L2b)
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COPD

We found three randomized double-blind, placebo controlled trials,36, 37, 42

one randomized single-blind nonplacebo controlled trial,43 and one
randomized, multiple agent trial6 that examined the use of beta-blockers
in COPD. The nonplacebo-controlled trial did not report summary data
or statistical analysis, and one of the placebo controlled trials42 did not
quantify exact effects on FEV1. 

We found two studies that examined propranolol37 included patients
with only a minimal reversible component of their COPD.36 The trials
reported a statistically significant 19% and 36% +14% decrease in FEV1,
respectively.(Tx:L2b) In one of the trials, participants reported significantly
more subjective breathlessness with propranolol compared to
metoprolol.36(Tx:L2b)

We found trials that evaluated metoprolol had mixed results.(Tx:L2b) One37

reported no statistically significant difference in FEV1 with metoprolol,
while the other36 reported a significant 14 +20% decrease in FEV1.(Tx:L2b)
We doubt the significant decrease in the latter study because the reported
standard deviation was larger than the actual point estimate of the effect. 

We found trials that evaluated atenolol reported mixed results.(Tx:L2b)
Atenolol decreased FEV1 by 14% in one trial, while a second trial
reported no significant decreases in FEV1 and no subjective increases in
wheeziness or breathlessness with atenolol.42(Tx:L2b) In one large trial,
withdrawal due to bronchospasm was higher for atenolol than captopril
(6% versus 0%; p <0.0001).6(H:L1b)

We found a single study that showed small nonsignificant decreases in
FEV1 in patients given intravenous esmolol that was accounted for
largely by three patients who were predisposed to bronchospasm by
their underlying congestive heart failure.44(Tx:L2b)

Our practiced judgments

Before using beta-blockers in patients with obstructive lung disease, we
consider the reversibility of their respiratory disease and the level of
expected additional benefit from beta-blocker treatment compared to
other available treatments for hypertension. In patients with
hypertension and asthma but no other significant comorbid conditions,
we prefer to use proven effective antihypertensive agents other than
beta-blockers. In patients with hypertension, asthma, and other
conditions where beta-blockers clearly improve survival, such as in
postmyocardial infarction patients, we carefully try beta-blockers. We
avoid nonselective beta-blockers, such as propranolol, in our asthmatic
patients. We prefer beta-1-selective agents and conclude current available
best evidence suggests atenolol may be safer than metoprolol.
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We routinely use beta-1-selective agents in patients who have COPD and
minimally reversible airway disease. We avoid nonselective agents such
as propranolol in all of our patients with obstructive lung disease,
regardless of the reversibility of their airway disease.

Gout

We identified little high-quality evidence examining the question of
whether patients with hypertension who are at risk for gout experience
higher rates of clinically apparent gout with diuretics compared to other
agents. We found one large trial that reported small excess absolute risks
of gout with hydrochlorothiazide compared to placebo (1.7% versus
0.2%, p<0.05).45(H:L1b) We found one large database study from a state
within the United States that reported new prescriptions for gout
medications, not including NSAIDs, were more common in patients who
had also filled prescriptions for diuretics.46(H:L2c) Specifically, the relative
risk for receiving an antigout medication was twice as common in
patients taking thiazide diuretics than in those taking nonthiazide
antihypertensive agents (relative risk 1.99; 95% CI 1.21 to 3.26).

Our practiced judgments

We avoid thiazide diuretics in patients with frequent or uncontrolled
gout. 

Incontinence

We found the effect of thiazide diuretics on incontinence has not been
well studied. We identified one observational study that examined
whether diuretics increased the risk for incontinence among adults over
age 60.47(Tx:L4) There were no differences in continence status between
people using and not using diuretics. Among a subset of men who had
detrusor instability, however, diuretic use was strongly associated with
incontinence (85% versus 25%, p=0.009).

Our practiced judgments

In the presence of known incontinence, particularly urge incontinence,
we choose an alternative agent to diuretics for initial blood pressure
control. We are unclear whether diuretics are good first-line agents in
patients at risk for incontinence due to other conditions, such as
restricted mobility and moderate to severe dementia. We often prescribe
alternative agents for such people. 

Left ventricular systolic dysfunction
Alpha-blockers and heart failure

We found one large trial involving hypertensive patients that showed a
short acting formulation of an alpha-blocker, doxazosin, increased the
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incidence of congestive heart failure and did not reduce ischemic events
compared to chlorthalidone, a diuretic.30(Tx:L1b)

Calcium channel blockers and heart failure 

Please see earlier section on left ventricular dysfunction for a description
of both the potential benefits and harms of various calcium channel
blockers for people with known left ventricular systolic dysfunction.

Our practiced judgments

We advise all patients with heart failure due to left ventricular systolic
dysfunction to take ACE inhibitors unless they are contraindicated. We
also advise patients with stable heart failure symptoms and left
ventricular systolic dysfunction to take beta-blockers. We avoid calcium
channel blockers other than amlodipine and alpha-blockers in patients
with left ventricular systolic dysfunction.

Myocardial infarction
We found two systematic reviews that summarized Level 1 and Level 2
evidence regarding harms of calcium channel blockers in patients with
recent myocardial infarction.48, 49 Both reported suggestive, but
inconclusive, findings of increased death and/or reinfarction when
various calcium channel blockers, other than amlodipine, were given to
patients with recent myocardial infarction and left ventricular
dysfunction.

Our practiced judgments

We generally avoid calcium channel blockers, other than amlodipine, in
people who have histories of myocardial infarction and left ventricular
dysfunction.

Which comorbid conditions do not have
good indications to avoid specific
antihypertensive therapies?

Peripheral vascular disease
Intermittent claudication affects 2% of men and 1% of women over the
age of 45.50 Its prevalence is higher in hypertensive individuals;
hypertension has been reported to increase the risk of claudication by 2.4
to 3.9 times.51

Although beta-blockers were commonly cited as harmful for patients
with claudication, we found a meta-analysis of several randomized
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controlled trials that showed little or no adverse effects of beta-blockade
in peripheral vascular disease patients.52(Tx:L1a) Pooled analyses of 11
studies involving a total of 127 patients showed no significant reduction
in pain-free or maximum walking distances in patients on beta-blocker
therapy. Most of the trials compared the effects of up to eight weeks of
one or more beta-blockers, including propranolol, metoprolol,
acebutolol, atenolol, labetalol, and pindolol with placebo. One small
subsequent trial found no difference in walking distance in 49 people
with peripheral vascular disease who were treated with atenolol
compared with control.53

In a large trial involving diabetic people, patients assigned to atenolol
were more likely to withdraw due to cold feet or intermittent
claudication than those assigned to captopril (4% versus 0%).6(Tx:L1b)
However, the incidence of peripheral vascular disease was higher for
patients assigned to captopril (1.6 cases per 1000 patient years) compared
to those assigned to atenolol (1.1 cases per 1000 patient years).

Our practiced judgments

We do not avoid beta-blockers in patients with peripheral vascular
disease. Because patients with claudication also have high rates of angina
and myocardial infarction, we often prefer beta-blockers to diuretics in
such patients.

Depression
We found numerous case reports of depression resulting from beta-
blocker therapy and several cross-sectional, case-control, cohort, and
randomized controlled trials that have reported mixed results with
regard to this association. Synthesizing this literature is difficult due to
varying definitions of depression, different methods of depression
identification, variable comparison groups, and multiple potential
confounders such concurrent use of drugs or alcohol.

We found a systematic review that summarized 26 studies published
between 1966 and 1996 that addressed associations between beta-
blockers and depression.54 Of these, ten were randomized crossover,
cohort, or controlled trials; five compared the effects of beta-blockers to
those of placebo. Only two focused primarily on the relationship
between beta-blockers and depression.55, 56 Both used well-validated
depression scales to assess the depression diagnosis; both examined the
same beta-blockers (atenolol and propranolol); and both found no
significant association between beta-blockers and depression.

We found two randomized, double-blind trials that secondarily assessed
depression in patients treated with beta-blocker treatment versus
nonbeta-blocker treatment.(H:L2b) Results were mixed. One found no
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relationship between beta-blockers and depression.57 The other found a
significant association between beta-blockers and depression as
determined by self or physician report.58 The positive finding may have
occurred by chance alone as multiple statistical tests were performed. 

We found a meta-analysis that summarized the prevalence of reported
depression in nine of the early hypertension trials that compared beta-
blockers and other antihypertensive treatments.59(H:L2b) No consistent
significant associations between beta-blockers and depression were
found. The most scientifically rigorous cohort study also concluded that
there was no association between beta-blockers and depression.60(H:L2b)

Our practiced judgments

We conclude current best evidence suggests no causal association
between beta-blockers and depression. We do not advise avoidance of
beta-blockers in people with depression or history of depression.

Which comorbid conditions have 
significant clinical trade-offs in
prescribing or avoiding specific
antihypertensive therapies?

Impotence or sexual dysfunction
We found the effect of diuretics on the incidence of sexual dysfunction
was examined in a double-blind trial that randomized 902 men to
placebo or one of five antihypertensive drugs. The incidence of erectile
dysfunction over two years was higher (16%) among men taking
chlorthalidone, a diuretic, than among those taking other agents (3% to
8% for doxazosin, enalapril, amlodipine, and acebutolol) or placebo
(5%).61(H:L1b) About half of the men who reported erectile dysfunction
remained on therapy. In women, sexual dysfunction was less common
and was not increased for users of diuretics or other agents compared
with placebo. 

We found a review that summarized three other large randomized,
placebo controlled trials that examined the effect of antihypertensive
drugs on sexual function.62(H:L1a) These trials showed approximately two-
to threefold higher rates of sexual dysfunction with diuretics compared
to placebo. Two of the trials found slightly higher but not statistically
significant different rates of sexual dysfunction between people taking a
beta-blocker (propranolol or atenolol) and patients taking placebo. 
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Our practiced judgments

We routinely advise male patients that as many as 15% to 20% of men
taking diuretics have sexual dysfunction. We advise them that there are
many potential causes of sexual dysfunction and that sexual dysfunction
occurring in patients who are taking diuretics can be attributed to the
diuretics approximately 50% of the time. We advise patients who have
bothersome sexual dysfunction while taking diuretics to try several short
periods of discontinuing the diuretic. We prescribe other agents if
improvements in sexual function are noted during the short trials of
discontinuation. We continue diuretics if no improvements in sexual
function are noted during the trials of discontinuation.

Benign prostatic hyperplasia
It is estimated that 12% to 25% of men older than 60 years have benign
prostatic hyperplasia (BPH) and concomitant hypertension.63 We found
few studies that specifically investigated the treatment of BPH in patients
with hypertension. We found one randomized, double-blind, controlled
trial that involved 248 hypertensive men with BPH.64(Tx:L1b) An alpha-
blocker with peripheral effects, doxazosin 4 to 12 mg daily, significantly
increased maximum urinary flow rates (2.3 to 3.6 mL/sec) compared
with placebo (0.1 mL/sec). Obstructive and irritative symptoms,
assessed by a questionnaire, and blood pressure were also significantly
reduced with doxazosin compared to placebo. We found another
randomized controlled trial that assessed the effects of doxazosin on
blood pressure and urinary flow in 232 normotensive and hypertensive
men with BPH.65(Tx:L1b) Compared with placebo, doxazosin, 4 mg daily,
significantly reduced blood pressure levels and increased urinary flow
rates by about 1 to 2 mL/s.

As previously noted, we found one large trial involving hypertensive
patients that showed a short-acting formulation of doxazosin increased
the incidence of congestive heart failure and did not reduce ischemic
events compared with chlorthalidone, a diuretic.30(Tx:L1b)

Our practiced judgments 

We advise patients with hypertension and BPH that alpha-blockers such
as doxazosin will likely improve their BPH symptoms and decrease their
blood pressure levels, but that they may also increase the risk of heart
disease compared to other agents that treat hypertension. We are
uncertain whether such harms represent a class effect of alpha-blockers
with peripheral actions. However, because of the possibility of increased
rather than decreased cardiovascular harm from alpha-blockers with
peripheral effects, we do not routinely choose these agents as drugs of
choice for patients with hypertension and BPH. Rather we use
antihypertensive agents with proven clinical benefits and seek
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alternative agents for treating BPH, such as alpha-blockers without
peripheral effects (e.g., tamsulosin).

Which comorbid conditions have
insufficient evidence to either prescribe
or avoid specific antihypertensive
therapies?

High risk for osteoporotic fractures
We found a meta-analysis of 13 observational studies that examined the
relationship between diuretic usage (greater than six months) and the
risk of osteoporotic fractures.66(Tx:L2a) The current use of diuretics was
associated with a decrease in the risk of hip fracture (summary odds ratio
0.82; 95% CI 0.73 to 0.91). Short-term use apparently increased fracture
risk, while long-term use appeared protective.

Our practiced judgments

We consider data regarding effects of diuretics on osteoporotic fractures
insufficient to affect our prescription practices.
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Patient Notes
Mr William Lee
• Frequent gouty attacks
• BP 142/86 mm Hg

Recommendations
• Stop HCTZ
• Begin beta-blocker

Mrs Marjorie Poindexter
• Frequent migraine headaches
• BP 165/90 mm Hg

Recommendations
• Continue HCTZ
• Add beta-blocker



Summary bottom lines

Comorbid conditions with good indications to
prescribe specific antihypertensive therapies
• Angina. Advise beta-blockers for patients with hypertension and

angina. Use long-acting calcium channel blockers if beta-blockers
cannot be used or if angina symptoms are uncontrolled despite beta-
blocker therapy. Consider concomitant use of ACE inhibitors in high-
risk patients with angina and hypertension because they may
decrease risk of myocardial infarction and death even though their
effects on angina are unclear. (Level 1 evidence)

• Diabetes. Advise patients with Type 2 diabetes to take an ACE
inhibitor or, alternatively, a beta-blocker or thiazide diuretic. (Level 1
evidence)

• Diabetes and myocardial infarction. Advise hypertensive diabetic
patients with previous myocardial infarction to take both an ACE
inhibitor and a beta-blocker. (Level 1 evidence)

• Impaired renal function. Advise ACE inhibitors for patients with
mild to moderate impaired renal function and hypertension. (Level 1
evidence)

• Left ventricular systolic dysfunction. Advise hypertensive patients
with heart failure from systolic dysfunction to take diuretics and ACE
inhibitors unless they are contraindicated. Advise patients with stable
heart failure from left ventricular systolic dysfunction to take beta-
blockers. (Level 1 evidence) 

• Migraines. Advise hypertensive patients who have frequent
migraine headaches that beta-blockers, particularly propranolol and
metoprolol, reduce migraine frequency and reduce cardiovascular
morbid and mortal events. (Level 1 evidence) Do not preferentially
advise clonidine for such patients because its effects on reducing
cardiovascular outcomes are not known. (Lacking Level 1 evidence)

• Myocardial infarction. Advise beta-blockers without intrinsic
sympathomimetic activity for patients with hypertension and
myocardial infarction. (Level 1 evidence) 

• Myocardial infarction and asthma. Carefully try beta-1-selective
agents in patients with hypertension and asthma and other
conditions where beta-blockers clearly improve survival, such as in
postmyocardial infarction patients. (Lack of Level 1 or 2 evidence for
significant asthma harm and Level 1 evidence for significant
cardiovascular benefits)

• Myocardial infarction and systolic dysfunction. Advise concomitant
diuretics, beta-blockers, and ACE inhibitors for patients with
hypertension and myocardial infarction complicated by left
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ventricular systolic dysfunction. Titrate beta-blocker doses very
slowly and avoid them if patients have acute exacerbations of heart
failure symptoms. (Level 1 evidence) 

• Myocardial infarction, systolic dysfunction, and angina. In patients
with hypertension, myocardial infarction, left ventricular systolic
dysfunction and symptomatic angina despite ACE inhibitors, beta-
blockers, and nitrates, consider adding amlodipine. (Level 2 evidence
suggesting no major cardiovascular harms)

• Perioperative situations. Consider perioperative beta-blockers for
patients with poorly controlled or previously untreated hypertension
who are undergoing surgery and have no major contraindications.
Consider adding beta-blockers to current medications for patients
with well-controlled hypertension and moderate to high cardiac risk
who are undergoing surgery and have no contraindications. (Level 1
evidence)

Comorbid conditions without good indications to
prescribe specific antihypertensive therapies
• Lipid abnormalities. Do not choose specific antihypertensive agents

because of potential, yet unproven, adverse clinical effects mediated
through lipid levels. Absolute clinical benefits of treating people with
moderate to severe hypertension with agents, such as low-dose
diuretics and beta-blockers, are likely much larger than any harmful
effects mediated through any adverse effects on lipid levels. In
patients with mild hypertension, harmful effects of specific
antihypertensive agents on lipids could mitigate much of the direct
beneficial effects on clinical outcomes, but this latter hypothesis is
largely untested. (Lack of Level 1 evidence for clinical cardiovascular
benefits)

• Smokers trying to quit. Do not advise clonidine as the agent of choice
for hypertensive patients who also want to stop smoking. (Lack of
Level 1 evidence for clinical cardiovascular benefits)

Comorbid conditions with good indications to avoid
specific antihypertensive therapies
• Asthma. Avoid nonselective beta-blockers, such as propranolol, in

asthmatic patients; when indicated, use beta-1-selective agents, such
as atenolol, instead. (Level 2 evidence) 

• COPD. Avoid nonselective beta-blockers such as propranolol in
patients with COPD, regardless of the reversibility of their airway
disease. Use beta-1-selective agents in patients who have COPD and
minimally reversible airway disease. (Level 2 evidence) 
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• Gout. Avoid thiazide diuretics in patients with frequent or
uncontrolled gout. (Level 1 and 2 evidence)

• Incontinence. Consider alternative drugs to diuretics in patients with
known incontinence, particularly in patients with urge incontinence.
(Scant Level 2 evidence) 

• Left ventricular systolic dysfunction. Avoid calcium channel
blockers, other than amlodipine, in patients with left ventricular
systolic dysfunction. (Level 2 evidence)

• Myocardial infarction and systolic dysfunction. Avoid calcium
channel blockers, such as diltiazem, in patients with hypertension,
recent myocardial infarction, and left ventricular systolic dysfunction.
(Level 2 evidence) 

Comorbid conditions without good indications to
avoid specific antihypertensive therapies
• Peripheral vascular disease. Do not avoid beta-blockers in patients

with peripheral vascular disease. (Level 1 evidence)

• Depression. Do not avoid beta-blocker therapy in hypertensive patients
with depression or history of depression. (Level 1 and 2 evidence)

Comorbid conditions with significant clinical 
trade-offs in prescribing or avoiding specific
antihypertensive therapies
• Sexual dysfunction. Advise male patients that as many as 15% to

20% of men taking diuretics have sexual dysfunction. Advise them
that there are many potential causes of sexual dysfunction and that
sexual dysfunction occurring in patients who are taking diuretics can
be attributed to the diuretics approximately 50% of the time. Advise
short trials of discontinuation to help sort through whether diuretics
are the cause of bothersome sexual dysfunction in particular patients.
(Level 1 evidence)

• Benign prostatic hyperplasia. Advise patients with hypertension
and BPH that alpha-blockers with peripheral actions will likely
improve their BPH symptoms and decrease their blood pressure
levels but that they may also increase the risk of heart disease
compared to other agents that treat hypertension. Because of the
possibility of increased rather than decreased cardiovascular harm
from alpha-blockers with peripheral effects, choose other
antihypertensive agents with proven clinical benefits, and seek
alternative agents for treating BPH, such as alpha-blockers, without
peripheral effects (e.g., tamsulosin). (Level 1 evidence, albeit lacking
class effect evidence) 
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Comorbid conditions with insufficient evidence to
either prescribe or avoid specific antihypertensive
therapies
• Osteoporotic fractures. Regard data relevant to effects of diuretics on

osteoporotic fractures as insufficient to affect prescription practices.
(Mixed Level 2 evidence)
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Patient Notes
Mrs Irma Real, age 70,
shopkeeper
• Smoker: 40 pack years
• Hypertension and angina 

for 8 years
• Medications: aspirin,

metoprolol, and occasional
nitroglycerin

Reason for visit
• Recent shortness of breath

Clinical findings
• BP 165/98 mm Hg
• Chest exam: bilateral rales
• Cardiac exam: soft ejection murmur, S3 gallop
• Lower extremity exam 1+edema bilaterally

Clinical question
• What factors should we routinely monitor in follow-up visits

for patients with hypertension?
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Patient Notes
Mr Dan Taylor, age 51,
pharmacist
• History of difficult-to-control

hypertension that has required
three-drug management

• Takes a thiazide, a beta-
blocker, and an ACE inhibitor

• Out of medications for a week
(forgot to take them on
vacation)

Reason for visit
• Afraid his blood pressure is out of control; experiencing

headaches

Clinical findings
• BP 200/114 mm Hg
• No symptoms of angina, back pain, heart failure, or stroke
• No papilledema, volume overload, or mental status changes

Clinical question
What is the treatment of choice for an adult patient with a
“hypertensive urgency” precipitated by forgetting to take his
medicines?



What are the best monitoring practices 
for following patients with
hypertension?

Although multiple guidelines give consensus-based recommendations
regarding hypertension management, the actual care that hypertensive
patients receive is highly variable and does not always result in
controlled blood pressure.1-4 Retrospective chart reviews and cross-
sectional surveys document that large numbers of hypertensive patients
have inadequate blood pressure control.5-8 Audits suggest that many
clinicians do not routinely search for concomitant cardiac risk factors in
patients with hypertension and that patients do not always receive
information on lifestyle modification.5,9,10 For example, a cross-sectional
survey of 2676 patients with mild to moderate hypertension showed that
98% had at least one additional risk factor for cardiovascular disease.11 Of
these, only 38% recalled receiving information about smoking cessation,
and 38% remembered receiving advice about exercise. 

This chapter addresses various approaches for monitoring and managing
patients with hypertension and the evidence that underpins these
approaches. We found no evidence that compared the utility or cost-
effectiveness of different comprehensive monitoring strategies for
patients with hypertension. Specifically, we were unable to find any
studies that determined what elements should comprise the optimal
follow-up encounter for a patient with hypertension. Therefore, much of
what follows are our practiced approaches that rely only indirectly on
research evidence.

Goals of follow-up visits
We use our own expertise, combined with our patients’ unique values
and circumstances, and the best available evidence to help decide the
content of individual patients’ follow-up visits. Most often, we monitor
the items outlined in Box 7.1. 

Box 7.1. Suggested aims for follow-up visits.

• Assess whether blood pressure is at target level

• Screen for complications of hypertension (target organ damage)

• Assess and treat comorbid cardiovascular risk factors

• Assess relevant comorbid illnesses and therapies

• Query about adverse effects of prescribed therapies

• Evaluate adherence to lifestyle and therapeutic recommendations

• Ask about psychosocial circumstances, preferences and values  
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Target blood pressure levels
As discussed in Chapter 3, multiple prognostic studies establish that
there is a continuous, strong graded relationship between blood pressure
level and adverse cardiovascular outcomes.(Pr: L1) As discussed in Chapter
4, several large randomized trials prove that antihypertensive drug
therapy decreases cardiovascular morbidity and mortality in people with
hypertension.(Tx: L1) It is not clear whether the decreases in morbidity and
mortality are directly related to the blood pressure lowering effects of the
antihypertensive agents or to their other heterogeneous effects.
Regardless of this imperfect knowledge, we use blood pressure levels as
surrogate measures for monitoring response to therapy.

We found no clear threshold blood pressure level that separates people
who will and will not suffer adverse cardiovascular outcomes. Trials
described in Chapters 4 and 6 generally have titrated therapeutic
regimens to achieve systolic levels of less than 140 to 160 mm Hg and
diastolic levels of less than 90 to 95 mm Hg. Trials involving patients with
diabetes and/or renal disease have titrated therapeutic regimens to
lower diastolic levels of less than 80 to 85 mm Hg.

We found controversy regarding whether lowering blood pressure too
much, particularly diastolic levels, increases cardiovascular risk in a 
so-called J-curve effect. Some observational studies show higher
mortality rates in people with diastolic blood pressure levels below 75 to
85 mm Hg.12,13 This is not surprising because extremes in any continuous
variable, such as blood pressure, are likely to be incompatible with good
health. The clinical question of interest is not whether individuals with
low diastolic blood pressure have higher mortality rates. Rather, we want
to know whether aggressive lowering of blood pressure in hypertensive
patients results in poorer outcomes compared with less aggressive
management.14

Table 7.1 shows results of some of the studies that have examined the J-
curve effect. It is arranged by the study designs that are most (case series)
to least (randomized trials) likely to be susceptible to biases. Studies with
weaker designs tend to suggest stronger J-curve relationships, whereas
randomized trials suggest no or little J-curve effects. Moreover, none of
the trials that specifically compare aggressive lowering of blood pressure
with less aggressive lowering report adverse J-curve effects.15,16,17(Tx: L1b)
Aggressive lowering of blood pressure in these trials is variously defined
as less than 150 mm Hg systolic and/or less than 80 to 85 mm Hg diastolic.
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Table 7.1. The strength of the J-curve association in relation to study design.

Reference Study design Strength of associationa

(95% confidence intervals)

Stewart12 Case series Relative risk 5.4 (1.6 to 18.7)

Merlo et al .18 Cohort Relative risk 1.7 (0.8 to 3.6)

Cooper et al .19 Subgroup of Relative risk 1.5
randomized trial (not provided)

Hansson et al .16 Randomized Relative risk 1.1 
controlled trial (0.9 to 1.3)

aRefers to the comparison of event rates in participants with lowest treated diastolic blood
pressure and referent categories. 

On the other hand, trials demonstrate fewer adverse cardiovascular
outcomes among hypertensive diabetic people randomized to aggressive
blood pressure lowering, compared to less aggressive blood pressure
lowering, but no differences in outcomes among people who do not have
diabetes.15–17(Tx: L1b)

Our practiced judgments

We conclude that there are likely neither major benefits nor major harms
associated with lowering blood pressure below 140/85 mm Hg. If
patients have diabetes, we aim for lower target levels of less than 130 to
135 mm Hg systolic and less than 75 to 80 mm Hg diastolic. 

Complications of hypertension (target organ
damage)
We did not identify any prospective studies that assessed the precision
and accuracy of the follow-up clinical examination for detecting target
organ damage. Likewise, we did not find any prospective studies that
evaluated the clinical impact of routine monitoring for particular target
organ damage. 

What experts recommend

We summarize consensus recommendations from various expert
guidelines regarding routine follow-up examinations in Tables 7.2 and
7.3.14, 20–23

166 Evidence-based Hypertension



Table 7.2. Example consensus recommendations regarding initial physical 
examination in hypertensive individuals.

Examination maneuver Our comment

Blood pressure level Clearly related to cardiovascular risk

Fundoscopic examination Reliability, accuracy and utility not established

Palpate for sustained cardiac apex beat Accuracy and utility not established

Jugular venous pressure for volume overload Fair accuracy when combined with other
findings24, 25

Chest examination for volume overload (rales) Fair reliability, fair accuracy when combined
with other findings24

Cardiac examination for systolic Fair reliability, fair accuracy when combined 
dysfunction (S3) with other findings24

Cardiac examination for valvular heart disease Fair accuracy26

Peripheral pulses for volume and bruits Unclear accuracy

Neurologic examination for occult Reliability and utility not established
cerebrovascular disease 

Table 7.3. Example consensus recommendations regarding initial laboratory 
tests in hypertensive individuals.

Tests Our comment

Urinalysis Specificity for detecting target organ damage
unclear

Serum creatinine Specificity for detecting target organ damage
unclear but thought high

Chest radiograph for determining volume Fair accuracy when combined with other 
overload and/or enlarged heart findings24

Electrocardiogram Fair accuracy for ischemia and left ventricular
hypertrophy

Serum fasting glucose Clearly related to cardiovascular risk

Lipid profile including total, LDL, Clearly related to cardiovascular risk
and HDL cholesterol

Serum sodium Predictive value for secondary causes of
hypertension unclear, utility unclear

Serum potassium Predictive value for secondary causes of
hypertension unclear, but thought useful

What we do

We routinely ask our patients about chest pain, shortness of breath,
episodic dizziness, weakness, blurred vision, slurred speech, memory
loss, cognitive function, and leg pain. If answers to such screening
questions suggest cardiac dysfunction or volume overload, we check for
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elevated jugular venous pressure, pulmonary rales, heart murmurs or
gallops, and peripheral edema on physical examination. If answers to
our screening questions suggest orthostasis, we assess supine and
standing blood pressure. We perform focused neurological examinations,
including mental status examinations in people who report symptoms
suggesting transient ischemic attack or stroke. We vary in our practices
regarding measuring ankle/arm indices for diagnosis of peripheral
vascular disease. Some of us reserve this physical examination maneuver
for patients with leg pain; others favor more routine testing for
peripheral vascular disease because its presence may affect our abilities
to prognosticate.

We routinely check urinalyses and serum creatinine levels in our
hypertensive patients because results of these tests may affect our ability
to prognosticate and also affect our treatment choices (see Chapters 3, 4
and 6). For example, we might test for microalbuminuria in patients
whose estimated cardiovascular risk is borderline because the presence
of microalbuminuria in such patients helps us determine whether or not
to recommend treatment. We also routinely check serum potassium
levels to monitor potential adverse effects of diuretics and/or ACE
inhibitors. We were unable to identify any evidence that proscribes the
appropriate interval for periodic screening of electrolytes and creatinine
when diuretics and ACE inhibitors are prescribed.

What we don’t do

Although approximately 10% of hypertensive people may have
retinopathy,27(Level 3b) we found traditional fundoscopy examination for
retinopathy had questionable reliability. Developed in 1939, the Keith-
Wegener-Barker classification for grading hypertensive retinopathy
includes assessing arteriolar narrowing, focal arteriolar constriction,
arteriovenous crossing, hemorrhage and exudates, and disc edema.28

Such retinal signs also may be seen in people without hypertension, and
we are unsure of their accuracy in clinical practice.27 Interrater reliability
for detecting hypertensive retinopathy appears poor.29, 30 In one study, a
panel of two general physicians and two ophthalmologists, who were
unaware of the patients’ clinical status, examined 25 consecutive
untreated patients from a hospital hypertension clinic.30(Dx: L2b) Direct
ophthalmoscopy and fundal photographs were used to assess
retinopathy using the Keith-Wegener-Barker grading system. The
coefficient of variation between observers was 38%. Because we do not
trust our own abilities to reliably or accurately detect hypertensive
retinopathy, and such findings would not affect our treatment choices,
most of us do not routinely perform fundoscopy in our hypertensive
patients.
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We do not routinely obtain laboratory investigations, such as thyroid
testing, complete blood counts, and serum calcium in our initial and
follow-up assessments of hypertensive individuals because they are not
useful for assessing either cardiovascular risk or target organ damage. 

What we selectively do

We do not routinely obtain chest radiographs in all of our hypertensive
patients. However, we do use this test to help determine cardiomegaly
and volume overload in selected patients who have other symptoms or
signs suggestive of cardiac target organ damage. Although many
national guidelines suggest routine electrocardiograms (ECGs) for
detecting cardiac target organ damage in patients with hypertension, we
found no evidence that showed performing routine ECGs impacts
management or patient outcomes or is cost effective.1–3(Dx: L5) We use this
test selectively in people who have symptoms suggestive of ischemia or
symptoms and physical examination findings suggestive of arrhythmia. 

We occasionally use echocardiography, a more sensitive but more
expensive test than electrocardiography, to help detect either
asymptomatic left ventricular systolic dysfunction or left ventricular
hypertrophy. We reserve this test for patients who already have evidence
of cardiac target organ damage, such as those with a history or
electrocardiogram suggestive of past myocardial infarction or for
patients who have borderline estimated risks for cardiovascular disease.

Comorbid cardiovascular risk factors 
We periodically reassess and treat comorbid cardiovascular risk factors,
such as lipid abnormalities, diabetes, tobacco abuse, obesity, and physical
inactivity, in all of our hypertensive patients. We did not find high quality
evidence regarding the appropriate periodicity of such reassessments. 

Comorbid illnesses and therapies
We were unable to find any prospective studies that described which
comorbid conditions were worth routinely monitoring. In Chapter 6, we
discussed how the presence of particular comorbid conditions could
influence our choice of antihypertensive therapy. For example, if a
patient who had been maintained on a thiazide diuretic developed
frequent migraines or ischemic coronary artery disease, we would
consider switching therapy to a beta-blocker. If a hypertensive patient
develops severe dementia and becomes incapacitated, we might discuss
discontinuing therapy with the patient and family as the goals of therapy
might be different now than at the onset of antihypertensive therapy. Box
7.2 lists comorbid conditions that we routinely note because they may
affect particular antihypertensive treatment choices.
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Box 7.2. Comorbid conditions that could affect treatment choices.

• Angina

• Benign prostatic hypertrophy

• Dementia

• Diabetes

• Gout

• Incontinence

• Left ventricular systolic dysfunction

• Migraine headaches

• Myocardial infarction

• Obstructive airway disease

• Sexual dysfunction

We also routinely review other medications that our patients are taking,
including both prescription and over-the-counter medications. For
information regarding medications that interfere with blood pressure,
see Chapter 8.

Adverse effects
Between 10% and 18% of people receiving antihypertensive therapy
experience some type of adverse effect.31 When surveyed, patients
frequently say they want information about adverse effects of therapy,
but they do not often receive it.32,33 In a survey of 623 patients receiving
hypertensive medications, 41% reported adverse drug effects, and only
31% were satisfied with the amount of information they received about
these effects.33

Adverse drug effects can worsen a patient’s quality of life and may lead
to noncompliance.34 No good data suggest the best way to identify an
adverse drug reaction. One study observed that a symptom
questionnaire elicited from patients a higher frequency of adverse effects
than did an interview.31

Adverse effects vary by classes of agents and by agents within classes.
For example, diuretic therapy can cause hypokalemia, hyponatremia,
prerenal azotemia, and sexual dysfunction; ACE inhibitors can cause
cough; beta-blockers can cause bradycardia and fatigue; calcium channel
blockers can cause constipation and peripheral edema; and peripheral
alpha-blockers can cause nasal stuffiness and dizziness.

Our practiced judgments

We routinely ask open-ended questions of our patients regarding
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difficulties with medications. Some of us ask specific questions related to
adverse effects that occur frequently, such as sexual dysfunction with
diuretics and cough with ACE inhibitors. We routinely use electronic
drug formularies to help sort out specific adverse effects.

Reinforcement of healthy lifestyles and self-care
techniques
We follow clinical practice guidelines that suggest that clinicians should
reinforce nonpharmacological advice during follow-up visits.1,3 For
example, we use follow-up visits to reinforce moderation of alcohol and
sodium intake, avoidance of tobacco, active physical lifestyles and
healthy diets. We advise patients to monitor their pressure between office
visits. Although we realize there is little proof regarding the efficacy of
such routine counseling, we believe the absence of evidence is not proof
that there is no benefit to doing any of these.

Social circumstances, preferences, and values 
We routinely enquire about our patient’s social circumstances, including
their type of employment, social support, and living circumstances. We
encourage patients to be involved in their own health care, and we try to
ascertain their preferences about particular types of care and follow-up
approaches.

How can we predict, assess, and 
enhance adherence to prescribed
therapeutic regimens?

We use the terms “adherence” or “compliance” to describe the extent to
which patients follow instructions that are given for prescribed therapies.
We do not intend the terms to be judgmental or paternalistic. Plainly
stated, potential benefits of negotiated therapeutic regimens are negated
when patients either cannot or do not adhere to them. Patients who are
more adherent to their antihypertensive regimen are more likely to
achieve blood pressure control than patients who are less adherent.35

Noncompliance with antihypertensive regimens has been linked to
increased hospitalization rates in one case-control study. 36(E: L3b)

Aside from clinical trials, usual compliance with prescribed medications
is approximately 50% for both short- and long-term regimens (range of 0
to 100%), and there is considerable variation from week to week.37–39

Survey data suggest that adherence to medication regimens is better than
adherence to nonpharmacological therapy.40, 41 Thresholds of adherence
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necessary to achieve clinical therapeutic benefits are not really known,
but 80% compliance with prescribed antihypertensive regimens has been
reported as necessary to achieve expected reductions in blood
pressure.42(Tx: L1b)

Predicting adherence
We did not find consistent high quality evidence or a systematic review
that identified the most important predictors of adherence. Various
predictors of poor compliance that have been reported include particular
cultural health beliefs, complex medication regimens, experience with
adverse effects, recent diagnosis of hypertension, and poor social
support. 40, 43–51(Generally Pr: L3 or lower) Magnitudes of reported associations
between factors and poor compliance generally were modest, and most
associations were not replicated in multiple studies. 

Nonattendance at appointments and loss of responsiveness to a
previously adequate dose of treatment can be clues that patients are
noncompliant.43(Pr: L1a) Patients’ response to therapy is only weakly related
to compliance.42(Pr: L1b) Relationships between compliance and adverse
effects have not been studied extensively. Among patients prescribed
diuretics for the treatment of hypertension, reductions in serum
potassium were sensitive (82%) but not specific (48%) for ruling out
noncompliance.42

Assessing adherence
Some evidence suggests that clinicians have difficulty evaluating
compliance in their patients. In one study, primary care physicians were
asked to estimate compliance among patients they knew well. The
sensitivity of clinical judgment for detecting noncompliance was only
10%.52 A survey of physicians and patients confirmed that physicians
tended to overestimate compliance.47

Physicians can use several methods to measure compliance. When
choosing one, consider the perceived threat to the patient’s autonomy
and his or her preferences. In clinical practice, self-report of medication
adherence is the method most readily available, and a meta-analysis of
four high-quality studies that compared self-report with other
compliance measures suggests that it is fairly reliable.43(Dx: L1a) A positive
response to a single, nonthreatening question, “Have you ever missed
any of your pills?” was associated with a likelihood ratio of 4.4 for
noncompliance. The likelihood ratio for a negative test result when
patients reported they were compliant was 0.5. 
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Clinicians also can perform direct measurements of either drug or
metabolite levels or of tracer compounds. They can count pills, although
this practice may overestimate compliance rates.53 They can check
pharmacy records for prescription refills, although we found no evidence
that measuring compliance with pharmacy records is accurate. They can
also use medication event monitors or electronically tagged pill
dispensers.54–56 Currently, this system is not easily incorporated into the
average practice because of its cost and lack of availability. An additional
limitation is that opening the bottle does not mean the patient has taken
the medicine. Finally, physicians can confirm compliance by directly
observing patients taking medications and measuring blood pressure.
This method has the potential to cause severe hypotension if the patient
has been truly noncompliant.57

Enhancing adherence
Compliance with medical recommendations is a complex challenge. The
rationale for improving adherence is based on the premise that our
patients will have better outcomes if they follow appropriate medical
recommendations. Increased adherence is not an appropriate outcome by
itself; attempts to increase compliance should be judged by their effects
on clinical outcomes.

We identified a review that summarized high quality randomized
controlled trials of interventions to change medication adherence in
which both compliance and treatment effects were measured.58(Tx: L1a)
These trials had 80% or greater follow-up rates; trials with hypertensive
participants were at least six months in duration. 

We summarized the seven interventions that have been tested in patients
with hypertension in Table 7.4.59–65 Most of these trials assessed
compliance by self-report and pill counts; two trials also performed spot
checks of drug levels in the urine.61, 65 None of the trials measured
significant clinical endpoints, such as cardiovascular events. While the
results of the trials suggested that complex compliance regimens were
more effective than simple ones, data were relatively scant and the cost
effectiveness of more versus less intensive adherence strategies was not
clearly established.
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Table 7.4. Trial evidence about interventions to improve medication 
adherence.

Participants: 267 patients with hypertension.59

Intervention: Automated telephone patient monitoring and educational and motivational
counseling versus usual medical care.

Outcome: Improved medication adherence (18% intervention versus 12% control;
p =0.03) and significant decrease in diastolic blood pressure in adjusted
analyses.

Participants: 457 patients with newly diagnosed hypertension.60

Intervention: Worksite care managed by trained nurses using standard protocols versus
usual care by patients’ own physicians.

Outcome: Both medication adherence and blood pressure control were significantly
improved in the intervention group (mean reduction in diastolic blood
pressure at one year was 12.1 +/–0.6 mm Hg versus 6.5 +/–0.6 mm Hg;
p <0.001).

Participants: 389 patients with mild to moderate hypertension.61

Intervention: Once daily versus twice daily metoprolol.

Outcome: Adherence improved significantly with once-daily use of metoprolol; no
effect on blood pressure control.

Participants: 191 patients with poorly controlled hypertension.62

Intervention: Antihypertensive medications given in traditional pill vials versus special
blister packaging format.

Outcome: No difference between two groups in either compliance or control; blister
packaging perceived as difficult and inconvenient.

Participants: 136 patients with newly diagnosed hypertension.63

Intervention: Self-recording of blood pressure and monthly home visits versus self-
recording of blood pressure versus monthly home visits alone versus
neither self-recorded blood pressure nor home visits.

Outcome: No significant differences between any groups in medication compliance
or blood pressure control. In patients who said they had trouble
remembering to take their pills, both self-recording and home visits
improved blood pressure control.

Participants: 38 noncompliant men who were not at goal blood pressure.60

Intervention: Self-monitoring of blood pressure, charting measurements and pill-taking,
bimonthly reinforcement from research assistant, and rewards for
improvements versus usual care.

Outcome: Significant improved compliance and trend toward better blood pressure
control in the intervention group compared with the control group.

Participants: 134 untreated hypertensive men.

Intervention: Care at worksite by occupational health physicians versus detailed
education about hypertension and adherence versus both care at
worksite and education versus usual care.65

Outcome: No significant differences in medication adherence or blood pressure
control.
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How can we best educate our patients
about hypertension and its
management?

Several studies on patient education interventions to improve blood
pressure control have produced mixed results, suggesting the need for a
rigorous, up-to-date systematic review. Measuring important clinical
outcomes, not just patient knowledge, would strengthen future studies.
For example, one study of an education intervention increased patient
knowledge about hypertension, but there was no associated
improvement in blood pressure control.65(Tx: L1b)

In another study, 287 patients with newly diagnosed hypertension were
randomized to receive an educational intervention or usual care.66 The
intervention group received an educational booklet that described
hypertension and its management, two group educational talks, and one
tutorial meeting, to which their relatives also were invited to attend.
During group sessions, participants were told about hypertension, its
management, pharmacological treatment and adherence to medications
and appointments. Dietitians also talked about salt restriction, weight
control, and alcohol moderation. One month later, they received a
personal tutorial meeting to discuss individual issues. After six months,
both groups reduced their blood pressure significantly, but there were no
differences noted between the intervention and control groups. The
intervention group was able to complete more correct answers on the
hypertension questionnaire than the control group. Only 40% of the
intervention group attended one or more educational sessions. 

A systematic review of studies investigating the effects of
psychoeducational care on blood pressure identified 89 randomized or
quasirandomized studies.67(Tx: L1a) Blood pressure decreased significantly
with psychoeducational care. However, the authors provided little detail
about what comprised the individual interventions or the validity of the
individual studies. Interactive computerized patient education systems
were the subject of another systematic review of trials that included one
intervention for hypertensive patients.68, 69 This trial involving
hypertensive patients measured patient knowledge about hypertension
rather than clinical outcomes.69

Our practiced judgments

We conclude that the best psychoeducational care for patients with
hypertension is not known. We also conclude that the best methods for
maximizing adherence to therapeutic regimens are not known. We think
the suggestions outlined in Box 7.3 represent one commonsense
approach.
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Box 7.3. Suggestions for healthcare professionals to educate patients 
about hypertension and improve adherence.

• Provide patients with written and verbal instructions regarding the etiology and prognosis of
hypertension, as well as the benefits of pharmacological and nonpharmacological therapy.
Provide information at their reading level.

• Simplify medication regimens. Attempt to prescribe medications that can be taken once a
day, whenever possible. Suggest appropriate behavior strategies, such as tailoring pill-taking
to patients’ daily habits and rituals. Advocate self-monitoring of medication adherence and
blood pressure.

• Try to choose medications that are: realistically priced from the patient’s perspective; not
likely to produce adverse effects that are particularly bothersome to the individual patient;
and tailored to the individual’s specific mix of comorbid cardiovascular risk factors, target
organ damage, and coincident comorbid conditions (See Chapters 4, 5 and 6).  

When is the ideal timing for
patient revisits? 

Revisit intervals
We found little guidance to help clinicians decide on the appropriate
timing for follow-up visits. We were not able to find any high quality
trials that evaluated what factors are useful in setting visit intervals or
most importantly, whether the frequency of visits influenced the control
of blood pressure. Factors that clinicians may want to consider 
in deciding about the revisit interval include the severity and variability
of the blood pressure, the complexity of the medication regimen and 
the patients’ adherence to it, and the patients’ need for ongoing
nonpharmacological advice. 

Several studies that surveyed primary care clinicians to determine their
revisit intervals for hypothetical patient scenarios identified significant
variability, ranging from 1 to 48 weeks.70–72 Characteristics of the patient,
the physician, and the current visit may determine revisit intervals.73 For
example, the interval may be shorter if a patient is thought to be sicker,
or if a medication is started or changed, or a test is ordered. One study
looked at the revisit interval for 164 patients with an established
diagnosis of hypertension, diabetes mellitus, angina, or musculoskeletal
pain.73 Investigators interviewed the 11 primary care physicians who
provided ongoing care for these patients and found substantial variation
in the revisit intervals. When physicians perceived the patient to be in
poor or fair health, the revisit interval was seven weeks, while for
patients perceived to be in good or excellent health, the interval was 13
weeks. All physicians lengthened revisit intervals for routine visits and
shortened them when changing management. 
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Optimal timing for medication titration
Randomized trials have used various protocols for titrating
antihypertensive medications ranging from every two weeks to several
months. We identified one randomized, open-label trial in which the
investigators attempted to evaluate the optimal timing for drug titration
in hypertensive patients.74(Tx: L2b) Nearly 3 000 hypertensive patients were
randomized to either slow titration or fast titration with quinapril. The
slow group received clinic visits at 6, 12, and 18 weeks; the fast group’s
visits occurred at two, four, and six weeks. Both groups were initially
given quinapril 20 mg/day. If blood pressure did not normalize at less
than 140/90 mm Hg, the dose was titrated to 40 mg daily and then 80 mg
daily. The quinapril dose was immediately doubled if systolic blood
pressure was higher than 220 mm Hg and/or diastolic blood pressure
was higher than 115 mm Hg at any visit. 

Significantly more people in the slow titration group achieved blood
pressure control than in the fast group. This was true at one month (NNT
14; 95% CI 9 to 17) and at three months (NNT 17; 95% CI 19 to 62).
Although there was no difference between the two groups in the
proportion of people who experienced an adverse event, the slow
titration group experienced fewer severe adverse events. Limitations to
this study included low rates of follow-up. By the third visit, only 65% of
the people remained in the slow titration group and 75% in the fast
titration group; the high dropout rate was not explained.

Consensus guidelines for revisit intervals 
Several national clinical practice guidelines for hypertension
management have addressed the issue of revisit frequency. They are
summarized in Table 7.5.

Table 7.5. Suggested guidelines for revisit intervals.

Monthly • For pharmacological therapy until two blood pressure readings are
below the target.

• Newly-diagnosed patient seen one to two months after initiation of
therapy. Determine adequacy of blood pressure control, degree of
patient adherence and presence of adverse effects.

3 months • Treatment and blood pressure stable.

• For patients with symptoms, severe hypertension, intolerance of
medications, other cardiovascular risk factors or target organ damage.

3 to 6 months • Stable blood pressure.

• For nonpharmacological interventions.

• For pharmacological therapy, when target blood pressure is reached.

6 months • Maximum revisit interval.  
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Our practiced judgments

We have variable opinions but tend to follow patients with severe
hypertension or patients in whom we are titrating therapy every few
weeks. We follow patients with controlled hypertension at two- to six-
month intervals, depending upon their mix and severity of comorbid
illness.

Where should we follow-up patients 
with hypertension?

Although traditionally patients with hypertension are monitored
through regular doctor visits, alternative methods of managing patients
have been evaluated. In this section, we describe the success of the
following models of care: patient-directed-home-hypertension
management, hypertension specialty care clinics, and telephone
monitoring.

Self-directed management
We found one small trial that evaluated patient-directed-home-
hypertension management. An unblinded study randomized 31 patients
with stable hypertension to a patient-directed management group or
usual care.75(Tx: L2b) The primary outcome measure was whether the
daytime mean arterial blood pressure changed over an eight-week
period, as shown by ambulatory blood pressure monitoring. 

In the patient-directed group, participants learned the technique of home
blood pressure monitoring. They were told to increase their medication
in a stepwise fashion using an algorithm when their blood pressure
remained above 160 mm Hg systolic or 95 mm Hg diastolic for a two-
week period.75 The algorithm also specified decreasing therapy when
blood pressure less than 110 mm Hg systolic and less than 70 mm Hg
diastolic lasted more than one week. In the usual care group, a physician
adjusted antihypertensive therapy according to standardized guidelines
that did not specify visit frequency. 

In the patient-directed group, daytime mean arterial pressure decreased
by 0.1 mm Hg. In the usual care group, it increased by 1.9 mm Hg
(p=0.04). The total number of physician visits was significantly greater in
the patient-directed management group (1.1 versus 0.2 physician visits
per participant per eight weeks; p = 0.05) than in the usual care group.
There were no differences in the number of antihypertensive medications
used between the two groups. 
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Hypertension clinics
We found two prospective studies that evaluated whether hypertension
clinics are effective. In one, 831 newly diagnosed patients were allocated to
their general practitioner or a hypertension clinic.76(Tx: L2b) No difference was
found in survival between the two groups after a median follow-up of 11
years.

A single-blind, randomized study compared three models of care: a
specialized blood pressure clinic at a hospital, an independent nurse
practitioner clinic, and a shared care clinic in which general practitioners
and hospital specialists shared patient management in a formal
manner.77(Tx: L1b) After two years of follow-up, blood pressure control was
similar in all three groups. The participant dropout rate was 3% in the
shared care group, 14% in the hospital clinic, and 9% in the nurse-
practitioner clinic. Almost half of patients and almost 70% of general
practitioners preferred shared care of follow-up. While researchers
touted shared care as more cost effective than either the clinic care or
nurse-practitioner care, there were minor problems with the economic
analysis. The model did not include patients with poorly controlled
blood pressure, who presumably are more expensive to treat, nor
noncompliant patients. Nor did the model include a sensitivity analysis.

Telephone monitoring
We found one trial that evaluated effects of telephone monitoring and
counseling. An interactive computer-based telecommunication system
that conversed with patients in their homes between office visits was
compared to a control intervention in 267 patients. The computer asked
questions over the phone and gave feedback to promote medication
adherence. Patients communicated using the touch-tone keypad on their
telephone. The telecommunication system increased medication
adherence and significantly decreased diastolic blood pressure after
adjustment for multiple factors.59(Tx: L1b)

Our practiced judgments

We have varying access to different resources to help monitor patients
with hypertension. We routinely see patients in our primary care clinics;
some of us work with nurse practitioners and physician assistants to help
ensure “adequate” follow-up care. 
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Who should be involved in follow-up 
care of patients with hypertension?

We located studies about three different groups of health care
professionals to help follow patients with hypertension: nurses,
pharmacists, and physician-pharmacist teams. 

Nurses 
We found one trial that showed patients benefit from nurse counseling to
reduce alcohol consumption, dietary fat, salt intake, and weight; to stop
smoking; and to increase physical activity.78(Tx: L1b) At 18 weeks of follow-
up, participants who received low-level counseling showed significant
decreases in alcohol and salt intake compared to those in a control group.
Patients who received high-level counseling showed improved blood
pressure control compared to patients in the control group.

Pharmacists
We located one systematic review that evaluated the effects of expanding
outpatient pharmacists’ roles on health services utilization, costs of
health services, and patient outcomes.79(Tx: L1a) One study in the review
assessed the pharmacist’s role in the care of hypertensive patients with
diabetes mellitus and/or hypertension from a primary care clinic.80(Tx: L1b)
Patients were randomized to usual care or to pharmacist management of
their drug therapy. The pharmacist prescribed medications and modified
therapy based on the patient response. No change in blood pressure was
noted between the two groups. 

In the second small study of a community pharmacy intervention,
patients were allocated alternately to either usual care or monthly
meetings with a pharmacist that offered counseling on diet, exercise, and
medication use. 81(Tx: L2b) The experimental group showed an increase in
blood pressure control. This small study from a single practice was not
randomized, and the counseling was delivered by a single pharmacist
who was also one of the investigators.

Physician-pharmacist teams
We identified a small, controlled, single-blind study that assessed
whether a physician-pharmacist team achieved blood pressure control in
patients with uncontrolled hypertension.82(Tx: L1b) Ninety-five patients with
uncontrolled hypertension were assigned to usual care or to physician-
pharmacist care based on whether the last digit of their social security
numbers were even or odd. In the intervention group, the pharmacist
interacted with patients at each visit and made recommendations to
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physicians about cost of medications, performing laboratory monitoring,
initiating new medications, and increasing drug dosages. The same
physicians cared for patients in the intervention group and control
group, possibly contaminating the results. At six months, more people in
the intervention group achieved blood pressure control than in the
control group (NNT 3; 95% CI 1 to 5). The pharmacists made 162
recommendations; physicians declined 7.4% of them. 

Our practiced judgments

We have varying access to different resources to help monitor patients
with hypertension. We routinely see patients in our primary care clinics
and work with both nurses and pharmacists to help ensure “adequate”
follow-up care. 

How should we manage and monitor
patients with hypertensive urgencies
and emergencies?

Definitions
In a hypertensive emergency, a patient has evidence of target organ
damage, such as encephalopathy, unstable angina, stroke, or a dissecting
aortic aneurysm. The absolute level of blood pressure in this situation is
not as important as the evidence of end organ damage.83 In a
hypertensive urgency, the blood pressure is elevated, but there is no
evidence of end organ damage. 

Treatment for hypertensive emergencies
We found guidelines for managing hypertensive emergency that
suggested that the mean arterial blood pressure be reduced by less than
or equal to 25% within two hours and to 160/100 mm Hg by six hours.2,3

Avoiding excessive reduction in blood pressure was advised because this
can precipitate renal, cerebral, or coronary ischemia. Frequent
monitoring of blood pressure responses to treatment, every 15 to 30
minutes, was also recommended.

We were unable to identify any prospective studies that addressed the
questions of how quickly blood pressure should be controlled in a
hypertensive emergency or when maintenance therapy should begin. We
identified three small trials that compared various therapies in patients
with hypertensive emergencies (Table 7.6).84–86(Tx: L2b) The three trials used
different entry criteria. One included patients with increased systolic
blood pressure and/or increased diastolic blood pressure and any
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evidence of target organ damage.84 Another included patients with an
elevated diastolic blood pressure and eye changes,85 while the third
included patients with elevated diastolic blood pressure but did not
provide any information explicitly on patients with target organ
damage.86 The only statistically significant finding was that patients who
received nifedipine achieved their target blood pressure more quickly
than those who received nitroprusside.85

Table 7.6. Three small Level 2b trials that treated hypertensive emergencies.

Patients Intervention Outcomes Results

SBP over 200 mm Hg Nitroprusside 1. BP 185/95 1. NNT 12 (NNH
and/or DBP over intravenously 1. mm Hg at 1. 5 to NNT 40)
110 mm Hg and versus urapidil 1. 90 minutes
evidence of target intravenously
organ damage.84 2. Major adverse 2. NNH 3 (NNH

2. effects 2. 3 to NNT 22)
2. (hypotension)

DBP over 130 mm Hg Nitroprusside Time at which 14.2 +/–12.6 hours
and eye ground intravenously versus DBP was 120 mm Hg in nitroprusside group
changes.85 nifedipine orally or lower versus 4.5 +/–4.5

hours in nifedipine group
(p<0.05)

DBP over 120 mm Hg Nifedipine sublingual 1. Change in blood 1. No significant
and patients with versus captopril 1. pressure 1. differences between
target organ damage sublingual versus 1. blood pressures
not explicitly excluded.86 nifedipine sublingual 2. Adverse effects 1. in any groups

and clonidine
intramuscular versus 2. Patients who
nifedipine sublingual 2. received clonidine
and furosemide 2. complained of a
intravenously 2. bad taste

SBP systolic blood pressure
DBP diastolic blood pressure
NNT number needed to treat
NNH number needed to harm

Treatment for hypertensive urgencies
We were unable to identify any high quality studies that addressed the
following issues: what blood pressure defines an urgency, how quickly
blood pressure should be decreased in a hypertensive urgency, when
maintenance therapy should be started or whether patients with
hypertensive urgencies should be treated in observed settings. We found
ten trials that addressed therapy in patients with hypertensive urgencies
(Table 7.7). 87, 88(Tx: L1b, L2b) Trials defined hypertensive urgency differently;
the most consistently used definition was a diastolic blood pressure of
greater than 120 mm Hg. Methodological problems of the trials included
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small sample size,88–92 lack of randomization,93 open label design,88, 93 lack
of follow-up,94 and contamination.92

Few studies looked at outcomes more than 24 hours after randomization;
follow-up ranged from 15 minutes to one week. Moreover, the trials
variously defined the outcome of response to therapy, and none looked
at long-term control or important cardiovascular endpoints. Several
agents, such as lacidipine, nicardipine, labetalol, and urapidil, clearly
decreased short-term blood pressure levels. Nifedipine was noted to
cause a stroke in one study.90 A review article that addressed adverse
effects of agents given for hypertensive urgencies and emergencies
concluded that short-acting nifedipine should be avoided because of its
potential for precipitating both stroke and myocardial infarction.95

Table 7.7. A comparison of 10 trials that treated hypertensive urgencies.

Patients Intervention Outcomes Results

DBP over 120 Nicardipine PO 30 DBP under NNT 2 (1 to 5)
mm Hg 87 mg versus placebo 100 mm Hg

DBP at 120 mm Nifedipine PO 20 mg 1. DBP at 110 mm Hg 1. Nifedipine versus
Hg or higher 89 versus nicardipine 1. or lower 1. nicardipine NNT 24

PO 20 mg versus 1. (NNH 5 to NNT 9)
captopril PO 25 mg 1. nicardipine versus

1. captopril NNT 18 
1. (NNH 4 to NNT 9) 
1. nifedipine versus 
1. captopril NNT 77
1. (NNH 5 to NNT 6)

2. Adverse effects 2. No difference in adverse 
2. effects except nifedipine 
2. increased heart rate 
2. compared with other 
2. agents

DBP 110 to Labetalol PO 100 mg DBP at 100 mm Hg or 100 versus 200 mg: NNT 6
140 mm Hg 96 versus labetalol lower or 30 mm Hg (NNH 1 to NNT 4); 100 versus

PO 200 mg versus reduction in DBP 300 mg: NNT 12 (NNH 2 to
labetalol PO 300 mg NNT 3)

DBP at 120 Lacidipine PO 4 mg 1. Decrease in DBP 1. NNT 2 ( 1 to 8)
mm Hg or versus nifedipine 1. more than 25% of
higher 90 PO 20 mg 1. baseline at 8 

1. and 24 hours

2. Adverse effects 2. One patient in nifedipine 
2. group had a stroke 
2. 30 minutes after the 
2. dose, blood pressure 
2. decreased from 210/125 
2. mm Hg to 120/80 mm Hg
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Table 7.7 continued. A comparison of 10 trials that treated 
hypertensive urgencies.

Patients Intervention Outcomes Results

DBP at 120 mm Nifedipine PO 20 mg 1. DBP at 100 mm Hg 1. NNT 2 (1 to 2)
Hg or higher 97 versus clonidine 1. or lower

PO 0.1 mg repeated
every hour

2. Adverse effects 2. Significant increase in 
2. heart rate in nifedipine 
2. group

DBP 116 to Three different Fall in DBP of 20 mm No differences between
139 mm Hg 91 combinations of Hg or DBP less than groups

chlorthalidone and 105 mm Hg
clonidine

DBP 100 to Enalapril at 1.25 mg DBP less than 95 mm NNT 4 (NNH 1 to NNT 19)
114 mm Hg 92 IV every 6 hours Hg

versus placebo

SBP over 200 Urapidil IV 25 mg, SBP less than 180 mm NNT 5 (2 to 55)
mm Hg and/or then 12.5 mg if no Hg or DBP less than
DBP over response versus 100 mm Hg
110 mm Hg 93 nifedipine sublingual

10 mg, repeated if
no response

SBP 200 to Nifedipine PO 10 mg Decrease of 20 mm Hg NNT 1000 (NNH 7 to NNT 7)
250 mm Hg or versus nitrendipine or more in SBP and
DBP 110 to PO 5 mg 15 mm Hg or more
140 mm Hg 94 in DBP

DBP at 120 mm Nifedipine PO 10 mg DBP 110 mm Hg or NNT 6 (NNH 2 to NNT 10)
Hg or higher 88 repeated two times lower

if necessary versus
labetalol PO 200 mg
followed by 100 mg
or 200 mg at 2 hours
if necessary

Our practiced judgments

We treat patients with hypertensive emergencies with intravenous
antihypertensive agents in closely observed settings, such as intensive
care units. We treat patients with hypertensive urgencies in outpatient
settings with close follow-up, ranging from less than three to several
days. We use oral agents and avoid short-acting calcium channel
blockers. We choose agents based on patients’ past histories of response
and whether the agents are known to decrease cardiovascular morbidity
and mortality. We often use more than one drug to treat patients with
urgencies. 
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Patient Notes
Mrs Irma Real
• BP 165/98 mm Hg
• Recent shortness of breath

Actions
We obtained an ECG that showed left
ventricular hypertrophy but no evidence of ischemia. We also
obtained an echocardiogram that showed mild left ventricular
systolic dysfunction.

We encouraged her (again) to quit smoking. We added a thiazide
diuretic and an ACE inhibitor to her medication regimen. Within
two weeks, her shortness of breath improved and her BP was
148/92 mm Hg.

Mr Dan Taylor
• BP 200/114 mm Hg
• Forgot medications for one week

Actions
We immediately restarted his prior three-
drug regimen and had him take blood pressure measurements at
home. Our nurse practitioner called him the following morning
and ascertained that he was feeling well and had no headaches or
new symptoms. He reported that his self-monitored blood
pressure had decreased within a few hours of restarting his
medications. He vowed never to forget his medications again. We
saw him back in follow-up one week later; his blood pressure was
near control levels.



Summary bottom lines
• Monitor the following parameters during follow-up visits with

hypertensive patients:

− Blood pressure level 
− Adherence to lifestyle and therapeutic recommendations 
− Adverse effects of prescribed therapeutic recommendations
− Target organ damage that is clinically and physiologically

manifested 
− Concomitant cardiovascular risk factors 
− Concomitant, coincident illnesses and therapies 
− Psychosocial circumstances, preferences, and values

• Target treatment blood pressure levels to less than 140 mm Hg
systolic and less than 85 to 90 mm Hg diastolic. In diabetics, target
lower blood pressure levels to less than 135 to 140 mm Hg systolic
and less than 75 to 80 mm Hg. (Level 1 evidence) 

• Use selected history-taking, physical examination, and laboratory
testing to evaluate target organ damage. (Consensus opinion) 

• Consider how the presence of comorbid risk factors and conditions
should influence your choice of antihypertensive therapy. (Consensus
opinion) For example, if a patient develops coronary artery disease
and has previously been prescribed a diuretic for hypertension,
consider changing therapy to a beta-blocker for its antianginal effect. 

• Review a patient’s medications for other conditions, both
prescription and over-the-counter, to ensure that they do not interfere
with blood pressure. (Consensus opinion) 

• Ask about adverse effects of antihypertensive medications, and give
patients information about adverse effects. (Consensus opinion)
Though side effects are believed to occur in between 10% and 18% of
people taking antihypertensive drugs, one survey found 41% of
patients reported adverse drug effects and only 31% were satisfied
with the amount of information they received about these effects. 

• Aim for at least 80% adherence to the therapeutic regimen you
prescribe. Patients at this level of compliance are most apt to achieve
expected reductions in blood pressure. Recognize that 50% adherence
is the norm, with considerable variation from week to week. Look for
clues that your patient may be noncompliant. These include
uncontrolled blood pressure, loss of responsiveness to a previously
adequate dose of treatment, and nonattendance at appointments.
Directly ask your patient, “Have you ever missed any of your pills?”
(This last statement does have evidence to support its accuracy.)
(Consensus opinion) 

• Consider interventions to improve medication adherence. Those that
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have proven successful are automated telephone patient monitoring
and counseling, single morning dosing, frequent reinforcement from
a medical professional, and rewards for improvements. (Level 1
evidence)

• Educate your patients about hypertension and its management,
realizing that there is little evidence showing education improves
clinical outcomes. (Consensus opinion) 

• Recommended revisit intervals for hypertensive patients whose
blood pressure and treatment is stable varies between three months
and six months. Various national guidelines also suggest monthly
visits after drug therapy is initiated until three blood pressure
readings are below the target. Monthly visits also are recommended
for patients with symptoms, severe hypertension, intolerance of
medications, or target organ damage. In general, physicians lengthen
revisit intervals for routine visits, and shorten them when changing
management. (Consensus opinion) 

• Consider using multidisciplinary care with nurses, pharmacists,
nurse-practitioners, and/or physicians’ assistants to help ensure
adequate follow-up of patients with hypertension. (Consensus
opinion) 

• Treat hypertensive emergencies with intravenous agents in closely
observed settings. Treat hypertensive urgencies with oral medications
in outpatient settings, with close and frequent follow-up. Avoid
excessive reduction in blood pressure, which can precipitate renal,
cerebral or coronary ischemia. (Consensus opinion) 
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We identified information for this chapter by searching MEDLINE from
1966 to 2000. We searched for English language, human-related literature
relevant to the management of hypertension, hypertensive emergencies,
and hypertensive urgencies. We specifically looked for trials that
addressed the following: target blood pressure levels, timing of titration of
medications and follow-up visits, type of follow-up care, patient education,
and strategies to improve adherence. We also looked for diagnostic
studies that addressed accuracy of detecting target organ damage. We
screened approximately 2000 titles and/or abstracts to help identify the
highest quality relevant information to include in the chapter. 
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What do we do
if our patient’s 
blood pressure is
“difficult-to-control”?

Jane E O’Rorke
W Scott Richardson

What do we mean by “difficult-to-control” blood
pressure?

What can cause blood pressure to be “difficult-to-
control,” and how frequent are these causes?

How can we evaluate individual patients with
“difficult-to-control” blood pressure to determine
the cause(s) and adjust our plans?

Summary bottom lines
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Patient Notes
Mrs Ova Whelms, 
age 49, homemaker
• Uncontrolled hypertension
• Father had hypertension and

died of a stroke at age 42
• Prescribed a thiazide, a beta-

blocker, an ACE inhibitor, and
an alpha-1 antagonist

Reason for visit
• Follow-up for her hypertension

Clinical findings
• BP 218/126 mm Hg
• Obese BMI 28
• No symptoms or findings suggestive of target organ damage

Clinical question
How do we differentiate among the causes of “resistant”
hypertension in adult patients?



What do we mean by 
“difficult-to-control” blood pressure?

We could not find a universally accepted definition of blood pressure that
is “difficult-to-control,” “uncontrolled,” “resistant,” or “refractory.” One
consensus-based national guideline from the United States defines
resistant hypertension as blood pressure that cannot be reduced to below
140/90 mm Hg (or below 160 mm Hg for isolated systolic hypertension)
in patients who are adhering to adequate and appropriately dosed triple
drug regimens.1 While we may use this definition for many patients, for
some we would aim for even lower blood pressure targets and consider
them “difficult-to-control” if these could not be reached.

Both clinical experience and research surveys suggest that “difficult-to-
control” blood pressure is common in everyday practice. For example,
population and clinic surveys in North America, Europe, and Australia
show that as many as 50% to 75% of people with diagnosed hypertension
do not meet target blood pressure levels.2 One recent large trial involving
19 196 patients found that as many as 50% of the eligible enrollees had
uncontrolled blood pressure levels at baseline despite already receiving
antihypertensive therapy. Of these “uncontrolled” hypertensive patients,
59% were receiving one-drug regimens and 41% were receiving two-drug
regimens. During the course of the trial, which targeted diastolic blood
pressures levels as low as 80 mm Hg, 72% of the patients required
multiple-drug regimens.3 A second large trial in hypertensive diabetic
people found that 60% of the participants required two or more drugs to
achieve target blood pressure levels of less than 150/85 mm Hg. A third
of the participants required three or more drugs.4 These findings confirm
that even in settings with close follow-up, blood pressure control can be
difficult to achieve.

What can cause blood pressure to be 
“difficult-to-control,” and how frequent
are these causes?

To make the list of causes of resistant hypertension more manageable,
we have grouped them into eight categories (Box 8.1). As you review
this list, consider that an individual patient may have more than one
factor causing resistance to treatment. 
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Box 8.1. Categories of causes of “difficult-to-control” blood pressure.

• Inaccurate blood pressure measurement

• White-coat hypertension

• Disease progression

• Suboptimal treatments

• Nonadherence to prescribed treatments

• Antagonizing substances

• Coexisting conditions

• Secondary hypertension  

We have found relatively little evidence regarding the frequency with
which these eight categories are found to be the explanations for
“difficult-to-control” blood pressure. A small descriptive survey from a
referral clinic reported the following frequencies: suboptimal treatment,
40%; nonadherence to prescribed therapy, 10% to 50%; white-coat
hypertension, 2% to 4%; and secondary causes, 10%.5 We reckon the
relative proportions of these explanations could be quite different in
primary care settings, with lower rates of secondary causes, but we have
relatively little direct evidence. We address each category below.

Inaccurate blood pressure measurement
As discussed in Chapter 2, the results of blood pressure measurement can
depend on using proper technique and the conditions under which the
measurements are made. Before concluding that a patient has resistant
hypertension that requires detailed testing and escalating treatments, we
repeat blood pressure measurements under good conditions and with
technique as close to ideal as possible. See Chapter 2 for
recommendations on good technique and examining conditions.

White-coat hypertension
As also discussed in Chapter 2, some patients have acceptably controlled
blood pressure when outside the doctor’s office, yet have higher readings
when examined by the clinician. Earlier we discussed how this event
could distort our conclusions about whether such patients even have
high blood pressure. In the present context, we can see how this same
phenomenon might lead us to believe incorrectly that a patient’s blood
pressure was poorly controlled. As discussed more in Chapter 2, we can
examine this possible contributor by enlisting the aid of others to
measure the patient’s blood pressure multiple times elsewhere. Example
methods include visits to nurses or other health care workers, self-
monitoring with home sphygmomanometers, or ambulatory blood
pressure monitoring. If good technique is used with well-calibrated
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equipment, these other measurements can be integrated with those in the
doctor’s office to create a fuller picture of blood pressure control. If all the
readings were persistently elevated, we would conclude that the blood
pressure had not yet reached target values. 

Disease progression
With time, adults with hypertension will gradually develop further
increases in recorded blood pressure.6 Such increases occur with both
treated and untreated patients, although presumably more quickly with
the latter. Potential contributors include the stiffening of arterial walls
with age-related declines in vessel resilience, advancing atherosclerosis,
increasing renal insufficiency, and the steady accumulation of coexisting
conditions that may worsen blood pressure. We found no recent, rigorous
evidence about the relative frequencies of these contributing factors or
about how frequently resistant hypertension is explained only by disease
progression. Without such evidence to guide us, we seldom conclude
that “difficult-to-control” blood pressure represents solely disease
progression until we have excluded other causes. 

Suboptimal treatments
For any number of reasons, patients may not be prescribed optimal,
individualized programs of antihypertensive treatment. As mentioned,
many patients require aggressive treatment with multiple-drug regimens
to achieve target blood pressure levels. We found that a survey of
American physicians showed as many as 25% to 33% self-reported that
they did not intensify antihypertensive regimens in people who were not
at nationally suggested target levels.7 They self-reported less intensive
blood pressure lowering practices for systolic pressures and in older
patients.7 Reasons underlying physicians’ lack of aggressiveness in
treatment were not clear. 

Another population-based survey from the United States showed certain
groups of people with particular characteristics were more likely to have
suboptimal control of their hypertension than others.8 The group with the
highest systolic blood pressure included young men with little professed
knowledge of hypertension and little credence that not taking their
medication was a threat to their health. Such people were the most likely
not to take antihypertensive medications and to have changed or
discontinued medication without consulting a clinician.

To detect suboptimal treatment, we can review patients’ complete
medication list, dietary habits, exercise pattern, and any other adjuncts
being used. For each drug prescribed, we can ask whether its dose, route
and frequency conforms with both what we know about its rational
prescribing and what we know of our patients’ unique health status and
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preferences. Expert opinion suggests that increased dietary sodium that
causes hypervolemia frequently plays a large role in resistant
hypertension, leading to recommendations for better use of diuretics
when patients have “difficult-to-control” blood pressure.9-11 We found no
rigorous evidence about the relative frequency of this or other forms of
suboptimal treatment. Even if it were infrequent, since this category is
one of the few causes over which we can exert some control, we tend to
emphasize frequent reviews of our patients’ regimens, to see if their
plans are fully optimized. When reviewing an individual patient’s
regimen, we use the information in Chapters 4, 5, and 6 to guide our
adjustments.

Nonadherence
As discussed in Chapter 7, no matter what treatments are prescribed,
they cannot help (or harm) patients if they are not taken. For any number
of reasons, patients may not be taking medications as prescribed or at all.
Of the available methods to ascertain adherence, direct and
nonjudgmental questioning of patients is the most feasible in the context
of ongoing clinic visits. A systematic review of the discriminatory power
of such simple questioning for detecting nonadherence estimated that the
sensitivity of the questioning was 55% and the specificity, 87%.12 (Dx: L2a)
See Chapter 7 for recommendations on detecting and managing
nonadherence. 

Antagonizing substances
Patients may be exposed to any number of prescription and
nonprescription drugs and dietary and other substances that can increase
blood pressure or counteract the effects of antihypertensive drugs (Box
8.2). We found no or few rigorous studies that evaluated the frequency or
magnitude of effects that such substances have on blood pressure.

On this list, the nonsteroidal antiinflammatory drugs (NSAIDs) deserve
particular mention. These drugs are among the most commonly
prescribed medications, accounting for 5% to 10% of all prescriptions in
developed countries.13, 14 Older patients have a relatively high burden of
painful, musculoskeletal conditions for which they are prescribed
NSAIDs, while at the same time they have relatively high prevalence of
hypertension requiring drug therapy. If NSAIDs raise blood pressure or
counteract the effects of antihypertensive drugs, by the sheer force of
numbers these agents could have an enormous impact on global blood
pressure control.
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Box 8.2. Antagonizing substances that may increase blood pressure.

• Adrenal steroids (especially mineralocorticoids)

• Alcohol

• Amphetamines, e.g., appetite suppressants

• Anesthetics, both local and general

• Antidiuretic hormone and angiotensin

• Caffeine

• Cocaine

• Cyclosporine

• Disulfram

• Erythropoietin

• Licorice or carbenoxolone

• MAO inhibitor drugs, combined with tyramine-containing foods or with amphetamine

• Nonsteroidal antiinflammatory drugs (NSAIDs)

• Oral contraceptives

• Sodium-containing medications, e.g., antacids or parenteral antibiotics

• Sympathomimetic agents, e.g., nasal decongestants or bronchodilators

• Withdrawal from agents, e.g., beta-blockers or clonidine  

We found two systematic reviews that examined the direction and
magnitude of effect that NSAIDs have on blood pressure. One summary
of findings from 54 trials found that NSAID therapy increased the mean
arterial blood pressure by 1.1 mm Hg in normotensive patients and by 3.3
mm Hg in patients with hypertension.15(Tx:L1a) Most of these trials were of
short duration (less than six weeks), and none included elderly patients.
Among NSAID agents, indomethacin had the largest effect on blood
pressure, while aspirin had the least. Another systematic review
summarized 50 trials and estimated that NSAIDs increased supine mean
blood pressure by 5 mm Hg.16(Tx: L1a)

Coexisting conditions
While usually not considered as causes of secondary hypertension, these
disorders may coexist in patients with hypertension and either aggravate
blood pressure control or interfere with its treatment (Box 8.3). 
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Box 8.3. Coexisting conditions that may aggravate blood pressure control.

• Alcohol use, more than 1 to 2 ounces per day

• Anxiety disorders, including hyperventilation or panic attacks

• Delirium, with agitation and autonomic excess

• Hyperinsulinism with insulin resistance

• Obesity

• Pain, both acute and chronic

• Pregnancy

• Sleep apnea

• Smoking  

Both clinical experience and research surveys suggest that some of these
conditions frequently coexist with hypertension. For example,
population surveys have repeatedly shown that as many as 40% of
people with hypertension may have coexisting obesity.17 Obesity can
interfere with accurate blood pressure measurement, may predispose to
higher true blood pressure, and may interfere with the effectiveness of
antihypertensive drugs. Recognizing the co-occurrence of such disorders
offers the possibility that treating them could improve blood pressure
control, although the extent to which this is true may not be fully known
(please see Chapter 6 for more on how comorbid conditions should
influence our choice of treatments). The list in Box 8.3 can be used to
guide more detailed history, selective examination, chart review or
testing in patients with resistant hypertension. 

Secondary hypertension
By definition, patients with secondary hypertension have underlying
disorders believed to directly cause the high blood pressure. Finding
these disorders offers the prospect that patients could receive curative,
cause-specific therapy that would result in normalized blood pressure
without the need for drug treatments for blood pressure per se. We have
listed many of the causes in Box 8.4.
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Box 8.4. Disorders of secondary hypertension.

Renovascular disorders

• Atherosclerotic renal artery stenosis • Middle aortic syndrome

• Fibromuscular dysplasia, atheroembolism • Ehlers-Danlos syndrome

• Cholesterol crystal embolism • Turner syndrome

• Extravascular compression (from tumors, • Neurofibromatosis
cysts, scarring, etc.)

Renal parenchymal disorders

Acute or chronic renal failure from many disorders, including:

• Glomerulonephritis • Amyloidosis

• Interstitial nephritis • Tuberculosis

• Diabetic renal disease • Renal trauma

• Connective tissue disorders • Hydronephrosis

• Vasculitides • Reflux nephropathy

• Polycystic kidney • Heavy metal poisoning (lead and cadmium)

Renin-secreting tumors

• Cancers of lung, pancreas, kidneys • Benign tumors of ovaries
• and Wilms’ tumor • and hemangiopericytomas

Adrenal disorders

• Cushing’s syndrome • Pheochromocytoma

• Primary aldosteronism • Adrenal adenomas

• Congenital adrenal hyperplasia • Adrenal carcinomas

• Inborn errors of metabolism (e.g., Liddle’s syndrome)

Other glandular conditions

• Hyperthyroidism • Acromegaly

• Hypothyroidism • Hyperparathyroidism

Vascular diseases

• Aortic coarctation

Elevated cardiac output

• Aortic valvular regurgitation • Thyrotoxicosis

• Paget’s disease of bone • Anemia

• Beriberi • Hyperkinetic circulation

• Arteriovenous fistula (e.g., patent ductus)

Spinal or peripheral neurologic diseases

• Lesions of upper cord • Autonomic neuropathies

• Guillain-Barre syndrome • Acute porphyria

• Lesions of nerves to carotid sinuses • Peripheral neuropathies  
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When evaluating patients with resistant hypertension and considering
diseases of secondary hypertension, three questions arise: How common
are these disorders, either individually or in aggregate? When and in
whom should these disorders be considered? How should these
disorders be pursued diagnostically? The following three sections
address these questions.

How common are these disorders?

We found the frequency of secondary hypertension in primary care
settings is uncertain but is probably low among all comers with high blood
pressure. We found some evidence addressing the frequency of various
secondary causes, but we could not rate the evidence using the levels of
evidence scheme. The studies had several potentials for bias and limited
generalizability, including selection of patients from referral centers or trial
settings.18–22 They used differing diagnostic criteria, carried out varying
diagnostic evaluations, and had varying degrees of follow-up. And as time
passes, testing strategies and treatments change, such that patients who
were studied in the 1960s through 1980s may no longer be sufficiently
similar to patients seen in primary care in the new millennium. 

For example, we found a study from a referral clinic in the 1960s that
reported the prevalence of renovascular disease was 4.4%,
pheochromocytoma, 0.2%, and hyperaldosteronism, 0.4%.18 At another
referral clinic in the early 1970s, the prevalence of renovascular disease was
0.18%, while pheochromocytoma was 0.04%, and hyperaldosteronism was
0.01.19 Such frequencies obtained at referral centers may be much higher
than those seen in modern primary care settings. Regardless, given the
state of the evidence, we tentatively reckon that renovascular and renal
parenchymal causes of secondary hypertension would be the most
common found in primary care practice. 

When and in whom should these disorders be considered?

The overall low frequency of disorders of secondary hypertension
presents a diagnostic challenge. If we were to search for these diseases in
all patients with hypertension, we would find few cases yet expose many
of our patients to needless and potentially harmful testing, to say nothing
of wasting resources. On the other hand, to never search for them would
mean missing diagnoses that could lead to potentially curative therapy
and obviate the need for lifelong antihypertensive treatment. This has led
experts to recommend selecting patients for further testing who appear
to be at higher than average risk for such disorders, based either on
epidemiologic issues such as age and gender, or on the presence of
certain illness features associated with specific disorders. 

For instance, when considering whether to search for renal artery
stenosis, experts have recommended selecting patients who present with
one or more of the illness patterns listed in Box 8.5.23
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Box 8.5. Clinical patterns suggestive of renal artery stenosis.

• Severe high blood pressure, particularly with retinal hemorrhages, papilledema, or
azotemia

• An acute rise in blood pressure over a previously stable baseline

• Proven age of onset less than 20 years old or older than 50

• An acute elevation of plasma creatinine concentration, either unexplained or after starting
treatment

• Moderate or severe high blood pressure in a patient with diffuse atherosclerosis

• Presence of an abdominal bruit

• Resistant hypertension in a patient without a family history of hypertension

• Elevated blood pressure with episodes of recurrent, “flash” pulmonary edema  

We could not find evidence that addressed how frequently these
presenting patterns occurred among all comers with high blood pressure
in primary care settings. Furthermore, we found relatively little evidence
about how powerfully these features discriminate between those who do
and do not have renovascular disease (and indeed, very little about how
well any clinical features can detect all the other causes of secondary
hypertension). We did find a systematic review of the diagnostic power
of abdominal bruits for renal artery stenosis.24(Dx: L2a) There were only
three studies of sufficient rigor to provide credible estimates of accuracy,
with sensitivity ranging from 39% to 78% and specificity ranging from
64% to 99%. Thus, for this one finding, the available evidence suggests
that it is useful when it is present, but its absence cannot fully exclude
renal artery stenosis. Until better evidence becomes available, it may be
sensible to use the above selection criteria to select patients in whom to
consider further testing for renal artery stenosis.

An alternative approach would be to use a clinical decision or prediction
rule to estimate the chance of a disorder causing secondary hypertension
in a given patient. For instance, in a study of 477 patients with resistant
hypertension or treatment-related azotemia, investigators found several
clinical features could be combined to create a summary score that
predicted renal artery stenosis with a sensitivity of 72% and a specificity
of 90%.25 If validated in other patient groups by other investigators, this
decision rule may help clinicians better predict the presence of renal
artery stenosis. 

Thus, for renal artery stenosis, some evidence is available to guide our
selection of patients in whom to consider further testing. But for many
other disorders of secondary hypertension, the evidence is scant or
nonexistent. For instance, pheochromocytoma is usually described as
causing a clinical pattern of paroxysmal hypertension with headache,
palpitations, and diaphoresis. We did not find evidence about how
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accurately this cluster of findings predicts pheochromocytoma. We did
find a well-conducted study of the causes of palpitations seen in one
urban medical center; of the 190 patients examined, none had
pheochromocytoma.26 Given the many other causes that were found for
palpitations, this evidence suggests that palpitations are not very specific
for pheochromocytoma, and, thus, may have limited diagnostic
usefulness for this disorder. 

How should these disorders be pursued diagnostically? 

A full discussion of the testing options for confirming or excluding each
cause of secondary hypertension is beyond the scope of this chapter;
interested readers should consult other sources.23, 27 In general, experts
have recommended starting with noninvasive and sensitive tests to
exclude causes of secondary hypertension safely if the results are
negative. Patients with positive results can be considered for more
definitive testing. For example, in renal artery stenosis, experts
recommend initial testing with either captopril renal scanning or duplex
ultrasonography of the renal arteries, followed by renal arteriography if
these tests are positive.27

How can we evaluate individual 
patients with “difficult-to-control” blood
pressure to determine the cause(s) and
adjust our plans?

Ideally, we would like to be able to recommend a coherent strategy for
evaluating and managing patients’ “difficult-to-control” blood pressure,
comprising individually well-studied elements that have been
aggregated into a systematic approach that has itself been shown to do
more good than harm. We imagine that such a strategy would be
powerful enough to find and correct the causes for most cases of
resistance, flexible enough to fit patients in different circumstances,
efficient enough to be affordable in most health systems, and pragmatic
enough to be feasible in most practice settings. Unfortunately, we found
little or no evidence beyond expert opinion to guide us, so our
recommendations, given in Figure 8.1, are tentative. Although they are
presented in a somewhat linear fashion, we recommend that clinicians
consider many of the options simultaneously and use their own
judgments regarding appropriate sequencing of queries. 
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Figure 8.1. A commonsense approach for evaluating 
“difficult-to-control” hypertension.
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Patient Notes
Mrs Ova Whelms
• Uncontrolled hypertension

Actions
• Blood pressure measurements

were repeated with proper
technique and confirmed.

• Her drug regimen included 4
drugs at appropriate doses.

• She reported 100% adherence
with her medications. She had missed no appointments.

• Clinical examination showed no arterial bruits, no findings to
suggest secondary causes and no target organ damage. Her
urinalysis, serum creatinine and electrolytes were normal.

• We administered her medications under observation in the
office. We gave them in sequence, staggered every 30 minutes
to avoid excessive lowering, and measured her blood pressure
repeatedly. Her initial reading had been 218/126; two hours
later, after one dose of all four drugs, her reading was 174/112.

• We asked her to obtain BP measurements by the office nurse
and at a local drugstore and to maintain a log of these
readings. She returned with twelve readings documented by
others that were consistently elevated to the same range.

• A Doppler ultrasound of her renal arteries showed normal
flow bilaterally.

• We changed her to a stronger diuretic, added minoxidil, and
her blood pressure began to improve.



Summary bottom lines
• Be alert for patients who fail to achieve treatment targets. (Consensus

opinion)

• For most, or even all, such patients, consider the following categories
of “difficult-to-control” blood pressure: inaccurate measurement,
antagonizing substances such as NSAIDs, coexisting aggravating
conditions such as obesity or sleep apnea, suboptimal treatment
regimens, and/or nonadherence to treatments. (Consensus opinion) 

• For patients whose “difficult-to-control” blood pressure remains
unexplained or for patients who have suggestive clues, consider
white-coat hypertension (see Chapter 2). Enlist others, such as
patients or allied health care professionals, to help monitor blood
pressure. If you remain uncertain but suspicious of white-coat
hypertension after such measurements, consider ambulatory blood
pressure monitoring for confirmation. (Consensus opinion) 

• For patients whose resistant hypertension still persists unexplained,
or for patients who fit specific patterns of higher risk, consider a
selective, sequential evaluation for secondary causes of hypertension.
Restrict the initial search to those conditions that are relatively
common, such as renovascular causes and renal parenchymal
disease. (Consensus opinion)

• Work closely with patients to identify preferred and feasible solutions
for correcting any cause of “difficult-to-control” blood pressure that is
found. (Consensus opinion)

• For patients with either severe or persistent “difficult-to-control”
hypertension, consider referral to centers that specialize in the
diagnosis and treatment of resistant hypertension. (Consensus
opinion)
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We identified information for this chapter by searching MEDLINE 1995 to
the present, the Cochrane Controlled Trial Registry and PsycINFO from
1966 to 2000. We hand-searched bibliographies of retrieved articles to
find earlier work. We searched for English language, human-related
literature relevant to multiple causes of resistant and secondary
hypertension. We screened approximately 2500 citations to identify the
highest quality, relevant information to include in this chapter.
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What if my
hypertensive
patient becomes
pregnant?
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Cynthia D Mulrow

Why is knowledge of hypertension management
during pregnancy important?

How do we diagnose hypertension during
pregnancy?

What are the maternal and fetal risks for
pregnant women with chronic hypertension?

What are the therapeutic options for women with
chronic hypertension who are considering
pregnancy?

What are the therapeutic options for pregnant
women with chronic hypertension?

Does nonpharmacological management of
hypertension during pregnancy improve
outcomes?
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What are the potential benefits of
antihypertensive drug therapy for pregnant
women with chronic hypertension?

What are the harms of antihypertensive treatment
during pregnancy?

How do we weigh the potential benefits and
harms of antihypertensive drug treatment during
pregnancy?

What are the potential benefits of aspirin for
hypertensive pregnant women?

Are there particular monitoring strategies during
pregnancy that are warranted or proven beneficial
for mothers or fetuses?

Summary bottom lines
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Patient Notes
Mrs Carrie Child, age 36,
writer
• Controlled hypertension for five

years
• 20% overweight
• Takes hydrochlorothiazide and

an ACE inhibitor daily

Reason for visit
• She and her husband are

considering a second pregnancy.

Clinical questions
• What are the maternal and fetal risks associated with

hypertension during pregnancy?
• Should I modify Mrs Child’s current treatment plan for

hypertension due to a pending pregnancy?



Why is knowledge of 
hypertension management
during pregnancy important?

Evaluating the obstetrical risks for women with chronic hypertension
will become an increasingly common task for clinicians in the coming
years because more women are postponing pregnancy and childbirth
until the ages when hypertension is more prevalent (Table 9.1). While
birth rates at younger ages have been steady or falling, the birth rates for
American women over age 30 have increased more than 50% since 1975.
For example, 6% of women with first births were older than age 30 in
1975; this statistic had increased to 16% by 1985 and 23% by 1997.1

Table 9.1. Prevalence of hypertension among American women 
1988 though 1994.2

Age Self-reported hypertension (%)

20 to 24 8.7

25 to 29 12.7

30 to 34 11.0

35 to 39 14.3

40 to 44 17.9

How do we diagnose hypertension
during pregnancy?

In most women, the diagnosis of chronic hypertension already will have
been made prior to pregnancy, but chronic hypertension also can be
diagnosed during pregnancy. As in nonpregnant individuals, neither the
distribution of blood pressure among pregnant women nor the
relationships between blood pressure levels and maternal and fetal risks
provide justification for a rigid separation between normotension and
hypertension. Consensus guidelines recommend the following definition
for chronic hypertension in pregnancy: blood pressure levels greater than
140/90 mm Hg before 20 weeks’ gestation or, belatedly, if hypertension
persists more than six weeks after delivery. Hypertension is classified as
mild if blood pressure is less than 160/110 mm Hg or as severe if higher.3

Hemodynamic changes in pregnancy may affect blood pressure
measurement. There are increased distances between Phase IV and V
Korotkoff sounds. In up to 7% of normotensive pregnant women, the
Phase V diastolic pressure is 0 mm Hg.4 In these cases, Phase IV is used
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to determine diastolic blood pressure. During most pregnancies, there is
a physiological fall in diastolic blood pressure that averages 7 to 10 mm
Hg and reaches its nadir at about 16 weeks’ gestation. This fall in blood
pressure is accentuated in hypertensive women.5

What are the maternal and fetal risks 
for pregnant women with chronic
hypertension?

We found chronic hypertension is associated with modest increased risk
to both the mother and her baby. Potential complications include
stillbirth, placental abruption, superimposed preeclampsia, fetal growth
restriction, and preterm delivery. 

Perinatal mortality
We conducted a systematic review of observational studies comparing
mothers with chronic hypertension to normotensive mothers or 
to general obstetrical populations.6 The studies consistently 
showed increased risk of perinatal death with higher compared 
to lower maternal blood pressures (summary odds ratio 3.4, 95% CI 3.0
to 3.7) (Figure 9.1).6(Pr: L2, L3) More severe maternal hypertension was
associated with greater perinatal mortality than mild to moderate
hypertension.7, 8, 9(Pr: L2b or lower)

Placental abruption
We found observational studies that suggested the risk of placental
abruption was increased in women with chronic hypertension
(summary odds ratio 2.0; 95% CI 1.1 to 3.7), even after adjusting for
sociodemographic factors, smoking status, and parity.6, 10–12 We found one
large retrospective cohort study and one reanalysis of data from a large
randomized controlled trial showed that chronic hypertension with
superimposed preeclampsia was associated with higher risks of
abruption than chronic hypertension alone.13, 14(Pr: L2b or lower)

Preeclampsia
We found that all but one15 of six observational studies found positive
associations between chronic hypertension and preeclampsia. Actual risk
estimates varied, probably because of varying definitions of
preeclampsia.6(Pr: L2b or lower)
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Fetal growth
We found 18 observational studies that evaluated risks of prematurity,
small-for-gestational-age birthweight, low birthweight, or intrauterine
growth restriction associated with chronic hypertension compared to
either the general obstetrical population or normotensive pregnant
women.6(Pr: L2b or lower) In all but two studies, chronic hypertension was
associated with increased risks of these outcomes. More severe
hypertension was associated with more small-for-gestational-age babies
than mild to moderate hypertension. 

Maternal mortality
We found one large retrospective analysis of a prospectively maintained
perinatal database in the United States that examined maternal mortality
associated with chronic hypertension.16(Pr: L2c) In this study, chronic
hypertension was defined as blood pressure greater than 140/90 mm Hg
occurring earlier than the 20th week of gestation or prepregnancy. The
reported maternal mortality among chronic hypertensive pregnant
women was 230 out of 100 000 live births. Mortality among normotensive
pregnant women was 106 out of 100 000 live births. 

Figure 9.1. Perinatal death outcomes from observational studies given 
as the relative risk (log scale) of women with chronic hypertension 
compared with either normotensive or general obstetrical populations.6
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What are the therapeutic options for 
women with chronic hypertension who
are considering pregnancy?

The goals of managing chronic hypertension in women who are seeking
to become pregnant are to lower their risk of cardiovascular disease and
optimize pregnancy outcomes. We found only scant information
regarding these issues. First, we were unable to find any data that related
pregnancy outcomes to preconception management of hypertension.
Second, we found that the benefits of antihypertensive drug therapy for
young women of childbearing age are not precisely known. 

We found pooled data regarding cardiovascular morbidity and mortality
outcomes from three large trials involving several thousand women aged
30 to 54 are available.17(Tx: L1a) Women aged 30 to 54 receiving active
treatment had a 42% reduction in fatal and nonfatal cerebrovascular
events (relative risk 0.58; 95% CI 0.36 to 0.67) and a 27% reduction in
combined cardiovascular events (relative risk 0.73; 95% CI 0.54 to 0.97)
compared with those assigned to placebo or usual care. There were no
statistically significant differences in all cause mortality or fatal
cardiovascular or fatal cerebrovascular events. Fewer than 2% of women
assigned to the control groups had a fatal or nonfatal cardiovascular
event during four to five years of follow-up. 

Using above data, the estimated number of nonpregnant, hypertensive
women aged 30 to 54 who would need to be treated for five years to
prevent a cardiovascular event is approximately 250 (95% CI 158 to 1606).
Because this estimate is based on women aged 30 to 54, the number-
needed-to-treat would be even higher in most maternity populations,
where fewer than one in 1000 births are to women over the age of 45. If
we assume an annual risk of a cardiovascular event of less than 0.5% (a
safe assumption for most women of childbearing age with mild to
moderate chronic hypertension) and that relative risk reductions
established in trials are relatively stable, approximately 8000 women of
childbearing age would need to be treated annually to prevent one
cardiovascular event (95% CI 2500 to 50000). Whether potential benefits
of this small magnitude are worth the risks and costs of antihypertensive
therapy is a judgment decision best based on individual preferences and
values. 

What if my hypertensive patient becomes pregnant? 217



What are the therapeutic options for 
pregnant women with chronic
hypertension?

Consensus guidelines recommend drug treatment for severe
hypertension in pregnancy (greater than 160/110 mm Hg) to reduce the
risk of short-term maternal morbidity. We found that suggestions for
managing mild chronic hypertension have been much more
controversial, with different national organizations and authorities
recommending different treatments and cut-offs and various drugs that
are to be favored or shunned.3, 18–23 Next, we review evidence regarding
nonpharmacological treatment, antihypertensive drug therapy, and
aspirin prophylaxis.

Does nonpharmacological management 
of hypertension during pregnancy
improve outcomes?

We found consensus guidelines often recommend nonpharmacological
therapy, such as activity restriction, bedrest, and calcium supplements,
for treating chronic hypertension during pregnancy.3, 19, 22 We did not
identify any controlled studies that evaluated the benefit or harm of
nonpharmacological management of chronic hypertension in pregnancy.

What are the potential benefits 
of antihypertensive drug therapy for
pregnant women with chronic
hypertension?

We found that treating hypertensive pregnant women with
antihypertensive agents reduced intermediate outcomes, such as
progression to severe hypertension and the need for adding additional
antihypertensives.6(Tx: L2b) We found that evidence was inconclusive
regarding whether drug treatment improved outcomes such as perinatal
death, abruption, and fetal growth restriction. 

We found 13 small trials involving only 1055 pregnant women that
evaluated antihypertensive treatment in pregnant women with mild to
moderate chronic hypertension.6(Tx: L1b, L2b) Six of the trials were placebo-
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controlled, and seven had a no-treatment group. Eleven different drug
regimens were used in the trials. The most commonly studied drug,
methyldopa, was given to just over 200 participants.

Data from the trials, presented in Figures 9.2 through 9.4, did not
adequately establish or exclude moderate (20 to 50%) effects on most
clinical outcomes.6 One trial found that treating patients with ketanserin
plus aspirin lowered the incidence of preeclampsia (4% versus 28%) and
placental abruption (9% versus 1%) when compared to aspirin alone.24(Tx:
L2b) One trial reported marked reductions in average birthweights among
women given atenolol compared with placebo (2620 versus 3530
grams).25(Tx: L2b) Small trials that evaluated agents such as methyldopa,
hydralazine, labetolol, and thiazide diuretics found no large differences
in infant birthweights or risk of small-for-gestational-age infants, or both
between treated and untreated mothers (Figure 9.4). 

We found a meta-regression of 45 randomized trials that raised further
questions about the effect of antihypertensive drug treatment on fetal
growth.26(H: Level not classifiable) These trials enrolled women with pregnancy-
induced hypertension as well as women with chronic hypertension.
Averaged across trials, a mean fall in mean arterial pressure of 10 mm Hg
was associated with a 145-gram reduction in mean birthweight and a
higher proportion of small-for-gestational-age infants.26 Sixteen percent
of the variability in birthweight was accounted for by blood pressure. We
were uncertain about the clinical significance of the observed small
reductions in birthweight, but these data alert us to the possible, but
unproven, hypothesis that antihypertensive therapy during pregnancy is
more harmful than beneficial. 

What are the harms of antihypertensive
treatment during pregnancy?

We found little clinical trial evidence regarding harms of specific
antihypertensive drug regimens during pregnancy. For example,
methyldopa, the most commonly prescribed drug for hypertension in
pregnancy, has been used in just over 500 women in clinical trials
(including women with pregnancy-induced hypertension). Only two
other drugs, labetalol and diuretics, have been used in more than 200
women. Because the clinical trial experience with antihypertensives in
pregnancy is so limited, most of the evidence we found on possible
adverse effects comes from sources other than clinical trials, such as
surveillance studies and case reports. These designs severely limit our
ability to calculate the absolute risk of adverse events or to unravel causal
relationships. 
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Figure 9.2. Perinatal death results of trials in pregnant women with 
mild to moderate chronic hypertension given as risk differences 
between women assigned to antihypertensive therapy and those 
assigned to control groups.6

Figure 9.3. Preeclampsia results of trials in pregnant women with mild 
to moderate chronic hypertension given as risk differences between 
women assigned to antihypertensive treatment groups and those 
assigned to control groups.6
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Figure 9.4. Small-for-gestational-age results of trials in pregnant women 
with mild to moderate chronic hypertension given as risk differences 
between women assigned to antihypertensive treatment groups and those 
assigned to control groups.6

ACE inhibitors probably harmful
We found that the drug class most clearly associated with adverse fetal
effects was the ACE inhibitors. They were associated with pulmonary
hypoplasia, fetal skull hypoplasia, growth retardation, and fetal renal
failure when used in the second and third trimesters,27–39(H: L4, L5) We were
unable to find evidence regarding whether angiotensin II receptor
blockers, which act on the same physiological pathway as ACE
inhibitors, are also associated with fetal renal failure.

Methyldopa probably safe
We found methyldopa, the antihypertensive almost universally
recommended as a first-line agent for treating chronic hypertension in
pregnancy, was probably safe for the fetus.40–42(H: L2b) The most serious risk
for the mother was hepatitis. This occurs in the nongravid population at
an approximate rate of 1-10 000/100 000 treated people; it is unknown
whether the risk is modified by pregnancy.

Diuretics possibly safe
We found that, despite theoretical concerns about effects of diuretics 
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on plasma volume in pregnancy, findings from a meta-analysis 
of nine randomized trials and a large cohort study supported their 
safety.43, 44(H: L1a, L2b)

Safety unclear for beta-blockers and alpha- and
beta-blockers
We found that randomized trials and observational studies reported 
mixed findings regarding associations between beta-blockers (and 
alpha- and beta-blockers) and fetal growth restriction.25, 45–53(H: L2b) Among the
beta-blockers studied, atenolol given early in pregnancy was associated
with fetal growth restriction in one small trial and two observational
studies.25, 46,  47(H: L2b)

Safety unclear for calcium channel blockers
We found published experience with this class of agents was the most
limited of all the classes discussed above. 

How do we weigh the potential benefits 
and harms of antihypertensive drug
treatment during pregnancy?

As noted, we found trial data do not adequately prove or disprove the
benefits of treating mild to moderate chronic hypertension during
pregnancy. Clinicians should consider an individual woman’s clinical
circumstance and preferences before deciding to initiate or continue
antihypertensive therapy during her pregnancy. Next weigh the
potential benefits and harms of specific agents to choose the most
appropriate therapy. For example, we might choose a particular
antihypertensive drug over others if head-to-head comparisons in
randomized trials demonstrate its superior efficacy, or, if lacking
comparative trials, efficacy is demonstrated in trials for that drug, but not
others. Or, in the absence of such trial data, we might choose one drug
over others if it has a superior safety record. Conversely, we might avoid
particular drugs because of known and possibly severe adverse effects,
even if the absolute risk for those effects was unclear.

We found very limited evidence regarding direct comparisons of
antihypertensive drugs in trials. We found only two trials that compared
different antihypertensive agents in pregnant women with chronic
hypertension.54, 55(Tx: L2b) One involved 300 women and compared
methyldopa to labetalol and placebo.54 No significant differences were
reported between the treatment arms in neonatal mortality, birthweight,
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or Apgar scores. The other trial involved 21 women and compared
methyldopa to hydralazine and placebo.55 No statistically significant
differences in pregnancy outcomes were noted. We found neither trial
had sufficient power to detect even moderate to large differences in
clinically important outcomes. 

Until further data become available, we must select a specific
antihypertensive drug, if we use one at all, only after weighing estimated
or projected relative risks and benefits as derived from various evidence
sources. Table 9.2 summarizes the efficacy and harm data presented in
previous sections. The antihypertensive agents in the table are those that
are specifically recommended or warned against in recent reviews and
guidelines.3, 18–23

What are the potential benefits of 
aspirin for hypertensive pregnant women?

We found a review of several randomized trials that evaluated the effect
of aspirin prophylaxis among women with a variety of high-risk
obstetrical conditions. The trials had variable results, but generally
demonstrated no evidence of moderate to large beneficial or harmful
effects of aspirin to either the mother or the fetus.56(Tx: L1a, L1b, L2b) We found
18 randomized trials specifically involving pregnant participants with
mild to moderate chronic hypertension and comparing aspirin to either
placebo or usual care. These trials consistently showed no moderate to
large benefits or harms of aspirin prophylaxis.6(Tx: L1a, L1b, L2b) We found
available trial data were insufficient to rule out some potential benefits of
aspirin prophylaxis. For example, the highest quality trial that
specifically recruited women with chronic hypertension had 80% power
(p=0.05) to detect about a 50% relative risk reduction in perinatal
mortality, about a 10% to 20% relative risk reduction in preeclampsia, and
about a 30% relative risk reduction in intrauterine growth
retardation.57(Tx: L2b) Based on these data, we inform hypertensive women
that the benefits and harms of aspirin prophylaxis during their
pregnancies are not clearly known but that potential benefits are not
likely large. 
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Table 9.2. Balance sheet of benefits and harms of antihypertensive agents.

Agent Benefits Harms Clinical 
or class experience 

in pregnancy

Methyldopa Fetal: Insufficient evidence to Fetal: Evidence of Large
rule out large effect on perinatal no major adverse
morbidity or mortality. events.

Maternal: Insufficient evidence Maternal: Hepatitis 
to rule out large effect on (estimated 1 to 10
maternal morbidity. per 100 000 in

nongravid population).

Beta-blockers Fetal: Insufficient evidence to Fetal: Limited evidence Large for
ruleout large effect on perinatal of possible intrauterine beta-
morbidity or mortality. growth retardation if blockers

used early in pregnancy.

Alpha- and Maternal: Insufficient evidence to Maternal: Evidence Small for
beta-blockers rule out large effect on maternal of no major combination

morbidity adverse events. alpha- and
beta-blockers

Diuretics Fetal: Insufficient evidence to Fetal: Evidence of Large
rule out large effect on perinatal no major adverse
morbidity or mortality. events.

Maternal: Insufficient evidence Maternal: Evidence of no
to rule out large effect on major adverse events.
maternal morbidity.

Calcium channel Fetal: Insufficient evidence to Fetal: Very limited Small
blockers rule out large effect on perinatal evidence of no major

morbidity or mortality. adverse events.

Maternal: Insufficient evidence Maternal: Very limited
to rule out large effect on evidence of no major
maternal morbidity. adverse events.

Hydralazine Fetal: Insufficient evidence to Fetal: Evidence of no Moderate
rule out large effect on major adverse events. (for
perinatal morbidity or mortality. chronic

Maternal: Insufficient evidence Maternal: Evidence hypertension)

to rule out large effect on of no major.
maternal morbidity. adverse events.

ACE inhibitors Fetal: No evidence. Fetal: Risk of fetal renal Small
failure if used in second
or third trimester.

Angiotensin II Maternal: No evidence. Maternal: No evidence. None
receptor 
blockers
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Are there particular monitoring 
strategies during pregnancy that are
warranted or proven beneficial for
mothers or fetuses?

Women with chronic hypertension in pregnancy are often monitored
intensively for maternal and fetal complications, although the benefits,
harms, and marginal gains of such monitoring are not clear. Monitoring
techniques include serial ultrasonography for fetal growth, Doppler
velocimetry of the umbilical or uterine arteries, nonstress tests,
biophysical profiles, and biochemical tests, such as plasma urate. We
believe that the following are some important issues to consider before
using specific monitoring techniques:

• The diagnostic accuracy of the tests for detecting particular maternal
and fetal complications

• The efficacy of the monitoring techniques for preventing perinatal
morbidity and mortality

• The most effective timing, repeat intervals, and sequencing of tests.

We found no high-level evidence(Level 1, 2, or 3) that examined the accuracy,
efficacy, or utility of various different monitoring techniques in pregnant
women with chronic hypertension. 

Summary bottom lines
• Be aware that more women are postponing pregnancy and childbirth

until the ages when hypertension is more prevalent; therefore,
evaluating obstetrical risks for women with chronic hypertension will
become increasingly important and more frequent.

• Diagnose chronic hypertension in pregnancy when there is known
hypertension before pregnancy, blood pressure is over 140/90 before
20 weeks’ gestation, or, belatedly, if hypertension persists more than
six weeks after delivery. Classify hypertension as mild if blood
pressure is less than 160/110 or as severe if higher. (Consensus
opinion)

• Inform hypertensive women who are either contemplating
pregnancy or pregnant that chronic hypertension is probably
associated with increased, but small, absolute risk for both the mother
and her baby. Risks may include superimposed preeclampsia,
placental abruption, fetal growth restriction, preterm delivery, and
stillbirth. (Primarily Level 2 and 3 evidence) 

• Inform women of childbearing age that information is scant and
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Patient Notes
Mrs Carrie Child
• Controlled hypertension 

for five years.
• Considering a second

pregnancy.

Actions
• Apprise her that hypertension

is associated with small
absolute increased maternal
and fetal risks.

• Apprise her that the benefits and harms of antihypertensive
drug therapy during pregnancy are not clear, but pregnancy 
is probably safe with continued treatement with hydro-
chlorothiazide once she becomes pregnant. Also, she should
stop taking and avoid ACE inhibitors.

• Refer to a high-risk maternity care provider for management
of any future pregnancy.

• Apprise her that she should discuss potential benefits and
harms of aspirin prophylaxis with the high-risk maternity care
provider but that benefits are unlikely large.



imprecise regarding whether and how to lower their own risk of
cardiovascular disease attributable to hypertension. Use the risk
equations discussed in Chapter 3 to advise them of their individual
risks of cardiovascular disease over the next one to five years. For
most women contemplating pregnancy, these risks will be very low.
Use the following relative risk, derived from trial data in
hypertensive women aged 30 to 54, to estimate the reduction in
cardiovascular events that might be expected with short and
intermediate-term antihypertensive therapy: relative risk 0.73, 95%
CI 0.54 to 0.97. In general, several thousand women of childbearing
age would need to be treated for one year in order to prevent one
cardiovascular event. (Extrapolation of Level 1 and 2 evidence) 

• Inform hypertensive pregnant women with mild to moderate
hypertension that there is little known benefit of antihypertensive
treatment during pregnancy. (Lack of Level 1 evidence) Potential
benefits are prevention of severe hypertension during pregnancy.
(Level 2 evidence) Whether antihypertensive treatment could
decrease uncommon outcomes such as perinatal death, abruption, or
clinically significant fetal growth restriction is unknown. (Mixed
Level 2 evidence)

• Inform women who are either contemplating pregnancy or pregnant
that ACE inhibitors should be avoided because they may be
associated with fetal abnormalities such as renal failure. (Level 4
evidence) Inform women that diuretics and methyldopa appear safe
because they have not been associated with major fetal abnormalities.
(Level 1 and 2 evidence) Inform women that beta-blockers and
combination alpha- and beta-blockers may increase risk of fetal
growth restriction, although evidence is scant and conflicting. (Mixed
Level 2 evidence) Inform women that knowledge of risks associated
with other agents, such as calcium channel blockers, is very limited.

• Consider using simple balance sheets, such as the one given in Table
9.2, to help women understand the largely unknown, but potential,
benefits and harms of antihypertensive therapies for themselves and
their babies. (Opinion) 

• Inform women that the benefits and harms of nonpharmacological
management of chronic hypertension in pregnancy are unknown.
(Lack of Level 1 and 2 evidence) 

• Inform hypertensive pregnant women that little is known about the
benefits and harms of various monitoring strategies, such as serial
ultrasonography for fetal growth, Doppler velocimetry of the
umbilical or uterine arteries, nonstress tests, biophysical profiles, and
biochemical tests such as plasma urate. (Lack of Level 1 and 2
evidence)
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• Inform hypertensive women that the benefits and harms of aspirin
prophylaxis during their pregnancies are not clearly known but that
potential benefits are not likely large. (Level 1 and 2 evidence) 
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