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Abstract:

This correlational descriptive study examined change in physiological functioning in older adults with
chronic obstructive pulmonary disease (COPD) who participated in a 12-week exercise program.
Variables examined included cardiovascular function measured by blood pressure and heart rate,
oxygen saturation measured by pulse oximetry, work capacity measured by duration of time and
metabolic equivalent table (MET) levels, and perceived symptoms of exertion measured by the Borg
(1982) Scale of Perceived Exertion.

Thirty-seven individuals with a diagnosis of moderate to severe COPD participated in the study. The
sample included 19 females, 9 who exercised on room air and 10 who exercised with an 02
supplement, and 18 males, 9 who exercised on room air and 9 who exercised with an O2 supplement.
All participants were Caucasian; their ages ranged from 55 to 82 with a mean age of 70.3 years.

Participants with moderate COPD enhanced their physiological functions in five of the physiologic
parameters measured. The five categories considered statistically significant when using single factor
Analysis of Variance (ANOV A) were systolic blood pressure, diastolic blood pressure, oxygen
saturation, duration of exercise, and MET level. In comparison, participants who were considered to
have severe COPD (requiring oxygen during exercise) demonstrated improvement in only two
physiologic parameters. Statistical significant measures for oxygen dependent participants included
duration of time exercised and MET level.

These study results support the hypothesis that exercise does enhance physiologic functioning in
patients with COPD. However, participants with moderate COPD demonstrated greater improvement.
Nursing plays a key role in providing care for the patient with COPD. Patient education can facilitate
behavior change to improve functional capacity and decrease hospital admission rates, creating a direct
lower cost of health care.
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ABSTRACT

This correlational descriptive study examined change
in physiological functioning in older adults with chronic
obstructive pulmonary disease (COPD) who participated in a
12-week exercise program. Variables examined included
cardiovascular function measured by blood pressure and
heart rate, oxygen saturation measured by pulse oximetry,
work capacity measured by duration of time and metabolic
equivalent table (MET) levels, and perceived symptoms of
exertion measured by the Borg (1982) Scale of Perceived
Exertion.

Thirty-seven individuals with a diagnosis of moderate
to severe COPD participated in the study. The sample
included 19 females, 9 who exercised on room air and 10 who
exercised with an O, supplement, and 18 males, 9 who '
exercised on room air and 9 who exercised. with an O,
supplement. All participants were Caucasian; their ages
ranged from 55 to 82 with a mean age of 70.3 years.

Participants with moderate COPD enhanced their
physiological functions in five of the physiologic
parameters measured. The five categories considered
statistically significant when using single factor Analysis
of Variance (ANOVA) were systolic blood pressure, diastolic
blood pressure, oxygen saturation, duration of exercise,
and MET level. In comparison, participants who were
considered to have severe COPD (requiring oxygen during
exercise) demonstrated improvement in only two physiologic
parameters. Statistical significant measures for oxygen
dependent participants included duration of time exercised

- and MET level.

These study results support the hypothesis that
exercise does enhance physiologic functioning in patients
with COPD. However, participants with moderate COPD
demonstrated greater improvement. Nursing plays a key role
in providing care for the patient with COPD. Patient
education can facilitate behavior change to improve
functional capacity and decrease hospital admission rates,
creating a direct lower cost of health care.




CHAPTER 1
INTRODUCTION

Few people today would argue thé notion that an active
life stylef which includes a regular plan of exercise, |
produces a high quality of living in both a physiological
and a psychological sense. With the prevalence of chronic
disease and an aging society, the consequences of regular
exercise are potentially profound for both the individual
and society (Bruce & Larson, 1987).

Currently, in the United States there are 33.9 million
people between the agé of 65 and 85. By the year 2020, the
U.S. Census Bureau predicts 44.3 million oldér adults
between the age of 65 and 85 (Bureau of the Census, 1994).
If accurate, these demographics predict a 30.6% increaseé in
the number of people at advanced aées in this country. The
health of this pobulation will be the unknown variable. If
the health of the population in the future does not differ
considerably from the health of current society, a huge
proportion of the population will suffer from one or more
disabling chronic diseases.

Today’s limited resources‘constrain heath care
delivery,.thus federal entitlement programs affecting this

matter have become '‘a major issue (Samuelson, 1993).
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Increased_pressure on the already limited resources of the
U.S. society Wiil require difficult decisions in terms of
life expectancy and availability of health care for older
Americans. The health care debate launched by President
Clinton balances between ethics and economics. In the end,
control}ing health costs may mean denying some treatment to
the very sick because the very sick account for most health
spending (Saﬁuelsoh, 1993). This ethical and economic
dilemma may be partially alleviated by introducing
preventive and maintenance health cafe strategies. These
strategies can assiét the elderly in adhering to therapies
designed to slow disease progression, prevent complications

and minimize morbidity.

Purpose

Considering these realities, the purpose of this study
is to examine the physiological response to an exercise
program in older adults with moderate to severé chronic
obstructive pulmonary disease (COPD). The study will
determine if exercise participation enhances cardiovascular
function, increases arterial oxygen saturation, improves
physical work capacity, and lowers perception of exertion.

The evolution of treatment for COPD over the last
quarter century reflects a changing view of health needs
and health care for patiénts with lung diseases. Beginning

with standard medical treatment, many health care
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professionals now recognize the benefits of a regular
exercise program as a physiologic and psychologic
enhancement, as well as a cost effective means for-
producing significant benefits for older adults with COPD

(Hodgkin, 1987).

Background and Significance of Study

With the declining importance of acute infectious
diseases and the prégressively aging population, Western
medicine has increasingly focused on chronic conditions and
their associated disabilities (Williams, 1989). Chronic
obstructive pulmonary diseases (COPD), including emphysema
and chronic bronchitis, afe characterized by chronic airway
obstruction and reduction in éxpiratory airflow. These
diseases represent major causes of death and disability and
have dramatically increased in prevalence during the 20th
century. In the United States during the 1980s these
diseases ranked as the fifth leading cause of death and
accounted for approximately four percent of all deaths
(Higgins, 1989; Lenfant, 1982).

In contrast to other major diseases, the death rate
from COPD in the United States has increased rapidly in
recent years. For instance, from 1970 to 1980, death rates
from coronary heart disease, the number one cause of death,
decreased nearly 30%, while deaths from COPD increased more

than 60% (The Surgeon General’s Report, 1984). Since 1980
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these trends have continued, particularly among men older
than 75 years and in women older'tﬁan 55 years of age
(Higgins, 1988).

Chronic obstructive puimonary disease is-a progressive
disease leading to disability and death (Carter et al.,
1988). In the evolution of this disease process
individuals enter into what may be termed a aisability
spiral (Schwartzstein & Zadai, 1992). Gradually, as the
disease progresses, individuals cope with the functional
loss of ventilation capacity and gas exchange by becoming
increasingly sedentary. A sedentary life style further
erodes the individual’s functional capacity and the
physiologic reserve necessary to perform even the simplest
tasks of daily living (Carter et al., 1988). Despite this
evolving pattern, the disability spiral can be interrupted.
Even Witﬁ severe airway obstruction many older adults who
feel limited by dyspnea (shortness of breath) do not
actually have a purely respiratory limit to exercise. 1In
fact, thé majority of these older adults can return to a
more active lifestyle. Determining the precise factors that
contribute to a client’s exercise limitation, modifying
these factors to reduce the discomfort of dysphea, and
developing an exercise program can help the older adult
break the spiral of disability (Schwartzstein & Zadai,

1992).
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Statement of Problem and Research Question

The research probiem for_this study will answer this
question: Is there a relationship between a 12-week
structured exercise program for older adults with moderate
to severe COPD and their degree of physiologic functioﬁing?
The lz;week exercise prescription is individualized and
' monitored to ensure the subjects do not exceed the maximum
prescribed intensity, duration and frequency. Imﬁrovement
in physical health and the ability to perform activities of
daily living is a desirable outcome at any age. Data
gathered for this study evaluated physiologicél responses

and the significance of exercise ‘and physical fitness.

Conceptual Framework

Being physicallf fit to maintain a quality life and
carry out the activities of the day dates back as far as
3.5-3.8 million years (Malina, 1988). The earliest
hominids were scavengers. Hunting and gathering
characterized the mode of existence for many early human
beings. A hunting and gathering lifestyle involved high
energy expenditure for several days a week, with peak bouts
of strenuous physical activity (Eaton, Shostak, & Konner,
1988; Park, 1988).

The next major change in human socio-culture

development took place with the domestication of plants and
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animals and the rise of agriculture 10,000 years ago.
Advances in industrialization over the past 200 years led
to further urbanization and the rise of the middle élass.
Even during this period most individuals still had
relatively high energy expenditures compared with
individuals at the end of the 20th century (Blair, Kohl,
Gorden, & Paffenbarger, 1992).

Human energy expenditure requirements have declined
through the 20th century. This trend accelerated during
the technological era following World War iI (Park, 1989).
Increased autoﬁotive transportation, widespread adoption of
sedentary activities, and labor saving devices all
contributed to the decline in energy expenditure for
individuals. The metabolic energy demands of previously
strenuous jobs, such as working as a homemaker, miner, or
farmer, are muéh lowér_today than in the past because of
containerization, mechanization, and automation (Bléir
-et al., 1992).

Humans evolved to be active animals and may not be
able to adapt well to modern, sedentéry lifestyle. "From a
genetic stapdpoint, humans living today‘are Stone Age
hunter—gathérers displaced through time to a world that
differs from that for which our genetic constitution was
selected" (Eaton et al., 1988, p. 256). This teleological
argument suggests that human genetic Felection and the need

for physical activity is necessary for health . (Blair et al.,
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1992); it also serves as a useful launching point for a
review of the scientific discussion of exercise.

The scientific study of exercise is a recent
development (Koplan & Powell, 1984). Physiologists‘in the
latter part of the 19th century began to use exercise to |
"stress" body systems to understand physiological
functioning better. Three exercise physiologists, Hill
(1921, physiology of exercise) and Meyerhof and Krogh
(1922, muscle métabolism) received the Nobel prize for
their research in theory and application of the physiology
of exercise (Montoye, in press; Powers & Howley, 1990).

Life has changed dramatically in the past 50 years.
Individuals have become more sedentary and subjected to
increased strain; the lack of sufficient exercise leads to
reduced muscular strength and flexibility, and decreased
cardiovascular and pulmonary function. Physical fitness is
not only beneficial to cardiovascular and endocrine
function, but it also provides a psychological benefit
related to the fundamental unity of the mind and body.

Most observers agree that exercise improves the self-image
and provides a more positive approach towards life (Council
on Scientific Affairs, 1984). Nearly 2,000 years ago,
Juvenal, a Roman - writer of satire, recognized the many
benefits and positive interactions of a healthy body and a
healthy mind when he said, "A sound mind in a sound body is

a thing to be prayed for" (p. 545).
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Freidrich (1977) indicates that "“stress causes
biochemical changes within the body, and undue stress on
the unconditioned body may eventually cause failure of the
endocrine gland system" (p. 330). Failure to keep the
pituitary-adrenal axis conditioned, that is, ready and able
to react to stresses, is one of the main reasons older
people may not continﬁe to function effectively. Lack of
physical stimulatioﬁ tends to cause endocrine glands to
atrophy and become less responsive. Exercise can have a
prophylactic value, because the mild stress that it
provides to the adrenal system conditions a person to
handle severe stress more effectively (Council on
Scientific Affairs, 1984). The physiologic and psychologic
benefits of exercise ‘are not new concepts. In the third
century B.C. Hippocrates (Webster, 1988) said:

All parts of the body which have function, if

used in moderation and exercised in labors to

which each is accustomed, become thereby well-

developed and age slowly; but if unused and left

idle, they become liable to disease, defective in

growth and age quickly. (p. 9)

Strength and flexibility decrease with aging, but if
they decrease from a high level obtained by proper physical
fitness during childhood and youth, they will not drop so
readily to the.abysmally low level so often séen in
relatively young people and particularly in middle age and

older adults. It is commonly accepted that an otherwise

"healthy" 50-year-old or even a 40-year-old may experience
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trouble climbing a couple flights of stairs because of a
lack of cardiovascular and muscular fitness, but this
response is by no means natural or inevitable. The fact
that one’s heart is unable to cope with a relatively small
strain like climbing stairs may explain why this same heart
may fail under excessive mental or phys1cal stress. - The
phy51ca11y inactive individual will show signs of aging
earlier in life and exist physiologically at a lower
potential. Additionally, such individuals do not maintain
homeostasis or meet the daily stresses of life as well.
Such low levels of function combined With forced
suppression of "fight or flight" response enhance the

incidence of chronic diseases (Bortz, 1982).

Hypotheses

Considering the history and theory of exercise, it is
hypothesized that a 12-week structured exercise progfam for
older adults with moderate to severe COPD will improve
physiological functioning. The expected outcomes include
(a) enhanced cardiovascular function as evidenced by
decreased systolic and diastolic blood pressure and
decreased heart rate; (b) increased arterial oxygen
saturation as meésured by pulse oximetry; (c) improved

physical work capacity, evaluated by duration of time

exercised and metabolic equivalent table (MET) levels; and
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(d) decreased symptoms of perceived exertion, measured by

the Borg (1982) Scale of Perceived Exertion.
Definitions of Terms

Chronic Obstructive Pulmonary Disease: COPD is an all-

inclusive, non-specific term that refers to obstructive and
restrictive disorders of the lungs (Hammon, 1987).

Older Adults: Older adults are defined as those

individuals who are 55 years of age or older.

Pulmonary Rehabilitation: Pulmonary rehabilitation is

an art 6f medical practice wherein an individually tailored
multi-disciplinary program is formulated through an
accurate diagnosis, therapy, emotional support, and
education which stabilizes or reverses both the
physiological and psychopathology of pulmonary diseases.
Pulmonary rehabilitation also attempts to return the
batient to the highest possible functional capacity allowed
by his pulmonary handicap and overall life situation
(Hodgkin, Farrell, & Gibson, 1981).

Exercise: Exercise is both planned and structured
physical activity with repetitive bodily movement done to
improve or maintain one or more components of physical
fitness (Casperson, Powell; & Christenson, 1985).

Cardiovascular Function: Cardiovascular function

relates components of health and physical fitness (Powell &

Paffenbarger, 1985). For this study, cardiovascular
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function was measured by the resting systolic and diastolic

blood pressure and resting heart rate.

Blood Pressure: The action of the heart and the forces
exerted by blood against the arterial walls create blood
pressure (Powers & Howley, 1990). The pulmonary
rehabilitation nurse took the resting blood pressure after
a five minute reét period on arrival for exercise. These
blood pressure measurements determined cardiovasculér
function for this study.

Resting Heart Rate: Heart rate is the number of

cardiac cycles per minute (Powers & Howley, 1990). Resting
heart rate is measured with the pulse oximeter after a five
minute rest period and before exercise begins. For this

study heart rate was a measurement tool for cardiovascular

function.

Arterial Oxygen Saturation (Sa0,): SaO, measures the
binding of oxygen (0,) to hemoglobin in the arterial blood
(Powers & Howley, 1990). The pulmonary rehabilitation
nurse obtained SaO, measurements at the beginning of each
exercise session, after a five minute rest period. The
cutaneous pulse oximeter was used toimeasure the Sao0, or
the oxygen carrying capacity of the hemoglobin.

Work Capacity: Work capacity represents the product of

force (speed and grade, intensity) and the distance

(duration) through which that force moves (Powers & Howley,
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1990). Work capacity was measured by duration of time and
MET level on the treadmill or cycle ergometer.

Duration of Time: Duration of time was measured from

start to finish of exercise time on the treadmill or cycle
ergometer. Each participant had a stop watch and time
spent exercising was self limiting, depending on fatigue
level.

Metabolic Equivalent Table (MET): A MET is a multiple

of the resting rate of 0, consumption. Thus, an individual
exercising at two MET’s consumes O, at twice the resting
rate (American College of Sports Medicine, 1991). A
combination of speed and grade on the treadmill or cycle

ergometer was used to calculate MET level.

Rating of Perceived Exertion (RPE): The Borg (1982)
scale of perceived symptoms of exertion rates subjective
symptoms of breathlessness and fatigue during and after
exercise. On completion of the daily eiercise program the
RPE is communicated to the pulmonary rehabilitation nurse

by the patient.

Assumptions

An initial assessment, including an evaluation by the
medical director and the pulmonary rehabilitation nurse,
must be done to determine proper pulmonary diagnosis. This
diagnosis is necessary to achieve opfimal improvement in a

patient’s functional capacity. Health care providers must
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know what causes the pulmonary impairment and be aware of
other medical problems which could interfere, if not
treated, with the patient’s rehabilitation potential.
Therefore, it was assumed that each patient who enters into
the 12-week exercise program has been evaluated for
appropriateness and educated on proper use of exercise
equipment, the perceived exertion scale, and medications,
including oxygen therapy. Lastly, it was assumed that all
values recorded on the patient’s medical record were true

and accurate.




14

CHAPTER 2
LITERATURE REVIEW

Four specific areas of literature were reviewed for
this study. They cover exercise, COPD, aging, and reported

studies of exercise performance in older adults with COPD.
Exercise

The term exercise has been uséd interchangeably with
physical fitness. In fact, both have a number of common
elements. For example, exercise and physical activity
involve any bodily movement produced by skeletal muscles
that expends energy. Exercise, a sub-class of physical
activity, represents planned, structured, and repetitive
bodily movement done to improve or maintain one or more
components of physical fitness. Physical fitness or
conditioning correlates with a set of attributes that
people have or achieve which relate to the ability to
perform physical activity (Casperson et al., 1985).

Physical conditioning increases the ability to perform
work. In a group of well-trained athletes, the imposition
of strict bed rest or inactivity for 10 days to 2 months
resulted in a deconditioned state characterized by the

physiologic changes of decreased maximal oxygen uptake and
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an increased heart rate and bloodvpressure response to
exercise. Posture-dependent reduction in stroke volume and
a reduction in size of the left ventricle also resulted
(Convertino, Hung, Goldwater, & DeBusk, 1982; Martin,
Coyle, Bloomfield, & Ehasai, 1986). Exercise intolerance
sometimes forces patients with COPD to adopt a sedentary
lifestyle, which in turn results in deconditioning.
Depending on the degree of inactivity, physical
deconditioning contributes considerably to exercise
intolerance in patients with COPD (Olopade, Beck, Viggiano,
& Staats, 1992). 4

Authors reviewing the available evidence on the
possible benefits of exercise conditioning in patients with
COPD have concluded that accepted bénefits of exercise
include increased endurance, maximum oxygen consumption,
and increased skill in task performance (Hughes & Davison,
1983). Considerable evidence demonstrates both bhysiologic
and psychologic improvements with exercise in patients with
chronic lung disease (American Thoracic Society, 1987;
Belman & Wasserman, 1981; Cotes, Bishop, & Chapel, 1981).‘
Patients may increase their maximum capacity and/or
endurance for exercise and physical activity, even though
lung function does not usually change. Exercise training
provides an ideal opportunity for patients to learn their

capacity for physical work and to use and practice methods
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for controlling dyspnea (e.g., breathing and relaxation
techniques) .(Ries, 1990).
In order to improve exercise tolerance there must be

physiologic conditioning. The body depends on the

integrated response of a number of body systems in order to

perform exercise. This explanation provides a useful way
to look at the physiologic requirements to perform
exercise. The body must gear up to‘increase transport of
oxygen to the exercising muscles. A number of organ
systems become involved in this process. Perfusion of the
muscle cells must be adequate for diffusion from the
capillaries to the mitochondria, where oxidative
phosphorylation produces the adenosine triphosphate (ATP)
necessary for muscle contraction. Vasodilation of the
muscle vasculature (and vasoconstriction of non-essential
vascular beds) must direét cardiac output appropriately.
Both the left and right heart must pump harder and faster‘
and the blood pumped must be rich in oxygen (oxyhemoglobin
concentration must be high). The pulmonary vasculature
must dilate to accépt the right heart output and the blood
flow to the lung must be evenly distributed to match the
distribution of the airflow. The ventilation of the lung
must bring fresh air to the alveolar-capillary membrane,

and carry carbon dioxide out of the lungs to increase

pulmonary ventilation (Casaburi, 1992). Patients with lung
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disease have distinct handicaps in meeting the increased

oxygen supply requirements imposed by exercise.

Chronic Obstructive Pulmonary Disease

COPD is an all-inclusive and non-specific term that
refers to a condition in patients who have chronic cough,
expectoration, and various degrees of exertional dyspnea.:
Persons with COPD also exhibit a significant and.
progressive reductién in expiratory airflow, as measured by
the forced expiratory volume in one second (FEV,) (Hodgkin
& Petty, 1987). This airflow abnormally does not show
major reversibility in response to pharmacologic agents.
Hyperinflafion‘and a reduced diffusing capacity may be
present. Both inflammatory damage to airways (bronchitis)
and alveoli (emphysema) present themselves at postmortem
examinations of .patients with COPD (Hodgkin & Petty, 1987).

Chronic obstructive bronchitis refers to patients with
cough and expectofation along with a reduced FEV, that does
not improve significantly following bronchodilator
inhalation. Simple chronic cough and expectoration with
normal airflow does hot fall into this definition. Simple
chronic bronchitis with no airflow obstruction has a good
prognosis. In essence, the social and economic impact to
patients, families, and society is minimal (Hodgkin, 1987).
Chronic bronchitis distinguishes itself from asthmatic

bronchitis only by the degree of reversibility in response
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to pharmacologic agents. Patients with chronic obstructive
bronchitis do not have physiologic or roentgenographic
evidence of hYperinflation. Diffusion‘tests are normal or
near-normal (Hodgkin & Petty, 1987). The etiology of
chronic bronchitis may be related to long-term irritation
of the tracheobronchial tfee. The most common cause of
irritation is cigarette smoking. Inhaled smoke stimulates
the goblet cells and mucous glands, which secrete more
mucus. Cigarette smoke also inhibits ciliary action. The
hypersecretion of mucous and impaired cilia lead to a
chronic productive cough. The fact that smokers secrete an
abnormal amount of mucous makes them more prone to
respiratory infections and it generally takes longer for
them to recover from an infectionA(Hammon, 1987) .

The term emphysema refers to patients who have various
degrees of dyspnea on exertion and irreversible airflow
abnormalities as measured by FEV,. -In addition, these
patients demonstrate abnofmalities at the air/blood
interface as judged by carbon monoxide uptake tests
(diffusion tests) and hyperinflation, determined clinically
by physical examination, size of the lungs on x-ray films,
and measurement of total lung capacity (Hodgkin & Petty,
1987). Patients with emphysema have a condition of the
lungs characterized by abnormal permanent enlargement of
airspace distal to the terminal bronchiole, accompanied by

the destruction of alveoli walls, and without obvious




19
fibrosis (Hammon, 1987). Chronic bronchitis and emphysema
often co-exist. Therefore, most clinicians will use the
term COPD for the description of either disease (Hodgkin &
Petty, 1987). | |

The true prevalence of COPD remains unknown, though
reports indicate it exists in 10% to 30% of the adult
population depending on the population studied and varying
definitioﬁs of the disease (Williams, 1989; Woolcock,
1989). The natural hiétory of COPD spans several decades
and has been associated primarily with cigarette smoking as
‘the major risk factor (Crofton & Bjartveit, 1989).
Additional risk factors include air pollution (atmospheric,
domestic, and occupational), childhood respiratory
infections, and passive tobacco smoke (Chretien, 1989;
Crofton & Bjartveit, 1989). Asthma, also an obstructive
disease of the airways, overlaps considerably with COPD in
its chronic forms; therefore, asthma may also be an
important risk factor contributing to the development of
COPD (Buist, 1989; Woolcock, 1989).

Although smoking represents the major risk factor for
development of COPD, the majority of cigarette smokers do
not develop clinical manifestations of obstructive lung
disease until late in life (Ries, 1990). Typicglly, these
diseases develop insidiously and, because of the large
reserve in lung function, do not produce significant

symptoms or come to medical attention until the disease is
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at an advanced stage (Fletcher, Peto, Tinker, & Spei:zer,
1976) . Many patients with mild to moderate COPD have few
symptoms and function undiagnosed. Therefore, official
health statistics significantly underreport the number of
patients diagnosed with COPD. Subsequently, when the
disease 1is recognized later in life, lung function is often
severely compromised and the disease process may be largely
irreversible. Survival rates for patients with diagnosed
COPD are severely reduced with‘approkimate survivals of 50%
at 5 years after diagnosis and 25% at 10 years (Traver,

Cline, & Burrows, 1979).

Aging Process

The effects of COPD ﬁay be confused with age related
factors. Biological aging is a universal property of living
things. Pescopb (1985) believes that as mammalian organisms
age, bodily systems decline, and circulatory, neural, and
hormonal systems lose capacity for adaptive adjustments.

Aging must be distinguished from disease. Biological
changes attributable to aging are frequently referred to as
normal age changeé. Age changes are not diéease; they are
natural evolutionary transformations that are recognized by
changes in hair, skin, eyes, and other similar decrementé.
However, the normal decrements in vital organs do produce
increased vulnerability to pathologicél changes (Maddox,

1987) .
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As an individual ages the chest anterior/posterior
diameter increases as respiratofy muscles atrophy. The
lungs lose elasticity and reduce vital capacity. In
addition, pulmonary wall thickening occurs that impedes
oxygen diffusion. Other age related factors include an
increase in residual volume, leading to less efficient
oxygen (0,) and carbon dioxide (CO,) exchange. Finally,
fewer capillaries and thickening of alvéoli lead to a
decline in arterial oxygen levels (Andresen, 1990).

Age changes, éoupled with cultural expectation that
older adults should "slow down and take a well-deserved
rest" after retirement, produce a sedentary lifestyle which
further ‘aggravates the physical decomposition of aging.
The coincidence of these changes frém subcellular to the
whole-body, prompts the suggestion that at least a portién
of the changes commonly attributed to aging in reality
result from disuse and, as such, are subject to correction
with moderate exercise (Blair, 1990; Bortz, 1982).
Whatever the interaction between aging and disuse, changes
in all physiologic systems are well documented (Webster,

1988) .

Reported Studies

Several reports demonstrate improved exercise
performance after exercise training in patients with COPD

(Holle, Williams, Vandree, Starks, & Schoene, 1988). 1In
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one of the earliest studies, Pierce, Taylor, Archer, &
Miller (1964) reported on the results of treadmill exercise
training over 3 to 16 weeks in 9 patients with seveére COPD.
‘All patients studied improved exercise endurance and
maximum tolerance with an increase in maximal treadmill
speed (mean of 3.5 to 5.5 mph) and a 23% increase in oxygen
consumption (VO, max). In addition, the patients showed
improved mechanical efficiency of work with a decrease in
VO,, heart rate, and volume of air expired in one minute
(Ve) and a more rapid recovery or stabilization after
exercise. Similar results were reported by Paez,
Phillipson, Masangkay, and Sproule (1967). After 3 weeks
of treadmill exercise training in 8 patients with COPD,
they found an increase in maximal treadmill speed (mean
increase of 1.4 to 2.4 mph) and improved mechanical
efficiency‘associated with a longer stride length during
walking. VO, max was not measured in this study.

In 1972, Vyas, Banister, Morton, and Grzybowski
exercised 14 patients with COPD daily on a cycle ergometer
for an average of 10 weeks (range, 6 to 26 weeks). The 11
patients who completed the exercise program experienced a
significant increase in maximal work rate and in VO, max.
In contrast to the previous treadmill training studies,
there was no change in mechanical efficiency on the cycle
ergometer (i.e., no reduction in VO, at constant work

rates).
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Carter et al. (1988) reported results of short-term,
high intensity exercise training in 59 patients with COPD
during an l1l-day inpatient rehabilitation program.
Patients exercised twice a day on treadmills and cycle
ergometers with instructions to exercise near their
ventilatory limits for 30 to 40 minutes per session, with
rests allowed if necessary. Results indicated increases in
work levels on a cycle ergometer, oxygen uptake, and
ventilation after the program, despite minimal changes in
pulmonary function. Patients maintained improvement at
3 months follow-up. These findings suggest that increases
in maximum work tolerance related to improvements in
maximum sustained ventilation and ventilatory efficiency,
since the increase in peak exercise ventilation was due
primarily to an increase in tidal volume (a normal breath).

Holle et al. (1988) reported results of a 6—week
exercise program with an initial target set at 80% of peak
‘work load. In the 44 patients who completed all of the
training and follow-up testing, they found a 73% increase
in metabolic equivalent (an expression of the rate of
energy éxpenditure at rest) estimated for treadmill work
levels (3.28 to 5.46), whereas measured VO, max increased
only 15% from 1.02 to 1.11 L/min. 'FEV,, maximum heart
rate, and maximum ventilation volumég(Ve—ﬁax) did not
change. These findings suggest significant changes in

mechanical efficiency of walking as a primary mechanism of
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the improvement in exercise performance. Also, 24 patients
who returned for follow-up testing at 12 plus or minus 3
months, maintained 89% of peak exercise performance.

Mall and Medeiros (1988) reported the results of an
outpatient pulmonary rehabilitation program in a community
hospitai with 197 patients. After 6 weeks of exercise
training, they found an increase in maximal work load on
the treadmill testing accompanied by lower heart rate and
respiratory rate. However, VO, max did not change,
indicating that the change in work load probably related to
patient improvement in mechanical efficiency of‘walking.

Zack and Palange (1985) exercised 63 patients with
COPD in an outpatient pulmonary rehabilitation program at a
community hospital with levels titrated to patient symptom
tolerance. Exercise training included walking and |
inspiratory muscle exércise. Among the 53 patients who
completed the 12-week pfogram there were no significant
increases in maximum exercise workload or VO, max on a
cycle ergometer but a 51% increase in the 12-minute walk
distance and a 57% increase in endurance time. However,
with supplemental oxygen patients experienced a 14%
increase in maximum cycle ergometer workload, 72% increase
in 12-minute walk distance, and a 98% increase in endurance
time. Improvements were seen in patients with and without

exercise-induced hypoxemia (abnormal deficiency of O, in
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the arterial blood), which may have been related to
reduction in the ventilatory requirements on oxygen.

Mohsenifar, Horak, Brown, and Koerner (i983) evaluated
15 patients with COPD before and after pérticipation in a
6-week pulmonary rehabilitation program. They found little
change in standard measurements of lung function or gas
exchange. All patients reported a subjective improvement
in exercise tolerance (perceived exertion levels) and
demonstrated at least a double increase in exercise
endurance time. However, maxXximum work rate on a cycle
ergometer did not change. The only measurable changes were
a decreaselin heart rate and blood lactate at comparable
levels of exercise.

Tydeman, Chandler, Graveling, Culot, and Harrison
(1984) enrolled 24 patients with COPD in a. supervised
exercise program. The 16 patients who completed the
training and study evélﬁafions reported a 42% increase in
12-minute walk distance. They experienced a 22% increase
in the first 4 weeks and further increase with continued
training (mean time to maximum improvement of 36 weeks).

Most studies report results of short-term exercise
training in patients with COPD. However, reports of
‘ longer-term results exist. Nicholas, Gilbert, Gabe, and
Auchincloss (1970) reported the effeét of exercise training
after a 3-month control period in 8 patients with COPD who

completed the full study protocol. They found an increase




26

in exercise tolerance without change in ventilatory
function or gas exchange measurements. They noted
improvement in mechanical efficiency of walking as patients
demonstrated improved mechanical work tolerance without
changes in measured oxygen uptake (VO, max). They also
found tha£ the patients,seemed to show improved exercise
performance during the 3—month‘"contfol" period; suggesting
that such patients may show improvements related to
participation in a study with repeated exercise testing not
necessarily related to the exercise training.

Brundin (1974) enrolled 31 patients with severe COPD
(17 with and 14 without periods of respiratory failure) in
a long-term study of cycle ergomefry exercise training
(accompanied by breathing exercise and chest physiotherapy) .
Twenty-four patients were able to perform the training over
the 6'to 18 months of follow-up. These patientslnoted
subjective improvement (perceived exertion) in activity
level with less dyspnea (shortness of bréath) and
demonstrated increased exercise tolerance.

Mertens, Shepard, and Kavanagh, '(1978) followed
13 patients during one year of exercise training and
6 patients for a second year. They found an increase in
predicted VO, max at one year and notéd a greater magnitude
of improvement in those patients who were more compliant

with their training regimen.
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All studies reviewed gave either a mean age or an age
range of participants being studied. The age of the
individuals in the reported studies parallels the mean age
aﬁd the age range of participants in this study. COPD has
an insidious onset developing over a 20- to 30-year period
with a long asymptomatic period; therefore, it’has a latent

effect on older adults (Conners & Hilling, 1993).
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CHAPTER 3

METHODS

Design

A correlation descriptive design allows the
investigator to assess the extent to which levels of one
phenomenon correspond to levels of anotﬁer. In a
correlational survey the researcher studies a sample
representing a cross-section of a single population of
interest (Woods, 1988a). This correlation study evaluated
the physiologic effects of a 12-week exercise program from
an assessable population of older adults with COPD.
Considering the complexity of human health, this study is
multivariate. The empirical aépects of the variables being
studied are cardiovascular function, oxygen saturation,
level of work capacity and perceived symptoms of exertion.
The researcher remained unobtrusive and did not inflqenCe
the variables being studied, as many of the participants

had completed the 12-week program before the researcher

contacted them.
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Population and Sample

Individuals selected for this exercise program were
classified as out-patients and considefed to be in a stable
phase of COPD. This population shared a common set of
criteria.. For example, they were 55 yéars of age or older,
had a diagnosis of moderate to severe COPD; and had
completed all aspects of the 12-week exercise program.

All individuals chosen for thé sample possessed the
characteristics to be studied and represented the
population of interest.

In order to ensure an adequate representation of the
targeted group a purposive sample was used. The purposive
sample method allowed the investigator to hand-pick the
cases based on a judgment of the extent to which the
potential participants met the selection criteria (Woods,
1988a). Selection of the purposive sample occurred through
examination of data collected by the staff in the pulmonary
rehabilitation program at St. Peter’s Community Hospital.
(For a full description of the program see Appendix A).

" Thirty-seven older adults who completed the 12-week
exercise program participated in the study. Deﬁographic
data collected included age, gender, race, occupation,
supplemental oxygen therapy, smoking history,.and

accompanying chronic diseases.
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Procedure for Data Collection

Data were collected by reviewing the participants'
medical record in the Medical Record Department at
St. Peter’s Hospital. Participants in this study were
identified by the pulmonary rehabilitation nurse as meeting
the study criteria. The researcher mailed a written
explanation of the study to each potential participant. If
the person agreed fo participate, he or she signed and
returned the consent form. The signed consent form allowed
for release of medical record information collected during

the individual’s 12-week exercise program.

Instrumentation

Non-invasive physiological measures for exercise
testing were used for the study. Physiologic data recorded
each day before exercise was initiated included, blood
pressure, heart rate, and arterial oxygen saturation.
Duration of exercise, MET level, and perceived symptoms of
exertion measurements represent data recorded at fhe

completion of the day’s exercise program.

Blood Pressure

Blood pressure was measured indirectly, using an
calibrated aneroid manometer. It consists of an inflatable
cuff that, when inflated to a pressure beyond that in the

vessels over which it is placed, will impede blood flow.
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As the pressure releases, the cuff only partially occludes
the vessels and blood escapes through the opening in the
vessel, producing a Korotkoff sound. Turbulence of flow
and arterial wall movement produces the sound heard through
a stethoscope placed over the artery. When carefully done
this auscultatory method is fairly reliable and has .an
accuracy of about plus or minus 5 mm Hg (Feinberg &
Fleming, 1978).

In order to control extraneous variables and minimize
error, health care providers in the pulmonary rehabilitation
department use the following guidelines when taking blood
pressure: (1) accurate calibration of all blood pressure
aneroid manometers, (2) consistent use of the left arm to
obtain initial and subsequent blood pressures, and (3) to
assure the use of a proper size blood pressure cuff, the
rubber bladder of the blood pressure cuff encircles at
least two-thirds of the patient’s arm.

Heart Rate and Arterial
Oxygen Saturation

The cutaneous pulse oximeter measured heart rate and
oxygen saturation. The principle of oximetry is based on
Beer’s law which states the concentration of an unknown
solute dissolved in a solute can be determined by light
absorption. When the light from a probe passes through a
finger, the majority of light is absorbed by connective

tissue, skin, bone, and venous blood. The amount of 1ight-
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absorbed does not vary during a cardiac cycle. With each
heart beat a small increase in arterial blood results in an
increase in light absorbedf Bf comparing peak to trough
absorbance, the contributions from non-arterial sources
become irrelevant. Therefore, the thickness of the skin,
fat, and skin pigment do not influence the accuracy of the
cutaneous oximeter (Schnapp & Cohen, 1990).

The cutaneous pulse oximeter used to measure the
arterial oxygen saturation and heart rate has a mean error

of less than 2% at normal saturation and perfusion (Schnapp

& Cohen, 1990). The pulse oximeter cannot be calibrated by

the user; the oximetry equipment is a battery powered
device and has internal quality control monitors for

accuracy.

Metabolic Equivalent Table
and Duration of Exercise

st. Peter)s Hospital uses the Bruce or Naughton-Balke
treadmill protocoi for initially calculating MET level
achieved by the exercising patient. The Bruce protocol
divides into five stages and measures miles per hour (mph)
plus grade (MET level) and duration, for men, women, and
cardiac patients. This protocol, generally reserved for
the more conditioned patients, involves a change in speed
and grade every 3 minutes. Another disadvantage of the
Bruce protocol is the relative brevity as most deconditioned

patients cannot complete stage 3 of the five-stage
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protocol. In recent studies (American College of Sports
Medicine, 1991), researchers have shown 10% to 20% error in
estimating VO, from the Bruce protocol. The researchers
attribute this error to rapid increases in treadmill speed
and grade that exceed the VO, uptake kinetics of
deconditioned patients.

The Naughton-Balke treadmill protocoi utilizes
constant walking speeds of 2.0 to 3.3 mph with increasing
grade increments (2% to 3%) (MET level) every 2 or 3
minutes. This protocol is more acceptable for limited
exercise capaéities because of the more gradual incremental
increases in exercise intensity at each stage and the
decreased chance of error in estimating oxygen consumption.
The Naughton-Balke protocol format accommodates a variety
of individual walking speeds anq‘grades, whilekallowing
selection of appropriate, comfortable and safe exercise
protocol. This format measures exercise intensity (speed
plus grade) by MET level calculated by the treadmill
equipment (Aﬁerican College of Sports Medicine, 1991).

The manufacturer calibrates the treadmills and cycle
ergometer.used in this study with error codes and alarms.
The Biomedical Department at St. Peter’s perférms treadmill
calibrations every 6 months to verify the accuracy and

safety of these instruments.
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Rating of Perceived Exertion

The 0-to-10 category-ratio RPE scale provides a
subjective method to quantify exercise intensity. 'When
using thé category-ratio scale, respondents understand a
fating of 10 is not truly maximal. If the subjective
intensity raises above a rating of 10, the person may
choose any larger number to verify the perception of
exertion (American College of Sports Medicine, 1991).

The rating of perceived exertion (RPE) reéponse to .
exercise has a high correlation with cardiorespiratory and
metabolic variables such as oxygen consumption, heart rate,
and ventilation. RPE reliably indicates the level of
physical exertion during steady-state exercise intensity
for endurance training (American College of Sports

Medicine, 1991).

Rights of Human Subijects and Consent Process

Individuals selected for the study shared a common set
of criteria. For example, they were 55 years of age or
older, had a diagnosis of moderate to severe COPD, and were
able to complete all aspects of the 12-week exercise
program. The pulmonary rehabilitation nurse who
coordinates the pulmonary rehabilitation program supplied
the investigator with a list of prospectiﬁe participants.

All individuals chosen for the sample possess
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characteristics required for the study and represented- the
population of interest.

The researcher sent a letter of explanation to ali
: prospective participants (Appendix B). This letter
described the nature and intent of the research, and
requested formal consent to gain access to the patient’s
medical record. In addition, the letter informed the
individual of the right to refuse participation in the
study by not returnihg the informed consent.

The hospital supplied a formal consent titled
"Authorization for Disclosure of Medical Record
Information" (Appendix C), a necessary chart form
authorizing the researcher access to the patient’s medical
recdrd. Fifty letters of explanation with_consent forms
attached were mailed, each with a self-addressed stamped
envelope for return of information. A 74% return rate
created a sample‘of 37 participants.

Human subjects participating in this study allowed the
investigator access to their medical record. The
researcher restricted information gathered to the specifié
dates of the 12-week exercise program that included the
program entry assessment data. The participant’s name did
not accompany the physiologic data recorded; however, the
data are identifiable through the participant’s medical
record number. All data for the‘reseafch project Were

gathered under supervision in the Medical Recbrds
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Department. The researchef did not remove any medical
record from the department for the purpose of the study:;
therefore, all records remained in a safe protected area.
Registered nurses and St. Peter’s employees maintain a high
standard of confidentiality and professional conduct. The
utmost care and respect for patient information was

strictly adhered to throughout the study.

Planned Statistical Analysis

The purpose of this study was to describe
?elationships between variables. According to Brink and
Wood (1983), this represents a level II research design.
The first step in analysis is to place data in tables that
describe trends; the second step is to test the
significance of the relationship between exercise and
physiological functions of patients with COPD.

Two factors make the appropriate test for this
statistical analysis a parametric test. The distribution
of the variable in the population is known, and the
variable is measurable on an interval scale (Brink & Wood,
1983). The mean, an arithmetical average of the scores,
measures central tendency, while the measure of variation
corresponds to standard deviation (Woods, 1988b). The data
collected provided three sets of scores from the same group
of people. The single factor ANOVA, the statistical test

used in this study, performs an analysis of variance which
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tests the hypothesis that the means from several samples

are equal (Woods, 1988c).
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CHAPTER 4
RESULTS

Medical records from 37 patients were reviewed to
determine the effects of an exercise prégram on patients
with moderate to severe COPD. Descriptive data gathered
included the participants, gender, age, race, supplemental
oxygen therapy, and cigarette smoking history. Additional
demographic information included occupation and

accompanying chronic diseases.

Sample Description

The study sample is described,by age, gender, and
incidence of oxygen therapy in Tables 1 and 2. The sample
-included 19 (51%) females, 9 (24%) who exercised on room
air and 10 (27%) who exercised with an O, supplement, and
18 (49%) males, 9 (24.5%) who exercised on room air aﬁd 9
(24.5%) who exercised with an O, supplement. Participants
who exercised on room air represented patients with
moderate COPD, while those who éxercised with an oxygen
supplement were considered to have severe COPD. All
participants were Caucasian; their ages ranged from 55 to
82 with an age mean of 70.3 years. Participants who |

exercised on room air had an age mean of 70.7 years; those
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who exercised with an oxygen supplement had an age mean of

69.9 years.

Table 1. Age Distribution of Participants (N=37).

Age Range Females Males Total

55 to 65 3 (8-1%) 6 (16-2%) 9 (24.3%)
66 to 75 9 (24.3%) 10 (27.0%) 29 (51.4%)
76 to 85 3 (8.-1%) 6 (16-2%) 9 (24.3%)

Table 2. Gender Distribution With and Without 02 Therapy

(N=37)
Gender Without 02 With 02 Total
Females 9 (24%) 10 (2™) 19 (G1%)
Males 9 (24.5%) 9 (24.5%) 18 (49%)

Table 3 depicts the smoking history of study
participants who exercised without an oxygen supplement.
Their mean number of cigarettes smoked a day was 23.0, and
pack years averaged 49.4.

Table 4 depicts the smoking history of participants
who exercised with an oxygen supplement. Oxygen dependent
participants smoked an average of 27.3 cigarettes a day
with a pack year mean of 54.3. Participants considered to
have moderate COPD smoked 4.3 fewer cigarettes a day or 4.9

pack years less than participants with severe COPD.
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Table 3. Smoking History Without 02 Supplement (n=18).

Number of

Participants

(5.4%)
(5.4%)
(10.9%)
(18.9)
(5.4%)
(2.7%)

- N = N NN

* Pack Years of Cigarettes

smoked.

Years of
Smoking

None
20 to 30
31 to
41 to
51 to
61 to

28858

Mean Number
of Cigarettes
a Day

None
20.0
27.5
28.9
11.5
40.0

Mean Pack
Years of
Cigarettes*

None
20.0
47.5
66.5
32.0
130.0

= # packs/day X # of years

Table 4. Smoking History With 02 Supplement (n=19).

Number of

Participants

2 (5.1%)
3 (8.1%)
7 (18.9%)
7 (18.9%)

*Pack Years
smoked.

Of the total sample 33 (8%%)

Years of
Smoking

None
20 to 30
31 to 40
41 to 50

of Cigarettes

Mean Number
of Cigarettes
a Day

None
23.2
31.4
32.9

Mean Pack
Years of
Cigarettes*

None
35.0
56.6
75.9

= # packs/day X # of years

of the participants

smoked from 3 to 60 cigarettes a day from 20 to 65 years.

Four participants (11%)

never smoked cigarettes;

for this

latter group, their medical records all verified histories

of asthma.



41

The occupational categories identified by participants
run parallel with recognized occupational hazards.
Occupations recorded by participants included construction
work (13.5%), mining (10.8%), smelter worker (5.4%)[.
farming (2.7%), fire fighting (2.7%), woodworking (2.7%),
and pest control (2.7%). Other occupations identified
encompassed clerical work (29.7%), food service (5.4%),
teacher (5.4%), homemaker (5.4%), telephone operator
(2.7%), writer (2.7%), maintenance worker (2.7%),
registered nurse (2.7%), and civil service worker (2.7%).
All 37 participants were retired.

Many of the participants had two or more coexisting
chronic diseases along with COPD. These diseases included
arteriosclerotic heart disease (19%), back pain (19%),
arthritis (19%), asthma (14%) hypertension (11%), adult
onset diabetes (11%), glaucoma (11%), and anxiety or
depression (11%). Less frequently encountered chronic
diseases were congestive heart failure_(8%), obesity (5%),
fatigue (5%), anemia (5%), hypothyroidism (5%), and peptic

ulcer disease (5%).

Findings

For this study, physiologic parameters were monitored
to determine the effects of exercise on older adults with .
moderate to severe COPD. Thirty-seven participants were

14

divided into two groups, those who exercised on room air
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(moderate COPD) and those who exercised with an 0,
supplement (severe COPD). Dividing the study participants
into two groups assisted in determining the effects of

exercise in relation to the severity of COPD.

Participants on Room Air

Table 5 depicts physiologic data gathered from the
medical records of 18 (49%) study participants who
exercised on room air. The mean resting‘systoiic and
diastolic blood pressure (BP) for 'study participants on
room air measured 146/81 mm Hg initially, 123/75 mm Hg at
6 weeks, and 128/72 mm Hg at the completion of the 12-week
program. The systolic pressure decreased 18.7 mm Hg
(12.8%) over the 12 weeks and the diastolic dropped 9.6 mm
Hg (11.9%). Using ANOVA, changes in both systolic, F (2,
51) = 13.7, p < .001, and diastolic BP, F (2, 51) = 5.6,

P < .01, represented a significant cardiovascular
improvement as hypothesized for participants in this group.

The baseline resting heart rate mean of study
participants who exercised on room air was 86.1 beats per
minute (BPM). At 6 weeks it had dropped to 80.9, and at
12 weeks the resting heart rate decreased to 80.6. Over
the 12-week exercise period the heart rate mean declined by
5.6 BPM or 6.5%. Even though there was a decrease in

resting heart rate, it was not statistically significant as
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Table 5. Exercising On Room Air (n=18).

Measures Baseline 6-Week 12-Week 12-Week
Mean Mean Mean Mean Change
Resting 146.4 122.6 127.7 18.7***
Systolic BP (-12.8%)
(mm Hg)
Resting 81.4 74.9 71.8 9.6**
Diastolic BP (-11.9)
(mm Hg)
Resting 86.1 80.9 80.6 5.6
Heart Rate (-6.5%)
(BPVW)
02 Sat. 91.6% 93.4% 94 .6% 3. 0%***
on R/A
Duration 7.4 10.7 12.1 4_8***
(minutes) (-64.6%)
MET Level 4.0 5.5 6.7 2.7%**
(66.3%)
RPE 6.8 7.6 7.4 .6
(9.0%)

*% p <.0l. *** p <.001.

hypothesized, F (@2, 52) = .9, p = .43, when using single
factor ANOVA.

The 1nitial oxygen saturation mean for those on room
air (RA) was 91.6%, at 6 weeks 93.4%, and 94.6% at 12
weeks. Tissue profusion to resting body tissues iIncreased
during the 12 weeks by 3.0%. ANOVA determined this
progression statistically significant as hypothesized,
F @2, 52) = 9.8, p <.001.

Duration of exercise time iIncreased 3.3 minutes (46%)

from base line to 6 weeks. During week 6 through 12 there
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was a 1.4 minute increase (12.7%) in duration of time
exercised. Overall improvement in time spent exercising
rose from 7.4 minutes to 12.1 ﬁinutes or an increase of 4.8
minutes (64.6%). The MET level baseline mean was 4.0,
week 6 revealed a 5.5 MET level mean, and by the 12th week
MET level mean increased to 6.7. The MET level mean
improved 66.3% in 12 weeks, with the greatest increase
occurring during the first 6 weeks of exercise (38.1%).
Using ANOVA the changes in duration, E (2, 51) = 17.2,
p < .001, and MET level, F (2, 51) = 11.3, p < .001,
represented significant improvement for the 18 participants
who exercised on room air.

No decrease in the rating of perceived exertion (RPE)
was evident in participants who exercised on room air. The
mean RPE baseline data measured 6.8 on the Borg scale.
Measurements at 6 weeks increased to a mean of 7.6 (12.3%)
and decreased to a mean of 7.4 (2.9%) at 12 weeks. Over |
the 12-week program the mean for RPE increased .6 (9.0%).
The hypotheses predicted a significant decrease in ﬁating
of Perceived Exertion (RPE); however, this did not occur,

F (2, 51) = 1.3, p = .29.

Oxvgen Dependent Study
Participants

Table 6 depicts the physiological parameters of the 19
study participants who exercised with an oxygen supplement.

Oxygen dependent participants had a baseline resting
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Table 6. Exercise With Oxygen Therapy (n=19).

Measures Baseline 6-Week 12-Week 12-Week
Mean Mean Mean Mean Change
Resting 130.4 119.7 121.6 8.8
Systolic BP (-6.7%)
(mm Hg)
Resting 71.7 71.5 71.5 2
Diastolic BP (--2%)
(mm Hg)
Resting 95.2 90.5 89.8 5.3
Heart Rate G-6%)
(&P
02 Sat. 93.7 93.8 94.7 e
With 02 (1.-0%)
Supplement
Duration 4.8 8.6 11.0 6.2%**
(ninutes) (128.8%)
MET Level 2.8 4.5 5.1 2_3***
(82.8%)
RPE 7.6 7.2 7.0 7
(-9.0%)
**k*x p <_001

systolic and diastolic blood pressure mean of 130/72 mm Hg,
at 6 weeks 120/72 mm Hg, and 122/72 mm Hg at 12 weeks.
Over the 12 weeks the systolic pressure decreased by 8.8 mm
Hg (6-7%), while the diastolic pressure decreased .2 mm Hg
(.2%) during the I12-week program. These mean value changes
were not statistically significant for systolic blood
pressure, F @2, 549 = 2.3, p = .11, or diastolic blood
pressure, F (2, 54) = .001, p = .99, as hypothesized.

The resting heart rate (RHR) baseline mean was 95.2

beats per minute (BPM) for patients on oxygen therapy.
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After 6 weeks of exerciseuthe RHR decreased to 90.5, a 4.9%
drop. From week 6 to 12 the RHR decreased to 89.8 beats
per minute. The total decrease in RHR was 5.3 beats per

minute (5.6%). This mean change was not statistically

significant as hypothesized when using ANOVA, F (2, 54)
1.04, p = .36.

Oxygen dependent study participants use from 2 to 6
liters of oxygen therapy for maintenance of a 90% oxygen
saturation level. Baseline mean for O, saturation was
93.7%. At 6 weeks the O, saturation mean was 93.8% and the
12-week saturation mean increased to 94.7%. There was a
1.0% increase in O, saturation. The ANOVA test did not
recognize the 1.0% increase as statistically significant,

F (2, 54) = .29, p = .74.

Change in duration of exercise time was significant
for O, dependent participants, F (2, 54) = 18.6, p < .001.
The duration baseline mean for O, dependent participants
was 4.8 minutes. At week 6, study participants on oxygen
therapy exercised 8.6 minutes, a 79.4% increase. By week
12 the mean duration rose to 11.0 minutes. The overall
duration of exercise increased 128.8% over the course of
the 12-week program. Work capacity did improve as
hypothesized.

The initial MET level for study participants on oxygen
therapy was 2.8. At 6 weeks the group increased their work

capacity to 4.5 METs or a 60.8% improvement. By week 12
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their MET level improved to 5.1, a 82.8% increase overall.

This improvement in work capacity was statistically
significant, F (2, 54) = 31.6, p < .001; therefore, the
predicted hypotheses was true.

Rating of perceived exertion decreased incrementally
for study participants on O, therapy.  However, the values
were not sfatisticall§ significant, F (é, 54) = .89,

P = .42. At baseline the mean RPE was 7.6; the mean had
dropped to 7.2 by week 6 and to 7.0 by week 12. The RPE

did not decrease as hypothesized.
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CHAPTER 5
DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS

Discussion

Data gathered for this study included descriptive and
physiologic information on patients with COPD. The
descriptive information included age, gender, race, smoking
history, occupation, supplemental oxygen therapy, and
accompanying chronic diseases. The severity of the
participants’ disease .was not distinguished by age or
gender. Occupation and accompanying chronic diseases were
noted but not investigated thoroughly; therefore, it is not
clear what their impact may have been. However, smoking

history demonstrated variations.

Smoking History

Participants exercising on room air smoked a range of
20 to 70 years, while oxygen deéependent participants smoking
history‘ranged from 20 to 50 years. In addition,
- participants exercising on room air smoked an average 4.3
fewer cigarettes a day than those who exercised with‘an
oxygen supplement. Since a specific pattern related to
smoking history is not evident, this information was |

difficult to evaluate.
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A factor that could have influenced the study results
related to compliance with the program’s required smoking
cessation policy. No consistent smoking cessation record

was noted in the chart review.

Physiologic Response to Exercise

In determining the physiologic response to exercise in
older adults with moderate to severe COPD, data were
gathered from four major variables using seven

physiological measures (depicted in Table 7).

Table 7. Study Variables and Related Physiological

Measures.
I IT IIT ‘ Iv
Cardiovascular O, Saturation Work Capacity RPE
- Systolic BP - Pulse - Duration of - Borg Scale
Oximetry Time '
- Diastolic BP - MET Level
- Heart Rate

Study participants with moderate COPD who exercised on
rbom air enhanced their physiological functioning in five
(5) parameters, systolié and diastolic blood pressure,

Sa0,, duration, and MET level. All five measurements were
statistically significant as hypothesized. In comparison,
study participants who were oxygen dependent and considered

to have severe COPD demonstrated statistically significant
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improvement in only two (2) physiologic parameters:
duration and MET level. Hence, physiologic functioning
improved to a greater degree in participants identified as

having moderate COPD.

Cardiovascular Function. The study hypotheses

predicted enhanced cardiovascular function, measured by
blood pressuré and heart rate, for participants with
moderate to severe COPD. Although patients with moderate
COPD demonstrated a statistically significant (p < 0.001)
improvement as hypothesized in systolic and diastolic BP,
those with severe COPD did not improﬁe as hypothesized.
Blood pressure is created primarily by the action of the
heart. The walls of the heart are composed of layers of
muscles; as muscles become cénditioned they work more
efficiently. When the heart muscle becomes more
conditioned and peripheral vascular resistance decreases,
the heart will contract a lower pressure (Powers & Howley,
1990). Participants with moderate COPD reached greater‘
levels of fitness than those with severe COPD. The more
conditioned participants demonstrated a greater decrease in
blood pressure.

In addition, study participants who exercised on room
air displayed lower resting heart rates (86.1 to 80.6) than
oxygen dependent patients (95.2 to 89.8) from baseline to

12 weeks. The overall decrease‘in beats per minute ran
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parallel (5.6 BPM and 5.3 BPM) for both groups. A study by
Mall and Medeiros: (1988) found objective evidence of a
decreased heart rate in 197 patients. These values were
regarded significant because participants performed at a
greater work load while demonstrating lower heart rates
from baseline to 6 weeks. A similar phenomena occurred in
this study; however, the decrease was not considered
significant.

A consideration which may account for the lack of
statistical significance in the heart rate findings is the
patient’s use of beta-agonist medication. Virtually all
patients with COPD are advised to use an inhaled beta-
agonist medication approximately 15 minutes before
exercising. This medication reverses any residual
bronchospasm and prevents exercised-induced airway
reactivity (Schwartzstein & Zadai, 1992). Beta-agonist
medications impact the cardiac cycle, therefore suppressing
true resting heart rate valués (Goodman & Gilman, 1990).
In addition, the higher baseline in the 12-week heart rate
mean seenlin patients with severe COPD is potentially
proportional to the required increased dosing of beta-
agonist medication to perform the same exercise as those

with moderate COPD.

Arterial Oxygen Saturation. Arterial oxygen

saturation, measured by pulse oximetry, increased
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significantly as hypothesized (p < 0.001) for study
participants with moderate COPD. Those patients with
severe COPD had a 1.6% increase in tissue profusion as
compared to the study participants on room air who improved
3.0%. Therefore, O, saturation for pétients using
supplemental oxygen did not increase as hypothesized. 1In
addition, if O, saturation dropped below 90% fortstudy
participants on O, therapy, liters of O, per minute were

increased to maintain a minimum 90% saturation level.

Work Capacity. Work capacity evaluated by duration of

exercise time and MET level revealed the greatest
improvement in physiologic parameters. Physical exercise
increases aerobic metabolism and the associated
ventilatory, respiratory, and circulatory response
necessary to deliver oxygen to the working muscles, both
skeletal and cardiac (Bruce & Larson, 1987).

In general, exercise conditioning improved work
capacity in both groups as hypothesized. However, the
exact mechanisms responsible is elusive because COPD is a
complicated chronic disease that is coupled with aging and
deconditioning. Even though patients increase their
maximum capacity or endurance for exercise and physical
activity, generally lung function does not change (Ries,
1990) . Nevertheless, exercise training provides an ideal

opportunity for patients to learn their capacity for
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physical work and to use and practice methods for

controlling dyspnea.

The above findings support those of Vyas et al. (1972)

and Holle et al. (1988). Vyas et al. exercised 11
participants from 6 to 26 weeks and all experienced a
significant increase in maximal work rate. Holle et al.
found a 73% increase in MET levels in 44 participants. The
findings of Holle et al. represent comparable increases in
MET levels (66.3% with 0, and 82.8% without 0,) as were
found in this study. In the third century Hippocrates
(Webster, 1988) described exercise as beneficial to the
body and indicated it delays aging and decreases morbidity.
Since that time many studies have demonstrated the positive
effects of exercise on. patients with COPD (Carter et al.,

1988; Mall & Medeiros, 1988).

Rating of Perceived Exertion. Rating of perceived

exertion, measured by the Borg (1982) scale, did not
decrease significantly in either group as hypothesized.
However, most participants were exercising for longer
periods of time (duration) and at higher work load
capacities (MET level).

Participants exercising on room air felt they worked
9.0% harder at the end of the 12-week program, while those
on an O, supplement perceived a 9.0% decrease in symptoms

of exertion. The perceived difference could be related to
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oxygenation of the arterial blood. The supplemental O,
therapy probably decreased the progressive accumulation of
lactate acid in the blood. Elevated lactic acid éreates
muscle fatigue (American College of Sports Medicine, 1991).
Therefore, those individuals requiring O, therapy during
exercise receive additional O, supplementation if their O,
concentration drops below 90% saturation. The increase in
supplemental O, could lessen lactic acid accumulation,
hence participanﬁs on O, therapy would experience less
fatigue when exercise is complete. The perception of less
fatigue gives a lower score on the RPE scale.

In addition, the researcher assﬁmes study participants
who exercised three times a week for 12 weeks were self-
motivated individuals working at peak levels. to reach their
goals. Therefore, if individuals worked harder (increased
MET levels) for ionger periods of time (duration), the
optimum response expected should have been a constant or
fixed RPE. In contrast, Mohsenifar et al. (1983) found in
their study of participants (N-15) a subjective improvement
in exercise tolerance (perceived exertion levels) and
demonstrated at least a double increase in exercise time.
However, they also found that MET levels did not chénge for
their sample.

The greatest overall improvement in physiological
parameters‘manifested itself during the first 6 weeks of

the exercise program. Incremental progression occurred in
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the following 6 weeks. However, the results were less
dramatic. This finding is similar to that of Tydeman
et al. (1984). Their participants (N-16) experienced a 22%
increase in the first 4 weeks of exercise and further
increases with continued training. Even though significant
physiological results occurred early during an exercise
program (in 6 weeks), extending the program to 12 weeks
better facilitates behavior changes and exercise
compliance. The potenfial improvement in the patients’
exercise tolerance as well as reported decreases in rate of
hospitalization and well-being after rehabilitation should
validate the enrollment of patients in pulmonary

rehabilitation programs (Olopade et al., 1992).

" Implications for Nursing

The nurse’s role in promoting optimum health for
pulmonary patients includes modeling behaviors, providing
education, social support, and contracting with patients
through the nursing process.' Patients admitted to the
pulmonary rehabilitation program require astute physiologic
assessment before, during, and after exercise in Qrder to
.evaluate their special needs and physiological status. The
nurse’s ability to differentiate the normal changes of
aging from the manifestations of pathoiogic'conditiéns
promotes the developmenf of a safe and effective exercise

program for pulmonary patients.
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Clearly, older adults have much to gain by exercising
regularly. Nurses can significantly impact the functional
capacity and disability associated with many chronic
diseases of older adults by teéching their patieﬁts safe
and effective exercise habits. By performing some form of
aerobic activity 20-30 minutes a day, three times a week,
with appropriate warm-up and cool-down periods, pulmonary
patients can improve their health. Exercise hélps prevent
or reverse the disability of COPD. Chrohic disease
requires long-term management, including self-management.
Thus, nurses must teach active therapeutic approaches that
focus on self-management skills.

Oxygen therapy is considered inconvenient and
cumbersome by many patients with COPD. Hence, patients who
are designated oxygen dependent must be encouraged by
nurses to use their oxygen supplement as prescribed. The
prescribed oxygen compliance for participants in this study
was not determined. Nevertheless, oxygen therapy used on a
long-term basis not only increases survival, but reduces
hospitalization, boosts exercise performance, and increases
psychosocial status (Ries, 1990).

In addition to teaching appropriate use of oxygen
therapy, nurses should encourage patients to quit smoking.
Nurses must take the responsibility to present plans,
programs, and ideas to assist those who need help with

smoking cessation. People smoke for numerous reasons, SO
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individualizing a smoking cessation program may be
necessary.

The disability of patients with COPD stems in part
from maladaption to their illness. As they become inactive
and depeéendent, the disease increésingly controls their
life. Consequently their clinical pattern takes on a
behavioral structure as well as a pathophysiological
structure. Therefore, nurses must teach patients both
behavioral patterns and strength building exercises that
build self-confidence and self-control. Nurses must
realize the benefits of exercise and be prepared to promote
healthy life styles. Preventive health programs, such as
smoking cessation, nutritional education, and energy
conservation techniques all represent effective services
nurses could offer.

With the advent of prospective payment systems for
medical care and competition for available resources,
nurses must document the value of their contribution to
patient care. Comprehensive patient teaching programs such
as those implemented by nurses in pulmonary rehabilitation
programs influence the cost of health care. Patients who
have been taught to manage their disease process more
effectively spend between 15% and 25% fewer days in the
hospital, representing tremendous sayings in health care

(Howard, Davies, & Roghmann, 1987).
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Recommendations

Recommendations for repiicating this study include
using a prospective rather than a retrospective design,
using a larger sample size, and initiating a long—-term
study. Few studies have followed a patient for more than
12 to 18 weeks; incremental physiologic improvements did
occur in this study from week 6 to week 12. A long-term
study poténtially could verify behavior~change; decreased
hospital readmission rates, and stabilization of the
disability of the disease.

If replication of this study occurs, a consistent,
timed, rest period is recommended to obtain more reliable
baseline resting values for blo§d pressure, heart rate, and
Sa0,. Because many factofs could affect re;ting rates, a
. rest period of 10-15 minutes prior to beginning exercise is
recommended to obtain a more valid baseline resting rate.
For this study resting values were defined as a 5-minute
wait (not timed) after arrival and before exercise began.
Therefore, this rest period could have varied with
individuals from day to day.

Suggestions for further studies include an examination
of the effects of occupational hazards and cigarette
smoking in conjunction with environmental hazards.

Additional studies might examine nutrition and weight in
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patients with COPD. Exploration of the psychological
effects of exercise would also be beneficial.

In this study, the relationship between occupation and
COPD was difficult to determine becausé 89% of the
participants had a substantial smoking history. An
in-depth environmental assessment would be helpful to
determine if occupational hazards such as asbestosis, dust
disposition, talé, or fumes contribute to the patient’s
degree of disability. If occupational hazards are linked
to COPD, further research could verify if they are gender
related or class specific.

It would also be of value to study cigarette smoking
in conjunction with other environmental hazards such as
second-hand smoke and air pollution. Additionaily, it
would be of interest to analyze the possibility of a
genetic predisposition to COPD. Therefore, it is
recommended an in-depth assessment of these health hazards
- be studied through record review and patient interviews.
This information could determine if the severity of COPD is
in part genetic.

Weight and nutrition would also be worthwhile
variables to research in patients with COPD. Throughoﬁt
the medical record review, the researcher noted that some
study participants were overweight. Studies need to be
done to determine the possible link between obesity and the

severity of COPD. Others were underweight because
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shortness of breath prevented them from eating a full meal.
For these patients, physicians prescribed liquid .
nutritional supplements to increase caloric intake. A
balanced nutritional state provides increased resistance to
infectidn and represents a crucial coﬁponént of patient
education and wellness levels.

Other aspects of pulmonary rehabilitation worth
studying are the psychological effects of COPD.
Psychological problems play an important role in the
symptomatology of COPD (Glaser & Dudley,. 1987). In the
early stages of COPD, patients are often unaware of or deny
the existence and seriousness éf this disease. Unlike the
effects of other well-known diséases, the disabliné effects
and progression of COPD are not well known. 1In the later
stages of COPD; patients may develop a variety of
psychological symptoms refiecting p;ogressive feelings of
hopelessness and inability to cope’with a disease process
they do not understand. Depression-is common and can be
identified through'screening tools (Agle & Baum, 1977).
Patients may also develop fear andgankiety related to
breathlessness. Other psychological responses to evaluate
are anger, frustration, hostility,'panic, irritability,
psychosomatic problems, and cognitive dysfunction. This
information could be obtained during the 12-week program by

using questionnaires and reviewing medical records.
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In summary, nursing through research, expandé the
knowledge base of patients with chronic diseases and
provides a vital link between health care and the consumer.
Patients with COPD experience various problems as a result
of their disease. Nursing can assist these patients with a
myriad of strategies for achieving maximum functional
ability. Nursing should continue to study the many aspects
of the COPD experience and model the behaviors advocated

for their patients.
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Description of Program

The pulmonary rehabilitation program developed by
St. Peter’s Hospital in Helena, Montana, has enhanced
standard medical care and optimizedAfunctignal capacity for
patients with COPD. Entry into the pulmonary program
requires physicdian referral. Following the referral, the
Pulmonary Rehabilitation Nurse makes an appointment with
the patient for a thorough assessment. The assessment
consists of a medical and social history, nutritional
habits, and occupational or environmental hazards. The
intake assessment also includes patient goals,
reimbursement issues, and available transportation. After
the individual determines the program is suitable to their
lifestyle, thé respiratory therapist conducts_a pulmonary
stress test and pulmonary function test.

The pulmonary stress tesf consists of an
electrocgrdiogram (ECG) stress test with pulse oximetry
monitoring. The pulmonary function test determines
restrictive 1uﬁg disease (chronic bronchitis/emphyséma),
obstructive lung disease (asthma), orncomponents of both.
These test results assist the pulmonary rehabilitation

nurse in determining an exercise prescription based on the
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principles of exercise, including intensity, duration, and
frequency (Blair, Kohl, Gorden, & Paffenbarger, 1992).

The physiologic and perceptual responses to exercise
vary among participants. Therefore, each patient’s
exercise program becomes individualized and prescribed in
accordance with the respdnses and adaptation observed
during the pulmonary function and the pulmonary stress
test. Although individualization of programs'takes place,
common elements exist. Each participant exercises three
times a week on a treadmill, cycle ergometer, and or a
upper body ergometer. The patient’s physical condition and
ability determines the mode of exercise. The need for
oxygen therapy is determined by the patients O, saturation
during exercise. Use of oxygen therapy ranges from 2 to 6
liters per minute, while other patients maiﬁtain their
oxygen saturation on room air. In addition, the pulmonary
rehabilitation nurse'monitors all patients using a single
lead II on the electrocardiogram to measure heart rate and
to monitor for arrhythmias or ischemic changes. The
admitting physician receives a weekly summary of the
patient’s eXercise program results.

The pulmonary rehabilitation nurse’s goal is to assist

patients in achieving optimal levels of functioning.

. Optimal functioning represents a state of being which

individuals strive to attain, regain, or maintain (Blair

et al., 1992). However, it does not involve the absence of
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disease. Therefore, in addition to exercise, pulmonary
rehabilitation offers a variety of educational prograns.
These weekly programs contain topics such as the basic
structure and function of lungs, medication and oxygen
therépy, and environmental lung faétors. Other subjects
include intimate relations, self-esteem, breathing
retraining, relaxation techniques, énergy conservation, and
posture and breathing. The pulmonary rehabilitation
department offers education every Tuesday from 10:00 until
11:30 during the 1l2-week program. |

At 6 weeks the patient receives a modified stress
test. This test may be a Naughton-Balke or the Bruce
stress test, depending on the type of test the patient
received on édﬁission. A modified stress test differs from
the admission stress test in that it utilizes only lead II
of the 12 lead ECG. In addition, the pulse oximetry
monitors heart rate and Sa0,. The Sa0, records in percent;
if the saturation falls below 90% exercise ceases. This
interim stress test allows the pulmonary rehabilitation
nurse fo reevaluate the participanf’s target heart rate and
redesign the exercise program, if necessafy.

For weeks 6 through 12 exercise time, grade, and speed
continue to increase. On completion of the 12-week program
the pulmonary rehabilitation nurse conducts a second
modified stress test. Upon graduation and completion of

the program, each patient receives home exercise
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instructions. Additionally, St. Petgr’s Hospital invites
pulmonary patients to attend the twice weekly maintenance
program. The maintenance program mirrors the 12-week
program, except cardiac monitoring does not take place.

Data for this 12-week retrospective descriptive study
were obtained from patient medical records at St. Peter’s
Hospital. The physiologic data collection is recorded in
structured predetermined categories and these measures
relate patients’ responses to exerciée. The quantitative
data used for this study document blood pressure, resting
heart rate, oxygen saturation, duration of exercise, MET

level, and perceived exertion.
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April 1, 1994

John Smith
1000 Plain Street
Helena, Montana 59601

Dear Mr. Smith,

My name is Jackie Lamphier. I am a registered nurse
employed at St. Peter’s Hospital and currently working on a
masters degree in nursing from Montana State University.

In order to complete my masters degree I am required to
complete a research project (thesis) on a health care
issue.

I am interested in the effects of exercise on patients with
chronic obstructive lung disease and have chosen this topic
as a research project. In order to accomplish this study I
must review information that has been documented on your
medical record regarding the exercise program you
participated in at St. Peter’s Hospital.

I am writing this letter to ask your permission to review
the documentation of your progress while you were in the
12-week pulmonary rehabilitation program. I will not
access any other portion of your medical record, only
review the information recorded during the 12-week program.
With the exception of the information in the thesis, data
gathered from your medical record will be destroyed in

5 years. '

I wish to thank you in advance for your cooperation.

Please be assured all information collected will be
"anonymous and your name will not be used in the study. If
you do not wish to participate in this study I respect your
decision and thank you for your time. If you do wish to
participate, please sign the Authorization for Disclosure
of Medical Record Information and return to me in the
enclosed envelope. :

Sincerely,

Jackie Lamphier, RN
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APPENDIX C

AUTHORIZATION OF DISCLOSURE




TO: s DATE
Full Name

Patient Name:

StreetAddress

City State Zip Date of Birth:

You are authorized to release confidential medical, psychiatric and/or psychological information contained in
my medical record to:

Jackie Lamphier R.N. employed at St. Peter®s Hospital
Full Name and Title: Hospital, Agency, Physician, etc.
2475 Broadway

Street Address

Helena. Montana 59601
City State Zip

This authorization may include disclosure of ALCOHOL and/or DRUG ABUSE information which is
protected by the provisions in the Code of Federal Regulations (42CFR, part 2)

The information to be released is to be used for the purpose of: (Must state specific reason):

Studying the physiological effects of exercise on patients with
chronic obstructive pulmonary disease

| specifically request that the following type of information, and specific dates of service, be released:
1 request information on the clinical results of your 12-week
monitored exercise program at St. Peter’s Hospital

Nature and Type of Information
The specific dates will include from start to finish of the 12-week program

Specific Treatment Dates

| release the above named facility from liability and claims of any nature pertaining to the disclosure of
requested information contained in my medical record.

Signature Date
If signed by personal representative, state relationship and authority to do so.

NOTICE TO WHOMEVER DISCLOSURE IS MADE CONCERNING RECORDS

This information has been disclosed to you from records whose confidentiality is protected by Federal Law.
Federal Regulations (42-CFR, part 2) prohibits you from making any further disclosure of it without the
specific written consent of the person to whom it pertains, or as otherwise permitted by such regulations. A
general authorization for the release of medical or other information is NOT sufficient for this purpose.

Medical Record No.: Helena. Montana

768507 N I(Rev. 4/861






