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ABSTRACT
Leigh Anne Kreshel
INCREASING ENERGY EXPENDITURE OF CARDIAC REHABILITATION
PATIENTS
Thesis under the direction of Peter H. Brubaker, Ph.D., Associate Professor of Health and
Exercise Science
The primary aim of this intervention was to determine if a bi-weekly behavioral
intervention, including energy expenditure feedback collected from an accelerometer,
would increase the exercise/physical activity energy expenditure of cardiac rehabilitation
program (CRP) patients, particularly on days that they do not attend CRP. Our secondary
aim was to determine if an increase in energy expenditure would result in greater
improvements in body weight, % body fat, and functional capacity. Eleven new patients
enrolling in CRP were randomized into two groups (UC: usual care, SG: study group).
Both groups received services of a multi-disciplinary CRP, and bi-weekly educational
lessons, designed to increase physical activity. Only those in SG received feedback on
energy expenditure, as collected from an accelerometer, in combination with behavioral
intervention. Mann Whitney U-test showed significant differences U = 4, p < .05,
between groups, from baseline to follow-up for exercise/physical activity energy
expenditure on non-CRP days. Paired t-tests, run on the combined sample, revealed a
significant increase (p = .007) from baseline to follow-up for CRP energy expenditure,
and a significant increase (p = .001) from baseline to follow-up for METs. This
intervention was successful at preventing a decline in energy expenditure on non-training
(non-CRP) days. Although the study design had several limitations, the results of this
pilot study are encouraging.
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INTRODUCTION

Cardiac rehabilitation is a valuable component of both the physical and emotional
recovery of an individual after a cardiac event. Multi-factorial cardiac rehabilitation has
been found to have a sizeable effect on four of the five major modifiable risk factors for
coronary artery disease (55). For most individuals, insurance will only cover cardiac
rehabilitation for three months (36 sessions). After this time period, rehabilitation is
often discontinued and the benef

REVIEW OF LITERATURE

The leading cause of death in the United States is coronary artery disease (CAD),
accounting for 41% of the total deaths in 1998 (4). Not only is it the leading cause of
death, it is also the leading contributor of permanent disability in the labor force, costing
our society close to $300 billion dollars annually. Although there have been valiant
efforts to educate the public about the factors that lead one to develop CAD, the numbers
of those who have had complications and/or procedures related to CAD are increasing. It
is estimated that 60 million Americans have some form of CAD. In addition, 553,000
coronary artery bypass graft surgeries and 539,000 angioplasty procedures are being
performed annually in the United States alone (4).
Risk Factors Associated with Coronary Artery Disease
Because CAD is highly prevalent, vast amounts of both time and money have
been and are continuing to be applied toward research of CAD. Not only are efforts
focused on treatments of CAD, but also toward both primary and secondary prevention of
the disease. Important to primary and secondary prevention is identifying those factors
that predispose a person to CAD. These include increasing age, male sex, heredity,
tobacco use, hypertension, hypercholesterolemia, diabetes, and physical inactivity. Of
these risk factors, age, sex, and heredity are considered non-modifiable. Even though
these factors cannot be changed, they help to ascertain the overall risk of the individual.
Non-Modifiable Risk Factors
Risk of CAD increases with age. This increase in risk is not due to a specific
mechanism, but rather the length of exposure to other risk factors. As one’s age increases,
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the length of time one is exposed to factors such as high cholesterol or high blood
pressure also increases. For this reason, age becomes a risk factor. The fact that gender
has been listed as a major CAD risk factor might be deceiving. CAD does tend to appear
ten years earlier in men, leading to an incidence of four times that of women in middle
age (45-49 yrs.), but as the age of an individual approaches 85, the incidence equalizes.
Regardless of the timeline, CAD is still the leading cause of death in women, accounting
for 1 of 3 deaths (4). The final non-modifiable risk factor is family history. Genetics
may predispose one for other risk factors such as high blood pressure, diabetes, or lipid
abnormalities leading to family history as a risk factor. Again, this may be a bit
deceiving because there is the possibility that exposure to the same home environment or
behavioral tendencies places one at an increased risk for CAD, not just a specific
inherited gene (33).
Modifiable Risk Factors
There are five modifiable CAD risk factors, to which more time and explanation
will be devoted. Not only will the relationship of each modifiable risk factor to CAD be
discussed, but also the effect of physical activity on each risk factor will be addressed.
The first modifiable risk factor is tobacco use, which is the leading behavior associated
with the development of CAD. It has been found that smoking cessation reduces the risk
of CAD, just as CAD event risk increases as the exposure increases, supporting a causal
relationship (33). The Framingham Study has provided very strong epidemiological
evidence in support of this relationship by showing that those who smoked 20 or more
cigarettes per day had twice the incidence of heart disease compared to non-smokers (29).
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There are several plausible mechanisms by which cigarette smoking could
increase CAD risk. The first is the adrenergic stimulating effect of nicotine, which
increases myocardial oxygen demand and increases the number of dysrhythmias. The
second is carbon monoxide toxicity, which reduces the oxygen-carrying capacity of the
blood and oxygen delivery to the heart. Carbon monoxide also interferes with
myocardial aerobic metabolism, has a negative inotropic effect, and reduces ventricular
fibrillation threshold. The final mechanism is reduced HDL cholesterol levels, and
increased platelet adhesiveness due to the effects of nicotine (34).
Although the Framingham study strongly supported the relationship between
smoking and the development of CAD, a study of other countries proved otherwise. In
fact, a study by Keys (30) found no association between smoking and the development of
CAD when other risk factors, such as hypercholesterolemia, were controlled. However,
smoking proved most influential in those who had high cholesterol levels and high fat
diets. For this reason, cigarette smoking might not have a direct effect upon CAD but
instead influences other risk factors such as cholesterol and blood pressure, accelerating
the disease process (33).
Unfortunately, exercise training alone has little effect upon smoking cessation
(55). Three randomized controlled trials that examined exercise as a sole intervention
found no significant differences in self-reported smoking cessation rates (55). Smoking
cessation may best be accomplished by a combined approach of education, counseling,
behavioral interventions, and pharmacologic therapy (55).
The second modifiable risk factor is hypertension. Nearly 24% of Americans are
hypertensive, and one third of those with hypertension are unaware that they have it (4).

4

Elevated levels of both systolic and diastolic blood pressures have independently been
linked to future development of CAD (34). Autopsy studies have shown that those with a
history of prolonged elevated blood pressure usually have evidence of advanced
atherosclerosis (33). There are many mechanisms that help to explain how hypertension
leads to an increased risk of CVD. In the most basic terms, hypertension damages the
endothelium of the coronary and cerebral vessels. This damage causes the discharge of
endothelial derived relaxing factor to be diminished and also causes an increase in
endothelin release. The combination of these two substances results in vasoconstriction
of the artery, which in turn, leads to an increase in myocardial oxygen demand.
Paffenbarger et al. (45) examined Harvard male alumni who entered college
between 1916-1950. In a 10-year follow-up, they found that those who participated in
vigorous sports activity after college were 30% less likely to develop hypertension (45).
Along with epidemiological evidence to support the positive impact of physical activity
on hypertension, there is also evidence from controlled trials. In data concerning
rehabilitation of cardiac patients, three of nine randomized controlled trials reported a
favorable effect of rehabilitative exercise training on blood pressure, and 5 of 6 nonrandomized controlled studies reported favorable effects of exercise rehabilitation on
blood pressure (55). It is important to note that some of these intervention studies
involved not just exercise training but instead were multi-factorial (diet, stress
management, etc.) programs.
The third modifiable risk factor is hypercholesterolemia. About 72% of
Americans have cholesterol levels that could be classified as borderline high
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(> 200mg/dl) or high (> 240 mg/dl) (13). This is particularly worrisome because the
impact of high cholesterol levels on the development of CAD is well established. In fact,
of the modifiable risk factors, the evidence is the strongest and the mechanisms are best
understood for hypercholesterolemia (33). Evidence for a relationship between CAD and
high cholesterol can be seen in many studies. In the MRFIT trial, a positive relationship
was observed between total cholesterol and CAD mortality in more than 350,000 men
(35). This landmark study was only one of 20 that supported the relationship between
high blood cholesterol and the development of CAD (33).
The biologic link between hypercholesterolemia and CAD begins with the
understanding that low density lipoprotein (LDL) is the main carrier of cholesterol to the
peripheral tissue. While this cholesterol is necessary for the body to function properly, it
also promotes atherosclerosis. The LDL allows lipids into the vessel wall through injured
endothelium. The LDL then becomes oxidized and attracts monocytes, which in turn
become macrophages. Macrophages then release cholesterol, leading to additional
damage of the endothelium and lesion formation (5).
Although LDL promotes atherogenesis, high-density lipoprotein (HDL) seems to
play a protective effect against atherogenesis (24). HDL gathers cholesterol from the
tissues and artery walls. The cholesterol is trapped within the HDL particle, which takes
it to the liver. From the liver the cholesterol is excreted into the gastrointestinal tract (24).
In addition to the removal of cholesterol, HDL may enhance endothelial function, speed
in the clearance of triglyceride-rich particles, and protect against the damage caused by
LDL (13).
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Half of more that 60 studies examining the effect of exercise on cholesterol, found
that exercise training is associated with an increase in HDL (HDL transports cholesterol
to the liver to be removed) (55). Stefanick and Wood (52) found that exercise training
also increases the activity of lipoprotein lipase, an enzyme that removes fatty acids and
cholesterol from the blood.
Diabetes Mellitus is the fourth modifiable risk factor for CAD. It is estimated that
almost 14 million people in the United States have diabetes mellitus. Insulin dependent
diabetes mellitus (IDDM) accounts for 5-10% of all cases. This type most often occurs
before the age of 30 and is due to the inability of the pancreas to produce insulin. Noninsulin dependent diabetes mellitus (NIDDM) accounts for the other 90-95% of diabetes
mellitus (3). Most often NIDDM occurs after the age of 40 and is either caused by a
decreased sensitivity to insulin or impaired insulin secretion. Chronic elevation of blood
glucose can result in an increased risk of athersclerosis and thrombosis (3).
Helmrich et al. (26) asked men from the University of Pennsylvania who entered
college between 1928 and 1947 to fill out questionnaires in both 1962 and 1976 regarding
leisure time physical activity and health status. It was found that for each 500kcal/week
increase in energy expenditure from physical activity, an individual’s risk of developing
NIDDM decreased by 6%.
Physical Activity and Risk for CAD
The final modifiable risk factor is physical inactivity. For many years the link
between sedentary living and cardiovascular disease has been known. Within the last two
decades, the relationship between the two has become causal. There is vast amount of
concrete evidence to support the fact that those who are more physically active have a
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decreased risk of developing cardiovascular disease and other chronic illnesses. In
addition, physical activity acts to directly modify risk factors associated with
cardiovascular disease as described in the aforementioned information.
Physical activity, exercise, and physical fitness are three terms, which need
clarification before going any further. Most commonly, epidemiological studies have
studied the impact of physical activity on health outcomes. Physical activity has been
defined as “any bodily movement produced by skeletal muscles that results in energy
expenditure (17).” Exercise can be considered as a subset of physical activity
distinguished by the fact that it is planned, structured, and done to improve physical
fitness (17). While both physical activity and exercise can be viewed as behaviors,
physical fitness is a frequently desired outcome of such behaviors. Physical fitness is “a
set of attributes that people have or achieve that relates to the ability to perform physical
activity (17). Presently, there is debate as to whether physical activity or physical fitness
is a better predictor of health outcomes (8). Discussion also exists as to whether they
could be considered separate risk factors for heart disease (63). Either way, it can be
concluded that physical activity/exercise does confer health benefits, and that physical
fitness may result in additional benefits.
Although it has been well documented that physical activity provides protection
from many chronic diseases, specifically coronary artery disease, most Americans do not
accrue the recommended amount of physical activity. Reports have shown that
approximately 60% of adults do not obtain the minimal recommended amount of physical
activity (62). The recommended amount is 30 minutes of moderate physical activity on
most, if not all days of the week (55). One chronic disease that physical activity has
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exceptional effects on is CAD. Physical activity not only has protective effects for the
primary prevention of the disease, it also has substantial benefits effective for secondary
prevention.
While many epidemiological studies have design flaws and data collection
inconsistencies exist between studies, they still provide convincing evidence for the
positive effects of physical activity on CAD. Some of the strongest evidence comes from
the Harvard Alumni Study. Researchers examining this prospective data, collected from
questionnaires, found that CAD rates were (25%-33%) lower among alumni expending
2000 or more kcal during exercise per week than among less active men (<2000 kcal/wk)
(44). Other reports using the same sample showed that beginning a moderately intense
activity program, after being previously sedentary, was associated with a 23 percent
lower risk of death (44). The Multiple Risk Factor Intervention Trial (MRFIT) examined
the relation of self-selected leisure-time physical activity to CAD events and overall
mortality. Twelve thousand one hundred and thirty-eight middle-aged men (at high risk
for CAD) were followed for seven years. It was found that moderate levels (48
minutes/day) of leisure time physical activity had 63% less fatal CAD deaths. Finding of
this study supplied supporting evidence to the hypothesis that CAD and overall mortality
are inversely related to moderate levels of leisure time physical activity. Other studies,
similarly designed, have shown an inverse relationship between physical activity and
cardiovascular disease or death (35).
Physical Activity in Cardiac Rehabilitation/Secondary Prevention Programs
With such strong evidence supporting the positive effect of physical activity on
mortality and CAD risk factors, it is not surprising that this intervention has proved to be
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extremely useful in the secondary prevention of coronary artery disease. It is well
established that physical activity can help an individual recover physically and
emotionally from a cardiac event. Thus, cardiac rehabilitation should become a major
component of the “usual care” regimen for cardiac patients, yet of the 8 million eligible
patients, only (11-38%) will utilize this service (55). The U.S Public Health Service
defines cardiac rehabilitation as “comprehensive, long-term programs involving medical
evaluation, prescribed exercise, cardiac risk factor modification, education, and
counseling. These programs are designed to limit the physiologic and psychological
effects of cardiac illness, stabilize or reverse the athlerosclerotic process, and enhance the
psychosocial and vocational status of selected patients (55).”
Of the five major modifiable risk factors, multi-factorial cardiac rehabilitation has
a sizeable effect on hypertension, hypercholesterolemia, smoking cessation, and physical
activity (55). Not only does it provide risk factor reduction, but it also has been
documented to improve exercise tolerance, reduce symptoms associated with CAD,
increase psychosocial well-being, and decrease mortality (55).
Limitations of Traditional Cardiac Rehabilitation Model
Although beneficial, the duration of cardiac rehabilitation is often three months.
The duration of cardiac rehabilitation is often dictated by insurance coverage.
Consequently, little is known about what happens to patients once they exit the traditional
three-month period of cardiac rehabilitation. A report conducted by the U.S. Department
of Health and Human Services (55) examined whether cardiac rehabilitation promotes
increased exercise in addition to rehabilitation exercise training. Six of ten randomized
controlled trials showed that exercise habits were maintained after exiting the formal
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program. The benefits were maintained by most at one-year follow-up, but were not
maintained at the five-year follow-up. Four of the ten studies showed no differences in
exercise habits following cardiac rehabilitation. The aforementioned report (56)lends
support to the concept that cardiac rehabilitation programs do not result in long-term
maintenance of physical activity. Consequently, this report states “long-term cardiac
rehabilitation exercise training is recommended to provide the benefit of enhanced
physical activity and exercise habits (55).”
Brubaker et al. (15) compared patients who exited cardiac rehabilitation after
three months to those who elected to remain in a formal, center-based program. At an
average of two years of follow-up, patients who exited after three months had an increase
in triglycerides (30%), an increase in body weight (2%), an increase in percent body fat
(4%) and an increase in total cholesterol/HDL ratio (10%). Conversely, the extended
length group decreased in percent body fat (8%), cholesterol (2%), and triglycerides
(15%). These participants that exited after 3 months had a smaller increase in metabolic
capacity (4%) compared to the extended length group (28%) and a decrease in highdensity lipoprotein (8%). These results support the conclusion that although benefits can
be gained through participation in a traditional cardiac rehabilitation program, the
benefits are generally not maintained once the patient has exited the program.
Of similar concern is the volume of physical activity achieved by cardiac
rehabilitation participants. Simply attending a center-based cardiac rehabilitation
program does not ensure a participant of meeting recommended or appropriate amounts
of physical activity. The American College of Sports Medicine has developed
recommended amounts of physical activity for optimal health. It is recommended that
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individuals expend at least 1000 kilocalories/week through physical activity (2).
However, it is encouraged that individuals move toward the upper end of the
recommended range (300-400 kcal/day) of physical activity (2). These guidelines are
now widely supported and recommended for patients in cardiac rehabilitation.
Hambrecht et al. (50) addressed the issue of the amount of physical activity
appropriate for people with diagnosed CAD. Participants in this study were randomized
to twelve months of either an intervention group, consisting of center based physical
activity three times per week and an additional 30 minutes per day of home based activity,
or usual care (referral to primary care physician). Coronary angiographies were
performed at baseline and after 12 months. Coronary artery disease (i.e. increased
coronary artery occlusion) was found to get progressively worse in those individuals who,
on average, expended 1,022 + 142 kcal/week through physical activity. No change in
CAD lesion size was observed with 1,533 + 122 kcal/week energy expenditure and
regression of disease was commonly seen when patients increased caloric expenditure to
2,204 + 237 kcal/week. Therefore, it is appropriate to recommend that patients expend
1,500 kcal/week during physical activity in order to halt the progression of CAD, and
increase to amounts (2,200kcal/week) appropriate to cause regression.
Current studies on energy expenditure of cardiac rehabilitation participants
suggest that energy expenditure is remarkably low. Savage et al. (47) examined the
energy expenditure of traditional cardiac rehabilitation participants and found that 70%
did not attain the necessary caloric expenditure (while in CRP) to reach the minimum
level of 1000 kcal/week as recommended by ACSM. Schairer et al. (48) also examined
the energy expenditure of cardiac rehabilitation participants. Although he used patients
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in a cardiac rehabilitation maintenance program, it was found that 83% of participants did
not achieve enough caloric expenditure (while in CRP) to meet the goal of 1000
kcal/week energy expenditure. Although participants showed short-term benefits such as
increased oxygen uptake, it could be argued that more important objectives such as CAD
regression could be realized by meeting the recommended kcal expenditure goal (48).
Although it seems rational that an increase in intensity could be a means to
maximize caloric expenditure during cardiac rehabilitation, a study conducted by Meijer
(39) would suggest otherwise. This study examined the effects of 12 week of exercise
training on total daily energy expenditure and found that as the intensity of exercise
increased, daily “non-exercise” physical activity decreased. It was concluded that the
energy expenditure gained through high intensity exercise was compensated for by a
decrease in non-exercise physical activity. For this reason, high intensity exercise should
not be suggested as a means to increasing daily energy expenditure.
Goran et al. (22) examined the impact of exercise training on total energy
expenditure in elderly volunteers. It was found that there was no significant changes in
total energy expenditure, due to a reduction of non-training physical activity energy
expenditure.
From the previously discussed studies, it can be seen that there are two
significant problems with the commonly employed traditional three-month model of
center-based cardiac rehabilitation: (1) short-term benefits (i.e. improvements in blood
pressure, blood lipids, etc.) are generally not maintained after exiting a traditional threemonth cardiac rehabilitation program, and (2) energy expenditure during cardiac
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rehabilitation does not meet recommended values. In order for cardiac rehabilitation to
have a major impact of secondary prevention of CAD, these issues must be addressed.
Solutions to Limitation in Cardiac Rehabilitation
Because physical activity plays a crucial role in both the primary and secondary
prevention of CAD, meeting minimum recommendations should be emphasized.
Recommendations can be met by increasing the frequency, intensity, or duration of
physical activity, thereby increasing energy expenditure. As previously mentioned, the
frequency and duration of exercise training, an individual can receive via a cardiac
rehabilitation program, is often dictated by insurance companies. It may also be unsafe
and counterproductive to recommended increasing the intensity of physical activity
during exercise training in cardiac rehabilitation. Because it seems that neither the
frequency nor the duration may be increased within the context of traditional cardiac
rehabilitation, a new approach must be taken.
Some researchers and clinicians believe that traditional three-month cardiac
rehabilitation programs need to be changed to provide patients with the skills, and
knowledge necessary to develop more independent means of physical activity, and to not
rely on the cardiac rehabilitation session as the sole means of physical activity.
Developing this skill would help participants to maintain appropriate amounts of physical
activity after center-based participation has ceased.
Short-Bouts of Physical Activity
Lack of time has often been proposed as one of the primary reasons why
individuals do not maintain their exercise behaviors (21). Many individuals believe that
the only way to receive the benefits associated with physical activity is to “exercise” for
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the recommended 30 minutes per day. For many, the process of “exercising”, dressing,
showering, etc., is a daunting, time-consuming task that is easily dismissed in lieu of
“more important things.” What many do not realize is that multiple shorter bouts of
exercise training also appear to enhance physical fitness and lead to significant health
benefits. One of the earliest studies, examining short bouts of physical activity, was
conducted by DeBusk et al. (19). Healthy men, ranging in age from 40-60, were
randomized into two groups. One group was assigned to a single “long” bout of exercise
(30 minutes daily) and the other group was assigned to “short” bouts of exercise (10
minutes 3 times per day). During this 8-week training period, VO2 max of both groups
increased significantly 13.9% (33.3 + 3.2 to 37.9 + 3.5 ml•kg-1•ml-1) in the long bout
group and 7.6% (32.1 + 4.6 to 34.5 + 4.5 ml•kg-1•ml-1) in the short bout group. These
differences were significant (p<.05) both within and between groups. These results were
the first to indicate that multiple short bouts of exercise training can lead to increased
levels of fitness.
Jakicic et al. (28) examined whether prescribing exercise in several short-bouts
versus one long bout would enhance exercise adherence, cardiorespiratory fitness, and
weight loss in overweight females. Even though short bouts of exercise did not increase
exercise adherence, all groups showed an increase in cardiorespiratory fitness, with no
differences between groups. There was also a trend for longer duration of exercise and
more weight loss in the short-bout group (-8.9 + 5.3 kg) compared to the long-bout group
(-6.4 + 4.5 kg) although values did not reach statistical significance (p<.07).
It is not surprising that controlled studies are finding that short-bouts of physical
activity can confer health benefits, given that numerous epidemiological studies,
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examining physical activity and risk for disease, assessed activity such as household
chores, leisure time activity, and occupational activity. The term “lifestyle physical
activity” is commonly used to classify such activities. More specifically, lifestyle
physical activity has been defined as “the accumulation of at least 30 minutes of selfselected activities, which includes all leisure, occupational, or household activities that
are at least moderate to vigorous in their intensity and could be planned or unplanned
activities that are part of everyday life (21).” Lifestyle physical activity could be a way
to overcome some of the barriers to exercise such as not enough time, or a dislike of
vigorous physical activity (21).
Strategies For Self-Regulatory Skills
Despite the efforts to promote physical activity, only 22% of adults meet the
recommendations for physical activity (55). For the past 20 years, there has been a
considerable amount of time dedicated to identifying the determinants of exercise
behavior. From this research, behavior modification techniques, designed to increase
adherence to physical activity, have been developed. Such techniques have been
associated with a 10 to 25 percent increase in the frequency of physical activity (20).
These strategies are sometimes grouped under the rubric of self-regulatory skills and
include such things as goal setting, self-monitoring, problem-solving, reinforcement, and
support.
Goal Setting
Goal setting can be simply defined as “what an individual is trying to accomplish
(59).” It has been suggested that goals should be subjective (59). Three factors have
been identified that have the possibility to lead to better goal-setting for physical activity,
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these include: goal specificity, goal difficulty, and goal proximity. Goal specificity
suggests that hard, well-defined goals enhance performance more than general “do-yourbest” goals. Research is equivocal when relating goal specificity to performance (60).
Although unrealistic goals should be avoided, difficult goals can enhance performance
(58). For this reason, the level of difficulty is an important aspect when setting goals.
The final factor associated with effectual goal setting is goal proximity. It has been
hypothesized that employing both short-term goals and long-term goals will lead to better
performance (58). Short-term goals provide immediate feedback to increase one’s selfconfidence, thereby moving an individual closer to the long-term goal. Although much
research has focused on this aspect of goal setting, study results are not conclusive (59).
Self-Monitoring
Self-monitoring is a key element to self-regulation. Self-monitoring allows an
individual to become more aware of the circumstances surrounding a target behavior,
such as physical activity (7). Through self-monitoring, an individual can see his/her
progress and its relationship to his/her goals. Weber and Wertheim (57), compared the
effects of a self-monitoring condition to a control condition. It was found that attendance
was higher in the self-monitored group, compared to the control.
Problem Solving
Environmental factors are a determinant of lifetime physical activity participation.
Two of the most common reasons given for not being physically active are time and the
inconvenience of a facility (20). Personal barriers that interfere with a desired behavior
must be addressed. Many failed interventions, designed to increase physical activity, can
be traced to the failure to recognize barriers to physical activity (9).
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Positive Reinforcement
Positive reinforcement is an important influence on physical activity participation
(38), increasing motivation for physical activity (46). Positive reinforcement can come in
many forms. Whether it is something tangible such as a pair of walking shoes, or
something intangible such as verbal reinforcement, it is effective (46). Positive
reinforcement can also come in the form of reaching goals. In this aspect, goal setting,
self-monitoring, and positive reinforcement work together to increase a desired behavior.
Social Support
Social support has been defined as “a positive attitude by significant others
toward the subject engaging in physical activity (38). Social support has been found to
be related physical activity (38;51). It seems that social support provides the individual
with knowledge about his/her actions and increases that individual’s self-efficacy toward
a behavior.
Behavioral Interventions
Many of the aforementioned strategies have been used in conjunction with one
another to increase physical activity. For example, a recently published study (11) used
self-monitoring, goal setting, social support, and positive reinforcement to increase
adherence rates to a physically active lifestyle in older adults. Sixty apparently healthy
older adults were assigned to one of three treatments: wait list attention control (WLC),
standard physical activity treatment (SPA), or group-motivated cognitive behavioral
treatment (GMCB). The WLC group attended a 1-hour health lecture every other week.
The SPA group took part in a 12-week phase of center-based and home-based aerobic
activities, along with education lessons. GMCB participants received sessions identical

18

to the SPA group. In addition, GMCB attended meetings focused on
cognitive/behavioral skills and group interaction/participation skills. Comparison of
groups revealed that GMCB had a significantly higher frequency of moderate physical
activity than the SPA and tended to have a higher total volume of physical activity
(although not significant). GMCB also maintained training levels of physical activity
following the intervention. This study showed that teaching behavioral skills to older
adults can lead to maintenance of physical activity, after the completion of a center-based
training program.
DeBusk et al. (18) developed a home-based case management system for
modifying coronary artery disease risk factors based upon the Social Learning Theory.
Incorporated within this system was a written contract between the patient and healthcare
professional, self-observation forms used to identify areas of needed change, goal setting
by both the patient and the health professional, contracting to commit patients to behavior
change, relapse training prevention to determine high risk situations and strategies of
relapse prevention, modeling videos to give patients examples of appropriate behaviors,
prompting to call the patient to begin behaviors such as exercising or smoking cessation,
feedback to provide positive encouragement, and problem solving to determine barriers
to compliance. Not only did this program result in higher compliance rates for
medication use, it also increased compliance for exercise and smoking cessation.
The Activity Counseling Trial (ACT) (53) also provided evidence for the efficacy
of behavioral counseling. Participants were assigned to one of three groups: Advice,
where the participants were given physician advice; Assistance, where the participants
were given all of the information of the advice group plus interactive mail and behavioral
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counseling; or Counseling, where patients received everything from the previous two
groups plus regular telephone counseling and behavioral classes. Results for women
showed that the VO2max of those in the Assistance Group were on average 80.7 ml/min
higher than those in the Advice Group, and the V02max of those in the Counseling Group
was 73.9 ml/min higher than the Advice Group. There were no differences between the
Assistance and Counseling groups. Although intervention beyond advice yielded
significant results in women, there were no significant differences between groups of
men. This could be attributed to the possibility that advice and education are sufficient
stimuli to prompt men to action.
Within the realm of CRP, behavior interventions have been employed to increase
adherence to a physically active lifestyle. Because CRP programs do not facilitate
independent exercise participation, Carlson et al. (16) designed a modified program to
address these concerns. Eighty low to moderate risk CRP patients were randomized to
one of two treatments: a traditional protocol, facility based CRP 3 exercise sessions/week,
or a modified protocol, designed to enhance the patient’s confidence for independent
exercise. Those adhering to the modified protocol had a reduction in the number of
facility based exercise sessions, attended a weekly educational/support group, and
attended education counseling to overcome barriers associated with adopting independent
exercise and nutrition behaviors. Results showed that those assigned to the modified
protocol had higher rates of independent exercise over six months and higher rates of
total exercise during the final three months. Although not significantly different, those in
the modified protocol demonstrated greater changes in aerobic capacity and blood lipids.
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This study gave support for the efficacy of knowledge, social support, and reinforcement
as behavioral strategies to increase physical activity in CRP patients.
Measuring and Monitoring Physical Activity
Physical activity and energy expenditure are not one in the same. Energy
expenditure in the energy cost of associated with doing physical activity (31). By
exptrapolating physical activity to energy expenditure, the frequency, intensity, and the
time spent doing physical activity can be reflected. It has become increasingly apparent
to those studying energy expenditure that daily or habitual activity patterns are important
to the reduction of diseases. Therefore, accurate, reliable, and valid measurements of
such activity are becoming increasingly important. Through the past decades, many
physical activity assessment methods have been employed to measure energy expenditure.
Direct Calorimetry
Direct calorimetry measures the heat produced by the body (49). Although it is
highly accurate, it is expensive, it requires the individual to be confined to analyzing
chambers, and it is impractical for the measurement of habitual physical activity. Indirect
calorimetry, which measures the gas exchange associated with the oxidation of energy
substrates and calculates heat production, is also highly accurate but poses the same
problems as direct calorimetery (49).
Portable Respiratory Gas-Exchange Monitors
Within the past decade, portable respiratory gas-exchange monitors have been
developed. These devices are relatively light and allow the subject to leave the
laboratory. However, the subject is still required to wear a somewhat cumbersome face-
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mask, possibly altering daily activities. These devices are also expensive, making them
inapplicable to larger numbers of people (49).
Doubly Labeled Water
The doubly labeled water method is seen as the gold standard of physical activity
assessment when it is impractical to confine subjects to a laboratory (10). Subjects are
given a loading dose of deuterium, which is eliminated as water, and a loading dose of
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O, which is eliminated as both water and carbon dioxide. Carbon dioxide production,

and thus energy expenditure can be found by taking the difference of the two (49).
Because this technique is expensive and requires trained technicians, it is also impractical
for habitual assessment of daily energy expenditure.
Physical Activity Records, Recalls, and Questionnaires
Physical activity records are a form a diary kept by an individual, detailing
patterns of physical activity or sources of energy expenditure (31). Such records put a
large demand upon the subject (32) and are also time consuming for study staff (31).
Recall surveys are usually interview format, designed to assess physical activity over a
past time period (31). The weakness of physical activity recalls is that they ask the
subject to remember specific details from the past and report them accurately (32).
General questionnaires are usually 10-20 items aimed at determining the amount of time
spent in certain activities and the intensity of these activities. General questionnaires do
not provide enough detail to allow for individual assessments, but they are a useful tool
for group classification (32).
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Heart Rate Monitors
Heart rate monitors have been used to assess energy expenditure. Because heart
rate is linearly related to oxygen consumption, increases in heart rate reflect increases in
physical activity. While this method might be viable in a controlled laboratory setting,
free from extraneous emotions or emotional stress, it has its restrictions for free-moving
subjects. Emotions and stress can cause a rise in heart rate without a rise in oxygen
consumption or energy utilization (32).
Motion Sensors
The newest class of physical activity assessment devices is motion sensors. These
include pedometers, actometers, larger-scale integrated motor activity monitor (LSI) and
accelerometers. The pedometer is a mechanical counter worn on the hip which counts
steps in response to the foot striking the ground which causes a lever balanced upon a
delicate spring to move vertically. The reliability of these instruments is somewhat
questionable. Variability among instruments, and also variability within the instrument,
have produced reliability coefficients ranging from .49 to .70 (23). The tension in the
spring supporting the counter lever within the device and variability of the subjects
walking gates may give reason for the poor reliability (43).
Like the pedometer, the LSI monitor is small device that attaches to the hip. The
LSI encloses a cylinder containing a mercury ball. Inclination or declination of the
sensor causes the mercury ball to contact a switch. Sixteen contacts of the switch count
as 1 activity count. Accuracy of the LSI is comparable to that of the pedometer (.49 - .70)
(40). The major problem with using the LSI to monitor physical activity is that it does
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not measure the velocity or acceleration of the movement, giving no indication of the
intensity of activity (49).
Accelerometers
For the past two decades, accelerometers have been used in the assessment of
energy expenditure (64). Because pedometers cannot assess the intensity of physical
activity, nor can they detect vertical movement, accelerometers were designed as a
solution to these measurement issues. The accelerometer assesses movements of the body
to obtain a measurement of physical activity. Accelerometers use the principle of
piezoelectrical ceramics. When the ceramic element is deformed in a special direction, it
emits a charge that is reflective of the extension of the deformation and thus acceleration
(40). Energy expenditure due to physical activity is calculated by examining the vector
magnitudes. The vector magnitude is calculated as the square root of the activity (37).
Physical activity occurs through muscular contraction and its subsequent external work.
This external work may be expressed as either static properties, such as lifting weights, or
dynamic properties, such as walking. Although accelerometers detect and measure
motion, neglecting static work, it is the general assumption that most of the energy
expenditure throughout the day is due to walking and like activities. Data has shown that
a linear relationship does exist between body acceleration and oxygen uptake, making the
accelerometer a reasonable device for measuring physical activity or energy expenditure
(40).
Currently there are two forms of accelerometers, those that measure acceleration
in one dimension (uniaxial) and those that measure acceleration in three dimensions
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(triaxial). The first accelerometer to be developed and widely used is the Caltrac
accelerometer. This is a uniaxial accelerometer, measuring movement in only one plane.
Haymes and Byrnes (25) examined the validity of the Caltrac and found that
during walking there was a significant correlation (r=.91) between accelerometer
estimated energy expenditure and actual energy expenditure (as measure by oxygen
uptake). Not only is the Caltrac valid as compared to actual oxygen uptake, it is also
valid as compared to the Physical Activity Recall quesionnaire (r=.76) (1). Bray and
colleagues (12) observed 40 girls ages 10-16 years and found that Caltrac estimated
energy expenditure was highly correlated with chamber assessed energy expenditure
(r=.81 - .87). Melanson and Freedson (41) also found a correlation of .82 between the
Caltrac and chamber assessed energy expenditure. Another uniaxial accelerometer that
has recently been subject to much investigation is the Computer Science Application
(CSA) activity monitor. The CSA is lighter than the Caltrac and it can record heart rates
simultaneously (42). This activity monitor also has advantages over Caltrac in that it is
capable of storing activity counts over an interval of time, to be downloaded to a later
date into a personal computer. Melanson and Freedson (41) also conducted a study to
evaluate the validity of the CSA and found that it was highly correlated (r = .80) with
energy expenditure as assessed by oxygen uptake during level exercise conditions.
However, the CSA does not estimate energy expenditure. Instead, regression equations
must be used to convert activity counts into kcals (42). It is also important to note that
both the CSA and the Caltrac are insensitive to changes in treadmill grade.
Because uniaxial accelerometers, such as the Caltrac or CSA, only measure
accelerations in the vertical plane, thereby neglecting the contribution of movement in the
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other two dimensions to energy expenditure, the three-dimensional or triaxial
accelerometer was developed (42). Triaxial accelerometers assess movement much the
same as uniaxial accelerometers but assess movement in the mediolateral, anteroposterior,
and vertical directions (42). Even with the aforementioned change, the triaxial
accelerometer still holds many of the major weaknesses of the uniaxial accelerometer,
such as: insensitive to changes involving resistances, insensitive to incline, and unable to
record static movement (64).
Westerterp (61) evaluated the use of accelerometers as an objective tool for the
assessment of physical activity in large population. He compared the validity of five
varieties of accelerometers including, Caltrac, Actigraph, CSA (all uniaxial
accelerometers), Tritrac-R3D, and Tracmor (both triaxial accelerometers). Calorimetric
validation studies have yielded correlations ranging from r = .25 -.91 for Caltrac, r = .46.73 for Actigraph, r = .89 for CSA, and r = 89 for Tracmor. Correlations for Tritrac-R3D
were not reported. Relatively high correlations for all devices tested, show that both
uniaxial and triaxial accelerometers are valid ways to estimate energy expenditure.
Lifecorder Accelerometer
More recently, a new accelerometer has been developed for assessing daily
physical activity over longer periods of time. The LifeCorder, a Japanese developed
uniaxial accelerometer collects physical activity data for up to six weeks. Not only does
this accelerometer measure higher levels of physical activity such as walking, or
housework, but it also measures lower levels of physical activity such as standing, deskwork, or posture change. The LifeCorder is small device (6.2 × 4.6 × 2.6 cm, wt = 420g)
worn at the waist that is designed to detect step and acceleration rates along the vertical
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axis. The device then uses these measurements along with the basal metabolic rate
(calculated from age, gender, height, and bodyweight) to automatically calculate daily
energy expenditure. Not only is the LifeCorder discrete and light-weight, it is a viable
means of assessing energy expenditure. The LifeCorder correlated well (r = .74) with
doubly labeled water during a 2-week free-living condition in Japanese men (65).
The LifeCorder is unique in that it gives graphical output of energy expenditure
data. After the LifeCorder collects physical activity data, it transforms the data into
caloric expenditure. This information is saved into the memory of the LifeCorder at the
end of each 24-hour period. To access the saved information, it must be downloaded to a
personal computer where a graph is generated. The graph generated shows total energy
expenditure for the day the LifeCorder was in use, daily energy expenditure, and intensity
of activity. It also allows one to manipulate the graph to show days where a caloric
expenditure goal was met or not met. Both the validity of the LifeCorder as a device to
measure free-living energy expenditure and its ability to give graphical representation of
the energy expenditure make it an ideal tool for promoting an increase in physical activity.
The LifeCorder was used in this project to give graphic feedback regarding energy
expenditure.
Implementation of Motion Sensors
Tudor-Locke et. al, (54) examined the relationship between pedometerdetermined ambulatory activity (steps/day) and body composition variables. Subjects
included one hundred and nine apparently healthy males and females. Subjects were
enrolled in the study for 21 days, during which they wore a pedometer and completed
daily activity logs. Subjects were asked to wear the pedometer and to record the number
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of steps taken each day. It was found that steps/day was inversely correlated with BMI (r
= -.30) and percent body fat (r = -.27). This study showed that motion sensors have
utility in determining individuals in need of a physical activity intervention.
Not only are motion sensors, such as pedometers and accelerometers, used to
quantify energy expenditure, they have also been explored as a means to increasing
energy expenditure. As mentioned previously, self-monitoring and goal setting are two
self-regulatory skills that have been used to increase physical activity (46). Many motion
sensors give immediate feedback, making them an easy-to-use self-monitoring tool.
Research has shown that feedback on performance, and knowledge of results is necessary
to obtain success in goal setting (36).
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PURPOSE OF THE CURRENT STUDY

Currently, there are a number of problems limiting the effectiveness of cardiac
rehabilitation programs. One of the challenges facing cardiac rehabilitation is
exercise/physical activity energy expenditure that is too low to stabilize CAD. Although
behavioral interventions designed to increase energy expenditure have been proposed,
few have been successfully implemented into the context of traditional cardiac
rehabilitation. The primary purpose of this intervention is to determine if a bi-weekly
behavioral intervention, including energy expenditure feedback from an accelerometer,
could increase the exercise/physical activity energy expenditure of cardiac rehabilitation
patients within the context of traditional cardiac rehabilitation. The secondary purpose of
this study was to determine if the sample as a whole would have improvements in body
weight, body composition, and functional capacity.
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METHODS

Study Design/Participants
This study was approved by the Wake Forest University Institutional Review
Board. Participants included patients who were referred to Wake Forest University
cardiac rehabilitation (WFU CRP) after coronary artery disease diagnosis or a procedure.
Participants were not considered if they had begun and maintained a structured exercise
program within the year prior to their entry into WFU CRP rehabilitation. If they were
willing and able to meet the obligations of the study, each patient read and signed a
consent form. Of the 24 patients approached, 6 elected not to participate, commonly due
to inability to attend bi-weekly group meetings, or reluctance to wear the device.
Eighteen patients agreed to participate in the study, of which, 7 did not finish. Attrition
was commonly due to discontinuation of cardiac rehabilitation due to illness and
scheduling conflicts. After all baseline data were collected, subjects were randomized to
either the study group (SG) or the usual care group (UC).
Intervention
This study employed a bi-weekly behavioral intervention as a strategy to increase
the energy expenditure of older adults who participated in a cardiac rehabilitation
program—the study group (SG). In addition to the behavioral intervention, participants
received standard CRP and four lectures on: The Benefits of Physical Activity, Increasing
Physical Activity, Barriers to Physical Activity, and The FITT Principle (see appendix).
The comparison group (UC) received standard CRP and the aforementioned lectures, but
did not receive the behavioral intervention. Energy expenditure was assessed in both
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groups by accelerometry. As part of the behavioral intervention, this information was
provided as feedback to the study group.
Outcome measures
Upon entry to WFU CRP and at the follow-up interval (three months), each
participant underwent a symptom-limited graded exercise treadmill test, body
composition assessment, blood lipid analysis, and a week of energy expenditure
estimation. Those administering all laboratory tests were trained exercise physiologists,
possessing ACSM Exercise Specialist certification. All test administrators were blinded
to group assignment. The exercise test was performed on a motor driven Trackmaster
TM400S treadmill, adhering to an individualized ramp protocol (14). All exercise tests
were performed between the hours of 7:30 am and 9:00 am with a physician present. All
prescribed medications were taken as directed before the exercise test. Peak exercise
oxygen consumption was measured directly and estimated by calculations using the
highest workload observed during the final stage of the exercise test (2). Participants
exercised until limited by symptoms, such as angina or fatigue, or until they were stopped
due to inappropriate responses (2). Throughout the duration of the exercise test, ECG
and heart rate were monitored continuously, whereas blood pressure and Rating of
Perceived exertion were assessed every two minutes. Body weight was measured to the
nearest half pound and percent body fat was estimated using either the sum of 3 skin
folds for women or the sum of 7 skinfolds for men (27).
Estimation of Daily Energy Expenditure
Baseline estimation of energy expenditure was taken during the first 10 days of
participation in CRP. Follow-up estimation of energy expenditure was taken at
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approximately 3 months after beginning CRP. Energy expenditure of all participants was
estimated using a LifeCorder uni-axial accelerometer. The LifeCorder is worn on the
waistband at the hip during all waking hours (except swimming or bathing). This
accelerometer detects the step and acceleration rates along the vertical axis. Total energy
expenditure (EE) is calculated as a product of the step rate, acceleration rate and basal
metabolic rate (BMR). Total energy expenditure is calculated with the following
equation:
DEE = BMR + EPA + NEPA + 1/10DEE
Where,
BMR (kcal) = Kb x BSA x T x 1/10000, also where Kb is a standard value of
Japanese (kcal/m2/hr), BSA is body surface area (cm2) and “T” is time (hr).
BSA (cm2) = BW0.444 (kg) x HT0.663 (cm) x 88.83.
EPA (kcal) = K (kcal/kg) x BW (Kg), also where “K” is a present constant with 9
grades experimentally determined by the manufacturer to reflect acceleration. EPA
levels 1 to 9 are approximately corresponding to 1.7 to 7.2 METs.
The accelerometer classifies physical activity into either exercise physical activity
(EPA) or non-exercise physical activity (NEPA). Physical activity was considered EPA
when more than 3 steps per 4 seconds was detected more than once in 2 min. This
physical activity is then assigned a constant ranging from 1 (1.7 METS) to 9 (7.2 METS).
When a small physical movement was detected and/or EPA is 0 for each 4 seconds for 3
minutes after the movements, the activity is considered NEPA. Information from the
accelerometer can be downloaded into a personal computer where a graph is generated
showing the amount of physical activity and the intensity of physical activity. The
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accelerometer was worn for a total of six 10-day periods throughout the three-month
course of the study. Physical activity/energy expenditure information was collected after
each 10-day period. It is important to note that no energy expenditure information can be
obtained from the accelerometer until the information has been downloaded into a
personal computer.
Behavioral Intervention
Those randomized to SG received the behavioral intervention. Self-monitoring
and goal-setting were the major foci of the behavioral intervention. Predetermined
energy goals (2) were given to each subject. Through bi-weekly graphic feedback on
energy expenditure, subjects were able to take part in self-monitoring. If goals were not
attained, barriers to physical activity were discussed and problem solving followed. If
goals were attained, positive reinforcement was given.

33

STATISTICS

Independent t-tests were used to analyze between group differences for
demographic characteristics at baseline. There were two primary questions of this study.
First, did subjects, independent of group assignment, significantly change primary and
secondary outcome variables from baseline to follow-up. For this analysis, paired
samples t-tests were used to analyze changes over time for the study participants.
Secondly, did the groups respond differently from baseline to follow-up for the primary
and secondary outcome variables.
Due to the small sample size, difference scores were computed and the Mann
Whitney statistical test was employed to examine group differences (from baseline to
follow-up) for each of the primary outcome measures:
1) Average daily EPA energy expenditure on all days of the week (All-EPA)
2) Average daily EPA energy expenditure on CRP days (CRP-EPA)
3) Average daily EPA energy expenditure on non-CRP days (NONCRP-EPA)
Similar nonparametric analyses were used to assess group differences from baseline
to follow-up for secondary outcome measures: METs, body composition, and blood
lipids. To contrast data between groups, median and inter-quartile ranges are reported.
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RESULTS

Twenty-four new CRP patients were recruited to serve as subjects in this study.
Eighteen patients gave informed consent to study participation. Of the 18 subjects who
began the study, only 11 were included in the final analysis. Loss of 7 subjects was due
to: severe mental illness, physical illness, relocation, discontinuation of CRP, and
noncompliance with study protocol. Therefore, the results of this study have to be
interpreted in the context that ~50% of patients chose not to participate or discontinued
participation. The subjects in this study were representative of patients commonly
enrolled in cardiac rehabilitation programs. As shown in Table 1, both groups had
similar demographic characteristics, disease status, and medication use. The only
significant differences between the groups were in the ratio of males to females, age of
subjects, and functional capacity (METs). Furthermore, the usual care group (UC)
patients tended to be shorter and have higher body fat levels compared to the study group
(SG). Some of these differences were due to the fact that UC had 3 females (60%) while
the SG did not have any females (0%). The metabolic differences and gender inequality
between groups have the potential to affect the results of this study.
Primary outcome variables, that included average number of calories expended
during exercise/physical activity for all days of the week (All-EPA), average number of
calories expended during exercise/physical activity on CRP days (CRP-EPA), and
average number of calories expended on non-CRP days (NONCRP-EPA) were obtained
from the LifeCorder accelerometer. To determine the effect of the intervention on
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Table 1
Demographic Characteristics (Mean + SD) of Subjects in Usual Care Group
(UC) and Study Group (SG) at Entry into Study

Gender (male/female)
Age (yrs.)
Height (cm)
Weight (kg)
BMI
% BF
MET level
Primary Diagnosis:
CABG
PTCI
Valve
CAD
Medications:
BB
CB
ACEI
LL
NI
GL

All (n=11)
8/3
58.8 + 11.3
175.9 + 13.6
183.7 + 34.0
27.0 + 3.6
27.2 + 5.4
7.9 + 2.3

UC (n=5)
2/3
60.6 + 2.5
167.8 + 12.1
167.0 + 32.7
26.9 + 2.3
29.6 + 6.0
6.3 + 2.0

SG (n=6)
6/0
*
57.3 + 15.6 *
182.7 + 11.5
197.7 + 12.6
27.1 + 4.6
25.3 + 4.5
9.3 + 1.8 *

3 (27%)
6 (55%)
1 (9%)
1 (9%)

1 (20%)
3 (60%)
1 (20%)
0 (0%)

2 (33%)
3 (50%)
0 (0%)
1 (17%)

8 (73%)
2 (18%)
7 (64%)
10 (91%)
4 (36%)
1 (9%)

4 (80%)
1 (20%)
3 (60%)
5 (100%)
2 (40%)
0 (0%)

4 (67%)
1 (17%)
4 (67%)
5 (83%)
2 (33%)
1 (17%)

Data expressed as number of subjects (percent of group). Primary diagnosis was the
ICD code used for CRP referral. However, subjects may have had more than one
condition or intervention. Subjects may be on multiple medications and dosages varied
among participants.
BMI: body mass index, %BF: percent body fat
CABG: coronary artery bypass graft surgury, PTCI: percutaneous transluminal
coronary intervention, CHF: chronic heart failure, Valve: valve replacement surgery
CAD: diagnosed CAD or angina.
BB: Beta Blocker, CB: Calcium-Channel Blocker, ACEI: Angiotensin converting
enzyme Inhibitor, LL: Lipid Lowering, NI: Slow-acting Nitrate, GL: Glucose
Lowering.
* indicates significant differences (p<.05) between the UC and SG groups
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exercise/physical activity energy expenditure, a comparison was made between the first
(baseline) and last week (follow-up) of the study period.
Outcome Variable at Baseline and Follow-up
To evaluate the change in outcome variables from baseline to follow-up, the
groups were combined. Paired t-tests were used to test for statistical significance.
Primary Outcome Measures
Although paired sample t-tests of the combined sample revealed no changes in the
primary outcomes of All-EPA energy expenditure or NONCRP-EPA energy expenditure,
CRP-EPA energy expenditure significantly increased (p = .007) from baseline to followup by 23% (see Table 2).
Secondary Outcome Measures
Paired sample t-tests revealed no significant changes from baseline to follow-up
in any of the secondary outcome measures, except METs. METs increased significantly
(p = .001) from baseline to follow-up by 1.4 METS (15%).
Group Differences in Outcome Measures
In light of the small sample size and skewed distributions, median and
interquartile ranges are presented for baseline and follow-up data for UC and SG
(Table 3).
Primary Outcome Measures
Described in Table 3 are medians and interquartile ranges for primary and
secondary outcome variables. The difference scores between baseline and follow-up,
measured in kcals, were rank ordered and a Mann Whitney U-test was used to compare
the ranks for the two groups. Results showed significant differences between groups,
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Table 2
Primary and Secondary Outcome Variables (MEAN + SEM) at Baseline and Followup, Independent of Group Assignment

Primary Outcomes
All-EPA (kcal/day)
CRP-EPA (kcal/day)
NONCRP-EPA (kcal/day)
Secondary Outcomes:
Weight (lb)
Fat (%)
METs

Baseline

Follow-up

272.2 + 26.1
321.3 + 30.6
229.8 + 27.3

301.5 + 31.6
417.1 + 48.4
232.6 + 31.2

+29.3 (10%)
+95.8 (23%) *
2.8 (1%)

183.7 + 10.2
27.2 + 1.6
7.9 + 0.7

182.3 + 9.2
26.5 + 1.6
9.3 + 0.8

-1.4 (1%)
-0.7 (3%)
+1.4 (15%) *

Raw Change (%)

*Indicates significant (p<.05) difference from baseline to follow-up.
All-EPA: average daily exercise physical activity energy expenditure on all day of the week
CRP-EPA: average daily exercise physical activity energy expenditure on CRP days
NONCRP-EPA: average daily exercise physical activity energy expenditure on non-CRP days

U = 4, p<.05 (one-tailed) for NONCRP-EPA energy expenditure from baseline to
follow-up in SG. The median increase from baseline to follow-up in NONCRP-EPA
energy expenditure was 64 kcal/day (+28%) in SG, where as the UC NONCRP-EPA
energy expenditure decreased by 66 kcal/day (70%). However, there were no significant
differences from baseline to follow-up for All-EPA energy expenditure, U=10, or CRPEPA energy expenditure, U=6. Figure 1 shows the actual changes in NONCRP-EPA
energy expenditure from baseline to follow-up for all subjects. SG subjects (n=6) are
represented by the bold line and UC subjects (n=5) are represented by the dashed line.
Secondary Outcome Measures
Mann Whitney U-tests revealed no significant differences between groups for any
of the secondary outcome measures.

38

Table 3
Medians and Interquartile Ranges for Primary and Secondary Outcomes in
Usual Care (UC) and Study Group (SG) at Entry and Follow-up
USUAL CARE
Baseline
Follow-up
Primary Outcomes:
All-EPA
CRP-EPA
NONCRP-EPA
Secondary Outcomes:

252.0 + 87.0
278.0 + 79.0
220.0 + 150.0

Weight (lb)

16.98 0 0 10.98 242.74478 248 533.1597 Tm(2)Tj10.98 0 0 10.98 53.75998 533.1597

255.0 + 132.5
404.0 + 245.5
154.0 + 107.0

300.5 + 216.8
379.5 + 243.3
227.0 + 211.0

320.0 + 146.5
483.0 + 299.8
291.0 + 162.8

0

1.

STUDY GROUP
Baseline
Follow-up

NONCRP-EPA Energy Exp. (kcal/day)

400
350
300
250
200
150
100
Baseline

Follow-UP

Figure 1:
Change in NONCRP-EPA Energy Expenditure from Baseline to Follow-up for SG
and UC. SG subjects are represented by bold lines and UC subjects are represented
by dashed lines.
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DISCUSSION

The primary aim of this intervention was to determine if a bi-weekly behavioral
intervention, including energy expenditure feedback collected from an accelerometer,
could increase the exercise/physical activity energy expenditure of CRP patients,
particularly on days that they do not attend CRP. Our second aim was to determine if the
subsequent increase in energy expenditure would result in greater improvements in
functional capacity, and body composition.
Although this study began with 24 subjects, due to subject attrition, only 11
completed the study. Reasons for not wanting to participate in this study included
reluctance to wear the accelerometer and the inability to commit to the extra time
required by the study. Those who began the study, but discontinued participation, did so
for reasons such as mental and physical illness, relocation, and premature discontinuation
of CRP. Two subjects had incomplete data due to noncompliance with study protocol,
and therefore could not be used in the final analysieDCiancelness thnP (%e ofeligibleo

Demographic data revealed that our study sample was similar to most patients
entering cardiac rehabilitation. However, after randomizing this small sample, there were
inequalities in the means for baseline values, particularly in gender and MET level. The
differences in both METs and gender have the potential to influence the energy
expenditure data. A higher metabolic capacity allows an individual to do more work in a
shorter period of time. For this reason, it is not unreasonable to suggest that the higher
energy expenditure in SG at baseline was due in part to the significantly higher metabolic
capacity of this group and that this effect carried over into follow-up energy expenditure
data. Furthermore, the study group was composed exclusively of male subjects. The
usual care group was composed of 3 males and 2 females. The unequal distribution of
females is a potential influence on the energy expenditure data. It has been shown that in
general, men have higher levels of energy expenditure. Mann Whitney U-test revealed
that SG had significantly greater increase in NONCRP-EPA energy expenditure than UC.
Figure 1 shows the change in energy expenditure from baseline to follow-up for each
subject. Closer examination of the UC data reveals that the two subjects with the greatest
decreases in NONCRP-EPA energy expenditure were in fact women. Consequently, it is
reasonable to conclude, from this limited observation, that gender did in fact effect
NONCRP-EPA energy expenditure.
Primary Outcomes
Of the three primary outcome variables studied, (All-EPA, CRP-EPA, NONCRPEPA) only NONCRP-EPA was significantly different between groups. Of note was the
finding that NONCRP-EPA decreased in 3 of the 5 UC subjects from baseline to followup. Other studies have observed a similar drop in exercise/physical activity energy
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expenditure on days following a structured exercise session. Ayabe et al. (6) examined
the physical activity patterns of CRP patients and found that energy expenditure tended to
be lower on non-CRP days than CRP days. Goran et al. (22) examined the effects of
short-term endurance training on elderly patients. Despite the implementation of exercise
training, the participant’s energy expenditure did not increase during the study period.
Further investigation of Goran’s (22) data revealed that as training increased, total
energy expenditure did not increase because there was a “compensatory” decline in nontraining physical activity. Because the training program was in the afternoon, Meijer (39)
concluded that the compensatory decline was a result of the elderly subjects anticipating
afternoon exercise and save up for the training session. In contrast, Goran (22) conducted
his training sessions in the morning. Therefore, he credited the decline in non-training
physical activity to a decline in physical activity afterwards. One could speculate that the
UC CRP patients in this study did less physical activity on days following CRP to
“replenish” lost energy stores, or they did less physical activity on the days before CRP in
anticipation of energy expenditure the following day.
CRP-EPA energy expenditure increased significantly over time for the sample as
a whole, but there were no differences between groups at follow-up. Increased energy
expenditure is an expected outcome from participating in an exercise-training CRP. We
hypothesized that our intervention would increase energy expenditure in the SG beyond
levels typically observed. Surprisingly, baseline levels of CRP-EPA energy expenditure
were remarkably high. The sample as a whole expended, on average, 321 kcal/day.
Previous studies on maintenance level patients in WFU-CRP showed energy expenditure
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to be, on average, 214 kcal/day. It is possible that new CRP patients are more motivated
and more compliant with exercise recommendations than maintenance patients.
All-EPA energy expenditure was not different between groups nor was it
significantly changed over time. These findings may be attributable to several possible
facts. First, the “compensatory” decline in exercise/physical activity energy expenditure
on non-CRP days, particularly for UC subjects, counterbalanced the increases observed
in EPA energy expenditure on CRP-days. Secondly, it is important to recognize that
these “baseline” levels were obtained during the initial week of CRP, where all patients
were exercising in a formal CRP program. We did not assess a true “baseline” of energy
expenditure (i.e. before subjects started a formal program). These findings are
encouraging in a sense that our combined group had an average All-EPA energy
expenditure of 272 kcal/day, which translates into 1904 kcal/week. As described in the
review of literature, Habrecht et al. (50) determined that an energy expenditure greater
than 1,500 kcal/week resulted in CAD “stabilization.” Also, encouraging is the finding
that our combined sample increased their CRP-EPA to 301 kcal/day, which translates to
2,107 kcal/week. At this level Hambrecht et al. (50)demonstrated a tendency toward
CAD regression.
Secondary Outcomes
The combined sample (both groups) in the present investigation increased their
functional capacity (MET level) significantly (15%) over the duration of the study. This
change in METs is consistent with 13 of the 14 U.S. exercise training studies that have
demonstrated a statistically significant (~20%) improvement in the exercise tolerance of
CRP patients (55). Data from the present investigation suggests that the additional
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energy expenditure of SG did not significantly alter the improvement in METs in this
group. It is important to recognize that SG had substantially high baseline MET levels,
decreasing the potential to increase at follow-up. While not statistically significant, there
was a trend for better improvements in body weight, and percent body fat in SG (see
Table 3).
Intervention
Although previous studies (11;16;18) have shown that behavioral interventions
can increase physical activity behavior in older adults, incorporating these interventions
into the current structure of CRP is problematic. Traditionally, insurance companies will
provide reimbursement of CRP services for 3 months (36 sessions). After this point, the
patient must pay out of pocket if they wish to continue rehabilitative services. The
aforementioned studies have been successful, but on average they have been 6 months in
duration. In addition, these studies have required an excessive amount of time, above and
beyond the time spent in CRP. This extra time requirement is taxing for both the
participant and study staff. Although our study required only 15-minute bi-weekly
lectures, some individuals were reluctant to participate due to the extra time requirement.
For this reason, requiring an additional half hour to an hour for behavioral counseling
may not be feasible in our study population. Previously conducted studies have also used
individuals trained in the behavior sciences to conduct behavioral session. Although this
seems ideal for an effective intervention, the extra cost of new staff or training
preexisting staff would be an additional expense for CRP programs. There are three
principle reason why our intervention can fit into the context of traditional CRP. First,
our intervention required very little time from the subjects or the study staff. Second, the

45

CRP staff member conducting our behavioral intervention was not trained in the
behavioral sciences. Last, our intervention was conducted within the confines of 3
months.
In light of the limitations imparted by a small sample size, the results of this study
suggest that a simple behavioral intervention (i.e. self-regulatory skills, and
accelerometer feedback) can increase energy of cardiac rehabilitation patients. The
intervention was especially successful at preventing a “drop-off” in energy expenditure
on non-CRP days. It is also encouraging that the CRP program itself had a positive effect
on functional capacity, and although not significant, tended to improve body weight and
percent body fat. The promising results of this small study suggest that continued
research of this type is warranted in cardiac rehabilitation programs.

46

REFERENCES

1. Allor, K. M. and J. M. Pivarnik. Stability and convergent validity of three
physical activity assessments. Med.Sci.Sports Exerc. 33: 671-676, 2001.
2. American College of Sports Medicine. ACSM's Guidelines For Exercise Testing
and Prescription. Baltimore, Lippincott Williams & Wilkins. 2000.
3. American Diabetes Association. Report of the Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 21: s5-s19,
1998.
4. American Heart Association. Heart and Stroke Statistical Update. 2001. Dallas,
American Heart Association.
5. Austin, M. A., J. L. Breslow, C. H. Henneken, J. E. Buring, W. C. Willet, and R.
M. Krauss. Low density lipoprotein subclass patterns and risk of myocardial
infarction. JAMA 260: 1917-1921, 1988.
6. Ayabe, M., Wake Forest University. Energy expenditure of maintenance level
cardiac rehabilitation participant. Unpublished work. 2002.
7. Bernard, L. C. and E. Krupat. Health Psychology: Biopsychosocial Factors in
Health and Illness. Forth Worth, Harcourt Brace & Company. 1994.
8. Blair, S. N., Y. Cheng, and J. S. Holder. Is Physical Activity of Physical Fitness
More Important in Defining Health Benefits? Med.Sci.Sports Exerc. 33: S379S399, 2001.
9. Bouchard, C., R. J. Shephard, T. Stephens, and J. R. Sutton. Exercise, Fitness, and
Health: A Consensus of Current Knowledge. In McPherson, B. D., ed.
Determinants of participation in physical activity. Champaign, IL, Human
Kinetics. 1990, 75-101.
10. Bouten, C. V., Verboeket-van de Venne WP, K. R. Westerterp, M. Verduin, and
J. D. Janssen. Daily physical activity assessment: comparison between movement
registration and doubly labeled water. J.Appl.Physiol 81: 1019-1026, 1996.

47

11. Brawley, LR., W. J. Rejeski, and L. Lutes. A Group-Mediated CognitiveBehavioral Intervention for Increasing Adherence to Physical Activity in Older
Adults. Journal of Applied Biobehavioral Research 5: 47-65, 2002.
12. Bray, M. S., W. W. Wong, J. R. Morrow, Jr., N. F. Butte, and J. M. Pivarnik.
Caltrac versus calorimetery determination of 24-h energy expenditure in female
children and adolescents. Med.Sci.Sports Exerc. 26: 1524-1530, 1994.
13. Brubaker, P. H., L. Kaminsky, and M. H. Whaley. Coronary Artery Disease: The
Role of Prevention and Rehabilitation Programs. Coronary Artery Disease:
Essentials of Prevention and Rehabilitation Programs. Champaign, Human
Kinetics. 2002, 1-35.
14. Brubaker, P. H., W. J. Rejeski, H. C. Law, W. E. Pollock, M. E. Wurst, and H. S.
Miller. Cardiac patients perception of walk intensity during graded exercise
testing: do they generalize to field settings? J.Cardiopulm.Rehabil. 14: 127-133,
1994.
15. Brubaker, P. H., J. G. Warner, Jr., W. J. Rejeski, D. G. Edwards, B. A. Matrazzo,
P. M. Ribisl, H. S. Miller, Jr., and D. M. Herrington. Comparison of standard and
extended length participation in cardiac rehabilitation on body composition,
functional capacity, and blood lipids. Am.J.Cardiol. 78: 769-773, 1996.
16. Carlson, J. J., J. A. Johnson, B. A. Franklin, and R. L. VanderLaan. Program
participation exercise adherence cardiovascular outcomes and program cost of
traditional versus modified cardiac rehabilitation. Am.J.Cardiol. 86: 17-23, 2000.
17. Caspersen, C. J., K. E. Powell, and G. M. Christenson. Physical Activity,
Exercise, and Physical Fitness. Public Health Reports 100: 125-131, 1985.
18. DeBusk, R. F., N. H. Miller, H. R. Superko, C. A. Dennis, R. J. Thomas, H. T.
Lew, W. E. Berger, R. S. Heller, J. Rompf, D. Gee, H. C. Kraemer, A. Bandura,
G. Ghandour, R. Shah, M. Clark, L. Fisher, and C. B. Taylor. A Case
Management System for Coronary Risk Factor Modification After Acute
Myocardial infarction. Annals Int.Med. 120: 721-729, 1994.
19. DeBusk, R. F., U. Stenestrand, M. Sheehan, and W. L. Haskell. Training effects
of long versus short bouts of exercise in healthy subjects. Am.J.Cardiol. 65: 10101013, 1990.

48

20. Dishman, R. K. Increasing and Maintaining Exercise and Physical Activity.
Behavior Therapy 22: 345-378, 1991.
21. Dunn, A. L., R. E. Andersen, and J. M. Jakicic. Lifestyle physical activity
interventions. History, short- and long- term effects, and recommendations. Am.J
Prev.Med. 15: 398-412, 1998.
22. Goran, M. I. and E. T. Poehlman. Endurance Training Does Not Enhance Total
Energy-Expenditure In Healthy Elderly Persons. American Journal of Physiology
263: E950-E957, 1992.
23. Gretebeck, R. J. and H. J. Montoye. Variability of some objective measures of
physical activity. Med.Sci.Sports Exerc. 24: 1167-1172, 1992.
24. Gwynne, J. T. High-density lipoprotein cholesterol levels as a marker of reverse
cholesterol transport. Am.J.Cardiol. 64: 10G-17G, 1989.
25. Haymes, E. M. and W. C. Byrnes. Walking and running energy expenditure
estimated by Caltrac and indirect calorimetry. Med.Sci.Sports Exerc. 25: 13651369, 1993.
26. Helmrich, S. P., D. R. Ragland, R. W. Leung, and R. S. Paffenbarger, Jr. Physical
activity and reduced occurrence of non-insulin-dependent diabetes mellitus.
N.Engl.J.Med. 325: 147-152, 1991.
27. Jackson, A. S. and Pollock M.L. Practical Assessment of Body Composition.
Phys.Sport Med. 13: 76-90, 1985.
28. Jakicic, J. M. and R. R. Wing. Strategies to Improve Exercise Adherence: Effects
of Short-Bouts Versus Long-Bouts of Exercise. Med.Sci.Sports Exerc. 29 suppl:
S42, 1997.
29. Kannel, W. B. Update on the Role of Cigarrette Smoking in Coronary Artery
Disease. Am.Heart J. 101: 319-328, 1981.
30. Keys, A. Seven Countries. A multivariate analysis of death and coronary heart
disease. 1-381. 1980. Cambridge, MA, Harvard University Press.

49

31. Lamonte, M. J. and B. E. Ainsworth. Quantifying energy expenditure and
physical activity in the context of dose response. Med.Sci.Sports Exerc. 33: S370S378, 2001.
32. Laporte, R. E., H. J. Montoye, and C. J. Caspersen. Assessment of Physical
Activity in Epidemiologic Research: Problems and Prospects. Public Health
Reports 100: 131-139, 1985.
33. Leon, A. S. Scientific Rationale for Preventative Practices in Atherosclerotic and
Hypertensive Cardiovascular Disease. In Pollock, M. L. and D. H. Schmidt, eds.
Heart Disease and Rehabilitation. Champaign, IL, Human Kinetics. 1995.
34. Leon, A. S. Scientific Rationale for Preventative Practices in Atherosclerotic and
Hypertensive Cardiovascular Disease. In Pollock, M. L. and D. H. Schmidt, eds.
Heart Disease and Rehabilitation. Champaign, IL, Human Kinetics. 1995.
35. Leon, A. S., J. Connett, D. R. Jacobs, Jr., and R. Rauramaa. Leisure-time physical
activity levels and risk of coronary heart disease and death. The Multiple Risk
Factor Intervention Trial. JAMA 258: 2388-2395, 1987.
36. Locke, E. A. and G. P. Latham. The application of goal setting to sports. Journal
of Sport Psychology 7: 205-222, 1985.
37. Matthews, C. E. and P. S. Freedson. Field trial of a three-dimensional activity
monitor: comparison with self report. Med.Sci.Sports Exerc. 27: 1071-1078, 1995.
38. McAuley, E. Understanding Exercise Behavior: A Self-Efficacy Perspective. In
Roberts, G. C., ed. Motivation in Sport and Exercise. 1992, 107-127.
39. Meijer, E. P., K. R. Westerterp, and F. T. J. Verstappen. Effect of Exercise
Training on Total Daily Physical Activity in Elderly Humans. Euro.J.Appl.Phys.
80: 16-21, 1999.
40. Meijer, G. A., K. R. Westerterp, F. M. H. Verhoeven, and H. B. M. Koper.
Methods to Assess Physical Activity with Special Reference to Motion Sensors
and Accelerometers. IEEE Trans.Biomed.Eng. 38: 221-228, 1991.

50

41. Melanson, E. L., Jr. and P. S. Freedson. Validity of the Computer Science and
Applications, Inc. (CSA) activity monitor. Med.Sci.Sports Exerc. 27: 934-940,
1995.
42. Melby, C. L., R. C. Ho, and J. O. Hill. Assessment of Human Energy
Expenditure. In Bouchard, C., ed. Physical Activity and Obesity. Champaign,
Human Kinetics. 2000, 103-131.
43. Montoye, H. J. and H. L. Taylor. Measurement of Physical Activity in Population
Studies: A Review. Human Biology 56: 195-216, 1984.
44. Paffenbarger, R. S., R. T. Hyde, A. L. Wing, and C. C. Hsieh. Physical Activity,
All-Cause Mortality, and Longevity of College Alumni. N.Engl.J.Med. 314: 605613, 1986.
45. Paffenbarger, R. S., Jr., A. L. Wing, R. T. Hyde, and D. L. Jung. Physical activity
and incidence of hypertension in college alumni. Am.J.Epidemiol. 117: 245-257,
1983.
46. Rejeski, W. J. Motivation For Exercise Behavior: A Critique of Theoretical
Directions. In Roberts, G. C., ed. Motivation in Sport and Exercise. Champaign,
Human Kinetics Books. 1992, 129-157.
47. Savage, P. D., M. Brochu, P. Scott, and P. A. Ades. Low caloric expenditure in
cardiac rehabilitation. Am.Heart J. 140: 527-533, 2000.
48. Schairer, J. R., T. Kostelnik, S. M. Proffitt, K. I. Faitel, S. Windeler, L. B.
Rickman, C. A. Brawner, and S. J. Keteyian. Caloric Expenditure During Cardiac
Rehabilitation. J.Cardiopulm.Rehabil. 18: 290-294, 1998.
49. Schoeller, D. A. and S. B. Racette. A review of field techniques for the
assessment of energy expenditure. J.Nutr. 120 Suppl 11: 1492-1495, 1990.
50. Schuler, G., R. Hambrecht, G. Schlierf, J. Niebauer, K. Hauer, J. Neumann, E.
Hoberg, A. Drinkmann, F. Bacher, M. Grunze, and . Regular physical exercise
and low-fat diet. Effects on progression of coronary artery disease. Circulation
86: 1-11, 1992.

51

51. Sherwood, N. E. and R. W. Jeffery. The behavioral determinants of exercise:
implications for physical activity interventions. Annu.Rev.Nutr. 20: 21-44, 2000.
52. Stefanick, M. L. and Wood, P. D. Physical Activity, fitness, and health:
international proceedings and consensus statement. Bouchard C, Shephard, R. J.,
and Stephens, T. 417-431. 1994. Champaign, IL, Human Kinetics.
53. The Writing Group for the Activity Counseling Trial Research Group. Effects of
Physical Activity Counseling in Primary Care. JAMA 286: 677-687, 2001.
54. Tudor-Locke, C., B. E. Ainsworth, M. C. Whitt, R. W. Thompson, C. L. Addy,
and D. A. Jones. The relationship between pedometer-determined ambulatory
activity and body composition variables. Int.J.Obes.Relat Metab Disord. 25:
1571-1578, 2001.
55. U.S.Department of Health and Human Services. Cardiac Rehabilitation: Clinical
Practice Guidelines. Wenger, NK Froelicher ES, Smith, LK, Ades, PA, Berra, K.,
Blumenthal, JA, and Certo, CME. (17). 1995. Rockville, MD, U.S. Department of
Health and Human Services.
56. U.S.Department of Health and Human Services. Cardiac Rehabilitation: Clinical
Practice Guidelines. Wenger, NK Froelicher ES, Smith, LK, Ades, PA, Berra, K.,
Blumenthal, JA, and Certo, CME. (17). 1995. Rockville, MD, U.S. Department of
Health and Human Services.
57. Weber, J. and E. H. Wertheim. Relationship of Self-Monitoring, Special
Attention, Body Fat Percentage, and Self-Motivation to Attendance at a
Community Gymnasium. Journal of Sport and Exercise Psychology 11: 105-114,
1989.
58. Weinberg, R. Goal-Setting and Motor Performance: A Review and Critique. In
Roberts, G. C., ed. Motivation in Sport and Exercise. Champaign, Human
Kinetics Books. 1992, 177-197.
59. Weinberg, R. Goal-Setting and Motor Performance: A Review and Critique. In
Roberts, G. C., ed. Motivation in Sport and Exercise. Champaign, Human
Kinetics Books. 1992, 177-197.
60. Weinberg, R. S. Goal Setting and Performance in Sport and Exercise Settings: A
Synthesis and Critique. Med.Sci.Sports Exerc. 26: 469-477, 1994.
52

61. Westerterp, K. Physical Activity Assessment with Accelerometers. Int.J.Obes. 23:
S45-S49, 1999.
62. Whaley, M. H. and S. N. Blair. Epidemiology of physical activity, physical fitness
and coronary heart disease. J Cardiovasc.Risk 2: 289-295, 1995.
63. Williams, P. T. Physical Fitness and Activity as Separate Heart Disease Risk
Factors: A Meta-Analysis. Med.Sci.Sports Exerc. 33: 754-761, 2001.
64. Wong, T. C., J. G. Webster, H. J. Montoye, and R. Washburn. Portable
Accelerometer Device For Measuring Human Energy Expenditure. IEEE
Trans.Biomed.Eng. 28: 467-1495, 1981.
65. Yoshioka, M., Rafamantanantsoa, H. H., and Ebine, N. Comparison between
single-axial accelerometer and doubly labeled water to assess daily energy
expenditure. Obesity Research 9(Supplement 3), 198S. 2001.

53

APPENDIX
Patient Informed Consent
WAKE FOREST UNIVERSITY
DEPARTMENT OF HEALTH AND EXERCISE SCIENCE
WINSTON-SALEM, NC

Title of Research Study
Enhancing Physical Activity of Cardiac Rehabilitation Participants with an
Accelerometer
Investigators and Telephone Numbers
Principle Investigator
Co-Investigator

Peter H. Brubaker,Ph.D. (336) 758-5395
Leigh Anne Kreshel, B.S. (336) 896-1918

You are being invited to take part in a research study. Because you have already
consented to participation in Cardiac Rehabilitation at Wake Forest University, you are
being asked to take part in this study. Before consenting to this study we ask that you
read the following document carefully. If there is any information that you do not
understand or you have a question that was not answered, we encourage you to ask the
study staff for further explanation. Your participation is entirely voluntary and you can
refuse to participate without penalty of loss of benefits to which you are otherwise
entitled.
NAME OF THE SUBJECT
______________________________________________
WHY IS THIS STUDY BEING CONDUCTED?
Physical inactivity is a risk factor for coronary artery disease. Although this fact is well
known, many individuals (including cardiac rehabilitation patients) do not get the
recommended amount of physical activity. To the same effect, these individuals often do
not realize how inactive they actually are. The purpose of this study is to examine the
activity patterns of patients involved in cardiac rehabilitation. With this information we
hope to be able to address the need of increasing physical activity outside of cardiac
rehabilitation.
HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?
About 30 individuals enrolled in cardiac rehabilitation will take part in the study.
WHAT IS INVOLVED IN THE STUDY?

54

You will be asked to complete a graded exercise test upon entrance into the study and
also upon completion. You will also be asked to allow us to draw blood at these times.
(These tests are components of the WFU Cardiac Rehabilitation Program) During the
initial three months of your cardiac rehabilitation participation you will be asked to wear
accelerometer on your waistband. This accelerometer should be worn at all time except
sleeping, bathing, and swimming. You will be randomized to one of two groups (usual
care or study group). If you are randomized to the usual care group, you will be asked to
wear the monitor for three months and attend 15 minute bi-weekly educational lessons.
You will not be given any information about the data collected from your accelerometer
during the three months of use. After the three months is completed, you will be
provided with all of the information we have collected. If you are randomized to the
study group, you will be asked to wear the accelerometer for three months. You will also
be asked to attend a 15 minute bi-weekly meeting to provide you information about your
physical activity patterns as collected from the accelerometer.
WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS OF
PARTICIPATION?
Graded Exercise Test: There exists the possibility of certain changes occurring during
the graded exercise test. They include abnormal blood pressure, shortness of breath,
abnormal heart rhythms, fainting, and in very rare instances, a heart attack or death.
Every effort will be made to avoid or minimize such occurrences by the preliminary
examination and by medical supervision of the testing. Before beginning the exercise test,
you will be given more information and an opportunity for further questions.
Blood Draw: The blood draw includes a prick to the finger. Risks include discomfort a
the puncture site.
Accelerometer: There are no risks or discomforts associated with wearing the
accelerometer.
WHAT ARE THE POSSIBLE BENEFITS TO YOU OR TO OTHERS?
Through participation in this study you will gain knowledge to your daily activity
patterns. This information could reduce the coronary artery disease risk factor of
physical inactivity.
IF YOU CHOOSE TO PARTICIPATE IN THIS STUDY, WILL IT COST YOU
ANYTHING?
There are no costs associated with participation in this study.

WILL YOU RECEIVE COMPENSATION FOR YOUR PARTICIPATION IN
THIS STUDY?
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No financial compensation will be given for participation in this study.
IF YOU DO NOT WANT TO TAKE PART IN THIS STUDY, WHAT OTHER
OPTIONS OR TREATMENTS ARE AVAILABLE TO YOU?
Participation in this study is entirely voluntary. You are free to refuse to be in the study,
and your refusal will not influence current or future health care you receive at this
institution.
WILL YOUR INFORMATION BE KEPT CONFIDENTIAL?
All efforts will be made to keep personal information confidential. Your records and
information obtained during the study are subject to review by Wake Forest University’s
Institutional Review Board (IRB). The IRB helps to ensure that the rights of individuals
participating in the study are protected. The results of this study may be published, but
no article will contain your name or any information that will identify you.
WHOM DO YOU CALL IF YOU HAVE ANY QUESTIONS OR PROBLEMS?
If you wish to stop your participation in this research study for any reason, you should
contact: Dr. Pete Brubaker at (336) 758-5395 or Leigh Kreshel at (336) 896-1918. In
addition, if you have any questions regarding your rights as a research subject, you may
phone the Institutional Review Board (IRB) office at (336) 758-5888.
You have been informed about this study’s purpose, procedures, possible benefits and
risks, and you have received a copy of this form. You have been given the opportunity to
ask questions before you sign, and you have been told that you can ask other questions at
any time. You voluntarily agree to participate in this study. By signing this form, you
are not waiving any of your legal rights.
_______________________________________
Signature of Subject

____________________
Date

_______________________________________
Signature of person obtaining consent

_____________________
Date
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APPENDIX B
Educational Lesson #1
Benefits of Physical Activity and Exercise
You may not know it, but there is a difference between physical activity and
exercise. Physical activity is any bodily movement that expends energy. Exercise is
planned, repetitive bodily movement that is done with the intent of improving
flexibility, cardiovascular fitness, or strength. Both can produce health benefits
and are necessary in prevention of further complications from heart disease. For
this reason, being physically inactive is a risk factor for coronary artery disease.
Your assignment this week is to write down the benefits that you hope to gain from
your exercise at Wake Forest, your exercise at home, and an increase in your
physical activity. Next week we will discuss how physical activity and exercise work
to produce these health benefits.

5 BENEFITS OF PHYSICAL ACTIVITY
1.
2.
3.
4.
5.

*Note: Look at your LifeCorder graphs and recognize that the more time you are
spending doing physical activity or exercise of any kind, the more health benefits
you are gaining.
(Persons in the Usual Care Group received this handout with the above “note” removed.)
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APPENDIX C
Educational Lesson #2
INCREASING PHYSICAL ACTIVITY
We know that physical activity is important to our health. We also know
that being physically inactive is a risk factor for heart disease. But… sometimes it
is hard to increase our physical activity. Many modern technologies have made our
lives so easy that we do not have to move our bodies at all in order to get things
done. For example: We drive our cars to run errands when we used to have to walk
to do these things. Although some of these daily things seem very small, they all
add up to either an active lifestyle or an inactive lifestyle. Your assignment this
week is to find ways to incorporate physical activity into your life each day. For
example, take the stairs instead of the elevator, park your car at the far end of
the parking lot and walk into the store, or park your car at a central location and
walk to do your errands.
LIST 5 THINGS THAT YOU ARE GOING TO DO THIS WEEK TO INCREASE
YOUR PHYSICAL ACTIVITY.
1.
2.
3.
4.
5.

*Note: Look at your LifeCorder graph next week to see if you were able to
increase your physical activity by simply making a few small changes.
(Persons in the Usual Care Group received this handout with the above “note” removed.)
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APPENDIX D
Educational Lesson #3
BARRIERS TO EXERCISE
Barriers are reasons that we give for not doing something. For example, we
know that we should exercise but we think of a reason not to exercise such as “it’s
too hot,” The problem with barriers is that they often lead to lapses in exercise.
That is, you end up quitting exercise all together or you exercise so infrequently
that the benefits are negligible. It is important to recognize the barriers that
inhibit us from becoming regularly active people. So…your assignment for this week
is to write down 5 barriers to exercise that you might encounter. When you
encounter these barriers or others that you did not think of, write down how you
overcame these barriers. If you were not able to overcome a barrier, make note
and ask for suggestions at our next meeting.

WRITE DOWN 5 BARRIERS TO EXERCISE THAT YOU MIGHT ENCOUNTER
1.
2.
3.
4.
5.

HOW MIGHT YOU OVERCOME EACH OF THESE BARRIERS
1.
2.
3.
4.
5.

*Note: Look at your LifeCorder graphs next week and see if your activity increased
as you made an attempt to overcome your barriers to exercise.
(Persons in the Usual Care Group received this handout with the above “note” removed.)
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APPENDIX E
Educational Lesson #4
THE FITT PRINCIPLE
The FITT principle is a way to examine your exercise habits. This principle
outlines the specific components of an exercise routine.
F=Frequency-This is how often you exercise. You only exercise at Wake Forest
three days per week. While this is good, the ultimate goal is to get you to exercise
5 days each week.
I=Intensity-Intensity is how hard you work during your exercise session. We
monitor this by heart rate and RPE. You have been given, or will be given a heart
rate range and RPE range that corresponds to an intensity zone that is correct for
you. The bottom number of the range is a lesser intensity and you will not feel like
you are working as hard when your heart rate is at or around this number. The top
number corresponds to the highest intensity we feel is safe for you to reach.
T=Time- This is simply the amount of time you spend exercising.
T=Type- This is the kind of activity you engage in. For most of you, you will be
walking while you are in the program with us. But, there are many other activities
such as biking, hiking, or swimming that can be added to your exercise routine.
Generally, it is recommended that only one component of the FITT principle
be altered at a time. For example, you do not want to increase both the intensity
and the time of exercise during one single session. To the same effect, you do not
want to increase a single component by large amounts. Your assignment for this
week and weeks to come is to pick one component each week and work on improving
it. For example, try to incorporate a new activity into your exercise program, or try
to increase your exercise time by 5 minutes each session, or try to increase the
number of exercise sessions you are doing each week.
THE COMPONENT I AM GOING TO WORK ON THIS WEEK IS
I AM GOING TO
TO IMPROVE
THIS COMPONENT OF THE FITT PRINCIPLE.
*Note: Look at your LifeCorder graphs next week to see if you had more physical
activity or exercise time by simply altering one component of the FITT principle.
(Persons in the Usual Care Group received this handout with the above “note” removed.)
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APPENDIX F
LifeCorder Accelerometer
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APPENDIX G
Accelerometer Recording Log

Name:

Date:

Mon

Tues

Wed

Thurs

Fri

Sat

Sun

Mon

Tues

4:00 am
5:00 am
6:00 am
7:00 am
8:00 am
9:00 am
10:00 am
11:00 am
12:00 pm
1:00 pm
2:00 pm
3:00 pm
4:00 pm
5:00 pm
6:00 pm
7:00 pm
8:00 pm
9:00 pm
10:00 pm
11:00 pm
12:00 pm
1:00 am

Write 1, if you take off the device to sleep or bathe
Write 2, if you are home and forget to wear it
Write 3, if you go out and forget to wear it
Write 4, if you do very hard exercise or physical activity
* If you write #4, please indicate what type of activity you were doing.
COMMENTS:
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APPENDIX H
Accelerometer Print-Out
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