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Preface

The era of cardiac rehabilitation in the United States dates back at least thirty years,
when Herman Hellerstein at Case Western Reserve, Andy Wallace at Duke and Ken
Cooper in Dallas envisioned that a comprehensive lifestyle approach to the rehabili-
tation and prevention of patients having had a cardiac event would potentially yield
great benefits for the individual patient and the health care system. Until that time,
the thought of vigorous exercise in the cardiac patient soon after an event was close
to anathema. One of us (WEK) was introduced to Herman Hellerstein in Cleveland
in the late 1960’s, when his father sought medical opinion from him for a cardiac
condition. WEK was introduced to Andy Wallace in 1979 by which time the latter had
started a multidisciplinary, geographically regional cardiac rehabilitation program at
Duke based upon consultations with Hellerstein and Cooper. By then, cardiac rehabil-
itation was progressing beyond the vision of exercise only, and since then the concept
of cardiac rehabilitation has grown into the comprehensive multidisciplinary program
that we know today and that we attempt to describe in this volume.

The practice of cardiac rehabilitation has grown and metamorphosed in the last
thirty years in parallel with the growth and metamorphosis of the practice of cardio-
vascular medicine. During the formative stages of cardiac rehabilitation, the use of
coronary care units was in its infancy. The coronary artery bypass operation was
less than ten years old. The LIMA bypass had not been invented. There were no
statins and the use of angiotensin converting enzyme inhibitors was just beginning.
And of course, angioplasty was just a twinkle in the eye of forward looking pioneers
in cardiovascular medicine. Thus, the modern practice of both cardiac rehabilitation
and cardiovascular medicine represent new realities that are ever evolving. As an
example, just last year, in 2006, the Center for Medicare and Medicaid Services (CMS),
approved three new indications for cardiac rehabilitation reimbursement (Percutaneous
Coronary Intervention-PCI, cardiac transplantation and valvular surgery) to accompany
the previous three indications of chronic stable angina, post bypass and post myocardial
infarction. More importantly and significantly, CMS recognized cardiac rehabilitation
as the truly multidisciplinary program that it is – beyond just exercise therapy for
the cardiac patient. And, as this text is in development, the American Association
of Cardiovascular and Pulmonary Rehabilitation, the American Heart Association and
the American College of Cardiology are combining efforts to publish the first set of
performance measures for referral to and delivery of Cardiac Rehabilitation.

To reflect this new reality, we are pleased to have developed this volume. However,
this text is not meant as a comprehensive compendium of the history and medical liter-
ature supporting the medical practice of cardiac rehabilitation. Rather, such overviews
are available in other texts and in Cochrane reviews. Rather, we have specifically
designed this as a practical manual for those newly introduced to the specialty, such
as ancillary health personnel or cardiology fellows, or for established cardiologists
wishing to begin a program in their practice or assuming the role as Medical Director

vii
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of established programs. We trust that it will serve this purpose well. The text is
divided into several sections.

After an Introduction and Overview by the editors (Kraus and Keteyian) and a
brief introduction to Exercise Principles, we delve into the essential components of a
comprehensive cardiac rehabilitation program. In a section devoted to nutrition, Gene
Erb and Julie Pruitt discuss the use of contemporary diets in cardiac rehabilitation and
Joh Ehrman discusses the approach to obesity.

Assessment of psychological state and supporting behavior and lifestyle change,
whether in nutrition, exercise, smoking cessation or stress and anger management is an
essential component of a comprehensive cardiac rehabilitation program. In a section on
behavioral aspects of cardiac rehabilitation, Krista Barbour discusses the approaches to
depression, and Ruth Quillian-Wolever the approach to stress management. Readiness
for Change theory, or the Transtheoretical Model is used a basis for behavior change
in multiple venues and Charlotte Collins presents this paradigm for treatment. Last in
this section, Jennifer Davis presents the essential approach to smoking cessation.

Exercise Testing is used for prognostication, diagnosis and assessment of exercise
capacity and therapeutic progress in the cardiac rehabilitation setting. In this section
Bill Kraus presents the basis and uses of exercise testing and Clinton Brawner presents
the essential of performing and interpreting the exercise stress test. Dan Bensimhon
describes the indications, performance standards and interpretation of the cardiopul-
monary exercise test and Vera Bittner does the same for the six minute walk test.

Medical therapy is a mainstay of the comprehensive cardiac rehabilitation program.
Treating to goal has become a standard of cardiac post event and prevention programs.
As the medical therapy for cardiac often cannot be optimized during their hospital
admission, the outpatient cardiac rehabilitation setting when one patient can be seen
up to 36 times over the course of three months has become an optimal setting to titrate
medical therapies to goal. In this section, Christie Ballantyne and Ryan Neal describe
treating lipids to goal in the cardiac rehabilitation setting. Neil Gordon does the same
for diabetes mellitus and hypertension.

In a section unto its own, John Schaier and Steven Keteyian describe the various
Cardiac Populations for which cardiac rehabilitation is typically prescribed and the
vagaries of exercise therapy in these settings. Coronary artery disease is a disease
that often presents in the setting of other co-morbid conditions that may require
significant modifications of the standard therapeutic approaches. In this section on
exercise and co-morbidities, Dalynn Badenhop addresses hypertension and Jennifer
Green offers what one needs to know about diabetes mellitus. Neil Macintyre, a well
known expert in pulmonary rehabilitation, addresses the needs of the pulmonary patient
with cardiac disease. Chris Womack discusses the special needs of the patient in
cardiac rehabilitation that has peripheral artery disease. Kim Huffman discusses the
issues associated with the cardiac rehabilitation patient with associated arthritis and
Dan Forman discusses the challenges and approaches for the elderly patient.

One of the particularly satisfying part of being involved in cardiac rehabilitation is
the programmatic advances that have taken place over the course of the last thirty years.
When cardiac rehabilitation first started, there was no reimbursement for services.
Now, the Program and Medical Directors require broad knowledge regarding several
dimensions about running a program, including how to handle referrals, the physicians
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role, and billing and reimbursement. In this Programmatic section we address these
issues. Linda Hall discusses soliciting and handling programmatic referrals. Phil Ades
addresses the physician Medical Director’s role. Bill Kraus presents an innovative way
to provide programmatic assessment and treatment of risk in the cardiac rehabilitation
and associated clinic setting. Greg Lawson presents the various staffing models and
Pat Comoss discusses billing and reimbursement.

We are pleased to present to you, the interested reader, what we hope will be a
useful and thorough overview of the component elements of state of the art cardiac
rehabilitation. We trust that the new initiate to cardiac rehabilitation will find useful
information. To facilitate communication and quick reference, many of the chapters
have highlighted summary tables of important information. We hope that even seasoned
veterans will find some innovative hints on how to improve their programs. And we
welcome feedback from the reader on how we can make this effort better as we all
participate in the coming future evolution of cardiac rehabilitation in the 21st century.

William E. Kraus, MD

Durham
Steven J. Keteyian, PHD

Detroit
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1 Introduction

William E. Kraus, MD,
and Steven J. Keteyian, PhD

CONTENTS

References 5

Although the field of contemporary cardiac rehabilitation has a relatively short (25
years) history in terms of its contribution to evidence-based care for patients with
cardiovascular disease, it stands as a subspecialty deserving of a textbook devoted to
helping clinicians better understand how best to provide secondary preventive care to
patients recovering from a cardiac-related event. In addition, cardiac rehabilitation is
undergoing great change. Specifically, to reflect the importance of targeted initiatives
in the management of risk factors, changes in program scope have broadened to shift
the emphasis away from cardiac rehabilitation from serving as program devoted only to
instituting exercise therapy to one that embraces a comprehensive secondary preventive
strategy addressing the multiple medical, exercise, nutritional, and behavioral factors
that place a patient at increased risk of a subsequent cardiac event.

Consistent with this change in program scope, third party payers – such as Medicare –
now recognize the importance of comprehensive secondary prevention. In fact, the
new national coverage decision policy from Medicare specifies that rehabilitation
should not be solely an exercise program but rather one that is multidisciplinary and
aimed at reducing subsequent cardiovascular disease risk through intensive risk factor
management and institution of therapeutic lifestyle changes.

For the physician and allied health professional interested in the secondary prevention
of cardiovascular disease, a good summary of the secondary prevention goals and
treatment guidelines can be found in a recent American Heart Association/American
College of Cardiology (AHA/ACC) paper on this topic (1). Table 1 in this introductory
chapter provides a summary of these goals. In addition, the American Association of
Cardiovascular and Pulmonary Rehabilitation (AACVPR) also has been a long-standing
proponent of the multidisciplinary programmatic concept, such that cardiac rehabili-
tation programs address the broad scope of cardiovascular disease and its risk-related
morbidities (diabetes, hypertension, dyslipidemias, metabolic syndrome, psychosocial
stress, and smoking behavior) through both medical and multicomponent lifestyle
interventions (2). In fact, both the ACC and the AACVPR, along with the American

From: Contemporary Cardiology: Cardiac Rehabilitation
Edited by: W. E. Kraus and S. J. Keteyian © Humana Press Inc., Totowa, NJ
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2 W.E. Kraus and S.J. Keteyian

Table 1
Summary of the American Heart Association/American College of Cardiology

Goals for Secondary Prevention in Patients with Coronary and other
Atherosclerotic Vascular Disease (1)

Risk factor or therapy Goal

Smoking Complete cessation. No exposure to
environmental tobacco smoke.

Blood pressure < 140/90 or < 130/80 mmHg if patient
has diabetes or chronic kidney disease

Lipid management Low density lipoprotein cholesterol
< 100 mg/dL; if triglycerides are
≥ 200 mg/dL then non-high density
lipoprotein cholesterol should be
< 130 mg/dL

Physical activity 30 minutes, 7 days per week (minimum
5 days per week)

Weight management Body mass index, 18�5–24�9 kg/m2

Waist circumference, men < 40 inches and
women < 35 inches

Diabetes management Hemoglobin A1c < 7%

Antiplatelet
agents/anticoagulants

See full paper for treatment
recommendations (1)

Renin-angiotensin-
aldosterone system
blockers

See full paper for treatment
recommendations (1)

Beta-adrenergic blockers See full paper for treatment
recommendations (1)

Influenza vaccination Patients with cardiovascular disease should
be vaccinated

College of Sports Medicine (ACSM), the American Hospital Association, and other
organizations and individuals, were instrumental in providing the scientific evidence
and opinion comment that led to the most recent changes in Medicare’s national
coverage policy (3). A summary of these changes are outlined in Table 2. As is evident,
Medicare now expects rehabilitation programs to extend service provision beyond
exercise only by using an interdisciplinary team approach to promote recovery from a
cardiac event and reduce the risk of subsequent events. To facilitate this thinking, this
volume strives to provide background evidence and helpful guidance in many of these
multidisciplinary elements for the new practitioner to cardiac rehabilitation, whether
this be an established medical practitioner starting a program for the first time, the
cardiac fellow being exposed to the discipline as part of training, or one of the myriad
of ancillary programmatic practitioners joining an established program or assisting in
the creation of a new one.

The timing is right for a textbook that provides the cardiac rehabilitation practi-
tioner with both the theoretical and the practical aspects of working in the cardiac
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Table 2
Summary of Important Changes in Medicare National Coverage Decision Policy

from 1982 to March 2006 and from March 2006 (3)

1982–March 2006 As of March 26, 2006

Program
components

Stipulated exercise
only

Medical evaluation, risk
factor modification,
exercise, and education

Program
duration

36 visits in 12 weeks 36 visits in 18 weeks
(following review, up to 72
visits in 36 weeks)

ECG rhythm
strips

Required Clinician-determined need
for ECG monitoring

Level of
physician
supervision

Proximal to exercise
area

Hospital premises (within
250 yards for separate
buildings on campus). Off
hospital campus then present
and immediately available

“Incident to”
physician

Unclear Can vary based on setting of
the services provided;
however, ordering physician,
primary care physician, or
program medical director
should all suffice as long as
there is documentation in
the medical record of
interactions between the
physician and rehabilitation
staff concerning patient
status.

Indications STEMI, NSTEMI,
CABG, and stable
angina

NTEMI, STEMI, CABG,
angina, PTCA, coronary
stenting, heart valve surgery,
and cardiac transplant

CABG, coronary artery bypass graft surgery; NSTEMI, non-ST segment elevation
myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; and STEMI,
ST segment elevation myocardial infarction.

rehabilitation setting. This volume addresses all aspects of cardiology-related secondary
prevention including

• medical, exercise, and nutritional management of hypertension, diabetes, and lipid abnor-
malities;

• behavioral strategies to facilitate smoking cessation, proper nutrition, stress management,
and effective weight management;

• exercise testing and training principles, with an emphasis on patients with various
cardiovascular disease;
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• potential comorbidities that complicate programmatic components, such as diabetes,
pulmonary disease, and arthritides;

• program implementation issues such as staffing requirements and models, optimizing
insurance reimbursement, program promotion, and expanding program scope to include
disease management; and

• special topics such as exercise and rehabilitation in older patients and the role and
responsibilities of the medical director in cardiac rehabilitation.

There are two other important changes of note in Medicare coverage guidelines for
cardiac rehabilitation. They are the expansion of program duration from 36 visits in
12 weeks to 36 visits is 18 weeks and the policy to leave to the on-site clinicians and
local fiscal personnel to what extent electrocardiogram (ECG) monitoring is indicated
for selected patients. Concerning the former, rehabilitation staff now have the ability to
implement and complete treatment plans over a period of time that better accommodates
interruptions in patient attendance because of commonly experienced complicating
medical, family, and social reasons. Additionally, the Medicare national coverage
decision policy now allows programs to extend a patient’s program duration to 72
visits in 36 weeks, should it be clinically indicated. Examples of criteria that might
warrant continued rehabilitation beyond 36 visits include

• an exercise training work rate while in rehabilitation of less than four METs (metabolic
equivalent);

• stable but reoccurring angina at a low (less than three METs) work rate during rehabili-
tation or activities of daily living;

• use of prophylactic sublingual nitroglycerine to exercise symptom free during rehabili-
tation; and

• in the absence of supervision by trained rehabilitation professionals, patient is at high
risk of non-compliance to proper nutritional and physical activity habits.

Concerning ECG telemetry monitoring, the Medicare national coverage decision
policy no longer mandates that all patients must undergo such monitoring. The decision
as to which patients should receive ECG monitoring and which patients should not
is now based on the clinical characteristics and responses as observed by the staff
working in the program. One reason that Medicare no longer requires ECG telemetry
monitoring on all patients is the substantive body of research published in the 1990s,
which showed that such monitoring rarely detects a previously unknown, asymptomatic
problem that leads to a change in the patient care plan, either within the cardiac
rehabilitation setting or within the overall cardiology patient care plan (4). Examples
of criteria to consider when trying to determine which patients might benefit from
partial-program or full-program telemetry monitoring include

• patients who did not have a graded exercise test prior to starting rehabilitation, especially
those with stable angina or recovering from a recent myocardial infarction;

• patients with a history of myocardial infarction complicated by cardiogenic shock or
heart failure or left ventricular dysfunction with or without heart failure;

• patients who demonstrated exercise-induced ischemia, atrial fibrillation, or a ventricular
arrhythmia appearing or increasing during their precardiac rehabilitation stress test;

• survivor of sudden cardiac death; and
• patients who are unable to self-monitor heart rate because of physical or mental

impairment.
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Clearly, these are exciting times for professionals working in the field of cardiac
rehabilitation and secondary prevention. However, although much is known about how
patients respond to and benefit from regular exercise and therapeutic lifestyle changes,
more work is needed relative to improving long-term compliance to known beneficial
lifestyle and medical therapies, improving referral rates of eligible patients to secondary
prevention programs, and improving retention of patients who are referred to and begin
participation in cardiac rehabilitation. And despite cardiac rehabilitation representing a
Class 1B guideline therapy for most patients with cardiovascular disease, gender, age,
and race discrepancies persist in terms of program access and utilization. Like other
therapies available to patients with cardiovascular disease, cardiac rehabilitation has
a bright future for serving as a cost-effective strategy that improves mood, restores
functional capacity, lessens or alleviates symptoms, and lowers the risk of and occur-
rence of subsequent clinical cardiovascular events, with all of the attendant social,
economic, and medical benefits that ensue from its successes. The authors of this
volume are pleased and eager to share the full and bright vista of cardiac rehabilitation
with readers.
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INTRODUCTION

The practice of prescribing exercise in sedentary healthy people, in patients with
clinically manifest disease, and even in high-performance athletes is more similar than
you might think. Despite any obvious differences in performance level among these
three groups or concerns you may have about exercise-related complications being
more likely to occur in one group versus another, there are two basic tenets that
apply to everyone when establishing an exercise training program. These are specificity
of training (e.g., mode or type of training) and progressive overload (i.e., intensity,
duration, and frequency of training) (1).

SPECIFICITY OF TRAINING

To develop the predominate energy pathway or organ system(s) (e.g., cardiorespi-
ratory) of interest, the organ system or systems needed to perform the activity must
first be identified, and then an individualized exercise plan that meets the specific
needs of the patient must be crafted. For example, following a myocardial infarction,
performance of a muscular task at work or at home that requires repetitive lifting
can be made easier by developing muscle strength, muscle endurance, and neuromus-
cular coordination through resistance training. Conversely, to improve cardiorespiratory
function for the purposes of risk factor management, general fitness, or as a secondary
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preventive strategy requires engaging in exercises that stress oxygen transport (cardiac
output) and utilization (peripheral blood flow and muscle function). Whether the person
wishes to chop wood, shovel dirt, walk in the park, swim laps, or lift weights, the
training program that is established must be specific to develop the primary organ
system(s) that are responsible for the task of interest.

PROGRESSIVE OVERLOAD

Although the concept of overload training applies to both aerobic training and
resistance training, let us begin our discussion by first focusing on aerobic or cardiores-
piratory training programs. To accomplish this, it is necessary to introduce three
important training principles: intensity, duration, and frequency of exercise. Ultimately,
these principles must be adjusted to provide a sufficient “overload” stimulus on the
organ system and energy pathways of interest to induce the corresponding adaptations
that lead to desired outcomes, such as improvements in daily function, risk factors, or
exercise capacity.

Intensity
Of the above three principles, intensity of effort requires the most consideration.

The two methods that are typically used to guide intensity in patients with clinically
manifest disease are heart rate and ratings of perceived exertion.

The relationship between heart rate and exercise intensity (i.e., power output or peak
oxygen consumption, VO2) is generally quite linear in healthy people and those with
cardiovascular disease (Figure 1); therefore, it is appropriate to train an individual at
a target rate or within a target heart rate range that will elicit the necessary overload
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stimulus on the cardiorespiratory system. The two common formulas for determining
a heart rate-based training intensity are the straight percent of peak heart rate method
and the heart rate reserve method.

Using both heart rate-based formulas, in Table 1, we describe computed training
heart rate ranges for two patients, one taking a beta-adrenergic blocking agent and the
other not on beta-blockade. Typically, training intensities set at 60–85% (or 90%) of
peak heart rate or 50–80% of heart rate reserve are sufficient to produce the organ
system overload stimulus needed to improve aerobic performance. Also, note that in
Table 1, regardless of the method used to determine target heart rate training range,
the upper limit of the range is quite similar for both patients. However, because the
heart rate reserve method accounts for the difference between peak and resting (sitting)
heart rates, the lower limit of the target range is usually higher when using the heart
rate reserve method, regardless of beta-blockade therapy. This observation is consistent
with what occurs in healthy people and in patients with cardiovascular disease and is
the main reason why the heart rate reserve method is preferred over the percent of
peak heart rate approach.

In some people, time does not permit the teaching of pulse taking, whereas in others
with certain clinical conditions (e.g., atrial fibrillation and diabetes), pulse taking is
rendered less accurate. In these instances, we can use a scale named after the individual
who developed it, the Borg Rating of Perceived Exertion (RPE) scale (2). This scale
(Table 2) has been tested in various healthy and patient populations and represents a
valid means to guide exercise intensity because of its coexisting linear relationship to
both heart rate and VO2 during exercise testing and training. It involves asking the
patient to rate their over-all (not just legs or breathing) body exertion or fatigue, using
a scale of 6–20. A value of 6 corresponds to sitting in a chair, and a value of 20 is
described as all-out maximal effort to exhaustion.

Table 1
Examples of Heart Rate-Based Training Intensities in a 62-Year-Old Patient both Taking and

not Taking a Beta-Adrenergic Blocking Agent

Exercise training heart
rate range (beats • min−1)

Measured peak
heart rate

(beats • min−1)

Resting heart
rate (beats •

min−1)

Lower limit Upper limit

No Beta Blockade
HRR 150 70 110 134
Percent of peak HR 150 NA 90 128

On beta-blockade
HRR 126 52 89 111
Percent of peak HR 126 NA 76 107

Heart rate reserve (HRR) method is computed as: �peak HR − resting HR� × 0�50 + resting HR =
lower limit and �peak HR − resting HR�×0�8+ resting HR = upper limit. % peak HR method is computed
as: peak HR × 0�60 = lower limit and peak HR×0�85 = upper limit. HR, heart rate and NA, not applicable.
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Table 2
The Borg Rating of Perceived

Exertion Scale (2)

6
7 Very, very light
8
9 Very light
10
11 Fairly light
12
13 Somewhat light
14
15 Hard
16
17 Very hard
18
19 Very, very hard
20

Relative to exercise training intensity, an RPE of 11–12 is equivalent to light to
moderate work and a heart rate approximating 50–60% of peak. Training within an
RPE range of 12–14 is common among patients with stable cardiovascular disease, in
that it is both safe and sufficient to induce improvement in peak VO2 and health.

Frequency and Duration
Duration can refer to both the length of a single training bout (number of minutes

or hours) and how long the patient has been training over-all (months vs. years).
Generally, the more frequent the program (5 days per week vs. 2 days per week) and
the longer the over-all program, the greater the improvement in exercise capacity or
function. For example, a 24-week exercise training study in our laboratory involving
patients with chronic heart failure initially showed an improvement of 14% in peak
VO2 at week 12 and a further increase to 16% at week 24 (3).

The recommended frequency for most patients with cardiovascular disease is 3–5
days per week (4). We also know that, assuming training intensity is unchanged,
duration and frequency of training can, to a certain extent, be traded off. If, for some
reason, a patient’s training frequency during a week is decreased from 6 to 3 or 2 days,
then total duration per training session should be increased to ensure that the total
overload stimulus (minimal of exercise/session × sessions/week) that is accomplished
for that week is similar to that of a 6-day per week training regimen. Table 3 summarizes
a typical training regimen for improving aerobic or cardiorespiratory fitness (see also
chapter 15 for any unique or disease-specific changes or considerations that may be
needed when developing an exercise prescription).
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Table 3
General Training Guidelines for Improving Health

and Aerobic Fitness

Training factor Guidelines∗

Intensity 60–85% of peak HR
50–80% of HRR

Frequency 4–6 days/week
Sessions/day One
Duration ≥ 8 weeks
Duration/Session ≥ 30 min/session

∗ Target goal is 150 Kcal •day−1 (1000 Kcal • wk−1).
HR, heart rate and HRR, heart rate reserve.

RESISTANCE TRAINING

The above discussion concerning specificity of training and progressive overload
focused on activities that involve the entire body during an aerobic-type activity.
Increasingly common among patients with cardiovascular disease or risk factors is
the use of weight training or resistance training. Such training often improves one’s
muscular strength and endurance and allows patients to more easily engage in activities
of daily living, manage risk factors, reduce incidence of falls, and lessen frailty. One
difference between developing fitness using resistance training versus an aerobic-type
regimen is that the former involves a regional or joint-specific activity to focus on
a singe muscle or muscle group, whereas the latter usually represents a gross motor
activity that involves many major muscle groups to improve cardiorespiratory function.
As a result of these differences, the concepts of intensity, duration, and frequency of
activity take on slightly different meanings.

An important point to keep in mind when discussing/recommending resistance
training to patients with cardiovascular disease is that the load should be modified.
Specifically, among healthy people and athletes, maximal strength gains are best
achieved by an overload program that incorporates (a) higher intensities (more weight),
(b) more sets, and (c) fewer repetitions. Additionally, gains in muscular endurance are
also derived from this type of training, as well as from a regimen that incorporates
moderate intensity lifts completed in sets that incorporate more repetitions.

In patients with clinically manifest disease, a sufficient overload can be accomplished
by using a moderate-intensity (weight), more-repetition model. Therefore, as most
patients can benefit from gains in muscle strength and endurance, it is prudent to use
a lower-weight, fewer-set, and higher-repetition training model – for example, two
sets of 8–12 repetitions at 50–70% of 1 repetition maximum (RM). Although some
controversy exists relative to whether or not there is more benefit if a patient weight
trains 3 versus 2 (or one) days per week, there is little evidence that substantial gains
can be realized among patients performing resistance exercise more than 3 days per
week. For the patient who has never engaged in weight lifting before or has been away
from it for several years, it is prudent to limit training frequency to two times per week
and progress to three per week after demonstrating no problems at the initial level.
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FEATURE BOX� � �PROPER TECHNIQUE
AND RESISTANCE TRAINING

Any discussion about resistance training would be incomplete without the mention
of the necessary steps one must take to minimize injury and increase the effectiveness
while training. General recommendations include the following (5):

• All lifts should be conducted throughout the full range of motion.
• Breathe out (exhaling) during the lift phase and breathe in (inhaling) during the

recovery phase.
• Never arch the back during any lifting.
• Always control the recovery phase of the lift, instead of allowing the weights to “crash”

down in preparation for the next repetition.
• Be sure that patients always train with a partner.
• Review with patients the signs and symptoms of excessive fatigue (e.g., higher than

usual heart rate at rest or during training, general weakness, and unsteady lift technique)
that can occur during training, especially within the first three weeks for patients starting
a weight lifting program. Instruct patients to curtail the remainder of training during a
session should excessive fatigue be present.

• Clinical exercise staff familiar with resistance training should conduct an initial orien-
tation with each patient concerning the various lifts they will be doing, as well as be
available for regular re-evaluations and assistance during training sessions.

Establishing the correct weight or load to lift per repetition can be accomplished in
patients with cardiovascular disease using an approach that assumes that for each time
a weight is lifted, the percent RM is reduced by 2.5% (5). Thus, a load lifted only once
represents 100% of 1 RM, whereas the lifting of a weight five repetitions, without the
ability to lift it a sixth repetition, represents 90% of the 1 RM (i.e., a reduction of 2.5%
for each successful lift beyond 1, so that 4 × 2�5% = 10% and 100 − 10% = 90%).
From this, the 1 RM can be estimated from the following equation:

weight lifted
�1�0− �the number of lifts×0�025��

= 1RM

Among patients with clinically manifest disease, the indirect 1-RM method is
believed to reduce even further the already very small risk of an abnormal response
occurring during resistance training, such as an orthopedic injury, a hypertensive
response, left ventricular dysfunction, or arrhythmia.

Flexibility
Although not mentioned earlier, there is a third component to consider when develop-

ing a patient’s total fitness, beyond cardiorespiratory or muscle strength/endurance.
This third component of fitness pertains to muscle and joint flexibility and is important
because it can help restore the normal pattern of movement, reduce pain due to injury
or disease, improve function during routine activities of daily living, and maintain
functional independence. Joint flexibility is influenced by variables such as the disten-
sibility of the joint capsule, adequate warm-up, muscle viscosity, and any pain due
to an acute or chronic injury. And just as no single exercise can induce total body
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strength or endurance, no single exercise yields total body flexibility. In other words,
flexibility is a joint-specific and muscle group-specific type of fitness.

Improving flexibility is usually accomplished through static or passive (versus
dynamic) stretching exercises. This approach to stretching involves gently lengthening
a muscle group to the point of resistance or mild discomfort (no pain), holding it in
that lengthened position for a period of time, and then relaxing. Each time the muscle
is stretched it should be held for 30–60 s. This entire process is repeated two or three
more times for the same muscle group, before moving on to the next. As with resistance
training, patients should be instructed to avoid breath holding while stretching.

In almost every instance, the benefits of mild passive stretching outweigh any risks;
however, it is important to point out that the potential for injury due to “over-stretching,”
although extremely rare, does exist. This is especially true among patients who present
with an already unstable or hypermobile joint. Stretching is contraindicated at a fracture
site, and caution is advised in patients with osteoporosis.

CONCLUSION

For most patients with cardiovascular disease, the above training principles will
apply for the purposes of developing cardiorespiratory fitness or muscles strength
or endurance. However, because of the sometimes unique pathophysiology of each
disorder, certain modifications or adjustments in the usual training guidelines may be
needed (4,5). These considerations are described in chapter 15, for several of the more
common cardiovascular diseases.
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INTRODUCTION

Healthy nutrition plays an essential role in improving the cardiovascular risk profile
following a cardiac event. Recognizing the impact that healthy dietary behaviors can
have on recovery, the American Heart Association stated that “� � �nutritional counseling
should be provided to all participants in cardiac rehabilitation” (1). Research has shown
that the combination of regular exercise and healthy nutrition together significantly
slows the progression of coronary heart disease (2). Increasing fruit and vegetable
intake and managing fat in the diet are also critical in the management of other heart
disease risk factors such as hypertension, type 2 diabetes mellitus, and dyslipidemias
of many varieties.

National guidelines published by the American Association of Cardiovascular
and Pulmonary Rehabilitation (AACVPR) (3) specifically require assessment of and
targeted intervention on the nutrition status of all cardiac rehabilitation participants. The
methods and tools used to achieve these requirements vary from program to program.
The size of the program, additional state regulatory requirements, program resources,
and other considerations will all influence the choice of tools and methods employed by
each program. One element essential for all programs to include, regardless of size or
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resources, is personalization of information for each participant. Personalization begins
with an individualized look at the participant’s nutritional status. Once an assessment
is complete, each participant should have access to appropriate nutrition education.
The nutrition therapy portion of a cardiac rehabilitation program should culminate with
healthy personalized recommendations. On the basis of the structure of the program,
these services may be provided through individual consultation with program staff or
through interactive classroom instruction.

Core Components of Nutritional Counseling in Cardiac Rehabilitation

Evaluation – Assess caloric and nutrient intake, assess eating habits, and assess
target areas for intervention.
Intervention – Develop individualized diet plan aimed at general heart healthy
recommendations and specific risk reduction strategies; counsel participant and
family; incorporate behavior change and compliance strategies.
Expected outcomes – Participant understanding of basic dietary principles, plan to
address eating behavior problems, and adherence to diet.

Adapted from Balady 2000 (4)

DIETARY INTAKE AND THE MANAGEMENT OF HEART DISEASE

Extensive research has been conducted on many different individual nutritional
components and the impact they have on coronary heart disease and the associated risk
factors. Hu and Willett completed a review of 147 original investigations and reviews of
major dietary factors. They identified increased intake of fruits, vegetables, and whole
grains, substitution of non-hydrogenated unsaturated fats for saturated and trans-fats,
and increased intake of omega-3 fatty acids as the major effective dietary strategies
for preventing coronary heart disease (5). Additionally, incorporation of low-fat dairy
products on a daily basis helps to control blood pressure and may possibly assist in
weight management (6,7). Structuring cardiac rehabilitation nutrition education around
these principles will support the goal of secondary prevention in participants.

FRUITS AND VEGETABLES

Numerous studies have demonstrated that diets rich in fruits and vegetables are
correlated with the prevention of coronary heart disease and associated risk factors
(5). In a large epidemiologic study, a significant inverse correlation between risk
of coronary heart disease and intake of fruits and vegetables was noted. Every
1 serving-per-day increase in intake was correlated with a 4% decrease in risk.
Individuals in the highest quintile of intake (9.15–10.15 servings/day) had a 20%
lower relative risk of developing coronary heart disease than individuals in the lowest
quintile of intake (2.54–2.93 servings/day). Especially beneficial were leafy green
vegetables and Vitamin C-rich fruits and vegetables (Joshipura) (20). In the landmark
Dietary Approaches to Stop Hypertension (DASH) trials, increased consumption
of fruits and vegetables in the setting of additional healthy food behaviors led to
markedly decreased blood pressure levels (6). The beneficial effects of including
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fruits and vegetables in the diet are thought to come, in part, from the provision of
potassium, fiber, phytochemicals, and the displacement of unhealthier food choices.

Counseling participants with regard to the inclusion of additional fruits and vegetables
in their diets must include several key elements. First, emphasize the importance of
serving the fruits and vegetables in a healthy and an appealing manner. People often
offset the benefit gained from the inclusion of fruits and vegetables in the diet by
adding copious amounts of fats and sugars during food preparation. Second, starchy
vegetables such as corn, potatoes, peas, and beans are included in the starch food group
and not in the vegetable food group. Starchy vegetables, as the name implies, have
carbohydrate and calorie contents similar to other starches. When developing a meal
plan, treating them as such is necessary, especially when blood glucose management
is a factor in meal composition. Non-starchy vegetables are very low in calories
and can be consumed liberally, even in the setting of weight management. Finally,
encourage the selection of whole fruits and vegetables whether they are fresh, frozen,
or canned in their own juice or light syrup over juices. Whole fruits and vegetables
provide the extra benefit of fiber and increased satiety. In general overconsumption
of calories from fruit rarely occurs and only when a participant consumes more than
the recommended amount of juice or dried fruit—less satisfying foods. Increasing the
consumption of healthily prepared fruits and vegetables may be a new experience for
many cardiac rehabilitation participants. Increasing their self-efficacy through education
and counseling to establish these new habits is critical in their eventual success.

DIETARY FATS

There is undeniable evidence that diets high in saturated and trans-fats are signif-
icant contributors to the risk of coronary heart disease, whereas inclusion of healthy
monounsaturated and polyunsaturated fats reduces risk. Differences in total fat intake,
with the exception of difficult-to-adhere-to very low-fat diets (< 10% of total calories
from fat), do not significantly influence coronary heart disease risk; only substitution
of saturated and trans-fats with monounsaturated and polyunsaturated fats significantly
impacts risk (8–10). In the Women’s Health Initiative Study, an 8.3% reduction in total
fat intake (2.9% from saturated fat, 0.6% trans-fats, 3.3% monounsaturated fats, 1.5%
polyunsaturated fats) did not result in significant impact on coronary heart disease
risk (9). However, the replacement of 5% of energy from saturated fat and 8.2% of
energy from trans-fat with monounsaturated and polyunsaturated fats was associated
with a 42 and 53% lower risk of coronary heart disease, respectively, in the Nurses’
Health Study (10). Targeted reductions and substitutions of fat subtypes are critical to
improving a person’s cardiac risk profile.

In addition to replacing unhealthy fats in the diet with healthy fats, inclusion of
omega-3 fats in the diet provides substantial benefit. Inclusion of approximately eight
or more servings of omega-3 fatty acid-rich fish each month reduced sudden cardiac
death by 50% compared with consumption of less than one serving of omega-3 fatty
acid-rich fish each month (11). Plant-based sources of omega-3 fatty acids have also
been indicated in the secondary prevention of coronary heart disease (11). It is important
to encourage participants to increase omega-3 fatty acids in their diet by including
two 3-ounce servings of low-contaminate fatty fish each week and plant-based sources
such as flaxseed, English walnuts, and canola oil.
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Fish Advisory

Some fatty fish such as shark, swordfish, king mackerel, and tilefish have higher
mercury content. Limit your consumption of these fish to no more than 7 ounces
per week. Consumption of fish with lower mercury contamination such as tuna, red
snapper, and orange roughy should be limited to no more than 14 ounces per week.
Woman of childbearing age, pregnant woman, and children should avoid fish with
high mercury contamination altogether, and limit lower mercury fish to not more
than 12 ounces per week.

American Heart Association (12)

Managing the balance of fat in the diet through the replacement of unhealthy
saturated and trans-fats with healthy omega-3, monounsaturated and polyunsaturated
fats can represent a significant lifestyle change for many cardiac rehabilitation partic-
ipants. This will likely be a shift away from many of the comfort foods that are
ingrained in their home environment. Acknowledging the difficulty of these changes
can be helpful as the participant begins to set goals for change. Smaller, more attainable
goals lead to early success and increased self-efficacy. Work with the participant to
identify one or two specific areas for change and target efforts there. For example,
someone who is not eating any fish may choose to include one serving of fish rich in
omega-3 fats once a week. A second goal may be substituting canola or olive oil for
shortening when cooking. Both of these actions can considerably improve the partic-
ipant’s diet without an overwhelming, unnecessary, and expensive pantry overhaul, the
sheer magnitude of which could cause a total resistance to all change.

Saturated fat Trans-fat

• Usually solid at room temperature • Results from hydrogenating
unsaturated fats

• Sources include animal-based products
such as meats and plant-based hydro-
genated vegetable oils (shortening)

• Major sources include fast foods,
baked goods, and stick margarine

Polyunsaturated fat Monounsaturated fat Omega-3 fat

• Usually liquid at room
temperature

• Usually liquid at room
temperature

• Marine sources
include fatty fish
such as salmon,
herring, sardines, and
mackerel

• Sources include corn
oil, safflower oil,
cotton seed oil, and soy
bean oil

• Sources include olive
oil, avocado, canola
oil, and most nuts

• Plant-based sources
include walnuts and
flaxseed
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DAIRY PRODUCTS

Dairy products may play a role in managing blood pressure and weight. Adding
low-fat dairy products such as milk and yogurt to a diet rich in fruits and vegetables
compounds the diet’s ability to reduce cardiac risk. In the setting of weight maintenance,
the DASH-feeding studies noted that addition of two to three servings of low-fat dairy
products to the basic diet more than doubled the reduction in blood pressure achieved
by subjects using this dietary approach (6). While these positive effects on blood
pressure have been well-documented, newer research demonstrates the potential for
even more risk-reduction benefits through dietary changes.

Recent studies support the role of calcium and low-fat dairy products in weight and
body fat mass management. Including dairy (i.e., three servings of yogurt per day) in
the setting of energy restriction improved total body fat loss and trunk fat loss by 61
and 81%, respectively (7). If energy intake is held constant and suboptimal calcium
intake is increased through the inclusion of three servings of dairy per day, body fat
mass decreases �−5�4%�, especially in the trunk region �−4�6%�, while body weight
remains stable (7). A recent randomized control trial compared increased calcium
through supplementation and inclusion of dairy products. While individuals taking
calcium supplements experienced improvement over the control group in weight, total
body fat, and trunk fat loss, individuals in the dairy group had substantially greater
losses (7).

These smaller trials indicate that provision of dairy products in the diet is beneficial
in the management of weight and body fat, however more extensive research is needed.
Virtually all cardiac rehabilitation participants can benefit from the inclusion of two
to three servings of dairy products in their daily diet. Primarily, these servings should
come from low-fat milk and yogurt. Owing to their higher fat content and lower
calcium content, cheese and butter are considered when determining daily fat intake,
rather than as dairy servings.

WHOLE GRAINS AND STARCHES

In the past several years, starches have received volumes of negative press, with
some fad diet creators suggesting virtual elimination of starches from the diet. However,
starches are critical components of a healthy diet, as they provide essential nutrients
and serve as an important energy source. Starches also serve an integral function in
satiation. The distinction to be made is in the type of starch that is recommended
for inclusion in the diet. While refined grains are stripped of their nutrients and are
often included in popular high-fat products, whole grains provide a bounty of nutrients,
phytochemicals, and fiber.

Inclusion of whole grains and cereal fiber in the diet also decreases risk of disease.
In the Iowa Women’s Health study, Jacobs et al. (13) found a clear inverse relationship
between intake of whole grains and risk of heart disease. Individuals in the highest
quintile of intake (3.2 servings per day) had a 30% lower relative risk of heart disease
than individuals in the lowest quintile of intake (0.2 servings per day) (13). Similarly,
results from the Nurse’s Health Study also demonstrated a 34% lower risk of heart
disease in women in the highest quintile of fiber intake. The decreased risk was
only significant for dietary fiber from cereal grains and not for fiber from fruits and
vegetables (14).
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Introduction or increasing whole grain products in the diet can be structured in a
stepwise manner with the goal of at least half of all starch servings in the diet provided
by whole grain products. It is productive to have the participant begin to examine the
starch products currently consumed and identify areas for change. Initial increases may
come from mixing whole grain breakfast cereals with favorite refined grain cereals or
from purchasing whole grain pastas. Eventually, the participant can continue to transition
to additional whole grain products as the palate and gastrointestinal tract adjusts.

ADDITIONAL DIETARY COMPONENTS

Stanols and Sterols
Plant stanols and sterols are organic compounds found naturally in vegetable oils,

cereals, fruits, and vegetables. Additionally, they now are added to products such as
margarines and orange juice. Owing to their cholesterol-like structure, these compounds
interferewith theabsorptionofcholesterol andcholesterol-buildingblocks in thedigestive
tract. The net effect of this lowered absorption is a 6–15% reduction in low-density
lipoprotein (LDL) cholesterol (NCEP). The Third Report of the National Cholesterol
Education Program Expert Panel of Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III) recommends consuming 2 g of plant
stanol and sterol esters per day as a therapeutic option for managing LDL cholesterol
(15). To achieve an optimal intake level, inclusion of fortified products is necessary as the
amount of stanols and sterols occurring naturally in foods is minimal.

Alcohol
While alcohol intake and a reduction in cardiac events has been widely publicized in

the popular media and supported by several research studies, encouraging the addition
of alcohol in the diet of a cardiac rehabilitation participant is not recommended. The
addictive nature and adverse consequences of over-consuming alcohol do not outweigh
the potential benefits. Also, it is becoming clear that many of the studies that found a
potential benefit of moderate alcohol consumption, perhaps overestimated the benefits by
incorrectly including reformed high-volume alcoholic consumers in the abstinence group.
While the proper role of alcohol in the diet and for risk reduction is being investigated, the
American Heart Association recommends limiting intake to not more than one drink per
day for women and two drinks per day for men (16).

Sodium
Numerous studies have shown that reducing intake of dietary sodium can have

a significant effect on lowering blood pressure. In the DASH-sodium trial, subjects
were maintained on sodium intakes of approximately 3300 mg/day, 2400 mg/day, and
1500 mg/day in a cross-over design. Blood pressure was significantly reduced with each
incremental drop in sodium intake (Sacks) (21). While sodium intake at the lowest
level showed the greatest overall effect, maintaining this level of intake is difficult at
best. Therefore, the American Heart Association recommends consuming no more than
2400 mg of sodium per day (16). To remain under the recommended level of intake, it is
important to counsel cardiac rehabilitation participants to steer clear from high sodium-
canned meats, soups and vegetables, and salty snacks, and to avoid adding salt when
cooking or at the table.
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ALTERNATIVE DIETARY PATTERNS

One of the most significant ways that cardiac risk can be reduced is through achieving
and maintaining a healthy body weight. As a result, cardiac rehabilitation participants
often solicit advice about initiating one of the numerous popular diets for weight loss.
For this reason, health professionals need to be aware of two key points emerging from
research in this field. Several studies have noted that weight loss is not significantly
different after 12 months in subjects following any one of several popular diets (17–19).
In a randomized clinical trial comparing a low-carbohydrate, high-protein, high-fat diet to
a low-calorie, high-carbohydrate, low-fat diet, greater improvement of some cardiac risk
factors [triglycerides and high-density lipoprotein (HDL)] was experienced on the low-
carbohydrate diet (17). Changes in other risk factors (LDL, blood pressure, and insulin
sensitivity), however, were not significantly different between the groups or, as demon-
strated by meta-analysis, were found to be unfavorable on a low-carbohydrate diet (17,19).
When discussing alternative popular diets with participants, it is important to examine
restrictions set forth by the popular diet that limit the consumption of the proven beneficial
foods (fruits, vegetables, low-fat dairy products, and whole grains). The long-term health
ramifications and safety of excluding or limiting these foods is, as of yet, unknown.

CALORIES AND DIETARY PATTERN

Practical implementation of a healthy diet pattern begins with laying a foundation of
appropriate caloric intake. The following tool was developed by dietitians at the Duke
Center for Living and Duke Cardiac Rehabilitation program. Extrapolated from the Harris
Benedict equation, it is a user-friendly tool requiring minimal calculations to approximate
caloric intake. Once an appropriate calorie level is identified, one should determine the
recommended contributions from each dietary component. A healthy cardiac diet allows
for an estimated 25–30% of total calories from fat—mainly from healthy monounsatu-
rated and polyunsaturated fats by limiting unhealthy saturated fat to 7% of total calories.
A quick reference for total fat and saturated fat gram allowance for varying calorie levels
is provided. One can select the calorie level closest to the participant’s calculated needs,
erring on the side of less versus more calories in the diet.

Determining Your Daily Calorie Allowance

Step 1: Write current weight_____ (lbs) then multiply by 10 = _____
Step 2: Choose one from Steps a – e below. (It is important not to have a calorie level

< 1200 without evaluation by a registered dietitian.)

a. If you want to toneup your body, maintain weight or lose less than 10 lbs, then
add 500.

b. If you want to lose 10–25 lbs, then add 0. _____
c. If you want to lose greater than 25 lbs, subtract 500.
d. If you weigh 350 lbs or more, subtract 1000.
e. If you want to gain weight, add 1000.

Step 3: Add the calories from steps 1 and 2.
This is your estimated calorie needs per day _____calories per day

Above calorie levels are based on person engaging in approximately 30 min of exercise 3–5 days/week.
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Daily Fat Gram Budget Chart

Calorie needs
Maximum daily total fat gram
budget

Maximum daily saturated fat gram
budget

1300 40 10
1400 43 11
1600 48 12
1800 51 14
2000 58 16
2200 66 17
2400 73 19
2600 79 20
2800 87 22
3000 95 23

Taking into account the calories from fat and the recommendations for following a diet
pattern rich in fruits, vegetables, low-fat dairy products, and whole grains, the following
are suggested meal plans for healthy living. The first plan includes provisions for partici-
pants who consume beef, poultry, seafood, eggs, and cheese, while the second is specifi-
cally designed for lacto-ovo vegetarians (individuals who do not consume animal products
with the exception of eggs, cheese, and dairy products). One should begin by finding the
caloric level that most closely matches the participant’s recommended caloric intake.

SUGGESTED MEAL PLANS FOR HEALTHY EATING

Chart 1 is a Plan for Individuals Who Eat Beef, Poultry, Seafood, Eggs, and Cheese

Chart 1 1300 1400 1600 1800 2000 2200 2400 2600 2800 3000

Fat grams ≤ 43 ≤ 45 ≤ 52 ≤ 58 ≤ 64 ≤ 70 ≤ 78 ≤ 84 ≤ 90 ≤ 98
Starch∗ 4 4 5 5 6 7 7 8 9 10
Fruit 2 3 4 4 5 5 5 6 7 7
Vegetable 3+ 4+ 4+ 5+ 5+ 6+ 6+ 6+ 7+ 7+
Dairy 2 2 2 2 2 2 3 3 3 3
M&P∗∗ 3 3 4 6 6 8 8 8 8 9

Chart 2 is a Plan for Individuals Who are Lacto-Ovo Vegetarian (Eat Only Eggs, Cheese and
Dairy Animal Products)

CHART 2
1300
veg

1400
veg

1600
veg

1800
veg

2000
veg

2200
veg

2400
veg

2600
veg

2800
veg

3000
veg

Fat grams ≤ 43 ≤ 45 ≤ 52 ≤ 58 ≤ 64 ≤ 70 ≤ 78 ≤ 84 ≤ 90 ≤ 98
Starch∗ 5 5 6 6 7 8 9 10 11 12
Fruit 2 2 3 3 4 4 4 5 6 6
Vegetable 3+ 3+ 4+ 5+ 5+ 5+ 6+ 6+ 7+ 7+
Dairy 3 3 3 3 3 3 3 3 3 3
M&P∗∗ 2 2 2 3 3 3 3 4 4 5

∗ Include at least half of all starch servings from whole grain products.
∗∗ M&P = Meat (beef, poultry, seafood, pork, etc.) and other proteins such as eggs, cheese, nuts.
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Serving Sizes

1 serving of starch = 1 slice of bread, 1 small roll, 1 small potato, 1/2 cup of cereals,
cooked rice, pasta, or starchy vegetables like peas, corn, and beans.
1 serving of fruit = 1 small apple, orange or other similar size whole fruit, 1/2 banana,
15 grapes, 1/4 cup dried fruit, 1/2 cup chopped, cooked, or canned fruit, 1/2 cup juice.
1 serving of non-starchy vegetables=1 cup raw vegetables, 1/2 cup cooked vegetables,
and 1/2 cup vegetable juice.
1 serving of dairy = 1 cup of milk or yogurt.
1 serving of meat and other proteins = 1 ounce of meat such as beef, poultry, pork,
fish, oyster, or veal, 2 ounces of other shellfish, 1 ounce of cheese, 1 ounce of nuts, and
1 egg.

SUMMARY

The goal of nutrition therapy for cardiac rehabilitation participants is the adaptation
and maintenance of healthy behaviors for a lifetime to improve a participant’s cardio-
vascular risk profile and prevent additional cardiac events. Nutrition therapy begins
with an assessment of current dietary practices, followed by identification of targeted
areas for change and creation of an implementation plan. Including the services of
a registered dietitian in a cardiac rehabilitation program is beneficial in managing
the complexities of changing dietary behaviors. Providing support and encouragement
for each step a participant makes will foster continued positive changes and cardiac
risk reduction.
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BACKGROUND AND GENERAL INFORMATION

History and Epidemiology
Currently there is no specific treatment strategy for patients who are overweight or

obese and participating in cardiac rehabilitation. Although several guidelines mention
the need for treatment and provide general recommendations, most programs do not
employ targeted weight management strategies (1,2). Studies carried out in the cardiac
rehabilitation setting that assessed changes in body weight or variables related to
obesity [body fat percentage, lean mass, body mass index (BMI)] have shown mixed
results (2). The studies that did demonstrate improvement likely used a multifaceted
approach as opposed to exercise alone.

The increase in the prevalence of obesity in the US population almost needs not
to be mentioned, as it is highly publicized in both clinical and general populations.
However, to establish a baseline from which this chapter will draw upon, we present
the following background information.

The definition of BMI is an anthropometric measure of body mass, defined as weight
in kilograms divided by height in meter squared. BMI is the primary measure used
to categorize individuals according to weight. Table 1 summarizes the accepted cutoff
values for BMI when determining whether a person is at an acceptable body weight
or whether he/she is overweight or obese (3).

One should note that there are likely individuals who have BMI values that range
from a status of overweight to obese I who may not be at increased risk of weight-
related diseases as compared with others. But in practice, most of the general public

From: Contemporary Cardiology: Cardiac Rehabilitation
Edited by: W. E. Kraus and S. J. Keteyian © Humana Press Inc., Totowa, NJ

25



26 J.K. Ehrman

Table 1
BMI Categories

BMI �kg/m2� Status

< 18�5 Underweight
18.5–24.9 Normal or acceptable weight
25.0–29.9 Overweight
30.0–34.9 Obese I
35.0–39.9 Obese II
40�0+ Morbid obesity

would be appropriately classified as at increased risk for weight-related diseases based
on their BMI. The relationship between BMI and body fat percentage is positive and
significant (4). For the exceptions, Fig. 1 presents a comparison of two individuals
with similar BMI values but with likely different weight-related disease risk.

Clinical observation of each person’s body type in Fig. 1 suggests that the individual
on the left is likely at a lower risk for body weight-related diseases. Given this potential
situation, there are additional measures that can be taken to help clarify disease risk. The
simplest of these is a waist measurement. Risk is increased when waist circumference
exceeds 35 inches (88 cm) for women and 40 inches (102 cm) for men. In the above
example, this type of quick measurement would help clarify the risk difference in
individuals with the same BMI value. For those with higher BMI categorical values
and waist measurements exceeding those mentioned above, the risk of weight-related
diseases increases. Waist circumference is likely best at evaluating potential increased
risk in those with BMI values ranging from 25.0 to 34�9 kg/m2. The question you
might ask now is ‘why does waist circumference help to identify risk?’

Waist circumference serves two purposes in risk assessment. First, much research
indicates that carrying excess weight in the stomach/truncal area indicates an increased
risk for coronary artery disease (CAD), diabetes, hypertension, lipid disorders, and
metabolic syndrome (5). Additionally, waist circumference is an indirect measure of
body fat, and it is the increased body fat that one carries that is related to disease risk.
Going back to the example in Fig. 1, it is clear that the individual on the right would
have a greater waist circumference and a higher body fat percentage.

6'3" Height 6'3"

250 lbs Weight 250 lbs

31.0 BMI 31.0

Fig. 1. Comparison of individuals with the same height and weight.
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The waist-to-hip ratio may also be used to describe the location of fat accumulation.
As with the waist measurement alone, this method identifies those who accumulate
fat in the waist area (apple or android body shape) which places a person at increased
risk for weight-related disease versus those who accumulate body fat in the hips and
thighs (pear or gynoid body shape). The “apple” shape at which one is at increased
health risk is a waist-to-hip ratio greater than 0.95 for men and 0.80 for women.

Body composition, and specifically body fat percentage, can be measured more
accurately using a number of different methods including water or air displacement,
skin-fold thickness, bioelectrical impedance, and dual-energy x-ray absorptiometry
(DEXA). Body composition values that refer to an individual as overweight or obese
vary slightly depending on the source. Most suggest that a body fat percentage above
20% for men and 30% for women constitutes the beginning standard for overweight
or overfat. Morbidly obese individuals with BMIs above 40–50 kg/m2 can have body
fat percentages in the 50–70% range. However, assessment of body fat percentage
requires specialized equipment and training, and there can be a large error associated
with measurement using any of these methods.

During either a clinic visit or a cardiac rehabilitation program, assessment of BMI
and waist circumference is easy and quick to perform, does not require specialized
equipment, can be performed by any level of health professional, is not prone to error,
and adequately provides both risk assessment and need for weight loss intervention.

Using the BMI definitions, the status of the US population has been described with
reference to body weight over the past 45+ years. Data from the National Health and
Nutrition Examination Survey (NHANES) provide most of this information. Prior to
this, it was the Metropolitan Life Insurance Company that provided much of the weight-
related health information with their ideal body weight tables. Table 2 summarizes
data from the four NHANES surveys with data that demonstrate a high percentage of
individuals classified as overweight since as early as 1960. The trend more recently, as
depicted in the NHANES III data, is a rapid rise in the US population that is defined
as overweight (6). Fig. 2 presents a similar trend for individuals who can be classified
as obese. It is also well-known that minority populations are especially at increased
risk for developing obesity.

In 1998, the American Heart Association first listed overweight and obesity as
one of seven risk factors for the development of cardiovascular disease. A recent

Table 2
Age-Adjusted Percentage of US Adults Aged 20–74 years

with BMI ≥ 25�0 kg/m2, United States, 1960–1994∗

Survey and years Men Women Total

NHES I (1960–1962) 48�2 38�7 43�3
NHANES I (1971–1974) 52�9 39�7 46�1
NHANES II (1976–1980) 51�4 40�8 46�0
NHANES III (1988–1994) 59�3 49�6 54�4

NHES, National Health Examination Survey; NHANES,
National Health and Nutrition Examination Survey.

∗ Results presented in %.
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1991

2000

Source: Mokdad A H, et al.J Am Med Assoc1999;282:16, 2001;286:10. 

No Data

Obesity Trends* Among U.S. Adultsa
1991, 1995 and 2000 

(*BMI ≥30, or ~ 30 lbs overweight for 5’4” woman)

1995

15-19%10%-14%<10%  >20%

Fig. 2. Obesity trends among US adults. Reproduced with permission (7,8).

report from the American Heart Association titled ‘A Nation at Risk: Obesity in the
United States’ presented data from NHANES III that noted the following relative
risk scores for developing heart disease within BMI ranges: BMI < 25, score 1.0;
BMI = 25�0–29�9, score 1.39; BMI = 30�0–34�9, score 1.86, and BMI > 35�0, score
1.67. The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC-7) reclassified obesity as
a major modifiable risk factor for cardiovascular disease (9). And there are many
other diseases for which being overweight is strongly associated, including the risk
of developing gallstones, some forms of cancer, diabetes, hypertension, osteoarthritis,
low back pain, liver disease, sleep apnea, and premature death (10).

Certainly, obesity is prevalent in populations with CAD. Rana et al. (11) reported
that 58% of a consecutive cohort of post-myocardial infarction patients were classified
as either overweight or obese using the BMI classification. They also found a positive
and graded relationship of BMI and death in these patients. Cardiac rehabilitation
specific populations are also obese. In our experience at Henry Ford Hospital, obesity
is observed in 53% and morbid obesity in 13% of patients enrolling in cardiac rehabil-
itation. Clearly many patients with atherosclerosis are obese, and one can assume that
this contributes to complications of CAD and its associated risk factors (e.g., hyper-
tension and diabetes) and comorbidities (e.g., heart attack, angina, and peripheral
artery disease). The American Association of Cardiovascular and Pulmonary Rehabil-
itation (AACVPR) guidelines for weight management in those participating in cardiac
rehabilitation include the following (1):

• Interventions should be targeted to those patients whose weight and body composition
place them at increased cardiac risk and whose weight may adversely affect other risk
factors such as diabetes, abnormal lipids, and hypertension.
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• Interventsions should be targeted at men with a BMI ≥ 25 kg/m2 and waist > 40 inches
(102 cm) and women with a BMI ≥ 25 kg/m2 and waist > 35 inches (88 cm) in women.

Pathophysiology
Overweight and obesity, in its simplest terms, is the result of a prolonged imbalance

between caloric consumption and expenditure. However, there is much evidence of
the multifactorial nature of the disease. Neurologic, physiologic, biochemical, environ-
mental, cultural, and psychosocial factors all interact to drive caloric imbalance.
Heredity is also known to play a strong role in the risk of obesity. Because of all these
factors, a number of direct and indirect negative effects often occur in these patients.

Obesity is implicated in the metabolic syndrome and various other comorbid condi-
tions that increase the risk of developing CAD, as well as the continued complications
associated with established CAD and its comorbidities. Risk factors for CAD that may
be affected by obesity include insulin resistance and diabetes, dyslipidemia, hyper-
tension, inflammation, and a prothrombotic state.

1. Insulin resistance and diabetes: Both of these related conditions are known to signif-
icantly elevate the risk of developing CAD by between 2.5- and 5-fold. However, the
mechanisms of obesity leading to these are not well understood. Abdominal obesity
specifically elevates risk. Proposed mechanisms include the elevation of free fatty
acids in the blood which may affect the skeletal muscles (insulin resistance), the liver
(glucose release and insulin clearance), and the pancreas (insulin production) which
possibly alone, or in combination, may lead to insulin resistance and/or diabetes. There
is evidence that insulin resistance is genetically related (12).

2. Dyslipidemia: Often plasma triglycerides, total cholesterol and low-density lipoprotein
(LDL) levels are elevated in those who are obese. However, these abnormalities are
not always found in the obese. This demonstrates the complicated relationship between
obesity and plasma lipoproteins. This also includes lower high-density lipoprotein
(HDL) levels. A potential mechanism may be the observed elevated rate of very low-
density lipoprotein (VLDL) production in obese individuals which can affect HDL,
LDL and triglycerides (5).

3. Hypertension: Elevated blood pressure is common in the obese and is related to
body weight (13). Again, the relationship is not well understood. Obese individuals
are often volume overloaded, possibly due to sodium retention. They may have an
impaired vasodilatory capacity, which may be affected also by insulin-related disease.
This effect might be related to renal (sodium absorption and renin-angiotensin activity)
or sympathetic nervous system function.

4. Inflammation: High sensitivity C-reactive protein (hs-CRP) and cytokines are elevated
in those who are obese (14). These play a role in inflammation within the arteries,
including those with established atherosclerosis. It is not known whether hs-CRP is
involved in destabilizing plaque or whether unstable plaque results in increased hs-CRP
production.

5. Prothrombotic status: Elevated levels of fibrinogen and plasma activator inhibitor
(PAI-1) are often elevated in the obese (15). Both factors are related to increased risks of
thrombotic events. This alteration in thrombotic state, along with the proinflammatory
effects of obesity, may be associated with the increase risk of stroke also seen in obese
individuals (16).
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These and other potential effects of obesity, including increases in blood volume
and cardiac output, increased cardiac work at any level of exertion compared with
normal non-obese persons and cardiac hypertrophy/myopathy all can result in the
initial genesis of, and ongoing problems associated with atherosclerosis. In addition,
there are a number of cardiac electric abnormalities (possibly related to hypertrophy
or autonomic nervous dysfunction) that can also occur, many of which are evident
on an electrocardiogram (ECG) (e.g., increased heart rate, PR interval, QRS interval,
QTc interval, ST segment abnormalities, etc.). Additionally, obesity can result in
venous insufficiency (primarily in the massively obese) and endothelial dysfunction
as evidenced by increased vasoconstriction. Finally, obesity is the most prevalent
modifiable risk factor for sleep apnea (16).

There is evidence that weight loss can modify many of these cardiac risk factors
including reducing blood pressure and blood cholesterol levels and improving glucose
tolerance (17). Additionally, there are decreases in blood volume, cardiac output,
left ventricular mass, resting, and exercise oxygen consumption and improvements in
diastolic and systolic left ventricular function, among other positive cardiac changes
resulting from weight loss (16). Schotte et al. (18) report that for each 1-kg decrease in
body weight, there is a dose effect of 1.7 mmHg decrease of diastolic blood pressure.
Additionally, a 1.93-mg dL−1 total cholesterol, 0.77-mg dL−1 LDL, and a 1.33-mg dL−1

triglyercide decrease is reported for each 1 kg of weight loss (19). However, there is
very little research on the effects of weight loss on these risk factors and the subsequent
effect on established CAD morbidity and mortality. And there is especially a lack
of data on the effects of weight loss efforts in association with cardiac rehabilitation
participation for both the short and the long terms.

TREATMENT STRATEGIES

The Cardiac Rehabilitation Clinical Practice Guidelines from the US Department of
Health and Human Services provides an algorithm decision tree for cardiac rehabil-
itation services which probes whether the patient is overweight and suggests dietary
education, counseling, and behavioral intervention as global treatment strategies (2).
This strategy is endorsed by the AACVPR in the 4th edition of Guidelines for Cardiac
Rehabilitation and Secondary Prevention Programs (1). Most research indicates that
the combination of diet, exercise, and behavioral counseling is best for optimal weight
loss and the maintenance process. Fig. 3 provides a BMI-based strategy suggesting the
intensity of treatment as proposed by the American College of Physicians. Although
this strategy is not specific to patients participating in cardiac rehabilitation, it does
reflect the current general consensus of the initial treatment approach for obese patients
seeking a clinical weight loss approach. The following sections review current state-
of-the-art treatment strategies that can be implemented in the cardiac rehabilitation
setting.

Medical
Medical treatment can take on several forms. These include diet manipulation,

exercise therapy, pharmacologic treatment, and behavioral counseling. Each of these
treatments should be implemented and guided by a trained clinician. Prior to developing
a treatment program, all patients should be assessed by a physician for underlying
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Fig. 3. Weight management program treatment suggestions. Reproduced with permission (20).

metabolic disorders such as hypothyroidism or Cushing’s disease. Once these are ruled
out or addressed, a comprehensive weight loss treatment strategy can be developed and
implemented. Each strategy (diet, exercise, and behavioral) can be delivered by itself,
or in conjunction with the other medical treatments, including delivery of all at the
same time. The latter strategy is most effective in achieving goals. Prior to providing
specific treatment interventions for each weight loss component, weight loss goals
should be determined and discussed. Studies show that up to 50% of physicians do not
discuss weight control to any degree with their obese and overweight patients (21).
Although physicians should be involved in encouraging patients to lose weight, they
typically do not emphasize the importance of the cardiac rehabilitation practitioner in
the weight loss process.

Goal setting is very important in the initial phases of weight loss. There is strong
evidence that losing approximately 5–10% of initial body weight positively impacts the
cardiac risk factors associated with obesity (17). This suggests that this range of weight
loss would be a reasonable initial goal for most patients. However, research indicates
that women, despite targeted education regarding the 5–10% weight loss benefits,
indicate that they would be disappointed with a 17% weight loss; and the average
desired weight loss is about 25% (22). This may have a negative effect on weight
loss success, especially if the treatment program is not tailored to meet the desired
outcomes of the patient. On the basis of this type of aggressive goal setting, either
more directed education about the positive effects of a lower weight loss total or more
aggressive weight loss strategies to achieve desired results should be implemented.
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The former might be accomplished using additional focused behavioral strategies such
as cognitive behavioral treatment (23).

Developing a weight loss strategy requires knowledge of the individual. At the
opening of the 2005 American Heart Association (AHA) Scientific Sessions, President
Robert Eckel provided a list of questions that a physician (or cardiac rehabilitation
professional) might ask when initially addressing the topics of diet and exercise with
their patients (Table 3). Each of these can certainly lead into a discussion using
cognitive behavioral strategies.

Cognitive behavorial discussion of weight loss expectations should focus on the
establishment of realistic weight loss goals, the discussion of appearance versus health-
related benefits of weight loss, the valuing of oneself independent of body weight,
and the acceptance of the body weight and appearance that one does achieve during
the weight loss phase. In this initial approach, one must be sensitive to the patient’s
perception of their weight. Using terms such as “obese” and “fatness” have been shown
to be less desirable terms when discussing body weight (25). Patients tend to prefer the
terms “weight” and “excess weight” and using BMI to discuss their obesity. Table 4
lists discussion points to use with your patients.

Typical weight loss rate goals are suggested to be in the range of 1–2 pounds per
week (10). This rate, versus a higher rate, may help to preserve lean body mass, allow
for better adherence to lifestyle changes associated with weight loss, and produce less
water weight loss (10). However, there is evidence that faster weight loss rates might be
best for achieving large weight loss goals and ultimately improve treatment adherence
through the reinforcement of significant early weight loss (26). Additionally, there are
other strategies such as resistance training that may reduce the rate of lean mass loss
during rapid weight loss phases.

Table 3
Suggested 3-Min Lifestyle Interview Questions

Nutrition
How many servings of fruits and vegetables do you eat a day?
How many servings of whole grains do you eat a day?
How many servings of fish do you eat a week?
Do you eat desserts (how often)?
What are your favorite snack foods?
Do you eat because you’re hungry or because there is food around?
Do you weigh the most now that you’ve ever weighed?
Are you interested in losing weight?
Physical Activity
How many steps do you take each day?
Do you have a regular exercise program?
Do you typically take elevators or escalators, or climb the stairs?
Do you park as close as you can to your destination?
What limits your level of physical activity? Have you been evaluated for this?
Would you like to become more active?
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Table 4
Talking with Your Patients

Review BMI results
Use open-ended questions or comments and follow-up when appropriate
Ask and define weight loss goals
Respect decisions not to attempt to lose weight at any discussion, but

suggest that you might discuss again in the future. The patient may not
be ready to lose weight in the present but may be in the future

Set very specific goals and make them time oriented (e.g., 16 weeks)
Make the treatment program specific to an individual
Suggest professional weight loss help including community based

programs, and clinical programs staffed by allied health care
professionals such as registered dietitians, exercise physiologists and
behavioralists; cardiac rehabilitation programs are excellent locations
for clinical weight management programs

Adapted from (24).

Although, for most obese individuals, the implementation of dietary, exercise, and
behavioral changes will result in significant weight loss, it may be useful to first
determine or estimate a patient’s daily caloric needs to maintain their weight. Begin
by first determining their resting metabolic rate (RMR). Estimating or quantifying the
RMR can be used to help develop the initial weight loss plan and to refine the plan
during a plateau of weight loss or as a patient nears his/her weight loss goal. There
are a number of very specific methods to determine RMR in the units of calories used
per day. Indirect calorimetry or gas exchange analysis using a metabolic cart is the
simplest of these methods in the clinical setting. However, this requires specialized
equipment costing in the range of $20,000–40,000 and must be staffed by skilled health
care professionals for accurate and reliable data.

Alternatively, the RMR can be estimated by a number of methods. The Harris-
Benedict equation is the most often used of these methods. The equations for men and
women are:

Men RMR = 66+ �13�7×weight in kg�+ �5×height in cm�− �6�8× age in years�

Women RMR = 655+ �9�6×weight in kg�+ �1�8×height in cm�− �4�7× age in years�

Once the RMR is determined, the total daily caloric needs can be determined
by assessing physical activity level and multiplying the RMR by the appropriate
conversion factor. Four physical activity categories and the corresponding conversion
factor are listed below.

• If sedentary (little or no exercise, desk job), multiply RMR by 1.2.
• If lightly active (light exercise/sports 1–3 days per week), multiply RMR by 1.375.
• If moderately active (moderate exercise/sports 3–5 days per week), multiply RMR

by 1.55.
• If heavy exercise (hard exercise/sports 6–7 days per week), multiply RMR by 1.725.
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An even simpler method to determine RMR is to multiply body weight in pounds
by 10. The above physical activity conversion factors are again used to determine total
daily caloric needs.

For most individuals to achieve a 1–2-pound weight loss per week, a daily caloric
deficit of 500–1000 calories per day is required, achieved through a combination of
diet manipulation and physical activity/exercise. This is based on the assumption that
1 pound of fat equals approximately 3500 calories. The American College of Sports
Medicine (ACSM) suggests a 2000+ calories per week expenditure from exercise (10).
This averages nearly 300 calories per day and can be achieved by walking about 3
miles a day. The remainder of the deficit to achieve the 1–2-pound weight loss per
week must be accomplished through dietary measures that equate to 350–850 calories
per day. This rate of weight loss will often take up to 6 months to achieve a 10% loss.

One should also consider the intensity of weight loss treatment in comparison with
patient goals and desired clinical outcomes. For most individuals seeking clinical
weight loss, a 5–10% weight loss will keep their BMI above 30 kg/m2 which, although
improved and representing a reduction in heart disease risk, still represents an approx-
imately 1.4 times increased risk for heart disease as compared with a BMI under
25 kg/m2. This risk is similar to a diastolic blood pressure of 102 mmHg or a total
cholesterol level of 240 mg dL−1. Failure to further treat these risk factors to JNC-7
or Adult Treatment Panel (ATP III) goals might be akin to poor practice or even
malpractice. Maybe the treatment of obesity should be considered similarly?

The following is a review of each of the major components of a weight loss program,
beginning with diet.

Diet

A number of dietary changes can be simply presented and discussed in the office by
a physician. These should ideally take the form of general suggestions for diet modifi-
cation, unless the physician feels comfortable making more specific recommendations.
Some simple tips that are easily understood, easy to implement, and can be discussed
by most physicians are summarized in Table 5. If adopted, these changes generally
will result in the reduction of caloric intake.

This information can be quickly discussed with a patient and provided in handout
form. However, this may result in additional questions from the patient such as “What
is a portion size?” or “How do I interpret a food label?” At this point it might be most
efficient and effective to refer the patient to a registered dietitian, the professional
who specializes in helping patients understand each of these issues and is trained
in assisting others with appropriate changes. And certainly more complex diet plans

Table 5
Simple Dietary Suggestions to Result in Weight Loss

Read food labels Eat smaller portions and limit servings
Choose lower fat foods Eat less sugar
Eat more fruits and vegetables Eat more complex carbohydrates
Trim excess fat off of meat Eat “meatless” several days per week
Replace whole and 2% milk and milk products with skim, 1/2 or 1% milk
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are best developed and presented by registered dietitians. Many cardiac rehabilitation
programs either have a dietitian on staff or utilize one periodically for group education.
This may be the best place to refer if you do not have access to a dietitian.

Following a specific diet such as the National Cholesterol Education Program
(NCEP) Step I or II diets as recommended by the National Institutes of Health (NIH),
will likely also achieve some weight loss in obese individuals due to its composition of
lower fat and a higher percentage of complex carbohydrate intake than is typically in
the diet of an obese individual. Because fat has 9 calories per gram and carbohydrate
has 4 calories per gram, it is obvious that these methods will reduce calorie intake.
Again, this can be discussed with the patient in an office visit, but it might be best
understood and yield the best results if implemented by a registered dietitian.

A more specific plan would be to assign a desired caloric intake that is, as discussed
previously, several hundred calories lower than the daily intake required for weight
maintenance. The Expert Panel on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults recommended a 500–1000-calorie per day deficit to
achieve the weekly 1–2-pound weight loss (27). In general, a target caloric intake of
1200–1500 per day for women and 1500–2000 per day for men adjusted for age, BMI,
and activity level is effective for most individuals (10). These diets are often termed
“low-calorie diets” (LCDs).

A common method of achieving these intakes is using the “exchange system”, which
has been in use for many years by those with diabetes. This process, as developed
by a dietitian, allows for a given number of exchanges or servings per day in each of
the following six food categories: breads, fruits, vegetables, meats, milk, and fats. The
goal is to limit daily food intake to only satisfy the exchanges allowed within each
food category. To achieve this, it is best to advise individuals to eat four to six meals,
spaced evenly throughout the day. This will help the patient to avoid periods of severe
hunger, will allow food to be eaten throughout the day rather than in large amounts,
and may help to maintain a consistent metabolic rate throughout the day. Patients
should avoid periods of no food intake such as skipping meals (e.g., breakfast). Patients
who are very motivated and who understand caloric intake issues such as portion sizes
and how to read and use food labels may be counseled to count their own calories
throughout the day to achieve the recommended intake. Many free Internet-based tools
are available to assist patients with determining the caloric content of various foods
(e.g., www.calorielab.com and www.bettermd.net). This method of controlling intake
may be more effective in the weight loss process, but it is also more likely to lead to
non-adherence in some individuals due to the complexity of determining serving sizes,
reading food labels, etc.

Very Low-Calorie Diet (complete meal replacement)

Patients who are extremely obese (BMI ≥ 35 or 30 kg/m2 with comorbid condi-
tions) and who seek a professional weight loss program may be appropriate for the
implementation of a very low-calorie diet (VLCD). This diet limits daily calorie
intake to 500–800 calories and uses nutritional supplements formulated to be high in
protein and low in fat. The principle of the VLCD is the same as of the Atkins diet,
in that the VLCD diet depletes liver and skeletal muscle carbohydrate stores, which

Contd.
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then requires the body to metabolize fat stores for energy production. However,
the composition of the VLCD supplements is very low in fat and thus potential
long-term negative effects of a high fat intake, as with the Atkins diet, are avoided.
Also, unlike Atkins, the VLCD is only meant to be a short-term, rapid weight
loss diet. The rate of weight loss during the initial several months of the VLCD is
similar to bariatric surgery.
Medical supervision for patients on the VLCD is required. This includes periodic
physician visits to review symptoms, obtain basic lab values (every 4–6 weeks), and
adjust medications, especially diuretics, other anti-hypertensives, and anti-diabetes
medications. Common medical problems are related to dehydration, low blood
glucose levels, and constipation. The risk of gallstones is greatly reduced with the
introduction of several grams of fat per day or the use of Ursodiol.
It is important to teach behavior-change techniques during the VLCD as with
any comprehensive weight loss program. Patients will be returning to a weight
maintenance diet and should use the VLCD phase to learn and apply lifestyle
changes as presented elsewhere in this chapter. Typical duration of a VLCD is
12–24 weeks. However, longer durations are common in the morbidly obese as
long as medical supervision is maintained. Although VLCDs were associated with
a number of arrhythmic cardiac deaths in the late 1970s, increases in protein and
micronutrients and careful medical monitoring have essentially eliminated such risk.
The VLCD is easily implemented, effective for achieving significant short-term
weight loss of up to 20% at 6 months, and very safe if implemented and followed
by a trained dietitian and exercise physiologist, as commonly employed in a cardiac
rehabilitation program. There is evidence that poorer weight loss maintenance is
associated with a VLCD than an LCD, but this rate of recidivism may not be
different than any lifestyle intervention (e.g., smoking cessation and exercise).

Exercise

It is well accepted that increasing exercise and general physical activity is an
important component of the weight management treatment plan. However, exercise
alone is generally not effective for weight loss as it requires a great volume of exercise
to produce a sufficient energy deficit. For instance, to expend 3500 calories, or the
equivalent of 1 pound of fat, one must walk approximately 35 miles. The importance
for exercise in the weight loss process is the enhanced rate of weight loss during the
weight loss phase (27). Also, exercise is an important predictor of long-term weight
loss maintenance as demonstrated by the National Weight Control Registry study (28).

Exercise advice for the obese individual should be encouraged by a physician but is
best prescribed by an exercise physiologist experienced in working with these patients.
There are many nuances associated with exercise for these patients including issues
related to equipment use, orthopedic limitations, appearance and self-consciousness,
and adjustment of intensity/frequency/duration levels that need special attention. These
patients would be minimally served by a one-on-one session with an exercise physi-
ologist and best served by enrolling in a supervised exercise program, such as that
offered in a phase 3 cardiac rehabilitation setting. If a patient is already participating
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in a phase 2 cardiac rehabilitation program, then they are in a program that is well
suited for caring for obese patients with heart disease.

Initially, aerobic-based exercises (e.g., walking, pool use for swimming or water
aerobics, cycling, elliptical trainers, etc.) are best for maximizing caloric expenditure.
Mode selection is very important for adherence. For some individuals, seated aerobics
may be an excellent option to reduce the typical orthopedic limitations these individuals
experience including back, hip, knee, and ankle pain. Seated or chair aerobics also
can be performed in the comfort of a person’s home. Cardiac rehabilitation programs
should consider acquiring treadmills that can accommodate 500-pound individuals.
Alternatively, larger individuals may use floor space or hallways to perform walking.
Larger cycle seats or steps to use to get onto equipment is also useful. When possible,
weight-bearing exercise should be performed to maximize caloric expenditure. Once a
patient establishes a regular aerobic exercise routine, a resistance-training program may
be implemented. These programs, as presented later, provide a stimulus to preserve
or increase fat-free mass, improve muscular strength and power, possibly enhance fat
mass loss, and may ameliorate declines in RMR (10).

When prescribing exercise, in addition to type of exercise one is concerned with the
intensity, duration, and frequency of the program. When working with the extremely
obese (BMI > 40 kg/m2), often these individuals have not exercised regularly in years,
if ever. Telling these individuals to “go walk a mile a day” would be met with apparent
acceptance, but in reality, many are so limited that their effort to ambulate at all may
be near their maximal exercise effort. This would result in early frustration and poor
adherence. For these individuals, the accumulation of exercise volume in intermittent
bouts may be best as an initial exercise strategy. This is defined as the performance
of short bouts of exercise (maybe 5–15 min) several times per day to add up to a
desired total duration. Current public health recommendations for exercise and physical
activity emphasize the benefits of intermittent accumulation. But there are few studies
that have assessed the effectiveness of intermittent bouts for weight loss. Early in the
exercise process, patients performing intermittent exercise will not likely achieve 2000
calories per week expenditure (and this level is also often difficult for those who can
perform continuous exercise).

The duration, frequency, and intensity of exercise combine to determine total
exercise volume and thus caloric expenditure. To achieve 2000 calories per week, most
individuals will require approximately 60 min daily of moderate-intensity exercise.
For those who are able to incorporate a significant amount of daily physical activity,
the total intentional exercise volume may be reduced. As stated earlier, as most of
these individuals are likely not exercising, the exercise program should be set up in a
progressive manner. Typically it is best to begin with a goal of 30 min (continuous or
intermittent) of exercise performed on 3 days of the week. Progression should begin
with duration and frequency until the ultimate goal of 60 min per day is achieved.
An experienced exercise physiologist should be able to work with these patients to
determine how they might achieve these goals. Certainly any exercise or physical
activity increase is beneficial, and patients should not feel discouraged if they are
having a difficult time achieving their ultimate exercise goal.

The intensity of exercise for these patients should follow that typical for a patient
participating in a cardiac rehabilitation program. These programs are designed to
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achieve a moderate intensity that is equivalent to a low of 40–50% of peak VO2 and
as high as 85% of peak VO2. Most obese individuals who have not recently exercised
should begin at the lower end of this range. This is best assessed by the performance
of an exercise test, ideally with concomitant gas-exchange analysis using a metabolic
cart (i.e., indirect calorimeter). If this is not available, then the intensity level can be set
based on a percentage of peak-estimated metabolic equivalents (METs) achieved or by
using the heart rate reserve method to determine a training heart rate range. The exercise
test is also important in these individuals for common reasons in cardiac rehabilitation
including assessment for ischemia, arrhythmias, and hemodynamic decompensation
that might be used to limit the exercise intensity.

A recent study of the effect of exercise intensity on weight loss suggests that intensity
does not make a difference in the amount of weight lost but that higher intensity
exercise is better for improvements in functional capacity and possibly results in an
increased daily physical activity level (29). Therefore, from a weight loss perspective,
the intensity of exercise should only be increased after patients have achieved a
comfortable exercise program on most days of the week for 60 min per session.

Physiologic adaptations to exercise training in cardiac diseased patients who are obese
will likely be very similar to the non-obese cardiac rehabilitation population. There is little
dataassessing theacuteandchronicadaptations toexercise in theobesecardiacpopulation.
Bader et al. (30) demonstrated an approximately 26% increase in peak-estimated METs in
an obese population versus 18% in a normal weight group that performed exercise training
in a cardiac rehabilitation program for 10 weeks. Interestingly, others have shown more
improvement in non-obese subjects (31). In ischemic patients, one can expect an improved
ischemic threshold. Overall, at submaximal work rates, heart rate, blood pressure, and
perceived exertion values will be reduced, requiring a progressive increase in absolute
exercise work rate to maintain exercise intensity levels. In addition, the National Weight
Control Registry shows that exercise is critical for prevention of weight regain (26). These
data suggest that a large volume of exercise (80–90 min per day) needs to be performed
each day to maintain weight loss.

Resistance exercise training can utilize several different modes. These include calis-
thenics, elastic bands, machine-type weights, and free weights. The latter may be
least desirable due to safety issues. Training programs need not be complex. They
should focus primarily on the major muscle groups of the arms, chest, and lower body.
Frequency should be 2–3 days per week. Each session duration should allow enough
time to perform one to two sets per exercise and between 6 and 12 exercises or lifts
per session. If performing more than one set (note that near maximal benefits often
occur by performing one set), there should be between 30 s and 1 min of rest. There
is little evidence that circuit training, involving calisthenics or other aerobic exercise
between exercises, is beneficial in this population. Each set should allow the patient
to perform between 10 and 15 repetitions. The resistance utilized in machine or free-
weight exercise can be determined using the modified one repetition maximum (RM)
assessment. This can be performed by an exercise physiologist. Increases in resistance
should be determined by individual perceived exertion once the patient can perform an
exercise for 15 repetitions. Resistance exercise not using weights (e.g., elastic bands
and calisthenics) should be guided by perceived exertion. These and free- or machine-
weight exercises can be performed separately or in conjunction with each other.
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Specific resistance exercise for any of these modes is beyond the scope of this
chapter. However, almost any exercise physiologist is knowledgeable of these routines
and should be able to apply appropriately. Often, resistance training does not occur
in phase 2 cardiac rehabilitation but rather in phase 3. However, there is no reason
why a motivated individual who has adequately adapted to an aerobic exercise routine
cannot perform resistance training during phase 2 cardiac rehabilitation. Resistance
training should be limited or not performed in patients with unstable angina, within
6 weeks of bypass surgery, or with uncontrolled hypertension. During the lift, blood
pressure will rise substantially. However, total work by the heart does not approach
that during aerobic exercise due to the very low heart rate response during resistance
training resulting in a lower double product during resistance training than during
aerobic exercise.

Pharmacologic Treatment

The use of pharmacologic agents for weight loss should be considered if a patient
requires an adjunct to lifestyle modification including diet and exercise or is at a
plateau or is having difficulty maintaining weight loss. These uses are supported by the
National Heart, Lung, and Blood Institute (NHLBI) in their 1998 report on treating the
overweight and obese (NIH). The Food and Drug Administration (FDA) has approved
several drugs for short- or long-term use in patients with a BMI ≥ 30 (or > 27 if risk
factors or comorbid diseases are present). Short-term drugs (< 12 weeks) are those
based on phentermine and diethylpropion. Long-term drugs include subutramine and
orlistat.

The short-term agents work to suppress appetite, although mechanisms related
to neurotransmitter (e.g., norepinephrine, serotonin, and dopamine) actions.
Subutramine’s mechanism is similar, but its action is to enhance satiety. There is some
evidence that these drugs may increase the risk of elevation of blood pressure and
heart rate, and therefore, it should be avoided in patients with untreated hypertension,
CAD, heart failure, arrhythmias, or stroke (16). Regular monitoring is important and
can be easily performed by cardiac rehabilitation staff.

Orlistat inhibits fat absorption in the gastrointestinal tract. It blocks approximately
one-third of fat intake. Its important to note that orlistat is not effective in patients
eating a low-fat diet. The major side effects are related to gastrointestinal symptoms
such as pain, fecal urgency, and loose stools due to evacuation of fatty oils. This latter
side effect is unpleasant but may serve as a behavioral mechanism in some individuals
to avoid high-fat foods. Orlistat became an over-the-counter product in February 2007
as approved the FDA advisory committee in January 2006. Well-designed studies using
these drugs typically produce weight losses in the range of 7–10% (32,33). Sibutramine
has also been shown to be beneficial in maintaining weight loss after a VLCD (34).

Behavior Modification

Behavior modification therapy involves the teaching, implementation, and follow-
up of techniques designed to increase the likelihood that a lifestyle change will be
successful for the long term. Both diet and exercise/physical activity changes are
definite lifestyle changes for essentially all overweight individuals attempting to lose
weight. Cardiac rehabilitation programs are excellent services for these patients and
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for the implementation of a weight loss program because the staff (exercise physiolo-
gists, dietitians, and others) are trained in behavior modification techniques (cognitive
behavioral, motivational interviewing, etc.) designed to help patients reduce the impact
of lifestyle-related risk factors on disease progression.

There are a large number of behavioral strategies and tools that can be employed in a
weight management setting. Table 6 summarizes some of these with brief explanations.
These techniques can be taught in individual or group settings, and frequent contact
every 1–2 weeks is desirable (35). Methods of ongoing contact during both the weight
loss and the maintenance phases are important to enhance long-term adherence to
diet and exercise behaviors and to prevent weight regain (36). Internet options such
as email contact or program (see www.bettermd.net) allow for a low-cost method of
regular contact that are shown to be effective strategies (37).

Surgical
Bariatric surgery is an option for patients with extreme or clinically severe (versus

morbid) obesity. Typically, surgeons request that those seeking surgery have exhausted
other weight loss techniques, including clinically based weight management programs.

Table 6
Behavioral Strategies for Weight Management

Goal setting Both short and long term goals should be realistic and
specific

Diet and exercise diary use Goal is to write down everything that is eaten or
performed in exercise with routine self assessment and
review by a health professional

Frequent contact Regular follow-up visits with weight management staff
and/or patients physician

Rewards Often working towards a goal is improved by an
incentive

Barrier recognition A-priori recognition of food and physical activity
barriers, with contingency plans in place

Problem solving Often best used with motivational interviewing during
a follow-up visit; it allows the patient to figure out the
problem and solution and imparts power to them; may
require input from clinicians

Stimulus control After identifying triggers of lack of diet and exercise
adherence, work to limit/eliminate these triggers

Self monitoring Patients should learn these techniques with respect
to ‘what, where, when, and how’ as it increases
awareness and improves ability to change behavior;
this monitoring includes food intake, exercise and body
weight; recently shown to be very important in
long-term maintenance

Social support Significant others can help to maintain lifestyle
changes and provide encouragement which helps with
adherence
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Criteria for surgery include a BMI ≥ 40 or 35 kg/m2 with comorbid conditions. Surgery
has been shown to provide excellent weight loss success as long as 5 years post-
surgery. There are several surgical techniques that can be performed using either open
or laparoscopic techniques.

Even though many patients do well after surgery, there is still the risk of subsequent
regain of weight or not losing an amount of weight to significantly lower cardiovascular
and other health risks. Therefore, selecting well-informed and motivated patients is
important. It is also important that all patients receive follow-up with respect to both
diet and exercise. Observational studies have demonstrated that patients will lose more
weight if they participate in a supervised exercise program, versus on their own,
following surgery. Programs such as the phase 3 cardiac rehabilitation model are
excellent for these patients as they will learn how to exercise properly and receive
counseling by exercise physiologists. Also these programs often have equipment that
can support these patients, and the settings of these programs tend to be less threatening
than a commercial exercise studio; so patients will likely feel more comfortable during
their exercise routine.

SUMMARY

Obesity is very common in patients enrolled in cardiac rehabilitation. These programs
are ideally suited to implement a comprehensive weight loss program focusing on
diet, exercise, and behavior change. Specific guidelines for weight management in
cardiac rehabilitation are lacking. Initial discussion and encouragement from a patient’s
physician is very important in this process as is subsequent discussions at follow-up.
Cardiac rehabilitation programs should work to implement programs delivered by
registered dietitians and exercise physiologists who are commonly employed in these
programs. Behavior modification should be an integral part of any weight management
program, even if aggressive methods such as VLCD or bariatric surgery are indicated.
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PREVALENCE OF DEPRESSION IN CARDIAC PATIENTS

The relationship between depression and coronary heart disease (CHD) is well
documented (1). Relative to the primary care setting, in which the prevalence is 5–9%
(2), depression is highly prevalent in cardiac patients, with estimates ranging from 15
to more than 40% (3). Less is known about the prevalence of depression in patients
enrolled in cardiac rehabilitation (CR) programs, but a recent study of patients entering
a phase II program found that approximately 26% of patients met diagnostic criteria
for a depressive disorder (4).

PROGNOSTIC VALUE OF DEPRESSION IN CHD

Significant evidence exists identifying depression as a powerful and independent
risk factor for cardiac outcomes [for a review, see (3)], including cardiovascular events
[e.g., recurrent myocardial infarction (MI)] (5) and mortality (6).

Given the association between depression and cardiac outcomes and the desire
to improve the quality of life of depressed patients, assessment of psychological
functioning is an essential part of CR programs. Indeed, routine screening for depression
has been recommended by the Board of the American Association of Cardiovascular
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and Pulmonary Rehabilitation (7). In the following sections, depression will be defined
and commonly utilized methods for assessing depression will be described.

DEFINITIONS OF DEPRESSION

Definitions of “depression” vary from a patient’s endorsement of a few key
symptoms (e.g., sadness and tearfulness) to that of a clinical diagnosis, such as major
depressive disorder (MDD), which is based upon well-defined diagnostic criteria. The
diagnostic criteria for MDD, taken from the Diagnostic and Statistical Manual of
Mental Disorders-fourth edition (8), are summarized in Table 1.

Although CR patients who meet criteria for MDD merit particular attention by CR
staff, it has been shown that even the presence of depressive symptoms that are sub-
threshold for MDD also confers increased risk of mortality (6). Thus, it is important
to screen all patients entering CR programs.

ASSESSMENT OF DEPRESSION IN THE CARDIAC REHABILITATION
SETTING

The gold standard for assessment of mood disorders is a structured diagnostic
interview administered by a trained mental health professional. The result of such an
interview would be a determination of whether MDD is present. However, such an
assessment in most CR settings is impractical and probably not necessary, given the
importance of sub-threshold depressive symptoms in relation to patients’ quality of life
and cardiovascular prognosis. Thus, CR staff need tools designed to quickly screen
for degree of depressive symptoms. On the basis of the results of such depression
measures, staff can then make decisions about intervention and, if necessary, referral
to the appropriate mental health professional.

Table 1
Summary of DSM-IV Diagnostic Criteria for Major Depressive Episode

Five (or more) of the following symptoms are present during the same 2-week
period and represent a change from previous functioning [note: at least one of the
symptoms has to be either (1) or (2) below]

1 Depressed mood most of the day, nearly every day
2 Diminished interest or pleasure in all or most activities
3 Significant change in weight or appetite
4 Insomnia or hypersomnia
5 Psychomotor agitation or retardation
6 Fatigue or loss of energy
7 Feelings of worthlessness or guilt
8 Diminished ability to think or concentrate
9 Recurrent thoughts of death or suicide

The symptoms cause clinically significant distress or impairment, are not due to the effects of a
substance or general medical condition, and are not better accounted for by bereavement or other psychi-
atric disorder.
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Many self-report measures are available to assess the severity of depressive
symptoms. These questionnaires generally consist of a series of written questions with
multiple-choice responses that patients complete on their own. Widely used examples
include the Beck Depression Inventory (BDI) (9), the Center for Epidemiological
Studies Depression Scale (CES-D) (10), and the Hospital Depression and Anxiety
Scale (HADS) (11). These measures, administered when patients begin participation
in CR, provide a picture of the type and severity of depressive symptoms. Staff should
pay special attention to responses to items that inquire about suicidal ideation and
hopelessness. Patients who endorse such items should be carefully monitored and the
appropriate care provider consulted (e.g., the patient’s cardiologist or primary care
provider).

It is important to remember that self-report questionnaires are not designed to
allow for the identification of MDD and are not a substitute for diagnostic clinical
interviews. Instead, these screening questionnaires allow CR staff to triage each case
and develop a plan at the time of enrollment (i.e., one patient’s depressive symptoms
may be mild enough to manage within the CR setting, whereas another patient may
benefit from referral to a mental health provider for further evaluation of mood).
Often, it is not practical for a mental health specialist to assist in the interpretation
of these questionnaires; so, specific screening questions have been developed for use
by primary care physicians. For example, the Primary Care Evaluation of Mental
Disorders (PRIME-MD) is an assessment procedure intended to detect psychiatric
disorders in primary care patients (12). Two specific questions from the PRIME-MD
may be especially useful in identifying patients who may need to be further evaluated
for MDD (13) and are included in the Feature Box.

PRIME-MD Depression Screening Questions

During the past month, have you been bothered by

• little interest or pleasure in doing things,
• feeling down, depressed, or hopeless?

Note: A positive screen is indicated if either question is answered with “yes.”

MANAGING DEPRESSION IN CR

For depressed patients who are considered appropriate to enter CR (e.g., they are not
suicidal, and their depression is not so severe as to prevent active participation), the
question arises as to how to manage depressive symptoms that may affect the course
of CR participation and adherence. Some common symptoms of depression, such as
fatigue and loss of interest in people and activities, may interfere with adherence
to CR. In fact, depression is related to lack of adherence to treatment regimens in
general (14) and CR specifically. For example, results of several studies of depressed
patients enrolled in CR programs have demonstrated that depression at program entry is
predictive of number of sessions attended as well as drop out (15,16). Thus, identifying
and monitoring patients with depression is crucial in the CR setting. These patients may
require continued efforts by staff to keep them engaged in the program (see Table 2
for a list of strategies to promote adherence in patients enrolled in exercise programs).
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Table 2
Strategies for Enhancing Exercise Adherence in Cardiac Rehabilitation

• Most important, work to establish good rapport with patients. Positive feedback and
attention from rehabilitation staff can go a long way toward promoting adherence.
(This may be especially true for patients who are depressed.)

• As part of the orientation to cardiac rehabilitation, review with patients their personal
barriers to participation (e.g., child care responsibilities and transportation issues).
Once barriers have been identified, staff may problem solve with patients about ways
to overcome or minimize these obstacles.

• Educate patients about the health and mood benefits of exercise. Elicit from and
remind patients of their personal reasons for exercising.

• Many patients benefit from the social support that comes with being involved in
cardiac rehabilitation. Interaction with other individuals who are experiencing similar
health problems can help to keep patients motivated.

• Patients are more likely to adhere to exercise training if the experience is an
enjoyable one. Work with patients to increase their satisfaction with the program
(e.g., switching equipment used and increased interaction with other patients).

• Assist patients in the development of realistic exercise goals (e.g., gradual increase in
exercise time).

• Encourage patients to reward themselves for participation in exercise. Positive
reinforcement for exercise is very important. Even simple rewards (e.g., purchasing a
new book or CD) can be powerful motivators.

• Re-establish contact with patients as soon as possible following a cardiac event or
hospitalization. Early intervention is crucial in getting patients back on track.

• As much as possible, engage patients’ family members. They are often a valuable
resource in offering encouragement for patients’ participation in exercise.

• Remember that untreated depression is likely to reduce adherence to exercise.
Encourage patients to seek treatment for depression if relevant.

TREATMENT OF DEPRESSION IN CARDIAC PATIENTS

In their recent review of psychosocial risk factors in CHD, Rozanski and colleagues
(17) recommend a stepped care plan of intervention when managing psychologically
distressed patients in clinical practice. In this approach, the level of intervention depends
on the severity of distress. For example, a patient experiencing a moderate degree
of depression may be monitored more closely by staff (e.g., more frequent telephone
contact and efforts to enhance motivation and adherence), whereas a patient with more
severe depression would be referred to a mental health professional.

Sometimes, a patient’s level of depressive symptoms appears to interfere with his/her
participation in CR, and it is felt that referral for more intensive intervention is needed.
The following section reviews treatments that have been demonstrated to improve
depression in cardiac patients.

Pharmacological
One large randomized clinical trial (RCT) (18) has been conducted to evaluate the

safety and efficacy of the antidepressant medication sertraline in depressed patients
with MI or unstable angina. In this trial, 369 patients were randomized to receive
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either sertraline or placebo for 24 weeks. It was found that sertraline was safe for
use in this population, but the medication resulted in only modest improvement in
depression. Despite this small effect in the overall study sample, analyses including
only those patients with recurrent MDD or severe MDD demonstrated that sertraline
was consistently superior to placebo. Thus, it appears that this medication may be a
viable treatment option for this subset of depressed cardiac patients.

Evidence-Based Psychological Treatments
Several empirically supported psychological interventions exist for treatment of

depression in noncardiac samples. However, only one of these, cognitive behavioral
therapy (CBT), has been tested in an RCT of CHD patients diagnosed with MDD
(19). In this multi-center trial, 2481 post-MI patients with depression and/or low social
support were randomized to the CBT intervention or usual care. CBT was delivered
in both individual and group format and was focused on teaching patients about
the relationships among thoughts, behavior, and emotion (with the rationale that the
modification of thoughts and behaviors can result in an improvement in depression),
as well as training in assertive communication. Results indicated that patients in the
CBT intervention experienced a significant improvement in depression relative to the
usual care group.

Other psychosocial interventions (e.g., stress management) targeting depressive
symptoms (not documented MDD) in CHD patients have had mixed results in terms
of symptom reduction (20). In sum, evidence suggests that psychological treatment is
effective in improving depression in CHD patients.

Several studies have also assessed the degree to which psychological treatments for
depression affect health outcomes (e.g., recurrent cardiac events and mortality). The
data are mixed in terms of the benefit of these interventions for cardiac outcomes.
For example, in the trial of CBT for CHD patients described above, the intervention
group did not differ from the usual care group in cardiac outcomes (19). It has been
suggested that the failure to affect cardiac prognosis in some studies is due to the
modest improvement demonstrated in (or failure to modify) depression scores (21).
Additional well-designed RCTs are needed to determine the effect of well-conducted
and effective psychological treatment interventions on cardiac outcomes.

Exercise
Exercise training is an integral part of CR programs. In addition to the cardiovascular

benefits of aerobic exercise, there has been a growing literature on the psychological
benefits of regular exercise. Specifically, evidence exists supporting the value of
exercise in reducing depressive symptoms in both healthy and clinical populations (22).

In a community sample of noncardiac patients, exercise was compared to antide-
pressant medication in the treatment of MDD (23). Patients were randomized to super-
vised exercise, an antidepressant medication (sertraline), or a combination of exercise
and medication. The 16-week exercise treatment consisted of three weekly sessions of
aerobic activity. By the end of the treatment period, each of the three treatment groups
experienced a significant reduction in depression. The treatments did not differ signif-
icantly from one another in efficacy. At 6 months post-treatment (24), it was found
that patients assigned to exercise alone endorsed lower rates of depression than did
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those receiving medication or a combination of exercise and medication. In addition,
only 9% of remitted participants in the exercise group relapsed compared with more
than 30% of participants in the medication and combination groups. It was also found
that 64% of participants who received the exercise treatment continued to exercise
following completion of the program. Self-reported exercise among all participants was
associated with a 50% reduction in risk of depression 6 months after study completion.
These results suggest that aerobic exercise may be a viable alternative to medication
in the treatment of MDD.

Several studies have examined the effect of exercise training on depression in cardiac
populations. In general, results of these studies indicate significant improvements in
depressive symptoms upon completion of exercise training (22). For example, in a
sample of over 300 patients enrolled in CR after suffering a cardiac event, 20% of
patients reported elevated depressive symptoms. At the end of the 3-month aerobic
exercise training period, two-thirds of the initially depressed patients reported resolution
of their depressive symptoms. Additionally, the depressed group demonstrated signif-
icant improvements in other quality-of-life variables (25). However, it is not clear how
much of this improvement can be specifically attributable to the exercise component
of the program. Taken together, these results suggest that exercise training ameliorates
depressive symptoms in both noncardiac and cardiac populations.

SUMMARY AND FUTURE DIRECTIONS

In sum, depression is quite common in patients with CHD and is a significant
risk factor for cardiac outcomes. Patients should be screened for depression at entry
to CR programs, using either a few verbal screening questions or a standardized
depression questionnaire. Depressed patients enrolled in CR programs will require
more attention to insure continued adherence and close monitoring to rapidly intervene
should depressive symptoms worsen. Several treatments have shown some success in
treating depression in cardiac patients, including antidepressant medication (sertraline),
psychological interventions (such as CBT), and exercise training. Patients who endorse
significant depressive symptoms should be approached in an empathic manner and
encouraged to seek treatment to improve quality of life and cardiac outcomes. (It is
often helpful to normalize the experience and treatment of depression when speaking
with CHD patients. Patients can be educated regarding the prevalence of depressive
symptoms in CHD patients as well as the association between mood and cardiac
outcomes.)

Depression in CR

• Important to screen for depression, using an interview or survey tool.
• There are several potential treatment options for individuals who endorse

depressed mood.
CBT under the guidance of a trained professional.
Antidepressant medications.
Exercise therapy as a part of CR.

• Extra efforts to monitor and maintain involvement of such patients is optimal.
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In future research, more attention should be paid to uncovering the mechanisms of the
depression-cardiac outcome relationship. For example, as described earlier, depression
also is a predictor of nonadherence, and it is possible that nonadherence accounts for
the observed relationship. In addition, many of the studies that have examined treatment
of depression in cardiac patients have methodological flaws (e.g., small sample sizes
and no control group). Thus, more well-designed depression intervention trials with
cardiac patients are needed.

Finally, most of what is known about the relationship between depression and cardiac
prognosis has been largely derived from studies in men only (6). It will be important
for future clinical trials to focus on women as well as ethnic minorities, who also
have been underrepresented in this research. Such studies will inform treatments for
depression that are tailored to subgroups of CHD patients.
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BACKGROUND ON THE PSYCHOSOCIAL RISK FACTORS

Five psychosocial risk factors have been consistently linked with the development of
heart disease and worse prognosis for those with the disease (1,2): depression, anxiety,
social isolation, hostility, and unmanaged stress. Leaders in the field of behavioral
cardiology group these psychosocial risk factors into emotional factors (depression,
anxiety, anger, or hostility) and chronic stressors (including low social support, low
socioeconomic status, work stress, marital stress, and caregiver strain) (3). Others
describe the psychosocial factors as stressors themselves (4). However, all agree that
they are important in managing cardiovascular disease because they contribute to both
the pathogenesis of heart disease and its aggravation by mechanisms independent from
those of traditional risk factors (2). The specific roles of depression and anxiety in
heart disease are discussed elsewhere in this text, while the significance of hostility
and social support are important to mention before delving further into the role of
stress.
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The Five Major Psychosocial Risk Factors

Emotional Factors

• Depression
• Anxiety
• Hostility

Chronic Stressors

• Social isolation
• Unmanaged stress

ROLE OF THE TYPE A BEHAVIORAL PROFILE AND HOSTILITY

Since 1959, researchers have studied a series of behaviors that led a 1978 independent
panel for the National Institutes of Health to conclude that this cluster of behaviors
[termed the “Type A behavioral profile” (TABP)] was an independent risk factor
for the development of heart disease (5). The TABP centered around an individual’s
struggle to achieve or accomplish more and more in less and less time, often in
the face of perceived opposition from other people. Prospective studies of incidence
showed that otherwise healthy people with this profile were roughly twice as likely
to develop some manifestation of heart disease (6,7). However, risk ratios as high as
7.9 were reported for specific groups and circumscribed outcomes: 10-year incidence
of myocardial infarction in white collar men (8). Independent researchers also showed
that the TABP was strongly associated with the degree of coronary artery blockage in
patients (9,10). Researchers began to study the components of the profile separately
following the publication of mixed findings on the predictive validity of the TABP in
developing heart disease (11,12) as well as in recurrence of such (13–15). Although
some of the controversy stemmed from differences in the difficult measurement of
the TABP, particularly the interpersonal aspects (16,17), it also became clear that the
TABP was not the seminal psychosocial risk factor. Three components have been
described: a sense of time urgency (hurry sickness), free-floating hostility, and intense
competitiveness.

Researchers at Duke surmised that hostility and bottled-up anger may have more
damaging effects on the heart, and may increase circulating stress hormones that can
have a long-term effect on the cardiovascular system (18). They, as well as other
researchers, demonstrated that hostility is an even better predictor of heart disease than
is the TABP (19,20). Although there have also been negative findings (21–23), the
preponderance of work supports the predictive validity of hostility for heart disease
incidence, morbidity and mortality (24,25). Additional work pointed out that hostility
is a complex construct with cognitive, affective, and behavioral components. It appears
that interactions in these components drive the hostility–heart disease relationship
rather than the tendency to experience distressing emotions such as anger, resentment
and suspicion (26–28). Moreover, although much of the research on Type A was
conducted on White men, the research on hostility has been validated with a wider
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sociodemographic population and appears to be evident earlier in the disease process.
Hostility measures have been linked to findings of subclinical atherosclerosis (3,27).

LOW SOCIAL SUPPORT

The importance of social and emotional connection for both heart disease incidence
and prognosis has been well-established for several decades (1). Heart disease patients
with lower levels of social connection are three to five times more likely to die
prematurely (29–32). In addition, social isolation has been shown to predict mortality
in Type A men, whereas high levels of social support are related to lower levels
of coronary artery disease (33). Thus, strong social support appears to exert some
protective influence over the potential long-term health consequences of the TABP.
Many believe that social support is perhaps the most important psychosocial buffer of
stress (30,32), and others point to its direct role in heart disease (1).

PSYCHOLOGICAL DISTRESS

One construct that may link the psychosocial risk factors has to do with the presence
of psychological distress. Indeed research with cardiac patients in the laboratory
(34–36) and natural environments (37) has indicated that mental and emotional stress
can result in myocardial ischemia and is associated with a several fold increase in
occurrence of subsequent fatal, and nonfatal, cardiac events (38). Specifically, studies
of stressful conditions (ranging from earthquakes to emotional stress in daily life) cite
relative risks for myocardial infarction and acute cardiac death between 1.8 and 3.0,
with an increase in mortality noted between 22 and 34%. Moreover, health researchers
have shown that psychological stress can have a deleterious influence on an individual’s
health status and may also interfere with the performance of health behaviors. High
perceived stress has been associated with increased alcohol consumption, smoking,
reduced levels of exercise, poor nutritional habits, increased susceptibility to infectious
disease processes, and shorter periods of sleep (30,39,40). All of these factors can
undermine healing in rehabilitation.

Although they may have separate pathophysiological mechanisms, even the
emotional factors are clearly intertwined with the problem of stress. For example,
hostility can result from, and lead to, increased interpersonal stress, exacerbating both
the frequency and the intensity of the stress response. It is also well established that
chronic levels of elevated stress set individuals up for development of depression
(39,41).

EFFICACY OF STRESS MANAGEMENT INTERVENTIONS

The robustness of psychosocial findings has led to multiple clinical trials examining
the benefits of psychosocial intervention for heart patients. Methodologically, this
intervention research is still in its infancy. Treatment of stress as a risk factor in
cardiac rehabilitation is quite inconsistent. First, the delivery of stress management
or other forms of psychological care is not a standardized part of cardiac rehabil-
itation (3,36). Where it is standardized, the programs are heterogeneous and make
it complex to study the efficacy of such interventions (42,43). Many programs also
address multiple psychosocial risk factors through the same modality, and others
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address one psychosocial risk factor (e.g., stress) through multiple modalities. Either
way, it is difficult to discern efficacy for specific approaches for specific risk factors.
Nonetheless, several reviews have been conducted to evaluate the efficacy of stress
management programs as part of a multi-factorial cardiac rehabilitation program. Each
meta-analysis has differed in its selection of studies and thus in its conclusions. Three
reviews in the late 1990s demonstrated a positive impact on morbidity and mortality
for myocardial infarction patients who participated in a psychological intervention
(43–45). The protective effect of the psychological intervention was shown for up to
2 years (45). A Cochrane review was then completed in 2005 using more systematic
methodology. Randomized, controlled trials published by December 2001 of adults
with coronary heart disease that had at least six months follow-up were included. Of
the 36 trials that met such criteria, 18 were identified as having a stress management
component (versus other psychological intervention). The authors concluded that there
was a reduction in nonfatal re-infarctions in the eight trials reporting this outcome, but
no strong evidence was found for an effect on total mortality (based on ten trials), on
cardiac mortality (using four trials), or for revascularization (in seven trials) (46). The
authors point out that the trials were generally poor in quality and extremely hetero-
geneous, that the two largest trials had null effects even for nonfatal re-infarction, and
that there was statistical evidence of publication bias. Small reductions in anxiety and
depression were noted for stress management interventions considered separately (46).

Other reviews demonstrate that the equivocal findings in outcome studies can
be explained by the fact that studies which failed to reduce distress also failed to
reduce mortality or event recurrence (42). Still others question the potential role of
the intensity of relaxation training. For example, in a review of 27 controlled trials,
with the exception of reduction in heart rate, outcome effects were small, absent,
or not measured when abbreviated relaxation therapy was offered (3 hours or less of
instruction). However, when ≥ 9 hours of supervised relaxation training and discussion
were provided, improvements were seen in physiological measures (resting heart rate,
heart rate variability, exercise tolerance, and high-density lipoprotein cholesterol),
psychological outcomes (reduction in state anxiety and depression), cardiac indicators
(reduction in angina frequency, arrhythmia occurrence, and exercise-induced ischemia),
recurrent cardiac events, and cardiac death (47).

As the greatest impact is seen for those whose distress is reduced, a resource-
limited facility should consider stratifying patients based on self-perception of distress.
Further support for the use of a patient-centered screening instrument for distress is
offered in a study of 26 rehabilitation programs in Germany. Slightly higher predictions
for effectiveness in rehabilitation are found when patients’ self-assessments of stress
are utilized in planning psychosocial interventions and care versus predefined goals,
a practice which reportedly is uncommon (48).

KEY COMPONENTS TO STRESS MANAGEMENT

The biggest challenges in providing patients with adequate stress management skills
are (i) convincing them of the importance, (ii) providing adequate training and opportu-
nities for guided practice in regulating physiological stress reactivity, and (iii) providing
training in shifting perceptions and beliefs to encourage continued stress management
and healthy behaviors after the acute crisis passes.
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ENGAGING THE PATIENT

Many patients fail to understand the physical impact of stress and its role in heart
disease. Patients must be able to link their personal experiences of stress with the
physiological mechanisms of heart disease to give stress management credibility and
encourage the significant amount of behavioral attention needed to consistently alter
stress. Robert Sapolsky’s (39) theory of stress and heart disease provides an excellent
basis to teach patients the rationale for stress management in a tangible and easily
understandable way. It may be helpful to explain that we have nearly identical bodies
to those of our ancestors 10,000 years ago from the perspective of the autonomic
nervous system; yet, our societies are totally different. When faced with a predator,
our ancestors needed to physically escape for survival, to either fight or flee (hence the
term “fight or flight” response). Patients can easily understand that survival outweighs
the body’s need for day-to-day functioning when a physical threat is encountered. They
gain significant insight when told that despite our physical bodies being quite similar
to those of our ancestors, we live in a dramatically different society. When you ask
patients what they find stressful, they can begin to understand how grossly different
today’s stressors are from physical predators; our stressors are more psychological or
cognitive in nature rather than physical. When the stressful event is physical in nature,
as well as infrequent and time-limited, the sympathetic nervous system response thus
provides survival. Once the crisis passes, day-to-day functioning of the body should
again become paramount, and the activity of the parasympathetic nervous system
governing this increases, generating the “relaxation response” (49). In our current
society, however, the stress response is constantly and automatically triggered without
adequate engagement of the relaxation response. This process can actually create heart
disease or worsen it.

To make this process personally meaningful, it is helpful to have patients imagine
that the stressor they face is not an actual predator, but rather being stuck in traffic. The
process is, of course, complicated by multiple lifestyle factors and genetics, but the take-
home message is the same. It is helpful to teach patients that the impact of repeatedly
generating the stress response without allowing the body to recuperate adequately is
toxic. When the blood pressure response is chronically triggered (39,50), the smooth
inner lining of the arteries becomes damaged throughout the body, particularly at
points where one artery branches into two arteries. Whereas the damage is microscopic,
the tearing of the lining allows for the accumulation of fatty acids, released into
blood for energy, to work their way under the lining and begin to thicken the arterial
walls. Elevated levels of blood sugar contribute to the “thickening” process as well
by providing starches to the formation of these fatty deposits (called plaques). Add in
a high-fat diet and the formation of plaques are amplified. In addition, platelets are
released as a function of the stress response (38). In the absence of physical activity
(e.g., one is sitting in a car), the clumping together of circulating platelets furthers the
disease process by adding to the deposits forming at the tears. It is instructive to explain
that even the immune system, which is less functional during times of chronic stress,
contributes to the process through the role of inflammation, although the mechanisms
for this are just now being studied (51).

The key for patients is to link their personal experiences of the stress response with
heart disease. When talking with patients about sources of stress, know that women
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have significantly different sources from men (52,53) and appear to be at even higher
risk for psychosocial distress particularly following cardiac hospitalization (53,54).
In fact, effective delivery of psychological services necessitates distinct attention to
gender differences in perception of stress and outcomes (42,54). All patients, however,
must understand that they now have the power to directly impact heart disease by how
they choose to cope with stress. For the above example, point out that when sitting in
a car, the patient can choose to smoke to relieve tension or to practice deep breathing
to lower the stress response. The former choice will further weaken the lining of the
vessels and lower “good” cholesterol that will undermine the body’s attempt to rid itself
of bad cholesterol. The latter will induce the relaxation response. Similarly, the patient
can choose to drive through McDonalds and take in a Big Mac and fries or choose to
talk to a friend or journal to get a better perspective. The former choice will increase
the fatty acids circulating in the blood that can worsen plaque. The latter choice can
enhance the immune system. As one more option, point out that after parking the car,
the patient can choose to drink a six-pack to take the edge off the worry or frustration
or choose to exercise. The former choice can eventually raise blood pressure, whereas
the latter will subsequently trigger the relaxation response. Remind them that when
our ancestors “fought” or “fled” from stressors, they naturally performed exercise that
our industrial, ever-efficient society makes easy to avoid (e.g., we drive rather than
walk, use electronic devices to perform manual labor, etc.). Explain that choices in
how to cope with stress tend to relate to lifestyle. Nutrition and exercise are thoroughly
covered in other chapters of this text.

To reiterate the bottom line, we can count on our bodies and minds to trigger the stress
response in reaction to multiple stimuli. On the contrary, because our environments are
so demanding in terms of sensory stimuli, the parasympathetic system’s “relaxation
and recuperation response” will not be automatically triggered; it must be consciously
generated.

STRESS MANAGEMENT

Although there are multiple models of stress management (42,55) beyond the scope
of this chapter, there are two aspects that are central for cardiac rehabilitation patients:
(i) the regular elicitation of the relaxation response and (ii) learning to shift perceptions
and beliefs that tend to increase the frequency of the stress response and undermine
healthy behavior patterns. It is helpful for patients to understand that they must create
the relaxation response on a daily basis. The metaphor of a cup is useful, with the
liquid in the cup representing one’s stress level. If the cup is full, any small drop causes
overflow. That small drop may be another driver behaving erratically, a child asserting
autonomy, or a spouse who has not picked up the laundry. If the level of stress in the
cup is lower, the “drops” can be handled with greater flexibility and thoughtful choice.
As “overflowing” undermines health, it is imperative to have multiple ways to lower
the cup on a daily basis. First, it is important for patients to understand that ample
and safe exercise, healthy nutrition, and adequate sleep are important ways to “lower
the cup.” Next, it is important to teach them multiple ways to generate the relaxation
response.
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TECHNIQUES FOR ELICITING THE RELAXATION RESPONSE

There are various techniques that evoke the relaxation response. Although several are
more evidence-based than others, the most effective technique for a given patient is the
one that he/she will use repeatedly. As all active relaxation techniques alter sympathetic
activity, decrease oxygen consumption, reduce respiration rate, and lower heart rate
and blood pressure, many believe that no single technique is superior to another (56).
As more sophisticated methodology emerges to clearly specify the micro-mechanisms
behind the relaxation response, we may find that certain approaches are better for
certain conditions. Transcendental meditation, for example, has been claimed to be
superior to relaxation techniques for the reduction of trait anxiety, and an excellent
case is made for its use with heart disease patients (57). At this point in the science,
however, it appears that the selection of a specific relaxation technique to practice is
less important than the fact that it gets practiced routinely. In fact, one review of cardiac
rehabilitation programs that taught stress management noted that those programs that
included a minimum number of 9 hours of relaxation training provided the strongest
impact on well-being as well as health indices (47). Provision of training for only
3 hours was only minimally effective.

Skills to train patients on the generation of the relaxation response include
breathwork, progressive muscle relaxation (PMR), various forms of meditation, and
self-hypnosis. Breathwork is perhaps the easiest and shortest way to help patients
experience the relaxation response. First, patients can easily understand the behavioral
rationale-once they understand that the breath, unlike most body systems, is under
both voluntary and involuntary control. As respiration is closely connected to heart
rate, they can actually drop their heart rates by slowing the breathing rate. This, in
turn, will lower blood pressure and subsequently alter the body’s automatic cascade
of stress hormones. Second, learning breathing techniques can help give patients back
a sense of control. Loss of control of one’s own body is a salient part of cardiac
events and continues to be a significant driver of stress after the event. By utilizing
proper breathing techniques, one can learn to down-regulate the sympathetic nervous
system and regain a sense of control. Third, simple techniques such as diaphragmatic
breathing and the 4-7-8 breath are straightforward and easy to teach (58). They are
best offered as an immediate tool and as an introduction to learning more intensive
techniques. Such simple breathing techniques alone, however, are necessary, but not
sufficient, because they are rarely practiced consistently for sufficient time periods on
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a daily basis. Clinical experience suggests that 20 minutes of practice one to two times
per day is needed, although no empirical work is available to support this common
recommendation.

Most patients experience deep breathing as a pleasant state, although the more tightly
wound Type A patient may find it uncomfortable to slow down and focus on breathing
until the skill is mastered. Such patients tend to initially downplay the importance of
breathwork and may feel awkward learning breathing skills when they believe that
breathing should be automatic. It is important to underline that in the hectic pace of
life, slow and deep breathing is not automatic, and learning to breathe in a way that
triggers the relaxation response is essential.

A somewhat longer, and highly useful approach to achieve the relaxation response is
PMR. Originated by Edmund Jacobson and later abbreviated by Wolpe and others, PMR
is the most common relaxation technique used in the peer-reviewed stress management
literature. PMR is a systematic tensing and releasing of 16 large muscle groups. While
attending to a specific muscle group, muscles are tensed for a brief period (5–7 seconds)
and then released/relaxed for 30 seconds. With practice, one initially learns to combine
the active tensing and releasing of the 16 muscle groups down to four, thus allowing
the experience of total body relaxation in a relatively short time. Later training allows
one to passively reach the same state of relaxation through the use of the mind rather
than active use of the muscles (59). This skill is easily learned and utilized to reduce
the general level of sympathetic arousal but does take consistent practice and training
time. Forty minutes of practice per day is originally recommended, and this gradually
reduces to about 20 minutes at least once per day after 4–6 weeks of training. Stress
management research to date indicates that PMR demonstrates the strongest impact on
physiologic outcome variables. PMR has been shown to reduce hypertension, reduce
chronic pain in various medical conditions, and help manage mood states of anxiety
and depression (60).

A third practice that induces rest and recuperation response is meditation. Although
there are many forms of meditation, there are several forms that have received
the greatest degree of attention from medical researchers: transcendental meditation,
Benson’s respiratory one meditation, and mindfulness meditation. Although the
psychophysiological mechanisms of meditation are currently under intense study
and there are some equivocal findings, most agree that meditation reduces oxygen
consumption, decreases heart and respiration rates, diminishes blood lactate levels,
elevates mood states, improves immune functioning, changes brain wave activity, and
improves hormone levels (60). Furthermore, unlike other relaxation practices, regular
meditation practice has been found to lead to positive behavior change outside of the
meditative state (60,61) that is extremely useful for cardiac rehabilitation participants.

Methods of Inducing the Relaxation Response

• Breathwork.
• PMR.
• Meditation.
• Hypnosis and self-hypnosis.
• Guided imagery.
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Breathwork, PMR, some types of meditation (not mindfulness), and hypnosis are
easily and commonly augmented by the use of guided imagery, a technique whereby
individuals use their “mind’s eye” to visualize a place of comfort, relaxation, safety, and
serenity that they remember. By accessing all of the senses associated with that memory,
individuals re-experience relaxation, thus reducing sympathetic nervous system arousal.
Although it has not been specifically studied with cardiac patients, the benefits of
imagery have been shown in treatment of various disorders including headaches, breast
cancer, diabetes, skin ailments, arthritis and severe burns (60).

One other approach that has been unequivocally shown to deepen the relaxation
state is hypnosis/self-hypnosis (62). Although not well studied in cardiac patients, the
effectiveness of hypnosis has been demonstrated in the treatment of multiple medical
conditions presumably through its ability to engage the relaxation response. Such
conditions include angina, hypertension, migraine, insomnia, chronic pain, duodenal
ulcers, irritable bowel syndrome, and nausea associated with chemotherapy and
pregnancy (55).

Thus, breathwork, PMR, meditation, guided imagery, and self-hypnosis are all
valuable tools for eliciting the relaxation response. The key for patients is daily practice
of such techniques. Understanding the interests and abilities of patients is central to
help them choose the best way to engage the relaxation response.

SHIFTING PERCEPTIONS AND BELIEFS

The stress response is triggered when one perceives a threat or challenge to goals
or well-being. Thus, individuals may avoid or lessen a stress response by learning
to interpret stimuli and events differently. Even more importantly, individuals can
learn to decrease stress from internal sources (e.g., thoughts and beliefs) that are
often outside of awareness and perpetuated unknowingly. The human mind constantly
provides a “running commentary” on life, full of judgments and reviews of our
environment, behaviors, feelings, sensations and thoughts. For example, “I have to
remember to call my sister. I cannot believe that guy is driving so crazily. I wonder
what Bill learned in his review. Oh, cute shoes.” Interestingly, the running commentary
can perpetuate unhealthy perceptual patterns unless they are brought into conscious
awareness. Meditation, mentioned above as a way to engage the relaxation response,
is an excellent tool to use to bring this running commentary into awareness. Once in
awareness, the automatic thoughts can be reworked, shifting habitual ways of thought.

One significant driving force behind the running commentary is belief systems, most
of which are also out of awareness. People assign meaning to perceived stimuli based
on their beliefs. In other words, patients’ beliefs set the stage for perception and inter-
pretation of events in the world; thoughts then determine how stressful a situation is
perceived to be. Is the driver “out to get you” or “distracted by his/her own worries?”
Is the slow-moving line due to “some incompetent clerk who doesn’t appreciate your
time” or “a new learner with a first job trying to better him/herself?” (D. Ulmer,
personal communication, December 1995) who was seminal in the Recurrent Coronary
Prevention Project (63) described the impact of a common belief for people with a
TABP: “My worth is dependent on how much and how well I accomplish.” Such a
belief can set up a negatively reinforcing cycle that leads individuals to set unrealisti-
cally high goals, feel pressured, move at a highly rapid pace, experience and express
frustration at common setbacks, and ultimately emotionally isolate themselves in the
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pursuit of achievements. When emotional connection is lacking, individuals with this
belief do not gain a sense of self-worth from interpersonal relationships, from a feeling
of being loved, or even a recognition of character traits. So, they default to the compen-
satory belief that their worth stems from achievements, thus further ingraining both
the belief system and the behavior patterns (64).

Beliefs that can significantly increase stress or undermine healthy behavior patterns
for cardiac patients

• Failure is a sign of weakness.
• If I make a mistake, something bad will happen.
• I must be better than everyone else to be good enough.
• I must take care of everyone else before I take care of myself.
• I must be liked by everyone.
• I must do everything perfectly.
• I must be rational and in control at all times.
• I can only depend on myself.

The good news is that training in cognitive reframing techniques helps individuals
recognize how their perceptions, thoughts, and beliefs influence their appraisal of
situations and ultimately their behavior. Through cognitive reframing or restructuring,
individuals learn to reinterpret situations in a manner that reduces stress. Over time,
they can reframe the ways they habitually perceive things as well as reformulate
general belief systems. The steps to changing automatic thoughts are actually simple,
but sticking to them is much more difficult than it sounds. There is a large body of
research on this process, and these steps are clearly effective if practiced over time.
Furthermore, the impact of beliefs on health and happiness has been well documented
(65–68). The more environmental and social support one has in this process, the easier
it will be. The steps are to

• Recognize automatic thoughts and appraisals.
• Challenge them from a truly curious, rather than judgmental, perspective, noticing the

impact of the interpretation on stress levels and subsequent behavior.
• Consider possible alternative appraisals, whether they are believed. Discuss them with

an objective, trusted person who is willing to point out other perspectives (e.g., a mentor,
coach, or therapist).

• Weigh the evidence for each alternative and imagine the impact of that alternative
interpretation.

• Choose a realistic alternative that would lead to lower stress.
• Repeat it over and over. The more the environment and others support the new alternative

perception or belief, the easier it will be to ingrain the new idea.
• Apply the new appraisal in multiple situations, looking for evidence that it may be true.
• Over time, notice that the mind offers the new appraisal automatically.

CONCLUSIONS

Psychosocial risk factors have been consistently linked to the pathogenesis of heart
disease and prognosis. Unmanaged stress is one of these factors and plays a significant
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role in the others. Although the efficacy research on stress management in cardiac
rehabilitation is fraught with methodological issues, it appears that psychological
interventions that are successful in reducing distress are also successful in reducing
morbidity and mortality. Key components for providing adequate stress management
interventions include engaging patients through linking the process of heart disease to
their own experiences, helping them to understand the power they have in slowing or
reversing the process through the choices they make in coping responses, providing
adequate training and opportunities for guided practice in generating the relaxation
response, and teaching patients to shift perceptions and beliefs that tend to increase
stress and undermine healthy coping.
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Cardiovascular disease constitutes the major cause of morbidity and mortality in
industrialized nations. Because multiple health behaviors influence the cardiovascular
system and making changes to long-term lifestyle patterns are difficult, effective
behavior change interventions are an essential part of the cardiac rehabilitation (CR)
program, which employs a comprehensive approach to cardiovascular disease risk
factor modification (1). CR programs actively use behavioral approaches to increase
patient participation and adherence in sustainable behavior change efforts. Most patients
come to CR after a major cardiovascular health crisis with the need to address multiple
modifiable behavioral risk factors, such as physical inactivity, active smoking history,
poor dietary habits, excessive weight, and stress. In addition, patients may need to
control other medical conditions that affect cardiovascular health, such as hypertension
and diabetes, that are in turn a consequence of poor behavioral choices. However,
helping patients adhere to treatment and make all the necessary lifestyle changes
remains a continuing challenge for healthcare professionals in the clinical setting in
general and the CR setting in particular. Most health care providers recognize that it is
not enough to simply mention the need for change in the clinic environment. Approaches
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to initiate, achieve, and sustain effective behavior change based on the Transtheoretical
Model of Intentional Behavior Change (TTM) (2) and Motivational Interviewing (MI)
(3) techniques are emerging as promising alternatives to more traditional behavior change
approaches.

TRANSTHEORETICAL MODEL OF BEHAVIOR CHANGE

At the heart of the TTM is the assertion that behavior change is an incremental
process that involves specific and varied tasks (2). The model was first developed
to address smoking cessation and maintenance using psychotherapeutic approaches. It
has subsequently and effectively been applied to a broad array of behavioral issues
(4). The TTM defines the change process as a progression through five stages of
change: precontemplation, contemplation, preparation, action, and maintenance (2,4–6).
In the first stage, precontemplation, individuals are highly ambivalent about changing
their behavior and do not intend to take action toward behavior change in the next
6 months. In the contemplative stage, individuals recognize that a problem exists
and seriously about their behavior; however, they are not yet committed. Individuals
in the preparation stage are convinced that the advantages of change outweigh the
disadvantages and are ready to act within the next 30 days. In the action stage,
individuals are successfully altering a behavior for a period of time anywhere between
1 day and 6 months (7). After 6 months of sustained change, individuals progress to
the maintenance stage. The TTM also recognizes that relapse is possible, even likely,
when moving through these five stages (relapse).

Stages of Change (TTM)

• Precontemplation.
• Contemplation.
• Preparation.
• Action.
• Maintenance.
• Relapse.

The TTM offers an integrative framework for understanding the change process,
whether in the initiation, modification, or cessation phase. The change stages provide
a paradigm in which to view the change process, allowing clinicians to understand
the progression, use motivational strategies to facilitate movement through the stages
toward sustainable change, and plan interventions with their patients addressing the
myriad of interactions of behavior changes which are a necessary part of a successful
CR program. The stages of change are a component of the TTM model that has
played an integral role in the development of interventions for behavior change using
a motivational approach (8–10).

MOTIVATIONAL INTERVIEWING

MI is a client-centered, directive method for enhancing intrinsic motivation to
change by exploring and resolving ambivalence (3). MI provides important tools to
promote health behavior change. Recognizing how motivated a patient is to change
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a behavior allows the clinician to address patient goals and barriers to change. Health
care providers can use the principles of MI to increase motivation, moving the
patient through the change process without reinforcing resistance or disagreement. The
technique has been shown to have positive effects on treatment retention and adherence
in several areas of health behavior change (11).

MI is a counseling style that was developed as an alternative to more traditional
treatment methods which tend to use more direct persuasion (12). It involves a
partnership between client and provider that honors the client’s perspective and own
areas of expertise. The practitioner provides an atmosphere that is conducive rather than
coercive to change, as can be the case with prescriptive advice (3). This perspective
differs from traditional treatment paradigms that view provider–patient disagreement
as a “state of denial” on the part of the patient. MI views provider–patient disagreement
as an opportunity to address ambivalence through eliciting and selectively reinforcing
“change talk,” thereby moving the person toward change. In this approach, the resources
and motivation for change are presumed to reside within the client. In contrast to advice
giving and traditional behavior change counseling, the MI practitioner strategically
uses the client’s own responses to elicit and reinforce talk directed toward change. The
“spirit” of the interaction can be likened to a dance, wherein the practitioner leads a
delicately balanced collaborative effort (3).

This client-centered approach focuses on an individual’s present interests and
concerns. Specifically, MI interactions focus on increasing motivation by using an
empathic style to reduce resistance, develop discrepancy, and support the patient (13).
The counselor actively explores patient barriers and provides a structure for change.
The principles underlying MI help to translate the spirit of the approach into behavioral
strategies that guide the practitioner. The first principle in MI is expressing empathy,
which is demonstrated through active listening techniques. Empathic exchanges
can often prevent resistance from developing. The second principle, developing
discrepancy, involves understanding and amplifying differences between the patient’s
current behavior and his/her goals, values, and self-image (3). The practitioner’s
objective is to tip the balance in the direction of change. The third principle is
responding to resistance. Resistance is seen as the signal to change strategies rather than
to push the patient harder as in more confrontational approaches. The final principle,
supporting self-efficacy, refers to the belief that the patient is the ultimate decision
maker. The practitioner acknowledges that the client has the ability to make the change
using his own resources.

Principles in MI

• Expressing empathy.
• Developing discrepancy.
• Responding to resistance.
• Supporting self-efficacy.

Health care settings, such as CR, represent an important channel for delivering
MI, as health care providers can capitalize on the “teachable moment” during which
patients may be more receptive to modifying behaviors (14). Assessing motivation for
change allows the provider to choose stage-appropriate interventions and develop a



70 C.A. Collins, M.L. Butryn, and E.G. Jennings

collaborative relationship with the patient. Discussing a patient’s ambivalence allows
the clinician to explore barriers to treatment and work with the patient to develop
an effective treatment plan for behavior change. Additionally, reinforcing “change
talk” during intervention facilitates development of strategies that can help maintain
change.

MI has been tested with several health behaviors in the context of health promotion
(15). Although MI appears to perform best when used as a prelude to more intensive
substance abuse treatment, it has been shown to be effective in the area of treatment
adherence, diet and exercise change, HIV-risk reduction, and other health-promoting
behaviors (11,16,17). Treatment retention and adherence significantly improve when
MI is added to interventions, and these improvements may be responsible for other
positive outcomes. If MI is offered as a stand-alone intervention, long-term effects
may need to be enhanced by booster sessions or stepped care. When it is used as a
prelude to treatment, however, its effects appear to endure across time, suggesting a
synergistic result of MI and other treatment procedures (17). Even very brief (5–10 min)
intervention models have been used successfully to address specific health behaviors
such as smoking cessation and dietary changes (18,19). These newer approaches, such
as behavior change counseling, incorporate the TTM and principles of MI in an effort
to increase motivation for change in 5–30-min interventions and are designed for use
by various health care providers (10).

EFFECTIVENESS OF MOTIVATION-BASED APPROACHES FOR CR

Few studies have examined the effectiveness of MI or stages-of-change approaches
with CR patients, but those that have been conducted demonstrate promising results.
For instance, patients enrolled in a standard, 12-week outpatient CR program,
who also participated in three brief sessions of MI, significantly increased their
physical activity scores from pre- to post-treatment, and the proportion of partici-
pants who were very inactive decreased from 43 to 11% (20). Although these results
indicate that participants made substantial improvement, without a control group it
is difficult to determine what value was added specifically by the MI component of
treatment.

Several studies that used randomized designs with CR patients provide additional
evidence that motivation-based approaches promote behavior change superior to that
produced by standard treatment. In one study, which demonstrates the effectiveness of
MI for initial behavior change, CR patients who were randomly assigned to participate
in MI in combination with standard treatment had greater improvements at post-
treatment in self-reported stress, physical activity, and dietary fat intake than those who
received standard treatment alone (21). A second study indicates the success of MI
in the maintenance of behavior change. Patients who had successfully completed 11
weeks of CR were then randomly assigned to participate in a 30-min session based on
the TTM. After 4 weeks, those who participated in the MI session showed significantly
greater increases in their self-reported leisure physical activity than those who did not
participate (22). A third study, conducted with cardiac patients who had chronic heart
failure, randomly assigned participants to three groups: traditional exercise, MI, or a
combination of the two interventions. At post-treatment, those who received MI alone
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or in combination with the exercise program reported greater increases than exercise-
only participants in the level and type of activities in which they were engaged, and
patients in all three conditions increased the distance covered in a 6-min walk test (23).
These preliminary studies demonstrate that MI and approaches based on the TTM have
the potential to result in outcomes that are superior to those achieved with standard
CR, particularly with regard to physical activity.

EFFECTIVENESS OF MOTIVATION-BASED APPROACHES
WITH OTHER POPULATIONS

Additional research needs to be conducted with CR patients to more clearly define the
capabilities of MI or stages-of-change interventions. Until more data are collected, the
field can be guided by preliminary research that has been conducted on the effectiveness
of these approaches in promoting behavior change with groups similar to those targeted
in CR. Such studies include those that use these approaches to target multiple cardiac
risk factors, physical activity, or dietary change in populations other than CR, such as
in primary or secondary prevention programs addressing cardiovascular disease risk.
The findings from these studies have implications for reducing disease risk in the CR
population.

USE OF MI IN REDUCING CARDIAC RISK FACTORS

Motivation-based approaches have been examined as a tool for promoting lifestyle
change in patients at elevated cardiovascular risk. In a randomized controlled trial
conducted with patients at increased risk of coronary heart disease, stages-of-change
intervention participants received between three and five individual sessions and
telephone calls aimed at reducing smoking, decreasing fat intake, and increasing
physical activity (24). At 4- and 12-month follow-up, greater reductions in number
of cigarettes smoked per day and dietary fat intake and greater increases in physical
activity were reported by intervention participants than control participants. Systolic
blood pressure for intervention participants declined more at post-treatment than for
control participants. However, there were no differences between groups at follow-up
in diastolic blood pressure, total serum cholesterol, or body mass index (BMI).

In another study aimed at lifestyle change, hypertensive patients were randomly
assigned to treatment as usual (usual care) or MI provided in either (i) six sessions
or (ii) one session and five phone calls. At post-intervention, the six-session MI
participants had greater decreases in blood pressure and weight than those who received
usual care, and the one-session MI participants had greater decreases in salt and alcohol
intake relative to those who received usual care (25). However, a study that used
a similar design, conducted with patients who had hypertension, type 2 diabetes, or
coronary artery disease, found that at post-intervention and at follow-up 6 months later,
change in blood pressure, fat intake, serum cholesterol, and BMI did not significantly
differ between groups (26,27). Taken together, these studies suggest that, although MI
and stages-of-change approaches can promote behavior change in patients at elevated
cardiovascular risk, it is difficult to produce change in biological markers.
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USE OF MI IN PHYSICAL ACTIVITY PROMOTION

Other interventions have specifically targeted physical activity with MI or stages-of-
change approaches and have shown promising results. In one intervention conducted
at an urban general medical practice, intervention participants who received either
one session or six sessions of MI reported greater increases in physical activity at
post-treatment than controls, but differences were not maintained at 1-year follow up
(28). Studies also have targeted physical activity in diabetic patients. In one study,
diabetic participants who received a 3-month stage-matched intervention reported
greater improvement in physical activity level at post-treatment than participants who
received standard education about physical activity (29). In another study, diabetic
participants who received one session of exercise consultation based on the TTM had
greater increases in physical activity at 5 weeks, as measured by accelerometers, than
those who received standard education about physical activity (30).

Additional stages-of-change interventions for physical activity promotion conducted
with print-based media have consistently found that MI or stages-of-change approaches
can promote initial increases in physical activity, but evidence regarding maintenance
of these changes is mixed (31,32).

USE OF MI IN PROMOTING DIETARY CHANGE

Changes in dietary intake, another common target of change for CR patients, might
also be promoted with motivation-based approaches. Some research has examined
dietary change in patients at elevated cardiovascular risk. In one study, patients with
hyperlipidemia who were randomly assigned to a three-session, bimonthly MI dietary
intervention had significant reductions at post-treatment in consumption of total fat and
saturated fat, energy intake, and BMI. However, these changes were not significantly
different from those observed in participants who received standard dietary care. Serum
cholesterol did not significantly change in either group (33), although this may be due
more to the lack of the effectiveness of the intervention to change cholesterol in the
study population than to the failure of adopting the promoted behavior itself. In another
study, patients with elevated cholesterol, a high-fat diet, and a diagnosis of diabetes or
hypertension who received stage-matched counseling from a physician and dietician
over a period of 6 months were twice as likely as participants who received usual
care to be in a post-preparation stage for dietary change at post-treatment (34). Fat
intake was significantly lower in the intervention group than in the usual care group
at 6 months but not at 12 months.

Other research has examined dietary change in participants with particular
demographic characteristics. A study found that providing adolescent participants who
had elevated low-density lipoprotein levels with two MI sessions resulted in a signif-
icant reduction in calories from fat and dietary cholesterol and advanced their stage of
change at post-treatment; however, no control group was available for comparison (35).
A study conducted with African-American adults found that participants randomly
assigned to receive self-help materials and three telephone sessions of MI for dietary
change over the course of 1 year increased their self-reported fruit and vegetable intake
at post-treatment more than those who received only self-help or standard education
materials (36). Finally, a study conducted with post-menopausal females found that
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those who received three sessions of MI in addition to a standard dietary intervention
reduced fat consumption more than those who received standard treatment alone (37).
The literature on motivation-based approaches for dietary intake suggests that such
interventions could be useful for changing eating behaviors in CR patients.

CONCLUSIONS AND FUTURE DIRECTIONS

Interventions involving MI and stages of change models have potential to provide
substantial benefits to individuals with cardiovascular disease. MI offers providers a
tool to enhance motivation toward behavior change, particularly with patients who
are identified as lacking commitment or ability to change. The evidence that MI
is most effective with those individuals less ready to change (15) only increases
the potential benefits. And, although MI may require training and more time than
traditional approaches, it allows for targeted interventions that may prove time and
energy efficient.

The use of MI in CR settings presents unique challenges. First and foremost, inter-
vention with MI may need to involve multiple members of a patient’s health care team.
In fact, MI may be most advantageous when used to get patients to CR following an
acute coronary syndrome event. Therefore, determining which health care providers
can effectively deliver these interventions and how much training is necessary will
be important. Furthermore, patients in CR may not be interested in behavior changes
that are targeted by the staff or may prioritize the changes differently. This situation
may lead to frustration by staff members who are interested in measurements of
improvement over the course of treatment. Additionally, some behavior changes such
as increasing exercise is actually a complex of different behaviors with significant
external influences, only some of which can be addressed in a CR setting. Finally,
given the natural time restraints and multiple responsibilities of the members of CR
staff, MI may not be seen as the most efficient approach to eliciting behavior changes
by members of the CR team. However, newer interventions that are targeted and brief
have the potential to overcome prioritization discrepancies and time restraints (10).

One open question is which of the many potential possible behavior targets of
any given patient should be addressed first. Clearly, it might be overwhelming to a
CR patient to address smoking cessation, dietary modification, a physically inactive
lifestyle, and excessive psychological stress all at the same time, while the patient is
struggling to recover from a life changing event. Thus, should the provider address the
behavior for which the patient is further along the continuum of the stages of change
or the one with the greatest perceived health risk to the patient (e.g., smoking)? This
issue would be a fruitful line for further investigation.

MI and stages-of-change approaches clearly have the potential to improve outcomes
for CR patients (38). The available research indicates that when added to standard CR,
these interventions can promote changes in physical activity, diet, and stress levels (21),
although it is not yet apparent how well these changes can be maintained. Research
on health behavior change with other populations provides additional support for the
use of MI and stages-of-change approaches in CR. When these approaches are used
to target multiple lifestyle factors in populations at increased cardiovascular risk, they
can prompt changes in physical activity and dietary intake, but they are less effective
at modifying biological markers of risk, such as cholesterol, blood pressure, and BMI.
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Physical activity and dietary intake have each been successfully targeted with these
approaches in other special populations (e.g., those with diabetes), but evidence is
again mixed about the effectiveness of these approaches over longer periods of time.

Future research is necessary in several essential areas. More studies need to examine
the effectiveness of MI and stages-of-change approaches in producing both initial
behavior change and maintenance of behavior change for CR patients. Initial issues
include the fact that few measurements of stages of change have been validated
and specific stage-based interventions have not been extensively evaluated (39).
Furthermore, randomized controlled trials with large samples and longer follow-up
periods will be particularly valuable, as will studies that use objective measures of
outcome such as attendance rates, medication adherence, accelerometer data, and 6-min
walk test performance. Dose–response research should be conducted to determine how
intensive these interventions must be to evoke behavior and biological marker change.
In this literature, there is great variability in the number and length of intervention
sessions, as well as whether time is spent in session on other intervention components,
but no clear dose–response effect has emerged. Order of addressing specific behaviors,
as noted above, is a potentially important issue for further work. Future researchers
in this area should take care to clearly describe such details about the interventions
they deliver. It also will be useful to determine whether there are characteristics that
identify patients who most benefit from these interventions.

Increasing attention to the value of CR in recovery from acute coronary events
and the need to demonstrate improved health outcomes of CR patients create an
opportunity for new approaches to promote behavior change. Studies offer preliminary
evidence that MI and the TTM may prove useful in attracting patients to CR, improving
attendance while enrolled in CR, and increasing health behavior changes during and
after CR. Additionally, MI interventions may result in improved provider–patient
relationships and consumer satisfaction, which is an underdeveloped and potentially
powerful selling point to providers and health care agencies (40). As in other areas of
behavioral health, the use of MI and the TTM in CR settings continues to increase,
although the development of specific interventions is still in the early phases. Despite
many proponents of these approaches, until further research delineates the effectiveness
for specific behaviors and in specific settings, it is not clear whether MI and TTM
interventions will become the standard of care in CR.
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The burden that smoking places on health is easy to recognize. Cigarette smoking
is the primary preventable cause of illness and death in the United States. Statistics
are alarming, including the more than 400,000 deaths attributed to cigarette smoking
per year (1). Also a leading cause of cardiovascular morbidity and mortality, cigarette
smoking accounts for approximately 115,000 heart disease-related deaths and 27,000
deaths in the United States from strokes each year (2).

According to the US Surgeon General, smoking is the “most important of the
known modifiable risk factors for CHD” (3). Observational studies approximate that
stopping smoking decreases the risk of “subsequent mortality and further cardiac
events among patients with CHD by as much as 50%” (4). Smoking cessation
may have a more significant effect than any other intervention or treatment on
reducing the risk of mortality in patients with coronary heart disease (CHD) who
are smokers (4). However, even though the benefits of smoking cessation are clear,
physicians and other health care providers are not effectively addressing this problem.
This is evident when considering that even though smoking cessation may be more
effective at reducing cardiovascular morbidity and mortality, in recent years, it has
not received as much attention as secondary preventive therapies, including lipid-
lowering therapies. This may be due in part to the higher-time burden required by
providers to address this problem, when compared to a pharmacological therapy.
On the basis of the potential risk reduction, it is not only appropriate but essential
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for physicians and health care providers to consider smoking cessation an important
treatment to provide to patients who smoke.

This chapter will outline the epidemiology of cigarette smoking, the pathophys-
iology of smoking and heart disease, and treatment interventions and guidelines to
assist health care providers in with smoking cessation in the cardiac rehabilitation
setting.

EPIDEMIOLOGY OF SMOKING AND HEART DISEASE

Prevalence
An estimated 45 million Americans and at least 1.2 billion people worldwide use

tobacco regularly (5). This number remains astoundingly high despite the awareness
of the dangers of cigarette smoking and the efforts made toward smoking cessation
education and treatments. Table 1 (6) summarizes the prevalence of smoking within
adults 18 years and older living in the United States.

PREVALENCE OF HEART DISEASE IN SMOKERS

Cigarette smoking increases the risk that an individual will develop several
atherosclerotic syndromes. These include stable angina, acute coronary syndromes,
sudden death, stroke, and aortic and peripheral atherosclerosis (7). Cigarette smokers
have a two to four times increased risk of developing heart disease (8), double the risk
of stroke (9,10), and up to ten times the risk of developing peripheral vascular disease
compared with nonsmokers (11). Not only do smokers have an increased morbidity,
they are also more likely to die years before nonsmokers (12). Male smokers die an
average of 13.2 years earlier than nonsmokers, and female smokers die an average of
14.5 years earlier than nonsmokers (12).

Did You Know?

• Heavy smokers are not the only people at increased risk of CHD. Even light smokers
are found to have increased risk of CHD. Research shows that women who smoked
one to four cigarettes per day had a relative risk of 2.5 of fatal CHD (13).

• Studies have also shown that passive smokers, or those exposed to second hand
smoke, are at increased risk of cardiovascular morbidity and mortality (14).

PATHOPHYSIOLOGY OF SMOKING AND HEART DISEASE

Owing to the complexity of over 4000 combined chemicals in a cigarette, it is impos-
sible to suggest that the entire picture of how cigarette smoking leads to, or worsens,
cardiovascular disease is understood. However, it is clear that inhaling tobacco smoke
from cigarettes leads to several immediate and long-term physiologic changes in the
body, specifically within the heart and blood vessels. These changes indirectly promote
the atherosclerotic process throughout the arteries of the entire body including the
heart, brain, and peripheral circulation. Therefore, heart disease, stroke, and peripheral
artery disease are significantly increased by smoking.
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Table 1
Prevalence of Smoking. Percentage of persons aged ≥ 18 years who were current smokers∗, by

sex and selected characteristics — National Health Interview Survey, United States, 2003

Men
�n = 13� 427�

Women
�n = 17� 425�

Total
�N = 30� 852�

Characteristic % (95% Cl†) % (95% Cl) % (95% Cl)

Race/Ethnicity§

White, non-Hispanic 24�3 �±1�0� 21�2 �±0�9� 22�7 �±0�7�
Black, non-Hispanic 25�5 �±2�5� 18�3 �±1�8� 21�5 �±1�6�
Hispanic 22�1 �±2�0� 10�3 �±1�1� 16�4 �±1�2�
American Indian/Alaska Native¶ 42�0 �±15�9� 37�3 �±14�7� 39�7 �±11�9�
Asian∗∗ 17�5 �±4�5� 6�5 �±2�2� 11�7 �±2�5�

Education††

0–12 (no diploma) 32�4 �±2�1� 21�2 �±1�9� 26�6 �±1�4�
< 8 years 23�4 �±2�9� 11�8 �±2�0� 17�6 �±1�8�
9–11 years 40�6 �±3�4� 28�5 �±3�0� 34�0 �±2�3�
12 years (no diploma) 35�2 �±7�7� 23�7 �±5�8� 29�3 �±4�6�
GED (diploma)§§ 43�4 �±5�9� 45�6 �±5�8� 44�4 �±4�1�
12 years (diploma) 29�2 �±2�0� 22�1 �±1�5� 25�4 �±1�2�
Associate degree 21�9 �±2�9� 18�2 �±2�1� 19�8 �±1�7�
Some college (no degree) 23�7 �±1�8� 20�4 �±1�3� 21�9 �±1�1�
Undergraduate degree 13�6 �±1�8� 11�0 �±1�5� 12�3 �±1�1�
Graduate degree 8�1 �±1�6� 6�7 �±1�5� 7�5 �±1�1�

Age group (years)
18–24 26�3 �±2�6� 21�5 �±2�3� 23�9 �±1�8�
25–44 28�4 �±1�4� 22�8 �±1�2� 25�6 �±1�0�
45–64 23�9 �±1�5� 20�2 �±1�4� 22�0 �±1�0�
≥ 65 10�1 �±1�4� 8�3 �±1�1� 9�1 �±0�9�

Poverty level¶¶

At or above 24�2 �±1�0� 19�1 �±0�9� 21�7 �±0�7�
Below 33�0 �±3�1� 28�8 �±2�5� 30�5 �±2�1�
Unknown 21�2 �±1�6� 16�0 �±1�3� 18�4 �±1�0�

Total 24�1 �±0�8� 19�2 �±0�7� 21�6 �±0�6�

∗ Persons who reported smoking at least 100 cigarettes during their lifetimes and who reported at the
time of interview smoking every day or some days. Excludes 402 respondents whose smoking status was
unknown.

† Confidence interval.
§ Excludes 310 respondents of unknown or multiple racial/ethnic categories or whose race/ethnicity

was unknown.
¶ Wide variances among estimates reflect small sample sizes.
∗∗ Does not include Native Hawaiians or other Pacific Islanders.
†† Among persons aged ≥ 25 years; excludes 409 persons with unknown years of education.
§§ General Educational Development.
¶¶ Calculated on the basis of U.S. Census Bureau 2002 poverty thresholds.
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Two chemicals in cigarettes, nicotine and carbon monoxide, are thought to be
responsible for many of these pro-atherogenic changes, and the increased risk of heart
disease associated with smoking. Nicotine is a stimulant that directly and immediately
increases the myocardial workload. Nicotine is also a vasoconstrictor, therefore leading
to elevations in blood pressure. Additional vasoconstriction occurs when nitric oxide
biosynthesis is inhibited by smoking. The combined effect of increase in heart rate
(HR) and systolic blood pressure (SBP) leads to an obvious increase in the HR ×SBP
double-product, a known predictor of myocardial oxygen demand.

In parallel to the unfavorable effects of nicotine, carbon monoxide present in
cigarette smoke binds to hemoglobin with greater affinity than oxygen and reduces
the oxygen-carrying capacity of hemoglobin, inducing a state of actual tissue hypoxia.
This results in a lower oxygen supply to a myocardium working at a higher load.
Hypoxia also appears to stimulate the atherosclerotic process. Over time, the arterial
lumens progressively narrow. Additionally, nicotine induces the release of choles-
terol from adipocytes into the blood stream, increasing the likelihood of cholesterol
deposition in arterial walls. This shows that cigarette smoking indirectly promotes
atherosclerosis though various mechanisms. Another mechanism is likely its effects on
lipid profile. “Smokers have significantly higher serum cholesterol, triglyceride, and
low-density lipoprotein levels, but high-density lipoprotein is lower in smokers than
in nonsmokers” (15).

Smoking also raises the plasma level of fibrinogen and increases platelet activity,
which increases thrombogenicity. As the atherosclerotic process progresses, decreased
blood flows through stenosed arteries and the effects of smoking increase the likelihood
of plaque rupture and thrombus formation, resulting in myocardial infarction (MI),
stroke, or extremity gangrene (16). Therefore, although cigarette smoking may not
directly cause atherosclerosis, it is a strong predictor of MI. This may be because
smoking increases the risk of thrombotic events in people who already have atheroscle-
rosis (17). In fact, autopsy studies do not show a higher vascular surface area affected
by atherosclerosis than nonsmokers (17). This finding is supported by the Pathobio-
logical Determinants of Atherosclerosis in Youth (PDAY) study, in which “the extent
of coronary atherosclerosis did not correlate significantly with serum thiocyanate (a
marker of exposure to smoke, measured postmortem) but, evaluated microscopically,
established plaques appeared to be more rapidly progressing and thus reaching an
advanced stage of the disease earlier” (17).

In summary, as is shown above, “smoking contributes to CHD risk independently of
other risk factors” through the multiple changes that smoking initiates throughout the
body. However, “this does not mean that smoking is an independent cause of CHD.
Cigarette smoking is pathogenetically a cholesterol-dependent risk factor and acts
synergistically with other risk factors, substantially increasing the risk of CHD” (17).

Smoking Cessation and Heart Disease Risk Reduction
The evidence that health suffers significantly under the influence of smoking is

overwhelming. However, the evidence that health risks significantly improve with
smoking cessation is equally impressive. It is estimated that stopping smoking decreases
the risk of “subsequent mortality and further cardiac events among patients with CHD
by as much as 50%” (4) and is associated with a decreased risk of total mortality of
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Table 2
Benefits of Smoking Cessation

Short-term benefits Long-term benefits

Blood pressure returns to presmoking
levels within 20 min

Lung function improves up to 30% within 2–3
months

Carbon monoxide levels drop within hours Risk of coronary heart disease is reduced by
50% after 1 year

Money is saved each day by not buying
cigarettes

Risk of stroke is similar to that of a
nonsmoker within 5–15 years

Sense of smell and taste improve within
days

Patient enjoys increased self-esteem due to
quitting smoking

Patient earns greater self-respect because of
a real sense of accomplishment in quitting

36% (4). The evidence that smoking cessation quickly and significantly reduces cardiac
risk and mortality indicates that the smoking-related causes are rapidly reversible (17).
The risk reduction from smoking cessation has been shown to be at least as great as
other secondary preventive therapies, such as use of statins for cholesterol lowering (a
29% reduction), aspirin (15%), B-blockers (23%), or angiotensin-converting enzyme
inhibitors (23%) (4).

The Benefits of Quitting
The benefits of quitting smoking are both immediate and ongoing. The World Health

Organization indicates that within 1 year of smoking cessation, CHD risk decreases
by 50%. “Within 15 years, the relative risk of dying from CHD for an ex-smoker
approaches that of a long-time (lifetime) nonsmoker” (18). Stopping smoking also
significantly decreases the risk of stroke over time. Smokers who have quit have the
same risk of stroke as nonsmokers after 5–15 years of quitting (12). Table 2 (19)
summarizes additional short-term and long-term benefits of smoking cessation.

Owing to the undeniable short-term and long-term benefits of quitting smoking on
health, it is essential to motivate patients toward quitting as soon as possible and to
also educate older patients that it is never too late to quit smoking.

Health risks are improved even if a smoker does not quit completely. When the
amount of cigarettes smoked is decreased, the risk of heart disease is reduced.
Research shows that if all smokers decreased their amount of cigarettes smoked to
10 cigarettes per day, this could lead to a CHD reduction of 5.2% for men and 4.5%
for women (20).

PROVIDING SUCCESSFUL SMOKING CESSATION TREATMENT
INTERVENTIONS

To most effectively motivate and assist patients to quit smoking, it is important to
understand the numerous factors that maintain their personal smoking habit and to
provide various intervention modalities to deal with these factors. Tobacco dependence
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encompasses physical addiction, psychological addiction, and habit, as well as sensory
stimulation and association with pleasure. Therefore, successful smoking cessation
interventions must address physical, psychological, and sensory stimulation issues
for each individual. The components of a successful cessation intervention include,
but are not limited to, accurate assessment of smoking and of tobacco dependence,
assessment of willingness and readiness to quit smoking, motivation of patients toward
quitting if they are not willing or ready, creation of an appropriate and evidence-based
cessation plan that incorporates necessary supportive components (including, but to
limited to, behavioral counseling, social support, and pharmacotherapies), and relapse
prevention. The following sections will provide more in-depth information about the
above components.

Components of a Successful Smoking Cessation Plan

• Assessment of dependence components
• Assessment of stage of change (willing and readiness to stop smoking – see Chapter 7)
• Creation of a smoking cessation plan

Provision of supportive social constructs (family, friends, and work colleagues)
Possible counseling
Possible pharmacotherapies

• Relapse prevention strategies

Assessment of Smoking and Tobacco Dependence
The first step in effectively treating smoking is to consistently identify, document,

and treat tobacco users. By effectively identifying tobacco users and their willingness
to quit, clinicians can identify intervention methods that are both appropriate and
available (depending on the patient’s financial and community resources). Simply
asking patients about their smoking status at each patient visit allows for clini-
cians to understand their patient’s interest in quitting, readiness to quit, and the
support necessary for them to quit successfully. Strategies for consistently gathering,
documenting, and updating this information are to either expand the number of vital
signs collected to include smoking status or place an appropriate tobacco use sticker
on patient charts.

Assessing Willingness to Quit and Readiness to Quit Smoking
Once a patient has been identified as a smoker, their willingness to quit should be

assessed. Willingness to quit directs the treatment intervention appropriate for each
person. According to the Treating Tobacco Use and Dependence: Clinical Practice
Guideline (21), every patient who uses tobacco should be offered at least one of
the appropriate and available treatments for smoking cessation. This is true for both
patients who are currently willing to quit and those who are unwilling to quit at this
time. Fig. 1 (21) demonstrates what treatment should be offered depending on a
person’s willingness to quit.
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Fig. 1. Algorithm to guide clinical tobacco intervention.

• Many smokers report an understanding of the dangers of smoking and a desire to quit.
• About 35% of smokers report having made at least one serious attempt to quit

within the last year (22), and 80% have tried to quit at some point in their smoking
history (23).

• Having a cardiac event increases the chances a person will attempt to quit.
• In comparison with the general population, 8% (3), the percentage of smokers who

quit after a cardiac event is significantly greater, 35–75%, (24).
• There remains a significant amount of people with heart disease who either continue

to smoke or relapse after a period of being smoke free (25).

Smoking Cessation When the Patient is Willing to Quit
All patients willing to try to quit tobacco use should be provided with treatments that

are identified as effective (21). For those willing to quit, using the “5As,” Ask, Advise,
Assess, Assist, and Arrange, can deliver brief and effective intervention. These five
steps, summarized in Table 3 (21), promote asking about and systematically identifying
all tobacco users at every visit; advising all tobacco users to quit in a clear, strong,
and personalized manner; assessing the patient’s willingness to make a quit attempt;
and assisting in providing aid to the patient in quitting.

For patients with a recent heart disease episode, significant symptoms or severe
disease, this can be an especially effective time to offer smoking cessation interventions.
Severity of heart disease or of a cardiac event appears to increase motivation to quit
smoking as well as is an important predictor in stopping (26). Studies have shown that
20–60% of smokers quit after the diagnosis of acute MI (25). There is also an influence
of severity of disease on smoking cessation. This was demonstrated by Frid et al. (24)
by showing a relationship between the number of diseased vessels [0-vessel (21%),
1-vessel (47%), 2-vessel (56%), and 3-vessel disease (76%)] and the likelihood of
remaining smoke-free long term. Additionally, the proximity of the smoking cessation
intervention to the cardiac event positively influenced smoking cessation probability.
One study showed that when a smoking patient’s coronary arteriography was done after
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Table 3
Brief Strategies: Helping the Patient Willing to Quit∗

Action Strategies for Implementation

Ask – systematically identify all tobacco users at every visit
Implement an office-wide system that
ensures that, for every patient at
every clinic visit, tobacco-use status
is queried and documented†.

Expand the vital signs to include tobacco use or
use an alternative universal identification
system‡.

Advise – strongly urge all tobacco users to quit
In a clear, strong, and personalized
manner, urge every tobacco user to
quit.

Advice should be:
Clear – “I think it is important for you to quit
smoking now and I can help you. Cutting down
while you are ill is not enough.”
Strong – “As your clinician, I need you to know
that quitting smoking is the most important thing
you can do to protect your health now and in the
future. The clinic staff and I will help you.”
Personalized – Tie tobacco use to current
health/illness and/or its social and economic
costs, motivation level/readiness to quit, and/or
the impact of tobacco use on children and others
in the household.
Encourage all clinical staff to reinforce the
cessation message and support the patient’s quit
attempt.

Assess – determine willingness to make a quit attempt
Ask every tobacco user if he/she is
willing to make a quit attempt at this
time (e.g., within the next 30 days).

Assess patient’s willingness to quit:

If the patient is willing to make an attempt to
quit at this time, provide assistance.
If the patient will participate in an intensive
treatment, deliver such a treatment or refer to an
intensive intervention.
If the patient clearly states he/she is unwilling to
make an attempt to quit at this time, provide a
motivational intervention.
If the patient is a member of a special population
(e.g., adolescent, pregnant smoker, and
racial/ethnic minority), consider providing
additional information.

Assist – aid the patient in quitting
Help the patient with a plan to quit. A patient’s preparations for quitting (STAR):

Set a quit date, ideally, the quit date should be
within 2 weeks.
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Tell family, friends, and coworkers about quitting
and request understanding and support.
Anticipate challenges to planned quit attempt,
particularly during the critical first few weeks; these
include nicotine withdrawal symptoms.
Remove tobacco products from your environment;
prior to quitting, avoid smoking in places where you
spend a lot of time (e.g., work, home, and car).

Provide practical counseling
(problem solving/skills training).

Abstinence – total abstinence is essential; “not even
a single puff after the quit date.”
Past quit experience – review past quit attempts
including identification of what helped during the
quit attempt and what factors contributed to relapse.
Anticipate triggers or challenges in upcoming
attempt – discuss challenges/triggers and how
patient will successfully overcome them.
Alcohol – drinking alcohol is highly associated
with relapse; the patient should consider
limiting/abstaining from alcohol during the quit
process.
Other smokers in the household – the presence of
other smokers in the household, particularly
a spouse or partner, is associated with lower
abstinence rates. Patients should encourage
significant others to quit with them. If others
continue to smoke, they should be asked to smoke
outdoors and not in the quitter’s presence.

Provide intratreatment social
support.

Provide a supportive clinical environment while
encouraging the patient in his/her quit attempt; “my
office staff and I are available to assist you.”

Help patient obtain extratreatment
social support.

Help patient develop social support for his/her
attempt to quit in his/her environments outside of
treatment: “ask your spouse/partner, friends and
coworkers to support you in your quit attempt.”

Recommend the use of approved
pharmacotherapy except in special
circumstances.

Recommend the use of pharmacotherapies found to
be effective in the guideline; explain how these
medications increase smoking cessation success
and reduce withdrawal symptoms; the first-line
pharmacotherapy medications include the following:
bupropion SR, nicotine gum, nicotine inhaler,
nicotine nasal spray, and nicotine patch.

Provide supplementary materials. Sources – federal agencies, nonprofit agencies, or
local/state health departments.
Type – culturally/racially/educationally/age
appropriate for the patient.
Location – readily available at every clinician’s
workstation.
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their MI and on the same hospitalization, their rate of remaining abstinent 6 months
later was significantly higher (74%) compared with patients with angina without a
history of MI (49% abstinence) or those who had an MI in the recent past and were
admitted for additional diagnostic evaluation (52% abstinence) after intervention. (26).
Whereas other studies have confirmed that severity of disease predicts success in
quitting smoking, this study shows that those with the most severe disease were more
likely to respond to smoking cessation intervention, as well as the importance of
offering treatment as close to the event time as possible. It may be that those with more
severe symptoms or requiring more procedures are unable to maintain denial about
the risks associated with smoking and/or their own disease state. It is necessary to
reach patients and offer smoking cessation intervention during the teachable moments
to increase the likelihood of smoking cessation success.

Smoking Cessation When the Patient Is Unwilling to Quit
Patients may not be willing to quit for various reasons including misinformation

about the risks of smoking, denial or lack of understanding of the personal relevance of
smoking on their health, fears or concerns about quitting, demoralization after previous
failed attempts, or other reasons. Inquiring about their lack of willingness to quit
allows the health care provider to better understand why the patient is unmotivated
and then provide a brief intervention designed to increase their motivation to quit.
Using the “5Rs,” Relevance, Risks, Rewards, Roadblocks, and Reception, can help to
increase the patient’s willingness and readiness to quit. Table 4 (21) further describes
the “5Rs”. Motivating patients toward quitting and using the “5Rs” are most likely to
be successful if the clinician is understanding and empathetic with the patient, allows
for patient autonomy, does not engage in arguing, and supports the patient in believing
that they are capable of quitting smoking (27).

Recognizing Tobacco Dependence as a Chronic Disease
When motivating or assisting a patient in smoking cessation, it is important to

understand that smoking is known to be a chronic addiction similar to other addictive
substances (e.g., alcohol and drugs) with a vulnerability to relapse, requiring repeated
intervention. It often takes several quit attempts before previous smokers remain
abstinent. This places a responsibility on the “clinician to provide ongoing counseling,
support, and appropriate pharmacotherapy, just as for other chronic diseases such as
hypertension or hypercholesterolemia” (27). It is essential to use appropriate smoking
cessation interventions with every patient visit to increase the patient’s opportunity to
successfully quit smoking. If a patient relapses or is unwilling to quit, they should not
be labeled noncompliant or unmotivated and the issue of smoking no longer addressed.
Instead, this should be noted as part of their addiction, and the treatment team should
provide interventions geared toward increasing their motivation to quit smoking in the
future.

Creating a Smoking Cessation Plan
As previously noted, smoking addiction is complex and includes physical addiction,

psychological addiction and, as more recently recognized, sensory stimulation that
reinforces both the physical and the psychological addiction. Therefore, it is essential



Chapter 8 / Smoking Cessation 87

Table 4
Enhancing Motivation to Quit Tobacco: The 5Rs

Motivation Description

Relevance Encourage the patient to indicate why quitting is personally relevant,
being as specific as possible. Motivational information has the greatest
impact if it is relevant to a patient’s disease status or risk, family or
social situation (e.g., having children in the home), health concerns, age,
gender, and other important patient characteristics (e.g., prior quitting
experience, personal barriers to cessation).

Risks The clinician should ask the patient to identify potential negative
consequences of tobacco use; the clinician may suggest and highlight
those that seem to be the most relevant to the patient; the clinician
should emphasize that smoking low-tar/low-nicotine cigarettes or use of
other forms of tobacco (e.g., smokeless tobacco, cigars, and pipes) will
not eliminate these risks. Examples of risks are:

• Acute risks: shortness of breath, exacerbation of asthma, harm to
pregnancy, impotence, infertility, increased serum carbon monoxide.

• Long-term risks: heart attacks and strokes, lung and other cancers
(larynx, oral cavity, pharynx, esophagus, pancreas, bladder, and
cervix), chronic obstructive pulmonary diseases (chronic bronchitis
and emphysema), long-term disability, and need for extended care.

• Environmental risks: increased risk of lung cancer and heart disease
in spouses; higher rates of smoking by children of tobacco users;
increased risk for low birth weight, Sudden Infant Death Syndrome
(SIDS), asthma, middle ear disease, and respiratory infections in
children of smokers.

Rewards The clinician should ask the patient to identify potential benefits of
stopping tobacco use, the clinician may suggest and highlight those that
seem to be the most relevant to the patient. Examples of rewards follow:

• Improved health.
• Food will taste better.
• Improved sense of smell.
• Save money.
• Feel better about yourself.
• Home, car, clothing, and breath will smell better.
• Can stop worrying about quitting.
• Set a good example for kids.
• Have healthier babies and children.
• Not worry about exposing others to smoke.
• Feel better physically.
• Perform better in physical activities.
• Reduced wrinkling/aging of skin.

(Continued)
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Table 4 (Continued)

Motivation Description

Roadblocks The clinician should ask the patient to identify barriers or impediments
to quitting and note elements of treatment (i.e., problem-solving and
pharmacotherapy) that could address barriers. Typical barriers might
include:

• Withdrawal symptoms.
• Fear of failure.
• Weight gain.
• Lack of support.
• Depression.
• Enjoyment of tobacco.

Repetition The motivational intervention should be repeated every time an
unmotivated patient visits the clinic setting; tobacco users who have
failed in previous quit attempts should be told that most people make
repeated quit attempts before they are successful.

for successful smoking cessation interventions to target each of these components
of a smoking habit. The following section will look at approaches useful in treating
the physical dependence, the psychological dependence, and habit, as well as sensory
stimulation.

Dealing with the Physical Addiction of the Smoking Act
There are a number of things to consider when treating the physical addiction to

tobacco. First, it is necessary to determine how much nicotine the person is experiencing
daily. A rule of thumb is that if a person smokes less than ten cigarettes per day
and/or if they do not smoke within the first few hours of the day, they do not have a
strong physical addiction to nicotine. However, there is individual variation. Physical
addiction level is essential in planning an appropriate quit approach. If a patient is
physically dependent on cigarettes, they will benefit from pharmacotherapy and may
be more successful using a nicotine reduction approach to quit smoking.

Pharmacotherapy
Historically, clinicians have been hesitant to prescribe pharmacotherapy to their

patients who smoke and often wait for failed cessation attempts before suggesting
pharmacotherapies. This may be because physicians underestimate the addictive
qualities of cigarettes, the degree to which their patients have developed dependence,
and the relative likelihood of overcoming tobacco dependence when pharmacotherapy
is used. Pharmacotherapies may also be withheld due to the misconception that they
are only necessary for heavy smokers.

Except when contraindicated, one or a combination of the recommended pharma-
cotherapies should be used with all patients who are tobacco dependent and attempting
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to quit smoking. There are seven pharmacotherapies that have been approved by the US
Food and Drug Administration (FDA) for smoking cessation and these are considered
to be first-line treatments. These are buproprion SR, varenicline nicotine gum, nicotine
inhaler, nicotine nasal spray, nicotine patch, and the nicotine lozenge, which are further
described in Table 6 (21). There are also two second-line pharmacotherapies, clonidine
and nortriptyline, that are shown to be effective, however have not been approved
by the FDA for smoking cessation. Clonidine has primarily been prescribed as an
antihypertensive medication, and nortriptyline is used primarily as an antidepressant.

Each of the recommended medications has been shown to significantly increase the
success of short-term and long-term smoking abstinence. Although each of the pharma-
cotherapies is found to increase rate of smoking abstinence, using a combination of
the nicotine patch with other forms of nicotine replacement therapy (NRT) (e.g., trans-
dermal patch, nicotine gum, nicotine inhaler, nicotine nasal spray, and nicotine lozenge)
is more effective than using only one form of nicotine replacement. For patients
who are unable to quit using NRT, they should be encouraged to use a combination
of approved pharmacotherapics NRT. For example, combining bupropion SR with
NRT. Guidelines for prescribing pharmacotherapies are included in Table 5 (21) and
Table 6 (21). Special consideration is necessary for special populations (e.g., smoking
less than ten cigarettes per day, pregnant and breastfeeding women, adolescents).

Behavioral Approaches to Smoking Cessation

There are three behavioral approaches to smoking cessation: quitting “cold turkey,”
brandswitching to lower nicotine level cigarettes, and cutting back on the number
of cigarettes smoked per day.
When choosing the approach to quitting, consider the following:

• How addicted to nicotine is the patient?
• How many cigarettes per day are they smoking?
• How many previous attempts have there been to quitting?
• How severe is the tobacco dependence?
• What are the daily smoking habits?
• What is the current access to cigarettes?
• What is the recent health history?
• Is the patient currently hospitalized?

All of these considerations can help in determining which quit style will be most
effective.

Cold turkey, or quitting without gradually reducing nicotine level, may be most
successful for patients who have received negative news about their cardiac health
or have just experienced a cardiac event or procedure. Furthermore, patients who
are hospitalized or have a significant cardiac event may find quitting cold turkey to
be easier than at other times. This can be due to not being able to have cigarettes
for several days while hospitalized and therefore overcoming the physical withdrawal
process as part of the hospitalization. Other reported reasons are the decreased desire
to smoke while experiencing uncomfortable or painful cardiac symptoms as well as not
being able to deny the negative health consequences smoking is having on their health.
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Table 5
Clinical Guidelines for Prescribing Pharmacotherapy for Smoking Cessation∗

Question Answer

Who should receive pharmacotherapy for
smoking cessation?

All smokers trying to quit except in the
presence of special circumstances;
special consideration should be given
before using pharmacotherapy with
selected populations: those with medical
contraindications; those smoking < 10
cigarettes per day, pregnant and adolescent
smokers.

What first-line pharmacotherapies are
recommended?

All seven of the FDA-approved
pharmacotherapies for smoking cessation
are recommended including bupropion SR,
varenicline, nicotine gum, nicotine inhaler,
nicotine nasal spray, nicotine lozenge, and
the nicotine patch.

What factors should a clinician consider
when choosing among the five first-line
pharmacotherapies?

Because of the lack of sufficient
data to rank-order these seven
medications, choice of a specific first-line
pharmacotherapy must be guided by
factors such as clinician familiarity with
the medications, contraindications for
selected patients, patient preference,
previous patient experience with a specific
pharmacotherapy (positive or negative),
and patient characteristics (e.g., history of
depression and concerns about weight
gain).

Are pharmacotherapeutic treatments
appropriate for lighter smokers (e.g., 10–15
cigarettes per day)?

If pharmacotherapy is used with lighter
smokers, clinicians should consider
reducing the dose of first-line
pharmacotherapies.

What second-line pharmacotherapies are
recommended?

Clonidine and nortriptyline.

When should second-line agents be used
for treating tobacco dependence?

Consider prescribing second-line agents for
patients unable to use first-line medications
because of contraindications or for patients
for whom first-line medications are not
helpful; monitor patients for the known
side effects of second-line agents.

Which pharmacotherapies should be
considered with patients particularly
concerned about weight gain?

Buproprion SR and nicotine replacement
therapies, in particular nicotine gum, have
been shown to delay, but not prevent,
weight gain.

Which pharmacotherapies should be
considered with patients with a history of
depression?

Buproprion SR and nortriptyline appear to
be effective with this population.
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Should nicotine replacement therapies
be avoided in patients with a history of
cardiovascular disease?

No. Nicotine replacement therapies are safe
and have not been shown to cause adverse
cardiovascular effects; however, the safety
of these products has not been established
for the immediate (2 weeks) post-MI
period, with serious arrhythmias, or in
patients with severe or unstable angina.

May tobacco dependence
pharmacotherapies be used long-term
(e.g., 6 months or more)?

Yes. This approach may be helpful
with smokers who report persistent
withdrawal symptoms during the course of
pharmacotherapy or who desire long-term
therapy; a minority of individuals who
successfully quit smoking use ad libitum
NRT medications (i.e., gum, nasal spray,
and inhaler) long-term; the use of these
medications long-term does not present a
known health risk; additionally, the FDA
has approved the use of bupropion SR for a
long-term maintenance indication.

May nicotine replacement
pharmacotherapies ever be combined?

Yes. There is evidence that combining the
nicotine patch with either nicotine gum or
nicotine nasal spray increases long-term
abstinence rates over those produced by a
single form of NRT.

FDA, Food and Drug Administration; MI, myocardial infarction; NRT, nicotine replacement therapy.
∗ Fiore MC, Bailey WC, Cohen SJ, et al. Treating Tobacco Use and Dependence: clinical practice

guideline. Rockville, MD: US Department of Health and Human Services, Public Health Services, 2000.

These are considered teachable moments and can be opportunities where patients will
be more open and receptive to smoking cessation interventions.

Brandswitching, also known as the “warm chicken” (28) approach to quitting
smoking, is a method of gradually reducing the amount of nicotine delivered to the
body. This enables the body to adjust to lower levels of nicotine over time and reduces
the negative experience of intense withdrawal symptoms, thus making the quitting
process easier. This can be a good strategy for people with strong nicotine dependence
or those smoking higher nicotine level cigarettes. Brandswitching is operationalized by
determining the amount of nicotine delivered by the type of cigarettes the participant
is currently smoking and then switching to a lower level of nicotine cigarette. If a
patient is smoking a 1.7-mg nicotine cigarette, it would be recommended to switch to a
0.9-mg nicotine cigarette and then a 0.5-mg nicotine cigarette, then a 0.2-mg nicotine
cigarette before quitting completely. The patient would plan to spend about 1 week
at each level and to set their quit date approximately 1 week after switching to the
lowest nicotine level cigarette. As the patient switches levels, they are beginning to
lose the association of cigarettes bringing the same nicotine response and pleasure that
they previously did. It is important for the patient not to smoke more cigarettes per
day or to smoke cigarettes longer, or cover up the filter ventilation holes, which would
increase the nicotine delivered.
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Cutting back is performed by reducing the total amount of cigarettes smoked per
day. This approach yields conflicting results. Many people find that they are able to
give up smoking certain cigarettes in their typical daily routine. For example, they
might give up the first cigarette of the day or stop smoking while in the car or inside
their home. Gradually they are able to reduce the amount to a few per day or quit
completely. However, decreasing the amount of cigarettes per day can actually increase
the positive association and reward effect of each cigarette (29) and make it more
difficult for the person to quit completely. With this approach, it is important to not
smoke cigarettes longer or to cover up the filter ventilation holes, which would increase
the nicotine delivered.

Regardless of the quit approach taken, it is important to choose an approach and to
set a quit date that the patient believes will allow for success. If the person previously
had a negative experience with one approach, it may be helpful to choose an alternative
approach the next time. When choosing the quit date, try to choose a lower stress day.
However, there is no magic day when quitting will be perfectly easy. So, if a patient
says they want to wait until things are less stressful, push them to think through when
that will be and to set the quit date, even if it is several weeks or months in the future.
Also encourage them to set goals to support their ability to quit between now and their
quit date.

Cleaning house. Prior to the quit date, the patient should take time to eradicate
cigarettes and smoking from the environment. Removal and disposal of ashtrays,
lighters, and cigarettes is key. Also, carpets and car upholstery should be steam cleaned,
clothes washed, and coats dry cleaned if they smell like cigarette smoke. Everything
the patient can do to remove smoking from their life prior to their quit date will make
quitting easier. Once the quit date has arrived, remind the patient of their commitment
and that they can never have one puff. Explain that smoking is a chronic addiction and
that even having one puff can lead to relapse.

SPECIAL ISSUES DURING THE ACTION STAGES

Effects of Smoking Rate
Heavy smokers typically have more difficulty stopping smoking and are likely to

experience more severe withdrawal symptoms (29). This trend generalizes to smokers
who have heart disease as well. Heavy smoking is a predictor for those who continue
smoking or relapse after having a cardiac event (29). The increased difficulty is likely
influenced by an increased nicotine addiction as the amount of cigarettes smoked
per day increases. Not only are an increased number of nicotine receptors activated,
and activated more frequently, these nicotine receptors may in turn stimulate the
dopaminergic reward system. “Activating the dopaminergic reward systems has the
potential to alter mood and cognition, and reinforce the smoking habit” (29). This
suggests that the level of nicotine dependence/amount of cigarettes smoked should
influence the strategy a smoker uses in quitting smoking. For example, if a person has
high nicotine dependence, using NRT, decreasing the amount of cigarettes smoked per
day over time, or brandswitching to lower nicotine level cigarettes may increase their
success at quitting (29), in comparison with quitting “cold turkey.”
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Planning for Withdrawal Symptoms
As the body adjusts to decreased nicotine and other chemicals from cigarettes, the

body experiences withdrawal. Symptoms include coughing, sweating, lightheadedness
or dizziness, changes in sleep and energy level, increased anxiety and restlessness,
difficulty concentrating, depression, frustration, irritability, constipation or diarrhea,
and cravings for tobacco (28). Withdrawal symptoms are usually most intense after the
first few days of quitting and typically subside within 2–4 weeks (28). Recognizing
withdrawal symptoms as signs of the body healing and recovering from smoking can
help the person to remain positive and to better tolerate these symptoms. Withdrawal
cravings for tobacco can be intense, however only last an average of 3–5 min. Learning
coping strategies to get through a few minutes of a craving is essential to make the
withdrawal process easier and to remain smoke free during this time period.

Dealing with Psychological Addiction
Counseling and behavioral therapies have been found to be effective and are thought

to be the most central aspect of smoking cessation intervention (30) and should be used
with all patients who are attempting tobacco cessation. Because smoking is a learned
behavior, an important component of smoking cessation is to increase awareness of
factors that trigger and are associated with smoking and then to make changes (30) or
to learn how to better cope with these. Strategies that can be helpful in this change
process include identifying environmental cues that lead to the urge to smoke and
substitution of smoking with healthier activities; cognitive restructuring to challenge
negative or destructive thoughts that support and maintain smoking behaviors; realizing
the effect of personal habits (such as smoking) on health and the personal ability to
improve health; learn stress management and relaxation skills to help cope with stress,
anxiety, depression, and withdrawal symptoms and cravings; as well as setting up
rewards for abstinence (29). Another important goal of counseling is to treat depression,
anxiety, and anger or hostility, if the patient is symptomatic of these, because these
psychological factors negatively influence the probability of successfully stopping
smoking.

Increasing Awareness of Triggers to Recidivism
Dealing with the smoking habit requires that persons increase their awareness of

the routines, people, places, and situations that trigger them to smoke and to change
or modify these. This may mean that if a person typically smokes while drinking a
glass of wine in the evening, then they stop drinking wine in the evening for a while,
or permanently. If they use smoking as a reason to take breaks from work during the
day, they need to find other ways to take breaks, such as going for a brief walk down
the hall. If they smoke in the car on the way to or from work as a way to relax, they
could listen to calming music or to a book on tape instead. It is important when taking
smoking out of certain routines that the person replace it with another behavior, so that
the needs smoking was meeting are still getting met – and met in a healthier way.

Challenging Destructive Thinking
Without realizing it, people often engage in destructive thinking that maintains

smoking and prevents a person from successfully quitting smoking. Ways of thinking
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that are negative and limit the person’s ability to make positive changes need to be
challenged and more accurately and positively reframed. For example, a person may
think that because they have not been able to quit in the past, they will not quit this time.
This belief should be challenged to help the person realize that past failure does not
necessarily predict future failure. You might ask, “What if in the past you did not have
all of the information, tools and support that were necessary to be successful? What
if I told you that we could create a plan to make sure you had all of the information,
tools and support this time? What would you need in order to be successful this time?
Would that make you more likely to be successful?” Often people are not aware of
the limitations their thinking imposes on them. Helping patients recognize when they
are engaging in ways of thinking that limit their ability to use their full potential, and
to challenge destructive thinking, can help to remove this roadblock and can increase
their success.

Stress management and relaxation training and skill building are also important goals
of counseling. Stress is commonly reported as a reason people return to smoking. It
is necessary to learn coping strategies to deal with life stress before, during, and after
stress happens. This may entail learning to prevent stress by not taking on additional
responsibilities. If an unresolved task is causing stress, it may be important to plan
how you can tackle this, so that it no longer drains your energy. You may also need to
learn assertive communication skills to get your needs met or to set boundaries with
others. Additionally, learning and regularly practicing relaxation skills, such as deep
breathing and meditation can also help manage stress, anxiety, withdrawal symptoms,
and cravings.

Using health locus of control is another important factor influencing both motivation
to quit smoking and long-term smoking abstinence. External locus of control (belief
that what happens is outside of his/her own control or behavior) versus internal locus
of control (belief that what happens is inside of his/her own control or behavior)
is an important factor in whether a person believes that smoking, or any negative
health behavior, has a negative effect on their health and is therefore important to
quit smoking. Ockene et al. (25,26) found that patients hospitalized with coronary
artery disease (CAD) who had high external locus of control were less likely to accept
responsibility for the effect their lifestyle had on their current health status. Being able
to help a smoking patient shift from perceiving their current health as simply happening
as a result of fate, or factors completely outside of their control, and helping them to
realize the impact of lifestyle, and specifically smoking, on their health is important.
If they believe that their behaviors influence their health, they may be more likely to
improve them (29).

Psychological factors such as depression, anxiety, and anger or hostility are more
prevalent in smokers compared with nonsmokers (29). It is unclear if this sympto-
mology initiates the smoking habit, or if smoking increases the symptomology
over time. These emotional states may be triggers for smoking as well as make it
more difficult for people to feel motivated to quit or believe in the possibility of
quitting successfully. Therefore, treating depression, anxiety, and anger and hostility
is important to increase smoking cessation success. It is also likely that people
with depression, anxiety, and hostility have “ineffective personal relationships” (29).
Therefore, improving social relationships and the necessary social skills may improve
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smoking cessation success in these people. Treatment for these psychological states
may need to include both counseling and psychopharmacology. This group may respond
well to buproprion SR.

Depression, Coronary Disease, and Smoking
An estimated 20% of smokers are depressed (31). Depression decreases the success

rate of smoking cessation and increases relapse (31). One possible reason is that
nicotine’s stimulant effects decrease depressive symptomology, and therefore, smokers
with depression are medicating with nicotine (32). Smoking may then become a
learned response to alleviate depressive symptoms (31). In addition, withdrawal
symptoms of depression have been shown to be more extreme in smokers with a pre-
existing depression. This makes smoking cessation even more difficult with this group.
Also, markers of depression are lack of motivation, low self-esteem and feelings of
hopelessness, and helplessness (29). These characteristics of depression are likely to
decrease a depressed smoker’s initiation of stopping smoking. For these reasons, it is
essential for treatment of depression, or depressive symptoms, to be addressed when
helping people, especially smokers with a history of depression, in their attempt to
quit. Treatment may include antidepressants and counseling.

Establishing and Maintaining Support
Social support can be a powerful predictor of almost any change a person wishes

to make. It has been a known predictor in increasing smoking cessation success as
well (29). Not only is it important to have social support, it seems that whether a
person’s support system includes smokers influences their success as well. Shiffman
found that people who were successful at quitting smoking were less likely to list
smokers among their 20 closest friends. On the contrary, people whose spouse remained
a smoker always relapsed (33). Successfully quitting may require that other people in
the household who smoke also quit. The person quitting may also need to decrease
time with smokers or find smoke-free activities to do with supports who smoke. In
addition to support from those close to the person, support of physicians treatment
providers is also essential for both quitting smoking and remaining smoke-free. It is
important for treatment providers to reach out to smokers and those who have recently
quit and to offer ongoing support.

Creating a Reward System
Many people do not set up rewards for quitting smoking, instead believe that quitting

is something they should do and not something they should be rewarded for doing.
However, the reward system can be a powerful motivator, and it can continue to
provide enthusiasm and positive reinforcement for reaching quit smoking goals. There
are several ways to set up rewards for quitting smoking. Using the money saved by
not smoking to purchase rewards or to take a vacation is a common one. However,
rewards do not have to cost much. They could consist of pats on the back, going
to a movie, earning a bit of free time to use as they please, etc. Other examples of
how to set up rewards include setting up rewards for reaching lower-level nicotine
cigarettes, smoking fewer cigarettes, replacing smoking with healthier behaviors, or
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for anniversaries of being smoke-free. Make sure to set clear goals and establish the
reward in advance for reaching these goals.

Delivery Method
Using multiple interventions that address the physical and psychological addiction

and focusing on the multiple reasons that maintain smoking behavior can strengthen an
intervention’s success (26). Written materials, both audio and video media, self-help
materials, face-to-face counseling with a health professional, and individual and group
sessions have been used in stop-smoking programs (29). A positive approach in patient
education and counseling, as compared with fear based, tends to be more motiva-
tional (27,29). There is also a dose–response relationship between intensity of tobacco
dependence counseling and success of quitting smoking, with their effectiveness
increasing as the intensity of the treatment increases (e.g., minutes of contact) (21).
However, even brief tobacco dependence treatment is effective (21). Therefore, even if
clinicians and treatment providers do not have a substantial amount of time to provide
smoking cessation interventions, brief intervention by the clinician can increase the
chance the patient will attempt to quit and increase the probability of their success.
Clinical interventions as brief as a few minutes can increase the likelihood of successful
smoking cessation. Additionally, because of the limitations on the amount of time
clinicians may have to provide smoking cessation counseling, it is recommended to
incorporate various health care professionals to deliver the smoking cessation message.
Physicians, physician assistants, nurses, medical assistants, counselors, and smoking
cessation specialists can help to reinforce the smoking cessation message and to provide
the necessary follow-up support.

Managing Withdrawal Symptoms
Once the person stops smoking, they should be prepared to manage withdrawal

symptoms. Educating the patient that withdrawal symptoms are actually signs that
their body is healing can help to change this from a negative experience to a more
positive and tolerable experience. To help manage and reduce withdrawal symptoms
recommend the following: regular exercise, eating a well-balanced diet (to avoid blood
sugar crashes and irritability and fatigue), decrease caffeine (nicotine speeds up the
metabolism of caffeine; therefore, once nicotine is decreased, the effects of caffeine
will be more pronounced), drink plenty of water, and making sure to keep busy to
decrease the focus on not smoking and withdrawal symptoms.

Relapse Prevention
For patients who have recently quit smoking, it is essential to keep in mind the

chronic addictions model and to provide relapse prevention with these patients. This
includes reminding the patients of their decision to quit, the immediate and ongoing
benefits of quitting, and assisting in problem solving any obstacles they are experi-
encing or concerned about. Table 7 (21) further describes components of relapse
prevention. It may be that this is most necessary during the 3-month period immedi-
ately after quitting, because this is the most common time of relapse. Arranging for
follow-up visits or phone calls to provide relapse prevention during the first 2 weeks
of quitting and also within the 3-month period of quitting can promote successfully
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Table 7
Components of Relapse Prevention

Intervention Responses

Interventions that should be part of every encounter with a patient who has quit recently.
Every former tobacco user undergoing relapse prevention should receive congratulations on
any success and strong encouragement to remain abstinent.
When encountering a recent quitter, use open-ended questions designed to initiate patient
problem-solving (e.g., “How has stopping tobacco use helped you?”).
The clinician should encourage the active discussion of the benefits the patient may derive
from cessation, success the patient has had in quitting, problems encountered or anticipated
threats to maintaining abstinence.

Problems Solutions
Lack of support for cessation Schedule follow-up visits or phone calls with the

patient
Help the patient identify sources of support
within his/her environment
Refer the patient to an appropriate organization
that offers cessation counseling or support

Negative mood or depression If significant, provide counseling, prescribe
appropriate medications, or refer the patient to a
specialist

Strong or prolonged withdrawal
symptoms

If the patient reports prolonged craving or other
withdrawal symptoms, consider extending
the use of an approved pharmacotherapy or
adding/combining pharmacologic medications to
reduce strong withdrawal symptoms

Weight gain Recommend starting or increasing physical
activity; discourage strict dieting
Reassure the patient that some weight gain
after quitting is common and appears to be
self-limiting
Emphasize the importance of a healthy diet with
plenty of fruits and vegetables
Maintain the patient on pharmacotherapy known
to delay weight gain (e.g., bupropion SR, nicotine
replacement therapies, particularly nicotine gum)
Refer the patient to a specialist or program

Flagging motivation/feeling deprived Reassure the patient that these feelings are
common
Recommend rewarding activities
Probe to insure that the patient is not engaged in
periodic tobacco use
Emphasize that beginning to smoke (even a puff)
will increase urges and make quitting more
difficult



100 Jennifer Davis

quitting smoking. While relapse is most common within the first 3 months of quitting,
it is important to acknowledge that relapse can occur at any time. Thus, ongoing
questioning of the patient’s quit smoking status as well as encouragement and support
is beneficial.

SMOKING CESSATION IN THE FUTURE

Although continual progress is being made in understanding the burden of smoking
on health, in the research of various smoking cessation interventions, and in reaching
out to smokers, smoking remains a problem without definitive solutions. The number
of smokers, and more specifically smokers with heart disease, remains disturbingly
high and even those who do attempt to quit are likely to relapse. More research needs
to be done to find more effective ways of reaching smokers, motivating smokers,
creating effective treatment interventions, and using pharmacotherapies in order to more
appropriately treat tobacco dependence and increase the probability of successfully
quitting smoking.

There are numerous smoking cessation interventions and medications already created
that have not been studied enough to prove effectiveness and/or safety by the FDA and
therefore are not considered evidence-based or first-line standard of care. However,
these appear to be promising. These include new medications, more appealing delivery
methods of NRT, research regarding sensory receptor stimulation and that smoking
appears to have, and unconventional therapies, such as hypnosis.

One controversy in the field is how appealing to make NRT. Current methods
may not be easy enough or appealing enough for smokers to use them as prescribed
or intended and are therefore not as effective. Making NRT more appealing (better
tasting or easier to ingest like in a beverage) could increase compliance with taking the
medication as intended and increase treatment effect. On the contrary, some researchers
worry that this could lead to people quitting smoking and becoming addicted to the
NRT instead. Although this would not be ideal, it is still likely to decrease health risks.

CONCLUSIONS

Tobacco dependence is a chronic addiction, similar to drugs and alcohol, with a
high probability for relapse. Long-term motivation and treatment of the physical and
psychological addiction is necessary. Providing smoking cessation interventions that
address both parts of this addiction are likely to yield increased success as they help
the smoker deal with many of the factors of their smoking habit.

There are a number of treatments known to be effective and evidence-based for
smoking cessation. These should become a standard of care by clinicians and treatment
providers. Health care providers have a vital role and a responsibility to help their
patients quit smoking. They also have a unique opportunity to help patients understand
the unnecessary risks they are placing on their health, as well as the ability to provide
treatment interventions that can significantly increase their health and quality of life.
Making smoking cessation a primary focus of preventive care as well as rehabilitation
after a cardiac event can take advantage of teachable moments where the patient is
more likely to be invested in making healthy lifestyle changes. Treatment providers can
also provide education and necessary support to help move patients toward quitting as
well as provide ongoing support and reinforcement for patients who have recently quit.
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In the cardiac rehabilitation setting, a graded exercise test (GXT) might be obtained
for risk stratification and prognostication, for diagnostic reasons (e.g., to test for residual
ischemia in the setting of recurrent symptoms following an invasive therapeutic cardio-
vascular procedure), for therapeutic reasons (development of an exercise prescription),
or to quantify functional capacity – at baseline or in response to exercise training.

Reasons for Obtaining a GXT in Cardiac Rehabilitation

• Diagnosis – evaluation of ischemia following event or procedure.
• Prognosis – following event.
• Exercise prescription – when entering a cardiac rehabilitation (CR) program.
• Evaluation of functional capacity – following exercise training.

THE GXT FOR DIAGNOSTIC PURPOSES

In most cardiovascular settings, the primary reason for obtaining a GXT, sometimes
referred to an exercise tolerance test (ETT), is to confirm or refute the diagnosis of
functionally significant occlusive coronary artery disease in the setting of symptoms
suspicious of stable angina pectoris. The consensus guidelines and literature supporting
this indication are thoroughly addressed in the official guidelines of the American
Heart Association and American College of Cardiology (1), which are periodically
updated, and the methods for performing this test are addressed in the subsequent
chapter (see Chap. 10). However, in the cardiac rehabilitation setting, extremely rarely
is GXT performed for a de novo diagnosis of occlusive coronary artery disease. Rather,
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following an invasive corrective procedure (percutaneous coronary intervention or
coronary artery bypass grafting) for the correction of occlusive disease, the cardiac
patient might experience recurrent symptoms that are reminiscent or suggestive of
cardiac angina. In such settings, it is reasonable to consider performing a GXT with
electrocardiogram (ECG) monitoring to screen for exercise-induced ischemia. This
may occur early in the setting of a cardiac rehabilitation program (e.g., indicative of
incomplete revascularization) or later in the course (e.g., restenosis following angio-
plasty or stenting). If ischemia is documented, often the patient will be referred to for
more extensive studies and perhaps a repeat revascularization procedure.

The Positive Exercise ECG Tracing
The diagnosis of functionally occlusive coronary artery disease is made on the

basis of the exercise ECG. At our institution, we use the following criteria to read
the test as “positive” for such a condition. The criteria are designed to optimize the
balance between sensitivity and specificity in a population with a relatively high rate of
cardiovascular risk factors. The ST segments have to be depressed 0.1 mV compared
with the PR interval for the same beat, with a configuration that is down-sloping or flat
at a point in the complex that is 0.08 ms from the conclusion of the QRS complex in a
lead tracing with no baseline ST depression. Additionally, this configuration has to be
consistent and evident in at least three successive complexes to avoid findings due to
motion artifacts. The finding has to be in at least one of the 12 standard ECG leads, other
than III and aVR. A lone finding in lead III is not considered to be valid, but rather it has
to be accompanied by a similar finding in leads II or aVF. In lead tracings with baseline
ST depression, the tracing has to meet “double criteria” to be considered positive, where
the ST tracing has to be depressed beyond baseline by an additional 0.2 mV. That is,
if the ST segment tracing is already 0.05 mV below the resting PR interval at baseline,
then to meet double criteria, the tracing has to be 0.25 mV below the PR interval
during the exercise test.

There are several additional caveats. To reduce the prevalence of false-positive tests,
we consider the exercise ECG as being uninterpretable if there is baseline ST changes
due to left ventricular hypertrophy or left bundle branch block, or if the subject is
taking digitalis and related medications. A test is considered interpretable in the lateral
precordial leads (V4–V6) and in the limb leads in the presence of right bundle branch
block. We have observed a high prevalence of false-positive tests if the subject is
using exogenous estrogens. This is likely due to the fact that the chemical structure of
estrogenic hormones resembles that of digitalis. Higher levels of endogenous estrogens
are also likely the cause of the higher rate of false-positive testing in middle-aged
women, although this has never been conclusively proven. One might suggest that it
is prudent to proceeding directly to a functional imaging study instead of obtaining
a simple GXT in women on exogenous estrogen therapy if one is obtaining the test
for diagnostic reasons. Many of these considerations are summarized in an excellent
text by Ellestad on the subject dealing with the interpretation of the exercise ECG (2).
Included are examples of resting and exercise ECG reports, should they be of potential
use to the reader (Fig. 1A,B).
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Fig. 1. Example of a ECG report form for graded exercise testing.

Interpretations of the Exercise ECG

• Criteria for positive test
ST segments depressed 0.1 mV in the absence of baseline changes
∗ Three successive beats
∗ Flat or down-sloping 0.08 ms
∗ Any one or more of 10 leads excluding III and aVR
Meets “double criteria” in presence of baseline ST depression

• Uninterpretable in the presence of
LBBB, LVH with strain, digitalis

• High prevalence of false positives (i.e., use caution) in the presence of
exogenous estrogen use, LVH without strain, middle-aged women
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THE GXT FOR PROGNOSTIC PURPOSES

Cardiorespiratory Fitness
Cardiorespiratory fitness, as measured by a graded ETT, provides strong and

independent prognostic information about overall – and especially cardiovascular –
morbidity and mortality. Cardiorespiratory fitness is a valid prognostic indicator in
apparently healthy individuals, in at-risk individuals with diabetes mellitus, metabolic
syndrome, and hypertension, and in patients with cardiovascular disease, such as those
that present to a cardiac rehabilitation program (3–9). However, despite the profoundly
important prognostic information provided by simple clinical assessments of fitness,
they are rarely used in the clinical setting and often ignored in the exercise-testing
laboratory. There is an undue emphasis on the exercise ECG, whose diagnostic inter-
pretation was just discussed. Table 1 indicates, for women and men, the expected
fitness level in metabolic equivalents (METs). Owing to its increasingly recognized
value, we have begun to report the fitness classification on our clinical GXT reports.
This can be used as a valuable marker to follow longitudinally the changes in risk
stratification in individuals in cardiac rehabilitation programs.

The Exercise ECG for Prognostic Purposes
There is a rich literature from the 1980s regarding the use of the exercise ECG –

specifically, the timing during the GXT at which it turns positive – and the prognostic
implications of such for making clinical decisions. In one set of investigations, it
has been well documented that after myocardial infarction, a submaximal test can
be used to determine medium- and long-term risk of recurrent ischemic events and
cardiovascular death. Additionally, GXT information can be used to determine the
likelihood of left main and three-vessel coronary artery disease (sometimes referred to
as “surgical disease”).

Table 1
Cardiorespiratory Fitness Classifications for Women and Men

[Metabolic Equivalents (METs)] (10)

AGE
(years) Low

Below
average Average Above average High

Women
20–29 ≤ 8�0 8.1–9.9 10.0–12.4 12.5–13.9 ≥ 14�0
30–39 ≤ 7�7 7.8–9.6 9.7–11.9 12.0–13.6 ≥ 13�7
40–49 ≤ 7�1 7.2–9.0 9.1–11.6 11.7–13.0 ≥ 13�1
50–65 ≤ 6�0 6.2–8.2 8.3–10.5 10.6–11.9 ≥ 12�0

Men
20–29 ≤ 10�9 11.0–12.5 12.6–14.8 14.9–16.2 ≥ 16�3
30–39 ≤ 9�7 9.8–11.3 11.4–13.6 13.7–14.8 ≥ 14�9
40–49 ≤ 8�6 8.7–10.2 10.3–12.5 12.6–13.6 ≥ 13�7
50–59 ≤ 7�1 7.2–9.0 9.1–11.3 11.4–12.5 ≥ 12�6
60–69 ≤ 6�0 6.1–7.6 7.7–10.2 10.3–11.3 ≥ 11�4
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In a publication from our institution during this period, the Duke Treadmill Score
was developed and subsequently reached broad popularity for prognostic purposes
(7). In work from our institution and others, it was observed that a limited GXT
performed within the first several weeks following a myocardial infarction could
determine whether follow-up testing was indicated to identify surgical disease. If the
exercise ECG of a GXT was positive or symptoms developed before a heart rate (HR)
of 120 bpm, this implied a 22% likelihood of the patient having three-vessel occlusive
coronary disease or left main coronary artery disease (11). This would often prompt
further studies in the coronary catheterization laboratory with anticipation of coronary
artery surgery. Soon, these criteria were shown to be relevant for all individuals
suspected of having occlusive coronary artery disease (12). We have been employing
these standards for test interpretation for over 20 years. Unfortunately, with the ready
availability of invasive diagnostic and therapeutic catheterization laboratories at many
institutions, this practice has fallen out of favor, and the GXT is rarely used today as
prognostic test in the development of a therapeutic plan.

The Use of the GXT for Therapeutic Purposes – Modifying
the Exercise Prescription

The GXT also has utility to follow progress and modification of the exercise
prescription with exercise training. It is for this purpose that the Center for Medicare
and Medicaid Services (CMS) recognizes the need to reimburse for a GXT both prior to
and following an approved period (36 sessions) of cardiac rehabilitation. The principles
underlying this practice in the coronary patient is summarized in Fig. 2.

It is a principle of exercise physiology that there is a linear relationship between HR
and workload from rest to the ventilatory threshold – when the oxygen demands of
the exercise workload exceeds oxygen supply to the working muscles. After a period
of exercise training, there occur three observable physiologic responses that charac-
terize the “training effect.” These three responses are illustrated in Fig. 2: (i) resting
bradycardia – where the resting HR is lower following exercise training; (ii) a training
bradycardia – a relative bradycardia at each successive workload to HR maximum;
and (iii) an increase in maximum workload (measured as peak VO2 with a metabolic
cart). This physiology is particularly pertinent to individuals with occlusive coronary
artery disease and angina pectoris. With a fixed lesion, the angina threshold (HR at
which angina occurs) is reproducible and corresponds to a given workload. In Fig. 2,
before and following exercise training, the angina threshold is approximately 115 bpm.
The maximum workload at the angina threshold is 6 METs prior to training and 10
METs following, representing a 66% increase in exercise tolerance following exercise
training.

It should be noted that these responses are specific to the muscles being exercise
trained, and therefore, careful attention should be given to the exercise prescription and
the muscle groups that will be commonly used in the activities of daily living when
the angina threshold is likely to be exceeded. For example, if the individual of interest
works in a job that requires primarily upper body work, then consideration should be
given to exercise training primarily the upper body during the cardiac rehabilitation
period to provide the greatest increase in exercise tolerance in the work setting (12).
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Fig. 2. Utility of Exercise Training in Individuals with Angina. The upper line represents the
relationship between work load (in metabolic equivalents – METs) and HR prior to a period of
exercise training. For an individual with a fixed obstructive lesion the angina threshold tends to
occur at a given hear rate (in this case 115 beats per minute). This corresponds to a limiting work
load of 6 METs. However, after a period of training within cardiac rehabilitation, the curve (lower)
demonstrates several characteristics relative to the pre-training curve (e.g., relative bradycardia at
rest, a relative bradycardia at each work load and a potential for increase in maximal work capacity).
In addition, there is a significant increase at the work load achieved at the angina threshold. In
this case example, angina is not experienced post training until the patient achieves 10 METs,
representing a significant increase in angina free work capacity following exercise training.

CONCLUSIONS

In conclusion, GXT is a useful clinical tool with prognostic, diagnostic, and thera-
peutic uses. Careful attention to the use of this tool in the cardiac rehabilitation program
can increase the utility of program components to modify risk for subsequent events.
More attention should be given to the use of the fitness assessment in the clinical
environment.
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For many clinicians, an exercise stress test offers diagnostic and prognostic infor-
mation. Foremost is the assessment of chest pain and repolarization changes in the
electrocardiogram (ECG) suggestive of myocardial ischemia. However, other data
collected during an exercise stress test provide useful prognostic information and are
helpful in guiding return to work, developing an exercise prescription, and managing
the patient during exercise training. This chapter focuses on the procedures necessary
to insure that the exercise stress test yields information useful for guiding exercise
training in cardiac rehabilitation or at home.

BACKGROUND

An exercise stress test, also known as a graded exercise test (GXT), provides
important information on the patient beginning an exercise-training program. The
primary reasons for a GXT are risk stratification, development of an exercise
prescription, and to quantify functional capacity. The GXT provides information related
to the presence of ischemia or arrhythmias, heart rate and blood pressure response
during exercise, exercise-related symptoms or limitations, and exercise tolerance or
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functional capacity. Together this information is useful when developing the exercise
prescription and managing the patient during exercise training.

The GXT performed for an exercise-training program should be sign- or symptom-
limited. Optimally, the GXT will continue until the patient reaches his/her maximal
effort. The test should not be terminated at a predefined target heart rate or work rate.
Recommended end points that should be considered prior to the patient reaching a
maximal effort are summarized in Table 1.

Table 1
Graded Exercise Test End Points

Absolute end points

• Signs of severe fatigue
• Patient request∗
• Sustained ventricular tachycardia
• Moderate to severe angina
• Signs of poor perfusion: moderate to severe dizziness, near-syncope,

confusion, ataxia, cold or clammy skin
• Technical difficulties in monitoring ECG or BP
• Drop in systolic BP despite increasing work rate in the presence of

other signs of ischemia or worsening arrhythmia
• New onset atrial fibrillation
• Supraventricular tachycardia
• Third degree atrioventricular heart block
• ST elevation �> 1 mm� in leads without diagnostic Q-waves (other

than V1 or aVR)
• ST depression �> 2 mm� with normal resting ECG and patient not

taking digoxin
• Systolic BP > 250 mmHg or diastolic BP > 115 mmHg
• Heart rate within 10 beats of ICD threshold

Relative end points

• Drop in systolic BP with two consecutive increases in work rate in
the absence of other signs of ischemia or worsening arrhythmia

• Worsening ventricular ectopy, especially if it exceeds 30% of
complexes

• ST depression > 2 mm with abnormal resting ECG or patient taking
digoxin

• New onset bundle branch block, especially if indistinguishable from
ventricular tachycardia

• Dyspnea and wheezing
• Severe claudication

BP, blood pressure; ECG, electrocardiogram; ICD, implanted cardiac defibrillator.
∗Due to anxiety, some patients may prematurely request to stop. In these

patients, it is important to provide reassurance and encouragement.
Modified and adapted from ACSM’s Guidelines for Exercise Testing and
Prescription (1) and ACC/AHA 2002 Guideline Update for Exercise Testing (2).
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The importance of a symptom-limited maximal exercise test cannot be overempha-
sized. Specifically, if an exercise test is stopped when a patient reaches a predetermined
heart rate or work rate, or before symptom-limited maximum, it will result in a lower
peak heart rate. As a result, the exercise-training target heart rate developed from this
peak heart rate will be lower than if the patient achieved their true maximum heart
rate. Thus, while following this target heart rate the patient will train at an exercise
intensity that does not provide optimal benefits. Furthermore, some patients might not
remain engaged with their exercise program at this low intensity because it feels too
easy. Last, hemodynamic information (e.g., heart rate and blood pressure) derived from
a non exercise stress test (e.g., Adenosine or Dobutamine stress test) is not useful for
developing an exercise prescription.

In some patients, the baseline ECG precludes clinically meaningful assessment of
repolarization changes related to ischemia. Examples include patients with left bundle
branch block, atrial fibrillation, pacemakers, and cardiac transplant. When assessing the
presence of ischemia in these patients, a GXT with imaging (e.g., echocardiography or
nuclear imaging) is recommended (2). However, in the absence of suspected ischemia,
a GXT with ECG alone provides useful information to establish an exercise prescription
and guide the patient during an exercise-training program.

TIMING OF THE GXT

A symptom-limited maximal GXT can be safely performed 2 weeks after an uncom-
plicated acute myocardial infarction (1). A similar time period can be used for patients
who have had a percutaneous coronary intervention or coronary artery bypass surgery.
For patients who have had surgery involving a sternotomy, allowing additional time
before the GXT may allow for continued resolution of pain and healing of the sternum.
Peak exercise capacity (as measured by peak VO2) is lower in patients entering cardiac
rehabilitation after coronary artery bypass surgery and may be due to postoperative
discomfort (3).

Although a GXT provides useful information, it may not be necessary for all patients
participating in cardiac rehabilitation. McConnell et al. (4) reported that patients
completing 12 weeks of cardiac rehabilitation can be safely progressed and demon-
strate similar improvements in caloric expenditure, independent of whether they have
a GXT prior to starting the program. However, current guidelines support testing prior
to starting cardiac rehabilitation in most patients (2). Despite this, it is not uncommon
for patients to begin phase II cardiac rehabilitation without a recent GXT. In a survey
by Andreuzzi et al. (5), 60% of phase II cardiac rehabilitation programs do not require
a GXT prior to program entry.

Scheduling the GXT to occur some time during a patient’s stay in cardiac rehabil-
itation may be helpful in situations where obtaining the GXT may delay the patient’s
ability to start the program. Delayed scheduling of the GXT may also be helpful
for patients with very low functional capacity (1), inexperience with exercise, or
anxiety to exercise. These patients may be able to provide a better effort during a
GXT after having participated in several visits in cardiac rehabilitation to “practice”
exercising.
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REPEATING THE GXT

In select patients, the GXT may need to be repeated. If a patient experiences new
or worsening symptoms during exercise training, they should be re-evaluated by their
physician and a repeat GXT considered. Also, if a patient’s beta-adrenergic blocking
agent is decreased or discontinued, it would be appropriate to repeat the GXT to re-
assess their heart rate response and the presence of ischemia. Conversely, if a patient’s
beta-blocker is increased, repeating the GXT is not as important because new ischemia
will not be a concern. However, they will not be able to reach their target heart rate
range and instead should guide exercise intensity using perceived exertion.

In isolated patients, the prescribed target heart rate may not seem to be a “good fit.”
These patients typically report very low ratings of perceived exertion while exercising
within or above their target heart rate range, and some may even be comfortably
exercising at or above their peak heart rate. It is possible that these patients did not
truly undergo a maximal GXT at program entry. Repeating the GXT in these patients
is especially important if they plan to return to a physically demanding job or leisure
activity. However, before repeating a GXT in these patients, it should be confirmed that
they are taking their medications as prescribed and that they understand the perceived
exertion scale.

PRE-TEST CONSIDERATIONS

Pre-test recommendations and patient instructions have been published (2) and are
summarized in Table 2. Because the purpose of the GXT performed in conjunction with
an exercise-training program is to establish an exercise prescription, it is important that
conditions during the GXT are similar to those experienced by the patient during exercise
training. Most important among these are the timing of medications and the time of day.

Patients should take their medications as prescribed by their physician 3–10 hours
prior to the GXT. Most important among these are beta-adrenergic blocking agents and
long-acting nitrates. If a patient forgets to take either of these medications, consider
rescheduling the test. The absence of the beta-blocker will result in an accentuated
heart rate response and a resultant target heart rate range that will not mimic conditions
when the beta-blocker is taken. Also, the absence of the beta-blocker or nitrate may
result in exercise being limited by ischemia or chest pain, which will limit peak heart
rate and the assessment of functional capacity.

PROTOCOL SELECTION

The Bruce protocol is the most frequently used treadmill protocol (6). Work rate
during the first stage is estimated at 4.6 metabolic equivalents (METs) and increases
by 2.5–3.0 METs with each 3-min stage. The peak MET level of patients entering
cardiac rehabilitation is 4–6 METs (3) and is even lower in patients with heart failure.
On the basis of this information, the Bruce protocol is often not the protocol of choice
for patients entering cardiac rehabilitation because they are only able to complete 1–2
stages �< 6 min� of this protocol. An appropriately selected protocol should result
in an exercise test duration of ≈ 10 min (7). This provides time to assess heart rate
and blood pressure response, as well as functional capacity. Therefore, a treadmill
protocol with a lower starting MET level and increments of ≈ 2 METs per stage
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Table 2
Pre-Test Patient Instructions and Planning

Patient instructions

• Take medications as prescribed and at least 3 h prior to test
• Avoid the following for at least 3 h prior to test

� Caffeine and alcohol
� Tobacco use
� Large meal

• Avoid using skin lotion on chest and abdomen
• Do not exercise for 24 h prior to test
• Wear comfortable clothes suitable for exercise. Do not wear shoes

with heels

Pre-test planning

• Schedule the test at a similar time of day as exercise training will be
performed

• If a 6-min walk test is scheduled on the same day, it should occur at
least 1 h before or after the test

• Consider rescheduling the test if the beta-adrenergic blocking agent
or long-acting nitrate is not taken

• Do not perform the test if the patient has clinical changes that
would limit their ability to provide a maximal exertion, such as
resolving upper respiratory tract infection or an exacerbation of gout
or arthritis.

Adapted from ACC/AHA 2002 Guideline Update for Exercise Testing (2).

should be considered in these patients. Examples are the Balke or Naughton protocols.
Although the Modified Bruce protocol starts at an appropriate work rate (estimated 2.3
METs), beginning with stage 3 (1.7 mph and 10% grade), it then assumes the same
work rate profile as the standard Bruce protocol and, therefore, is not a protocol of
choice.

When possible, a GXT should be performed on a treadmill because it usually results
in higher physiologic responses than tests performed using a leg or an arm ergometer.
Compared with leg ergometry, treadmill exercise results in a higher measured peak
VO2 (10–15%) and peak heart rate (5–20%) (6). Some patient who present with
obesity, arthritis, or other comorbidities may be unable to adequately perform treadmill
exercise and may need to be tested using an alternate exercise mode. When using a
leg ergometer, the protocol should begin at 0–10 watts and increase by 10 watts per
min or 20–30 watts per 2–3-min stage.

Arm ergometry is an alternative for patients who cannot perform leg exercise. Peak
VO2 during arm ergometry is 20–30% lower than that during leg ergometry, due to the
smaller muscle mass recruited. During submaximal exercise at the same power output,
heart rate and blood pressure are higher, whereas stroke volume and VO2 are lower
during arm (compared with leg) ergometry (8).
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Fig. 1. Dual-action exercise modes.

Traditionally, GXTs have involved treadmill or ergometry (arm or leg) exercise.
The treadmill is not an option for all patients, and regional muscle fatigue prematurely
limits many patients during arm or leg ergometry. Alternatives to these traditional
exercise modes are dual-action devices that utilize both the arms and legs (Fig. 1).
These devices represent useful alternatives for patients who might not be able to
provide sufficient effort during treadmill, arm, or leg exercise. However, little data are
available comparing exercise responses with these modes to treadmill or leg ergometry.

PREPARING FOR THE GXT

Prior to starting the GXT, a medical history and informed consent should be obtained.
It is important to assess the patient’s physical activity history and symptoms they may
be experiencing. Confirm that medications were taken as directed and that there is no
clinical condition that indicates that the test should not be performed.

The patient should be prepped with electrode placement modified to monitor the
ECG during exercise (9). Baseline ECG, vital signs, and symptoms should be assessed
prior to starting the test in both supine and upright (seated or standing) positions. If
the patient is able to walk without physical discomfort or limitation, then a treadmill
protocol should be selected. Otherwise another exercise mode should be considered.
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During a GXT, patients should be continuously monitored with an ECG. At regular
intervals during the test, it is important to obtain a 12-lead ECG and assess blood
pressure and the patient’s rating of perceived exertion using a validated scale (1).
Measuring blood pressure via the auscultatory technique using the first and fifth
Korotkoff sounds with a mercury sphygmomanometer remains the “gold standard.”
Regardless of whether the blood pressure is obtained manually or with an automated
device, attention must be given to proper cuff size, stethoscope placement, and insuring
that the observer is properly trained (10).

CONDUCTING THE GXT

When using a treadmill, it is important to evaluate how the patient is walking. Instruct
them as needed to improve walking mechanics. Patients should be encouraged to use
the handrail only to maintain their balance. If comfortable, they should be allowed
to walk without holding the handrail or holding it with only one arm. If the patient
demonstrates difficulty walking and may benefit from additional instruction, consider
stopping the protocol to allow for this. Optimally this decision should be made within
the first 1–2 min of exercise. If this occurs, the protocol should be restarted from stage 1.

Continuously encourage the patient to exercise as long as possible to reach his/her
maximum. During the test, regularly provide positive encouragement and avoid phrases
that ask whether they are tired or ready to stop. At regular intervals during the test
inquire about symptoms and record as present.

Some patients may feel they need to stop early into the protocol. It is important to re-
assure them when appropriate. It can be helpful to ask them why they feel they need to
stop. Many times these patients can be encouraged to continue to exercise well beyond
the point where they initially felt they needed to stop. Again, encourage the patient to
continue as long as they can. Obtain an ECG, blood pressure, and rating of perceived
exertion as close to the end of the test as possible (before or immediately after).

When present, it is important to identify the heart rate, blood pressure, work rate, and
signs or symptoms at the ischemic threshold. This information is useful in guiding the
patient during exercise training. The point during exercise when systolic blood pressure
declines or there is a significant increased frequency or complexity of ventricular
arrhythmias (ventricular couplets or triplets) should also be noted (1).

HEART RATE AND BLOOD PRESSURE RESPONSE
TO A GXT

Among patients with heart disease, with or without beta-adrenergic blockade therapy,
heart rate increases with increasing work rate, however the peak response is reduced
compared to those without the disease (11). Furthermore, heart rate response is signif-
icantly lower in patients with, versus those without, beta-blocker therapy. Traditional
equations to predict maximum heart rate (e.g., 220-Age) over predict and should not be
used in patients with heart disease. However, maximum heart rate can be reasonably
predicted using population-specific equations (12); but as discussed previously, this
should not be used as a reason to stop the test.

Systolic blood pressure progressively increases during a GXT from rest through peak
exercise, whereas diastolic blood pressure does not change or decreases. An increase in
systolic blood pressure of 10 mmHg per 1 MET increase in work rate can be expected.
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Systolic blood pressure that does not rise with increasing work rate may be a sign of
myocardial ischemia and/or left ventricular dysfunction (1).

FUNCTIONAL CAPACITY

The analysis of expired air (oxygen consumption, VO2) obtained during the GXT to
quantify functional capacity is typically not completed during routine exercise testing
associated with entry into cardiac rehabilitation. Fortunately, nomograms and mathe-
matical formulae exist to estimate VO2 using the exercise time for a given protocol or
based on the highest work rate achieved. Most ECG/treadmill controllers calculate peak
work rate and report it in METs; however, these methods can overestimate measured
VO2 by up to 30%. A large part of this discrepancy is due to the patient holding the
treadmill’s handrail for support.

PACEMAKERS AND IMPLANTED CARDIAC DEFIBRILLATORS

The GXT is useful and can be performed safely in patients with a pacemaker and/or
implanted cardiac defibrillator (ICD). Information regarding chronotropic response
during exercise in a patient with a rate-responsive pacemaker can be used to develop
an exercise-training target heart rate range (Chap. 15). It is important to point out
that some patients may reach their programmed upper rate, yet are able to continue to
exercise to higher work rates. In this situation the heart rate will either not increase
above the upper rate or it will increase due to the underlying intrinsic (non paced)
rhythm. In either case the GXT can be continued to maximum exertion as long as
systolic blood pressure is maintained and other indications to stop the test do not
present (Table 1). The patient’s cardiologist or electrophysiologist should be notified
of the finding so they can consider increasing the upper rate setting. If the upper rate
on the pacemaker is increased it may be useful to repeat the GXT. If the pacemaker
is not reprogrammed then their blood pressure should be closely monitored during the
initial exercise sessions to be sure it is maintained during exercise.

In patients with an ICD, the arrhythmia detection rate at which the ICD fires should be
identified before the GXT is started (13). In the absence of other reasons for stopping the
test, the GXT should be stopped when the heart rate is 10 beats below the ICD fire rate.

SUPERVISION AND SAFETY

According to the American Heart Association (9), trained personnel who are knowl-
edgeable in exercise physiology should conduct the GXT. It is important to have
a strong understanding of normal and abnormal responses to exercise in order to
recognize and prevent adverse events. Training should include testing of a wide range of
patient populations. Exercise physiologists, nurses, physician assistants, or physicians
can be trained to administer exercise tests. They should also be trained in advanced
cardiopulmonary resuscitation.

When performed by properly trained persons, a GXT is considered safe. Myocardial
infarction or cardiac death occurs during 5 of 100,000 tests in patients without coronary
artery disease and up to 10 per 10,000 tests in patients with coronary artery disease (9).
A properly trained physician should ensure that testing personnel are competent and
oversee test interpretation. The American College of Cardiology and the American
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Heart Association recommend that new physicians participate in at least 50 tests to
insure adequate competence (14). The degree of direct physician supervision during a
GXT may vary depending on the clinical status of the patients being tested and the
training and experience of the exercise physiologist or nurse supervising the test.
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INTRODUCTION

Although cardiopulmonary exercise (CPX) testing remains the gold standard for
assessing a patient’s physiologic response to exercise, it is not routinely used in the
cardiac rehabilitation (CR) setting. In fact, in their summary statement on exercise
testing, the American College of Cardiology and American Heart Association have
given CPX testing a Class IIb (usefulness or efficacy is less well established by evidence
or opinion) indication for the determination of the intensity for exercise training as
part of comprehensive CR (1).

Nevertheless, when used in the appropriate settings, CPX testing can play a vital
role in maximizing the potential benefit of CR in selected patients. The aim of this
chapter is to provide a background on CPX testing techniques and interpretation and
to help the practitioner identify CR scenarios in which CPX testing may serve as a
useful adjunct to standard exercise testing.

CPX TESTING OVERVIEW

By using gas exchange analysis, CPX testing allows for the simultaneous study of
cellular, cardiovascular, and ventilatory responses to exercise. As illustrated in Fig. 1
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Fig. 1. Schematic of gas exchange mechanisms coupling cellular to pulmonary respiration during
exercise (4).

by Wasserman, exercise involves a complex series of steps by which oxygen is brought
in by the respiratory system, delivered to working muscles by the circulatory system,
and then turned into ATP to fuel work by the cellular apparatus within the muscles.
Waste products from this process (predominantly CO2) are then transported away
from the muscles in a similar fashion. In combination with a general knowledge of
exercise physiology, CPX testing can provide powerful insights into the etiology of a
patient’s exercise intolerance and help tailor the rehabilitation program to best suit his
or her needs.

CARDIOPULMONARY EXERCISE-TESTING EQUIPMENT

The Ergometer
Cardiopulmonary exercise (CPX) testing can be performed on any type of exercise

equipment that allows for a controlled, graded increase in the workload. Typically,
testing is performed on a standard cycle ergometer or treadmill but can also be
performed on an upper body ergometer for those who are unable to cycle or walk.
Although each modality – bike and treadmill – has its proponents, neither should
be considered superior as each has its advantages and disadvantages (Table 1).
Many exercise-testing laboratories prefer a cycle ergometer as it takes up less
space, is accessible to a wider group of patients, and permits a clearer assessment
of workload – the workload is essentially weight independent. In contrast, other
laboratories (including ours) favor a treadmill, as this is more akin to the daily
activities patients will be performing. To ensure proper use, ergometers should be
calibrated at least every 6 months using standard protocols or by a trained service
representative.
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Table 1
Relative Advantages of Treadmill Versus Cycle Ergometer

for Cardiopulmonary Exercise (CPX) Testing (2)

Cycle Treadmill

VO2 max Lower Higher
Work rate measurement Yes No
Blood gas collection Easier More difficult
Noise and artifacts Less More
Safety Safer Less safe?
Weight bearing in obese Less More
Degree of leg muscle training Less More
More appropriate for Patients Active normal subjects

VO2 max, maximal oxygen uptake.

The Metabolic Cart
Although a mass spectrometer remains the gold standard for gas exchange analysis,

most laboratoriesnowusecommerciallymanufacturedmetaboliccart systemsthatcontain
both a flow meter device and gas cells to measure expired CO2 and O2 during exercise
using either a breath-by-breath or mixing chamber format. Although each type of system
has its advantages and disadvantages, these are beyond the scope of this chapter, and
it should suffice to say that for general testing purposes either format is acceptable.
Commonly used systems are made by several manufacturers [MedGraphics, Viasys
(Sensormedics), and Parvomedics], although many other quality carts exist. For complete
testing, the CPX cart should also be able to perform resting spirometry to measure FEV1

and FVC, although it need not be able to measure lung volumes or diffusion capacity.
With the expired gas data in hand, the metabolic cart is then able to use algorithms
to back calculate values for inspired CO2 and O2 and display these in tabular format
along with values for ventilation (Ve) or the amount of air being moved over a given time.

Although most of the hands-on CR staff can be trained to operate a metabolic cart
and run an uncomplicated CPX test, there are many nuances to testing and numerous
sources for potential error. Thus, we strongly advocate that CPX testing be done by an
exercise physiologist who has been well trained in the modality and can troubleshoot
the cart and make adjustments quickly. CPX training courses are available. [For more
information go to the Medgraphics education website (3).]

Mouthpieces versus Masks for Collection of Expired Gases
Although several manufacturers have begun to promote the use of a facemask to

serve as a scientifically equivalent – and more comfortable – alternative to a mouthpiece
for collection of expired gases, it is our experience that these have not proven to be
equivalent interfaces between the subject and cart. Even with various sizes of masks
available, the range of variability in facial structure remains far greater and thus the
use of a mask predisposes testing to a gas leak, which will falsely lower measured Ve
and gas consumption values. As a result, we recommend the use of a mouthpiece for
all testing unless the subject absolutely cannot tolerate it after multiple attempts with
various-sized mouthpieces.
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CPX TESTING PROTOCOLS

The same principles that guide the choice of an exercise protocol for standard graded
exercise testing (GXT) should guide those for CPX testing (see chapter 10 on GXT).
In general, a protocol should be chosen which leads to volitional fatigue in 8–10 min.
If the protocol is too difficult and does not provide an adequate warm-up or the ramp
between workloads is too steep, the patient may be overwhelmed and stop well before
a maximum effort is given or equilibrium is attained. Conversely, if the workload starts
too low or the ramp is too slow, the patient may stop prematurely due to boredom or
lack of muscular endurance prior to reaching their maximal aerobic effort. For young,
otherwise healthy individuals, a standard Bruce protocol remains the test of choice
on the treadmill, whereas a 30W/min ramp protocol is often used on the bicycle.
For older individuals or those with advanced heart disease [i.e., congestive heart
failure (CHF)], a modified Naughton protocol (Table 2) that increases the workload 1
metabolic equivalent (MET) every 2 min is often the test of choice on the treadmill,
and a 10W/min ramp is used on the bike.

INTERPRETING CPX TESTS

Test Reports
Data from a standard CPX test usually come in two or three parts. All reports

should include a time-down or tabular data sheet showing values for preselected
parameters [i.e., rate of O2 consumption �VO2�, rate of CO2 production �VCO2�, Ve,
and respiratory exchange ratio (RER)] over various time averages. We recommend
having the data formatted in 15–20-s intervals to allow for smoothing of the breath-by-
breath data without too much averaging. Important parameters that should be captured
on the time-down sheet include, but are not limited to, the workload (speed/grade for
treadmill; watts for bicycle), absolute VO2 (l/min), relative VO2 (ml/kg/min), VCO2

(l/min), Ve (BTPS), the RER or respiratory quotient (RQ), and end tidal CO2 (if
available).

Graphic displays of test results are also helpful. Most commercial systems have a
standard set of graphs that they produce with each test. However, almost all allow the
user to specify which graphs are created. The use and interpretation of these graphs are
beyond the scope of this chapter; for more information consult Principles of Exercise
Testing and Interpretation (4).

Finally, many commercial metabolic carts generate a summary report of test data
including both graphical depiction of exercise data and a computerized interpretation.

Table 2
Modified Naughton Exercise-Testing Stages

Stage Rest 1 2 3 4 5 6 7 8 9 10

Time (min) 0 2 4 6 8 10 12 14 16 18 20
Speed (mph) 0 1�0 1�5 2�0 2�0 2�0 3�0 3�0 3�0 3�0 3�4
Slope (%) 0 0 0 3�5 7�0 10�5 7�5 10�0 12�5 15�0 14�0
METs 1�2 2�3 3�3 4�5 5�5 6�5 7�5 8�5 9�5 10�5 11�5

METs, metabolic equivalents.
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Although the graphical reports are essential for test interpretation, we discourage the
use of the computerized written summary report as test data can often be highly
variable, and accurate interpretation is best done by trained personnel looking directly
at the test data.

Important CPX Test Parameters
As with any standard exercise test, overall exercise time, clinical symptoms, electro-

cardiogram (ECG) changes, and the heart rate (HR) and BP response to exercise remain
crucial variables during CPX testing. However, CPX testing offers other information
that can add to the clinical assessment. A few of the most important and commonly
used variables are as follows:

(i) VO2 – Peak VO2 or O2 consumption. This is typically the most sought after
variable as it provides an objective measure of peak exercise tolerance. In selected
cardiac patients (i.e., those with LV dysfunction or heart failure), peak VO2 has strong
prognostic abilities. It must be pointed out that although prediction equations and charts
exist to estimate peak VO2 or peak METs from work rate on a treadmill or bike, these
equations are based on the supposition that VO2 increases linearly with increasing
work rate. This is often not the case in patients with cardiovascular disease or obesity,
and the use of these prediction equations should be avoided in CR (4, p. 84).

When selecting the peak VO2, many laboratories favor averaging the two or three
of the 15- or 20-s average values obtained over the last minute of exercise. However,
others feel that unless a true VO2 plateau is reached, the single highest (nonaberrant)
value should be counted as the peak measured VO2. It is not uncommon for the VO2

to peak in the early (first 30 s of recovery), as ventilatory responses naturally lag the
cellular activity (5).

Although we favor using the absolute VO2 (l/min) over the relative VO2 (ml/kg/min)
as the former reading is not confounded by obesity, the relative VO2 has become the
more commonly used parameter. It is important to remember that many obese people
will have a normal or supra-normal absolute O2 consumption; however, when their
absolute O2 consumption is divided by their body weight, the relative VO2 may be
quite low compared with age, height, and gender-derived norms, essentially a fit person
hiding in a large body. If your laboratory chooses to report relative VO2 as a measure
of overall fitness, the percentage predicted VO2 calculated should be also reported.
Standard formulas to calculate predicted VO2 based on age, height, weight, and gender
for “healthy” sedentary adults are available in Principles of Exercise Testing and
Interpretation (4).

When Interpreting VO2, General Convention is as Follows:

• 80% predicted VO2 = normal functional capacities
• 60–80% predicted VO2 = mildly reduced functional capacity
• 40–60% predicted VO2 = moderately reduced functional capacity
• <40% predicted VO2 = severely reduced functional capacity
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(ii) Respiratory exchange ratio or respiratory quotient. By providing an objective
assessment of effort, the RER or RQ is perhaps the biggest factor that puts CPX testing
ahead of standard exercise testing for use in CR. Calculated by dividing the amount
of CO2 produced by the amount of O2 consumed, the RER indicates the predominant
fuel being used for exercise and thus provides an independent measure of exercise
intensity. An RER 0.7 indicates that fat is the predominant fuel source for activity
and suggests a low workload. As the RER approaches 1.0, it signifies a switch to
predominantly glucose being used as a fuel source and suggests an increasing but not
maximum effort. At values greater than 1.0, the RER indicates increasing levels of
lactate production and an increasing anaerobic and more difficult workload. An RER
≥ 1�10 is generally accepted as a maximal effort, although motivated individuals can
often exceed 1.20 or 1.30.

(iii) Ve/MVV. The ventilation/maximum voluntary ventilation ratio also known as
the dyspnea index or its derivative, the breathing reserve (1 – Ve/MVV), provides
important information as to the nature of a subject’s exercise limitation. Once exercise
Ve approaches 50% of the measured MVV, dyspnea will occur. At 80%, dyspnea will
be severe and exercise will usually end within 1 min due to a ventilatory limitation.
Typically, during maximum exercise, subjects will be limited by their circulatory
system and not their Ve (Ve/MVV < 70% at peak); however, a ventilatory limit is often
seen in patients with significant intrinsic lung disease or morbid obesity. Occasionally,
exceptionally fit subjects can also reach a ventilatory limit, but this is quite rare. The
MVV should be determined by a 12-s spirometry on the day of the test (or from
recent pulmonary function tests) and not be estimated from prediction equations. As a
rough check, the MVV should approximate 35–40 times the measured FEV1 unless a
significant component of respiratory muscle fatigue is present.

(iv) Ventilatory (anaerobic) threshold. The anaerobic threshold is the work rate
or VO2 at which lactate begins to accumulate in exercising muscles. This cellular
phenomenon is reflected by changes in Ve as VCO2 exceeds VO2 due to the production
of excess CO2 created by the bicarbonate buffering of lactic acid in the blood. Graph-
ically, this inflection point is known as the ventilatory threshold (VT) or ventilatory
anaerobic threshold (VAT) and can be determined by plotting VCO2 versus VO2,
Ve/VCO2 versus Ve/VO2, or the RER over time. The most accepted way of deter-
mining the VT has been deemed the V-slope method ATS/ACCP and consists of
plotting the VCO2 (ml/min) for each time point (usually in 15- or 20-s averages) on the
y-axis versus the VO2 (ml/min) and looking for the point at which the slope of the line
becomes more steep (6). (Most commercial carts will plot this graph automatically.)
The VO2 corresponding to the inflection point is considered the VT and can be an
important measure in guiding exercise prescription as will be discussed in a subsequent
section. In normal subjects, the VT should typically fall between 40 and 70% of the
predicted peak VO2 and can improve significantly with appropriate training.

(v) O2 pulse. The O2 pulse is calculated as the VO2/HR and serves as a surrogate
for stroke volume, although it also takes into account the ability of skeletal muscles to
extract O2 from the blood. Most commercially available metabolic carts include age
and gender reference values for O2 pulse. The presence of a low-flattened O2 pulse
on a CPX test should arise suspicion for underlying heart failure or other circulatory
limitations (i.e., myocardial ischemia).
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(vi) Ve-VCO2 slope. The ratio comparing the rate of increase in exercise Ve to
the rate of increase in CO2 production is an indicator of ventilatory efficiency and
the amount of dead space. In patients with conditions such as advanced heart failure,
intrinsic lung disease, pulmonary hypertension, and chronic pulmonary emboli, there
can be significant Ve perfusion mismatching and up-regulated ergo- and chemore-
ceptors leading to an elevated Ve–VCO2 slope. Several studies have shown that an
elevated Ve-VCO2 slope (≥ 34) portends a worse prognosis in patients with both
systolic and diastolic heart failure and should be the cause for intensification of
management (7,8).

USING CPX TESTING IN CR: CASE EXAMPLES

Although standard exercise testing is usually sufficient to determine the appropriate
exercise intensity for participants in CR, there are instances where a standard exercise
prescription based on the heart reserve formula may appear too easy or too stringent
for a patient, and this is when CPX testing with gas exchange analysis can be used to
determine a more appropriate exercise prescription or alter therapy.

When CPX Testing might be a more Appropriate than Standard Exercise Testing
for Exercise Prescription or Evaluation

• HR-based exercise seems too hard. Subject potentially working over VT. Can be
common in patients with advanced HF who have low VTs.

• HR-based exercise seems too easy. Subject potentially did not give maximum effort
on entry exercise test, and HR prescription is artificially low

• Description of perceived exertion/symptoms does not match patient appearance,
i.e., patient reports an RPE of 19 but is able to talk during exercise or subject reports
RPE of 10 but appears to be giving near maximal effort

• Measuring impact of comorbid conditions, i.e., chronic obstructive pulmonary disease
(COPD) or identifying other causes of exercise intolerance

• To quantitatively measure impact of a specific therapy on exercise capacity

The following three cases illustrate how CPX testing results can be used to modify
exercise prescription successfully.

Case #1: Heart Rate Reserve-Based Exercise Prescription Appears too Easy
A 58-year-old man who recently had a large anterior myocardial infarct complicated

by a ventricular fibrillation arrest requiring defibrillation and emergent stenting of his
left anterior descending has been referred to CR. The patient, who was previously
healthy and active, now has severe left ventricular dysfunction with an ejection fraction
of 20% and a left bundle-branch block. Prior to enrollment he exercised for 4 min on
a standard Bruce protocol and stopped due to shortness of breath. Peak Borg RPE
was 15/20. Resting HR was 85 beats/min (bpm); peak HR was 122 bpm. Using the
heart rate reserve (HRR) method, the patient was given a training range 107–111 bpm
(60–70% HRR). The patient has now been exercising for 3 weeks, and both the patient
and the rehab staff feel that the workload is inappropriately low for him; however, his
physician has been reluctant to allow him to exercise above 70% of his HRR.
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A CPX test is ordered. The patient exercises for 10:30 on a modified Naughton
protocol. Resting HR is 78 bpm. Peak is 128. Exercise is again stopped due to
dyspnea. Peak VO2 is 18.9 ml/kg/min (62% predicted). Peak RER is 1.01. Peak RPE is
14/20. VAT was reached at 16.2 ml/kg/min (53% of maximum predicted VO2�. Peak
Ve/MVV ratio is 49% suggesting ventilatory reserve remained. Ve–VCO2 slope was 30
suggesting a relatively normal ventilatory efficiency. There were occasional premature
ventricular contractions (PVCs) but no arrhythmias. Exercise ECG was uninterpretable
for ST-T wave changes due to the left bundle-branch block. On the basis of this test, the
60–70% HRR training range would be 108–113 bpm. Alternatively, a rest HR+20-bpm
prescription would give a training range of 98–103.

After reviewing the CPX test, it appears that the patient stopped short of a true
maximum aerobic or ventilatory effort as the RER is well below 1.10 and the peak
Ve/MVV is well under 80. It should be noted that although an RER of 1.10 is
traditionally accepted as an indicator of a maximum effort, a significant amount of
patients – especially those with advanced heart failure – may not be able to attain
this threshold despite a true maximal effort. However, the normal VT and “lowish”
peak RPE (should be at least 17–18 with true max effort) suggest that the patient
may have stopped a bit prematurely, perhaps due to a reasonable fear of pushing
himself too hard. The results of the CPX test were reviewed with the patient and the
referring physician. Both were reassured regarding the safety of exercise, and the HR
prescription was increased to a range of 115–125 bpm, which the patient was able to
tolerate comfortably and appeared more appropriate.

Case #2: Patient’s Symptoms or Exercise Intolerance Appear More Severe
than Expected from Clinical Data

A 52-year-old woman was referred to CR for chronic angina. She is an ex-heavy
smoker (stopped 10 years ago) who experienced an acute inferior myocardial infarction
6 years ago, which was treated with stenting of her right coronary artery. She did well
until the past few months when she began to notice decreased exercise tolerance and
chest pain and has been having difficulty completing her normal 3-mile walk. She
underwent an exercise nuclear study during which she walked for 5:30 on a standard
Bruce protocol and stopped due to chest pain and shortness of breath. Resting HR was
68. Peak HR was 109 (65% of age-predicted maximum). There were no significant
ST-T wave changes on the exercise ECG, although the peak HR was inadequate.
Imaging revealed an ejection fraction (EF) 57% with a previous inferior infarction but
no inducible ischemia. Owing to continued chest discomfort and exercise intolerance,
the patient was referred to cardiac catheterization, which showed a patent right coronary
artery (RCA) stent with minimal nonobstructive coronary disease elsewhere. Right
heart catheterization revealed normal pressures and cardiac output. This was followed
by a chest CT scan that ruled out pulmonary embolus. Patient was presumed to have
microvascular coronary disease and thus referred to cardiac rehab. During the first
few weeks of rehabilitation, the patient appeared markedly dyspneic and experienced
chest tightness on starting exercise, which occasionally improved after warming up;
however, the patient was unable to get HR much over 100 bpm. Pool exercises were
recommended, but the patient was unable to tolerate due to severe dyspnea. A CPX
test was ordered to further evaluate the cause of patient’s dyspnea and chest pain.
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Patient walked 9:20 on a modified Naughton protocol. Stopped due to severe dyspnea
and chest discomfort. Patient noticed to have end-exercise wheezing. Peak HR was
106. Peak VO2 was 18.2 ml/kg/min (74% predicted). Peak RER was 0.99 suggesting
a submaximal aerobic effort, although peak RPE was 19/20. There were no ECG
changes. The O2 pulse and VT were normal. Peak Ve was 48 l/min with a peak
respiratory rate 54 breaths/min. Resting spirometry was normal with FEV1 1.95 l (82%
predicted), FVC 2.36 (82% predicted), FEV1/FVC 83%, and MVV 78 l/min. However,
immediate (< 30 s) postexercise spirometry revealed a marked reduction (27%) in the
patient’s FEV1 from rest at 1.43 l. Thus, peak MVV was recalculated using the formula
FEV1 × 40 to give a peak MVV of 57 l/min and an Ve1/MVV of 84% suggesting a
pulmonary/ventilatory limitation related to exercise-induced bronchospasm. The patient
was referred to a pulmonologist and started on inhalers with a marked improvement in
her exercise capacity and relief of her chest discomfort. She completed 12 weeks of a
combined cardiac/pulmonary rehab program.

Case #3: Heart Rate-Based Exercise Prescription Appears too Difficult
for Patient

A 69-year-old obese man with an ischemic cardiomyopathy was referred for CR
after his second coronary artery bypass surgery. He was markedly debilitated and had
a left ventricular EF of 15%. Given his debility, an entrance exercise test was deferred,
and he was given a training HR of resting HR (87 bpm)+20–25 bpm for a training
range of 107–112. However, he was unable to achieve this HR comfortably. A CPX
test was ordered to assess patient’s functional capacity and ability to exercise. Resting
HR was 84 bpm. The patient walked for 4:45 on a modified Naughton protocol. Peak
VO2 was 13.4 ml/kg/min (58% of predicted maximum). Peak HR was 127 (84% of
age-predicted maximum). Exercise was stopped due to fatigue. There was no chest
pain or significant ECG changes. Peak RER was 1.18 suggesting a maximal effort.
Peak RPE was 18/20. The O2 pulse was flattened suggesting a circulatory limitation.
The VT was low and reached at 6.7 ml/kg/min (29% of predicted peak VO2). The HR
at VT was 99 bpm.

Using a traditional HRR method to calculate an exercise prescription for 60–70%
of max HRR, the training range was determined to be 110–114 bpm, which the patient
had already proven he could not tolerate. In looking at the results of the CPX test, it
was noted that the patient’s ventilatory anaerobic threshold was quite low as can be
seen in deconditioned patients and those with advanced heart failure. At that point, two
options were considered. (1) Using a HR prescription based on the patient’s HR at VT
(typically we use a training range from HR at VT-10 bpm as the lower training range
up to HR at VT – 5 beats/min) or (2) using an RPE -based prescription. Although we
have had success with both in our program, the RPE-based prescription tends to allow
patients to increase their exercise heart rates naturally as their fitness improves.

Thus, the patient was given a training range based on RPE of 12–14. The patient was
then allowed to resume exercise. Using RPE 12–14, exercise heart rates ranged from
94 to 100, which fell just below and ranged up to the patient’s ventilatory threshold.
After 12 weeks of rehab, the patient’s exercise tolerance improved markedly. CPX
testing was repeated revealing a nearly 20% increase in peak VO2 as well as his VT,
and the patient was then able to be transitioned back to a standard HRR prescription.
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BACKGROUND

Exercise testing is a key component of the initial patient assessment performed
when a patient enrolls in a cardiac rehabilitation program, and change in functional
capacity has become a common clinical outcome in cardiac rehabilitation programs (1).
Traditionally, exercise testing has been conducted on a treadmill or bicycle ergometer
using graded intensity protocols designed to determine maximal exercise capacity.
Maximal exercise testing has been extensively validated for diagnosis, prognostication,
and exercise prescription, all of which are discussed in detail elsewhere in this book.
However, such testing requires specialized facilities, equipment, and personnel and is
associated with considerable cost, which may or may not be covered by third-party
payers in the cardiac rehabilitation setting.

Submaximal exercise testing using the 6-min walk test is now used by many cardiac
rehabilitation programs both for initial assessment and to document functional outcomes
after completion of the cardiac rehabilitation program. The 6-min walk test was origi-
nally described by Guyatt et al. (2). It is simple to conduct, has excellent patient accep-
tance because exercise levels during the test closely resemble usual patient activities,
and costs of administration are low. Reference equations for expected walk perfor-
mance exist for middle-aged and older adults (3,4). The 6-min walk has been widely
used in the research setting in patients with cardiovascular and pulmonary disease
as a measure of functional capacity, as a marker for disease severity and prognosis,
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and as an outcome measure in clinical trials testing medical and surgical/procedural
therapies (5). Data collected in the cardiac rehabilitation setting are more limited (6–8).
This chapter will describe how to conduct 6-min walk testing, how to effectively use
the data in the cardiac rehabilitation setting [largely based on the experiences at the
University of Alabama at Birmingham (UAB)], and highlights gaps in the research
literature that warrant further study.

HOW TO CONDUCT A 6-MIN WALK

Table 1 summarizes the 6-min walk protocol that has been used at the UAB Hospital
Cardiopulmonary Rehabilitation Program since 1996; the current data collection sheet
is reproduced in Fig. 1. The walk tests are conducted by cardiac rehabilitation profes-
sionals when a patient enters the program and again at graduation. Presence of a
physician is not required, but all testers are trained in advanced cardiac life support, and
resuscitation equipment is immediately available. Studies have shown that the instruc-
tions provided to the patient at the beginning of the walk, the length of the walking track,
the use of encouragement, the provision of a time frame (by calling out to the patient at
the 2-min and 4-min time points), and positioning of the tester (walking with the patient
versus being stationary in one area of the track) can all significantly influence distance
walked (5). Although there is no single best walk test protocol, standardization of
walk test administration within a cardiac rehabilitation program is critically important,
if valid data are to be obtained. Each tester should be carefully trained to perform
the testing, and review of procedures and retraining as necessary should be done at
regular intervals. Standardization of protocols across programs would be desirable
to permit pooled data analyses and between program comparisons. Data obtained
during the 6-min walk test together with many demographic and clinical variables
can be prospectively recorded in a clinical outcome database and patient information
tracked from time of enrollment through the completion of the cardiac rehabilitation
program. This database can be used for report generation, program assessment, quality
improvement initiatives, and, if approved by an Institutional Review Board, for research
purposes.

The data collection sheet used in the UAB program is depicted in Fig. 1. Based on the
prognostic groups in the Studies of Left Ventricular Dysfunction (SOLVD) Registry
Substudy, walk distances are stratified into four levels, where Level 1 represents the
shortest walk distances and poorest prognosis, and Level 4 represents the longest walk
distances and best prognosis (9). In the UAB program, 24% of patients perform at
Level 1 during their baseline test, 23% at Level 2, 26% at Level 3, and 27% at Level 4
(unpublished data based on an interim analysis in January 2006). Although we believe
that this classification helps us to risk-stratify patients, it is important to realize that the
relationship between 6-min walk distance and long-term mortality or hospitalization
has not been validated in a cardiac rehabilitation population. In addition to the distance
walked, ratings of perceived exertion (RPE) and presence and severity of angina and
dyspnea are recorded. Blood pressure and heart rate are measured before and after
testing. Monitoring of oxygen saturation during testing is not mandatory, but because
many patients have concomitant heart and lung diseases and elevated pulmonary arterial
pressures, such monitoring occasionally documents oxygen desaturation during the
walk, at times severe enough to warrant the prescription of supplemental oxygen during
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Table 1
Six-Minute Walk Test Protocol

Purpose
To provide a simple, inexpensive, and noninvasive method for assessing a cardiac or
pulmonary patient’s functional capacity.

Equipment
1. Level walking surface that is at least 100 ft in length and free from obstruction. Mark

walking surface at 10-ft intervals.
2. Chair available at 50-ft distance.
3. Stopwatch.
4. Six-minute walk documentation form
5. Stethoscope and sphygmomanometer.
6. If patient’s clinical status requires: telemetry monitor, pulse oximetry, supplemental

portable oxygen.
Exclusion criteria
Persons with musculoskeletal problems that significantly limit walking such as paralysis, pain,
and other problems that would contribute to suboptimal walking performance; uncontrolled
angina or hypertension, recent history of cardiac dysrhythmia or myocardial infarction, and
other significant medical conditions that might be worsened by physical exertion.

Procedure
1. Resting vital signs are recorded before walk: blood pressure, heart rate, and pulse

oximetry (if indicated).
2. The walks should be carried out in an area with minimal traffic that is at least 100 ft

in length.
3. The following instructions are given to participants:

“The purpose of this test is to find out how far you can walk in 6 minutes. You will
start from this point (indicate marker at one end of the course) and follow the path
until the 6-minute period is complete. If you need to stop during this time, please
do but remain where you are until you can go again. I will tell you the time every
two minutes and when to stop when the 6 minutes are up. When I say ‘stop’, please
stand right were you are.” (Subjects are then asked to repeat their understanding of
the instructions).

4. During the walk, the following words of encouragement are provided at 30-s intervals:
“keep up the good work” or “you’re doing fine”.

5. Staff member may walk behind (but not with) the patient so as not to influence the
subject’s pace.

6. Participants are told when 2, 4, and 6 min (Stop) have elapsed.
7. The distance walked is measured and recorded to the nearest foot. If patient had to

stop and rest, the duration of the rest time is recorded.
8. Immediately following completion of the walk test, participants are asked to rate

their level of exertion (Borg Scale) and indicate what symptoms (if any) limited their
walking according to the angina and/or dyspnea scale.

9. Immediately following completion of the walk test, staff member will assess and record
patient’s blood pressure, heart rate, and pulse oximetry (if indicated).

10. Staff member who administered the test will sign and date the form.
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Fig. 1. Six-minute walk data form. The figure depicts the data form used in our program to record
all relevant 6-min walk data at entry to the program and at program completion.

exercise in the cardiac rehabilitation program and during activities of daily living.
The cardiac rehabilitation professional also makes careful note of gait abnormalities
or balance problems that mandate modification of the exercise prescription.

DETERMINANTS OF WALK PERFORMANCE

Age, gender, height, and body mass determine walk performance in healthy popula-
tions (3–5). In the UAB cardiac rehabilitation program, walk performance is worse
in older compared with that in younger individuals, in women compared with that
in men, and in non-White patients compared with that in White patients. Baseline
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walk performance in the UAB program stratified by gender and ethnic group (non-
Whites are predominantly African American) is summarized in Table 2 (unpublished
data based on an interim analysis in January 2006). Walk performance also corre-
lates with the American Association of Cardiovascular and Pulmonary Rehabilitation
(AACVPR) risk stratification for events (a composite measure that takes into account
left ventricular function, dysrhythmias, severity of underlying disease, symptoms of
ischemia, and functional capacity and hemodynamic response as assessed by maximal
exercise testing when available), history of sedentary lifestyle as determined by the
cardiac rehabilitation professional, patient self-reported physical activity levels, and
physical function as determined by the SF-36 questionnaire (7). Also, we previously
found that diabetes was an independent correlate of poorer walking performance unpub-
lished data, and there was no relationship between distance walked and admitting
diagnosis, left ventricular ejection fraction or body mass index. In a multivariate
linear regression model with baseline walk distance as the dependent variable, age
�standardized regression coefficient beta = −0�33� p = 0�0014� and self-reported level
of physical function �standardized beta = 0�51� p < 0�0001� were strong independent
predictors of performance, whereas RPE was only weakly, albeit significantly corre-
lated (adjusted R2 for the model: 0.53, p < 0�0001) (7). Hamilton and Haennel observed
similar age and gender differences in a Canadian cardiac rehabilitation population
(6). Note that walk distances were substantially higher in the Canadian population
�mean ± SD 1680 ± 367 ft� compared with the UAB population �mean ± SD 1221 ±
398 ft�, suggesting that each cardiac rehabilitation setting should establish its own
typical ranges of distances walked.

Several studies have assessed the correlation between distance walked and maximal
exercise capacity with variable results, likely due to the types of patients tested: the
two tests tend to correlate best in populations with low functional capacity and worst
in those with high functional capacity. Data in the cardiac rehabilitation setting are
limited. In the Canadian cardiac rehabilitation population cited above, 6-min walk
performance and metabolic equivalents (METs) achieved on a symptom-limited graded
exercise test correlated with an r = 0�687 �p < 0�001� with maximum METs accounting
for 47% of the variance in distance walked (6). In a recent interim analysis of 471
patients with ischemic heart disease who completed the UAB program, the mean and
median RPE during the walk were both approximately 11 with a standard deviation of
2 and a range from 6 to 18; 150 patients (32%) reported an RPE of 13 or greater, and
24 patients (5%) reported an RPE of 15 or greater (unpublished data). Although we

Table 2
Baseline Walk Distances Among Patients with Ischemic Heart Disease in the UAB Cardiac

Rehabilitation Program

White males
�n = 562�

White females
�n = 177�

Non-White males
�n = 195�

Non-White females
�n = 176�

Mean ±SD �ft� 1351±361 1163±380 1172±372 915±348
Median (ft) 1382 1206 1206 946
Minimum (ft) 120 117 125 80
Maximum (ft) 2322 2064 2040 1632
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do not have maximal exercise test data in our population, the RPE analysis suggests
that the 6-min walk test is more than a “submaximal” exercise test in a substantial
proportion of patients enrolling in cardiac rehabilitation.

At program completion, patients tend to report fewer symptoms than at program
entry (7). Most patients improve their walk distance, although some do not. Among
the 471 UAB patients cited above, 82% increased their walk distance. Overall, median
walk distance at baseline was 1303 ft and improved 202 ft (range: −367 to +1674 ft).
A British cardiac rehabilitation program reported an improvement in 6-min walk
distance from 1032 ± 249 to 1238 ± 258 ft over 6 weeks of training (two exercise
sessions per week) but did not indicate what proportion of their patients improved
(8). Although baseline walk distance tends to be the strongest predictor of distance
walked at program graduation, several other correlates of change in walked distance
are important. In a multivariate analysis published several years ago, age was inversely
related to percent change in walking distance, whereas male gender, higher clinical
risk score, percent change in exercise intensity over the course of the cardiac rehabili-
tation program, improvement in the chronotropic response during the walk, symptoms
during the follow-up walk, and self-reported relative change in physical activity level
all independently predicted greater improvement in walking distance (adjusted R2 =
0�44� p < 0�0001) (7). It is unclear whether the lower degree of improvement among
women and older patients is a function of gender and age or relates to a more conser-
vative exercise prescription in these patients who are not accustomed to exercising on
treadmills and bicycles and have lower activity levels at home.

WHAT ELSE TO DO WITH THE DATA

Potential uses of the 6-min walk data are summarized in Table 3. Assessment of
functional capacity at program entry, assessment of symptoms and oxygenation, and
outcome assessment at the program level have already been described above. Results
of the entry and graduation walk are reported to the referring physician; thus, providing
outcome assessment at the individual level is important as well. Recently, we have
begun to calculate “% predicted walk distance” based on the reference equations of
Enright et al., thus providing an external “benchmark” for our walk test results (3,10).
Mean walk distance improved from 74% of what was predicted for age, gender, height,
and weight at program entry to 88% at program completion. Expressing walk test
results relative to those achieved by a similar healthy adult may provide patients and
clinicians with a better understanding of the benefits achieved during participation in
cardiac rehabilitation.

Distance walked provides prognostic information beyond the AACVPR risk
assessment, and we make a point to monitor poor performers more closely during
exercise. Poor performance on the entry 6-min walk test is also an independent predictor
of dropout from cardiac rehabilitation, in patients who drop out for medical reasons
as well as among those who drop out for nonmedical reasons (11). Although we
have not found an intervention that will “prevent” dropout, we try to provide extra
encouragement to those with poor walk distances (i.e., those in Level 1) and follow
up immediately by telephone when they miss an exercise session.
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Table 3
Potential Uses of the 6-Min Walk Test in Cardiac Rehabilitation

• Assessment of functional capacity
• Identification of gait abnormalities and balance problems
• Assessment of symptoms and relative perceived exertion
• Detection of oxygen desaturation or hemodynamic compromise with

exercise
• Prognostication/risk assessment
• Identification of individuals at risk for drop out from the cardiac

rehabilitation program
• Exercise prescription
• Outcomes assessment

� Individual
� Program

The 6-min walk test data also guide our initial exercise prescription by making use
of the American College of Sports Medicine (ACSM) Walking Equation (12), which
specifies that approximately 0.1 ml of oxygen is needed for transporting each kilogram
of body mass a horizontal distance of 1 m, that is, 0.1 ml/kg/min. This equation tends to
be most accurate for speeds of 50–100 m/min (1.9–3.7 mph) (12). An example of such
a calculation that converts 6-min walk distance into walking speed and a MET level
in cardiac rehabilitation is summarized in Table 4. The walking speed and MET level
are used to tailor the initial phase of exercise to closely match the patient’s current
level of function. The exercise plan is updated at least weekly as exercise tolerance
improves over the course of the supervised exercise sessions.

Table 4
Example of Using 6-Min Walk Data for Exercise Prescription

• Distance measured: the patient walked 1292 ft in 6 min.
• Calculate walking speed

� Convert feet to meters: as 1 m = 3�281 ft; 1292 ft translates into
1292 ft/3�281 = 393�8 m.

� Calculate speed in m/min: 393�8 m/6 min = 65�6 m/min [corre-
sponds to 2.4 mph �1 mph = 26�8 m/min; thus 65�6 m/min/26�8 =
2�4 mph� which can be used to set treadmill speed]

• Calculate metabolic value for walking without grade
� 1 MET = 3�5 ml/kg/min
� 0.1 is the constant for converting m/min to ml/kg/min
� Estimated oxygen consumption: VO2 = 3�5 ml/kg/min +

65�6 m/min ×0�1 = �3�5+6�56� ml/kg/min = 10�06 ml/kg/min
� MET level achieved: 10�06 ml/kg/min/3�5 = 2�9 METs
� Metabolic value can be used for exercise prescription on apparatus

other than treadmill

MET, metabolic equivalent.
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SOME CAVEATS

Like all exercise testing, performance by a given patient is dependent not only on
the patient’s capacity to exercise but also on his/her motivation. There is no objective
measure to determine whether a patient did his/her best during a given walk, and some
“noise” is expected when conducting serial walks. Investigators have also described a
learning effect when a patient performs 6-min walk testing on multiple occasions, but
the extent of the learning effect and determinants of its extent remain controversial
(5,13). Performance of multiple walks at baseline and at follow-up has been advocated
by some investigators and may be appropriate in clinical trial settings when greater
precision of measurement before and after an intervention is critical. Repeated testing
is generally not feasible in day-to-day clinical practice, as some patients are too ill at
entry into cardiac rehabilitation programs to perform multiple consecutive tests on the
same day, and transportation logistics may preclude serial testing on consecutive days
before cardiac rehabilitation enrollment and at program graduation.

Distance covered during the 6 min of testing is a function of stride length and
frequency. Because neither can be increased beyond a certain point without changing
from walking to running, the 6-min walk has a built-in “ceiling effect” and is thus not a
good measure of functional capacity in healthy, fit individuals. In contemporary cardiac
rehabilitation settings where patient populations are older, often sedentary, and have a
high comorbidity burden, this limitation is generally not a major concern. It is clear,
however, that the 6-min walk test when conducted serially as an outcome measure
tends to be most sensitive to improvement among those with shorter walking distances
at baseline and least sensitive among those who performed very well at baseline (7).

SUMMARY AND FUTURE RESEARCH DIRECTIONS

The 6-min walk is a safe and practical tool for outcome assessment in cardiac
rehabilitation. It is well accepted by patients and staff, does not require specialized
equipment (unless one chooses to supplement the testing with oximetry), and is less
costly than standard maximal exercise testing. The test provides valid and reproducible
data provided that a standardized protocol is used consistently. Such standardization is
feasible in a busy clinical cardiac rehabilitation program. Performance on the baseline
6-min walk can be used for initial exercise prescription when data from maximal
exercise testing are not available or when maximal exercise testing is contraindicated.
Increases in self-reported physical activity level and improved functional capacity
through exercise training are reflected in better walk performance at graduation from
cardiac rehabilitation.

Further research is needed to ascertain in greater detail determinants and correlates
of baseline walk performance and changes in walk performance after participation in
cardiac rehabilitation. The impact of age, gender, ethnicity, and diabetes in particular
also deserves further exploration. Once we understand what drives differences in walk
performance, we can attempt to develop targeted interventions to optimize outcomes in
all subgroups. It is unknown whether baseline walk distances in a cardiac rehabilitation
population correlate with long-term mortality and morbidity, and we also do not know
whether improvements in 6-min walk distances achieved in cardiac rehabilitation are
sustained long-term or whether such improvements correlate with improvements in
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morbidity and mortality. Such analyses will be difficult to accomplish in single-site
investigations, and multicenter collaborations should thus be encouraged.
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CORONARY HEART DISEASE AND SECONDARY PREVENTION

Coronary heart disease (CHD) remains the leading cause of death in the United
States. Although there has been an overall decline in mortality from acute coronary
events, the prevalence of CHD continues to rise, largely due to the aging population
and improved survival after myocardial infarction (post-MI). This increase has led to
more patients at risk for recurrent ischemic events and subsequent death.

According to the American Heart Association (1), within 1 year of an MI, 25% of
men and 38% of women will die of heart disease. Within the following 6 years of
such an event, 18–34% of patients will suffer another MI, approximately 6% will have
sudden death, 22–46% will develop congestive heart failure, and 8–11% will have
a stroke (1). The total economic burden of cardiovascular disease will exceeds $300
billion in the United States annually this year alone (1). Although there is a growing
body of evidence that lifestyle modification and pharmacological therapies can reduce
recurrent events, numerous studies have carefully documented that clinicians are not
following the available guidelines for secondary prevention to achieve appropriate
outcomes. Current evidence clearly indicates that both secondary prevention and cardiac
rehabilitation programs are effective systems for improving risk reduction (2). When
combined, these two systems can offer the synergistic effect of achieving multiple
goals for risk factor modification.

SECONDARY PREVENTION AND THE TREATMENT GAP

Secondary prevention is defined as an intervention or treatment that reduces the
risk of recurrence, progression, or mortality in a person known to have cardiovascular
disease. Multiple studies have documented the benefit of secondary prevention of CHD
with lipid-lowering therapy (LLT) (3), hypertension control (4), smoking cessation (5),
physical exercise (6), weight management (6), antiplatelet therapy (5), beta-blocker
therapy (5), and angiotensin-converting enzyme (ACE)-inhibitor therapy (6) as single
interventions as well as combined or comprehensive interventions. The implementation
of LLT alone has the ability to reduce coronary events such as recurrent MI, angina
pectoris, and coronary mortality by 25–42% (7). In addition, medical compliance with
aspirin therapy has been shown to have a risk reduction benefit of 20–30%, beta-blocker
therapy 20–35%, and ACE-inhibitor therapy 22–25% (5).

Despite these well-defined benefits in risk reduction, the data from the Can Rapid
Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With
Early Implementation of the American College of Cardiology/American Heart Associ-
ation Guidelines (CRUSADE) Quality Improvement Initiative trial found only 58%
of patients admitted with acute coronary syndrome (ACS) had their low-density
lipoprotein cholesterol (LDL-C) tested, and of those tested and appropriate for LLT,
more than 30% were not treated with LLT (8). The definition of the treatment gap is
the difference in the percent of patients eligible for a specific treatment and the percent
of patients actually receiving that treatment. The estimated treatment gap for CHD
patients, according to National Registry of Myocardial Infarction (9) and the Quality
Assurance Program (10) data, is 66% for outpatient office practices and 68–80%
for hospital discharges. Barriers to implementing risk factor modification guidelines
for patients with CHD are several: (i) problem-focused physician visits, (ii) lack of
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systems to implement protocols or guidelines, (iii) time constraints and lack of incen-
tives (including reimbursement), (iv) lack of knowledge and training on the benefits,
and (v) lack of specialist–generalist communication. As a result, a large percentage
of the patients with CHD are therefore undertreated and are at unnecessary risk for
preventable cardiovascular events.

CARDIAC REHABILITATION

As outlined elsewhere in this volume, cardiac rehabilitation combines supervised
prescriptive exercise training with CHD risk factor modification principles in patients
with established CHD. Patients with the diagnosis of CHD, post-MI, coronary artery
bypass surgery, post-percutaneous angioplasty, and other past cardiovascular surgeries
including valve surgery and cardiac transplantation are eligible for referral to cardiac
rehabilitation programs. The American Heart Association Medical/Scientific Position
Statement on Cardiac Rehabilitation Programs (11) states that cardiac rehabilitation
efforts targeted at exercise, lipid management, hypertension control, and smoking
cessation can reduce cardiovascular mortality (12), improve functional capacity (13),
attenuate myocardial ischemia (14), retard the progression of atherosclerosis (15), and
reduce the risk for further coronary events (16). Therefore, cardiac rehabilitation is the
standard of care and should be integrated into the overall treatment plan of patients
with CHD.

RISK FACTOR MODIFICATION IN CARDIAC REHABILITATION

The concept of combining comprehensive risk factor modification with cardiac
rehabilitation has been assessed in previous trials such as the Stanford Coronary
Risk Intervention Project (SCRIP) (6). In this study, researchers evaluated the
effects of intensive multiple risk factor reduction on coronary atherosclerosis over a
4-year period and found significant improvements in lipid profiles, body weight, and
dietary compliance as well as decreased progression of coronary atherosclerosis. This
study revealed that combining comprehensive secondary prevention guidelines with
a standardized approach to cardiac rehabilitation could improve the effectiveness of
implementing evidence-based risk factor modification standards.

DYSLIPIDEMIA AND THE RISK OF CHD

Dyslipidemia remains one of the major risk factors for CHD. The origin of the
lipid hypothesis began with Virchow (17), who along with other scientists of his time
observed the deposition of cholesterol within atherosclerotic plaques. Much later, the
development of fractional assays allowed clinicians to identify and measure plasma
cholesterol in humans. This discovery sparked desire to determine whether there was
a link between plasma cholesterol in humans and the development of atherosclerotic
plaques. Basic science researchers first established this relationship between cholesterol
and atherosclerosis in animal models (18,19). This finding then led to a great interest
in determining the role of cholesterol in humans, which led to the delineation of the
cholesterol pathway, mechanisms involved in lipid deposition, and the discovery of
the LDL receptor pathway (20). These discoveries and others opened the door to the
practice of treating dyslipidemia and reducing CHD risk.
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OBSERVATIONAL DATA FOR CHOLESTEROL AND THE RISK
OF CHD

Multiple observational studies, such as The Framingham Heart Study (21) and the
Multiple Risk Factor Intervention Trial (MRFIT) screenees (22), began to solidify a
direct relationship between patients with elevated cholesterol levels and the devel-
opment of CHD. Moreover, these trials established a directly proportional relationship
between total cholesterol (TC) and LDL-C to CHD.

These observational studies led to the development of randomized clinical trials
(RCTs) to test the reverse hypothesis of whether lowering cholesterol in patients with
elevated cholesterol levels reduces the risk of CHD. The earliest trials involved lifestyle
modifications, such as diet, exercise, and weight loss, directed at lowering cholesterol
and reducing the risk of CHD (23). Soon thereafter, RCTs with pharmacologic LLTs
began to confirm the hypothesis that lowering TC and LDL-C lowered the risk of
cardiovascular morbidity and mortality (24). As the wealth of clinical evidence mounted
in support of lowering cholesterol to reduce the risk of cardiovascular disease, and as
basic science evidence grew surrounding the understanding of LDL as the principal
lipoprotein involved in the development of atherosclerosis, LDL-C emerged as the
primary target for cholesterol lowering.

CHOLESTEROL METABOLISM AND STATINS

The world of treating dyslipidemia was revolutionized when a better understanding
of cholesterol metabolism was established surrounding the role of HMG-CoA reductase
and the LDL receptor pathway. Statins were developed as competitive inhibitors of
HMG-CoA reductase. The inhibition of HMG-CoA reductase with statins blocked the
formation of mevalonate, the rate-limiting step in cholesterol synthesis. This inhibition
leads to an up-regulation of LDL receptors and at high doses decreases the hepatic
production of very lowdensity lipoprotein (VLDL), which results in the lowering of
plasma levels of TC, LDL-C, and VLDL-C. Subsequently, numerous clinical trials have
now documented the benefits of statins on lowering LDL-C and reducing cardiovascular
events.

EVIDENCE-BASED DATA FOR STATIN THERAPY

During the past two decades, numerous RCTs have established the riskreduction
benefit of statin therapy. The combined RCTs represent nearly 100,000 patients. The
majority of these trials achieved statistical significance for the reduction of cardiovas-
cular events and CHD mortality (25). There have been several clinical trials designed
to determine whether statins offered a primary prevention benefit for reducing the
risk of CHD. These trials, based on their appearance in the literature, are as follows:
(i) the West of Scotland Coronary Prevention Study (WOSCOPS) (26), (ii) the Air
Force/Texas Coronary Atherosclerosis Prevention Study (AFCAPS/TexCAPS) (27),
(iii) the Anglo-Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm (ASCOT-
LLA) (28), and (iv) the Collaborative Atorvastatin Diabetes Study (CARDS) (29).
Several trials were also designed to test the benefit of the risk reduction of statins in
both primary and secondary prevention of CHD. These trials are as follows: (i) the
Heart Protection Study (HPS) (30), (ii) the PROspective Study of Pravastatin in the
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Elderly at Risk (PROSPER) (31), and (iii) the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial–Lipid-Lowering Trial (ALLHAT-LLT) (32).
In addition, multiple clinical trials were also designed to determine the risk reduction
benefit of statins in patients with known CHD. They include (i) the Scandinavian
Simvastatin Survival Study (4S) (7), (ii) the Cholesterol and Recurrent Events (CARE)
trial (33), (iii) the Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) trial (34), and (iv) the Myocardial Ischemia Reduction with Aggressive Choles-
terol Lowering (MIRACL) trial (35). More recently, statin-versus-statin trials have
emerged in the literature to determine whether more aggressive lowering of LDL-C,
particularly in high-risk patients, can further improve clinical outcomes. Clinical trials
such as the Pravastatin or Atorvastatin Evaluation and Infection Therapy–Thrombolysis
in Myocardial Infarction 22 (PROVE IT) trial (36), Treating to New Targets (TNT)
trial (37), A to Z trial (38), and the Incremental Decrease in End Points Through
Aggressive Lipid Lowering (IDEAL) study (39) were designed to determine whether
more aggressive lowering of LDL-C with higher-dose statins offered greater risk
reduction benefits.

RECENT CLINICAL TRIALS AND THE ADULT TREATMENT
PANEL III GUIDELINES: NEW RECOMMENDATIONS

AND TREATING TO GOAL

In 2001, the National Cholesterol Education Program (NCEP) released the Adult
Treatment Panel III (ATP III) guidelines on the management of hyperlipidemia (40).
These guidelines were based on the clinical trial data prior to 2001. The RCTs prior to
2001 consistently showed that lowering LDL-C with statins was beneficial in reducing
cardiovascular morbidity and mortality. Therefore, the LDL-C level is the primary goal
of therapy. At the time of ATP III, the optimal goal for LDL-C was determined to
be less than 100 mg/dl. This goal was the target for patients categorized as high-risk,
such as CHD or CHD risk equivalent patients (Table 1). The rationale behind this goal
was based on several facts: (i) there was a consistent log-linear relationship between
LDL-C levels and CHD risk reduction in epidemiological studies; (ii) at the time of
publication, this was the lowest LDL-C level supported by the available RCTs; and
(iii) this was an achievable goal for high-risk patients based on the standard doses of
available therapies (40). However, after the 2001 ATP III guidelines were published,
newer clinical trials were released that appeared to support the rationale that lowering
LDL-C beyond < 100 mg/dl might result in further risk reduction benefit.

THE IMPLICATIONS OF NEW CLINICAL TRIALS

The clinical trials published after ATP III in 2001 offered new insights into lowering
LDL-C levels in higher-risk patients. Studies such as the HPS, ASCOT-LLA, CARDS,
PROVE IT, TNT, and IDEAL all showed further risk reduction benefit with treating
to lower LDL-C levels in higher-risk patients. Prior to these clinical trials, it was
well established that lowering LDL-C to the goal of less than 100 mg/dl significantly
reduced the risk of CHD events; however, what was less certain was the continued
benefit of further LDL-C lowering significantly beyond this goal.

Several different hypotheses were proposed in an attempt to define the likely
relationship between further LDL-C lowering and CHD risk. The first hypothesis
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Table 1
Adult Treatment Panel III Guidelines: LDL-C Goals and Cut-Points for Drug Therapy (40)

LDL-C (mg/dl)

Risk category Goal Initiation level for TLC Consideration
level for drug therapy

CHD or CHD
risk equivalents
(10-year risk > 20%�

< 100 ≥ 100 ≥ 130 (100–129: drug
optional)

2+ risk factors (10-year
risk ≤ 20%)

< 130 ≥ 130 10-year risk 10–20%: ≥ 130
10-year risk < 10%: ≥ 160

0–1 risk factor < 160 ≥ 160 ≥ 190 (160–189:
LDL-C-lowering drug
optional)

CHD, coronary heart disease; LDL-C, low-density lipoprotein cholesterol; TLC, therapeutic lifestyle
changes.

suggested that the goal of less than 100 mg/dl was the optimal LDL-C goal and that
lowering LDL-C significantly beyond this goal would not result in additional risk
reduction benefit. This was described as the “threshold effect.” The second hypothesis
proposed that lowering the LDL-C beyond the goal of less than 100 mg/dl would
result in only a modest benefit but not of the same magnitude as seen with previous
studies. This was described as the hypothesis of “diminishing returns.” And finally,
third hypothesis that stated that lowering LDL-C well beyond the goal of less than
100 mg/dl would continue resulting in a proportional risk reduction benefit. This was
termed “lower is better.”

NEWER STATIN TRIALS ESTABLISH THAT LOWER LDL-C LEVELS
ARE ASSOCIATED WITH LOWER CHD RISK IN HIGH-RISK

PATIENTS

In HPS, more than 20,000 high-risk patients were randomized to receive simvastatin
40 mg versus placebo. In this study, simvastatin demonstrated a 17% reduction in
cardiovascular death �p < 0�0001� and a 24% reduction in major cardiovascular events
�p < 0�0001� (30). This benefit was seen irrespective of the baseline LDL-C level.
Moreover, the 3400 high-risk patients in HPS that had an LDL-C level at baseline of
less than 100 mg/dl, achieved a similar risk reduction benefit as those patients with
baseline LDL-C level greater than 130 mg/dl. These data established a foundation for
treating high-risk patients who already have a baseline LDL-C of less than 100 mg/dl
with statin therapy.

The PROVE IT trial later established the clinical benefit of more aggressive LDL-C
lowering in high-risk patients with ACS (36). In this trial, more than 4000 patients
with ACS were randomized to receive either atorvastatin 80 mg (intensive therapy)
or pravastatin 40 mg (moderate therapy). Although the moderate-dose therapy group
on pravastatin achieved the optimal LDL-C goal of less than 100 mg/dl (95 mg/dl),
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the intensive therapy group on atorvastatin achieved an LDL-C goal well below the
optimal level of less than 100 mg/dl (62 mg/dl). On the basis of this greater lowering of
LDL-C, the intensive therapy group reduced the risk of cardiovascular events by 16%
over the moderate therapy group �p = 0�005�. These data begin to establish the benefit
of LDL-C lowering less than 70 mg/dl to be of benefit in the very high risk patient.

THE “OPTIMAL” VERSUS “OPTIONAL” LDL-C LEVEL

Data from the more recent RCTs, which represented higher risk patients and more
aggressive LDL-C goals, were the basis for the addendum to ATP III published in
2004 (3). Evidence from these RCTs suggests that lower LDL-C levels offer continued
risk reduction benefit, especially in high risk and very high risk patients. This addendum
offered an optional LDL-C level that was lower than the previous optimal LDL-C level.
The new optional LDL-C level of less than 70 mg/dl was determined to be a reasonable
target LDL-C for the “very high risk” patient. In addition, a new optional goal of less than
100 mg/dl was added to the guidelines for moderately high-risk patients (Table 2).

This addendum to the ATP III guidelines had thereby established a new risk group
of patients called “very high risk.” This new risk group is assigned the optional
LDL-C goal of < 70 mg/dl. The “very high risk” group of patients are those who have
established CHD plus one of the following: (i) diabetes mellitus; (ii) severe or poorly
controlled risk factors; (iii) the presence of multiple risk factors, such as the metabolic
syndrome; or (iv) ACS (3) (Table 1).

Table 2
Updated Adult Treatment Panel III Recommendations: LDL-C Cut-Points

LDL-C (mg/dl)

Risk category Goal Initiation level for
TLC

Consideration
level for drug therapy

Very high risk: CHD
+ other risk factors
(10-year risk > 20%)

< 100
(optional: < 70)

≥ 100 ≥ 100 (< 100: consider drug
options)

High risk: CHD or
CHD risk equivalents
(10-year risk > 20%)

< 100 ≥ 100 ≥ 100 (< 100: consider drug
options)

Moderately high risk:
2+ risk factors
(10-year risk 10–20%)

< 130
(optional: < 100)

≥ 130 ≥ 130 (100–129: consider
drug options)

Moderate risk: 2+
risk factors (10-year
risk < 10%)

< 130 ≥ 130 ≥ 160

Lower risk: 0–1 risk
factor (10-year risk <
10%)

< 160 ≥ 160 ≥ 190 (160–189: drug
optional)

CHD, coronary heart disease; LDL-C, low-density lipoprotein cholesterol; TLC, therapeutic lifestyle
changes.
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Therefore, with the addition of new evidence-based data and new LDL-C goals, the
guidelines were modified to include the optional LDL-C goal of less than 70 mg/dl (3).
The optimal LDL-C for high risk patients remains less than 100 mg/dl. However, for
very high risk patients, although the LDL-C goal of less than 100 mg/dl is strongly
recommended as the minimal target, the optional LDL-C goal of less than 70 mg/dl is
considered a reasonable therapeutic option. For moderately high risk patients, the LDL-
C goal is less than 130 mg/dl; however, a therapeutic goal of less than 100 mg/dl is a
reasonable option (Table 2). All patients with lifestyle risk factors are candidates for
therapeutic lifestyle changes (TLC). When drug therapy is implemented, a minimum
of 30–40% reduction in LDL-C is recommended for moderately high risk and high
risk patients (3) (Table 3). Cardiac rehabilitation offers the ideal settings to implement
TLC and achieve the current LDL-C goals for high risk and very high risk patients.
A simpler approach is to treat all patients with CHD to an optional LDL-C goal of
< 70 mg/dl as recommended in the American Heart Association/American College of
Cardiology (AHA/ACC) guidelines for secondary prevention (5).

THE ABILITY TO ACHIEVE NEW LDL-C GOALS

An analysis of the National Health and Nutrition Examination Survey III (NHANES
III) evaluated LDL-C levels from approximately 6800 adults (41). On the basis of
an estimated number of adults with CHD, it was determined that the mean LDL-C
in this population of patients was 132.8 mg/dl. More importantly, it was determined
that only 16.6% of individuals with CHD achieved an LDL-C of less than 100 mg/dl
and only 11.1% were on LLT. This information correlates with other data regarding
implementation of LLT in CHD patients (9,10). Even though more recent statistical
data show the percentages have improved (42), there continues to be a significant
number of high-risk CHD patients who do not achieve either the optimal or the optional
goal for LDL-C.

Therefore, to achieve these new and more aggressive guidelines, clinicians must
incorporate more aggressive treatment practices and utilize more effective secondary
prevention protocols and programs such as cardiac rehabilitation. Recommendations
regarding pharmacologic options for attaining LDL-C goals in CHD patients are as
follows: (i) use a highly efficacious statin at appropriate dose as first-line therapy;
(ii) the intensity of therapy should be sufficient to achieve at least 30–40% reduction

Table 3
Drug Dose to Achieve LDL-C Reduction 30–40% (3)

Drug Dose (mg/day) LDL-C reduction (%)

Atorvastatin 10 39
Lovastatin 40 31
Pravastatin 40 34
Simvastatin 20–40 35–41
Fluvastatin 40–80 25–35
Rosuvastatin 5–10 39–45

LDL-C, low-density lipoprotein cholesterol.
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Table 4
Drug Dose to Achieve LDL-C Reduction ≥ 50%

Drug Dose (mg/day) LDL-C reduction (%)

Ezetimibe/simvastatin (44) 10/20∗–10/80† 52–60
Rosuvastatin (45) 20–40† 52–55
Atorvastatin (46) 80† 51–54

LDL-C, low-density lipoprotein cholesterol.
∗ Recommended usual starting dose.
† Not recommended as usual starting dose per US Food and Drug Admin-

istration (FDA) package insert.

in LDL-C; and (iii) earlier consideration for combination lipid-drug therapy (3,43).
For many high-risk patients in cardiac rehabilitation programs, an LDL-C goal of
< 70 mg/dl is desirable and will frequently require ≥ 50% LDL-C reduction (Table 4).

TREATMENT OPTIONS

Therapeutic lifestyle changes
ATP III recommends a systematic approach to TLC to reduce the risk of CHD.

TLC should be emphasized for all patients at risk for CHD, regardless of whether
they qualify for drug therapy. TLC should be initiated if the LDL-C level is above the
recommended goal. If the patient is at moderately high risk or above, LLT should be
initiated at the same time as TLC. Evidence-based recommendations for TLC target
four goals: (i) reduced intake of saturated fat and cholesterol, (ii) dietary and therapeutic
options for enhancing LDL-C lowering, (iii) weight reduction [body mass index (BMI)
18�5–24�9 kg/m2 and/or waist circumference less than 88 cm for women and 102 cm
for men), and (iv) increased regular physical exercise (40). Unfortunately, TLC alone
frequently does not allow high-risk patients to achieve LDL-C targets.

Statin Monotherapy
Statin therapy has become the mainstay of treating dyslipidemia, particularly in

the setting of CHD and in patients at risk for CHD. However, there remain several
challenges facing clinicians trying to treat high-risk CHD patients to appropriate targets.
Although less than 50% of patients achieve their LDL-C goal with the initial dose of
statin therapy, 75% of patients remain on their initial dose after 1 year (47). Therefore,
many patients, specifically those who are at the highest risk of disease and requiring
the lowest goals for LDL-C, are often left undertreated. This undertreatment of CHD
patients, also known as the “treatment gap,” has led to a need to develop protocols (such
as “Get with the Guidelines”) and enhance programs (such as cardiac rehabilitation)
designed to improve both the implementation of appropriate risk reduction therapy in
CHD patients and the achievement of appropriate therapeutic goals for CHD patients.

The NCEP ATP III guidelines recommend statins as the first line of pharmacotherapy
for the following reasons: (i) statins are the most effective therapies for lowering LDL-
C; (ii) statins have demonstrated the greatest risk reduction benefit in CHD patients;
and (iii) statins have a reasonable safety profile (40). The revised ATP III guidelines
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recommend that therapy should be initiated with statins that have the ability to lower
LDL-C by at least 30–40% (3) (Table 3). However, to reach an LDL-C of < 70 mg/dl,
many patients will require ≥ 50% LDL-C lowering.

The ACC/AHA/National Heart, Lung and Blood Institute (NHLBI) published a public
advisory statement regarding the safety of statins (48). Regarding liver function, the
advisory states that statin therapy appears to increase liver transaminases in 0.5–2.0% of
patients. In patients with elevated transaminases, the liver function test should be repeated,
and if transaminases are still elevated > 3 times the upper limit of normal, the statin should
be stopped. In addition, the ACC/AHA/NHLBI advisory board has also given recom-
mendations regarding muscle toxicity. The advisory board states that statins carry a small
but definite risk of myopathy of less than 1.0%. The board further goes on to state that
although nonspecific muscle aches and joint pains are common, these symptoms are rarely
associated with significant increases of creatine kinase (CK). While statins rarely cause a
true myopathy (muscle pains or weakness with a CK levels > 10× upper limit of normal
[ULN] or clinical rhabdomyolysis (muscle pain or weakness with CK levels > 10×ULN
and kidney involvement), when these clinical conditions such myositis do occur, statins
patients should be discontinued from statins.

Other Lipid-Lowering Therapy
In addition to statins, other lipid-lowering agents have the ability to treat dyslipi-

demia. These therapies include niacin, fibrates, bile acid resins, and ezetimibe.
Niacin lowers LDL-C by reducing the synthesis of VLDL. Niacin appears to improve

dyslipidemia by several mechanisms: (i) decreasing the release of free fatty acids
by adipose tissue; (ii) enhancing VLDL catabolism and clearance of chylomicron
triglyceride (TG) from the plasma by activation of lipoprotein lipase; (iii) decreases
the synthesis of apolipoprotein B-100; (iv) enhancing the shift in LDL particle size
from small, dense LDL to large, buoyant LDL; and (v) enhancing the structure and
function of high-density lipoprotein cholesterol (HDL-C) by decreasing the catabolism
of apolipoprotein A-I (49,50). Niacin decreases LDL-C by 15–25%, increases HDL-C
by 15–30%, and decreases TG by 25–35% (40).

Fibric acid derivatives in the form of fibrates can reduce TG and raise HDL-C
by activation of peroxisome proliferator activated receptor-� (PPAR-�) (51). This
activation increases the activity of lipoprotein lipase and thereby enhances lipolysis
and clearance of TG-rich lipoproteins. Fibrates also alter the LDL particle size from
small, dense LDL to large, buoyant LDL through significant TG lowering. Activation
of PPAR-� also appears to enhance the production of apolipoprotien A-I and increases
HDL-C. Fibrates increase HDL-C by 5–15% and decrease TG by 25–40% (40). Fibrates
can either increase or decrease LDL-C, depending on baseline TG.

Bile acid sequestrants (BAS) bind cholesterol in the form of bile acids in the
intestines. This bile acid complex is excreted in the feces and therefore decreases
the amount of bile acid reabsorption (52). The result is a decrease in the amount
of bile acids returning to the liver through enterohepatic circulation. This in turn
creates an increased conversion of cholesterol to bile acids in the liver. Therefore,
BAS cause a decrease in the intrahepatic cholesterol pool, which results in an increase
in hepatic LDL receptors and enhanced clearance of LDL-C from the plasma. BAS
decrease LDL-C by 20–30%, increase HDL-C by 5%, and increase TG by 10% (40).
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Because of the potential increase in TG, BAS are relatively contraindicated in severe
hypertriglyceridemia.

Ezetimibe is a cholesterol absorption inhibitor. Ezetimibe acts in the brush border
of the small intestin. Ezetimibe appears to localize in the small intestine and inhibit
absorption of cholesteryl esters (CE) from entering into the circulation through chylomi-
crons (53). This decrease in CE absorption causes a decrease in intrahepatic choles-
terol, which results in an up-regulation of LDL receptors and subsequently a decrease
in plasma LDL-C. In a pooled analysis of 1719 patients with primary hypercholes-
terolemia, ezetimibe monotherapy decreased LDL-C by 19%, increased HDL-C by 3%,
and lowered TG by 8% compared with placebo (54). Ezetimibe provides an incremental
25% reduction in LDL-C when added to a statin (55).

Combination Therapy
As evidence-based medicine continues to support lower LDL-C goals, combination

therapy will become more common and even necessary in many high-risk CHD
patients. The rationale behind combination therapy involves both the ability to more
effectively lower LDL-C and the ability to better manage more complex lipid abnor-
malities than with statin monotherapy. The ability to improve the HDL-C/TG axis has
been shown to improve cardiovascular outcomes in patients near goal for LDL-C (56).
Effective combinations are generally statin-based combinations. Effective combination
therapies for lowering LDL-C are statin plus ezetimibe and statin plus BAS (3). Combi-
nations that improve mixed dyslipidemia are (i) statin plus fenofibrate, (ii) statin plus
nicotinic acid, and (iii) statin plus fish oil (57).

Omega-3 Fatty Acids
Omega-3 fatty acids may add a unique benefit as a therapeutic agent for patients

with CHD. Omega-3 fatty acids have been shown to both lower high TGs (58) and
reduce the risk of cardiovascular events in CHD patients (59). The omega-3 fatty acids
believed to be of benefit in cardiovascular disease are eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), both derived from marine sources. Omega-3 fatty
acids have the ability to lower high TG by 15–45% when used at higher doses of
3–6 g/day (60). In addition, there is modest evidence that omega-3 fatty acids lower the
risk for cardiovascular events, in particular sudden cardiac death, when used at lower
doses of 1–2 g/day. The GISSI-Prevenzione Trial (post-MI) showed a 21% reduction
in all-cause mortality and a 45% reduction in sudden death in the omega-3 fatty acid
treated group versus placebo �p < 0�01� (59). These benefits are the rationale behind
using omega-3 fatty acids in CHD patients. The most common therapeutic utilization
would be in combination with statins.

CHD AND THE TREATMENT OF DYSLIPIDEMIA

Evidence-based medicine strongly supports lowering LDL-C to reduce the risk of
CHD. TLC and pharmacotherapy remain the mainstay of treatment for improving
LDL-C levels. Statins have emerged as the treatment of choice to both lower LDL-C
and reduce the risk of CHD. Therefore, LDL-C is the primary target of intervention to
reduce CHD risk. Based on the most recent data, the ideal LDL-C for risk reduction may
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be well below 100 mg/dl. As such, the latest recommendations according to the ATP
III addendum suggest lower LDL-C targets for patients. In patients at “very high risk,”
the optional LDL-C goal is less than 70 mg/dl, and it may be reasonable, and a simpler
approach, to treat all CHD patients to LDL-C less than 70 mg/dl, as recommended
in the AHA/ACC guidelines for secondary prevention (5). In patients at “high risk,”
the optimal LDL-C goal remains less than 100 mg/dl. In patients considered to be at
“moderately high risk,” an LDL-C goal of less than 130 mg/dl is recommended, with
an optional LDL-C goal of less than 100 mg/dl.

TLC remains an essential modality in the management of CHD patients. TLC
probably reduces the risk of CHD by means other than just lowering LDL-C. Supervised
exercise associated with cardiac rehabilitation has been shown to improve multiple
cardiovascular and hemodynamic parameters beyond LDL-C lowering and without
LLT (5).

Statins reduce morbidity and mortality in patients with known CHD, with or without
elevated LDL-C levels. Aggressive LDL-C lowering with statins reduces recurrent
ischemic events in patients with ACS (36). In one meta-analysis of 25 studies enrolling
69,511 patients with CHD, statins reduced the risk of CHD mortality or nonfatal MI
by 25% and had an absolute risk reduction for these events of 3.8% [number needed to
treat (NNT) = 26] (61). Statins also lowered all-cause mortality by 16% and yielded
an absolute risk reduction for all-cause mortality of 1.8% �NNT = 56�, while lowering
CHD mortality by 23%, with an absolute risk reduction of 1.4% �NNT = 71� (61).

LIPID-LOWERING THERAPY IN CARDIAC REHABILITATION

Cardiac rehabilitation is uniquely positioned to play a vital role in optimizing
secondary prevention. Cardiac rehabilitation creates a bridge between inpatient
management of CHD and outpatient follow-up. It allows optimization of all CHD
risk factors through TLC recommendations (nutrition management, supervised exercise
therapy, and psychosocial management) and pharmacotherapy goals. The newer guide-
lines for achieving “optimal” and “optional” LDL-C goals in high-risk (CHD and CHD
risk equivalent) patients and very high risk (CHD plus other specified risk factors)
patients will require more intensive lipid lowering, which can be achieved by the use
of higher efficacy statins and combination therapies.
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Diabetes is one of the most common chronic diseases in the United States and one
of the major public health issues facing the world in the twenty-first century. The
human toll of diabetes can be gauged not only by medical statistics, which show it to
be the leading cause of end-stage renal disease and new cases of visual loss in persons
under the age of 65 years and a major cause of macrovascular disease, but also by
the quantity of health care resources consumed. Moreover, whereas the prevalence of
type 1 diabetes is increasing slowly, the prevalence of type 2 diabetes is increasing
explosively (1).

According to the most recent NHANES survey (1999–2000), 31% of adult
Americans have prehypertension [i.e., systolic blood pressure (BP) of 120–139 mmHg
and/or diastolic BP of 80–89 mmHg] and another 27% have hypertension (i.e., systolic
BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg and/or use of antihypertensive
medication) (2). Recent data further indicate that the prevalence of hypertension is
increasing and that control rates among those with hypertension remain low (3,4).

In this chapter, the classification, diagnosis, complications, and, especially, medical
management of diabetes and hypertension are briefly reviewed.

DIABETES MELLITUS

Diabetes Classification and Diagnosis
In 1997, the American Diabetes Association (ADA) revised their classification and

diagnostic criteria (5). The revised classification includes four major clinical classes
of diabetes, namely:

• Type 1 diabetes (results from beta-cell destruction, usually leading to absolute insulin
deficiency).
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• Type 2 diabetes (results from a progressive insulin secretory defect on the background
of insulin resistance).

• Other specific types of diabetes mellitus due to other causes, e.g., genetic defects in
beta-cell function, genetic defects in insulin action, diseases of the exocrine pancreas
(such as cystic fibrosis), and drug or chemical induced (such as in the treatment of
acquired immunodeficiency syndrome or after organ transplantation).

• Gestational diabetes mellitus (diagnosed during pregnancy).

For the clinician and patient, it is less important to label the particular type of
diabetes than it is to understand the pathogenesis of the hyperglycemia and to manage
it effectively (5).

The vast majority of cases of diabetes fall into two broad etiopathogenetic categories,
namely, type 1 diabetes and type 2 diabetes. Generally, people with type 1 diabetes
present with acute symptoms of diabetes and marked hyperglycemia. Type 2 diabetes
(90–95% of individuals with diabetes) is far more prevalent than type 1 diabetes (5–10%
of individuals with diabetes) but frequently goes undiagnosed for many years because
the hyperglycemia develops gradually and, at earlier stages, is often not severe enough
for the patient to notice any of the classic symptoms of diabetes. Unfortunately, this
relatively symptom-free undiagnosed period of diabetes is not benign – approximately
20% of newly diagnosed patients with type 2 diabetes already have evidence of chronic
complications (1).

Criteria for the diagnosis of diabetes in nonpregnant adults are shown in Table 1.
Hyperglycemia not sufficient to meet the diagnostic criteria for diabetes is categorized
as impaired fasting glucose (fasting plasma glucose = 100 to 125 mg/dl) or impaired
glucose tolerance (2-h plasma glucose = 140–199 mg/dl), and both of these conditions
have been officially termed “prediabetes” (5,6).

Complications of Diabetes
Acute, potentially life-threatening consequences of untreated or poorly managed

diabetes are hyperglycemia with ketoacidosis or nonketotic hyperosmolar syndrome.
Ketoacidosis seldom occurs spontaneously in persons with type 2 diabetes; when

Table 1
Criteria for the Diagnosis of Diabetes Mellitus

1. Symptoms of diabetes plus casual plasma glucose concentration ≥ 200 mg/dl. Casual is
defined as any time of day without regard to time since last meal. The classic symptoms of
diabetes include polyuria, polydipsia, and unexplained weight loss.

Or
2. Fasting plasma glucose ≥ 126 mg/dl. Fasting is defined as no caloric intake for at least 8 h.

Or
3. Two-hour postload plasma glucose ≥ 200 mg/dl during an oral glucose tolerance test. The
test should be performed as described by the World Health Organization, using a glucose load
containing the equivalent of 75-g anhydrous glucose dissolved in water.

In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat testing on
a different day. The third measure (oral glucose tolerance test) is not recommended for routine clinical
use (5).
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seen, it usually arises in association with the stress of another illness such as acute
infection. Hypoglycemia is most likely to occur in patients with diabetes who receive
treatment with insulin and, to a lesser degree, insulin secretagogues (i.e., sulfonylureas
or meglitinides).

Some of the major long-term complications of diabetes include retinopathy with
potential loss of vision; nephropathy leading to renal failure; peripheral neuropathy with
risk of foot ulcers, amputation, and Charcot joints; and autonomic neuropathy causing
gastrointestinal, genitourinary, and cardiovascular symptoms and sexual dysfunction.
Most importantly, a large body of epidemiological and pathological data document
that both type 1 and type 2 diabetes are independent risk factors for atherosclerotic
cardiovascular disease in both men and women (7).

Medical Management of Diabetes
A cardinal feature in preventing the complications of diabetes is early diagnosis

and management. People with diabetes should receive medical care from a physician-
coordinated team including (but not limited to) physicians, nurses, dietitians, exercise
physiologists, and mental health professionals with expertise and special interest in
diabetes. The treatment plan should recognize diabetes self-management education
as an integral component of care. Although glycemic control is fundamental to the
management of diabetes, it must be emphasized that diabetes care is complex and
requires that many issues (beyond glycemic control) be addressed. In this respect,
a large body of evidence exists, which supports a range of interventions to improve
diabetes outcomes. The standards of medical care for patients with diabetes, as recom-
mended by the ADA (6), can be summarized as follows (Table 2).

Recommended glycemic goals for nonpregnant individuals are summarized in
Table 2. Hemoglobin A1c (A1C) testing should be performed at least two times a year
in patients who are meeting treatment goals (and who have stable glycemic control)
and quarterly in patients whose therapy has changed or who are not meeting glycemic
goals. The management plan (i.e., lifestyle intervention and insulin therapy/oral antidi-
abetic medications) should be developed or adjusted to achieve normal or near-normal
glycemia with an A1C test goal of < 7% for patients in general and as close to normal
�< 6%� as possible without significant hypoglycemia for the individual patient. The
patient should be instructed in self-monitoring of blood glucose, and the patient’s
technique and ability to use data to adjust therapy should be routinely evaluated.

People with diabetes should receive individualized medical nutrition therapy (MNT)
as needed to achieve treatment goals, preferably provided by a registered dietitian
familiar with the components of MNT (8). A program of regular physical activity,
adapted to the presence of complications, is recommended for all patients with diabetes
who are capable of participating (6,9) – see chap. 19 for exercise-specific guidelines.
In addition to MNT and regular physical activity, cigarette smokers should receive
smoking cessation counseling and other forms of treatment as a routine component of
diabetes care.

A target BP goal of < 130/80 mmHg is recommended. BP should be measured
at every routine diabetes visit. Patients with a systolic BP of 130–139 mmHg or a
diastolic BP of 80–89 mmHg should be given lifestyle/behavioral therapy alone for a
maximum of 3 months and then, if targets are not achieved, in addition, be treated
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Table 2
Summary of Recommendations for Adults with Diabetes

Glycemic control
A1C < 7�0%∗

Preprandial capillary plasma glucose 90–130 mg/dl
Peak postprandial capillary plasma glucose† < 180 mg/dl
Blood pressure < 130/80 mmHg

Lipids‡

LDL < 100 mg/dl
Triglycerides < 150 mg/dl
HDL > 40 mg/dl§

Key concepts in setting glycemic goals
• A1C is the primary target for glycemic control
• Goals should be individualized
• Certain populations (children, pregnant women, and elderly) require

special considerations
• More stringent glycemic goals (i.e., a normal A1C, < 6%) may further

reduce complications at the cost of increased risk of hypoglycemia
• Less intensive glycemic goals may be indicated in patients with severe or

frequent hypoglycemia
• Postprandial glucose may be targeted if A1C goals are not met despite

reaching preprandial glucose goals

A1C, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
∗ Referenced to a nondiabetic range of 4.0–6.0% using a Diabetes Control and Compli-

cations Trial (DCCT)-based assay.
† Postprandial glucose measurements should be made 1–2 h after the beginning of the

meal, generally peak levels in patients with diabetes.
‡ Current guidelines suggest that in patients with triglycerides ≥ 200 mg/dl, the “non-HDL

cholesterol” (total cholesterol minus HDL) be utilized. The goal is < 130 mg/dl.
§ For women, it has been suggested that the HDL goal be increased by 10 mg/dl (8).

pharmacologically. Patients with hypertension (systolic BP ≥ 140 mmHg or diastolic
BP ≥ 90 mmHg) should receive drug therapy in addition to lifestyle/behavioral therapy.

In hypertensive patients with microalbuminuria or clinical albuminuria/nephropathy,
an angiotensin-converting enzyme (ACE) inhibitor or angiotensin-receptor blocker
(ARB) should be used. Initial drug therapy for hypertensive patients should be with
a drug class demonstrated to reduce cardiovascular events in patients with diabetes
(i.e., ACE inhibitors, ARBs, beta-blockers, diuretics, and calcium channel blockers).

Low-density lipoprotein (LDL) cholesterol should be lowered to < 100 mg/dl as the
primary goal of therapy for adults; an LDL goal of < 70 mg/dl is a therapeutic option
for patients with diabetes with cardiovascular disease. Triglycerides should be lowered
to < 150 mg/dl and high-density lipoprotein (HDL) cholesterol raised to > 40 mg/dl
in men and > 50 mg/dl in women. Lifestyle modification focusing on the reduction of
saturated fat and cholesterol intake, weight loss (if indicated), and increased physical
activity has been shown to improve the lipid profile in patients with diabetes and is
recommended for all patients. For those diabetic patients with cardiovascular disease
or over the age of 40 years, statin therapy to achieve an LDL cholesterol reduction
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of 30–40% regardless of baseline LDL cholesterol levels is recommended. For those
diabetic patients under the age of 40 years without cardiovascular disease but at
increased risk due to other cardiovascular risk factors who do not achieve lipid goals
with lifestyle modification alone, the addition of statin therapy is also appropriate.
Lowering triglycerides and/or increasing HDL cholesterol with a fibrate or niacin
should be considered in diabetic patients with elevated triglycerides and/or low HDL
cholesterol.

Aspirin therapy (75–162 mg/day) is recommended as a secondary prevention strategy
in those with diabetes and a history of cardiovascular disease. Aspirin therapy
(75–162 mg/day) is recommended as a primary prevention strategy in those with type 1
or type 2 diabetes at increased cardiovascular risk (including those who are > 40 years
of age). Aspirin therapy should also be considered for primary prevention in patients
between the age of 30 and 40 years with diabetes, particularly in the presence of other
cardiovascular risk factors. Combination therapy using other antiplatelet agents such
as clopidogrel in addition to aspirin should be considered in certain specific subsets of
patients with diabetes with cardiovascular disease.

In asymptomatic patients without documented cardiovascular disease, a risk factor
evaluation should be considered to stratify patients by 10-year risk, and risk factors
should be treated accordingly. The screening of asymptomatic patients with cardiac
stress testing remains controversial. Candidates for a screening exercise stress test
include those with a history of peripheral or carotid occlusive disease and those
with a sedentary lifestyle who are > 35 years of age and plan to begin a vigorous
exercise program. Candidates for a diagnostic exercise test include those with typical
or atypical cardiac symptoms and those with an abnormal resting electrocardiogram.
Patients with an abnormal exercise test and patients unable to perform an exercise test
require additional or alternative testing. Stress nuclear perfusion imaging and stress
echocardiography are considered to be valuable next-level diagnostic procedures.

In patients > 55 years of age, with or without hypertension but with cardiovascular
disease or another cardiovascular risk factor (e.g., dyslipidemia, microalbuminuria, or
smoking), an ACE inhibitor (if not contraindicated) should be considered to reduce
the risk of cardiovascular events. In patients with a prior myocardial infarction or
in patients undergoing major surgery, beta-blockers should be considered to reduce
mortality. In patients with treated heart failure, metformin use is contraindicated. The
thiazolidinediones are associated with fluid retention, and their use can be complicated
by the development of heart failure. Caution in prescribing thiazolidinediones in the
setting of known heart failure or other heart diseases, as well as in patients with
pre-existing edema or concurrent insulin therapy, is required.

An annual test for the presence of microalbuminuria should be performed in type
1 diabetic patients who have had diabetes ≥ 5 years and all type 2 diabetic patients
starting at diagnosis. Serum creatinine should be measured at least annually for the
estimation of glomerular filtration rate in all adults with diabetes regardless of the
degree of urine albumin excretion. The serum creatinine alone should not be used as a
measure of kidney function but instead used to estimate glomerular filtration rate and
stage the level of chronic kidney disease. To reduce the risk and/or slow the progression
of nephropathy, we should optimize both glucose and BP control. In the treatment
of microalbuminuria/macroalbuminuria/nephropathy, either ACE inhibitors or ARBs
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should be used (except during pregnancy). With the onset of overt nephropathy, dietary
protein intake should be restricted to ≤ 0�8 g/kg body weight/day (approximately 10%
of daily calories); further restriction may be useful in selected patients.

A comprehensive foot examination should be performed annually on patients with
diabetes to identify risk factors predictive of ulcers and amputations. Patients’ feet
should be visually inspected at each routine visit. All patients, especially those with
risk factors or prior lower-extremity complications, should be educated about the risk
and prevention of foot problems and self-care behavior reinforced. A multidisciplinary
approach is recommended for persons with foot ulcers and high-risk feet, especially
those with a history of prior ulcer or amputation. Patients with significant claudication
or a positive ankle–brachial index should be referred for further vascular assessment
and exercise training, medications, and surgical options considered.

Patients with type 1 diabetes should have an initial dilated and comprehensive
eye examination by an ophthalmologist or optometrist within 3–5 years after the
onset of diabetes. Patients with type 2 diabetes should have an initial dilated and
comprehensive eye examination by an ophthalmologist or optometrist shortly after
the diagnosis of diabetes. Subsequent examinations for type 1 and type 2 diabetic
patients should be repeated annually. Patients with any level of macular edema, severe
nonproliferative diabetic retinopathy, or any proliferative diabetic retinopathy should
be promptly referred to an ophthalmologist who is knowledgeable and experienced in
the management and treatment of diabetic retinopathy. Laser therapy can reduce the
risk of vision loss in patients with high-risk characteristics.

All patients should be screened for distal symmetric polyneuropathy at diagnosis
and at least annually thereafter, using simple clinical tests. Once the diagnosis of
distal symmetric polyneuropathy is established, special foot care is appropriate for
insensate feet to decrease the risk of amputation. Screening for autonomic neuropathy
should be instituted at diagnosis of type 2 diabetes and 5 years after the diagnosis of
type 1 diabetes. A wide variety of medications may be considered for the relief of
specific symptoms related to neuropathy (including tricyclic drugs, anticonvulsants, and
duloxitene for the management of neuropathic pain; metoclopramide for gastroparesis;
and various medications for bladder and erectile dysfunction).

An influenza vaccine should be provided annually to all adult diabetic patients.
In addition, adults with diabetes should receive at least one lifetime pneumococcal
vaccine. A one-time revaccination is recommended for individuals > 64 years of
age previously immunized when they were < 65 years of age if the vaccine was
administered > 5 years ago.

HYPERTENSION

Hypertension Classification and Diagnosis
An accurate BP reading is the most important part of the classification and diagnosis

of hypertension. Table 3 provides The Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) classification
of BP for adults aged 18 years or older (10). The JNC 7 classification is based on the
mean of two or more properly measured seated BP readings on each of two or more
office visits.
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Table 3
Classification and Management of Blood Pressure for Adults∗

Initial drug therapy

BP
classification

SBP
mmHg∗ DPB mmHg∗

Lifestyle
modifi-
cation

Without compelling
indication

With compelling
indications†

Normal < 120 And < 80 Encourage
Prehypertension 120–139 Or 80–89 Yes No antihypertensive

drug indicated.
Drug(s) for
compelling
indications.‡

Stage 1
hypertension

140–159 Or 90–99 Yes Antihypertensive
drug(s) indicated.

Drug(s) for
compelling
indications.‡

Other antihyper-
tensive drugs,
as needed.

Stage 2
hypertension

≥ 160 Or ≥ 100 Yes Antihypertensive
drug(s) indicated.
Two-drug
combination for
most.†

DBP, diastolic blood pressure; SBP, systolic blood pressure.
∗ Treatment determined by highest BP category.
† Initial combined therapy should be used cautiously in those at risk for orthostatic hypotension.
‡ Compelling indications include heart failure, postmyocardial infarction, high coronary artery disease

risk, diabetes, chronic kidney disease, and recurrent stroke prevention. Treat patients with chronic kidney
disease or diabetes to BP goal of < 130/80 mmHg (10).

In addition to BP determination, evaluation of patients with hypertension has three
primary objectives, namely, to assess lifestyle and identify other cardiovascular risk
factors or concomitant disorders that may impact prognosis and help guide therapy,
to reveal identifiable causes of hypertension, and to assess the presence or absence
of cardiovascular disease and target organ damage. The medical history, physical
examination, routine laboratory tests, and other diagnostic procedures are needed to
obtain the required information (10).

In more than 95% of cases, the etiology of hypertension is unknown, and it is
called primary, essential, or idiopathic hypertension. Secondary hypertension is hyper-
tension with a known cause. Identifiable causes of hypertension include sleep apnea,
drug-induced or drug-related causes, chronic kidney disease, primary aldosteronism,
renovascular disease, chronic steroid therapy and Cushing syndrome, pheochromo-
cytoma, coarctation of the aorta, and thyroid or parathyroid disease (10).

Complications of Hypertension
Chronic hypertension produces target organ damage to the heart, brain,

kidneys, peripheral vasculature, and eyes. Fortunately, the major clinical trials of
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antihypertensive therapy have demonstrated multiple benefits, including a 35–40%
reduction in the incidence of stroke, 20–25% reduction in myocardial infarction, and
more than 50% reduction in heart failure (11).

The relationship between BP and risk for cardiovascular events is continuous,
consistent, and independent of other cardiovascular risk factors. For individuals 40–70
years of age, each increment of 20 mmHg in systolic BP or 10 mmHg in diastolic
BP doubles the risk of cardiovascular disease across the entire BP range from 115/75
to 185/115 mmHg. Although both systolic and diastolic BP are important, in persons
older than 50 years, systolic BP is a much more important cardiovascular disease risk
factor than diastolic BP (10).

Medical Management of Hypertension
The goals of antihypertensive therapy are to control BP and to reduce cardiovascular

and renal morbidity and mortality by the least intrusive means possible. This may be
achieved through lifestyle modification alone or in combination with pharmacologic
treatment (Table 3). Individuals with a systolic BP of 120–139 mmHg and/or a diastolic
BP of 80–89 mmHg should be considered as “prehypertensive” and also require lifestyle
intervention.

The BP goal is < 130/80 mmHg in patients with hypertension with diabetes or
chronic kidney disease and < 140/90 mmHg in other patients with hypertension.
Because most patients with hypertension, especially those older than 50 years, will
reach the diastolic BP goal once systolic BP is at the goal level, JNC 7 recommends
that the primary focus be on achieving the systolic BP goal. Fig. 1 depicts the algorithm
recommended by JNC 7 for the treatment of hypertension. Therapeutic lifestyle changes
and pharmacologic interventions advocated by JNC 7 and the American Heart Associ-
ation can be briefly summarized as follows (10,12).

Lifestyle Modifications

Regular aerobic physical activity, such as brisk walking, should be performed for
at least 30 min/day on most days of the week – see chap. 16 for exercise-specific
guidelines. Overweight or obese persons should receive guidance on weight loss, with
the goal ideally being to attain a body mass index < 25 kg/m2; for nonoverweight
persons, a desirable body mass index of 18�5–24�9 kg/m2 should be maintained. Salt
intake should be lowered as much as possible, ideally to approximately 65 mmol/day
(corresponding to 1.5 g/day of sodium or 3.8 g/day of salt).

With the assistance of a dietician (if feasible), a diet rich in fruits and vegetables
(8–10 servings/day), rich in low-fat dairy products (2–3 servings/day), and reduced
in saturated fat and cholesterol should be recommended. Potassium intake should be
increased to 120 mmol/day (4.7 g/day), which is also the level provided in Dietary
Approaches to Stop Hypertension (DASH)-type diets. For those who drink alcohol,
consumption should be limited to no more than 2 drinks/day in most men and
1 drink/day in women and lighter-weight persons. For overall cardiovascular risk
reduction, cigarette smokers should quit smoking.
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Not at Goal Blood Pressure (<140/90 mmHg)
(<130/80 mmHg for patients with diabetes or chronic kidney disease)

Lifestyle modifications

Without compelling  indications
With compelling

indications*

Stage 1
Hypertension

(SBP 140 -159 or DBP 90 -
 99mmHg)  

Thiazide-type diuretics for 

most.  May consider other

antihypertensive drugs,

alone or in combination. 

Stage 2
Hypertension

(SBP    160 or DBP ≥ 100
mmHg)

Two-drug combination for
most

Drug(s) for the compelling
indication 

Other antihypertensive drugs as
needed 

Initial drug choices

Not at BP goal

Optimize dosages or add additional drugs until goal blood pressure is achieved.  
Consider consultation with hypertension specialist.  

DBP,  diastolic blood pressure; SBP,  systolic blood pressure.
 *Compelling indications include heart failure, postmyocardial infarction, high coronary heart disease risk, diabetes, chronic kidney
disease, and recurrent stroke prevention. Treat patients with chronic kidney disease or diabetes to a goal of <130/80 mmHg(10) .

≥

Fig. 1. Algorithm for treatment of hypertension.

Pharmacologic Treatment

Most patients with hypertension who require drug therapy in addition to lifestyle
modification will require two or more antihypertensive medications to achieve goal
BP. If BP is > 20/10 mmHg above the goal, consideration should be given to initi-
ating antihypertensive therapy with two agents, one of which should usually be a
thiazide-type diuretic. Thiazide-type diuretics should be used in drug treatment for
most patients with uncomplicated hypertension, either alone or combined with drugs
from other classes. Certain high-risk conditions are compelling indications for the
initial use of other antihypertensive drug classes. Compelling indications include
heart failure (diuretics, beta-blockers, ACE inhibitors/ARBs, and aldosterone antag-
onists), postmyocardial infarction (beta-blockers, ACE inhibitors/ARBs, and aldos-
terone antagonists), patients at high risk for coronary artery disease (diuretics, beta-
blockers, ACE inhibitors/ARBs, and calcium channel blockers), diabetes (diuretics,
beta-blockers, ACE inhibitors/ARBs, and calcium channel blockers), chronic kidney
disease (ACE inhibitors/ARBs), and recurrent stroke prevention (diuretics and ACE
inhibitors/ARBs).

After initiation of drug therapy, most patients should return for follow-up and
adjustment of medications at approximately monthly intervals until the BP goal is
reached. More frequent follow-up may be needed for patients with stage 2 hypertension
or with complicating comorbid conditions. Serum potassium and creatinine should be
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monitored at least 1–2 times per year. Follow-up visits can usually be at 3–6-month
intervals once BP is at goal and stable.

Other cardiovascular risk factors (such as serum lipids and lipoproteins and
diabetes) should be treated to their respective goals. Other evidence-based cardio-
protective drugs should be initiated, if clinically indicated. Low-dose aspirin therapy
for cardiovascular risk reduction should only be considered when BP is controlled,
because the risk of hemorrhagic stroke is increased in patients with uncontrolled
hypertension.

SUMMARY

Current evidence provides a strong rationale for the long-term aggressive control
of multiple cardiovascular disease risk factors as an essential strategy to normalize
endothelial function; halt or reverse the progression of atherosclerosis; prevent the
instability, rupture, and thrombosis of atherosclerotic plaques; and reduce mortality,
recurrent hospitalization, and the ongoing cost of medical care. In this chapter, the
classification, diagnosis, complications, and, especially, medical management of two
of the major cardiovascular disease risk factors, namely, diabetes and hypertension,
are briefly reviewed.
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INTRODUCTION

Today, physical activity is seen as a behavior that generally has beneficial effects on
exercise capacity and many of the physiologic processes involved in the development
of, as well as, primary prevention of coronary artery disease. Current public health
recommendations state that all people over 2 years of age should accumulate 30 min
of moderate-intensity endurance-type physical activity on most (preferably all) days of
the week (1). Additionally, the American College of Sports Medicine recommends that
at least two sessions each week incorporate resistance or strength training involving the
major muscle groups (2). For the past 25 years, exercise has also been recommended
for patients with heart disease.

Despite these benefits, the prevalence of no leisure-time physical activity in the
U.S. is approximately 24% and another 55% of Americans engage in exercise on an
irregular basis (3,4). Individuals with chronic illnesses such as myocardial infarction
(MI), heart failure, and stroke have rates of no leisure-time physical activity that
approach 50% (4), and only 30% of patients eligible for cardiac rehabilitation actually
are referred to formal cardiac rehabilitation programs (5). For women and the elderly,
the rates of referral to cardiac rehabilitation are even less.

The goals of this chapter are to (i) describe the cardiovascular response during an
acute bout of exercise, (ii) describe the cardiovascular response to an exercise-training
program and (iii) discuss the nuances of the exercise prescription for patients with
specific cardiovascular disease entities.

From: Contemporary Cardiology: Cardiac Rehabilitation
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PHYSIOLOGIC RESPONSES TO EXERCISE

The physiologic response to exercise varies depending on whether you are describing
the physiology of a single or acute bout of exercise, as occurs during an exercise test, or
whether you are describing the chronic adaptations that occur in response to repetitive
bouts of exercise training, as occurs with cardiac rehabilitation. Also, patients with
coronary artery disease may demonstrate a normal or abnormal physiological response
to exercise. Common hemodynamic responses to both acute and chronic exercise are
discussed below.

Heart Rate
The normal heart rate response during exercise is linear, due to a decrease in vagal

tone and an increase in sympathetic tone that allows the patient to achieve a heart
rate that is within two standard deviations of an age-predicted maximum. During
recovery, vagal tone increases and causes the heart rate to decrease fairly quickly
(Fig. 1). The measurement of heart rate at 1 and 2 min is termed heart rate recovery.
Failure to achieve predicted maximum heart rate, in the absence of beta-adrenergic
blocking agents, is called chronotropic incompetence. Abnormal heart rate recovery
is defined as a delayed decrease in heart rate of ≤ 12 beats per minute at 1 min and
≤ 22 beats per minute at 2 min. The presence of either chronotropic incompetence
or abnormal heart rate recovery during exercise is partly due to abnormalities of
sympathetic and parasympathetic tone and known predictors of higher cardiovascular
morbidity and mortality (6,7). With regular exercise training, vagal tone is increased and
sympathetic tone is decreased, resulting in a lower resting heart rate and improvement
in chronotropic incompetence.
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Fig. 1. Neurohumoral and heart rate changes during exercise. ↑= increase tone; ↓= decrease tone.
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Blood Pressure

The normal response of systolic blood pressure during incremental exercise is a
progressive rise of about 10 ± 2 mmHg/metabolic equivalent (MET), with a possible
plateau at peak exercise. Systolic blood pressure during exercise in patients with
coronary artery disease may respond normally or it may increase or decrease abnor-
mally. Exertional hypertension during a stress test is defined as a systolic blood pressure
of more than 250 mmHg and is a relative indication to stop the test (8). Exertional
hypotension is defined as a drop below resting blood pressure or a failure of systolic
blood pressure to rise. A decrease of ≥ 10 mmHg during an exercise stress test is
an indication to stop the test (8). Exertional hypotension may be attributed to left
ventricular dysfunction, a large area of exercise-induced ischemia or papillary muscle
dysfunction with mitral regurgitation and is associated with an increased risk of cardiac
events (8,9).

Because of a reduction in systemic vascular resistance in the metabolically
more active skeletal muscles during exercise, diastolic blood pressure usually
remains the same or decreases during exercise. Although an increase in diastolic
blood pressure of 15 mmHg or more may be associated with covert coronary
artery disease, several studies have shown that an exaggerated response of the
systolic blood pressure �> 220 mmHg� and/or an abnormal diastolic pressure
response (increase of 10 mmHg or > 90 mmHg) is more likely a marker for future
hypertension (10,11).

With an exercise-training program one can expect a modest decrease in both the
systolic and the diastolic blood pressure. The decrease in blood pressure is greatest in
patients with mild-to-moderate hypertension and averages 6 mmHg for systolic blood
pressure and 5 mmHg for diastolic blood pressure (12). In 1995, the effectiveness of
exercise training as a complement to pharmacologic therapy was demonstrated in adult
African-American men with severe hypertension (13).

Cardiac Output and Oxygen Uptake

Compared to rest, typically there is an 8–10-fold increase in oxygen uptake �VO2�
at peak exercise in healthy, active individuals. With exercise training, VO2 max can
be increased approximately 15–30% (14). In patients with coronary artery disease,
however, peak VO2 is reduced 20–35% when compared with age-matched normals (5,
15). The magnitude of reduction in peak VO2 depends on the severity of the disease
and is due to diminished cardiac output and peak blood flow within the peripheral
musculature. Exercise cardiac output may be reduced due to chronotropic incompetence
or left ventricular impairment from MI, or transient coronary ischemia, resulting in a
decrease in both ejection fraction and stroke volume (14).

Today, the benefits and risks of exercise are being studied on a vascular, cellular,
and/or neurohumoral level. The acute responses and chronic adaptations to regular
exercise are summarized in Table 1. A summary of the effects of a chronic exercise
program on cardiovascular risk factors is summarized in Table 2.
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Table 1
Physiologic Benefits of Exercise

Acute Chronic

Vascular
Vascular stenosis No benefit Partial regression > 2200 kcal/week
Collaterals No benefit No benefit
Endothelial Dysfunction No benefit Improved (Nitrous oxide ↑)
Capillary flow No benefit Increased

Autonomic nervous systems
Parasympathetic tone Decreased Increased
Sympathetic tone Increased Decreased

Hemostatic
Fibrinogen Increased Decreased
Factor VII – –
Platelet aggregation Increased Decreased
Fibrinolytic Increased Increased
Viscosity Increased Decreased

Inflammation
C-reactive protein and cytokines Increased Decreased

Table 2
Summary of Effects of Exercise on Selected Cardiovascular Risk Factor

Risk factor Effect

Smoking ±
Lipid abnormalities

Cholesterol ±
LDL cholesterol ±
HDL ↑ Mild to moderate (10%)

Hypertension ↓ Incidence (especially
among White males)

Systolic ↓ Average 6 mmHg
Diastolic ↓ Average 5 mmHg

Obesity ±
Diabetes

Insulin sensitivity ↑
Onset of type 2 diabetes Delayed

LDL, low-density lipoprotein; HDL, high-density lipoprotein; ↑, increase; ↓,
decrease; ±, little or no effect.

EXERCISE PRESCRIPTION/PROGRAMMING

Coronary Artery Disease
From primary prevention observational studies, we know that exercise, whether

measured as physical activity or physical fitness levels, reduces all-cause and
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Table 3
Summary of Unique Exercise Prescription Issue Among Patients with Cardiovascular Disease

Illness Comment

Coronary artery disease Frequency, duration, and intensity of
training should sum to yield a weekly
energy expenditure > 1500 kcal/week to
impact mortality.

Myocardial infarction Begin cardiac rehabilitation 1 week after
discharge at 50–60% of maximum VO2.

Angina Consider prophylactic nitroglycerin
15 min before anticipated exertion if
symptoms limit routine activities of
daily living or ability to train. Upper
heart rate for training should be set at 10
beats below angina or ischemic
threshold.

PTCA with or without stent Can begin cardiac rehabilitation
24–48 h after Percutaneous Coronary
Intervention (PCI) if there is no
evidence of myocardial damage or
hematoma at catheterization site.

CABG Can begin cardiac rehabilitation 1–2
weeks postoperative. Limited upper
body activities to mild intensity and
range of motion until 10–12 weeks
postoperative to allow healing of sternal
wound.

Heart failure If needed, initially guide exercise
intensity at 60% of heart rate reserve
and adjust duration to three bouts of
10 min each. Progress to one bout of
30–40 min. Titrate using the rating of
perceived exertion scale, set at 11–14.

Cardiac transplant Guide training intensity using RPE
(11–14) rather than heart rate.

Pacemaker, ICD, RCT Restrict all arm activity for 2 months
and vigorous arm activity for an
additional month. Set intensity at
50–85% of heart rate reserve or 10–15
beats below ischemic threshold or
ICD-activation threshold.

Valvular heart disease Follow CABG recommendations.

CABG, coronary artery bypass graft; ICD, implantable cardioverter defibrillator; PTCA, percutaneous
transluminal coronary angioplasty; RCT, randomized controlled trial; RPE, rated perceived exertion.
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cardiovascular mortality (16–18). Paffenbarger et al. (16), in their Harvard Alumni Study,
reported that 1500 and 2000 kcal/week of exercise are necessary to reduce all-cause and
cardiovascularmortality, respectively,whereasBlair et al. (17) reported thatonlyamodest
increase in fitness compared with those least fit is necessary to achieve the benefits of
reduced mortality from cardiovascular disease. In patients who already have coronary
artery disease, higher levels of physical activity may be needed. Hambrecht et al. (18)
found that a weekly caloric expenditure > 2200 kcal is associated with partial regression
of atherosclerosis in patients who already have coronary artery disease.

A meta-analysis published by Taylor et al. (19) examined 48 trials that included
8940 patients who had suffered an MI and were randomized to cardiac rehabilitation
versus usual care. The meta-analysis found that cardiac rehabilitation reduced all-cause
mortality by 20% and cardiovascular mortality by approximately 25%, but there was
no reduction in nonfatal MIs.

With regard to safety, the incidence of fatal and nonfatal cardiac events occurring
during or shortly after a cardiac rehabilitation exercise session is low. Fatal events
occur at a rate of approximately 1/900,000 patient-hours of participation in supervised
exercise training, with most events occurring in those patients considered to be at
high-risk for cardiac events. The rate of nonfatal MIs during cardiac rehabilitation is
approximately 1/250,000 patient-hours (20).

The general principles of the exercise prescription are discussed in chap. 2 and apply
to all patients – cardiac and noncardiac. Particularly among patients with coronary
artery disease, a low-intensity warm-up helps avoid the occurrence of ST-segment
depression, threatening arrhythmias, and transient LV dysfunction (21). The cool down
permits return of heart rate and BP to resting values, reduces the likelihood of postex-
ercise hypotension and dizziness, and combats the potential deleterious effects of the
postexercise rise in plasma catecholamines (22). Maintaining the heart rate during
exercise between 60 and 80% of heart rate reserve maximizes the health benefits while
minimizing the risk. Dynamic resistance exercise for upper and lower body is now part
of many structured cardiac rehabilitation programs (8). Moderate-intensity dynamic
resistance exercise results in improved muscle strength and endurance, both of which
are important for the safe return to activities of daily living, preventing falls, engaging
in vocational and avocational activities, and maintaining self-independence.

Myocardial Infarction
Cardiac rehabilitation programs generally include three stages: inpatient rehabili-

tation, outpatient rehabilitation, and maintenance. In-hospital cardiac rehabilitation is
often referred to as Phase I. The goals of Phase I are to minimize the deconditioning that
occurs as a result of bed rest and to begin a gradual progressive approach to exercise
and education about risk factor modification and the lifestyle changes necessary to
reduce future mortality and morbidity. Much of the deterioration in exercise tolerance
can be countered through simple exposure to orthostatic or gravitational stress (by
intermittent sitting or standing) and range of motion exercises. Patients who suffer an
MI should resume limited physical activity, as soon as they are free of chest pain and
hemodynamically stable.

Patients with an uncomplicated MI can begin outpatient cardiac rehabilitation 1
week after discharge. Outpatient cardiac rehabilitation is often referred to as Phase II.
Phase II is a multifaceted program lasting 1–3 months which emphasizes supervised
physical activity to improve conditioning and lifestyle changes to modify risk factors
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such as smoking cessation, weight management, healthy eating, and other factors to
reduce future all-cause and cardiac mortality. Maintenance cardiac rehabilitation is
referred to as Phase III (and IV) and involves continuation of exercise habits while
additional lifestyle changes are encouraged.

The American College of Cardiology (ACC) and American Heart Association
(AHA) Guidelines for Management of ST elevation MI (STEMI) (23) recommend that
these patients should be encouraged to participate in cardiac rehabilitation/secondary
prevention programs, particularly those STEMI patients with multiple modifiable risk
factors and/or moderate- to high-risk patients in whom supervised exercise training is
warranted. Most cardiac rehabilitation programs train patients at an intensity equivalent
to 60–85% of heart rate reserve, 3 nonconsecutive days per week, for 20–40 min of
aerobic exercise, with a 5–10-min warm-up and cool-down period. Patients suffering
an MI complicated by heart failure should start their training at the lower end of
their intensity range (50–60% of VO2 or heart rate reserve or 11–13 on the ratings
of perceived exertion scale) (8). As patients progress, they should be encouraged
to exercise at home as well, so that they are exercising most days of the week
(walking, jogging, cycling, or other aerobic activity), supplemented by an increase
in daily lifestyle activities (e.g., walking breaks at work, gardening, and household
work).

Exercise prescription for Patients with Heart Disease

The Surgeon General’s recommendation that all people over the age of 2 years
should accumulate 30–40 min of moderate-intensity exercise most days of the week
is consistent with an energy expenditure of 1000–1,400 kcal/week (1). For patients
participating in a maintenance (e.g., Phase III or IV) cardiac rehabilitation following
an MI or coronary revascularization, caloric expenditure has been measured at
230–270 kcal per a 45-min rehabilitation session (24). We, also, evaluated total
weekly caloric energy expenditure among patients exercising three times per week in
a maintenance cardiac rehabilitation program and observed an energy expenditure of
830 kcal for the week, falling short of the thresholds identified by Paffenbarger et al.
(1500 kcal) and Hambrecht et al. (2300 kcal) (25). Cardiac rehabilitation patients,
however, were more active outside of the program than we previously realized,
expending an additional 675 kcal/week in leisure-time physical activity for a total
weekly caloric expenditure ≥ 1500 kcal. In fact, 72% of patients exceeded 1000 kcal
and 43% exceeded 1500 kcal in total weekly energy expenditure. Thus, more than
one-third of patients reached or exceeded the minimum 1500 kcal threshold felt to
reduce all-cause mortality in a general population. It is important to note that patients
70 years and older, those with a BMI ≥ 30 and women, regardless of race, were
least likely to achieve 1500 kcal/week and represent groups that need to be targeted
with additional adherence strategies and supervision. When generating an exercise
prescription for patients with heart disease, the amount of energy expenditure during
both cardiac rehabilitation and leisure-time physical activity should be taken into
consideration. In addition to frequency, intensity, duration, and type of activity,
weekly caloric expenditure should be considered as a fifth component of the exercise
prescription. Table 4 summarizes the amount and intensity of exercise required to
reach specific caloric expenditure goals.
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Nontraditional exercise programs have been shown to be effective and safe in
selected populations (19). DeBusk et al. (26), as well as others, have reported their
experience with medically directed at-home rehabilitation after an uncomplicated MI.
A total of 127 male patients were randomized to home training or group training. At
26 weeks, exercise adherence was 72 and 71% for home training and group training,
respectively. No training complications occurred in either group. These findings support
the concept that medically directed at-home rehabilitation has the potential to increase
the availability and decrease the cost of rehabilitating low-risk survivors of acute MI.

Angina and Myocardial Ichemia
Exercise, lifestyle behavior changes, and medical compliance are beneficial for

people with stable angina and help reduce symptom occurrence, reduce overall cardiac
risk, and prevent/retard progression of atherosclerotic plaques. After routine coronary
angiography, Hambrecht et al. (27) randomized 101 male patients with stable coronary
artery disease to 12 months exercise training (20 min of exercise ergometry per day) or
percutaneous coronary intervention (PCI). Exercise training was associated with greater
improvement in subsequent functional capacity and higher event-free survival (88%
for exercise group versus 70% in the PCI group, P = 0�023). To improve one Canadian
Society angina class, $6956 was spent in PCI group versus $3429 in the training
group. The significantly lower costs occurred as a result of reduced hospitalizations
and revascularizations.

It was initially thought that the threshold at which the myocardium becomes ischemic
and angina occurs is reproducible and can be estimated by the rate–pressure product
(heart rate × systolic blood pressure). So that for a given patient performing a specific
activity at the same time of the day, there does appear to be reproducibility in the
rate–pressure product at which angina will occur (8). However, work by Garber et al.
(28) demonstrated that the angina threshold varies with the type of exercise performed.

Table 4
The Amount and Intensity of Exercise Required to Reach Specific Caloric

Expenditure Goals

Calorie expenditure
(kcal) Intensity Min/day∗ Outcome

1000 Moderate 30 Progression
Vigorous 20

1400 Moderate 40 Fitness
Vigorous 30

1500 Moderate 45 No change in CAD
Vigorous 30 ↓ All-cause mortality

2000 Moderate 60 ↓ CV mortality
Vigorous 40

2200 Moderate 65 Regression
Vigorous 45

CAD, coronary artery disease; CV, cardiovascular.
∗ Structured exercise plus leisure-time physical activity.
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Specifically, they found that the ischemic threshold varied depending on whether one
was performing a maximal stress test or a longer submaximal exercise session. In fact,
the ischemic threshold occurred at a lower heart rate during sustained submaximal
exercise training than during a maximal stress test. Circadian rhythm also effects
ischemic threshold. Quyyumi et al. (29) showed that ischemic threshold was lower at
1 p.m. than that at 8 a.m. and 9 p.m. Forearm vascular resistance was increased at
8 a.m. and 9 p.m. when compared with that at 1 p.m., suggesting vascular resistance
may be one of the mechanisms for variability in anginal threshold.

One goal for patients with angina is to increase the amount of symptom or ischemia-
free work or exercise they can perform at a given pressure–rate product (8). Exercise
lowers sympathetic tone, improves peripheral muscle oxygen extraction and endothelial
function, and reduces platelet aggregation and vascular tone (Table 1). As a result,
patients perform routine daily activities at a lower rate–pressure product, thus reducing
the amount of angina and fatigue. Therefore, more intense activities are subsequently
required to reach the rate–pressure product associated with ischemia (i.e., ischemic
threshold) (Fig. 2).

Exercise programming for patients with angina requires that they first recognize
and understand their symptoms. They need to identify the nature of their angina (e.g.,
chest, throat, back, and arm) and understand that there are no clinical benefits derived
from exercising with pain. They also need to identify which activities precipitate their
angina and modify the situation accordingly. For example, if walking in the cold causes
chest discomfort, then they should exercise indoors or consider wearing a scarf or other
protective wear over their mouth to warm/humidify inhaled air. Similarly, if carrying
out the garbage or walking the dog frequently causes chest pain, they should talk with
their doctor about taking sublingual nitroglycerin beforehand.

For patients with exercise-induced ischemia, the upper heart rate limit during exercise
should be set 10 or more beats below the heart rate or rate–pressure product at which
ischemia was first noticed (8). Myocardial ischemia may manifest itself as angina,
ST-depression with or without chest pain, ventricular arrhythmias, or abnormal blood
pressure response.

Medications such as beta-blockers, nitrates, and some calcium channel blockers
can influence the ischemic threshold. As a result, it is prudent to ensure that patients
take their medications at least 2 h before undergoing an exercise test administered for
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Fig. 2. Regular exercise training attenuates myocardial O2 demand. During exercise, as estimated
by rate–pressure product.
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the purpose of establishing the correct exercise training heart rate range. Ideally, the
physician would like to repeat the exercise test if a patient’s medication or dose is
changed, although this is not always realistic due to reimbursement issues.

Revascularization – Coronary Artery Bypass Graft and Percutaneous
Coronary Intervention

Patients undergoing coronary revascularization by either angioplasty/stent or
coronary artery bypass graft (CABG) surgery are expected to demonstrate an improved
exercise response. Signs of ischemia during exercise such as angina, ST-depression,
and hemodynamic abnormalities (i.e., chronotropic incompetence and blunted blood
pressure response) are often eliminated after revascularization or occur at higher-
intensity activities. Additionally, many of the benefits and limitations associated with
exercise are the same for patients after revascularization, as they are for patients
following an MI.

Recommendations for exercise programming for patients following PCI are generally
the same as for other patients with coronary artery disease. However, because most
patients undergoing PCI did not experience myocardial damage or extensive surgery,
they can sometimes begin cardiac rehabilitation 24–48 h after the procedure (30).
ACC/AHA Recommendations for Coronary Artery Bypass Graft Surgery (31) state
that cardiac rehabilitation should be offered to all eligible patients after CABG. Patients
undergoing CABG surgery can begin rehabilitation as early as 1–2 weeks after an
uncomplicated surgery; however, upper body exercise should be limited to range of
motion and light repetitive or rhythmic type activities such as arm ergometry until
8 weeks after surgery when sternal wound healing has occurred. For many patients,
light training with the upper limbs might begin with elastic bands and hand weights,
before progressing to resistance-type exercise machines. Physical activities such as
golf, bowling, and swimming can place stress on the sternal wound and should be
avoided for 12 weeks.

Heart Failure
A hallmark symptom of patients with chronic heart failure is exercise intolerance

or dyspnea on exertion. Compared with age-matched healthy normals, peak exercise
capacity is reduced approximately 40–50% in patients with heart failure (32). Several
mechanisms have been identified to explain the observed exercise intolerance, including
a reduction in peak cardiac output (approximately 40%), chronotropic incompetence,
and a reduced stroke volume. Also, the ability to increase blood flow to the more
metabolically active skeletal muscles during exercise is attenuated, due mostly to
both an exaggerated increase in direct sympathetic tone and an attenuated production
of endothelium-derived relaxing factor. There are also abnormalities in the skeletal
muscle such as a reduction in myosin heavy chain I isoforms, reduced activity of the
enzyme-associated aerobic metabolism, and a reduction in fiber size (32).

Current evidence (32,33) indicates that moderate exercise is generally safe and
results in improvement in quality of life, autonomic balance (i.e., parasympathetic
activity), exercise tolerance (peak VO2, approximately 15–35%), endothelial function,
chronotropic responsiveness, and skeletal muscle function. ACC/AHA 2005 CHF
Guidelines (34) state exercise training should be considered for all stable outpatients
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with chronic heart failure who are able to participate in the protocols needed to produce
physical conditioning.

When compared with apparently healthy people and those with ischemic heart
disease and normal ventricular function, there are only a few differences relative to
prescribing exercise in patients with New York Heart Association Functional Class II
or III heart failure. Specifically, duration of activity may need to be adjusted to allow
these patients more opportunity for rest and to progress at their own pace. In fact, some
patients may better tolerate discontinuous training involving short bouts of exercise
interspersed with bouts of rest (35). The American College of Sports Medicine (8)
recommends that patients with a baseline exercise capacity < 3 METs should begin with
interval training of 3–5-min duration, two to three times a day to counteract fatigue.
Patients with exercise capacity of 3–5 METs can start with 5–10-min sessions one to
two times daily. The patient with heart failure should be encouraged to progressively
increase exercise duration, as tolerated, until able to tolerate one bout of 30–40 min
four to six times per week.

Prior research indicates that different exercise intensities have been used to increase
exercise tolerance, yet yielded similar relative gains in cardiovascular fitness (32). On
the basis of these data, for the first few exercise sessions, it seems reasonable to guide
exercise intensity at 60% of heart rate reserve, titrated based on a patient’s subjective
feelings of fatigue using the rating of perceived exertion scale of 11–14. In view of
conflicting reports about whether there is a further decrease in left ventricular function
when patients with chronic heart failure train above ventilatory threshold (VT) (32,36),
it seems prudent to set subsequent exercise intensity at 60–70% of heart rate reserve.

Presently, some cardiac rehabilitation programs in the U.S. decide on the use of
electrocardiographic (ECG) telemetry monitoring when exercising patients with heart
disease, both with and without heart failure, based on a patient’s risk for exercise-related
events. Although ECG telemetry monitoring during cardiac rehabilitation is common
in the U.S., it is important to point out that such an approach is not used in either
Canada or Europe. Albeit limited, analysis of safety data from the European Heart
Failure Training Group (36) and the EXERT trial (33) suggest that ECG monitoring
may not be necessary when exercising patients with stable, chronic heart failure.

Cardiac Transplant
Despite receiving a donor heart with normal systolic function, cardiac transplant

recipients continue to experience exercise intolerance after surgery approximately
40–50% below that of age-matched normals. This exercise intolerance is believed to
be primarily due to the absence of efferent sympathetic innervation of the myocardium,
residual skeletal muscle abnormalities developed prior to transplantation due to heart
failure, and decreased skeletal muscle strength (37).

Following surgery, medical management focuses on preventing rejection of the
donor heart by suppressing immune system function, while avoiding complicating side
effects such as infections, hyperlipidemia, hypertension, osteoporosis, diabetes, certain
cancers, and accelerated graft atherosclerosis of the epicardial and intramural coronary
arteries. Except for cyclosporine, which may cause an increase in blood pressure at rest
and during submaximal exercise, none of the other medications used to control immune
system rejection in cardiac transplant recipients appear to influence the physiologic
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response of these patients during an acute bout of exercise or prevent the development
of a safe exercise prescription for aerobic conditioning (37).

Owing to the denervated myocardium in cardiac transplant recipients, many differ-
ences in the cardiopulmonary and neuroendocrine response are evident at rest, during
exercise and in recovery. These abnormalities include an elevated resting heart rate
(often > 90 per min), elevated systolic and diastolic blood pressures at rest due
to increased plasma norepinephrine and the immunosuppressive medications (i.e.,
cyclosporine and prednisone), an attenuated increase in heart rate during submaximal
work, a lower peak heart rate and peak stroke volume, a greater rise in plasma
norepinephrine during exercise, and a delayed slowing of heart rate in recovery (37).
Delayed heart rate in recovery is thought to be due to increased levels of plasma
norepinephrine, exerting its positive chronotropic effect in the absence of vagal efferent
innervation.

To prescribe exercise and guide exercise intensity in cardiac transplant recipients,
it is best to simply disregard all heart rate-based methods because of the abnormal
heart rate control in these patients (38). For example, it is common to find persons
with cardiac transplant achieving an exercise heart rate during training that not only
exceeds 85% of peak but is often equal to or greater than the peak rate attained during
their last symptom-limited exercise test. Ratings of perceived exertion between 11 and
14 should be used to guide exercise-training intensity.

Among cardiac transplant patients who undergo exercise training, exercise capacity
increases by about 15–40%; resting heart rate is unchanged or decreases slightly; peak
heart rate increases; there is little, if any, change in peak stroke volume or cardiac
dimensions; and the quality of life is favorably altered (37). In the most comprehensive,
prospective, randomized trial to date, Kobashigawa et al. (39) showed a 49% increase
in peak VO2 and a 23 beats per minute increase in peak heart rate.

In addition, these patients can benefit from a systematic program of resistance
training, because a leg-strength deficit exists and contributes to the reduced exercise
capacity that persists after surgery. Braith and Edwards (40) showed that resistance
training improves muscular endurance, but it also partially restores bone mineral
density and addresses the skeletal muscle abnormalities (i.e., strength development,
lipid content, and fiber size) that commonly occur due to long-term corticosteroid
therapy. A progressive resistance training program of 7–10 exercises that focuses on
the legs, back, arms, and shoulders is started at least 12 weeks after surgery and
performed two times per week should suffice (40).

Pacemakers/Defibrillators
Patients with pacemakers and implantable cardioverter defibrillators (ICDs) should

wait 6 weeks following implantation to begin exercise to avoid dislodgement. Today,
most patients receive rate-responsive pacemakers that respond to exercise by gradually
increasing the rate (referred to as the ramp) until the upper rate of the pacemaker is
reached (referred to as the upper rate limit). Both the ramp and the upper rate limit of
the pacemaker are adjustable to maximize a patient’s exercise performance. ICDs have
several programmable parameters for identifying life-threatening arrhythmias. One of
these parameters is a threshold heart rate above which the ICD will fire. Obviously,
patients with pacemakers and ICDs need to have an exercise prescription that takes
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into account their age, underlying heart disease, their functional capacity, and their
device. Generally, exercise heart rate in these patients should be set at 10 or more
beats below the ischemic threshold or ICD-activation threshold (41). Exercise tests
performed to evaluate ischemia in patients with pacemakers and/or ICD will require
imaging studies during the test because of the abnormal resting ECG.

Valvular Heart Disease
Patients with valvular heart disease are not unlike patients with other types of

heart disease, and the basics for exercise programming are the same. Prior to valve
surgery, patients with valvular heart disease are frequently limited in physical activity
by dyspnea and fatigue similar to patients with congestive heart failure. They are
frequently the New York Heart Association (NYHA) class II–IV with a functional
work capacity that may be as low as 3–4 METs. For those patients who are not in
decompensated heart failure, a regular exercise program is recommended.

After valvular surgery, the exercise component of cardiac rehabilitation is useful in
reversing the deconditioning that occurs as a result of bed rest after surgery. Sire (42)
reported that exercise training increased peak aerobic capacity and decreased the
pressure–rate product and the rating of perceived exertion at a fixed workload. After
aortic valve replacement, exercise training increased peak aerobic capacity by 38%
when compared with no change in similar control patients receiving usual care (42).

CONCLUSION

Since 1972, regular exercise training has become increasingly utilized in patients
with a variety of cardiac related problems (43). Exercise training is recommended
because of its beneficial effects on symptoms, functional capacity, physiology, mood,
and clinical outcomes. Future investigations should be concerned with developing
behavioral approaches and techniques to increase a patient’s long-term compliance
with cardiac rehabilitation strategies. Also, because diastolic function abnormalities are
associated with dyspnea and fatigue, two symptoms known to benefit from exercise
training, the role of exercise training in treating abnormalities of diastolic function
deserves additional study.
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Increasing levels of physical activity, together with reduced sodium intake, weight
loss, and limited alcohol consumption are therapeutic lifestyle changes known to effec-
tively reduce blood pressure (1). Data from the Coronary Artery Risk Development in
Young Adults (CARDIA) study support the fact that cardiovascular fitness is inversely
related to the development of hypertension, diabetes, the metabolic syndrome, and
hypercholesterolemia (2). Dynamic aerobic training, in particular, has been shown to
lower conventional and daytime blood pressure readings among hypertensive patients
(3). In general, exercise provides a substantial benefit for patients with both hyper-
tension and cardiovascular disease and reduces the 10-year cardiovascular risk by 25%
(4). From a clinical standpoint, a reduction of as little as 3 mmHg in average population
systolic blood pressure (SBP) has been estimated to reduce coronary heart disease
by 5–9%, stroke by 8–14%, and all-cause mortality by 4%. Two other advantages of
exercise as a therapeutic intervention are its positive effect on multiple cardiovascular
disease risk factors and the fact that moderate exercise is low risk and has very few
contraindications for most people.

MECHANISMS OF BLOOD PRESSURE RESPONSE TO EXERCISE

Exercise has been shown to have both an acute and a chronic effect on blood
pressure. The typical blood pressure response to an acute bout of aerobic exercise
is a gradual increase in SBP and a gradual decrease or no change in diastolic blood
pressure (DBP). Shown in Fig. 1 are the systemic blood pressures (A) and systemic
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vascular resistance (B) responses at rest and during dynamic exercise. Systolic and
diastolic pressures at rest average around 125 and 80 mmHg, respectively, with a mean
pressure of about 95 mmHg. Systemic vascular resistance in humans can be calculated
from the relationship:

Systemic vascular resistance (R) = mean pressure �Pmean�

cardiac output (Q)
�

Therefore, if Q at rest is 5 l/min, then R is ∼ 19 mmHg/min (95 mmHg/5 l/min)
(Fig. 1B).

During exercise, blood pressure increases as a result of the accompanying increase
in cardiac output or, more specifically, of increases in stroke volume and heart rate

(A)

(B)

Fig. 1. (A) Acute blood pressure response to exercise. (B) Changes in systemic vascular resistance
to flow during exercise.
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brought about by changes in the autonomic nervous system and hormonal influences.
Actually, as shown in Fig. 1A, this affects systolic pressure more than diastolic or
mean pressure. The reason for this is that during exercise there is a simultaneous
decrease in resistance due to vasodilation of the arterioles supplying blood to the more
metabolically active skeletal muscles. This means that more blood will drain from the
arteries through the arterioles and into the active muscle capillaries, thus minimizing
changes in diastolic pressure. In turn, changes in mean arterial pressure will also be
minimized. These changes in resistance during exercise are impressive. For example,
at maximal exercise, with Pmean = 126 mmHg and Q = 30 1/ min, resistance would be
126/30 = 4�2 mmHg/l/ min. This represents a 4.5-fold decrease from that at rest.

The blood pressure response to exercise differs between normotensive and hyper-
tensive people. In normotensive individuals, acute bouts of dynamic exercise result
in a higher SBP (usually < 220 mmHg) and a reduction in peripheral vascular resis-
tance as described above. However, because of an elevated baseline level, the absolute
level of SBP attained during dynamic exercise is usually higher in persons with
hypertension �> 220 mmHg�. In addition, DBP may not change, or may even slightly
rise, during dynamic exercise, probably as a result of impaired endothelial function
and increased sympathetic outflow. Patients with hypertension exhibit an increase
in the total peripheral resistance and increases in myocardial oxygen consumption
and impaired vasodilation (5). The blood pressure response in normal and borderline
hypertensive men is illustrated in Fig. 2.

Immediately following an acute bout of exercise, a postexercise hypotension
phenomenon has been recognized in both normotensive and hypertensive individuals.
This response may last up to 22 h after exercise and, due to the decrease in systemic
vascular resistance, usually drops the arterial blood pressure by 5–7 mmHg. The
reduction in blood pressure after exercise can be sustained for up to 1–2 weeks, after
three or more separate bouts of exercise (6). Over time, these changes chronically
translate into eccentric left ventricular hypertrophy with a preserved cardiac function
(7). Stretching caused by the overload from exercise translates into cardiomyocyte
expansion, hypertrophic remodeling, and an increase in the contractile force per cell
(8). This homogenous, physiologic remodeling is beneficial, as opposed to the patho-
logic concentric hypertrophy related to chronic hypertension, which involves apoptotic
processes and the replacement of necrotic tissue by fibroblasts and collagen (9).

A reduction in the cardiac output and/or a reduction in the peripheral vascular
resistance are postulated as possible mechanisms for the antihypertensive effects of
exercise training (10–12). Aerobic exercise is also associated with a decrease in
plasma noradrenaline, which correlates with the reductions in SBPs and DBPs that are
common among hypertensive individuals with elevated resting catecholamine levels.
This reduction in levels of sympathetic activity may correlate with the reduction in
cardiac output as well as in peripheral resistance (13). At the endothelial level, the
elevated shear stress in the vessel walls, a product of the increased blood flow to
muscles during exercise, likely serves as a stimulus for nitric oxide release, thus leading
to smooth muscle-mediated vasodilation (14). Reactive hyperemia, an index of the
nitric oxide-related vasodilation, improved with long-term aerobic exercise in a study
of Japanese patients with mild-to-moderate essential hypertension (15).
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Fig. 2. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) responses in normal and
borderline hypertensive men.

There is also a depletion of whole blood and plasma volumes, as well as
sodium depletion, noted by a significant correlation between the changes in the
sodium/potassium ratio and SBP (16). These changes were confirmed in a study where
middle-aged men with essential hypertension subjected to regular exercise experi-
enced a significant reduction in blood pressure, a higher serum Na:K ratio, a higher
cardiac index, and lower total peripheral resistance (17). These findings help explain
the theory that exercise reduces blood pressure more effectively in volume-dependent
hypertensives.

CLINICAL EVIDENCE

Data from the First National Health and Nutrition Examination Survey (NHANES
I) with 9791 study subjects revealed a favorable association between exercise and
outcomes (all-cause and cardiovascular mortality) in hypertensive individuals (p <
0�001 and p = 0�002, respectively), when compared to normotensive and prehyper-
tensive subjects (18). The chronic effects of regular exercise on individuals with
hypertension are reflected by an average blood pressure reduction of 2.6–7.4 mmHg
(19). Thus, prescribing exercise should be a standard of practice, especially in patients
with hypertension.
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Data from multiple randomized controlled clinical trials support the use of exercise
for blood pressure reduction (20). Despite this overwhelming evidence, some aspects
remain undefined; one example is whether the reduction in blood pressure is
independent of weight reduction, body composition, and other modifiable risk factors.
A meta-analysis of 44 randomized controlled clinical trials indicates that endurance
exercise contributes to the control of blood pressure in overweight as well as in lean
subjects, although a significant decrease in the BMI occurred in the obese population
only (21). Although exercise seems to exert its benefit independently from other
modifiable factors, the PREMIER clinical trial established that blood pressure control
was most successful among individuals undergoing multiple behavioral interventions
including physical activity, weight loss, decreased sodium intake, decreased daily
intake of alcohol, and a diet high in fruits and vegetables and low in saturated and
total fat (DASH diet) (22).

Another meta-analysis of 54 randomized controlled trials (2419 patients) evaluating
the effect of aerobic exercise on blood pressure reported an overall significant reduction
in mean SBP �−3�8 mmHg� and mean DBP �−2�6 mmHg� (23). Aerobic exercise
lowered BP in people who were normotensive or hypertensive, overweight or of normal
weight, and Black, White, or Asian. These results are tabulated in Table 1. In addition,
all frequencies, intensities, and types of aerobic exercise lowered BP. These results are
summarized in Table 2. BP was significantly reduced even in trials whose participants
did not lose weight.

Other factors such as daily emotional fluctuations, stress, and degree of physical
activity have also been implicated in the severity of hypertension and its response to
exercise. Regular aerobic exercise together with weight loss has particularly proven
to be beneficial in the reduction of diastolic and mean arterial blood pressure during
activities of daily living. In a study of 112 participants, the elevations of blood pressure

Table 1
Effect of Aerobic Exercise on Blood Pressure

with Regard to Hypertensive Status, Ethnicity,
and Baseline BMI

Parameters (# studies) SBP (mmHg) DBP (mmHg)

Hypertensive status
Hypertensive (15) −4�94 −3�73
Normotensive (27) −4�04 −2�33

Ethnicity
White (23) −3�44 −2�61
Asian (6) −6�22 −6�58
Black (4) −10�96 −3�25

Baseline BMI
< 24�5 �11� −3�9 −2�4
24.5–26.4 (12) −4�5 −3�6
> 26�4 �12� −2�2 −1�8

BMI, body mass index; DBP, diastolic blood pressure; SBP,
systolic blood pressure.
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Table 2
Effect of Aerobic Exercise on Blood Pressure with Regard
to Exercise Type, Weekly Exercise, and Exercise Intensity

Parameters SBP (mmHg) DBP (mmHg)

Exercise type
Bike (17) −5�6 −4�0
Walk or Jog (23) −2�6 1�7
Mixed or other (13) −3�6 −2�3

Weekly exercise (min/week)
< 120 �21� −2�8 −2�2
120–150 (15) −4�7 −2�1
> 150 �13� −5�1 −2�8

Exercise intensity
Low (7) −4�1 −2�7
Moderate (28) −4�3 −3�6
High (10) −4�0 −1�5

DBP, diastolic blood pressure; SBP, systolic blood pressure.

associated with the emotional distress and physical activity variations during a typical
day, notably improved with 55 min of daily exercise �p < 0�005�; exercise alone only
improved blood pressure during low degrees of activity and distress (24).

EXERCISE AND HYPERTENSION IN THE ELDERLY

The control of isolated systolic hypertension in the elderly is a topic of debate.
Progressive degeneration of the arterial media and increased collagen and calcium
deposition results in stiffening of the arteries in the elderly, hypertensive population
(25). These changes seem to be hastened by the effect of prolonged high blood pressure
levels. Clinically, this is manifested by an elevated SBP and has been implicated
as a contributor to cardiovascular morbidity and mortality (26). However, moderate
aerobic exercise training has failed to improve large-artery stiffness in patients with
isolated systolic hypertension (27). Nonetheless, a study involving elderly individuals
with essential hypertension that were randomized to a low- or moderate-intensity
training program found that low-intensity exercise significantly reduces the systolic
BP 7 mmHg after 9 months of regular training �p < 0�05�. Both low- and moderate-
intensity exercise, however, reduced the DBP and mean BP by 9 mmHg and 8 mmHg,
respectively, when compared with the control group of patients not exercising (28). An
increase in the total body fat, particularly abdominal fat that is more prominent with
aging, is also directly related to the appearance of hypertension in this age group (29).
Data obtained from the Senior Hypertension and Physical Exercise (SHAPE) study
revealed that after a 6-month randomized controlled trial of aerobic and resistance
training, exercisers failed to significantly reduce their SBP (change of −0�8 mmHg from
baseline) (30). Aortic stiffening, as measured by aorto-femoral pulse-wave velocity,
failed to improve with exercise as well; this would explain the resistance of systolic
hypertension to improve with physical activity in the elderly.
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However, a meta-analysis involving 802 normotensive and hypertensive patients
older than 50 years demonstrated a significant reduction of 2 mmHg in SBP (20).
Younger adult populations exhibit a better response to exercise. For instance, a study
involving postmenopausal women with an average age of 55 years revealed a signif-
icant reduction in the systolic (from 142 mmHg to 131 mmHg, 8%) and mean arterial
blood pressure (from 103 mmHg to 98 mmHg, 5%) after 24 weeks of regular walking
in prehypertensive and stage I hypertensive patients. Systolic BP and mean arterial
BP remained constant in the control group throughout the 24 weeks. There was no
significant change in resting DBP in either group across 24 weeks. The improvement
was unrelated to body composition, diet, or fasting insulin levels (31).

PRESCRIPTION OF EXERCISE FOR PATIENTS
WITH HYPERTENSION

As a consensus, patients with hypertension should exercise most or all days of the
week, for a minimum of 30 min of moderate aerobic exercise. Resistance training should
serve as an adjunct to an aerobic-based program (32). Moderate-intensity exercise
should be defined as one producing an elevation to 50–60% of the maximum heart rate
and associated with 40–60% of the heart rate reserve or VO2 reserve. For endurance
exercise training, it appears prudent to maintain exercise blood pressure values less
than 220/105 mmHg. Moderate-intensity exercise has been proven to be as effective as
vigorous activity in lowering blood pressure and is associated with fewer cardiovascular
and musculoskeletal adverse effects (33). Hypertensive patients seem to maximally
benefit from aerobic exercise involving large muscle groups such as walking, running,
cycling, or swimming.

The prescription of exercise will vary according to the stage of hypertension
(Table 3), the cardiovascular status in general, and the patient’s age. These factors
will determine the frequency, intensity, duration, and type of exercise advised, and
whether exercise testing and monitoring is required. For instance, patients who are older
�> 50�, with documented hypertension and suspected cardiovascular disease, will need
evaluation and/or monitoring by a clinical exercise physiologist; in these cases only
light-to-moderate physical activity is recommended (Table 4). Conversely, younger
prehypertensive patients with no documented atherosclerotic disease may engage in
more strenuous activities and likely do not require initial testing or monitoring (36).

The evaluation of patients who will start to exercise depends on the intensity
of the anticipated activity and on the patient’s cardiovascular risk factors. Peak or
symptom-limited exercise testing is warranted in patients with hypertension about to
engage into hard physical activity or in those individuals with cardiovascular disease.
Patients without cardiovascular disease, but with blood pressure > 180/110 mmHg,
may benefit from exercise testing before moderate activity but not before light activity.
Commonly used criteria for discontinuation of exercise testing include SBP and/or DBP
values > 250 mmHg and 115 mmHg, respectively (19). Conversely in asymptomatic
individuals with BP < 180/110 mmHg who are about to engage in light-to-moderate
physical activity, no further testing is advised (Table 4). All hypertensive patients,
however, must be carefully screened with a history and physical examination for the
presence of secondary causes of hypertension, the presence of risk factors, target-organ
damage, and the presence of cardiovascular disease (19).
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Table 4
How to Prescribe Exercise to Hypertensive Patients Based on Health Status and Age

Patient
category Column A Column B Column C

• Prehypertensives
with no suspected
CVD < 50 years

• Stage 1
hypertensives < 50
years

• Prehypertensives
with suspected
CVD

• Prehypertensives
> 50 years with no
suspected CVD

• Stage 2
hypertensives with
no suspected CVD
< 50 years

• Stage 1 and Stage
2 hypertensives
with no suspected
CVD > 50 years

• Stage 1 and Stage
2 hypertensives
with suspected
CVD

Exercise
testing and
monitoring

Not necessary Recommended Recommended

Exercise type Aerobic activities:
walking, jogging,
cycling, swimming

Walking, cycling until
medically evaluated

Low-impact
activities such as
walking, cycling, and
swimming

Resistance training for
retaining muscle mass

Send to clinical
exercise physiologist
for conditioning and
aerobic training advice

Resistance training
for muscle
maintenance

Monitoring not
necessary but suggest
they seek advice from
a clinical exercise
physiologist for a
conditioning and
aerobic-based training
program

Monitoring probably
not necessary unless
patient has been
sedentary for a
number of years and
feels uncomfortable
about exercise

Send to clinical
exercise physiologist
for monitored
conditioning program

Resistance training for
muscle maintenance

Follow aerobic
training program
designed by a clinical
exercise physiologist.
Periodic monitoring
may be necessary

Frequency 6–7 days/week 5–7 days/week 5–7 days/week

Intensity Start with 20–30 min
continuous aerobic
activity at comfortable

Work at
light-to-moderate
intensity until

Light to moderate.
Lower intensity can
star with

(Continued)
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Table 4 (Continued)

Patient
category Column A Column B Column C

pace (50–65%) of evaluated 20–30 min/day of
maximum heart rate
for 3–4 weeks for
general conditioning

and conditioned continuous activity
then build to
45–60 min/day

Then exercise at up to
85% of maximum
heart rate

Then undertake a
maintenance aerobic
program at up to 85%
of maximum heart rate

Maintain an
endurance-based
resistance training
for muscle
maintenance

Maintain an
endurance-based
resistance training for
muscle maintenance

Maintain an
endurance-based
resistance training for
muscle maintenance

Duration Aim for
30–60 min/day
(minimum
150 min/week of
aerobic activity)

Start with
20–30 min/day of
continuous
activity. Build to
30–60 min/day
(minimum
150 min/week)

Start with
20–30 min/day
of continuous
activity. Build to
30–60 min/day
(minimum
150 min/week)

Weight
problems

For patients who
are overweight,
emphasize weight
reduction through diet
modification. Goal is
60 min/day of aerobic
exercise. Suggest
alternating aerobic
activity type to avoid
injuries. Emphasize
endurance resistance
training of three sets of
12–15 repetitions. Do
not make resistance
training main exercise.
It is important not to
hold breath while
lifting weights.

CVD, cardiovascular disease. 2006 Australian Family Physician. Reproduced with permission from
The Royal Australian College of General Practitioners (35).
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OVERVIEW

The term diabetes mellitus refers to various conditions associated with disordered
glucose metabolism and hyperglycemia. This group of conditions includes disease
states caused by insulin deficiency, alteration in insulin activity, or both. Tradi-
tionally, diabetes has been broadly classified as either type 1 or type 2, primarily
based on the presence or absence of endogenous insulin production. However, it is
increasingly obvious that diabetes is a significantly heterogenous condition and that
many individuals are not easily classified into one of these two groups. Aside from
genetic and environmental effects, a large number of pancreatic conditions, drugs,
infectious agents, and endocrine or metabolic conditions have been associated with the
development of diabetes (1,2). Table 1 summarizes the wide variety of genetic defects,
pancreatic disorders, endocrinopathies, infectious agents, and medications which may
be associated with diabetes. For the purposes of this text, discussion will primarily
focus on the commonly recognized features of type 1 and type 2 diabetes. Although
these conditions may vary considerably with respect to pathophysiology, presentation,
and management options, it is important to recognize that the complications of both
types are the same and may be quite severe.
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Table 1
Etiologic Classification of Diabetes Mellitus (2)

I. Type 1 diabetes (ß-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with relative insulin
deficiency to a predominantly secretory defect with insulin resistance)

III. Other specific types
A. Genetic defects of ß-cell function

1. Chromosome 12, HNF-1 (MODY3)
2. Chromosome 7, glucokinase (MODY2)
3. Chromosome 20, HNF-4 (MODY1)
4. Chromosome 13, insulin promoter factor-1 (IPF-1; MODY4)
5. Chromosome 17, HNF-1ß (MODY5)
6. Chromosome 2, NeuroD1 (MODY6)
7. Mitochondrial DNA
8. Others

B. Genetic defects in insulin action
1. Type A insulin resistance
2. Leprechaunism
3. Rabson–Mendenhall syndrome
4. Lipoatrophic diabetes
5. Others

C. Diseases of the exocrine pancreas
1. Pancreatitis
2. Trauma/pancreatectomy
3. Neoplasia
4. Cystic fibrosis
5. Hemochromatosis
6. Fibrocalculous pancreatopathy
7. Others

D. Endocrinopathies
1. Acromegaly
2. Cushing’s syndrome
3. Glucagonoma
4. Pheochromocytoma
5. Hyperthyroidism
6. Somatostatinoma
7. Aldosteronoma
8. Others

E. Drug- or chemical-induced
1. Vacor
2. Pentamidine
3. Nicotinic acid
4. Glucocorticoids
5. Thyroid hormone
6. Diazoxide
7. ß-adrenergic agonists
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8. Thiazides
9. Dilantin

10. Alpha-interferon
11. Others

F. Infections
1. Congenital rubella
2. Cytomegalovirus
3. Others

G. Uncommon forms of immune-mediated diabetes
1. “Stiff-man” syndrome
2. Anti-insulin receptor antibodies
3. Others

H. Other genetic syndromes sometimes associated with diabetes
1. Down’s syndrome
2. Klinefelter’s syndrome
3. Turner’s syndrome
4. Wolfram’s syndrome
5. Friedreich’s ataxia
6. Huntington’s chorea
7. Laurence–Moon–Biedl syndrome
8. Myotonic dystrophy
9. Porphyria

10. Prader–Willi syndrome
11. Others

IV. Gestational diabetes mellitus (GDM)

At present, diabetes is estimated to affect 170 million individuals worldwide, with the
number of affected individuals estimated to rise to 300 million by the year 2025 (3,4).
Among the developed countries, the prevalence of diabetes is estimated to currently be
6–7%; however, certain ethnic groups such as African Americans, native Americans,
and Hispanics are disproportionately affected (1). Excess caloric consumption and
decreased physical activity have contributed significantly to the increase in numbers
of overweight and diabetic individuals.

TYPE 1 DIABETES MELLITUS

Type 1 diabetes is characterized by insulin deficiency secondary to autoimmune
destruction of the pancreatic beta cells. Although this condition is usually diagnosed
in childhood, it is known to occur at any age. At present, type 1 diabetes comprises
only 10% of the U.S. population with diabetes. Clinical disease does not occur until
at least 90% of the beta cells have been destroyed, at which point most individuals
will develop the abrupt onset of symptoms including polydipsia, polyuria, polyphagia,
and weight loss. Diabetic ketoacidosis is a severe complication of this condition, in
which increased breakdown of adipose stores result in elevated levels of free fatty
acids, which are metabolized in the liver to the ketone bodies acetoacetate and beta
hydroxybutarate. Accumulation of these substances results in ketonemia, ketonuria,
and a potentially life-threatening metabolic acidosis (1).
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A genetic predisposition to type 1 diabetes is clear, with a sibling’s risk of developing
disease being 100 times that of the general population (5). The human leukocyte antigen
(HLA) locus contributes the most significant genetic risk for type 1 diabetes, with the
majority of affected individuals having HLA-DR3, HLA-DR4, or both. Susceptibility
to or protection from disease is attributed to linked DQ alleles. However, the predictive
ability of this testing is poor, as most persons with “susceptible” alleles will not develop
clinical disease (1). Environmental factors such as viruses may trigger the autoimmune
response that causes type 1 diabetes (6).

As would be expected, individuals with type 1 diabetes are dependent on exogenous
insulin therapy. As is also seen in type 2 diabetes, tight glycemic control in type 1
diabetes has been associated with a reduction in the microvascular complications of
retinopathy, nephropathy, and neuropathy (7). However, strict glycemic management
is generally associated with an increased incidence of hypoglycemic events. Intensive
insulin management through insulin pump therapy or the administration of multiple
daily injections has rapidly become the standard of care in management. Physiologic
cure of diabetes, or a significant reduction in insulin requirements, may be achieved
through transplantation of pancreatic islet cells or following transplantation of the
organ itself. However, the disease may recur either due to rejection of the transplanted
tissue or less likely due to recurrence of the primary autoimmune process (6).

TYPE 2 DIABETES MELLITUS

Type 2 diabetes is a complex metabolic condition that is presently estimated to
affect 5–7% of the U.S. population. The pathophysiology is less clear than in type 1
diabetes; however, the disease is generally characterized by resistance to insulin action
as well as relative insulin deficiency. Conditions including overweight and obesity,
inactivity, and aging all contribute significantly to the risk of type 2 diabetes, but
genetic factors are also important (1). This condition is most prevalent in overweight or
obese individuals over the age of 40 years; however, an increasing number of children
and adolescents are also affected by type 2 diabetes.

It is felt most likely that an increase in insulin resistance occurs with aging, weight
gain, and decreased physical activity. Insulin resistance is manifest by a decrease in
peripheral glucose uptake and utilization, as well as ineffective suppression of hepatic
glucose production. The pancreas is able to compensate for the insulin resistance for
some time by producing a compensatory hyperinsulinism. Eventually, however, the
pancreas is unable to maintain enough insulin production to maintain blood sugars
within the normal range, resulting in hyperglycemia. Type 2 diabetes is associated with
a disfavorable metabolic profile including hypertension; a prothrombotic tendency with
elevation in plasminogen activator inhibitor-1 (PAI-1) and platelet dysfunction; and a
dyslipidemia characterized by low levels of high-density lipoprotein (HDL) cholesterol,
elevated triglycerides, and an increased ratio of small, dense, atherogenic low-density
lipoprotein (LDL) cholesterol particles (1).

The American Diabetes Association suggests that screening for type 2 diabetes
(through fasting blood sugar or oral glucose tolerance testing) be performed every 3
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years starting at age 45 years. However, glucose-tolerance testing should be performed
earlier for those at increased risk, including those persons with risk factors such as
overweight or obesity, dyslipidemia, hypertension, a family history of diabetes, history
of gestational diabetes, known previous hyperglycemia, polycystic ovary syndrome, or
belonging to high-risk ethnic groups (2).

The U.K. Prospective Diabetes Study (UKPDS) trial has clearly demonstrated that
intensive glycemic control of type 2 diabetes will reduce microvascular complica-
tions (8). A reduction in cardiovascular events was also seen but did not reach
statistical significance: further studies to determine the relationship between glycemic
lowering and cardiovascular disease are ongoing. As individuals with type 2 diabetes
are generally insulin deficient in a relative rather than absolute sense, insulin therapy
is not always necessary. However, most persons with type 2 diabetes will eventually
require insulin therapy to manage glycemia adequately. Given some degree of intrinsic
insulin production, diabetic ketoacidosis is not commonly seen in type 2 diabetes. It
may occur, however, in conditions that cause a significant increase in insulin require-
ments – for example, during serious infections, or following surgery or myocardial
infarction (1). Various classes of oral diabetes medications are currently available,
which work through mechanisms including an increase in insulin production, improved
insulin sensitivity, or slowed absorption of dietary carbohydrates. Newer injectable
agents are available which mimic the effects of naturally occurring pancreatic or small
intestinal hormones. In addition, all currently available insulins may be used in the
management of type 2 diabetes. A complete review of these drugs and their uses is
beyond the scope of this text.

Given the complexity of the condition that is type 2 diabetes, potentially curative
interventions are presently limited. Meaningful weight loss achieved through lifestyle,
medical, or surgical intervention has been associated with significant improvements
in glycemia. Perhaps most important, the Diabetes Prevention Program trial found
that lifestyle modification significantly reduced the development of diabetes in an
at-risk group of individuals. A reduction in risk was also found with the use of
the insulin-sensitizing agent metformin but to a lesser degree than was seen with
dietary and exercise intervention (9). Additionally, troglitazone therapy significantly
reduced the likelihood of diabetes in at-risk women who had been previously diagnosed
with gestational diabetes (10). It is clear, however, that regular physical activity and
maintenance of a normal body weight are probably the most effective prevention
strategies.

COMPLICATIONS OF DIABETES

Although the manifestations of diabetes may vary considerably among affected
individuals, the potential complications of longstanding diabetes are similar in both
type 1 and type 2 diabetes. Years of hyperglycemia result in damage to large and
small arteries. Damage to the vasculature is broadly classified as either macrovas-
cular (characterized by accelerated atherosclerosis and an increased risk of myocardial
infarction, stroke, and peripheral vascular disease) or microvascular (with associated
damage to the retina, kidneys, and nerves). The development of these complica-
tions is quite complex but appears to involve multiple mechanisms including the
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formation of advanced glycation end products, pro-coagulant effects, and alterations
in the polyol pathway which increase cellular susceptibility to oxidative stress (1).
The increased cardiovascular risk associated with diabetes cannot be over-emphasized;
in fact, cardiovascular disease (and in particular, coronary artery disease) is the
leading cause of mortality in persons with diabetes. Risk reduction through smoking
cessation, antiplatelet therapy, blood pressure control, and management of dyslipidemia
is essential. The role of glycemic control in reducing cardiovascular risk is unclear but
is under further investigation.

Diabetic retinopathy is a progressive condition characterized by proliferation of the
retinal vessels and increased vasopermeability (11). Visual loss occurs subsequent to
macular involvement, vitreal hemorrhage, and/or retinal detachment. Cataract formation
is a significant late complication of diabetes (12). Good glycemic and blood pressure
control, as well as regular ophthalmologic evaluation, are essential to the preservation
of vision. Ophthalmologic screening should begin at the time of diagnosis of type 2
diabetes or 5 years after the onset of type 1 diabetes (2).

Diabetic nephropathy is the primary cause of kidney failure among many developed
countries in North America, Europe, and Asia (12). Extensive vascular and other
changes occur within the kidney, including damage to the glomeruli, basement
membrane, collecting tubules, and interstitium. Early and frequent screening for the
presence of albuminuria is essential in monitoring the progression of disease. As in
diabetic retinopathy, control of glycemia and hypertension are of proven benefit in
both prevention and management of this complication. Individuals who have evidence
of nephropathy or are hypertensive should be started preferentially on either an
angiotensin-converting enzyme (ACE) inhibitor or an angiotensin-receptor blocker
(ARB) (2). Documentation of nephropathy should prompt an evaluation for cardiovas-
cular disease and retinopathy, as these complications are closely linked.

Most cases of neuropathy in the developed world are secondary to diabetes. In fact,
this complication is responsible for the majority of diabetes-related hospitalizations,
as well as the majority of nontraumatic amputations. A distal symmetric sensori-
motor polyneuropathy is the most common presentation (13). Small fiber neuropathy
may cause a pain syndrome of hypersensitivity and hyperalgesia, which may progress
to complete sensory loss. Peripheral neuropathy – particularly in association with
peripheral vascular disease – predisposes to foot injury, foot deformity, ulceration,
and limb loss. Nerve conduction studies are the most sensitive diagnostic test (11);
however, a thorough physical examination will also often reveal abnormalities in
deep tendon reflexes, proprioception, nociception, temperature sensation, or vibratory
sensation. Autonomic nerve dysfunction is present in an estimated 50% of individuals
with diabetes. This complication is commonly manifest as nausea or emesis due to
gastroparesis; constipation due to altered colonic motility; erectile dysfunction; or
orthostatic hypotension with resting tachycardia. Altered cardiac sympathetic inner-
vation is associated with a significantly increased risk of sudden death and should be
suspected in persons with unexplained dyspnea, cough, fatigue, syncope, tachycardia,
or bradycardia. A prolonged QT interval – a risk factor for arrhythmia – is character-
istic of this condition. Heart rate variability measurement may be used as a means of
formal diagnosis (12).
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EXERCISE IN DIABETES MELLITUS

As previously noted, individuals with diabetes have a markedly increased risk of
cardiovascular disease. In fact, many will have established vascular disease at the time
they are diagnosed with type 2 diabetes (14). The benefits of exercise in those affected
by diabetes are clear, including improvements in glycemia and other dysmetabolic
parameters. However, patients with diabetes may require a very carefully structured
exercise regimen to minimize the risk of hypoglycemia or worsening of their established
complications.

Clinical trials have demonstrated that exercise will improve glycemia in those
with diabetes, independent of effects on weight loss (15). Short-term exercise also
results in improvement in measures of endothelial-mediated vascular dilatation and
arterial compliance (16). Longer-term benefits of exercise include improvements in
left ventricular diastolic function, decreases in markers of systemic inflammation,
increased mobilization of fat from adipose stores with increases in fat oxidation,
reduction in numbers of apoB-containing particles, and improvement in body compo-
sition with reduction in total body and visceral adiposity (14,15). Consistent exercise
training is associated with improved insulin sensitivity and increases in peripheral
uptake and utilization of non-esterified fatty acids (15). In addition, patients with
diabetes involved in a cardiac rehabilitation and exercise program demonstrated fewer
symptoms of depression and anxiety and reported an improved quality of life (17). Men
with diabetes and a high level of physical fitness were also found to have decreased
rates of cardiovascular disease, death, and mortality compared with diabetic men with
lesser degrees of physical fitness (14,15). Physical activity is also essential to diabetes
prevention: lifestyle intervention, including at least 150 min per week of moderately
intensive exercise divided to be performed most days of the week, was associated with
a significant reduction in rates of type 2 diabetes in individuals at high risk for this
condition (9). On the basis of these benefits, a regular exercise regimen including both
aerobic and resistance training is recommended for most individuals with diabetes. This
should include either a minimum of 150 min per week of moderate intensity aerobic
exercise (50–70% of maximum heart rate) or at least 90 min per week of high-intensity
exercise (> 70% of maximum heart rate). This overall dose should be divided among
multiple sessions per week, preferably daily. Resistance training should be performed
three times weekly, with an ultimate goal of three sets of 8–10 repetitions of the major
muscle groups. As indicated, for all types of exercise, the sessions should be divided
among several days per week, as some metabolic benefits of exercise tend to wane
after approximately 72 h (15).

Given the increased risk of cardiovascular disease in those with diabetes, an
assessment of cardiovascular risk should be made prior to initiation of a moder-
ately or highly intensive exercise regimen. Although some authors have suggested
exercise stress testing in all persons with diabetes, it seems reasonable to recommend
that this procedure be performed in those felt to have a greater than 10% 10-year
risk of a cardiovascular event (15). In addition to identification of ischemia, stress
testing may be useful in the evaluation of heart rate and blood pressure responses
to exercise, assessment of anginal thresholds or functional capacity, and detection of
arrhythmia (14,15).
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Glucose uptake in muscle increases during exercise, due to an increase in blood
flow to exercised tissues and intracellular transport of glucose. This increase in glucose
uptake occurs in an insulin-independent fashion and will occur in nondiabetic as well
as insulin-resistant individuals. Muscle glycogen stores serve as the primary source of
fuel during early exercise, whereas more prolonged activity will consume circulating
glucose and promote hepatic glycogenolysis and gluconeogenesis. Increases in insulin
sensitivity are also seen in both the liver and the peripheral tissues. In the normal
state, a reduction in insulin secretion and counter-regulatory increases in the levels of
glucagon, catecholamines, cortisol, and growth hormone will prevent hypoglycemia
during physical activity. Immediately following exercise, a rise in insulin secretion is
seen which prevents hyperglycemia due to the increased levels of counter-regulatory
substances. Replenishment of muscle glycogen stores will follow cessation of physical
activity and may persist for up to 24 h (15); however, ingestion of carbohydrates after
exercise will shorten the time needed to replete these stores. As will be discussed
further, these compensatory mechanisms may be impaired in persons with diabetes and
may result in dramatic reductions in blood sugar during or after physical activity.

The likelihood of exercise-related hypoglycemia is increased in those patients using
medications such as sulfonylureas, insulin secretagogues, or insulin. Hypoglycemia
should not occur if diabetes is managed with diet or with classes of medications other
than those mentioned. Hypoglycemia is often seen in those who are insulin deficient (as
in type 1 diabetes or longstanding type 2 diabetes) due in part to a concomitant glucagon
deficiency. Other risk factors for hypoglycemia include very intensive glycemic
management, recent episodes of hypoglycemia or hypoglycemic unawareness, and
renal insufficiency (18). A careful review of the patient’s medical history – including
the type, dose, and timing of glucose-lowering medications – can help predict those
persons at increased risk. Persons with hypoglycemic unawareness have an impaired
sympathoadrenal response to exercise and may have few or no warning signs of
severe hypoglycemia. Fortunately for these individuals, avoidance of hypoglycemia for
several weeks will often result in an improved ability to sense impending low blood
sugars (18). It may be most prudent to delay initiation of a vigorous exercise regimen
until this is accomplished. For most patients, modification of medication doses, frequent
blood glucose testing, and increases in carbohydrate ingestion will generally prevent
the occurrence of severe hypoglycemic episodes. However, all rehabilitation facilities
should have glucose tablets, glucose gel, and injectable glucagon available to manage
hypoglycemia should it occur (17). Symptoms of hypoglycemia commonly include
diaphoresis, hunger, tremor, and palpitations. Behavioral changes such as confusion or
disorientation may occur, and severe hypoglycemia may result in obtundation, seizure,
or coma. Should symptoms occur during or after exercise, it is most prudent to cease
physical activity, treat with oral glucose, and test the finger stick blood glucose level at
that point and again in 15 min. Treatment with glucagon injection should be reserved
for individuals who are unable to ingest glucose orally, generally due to an altered
mental status.

To exercise most safely, patients using insulin or oral hypoglycemic agents should
monitor their blood sugar prior to exercise. If the blood sugar is under 100 at that
point, ingestion of 15 g of carbohydrates is recommended before initiating activity. If
insulin is used, the injection prior to exercise should be administered in the abdomen
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rather than in an extremity: insulin is absorbed at an increased rate from an arm or
leg that is being exercised (17,19). It is also advisable to avoid exercise for 60–90 min
after mealtime insulin is administered (17). Hypoglycemia may occur during or after
exercise unless extra carbohydrate is ingested or medication doses are adjusted for
activity. Reduction in the dose of insulin or insulin secretagogue used with the meal
prior to exercise may be most prudent. However, as the hypoglycemic effects of
exercise may persist for many hours, reductions in insulin or other medication doses
following exercise may also be necessary (15).

Blood sugars should be tested immediately following exercise, as well as several
hours later. Those persons exercising in the evening must be aware of the possibility of
nocturnal hypoglycemia: if this occurs and does not resolve with medication or dietary
adjustment, a change to morning exercise is recommended (17). For patients with
diabetes who are at risk for hypoglycemia, a standardized exercise regimen will help
to predict the blood sugar response to physical activity (20). Initiation of an exercise
regimen – or intensification of an existing exercise regimen – should prompt careful
monitoring of blood glucose levels and reassessment of medication dosages.

There are additional concerns for the physically active person with type 1 diabetes.
Fixed doses of insulin given prior to exercise may cause hypoglycemia, due to an
increase in glucose uptake as well as suppression of hepatic gluconeogenesis (19).
Reductions in insulin doses prior to and following exercise are often necessary. It is also
recommended that persons with type 1 diabetes consume glucose prior to and every
20–30 min during vigorous exercise (20). Blood sugars of 250 mg/dl or higher prior to
exercise should prompt measurement of ketones in the blood or urine. If hyperglycemia
and ketones are both present, exercise is contraindicated as physical activity may
worsen existing ketosis (15). Exercise may be permitted if insulin administration
results in improved glycemia and clearance of ketones (19). Some patients with type 1
diabetes may experience hyperglycemia following exercise: this is due to an inability
to increase insulin levels in response to elevated catecholamines and other counter-
regulatory hormones (15). This is most commonly seen after brief periods of intense
exercise (20) and may in fact require increased doses of post-exercise insulin. Tables 2
and 3 outline a safety checklist for patients, as well as strategies to prevent or manage
exercise-related fluctuations in blood sugars.

EXERCISE COMPLICATIONS ASSOCIATED WITH NEUROPATHIES

Conditions such as peripheral neuropathy and peripheral vascular disease are
common in persons with diabetes: these conditions predispose to foot injury, impaired
wound healing, and are responsible for the majority of nontraumatic lower extremity
amputations (21). These complications may impair stability, gait, and performance
of daily activities. The initial evaluation of patients with diabetes should include a
thorough inspection of the lower extremities, with assessment for foot deformity, foot
injury, or neurovascular compromise. Patients should be counseled to inspect their feet
prior to and following exercise, and to wear well-fitting, shock-absorbent shoes (17,22).
Foot care can often be aided by a physical therapist, should one be involved with the
program. Individuals with partial foot amputations will require orthotics to prevent
excessive plantar forces and skin breakdown (21). Exercises such as swimming, using
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Table 2
Checklist for Patients with Diabetes Prior to Starting Exercise (19)

1. The exercise plan
(a) Will the exercise be regular or sporadic?
(b) What is the anticipated intensity of the activity?
(c) How does it relate to the level of physical training?
(d) How long will it last?
(e) Will it be continuous or intermittent?
(f) How many calories will be expended?

2. The plan for meals and supplemental feedings
(a) When was the last meal eaten?
(b) Should a high-carbohydrate snack be eaten before starting?
(c) Should supplemental carbohydrate feedings be taken during exercise? If so, how

much and how often?
(d) Will extra food be required after exercise to avoid post-exercise hypoglycemia?

3. The insulin regimen
(a) What is the usual insulin mixture and dosage? Should it be decreased prior to or

after exercise?
(b) When was the last insulin injection?
(c) Should the injection site be changed to avoid exercising areas?

4. The pre-exercise blood glucose concentration
(a) Is the blood glucose concentration in a safe range to exercise (100–250 mg/dl)?
(b) If the blood glucose is less than 100 mg/dl, a pre-exercise carbohydrate snack should

be taken to decrease the risk of exercise-induced hypoglycemia
(c) If the blood glucose is greater than 250 mg/dl, urine or serum ketones should be

checked. If they are negative and the high glucose is due to recent food intake, it
is generally safe to exercise. If ketones are positive, supplemental insulin should
be taken and exercise delayed until ketones are negative and blood glucose is less
than 250 mg/dl.

a stationary bike, or upper extremity exercises may be preferable to weight-bearing
exercise in those with advanced neuropathy (15).

Common manifestations of autonomic neuropathy include an elevated resting heart
rate without appropriate response to exercise, orthostatic blood pressure changes,
reduced gastrointestinal motility, and predisposition to dehydration due to altered
thermoregulation and thirst. Delayed gastric emptying with slowed absorption of carbo-
hydrates as well as impaired counter-regulatory mechanisms may increase the risk of
hypoglycemia in affected individuals: frequent monitoring of blood sugars, medication
adjustment, and periodic ingestion of glucose may be necessary to stabilize blood
sugars adequately during exercise. Orthostatic changes may be alleviated by interven-
tions such as the use of support hose, adequate hydration, and avoidance of exercise in
the immediate postprandial state (17). In addition, a less-intensive blood pressure goal
may be appropriate for affected individuals. As the heart rate response to exercise may
be limited, a lower heart rate goal or a perceived exertion scale may be most useful in
monitoring the intensity of exercise in those affected by autonomic neuropathy (14,15).
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Table 3
Strategies for Prevention and Treatment of Adverse Effects of Exercise (19)

1. Acute hypoglycemia
(a) Pre-exercise meal
(b) Supplemental carbohydrate during exercise
(c) At least 1–1.5 h between insulin administration and activity
(d) Frequent blood glucose monitoring
(e) Emergency therapy

(i) Oral glucose or carbohydrate
(ii) Glucagon i.m. or s.c.
(iii) Paramedics and IV glucose

2. Postexercise hypoglycemia
(a) Supplemental food/carbohydrate after exercise
(b) Decrease insulin dose
(c) Emergency therapy

(i) Oral glucose or carbohydrate
(ii) Glucagon i.m. or s.c.

(iii) Paramedics and IV glucose
3. Acute hyperglycemia

(a) Frequent blood glucose monitoring
(b) Supplemental insulin after exercise if hyperglycemia is sustained

4. Hyperglycemia and exercise-induced ketosis
(a) Pre-exercise blood glucose monitoring and urine/blood ketone check
(b) If glucose greater than 250 mg/dl and ketones present

(i) Delay exercise
(ii) Supplemental insulin

(iii) Recheck blood glucose in 1–2 h

NEPHROPATHY AND RETINOPATHY

Although no restriction in physical activity is necessary in the patient with mild
diabetic retinopathy, exercise may be contraindicated in those with severe prolifer-
ative disease. In this circumstance, vigorous physical activity (including resistance
training) may increase the risk of retinal detachment or vitreal hemorrhage. It is
generally advised that such exercise be avoided for 3–6 months following laser
photocoagulation therapy (15,19). There are no specific contraindications to exercise
in persons with nephropathy: although exercise may transiently increase urinary
protein excretion, physical activity is not associated with progression of diabetic renal
disease (15).

CONCLUSIONS

It is apparent that a more sedentary lifestyle, coupled with excessive caloric intake,
has contributed significantly to the recent dramatic increase in type 2 diabetes.
Although an ever-increasing number of pharmaceutical agents are available to facil-
itate management, a considerable percentage of persons with diabetes remain very
poorly controlled. The complications of this condition contribute significantly to
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disease-associated morbidity and mortality in the developed world. Future efforts
should be directed toward disease prevention, earlier detection, and intensive
management of hyperglycemia and associated dysmetabolic conditions from the time
of diagnosis.

Regular physical activity is recommended for all persons with diabetes and may
be one of the most effective interventions in diabetes prevention. Exercise programs
in those with diabetes have demonstrated beneficial effects on glucose control, body
composition, mood, and markers of cardiovascular health. Although certain medications
used to manage diabetes may predispose to an increased risk of hypoglycemia, careful
management of medication doses and carbohydrate ingestion will permit safe exercise
in most. A thorough review of the individual’s medical history, medication uses,
and assessment for diabetic complications will minimize the risks associated with an
exercise regimen (2).
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INTRODUCTION

Chronic cardiac diseases and chronic pulmonary diseases coexist in many patients.
In a review of the National Hospital Discharge Survey (1979–2001), 16% of chronic
obstructive pulmonary disease (COPD) patients had coexistent hypertension, 15% had
coexistent ischemic heart disease, and 10% had coexistent congestive heart failure (1).
In the outpatient setting, the majority of the patients entering a pulmonary rehabil-
itation program were identified as having important cardiovascular issues such as
hypertension (34%) and arrhythmias or coronary artery disease (27%) (2). The fact that
these two categories of disease have so much overlap is important when considering
these patients for rehabilitation programs. Indeed, although the principles of rehabili-
tation are similar for both types of patients, there are important differences in focus,
assessment, monitoring, and rehabilitation methods that need to be understood. The
remainder of this chapter will draw from the pulmonary rehabilitation evidence base
to illustrate the mechanisms by which pulmonary disease can impact cardiac patients
and to provide approaches to cardiac patients with pulmonary disease in terms of
pulmonary assessment, rehabilitation strategies, and expected outcomes.
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MECHANISMS OF FUNCTIONAL DETERIORATION IN CHRONIC
LUNG DISEASE

The tempo of progressive disability is different if it comes from pulmonary, as
opposed to cardiac, causes. Chronic lung disease progressively damages lung tissue
and airways and, over a period of years, ultimately results in a depletion of ventilatory
reserves and a resulting slow downhill course. Complicating this physiologically are
abnormalities in gas exchange (hypoxemia) and elevations in pulmonary vascular
pressures that lead to right ventricular dysfunction (3). All these factors contribute to
the sensation of dyspnea and the resultant limitation on physical activity.

As dyspnea and exercise capacity worsen, the need for medical care increases, and
the patient’s ability for self-care decreases; a confusing combination of functional
limitations and dependence on others is thrust on the patient. The net effect is a
profound sense of “loss of control,” with consequent depression and anxiety (4).

These factors are further worsened by the vicious cycle of inactivity. Exertional
dyspnea promotes fear of exertion which then leads to an “exertion phobia” and a
reduction in physical activity. The lack of exercise, in turn, leads to both central and
peripheral deconditioning and, ultimately, to decreased endurance and weakness (5),
and often to muscular atrophy (6). As a result of this, the patient experiences greater
dyspnea, an even greater intolerance to exertion, and further loss of functional capacity.
The progressive loss of exercise capacity resulting from this vicious cycle of inactivity
is super-imposed on the underlying functional reduction caused by the lung disease
and is further magnified by the presence of coexisting cardiac dysfunction.

Concern that exercise might precipitate respiratory failure by overloading weakened
respiratory muscles leads to speculation that exercise training might be contraindi-
cated in hypercapnic COPD patients. It has been shown, however, that hypercapnic
COPD patients with severe ventilatory impairment and respiratory muscle weakness
tolerate exercise and benefit significantly from intensive pulmonary rehabilitation (7,8).
Similarly, exercise hypoxemia has been considered by some to be a contraindication
to an exercise program, and this may be a particular concern in patients with ischemic
cardiac disease. Our experience, however, has been that appropriate supplemental
oxygen and proper monitoring (e.g., oximetry) in patients with stable and well-
controlled cardiac symptoms allow such patients to participate fully in all aspects of
the exercise program (9–11).

PATIENT ASSESSMENT

In the patient with combined cardiac and pulmonary disability, stable and well-
controlled disease processes should not exclude the patient from participation in
rehabilitation programs. The only real requirements are that the patient be free of acute
illness, be on proper maintenance medications (see Figure 1) and be motivated to lead
a more active life (12,13).

A comprehensive patient evaluation is essential to attaining the goals of rehabilitation
and is the foundation on which the individually tailored program is constructed. From
the pulmonary perspective, the first step in this assessment is to make an accurate
diagnosis substantiated by history, physical examination, pulmonary function testing,
and, as needed, chest radiography and other laboratory tests. The importance of this
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initial step is evidenced by the inability of many patients to report a correct diagnosis.
In our experience, up to half of the patients entering our pulmonary rehabilitation
program reported an incorrect diagnosis of their pulmonary problem.

Once proper diagnoses are made, an appropriate medication regimen can be estab-
lished. For the patient with the most common pulmonary disorder, COPD, it is partic-
ularly important to assure proper medication regimens according to recent guidelines
(Fig. 1) (14,15).

Exercise assessment is a critical component of participants prior to entering a rehabil-
itation program (12,13,16,17). In the patient with pulmonary disease, these assess-
ments should stress the patient maximally and measure the maximum workload (and
O2 consumption, CO2 production in selected patients), ventilatory response [minute
ventilation and post exercise spirometry in all; dead space development, ventilatory
equivalent for CO2 production �VE/VCO2�, and arterial PCO2 in selected patients],
and gas exchange (pulse oximetry in all and arterial PO2 in selected patients). These
should be done in conjunction with the cardiovascular assessments required for cardiac
rehabilitation.

These pulmonary exercise assessments perform two functions:

• They provide insight into the various respiratory factors that are involved in the functional
disabilities (Table 1). This permits focused therapies to be done. For instance, detecting
exercise hemoglobin desaturation (e.g., SpO2 < 88%) will lead to appropriate oxygen
therapy, and detecting ventilatory limitations from air trapping or exercise bronchospasm
(> 20% drop in FEV1) will lead to better bronchodilator therapy.

• They quantify the level of disability. This provides information for setting initial exercise
loads (see Exercise Training Prescription section below) and program expectations
[e.g., pulmonary patients who do not reach ventilatory or gas exchange limits during the
exercise test have a greater exercise response to rehabilitation (17)].

Fig. 1. Recommended therapies for COPD patients based upon severity of disease by the Global
Obstructive Lung Disease (GOLD) group. Reprinted with permission (14).
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Table 1
Patterns of Exercise Limitation in Patients with Chronic Lung Disease During Maximal

Exercise Testing

Primary exercise limitation Maximum Ve/MVV Peak HR SpO2 (%)

Ventilatory > 0�8 < 0�8 > 90
Gas exchange < 0�8 < 0�8 < 90
Cardiovascular < 0�8 > 0�8 > 90
Ventilatory + cardiovascular > 0�8 > 0�8 > 90
Ventilatory + gas exchange > 0�8 < 0�8 < 90
Gas exchange + cardiovascular < 0�8 > 0�8 < 90
Ventilatory + gas exchange +
cardiovascular

> 0�8 > 0�8 < 90

Maximum Ve/MVV, maximal exercise ventilation as a fraction of the maximum voluntary ventilation;
Peak HR, peak exercise heart rate as a fraction of the predicted maximum heart rate. Adapted from (17).

Because psychological disturbances are common in patients with chronic lung
disease, psychosocial assessment is important prior to participation in a rehabilitation
program (4). The most common emotional consequences of COPD are depression and
anxiety, which can further reinforce social isolation and inactivity. Cognitive function
has also been shown to be impaired in these patients, perhaps as a consequence of
chronic hypoxemia. Medications and psychotherapy can be provided as necessary.

Other assessments necessary in patients with pulmonary disease prior to beginning
rehabilitation include physical therapy evaluations, nutritional evaluations, occupational
therapy [especially activities of daily living (ADL)] evaluations, and an education
assessment for the patient’s knowledge and understanding of the disease process and its
management (12,13). A particularly important assessment is tobacco usage. Although
it is reasonable to allow current smokers to participate in a rehabilitation program,
formal efforts should be made to discontinue smoking.

PULMONARY-SPECIFIC COMPONENTS TO REHABILITATION

Education
A primary purpose of the educational component of any rehabilitation program

(both cardiac and pulmonary) is to provide the framework for self-care. Through an
educational process of instruction, supervision, and practice, patients can acquire an
awareness of their disease and its management that allows them to take responsibility
for their own care. A spouse, family member, or close friend who participates in the
educational activities can provide familial understanding of the disease process and
can reinforce the recommended self-care techniques in the home setting.

The educational process usually consists of a combination of lectures, discus-
sions, demonstrations, and practice sessions. During all program activities, the
patient’s knowledge and ability to perform self-management techniques are continually
reinforced. Topics typically covered in formal lectures and discussion sessions include
the anatomy and physiology of the lung, the pathophysiology of chronic lung disease,
pulmonary medications, nutrition, physiologic responses to exercise, sexual concerns,
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travel concerns, coping with chronic lung disease, and psychosocial issues. A growing
educational need in the COPD patient is inhaler operations (18). Newer medications
are becoming available in an array of metered-dose inhalers and dry powder inhalers
that can be bewildering to these patients. Chronic lung disease patients should also
be instructed on an action plan in the event of an acute exacerbation. Undo delay
in starting antibiotics and steroids (in appropriate patients) can be costly in terms of
subsequent needs for health care utilization.

Respiratory therapy and physical therapy techniques for the pulmonary patient are
more appropriately presented in either individual or group demonstrations and in
practice sessions. These topics include cleaning and care of equipment, proper use of
metered-dose inhalers and spacers, relaxation techniques, clearing of secretions using
techniques of controlled coughing, postural drainage, percussion and vibration, and
supplemental oxygen therapy. Educational material in the form of pamphlets, booklets,
and books is available from a multitude of sources, including the American Lung
Association. This additional information should be used to support and reinforce the
information the patient receives in the lectures, discussions, and demonstrations.

Breathing retraining traditionally has been a key aspect of the educational component
of a pulmonary rehabilitation program. Pursed-lip breathing and diaphragmatic
breathing are commonly used concomitantly to reduce shortness of breath and improve
gas exchange. By using pursed-lip breathing, patients may be able to maintain adequate
oxygenation without supplemental oxygen.

Exercise Training Prescription
In general, exercise training for patients with pulmonary disease should be a balance

of three types of exercise: stretching and flexibility exercises, strengthening exercises,
and endurance exercises (12,13). Stretching and flexibility exercises are usually part
of a floor exercise routine that develops suppleness, improves range of motion, and
helps provide a general warm-up. Strength training may be obtained as part of the
floor exercise routine by performing exercises with dumbbells, cuff weights, or a
stretch band. Pulmonary patients also do well with free weights and weight machines
for strength training. Strength exercises require a stimulus of high intensity and low
frequency. General endurance training involves exercises that produce a cardiopul-
monary stress that results in elevated heart rate and ventilation. Such exercises include
walking, rowing, swimming, water aerobics, cycling (arm or leg), stair climbing, and
so on, provided that the exercise intensity produces sufficient cardiopulmonary stress.
Compared with strength training, endurance training is of lower intensity and higher
frequency.

The initial load prescription from the pulmonary perspective should be of sufficiently
low intensity that it can be accomplished by the patient without discomfort. Nothing
destroys the patient’s motivation faster than failure to complete the initial exercise or
experiencing significant discomfort during or after the first exercise session. The initial
loads used by our program for the stationary bicycle and arm ergometer are based
on the maximum workload reached during the exercise stress test �Wmax�. The initial
bicycle workload �Wbike� is set at 50% of the maximum workload �0�5 ×Wmax�. This
value is based on data suggesting that an individual can be expected to work for 8 h at
50% of maximum work capacity without undue fatigue. The initial load prescription
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for arm exercise is 30% of Wmax (or 60% of Wbike) and is based on studies showing that
the aerobic power of the arms ranges from 50 to 70% of the maximum power output
of the legs.

Workloads must be reassessed at each exercise session and adjusted according
to the patient’s progress. Following the initial settings, the appropriate intensity for
subsequent target workload (the desired training load) has been an area of controversy.
Work from Casaburi (19) suggests that training intensity in COPD patients should
be pushed to a training effect (e.g., up to 70–80% predicted maximal HR) if at all
possible. Even patients with ventilatory or gas exchange limitations who cannot reach
these target heart rates also appear to benefit from higher rather than lower levels of
exercise. Thus, strategies using target intensities reaching the highest level attained on
the initial exercise stress test should be the ultimate goal.

To accomplish the transition from the relatively low initial loads to the higher target
loads, our pulmonary program relies on the Borg Scale of Perceived Exertion as a
measure of perceived stress and the exercise heart rate as a measure of cardiopulmonary
stress (20). If the Borg rating of the previous exercise session is less than 15 and the
HR during exercise is less than the HR achieved during the assessment exercise test,
consideration is given to increase the intensity. Whenever the patient is capable of
performing a given load for the duration of the exercise session, the load is increased
by about 12.5W for the bicycle ergometer and about 9W for the arm ergometer. After
approximately six exercise sessions, most patients will have attained an exercise level
representing a high percentage of the target workload.

Whenever the pulmonary patient experiences significant symptoms of fatigue or
dyspnea, instead of stopping exercise, the load is reduced while the patient is
encouraged to complete the exercise if possible. When the initial load is already the
lowest possible, the patient stops until the symptoms subside and then continues the
exercise to completion. The duration of the rest period is considered part of the exercise
period. The short-term goal then becomes reducing the number of rests during the
exercise period.

The recommended minimum duration and frequency of endurance exercise in
pulmonary patients is no less than 20 min, three times per week (12,13). Increasing
the duration and frequency beyond this minimum must take into consideration the
motivation and goals of the patient and balance the time spent in training against
the benefits derived from a more intense training regimen. The primary benefits of
spending additional time on training are faster and greater improvement in physical
capacity.

All exercise training should be performed under conditions of adequate arterial
oxygenation (PaO2 > 55 mm Hg� O2 saturation > 88% in pulmonary patients and
probably higher in patients with ischemic cardiac disease) (9,11,21). If the initial
patient assessment has determined that the resting oxygenation is low or that significant
desaturation occurs with exertion, supplemental oxygen must be provided to the patient
to maintain adequate oxygen saturation. Usually, oxygen delivered at 2l/min through
nasal cannula is sufficient. In some cases, however, it may be difficult to provide
adequate oxygenation during exertion with even a partial rebreathing system. When
adequate oxygenation cannot be maintained, either the intensity of the exercise must
be reduced or the patient must be instructed to stop exercising until oxygenation is
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again adequate. Besides reducing the medical risk associated with low oxygenation,
supplemental oxygen often allows the patient who needs oxygen to exercise for a
longer duration at a higher intensity, thereby enhancing the beneficial effects of the
exercise.

In patients on chronic bronchodilators or those who have been shown to have
exercise bronchospasm, aerosolized bronchodilators (e.g., albuterol, ipratropium, or
both) should be given prior to the exercise program. This can be administered as
the patients regular dose with a time adjustment to coincide with exercise or as an
additional treatment provided there is no tachycardia or tremor present.

Psychosocial and Other Focused Therapies
Other focused interventions are often dependent upon the individual patient.

Pulmonary patients with clinically important depression/anxiety may need focused
psychological therapies (4,22). This is particularly important in patients with chronic
lung disease where depression and anxiety are common and can significantly impair
function as well as rehabilitation potential. Therapies can range from antidepressant or
anxiolytic medications to group therapy sessions to formal psychiatric care.

OUTCOMES ASSOCIATED WITH REHABILITATION
IN PULMONARY DISEASE PATIENTS

Evidence supporting the benefits of exercise training in chronic lung disease is
compelling and has been reviewed in several publications (2,12,13,23–29). Lower
extremity exercise programs consistently improved walk distance (6–33%) and
maximal work load (10–102%) in all studies reviewed. Proposed mechanisms of
improvement include improved aerobic capacity (in those who can reach cardiovascular
training levels), increased motivation, desensitization to dyspnea, improved ventilatory
muscle function, and improved techniques of performance. Data from upper extremity
exercise programs were less extensive but do support the concept that upper extremity
exercise might improve the thoracic cage muscles of ventilation and improve activities
of daily living.

Evidence supporting the effectiveness of pulmonary rehabilitation in reducing
dyspnea is also strong (12,26). This is a consistent finding using any number of
dyspnea grading scales (e.g., visual analogue scales, baseline dyspnea index, transi-
tional dyspnea index, and other respiratory questionnaires). The mechanisms of reduced
dyspnea are no doubt multifactorial but would include better exercise tolerance (and
reduced ventilation for a given load), better breathing patterns, better medications, and
a better comprehension by the patient of his/her disease and how it can be effectively
managed.

Many studies have demonstrated that improved psychosocial function occurs as a
result of pulmonary rehabilitation (12,22,30). Much of this benefit seems to come
from improved exercise tolerance, reduced dyspnea, and a better understanding of the
disease process and management by the patient, as routine psychological or psychiatric
services have not been shown to impact outcomes.

Quality-of-life indicators have consistently shown benefit from pulmonary rehabili-
tation (12). Like improvements in dyspnea and psychosocial function, the mechanisms
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for improved quality of life following pulmonary rehabilitation are probably multifac-
torial. An important outcome benefit to pulmonary rehabilitation has been a reduction
in health care utilizations and costs (12).

Evidence supporting a survival benefit for pulmonary rehabilitation does not exist.
This should not be surprising as the goals of pulmonary rehabilitation are not to reverse
the disease process but rather to improve the patient’s functional capabilities within
the constraints of the reduced lung function.

CONCLUSIONS

Patients with disabilities from both cardiac and pulmonary diseases clearly benefit
from rehabilitation programs. Because these disease states often coexist, rehabilitation
programs need to be aware of the specific assessments, rehabilitation methods, and
outcomes associated with each. Successful rehabilitation can be provided for patients
with both disease processes as long as the rehabilitation team is aware of these
principles.
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DEFINITION AND EPIDEMIOLOGY OF PERIPHERAL ARTERIAL
DISEASE

Peripheral arterial disease (PAD) is characterized by atherosclerosis in peripheral
arteries supplying blood to the legs. This form of atherosclerosis has a significant impact
on peripheral circulation and ultimately on functional independence in older adults, as
the leg pain (claudication) associated with PAD severely limits functional capacity and
activities of daily living. Furthermore, patients with PAD are at much greater risk for
other manifestations of cardiovascular disease (CVD) such as myocardial infarction or
stroke. Specifically, there is an 11-fold increase in CVD-related mortality in patients
symptomatic for PAD (1).

PAD occurs in 16% of individuals > 55 years of age (2). Interestingly, the majority
(63%) of these individuals are asymptomatic for the disease in that they do not suffer
claudication during ambulation (2). This underscores the need for screening of older
individuals for PAD as part of routine examination, especially among those patients
with known CVD. Risk factors for PAD are similar to the traditional risk factors for
CVD (3), and cigarette smoking appears to be a particularly important risk factor, as
heavy smoking results in a fourfold increase in risk for PAD (4). Murabito et al. (3)
have published a method that represents an easy way to estimate 4-year probability for
the development of intermittent claudication based on traditional risk factors.
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PATHOPHYSIOLOGY

The development of atherosclerosis in patients with PAD is similar to atherosclerotic
plaque development in other arteries. As plaque progression develops, peripheral blood
flow and resultant symptoms associated with PAD change across the Fontaine stages
that are summarized in Table 1.

The presence of claudication can be easily assessed using the Rose questionnaire
(7) or other appropriate device. The asymptomatic stage (Stage I) is characterized by
an ankle to brachial systolic pressure ratio (ABI) of less than 0.94 or less than 0.73
after exercise (5). Therefore, it is important to screen individuals at risk for PAD by
obtaining ankle and brachial pressure measurements. The addition of an ankle pressure
measurement is easily obtained in any clinical setting as the extra equipment required
typically only consists of an ankle blood pressure cuff and a Doppler machine. This
enables the clinician to intervene prior to symptomatic stages and minimize the impact
of this disease on activities of daily living.

Complications
Although the disease process and associated risk factors are identical to those

for coronary artery disease (CAD), there are unique clinical complications for
PAD. Specifically, there is no acute event similar to a myocardial infarction in the
lower limbs. Instead, prolonged ischemia due to the reduction in peripheral vascu-
lature can ultimately result in ulcerations, gangrene, and even limb loss. In patients
without these severe manifestations, there are still pronounced changes in muscle
metabolism (8,9).

Paradoxically, the reduction in blood flow appears to increase mitochondrial density
in the affected limb (9). However, despite the increased mitochondrial density, electron
transport chain function is compromised in these patients (10). Therefore, the increased
mitochondrial density is likely an adaptation to offset the reduction in oxidative
phosphorylation. Furthermore, the decreased electron transport chain function inhibits
Krebs cycle activity, as there is an increase in acylcarnitine in gastrocnemius muscle
of patients with PAD (8). Hiatt et al. (8) found that muscle acylcarnitine was highly
correlated with peak VO2 (r = −0�75) in patients with unilateral PAD, suggesting that
the ischemic state may result in metabolic changes that ultimately control the level of
functional capacity in these patients.

Table 1
Fontaine Stages of Peripheral Arterial Disease

Stage Symptoms
Diagnostic hemodynamic

measures (5,6)

I Asymptomatic ABI < 0�94
II Intermittent claudication ABI < 0�90
III Rest pain Ankle pressure ≤ 50 mmHg
IV Tissue necrosis Ankle pressure ≤ 50 mmHg
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TREATMENT STRATEGIES

Medications
Because patients with PAD have identical risk factors as patients with CAD, the

medication regimen will be relatively similar. In general, several of these patients will
take beta-blockers, angiotensin-converting enzyme inhibitors, statins, aspirin, and/or
other antiplatelet drugs. Furthermore, an estimated 26% of patients will have type 2
diabetes (11) and may be on a medication for such. In addition to these medications
designed to improve risk factors and prevent cardiovascular events, some medications
may be prescribed to diminish peripheral ischemia and resultant claudication. Pentoxi-
fylline was originally the most commonly prescribed medication to serve this purpose.
However, more recent data suggest that the improvement in claudication due to this
medication may be relatively small (12). To date, the most efficacious drug for dimin-
ishing claudication is cilostazol, a phosphodiesterase inhibitor. In a 24-week clinical
trial, cilostazol increased average maximal treadmill walking distance by approximately
44% (from 241–350 m) as compared with a 27% improvement with Pentoxifylline (12).

One potential promising supplement to decrease claudication is carnitine. Early
research suggested that supplemental carnitine improves treadmill performance in
patients with PAD (13). The purported effect of carnitine is that it binds to Acetyl
CoA, which leads to a subsequent activation of pyruvate dehydrogenase and decrease
in lactate accumulation (13). Further research is needed to quantify the efficacy of
carnitine supplementation against medications such as cilostazol. However, this does
represent a promising area of treatment, as carnitine supplementation may result in
fewer side effects than pharmacological interventions.

Surgical Interventions
The most common interventions designed to treat patients with PAD are femoral

bypass graft and peripheral angioplasty, the latter performed either with or without the
insertion of a stent. These interventions are typically not considered unless that patient
is experiencing claudication at rest (Fontaine stage III) or similar severe manifestations
of the disease (14). Unlike exercise and pharmacological intervention, surgery does
not specifically address the reduction of associated risk factors. Furthermore, recent
research suggests that 6 months of exercise therapy is more effective and costs less than
angioplasty (15). Specifically, exercise therapy improved maximal walking distance
by an average of 250 m at a total cost of $4968 dollars per patient versus an increase in
113 m at a total cost of $9303 dollars for angioplasty (15). Thus, relevant lifestyle inter-
ventions (exercise rehabilitation, smoking cessation, and behavioral therapy) should be
considered whenever possible in place of, or in addition to, surgical procedures.

IMPLICATIONS FOR REHABILITATION AND EXERCISE
MANAGEMENT

Unique/Disease-Specific Adjustments to Acute Exercise
Because of the peripheral limitations, unique factors must be considered related to

exercise responses in patients with PAD. Because of the decreased blood flow and
altered skeletal muscle metabolism, oxygen uptake kinetics are notably altered. First,
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there is a delayed attainment of steady-state oxygen consumption (16). Furthermore,
instead of steady-state oxygen uptake kinetics during constant-intensity exercise,
patients with PAD will typically exhibit a progressive increase in oxygen uptake with
increasing exercise duration (17). This can cause a progressive increase in the relative
intensity of exercise during a submaximal bout of exercise. Perhaps the most important
consideration, however, is that functional capacity in these patients is limited, not
by the heart’s ability to distribute blood but by pain specific to the periphery as a
result of decreased local peripheral flow to the ischemic muscle. Thus, the target of
rehabilitation is to decrease claudication during ambulation.

Unique Adjustments to the Exercise Prescription
Because of the unique considerations for exercise in patients with PAD, several

considerations must be given to the exercise prescription. First, because claudication
will often severely limit the duration of exercise, intermittent exercise should be
prescribed, so that the patient accumulates an appropriate duration. The initial phase
of training can include approximately 15 min of exercise per session with steady
progression to 60 min per session. Patients should begin each interval at the prescribed
intensity and continue until they perceive the claudication at a level of “3” on the pain
scale, as shown in Table 2. After reaching a “3” on the claudication scale, the patient
should then rest until the pain subsides, at which point they will begin exercising again.
The rest periods should be monitored and recorded, as both the number and duration
of the rest periods should decrease over the course of the rehabilitation program.

Exercise intensity should correspond to approximately 40–70% of Heart Rate
Reserve (18). However, it appears that the total volume of training is the primary deter-
minant of the efficacy of rehabilitation, as low intensity (40% functional capacity) is as
effective as high intensity (80% functional capacity) for eliciting functional improve-
ments, provided the duration of the low-intensity program is increased (19). A recently
published meta-analysis suggests that the optimal training frequency in patients with
PAD is 3 days per week, based on the observation that improvements in walking
ability appear to be no better with 4 or 5 days per week than for 3 days per week
(20). However, because exercise therapy is often also prescribed for weight control
and CVD risk factor modification, prescribing exercise for more than 3 days per week
may be necessary.

Because PAD specifically limits the ability to ambulate, a significant portion, if not
all, of the training should be done using walking as the mode of choice. This should
facilitate program compliance as walking can be accomplished in various settings.

Table 2
Scale for the Ration of Perceived

Claudication

0 No pain
1 Onset of pain
2 Moderate pain
3 Intense pain
4 Maximal pain
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There is also some recent evidence that pole-striding exercise is at least as beneficial
as walking for improving functional capacity (21); however, no direct comparison
between pole striding and walking has been made in a single study. Other modes that
utilize similar muscle groups as walking, such as stair climbing, may be considered
for variety purposes, but should not comprise the bulk of the program, as walking
has been shown to be superior to stair climbing in improving time to claudication
during constant-intensity and incremental exercise tests (22). Arm and leg ergometry
both significantly improve time to claudication and functional capacity in patients with
PAD (23), but the efficacy of these modes in comparison with walking has yet to be
determined.

Hiatt et al. (24) observed that treadmill training is superior to strength training, as
strength training did not increase walking time to claudication onset and resulted in a
lower improvement in peak walking time (36 versus 74%, respectively). Furthermore,
previous research has shown that combining treadmill and strength training does not
result in larger improvements than treadmill training alone (25). However, the full
impact and potential benefit of strength training is not known in this population and
promises to be a compelling area for future research.

Supplemental strength training may be of benefit in patients with PAD. Specifically,
strength training increases bone density, improves muscular strength and endurance,
and can improve activities of daily living in older individuals (26). Furthermore,
strength training was shown to increase capillary density and decrease the proportion
of skeletal muscle IIB/IIA fibers in patients with PAD (27). This may be clinically
significant, as recent data suggest that muscle capillarization and type I fiber area
are correlated with exercise tolerance in patients with PAD (28). Therefore, this
intervention could improve the metabolic characteristics of skeletal muscle. Further
research is needed to quantify the adaptations that patients with PAD make to
strength training and the specific prescription considerations necessary to elicit these
adaptations.

Chronic Adaptations to Exercise Training
Obviously, the most important adaptations that occur with exercise rehabilitation

are an increased time to claudication during ambulation and an increased functional
capacity. These adaptations directly translate into increased voluntary physical activity
in this population. Additionally, economy of movement increases along with functional
capacity (17). The result of these two changes is that the relative intensity (% of
functional capacity) of a given submaximal walking velocity can decrease by as much
as 21% (17). The cause of the improvement in exercise economy is unknown. It is
possible that diminished claudication minimizes the altered gait mechanics in these
patients. Furthermore, metabolic adaptations favoring better oxidative metabolism
could contribute to the decrease in oxygen consumption at a given walking velocity.
Future research is necessary to fully evaluate the mechanisms responsible for these
adaptations.

One of the persistent misunderstandings regarding exercise rehabilitation in patients
with PAD is that the major outcome is an improved peripheral blood flow. In fact,
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although there is some evidence for improved peripheral flow in patients with PAD
(29,30), these adaptations are relatively minor and not highly correlated with improve-
ments in functional status (31). Resting ABI shows little to no change as an adaptation
to exercise training (17,29), suggesting that exercise does not effectively cure the
patient of PAD. It appears that exercise adaptations related to blood flow in this
population occur primarily in relation to exercise and postexercise flow. As evidence
of this, increases in ABI during the postexercise period are evident within as few as 2
months of exercise rehabilitation (17).

The mechanisms responsible for the improvements in blood flow have not been
clearly established. It is possible that exercise rehabilitation contributes to a regression
of atherosclerosis and subsequent improvements in blood flow. However, because the
adaptations appear confined to exercise and postexercise blood flow, this is not likely
to be the overriding factor. It is also possible that a large-enough volume of training
could effectively lead to the development of collateral vessels that could compensate
for the occluded vessels. However, it is not definitively known at this time whether
these adaptations occur in patients with PAD.

Some of the most important adaptations that occur as a result of exercise
rehabilitation in patients with PAD are metabolic adaptations in the affected skeletal
muscle. As mentioned previously, the affected muscles typically have a low carnitine :
acylcarnitine ratio (8), indicative of impaired Krebs cycle activity. However, exercise
increases this ratio (31), suggesting that the impaired metabolic state is at least partially
offset with exercise training. Furthermore, there is evident hypertrophy of both type
I and II fibers and an increase in muscle capillarization with strength training in this
population (27). Thus, the peripheral skeletal muscle adaptations that occur may be
the most important changes that result in enhanced functional capacity in patients
with PAD.

Much like exercise rehabilitation programs in other patients with CVD, patients
with PAD exhibit an improvement in their risk factor profile. Specifically, previous
research has documented that exercise rehabilitation can (i) increase tissue plasminogen
activator activity (a marker of fibrinolytic potential) by 28% (32), (ii) decrease total
cholesterol and LDL by 8 and 5%, respectively (33), (iii) decrease systolic blood
pressure by 6% (33), and (iv) increase voluntary physical activity by 38% (29). For
patients who are smokers, smoking cessation should be included in the intervention
strategy to effectively address this risk factor as well. By incorporating the use of
exercise and smoking cessation, exercise not only improves quality of life in patients
with PAD, but it is also part of an effective strategy for decreasing the increased risk
of CVD mortality in these patients.

Testing and Assessment
As mentioned previously, the major goal of exercise therapy is to decrease the

degree of claudication during ambulation. Fortunately, this can be easily assessed and
quantified in almost any clinical setting. For facilities without treadmill exercise testing
equipment, the 6-min walk represents an excellent assessment tool. By having the
patient self-pace to achieve the maximum distance possible in 6 min, time and distance
to the onset of claudication pain can be measured. This evaluation can be an excellent
way to monitor patient progress in an inexpensive manner (see chapter 12).
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If a more specific assessment is required, exercise protocols can be implemented,
with and without oxygen consumption being measured. The advantage of these
protocols is that they allow the clinician to standardize the intensity for comparison
across patients and to compare particular patients to pre-rehabilitation data. These
data can also be used to accurately provide an exercise prescription. If a facility is
equipped with a metabolic measurement system, walking economy can be quantified
and evaluated as an outcome of rehabilitation. In addition, direct, rather than estimated,
measurements of functional capacity can be made. However, it should be noted that
follow-up testing should be consistent with baseline testing with respect to the collection
of metabolic data such as oxygen consumption.

Previous research has shown that treadmill walking protocols, with and without an
inclined treadmill, and stair climbing protocols yield very similar values for onset
of claudication, time to maximal claudication pain, and hemodynamic measures (34).
Both constant-intensity protocols and graded exercise tests, where the intensity is
progressively increased through increases in treadmill speed and/or grade, have been
utilized for this population. However, prior research suggests that graded protocols
are superior due to more reliable measurements for both onset of claudication pain
and time to maximal claudication pain (35). One highly reliable treadmill protocol
utilizes a constant speed of 2.0 mph with grade increases of 2% every 2 min (18).
Blood pressure (ankle and brachial) and heart rate measurements can be made both
during and after the exercise tests. These measurements are important in that they can
(i) provide information that can be used to prescribe an exercise heart rate range, (ii) be
used to screen for abnormal blood pressure and heart rate responses, and (iii) provide
valuable feedback in terms of cardiovascular adaptations to training.

One clinical consideration with respect to exercise testing in patients with PAD is the
use of treadmill tests to screen for CAD. It is possible that claudication limits exercise
tolerance to the point where intensity is not sufficient to detect myocardial ischemia
during the exercise test. Thus, occult CAD may become evident during follow-up
testing, because the patient is able to achieve a higher workload, one that is sufficient
to reveal ischemia. Therefore, EKG monitoring during follow-up stress tests is highly
important, perhaps even more important than during the baseline evaluation.

SUMMARY

PAD is a disease that drastically affects mortality risk and quality of life. The
majority of individuals with PAD are in the asymptomatic stage, reflecting the need
for regular screening for this disease by clinicians. Ultimately, PAD can result in tissue
necrosis, gangrene, and limb loss; yet profound metabolic changes occur in ischemic
muscle of patients who do not experience these disease manifestations. Risk factors
for this disease are similar to those for CAD; however, smoking is a particularly
important risk factor for the development of PAD. Therapeutic treatment for patients
with PAD includes various pharmacological interventions, smoking cessation, and
exercise. Because exercise is limited by peripheral claudication pain, the major goal
of this therapy is to diminish claudication symptoms during ambulation. This is best
accomplished with 3 or more days per week of intermittent walking exercise. During
each exercise session, patients should exercise to a perceived “moderate” claudication
rating and then rest until the pain subsides. Strength training can be implemented as an
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adjunct, but it does not appear to supplement the improvements in functional capacity
beyond those observed for walking. Clinical assessment of functional capacity and
follow-up testing can be done using the 6-min walk and/or treadmill protocols.
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BACKGROUND

“Arthritis” literally means inflammation within a joint, but this term is often used to
encompass a wide range of conditions affecting bones, joints, and connective tissues
with unique pathogeneses, epidemiologies, and disease manifestations. As many as
20% of adults in the US and approximately 49% of those over age 65 years report
that they have arthritis (1,2). Given the aging of our population, projected estimates
suggest that close to 25% of the US adult population will be impacted by arthritis
by 2030 (2). Not surprisingly, arthritis is the leading reported cause of disability in
the US (3). Although many individuals presenting for cardiac rehabilitation (CR) will
describe a history of “arthritis,” the rehabilitative health professional should attempt
to understand what particular form of arthritis afflicts the patient to optimize their
rehabilitation (Table 1). Rheumatoid arthritis (RA) and osteoarthritis (OA) are
particularly pervasive and have specific implications for CR.
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Table 1
Distinguishing Features for Rheumatoid Arthritis and Osteoarthritis

Rheumatoid arthritis Osteoarthritis

Morning stiffness in active disease One hour or more Less than 30 min
Symmetric joint involvement +++ +
DIP and CMC involvement − +++
Wrist and MCP involvement +++ −
Cervical spine involvement ++ ++
Lumbar and thoracic spine involvement + +++
Hip and knee involvement ++ +++
Metatarsal involvement +++ +/−∗

Rheumatoid factor and anti-CCP detected ++ −
Erosions on X-rays ++ −
Osteophytes on X-rays − +++
Treatment with immunosuppressive and
biologic agents

+++ −

+++, typical; ++, often; +, occasional; −, rare to none.
CCP, cyclic citrullinated peptide; CMC, carpal–metacarpal joint; DIP, distal interphalangeal joint;

MCP, metacarpal–phalangeal joint.
∗ Typically only first metatarsal–phalangeal joint involved.

RHEUMATOID ARTHRITIS

RA is a chronic, inflammatory arthritis and affects close to 1% of individuals (4).
Women are affected more often than men in a 3:1 ratio, and age of onset is typically
after age 40 years in women and slightly older in men, although individuals can present
with RA at any age. RA is associated with considerable morbidity and mortality such
that more than 50% of individuals with RA are estimated to have severe disability (4).

RA results from a combination of genetic and environmental predispositions. Some
of the genetic associations of RA have been identified, such as an association between
RA and human leukocyte antigen (HLA) DRB1 alleles, DR4, DR1, and DR14 (5).
Additionally, there appear to be associations between RA and cigarette smoking (6)
and viral infections (7), but precise genetic and environmental triggers have not yet
been elucidated. The histopathology of RA demonstrates an accumulation of synovial
fibroblasts, T cells, and macrophages within the joint synovium. While the inciting
pathogenic events remain debated, the activated inflammatory cells produce pro-
inflammatory mediators including cytokines, adhesion molecules, and matrix metallo-
proteinases. These small molecules promote many characteristic manifestations, such
as bony erosions and deformities, and symptoms, including joint swelling, stiffness,
joint pain, and fatigue. Additionally, these molecules as well as the cells producing
them are the targets for many of the current and developing treatments for RA (8).

Typically, RA has an insidious onset followed by a steady course punctuated with
periodic “flares” of activity. The pattern of joint involvement is characteristically
symmetric. Initially, RA involves smaller joints such as the hands, feet, wrists, and
ankles, although knees can also be commonly inflamed and damaged. Most remarkable
in persons with established RA, disease activity in the cervical spine can produce
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devastating consequences; however, involvement of the thoracic and lumbar spine is
much less common. Also, in contrast to OA, the distal interphalangeal (DIP) joints are
rarely affected by RA. Over time, joint inflammation often results in fixed, charac-
teristic deformities such as swan-neck and boutonniere deformities. These joint defor-
mities may become a rare manifestation as disease-remitting treatments are being
increasingly utilized in early disease but presently account for much of the disability
associated with RA. Also, as a systemic inflammatory disease, RA can impact virtually
any organ system in the body. Systemic manifestations are typically associated with
severe active disease.

Diagnosis of RA is made based on the history, characteristic symmetric physical
examination findings, laboratory tests such as rheumatoid factor and antibodies to
cyclic citrullinated peptide, and radiographic changes such as erosions and periarticular
osteopenia. Medical treatment of RA is complex, often managed by a rheumatologist
or other specialist in RA, but typically includes a combination of medications ranging
from nonsteroidal anti-inflammatory agents for very mild cases to disease modifying
agents (methotrexate, leflunomide, azathioprine, sulfasalazine, hydroxychloroquine,
and cyclosporine) and biologic agents (etanercept, infliximab, adalimumab, anakinra,
rituximab, and abatacept) for more typical aggressive disease. Also, many individuals
with RA are maintained on low doses of glucocorticoids (< 10 mg a day of prednisone),
and steroids are commonly used in higher doses to treat joint “flares” and other systemic
manifestations of this disease.

Individuals with RA are at increased risk of cardiovascular morbidity and mortality
(9,10). Women with RA appear particularly susceptible to cardiovascular disease
(11,12) with evidence of twofold increases in risk of myocardial infarction (13). Likely
a complex interplay of genetic predisposition, inflammation, endothelial dysfunction,
glucocorticoid use, and insulin resistance results in an increased prevalence of cardio-
vascular disease in individuals with RA.

OSTEOARTHRITIS

OA is an especially prevalent form of arthritis, often referred to as degenerative
arthritis. As many persons have radiographic evidence of OA without symptoms,
estimates for the prevalence of OA vary depending on whether radiographic evidence
alone is used to define the disease. When requiring both radiographic changes and
symptoms as a definition of OA, conservative estimates suggest that 2% of the US
population and 10–15% of those over 65 years appear affected (1,14). Regardless of
the definition, the prevalence increases with age such that some estimates report over
75% of individuals over age 65 years have radiographic evidence of OA in at least
one joint (1,14). At all ages, women are commonly affected more than men.

Similar to RA, the pathogenesis of OA has not yet been completely elucidated, but
OA is commonly understood to be a disease of articular cartilage and subchondral bone.
Cartilage damage can result from abnormal or extreme forces, such as that which occurs
with morbid obesity, distributed over normal joint tissues. Alternatively, normal forces
can injure cartilage in the setting of abnormal joint tissues, for example, cartilage found
in individuals with metabolic deposition diseases such as hemochromatosis. During and
after cartilage injury, chondrocytes (the main cellular constituent of cartilage) release
degradative enzymes, which result in a net loss of cartilage proteoglycan (an important
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molecule involved in the shock-absorbing capacity of the joint). Defects within cartilage
occur, and, as a result, bone is exposed to synovial fluid and the degradative enzymes that
initiatedamagewithinunderlying, subchondralbone.Theseeffects result in the joint space
narrowing found in radiographs of individuals with OA. Remodeling within subchondral
bone results in many of the remaining radiographic findings (subchondral sclerosis, osteo-
phytes, and subchondral cysts) associated with OA (15).

Clinically, OA affects the hands and weight-bearing joints, such as knees and hips.
When affecting the hands, OA commonly occurs in the first carpal–metacarpal joints
and proximal interphalangeal and DIP joints. Deformities in the DIPs (referred to as
Heberden’s nodes) are often helpful in distinguishing OA from other types of arthritis,
but DIP joints can also be deformed as a peripheral manifestation of psoriatic arthritis.
Individuals with OA often describe joint pain, swelling (especially in the knees), and
stiffness. Likely a manifestation of the degree of inflammation involved, the stiffness
component of OA is typically limited to less than 30 min after prolonged inactivity. Also,
with severe disease and joint damage, alterations in range of motion and deformities
become prevalent. Diagnosis is made using characteristic findings in the history, physical
examination,andradiographicevaluationof thepatient.Laboratorystudiesmaybehelpful
to evaluate causes of secondary OA but are not diagnostic for OA itself.

Treatment of OA includes treatment with pharmacologic and nonpharmacologic
modalities. Pharmacotherapy is directed at reducing pain with nonsteroidal anti-
inflammatory agents, acetaminophen, and occasionally narcotics. Although findings
have been mixed, the “nutraceutical” glucosamine appears to improve pain and function
in OA (16). Additionally, topical medications, such as capsaicin cream, and intra-
articular injections of steroids and hyaluronic acid derivatives are also routinely used,
although the clinical effectiveness of the latter has not been unequivocally proven (17).
Currently, no disease modifying pharmacologic agents exist for OA, but clinical trials
are ongoing. Nonpharmacologic treatment recommendations include patient education,
weight loss for the obese, quadriceps strengthening for those with knee OA, braces
designed to unload forces from affected weight-bearing joints, assistive walking devices
when necessary, and paraffin baths for painful hand OA. Severe OA of the hip or
knee causing pain that interrupts sleep or significantly impacts daily activities is often
treated surgically with osteotomy or replacement of the joint.

IMPLICATIONS FOR REHABILITATION AND EXERCISE
MANAGEMENT

As with any other patient enrolling in a CR program, for the patient with arthritis,
it is imperative to devote attention to secondary prevention items, such as optimizing
nutrition, risk factor management, and performing a psychosocial assessment. Nutri-
tional recommendations should not differ for individuals with arthritis as a direct
consequence of the presence of disease. However, persons with RA are at increased risk
of osteoporosis; therefore, calcium and vitamin D intake, which are usually less than
recommended levels in the American population, should be paid particular attention.
Also, patients prescribed methotrexate for RA should be simultaneously prescribed a
supplemental folic acid (typically 1 mg a day) to help minimize hyper-homocystinemia
and side effects associated with this medication. In the obese patient with OA and
cardiovascular disease, nutritional assessments and recommendations should follow
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those outlined for obese patients such that a comprehensive program should be designed
to promote improved nutritional quality and weight loss.

In patients with known coronary disease, cardiovascular risk factor assessment
should proceed similarly for those with arthritis as for those without. It is worth
noting that many physicians believe that prior to a cardiovascular event or evidence of
overt cardiovascular disease, individuals with RA should be managed with lipid and
blood pressure guidelines similar to those for patients with diabetes. Similarly, given
increasing evidence of metabolic derangements likely related to arthritis-associated
reductions in physical activity levels, evaluation for possible diabetes should be under-
taken in individuals with both arthritis and cardiovascular disease.

Psychosocial assessment is especially important in those with arthritis and cardiovas-
cular disease. Depression commonly occurs in individuals with chronic illnesses and
should be addressed in a comprehensive assessment (18). Additionally, in individuals
with chronic diseases, higher levels of self-efficacy (confidence in one’s ability to
perform a specific task) predict better health outcomes [reviewed in (19)]. Assessing
self-efficacy for each component of the rehabilitation program can be achieved simply
by asking the patient whether he/she believes they will be able to accomplish a specific
task, such as weight loss or smoking cessation.

Recommendations for Promoting Self-Efficacy in the Patient With Arthritis

• Have the patient practice the activity to improve necessary skills: utilize a physical
and/or occupational therapist’s guidance for those with severe deformities.

• Demonstrate other patients with arthritis who have succeeded in attaining arthritis-
specific goals, such as weight loss and maintaining successful exercise programs.

• Involve persons who will provide positive reinforcement and encouragement: incor-
porate family members in the exercise program or suggest a group program such as
aquatics therapy.

• Assess and discuss anxiety levels about particular exercise activities before and after
the task: address whether the patient feels that his/her arthritis may impact their ability
to perform the activity.

ARTHRITIS-SPECIFIC ADJUSTMENTS TO ACUTE EXERCISE
AND EXERCISE TESTING

The most notable adjustment for acute exercise in individuals with arthritis is to
recognize disease exacerbations, joint infections, and acute regional musculoskeletal
problems. Although exercise has not been shown to promote exacerbations or flares
in individuals with RA, recognizing a disease flare or a potential joint infection and
directing the individual to seek further evaluation and treatment is imperative for
the comprehensive management of these patients. Although disease flares and joint
infections are often difficult to distinguish, both present with warm, red, and painful
joints. Given the typically recognizable symptoms, one strategy would be to direct
the patient to contact the physician managing their arthritis if they develop fevers,
chills, or warmth, redness, or severe pain in a joint and to delay exercise training that
loads affected joints until after evaluation and treatment. During the course of a flare,
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training should be altered to include primarily isometric strengthening and range of
motion flexibility exercises.

In addition to recognizing acutely inflamed or infected joints, the patient and practi-
tioner should be aware of the development of regional musculoskeletal problems. While
typically the result of overuse or repetitive actions, regional musculoskeletal disorders
should prompt an acute adjustment in the training regimen. Persons with arthritis,
especially RA, are more prone to the development of compressive neuropathies,
especially posterior tibial, median, ulnar, and posterior interosseus nerves. Development
of neuropathic pain (usually described as burning, shooting, numbness, or tingling)
in these distributions should alert the practitioner to syndromes such as tarsal tunnel
or carpal tunnel syndrome. Additionally, awareness of and ability to diagnose other
common regional musculoskeletal disorders such as rotator cuff tendonitis, trochanteric
bursitis, and iliotibial band syndrome are helpful in the management of persons with
arthritis. Once diagnosed, treatment for these conditions usually involves rest, physical
therapy, and occasionally steroid injection. During the acute phase of inflammation,
inciting activities involved in the patient’s training program should be replaced with an
alternative activity that does not aggravate the affected area. Nonetheless, maintaining
range of motion in the affected area is an essential part of rehabilitation. By minimizing
repetitive actions and offering various exercise modes, many regional musculoskeletal
problems can be prevented.

Exercise testing in patients with arthritis should be tailored to the patient’s arthritis
disease status. Submaximal testing may be preferable in individuals with severe
disease, and in patients with severe lower extremity involvement, arm ergometry may
be necessary for testing. It is worth noting that for standard graded maximal tests
without spirometry, VO2 max estimations are often based on American College of Sports
Medicine metabolic equations derived from steady-state exercise (20). These equations
have been shown to overestimate VO2 max in patients with arthritis and those with
cardiovascular disease when graded exercise protocols are used (21,22). In order to
avoid exercise prescriptions at higher than intended intensity, take care to choose
a protocol with well-validated VO2 max estimation equations. Several equations have
been validated for graded exercise protocols (refer Chapter 10), and one equation
has been validated using the Modified Naughton protocol in a population with knee
OA (21,22). Additionally, if exercise prescriptions are based on maximal heart rate
prediction equations, having the patient check their own heart rate during exercise to
verify that they are within the targeted range is especially important in this population
where heart rate may vary significantly depending on the mode of exercise.

DISEASE-SPECIFIC ADJUSTMENTS FOR EXERCISE PRESCRIPTION

Recently, a work group published recommendations on exercise prescription for
individuals with RA and OA. These recommendations are based on available evidence
as well as proceedings at the 2002 Exercise and Physical Activity Conference in
St. Louis, Missouri. This group recommends that individuals with RA desiring cardio-
vascular fitness train at an intensity of 60–85% maximal heart rate, a frequency of
two to three times per week, and duration of 30–60 min, and using whole body and
dynamic modes such as walking, stationary cycling, dancing, and aerobic aquatics (23)
(Table 2). For neuromuscular rehabilitation in RA, recommendations include dynamic
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Table 2
Guidelines for Aerobic Exercise Prescription in Patients with Arthritis∗

Rheumatoid arthritis Osteoarthritis – hip and knee

Intensity 60–85% max HR 50–70% max HR
Frequency Two to three times per week At least three times per week
Duration 30–60 min Accumulate 30 min per day
Mode Walking, stationary cycling,

and aerobic aquatics†
Walking, stationary cycling,
and aerobic aquatics†

HR, heart rate.
∗ Based on recommendations for cardiovascular fitness gains (23).
† Specific modes should be tailored to disease severity, accessibility, and patient

preference.

resistance training at 50–80% of maximal load, two to three times per week, at a
volume of 8–10 exercises, 8–10 repetitions, and 1–2 sets (Table 3).

Recommendations for individuals with hip and knee OA are to perform aerobic
exercise at an intensity of 50–70% maximal heart rate, a frequency of at least three times
per week, and a cumulative duration of at least 30 min per day while utilizing a mode
tailored to the individual patient (23) (Table 2). Additionally, given the prevalence of
obesity in patients with OA and the contribution of obesity to OA and cardiovascular
disease pathogenesis, a plan for moderate weight loss should be incorporated into
the exercise prescription for overweight and obese individuals with OA. Because
skeletal muscle weakness appears to correlate with radiographic presence of knee
OA, resistance training with a goal for strengthening large muscle groups, especially
quadriceps, should be included in a comprehensive rehabilitation plan for those with
OA. Recommendations for resistance training in OA suggest that beginning programs
at 40% of one repetition maximum (RM), with one set of 4–6 repetitions, 2 days a
week, and increasing volume and intensity by 5–10% per week (24) (Table 3). It is
worth noting that these recommendations for both RA and OA were not designed to

Table 3
Guidelines for Resistance Training Prescription in Patients with Arthritis∗

Rheumatoid arthritis∗ Osteoarthritis – hip and knee†

Intensity 50–85% 1 RM 40–80% 1 RM
Frequency Two to three times per week Two to three times per week
Volume Eight to ten exercises using

major muscle groups
Eight to ten exercises using
major muscle groups

Eight to ten repetitions Four to six repetitions
One to two sets One set

RM, repetition maximum.
∗ Based on recommendations for neuromuscular gains (23).
† Based on recommendations for comprehensive management of older adults with

osteoarthritis (24).
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address CR-specific goals, and the exercise studies upon which these recommendations
were based did not have cardiovascular endpoints. Most important, given the vast range
in disease activity for RA and OA, individualized exercise prescription and progression
is imperative.

While the CR health professional is often focused on aerobic and resistance training
to improve cardiovascular benefit, incorporating flexibility and range of motion
exercises into the exercise routine of the patient with arthritis will promote their
comprehensive care. Patients with arthritis should be encouraged to perform gentle
stretching and flexibility exercise of both large and small joints at least once daily
several times a week (24). Also, it is important to emphasize the importance of warm-up
and cool-down exercises and consider icing after exercise.

Precautions for exercise training should be similar to those given to all individuals
participating in exercise programs but may be tailored for the patient with arthritis to
include noting joint or muscle pain with exercise, postexercise pain lasting more than
an hour, joint swelling or redness, and fatigue.

COMMON CHRONIC ADAPTATIONS TO EXERCISE TRAINING

In individuals with RA, exercise training appears to improve strength and cardiores-
piratory fitness, but effects on function and radiographic progression are less clear
[reviewed in (25)]. Several studies have shown no detrimental effects of exercise
on radiographic progression (26–30). However, a recent investigation reported that
high-intensity weight-bearing exercise (70–90% of predicted maximal heart rate) may
hasten progression of radiographic damage in shoulders and ankle (subtalar) joints with
pre-existing severe damage (31). Again, although more trials are warranted to validate
these results, in individuals with severely damaged joints, conventional wisdom would
guide rehabilitation toward exercise modalities, such as aquatics-based programs that
minimize loading on severely damaged joints.

In individuals with OA, exercise training can reduce pain and improve strength and
function (32), but these studies have primarily been limited to populations with OA
of the knee rather than that of the hip or generalized OA. There are recent reports
suggesting that a combination of strengthening and aerobic exercise may promote
beneficial changes in cartilage glycosaminoglycan content in individuals at risk for
OA (33). Unfortunately, there are limited investigations evaluating the impact of
chronic aerobic or resistance exercise on the radiographic progression of arthritis
or on cardiovascular endpoints. Again, given the lack of evidence-based guidance,
conventional wisdom recommends minimizing joint loading of moderately to severely
affected joints as much as possible, as would be provided in aquatics-based programs.
Although facilities in all programs might not be conducive to aquatic exercise, if that
modality is available, CR programs might promote aquatic aerobics for individuals
with arthritis.

Many physicians recommend quadriceps-strengthening exercises to patients with
symptomatic knee OA. Although a number of investigations suggest that resistance
training, specifically quadriceps-strengthening, reduces pain and disability in knee OA,
few evaluate the impact of strengthening on radiographic progression. However, in
one investigation that evaluated the impact of baseline quadriceps strength on disease
progression, greater quadriceps strength appeared to promote progression of OA in
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Valgus knee
deformity

Varus knee
deformity

Fig. 1. Graphical depiction of valgus and varus knee deformities.

individuals with valgus and varus knee deformities (Fig. 1) and medial and lateral
knee laxity (34). While these findings warrant validation in a training trial, when
recommending quadriceps strengthening to patients with OA and malaligned or lax
kness, it is reasonable to discuss this as a potential, but not verified, risk. Also, although
there is limited clinical trial evidence, orthotic devices, such as valgus-corrective braces
for valgus deformities of the knee and lateral heel wedges for varus knee deformities,
may counteract these biomechanical factors as well as provide other benefits such as
decreasing nonsteroidal usage (35).

OTHER IMPORTANT AREAS OF CONCERN

• RA deformities may require adjustment of machines used in exercise training. In patients
with severe deformities, exercise prescription in conjunction with occupational and
physical therapists is reasonable. For upper extremity deformities, handgrip adaptive
devices may be useful. For foot deformities, referral to a podiatrist may be helpful in
providing individualized orthotics or suggesting shoes with a wide toe box for hallux
valgus deformities. Similarly, knee bracing and shoe orthotics may be helpful for knee
arthritis and assistive devices such as canes and walkers, typically recommended by
physical therapists may allow patients with severe hip or knee arthritis to increase
cumulative aerobic activity in daily activities.

• Consideration of RA involvement in the cervical spine, typically manifested initially as
neck pain radiating to the occiput, is essential. Possible cervical instability is evaluated
with flexion and extension radiographs of the cervical spine and, when identified,
should be evaluated for need for surgical stabilization. Isometric and minimally dynamic
exercises of cervical muscles may improve symptoms in individuals with RA and cervical
spine instability who chose not to have surgical stabilization (36), but individuals with
cervical instability should not participate in contact sports or typical resistance training
involving loading of the cervical spine.

• One means of minimizing joint loading in individuals with moderate-to-severe hip, knee,
and ankle arthritis is aquatics therapy. In addition, to reduce joint loads, exercise in
water provides some resistance for muscle strengthening and may provide an analgesic
benefit for painful joints. In persons with RA, for a given VO2, heart rate appears to be
higher on land than in water, such that to achieve aerobic benefits with aquatics therapy,
heart rate targets should be increased by 9 beats/min during aquatics therapy (24).

• More information on arthritis-specific exercise programs, including Arthritis
Foundation/YMCA aquatics programs (AFYAP) and People with Arthritis Can Exercise
(PACE®) can be found at http://www.arthritis.org and http://www.rheumatology.org.
More details regarding arthritis-specific exercise physiology can be found in the excellent
reference (22).
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• Given the lack of evidence for exercise prescription for primary and secondary prevention
of cardiovascular disease in patients with arthritis, future exercise studies should address
cardiovascular and radiographic endpoints in individuals with these chronic diseases.

SUMMARY

As the aging population increases, the number of individuals with arthritis presenting
for CR is likely to increase dramatically. Recognizing the typical joints involved in RA
and OA and signs of disease complications will help in promoting the rehabilitation
of these patients. As with all patients, attention to nutrition, risk factor management,
and psychosocial assessment are important in the rehabilitative effort. Most important,
as with all patients, exercise testing and prescriptions should be individualized to
accommodate each patient’s disease activity, deformities, and overall functional status.
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Age itself is a powerful risk factor for cardiovascular disease. As a result, older adults
are inherently prone to incident cardiac events as well as to insidious cardiovascular
pathologies that often lead to major disability and frailty. Eighty percent of cardiac deaths,
longer hospital stays, and greater subsequent disability all occur among cardiac patients
aged≥ 65 years (1), an age group that is also the fastest growing segment of the population.
Given this fundamental vulnerability and these demographic trends, cardiac rehabili-
tation is an important consideration for elderly. This is especially relevant because an
average 60-year-old can expect to live > 23 more years, an average 70-year-old > 15
more years, and an average 80-year-old > 8 more years (2). Cardiac rehabilitation may
help improve mortality, morbidity, and quality of living among older cardiac patients.

Ironically, cardiac rehabilitation remains severely underutilized among elderly
cardiac patients, particularly among women. Moreover, there are still insufficient data
from randomized controlled trials to clearly gauge benefits of cardiac rehabilitation in
older adults (1,3,4). Older patients as well as their families, physicians, and insurers
often de-prioritize this option, especially because it often entails added logistic and
financial challenges to what is already often an arduous convalescence. High incidence
of depression, social isolation, and limited socioeconomic status among elderly also
likely exacerbate such disinclination.
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CARDIAC REHABILITATION IN HISTORICAL CONTEXT

When cardiac rehabilitation first started in the early 1970s, it was primarily organized
as post-myocardial infarction exercise surveillance for middle-aged. Its relevance to
the elderly often seemed inherently ambiguious. Subsequently, cardiac rehabilitation
has evolved from its earliest into comprehensive risk modification, programming, yet
relevance to older adults remains unclear while elderly patients with Elderly coronary
artery disease (CAD) are increasingly likely to survive incident cardiac events, they are
then prone to cascading disease and infirmity. A context in which broader secondary
prevention of cardiac rehabilitation may seem fertile or irrelevant. Comorbidities, such
as arthritis, chronic obstructive pulmonary disease (COPD), and dementia, not only curb
referral but they fundamentally hamper traditional cardiac rehabilitation goals for the
patients who are referred. Whereas Vigorito et al. (5) assert that cardiac rehabilitation
goals can be individually tailored for each elderly enrollee to identify vital goals even
for those who are functionally or cognitively limited, this strategy remains controversial.

The 4th edition of the American Association of Cardiovascular and Pulmonary
Rehabilitation (AACVPR) guidelines for cardiac rehabilitation addressed issues of
aging and presented a strong case for exercise training and risk factor among the
elderly (6). However, in remarkable contrast, the 2005 American Heart Association
(AHA) guidelines on Cardiac Rehabilitation and secondary prevention downplayed
this critical issue (7). Other than mentioning under-use of cardiac rehabilitation in
older adults and urging more study, issues of aging are essentially omitted. This tack
seems especially remarkable because the guidelines emphasize broadening candidacy
for cardiac rehabilitation to include those with heart failure (HF), peripheral arterial
disease, and valvular heart disease. In other words, eligibility to cardiac rehabilitation
includes a spectrum of cardiovascular pathologies that soar in relation to age, but the
clinical complexities associated with age are not discussed.

MODIFIABLE PHYSIOLOGIC VULNERABILITIES ASSOCIATED
WITH AGING

Abundant data show that exercise and risk factor interventions can modify age-
related cardiovascular physiological changes that predispose to disease. A hallmark
of the aging process is a progressive decline in physical activity, which represents
a significant cardiovascular hazard (8). Maximal aerobic capacity, measured as VO2

peak, declines up to 20% per decade in healthy men and women in their 70s and 80s,
accelerating as age increases, especially in the context of concurrent disease. However,
regular exercise and physical activity can slow and even reverse functional declines
and lead to improved function and longevity. Hakim et al. (9) showed that men (aged
61–81 up) who walked < 0�25 mile/day had a twofold increased risk of coronary heart
disease compared to those who walked > 1�5 mile/day (5.1 versus 2.5%; p < �01).

On a more constitutive level, investigators have demonstrated that specific liabilities
of senescence can be modified. Typical aging includes stiffening of the central vascu-
lature, especially as elastin fragments and calcium and collagen deposition increase
in the vessel walls (10). Moreover, endothelial capacity to synthesize vital peptides
for vasomotor regulation and vascular homeostasis declines, with decreasing coronary
flow reserve capacity and increasing vulnerability to unstable atheromatous lesions.
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Exercise is one means to modify these vascular aging phenomena; Tanaka et al. (11)
showed that 3 months of aerobic exercise (primarily walking) reduced a �-stiffness
index by 20% (p < �01). Taddei et al. (12) compared endothelial function in sedentary
and athletic elderly adults and showed 25% (p < �05) enhanced endothelial-mediated
performance among the elderly with greater daily activity.

Exercise and pharmacological interventions can also modify typical aging patterns
of the heart. In typical aging, the heart pumps against increased afterload pressures (in
part due to vascular stiffening) (10) and develops myocyte hypertrophy as a natural
compensatory means to modify ventricular wall stresses. Myocyte apoptosis is exacer-
bated in the process, which in turn induces ventricular mural fibrosis and stiffening of
the matrix. Age-associated diastolic filling impairments relate to these mural changes,
as well as to age-related changes in myocyte mechanics that extend the timing of
calcium uptake into the sarcoplasmic reticulum. However, Levy et al. (13) used nuclear
techniques to show that 6 months of endurance training leads to 14% increase in resting
and exercise peak early left ventricular (LV) filling rates (p = �02 and .04, respec-
tively) among older men, along with 19% improvements in VO2 peak. In that study,
multivariate analysis showed that changes in peak LV filling correlated significantly
to the improved functional capacity.

On an even more basic level, ambient inflammation, catabolism, and oxidative
damage also increase with aging and probably underlie age-related frequency of
atherosclerosis, hypertension, plaque rupture (supply ischemia), and muscle weakening.
Studies demonstrate exercise-training benefits in reducing inflammation, catabolic
peptides, and oxidative stress, with associated improvements in anabolic milieu and
functional capacity (14,15). Gielen et al. (14) showed that 6 months of aerobic training
leads to significantly reduced tumour necrosis factor-� (TNF-�), interleukin-1� (IL-
1�), IL-6, and iNOS in skeletal muscle of HF patients compared with sedentary controls
even while serum levels were unaffected. Statins can similarly modify inflammation
(16) with theoretical pertinence to managing older cardiac patients.

Therefore, exercise and lifestyle modifications can potentially modify aging
phenomena that are otherwise tant amount to the substrate of cardiovascular disease.
Furthermore, exercise and lifestyle changes can modify functional limitations that
often arise from cardiovascular disease. Studies demonstrate, for example, that after
exercise training, tasks that were previously associated with breathless exhaustion for
frail elders tend to become more easily tolerated (i.e., below the ventilatory threshold)
(17). Although many view frailty as a rationale to omit cardiac rehabilitation, those
with limited function may derive the greatest proportional improvements with reduced
debility as well as modified disease (18) and improved quality of life.

Consistently, pleiotropic benefits from exercise and lifestyle modifications extend
beyond cardiovascular effects. Senescence is, for example, associated with a predictable
loss of skeletal muscle mass and strength [(i.e., sarcopenia (19)] that typically
compound cardiovascular limitations. As exercise improves cardiovascular perfor-
mance, it also stimulates muscle mass, endurance, and strength (20) that add to cardio-
vascular efficiency. Improved mood, stress and metabolism have also been attributed
to cardiac rehabilitation in the elderly (21).

Cardiac rehabilitation has unique potential to foster an environment where aerobic and
strength training as well as risk factor modification can be safely initiated, supervised,
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and monitored for elderly despite their innate vulnerabilities and limitations. For most
elders, the idea of exercise and risk modifications is often daunting, especially at the
onset. Unfortunately, although many community centers tout exercise programs for
older adults, enrollment of participants with cardiac conditions is often discouraged
and/or a source of excessive anxiety (22). Furthermore, training regimens in some group
programs are standardized and simplistic, missing opportunities to develop personalized
regimens that have greater potential to achieve exercise training benefits, ensure safety
and better integrate exercise with other lifestyle modification goals. Older adults, who
have been predominantly sedentary, usually benefit from very modest exercise inten-
sities (and low medication doses) at the outset of rehabilitation, with therapy then
advancing in intensity and range to best enhance function and health. For these adults,
standardized group programs that are fixed at one intensity may never feel safe or suitable.

UTILITY OF TRADITIONAL RISK FACTOR MODIFICATION
AMONG ELDERLY

Although some aspects of risk modification for elderly still remain theoretical, overall
rationale for treating traditional cardiac risk factors for elderly is already clear, with
compelling reasoning for inclusion in a comprehensive cardiac rehabilitation program.

Hypertension
Among its many attributes, cardiac rehabilitation affords a unique opportunity to

monitor blood pressure (BP) at rest and with exertion and to titrate vital antihyper-
tensive therapy. It also facilitates close hemodynamic monitoring, of key value because
elderly hypertensives are also prone to orthostatic hypotension, especially when antihy-
pertensive therapy is initiated. Cardiac rehabilitation also provides an opportunity to
assess and modify lifestyle contributors to hypertension. Salt sensitivity increases in
stiff senescent vasculature, and for most elders, this becomes a liability when they
are enticed by restaurants and processed foods that are laden with salt. Alcohol-use
also can exacerbate hypertension, with alcoholism being a common geriatric problem.
Likewise, nonsteroidal anti-inflammatory drug use has been associated with detrimental
renal effects and associated hypertension, a problem for the many elders who rely on
these medications for chronic pain relief. Finally, excess weight and inactivity are other
well-known contributors to hypertension. Both are also synergistic goals in a cardiac
rehabilitation program.

As an exercise program, cardiac rehabilitation also promotes exercise-associated
BP-lowering effects. Still, multiple studies demonstrate that exercise alone yields only
modest systolic BP changes with persistent vascular stiffening thought to moderate
BP-lowering benefits (23). For older adults, medications (24) combined with risk factor
modification and exercise provide optimal BP reduction.

Lipids
While importance of lipid disorders as risk factors for cardiovascular disease in the

elderly has sometimes been considered controversial, accumulating evidence suggests
that treating elevated low-density lipoprotein (LDL)-cholesterol levels is beneficial
(25). The PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) was
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a primary and secondary prevention trial designed to specifically study efficacy of
cholesterol reduction with pravastatin 40 mg among older adults aged 70–82 years. At
3.2 years, pravastatin reduced the risk of the primary combined cardiac endpoint by
15%. Furthermore, combining data from PROSPER, Cholesterol and Recurrent Events
(CARE), and Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
shows that pravastatin 40 mg reduced total strokes by 22% (26).

Given the notorious difficulty in statin compliance, even among younger adults, cardiac
rehabilitation is particularly valuable for elderly candidates, especially because dietary
modification is additionally complicated by diets lower in sodium and fat. Propensity
to depression (especially after a cardiac event or surgery) also often confounds dietary
interventions. Cardiac rehabilitation can help manage these difficult issues.

Tobacco
In 1998, 10.4% of men and 11.2% of women 65 years of age or older were current

smokers, but the proportion declined to less than 5% among persons over age 85 years
(27). Nonetheless, smoking cessation goals for elderly are still highly beneficial. In a
population study, 7178 persons aged 65 years or older were studied; current smoking
was associated with a relative risk for cardiovascular death of 2.0 in men and 1.6
in women, independent of other risk factors. Although adverse effect of smoking on
mortality was greatest in seniors aged 65–74 years, current smoking was associated with
a persistent survival disadvantage in both men and women over the age of 75 years (28).
Cardiac rehabilitation provides opportunities for exercise training, counseling, support
groups, and nicotine replacement all with proven efficacy to achieve smoking cessation.

Diabetes
In the Framingham Heart Study, the relative risk for coronary heart disease in

diabetic men over age 65 years was 1.4, whereas, in women, diabetes conferred a
relative risk of 2.1. In both men and women, the excess risk for coronary heart disease
in diabetics was greater in persons over age 65 years than in those younger than 65
years (29). Therefore, strategies to modify diabetic risk among elderly are prudent.

Whereas unforeseen weight loss among elderly may often indicate underlying disease
or depression, excess weight in the elderly is an important cardiovascular risk that can
be successfully modified through diet and exercise. Accumulating visceral fat with
aging is associated with insulin resistance. Age-related skeletal muscle wasting adds to
the proportion of body fat that predisposes to impaired metabolism and cardiovascular
risks. Cardiac rehabilitation helps achieve vital weight loss in a population that is also
prone to the detrimental issues of malnutrition, depression, and anorexia (30).

DATA DEMONSTRATING FEASIBILITY OF CARDIAC
REHABILITATION IN ELDERLY

In a 2001 review, Pasquali et al. (3) identify the lack of robust data regarding cardiac
rehabilitation in older adults and criticize the few elderly-specific trials for being
predominantly observational (nonrandomized) with only one including a nonexercise
control group. They assert that the true benefits of cardiac rehabilitation cannot be
determined without randomization and that there is selection bias in studying only
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those referred to cardiac rehabilitation. Furthermore, although the studies ostensibly
compared outcomes in young and old, the investigators did not account for baseline
differences in clinical characteristics, diagnoses, or functional capacities, which may
have further confounded the results. Nonetheless, they acknowledge that the studies
showed consistent improvements in exercise capacity and quality of life, universal
safety, and modest improvements in lipids.

Among these studies, Lavie et al. (31) reported a 34% improvement in exercise
capacity, a 6% reduction in body fat, and a 6% increase in high-density lipoprotein
(HDL)-cholesterol among older (> 65 years) adults. In an analogous study, HDL-
cholesterol improved 3%, the LDL/HDL ratio decreased 5%, percent fat decreased
7%, and exercise tolerance improved 43% among cardiac rehabilitation participants
≥ 65 years (32). In this particular study, improvements in anxiety, depression, mental
health, energy, general health, pain, well being, and quality of life were also observed.
Subsequently, Lavie (33) showed that lipids, body fat, exercise tolerance, and quality
of life were also greater among older adults (age >75 years) in cardiac rehabilitation.
Balady et al. (34) also studied patients aged >75 years and reported a 36% increase
in exercise tolerance in men and a 32% improvement in women. Those with an initial
peak metabolic equivalent (MET) level of <5 (34) demonstrated the greatest benefits
in exercise tolerance, increasing from 4�1±0�7 to 8�3±3�5 METS (p < �0001).

A trial by Stahle et al. (35) stands out due to its randomized controlled design.
A group of 101 patients aged 65–84 years (mean age 71 years) recovering from an acute
coronary event were randomized to a supervised outpatient exercise-training program
(n = 50) or to a control group (n = 51). By 3 months, exercise tolerance as well as
self-estimated level of physical activity, fitness, and quality of life were significantly
better in the exercise group compared with controls [from 104±24 to 122±27 watts
in exercisers (p < �001) versus 102±30 to 105±37 watts among controls].

More recently, Marchionni et al. (36) studied 270 post-MI patients aged 65–86 years.
Ninety patients aged 45–65 years were compared to 90 patients aged 66–75 years and 90
patients aged > 75 years. Patients in each age strata were randomized between hospital-
based cardiac rehabilitation, home-based cardiac rehabilitation, and no cardiac rehabil-
itation (control). Total work capacity increased with hospital- and home-based cardiac
rehabilitation but was unchanged in the control group. Although improvements were
greatest in the young and middle-aged groups, they were also significant in those > 75
years. Thereafter, total work capacity drifted downward toward baseline among those
who completed hospital-based cardiac rehabilitation, whereas gains were preserved
among those who originally completed home-based cardiac rehabilitation. Health-
related quality of life improved in middle-aged and old cardiac rehabilitation (hospital-
and home-based) and control groups but only with cardiac rehabilitation in the very old
patients. Complications were similar across treatment and age groups. Costs were lower
for home-based cardiac rehabilitation than for hospital-based cardiac rehabilitation.

HOME-BASED VERSUS HOSPITAL-BASED MODELS OF CARDIAC
REHABILITATION FOR THE ELDERLY

Marchionni’s study highlights a key issue pertaining to the future of cardiac
rehabilitation, particularly pertinent for the elderly. Owing to advancing technologies,
an opportunity exists to shift program design from a traditional hospital-based
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cardiac rehabilitation program to a home-based cardiac rehabilitation model. These
technologies provide home-based participants a closer link to hospital personnel, and
even other patients, as they progress through cardiac rehabilitation programming.

Many proponents of home-based cardiac rehabilitation laud the fact that it affords
greater cost efficacy (37). Carlson et al. (38) showed that a modified cardiac rehabil-
itation program, oriented to home training, cost $738 less per patient than tradition
formats and required 30% less staff. Furthermore, home-based training also affords
unique advantages in providing better access to older adults for whom travel to the
hospital and/or spousal care obligations make hospital-based cardiac rehabilitation
especially difficult.

Nevertheless, the curricula of home-based programs lack the same standardization as
those in hospital formats. Most emphasize only exercise and lack comprehensive risk
factor modification. Furthermore, the very technical communication links that make
home-based options safer and more effective may seem overwhelming to some elderly.

Recently, a comprehensive Cochrane review of home- versus center-based physical
activity programs studied older adults without any cardiac disease (39). This review was
limited to training studies and did not evaluate efficacy of risk factor modification. Six
trials including 224 participants who completed home-based training were compared
to 148 participants who received center-based training. Despite significant hetero-
geneity of trials and data, in the short-term, center-based programs tended to demon-
strate better functional gains (e.g., 207% versus 70% improvements in walking time,
p < 0�001), but the home-based programs were better in terms of long-term exercise
adherence [e.g., 75.1–78.7% of home-based participants in one trial were still adhering
to their exercise program compared with 52.6% of the center-based participants
(p < 0�0005)].

Although this review supports home-based training, it does not fully explore the
complexities of achieving comprehensive risk reductions and/or achieving safe exercise
training for cardiac patients. Likewise, training regimens were also extremely simple,
omitting considerations such as strength training, which would likely afford dispropor-
tionate value to some elders.

SUMMARY

The benefits of cardiac rehabilitation for elderly remain more conceptual than proven.
Although cardiac rehabilitation originated primarily as a mechanism to mobilize
patients after an MI, it has grown in scope and sophistication that seem well suited
to modify cardiovascular disease as well as the vulnerabilities associated with aging
that particularly predispose elderly adults to cardiovascular disease. Although seminal
research demonstrates that exercise and risk factor modifications are important consid-
erations for elderly, study of cardiac rehabilitation programs themselves has not yet
fully substantiated programmatic efficacy. Critical research is still needed, and such
inquiry will likely reinforce rationale among patients and their doctors to consider
this therapy. It seems likely that cardiac rehabilitation constitutes a key opportunity
to achieve cost-effective healthcare and a higher quality of life for our elderly
patients.
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INTRODUCTION

Cardiac and pulmonary rehabilitation programs require personnel from a myriad of
professional backgrounds and training. Because this group has such broad professional
expertise and diversity, there is the potential for expanding the impact that cardiac
rehabilitation (CR) programs may have within the hospital and in the community.
In fact, the American Association of Cardiovascular and Pulmonary Rehabilitation is
currently exploring interactive relationships with other organizations that will foster
the changing nature of cardiac and pulmonary rehabilitation into a disease management
(DM) forum. This will necessitate a restructuring of current programs, expanding the
roles of staff and the way in which the needs of patients and clients are met. This
chapter has two sections: the first addresses the roles of the program management in
facilitating and enhancing program effectiveness relative to current regulations, and
the second section establishes a platform for program growth and development toward
a DM delivery model.
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MAXIMIZING CURRENT MANAGEMENT

Health Care Finance
“We face a demographic tsunami” according to David Walker, comptroller general

of the United States (1). An aging population, health care inflation, and advanced
medical technology will create a perfect storm is the admonition of Douglas Holtz-
Eakin, Director of the Congressional Budget Office (1). Additionally, health care chief
financial officers, business and industry leaders, and human resource executives are
cogently aware of the criticality of rising health care costs. The year 2004 brought forth
a 12.6% increase as a national average for health care spending and served as a warning
for these leaders that there is not an end in sight for the next 5 years. This increase
foretells that business and industry’s contribution to employee health benefits will rise
54%, and as a result, employee contributions may triple by 2010 (2). According to the
Centers for Medicare and Medicaid Services (CMS), health expenditures in the United
States will reach $2.6 trillion by 2010 and $3.6 trillion by 2014 (3,4).

Tight labor markets (nursing and pharmacist shortages), lower payments from public
insurers, and the growing cost of pharmaceuticals and technology are causing a decline
in operating margins for America’s hospitals from 3.7% in 2002 to 3.3% in 2003.
Because of this, hospitals face huge strains in maintaining adequate net profits with
reimbursement levels dropping, revenues declining, and costs increasing (5). The cuts in
Medicare and Medicaid in 2005 and 2006 brought an additional cause for concern (6).
And the increasing amount of uncompensated care that is brought about when the
uninsured seek medical care adds to the burden that hospitals face (7).

As health care organizations face shrinking revenues, they look for marginal services
to remove from the operating budget. Often CR program’s financial status is marginal.
It is important for the program manager or director to be a strong advocate for the
CR program he/she serves. He/she must be a student of the research that delineates
the benefits of these programs and create a case for cost savings related to reduced
emergency room visits and hospitalizations, as well as track side-stream revenue
derived from program-identified interventions such as coronary re-vascularizations and
implants of automatic implantable coronary defibrillators (AICD) and pacemakers.

Insurance Reimbursement for Outpatient Education and Exercise
In March 2006, CMS determined that the evidence supported expansion of the

covered diagnoses for CR to include heart valve repair or replacement, percutaneous
transluminal coronary angioplasty (PTCA) or coronary stenting, and heart or heart–lung
transplant (8). This supersedes the original Medicare coverage, Section 3525 published
in September 1982 in the Intermediary Manual part 3 (9).

At the time of this writing, CMS is reimbursing $31.03 for each session of CR,
an amount that is then adjusted by the wage index for the specific region where the
program is located (10). This may reduce the payment depending on the cost of living
index of the geographical area.

Pulmonary Rehabilitation (PR) is remunerated according to a Local Coverage Deter-
mination (LCD) that is regionally based. Currently there is no National Coverage
Determination (NCD) by CMS. Local coverage is according to the specific personnel
providing the service, e.g. physical theraphy is paid in 15 minute increments, a nurse or
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respiratory therapist or other health professional is paid by the session. With PR there
is additional remuneration for each 15 minutes of education appropriately documented
in the patients medical record (11). Diabetes self-management education (DSME) is
a service that is paid for by insurance, as are services for physical, occupational, and
speech therapies. Additionally, medical nutrition therapy (MNT) has been added to
the coverage arena for patients requiring nutrition re-education and counseling. In all
of these cases, the patient must be referred by a physician and have the appropriate
diagnostic code (12). For an extensive review of reimbursement issues, read chapter 28.

Program management must make every effort to have primary physicians refer their
patients for all of the areas and services covered under National and Local Coverage
Determinations. For example, more than 40% of patients referred to CR programs have
diabetes. It is important to recognize that many of these patients would be appropriate
candidates for MNT, and this would increase revenue as well as insure excellent
education outcomes for patients.

Evidence Supports the Efficacy and Potential Profitability of Cardiac
Rehabilitation

There is much research that has established the benefits of CR programs without
additional risks to the patient. Well established are the following:

• Meta-analyses of clinical trials consistently demonstrate a 25–30% reduction in total and
cardiovascular mortality (13,14).

• Health-related quality of life is significantly improved (15,16).
• Improved endothelium-dependent vasodilatation leading to a marked reduction of

myocardial ischemia and coronary events (17–19).
• Reduction in re-hospitalization and health care expenditures and prolongation of

life (20,21).
• Improvement of exercise capacity is a consistent and strong beneficial result distancing

the older participant from disability (23).
• Reduction in fatigue and dyspnea in patients with heart failure and in patients with valve

replacement/repair (17,18).

These are but a few of the many, however, most salient results of CR on the referred
patient population. Unfortunately, despite the above evidence, a treatment gap occurs
relative to ensuring that appropriate patients undergo CR. Although many reasons
contribute to this treatment gap, an initial issue is securing program referral, especially
in the female, elderly, and minority groups with approximately 20–30% of all clinically
appropriate patients being referred (21,22).

Utilizing all of the documented benefits of CR and inpatient care paths, it is essential
to work to obtain consensus with physicians for blanket referral and/or standing orders
to refer appropriate in-hospital patients to CR and education. Extend the standing
orders to referral to outpatient rehabilitation and DM to improve patient outcomes and
reduce re-hospitalizations, emergency room visits, morbidity, and mortality.

Patient Satisfaction as a Driver for Program Implementation
Health care is becoming extremely competitive with hospitals competing against one

another for occupied beds and physicians looking for increased income streams taking
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screening tests and procedures out of the hospital and doing them in their offices. Market
share is determined by the reputation that is perceived by the public and future users
of the health care system. The paying customer includes employers determining health
care contracts, health plans, and provider groups determining compensation formulas and
consumers who select their health plan based on whether it is a point of service or preferred
provider plan (22). Patient’s satisfaction is a measure of the patient’s perception of their
health and quality-of-life outcomes and the satisfaction they have with the quality of care
andservices includingphysician interaction.Often this is as important asclinicalmeasures
such as reduced blood pressure or lipid profiles as a result of care.

It is the experience at Press Ganey, the health care industry’s leading patient satisfaction
consultant, that services such as CR score high on the patient satisfaction grid of most
health care organizations because of the personal attention and care offered in such a
program. In fact, programs such as CR are often viewed as going the extra mile to ensure
that the hospital and staff does all of the right things to help the patient get well (24).
Because these are outpatient services, they may be viewed as the exit program from the
hospital, which often leaves the patient with the perception of excellent service.

Management of CR programs should extend “this positive identity” of the hospital,
which was brought about because of patient satisfaction with CR. Opportunities to
promote and advance CR and the hospital include providing community education
sessions, lunch and learn programs, television appearances and interviews, and
newspaper articles on the benefits of CR.

DISEASE MANAGEMENT – THE MODEL OF THE FUTURE

Over the past 15 years, a new process for managing chronic conditions called DM has
developed. DM evolved as a mechanism to manage increasing health care costs. The
results have been encouraging to business and industry as a way of slowing the current
escalating trends. Ultimately, the process was defined by the Disease Management
Association of America. “Disease Management is a system of coordinated healthcare
interventions and communications for populations with conditions in which patient
self-care efforts are significant. Disease management

• Supports the physician or practitioner/patient relationship and plan of care
• Emphasizes prevention of exacerbations and complications utilizing evidenced based

guidelines and patient empowerment strategies, and
• Evaluates clinical, humanistic, and economic outcomes on an on going basis with the

goal of improving overall health” (25).

CMS has initiated The Chronic Care Improvement Program providing the oppor-
tunity for health care institutions to apply for grants to work with Medicare and
Medicaid to help beneficiaries to manage their health, adhere to physician plans of
care, and obtain the medical care they need to reduce their health risks (26). The
difficulty with all of these programs is that they have not been operational for a period
of time long enough to give health and dollar-saving outcomes.

Janet Wright, MD, in testimony before the House Committee on Ways and Means
made the following observations: “As an example of highly effective DM, I call your
attention to a mature and profoundly valuable program which has provided education in
self-management and health preservation, linked patients and doctors through frequent
progress reports, and not just satisfied, but indeed, life changed its participants. That
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program is one of the original disease management approaches known as Cardiac
Rehabilitation”(27). Thus, we have as a basic approach for intervening with all of
the chronic diseases promulgated in this book, the utilization of a tried and true DM
program, the principles of intervention promoted by the example of CR.

Approximately two-thirds of all deaths in the US are directly related to five chronic
diseases – heart [coronary artery disease (CAD)], chronic obstructive pulmonary
disease (COPD), cancer, stroke, and diabetes. Chronic disease accounts for 75% of the
nation’s total health care costs. Because chronic disease, once diagnosed, is constant,
continuing, and prolonged, the resulting pain and suffering decreases the quality of
life of millions of Americans (28). Chronic disease is so costly because of increasing
technology, improvements in environmental and social conditions, and the increase in
life expectancy. The improvements in environment and social conditions have led to
an increase in sedentary living, poor eating habits, and tobacco use as leisure time
increases because of time-saving technology (29).

Three modifiable health-damaging behaviors, smoking, sedentary living, and obesity,
are directly related to the five leading causes of death and suffering brought on by
chronic diseases. Because smoking is the risk factor attributed as the leading cause
of death, Medicare is considering paying for two smoking cessation opportunities per
year as an effort to reducing morbidity (30). Smoking produces long-term chronic
diseases that are resource intensive. In essence, death is the least expensive end point
in chronic diseases related to smoking.

Overweight and obesity are current epidemics in the United States and the world for that
matter. Predictions are that it will surpass smoking as a health-related and chronic disease
producing risk factor within the next 10 years. The total cost for obesity equals $117
billion tied up in caring for the diseases associated with obesity summarized in Table 1.
Obesity is costly to business and industry because of loss of 39.3 million workdays and
239.0 million restricted activity days that have a huge impact on productivity. This is a
health risk that occupies the minds and efforts of many consumers as is evidenced by
the expenditure of over $33 billion annually on weight-loss products and services (31).

The direct and indirect costs of sedentary living, as it is related to chronic disease, was
in excess of $150 billion in 2000 and occupies approximately 15% of the total health care
budget (32–34). The costs of cardiovascular disease and diabetes combine to $396 billion a
year.A30%reduction in these twodiseaseswouldsave$119billionayear. Is this feasible?
Yes, Hu (35,36) found that 2.5 h of brisk walking per week brought about a 30% reduction
in cardiovascular disease, stroke, and type 2 diabetes. All-cause mortality rates would be
similarly affected, with as much as a 30% reduction, by physical activity expending an
average of 1000 kcal/week (approximately 2 miles/day, 5 days/week) (34). Reviewing
Table 1 demonstrates the enormous effect that these three lifestyle choices or risk factors
have on the development or exacerbation of chronic disease in the United States today.
The costs, morbidity, and mortality consequences of these account for more than 75%
of health care dollars and premature deaths annually.

It is important to recognize that many of the diseases listed in Table 1 are ones
that are primary focuses of CR and Pulmonary Rehabilitation (PR) or comorbidities
for patients referred to CR and PR. Essentially, the majority of efforts to correct these
major health risk factors occur as secondary prevention, after the patient has incurred
the disease and is now in the process of rehabilitating and managing the disease and
its exigencies. Managing the disease will stem the increasing exacerbations of these
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Table 1
Chronic Diseases Caused or Enhanced by Three Risk Factors: Smoking, Obesity,

and Sedentary Lifestyle

Smoking (28–30) Obesity (31) Sedentary Lifestyle (32,33)

Chronic lung disease Heart disease Angina
Emphysema Diabetes Heart attack
Asthma Congestive heart failure Coronary artery disease
Heart disease Angina Breast cancer
Stroke Gout Colon cancer
Cancer of the lung Stroke Congestive heart failure
Cancer of the larynx Hypertension Depression
Cancer of the esophagus Gall bladder disease Gallstone disease
Cancer of the mouth Osteoarthritis High blood triglycerides
Cancer of the bladder Asthma High blood cholesterol
Cancer of the cervix Sleep apnea Hypertension
Cancer of the pancreas Uterine cancer Poor cognitive function
Cancer of the kidneys Breast cancer Low- and high-density lipoproteins
Increased blood pressure Colorectal cancer Low quality of life
Peripheral vascular disease Kidney cancer Obesity
Sudden cardiac death Gallbladder cancer Osteoporosis
Osteoporosis Dyslipidemia Pancreatic cancer
Peptic ulcer disease Complications of pregnancy Peripheral vascular disease
Impotence Menstrual irregularities Physical frailty
Dental disease Hirsutism Premature mortality

Stress incontinence Prostate cancer
Psychological disorders Sleep apnea
Surgical risk Stiff joints

Stroke
Type 2 diabetes

chronic diseases that would occur if the disease progressed unchecked and as a result
decrease the cost.

Using the above information and lessons from the past such as managed care and of
the future, DM, hospital administration, and program managers and directors should
become driving forces for CR programs in the following ways:

• focus on prevention, early diagnosis, and monitoring of patients using specific clinical
pathways,

• become an integrated partner in employee health management efforts,
• provide comprehensive outpatient care in one centralized setting,
• create a community presence outside of the hospital facilities, for example, churches,

clubs, schools (Fig. 2),
• pay close attention to patient’s psychosocial needs,
• identify and aggressively manage other chronic diseases and comorbidities, and
• look for creative cost saving opportunities (37).
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Fig. 1. Disease management integration 38.

Using these guidelines, it is appropriate to call together all of the services that work
with patients in an outpatient setting to discuss how as an integrated service center,
your hospital may better service the patients you serve. Use as a model the services
depicted in Fig. 2. The ideal would be to have all of these services located within one
physical setting with designated drive up and parking areas to facilitate patient assess.
When that is not feasible, it is essential that the coordination between services be fluid
and supportive of patient care and needs. Additionally, electronic patient records, a call
system for follow-up, and a data management system that tracks patient outcomes over
time and is interactive between each service so that patient data and care is integrated
are essential.
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CONCLUSION

The objectives outlined in this chapter will assist program management in being
a comprehensive advocate for their CR program. The focal points of the chapter
epitomize the comprehensive outpatient cardiac programs that Dr Wright described to
the House Ways and Means Committee and have been in operation since the late 1960s.
It is appropriate to take this model and apply it, because few patients enter CR program
free of another chronic disease such as diabetes, osteoporosis, cystic fibrosis, arthritis,
congestive heart failure, peripheral vascular disease, obesity, pulmonary disorders such
as COPD, and many cancers, to name a few. Each of these diseases may be significantly
impacted in their health outcomes by exercise, lifestyle, and nutrition intervention
(Table 1) as epitomized by the CR model.
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INTRODUCTION

Cardiac rehabilitation (CR) services are physician-directed and implemented by
an interdisciplinary team of healthcare professionals that include nurses, exercise
physiologists, physical therapists, dieticians, and behavioral specialists (1–3) (Fig. 1).
While day-to-day care issues in CR are coordinated by the interdisciplinary team, the
overall plan of care, formal progress assessments, and backup plans for emergency
management and medical management are coordinated by the Medical Director.
The Medical Director should have a strong background and interest in clinical and
preventive cardiology, exercise physiology, human behavior, and psychology and
should be a team leader (4). The roles and duties of the Medical Director are
summarized in Table 1 and discussed below.
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Fig. 1. Elements of cardiac rehabilitation [Adapted from reference (3)].

Table 1
Roles of the Medical Director

1. Design and coordinate policies and procedures
2. Design and perform intake evaluation
3. Monitor patient progress and adjust treatment plan
4. Coordinate program safety parameters and emergency

management
5. Communicate and interface with referring physicians
6. Coordinate regulatory and reimbursement issues

DESIGN AND COORDINATE POLICIES AND PROCEDURES

Every CR program should have a Policies and Procedures Manual that defines the
clinical and therapeutic activities of the CR service. The Medical Director should act
as a team leader to establish and keep current the Policies and Procedures Manual
and should be a primary teacher of medical management issues to the CR staff. The
Medical Director is also the primary person to assure that policies and procedures are
compliant with medico-legal parameters such that CR treatment guidelines are standard
of care for the community in which the program is based. The hospitals’ legal advisor
and Medicare Compliance Officer should review the Policies and Procedures Manual.
The Policies and Procedures Manual should address the following issues:

• Diagnostic eligibility criteria for patient participation.
• Identification of systematic processes to facilitate patient referrals.
• Components of the intake evaluation.
• Description of exercise training modalities and risk factor treatment modules.
• Description of patient education and behavioral treatment modules.
• Identification of clinical outcome measures.
• Processes for emergency management.
• Processes for documentation of daily treatment routines, medical management issues

and communication of results and patient progress to referring physicians.
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• Components of the exit evaluation.
• Planning for long-term exercise and lifestyle therapy.

DESIGN AND PERFORM INTAKE EVALUATION

The Medical Director as team leader should design the CR intake evaluation. The
goals of the CR intake evaluation are several. First, and foremost, is the task of
ascertaining that the patient has an appropriate diagnosis for participation in CR and
that exercise training as prescribed by the Medical Director will be safe and effective.
Second, the clinical stability of the patient is assessed, and pharmacologic therapy is
optimized, both to prevent exertional coronary ischemia and to utilize agents that have
been proven to prolong life and/or prevent major cardiac events (5). Third, cardiac
risk factors are measured or extracted from the medical record, including measures of
lipid profiles, serum glucose, blood pressure, body mass index, waist circumference,
and peak aerobic capacity at exercise stress testing. Fourth, appropriate dietary and
pharmacologic therapies are instituted to treat cardiac risk factors to established goals
(5,6). Finally, the Medical Director, with the input of program staff, should design
an exercise training prescription that is oriented toward attaining improved physical
function and risk factor goals for each individual patient (see Chapters 2, 13, 14,
16 and 17). Exercise training protocols will differ greatly by patient characteristics. For
example, an older women struggling with poor physical function and a need to maintain
physical independence in the home setting will often need an exercise program that
focuses on increasing strength and endurance; so, it is often important to include a
component of resistance training (7,8). On the contrary, a younger male with multiple
components of the metabolic syndrome will need an exercise prescription that focuses
on maximization of exercise-related caloric expenditure, using longer bouts of walking
and other aerobic exercises, to maximize weight loss (9).

MONITOR PATIENT PROGRESS AND ADJUST TREATMENT PLAN

The Medical Director should outline the plan by which progress of the individual
patient is monitored and communicated to the primary care physician. Different models
exist for patients enrolled in CR relative to whether it is the referring physician
or the Medical Director of the CR program that is monitoring patient progress and
adjusting the care plan as needed. In the case where the Medical Director is monitoring
patient progress, it is clear that any changes in the treatment plan should be clearly
communicated with the referring physician, and certainly, no changes in pharmacologic
therapy should be made without the input of the referring physician. On the contrary,
in some programs, the Medical Director is only available for medical emergencies,
with the referring physician performing the intake evaluation and monitoring of patient
progress. In this model, closer contact is needed between the referring physician and
program staff.

COORDINATE PROGRAM SAFETY PARAMETERS AND EMERGENCY
MANAGEMENT

The singular most important role of the Medical Director is to design and maintain
a CR program that is medically safe for participants. Safety protocols include guide-
lines for excluding highest risk patients, provisions for the closer monitoring of
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high-risk patients, and establishing protocols for emergency management for the rare
but predictable emergencies that include sustained arrhythmias, acute coronary events,
and cardiac arrest. Patients with any of the following conditions or measures should
not enter CR before the condition is stabilized, and if they are already participating,
they should be seen by the Medical Director before continuing in the program (10).
These include but are not limited to

• unstable angina.
• severe aortic stenosis.
• hypertrophic obstructive cardiomyopathy.
• class IV heart failure.
• resting systolic hypertension �≥ 200 mmHg�.
• resting diastolic hypertension �≥ 110 mmHg�.
• uncontrolled ventricular or supraventricular arrhythmias.
• random blood glucose < 80 or > 300 mg/dl until corrected.

As determined by the Medical Director, patients with more severe heart disease may
require closer than usual monitoring which may include extended electrocardiographic
monitoring, more individualized staff contact, more frequent than usual checking of
vital signs, and/or a limitation of exercise intensity. Finally, processes need to be
in place for the care of cardiac emergencies such as myocardial infarction, cardiac
arrhythmias with hemodynamic collapse, or cardiac arrest. The Medical Director or a
designated physician needs to be able to respond to these emergencies within seconds,
and appropriate support staff need to be available. Each day that CR is being performed,
there needs to be written evidence of who is designated as the responsible physician
during an emergency. Intermittent “mock” codes should be performed, and all CR staff
need to be certified in basic cardiac life support while advanced cardiac life support
for some staff is preferred.

COMMUNICATION AND INTERFACING WITH REFERRING
PHYSICIANS

The individual patient appropriately looks to his/her primary care physician for
guidance in making health care decisions. From the point of view of the primary care
physician, CR is part of the overall care plan for the patient with heart disease, and it
needs to be coordinated with other aspects of patient care. Without timely, high-quality
written communication from the CR program to the referring physician, the lifestyles
and behaviors learned while in CR will not be supported or perpetuated long-term.
At a minimum, communication between the CR program and the referring physician
should include the following:

• Baseline evaluation and plan of care.
• A progress report half-way through the CR program.
• A final summary of participation with plans for long-term exercise and preventive care.

Supplemental communications may include updates on clinical events requiring
medical intervention such as changes in anti-anginal medications or the need for
intensification of pharmacologic therapy for improved blood pressure or lipid control.
The Medical Director needs to be available to CR staff in an ongoing fashion to
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evaluate patients when needed and to communicate assessments and possible changes
in therapies to the referring physician when appropriate.

COORDINATE REGULATORY AND REIMBURSEMENT ISSUES

Physician involvement is a major component of obtaining reimbursement for Phase
II CR services because these services are provided “incident to” physicians’ services.
The Centers for Medicare and Medicaid Services (CMS) coordinates the care of more
than 50% of CR participants nationwide; thus, their reimbursement guidelines and
policies are closely monitored and are often adapted for CR coverage for private
insurance carriers. Until recently, CMS covered Phase II CR only for services relating
to the following diagnostic categories:

• Acute myocardial infarction.
• Coronary artery bypass surgery.
• Chronic stable angina with a positive exercise electrocardiogram or imaging stress test.

However, in the new CMS coverage policy for coverage of CR of March 2006,
it has been decided that Phase II CR services be expanded to include patients after
a percutaneous coronary intervention such as placement of a coronary stent, in the
absence of an acute myocardial infarction, patients after heart valve replacement, and
patients after cardiac transplantation but not patients with chronic heart failure (11).
It should be noted that many commercial insurance companies already do provide
coverage for these diagnoses, but these need to be verified on a company-by-company
basis. Because CR coverage remains “incident to” physicians’ professional services,
the patient still needs to be referred to CR by their personal physician and their progress
in CR needs to be followed and documented in the CR chart either by the Medical
Director of the CR program or by the primary physician. This progress report needs to
be done at least once during a 3-month CR program and is in addition to the baseline
and summary reports described above. This same physician will make adjustments
to the plan of care as necessary to maintain patient safety and/or to attain patient
outcome goals. A second issue important to CMS and other health insurance companies
is that a physician be designated to be available to manage medical emergencies in
the CR program. This physician can be the Medical Director of the CR program or,
alternatively, can be the hospital emergency “code” team that is specially trained to
deal with such emergencies in a timely fashion. Finally, CMS requires what is called
“direct physician supervision” of the exercise area during Phase II CR. Technically, this
is similar to what is provided for trained Registered Nurses or Exercise Physiologists to
perform diagnostic exercise stress testing. The physician does not have to be physically
present in the room but must be in the area of the exercise program and thus available
for urgent situations. For example, this might include seeing clinic patients in a room
down the hall if it does not preclude a prompt response, but it would not include
performing medical procedures that cannot be interrupted or being in an adjacent
building. Whereas Nurse Practitioners or Physicians Assistants may perform several
of the roles of the Medical Director such as the intake or exit evaluation of the patient,
the physician supervision aspect of CR must be performed by a Medical Doctor. It is
not clear if a Nurse Practitioner can refer a patient to Phase II CR or if this needs to
be done by an MD.
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SUMMARY

Medical directors of CR programs are optimally situated to assure that systematic
application of behavioral lifestyle treatments and pharmacologic therapies are applied
to attain favorable clinical outcomes in patients with coronary heart disease. As
the leader of the CR team, the role of the Medical Director is pivotal to define
program policies, to perform patient assessments, to communicate in an effective
and timely fashion with the referring physician, to assure patient safety, and to
ascertain that the plan of care is effectively attaining favorable patient outcomes for
participants.

THE FUTURE

Currently, many CR programs have a nurse or Exercise Physiologist functioning
effectively as the program director to design policies and procedures. They cover
medical emergencies with a hospital “code” team. If an urgent clinical issue arises for
a given patient, they need to navigate many barriers to interrupt the personal physician
for clinical direction. However, the personal physician is rarely able to physically come
and examine the patient. Furthermore, the personal physician is rarely trained in the
necessary concepts important to function as a CR staff physician, such as knowledge
of exercise physiology, cardiology, or behavioral change techniques. Optimally, both
the American Association of Cardiovascular and Pulmonary Rehabilitation and the
American Heart Association support the concept that the Medical director for each CR
program be the person responsible to assure that systems are in place to attain favorable
clinical outcomes for participating patients (4). A physician-Medical Director is also
well situated to best communicate with referring physicians.

One shortcoming of the current CR model is that patients at high risk for the
development of coronary heart disease must suffer an acute coronary event before
they “qualify” for a preventive program that is covered by their medical insurance.
A challenge to Medical Directors of CR prevention programs is to develop innovative
preventive services that are affordable within the current reimbursement model. Such
a model might include a baseline risk factor analysis and a symptom-limited stress
test for patients deemed at high risk, an evaluation that is covered by most insurers.
Subsequently, patients can participate in health-club-style prevention programs that can
include exercise, behavioral weight-loss programs, diabetic weight-loss and nutrition
programs, or programs for individuals with relatively asymptomatic coronary heart
disease in the absence of a recent coronary event. Follow-up evaluations would measure
the response of cardiovascular risk factors such as hypertension, hyperlipidemia, and
obesity. Such programs can be made available at reasonable costs, often well below the
equivalent cost of a pack of cigarettes per day. Engaging patients at increased risk of
heart disease calls for an expansion of the current model of what is often termed Phase
III CR. In certain settings, this can also be expanded to include other chronic disease
states where exercise is felt to be beneficial such as rheumatoid and osteoarthritis,
chronic pulmonary disease, mental depression, and the dynamic process of healthy
aging where two overriding goals are to maintain independence and prevent physical
disability.
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The assessment of global cardiovascular risk at baseline and in response to therapy
is an important component in both cardiac rehabilitation (CR) and the clinic setting
that accompanies it. At our institution, we assess risk before and following a period
of CR using established modifiable markers of cardiovascular risk, including status
of lipids, blood pressure, metabolic syndrome, diabetes mellitus, central adiposity,
depression, social support, and others. The goal is then to modify the risk to prevent
downstream cardiovascular morbidity and mortality. Although much is accomplished
in the setting of the CR program itself, much can be accomplished in the clinic-based
visits with physicians and physician extenders to reinforce messages from the CR
program, to titrate and optimize medical therapy, as addressed in previous chapters,
and to further refine risk modification strategies when CR is completed. For lifestyle
modification to be successful in the clinic setting, the provider must base the approach
on a behavioral construct that to the clinician makes sense and can readily be employed.
We have found the standard Stages of Change construct (1) to be the most useful in our
clinics.

ASSESSMENT OF RISK IN THE CARDIAC REHABILITATION
SETTING

It is useful to assess modifiable cardiovascular risk using established markers prior
to and following a period of CR. First, such an assessment can focus the attention
of the individual participant and the CR staff on targeted areas of particular interest

From: Contemporary Cardiology: Cardiac Rehabilitation
Edited by: W. E. Kraus and S. J. Keteyian © Humana Press Inc., Totowa, NJ

271



272 W.E. Kraus

during the rehabilitation period. In addition, such information can be shared as a
report of the program success to referring providers, thus becoming a reinforcing
strategy for participant recruitment. Such assessments also can be added to the
medical record for individual CR participants. Second, the staff can use these data
to assess the effectiveness of the program in general, as well as the effectiveness of
particular strategies to modify risk for particular risk markers [e.g., blood pressure, low-
density lipoprotein (LDL) cholesterol, weight, and waist circumference]. Ineffective
strategies can be modified and adapted to be more effective or abandoned if found
to have no utility. Third, such longitudinal data can be extremely useful in research
projects, conducted under the supervision of qualified personnel and the institutional
Review Board, to address outstanding and untested hypotheses regarding CR programs
in general. By adding to the general literature in this area, the entire field will be advanced.

We have used the format illustrated in Fig. 1 to collect relevant data on individual
participants. Such data are shared with the referring health care provider and can become

Fig. 1. (Contd.)



Chapter 24 / Assessment and Treatment of Risk in the Clinic Setting 273

Fig. 1. Initial and Exit Summaries for Use in Cardiac Rehabilitation. Such summaries can be useful
in communication to referring caregivers about the course and response to the treatment program.
Also the collected data can be useful in program efficacy assessments and research.

part of the medical record of the individual patient. In addition, data are collected in a
longitudinal database for subsequent program-wide assessments, as previously discussed.

ASSESSMENT AND MODIFICATION OF RISK IN THE CLINIC
SETTING

As noted, the clinic visit, either by a member of the CR team or the referring
physician, is an important ancillary component of the CR experience for the individual.
The potential effectiveness of such visits to the successful institution of prevention
strategies cannot and should not be underestimated. There is an evolving body of liter-
ature supporting the concept that attention of the physician and/or physician extender
to particular behaviors (e.g., smoking, inactivity, and poor eating habits) is likely the
most important component of a behavior-change strategy. We have found that there
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are at least four steps to a successful intervention with an individual in the behavioral
change arena: (i) bringing attention to the behavior, (ii) discussion of the behavior
with the individual, (iii) developing an effective strategy for changing behavior, and
(iv) following up with the progress of the strategy at the next encounter. It is clear,
however, that such approaches take time and the pressures of current medical practice
require that strategies to address behavior change in the medical clinic require strategies
that are at once effective and time-efficient. I will discuss some methods that we have
found effective in our clinics for accomplishing each of these ends.

Steps in Successful Clinic-based Behavior Change Strategies 

Bring Attention to the Behavior – Surveying 

Discussion of Importance of Changing the Behavior 

Agreeing on  Plan and Contracting 

Follow-up 

Bringing Attention to the Behavior
There are several conceivable methods whereby one might bring a particular behavior

to the attention of the individual. When this comes from the physician, the individual
becomes aware that the physician believes that it is important. For example, taking
weight or waist circumference or asking about eating and physical activity behaviors are
important components of drawing the individual’s attention to the issue and stressing
that the health care provider believes that the issue is important enough to seek and
record this information. We have found that short surveys administered about eating
and physical activity behaviors, administered in the waiting room while the individual
is waiting to see the caregiver, also provide an effective strategy for collecting the
information. It is essential, however, in order for this strategy to be effective that the
information subsequently be addressed and referenced during the clinic encounter with
the physician and reinforced by other health care team members. Such data should also
become part of the clinic record, preferably in the clinic note.

Discussion of the Behavior in the Clinic with the Individual
As noted, it is important, once the data are collected on a given behavior, to discuss

the behavior with the individual during the clinic encounter. That being said, it is
clear, given the time pressures on practitioners in the clinic, that not all behaviors
of interest can be effectively addressed in each clinic visit. That is, we have found
it particularly ineffective to mention, as a parting comment during a clinic encounter
that the individual “should lose weight, eat better and get more regular exercise.”
Although better than nothing, the absence of a detailed, if brief, encounter on important
behavioral issues will rarely lead to significant or long-term behavior change. Rather,
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the care provider must spend some time, even if short, explaining the importance of
the behavior under issue. We have found that addressing one of the four potentially
important behaviors in each visit is an efficient and effective means to promote behavior
change. In the prevention cardiovascular clinic, the important behaviors that should be
addressed are smoking, poor nutrition choices, lack of sufficient physical activity, and
type A behavior. How does one chose which behavior to address in a given clinic visit?

Choosing Which Risk Factor to Address: The Transtheoretical

Model of Behavioral Change

In chapter 7, Dr Collins and colleagues discuss the background and use of the
Transtheoretical Model of Behavior Change in assisting in developing a program for an
individual. This model can also be used in the clinic setting to decide which behavior, of
several that could be chosen, should be addressed in any given encounter. For example,
should an individual be a smoker, have a poor diet, excessive job-related stress, and be
physically inactive, one might ask which behavior might be best to address first. One
approach might be to assess in which stage of precontemplation, contemplation, or
planning the individual is, by prompting with questions such as “Have you considered
stopping smoking?” and “Have you made plans to stop smoking within the next several
months?” Depending upon this survey of prospective behaviors, it might make sense
first to address those behaviors to which the individual is willing or even eager to
direct their attention. For example, in an individual that responds to such queries with
“I enjoy smoking and do not wish to consider stopping at the present but I do want
to consider changing my diet and getting more exercise,” it does not make sense to
address first the smoking issue in preference to the diet and exercise issues.

A Series of Clinic Visits Becomes a Program for Behavior Change

Given constraints on time that a practitioner can spend in any one clinic visit and limita-
tions on the ability of any one individual can absorb in one visit, and given the other
potential issues to address (e.g., medication changes), it is our habit to address only one
behavior in each visit and attempt to move the behavior change along the spectrum of
the Transtheoretical Model spectrum (precontemplation to contemplation to planning to
action to maintenance and reinforcement) in each clinic encounter. This typically may
take from 5 to 15 min. Thus, in reality, a series of clinic visits becomes a program of
behavior change, and, for example, it may take up to sixteen sequential clinic visits
to address and promote effective behavior change in each of four distinct behaviors.

DEVELOPING A BEHAVIOR-CHANGE PLAN

As noted, developing a behavior-change plan is an essential step in the process of
promoting lifestyle changes in the clinic setting. This may take as little as 5 min and
as much as 15 min in the clinic setting. Let us use increasing physical activity as an
example. One should probe the individual’s lifestyle and where, within the normal
routine, a dedicated period of physical activity and exercise might fit. As it does not
require large changes in physical activity to make a significant difference in health
parameters (2–4), and modest changes in physical activity are relatively easy to make,
formulating a plan with an individual in the clinic setting is facile. Often, for example,
to promote daily moderate level activity of about 30-min duration, we often suggest
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that the individual walk the dog daily – whether he has one or not! Once a plan is
made, it is important to document it in the clinic record for later reference.

Follow-Up at the Next Encounter – the Importance of Contracting
The final essential step in a clinic-based process promoting behavior change is

follow-up and reinforcement. By recording the plan in the clinic note, the clinician
is prepared to query progress at the next visit. In addition, we find contracting to be
a useful exercise, as well. For example, if weight loss is a goal, one might agree on
a target of a given amount of weight loss in the interim until the next visit (e.g., agreeing
on a 10-lb weight loss in 5 months). One useful strategy to reinforce the understanding
is to contract on the behavior (looking the individual in the eyes, shaking hands on the
agreement, and recording it in the chart). This can be particularly effective in helping
the individual recall the contract. The contract and progress in achieving the agreement
is then reviewed at the next encounter and a new contract formed. Often, when it is
important to reinforce behavior and when change is actively taking place, more as
opposed to less frequent, clinic visits should be arranged.

SUMMARY AND OUTSTANDING QUESTIONS

In summary, assessing global cardiovascular risk is important in both the CR setting
and the cardiovascular prevention clinic that works in parallel. Assessing risk permits
one to assess the effectiveness and make necessary adaptation of procedures and tactics
for promoting lifestyle changes in these settings. In the clinic setting, promotion of
lifestyle change is a progressive process, often based on behavioral change strategies,
such as the Transtheoretical Model, where a series of stepwise counseling can be
considered a program. Although many of the suggestions presented in this summary are
seemingly rational and self-evident, many questions are in need of scientific testing for
efficacy in randomized trials. For example, an important question might be that, when
multiple behaviors need to be addressed, whether it is better to address a behavior that
the individual is open to change (i.e., contemplative) or one that potentially presents the
greatest risk (e.g., smoking). Scientific studies addressing such questions will greatly
assist those that promote lifestyle change strategies in the clinic setting.
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Appropriate staffing for contemporary cardiac rehabilitation programs demands a
multidisciplinary approach. Even if budgetary constraints and/or small patient census
justify only a few staff, these professionals must have competencies across various
disciplines: medicine, nursing, exercise physiology, physical and occupational therapy,
psychology, sociology, pharmacology, and education. Cardiac rehabilitation includes
baseline patient assessments, nutritional counseling, aggressive risk factor management
(lipids, hypertension, weight, diabetes, and smoking), psychosocial and vocational
counseling, and physical activity counseling and exercise training, and the use of appro-
priate cardio-protective drugs (1). Staff must be able to perform assessments, teach, and
provide effective interventions in the following realms: cardiopulmonary and muscu-
loskeletal anatomy, physiology, and pathology; cardiovascular disease risk factors;
nutrition; physical functioning and exercise therapy; psychosocial; health behavior;
vocational; and pharmacy.

INPATIENT CARDIAC REHABILITATION STAFFING

Once stable after a cardiovascular event or procedure, most patients are good
candidates for inpatient cardiac rehabilitation. Treatment involves early mobilization,
identification and education of cardiovascular risk factors, medication instruction,
and discharge planning that includes referral to outpatient cardiac rehabilitation.
After documented physician referral, the inpatient cardiac rehabilitation staff must
conduct baseline cardiovascular, pulmonary, musculoskeletal, and psychosocial assess-
ments. On the basis of these, an individualized program of physical activity and
education should be administered to the patient by the cardiac rehabilitation staff. This
team includes, at minimum, each nurse who is responsible for the patient on each
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nursing shift. Specific staff duties necessary to meet the goals of inpatient cardiac
rehabilitation may be and are often delegated to a multidisciplinary team including
certified nursing assistants; registered dieticians; physical and occupational thera-
pists, exercise specialists, and exercise physiologists; pharmacists; social workers; and
discharge planners. Some programs, usually those with large patient populations, may
have a Cardiac Rehabilitation Coordinator or Cardiac Rehabilitation Educator (usually
a nurse) who coordinates the above team of providers, assumes their respective roles,
and/or is responsible for special patient populations (e.g., higher-risk patients). For
smaller programs, and for patients experiencing a short length of stay, the patient’s
nurse or any one of the above providers may be cross-trained to take on multiple roles
(Table 1). Regardless of which professional staff is doing the work of inpatient cardiac
rehabilitation, everyone in this team should be familiar with and competent (within
their respective job descriptions) relative to clinical indications and contraindications

Table 1
Summary of Staff Assignments Designed to Meet Typical Inpatient Cardiac Rehabilitation

Patient Goals

Goal Job function Job title

Initial assessment and
explanation of event or
procedures

Basic cardiovascular nursing Patient’s RN or CRE/Coord.

Early physical activity
including ambulation

Leads patient with transfers,
bedside exercises, and
ambulation

RN, PT, OT, CNA, ExSp, or
CRE/Coord.

Heart healthy diet Nutrition assessment and
instruction

RN, RD, or CRE/Coord.

Smoking cessation Smoking assessment, advice,
and intervention

RN or CRE/Coord.

Effective emotional
management

Psychosocial assessment
and stress management
intervention

RN, SW, Behavioral
Specialist, Psychologist, or
CRE/Coord.

Medication management Medication instruction RN, Pharmacist, or
CRE/Coord.

Effective diabetes
management

Medication and lifestyle
instruction

RN, RD, CDE, or
CRE/Coord.

Effective discharge
planning (for first few
weeks at home)

Planning for transitional care
if necessary; instruction
on home activities and
emergency preparedness;
medication prescriptions;
follow-up appointments;
referral to outpatient cardiac
rehabilitation

SW, DP, RN, or
CRE/Coord.

CNA, Certified Nursing Assistant; CDE, Certified Diabetes Educator; CRE/Coord., Cardiac Rehabil-
itation Educator/Coordinator; DP, Discharge Planner; ExSp, Exercise Specialist; OT, Occupational
Therapist; PT, Physical Therapist; RD, Registered Dietician; RN, Registered Nurse; SW, Social Worker.
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for cardiac rehabilitation (2). Moreover, staff who are responsible for early mobilization
and physical activity of patients must be familiar with the adverse responses to physical
activity which require discontinuation of activity (2).

OUTPATIENT CARDIAC REHABILITATION STAFFING

After discharge from the hospital, most patients with cardiovascular disease are
good candidates for outpatient cardiac rehabilitation, including those recovering
from a myocardial infarction, coronary revascularization, cardiac transplant, or valve
surgery and patients with stable angina or heart failure. Historically, the corner-
stone of outpatient cardiac rehabilitation has been appropriately prescribed and
medically monitored/supervised exercise therapy in a clinical setting. This requires
personnel who have the following competencies: basic cardiovascular, pulmonary,
and musculoskeletal assessment; electrocardiogram (ECG) interpretation; medical
emergency management; and exercise therapy theory and practice. Moreover, because
contemporary outpatient cardiac rehabilitation programs are more focused toward
disease management and have, by necessity, adopted a case management approach
to patient care (3), core staff must also have competencies in cardiovascular risk
factor management, basic psychosocial assessment and intervention, and behavioral
counseling. Core staff must be able to perform individual patient assessments of basic
cardiovascular and behavioral issues, help patients to set realistic goals regarding these,
and evaluate progress toward these goals (Table 2) (4). As with inpatient programs,
various disciplines can be employed to meet program goals.

Typically, core outpatient staff consists of nurses and exercise physiologists in some
combination, depending on program philosophy, goals, and census (see Fig. 1 for a
flexible staffing model). Additional staff from other disciplines may be employed on
a part-time basis to provide specific patient education and instruction. For example, a
registered dietician who works primarily in an outpatient nutrition clinic may spend
several hours per week teaching patients in the outpatient cardiac rehabilitation clinic.
In programs that employ a nontraditional cardiac rehabilitation model, whereby the
patients attend fewer clinic visits, and the exercise is primarily or all home-based
(5), staff (primarily nurses) interact with patients via telephone and periodic office
visits. Regardless, program staff still must have competency in the areas of exercise
assessment, prescription, and evaluation.

Some programs call their staff “Cardiac Rehabilitation Case Managers” or “Cardiac
Rehabilitation Specialists” rather than by their original disciplinary training (“Cardiac
Rehabilitation Nurse” or “Cardiac Rehabilitation Exercise Specialist”). This demon-
strates that clinical personnel are cross-trained and are accountable for various respon-
sibilities (see Table 3 for sample generic job description).

To demonstrate competency and expertise, it is highly recommended that clinical
cardiac rehabilitation staff obtain certification(s) in their respective fields (Table 4)
(6). Clinical staff should demonstrate the knowledge, skills, and abilities (KSAs)
necessary to provide safe and effective services to their patients, many of which are
delineated by the American College of Sports Medicine (ACSM) (2). Any clinical staff
person who is responsible for conducting cardiac rehabilitation supervised exercise
should possess the KSAs for either the ACSM Exercise Specialist® or the ACSM
Registered Clinical Exercise Physiologist® (Table 5). Additional training in Preventive
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Table 2
Staff Competencies for Individual Patient Assessments, Goal Setting, Treatment Strategies

(Patient Behaviors), and Outcome Evaluation

Core
component Assessment, goal setting, treatment strategies, and outcome evaluation

Patient
assessment

Review medical history
Assess: Vital signs, current clinical status, administer a battery of
standardized measurement tools to assess status in each component of care.
Goal: Develop a goal-directed treatment plan with short- and long-term
goals for cardiovascular risk reduction and improvement in health-related
quality of life.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Lipid
management

Assess: Lipid profile, current treatment, and compliance.
Goal: Assist patient to improve lipid profile.
Strategies (behaviors): See Nutritional and Physical Activity Counseling.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Hypertension
management

Assess: Resting blood pressure (BP), current treatment strategies, and
patient’s adherence.
Goal: Assist patient to improve blood pressure.
Strategies (behaviors): See Nutritional and Physical Activity Counseling.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Diabetes
management

Assess: Diabetes present; HbA1C and fasting blood glucose (FBG); current
treatment strategies and patient’s adherence.
Goal: Assist patient to improve blood glucose control.
Strategies (behaviors): See Nutritional and Physical Activity Counseling.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Weight
management

Assess: Weight, height, body mass index (BMI) – determine risk.
Goal: Assist patient to reduce weight by at least 10% (1–2 lb/week).
Strategies (behaviors): Create energy deficit of 500–1000 kcal/day with diet
and exercise. See Nutritional and Physical Activity Counseling.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Psychosocial
management

Assess: Psychological distress (depression, anxiety, hostility, etc.); refer
patients with clinically significant distress to appropriate behavioral health
specialists.
Goal: Assist patient to reduce psychological distress.
Strategies (behaviors): Teach coping and stress management skills. Promote
adherence.
Evaluate Outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

(Continued)
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Table 2 (Continued)

Exercise
training and
counseling

Assess: Functional capacity; physiological responses to exercise; current
(past 7 days) physical activity behavior – include leisure and usual
activities (occupational, domestic, etc.). Specify time (min/day) frequency
(days/week), and intensity (e.g., moderate or vigorous).
Goal: Individualized exercise prescription defining frequency (times/week),
intensity [target heart rate (THR), rated perceived exertion (RPE), metabolic
equivalent (MET) level], duration (min), and modality to achieve aerobic,
muscular, flexibility, and energy expenditure goals. Example: 30 min a day
on most (at least 5) days/week at moderate (3–5 MET) intensity level.
Strategies (behaviors): Assist patient to implement exercise prescription in
Cardiac Rehabilitation and/or Home Program; promote adherence.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Nutritional
counseling

Assess: Current dietary behavior – dietary content of fat, cholesterol,
sodium, calories; eating/drinking habits.
Goal: Individualized prescribed diet based on needs assessed.
Strategies (behaviors): Teach nutritional information and dietary skills;
provide instructional resources; promote adherence.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Smoking
cessation

Assess: Smoking status – current, recent, former, never.
If current or recent, stage of change, amount of tobacco/day (or other
nicotine).
Goal: Abstinence from smoking and use of all tobacco products.
Strategies (behaviors): Teach smoking cessation information and skills;
provide instructional resources; promote adherence.
Evaluate outcomes: Reinforce/revise goals and/or treatment strategies if
necessary.

Cardiology, Motivational Interviewing, and use of the Stages of Change Model should
be encouraged. All cardiac rehabilitation staff should have current training in basic
life support skills and participate regularly in emergency drills (6). During supervised
exercise sessions, the recommended patient to staff ratio is 5:1 for early outpatient
(Phase II) programs and 15:1 for intermediate to long-term programs (7). A second
staff person should be available in case of emergencies. In rare instances, the acuity
of individual patients may demand a very low (even 1:1) patient to staff ratio.

Cardiac rehabilitation programs can benefit immensely from volunteer staff, such
as graduate or undergraduate students working to fulfill academic requirements for
clinical experience (8). Student interns can provide a source of positive motivation
and encouragement to current patients. They can assist with orientations and act as a
resource to current patients regarding protocols and procedures. They can assist with
supervision of current client activities, data collection, and outcome tracking. Student
interns must have a written job description and be supervised by department staff.

Also, it would be a tremendous oversight to discount the importance of a good
clerical/secretarial component. Too often, for perceived financial limitations, clinical
personnel are left spending a disproportionate amount of time with clerical and secretarial
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Ancillary Staff (may be “borrowed” from other departments):
Dietician**, Pharmacist**, Social Worker**, Behavioral Health Specialist**,

Medical Director

Administrative Director

Secretary, Clerk, or Health Unit Coordinator/CNA
[may be shared with other department(s)]

Registered Nurse(s)** Exercise Physiologist(s)* or Physical Therapist(s)**

Volunteer(s) and/or Student Intern(s)

Program Manager* (may be part-time clinician
and part-time administrator) 

Fig. 1. Flexible Staffing Model for outpatient cardiac rehabilitation. ∗May have alternative job title
and may oversee other services such as inpatient cardiac rehabilitation and/or other outpatient primary
or secondary prevention services. ∗∗These may have alternative job titles, for example, “Cardiac
Rehab Specialist,” and/or may also perform functions within inpatient cardiac rehabilitation and/or
other outpatient primary or secondary prevention services.

duties. In reality, having a competent secretary or health unit coordinator, even if shared
with other departments, allows clinical staff to focus on and improve patient outcomes
and program delivery, which often results in higher departmental productivity.

MEDICAL DIRECTOR

Provision of cardiac rehabilitation services, both inpatient and outpatient, should be
led by a Medical Director. The Medical Director is ultimately responsible for ensuring
that systems are in place to facilitate the process by which cardiac rehabilitation staff,
in conjunction with referring physicians, assist patients to reach cardiac rehabilitation
specific goals most effectively (9). In addition to providing general medical oversight
of the program (medical policies, procedures, and regulations), the Medical Director,
who is often trained in cardiology, internal medicine, or family medicine, must ensure
that the program is safe, comprehensive, cost-effective, and medically appropriate for
individual patients. The Medical Director must also maintain effective communication
with community physicians who care for patients eligible for program participation.

PROGRAM ADMINISTRATION

Cardiac rehabilitation staff are accountable to the institution providing the services
they deliver and so must have a program administrator. This person may be the
director of all cardiovascular services or nursing services or may be the director of
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Table 3
Generic Job Description for Cardiac Rehabilitation Clinical Personnel

1. Provides cardiac and pulmonary rehabilitation and prevention services to a diagnosti-
cally and developmentally diverse population that is commensurate with the client’s
age, cognitive ability, and developmental needs.

2. Works collaboratively with cardiac rehabilitation staff, physicians, and other depart-
ments to enhance the continuum of care and productive working relationships.

3. Develops and implements patient exercise and education care plans and programs
according to prescribed treatment and clinical pathways.

4. Assesses and evaluates patient’s physical, functional, and psychosocial status to assist
patient in the design of an exercise, education, and lifestyle modification program to
meet activities of daily living (ADL), recreational, and vocational needs.

5. Evaluates patient progress and creates or modifies goals and objectives, discharges with
appropriate program to maintain and continue optimal lifestyle function and follows
up with patient to determine adherence and success.

6. Documents patient assessments and progress according to departmental guidelines.
Maintains accurate patient attendance and charge records for the charging and billing
process.

7. Assists with set up, storing, inventory, and maintenance of program equipment and
supplies.

8. Provides and presents formal and informal exercise and risk factor topics to patients
and families.

9. Maintains confidentiality of patient, employee, or medical center information at all
times. Ensures all information, and conversations regarding patients are secured from
general public access.

10. Participates in unit/department performance-improvement activities to ensure the
development and implementation of processes, which support quality patient care and
effective work performance.

11. Participates in all staff meetings and mandatory in services and training programs
to ensure continued understanding of all departmental policies, procedures, and
performance-improvement processes.

12. Maintains/develops competencies associated with this job description (see examples
in Table 2 list).

the clinic or groups of services in which cardiac rehabilitation operates. The immediate
supervisor of the inpatient cardiac rehabilitation program is often the nurse manager
of the inpatient cardiac care unit; however, in larger programs, the supervisor may
be a person who directs both the inpatient and the outpatient cardiac rehabilitation
services. The outpatient cardiac rehabilitation supervisor (or manager, coordinator,
or director) often has dual responsibilities as both administrator and clinician (10).
This person must possess qualities and skills that ensure the best patient care and
also must understand and implement effective business strategies for customer service,
department operations, human resources, and financial management (11).
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Table 4
Example of ACSM Exercise Specialist Knowledge, Skills, and Abilities (9)

Exercise physiology and related exercise science
• Describe activities that are primarily aerobic and anaerobic.

Pathophysiology and risk factors
• Examine the role of diet on cardiovascular risk factors such as hypertension, blood

lipids, and body weight.
Health appraisal, fitness, and clinical exercise testing

• Describe the importance of relative and absolute contraindications of an exercise test.
Electrocardiography and diagnostic techniques

• Define the electrocardiogram (ECG) criteria for initiating and/or terminating exercise
testing/training.

Patient management and medications
• Describe mechanisms and actions of medications that may affect exercise testing and

prescription.
Medical and surgical management

• Describe indications and limitations for medical management and interventional
techniques in different subsets of individuals with coronary artery disease (CAD) and
peripheral arterial disease (PAD).

Exercise prescription and programming
• Design a supervised exercise program beginning at hospital discharge and continuing

for up to 6 months for the following conditions: myocardial infarction (MI); angina;
left ventricular assist device (LVAD); congestive heart failure; percutaneous coronary
intervention (PCI); coronary artery bypass graft (CABG); medical management of
CAD; chronic pulmonary disease; weight management; diabetes; and cardiac trans-
plants.

Nutrition and weight management
• Describe and discuss dietary considerations for cardiovascular and pulmonary

diseases, chronic heart failure, and diabetes that are recommended to minimize disease
progression and optimize disease management.

Human behavior and counseling
• List and apply five behavioral strategies as they apply to lifestyle modifications, such

as exercise, diet, stress, and medication management.
Safety, injury prevention, and emergency procedures

• List medications that should be available for emergency situations in exercise testing
and training sessions.

Program administration, quality assurance, and outcome assessment
• Discuss the role of outcome measures in chronic disease management programs such

as cardiovascular and pulmonary rehabilitation programs.

Core areas are listed with only one example of specific knowledge, skills and abilities (KSAs) in each
core area.
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Table 5
Recommended Certifications for Allied Health Personnel Working in Cardiac

Rehabilitation Programs

For personnel with the following
degree, background, or current
discipline Recommended certification(s)

Bachelors, Masters, or Doctorate
in Exercise Science, Exercise
Physiology, etc.

• Registered Clinical Exercise Physiologist® by
American College of Sports Medicine (ACSM)
http://www.acsm.org

• Exercise Physiologist Certification by
American Society of Exercise Physiologists
http://www.asep.org

Associate, Bachelors, Masters, or
Doctorate in Nursing

• Cardiac/Vascular Certification by
American Nurses Credentialing Center
http://www.nursingworld.org/ancc/

• Exercise Specialist® by ACSM
http://www.acsm.org

Physician • Exercise Specialist® by ACSM
http://www.acsm.org

Physical Therapist • Cardiovascular and Pulmonary Certification
by American Physical Therapy Association
http://www.apta.org

• Exercise Specialist® by ACSM
http://www.acsm.org

STRATEGY FOR STAFFING

Considerations for staffing outpatient cardiac rehabilitation include program goals,
patient census, budget, facility space, regulatory requirements of state (licensure) and
federal (reimbursement) agencies, and availability of qualified and interested personnel.
Any one or combination of these factors may hamper the most effective staffing model
that a particular institution or clinic may choose. However, this should not dissuade
the champion of a particular cardiac rehabilitation service from providing a program.
Although it is rare for all of the above considerations to meld together for an ideal
staff mix, successful staffing models can be achieved when available resources are
effectively matched with well-defined and articulated program goals. Of course, over
time, resources and goals will inevitably change, and so must staffing, to maintain
program effectiveness and productivity.

Staffing cardiac rehabilitation has evolved from a high degree of medical super-
vision and monitoring some 35 years ago to various degrees of medical supervision
with delegation of most services to allied health care personnel today (6,12). Many of
the original cardiac rehabilitation services in the 1950s and 1960s began with physi-
cians providing direct care and working individually with inpatients. As the safety of
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low-level exercise was established, physicians delegated cardiac rehabilitation (physical
activities including bedside exercises and hallway ambulation) to nurses. Many nurses
began to take on the dual role of nurse and educator, teaching the patient about cardio-
vascular risk factors. Larger institutions began to employ physical and occupational
therapists to conduct the physical activity component of inpatient cardiac rehabili-
tation, and registered dieticians were engaged to provide nutrition assessments and
instruction. Length of hospital stay from 1960 through even 1980 was long enough
such that there was ample time to provide patient education and several days of
physical activity. Consequently, many health care providers became involved with
inpatient cardiac rehabilitation. However, as length of hospital stay shortened consid-
erably throughout the 1980s and 1990s, the amount of education and activity that
could be done with patients was truncated significantly. This provided the impetus for
a tremendous increase in outpatient cardiac rehabilitation services.

Formal outpatient cardiac rehabilitation was introduced in the mid- to late 1960s,
and as with inpatient programs, staffing consisted primarily of physicians and nurses.
Through the 1970s, physicians delegated most of the work to nurses. As these programs
grew and became more prevalent throughout North America, and with the development
of the exercise science profession (7), programs began to employ exercise physiologists.

Contemporary cardiac rehabilitation staffing models are successful when they deal
creatively with fiscal limitations and ensure delivery of comprehensive, cost-effective,
and individualized care and do so by respecting the contributions of various professional
disciplines and cross-training staff for necessary competencies.
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INTRODUCTION

In its half-century history, two parallel developments have formed a firm and lasting
foundation for the contemporary practice of cardiac rehabilitation. First and foremost
was decades of research to build the evidence base that defines the safety and effec-
tiveness of cardiac rehabilitation. Other chapters in this book summarize much of that
science and suggest related practical applications. The concurrent effort contributed
to a business model that would make the operation of cardiac rehabilitation programs
sustainable. Knowledge of reimbursement issues is the cornerstone of that model.
Therefore, the purpose of this chapter is to

• identify the latest rules/regulations that govern public payment of cardiac rehabilitation
services and

• provide recommendations for how programs and practitioners can meet those require-
ments and secure payment for services rendered.

REIMBURSEMENT FOR PROGRAMS

Both public agencies and private health insurance companies pay for cardiac rehabil-
itation services in the United States. Medicare is the largest payer by far. Most cardiac
rehabilitation programs report that 50–80% of their patient mix is covered under
Medicare. It is for this reason, as well as the fact that a number of private payers
take their lead from Medicare, that programs work hard to identify and comply with
Medicare requirements. Failure to do so would not only deprive a program of adequate
reimbursement, it could also result in legal and financial penalties.

From: Contemporary Cardiology: Cardiac Rehabilitation
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Rules and Regulations
The Health Care Financing Administration (HCFA) first approved coverage of

cardiac rehabilitation in 1980 (1). As the preceding Medicare statute written in 1965
neither identified cardiac rehabilitation nor provided a benefit category for its coverage
(2), payment could only be made to the then new program through an existing benefit
category. Therefore, in its Coverage Issues Manual (CIM), Section 35-25, HCFA
directed that cardiac rehabilitation could only be reimbursed if it was provided “incident
to physician services” (3). The terms of that document governed the delivery and
payment of cardiac rehabilitation services until early 2006. In March of that year,
more than 25 years after Medicare coverage was originally granted, the Centers for
Medicare/Medicaid Services (CMS, formerly known as HCFA) totally revised its
coverage guidelines (4).

As is the current trend in the development of practice guidelines in all areas of
medicine, the new guidelines are largely evidence-based. However, the old payment
mechanism, “incident to physician services,” remains intact. Only an amendment to
the Medicare statute can cause that to change. To facilitate that change, legislation
has been introduced in both houses of Congress (5,6). Table 1 summarizes major
requirements in the new Medicare guidelines.

Billing and Coding
Once a program is organized and operated according to Medicare requirements,

a process must be established to bill for and collect allowed reimbursement. Use of
the correct diagnostic and procedure codes is key to timely reimbursement.

The 2006 National Coverage Determination (NCD) expands the number of patient
groups eligible for cardiac rehabilitation participation under Medicare. Table 2 summa-
rizes those diagnoses along with their respective diagnostic codes (7). Notably absent
from the list is congestive heart failure (CHF). In updating its guidelines, CMS deter-
mined that “there is insufficient evidence to support coverage at his time” (8). However,
many private payers already include CHF as a covered diagnosis. For all payers,
medical record proof of the qualifying diagnosis must be contained in each patient’s
cardiac rehabilitation chart. Examples include

• hospital discharge summary confirming date of myocardial infarction,
• operative report describing surgery/interventional procedure, and
• physician’s office visit note explaining patient’s angina pattern.

Once qualifying diagnosis is confirmed and a medical evaluation clears the patient
as appropriate for cardiac rehabilitation participation, outpatient sessions are scheduled
2–3 times per week for as few as 3–4 or as many as 12–18 weeks. Each session typically
consists of a combination of exercise and education/counseling services usually lasting
about 1 hour. Although a few initial visits may be performed 1:1, most services are
performed in small group sessions with a staff to patient ratio of 1:4 or 1:5 (9, p. 195).
Regardless of staff ratio or duration of the visit, each session is billed as a bundled
charge versus the itemized or time-based services of other therapies.

Only two codes exist in the Common Procedure Terminology (CPT) system for
billing cardiac rehab sessions. The difference between them is whether or not electro-
cardiogram (ECG) telemetry monitoring is used to display patient responses during
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Table 1
Major Requirements for Medicare Reimbursement

Program structure Program operation

Location Approved diagnoses
• Hospital outpatient department • See Table 2 for Medicare list

• Physician-directed clinic • Private payers may cover additional
diagnoses including congestive heart
failure (CHF)

Emergency plan Comprehensive services
• Equipment – standard life-saving

equipment including defibrillator,
oxygen, resuscitation equipment,
and medications

• Personnel – all trained in basic life
support (BLS); added training in
advanced cardiac life support
(ACLS) for those qualified to
provide those services

• Medical evaluation
• Prescribed exercise
• Risk factor modification
• Education/counseling

Appropriate EKG monitoring
• Determined by clinicians

Direct physician supervision Incident to documentation
• Assumed to be met when rehab

provided on hospital premises
• See Table 4

• Arrangements for daily coverage
and immediate physician response
required in off-site locations

Timing
• Ideally initiated 1–3 weeks after

hospital discharge

Personnel
• Emergency capability as above
• Special training in exercise therapy

for cardiac patients

• Extenuating circumstance may delay
start

• A 12-month look-back period allowed
for patients with myocardial infarction
(MI)

Length of stay Extensions/Re-admissions
• Maximum of 36 sessions • Case-by-case consideration for

sessions beyond 18 weeks but not to
exceed 72 sessions

• Frequency – sessions scheduled 2 or
3 times per week

• Duration – 12 to 18 weeks • No lifetime limit – may repeat rehab
for each qualifying cardiac episode

Modified from (4).
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Table 2
Medicare Approved Diagnoses and Related Codes

Primary diagnoses ICD-9 codes
Supporting
diagnoses ICD-9 codes

Post acute myocardial
infarction (MI) (< 8
weeks old)

410.0–410.9
(depending on area
of MI)

Old MI (> 8 weeks old) 412

Stable angina pectoris 413.9

Post coronary artery
bypass (CABG)

V45.81 Coronary artery
disease

414.01 (native)
414.05 (bypass)

Post coronary angio-
plasty/stent (PTCA)

V45.82 Coronary artery
disease

414.01 (native)
414.05 (bypass)

Heart transplant V42.1 Cardiomyopathy;
Congestive heart
failure

425.0–425.9
(based on type)
428.0–428.9

Heart valve replacement V43.3 Specific valve
disorder

424.0–424.3

Excerpted from (7).

performance of the exercise portion of the session (10). While the new Medicare
coverage guidelines state that extent of monitoring is a clinical decision, most fiscal
intermedaries (FI) continue to enforce of continuous telemetry monitoring:

93797 = Physician services for outpatient cardiac rehabilitation, without continuous
ECG monitoring (per session)

93798 = Physician services for outpatient cardiac rehabilitation, with continuous
ECG monitoring (per session)

No other CPT codes are available to bill for cardiac rehabilitation visits performed by
the usual cardiac rehabilitation staff [registered nurses (RN), clinical exercise physiol-
ogists (CEP), and physical therapists (PT)]. Supplemental services provided by mental
health specialists, PT, or dietitians are subject to established qualifications for those
services and are billed separately by those disciplines. They are viewed as an exception,
not a routine part of a rehabilitation visit, and rationale for their use must be justified
in the patient’s medical record.

Charges and Reimbursement
As is the case throughout the healthcare system, there is a substantial difference

between what is charged for cardiac rehabilitation sessions and what will ultimately
be collected. Charges (the price a provider assigns to a service) vary widely from one
program to another. Cost of delivering the CR service is one obvious determinate of
charge. But pricing is also influenced by patient demographics, regional wage/price
indices, and local competition. No published data are available to document trends in
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cardiac rehabilitation pricing. However, recent observations by the author identified
a range of $75–300 per session in hospital-based cardiac rehabilitation programs
located in the mid-Atlantic area. High-end charges are primarily found in the cities
(e.g., Philadelphia), whereas a few rural sites still charge under $100 per session.

Depending upon the payer, there may/may not be any relationship between charges
and payments. Negotiations between managed care companies and providers typically
result in payments near 50% of charge plus a co-pay amount from the patient.
In contrast, Medicare has been paying a fixed fee for cardiac rehabilitation sessions
since 2000 when Ambulatory Payment Classifications (APCs) went into effect (11).
APC 0095 is synonymous with CPT 93798. The approved reimbursement on those
codes averages near $35 nationally with Medicare now paying about two-thirds of that
allowed amount. The patient or his/her secondary insurance company is obligated to
pay the balance. Medicare’s contracts with providers prohibit waiving of the patient’s
portion. Every attempt must be made to collect the two-part total. Bills are submitted
to payers at the end of each month for the total number of visits completed during that
time period. Hospitals bill on the standard UB-04 form, and physician offices/clinics
use form 1500 (12).

PAYMENT TO PHYSICIANS

Chapter 25 discusses physician roles in cardiac rehabilitation in greater detail. In
this chapter, major aspects of those roles are related to available payment mechanisms.

Physician involvement in cardiac rehabilitation has been under government scrutiny
for the last 5 years. In 2002, the Office of the Inspector General (OIG) began
doing site visits to cardiac rehabilitation facilities “to determine whether hospitals had
complied with national Medicare outpatient cardiac rehabilitation coverage require-
ments for direct physician supervision and incident to services” (13). In their final report
submitted to CMS in 2005 and summarizing the results of findings from 34 inspections,
the OIG charged CMS to clarify coverage requirements for those respective roles. As
a result, the 2006 Medicare revisions address the previously confusing physician role
expectations. In turn, program sponsors are working hard to assure that payments to
physicians are tied directly to the specific medical services they provide to the cardiac
rehabilitation program or patients.

Medical Director for Cardiac Rehabilitation
Medicare guidelines do not specifically impose a requirement for a Medical Director

to oversee the cardiac rehabilitation program. However, other authoritative statements
describe the Medical Director’s role as “pivotal” (14) and assert that “Each program
should have a licensed physician serving as medical director” (15). Most importantly,
the legislation recently introduced in Congress (S. 329 & H.R. 552) contains more
definitive language stating that the Secretary of Health and Human Services would:

� � �establish standards to ensure that a physician with expertise in the management
of patients with cardiac pathophysiology, who is licensed to practice medicine in the
State where the cardiac rehabilitation program is offered, is responsible for such
program; and, in consultation with appropriate staff, is involved substantially in
directing the progress of individual patients in the program. (16)
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In prior decades, many if not most Medical Directors of cardiac rehabilitation
programs served in that position on a voluntary basis. Some were the programs’ original
founders/champions. Few were paid. That situation has changed dramatically in the
last few years because of the increased demands of the position. Table 3 summarizes
a list of major role expectations.

Today, Medical Directors of cardiac rehabilitation programs are usually appointed
to that position by hospital administration or medical staff. They sign a contract or
agreement to serve and are paid a stipend reflecting the prevailing hourly rate for a
projected number of service hours. No billing or collecting of insurance is involved.
Payment is between the hospital (or other program owner) and the physician.

Supervision of Off-Site Program
Whereas the majority of outpatient cardiac rehabilitation programs are hospital-

owned as well as located on hospital premises, some physician practices choose to
own/operate their own programs out of their office or an adjacent site. Like physician
ownership of other diagnostic or therapeutic entities, physician investment in a cardiac
rehabilitation facility is subject to all the conditions of the Stark rules that prohibit self-
referral. Depending on the corporate structure of the practice, the exception for in-office
ancillary services may/may not apply to office-based cardiac rehabilitation programs
(17). Legal advice is recommended before proceeding with program installation in an
office setting.

Operationally, the same rules/regulations described previously for hospital-based
programs apply equally to cardiac rehabilitation programs located in a medical office
or a physician-directed clinic. All structural and operational requirements summarized
in Table 1 must be met. And, there is an additional requirement for such off-site
facilities:

The program must be under the direct supervision of a physician (18).

The intent of that requirement is to assure immediate availability of a physician
at all times the program is operating. Such coverage is assumed to be met when
cardiac rehabilitation services are performed on hospital premises, essentially because
physicians are always around the building and will respond to rehabilitation in the
event of an emergency. However, no such assumption can be made for an off-site
facility. Therefore, specific arrangements must be made to provide on-site physician
coverage. That means that cardiac rehabilitation operating hours need to be matched
to the office hours of the covering physician, which may limit available appointment
times especially for patients who need to schedule rehabilitation before/after work.
The covering physician may be the program owner, Medical Director, or another
physician/group with whom an arrangement has been made to provide daily coverage.
As with the Medical Director role, there is no mechanism for billing this super-
visory role. Fees for time spent are negotiated between the covering physician and the
program owner.

Otherwise in off-site venues, cardiac rehabilitation services are provided and billed
essentially the same way as in hospitals. For Medicare patients, CMS form 1500 is
completed by office staff and sent to the Medicare Carrier, which covers the physician
practice. As in the hospital, the standard ICD-9 and CPT codes for cardiac rehabilitation
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Table 3
Synopsis of Medical Director Job Description

Program oversight Patient care

Review and approve program
policies/procedures especially those
related to

Enforce safety measures and emergency prepara-
tions, including

• Medical necessity and medical
appropriateness, such as

� Acceptable diagnoses for
cardiac rehab participation

� Inclusion/exclusion criteria

• Personal availability to respond to
urgent/emergent developments in cardiac
rehab or arrangements for another
physician to do so (may be Code Team
physician in hospital setting)

• Development/approval of standing orders
for staff to follow in event of emergency• Risk stratification and

guidelines for extent of
monitoring/surveillance

• Requirements for and content of
physician orders/treatment plans

• Outcome measurement and
program exit criteria

• Requirement of basic life support training
for all staff and advanced cardiac life
support for licensed staff members who are
authorized to deliver that level of care

• Participate in periodic emergency drills
with cardiac rehab staff

Educate other providers
• Inform other physicians about

the value and benefit of cardiac
rehab participation and encourage
patient referrals

• Teach/update the CR staff about
latest evidence-based strategies for
secondary prevention use

Assure that face-to-face patient–physician interac-
tions occur periodically during rehab participation
either/or

• With the patient’s referring or primary
physician

• By the Medical director personally

Meet with clinical and/or administrative
staff on a regular basis to discuss business
issues, including

Perform hands-on care to selected patients

• Manage rehab care as requested by other
physicians

• Advise/assist with patient cases as
requested by staff, including contacting
patient’s physician as necessary

• Program utilization

• Staffing needs

• Regulatory compliance

• Performance improvement
opportunities

Provide visible physician presence through frequent walk-through rounds while cardiac
rehabilitation sessions are in action
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Table 4
Chart Forms Documenting “Incident to” Interactions

Patient referral with evidence of medical evaluation and qualifying diagnosis
• to provide physician clearance for rehab participation

Physician orders for
• Admission assessment and emergency intervention
• Exercise prescription and risk stratification
• Discharge criteria and follow-up instructions
• to record medical decision making for patient’s rehab treatment plan

Office visit reports and/or physician office notes
• to exchange an interim rehab report in connection with a regularly scheduled office

visit

Urgent events/change in condition form
• to request medical direction for managing new/different signs/symptoms in rehab

apply. No additional billing opportunity accrues because the program is owned/operated
by a medical practice.

Physician–Patient Encounters
Because cardiac rehabilitation functions “incident to physician services,” the main

source of revenue for physicians connected to the program is through face-to-face
patient encounters, either for diagnostic services (e.g., stress test) or for ongoing patient
management. The patient’s referring physician – cardiologist, surgeon, primary care –
and/or the program’s Medical Director may have occasion to see the patient before
or during rehabilitation participation and to bill accordingly. These encounters may
physically occur in the rehabilitation facility or be scheduled in the physician’s office.
In either case, they are billed as office visits using the appropriate Evaluation &
Management (E&M) codes for time spent with either new patients (CPT 99201–99205)
or with established patients (CPT 99211–99215) (19). Examples of typical scenarios
that prompt such face-to-face encounters include

• initial patient approval for rehabilitation participation,
• regularly scheduled medical follow-up during cardiac rehabilitation participation, and
• a change in patient signs/symptoms during rehabilitation participation that triggers an

unscheduled office visit.

Table 4 summarizes common chart forms that provide documentation demonstrating
staff–physician–patient interactions that fulfill Medicare’s requirement for “incident
to” services. Contrary to some past practices, paperwork without a patient encounter –
such as physician review of rehabilitation charts, interpretation of normal exercise
rhythm strips, or signing of other chart forms – is not a billable activity.
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SUMMARY

Understanding that billing codes are few and that insurance payments are controlled,
most providers of cardiac rehabilitation services are motivated by other than financial
goals (20). At best, cardiac rehabilitation programs may break-even. At least, losses
can be minimized through good program management while other nonmonetary goals
are achieved. Any/all reimbursement available to cardiac rehabilitation is based on
services provided by either the program staff or the physicians providing rehabilitation-
related patient care. Although any licensed physician can refer patients to cardiac
rehabilitation, only those performing a documented medical work product get paid.
Strategies suggested in this chapter should help to optimize those available payments.
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