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ABSTRACT
THESIS:

Pedometer Intervention to Increase Physical Activity of Patients Entering
a Maintenance Cardiac Rehabilitation Program

STUDENT: Jason Lee Jones
DEGREE:

Master of Science

COLLEGE: Applied Sciences and Technology
DATE:

July, 2009

PAGES:

98

Purpose: The primary purpose of this study was to determine if a pedometer-driven
physical activity (PA) intervention with individualized stepcount goals would be more
efficacious in yielding greater amounts of PA than the usual time-based PA
recommendations given to maintenance CR patients.

Additionally, the secondary

purpose of this study was to assess differences in stepcount activity on days attending
maintenance CR and on non-rehab days.
Methods: Subjects entering maintenance CR for the first referral were recruited for study
participation and stratified into pedometer feedback (PF) and usual care (UC) groups. All
subjects wore a New Lifestyles NL-1000 pedometer. PF subjects wore the pedometer for
the duration of the 8-week study. For comparison, UC subjects wore the pedometer at
baseline, week 4, and week 8.Both groups were encouraged to accumulate a minimum of
40 - 50 min/d at moderate intensity when attending maintenance CR. UC subjects were
encouraged to follow-up with at least 30 min/d PA outside maintenance CR, while PF
subjects were given daily stepcount goals. Stepcount goals were calculated as 10% of
baseline stepcounts and added weekly to increase daily goal. All subjects completed a 6-
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minute walk test at baseline and week 8, and behavioral change questionnaires were
completed at baseline, week 4, and week 8.
Results: A total of 18 subjects (PF, n = 9, 53.7±8.0; UC, n = 9, 60.2±9.6 yrs) completed
the 8-week study. There were no differences between groups at baseline. PF group
increased daily stepcounts by week 4 (19%, 1,080±649 steps/d) and 8 (44%, 2,468±846
steps/d) in addition to days attending rehab by week 4 (14%, 1064±45 steps/d) and 8
(36%, 2,711±423 steps/d) and non-rehab days by week 8 (42%, 1,747±759 steps/d). PF
subjects accumulated greater daily stepcounts compared to UC subjects at weeks 4 (26%,
1,405±393 steps/d) and 8 (48%, 2,612±284 steps/d). UC subjects accumulated greater
stepcounts on rehab compared to non-rehab days, but no changes were found from
baseline for daily stepcounts, rehab, or non-rehab days. There was a time effect for
responses to social support from friends for all subjects (baseline to week 4) and a time
by group effect for decision balance pro-questions by week 4 where PF significantly
increased, UC significantly decreased, and both groups where significantly different.
Conclusions: The results of this study suggest that a pedometer-driven PA intervention
yields significantly greater stepcounts compared to time-based PA recommendations
among maintenance CR patients.
Key Words: Maintenance cardiac rehabilitation, phase III, pedometer, intervention,
stepcounts, physical activity.
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CHAPTER I

Introduction
Cardiovascular disease (CVD) is the leading cause of death among Americans
and has affected millions of lives for more than 80 years.1-3 According to the Heart
Disease and Stroke Statistics 2009 Update1 released by the American Heart Association
(AHA), more than 80 million Americans were diagnosed with CVD in 2005 resulting in
more than 35% of all deaths. Moreover, 1 in 3 Americans are considered to be diagnosed
with at least 1 form of CVD, while more than 70% (32 million) of adults between the
ages of 60-79 years are diagnosed with at least 1 form of CVD.1 The more prevalent
form of CVD is coronary heart disease (CHD), otherwise known as coronary artery
disease (CAD), and accounted for more than 50% of all CVD related deaths in 2004.1
More striking, 85% of deaths for adults ≥ 65 years old were a result of CAD.1, 4
Despite these statistics, CVD related mortality rates have declined by nearly 26%
over the past decade (1995 to 2005) as morbidity rates have increased.1 One theory for
the reduction in mortality rates can be attributed to a marked increase in disease
awareness.1, 3, 5 Results from an AHA survey conducted in 1997 identified only 30% of
its female respondents being aware of CVD as the leading cause of death among
American women.5 In 2004, a repeat AHA survey analysis suggested that the rate of
awareness increased from 30 - 46%.6 Likewise, there have been improvements in health
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care and increases in pharmacological treatment for known CAD risk factors, such as:
cholesterol, blood pressure, diabetes, and obesity.1 However, physical inactivity remains
a common denominator and the most prevalent risk factor for CAD.
Even though physical inactivity is considered the more prevalent modifiable risk
factor for the development of CAD,1, 7 only an estimated 64.5% of Americans, and an
estimated 51.2% of Americans over the age of 65, report meeting current PA guidelines8
of ≥ 150 minutes/week moderate intensity, 75 min/wk vigorous intensity, or a
combination of the 2.9 Additionally, an estimated 30% of Americans are reported to
accumulate no PA,8 essentially remaining inactive and sedentary throughout the day.
These data are obtained from a recent retrospective analysis of 2007 data for Americans
accumulating recently recommended amounts of PA.

A recent meta-analysis of 63

studies on secondary prevention programs for individuals with CAD identified the mean
age among those studied was ≥59 years.10 For those ≥ 60 years old and diagnosed with
CAD, only an estimated 33% are reported to meet the PA recommendations for cardiac
populations, being ≥30min/d at least 5 days/wk.11 Given these statistics, increased levels
of PA among those diagnosed with CAD would be of significant value.
The benefits of increased PA habits are well established, which include: decreased
morbidity and mortality, hypertension, type 2 diabetes, obesity, osteoporosis, anxiety,
depression, certain types of cancers, and risk reduction for CAD by an estimated 2050%.7,

12-14

Individuals diagnosed with CAD and CVD have been found to equally

benefit from increased PA.15 In addition to the aforementioned benefits from increased
PA, energy expenditure in excess of 1500kcal/wk has been reported to halt
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atherosclerotic lesion progression while atherosclerotic lesion reduction has been
reported to occur with energy expenditures in excess of ≥2200kcal/wk.16
PA monitoring devices, namely pedometers and accelerometers, have become
popular tools to assess, recommend, and facilitate increased PA habits in Japan for more
than 30 years.17 More recently, pedometers have become widely available and used for
PA assessment and promotion among healthy and clinical populations in America.18-23
Pedometers are inexpensive, objective, and accurate tools that aid in the measurement of
PA and setting of health-related goals.18, 24, 25 Moreover, it is suggested that pedometers
increase PA awareness, motivate increased levels of PA from low to moderate amounts,
and may increase an individual’s potential to engage in greater amounts of higher
intensity PA as a result of positive behavior modification that is mediated through the use
of a pedometer.18,

24, 26-29

Recent reports indicate an estimated 26% (2,200 steps/d)

increase in daily stepcounts when given individualized stepcount targets to healthy
adults;26 however, there are no known studies identifying the efficacy of a pedometer
intervention with CR populations.

Statement of Problem
Physical inactivity is an independent risk factor for CAD and CVD.1, 7, 30 TudorLocke et al.29 proposes that sedentarism is associated with stepcounts <5,000 steps/d, and
light activity is associated with stepcounts 5,000 - 7,499 steps/d. Available data for PA
habits of patients in early-outpatient and maintenance CR suggest that patients are falling
significantly short of publicly recommended stepcount activity (≥ 10,000 steps/d) on days
not attending rehab.22, 31 Stevenson et al.22 reported that while subjects were considered
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lightly active (6,503±1,663 steps/d) on days attending early-outpatient CR, they
accumulated significantly fewer steps and considered sedentary on non-rehab days,
averaging only 4,517±1,517 steps/d. Jones et al.31 reported similar results for subjects
attending a maintenance CR program. Even though subjects achieved recommended
amounts of PA (≥ 10,000 steps/d) on days attending maintenance CR, averaging
10,087±631 steps/d, they fell significantly short of recommended levels on non-rehab
days, averaging 5,277±623 steps/d.

Purpose of the Study
The primary purpose of this study was to determine if a pedometer-driven
physical activity (PA) intervention with individualized stepcount goals would be more
efficacious in yielding greater amounts of PA than the usual time-based PA
recommendations given to maintenance cardiac rehabilitation (CR) patients between 3
difference time-points: baseline, week 4, and week 8.

Additionally, the secondary

purpose of this study was to assess differences in stepcount activity on days attending
maintenance CR and on non-rehab days.

Limitations
There are reported influences of seasonal variations on PA habits.32 Data for this
study was collected from September through May with distinct changes in weather and
temperature patterns. Consequently, there may have been seasonal variation to the PA
habits in this study.

5
Significance of the Study
There have been few studies to report the PA habits of early-outpatient and
maintenance CR patients,22, 23, 31, 33 and fewer have studied daily differences in stepcounts
on rehab versus non-rehab days.22,

31

Furthermore, there is a paucity of studies

comparing the efficacy of a pedometer-driven PA intervention to time-based PA
recommendations.19, 34

Hypothesis Statement
The hypothesis of this study was that a pedometer intervention with
individualized stepcount goals would yield greater amounts of PA than the time-based
PA recommendations given to patients entering a maintenance CR program.

Definition of Terms
1. Cardiovascular Disease (CVD) - a term that includes coronary heart disease
(consisting of angina, coronary insufficiency, myocardial infarction, and sudden or
non-sudden death from coronary disease), congestive heart failure, stroke, transient
ischemic attack, and intermittent claudication.35
2. Coronary Heart Disease (CAD) - a term synonymous with CHD; a condition caused
by thickening of the artery walls that supply blood to the heart muscle. When these
arteries become blocked, the heart is deprived of oxygen and can become damaged.35
3. Early-outpatient Cardiac Rehabilitation - a program that delivers preventive and
rehabilitative services to patients in the outpatient setting after a CVD event,
generally within the first 3 to 6 months after but continuing for as much as 1 year
after the event.36
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4. Exercise- a subset of physical activity that is planned, structured, and repetitive and
has a final or an intermediate objective of improvement or maintenance of physical
fitness.37
5. Inpatient Cardiac Rehabilitation - a program that delivers preventive and
rehabilitative services to hospitalized patients following an index CVD event, such as
an MI/acute coronary syndrome.36
6. Maintenance Cardiac Rehabilitation - a program that provides longer term delivery
of preventive and rehabilitative services for CHD patients in the outpatient setting
that is initiated within 1 year post event or intervention, possibly following earlyoutpatient CR.36
7. Pedometer- an objective PA monitoring device designed to measure the amount of
walking activity.17, 25
8. Physical Activity- any bodily movement produced by skeletal muscles that results in
energy expenditure.37

CHAPTER II

Literature Review
Coronary artery disease (CAD), the most prevalent form of cardiovascular disease
(CVD), is the number one cause of death in America.1 Regular PA is associated with a
20 - 50% reduction in CAD mortality;12-14 however, physical inactivity remains a major
epidemic among Americans.9 This chapter will provide a review of the modifiable risk
factors associated with CAD, past PA recommendations and current PA guidelines, PA
assessment methodology, cardiac rehabilitation (CR) services, and recent literature on PA
assessment of CR patients.

Cardiovascular Disease Risk Factors and Physical Activity
CVD encompasses a constellation of diagnoses, including: CAD, congestive heart
failure, disease of the arteries (arteriosclerosis and atherosclerosis), hypertension, and
stroke.1 Even though mortality rates have decreased approximately 25% over the past
decade, CVD remains the leading cause of death, affecting approximately 33% of
Americans resulting in 2.4 million deaths in 2004.1 Of the many forms of CVD, CAD is
the leading cause of death.1

The various forms of CAD include angina, coronary

insufficiency, myocardial infarction, and sudden or non-sudden death as a result of
CAD.38
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The independent, modifiable risk factors for CAD include hyperlipidemia,
hypertension, diabetes, smoking, obesity, and most notably, physical inactivity.30, 38-40 Of
the many risk factors associated with CAD, increases in PA from low to moderate
amounts may contribute the most in risk reduction.12-14 More than 48% (106 million) of
the American population is considered to have hyperlipidemia (low-density lipoprotein
measurement ≥200 mg/dL),1 approximately 30% of Americans have hypertension,41
approximately 7.3% (15 million) of Americans are type 2 diabetic,42 approximately 21%
(46.6 million) of Americans use tobacco products,1 approximately 61% of Americans are
considered either overweight (BMI ≥25 Kg/m2) or obese (BMI ≥30.0 kg/m2),43,

44

and

more than 50% (51.3% men and 53.3% women) of Americans are reportedly not meeting
current PA recommendations.7, 9
Without the use of pharmacological therapy, regular PA reduces not only reduces
the risk for each of the independent CAD risk factors; regular PA is associated with a
reduced risk for CAD mortality by 20 - 50%.12-14 In addition to reduced risk for CAD
morbidity and mortality, regular PA provides improved blood pressure management,
body weight management, glucose control, and insulin sensitivity.

Systolic blood

pressure reductions through regular PA have been observed with an average 4 - 9
mmHg.45 Additionally, further reductions in systolic blood pressure by 5 - 20 mmHg are
reported to occur for every 10 kilograms of body weight loss.45 On average, regular PA
is associated with increases in insulin sensitivity and glucose control of 50%.46 Although
no prevalence data are available for smoking cessation associated with regular PA, it is
proposed that regular PA may be a mediator for successful smoking cessation,47 which is
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important to note since individuals who continue smoking habits following a myocardial
infarction (MI) increase their risk for subsequent MI by over 80%.30

Physical Activity
Physical inactivity is 1 of 5 major risk factors for CAD morbidity and mortality.48
Over the past 4 decades, numerous scientific reports by the Center for Disease Control
and Prevention (CDC),49 the Surgeon General’s report,7 the American College of Sports
Medicine (ACSM),50 and the American Heart Association (AHA)51,

52

have been

released, reinforcing the benefits of increased PA and providing recommendations for
increasing daily PA and exercise among healthy adults, older adults, and cardiac
populations. For the purposes of this literature review, reports from mid-1990’s to
present will be reviewed.
Benefits of Exercise
The CDC/ACSM statement,49 the Surgeon General’s report,7 the AHA statement
for healthcare professionals,53 and the Physical Activity Guidelines for Americans, 20089
provide a review of scientific evidence for the benefits of PA and exercise. Early reports
suggested the threshold for health benefits to occur when exceeding ≥ 30 min/d at least 5
days/wk for moderate to vigorous intensities.7, 49, 54 More recently, the Physical Activity
Guidelines for Americans, 20089 suggested a minimum of 150 min/d at moderate
intensity or 75 min/d vigorous intensity to obtain substantial health benefits. A doseresponse, where greater benefits are obtained with greater intensities and volumes of PA
and exercise, has been reported when increasing moderate PA to 300 min/d and vigorous
PA to 150 min/d.9 The many benefits of regular PA include: reduced risk of premature
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mortality that may be due to heart disease, reduced risk for developing diabetes, reduced
risk for colon and possibly breast and prostate cancer, obesity, improved body weight and
blood pressure management, improved cardiovascular fitness (more so for those most
sedentary and least fit), reduced depression, increased quality of life.7, 9 In addition to the
many aforementioned benefits, individuals with diagnosed CAD have a reduced mortality
rate due to CAD by an average 20 - 25%.30, 40
Physical Activity Recommendations for Healthy Adults
The AHA released a statement for health professionals in 1995 on the standards
and benefits of exercise for those free from clinical manifestations and those with known
CAD.53 Intensities and durations as little as 50% VO2max for 20 min/d at least 3 days/wk
were proposed as a minimum stimulus to provide benefit from regular exercise.
Guidelines for exercise recommendations were suggested as a minimum of 3 days/wk at
an intensity of 50 - 60% VO2max at least 30 min/d. A later statement by the AHA for
healthcare professionals in 2001 provided an update on training thresholds for health
benefits (40 - 60% VO2max in place of 50% VO2max) and maximal intensities for exercise
training (85 - 90%VO2max).51
The CDC and ACSM released a scientific statement on Physical Activity and
Public Health in 1995,49 which was followed by a report released to the American public
by the Surgeon General on Physical Activity and Health in 1996.7 With approximately
28% males and 31% females reported to be sedentary,49 the goal of the CDC/ACSM
statement

and

Surgeon

General

PA

report

recommendations for regular PA and exercise.

was

to

provide

evidence-based

As a result, the accumulation of a
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minimum of 30 minutes/day (min/d) of moderate intensity PA on most, if not all days of
the week was recommended.
Following the release of the Surgeon General’s report, the ACSM released revised
exercise recommendations in 1998 to improve the health and fitness of healthy adults.54
Recommendations for a minimum 30 min/d for 3 - 5 days/wk at moderate intensity were
suggested to provide an adequate stimulus for significantly increased health benefits and
aerobic capacity of those less trained and considered sedentary. A minimal intensity
threshold of 40 - 50% VO2Reserve (40 - 50% HHR) was suggested to be a sufficient
training stimulus for individuals less trained and with the lowest aerobic capacity.
Individuals with higher fitness levels require a higher training stimulus.54
Nearly a decade following the CDC/ACSM statement, the Surgeon General’s
report and the 1998 ACSM position stand on PA recommendations for healthy adults, the
ACSM and AHA50 released a joint position stand for healthy adults. The position stand
recommended a minimum of 30 min/d moderate intensity at least 5 days/wk or 20 min/d
vigorous intensity for a minimum of 3 days/wk, which can be accumulated in bouts of at
least 10 min/bout.50 This was to bring clarity for types and amounts of PA provided in
the initial recommendations, given as 30 min/d moderate intensity PA on most, if not all
days of the week.
Soon after the release of the updated position stand on PA recommendations, the
first-ever Physical Activity Guidelines Committee was formed in 2007 and released the
first-ever national guidelines on PA in 2008, titled Physical Activity Guidelines for
Americans, 2008.9 The PA recommendations are as follows: a minimum of 2 hours and
30 minutes (150 minutes) moderate intensity or 1 hour 15 minutes (75 minutes) vigorous
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intensity, which can be accumulated in bouts of ≥ 10 minutes. For additional benefits,
increasing weekly PA to 5 hours/wk (300 minutes) moderate intensity or 2 hours and 30
min/wk (150 minutes) vigorous intensity is recommended. To reduce the risk of injury,
the guidelines suggest distributing the durations over at least 3 days/wk.
Physical Activity Recommendations for Older Adults
Individuals ≥ 65 years old are considered the least active age group in America.55
The ACSM56 projected in 1998 that the prevalence of older adults living in America
would exponentially increase over the following decade, which prompted the exercisedriven position stand to improve the health and fitness of older adults. Aerobic capacity
is suggested to decrease an average 5 - 15% each decade following age 25,56 and the
focus of this position stand was to provide suitable recommendations for the elderly, who
may have decreased functional status, increased risk for falls, and considered frail.
Through regular PA and exercise, it was suggested that the older adult could increase
aerobic capacity by an average 10 to 30%, improve balance, and increase the ability to
perform activities of daily living (ADL).56
The PA recommendations and benefits of increased PA for older adults are
similar to those for healthy (younger) adults, except that older adults are encouraged to
increase PA more gradually and place greater emphasis on the use of major muscle
groups that represent daily activities.7,

9, 48, 51

The older adult should be as physically

active as abilities allow in order to avoid excessive fatigue and overtraining injuries.9
Progression toward increased intensities and volumes are recommended by gradually
increasing the duration and frequency of exercise before increasing intensity. Similarly,
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increasing the number of exercise bouts (4 - 5 bouts/day) and duration of bouts (10 - 15
minutes/bout) has been suggested to provide adequate stimulus to increase functional
capacity.51
Physical Activity Recommendations for Cardiac Patients
ACSM released a position stand in 1994 on PA and exercise for individuals with
known CAD.30 It was estimated that functional capacity may increase 10 - 60% (average
of 20%) in as few as 3 months with regular PA.30

A later report by the ACSM

corroborated the aforementioned, suggesting that CHF patients may increase functional
capacity by an estimated 10 - 30% in as few as 3 months with regular exercise at
moderated intensity (60% VO2max).57 Exercise recommendations for individuals with
known CAD included a minimum 40 to 60 min/d moderate to vigorous intensity (40 85% HRreserve; 55 - 90% HRmax) at least 3 non-consecutive days, as tolerated.30
The AHA53 provided a statement on exercise statement for health care
professionals recommending that it was safe to begin regular exercise within 24 - 48 hrs
following a myocardial infarction (MI), percutaneous coronary intervention (PCI), or
coronary artery bypass graft (CABG). Exercise intensities of 50 - 80% VO2max or 50 75% HRreserve were recommended, with a corresponding rating of 12 - 13 (6 - 20 scale)
using Borg’s scale for perceived exertion. Should there be no available exercise testing
data available, the AHA suggested setting an upper limit to exercising HR at 20 beats
above resting heart rate.

The 2001 AHA update for health care professionals

recommended light to moderate exercise intensities (25 - 60% VO2max) for cardiac
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patients, when returning to regular PA and exercise, in order to minimize the risk of
subsequent MI.51
Following the AHA statement for healthcare providers, a joint scientific statement
was released by the AHA and AACVPR58 recommending regular exercise and PA for
CAD patients. The 2000 report recommended regular exercise to include 30 - 60 min/d
for 3 - 5 days/wk at an intensity of 50 - 80% VO2max. In addition to exercise training, PA
recommendations for a minimum 30 min/d at least 5 days/wk at moderate intensity were
provided. Nearly a decade later, the AHA and AACVPR released an update to the initial
joint scientific statement. The AHA/AACVPR 2007 update52 exercise recommendations
increased the duration of exercise bouts to included 20 - 60 min/d for 3 - 5 days/wk at an
intensity of 50 - 80% VO2max.

There were no major differences in regular PA

recommendations, being 30 - 60 min/d at least 5 days/wk at moderate intensity.
Defining Light, Moderate, and Vigorous Intensities
Differentiating the differences between light intensity, moderate intensity, and
vigorous intensity can be difficult and necessitates operational definitions.

The

CDC/ACSM statement in 1995 suggested the use of metabolic equivalencies (METS), an
absolute measurement of energy expenditure (EE).49 The following MET ranges were
recommended: < 3 METS, light PA; 3 to 6 METS, moderate PA; > 6 METS, vigorous
PA.49 Both the 1998 and 2007 ACSM position stands suggest the use of a relative
measurement for light intensity (< 40 VO2Reserve), moderate intensity (40 - 59%
VO2Reserve), and vigorous intensity (> 60% VO2Reserve).50,

54

The AHA suggested the

following intensities: light (< 40% VO2max), moderate (40 to 60% VO2max), and vigorous

15
(> 60% VO2max).51 The Physical Activity Guidelines for Americans,20089 suggests the
use of the Borg’s perceived exertion scale ( 0 to 10).59 A score of 5 to 6 represents
moderate intensity while a score of 7 to 8 represents vigorous intensity.9
Assessment of Physical Activity
PA assessments include criterion, subjective, and objective measures.60 Criterion
methods are often considered the “Gold Standard” for assessing PA, yet they are
expensive and limited in the applicability to large scale groups. The 3 major criterion
methods used are doubly-labeled water, indirect calorimetry, and direct observation.60, 61
Doubly-labeled water analyses provide a measure of total (daily) EE by the subject
ingesting a standardized amount of a stable isotope in a liquid drink. Urine excretion
rates are measuring over 1 - 2 weeks in order to determine total EE, which is considered
accurate within 3 - 10% actual EE.62 However, major limitations to doubly-labeled water
assessments include the expenses involved with producing the isotopes and the inability
to discern contribution of total daily EE from light, moderate, or vigorous exercise or PA.
Other criterion methods include indirect calorimetry and direct observation.
Indirect calorimetry measures VO2 and carbon dioxide production by use of either
ambient air spirometry or closed-circuit spirometry63, 64 and considered accurate within ±
4%.65 Intensities of activities are classified by the percent (%) of maximum aerobic
capacity (VO2max) and %VO2reserve. For example, the following reserve capacities are
used to classify light, moderate, and vigorous intensities: < 40% VO2reserve, 40 to 60%
VO2reserve, and > 60% VO2reserve.50 The major limitations to indirect calorimetry include
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the impracticality for researching large populations, the expenses involved from being
predominantly laboratory-based, and accessibility issues.
Direct observation of PA involves the use of a trained observer directly
monitoring the daily PA habits of an individual. The observer utilizes a compendium of
MET values for various PA to quantify EE and classify PA. The major limitations for
use of this method include the required use of a trained observer, interpretation of the
activity by the observer, and potential reactivity by the subject to purposefully increase
PA habits.60,

61

Further, PA and exercise intensities are largely dependent on the

interpretation of the observer.
Subjective PA assessments include the use of reporting PA by use of daily logs
and completing 1 of many types of PA questionnaires. The latter are widely used by
reporting agencies, such as the CDC, due to the affordability and ease of distribution to
large populations. Examples of questionnaires used to assess PA include the long or
short version International Physical Activity Questionnaire (IPAQ)66, Physical Activity
Scale for the Elderly,67 and Yale Physical Activity Survey.67

Although many

questionnaires have been validated among various demographical populations, caution
should be used when interpreting the results of studies utilizing this method for reasons of
under estimation of PA, overestimation of PA, individual ability to recall PA habits, and
the individual ability to interpret survey questions.60, 61, 68, 69
An early study assessing the accuracy of self-reported PA by use of the Stanford
Seven-day Physical Activity Recall, both immediately after and 1 week following PA
suggested that reporting biases were common.68 Subjects were observed from a distance
and unaware of the observer. Immediate recall of PA was significantly correlated with
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direct-observation of PA habits; however, 19% of subjects underreported sedentary time
and 69% of subjects over reported aerobic activities when completing the questionnaire
following one week of PA. Males tended to overestimate aerobic PA while females
underreported similar activities.

Although, subject recall of PA intensities was

significantly correlated with observer reports for intensities, being: sedentary, slow
movement, and fast movement. More recent research has validated the use of PA recall
questionnaires, such as the IPAQ.66 Recall of vigorous intensities were better than that
for moderate intensities, but no significant differences in correlations between what was
observed and recalled were noted. Regardless of the tool used or the recall period,
subject bias and interpretation of the assessment tool remain a major limitation for
subjective PA assessments.
Objective PA assessments include the use of motion sensors, such as
accelerometers and pedometers.60,

61

Accelerometers and pedometers are light weight,

easy to use, and validated among many populations.18,

24, 70

Accelerometers and

pedometers are considered accurate within ± 0.1 to 0.4% and ± 1 to 3% of actual activity
counts/min and steps/d, respectively, and is largely dependent on the manufacturer and
BMI status (non-obese vs. obese).71, 72 Accelerometers contain piezoelectric sensors that
measure body movement in both acceleration and frequency through the vertical, mediolater, and anterior-posterior dimensions (planes).60 Although, not all accelerometer units
contain all 3 sensors. Accelerometers can be attached to the ankle, waist, and other body
regions where dynamic movements are detected.

Data collected through dynamic

movements is then translated to activity counts, an estimation of PA intensity, and total
PA accumulated over a period of time.70 Common intensities cut-points for light (693-

18
1,951 activity counts/min), moderate (1,952-5,724 activity counts/min), and vigorous
(≥5,725 activity counts/min) activities are utilized with 60-second epochs.73 Despite the
effectiveness and accuracy of accelerometry to objectively quantify PA, accelerometers
are substantially more costly to purchase and maintain than a pedometer. For this reason,
pedometers are likely to be utilized when assessing and motivating PA habits in largescale studies.
Dr. Yoshiro Hatano17 reports that pedometers have been used in Japan for more
than 30 years to measure and promote PA. More recently, pedometers have been utilized
in America to objectively assess and research PA, and the use of pedometers have
become increasingly popular for use in health promotion among Americans as many
styles and types of pedometers have become widely available to the public.18 They are
affordable, increase PA awareness, and motivate increased levels of PA from minimal to
moderate amounts through immediate feedback.27 Moreover, it has been suggested that
pedometer-based interventions may increase an individual’s potential to engage in greater
amounts

of

moderate

to

vigorous

PA

when

compared

to

a

time-based

recommendations.19, 74 Reports suggest a correlate of moderate to vigorous intensities is
a rate ≥ 100 steps/minute.17, 75
Earlier pedometers largely utilized a spring-levered, mechanical arm to measure
and display the total number of steps.76 They contained no batteries, required a large
amount of vertical displacement in order to accurately measure stepcounts, and were
most accurate when the unit was positioned in a vertical plane, perpendicular to the
ground.76 Moreover, they did not measure time spent in moderate to vigorous PA. Late-
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model spring-levered pedometers display moderate to vigorous PA minutes yet still
require strict vertical positioning.76
In addition to the late-model mechanical pedometers, select late-model
pedometers include a piezoelectric strain-gauge (accelerometer) that measure and display
daily stepcount activity. More sophisticated pedometers include an internal memory
ranging from few to several days, recalling stepcounts, EE, distances walked, and time
spent in moderate to vigorous PA.76

The advantage of using a late-model electric

pedometer compared to the conventional mechanical pedometer is the reliability of
stepcounts.

While the mechanical pedometer is most accurate in the vertical plane

without axis tilt, the electronic pedometer can be accurate within ± 1 - 3% of actual
stepcounts when tilted upwards of 10 degrees from the vertical plane.76 Moreover,
Crouter et al.76 reports that the electronic pedometer is more accurate at slower speeds,
lower vertical displacement, and greater degree of vertical tilt when compared to the
mechanical pedometer, which underestimated stepcounts by 18.7±23.7% given the above
circumstances.
As previously mentioned, the primary purpose of a pedometer it to measure and
display daily stepcount activity, an objective quantification of daily PA.17, 24, 29 Most PA
studies report stepcounts in daily averages (steps/d) following a study length of a
minimum of 3 days/wk, including at least 1 weekend day.77
suggested the following cut-points for PA status:
Highly Active:

≥12,500 steps/d

Active:

10,000 - 12,499 steps/d

Moderately Active:

7,500 - 9,999 steps/d

Tudor-Locke et al.29

20
Lightly Active:

5,000 - 7,499 steps/d

Sedentary:

<5,000 steps/d

Alternatively, a co-author to Tudor-Locke,29 Dr. Yoshiro Hatano, developed separate cutpoints for PA status. The following cut-points were provided by Dr. Hatano:
Highly Active:

≥12,000 steps/d

Active:

≥10,000 - 12,000 steps/d

Moderately Active:

>8,000 - 9,999 steps/d

Somewhat Active:

≥5,000 - 7,999 steps/d

Somewhat Sedentary: 3,500 - 4,999 steps/d
Sedentary:

1,500 - 3,499 steps/d

No Moving:

≤1,499 steps/d

Electronic pedometers cost substantially more than mechanical pedometers;
however, they are far more cost-effective than the traditional uni- or tri-axial
accelerometer and yield greater accuracy, compared to the mechanical pedometer, when
assessing a slower, overweight, or obese population.

Despite the limitations of

mechanical and electronic pedometers, they are considered efficacious for large-scale
studies and provide PA assessment objectivity.
Pedometer Interventions and Behavior Modification to Increase Physical Activity
Bravata et al.26 recently published a 26 study meta-analysis (mean treatment
length, 18wks; n = 2767; 2351 females; 415 males; 49±9yrs) of pedometer interventions
incorporating generalized stepcount goals (i.e. 10,000 steps/d) and individualized
stepcount targets for healthy adults and adults with clinical diagnoses.

Important
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exclusion criteria to note included: studies with less than 5 subjects, if subjects were
blinded from pedometer feedback, if the study was conducted utilizing hospitalized
subjects, or if the pedometers were used to measure the effects of a pharmaceutical agent
on PA. Treatment groups significantly increased their daily stepcounts by 26.9% (2998
steps/d) from baseline measurement (7473±1385 steps/d). Control subjects were given
no stepcount goals and not blinded from pedometer feedback. There was no significant
increase in daily stepcounts, which suggested a lack of reactivity to PA assessment.78, 79
Noteworthy studies included in the above study were conducted by Croteau et
al.80 and Williams et al.81 Croteau et al.80 recruited college employees (n = 37; 29
women; 8 men; 44.3±9.3yrs) for an 8-week pedometer intervention. Subjects were
assigned to 1 of 3 groups, dependent on baseline daily stepcount activity, and provided
individualized stepcount goals that were calculated from baseline measurement. Subjects
with a baseline measurement of < 8,000 steps/d were requested to increase steps/d by
10% every 2 weeks until ≥ 10,000 steps/d was achieved. Subjects with a baseline
measurement of 8,000 - 10,000 steps/d were requested to increase daily stepcounts by 5%
every 2 weeks until ≥ 10,000 steps/d was achieved. Once subjects achieved ≥10,000
steps/d, they were asked to maintain ≥ 10,000 steps/d for the remainder of the study.
Mean baseline stepcounts for all subjects were 8,565±3,121 steps/d. Subjects in
the 10% increase group averaged 5901±1125, subjects in the 5% increase group averaged
10,155±1439, and subjects in the maintenance group averaged 12,371±1261 steps/d. At
the conclusion of the 8-week study, subjects increased daily stepcounts by 23%
(2,272±1473 steps/d), averaging 10,538±3,681 steps/d.

Subjects in the 10% group

averaged 8,173±2,598, subjects in the 5% group averaged 12,687±3,219, and subjects in
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the maintenance group averaged 12,984±2,927 steps/d.

Subjects in the 10% group

showed the most significant increase (39.9%), followed by the 5% group (24.9%). The
maintenance group showed no significant increase (5%) in daily stepcounts. This study
appears to be one of few studies, if not the only available published study, to incorporate
attainable individualized stepcount goals calculated from baseline measurement. The
methodology of increasing stepcount averages every 2 weeks may have been too limited
for the study population.

Incorporating similar methodology for increased daily

stepcount activity weekly compared to every 2 weeks would be of interest.
Williams et al.81 recruited post-menopausal African American women (n = 43;
mean age, 57.6yrs, range 50 - 68yrs) to participate in a 7-week pedometer intervention.
Subjects were placed into 2 groups, contract and non-contract. Both contract and noncontract groups were counseled on setting individual stepcount goals following baseline,
which frequently was set at ≥ 10,000 steps/d. The contract group signed a written
agreement stating that the subject will adhere to the program. Non-contract subjects
received no further intervention other than goal setting and were asked to complete and
return weekly stepcount logs. There was no significant difference between groups at
baseline, averaging 4,914 steps/d. By study completion, there was a significant increase
in stepcount activity for both groups, averaging 8,100 steps/d. It was reported that 81%
and 31% of contract and non-contract subjects achieved individual goals, respectively.
There was no significant difference in weekly stepcounts between groups. A major
incentive for contract subjects to achieve target stepcounts was to receive pre-arranged
rewards (rewards undisclosed) for completing the study and adhering to the contract. A
major limitation to the interpretation of the goal setting session is the presentation of
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information on the 10,000 steps/d to all subjects; even though, it has been noted that
10,000 steps/d may be an unrealistic goal for sedentary populations.29, 76 Additionally, it
may be better served to withhold setting target stepcounts with the non-contract group in
order to serve as a control group.
Few studies have reported the efficacy of pedometer-based interventions
compared to time-based interventions on increases in PA.19,

34, 74

Stovitz et al.19

compared the efficacy of a 9-week pedometer intervention compared to time-based PA
recommendations. Subjects (n = 94; 63 women; 31 men; 41.2±13.1yrs) were recruited
from a family medical practice and randomly assigned to either the pedometer or timebase PA group. Only 44 subjects (47%) completed the study and were included for data
analysis. The pedometer group wore a Yamax Digiwalker SW-200 (Yamax USA, Inc,
San Antonio, TX), received behavioral change questionnaires, and was instructed to
increase daily stepcounts by 400 steps/d each week following baseline, irrespective of
baseline stepcount activity. For comparison, the time-based group was not given a
pedometer but received behavioral change questionnaires weekly and was instructed to
increase PA time by 10% each week following baseline. All subjects, pedometer and
time-based, were instructed to keep a daily log of daily stepcount activity (pedometer
group) and PA time (time-based group).
By the completion of the study, the pedometer group significantly increased
average daily stepcounts by 41% (2,076±530 steps/d) from baseline (6,779±4,079
steps/d) to week 9 (8,855±4,690 steps/d). In addition to the increase in daily stepcounts,
PA behavioral change for pedometer subjects significantly increased from a classification
of contemplation to action. There were no significant differences in PA behavioral
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change between groups. No results were provided for the time-based group regarding
mean PA time at baseline or study conclusion; thus, major conclusions or comparisons
between groups should be viewed with caution. Another major limitation for this study
includes the absence of pedometry comparison for the time-base group.
Baker34 presented results from a 4-week study, comparing the efficacy of a
pedometer-driven PA intervention to time-based PA recommendations, at the 6th
International Conference on Walking in the 21st Century in Zurich, Switzerland. Subjects
(n = 71, 54 women, 17 men; 42±11yrs) were recruited from a Glasgow, Scotland
community and randomly assigned to either the pedometer intervention, time-based, or
control group. Baseline stepcounts were an estimated 5,900, 6,800, and 6,500 steps/d for
pedometer, time-based, and control groups, respectively. Following baseline, pedometer
subjects were encouraged to increase stepcounts by 1,500 steps/d for weeks 1 and 2 and
3,000 steps/d for weeks 3 and 4. Time-based subjects were blinded from pedometer
stepcounts and encouraged to increase PA by 15 min/d at least 3 days/wk for week 1, 15
min/d at least 5 days/wk for week 2, 30 min/d at least 3 days/wk for week 3, and 30
min/d at least 5 days/wk for week 4. Control groups were instructed to continue with
usual activities and not alter PA habits.
By week 4, an estimated 7,900 (pedometer), 7,500 (time-based), and 6,100 steps/d
(control) were observed. No standard deviations were provided. Although no statistical
analyses are provided for daily stepcounts between groups, it appears the pedometer
group substantially increased daily stepcounts compared to time-based and control
groups. Stage of change, self-efficacy, and decision balance was assessed at baseline and
study completion among all groups. Stage of change results suggested a significant
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decrease in the number of pedometer subjects (n = 17) considering themselves being
inactive at baseline to the number of subjects (n = 4) considering themselves inactive at
study completion. There were no significant differences between groups for self-efficacy
or decision balance. A 7-point Likert scale (1 = extremely unconfident, 7 = extremely
confident) was used for self-efficacy, with a mean score of 6 for all groups. The decision
balance questionnaire contained a 5-point Likert scale, and no significant differences
were found between groups at baseline or study completion.
Baker34 provides one of few studies to assess behavioral change in a pedometer
intervention study; however, there are many limitations to note with this study. With a
training period of only 3 weeks, it may not be adequate in length to assess significant
differences between groups for behavioral change or stepcount activity. Increasing daily
stepcounts by 1,500 and 3,000 steps/d may be unrealistic for some individuals, and a
more individualized recommendation (i.e. weekly increase of % baseline stepcounts) may
be more suitable. Furthermore, no statistical analyses are provided for stepcounts activity
leaving conclusions of the results to the interpretation of the reader.
Hultquist et al.74 studied the efficacy of a 6-week pedometer intervention (10,000
steps/d recommendation) to time-based (30 min/d) PA recommendations in previously
sedentary women (n = 58; 45.0±6.0yrs). Subjects were randomly assigned to pedometer
and time-based groups where pedometer subjects were instructed to accumulate ≥ 10,000
steps/d, and time-based subjects were instructed to accumulate ≥ 30 min/d of moderate to
vigorous PA.

Subjects with stepcounts ≤ 7,000 step/d at baseline were instructed

increase daily stepcounts to ≥ 10,000 steps/d, and subjects with stepcounts ≥ 10,000
steps/d at baseline were instructed to maintain current stepcount activity throughout the
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study. Subjects in the time-based group were instructed to walk briskly for 30 min/d on
most, preferably all, days of the week, which is consistent with the Surgeon General’s
recommendations.7

Pedometer subjects wore two pedometers, one sealed (New

Lifestyles NL-2000) and one unsealed (Yamax Digiwalker SW-200) for immediate
feedback and data recording. Time-based subjects wore a sealed pedometer (NL-2000)
and were asked to record time on, time off, and daily PA.
There were no significant differences between pedometer or time-based subjects
at baseline, averaging 5,760±1,143 steps/d.

Both groups significantly increased daily

stepcounts from baseline to study conclusion, averaging 10,159±292 steps/d for
pedometer subjects and 8,270±354 steps/d for time-based subjects.

Additionally,

pedometer subjects accumulated significantly greater stepcount activity compared to
time-based subjects at study conclusion (10,159±292 vs. 8,270±354 steps/d). On days
pedometer subjects met the stepcount goal, subjects averaged 11,775±207 steps/d. On
days time-based subjects met the time-based goal, subjects averaged 9,505±305 steps/d,
which is significantly less stepcount activity than when pedometer subjects met the
stepcount goal.
The 10,000 steps/d recommendations served well for this study population, but it
may be unrealistic for older, less active, or less functional individuals. No behavioral
change analyses were performed to compare the impact of a pedometer-driven
intervention to time-based PA recommendations, which would have been useful in
drawing further conclusions for the efficacy of pedometer-driven compared to time-based
PA recommendations.
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In conclusion, it appears that individualizing target stepcounts is efficacious in
facilitating increased PA and possibly provides behavioral modification. However, there
is scant research on behavioral changes, and the optimal method for delivering a
pedometer-driven intervention among healthy and clinical populations remains unknown.

Cardiac Rehabilitation Services
Cardiac Rehabilitation programs provide a comprehensive, multidimensional
secondary prevention service that combine prescriptive exercise training with CAD risk
factor modification.40

Secondary prevention is the integration of a healthy, active

lifestyle following a CVD or CAD related diagnosis(es) or injury. The goal of regular
participation in CR programs is to increase functional capacity, which will improve
activities of daily living, improve CAD modifiable risk factors through increased PA and
education, and increase in quality of life.30, 40, 52
Patients experiencing a major cardiac event and/or receiving a coronary
intervention are usually prescribed to 1 of 3 CR phases, which is largely dependent on
physician referral and insurance coverage.

According to the AACVPR,36 patients

admitted for overnight stay are usually referred to inpatient CR services.

Patients

discharged from inpatient CR are then evaluated for referral to early-outpatient CR
services.

Patients discharged from early-outpatient CR, or those without insurance

coverage or underinsured to compensate early-outpatient CR services, may be referred to
maintenance CR services. These stages of CR were formerly known as Phase I, Phase II,
and Phase III CR, respectively. Primary diagnoses for referral to CR may include one or
more of the following: myocardial infarction, coronary artery bypass graft, stable angina,
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heart valve surgical repair or replacement, percutaneous transluminal coronary
angioplasty, or heart/lung transplantations.36, 40, 52
Inpatient CR includes extensive monitoring (electrocardiogram, blood pressure,
and heart rate), PA counseling, activities of daily living with small bouts supervised
ambulation activities within hospital quarters, and education on CAD risk factor
management.36, 52 Upon discharge from inpatient CR, patients are given a home exercise
plan that encourages structured daily PA and encouraged to enroll into early-outpatient or
maintenance CR, as appropriate.
Following discharge from inpatient CR, patients usually enter early-outpatient CR
within 3 - 6 months, up to 1 year, if referred by physician and covered by medical
insurance. Patients in early-outpatient CR receive extensive telemetry monitoring and
supervision while exercising, similar to inpatient CR.36,

40, 51, 52, 82

The number of

monitored sessions may vary from as few as 6 to as many as 36, depending on individual
risk stratification and insurance reimbursement.53

For further management and

preventative measures, early-outpatient CR patients receive education on lifestyle
management, depression, and PA and dietary habits.
Patients discharged from early-outpatient CR, or those with non-covered
diagnoses (i.e. congestive heart failure) discharged from inpatient CR, are usually
referred to maintenance CR, which focuses on the importance of maintaining increased
levels of PA habits by exercising on most days of the week, preferably within CR
facilities.52 Usual monitoring for maintenance CR services include blood pressure, heart
rate, and other signs and symptoms when indicated.
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Although the goal of CR is to increase the functional capacity of CR patients,
recent studies on referral rates report only an estimated 30% of subjects are referred and
attend early-outpatient CR.83 Additionally, Dr. Esther Hellman84 reported that nearly
50% of subjects discharged form inpatient CR services reported exercising regularly 12
months following discharge. At 18 months post discharge, attrition rates for regular
exercise reached nearly 70%. These surprising statistics suggest that the majority of CR
patients discharged from inpatient CR services return to a pre-contemplative state for PA
stage-of-change, with no intention of exercising.85
Early-Outpatient and Maintenance Cardiac Rehabilitation Physical Activity Assessment
Recent studies assessing the PA levels of CR patients reported that patients
participating in both early-outpatient and maintenance CR fell significantly short of
recommended amounts of PA on days not attending CR services.22, 23, 31 PA assessments
were performed in terms of steps/d, min/wk, and kcal/wk.
Ayabe et al.23 studied the PA patterns of patients, who have participated in a
maintenance CR program ≥ 3 months.

Subjects (n = 77; 53 men; 24 women;

68.1±9.2yrs) wore a Lifecorder pedometer (New Lifestyles, Inc. Lee’s Summit, MO),
which is a uni-axial accelerometer, to assess EE and activity minutes on days attending
rehab and on non-rehab days. Maintenance CR sessions were conducted on Monday,
Wednesday, and Friday mornings. Activity minutes in light, moderate, and vigorous
intensities were observed as being 375.5±124.5, 125.2±109.4, and 5.7±12.8 min/wk,
respectively. PA minutes on rehab days were significantly greater than non-rehab days,
being 59.7±49.3 vs. 49.3±19.3 (light), 26.4±20.4 vs. 10.5±14.6 (moderate), and 1.4±3.0
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vs. 0.4±1.7 min/d (vigorous). Average estimated weekly EE was 1597±846 kcal/wk for
all subjects. Men expended significantly more kcal/wk than women (1778±875 vs.
1197±623 kcal/wk) before adjusting for body weight, and EE on days attending CR was
significantly greater than non-rehab days (299±161 vs. 177±113 kcal/d) for all subjects.
Hambrecht et al.16 suggested 1,500 and 2,200 kcal/wk of EE to halt and regress coronary
atherosclerotic lesions. Less than half (43%) of the subjects in this study exceeded
recommended EE to halt lesion progress, and even fewer (16%) exceeded EE
recommendations to regress atherosclerotic lesions. This is one of few, if not the first,
studies to assess the EE and intensity of activity minutes of maintenance CR patients,
comparing rehab vs. non-rehab days.
Jones et al.31 conducted a PA assessment of male patients (n = 25; 60.0±8.3yrs; 13
PTCA; 7 CABG; 2 ICD; 1 CHF; 1 MI) participating in a maintenance CR program.
Subjects wore an Actigraph GT1M (Pensacola, FL) dual-axis accelerometer to measure
daily stepcounts on maintenance CR and on non-CR days.

On days attending

maintenance CR services, subjects were considered to meet stepcount criteria for PA
recommendations (≥ 10,000 steps/d), which is considered to be equivalent to 30 min/d at
moderate to vigorous intensity.17

Over the 7-day assessment, subjects averaged

6,907±510 steps/d. Subjects averaged significantly more stepcount activity on rehab
days (10,087±631 steps/d) compared to rehab days (5,287±520 steps/d). When subjects
performed planned bouts of home exercise on non-rehab days, they accumulated
significantly more stepcount activity (6,366±667 steps/d) than those not exercising at
home on non-rehab days (3,668±529 steps/d). There are known seasonal variations to the
amount of PA accumulated in colder and warmer months, which may be a possible
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explanation for limited PA outside CR services,32 and a similar study in warmer months
would be of interest.
Stevenson et al.22 conducted a PA assessment of patients participating in an earlyoutpatient CR program. Subjects (n = 22; 14 male; 8 female; 65.6±13.2yrs; 16 PTCA; 4
CABG; 1 cardioversion; 1 MI) wore a New Lifestyles NL-1000 pedometer and an
Actigraph GT1M accelerometer and to assess for daily stepcounts and activity minutes
(light, moderate, vigorous) during the first and final week of early-outpatient CR.
Subjects averaged 5,290±1,561 steps/d for the first week assessment of early-outpatient
CR.

There were no significant differences between first and final weeks of early-

outpatient CR (5,290±1,561 vs. 5,730±1,447 steps/d). However, there was significantly
greater stepcount PA on days attending early-outpatient rehab (6,503±1,663 steps/d)
when compared to non-rehab days (4,517±1,517 steps/d).
Activity time was assessed using 60-second epoch activity count cut-points for
light (260-1951 counts/min), moderate (1952-5724 counts/min), and vigorous ((>5724
counts/min) PA.73 No subjects were determined to engage in vigorous PA for either
entry or exit week analyses. Moderate intensity PA significantly increased from entry
(13.9±2.3 min/d) to exit (18.7±2.5 min/d).

Subjects engaged in significantly more

moderate intensity on rehab vs. non-rehab days, averaging 19.7±3.3 vs. 12.8±2.0 min/d.
The trend for inactivity and sedentarism appears to be prevalent among earlyoutpatient and maintenance CR patients alike. Similar to the study by Jones et al.31,
Stevenson et al. conducted their study during colder months. With recent literature on
depression86 and hopelessness87 among CAD patients, a similar study conducted in
warmer months may be of benefit when considering seasonal affective disorder and the
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limited functional capacity of early-outpatient CR patients limiting the ability to be PA in
colder climates.
Summary
Both the AHA and AACVPR recommend regular exercise and PA for
maintenance CR patients, being 20 - 60 min/d a minimum of 3 to 5 days/wk at an
intensity of 50 to 80% VO2max and 30 - 60 min/d moderate intensity at least 5 days/wk,
respectively.52 Available studies assessing PA habits of early-outpatient and maintenance
CR patients report the majority of patients as being inactive and sedentary on days not
attending CR services, which is the majority of the week. Reports have identified the use
of pedometry as a useful, efficacious tool to increase PA habits from sedentarism to a
physically active lifestyle among non-clinical populations. However, there have been no
studies on the effectiveness of a pedometer intervention among a CR population; thus,
research utilizing a pedometer-driven intervention among this unique clinical population
would be of interest.

CHAPTER III

Methodology
The primary purpose of this study was to determine if a pedometer-driven
physical activity (PA) intervention with individualized stepcount goals would be more
efficacious in yielding greater amounts of PA than the usual time-based PA
recommendations given to maintenance cardiac rehabilitation (CR) patients between 3
difference time-points: baseline, week 4, and week 8.

Additionally, the secondary

purpose of this study was to assess differences in stepcount activity on days attending
maintenance CR and on non-rehab days. Institutional Review Board approval from Ball
State University and Ball Memorial Hospital was obtained prior to subject recruitment
and data collection.
All subjects were apprised of the purpose, procedures, risks, and benefits of the
study and completed an informed consent that detailed the study’s protocol, timeline, and
explanation of all inherent risks and benefits of study participation. In addition to the
informed consent, all subjects signed a Health Insurance Portability and Accountability
Act authorization form that released patient information and records related to study
involvement to all parties involved. Furthermore, all subjects were encouraged to ask
questions about the study protocol and procedures during the initial visit and throughout
the study.
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Subjects
Patients were recruited for this 8-week pedometer intervention study as they
entered maintenance CR from either early-outpatient CR or as a direct admit from
inpatient CR. Subjects admitted directly from inpatient CR were approached within the
first 3 visits to maintenance CR, and subjects entering from early-outpatient CR were
approached within their last 3 sessions of early-outpatient CR. Each patient entering
maintenance CR was presented with the opportunity to be included in this intervention
study, read a prepared script, and interviewed for inclusion criteria by research staff.
Screening procedures consisted of interviewing the potential subject for inclusion
and exclusion criteria.

Inclusion criteria for subject participation consisted of the

following: male or female gender, ≥18 years of age, ability to self-ambulate (locomotion
without reliance on assistive device) for periods of at least 6 minutes, CAD as the
primary diagnosis, entering maintenance CR for the first referral, and absent of cognitive
impairment (dementia).

Exclusion criteria for study participation or data inclusion

consisted of stepcounts greater than 7,500 steps/d as a daily average during baseline
assessment and failure to attend maintenance CR at least 2 days/wk.
Following screening procedures, subjects were stratified into 1 of 2 groups,
pedometer feedback (PF) or usual care (UC). Every other male and female was placed
into PF and UC groups. Both groups wore a pedometer and completed behavioral change
questionnaires (Appendix B) throughout the study. Both groups were encouraged to
participate in maintenance CR at least 40 - 50 minutes at moderate intensity most days of
the week, as tolerated. Additionally, subjects in the UC group (control) were encouraged
to follow-up with 30 - 40 minutes PA outside maintenance CR. Both exercise and PA
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recommendations are equivalent to the PA recommendations for CR patients set forth by
AACVPR52 and for healthy older adults recently published by AHA and ACSM.9,
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Subjects in PF group received similar recommendations for attendance to maintenance
CR services; however, PF subject received no time-based PA recommendations for use at
home. PA recommendations for PF were in the form of stepcount goals that reflected a
10% increase above mean baseline stepcounts that were added to each weekly goal
(weeks 2 - 8) and was to be achieved all days of the week, including days attending
maintenance CR. For comparison, UC subjects wore a pedometer for 3 weeks (baseline,
week 4, and week 8).

Study Overview
Prior to study participation, descriptive data was obtained from all subjects
through direct measurement and data retrieval from patient records. This included age,
gender, primary diagnosis, height, body weight, and calculation of body mass index
(BMI). Age, gender, and primary diagnosis were retrieved from patient records while
height and weight were measured during the initial visit.

Minimal clothing and

accessories (i.e. removal of coat, keys, cell phone, and etc) was required during
measurement; however, all subjects wore athletic shoes for both the weight and height
measurements. Weight was measured using a digital physician’s scale (Detecto, Webb
City, MO) and rounded to the nearest 0.1 pound. Height was measured using a modified
stadiometer, repeated twice, and rounded to the nearest 0.25 inch, and the averaged. BMI
was calculated as weight over height (kg/m2).
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Following the collection and measurement of characteristic data, all subjects
performed a 6-minute walk test and a 20-step test to ensure pedometer accuracy. The
walk test was performed by all subjects prior to baseline assessment and upon completion
of week 8. Subjects discharged from early-outpatient CR within 2 weeks of maintenance
CR enrollment were not required to complete the baseline walk test as their test results
were obtained from patient records.

Otherwise, subjects entering maintenance CR

directly from inpatient CR or returning form an extended leave following early-outpatient
CR performed the walk test at baseline.
A pedometer 20-step test was performed following the 6-minute walk test. The
investigator walked alongside the subject for 20 consecutive steps and verified that the
pedometer measured 20±2 steps. If the pedometer failed to read 20±2 steps, it was
repositioned, and the 20-step test was repeated. If the successive step test failed to read
20±2 steps, an alternate pedometer was used. Following the successful step test, subjects
were instructed to wear the pedometer at their waistline, preferably on a belt, and to
ensure that the safety clip was attached. Subjects unaccustomed to wearing belts were
provided an elastic band for use with the pedometer to ensure proper placement.
The first week of this study served as the baseline assessment for all subjects;
therefore, the procedures for UC and PF were alike. They wore a pedometer each day
from wakening until bedtime and completed a behavioral change questionnaire packet.
The pedometers were not sealed (subjects were not blinded form stepcount feedback) as
recent studies have reported no significant increase in daily stepcounts in the absence of
stepcount goals and having access to pedometer feedback.26, 78 However, subjects were
requested to refrain from opening and/or tampering with the pedometer. Pedometer
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usage (time on and off) was recorded daily on the given log sheet (Appendix C), and the
questionnaire packet was requested to be returned prior to the conclusion of baseline
assessment.

In addition to baseline, both groups were asked to complete the

questionnaire packet at week 4 and 8. A cover letter with instructions and overview of
the time required to complete the packet was provided to all subjects and was expressed
verbally at time of distribution. The packet comprised 3 separate questionnaires (selfefficacy, social support, and decision balance) that contained items identifying the
likelihood and determinants of a physically active lifestyle given various circumstances,
including: family and friend influence, energy level, locus of control, and scheduling.
Subjects placed in the UC group were informed that they would wear the
pedometer 2 additional times as stated previously, and the procedures for these additional
assessments were similar to baseline assessment. Subjects recorded daily pedometer
usage (date, time on in morning, and time off in evening) on the given pedometer log
form and returned the questionnaire packet prior to the end of fourth and eighth week.
Subjects placed in the PF group were informed that they would continue wearing
the pedometer for the entirety of the study following baseline assessment. They received
similar directions to wear the pedometer and record daily usage as was given during
baseline; in addition, PF was provided weekly log sheets (Appendix D) that encouraged
the subject to obtain stepcount feedback from the pedometer throughout each day at noon
(lunch), evening (dinner), and bedtime. To promote compliance of receiving pedometer
feedback and ensuring proper placement, each subject was reminded of the procedures
for receiving pedometer feedback, properly positioning the pedometer, and ways to
increase daily steps each week when the subject received a new log form and stepcount
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goal. Additionally, PF subjects were apprised of the increase in target stepcounts each
week following baseline, which was 10% of baseline steps/d added to each weeks
previous target stepcount. If a subject averaged 4,000 steps/d at baseline, they would be
given a stepcount goal of repeating baseline averages with an addition of 400 steps/d that
would be added to each subsequent weekly stepcount goal. For example, the stepcount
goal for week 2 would equal 4,400, week 3 would equal 4,800, and week 4 would equal
5,200 steps/d.
To ensure collection of all PA accumulated throughout the study, all subjects
were encouraged to refrain from utilizing non-ambulatory modes (rower, AirDyne, or
NuStep). However, if subjects required use of the NuStep as an ancillary mode to the
treadmill, they were instructed to record the total amount of steps accumulated on the
NuStep device on the given pedometer log form. The steps accumulated on the NuStep
were then added to the stepcount total for each respective day.

Study Timeline
0

1

Consent;
Characteristics;
6 min walk-test

2-3

UC & PF wear
pedometer;
Questionnaire

PF wears
pedometer

4
PF & UC wear pedometer;
Questionnaire

5-7
PF wears
pedometer

8
PF & UC wear pedometer;
Post-study 6 min walk test;
Questionnaire

Activity Assessment Device
The NL-1000 pedometer (New Lifestyles, Lee’s Summit, MO) was used for this
study.

The NL-1000 utilizes a piezoelectric strain gauge, much like a standard

accelerometer, to determine and display steps/d and moderate to vigorous PA minutes.76
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Additionally, the NL-1000 stores the most recent 7 days of stepcount activity and PA
minutes in the form of 1 day epochs, which resets (zeros) each day at midnight.76

Procedures
The 6-minute walk test was performed by walking a predetermined distance
between 2 doorways measuring 97.5 feet. Procedures of the walk test administration and
the importance of providing a consistent effort throughout the test was explained to each
subject. Borg’s Rate of Perceived Exertion59 scale of 6 - 20 was reviewed with each
subject, and an intensity of 15 was instructed as the maximum intensity to be achieved
throughout this process.51, 53 The test administrator stood equidistant to both doorways in
order to encourage, monitor, and provide feedback to the subject throughout the
assessment. Moreover, efforts were made to provide the same test administrator for each
subject’s pre/post assessment in order to control for inter-examiner variability.51, 88, 89
Behavioral Change Questionnaire
All subjects asked to complete a behavioral change questionnaire packet,
consisting of a self-efficacy (Likert scale 1-not at all confident to 5-extremely confident),
social support scale (Likert scale 1-none to 5-very often), and decision balance scale
(Likert scale 1-not at all important to 5-extremely important). Changes in self-efficacy
(confidence) was assessed by observing a change in the sum of scores (higher score
equals greater self-confidence). Social support changes were assessed by observing
changes in the sum of scores for family and friend influences (higher score equals greater
support from friends and family). Decision balance was assessed by observing changes
in the difference of pros and cons questions.

The greater the difference from 0,
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positively, the subject is suggested to experience less barriers to PA than the subject with
a score closer to 0, and negatively.

Data Validation Criteria
All stepcount data was analyzed for inclusion in statistical analyses. Inclusion
criteria consisted of wearing the pedometer ≥8 hrs/d, accumulating ≥1,500 steps/d, and
meet the aforementioned ≥ 4 days/wk (≥ 3 weekdays and ≥ 1 weekend day). In addition
to stepcount criteria, all subjects must have completed the behavioral questionnaires.

Statistical Analyses
Data analysis was performed using SPSS 16.0 for Windows (SPSS Inc., Chicago,
IL).

A 2-way ANOVA with repeated measures was used to assess differences in

pedometer stepcounts, moderate to vigorous activity (MVPA) minutes, and 6-minute
walk test distance (6MWTD). A 3-way ANOVA was used to assess differences between
groups and all subjects for daily stepcount activity and MVPA on rehab vs. non-rehab
days. A MANOVA was used to assess differences in behavioral change questionnaire
responses between groups and for all subjects. Significance is denoted by P < 0.05.

CHAPTER IV

RESEARCH MANUSCRIPT
Journal Format: Journal of Cardiopulmonary Rehabilitation and Prevention
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Title: Pedometer Intervention to Increase Physical Activity of Patients Entering a
Maintenance Cardiac Rehabilitation Program

Abstract
Purpose: The primary purpose of this study was to determine if a pedometer-driven
physical activity (PA) intervention with individualized stepcount goals would be more
efficacious in yielding greater amounts of PA than the usual time-based PA
recommendations given to maintenance CR patients.

Additionally, the secondary

purpose of this study was to assess differences in stepcount activity on days attending
maintenance CR and on non-rehab days.
Methods: Subjects entering maintenance CR for the first referral were recruited for study
participation and stratified into pedometer feedback (PF) and usual care (UC) groups. All
subjects wore a New Lifestyles NL-1000 pedometer. PF subjects wore the pedometer for
the duration of the 8-week study. For comparison, UC subjects wore the pedometer at
baseline, week 4, and week 8.Both groups were encouraged to accumulate a minimum of
40 - 50 min/d at moderate intensity when attending maintenance CR. UC subjects were
encouraged to follow-up with at least 30 min/d PA outside maintenance CR, while PF
subjects were given daily stepcount goals. Stepcount goals were calculated as 10% of
baseline stepcounts and added weekly to increase daily goal. All subjects completed a 6minute walk test at baseline and week 8, and behavioral change questionnaires were
completed at baseline, week 4, and week 8.
Results: A total of 18 subjects (PF, n = 9, 53.7±8.0; UC, n = 9, 60.2±9.6 yrs) completed
the 8-week study. There were no differences between groups at baseline. PF group
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increased daily stepcounts by week 4 (19%, 1,080±649 steps/d) and 8 (44%, 2,468±846
steps/d) in addition to days attending rehab by week 4 (14%, 1064±45 steps/d) and 8
(36%, 2,711±423 steps/d) and non-rehab days by week 8 (42%, 1,747±759 steps/d). PF
subjects accumulated greater daily stepcounts compared to UC subjects at weeks 4 (26%,
1,405±393 steps/d) and 8 (48%, 2,612±284 steps/d). UC subjects accumulated greater
stepcounts on rehab compared to non-rehab days, but no changes were found from
baseline for daily stepcounts, rehab, or non-rehab days. There was a time effect for
responses to social support from friends for all subjects (baseline to week 4) and a time
by group effect for decision balance pro-questions by week 4 where PF significantly
increased, UC significantly decreased, and both groups where significantly different.
Conclusions: The results of this study suggest that a pedometer-driven PA intervention
yields significantly greater stepcounts compared to time-based PA recommendations
among maintenance CR patients.
Key Words: Maintenance cardiac rehabilitation, phase III, pedometer, intervention,
stepcounts, physical activity.
Condensed Abstract
This study assessed the effect of providing a pedometer stepcount target to
patients entering a maintenance cardiac rehabilitation program for the first referral.
Treatment group subjects increased stepcounts by 44% from baseline while control
subjects increased stepcounts by 13%.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death among Americans
and has affected millions of lives for more than 80 years.1-3 Of the 5 major CVD and
coronary

artery

disease

(CAD)

risk

factors

(family

history,

hypertension,

hypercholesterolemia, type 2 diabetes, obesity, and physical inactivity) physical inactivity
is considered the most prevalent risk factor for coronary artery disease (CAD), a form of
CVD.4, 5Regular physical activity (PA) is associated with CAD mortality reduction by
approximately 20 - 50%;6-8 moreover, adults with known CAD can reduce mortality as a
result of CAD by 20 - 25%.9,

10

Despite these statistics, only an estimated 48.8% of

American adults, and 39.3% of adults over the age of 65,11 self-report meeting the 2007
PA recommendations of at least 30 min/d moderate intensity a minimum of 5 d/wk, at
least 20 min/d vigorous intensity a minimum of 3 d/wk, or a combination of the 2.12
Over the past 4 decades, numerous scientific reports by the Center for Disease
Control and Prevention,13 the Surgeon General,5 the American College of Sports
Medicine,12, 14 the American Heart Association,15, 16 and the recently first-ever appointed
Physical Activity Guidelines Committee17 have recommended regular exercise and PA
for healthy adults, older adults, and clinical populations.

More recently, the PA

guidelines for healthy adults by the Physical Activity Guidelines Committee were
released October or 2008, suggesting a weekly minimum of at least 150 minutes
moderate intensity, 75 minutes vigorous intensity, or a combination of the 2 for
substantial health benefits.17 For added benefits, there is a proposed dose-response with
increasing weekly PA to a minimum of 300 min/wk moderate intensity, 150 min/wk
vigorous intensity, or a combination of the aforementioned.17

For individuals with
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known CAD, the AHA and American Association for Cardiovascular Rehabilitation and
Prevention suggest a minimum of 20 - 60 min/d moderate to vigorous intensity 3 - 5
days/wk and 30 - 60 min/d moderate intensity 5 days/wk for exercise and PA,
respectively.15
Bravata et al.18 concluded that pedometer-driven interventions with generalized (≥
10,000 steps/d) and individualized (% of baseline steps/d) stepcount goals resulted in a
26.9% (2,998 steps/d) increase in daily stepcounts from baseline compared to subjects
wearing the pedometer with no stepcount goal. There is no known literature, to date, for
the efficacy of a pedometer-driven PA intervention compared to time-based PA
recommendations for a maintenance CR patient population.

Therefore, the primary

purpose of this study was to compare 2 delivery methods for promoting PA, pedometerdriven PA intervention and the usual time-based PA recommendations given to
maintenance CR patients upon first referral. Additionally, this study assessed differences
in stepcount activity on days attending maintenance CR compared to non-rehab days. It
was hypothesized that providing individualized stepcount goals, compared to time-based
recommendations, would yield greater stepcount activity.

METHODS
Subjects
The Institutional Review Boards from Ball State University and Ball Memorial
Hospital approved the study prior to subject participation. Subjects were recruited for
study participation upon entry to a maintenance CR program from inpatient or earlyoutpatient CR discharge. Eligibility for study participation included first referral for
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maintenance CR services, CAD as primary diagnosis, and baseline stepcounts ≤ 7,500
steps/d. As illustrated in Figure 1, of the 35 subjects to volunteer for study participation,
a total of 18 subjects (PF, n = 9, 53.7±8.0; UC, n = 9, 60.2±9.6 yrs) completed the study
and were included for data analyses. Subject characteristics are summarized in Table 1.
Subjects meeting inclusion criteria were stratified into 1 of 2 groups, Pedometer
Feedback (PF) or Usual Care (UC).

All subjects completed a 6-minute walk test

(6MWT) at baseline and post-study. Additionally, all subjects completed a behavioral
change assessment at baseline, week 4, and week 8.

Changes in self-efficacy

(confidence) was assessed by observing a change in the sum of scores (higher score
equals greater self-confidence). Social support changes were assessed by observing
changes in the sum of scores for family and friend influences (higher score equals greater
support from friends and family). Decision balance was assessed by observing changes
in the difference of pros and cons questions.

The greater the difference from 0,

positively, the subject is suggested to experience less barriers to PA than the subject with
a score closer to 0, and negatively.
Physical Activity Assessment and Intervention
Both groups were encouraged to accumulate a minimum of 40 - 50 min/d
moderate intensity exercise most days of the week, consistent with AHA/AACVPR
recommendations.15 UC subjects were encouraged to perform at least 30 min/d PA
outside maintenance CR, while PF subjects were given weekly stepcount goals to achieve
on all days of the week, including days attending CR. All subjects wore a NL-1000
pedometer (New-Lifestyles, Inc. Lee’s Summit, MO) at baseline for 7-consecutive days.

47
Prior to pedometer use, all subjects completed a 20-step test to ensure pedometer
accuracy within ±2 of actual steps. Moderate to vigorous activity (MVPA) minutes were
assessed using the NL-1000 pedometer. The NL-1000 pedometer used in the present
study utilizes a strain gauge (accelerometer) to measure stepcounts and 4-second epochs
to determine MVPA (> 3 METS) only. It has been proposed that in order to increase the
accuracy of the electronic pedometer, step rates need to exceed 80 - 100 meters/min19, 20
(2.9 - 3.7 miles/hour) to yield greater than 97% actual stepcounts.21 However, a report by
Crouter et al.19 suggested that stepcount accuracy for the NL-1000 was within ± 3% of
actual stepcounts with treadmill walking speeds greater than 67 meters/min (2.5
miles/hour). Data regarding walking speeds of subjects in the present study is not readily
available; however, it can be speculated through daily observation that subjects walked
faster than 2.5 miles/hour when attending maintenance CR.
Subjects in the PF group wore the pedometer throughout the remainder of the 8week study, receiving weekly stepcount goals for weeks 2 - 8. Stepcount goals were
calculated as 10% of baseline stepcounts and added to each weekly goal. For example, if
the subject averaged 4,000 steps/d at baseline, the weekly stepcount goal would increase
by 400 steps/d above baseline, staring at week 2 (4,400 steps/d) through week 8 (6,800
steps/d). To encourage compliance of achieving daily stepcount goals, PF subjects were
instructed to receive pedometer feedback and record total stepcounts at lunch, dinner, and
bedtime. If stepcount goals were not achieved by dinnertime, subjects were encouraged
to walk, as appropriate, to achieve daily goals. For comparison with the PF group, UC
subjects wore the pedometer at baseline, week 4, and week 8. UC subjects were not
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blinded from pedometer feedback as recent reports suggest a lack of PA reactivity due to
wearing a pedometer with no stepcount goals.18, 22
To ensure measurement of all daily PA, subjects were encouraged to use
ambulatory activities as the primary mode, refraining from using non-ambulatory modes
such as the rower, NuStep, or AirDyne. Should the subject use the NuStep, they were
instructed to record total steps accumulated when using the NuStep mode on the provided
daily log form. Steps accumulated on the NuStep were then added to the daily total by
the researcher. In addition to the pedometer not registering stepcounts while subjects use
the NuStep, time spent in MVPA does not accumulate. Subjects were not monitored for
MVPA as stepcounts were. Quality criteria for pedometer data to be included for data
analysis were if the pedometer was worn at least 4 d/wk, including 1 weekend day, 8
hrs/d, and 1,500 steps/d.

Additionally, data was included for statistical analyses if

subjects attended maintenance CR at least 2 d/wk.
Statistical analysis
Data analysis was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago,
IL). A repeated-measures2-way ANOVA was used to assess differences in pedometer
stepcounts, MVPA minutes, and 6MWT. A repeated-measures3-way ANOVA was used
to assess differences between groups and all subjects for daily stepcount activity and
MVPA on rehab vs. non-rehab days over time and between groups. A MANOVA was
used to assess differences in behavioral change questionnaire responses between groups
and for all subjects. All ANOVA’s and MANOVA’s were assessed for interaction over
time and between groups. Significance is denoted by P < 0.05 for all analyses.
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RESULTS
Data are presented as mean ± SD. Subjects attended maintenance CR sessions
2.9±0.7 d/wk. There were no significant differences between groups for age or body
mass index at baseline (Table 1). There were no significant differences between groups
for daily stepcounts (Figure 2), MVPA (Table 2), 6MWT distance (Table 2), or
behavioral change questionnaire responses for self-efficacy, social support, or decision
balance (Table 3). Results from the repeated-measures 2-way ANOVA suggest a time by
group interaction for weeks 4 and 8, in addition to a main effect for time for all subjects.
Post Hoc analyses suggest the following results.
By week 4, subjects in the PF group significantly increased stepcounts by 19%
(1,080±649 steps/d) and accumulated significantly greater stepcounts compared to UC
subjects, by 26% (1,405±393 steps/d). There were no significant changes in stepcounts
from baseline for UC subjects (455±374 steps/d). There were no significant increases in
MVPA from baseline for either group; however, PF subjects accumulated significantly
greater MVPA than UC subjects, by 1.6-fold (10.9±8.89 min/d). The repeated-measures
MANOVA suggest a main effect for time for all subjects in behavioral change question
responses for social support from friends. Additionally, there was a time by group effect
from baseline in responses for decision balance pro-questions among PF and UC
subjects.

PF subjects significantly increased (3.9±0.7- 4.1±0.7), while UC subjects

significantly decreased (4.1±0.6 - 3.7±0.6) responses for decision balance pro-questions,
which may suggest a decrease in perceived PA barriers for PF and increase in PA barriers
for UC subjects.
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By week 8, subjects in the PF group significantly increased stepcounts by 44%
(2,468±846 steps/d) from baseline and 21% (1,389±76 steps/d) from week 4. Moreover,
PF subjects accumulated significantly greater stepcounts than UC subjects, by 48%
(2,612±284 steps/d). There were no significant changes in stepcounts for UC subjects
from baseline (637±1,127 steps/d) or week 4 (182±753 steps). PF subjects significantly
increased MVPA from baseline by 76% (10.1±5.2 min/d), but not from week 4 (5.7±0.8
min/d).PF subjects accumulated significantly greater MVPA compared to UC subjects at
week 8, by 2.8-fold (17.3±8.9 min/d). There were no significant changes in behavioral
change questionnaire responses for self-efficacy, social support, or decision balance.
Both groups significantly increased 6MWT distance from baseline by 8% (PF, 122±39 ft)
and 9% (UC, 122±5 ft), and there were no group differences for 6MWT distances. There
were no significant intra- or inter-group changes in body mass index.
Maintenance Cardiac Rehab vs. Non-Rehab Days
There were no significant differences between groups during maintenance CR or
non-rehab days for stepcounts or MVPA at baseline (Figures 5 and 6). Both groups
averaged significantly greater stepcounts on days attending maintenance CR compared to
non-rehab days during all 3 time-points (Figures 3 and 4), while only PF subjects
averaged significantly greater MVPA during rehab vs. non-rehab days (Table 2).
By week 4, PF subjects significantly increased stepcounts and MVPA from
baseline during rehab days by 14% (1,064±45 steps/d) and 42% (8.2±6.3 min/d),
respectively. There were no significant differences for stepcounts or MVPA between
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groups during rehab or non-rehab days.

There were no significant increases for

stepcounts or MVPA for UC subjects.
By week 8, PF subjects significantly increased stepcounts from baseline and week
4during rehab days by 36% (2,711±423 steps/d) and 19% (1,647±378 steps/d),
respectively. PF subjects significantly increased non-rehab stepcounts from baseline by
42% (1,747±759 steps/d) at week 8. There were no significant increases in stepcounts
from baseline or week 4 for rehab or non-rehab days for UC subjects. PF subjects
significantly increased MVPA during rehab days from baseline by 68% (13.0±5.8 min/d)
but not week 4 (2.8±0.5 min/d). There were no significant increases in MVPA during
non-rehab days for PF subjects. PF subjects accumulated significantly greater amounts
of MVPA compared to UC subjects by 2-fold (21.4±8.8 min/d) during rehab days. There
were no significant changes in MVPA for UC subjects during rehab or non-rehab days.

Discussion
The primary purpose of this study was to compare 2 different delivery methods
for promoting PA, pedometer-driven and the usual time-based PA recommendations
given to maintenance CR patients upon first referral. Post hoc analyses suggest that only
PF subjects significantly increased daily stepcounts by week 4 and week 8. Subjects in
the UC group failed to significantly increase daily stepcounts; even though, subjects UC
were recommended to include 40 - 50 minutes of exercise at moderate intensity at least 5
d/wk, as tolerated, and 30 - 40 minutes moderate intensity PA on most days of the week.
A major difference in the delivery of PA recommendations to PF and UC groups is that
UC subjects were encouraged to achieve the aforementioned duration and frequency of
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moderate intensity PA, while PF subjects were encouraged to accumulate recommended
stepcount goals. Data from this study corroborates those from Bravata et al.,18 who
concluded that when given stepcount goals, subjects significantly increased daily
stepcounts by 26.9% (2,998 steps/d) compared to subjects who were asked to wear a
pedometer with no stepcount goals, remaining at baseline stepcount values throughout the
study.
Pedometer stepcount goals for PF subjects in the present study were determined
from baseline stepcounts. Stepcount goals were calculated as 10% from baseline values,
which were added to each weekly goal for weeks 2 - 8. PF subjects were instructed to
record daily stepcounts at least 3 times/d (lunchtime, dinnertime, and bedtime) on the
provided log form. Data from this study suggest that PF subjects met or exceeded daily
stepcount goals 50% of the time. Additionally, while PF subjects achieved stepcount
goals half of the time, subjects were more likely (83%) to achieve goals on weekdays
compared to weekend days. This is similar to Chan et al.,23 identifying that significantly
less stepcounts are accumulated on Sundays during colder months. It would be of
particular interest to identify potential barriers limiting the accumulation of recommended
daily stepcounts in order to encourage and facilitate an increase in stepcounts throughout
the week and attain stepcount goals more than half of the time.
It was hypothesized that subjects given individualized stepcount goals would
yield significantly greater stepcount activity compared to UC subjects, who were given
time-based PA recommendations. Data from the present study supports this hypothesis,
suggesting that PF subjects accumulated significantly greater stepcounts across weeks 4
(26%, 1,405±393 steps/d) and 8 (48%, 2,612±284 steps/d) compared to UC subjects.
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This is similar to Hultquist et al.,24who compared the efficacy of a 6-week pedometer
intervention with generalized stepcount goals (≥ 10,000 steps/d) to time-based (≥ 30
min/d most days of week) PA recommendations in previously sedentary women,
suggesting that pedometer-intervention subjects averaged significantly greater stepcounts
(23%, 1889±72 steps/d) compared to time-based subjects. However, Hultquist et al.24
suggested that both groups significantly increased stepcount activity from baseline, while
only PF subjects in the present study increased daily stepcounts, and UC subjects
remained at baseline values. A possible explanation for this finding is that subjects in the
present study were provided exercise recommendations at baseline, while subjects in the
study by Hultquist et al. were provided PA recommendations following baseline. It can
be speculated that in addition to UC subjects remaining inactive outside of maintenance
CR, they maintained the PA levels that were recommended at baseline throughout the
duration of the study. Conversely, PF subjects walked more on days attending rehab and
non-rehab days in order to attain individual stepcount goals, which increased weekly.
The secondary purpose for this study was to assess differences in stepcount
activity for maintenance CR compared to non-rehab days. Both groups accumulated
significantly greater stepcounts during days subjects attended rehab compared to nonrehab days (Figures 3 and 4). In addition to accumulating greater stepcounts on days
attending rehab, PF subjects significantly increased stepcounts over time on rehab days
during weeks 4 and 8 and non-rehab days during week 8. There were no significant
changes in stepcount activity during rehab or non-rehab days for UC subjects. As
indicated previously, both groups were instructed to perform the same exercise durations
and frequencies during rehab days. PF subjects were provided with stepcount goals,
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which increased weekly by 10%, to achieve by days-end in addition to exercising most
days of the week in maintenance CR. As suggested previously, this may be a possible
explanation for the increase in daily stepcounts when compared to UC subjects, who may
have been inactive outside rehab.
By week 8, PF subjects accumulated stepcounts that are consistent with the
widely-recognized public recommendations of 10,000 steps/d during days attending
rehab. Despite the promising data for PF subjects, UC subjects failed to reach similar
stepcount activity. Data for PF subjects is consistent with data from Jones et al.25 where
subjects achieved the 10,000 steps/d during rehab days, suggesting a time interaction.
Subjects in the present study, who were placed in the UC group, were provided similar
time-based PA recommendations to achieve during rehab days; however, subjects in the
present study were recruited upon first referral to maintenance CR services, without any
previous exposure to maintenance CR. A possible explanation for the disparities between
the present study and Jones et al.25 is that subjects in the present were recruited upon first
referral to maintenance CR and may still be improving their PA status toward
maintenance stages. Jones et al.25 recruited all maintenance CR patients who were not
limited to a specific length of participation in rehab, and many of the subjects in this
former study may have already been in a maintenance stage of PA status when entering
the study.
To serve as an ancillary measurement of PA, time spent in MVPA was assessed
using the NL-1000 pedometer. Similar to increased stepcounts, daily MVPA for PF
subjects significantly increased from baseline. Additionally, MVPA during rehab was
significantly greater than non-rehab for PF subjects. There were no significant changes
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in MVPA for UC subjects.

Current recommendations and guidelines suggest the

accumulation of a minimum of 150 min/wk of MVPA, which is suggested to be
accumulated in 30 minute bouts, spread throughout the week.17

Only PF subjects

accumulated daily recommended durations (30.2±20.3 min/d) of MVPA durations by
week 8 during days attending rehab. This is similar to research assessing the MVPA
habits of patients participating in maintenance CR services for at least 3 months prior to
study participation, averaging 28 min/d on days attending rehab and significantly less on
non-rehab days.26
Subjects in the study by Ayabe et al.26 participated in a maintenance CR program
for at least 3 months prior to study participation and were given time-based exercise
recommendations of at least 40 min/d at moderate to vigorous intensity for 3 days/wk in a
maintenance CR setting. This is similar to the recommendations provided to the UC
subjects in the present study. However, UC subjects in the present study accumulated
what appears to be substantially less MVPA than subjects in the Ayabe et al.26 cohort. A
possible explanation is that subjects in the former study walked around a track as the
primary mode of exercise, and subjects in the present had access to both ambulatory and
non-ambulatory modes, such as the NuStep. Subjects in the present study were requested
to refrain from utilizing non-ambulatory modes; however, if they did use the NuStep,
they were instructed to record total steps accumulated, which was added to the
pedometer-determined daily stepcount total by the researcher. A total 4 subjects in the
UC group and 3 subjects in the PF group used the NuStep for periods lasting longer than
10 minutes.
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Even though subjects in the present study exercised an average 30 - 40 min/d at
least 2.9 ± 0.7 d/wk in maintenance CR, a possible explanation to the low MVPA for UC
subjects may be that nearly half of the UC group used the NuStep. Subjects using this
non-ambulatory mode were not monitored for MVPA minutes, which can be obtained
through recording the average MET value, provided by the NuStep, and time spent using
the NuStep. However, it can be speculated through daily observations that subjects did
not perform at levels exceeding 3 METS when using the NuStep.
The benefits of increased PA are well-documented. According to the stepcount
cut-points by Tudor-Locke et al..,27 PF subjects were considered “low active” at baseline
and only “somewhat active” by week 8. Subjects in the UC group were considered “low
active” throughout the 3 time-points: baseline, week 4, and week. Thus, there is a clear
need to facilitate an increase in daily stepcounts among individuals participating in a
maintenance CR program. There is emerging evidence that more than 8,000 steps/d is a
more appropriate stepcount recommendation and threshold to realize health benefits
associated MVPA compared to the widely publicized 10,000 stepcount goal.28, 29 The
premise is that sedentarism is associated with stepcounts less than 5,000 steps/d,27 and
walking at a step-rate of 100 steps/m for 30 minutes is equivalent to 30 minutes of
MVPA,30 accumulating an estimated 8,000 steps/d.

Subjects in the present study

accumulated 8,100 steps/d during week 8 and significantly less during baseline and week
4. UC subjects averaged significantly less than the proposed 8,000 steps/d across all
three time-points. Given these surprising data, there is appears to be a need to increase
the PA habits of maintenance CR patients.

57
It has been suggested that a pedometer-driven PA intervention provides positive
behavioral changes toward increase PA habits.31. The present study utilized 3 different
behavioral change questionnaires: self-efficacy, social support, and decision balance.
Subjects scoring higher for self-efficacy are considered to have an individual ability to
make positive choices for being physically active. There were no changes in self-efficacy
responses as a function of time or between groups at any time during the study. The
social support questionnaire assesses the influence of family and friend support to the
individual’s ability to physically active. There was a time effect for all subjects at week
4, suggesting that social support from friends was higher. No other significance was
found throughout the study for this measure.

The decision balance questionnaire

assessed the perceived barriers to an individual being physically active.

The

questionnaire includes questions dealing with positive (pro) and negative (con)
influences. Although the difference of pro- and con-questions suggests an individual’s
perceived barriers to increase or decrease depending on the distance from 0, no
significant changes were found between groups or across time. However, there was an
increase in the average of pro-questions for PF and decrease for UC subjects by week 4.
This suggests that PF subjects perceived less PA barriers, and UC subjects perceived
more barriers to being physically active. Further research is warranted to interpret the
behavioral change questionnaire responses.

CONCLUSIONS
Data from this study corroborates previous literature suggesting that pedometers
are a useful, objective tool to promote and motivate increased levels and intensities of
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PA.32A pedometer-driven intervention, where subjects receive individualized stepcount
goals, is an effective method to increase daily stepcount activity among maintenance CR
patients.
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FIGURE 1. Subject Recruitment and Completion
75 Potential subjects enter
Maintenance Cardiac Rehab for
first referral September 2008 March 2009

40 Potential Subjects Excluded
14 Refused
13 Orthopedic limitations
13 Failed to recruit by Week 1

35 Subjects Recruited

7 Subjects Excluded: Too Active

28 Subjects Started Study

10 Subjects Excluded:
8 Non-compliant with CR
attendance
2 Subjects non-complete

18 Subjects Completed
9 Pedometer Feedback
9 Usual Care
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FIGURE 2. Comparison of daily stepcounts between groups

*††
*†

PF, pedometer feedback subjects; UC, usual care subjects
* Significantly different from UC subjects
† Significantly different from baseline
†† Significantly different from week 4 and baseline
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FIGURE3. Comparison of stepcounts during rehab vs. non-rehab for PF subjects
*†
*
*

PF, pedometer feedback subjects; UC, usual care subjects
Due to missing data, only 7 PF subjects were analyzed
* Significantly different from non-rehab days
† Significantly different from week 4
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FIGURE4. Comparison of stepcounts during rehab vs. non-rehab for UC subjects
*
*

PF, pedometer feedback subjects; UC, usual care subjects
Due to missing Data, only 8 UC subjects were analyzed
* Significantly different from non-rehab days

*
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FIGURE 5. Comparison of rehab stepcounts between groups
*††
*†

PF, pedometer feedback subjects; UC, usual care subjects
* Significantly different from UC
† Significantly different from baseline
†† Significantly different from week 4 and baseline
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FIGURE 6. Comparison of non-rehab stepcounts between groups
*

*†

PF, pedometer feedback subjects; UC, usual care subjects
Due to missing data, only 7 PF and 8 UC subjects were analyzed
* Significantly different from UC
† Significantly different from baseline
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TABLE1. Baseline Subject Characteristics (mean ± SD)
PF

UC

(N = 9)

(N = 9)

53.7±8.0

60.2±9.6

30.0±5.7
6

31.5±6.6
6

Female

3

3

MI

5

1

CABG

1

3

PCI

2

1

Transplant

--

1

AVR

1

--

MVR

--

1

Stable Angina

--

1

Variable
Age (yrs)
2

BMI (kg/m )
Male

PF, pedometer feedback; UC, usual care; M, male; F, female; BMI, body mass index;
PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; MI,
myocardial infarction; AVR, aortic valve replacement; MVR, mitral valve replacement
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TABLE2. Comparison of MVPA, 6MWT, and BMI between Groups
PF

UC

MVPA

Baseline

Week 4

Week 8

Baseline

Week 4

Week 8

Daily

13.3±9.2

17.7±15.2

23.4±14.4*a

5.8±4.5

6.8±6.4

6.1±5.5

CR

19.2±14.5†

27.4±20.8*†

30.2±20.3*†a

10.0±11.3

11.6±13.3

10.8±11.5

NCR

6.4±5.6

12.0±15.0

9.8±7.5

6.2±7.4

4.0±3.3

3.6±3.7

6MWT

1625±232

---

1747±193*

1422±263

---

1544±258*

BMI

30.0±5.7

---

29.9±6.0

31.5±6.6

---

32.0±6.6

MVPA, moderate to vigorous activity minutes; PF, pedometer feedback; UC, usual care;
Daily, daily average MVPA (min/d); CR, MVPA accumulated during cardiac rehab days;
NCR, MVPA accumulated during non-rehab days; 6MWT, distance accumulated during
6-minute walk test(ft); BMI, body mass index(kg/m2).
Due to missing data, data from only 8 PF subjects were analyzed for MVPA changes
from baseline to week 4 and week 8.
* Significantly different from baseline
a
Significantly different from week UC
†
Significantly different from non-rehab
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TABLE3. Behavioral Change Data
SSFR**

DBP

38.9±6.3

26.7±11.6

16.6±4.7

36.1±9.7

8

17.0±4.4

1

DBC

DBD

3.9±0.7

2.2±0.5

1.7±1.0

29.9±10.8

4.1±0.7*†

2.1±0.6

2.0±1.0

36.7±8.6

21.0±13.4

4.0±08

2.4±0.2

1.6±0.8

15.4±3.2

31.3±11.8

14.7±14.2

4.1±0.6

2.5±1.0

1.5±0.9

4

14.1±3.6

33.4±11.4

24.0±11.2

3.7±0.6*

2.2±0.6

1.5±0.6

8

16.2±3.7

27.2±12.5

20.1±16.9

3.8±0.7

2.8±1.1

1.0±1.1

Group

Week

SES

PF

1

15.8±3.5

4

UC

SSFA

PF, pedometer feedback; UC, usual care; SES, self-efficacy sum; SEA, self-efficacy
average; SSFA, social-support family sum; SSFR, social-support friend sum; DBP, average
of decision balance pros questions; DBC, average of decision balance cons questions;
DBD, difference of decision balance pros - cons averages.
* Significantly different from baseline
** Main effect of time for all subjects at week 4
†
Significantly different from UC

CHAPTER V

Summary and Conclusions
Currently, there is no available literature concerning the efficacy of a pedometerdriven intervention to increase the physical activity (PA) habits of a maintenance cardiac
rehabilitation (CR) patient population; however, there have been few studies to
objectively assess the PA habits of maintenance CR patients. Data from recent research
suggest that maintenance CR patients are significantly more physically active and
accumulate publically recommended amounts of PA, observed as stepcounts (≥ 10,000
steps/d), during rehab days compared to non-rehab days. Therefore, the primary purpose
of this study was to determine if a pedometer intervention, involving individualized
stepcount goals, would yield greater amounts of PA than the usual time-based PA
recommendations given to maintenance CR patients. In addition to the present study
being the first known study to assess the efficacy of a pedometer-driven intervention to
increase PA habits among a maintenance CR population, this is the 1 of few studies to
assess behavioral modification through the use of a pedometer intervention to increase
PA habits.
A total 18 subjects (12 men, 6 women, 57.4±8.8 yrs) completed the study and
included in data analyses. A total of 9 subjects (8 men, 3 women, 53.7±8.0 yrs) were
included in the pedometer feedback (PF) group, and 9 subjects (6 men, 3 women,
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60.2±9.6 yrs) were included in the usual care (UC) group. Results from this study
suggest that there was a time interaction for all subjects, with post hoc analyses
identifying PF subjects to significantly increase daily stepcount activity by 19%
(1,080±649 steps/d) by week 4 and 44% (2,468±846 steps/d) by week 8. However,
significant increases for MVPA were not observed until week 8 for PF subjects. There
were no significant changes for steps/d or MVPA among UC subjects. Both groups
averaged significantly greater stepcounts during rehab compared to non-rehab days,
which is similar to previous research.23,

31

Therefore, the Data in the present study

suggests that a pedometer-driven intervention, where subjects receive individualized
stepcount goals, is an effective method to increase not only overall daily PA, but weekly
moderate to vigorous activity minutes.

Recommendations for Future Studies
A major limitation to the interpretation of this study is the low subject numbers.
A similar study recruiting and completing more subjects would be of interest.
Additionally, even though there were no significant differences between groups at
baseline for stepcounts and MVPA, it is possible that significance would be present with
more subjects in each group; therefore, it would of particular interest to match groups for
stepcounts and MVPA.

Subjects in the PF group failed to accumulate publically

recommended MVPA (≥ 30 min/d moderate to vigorous intensity) until week 8. This
may be due in part to the low sophistication of the pedometer’s strain gauge mechanism,
due to subjects not participating in high levels of MVPA, subjects using the NuStep, or a
combination of the aforementioned. For this reason, a similar intervention study limiting
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the use of non-ambulatory modes and recommending individualized MVPA as the
primary outcome utilizing a higher-caliber unit may be of interest. This study was
employed during colder months (September - April).

There are known seasonal

variations to physical activity,32 and a similar study during warmer months would be of
interest. Last, there were no significant changes in body mass index throughout the
study. With increased amounts of PA and no observed change in BMI, a multiple armed
study incorporating a nutritional intervention may be of interest.
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Definition of Abbreviations
Sub:

Subject study number

PF:

Pedometer Feedback subjects

UC:

Usual Care subjects

WK:

Study week

Steps:

Average daily stepcounts

Min:

Average moderate to vigorous activity minutes

StepsR:

Average daily stepcounts for days attending rehab

StepsNR:

Average daily stepcounts for days not attending rehab

MinR:

Average moderate to vigorous activity minutes for days attending rehab

MinNR:

Average moderate to vigorous activity minutes for days not attending
rehab

BMI:

Body composition index, defined by mass over height (kg/m2)

6MWT:

6-minute walk test distance (feet)

SES:

Sum of scores for self-efficacy questionnaire

SSFA:

Sum of scores for social support from family questionnaire

SSFR:

Sum of scores for social support from friends questionnaire

DBP:

Average of pro- scores for decision balance questionnaire

DBC:

Average of con- scores for decision balance questionnaire

DBD:

Difference of pro- and con- scores for decision balance questionnaire

MI:

Myocardial infarction

PCI:

Percutaneous coronary intervention

CABG:

Coronary artery bypass graft

AVR:

Aortic valve replacement/repair

MVR:

Mitral valve replacement/repair

Transplant:

Heart transplant
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Group Sub Wk
PF

2

UC

6

PF

10

PF

11

PF

12

UC

15

UC

18

UC

19

UC

21

UC

22

UC

23

PF

24

PF

25

PF

26

1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8

Steps

Min StepsR StepsNR MinR MinNR 6MWT BMI

5672
5662
5332
4787
5881
8866
4488
3675
5835
4991
6098
7503
6692
8558
9351
3619
3270
2073
4908
4801
4689
3430
3617
3517
5503
7073
6485
5454
7307
7921
6734
5392
4351
6638
7046
10161
6472
7214
7703
6089
9807
9023

1.3
3.0
1.9
1.0
2.1
2.6
4.3
2.8
19.5
13.7
19.7
30.1
32.3
26.1
32.2
0.9
0.1
0.6
4.3
4.4
5.0
4.3
1.8
2.1
17.2
20.9
17.6
4.6
7.9
5.5
7.2
7.0
2.7
4.9
6.2
11.4
18.4
15.6
13.4
15.6
46.7
31.4

7864
8280
7560
6209
10485
8470
6010
4864
8411
8559
7781
9795
8850
10249
.
1788
4376
4139
5544
6248
5890
7200
5064
3620
8367
10306
8392
5531
.
8821
6864
6443
5847
9926
8341
12189
5887
10013
12883
7759
9464
9459

4796
4615
4440
4418
4960
9025
3346
3081
2400
3564
4836
4448
4534
8276
9351
4535
1845
1384
3321
2871
3089
2802
3375
3525
4358
4648
5723
5397
7307
5671
6605
4691
2356
4173
6075
8641
6911
6654
6840
4836
10265
8696

2.9
7.3
4.0
1.1
2.5
3.3
6.3
4.5
31.8
34.0
31.9
49.8
46.6
26.6
.
0.1
0.2
1.9
4.7
5.7
6.8
5.4
1.7
2.5
31.5
39.5
31.5
3.8
.
6.5
4.9
7.6
2.3
6.6
6.2
12.2
19.0
47.0
23.1
25.9
47.5
45.2

0.6
1.3
1.0
1.0
2.0
2.3
2.8
1.9
3.2
5.6
10.6
3.9
18.0
26.0
32.2
1.3
0.1
0.1
3.2
2.7
2.6
4.1
1.8
1.7
11.5
6.9
12.1
5.3
7.9
3.1
22.6
6.6
3.2
3.6
6.3
10.8
17.9
9.3
11.8
7.9
45.7
21.1

1658
.
1682
1341
.
1414
1487
.
1609
1901
.
1950
1414
.
1463
1316
.
1365
1316
.
1511
1316
.
1316
1901
.
1999
1268
.
1463
1170
.
1268
1706
.
1706
1755
.
1950
1950
.
2048

27.7
.
26.5
28.9
.
29.2
23.7
.
25.1
30.5
.
29.3
34.5
.
35.3
23.8
.
24.8
26.7
.
26.3
43.1
.
43.6
33.3
.
33.7
41.0
.
41.0
31.9
.
33.3
26.6
.
27.7
39.6
.
39.7
23.9
.
22.2
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Group Sub Wk
PF

27

PF

29

UC

31

UC

32

1
4
8
1
4
8
1
4
8
1
4
8

Steps

Min StepsR StepsNR MinR MinNR 6MWT BMI

5799
6630
10681
3843
5710
7312
4767
5673
5320
4453
4739
6169

20.5
25.5
46.9
13.0
.
21.9
5.4
12.2
7.1
9.3
8.8
11.9

8515
9061
12479
5001
10231
8429
5222
6843
6290
9051
7616
8422

3762
4807
6185
2105
4677
5823
3629
3874
4932
2614
3301
4427

39.4
47.7
59.0
17.5
.
16.6
6.2
14.2
13.5
25.8
21.4
24.7

6.3
8.9
16.6
6.1
.
28.8
3.2
9.4
4.6
2.7
2.5
2.3

1243
.
1609
1511
.
1706
1316
.
1658
1853
.
1901

26.4
.
26.0
37.5
.
37.2
27.1
.
27.5
27.7
.
28.6
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Group

Sub

Wk

SES

SSFA

SSFR

DBP

DBC

DBD

PF

2

UC

6

PF

10

PF

11

PF

12

UC

15

UC

18

UC

19

UC

21

UC

22

UC

23

PF

24

PF

25

PF

26

1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8
1
4
8

19.0
22.0
19.0
14.0
12.0
17.0
11.0
10.0
11.0
17.0
21.0
21.0
14.0
11.0
13.0
21.0
20.0
20.0
15.0
18.0
20.0
12.0
13.0
15.0
12.0
12.0
16.0
17.0
17.0
15.0
14.0
11.0
10.0
12.0
11.0
10.0
22.0
20.0
20.0
14.0
18.0
19.0

39.0
35.0
28.0
35.0
26.0
4.0
27.0
27.0
27.0
47.0
47.0
47.0
34.0
32.0
32.0
49.0
57.0
49.0
10.0
30.0
22.0
21.0
23.0
23.0
21.0
26.0
24.0
40.0
23.0
38.0
35.0
45.0
33.0
40.0
19.0
30.0
39.0
33.0
37.0
39.0
42.0
34.0

27.0
25.0
21.0
0.0
21.0
0.0
0.0
21.0
0.0
32.0
34.0
32.0
44.0
56.0
38.0
29.0
40.0
47.0
0.0
26.0
35.0
21.0
21.0
21.0
30.0
29.0
29.0
24.0
23.0
27.0
28.0
35.0
22.0
28.0
19.0
21.0
29.0
28.0
21.0
29.0
30.0
23.0

4.1
4.4
4.0
3.9
3.3
4.3
2.8
3.0
2.8
3.3
3.9
3.9
4.5
4.5
4.3
4.3
3.6
4.0
4.3
3.7
5.0
4.9
4.8
4.5
3.9
3.8
3.8
4.8
4.6
3.7
3.9
3.5
3.2
3.1
3.1
2.9
5.0
4.8
4.9
4.0
4.3
4.1

1.5
1.8
2.3
3.0
1.2
1.3
2.5
2.3
2.7
2.7
3.0
2.7
1.2
1.3
2.5
1.7
1.8
1.5
2.2
1.5
5.0
4.8
3.2
4.0
2.2
2.3
2.3
2.0
2.5
2.7
3.3
2.8
3.0
2.3
2.2
2.2
2.0
2.0
2.2
2.3
2.2
2.3

2.6
2.6
1.7
0.9
2.1
3.0
0.3
0.7
0.1
0.6
0.9
1.2
3.3
3.2
1.8
2.6
1.8
2.5
2.1
2.2
0.0
0.1
1.6
0.5
1.7
1.5
1.5
2.8
2.1
1.0
0.6
0.7
0.2
0.8
0.9
0.7
3.0
2.8
2.7
1.7
2.1
1.8
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Group

Sub

Wk

SES

SSFA

SSFR

DBP

DBC

DBD

PF

27

PF

29

UC

31

UC

32

1
4
8
1
4
8
1
4
8
1
4
8

15.0
20.0
20.0
18.0
16.0
20.0
20.0
15.0
21.0
14.0
9.0
12.0

37.0
41.0
50.0
48.0
49.0
45.0
37.0
37.0
30.0
34.0
34.0
22.0

28.0
28.0
33.0
23.0
28.0
0.0
0.0
21.0
0.0
0.0
0.0
0.0

4.5
5.0
4.8
3.7
4.1
4.6
3.1
3.0
2.7
3.4
3.1
3.4

2.8
2.8
2.3
2.5
1.3
2.7
2.2
2.2
2.7
1.5
2.5
2.7

1.7
2.2
2.5
1.2
2.8
1.9
0.9
0.8
0.0
1.9
0.6
0.7
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Group

Sub

Gender

Age

BMI

Diagnosis

Employed

PF

2
10
11
12
24
25
26
27
29

M
M
M
F
M
M
M
F
F

45
55
53
52
58
40
54
68
58

27.7
23.7
30.5
34.5
26.6
39.6
23.9
26.4
37.5

MI
PCI
MI
MI
MI
MI
PCI
CABG
AVR

Y
N
Y
Y
Y
Y
Y
N
Y

UC

6
15
18
19
21
22
23
31
32

F
M
F
M
M
F
M
M
M

54
67
72
53
50
49
63
75
59

28.9
23.8
26.7
43.1
33.3
40.1
31.9
27.1
27.7

Transplant
CABG
MVR
MI
PCI
MI
CABG
CABG
Stable Angina

N
N
N
N
Y
Y
N
N
N
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Dear ______________________,
Subject’s name

_______________
Today’s Date

You will find a total of three questionnaires within this packet. Please feel free to take
this home with you to complete at your earliest convenience. You will find simple, easy
to follow instructions for each questionnaire, and it is estimated to take no longer than
thirty (30) minutes to complete all three. If you have any questions regarding your
participation in the study or this packet of questionnaires, please do not hesitate to contact
me at (765) 285-3577 or by email at jljones14@bsu.edu.
Please return this packet during your next visit to Phase III Cardiac Rehabilitation on
_________ at Ball Memorial Hospital.
Date

Sincerely,

Jason Jones
Research Assistant
Clinical Exercise Physiology Program
Ball State University
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DECISIONAL BALANCE
Physical activity or exercise includes activities such as walking briskly, jogging,
bicycling, swimming, or any other physical activity in which the exertion is at least as
intense as these activities.
Please rate how important each of these statements are in your decision of
whether to be physically active. In each case, think about how you feel right now, not
how you felt in the past or how you would like to feel.
Scale
1.
2.
3.
4.
5.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

=
=
=
=
=

not at all important
slightly important
moderately important
very important
extremely important

I would have more energy for my family and friends
if I were regularly physically active.
Regular physical activity would help me relieve
tension.
I think I would be too tired to do my daily work
after being physically active.
I would feel more confident if I were regularly
physically active.
I would sleep more soundly if I were regularly
physically active.
I would feel good about myself if I kept my
commitment to be regularly physically active.
I would find it difficult to find a physical activity
that I enjoy and that is not affected by bad weather.
I would like my body better if I were regularly
physically active.
It would be easier for me to perform routine
physical tasks if I were regularly physically active.
I would feel less stressed if I were regularly
physically active.
I feel uncomfortable when I am physically active
because I get out of breath and my heart beats
very fast.
I would feel more comfortable with my body if I
were regularly physically active.
Regular physical activity would take too much of
my time.
Regular physical activity would help me have a
more positive outlook on life.
I would have less time for my family and friends if
I were regularly physically active.
At the end of the day, I am too exhausted to
be physically active.

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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Confidence (Self-efficacy)
Physical activity or exercise includes activities such as walking briskly, jogging,
bicycling, swimming, or any other activity in which the exertion is at least as intense as
these activities.
Circle the number that indicates how confident you are that you could be physically
active in each of the following situations:
Scale
1= not at all confident
2= slightly confident
3 = moderately confident
4 = very confident
5 = extremely confident
1. When I am tired

1 2 3 4 5

2. When I am in a bad mood

1 2 3 4 5

3. When I feel I don’t have time

1 2 3 4 5

4. When I am on vacation

1 2 3 4 5

5. When it is raining or snowing

1 2 3 4 5
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SOCIAL SUPPORT FOR PHYSICAL ACTIVITY SCALE
The following questions refer to social support for your physical activity.
The following is a list of things people might do or say to someone who is trying to do
physical activity regularly. Please read and answer every question. If you are not
physically active, then some of these questions may not apply to you.
Please rate each question two times. Under “Family”, rate how often anyone living in
your household has said or done what is described during the past three months. Under
“Friends”, rate how often your friends, acquaintances, or co-workers have said or done
what is described during the past three months.
Please write one number from the following rating scale in each space:
1
2
3
4
5
0

=
=
=
=
=
=

none
rarely
a few times
often
very often
does not apply
Family

1.

Did physical activities with me.

2.

Offered to do physical activities with me.

3.

Gave me helpful reminders to be physically active
(i.e., “Are you going to do your activity tonight?”)

4.

Gave me encouragement to stick with my activity program.

5.

Changed their schedule so we could do physical activities
together.

6.

Discussed physical activity with me.

7.

Complained about the time I spend doing physical activity.

8.

Criticized me or made fun of me doing physical activities.

9.

Gave me rewards for being physically active (i.e., gave
me something I liked).

10. Planned for physical activities on recreational outings.
11. Helped plan events around my physical activities.
12. Asked me for ideas on how they can be more physically
active.
13. Talked about how much they like to do physical activity.

Friends

APPENDIX C

USUAL CARE & BASELINE ACTIVITY LOG
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PEDOMETER INTERVENTION TO INCREASE PHYSICAL ACTIVITY
OF PATIENTS ENTERING A MAINTENANCE CARDIAC REHABILITATION
PROGRAM
•

•
•
•
•
•

As soon as you wake up each morning, put the pedometer on your belt or waistband
at the midline of the thigh (clip the pedometer to a belt if you wear one, otherwise just
clip it to your waistband). If you do not usually wear a belt or thick waist band, an
elastic band can be provided for the pedometer.
The pedometer should be worn at all times except when swimming, showering, or
sleeping.
We ask that you wear the pedometer for 7 consecutive days prior to returning it (note:
it is important that you wear it for the last 7 days prior to returning it; i.e. do not wear
it for 7 days and then not wear it for 2 days prior to returning it).
Return the pedometer to the Cardiopulmonary Rehabilitation program on the
specified date.
If you have any questions please call Jason Jones at (765) 285-3577 or email at
jljones14@bsu.edu
Thank you for participating in this research study.

Monday
Date:

Tuesday
Date:

Wednesday Thursday Friday
Date:
Date:
Date:

Saturday
Date:

Sunday
Date:

Time on:

Time on:

Time on:

Time on:

Time on:

Time on:

Time on:

Time off:

Time off:

Time off:

Time off:

Time off:

Time off:

Time off:

Please report if you did not have the Pedometer on for the whole day (list day, reason, and how
long it was not on). If none, check here .
Please report any days you performed a planned bout of exercise outside Maintenance Cardiac
Rehabilitation (list day, type of exercise, and how long you performed the activity).
If none, check here____.
Please report any days you performed activities that did not require a lot of moving around, but
rather more arm activities (list day, type of activity, and how long you performed the activity).
If none, check here
.
Comment on any unusual or atypical physical activities (activities that you do not usually
participate in on a regular basis) you performed during the past week.
If none, check here
.

APPENDIX D

PEDOMETER FEEDBACK ACTIVITY LOG
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PEDOMETER INTERVENTION TO INCREASE PHYSICAL ACTIVITY
OF PATIENTS ENTERING A MAINTENANCE CARDIAC REHABILITATION
PROGRAM
•

DAILY STEP GOAL: ≥ _____________ steps/day

•

As soon as you wake up each morning, put the pedometer on your belt or
waistband at the midline of the thigh (clip the pedometer to a belt if you wear one,
otherwise just clip it to your waistband). If you do not usually wear a belt or thick
waist band, an elastic band can be provided for the pedometer.
The pedometer should be worn at all times except when swimming, showering, or
sleeping.
We ask that you wear the pedometer for the duration of this study, eight weeks.
Return the pedometer on the day of your final scheduled CR Phase III program
visit.
If you have any questions please call Jason Jones at (765) 285-3577 or email at
jljones14@bsu.
Thank you for participating in this research study.

•
•
•
•
•

For week ________

Monday
Date:

Tuesday
Date:

Wednesday Thursday
Date:
Date:

Friday
Date:

Saturday
Date:

Sunday
Date:

Time on:

Time on:

Time on:

Time on:

Time on:

Time on:

Time on:

Steps:
(noon)

Steps:
(noon)

Steps:
(noon)

Steps:
(noon)

Steps:
(noon)

Steps:
(noon)

Steps:
(noon)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(dinner)

Steps:
(Bedtime)
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*Please See Reverse for Questions Regarding Physical Activity*
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Please report if you did not have the Pedometer on for the whole day (list day, reason,
and how long it was not on). If none, check here____.

Please report any days you performed a planned bout of exercise outside Maintenance
Cardiac Rehabilitation (list day, type of exercise, and how long you performed the
activity).
If none, check here____.

Please report any days you performed activities that did not require a lot of moving
around, but rather more arm activities (list day, type of activity, and how long you
performed the activity).
If none, check here____.

Comment on any unusual or atypical physical activities (activities that you do not usually
participate in on a regular basis) you performed during the past week. If none, check
here____.

