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ABSTRACT

This retrospective study investigated the effects of membership in a two year
cardiac rehabilitation exercise program on cardiovascular risk factors and fitness in male
cardiac patients greater than, and less than, 65 years of age. Elderly (n=58, 71.2
years) and middle aged (n=71, 55.9

*

* 5.0

6.8 years) patients, who had maintained

membership for two consecutive years were included in the secondary data analysis.
Afier a two year exercise program membership, both middle aged and elderly groups had
significantly increased estimated maximal METS, and treadrnill test duration. The
increase in estimated maximal METS was significantly greater in the middle aged than in
the elderly group. The middle aged group had a small, but signlficantly decreased waist
girth after one year membership, whereas no favorable changes in body fat distribution
were fomd in the elderly group. No significant changes in body m a s index were
reported in either group. Favorable changes in HDL cholesterol, totaYEa)L cholesterol,
and triglycerïde Ievels occurred in both groups, however the increase in HDL cholesterol
over time was significantly greater in the middle aged, than in the elderly group. No
significant changes were found in total cholesterol ievel in either group. While this
community based cardiac rehabilitation program improved fitness and serum lipid levels,
the changes were greater in the middle aged than in the elderly group.
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CHAPTER ONE: INTRODUCTION
The elderly experience physiological aging in dinerent ways depending on
genetic factors, biological aging patterns, and lifestyle practices such as physical activity
level, dietary habits, and psychological factors (Rowe & Kahn, 1987). With aging, there
are reductions in maximal aerobic capacity, maximal hearî rate, and a high prevdence of
symptomatic and aqmptomatic coronary artery disease (Hellman & Williams, 1994).
Musculoskeletal strength and flexibility are also decreased, thus increasing the incidence
of degenerative joint and bone disease.
Cardiovascular disease is the leading cause of death, especially in the elderly
population in North America. According to the Heart and Stroke Foundation in Canada
(2000), cardiovascular disease (heart disease and stroke) is the leading cause of death in
Canada (36%). For men of al1 age groups, 36% of deaths are attributable to
cardiovascular disease, while in women the percentage is higher, at 38%. Mortaiïty rates
fkom cardiovascular disease increase rapidly after age 65 and are higher for men than
women. Brennan (1997) reported that in Brïtain, coronary artery disease accounts for
40% of total mortality among men, and 10% of total mortality among women.
Exercise programs have become an essential part of cardiac rehabilitation, as
physical activity plays an important role in physical reconditioning, cardiac disease risk
factor management, and psychological well-behg after a cardiac event. Studies have
shown that a 12 week exercise based outpatient II rehabilitation program has a positive
impact on exercise capacity (Lavie & Milani, 1996; Lavie & Milani, 1995; Maines et al.,
1997; Williams, Maresh, Esterbrooks, Harbrecht, & Sketch, 1985; Ades, Waldmann,
Polk, & Coflesky, 1992), body fat distribution (Lavie & Milani, 1996; Lavie & Milani,

1995; Maines et al., 1997; Williams et al., 1985) and blood lipid profiles Gavie &

Milani, 1996; Brubaker et al., 1996). The benefits of an exercise based cardiac
rehabilitation program dso include a decreased likelihood of subsequent cardiac events
resulting in reduced mortality, an increased rate of retum to work, and improved quality
of Me.

The correlation between obesity and abnormal health has been well established.
Increased abdominal fat accumulation is more significantIy related to cardiovascular
disease, hypertension, and overall morbidity than is total fat mass, per se, in both men

and women (Ledoux, Lambert, Reeder & Despres, 1997; Matsuzawa, Nakamura,
Shimomura & Kotani, 1995; Rimm et al., 1995; Rexrode et al., 1998; Ohlson et al., 1985;
Reeder et al., 1997; Folsom, Prineas, Kaye & Munger, 1990; Stevens, Gautam & Keil,
1993; Gillum, 1987). The increase in intra-abdominal fat with aging is significantly
associated with the devetoprnent of coronary artery disease and insulin insensitivity, as
well as with abnomal bIood lipid concentrations.
Regular physical activity seems to have a favorable effect in reducing total body
fat mass and abdominal fat accumulation in the elderly. Cross-sectional studies have
reported that physically active elderly individuals had less total body fat mass and
abdominal fat accumulation than their sedentary counterparts (Kohr, Malley, Dalsky &
Holloszy, 1992; Davy, Evans, Stevenson & Seals, 1996). However, studies involving
exercise interventions have provided mixed results about changes in abdominal fat
accumulation.
Regular physical activity is also highly associated with an increase in aerobic

capacity and with favorable changes in blood lipid profiles, both significant predictors of

cardiovascular disease. Elderly long distance m e r s have a higher aerobic capacity,
higher HDL cholesterol level, and Iower triglyceride level than their age matched
sedentary counterparts (Higuchi et al., 1988). Tn addition, single bouts of exercise lead to

an increase in HDL cholesterol (Hubhger & Mackùinon, 1992; Kantor, CuIlinane,
Herbert & Thompson, 1984) and a decrease in triglyceride level (Cullinme, Lazarus,
Thompson, Saratelli & Herbert, 1981).
A strong inverse relationship between physical fitness and d l cause mortality has

been reported in both men and women (Blair, Kohl III, PafTenberger, Clark, Cooper &
Gibbons, 1989; Sandvik, Erikssen, Thaulow, Enkssen, Mundal & Rodahi, 1993; Farreil
et al., 1998; Blair, Kohl III,Barlow, PafTenberger, Gibbons & Macera, 1995). In a large
cohort study, age-adjusted all-cause mortdity rates decreased across physical fitness
quintiles fiom 64.0 per 10,000 person-years in the least fit men, to 18.6 per 10,000
person-years in the most fit men, after an eight year follow-up study Blair et ai., 1989).
The d e c h e in death rates fiom cardiovascular disease and cancer at higher fitness levels
is more pronounced in the oldest group (> 60 years) in both men and women. Blair et al.
(1989) recornmend that brisk wallùog of 30-60 minutes each day can provide a sufficient
fitness standard (nine to ten METS)to protect agaïnst ail caused mortality.
The studies to date on cardiac rehabilitation primady involve younger and
middle-aged cardiac patients with little focus on those over 65 years of age (Wolfe1 &
Hossack, 1989). As the elderly are the fastest growing segment in today's society, with a
two to threefold higher incidence of acute myocardiai infarction than their younger
counterparts (Montague et al., 1991), it is important to investigate the effect of an
exercise program in this age group.

Despite evidence of improvernents in short-term controiled exercise programs,
few studies are available on the benefits of long-term membership in c o m u n i t y based
cardiac rehabilitation programs. Most exercise studies have involved short-term, hospitalbased outpatient rehabilitation programs, without a cornparison group. It is expected that
a community based exercise program that takes place in a practical setting will provide
highly relevant, realistic and more applicable outcomes than those conducted in an

experimentd study setting.

STATEMENT OF THE PROBLEM
The purpose of this study was to determine the effect of a long-term community
based exercise program membership on exercise capacity, abdominal adiposity, and
blood lipid profiles in elderly and middle aged male cardiac patients.

HYPOTHESES
1. It was hypothesized that following two years of membership in a commmity
based cardiac rehabilitation exercise program, the fitness (exercise capacity) and health
(abdominal adiposity, and blood lipids) benefits would be greater in the elderly than in
the middle aged group.

2. It was hypothesized that following two years of rnembership in a community
based cardiac rehabilitation exercise program, changes in blood lipids would be more
related to changes in abdominal adiposity than to changes in exercise capacity in both
groups.
DELMTATIONS
1. The study subjects did not represent al1 middle aged and elderly male cardiac

groups, but rather those who were selected for referral, or decided to join the Reh-Fit
Centre, and maintained their membership for two consecutive years between 1990 and

1998.
2. A socio-econornic bias might exist in selecting the study population, as the
participants are most likely of middle to high socio-economic classes.
LIMITATIONS
1. The study was based on secondary data analysis. Al1 the clinical data during the

exercise membership program were provided by the Reh- Fit Centre.

2. Measures of exercise capacity were based on estimated maximal METS on the

treadmill using the modifïed Balke protocol.
3. A measurement of total body fat mass was not available. Abdominal adiposity
was based on indirect measurements, waist girth (WG), and waist gïrth to hip girth ratio
(WHRI4. The investigator could not control daily dietary intake that rnay have impacted

on blood lipids or body fat distribution.
5. The investigator could not control medications taken for abnomal blood Iipid

Ievels, hi& blood pressure, diabetes or any other medical conditions that may have
aff'ected study outcomes.
6. A record of exercise program attendance was not available. In addition to the

fkequency of exercise, the type, duration and intensity of exercise kvolved was not
controlled for or monitored.
7. Habitua1 physicai activities were not controlled for or monitored, in addition to

exercise program membership.
8. The measurement and recording of clinical data rnay have been biased by

different personnel doing the annual assessrnent over the time of the study.

ASSUMPTIONS
1. Although attendance data were not available, it was assumed that al1 subjects

exercised regularly at the Reh-fit Centre, as they renewed their rnembership for two
consecutive years. In addition, monitoring phone caIls were made by nurse and physicd
education staff three times a year to discuss each patients' attendance and physical
condition.

2. The aging process was responsible for the lower exercise capacity in the elderly
than in the midde aged.

3. The metabolic equivalent (MET) was a valid indicator to predict oxygen
consumption during exercise (1 MET= 3-5 rnl/kg/min).
4. The waist girth (WG) and waist to hip ratio

m)were valid iodicators to

predict abdominal adiposity.

5. AU technicians were adequately trained and followed standardized procedures
and al1 information provided by the Reh-Fit Centre was collected and recorded accurately
by trained personnel.

DEFINITION OF TERMS
Android fat pattern
A central fat deposition in the trunk region, which is descnbed as apple-shaped

(Foss & Keteyian, 1998).
Cardiac rehabilitation
The sum of activity required to ensure the best possible physical, mental, and
social conditions so that cardiac patients may, by their own efforts, regain as normal as
possible a place in the community and lead an active life (The World Health
Orgmization, 1964).
Exercise ca~acity
Maximal rate at which one can consume oxygen during al1 out exercise training or

an exercise stress test (Foss & Keteyian, 1998).

Gynoid fat pattern
Penpheral fat depositions in the legs and thighs, which is described as pearshaped (Foss & Keteyian, 1998)-

HDL cholesterol
The portion of total plasma cholesterol that is transported or carried by high
density Lipoproteins, higher levels of which carry an inverse relationship to the
development of atherosclerosis (Foss & Keteyian, 1998).
Intra-abdominal fat
Fat which is located next to the intemal organs (Foss & Keteyian, 1998).
Ischemia
Local and temporary blood and oxygen deficiency caused by the narrowing of a
blood vessel (Foss & Keteyian, 1998).

LDL cholesterol
The portion of total plasma cholesterol that is transported or carried by low

density lipoproteins, higher levels of which carry a direct relationship to the development
of atherosclerosis (Foss & Keteyian, 1998).

MET (metabolic eauivalent)
The amount of oxygen required per minute under resting and Sitting conditions,
approximately 3.5 ml of oxygen consumed per kilogram of body weight per minute (Foss
& Keteyian, 1998).

Heart attack due to necrotic heart tissue caused by a blockage in the blood vessel.
Obesitv

Excessive totd body fat mass. Greater than 20% above ideal body weight for
height, age, and gender (Foss & Keteyian, 1998).
Subcutaneous fat
Fat located under the skia
Total cholesterol

Includes HDL cholesterol, LDL cholesterol, and triglycende (Foss & Keteyian,
1998).

Triglyceride
Storage form of fatty acids (Foss & Keteyian, 1998).
Waist & MG)

Waist girth was detemiined above the ifiac crest at the visibly narrowest part of
the waist in this study.
Waist to hi^ ratio (WHRI

The ratio of waist circumference to hip circumference. Hip circumference was
determined across the widest giah of the buttocks.

CHAPTER TWO: LITERATURE REVIEW
This review will examine the status and efficacy of cardiac rehabilitation in
cardiac patients. The effects of hospital based outpatient II programs on exercise
capacity, fat distribution, and blood Iipid profiles will also be examined. As few studies
have examined the effect of the phase III community based program, this section will be
focused on the effect of short term outpatient II programs.
Age-related body fat distribution will also be examined, since the pattern of
centrai body fat distribution in the elderly has significant health implications, and is
highly correlated with hypertension, diabetes, high blood lipid concentration, and
cardiovascular-related mortality. Anthropometric measurements including BMI, skinfold
thickness, and WHR will be evaluated as predictors of body fat distribution.
The short term and long term effects of physical activity on body fat distribution
and blood lipid concentration in the elderly will be reviewed based on cross-sectional and
exercise intervention studies. Finally, the role of fitness level as a predictor of
cardiovascular disease, specifically as it relates to blood lipid concentration and dl cause
mortdity, will be reviewed,
Cardiac rehabilitation in disease risk factor management
Cardiac rehabilitation programs onginated in the 1950s with a focus on exercise

traiaùig for patients with myocardial infarction (Dafoe & Huston, 1997). In the 1970s, the
exercise conditioning for patients with cardiac disease led to the development of
numerous medicaily supervised exercise-based rehabilitation programs (Greenland &
Chu, 1988).

Today, cardîac rehabilitation programs go beyond the focus of physical fitness.
The objectives of current cardiac rehabilitation programs are to improve physical
deconditioning due to bed-rest, to educate patients and their families about the disease
process, and to provide psychological support during the recovery phase of the illness
(Gattiker, Goins, Demis & Mills, 1992). In addition, the identification and modification
of the main disease nsk factors (blood lipid profles, blood pressure, and smoking
cessation) are emphasized to decrease the incidence of subsequent cardiac events. While
irnproving and reinforcing health behaviors is important, the eventual goal is to facilitate

a return to normal occupational and avocational activities.
A cardiac rehabilitation program has become an essentiai part of a treatment plan

for patients with manifestations of coronary artery disease, arrhyuimias, congestive heart
disease, or for those who have received a heart transplant (Gattiker et al., 1992). Patients
recovering fiom uncomplicated myocardial infarction or uncomplicated coronary artery
operations are referred for cardiac rehabilitation three to six weeks after the event.
Cardiac rehabilitation is beneficial as soon as coronary artery disease is occurred, or as
late as a f i r multiple Uifarctions complicated by congestive heart failure.
A cardiac rehabilitation program is comprised of a comprehensive education

program for cardiovascular disease nsk factor modification including blood lipid and
blood pressure control, smoking cessation, and exercise training sessions following an
exercise stress test. A program of cophg with psychological stress is also provided. The
program involves a team of physicians, nurses, physical therapists, dietitians, and
exercise physiologists to meet the basic needs of most patients.

Table 2.1.
Patients most likely to benefit fiom cardiac rehabilitation (Dafoe et al., 1997)
Medical
Patients with stable angina
myocardial infarction
congestive heart failure
Post-surgical
Patients who have undergone
coronary artery bypass grafting
percutaneous trasluminal coronary angioplasty
heart transplant
heart-valve surgery

A cardiac rehabilitation program is divided into three phases: inpatient (phase I),

outpatient (phase II), and maintenance (phase III) (Cundey & Frank, 1995). In phase 1,
the physical activity program begins when the patient is hemodynamically and
electrically stable in the intensive care unit. The inpatient physical rehabilitation program

is composed of three stages. The first stage provides for passive range of motion
exercises such as sitting in a chair to maintain vasomotor reflexes and prevent venous

stasis and cardiovascular deconditioning. The second stage includes active range of
motion activities where the heart rate does not exceed the normal resting heart rate plus

20 beats per minute. The third stage is progressive, slow ambulation (1-2 mph) for up to
10 minutes, two to three time a day. After stage three is completed, patients are able to do
simple household tasks that require energy expenditure of two to three METS. Pnor to
discharge, a symptom limited exercise test, such as a modified Bruce or Naughton, can be
used as a guide to the limits of daily physical activities and as the b a i s of an exercise
prescription for the next step - the phase II outpatient programs.

The phase II outpatient program is composed of an 8 to 12 week period
prescribed exercise, exercise instruction, and monitoring disease risk factors (Cundey
Frank, 1995). A goal for most patienïs at the tirne of hospital discharge is a functional
capacity greater than five METs (American College of Sports Medicine Guildelines,
1995). According to American College of Sports Medicine Guidelines (1995), the goals
for outpatient programs are to provide appropriate patient s u p e ~ s i o n
to ensure detection
of problems and potential complications, and to provide timely feedback to the leferring
physician to enhance effective medical management. In addition, outpatient programs
provide patient and family education to protect against M e r cardiac events, and to help
patient implement a safe and effective home exercise program. Home based exercise
programs are increasingly being prescnbed over centre based exercise programs by
physicians and health care professionals for the patients' convenience (such as travel
considerations and expenses). Nurnerous patients have been able to manage home based
programs and experience favorable coronary risk modification with emphasis on blood
lipid control, smoking cessation, and reguiar physical activity (Fletcher, 1998).
The phase III maintenance outpatient program is generally performed at home or
at a local health club (Cundey & Frank, 1995). Most patients who c m safely reach seven
to eight METs can advance to unsupervised exercise. The objectives are to increase
exercise capacity, continue education, and maintain disease nsk factor modification to
prevent a subsequent cardiac event. Exercises include waking, jogging, cycling,
swimrning, and strength training. The target heart rate should be provided and maintained

during exercise.

Blood h i d controi
It is weU known that altering the blood lipid levels c m reduce the symptoms, as
well as slow the progression, of heart disease. Cardiac rehabilitation programs have
involved education about lipid management, the importance of diet, and dietary changes

in order to reduce saturated fat to induce favorable changes in lipid profiles (Dafoe &
Huston, 1997). The programs also provide information about how to select healthy foods,
prepare food properly, and choose alternative food items.
According to the National Cholesterol Education Program Guidelines (1 993), the
target lipid levels for patients with known cardiac disease are a LDL cholesterol level of
less than 2.5 mmol/L, a HDL cholesterol level of more than 1.0 mmoUL, and a
triglyceride level of less than 1.8 m o l / ' . If the target level of cholesterol cannot be
achieved with diet, exercise, and weight loss, specific lipid-lowering drugs or estrogen (in
postrnenopausal women) is recommended (Cundey & Frank, 1995). Arntzenius et al.

(1985) reported that lowering the serurn cholesterol level &er a two-year vegetarïan diet
reduces the progression of coronary atherosclerosis in patients with stable aagina
pectoris. Other benefits associated with the two-year diet were significantly lower body
weight, systolic blood pressure, totaI cholesterol, and a lower ratio of total to HDL
cholesterol.
Psvchological well-being
Cardiac patients commonly s a e r fiom significant psychological, vocational, and
avocational disabilities. Schleifer et al. (1989) stated that two thirds of patients with
myocardial infarction (MI) have mental disordes, mostiy depressive and anxiety states,

and that 45% of patients with myocardial infarction meet the diagnostic criteria for minor

or major depression 8 to 10 days after the cardiac event. Furtherrnore, patients with minor
or major depression after MI have considerably lower seif-esteem and Iess control of
their lives than patients who do not s e e r fiom depression.
According to Cundey & Frank (1999, depression and anxiety disorders can
prevent, Iimit, or prolong the rehabilitation process. PsychoIogicaI conditions need to be
identified and treated as soon as possible. Qualified personnel conduct private i n t e ~ e w s
for indicative signs and symptoms of such conditions. Patients with complicated
psychologicai disorders may require long-term psychiatrie follow-up.
Patients with type A behavior seem to have an increased risk of fürther cardiac
events. Type A personality is characterized by time urgency, cornpetitive nature, striving
for achievement, and hostility (Gattiker et al., 1992). Friedman et al. (1986) suggests that
specinc therapy to modiS type A behavior reduces the risk of cardiac events and
cardiovascular related mortdity in male cardiac patients. Cardiac rehabilitation offers
stress-management programs to enhance the patient's qudity of life and self efficacy
through educational counseling. Routine stress-management programs need to be
supplemented with individual counseling, couple or family counseling, or group therapy
for anger and hostility reduction (Gidron & Davidson, 1996). Depression and anxiety
should be recognized and treated as part of the cardiac rehabilitation program.
Smoking cessation
Cigarette smoking is the leading cause of mortality and morbidity, causing lung
cancer, chronic lung disease, and coronary artery disease in both men and wornen.
Smoking cessation lowers the primary nsk of myocardial infarction to nearly the same
level as that of a nonsmoker within three years (Rosenberg, Palmer, & Shapiro, 1990).

According to Rosenberg et al. (1990), the risk of the e s t nonfatal myocardial infaction
increases with the amount smoked and is significantly elevated for heavy smokers. This
is independent of the amount smoked, duration of smoking, or the presence of other
predisposing factors to myocardial infarction.
A combined educational behavioral intervention program can result in smoking
cessation in 71% of myocardial infarction patients in a six month period (Taylor,
Houston-Miller, Killen, & Debusk, 1990). For heavier srnokers, smoking cessation
should be in conjunction with psychological support, stress management, or relapse
prevention,
The role of an exercise stress test and exercise program
A comprehensive cardiac rehabilitation program consists of prescriptive exercise

training and the modification of risk factors following a cardiac event. To ensure realistic
exercise programs, rehabilitation staff conduct detailed cIinical assessments including
documentation of the patients' pre-event and post-event exercise habits and aerobic
capacity as determined by an exercise stress test (Dafoe & Huston, 1997).
A symptom limited exercise test is essential for exercise prescription (Gattiker et

al., 1992). Patients without evidence of angina or asymptomatic ischernia, congestive
heart failure, or electrical instability are generally good candidates for symptom-limited
testing (Gattiker et al., 1992). Generally, outpatient phase II cardiac rehabilitation
exercise programs start two to six weeks after an acute coronary artery disease event and
four to eight weeks after bypass surgery (L,avie & Milani, 1995).
The exercise test measures the patient's exercise capacity, estimated by metabolic
equivalent (MET) Ievel, which guides the development of exercise prescription. In

addition, the exercise test identifies hi&-risk

characteristics that require M e r

evaiuation or therapeutic intervention.
According to Bethell (1999), the exercise stress test provides information about
the existence of reversible ischemia which is common in post-in£arction patients and
patients after bypass surgery. It is important to know whether patients are likely to
develop ischemia during an exercise session so that the appropriate level of exercise can
be prescribed. The appropriate h e m rate response for improving physical fitness should
be provided, since most cardiac patients take medication such as beta-blockers, calcium
charnel blockers, and angiotension converting enzyme inhibitors which can alter the
resting and exercise heart rate.
The American College of Sports Medicine (1995) guidelines suggest that patients
with uncomplicated disease should be encouraged to reach 70 % to 85 % of maximal

heart rate during an exercise stress test. If ischemia is present, the heart rate should be
below the ischemic threshold. For patients who are deconditioned, or those with limited
medical conditions, 50 % to 70 % of the maximal heart rate is recornrnended.
The absolute contrallidications for cardiac patients to exercise are Listed Table 2.2.
Table 2.2.
Absolute contraindications to exercise (Squires, Gau, Miller, Allison & Lavie, 1990).
Unstable angina pectoris
Overt heart failure
Critical valve stenosis (mostly aortic)
Malignant arrhythmias
Very recent arrhythmias
Severe obstruction of the left ventricular
outflow tract
Acute myocarditis or pencarditis

Serious systemic disease
Thrombophlebitis
Recent systemic or pulmonary
embolus
Severe hypertension
Overt sychoneurotic disorders
Uncontrolled diabetes mellitus
Severe orthopedic limitations

In the last decade, cardiac rehabilitation programs have included strength training
for appropriately screened patients. Resistance training even in phase II outpatient
programs is safe, provokes fewer signs, and reduces symptoms of myocardial ischemia
compared to aerobic training (McCartney, 1998). Resistance training also results in a
considerable increase in dynamic strength, peak exercise capacity, and submaximal
endurance. Amencan College of Sports Medicine Guidelines (1995) reports that
resistance training rnay not be appropriate for some patients with congestive heart failure,
severe valvular disease, uncontrolled arrhythmias, or signifïcant left ventricular
dysfünction. However, resistance training is safe in appropriately selected patients.
Although blood pressure may be higher, and heart rate may be lower during exercise, less
amythmias occur compared with endurance exercise at a sirnilar rate-pressure product.

The benefits of a cardiac rehabilitation exercise Dromam
Exercise training as part of a cardiac rehabilitation program has proven to be very
effective in patients d e r a cardiac event. A nurnber of studies have reported the
beneficial effects of exercise programs on exercise capacity Gavie & Milani, 1996; Lavie
& Milani, 1995; Maines et al., 1996; Williams et al., 1985; Ades et al.,1992), body fat

distribution (Lavie & Milani, 1996; Lavie & Milani, 1995; Lavie & Milani, 1996; Maines
et al., 1996; Williams et al., 1985) and blood lipid profiles (Lavie & Milani, 1996;
Brubaker et al., 1996).
Exercise ca~acity
In general, exercise training increases aerobic capacity by both central and
penpheral effects (Astrand & Rodahl, 1986). Stroke volume, ejection fraction and rate,

and the force of contraction of the left ventricle increase in response to exercise. Reduced

heart rate and central sympathetic tone also have been reported. With training, more
efficient blood supply causes the working muscles to extract a greater amount of the
oxygen from their blood supply.
According to Julius, Amery, Whitlock, & Conway (1966), there are signi£icant
changes in cardiovascular performance in central and peripheral adaptation with aging:
reduced maximal heart rate, ejection fraction, and thickness of wall. Therefore, lefi
ventricular cornpliance is significantiy decreased- In addition, the decreased ability of the
muscles to extract or utilize oxygen, or the ability of the cardiovascular system to shunt
blood away fiom the non exercising, non oxygen utilizing area, to the working muscles
contributes to the decline in the maximal arteriovenous Merences with aging. These
cardiovascular aiterations with aging are more pronounced during exercise stress than at
rest (Stratton et al., 1994).
Several studies have shown that after a 12 week outpatient II exercise programs,
the magnitude of changes in estimated maximal METS was similar (WiIliam et al., 1985)
or greater (Lavie & Milani, 1995, 1996) in the elderly compared to those of young male
cardiac patients. William et al. (1985) compared the results of elderly male patients
(mean age 70.2

I

3.2) with younger patients after a 12 week outpatient cardiac

rehabilitation program. Al1 patients participated in the exercise program within six weeks
of acute myocardial infarction or coronary artery bypass grafting. Symptom limited
exercise testing was performed before and after the exercise program. Although the
elderly patients had considerably lower exercise capacity than the younger patients at
baseline, the improvement in exercise capacity was similar (young 48% vs. old 53%)
afier the training session. Lavie & Milani (1996) compared exercise capacity in very

elderly coronary artery disease patients (>75 years) with those of younger coronary artery
patients (x6O years). After a phase II cardiac rehabilitation program, the very elderly
patients showed a 39% increase in estimated exercise capacity, which was greater than
the 3 1% improvement in the younger patients. Another study by Lavie & Milani (1995)
showed a significantïy greater improvement in exercise capacity in elderly cardiac
patients (older than 65 y e m of age; 43%) than in younger cardiac patients (younger than
65 years of age; 32%).
A summary of the changes in exercise capacity after exercise training as part of a

phase II outpatient program in elderly and middle aged patients is provided in Table 2.3.
Both young and elderly cardiac patients demonstrate a significant increase in exercise
capacity after a cardiac rehabilitation exercise program. Kowever, the amount of
improvement appears to be more pronounced in the eIderly patients who had lower
exercise capacity at baseline than the younger patients, suggesting more potential for
improvement.

Table 2.3
The effect of outpatient II cardiac rehabilitation exercise programs on exercise capacity in
elderly and middle aged patients.
s b d ~
Age (yrs) Exercise Capacity w T s )
O
O
/
P-value
before
af3er
increase
Lavie & Milani, 1996
old (n=54)
young (n=229)
Lavie & Milani, 1995
old (n=199)
young (n=259)
Maines et al., 1996
(n=59 1)
Williams et al., 2 985
(n=76)
Ades et al-,1992
(n=3 7)
* Units are V 0 2 (mVkg.min)
Body fatness and body fat distribution
Obesity, an abnormally high proportion of body fat, is a major problern in
industrial countries. According to Macdonald, Reeder, Chen & Despre (1997), 27% of

women and 35% of men in Canada are obese (BMI ( k g h 3 > 27) and at signifcant nsk
of chronic disease. Obesity is an independent risk factor for coronary artery disease,
including increased blood pressure and blood lipid profiles. Due to the age-related loss of

fat fiee mass, elderly people have more fat mass than younger subjects at a given body
weight. Body fat is redistributed as part of the aging process, with an increase in
abdominal fat accumulation that leads to a high nsk of diabetes mellitus, hypertension,

high blood lipid concentration, and an increased incidence of cardiovascular diseases.

As shown in Table 2.4, most previous studies have reported the favorable effects

of a cardiac rehabilitation exercise program on changes in percent body fat measured by
the sum of skinfold thickness. Most studies involve skinfold measurements which show
in percent body fat (between -3 % to -7%) after exercise
smali, but ~ i g n ~ c adecreases
nt

programs. However, the skuifold method is based on several underlying assumptions.
The thickness of the subcutaneous adipose tissue reflects a constant proportion of the
total body fatness and the sites selected for measurement represent the average thickness
of the subcutaneous adiposity.
These assumptions have a higher error rate for predicting percent body fat in
elderly individuals than their younger counterparts. With aging, body fat a c c u d a t e s in
vanous sites other than the measuring sites to different degrees. As increased abdominal
adiposity with aging is highly correlated with cardiovascular disease nsk factors, a more
specific measurement is required to estimate abdominal fat accumulation.
Table 2.4.
The effect of outpatient II cardiac rehabilitation exercise programs on percent body fat in
elderly and middle aged patients.
S~U~Y
Lavie&Milani, 1996
(n=54)
avie & Milani., 199
(n= 1 99)

>75

%
Percent body fat (%)
before
after
after program change
26.0 7.8 24.3 * 6.5
-7

> 65

25.4

Age ( ~ r s )

Maines et al., 1997

62 & 10

Williams et al., 1985

> 65

* 7.0

* 6.9
22.3 * 5.7
25.1

23.7

* 5.9

P-value
O. 13

23.7 =k 5.9

-7

< 0.0001

23.6 & 6.5

23.6

6.5

-6

< 0.0001

* 5.4

20.8

5.4

nia

c0.05

20.8

Blood lipid profiles
Regular physical activity is highiy associated with favorable changes in senun

lipid profiles, such as an increase in HDL cholesterol, and a decrease in LDL cholesterol

and serum triglyceride, the most prevalent cardiovascular disease risk factors (Ekelund,
Haskell, Johnson, Whaley & Crique, 1988)- Regular physical acti*

also increases

insulin sensitivity, triglyceride clearance, and HDL cholesterol formation, thus improving

glucose and blood lipid metabolism. Gordon, Knoke, Probstfield, Superko & Tyroler
(1986) found that a 1ow level of HDL cholesterol is the most powerfûl predictor of
cardiovascular disease, and showed an inverse relationship with coronary heart disease
incidence in both men and women.
Lavie & Milani (1996) reported that elderly patients (> 75 years) have significant
improvements in blood lipid profiles, including a reduction in total cholesterol (-5%,
p=0-Ol), serum triglyceride (-Io%, p<O.000 1), LDL cholesterol (-6%, g=0.04), and

increases in HDL cholesterol (6%, p=0.05) after participation in a phase II cardiac
rehabilitation exercise program. Brubaker et al. (1996) compared the blood lipid profiles
of patients who remained active in a formai cardiac rehabilitation exercise program for an
extended length of time (more than one year), with patients who exited after the standard
length of three months. At follow-up (average Gme fiom exit to follow up: 2.5 years),
significant differences were observed between the extended and standard length groups
for HDL cholesterol (44 vs. 39 mg/dl), total/ HDL cholesterol ratio (5.2 vs. 6.1 mg/dl)

and serum trigiyceride (134 vs. 204 mg/dl). The patients who remained in the extended
program had favorable changes in blood lipid profiles beyond the changes observed
during the initial three month standard program. In addition, the standard length group

subsequently Lost the simiificant benefits that had been obtained during the three months
program, and many variables were worse thm at program entry. Therefore, regular
physical activity should be maintained even &ter the completion of formal rehabilitation
exercise program to optimize and maintain health benefits and to reduce the incidence of
subsequent cardiac events.
Bodv fat distribution as a ~redictorof risk of cardiovascular disease
Body fat distribution is more significantly related than total body fat to
cardiovascular disease risk factors. This section evaluates the anthropometric
measurements commonly used to predict body fatness and body fat distribution,
examines gender and age related changes in body fat distribution, as well as the
relationship between abdominal adiposity and cardiovascular disease risk factors.
Evaluation of anthro~ometricmeasurements
A number of methods have been developed in order to assess human body

composition. Direct measurement of body composition has been performed by carcass
analysis (Bray, 1976). According to carcass analysis, water is the primary cornponent
accounting for 60% to 65% of body weight, fat and protein each account for 15% of total
body weight. Since this direct rneasurement cannot be performed in a practical situation,
researchers must use more accessible indirect methods to estimate hurnan body
composition.
Anthropomorphic measurements are indirect measurements most commonly used
to estimate human body fat distribution. These measurements include the determination
of height and weight, various body circumferences or diameters, and measurements of

skinfold thickness.

Body mass index @MI) is the most commonly used method for assessing total
body weight in relation to height (BMI=kg/mZ). Keys, Fidanza, Kamonen, Kimura &
Taylor (1972) proposed BMI as an index of relative weight and obesity. Macdonald et al.

(1997) reported in the Canadian Heart Health Survey that nearly 60% of men and 50% of
women have a BMI of 25 or more and have greater health nsks due to excessive body fat.
Obesity (> BMI 35) is associated with very high health risks and occurs twice as often in
women (7%) compared to men (4%), 34-44 years of age in the Canadian population. The
prevalence of high blood pressure is 3 to 10 tunes greater in people with a BMI higher
than 30 compare with those with a BMI lower than 20.

It has been suggested that the fewest health problems are found in people with

BMI values of 20 to 25, whereas more complications are found in those with a BMI of
25-27, and a high prevalence of chronic disease is found in those with a BMI greater than

27 (Canadian Guidelines for Healthy Weights, 1988). Specifically, the chances of
developing diseases, such as high blood pressure, diabetes, heart disease, certain cancers,
and arthrïtis are higher in people with a BMI greater than 27.

BMI has been widely used to measure obesity, since it is a simple non-invasive
and convenient mesure that compliments other measurements, such as skinfold
thickness and body density measurements. However, BMI oniy reflects the level of total
body weight in proportion to height, without assessing body fatness and body fat
distribution. Garn, Leonard, & Hawthorne (1986) suggested that BMI may be stature
dependent over at le& part of the age range, is affected by leg length, and reflects both
lean and fat tissue to a comparable degree. The gender dependency of BMI is also
reported. Higher BMI in men than women reflects a greater lean tissue mass, whereas the

higher BMI in postmenopausal than premenopausal women reflects greater fat mass (Ley
et ai., 1992). With aging, changes in BMI may reflect a combination of rnany factors
includuig tnie gain or loss of fat mass, and weight changes due to the loss of lean body

mass (Borkan, Hults, Gerzof, Gerzof & Robbins, 1985). Therefore, the interpretation of

BMI in older subjects seems to be more complex than the interpretation in the jounger
counterparts, and is not necessarily comparable with a similar BMI among the younger
population.
There are several additional limitations of ushg BMI. First, BMI does not account
for lean body mass. BMI does not distinguish between those who have a high BMI value
due to a large muscle mass and those who have a high BMI value due to more fat mass.
Some people with a large muscle mass, such as weight lifters and body builders, have a

high BMI value. Secondly, regional body fat distribution cannot be established by BMI.
Therefore, additional measurements such as waist to hip ratio, circumference, and
skinfold measurements need to be conducted dong with BMI to ascertain a more
accurate body fat distribution.
Skinfold thickness measurements have been widely used since the 1950s to
estimate the total amount of body fat (Keys & Brozek, 1953). Since subcutaneous
adipose tissue is easily measured, and contains a large fiaction of the total body fat mass,
skinfold measurement has become the most widely used non-invasive method for
predicting body fat distribution (Martin, Spenst, Drinkwater & Clarys, 1990). The
skinfold thickness measurement estimates body fatness, commonly using calipers to
rneasure the biceps, triceps, subscapular, suprailiac, and thigh areas. However, this
method is also based on several underlying assumptions. The thickness of subcutaneous

adipose tissue is assumed to reflect a constant proportion of the total body, and the sites
selected for measurement are assumed to represent the average thickness of the
subcutaneous adipose. These assumptions may ciiffer between subjects and within a
subject. Furthemore, body fat increases with aging even when the sum of skinfold
thickness remains constant. Accumulation of fat with aging could occur in sites other

than those measured, therefore, an age-specsc skinfold thickness equation should be
established.

It has been reported that the WHR is a better predictor of abdominal adiposity,
than s w o l d thickness measurements- The WHR has been used to measure abdominal
fat distribution, which has a positive relationship with cardiovascular disease. WHR
values above 1.00 in men and 0.85 in women are associated with increased risk of
metabolic abnonnalities (Bray & Gray, 1988). Despres et al. (1990) reported that most
people with a BMI below 25 are likely to be at low risk, independent of variations in thek

WHR. The higher the BMI value, the more the WHR is associated with increased overall
health risk. Individuals with a BMI over 30 and a WHR of over 0.95 have much more
abdominal fat accumulation than individuals with a comparable WHR and a BMZ of less
than 25. Abdominal fat distribution estimated by WHR has been associated with

increased plasma triglyceride and glucose levels, elevated systolic and diastolic blood
pressure, and insulin resistance (Ledoux et al., 1997).
Waist circumference (WC) is more highly correlated with total visceral fat and

total fat mass than is WHR (Busetto, Baggio, Zurlo, Carraro, Digito & Enzï, 1992). High
correlation coefficients between intra-abdominal fat and waist c i r c d e r e n c e have been
reported at al1 levels of BMI. According to Busetto et al. (1992), rnultivariate analyses

show WC to be more related to total body fat, and to the size of subcutaneous and intraabdominal fat deposition (which are the major adipose components related to
cardiovascular disease risk factors) than is WHR. Despres et al. (1990) report that a waist
girth greater than lOOcm may suggest the presence of large amounts of abdomuid
adipose tissue, which represent significant metabolic abnormalities.
Age related changes in bodv fat distribution
Men and women store fat differently, and these drfferences begin eady in life
(Mahna & Bouchard, 1991). At about 9 years of age, boys begin to store more fat in the
abdomen, whereas girls store more fat in the hips and thighs (Mahna & Bouchard, 1991).
These gender-related clifferences in fat distribution are more pronounced after puberty.
The typical fat deposition pattern in males is termed android, central, or apple-shaped,
whereas peripheral fat deposition in females is called gynoid, or pear-siiaped.
Body fat is redistributed during the aging process, resulting in an increase in the
abdominal region and a decrease in the peripheral region. However, this may vary
between individuals. Borkan, Hults, Germf, Robbins & Silbert (1983) reported that a
significant difference in body composition was found between middle aged men (41 to 52
years) and elderly men (59 to 76 years) using computed tomography. Although middle
aged men weighed 8.2 kg more than elderly men, this difference was primarily due to
greater lean body mass (6.6 kg) rather than fat mass (1.5 kg). Computed tomography
showed that fat in the upper leg was significantly less in the elderly men than in middle
aged men. Total abdominal fat was simila. between the two groups, however, less
subcutaneous fat and more intra-abdominal fat were found in the elderly men. No

significant differences were found in the chest and arm fat deposition area for both
groups.
Schwartz et al. (2990) compared the body fat distribution in very healthy young
(18 to 30 years) and elderiy (60 to 85 years) men using computed tomography and
circumference measurements. Although the two groups were quite similar in %MI,
percent body fat, and fat rnass, the distribution of body fat was different. The young
subjects had greater body fat than the elderly subjects in their thigh and arm
circumference, 16% and 10% respectively, whereas the elderly subjects had a

simcantly greater waist to hip ratio (WHR). The biggest dserence between the two
groups was the intra-abdominal fat deposition, as the elderly group had twice as much fat
as the younger subjects. In addition, the ratio of intra-abdominal to abdominal
subcutaneous fat was more than two and a half times greater in the older subjects. M e r
adjusting for height and total fat m a s , the amount of intra-abdominal fat was even more
pronounced in older subjects. They concluded that approximately 40% of the overall
increase in intra-abdominal fat occurred between the third and seventh decades of life.

Thus, an increase in central upper body fat and intra-abdominal fat, and a decrease in
penpheral lower body fat, also begins around middle age and continues with aging even
in healthy subjects.
Ley, Lees & Stevenson (1992) investigaied gender differences in body
composition and regional fat distribution by dual-energy x-ray absorptiometxy (DEXA).
They found that the proportion of android fat was greater in men (48.6%, aged 51 c 13
years), whereas the proportion of gynoid fat was greater in women (43.4%, aged 43 t 12

years). These ciifferences remained signincant &er adjusting for age and height or BMI.
Menopause-related dserences were also reported in this sîudy.

Enzi, Biondetti, Fiore, Semisa & Zurlo (1986) showed that the visceral to
subcutaneous abdominal adipose tissue area ratios, as measured by CT, increased with
age in both men and women, and that the increase was signincantiy higher after 60 years
of age. Shimokata, Tobin, Muller, Elahi, Coon, & Andres (1989) compared body fat
distribution using anthropometric measurements between different age groups in both
men and women: young (under 40 years), middle-aged (40 to 54 years), old (55 to 69
years), and very old (70 and older). WHR was increased with increasing age group, but
the major increases in women occurred from 40 to 70 years of age while in men, the
major increases occurred fiom 20 to 50 years of age and then remained constant. The

WHR was most strongly correlated with BMI in both men and women. The triceps
skuifold thickness measurement showed sex and age differences. In both men and
women, there was a 30 % increase in WKR with aging, but in men the increase occurs

during rniddle age, while in women, it occurs much later.
From the previous studies, the following conclusions can be made about age
related differences in body fat distribution:

1. The fat distribution pattern changes with aging in that the centrd upper body
fat accumulation increases, especially intra-abdominal fat. The major
increases occur earlier in life for men compared with women. There is also an
increasing ratio of intra-abdominal to subcutaneous fat with aging.

2. Men tend to have a higher proportion of android fat deposition, whereas
women tend to have a higher proportion of fat distributed in a gynoid pattern.

3. Elderly men have more intra-abdominal fat and less subcutaneous fat
deposition than their younger counterparts.
Disease risk factors related to abdominal fat accumulation

In addition to the amount of fat in the body, the pattern of fat distribution is a
significant predictor of cardiovascular disease risk factors, diabetes mellitus,
dyslipidemia, and overall mortality in both men and women (Ledoux et al., 1997;
Matsuzawa et al., 1995; Rimm et ai., 1995; Rexrode et al., 1998; Ohison et al., 1985;
Reeder et al., 1997; Folsom et al., 1990; Stevens, Gautam & Keil, 1993; Gillum, 1987).
Excessive abdominal fat accumulation, especially intra-abdominal fat is related to the
development of coronary artery disease and insulin insensitivity, as well as to adverse
blood Lipid concentration and increased blood pressure.

In a recent Iarge cohort study, Reeder et al. (1997) reported that BMI, WC, and
WHR increased progressiveiy with age, along with an increase in both systolic and
diastolic blood pressure. They divided 16,007 men and women into three age groups; 1834 years, 35-54 years, and 55-74 years, and compared their fat distribution and disease

risk variables. Increased abdominal fat accumulation assessed by WC was highly
correlated with cardiovascular disease risk factors, such as elevated triglyceride levels
and low HDL-cholesterol concentration, as well as with elevated blood pressure, both
systolic and diastolic, in al1 age groups. The degree of correlation with the disease risk
factors was largest in the 35-54 year old group, especially in women.
Stevens et al. (2993) reported sirnilar outcornes in elderly subjects (mean age 72.2

years) showing that BMI is inversely correlated with HDL cholesterol and positively
correlated with hypertension in both men and women. lncreased WHR was highly

associated with cholesterol level. Computed tornography suggested that the increase in
adiposity in the abdominal region with age accounts for the increase in intra-abdominal
adiposity. A significant aegative relationship has been reported between the level of
intra-abdominal fat deposition and glucose tolerance, independent of the level of obesity
(Despres et al., 1989). Multivariate analyses showed that the level of intra-abdominal fat
was negatively related to plasma HDL cholesterol levels, especiaily with the cholesterol
content of the HDL subtraction (Despres, 1989).
Accumulation of abdominal fat is associated with high plasma triglyceride and

LDL cholesterol concentration (Rebuffe-Scrive, Andersson, Olbe & Bjontorp, 1989).
Increased intra-abdominal adipose tissue drained by portal circulation has a sensitive fiee
fatty acid mobilizing system. The fkee fatty acids released fiom the intra-abdominal fat
reach the liver directly via the portal circulation, whereas fiee fatty acids released fiom
subcutaneous fat are released into the systemic circulation. Exposure of the liver to high
fkee fatty acid concentration causes increased hepatic secretion of very low density
lipoprotein (Bjontorp, 1990). Lipolysis in the intra-abdominal region has a greater impact
on the liver, which interferes with hepatic catabolism of insulin and stimulates
triglyceride-rich very low density lipoprotein production and otlier adverse lipid profiles,
to a greater extent than does lipolysis in the subcutaneous region (Hunter, Kekes-Szabo,

Snyder, Nicholson, Nyikos & Berland, 1997).
Despres et al. (1990) proposed three different types of fat accumulation, each with

a different effect on blood lipid metabolism. Gluteal-femoral obesity is related to small
disturbances in insulin kinetics and lipid metabolism, subcutaneous abdominal adiposity
is related to larger disturbances in insulin kinetics and lipid metabolism, and intra-

abdominal adiposity is hlghly correlated with insulin kinetics and lipid metabolism.

Kissebah & Peiris (1989) reported two hypothesized mechanisms for the influence of
androgens on fat patterns.
1. Androgens influence deposition of adipocytes in the waist area (both intraabdominal and subcutaneous fat), which m e r morpholo,oicaUy and
metabolically from those in the gluteo-femorai region, facilitating an increase

in fiee fatty acid flux and an overexposure of hepatic and exhepatic tissues to
fiee fatty acid.

2. Androgens may directly cause abnomahies in insulin dynarnics and hepatic

and exhepatic insulin action.
Increased abdominal adiposity also elevates the risk of non-insulin dependent
diabetes mellitus. A few longitudinal studies reported a cause and effect relationship
between abdominal obesity and incidence of diabetes mellitus. In a 13.5 year follow up
study, Ohlson et al. (1985) reported a significant relationship between fasting blood

glucose levels and the WHR. New cases of diabetes mellitus identified in the follow up
were greatest amongst subjects who were more obese at baseline than non-cases as

shown by dif3erences in body weight, BMI, skinfold thickness, and WHR. Furthemore,
the nsk of diabetes in the upper 5% of the distribution of the WHR at baseiine was 16.6
times higher than in the lowest quintile.

The effect of physical activity on body fat distribution
Aging is associated with marked changes in body composition as well as

metabolic abnomalities. During the aging process, there is a significant accumulation of
adipose tissue, especialIy in the abdominal region, which leads to a high risk of insulin
insensitivity, diabetes rnellitus, hypertension, high blood lipid concentration, and
therefore, increases the chance of cardiovascular disease. Decreased physical activity
with aging also contributes to body composition changes.

Physically active individuah have higher aerobic capacity, bone mineral density,
lean body mass and are at Iower risk for chronic disease than are sedentary individualsBy reviewing cross-sectionai and longitudinal studies, the following section examines

how increased and habituated physical activities are related to abdominal body fat
distribution and blood lipid profiles.
Cross-sectional studies

Studies have shown that individuals habituated to long-term physical activity have
greater muscle mass and less fat mass than sedentary individuals. Kohrt, Malley, Dalsky
& Holloszy (1992) examined the effect of age and physical activity on body fat

distribution by comparing young and older endurance trained men and women with their
yomg and older sedentary counterparts. Differences between young and older people in

body composition were significantly greater in sedentary individuals than in trained
individuals. The older sedentary men and women had an average of 10.1 kg and 12.2 kg

more fat mass than their younger counterparts, whereas smaller differences of fat mass
were found between young and older endurance trained men and women (4.3 kg and 5.5
kg). At peripheral and lower body sites, the relative and absolute differences in skinfold
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thichesses between young and older were similar in the active and sedentary group.
However, in the central region, the relative merences between young and older people
were 2 to 6 fold greater in the sedentary than in the trained group.
Longitudinal studies
To investigate the effect of aerobic training on subcutaneous fat morphology and

fat distribution, Despres, Bouchard, Tremblay, Savard & Marcotte (1985) examined body
fat distribution in 12 sedentary male subjects after 20 weeks of aerobic training.
Significant decrements in weight, percent body fat, the sum of skinfolds, and fat ce11
weight were reported after the exercise intervention. The reduction in body fatness in the
abdominal region was significantly geater than in the lower body region. Correlation
analyses showed that the amount of change in skinfold thickness was highly correlated

with the initial skinfold thickness. No changes in lean body mass were reported afeer the
exercise program, which indicated that lean body mass was maintained during exercise
induced weight loss. Similarly, Kohrt, Obert & Hoiioszy (1992) reported on training
induced body fat distribution changes in 60 to 70 year old men and women. After nine to

12 months of vigorous endurance physicai activity, the reduction in fat mass found in
men (3.1 kg) and women (1.6 kg) was related to decreased body weight. Decrements in
tnink region circumference and skin fold thickness were also reported in accordance with

Despres et al. (198 5 ) . Significant reductions in fasting plasma glucose, insulin level,
cholesterol and triglyceride concentrations were also found in both men and women.
However, investigators could not explain whether these changes were primarily due to
exercise, per se, or to changes in body fat distribution.

According to Despres et ai. (199I), exercise induced loss of body fatness,
especially intra-abdominal fat accumulation was highly slssociated with reduced glucose
toleraace, LDL cholesterol, and increased HDL cholesterol. In addition, metabolic
responses were not correlated with increased aerobic capacity, but were significantiy
related with reduced intra-abdominal fat deposition after an exercise program.

In a study using computed tomography (CT), Schwartz et al. (1991) reported
relatively small, but significant reductions in weight, percent body fat, and fat m a s ,
without changes in fat fiee m a s , after a six month intensive endurance exercise training
program, in young (mean age: 28.2 yrs) and elderly men (mean age: 67.5 yrs). Elderly
men had a significant decrease in central (waist and chest) circuderence, while the
peripheral circumferences (thigh, a m , and hip) remained unchanged. More irnportanttly,
preferential loss of central adiposity, in both subcutaneous and intra-abdominal regions,
was more pronounced in elderly men.
Hunter (1997) reported that increased BMI and percent body fat were correlated
with cardiovascuiar disease risk factors inctuding blood Iipid profiles and blood pressure.
Increased intra-abdominal fat deposition measured by CT and WHR was inversely
related to habitual physical activity level, estimated using the Baecke questionnaire. In
contrast, Seals, Silverman, Reiling & Devy (1997) failed to find a correlation between
exercise and abdominal fat accumulation after a 12 week walking program. The short
duration of the exercise intervention and the smail number of subjects involved seemed to
decrease the power of the study. Fonong et al. (1996) reported no exercise effect on body
fat distribution in postmenopausal women, while they found a significant increased peak

V02 after an eight week intervention. Relatively short-term exercise training and low

levels of energy expenditure (c 900 kcal/week) may have Ied to the failure to detect
exercise induced fat distribution and HDL cholesterol level changes.
The results of cross-sectional studies support a positive effect of exercise on fat
distribution, whereas results from longitudinal studies provide mïxed results. This
discrepancy may be due to the duration of training activity, in that intervention studies
are relatively short-tenn, while cross-sectionai studies involve individuals who have been
active for many years.
The degree of the positive effect of exercise on body fat distribution tends to be
positively related to the initial baseline value, which may be biased by the selection of
sedentary individuals who began the study with greater central fat deposition, optimizing
the chance of a significant decrease in abdominal adiposity, or vice-versa. However,
central obesity is a common phenornenon in elderly people, and endurance exercise
trainhg seems to have positive effects on abdominal adiposity and metabolic
abnormalities. Therefore, the maintenance of a physically active Iifestyle leads to a
reduced nsk of developing the health implications that are associated with abdominal fat
accumulation.
Fitness Ievel as a predictor of risk of cardiovascular disease
Regular exercise training or habitua1 physical activity maintaias muscle mass,
muscular strength and flexibility, and bone minerd density which help to deal with the
physical tasks of daily living. Low fitness Ievels due to physical inactivity lead to
increased fat mas, especially in the abdorninal region, decreased fat free mass, and a
higher incidence of hypertension, hyperlipidemia, and coronary artery disease in the
elderly population.

Studies comparing master athletes with sedentary individuals have shown a
positive relationship between regular physical activity and blood lipid profiles in elderly
males. Large C

O ~ studies
O ~
have

shown that physically fit individuals have a lower rate

of cardiovascular disease and cancer related mortality than less fit individuals (Blair et
al., 1989; Sandvik et al., 1993; Farrell et al., 1998; Blair et al., 1995; Wannamethee,
Sharper & Wallcer, 1998). A fit individual has better left venûicular function, thus having
a better chance of s w i v a l d e r a cardiac event (Blair et al., 1989).

Fitness Ievel and blood lipid profiles
Regular physical activity is highly associated with favorable changes in semm
lipid profiles, such as increased HDL cholesterol, and decreased LDL cholesterol,
triglyceride and blood pressure which are the most prevalent cardiovascular disease risk
factors (Ekelund et al., 1988). Regular physical activity increases insulin sensitivity,
triglyceride clearance, and HDL cholesterol formation, thus improving glucose and blood
lipid metabolism. Gordon et al. (1986) found that having low levels of HDL cholesterol is
the most powerfid predictor of cardiovascular disease and showed an inverse relationship
with coronary heart disease incidence in both men and women.
Cross-sectional studies report a positive correlation between physical activity
level and increased HDL cholesterol concentration. EIderly male long distance runners
have significantly higher aerobic capacity and fat fiee mass compared to their sedentary
counterparts (Higuchi et al., 1988). Higuchi et al. (1988) found elderly long distance
m e r s had a 60% higher V02 max than an age-rnatched sedentary group, and a lower
percentage of body fat (12

2 %). Middle-aged long distance runners also exhibited

similar characteristics. HDL cholesterol levels were significantly higher in elderly long

distance m e r s compared to an aged-matched sedentary group, and these HDL
cholesterol levels were also similar to that of middle-aged long distance nuiners. Lower
semm triglyceride levels were also found in elderly nuiners. Increased HDL cholesterol
level in physically active elderly individuals appeared to be related to the amount of
exercise training in a dose-related response (Higuchi et al., 1988).
The HDL cholesterol level seems to be elevated even after a single bout of
moderate to heavy endurance exercise. Following a single 30 minute session of moderate
cycling, HDL cholesterol concentration was elevated significantly after 15 minutes of
exercise (24.1 %), increased m e r after 30 minutes of exercise (27.1 %), and remained
elevated 15 minutes after exercise (25.9 %) (Hubinger & Mackinnon, 1992). Single bouts
of heavy endurance training have been shown to increase HDL cholesterol during
exercise, and to keep it elevated for long periods (up to 42 hours) post-exercise (Kantor et
al., 1984). The mechanism of increasing HDL cholesterol d e r a single exercise bout is

unknown (Hubinger et al., 1992). In addition, exercise produces an acute reduction in
triglyceride level which lasts for 48 hours (Cullinme et al., 1982). It follows that regdar
exercise training, more than three times a week, will lead to a lowering of serum
triglyceride level.
Kiens et al. (1989) stated that high resting HDL cholesterol levels in endurancetrained individuals seem to be related to an increase in the number of capillaries and an
increase in the activity of the enzyme lipoprotein lipase (LPL). Training induced
increases in LPL activity increases the amount of lipid transferred from VLDL to HDL
cholesterol, which may increase the lipid content of KDL cholesterol.

Changes in LDL cholesterol concentration are more closely related to a reduction
in fat mass than to an increase in exercise capacity (Haskell et al., 1984). Although LDL
cholesterol concentration remained unchanged d e r 14 weeks of endurance exercise
training, increases in LDL free cholesterol, LDL molecular weight and particle diameter
were significantly associated with a reduction in fat mas, triglycende concentration, and
basal plasma glucose concentration.
To examuie the effect of aerobic capacity on blood lipid profiles, Yataco, BusbyWhitehead, Drinkwater & Katzel (1997) compared blood lipid profiles between older
endurance athletes and their sedentary counterparts. A higher HDL cholesterol
concentration was found in master athletes (body fat < 25 %) who had a lower percent of
body fat than the sedentary group (body fat > 25 %). Lower levels of triglyceride and

LDL cholesterol were also found in master athletes. In multiple regression analysis, the
percent of body fat and serurn triglyceride levels were the major independent predictors
of HDL cholesterol, accounting for 29 % and 41 % respectively.
Fonong, Toth, Ades, Katzel, Cdles-Escandon & Poehlrnan (1996) compared the
effect of physical activity level and abdominal fat deposition on blood lipid profiles in
elderly men and women aged 55-90 years in a cross-sectional study and an exercise
intervention study. In the cross-sectional study, the Minnesota Leisure Tirne Activity
Questiomake was used to measure fiequency and duration of the subjects' leisure tirne
physical activities over the previous one-year period. The energy cost for physical
activity was expressed as Kcal per day. Regression analysis showed that 32% of the
variations in HDL cholesterol level were explained by waist circumference. Leisure time
physical activity itself did not independently contribute to increases in the HDL

cholesterol level. In the exercise intervention study, although max V02 increased by
15%, no changes were found in body m a s , fat m a s , and fat fiee mass. No changes in

total cholesterol, HDL cholesterol, LDL cholesterol, and triglyceride level were reported.
Therefore, increased max V 0 2 without changes in body fat distribution seerns to have no
association with favorable changes in blood lipid profiles. Reaven, McPhillips, BarrettComor & Crique (1990) reported that after adjusting for age, significantly higher HDL
cholesterol levels were found in regular strenuous exercisers than non-strenuous
exercisers in the elderly aged 50 to 89 years- Low triglyceride levels were found in male
strenuous exercisers. However, neither aerobic capacity nor habitua1 physicd activity was
an independent predictor of HDL cholesterol in this snidy.

Fitness level and mortality
A strong and graded inverse relationship between physical fitness and all-cause

mortality, including cardiovascular disease and cancer, has been reported in both men and
women. Sandvik et al. (1993) reported a graded inverse relationship between physical
fitness level and cardiovascular caused mortality over 16 years, independent of age and
conventional coronary risk factors. A higher level of fitness, measured by a symptom
limited bicycle exercise test, was associated with a higher level of leisure time physical
activis and a lower resting heart rate, blood pressure, cholesterol level and a lower
prevalence of smoking.
According to Blair et al. (1995), changes in physical fitness level are highly
correlated with d l cause mortality rates. Men who improved £kom unfit to fit between the
first and subsequent examination (mean follow up time of 5.1 years) had a 44 %
reduction in mortality nsk compared with men who remained unfit at both examinations.

Furthemore, men over 60 years of age who improved their fitness level had a 50 %
lower ail cause death rate than those who remained unfit. For al1 age groups, men who
were fit at both examinations had the lowest death rates. These findings are in accordance
with Wannamethee et al. (1998) who reported that people who increased their physical

activity level fiom sedentary to light activity after a 12-14 year follow up had a
significantly lower ail cause mortality than those who rernained sedentary.
Few studies have examined the benefit of a higher intensity level of physical
activity to reduce cardiovascular related mortality. Lee, Hseieh & Paffenbarger (1995)
investigated independent associations of vigorous (requiring > six METS) and nonvigorous (requiringc s i . METs) physical activity with longevity in the Harvard Alumni
Health Study. Brisk walking, running, jogging, swimming laps, playing tennis, and

shoveling snow are examples of vigorous activities requiring greater than six METs. The
physical activity level was obtained by questionnaire and calculated as total energy
expenditure per week. In the following 24 years, the mortality rate d e c h e d signifhntly
with increasing total energy expenditure &om vigorous activities, but not energy

expenditure fkom non-vigorous activities. They updated the information on medicd
history and physical activity level between the baseline (1962 or 1966) and the follow-up
(1988). However, the correlation between non-vigorous energy expenditure in 1962 or
1966 and 1977 (r=0.35) was comparable to that for vigorous energy expenditure ( ~ 0 . 4 0 ) .

The low correlation may be attributable to changes in physical activity type durhg the
long follow-up period.

The overall benefit of regular physical activity may be due to the modification of
cardiovascular disease risk factors including a decrease in myocardial oxygen demands at

rest and during subrnaximal exercise, and an increase in myocardial oxygen supply
through lengthening of diastole by lowerhg the heart rate (Goldberg et al., 1989). Other
benefits Ïnclude uicreased coronary vascularïty, decreased platelet aggregability, reduced
Milnerability to ventricular arrythmias, and increased peripheral oxygen consumption.

CHAPTER THREE: METHûDS AND PROCEDURES
Study design
This retrospective study compared the health and fimess benefits of long terni
community based exercise program membership in middle aged and elderly male cardiac
patients. Participants had maintained exercise program membership and completed
annual assessments, for at least two consecutive years.

Aithough attendance data were not available, it was assumed that d l subjects
exercised regularly at the Reh-Fit Centre as they renewed their membership for two
consecutive years. In addition, case management phone calls were made by nurses or
physical education specialists at least three &es a year to promote their attendance and
to inquire about their physical condition- Exercise capacity at baseline was expected to be
lower in the elderly than in the middle aged group due to age related decreases in aerobic
capacity.
Subiects
The study population was comprised of dl male cardiac patients who had
maintained a membership at the Reh-Fit Centre, Winnipeg, Manitoba for at least two
consecutive years between 1990 and 1998. Subjects were diagnosed by their physicians

as having had myocardial infarctions, coronary artery disease, coronary bypass surgery,
or other cardiovascular diseases. Participants were divided into an elderly group (165

years of age) and a middle aged group (< 65 years of age).
Data collection
Al1 the clinical information collected between 1990 and 1998 was provided by the
Reh-Fit Cenb-e. As part of the initial enrollment, and annually thereafter, participants

underwent a complete annual assessment, including an exercise stress test (estimated

maximal METS), body fatness and fat distribution @MI, WG, WHR), fasting blood lipid
analysis (total cholesterol, HDL cholesterol, totaVHDL ratio, and û-iglyceride), and
resting blood pressure.
The procedure and methods given in this section was based on the information
provided by Reh-Fit Centre (See Appendix for annual assessment procedure and
methods).
Annual assessment

Participants underwent a mandatory clinical examination annually. The annual
assessment was performed once a year afier receiving a medical referral by their
physician. Written informed consent f o m s for health records, exercise testing and
exercise program consent were received before the examination. Current health condition
and medication intake were also recorded, and program members were given the
opportunity to ask questions, or to address any concems. Subjects were asked to fast for a

minimum of eight hours prior to the exercise test, and no smoking or caffeine intake was
allowed during this tirne. Comfortable walking or running shoes, sweat pants or shorts,
and a loose-fiting short-sleeved top were recornmended to be wom for the exercise test.
When the members arrived for their tests, blood was drawn for the blood Lipid analyses.
A cardiology technologist then prepared the subject for the exercise stress test by taking

his height and weight, resting blood pressure and detemiining WG and WHR.
Anthro~ometricmeasurement
Body mass index was calculated as weight (kg) divided by the square of height

(m2). Subjects were weighed to the nearest O. lkg on a balanced scaie while standing, and

facing the scale without shoes. Height was determined to the nearest centimeter with a
wall-mounted d e r while standing upright with full inspiration. The waist and hip girth
were measured using the tape measurements. The waist circumference was detennined
just above the iiiac crest at the visibly narrowest part of the waist. The hip cucuIllference

was measured across the widest girth of the buttocks. Measurements were taken at the
end of normal expiration to make sure that the stomach was not held in. The waist and

hip circumference were taken standing on the right side of the subject using the crosshanded technique to ensure a standardized and consistent measurement. Then, the waist

giah was divided by the hip girth to obtain waist to hip ratio.
Blood pressure and blood lipid measurements
Mean systolic and diastolic blood pressure (mmHg) was measured once by
mercury sphygmomanometers and stethoscope while the subject was lying in the supine
position using the left arm. Diastolic blood pressure was detemiuied by the disappearance
of the Korotkoff sound. If the initial reading was 180/105 or more, the subject continued
to lie for an additional 5 minutes. If the blood pressure remained the same or higher, the
physician was notified and the exercise test postponed until the Reh-Fit Blood Pressure
Policy was signed by the subject's general physician.
Blood samples were taken by a Iab technician fiom an antecubital vein in the
morning after a rninimm of eight hours of fasting. Total and HDL cholesterol were
detemùned enzyrnatically (Allain, Poon, Chan,Richmond, & Fu, 1974). Triglycende was
also determined enzymatically (Wieland, 1965). Blood samples were taken at the Reh-Fit
Center, and al1 lipid analyses were performed at the Mount Cadham Provincial
Laboratory, Winnipeg, Canada, using an Abbot Spectnim Analyzer.

Exercise stress test
Electrocardiograrn (ECG) leads were applied to the subject while lying in a supine
position with the chest exposed. The blood pressure was taken in a sitting position, and a

12 lead ECG was recorded in a resting, sitting position. If the physician approved the
ECG, the test began. Exercise capacity was estimated by metabolic equivalents (METS)
based on the maximal Ioad and exercise t h e (MET= 3.5/kg/min) on a treadmill
(Quinton 5000) using a modified Balke protocol in both groups. The treadmill test began

with a warm-up at a cornfortable waiking speed (three to five minutes), then the speed
was gradually increased up to testhg speed, at 5.4 km per hour and O % elevation. The

elevation was increased by 2 % every minute and the speed remained the same at 5.4 km
per hour during the test. A cool-down was done After the test was completed. A lab
technologist was in attendance to monitor blood pressure, heart rate, ECG, and the state
of the subject during the exercise test, and reported any abnormaiïties to the attending
physician. The submaximal heart rate was determined at two stages below the estimated

maximal METS. The test was performed to a maximum degree perceived by the
participants based on a numenc perceived exertion scale (Borg). After the recovery
period was completed, any abnomalities during the test were reviewed by a physician for
follow-up. Participants were referred by nurses to the appropriate exercise program based
on their fitness level and heaith condition.
Cardiac rehabilitation exercise promams
Twelve sessions of cardiac rehabilitation education classes were offered three
times a week during the first month of initial enrollment for ail cardiac patients. Each 90
minute class included a lecture (30 minutes) on lifestyle modification strategies, heart

disease and stroke, emergency medical techniques and systems, and an exercise training
class (60 minutes).
Following 12 sessions of education classes, the cardiac patients participated in
exercise programs varying in type, duration, and intensity. After reviewing their physical
condition and fitness level with nurses, the cardiac group joined cardiovascular aerobic,
strength, flexibility, and stretch classes. The aerobic cIasses were based on dynamic
endurance exercises such as walking, jogging, and cycling, as well as iight hand weight
training. Stairclimbers, treadmills, ergometers, recumbent bicycles, rowing machines,

Cybex, and Nautilus equipment were also used. The total body conditioning exercise
program was 45 minutes in duration, and incorporated a variety of stretching and muscle
endurance exercises to shape and condition. Stretch and strength classes were a drop-in
format and consisted of 15 minutes of stretching and 15 minutes of muscular endurance
training using free weights or weight machines to improve flexibility and muscle tone. In

addition to the aforementioned exercise programs, subjects could develop independent
workout programs, such as participation in the badminton or voIleybalI, however, the
types, duration, and intensity of the exercises were not recorded,
All facility members were asked to Wear shoe tags to classi@ membership status.

The appropriate shoe tags were made according to standard procedure. Yellow and
orange shoe tags were used for cardiac patients. Those with yellow shoe tags were
usually new rnembers and allowed to exercise only during physician supervised hours.
The patients with orange shoe tags were allowed to exercise at any tirne and to attend al1

classes.

Data analvsis

Data to be analyzed included one independent variable (exercise program
membership) with two levels (rniddle aged group vs. elderly group). Dependent variables
included exercise capacity (METs), heart rate (Max. and Submax), treadmïil test
duration, body mass index (BMI) and body fat distribution (WG and WHR), and blood
lipids (total cholesterol, HDL cholesterol, total/HDL cholesterol, and triglyceride). To
determine signincant daerences between groups at baseline, an independent t-test was
used. To determine signifcant differences between and within groups over time
(interaction), a two-way analysis of variance with repeated measures was used.
Relationships between variables were determined by Pearson correlation. Stepwise
regression analysis was used to determine which variables (including estimated maximal
METs, BMI, WG, and WHR) best predicted changes in btood lipids (total cholesterol,

HDL cholesterol, total/HDL cholesterol, and triglyceride, separately) d e r the two year
exercise program membership. Alpha was set at 0.05 for al1 signifcance tests. All
statistical analyses were performed using an IBM systems cornputer and programs £rom
the Statistical Package for Social Sciences (SPSS, Version 10).

CHAPTER FOUR: RESULTS
Subiect characteristics at baseline

AU elderly (n=58) and middle aged (n=71) subjects who had maintained
membership for two consecutive years, and cornpleted an annual assessrnent were
included in the secondary data analysis. At the initial enrollment, al1 patients reported a
diagnoses of cardiovascular disease in the form of myocardial infarction (n=89, including
angioplasty, angiogram, or bypass surgery), angina pectoris (n=20), aortic valve
replacement surgery (IF?),

asymptomatic disease (n=14),

arrhes (n=l),

or cerebro

vascular disease (n=l). A summary of the incidence of various types of cardiovascular

disease is presented in Figure 4.1.

0elderly
p middle aged

Figure 4.1 Incidence of cardiovascular diseases at baseline.

Table 4.1
Characteristics of middle aged and elderly cardiac patients at baseline (mean S D ) .
Middle Aged (n=7 1) Elderly (n=58)
Age (~ear)*
55.9 6.8
71.2 5.0
Time since cardiovascular incidence (months)
23.7 38.8
28.4 48.4
Risk factors (%)
Past (current) smoker
63-4 (5.6)
65.5 (5.2)
Family history
70.4
60.3
Obesity
46.5
48.3
Hypertension
53.5
53 -4
Elevated cholesterol
56.3
65.5
Sedentary lifestyle
46.5
44.8
Diabetes
5.6
6.9
Risk factors (mean, #)
3.4* 1.3
3.4 1.4
43.1
36.4
Beta-blockers (%)
16.9
15.5
Lipid lowering medication (%)
*Sigdcantly different between groups at baseline (pc0.0 1)

*

*

The period of time between the incidence of cardiovascular disease and
membership enrollment varied fiom one to 228 months. The prevalence of cardiovascular
disease risk factors (smoking, family history, obesity, hypertension, elevated cholesterol,
sedentary lifestyle, and diabetes) was not statistically different between groups.

Of the 129 patients, 16.2 % patients were taking blood lipid lowering medication,
Statins, at baseline or over t h e , and 39.8% patients were taking beta-blockers at
baseline. These values were not significantiy different between groups.
Baseline rneasurements of body fatness, fat distribution, lipid profiles, and
exercise capacity are listed in Table 4.2. Body mass index @MI) and fat distribution,

WHR as well as WG, were not significantly different between groups. The elderly group
had a higher HDL cholesterol level than the middle aged group at baseline, however this

was not significant. Both groups had similar baseline levels of total cholesterol,

totaVHDL cholesterol ratio, and triglyceride. The middle aged group had significantiy

higher estimated METs, max heart rate, and treadmill test duration than the elderly group.
Table 4.2
Fitness, body fatness and fat distribution, and lipid characteristics of middle aged and
elderly cardiac patients.
Middle Aged (n= / 1)
hlderly ( n = 3 r
6-96 1.75
Estunated h k 1's (ml/kg/min)**
9.2 1.Y
Max. heart rate (beatlmin)**
135 22
122 23
Sub max. heart rate @eat/min)
117*21
111 *20
Treadmill test duration (min) * *
6.70 1.84
4.99 1.66
@dm2)
27.6 + 4.1
27.5 4.2
Waist to hip ratio
0-93 & 0.06
0.93 A 0.08
94.8 12.0
96.3 9.8
Waist girth (cm)
Total cholesterol (mmol)
5.26 1.01
5.42 I
0.90
HDL cholesterol (mmol)
1.01 i 0.23
1.09 0.25
Total/HDL ratio (mmol)
5.38 + 1.32
5.18 1.38
Triglyceride (mmol)
2.03 =t 0.84
2.20 1.O8
* Sigmhcantiy diftèrent between groups at baseline (pc0.03)
* * Significantly different between groups at baseline @<O.O 1)

*
*
*

*

*
*
*
*

*
*

Effect of exercise program membership
Exercise capacity
M e r the two year exercise program membership, there was a significant
improvement in estimated maximal METs (t12.2 %, p<0.00 1) and treadmill test duration
(+15.8 %, p<O.01) when both groups were combined. These improvements remained
statistically significant after excluding patients with beta-blockers, which may have had

an impact on the heart rate during the exercise stress test. The increase in estimated
METs was significantly greater in the middle aged than in the elderly group (14.5% vs.
8.4%, p=0.014) (Figure 4.2). Most of the changes occurred in the first year (12% in the
middle aged, 7.6% in the elderly group, p<Q.01) with small additional gains in the second

year (2.9% in the middle aged, 0.7% in the elderly group) which were not statisticdy
significant. Exercise stress test duration also increased significantly by 17.16% and
13.4% in the middle aged and elderly groups, respectively, after two years membership.

No significant changes were found in maximal and submaximal heart rate in response to
exercise membership in either gmup (Table 4.3).

The exercise test was performed until onset of fatigue, pain in the extremities,
dysnpnea, or contraindicating symptoms. Specific reasons for stopping the test are
presented in Table 4.4.
Table 4.3
Effect of exercise program membership on exercise capacity.

Max. heart rate (beathnin)
Submax. heart rate (beathin)
Treadmi11 test duration (min)

70

135 *22

63

117 *21
6-70 1.84

66

*

*
114k20
9.06 * 1.20*
139 23

139 & 2 4
117 1t 21
7.85 2.56**

*

Elderly

Max. heart rate (beat/min)
58
122 =t23
124 &22
Submax. heart rate (beat/min)
53
111 *20
109 20
57
4.99 I 1.66
5.65 1.41*
Treadmill test duration (min)
* Signiticant unprovernent aiter a one year membership (p<0.0 1)
* * Significant improvement £iom baseline (p<0 -01)

*
*

124 k 24
108 k 19
5.66 1.60'"

*

U)

+

W

baseIIne
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Figure 4.2. Changes in estimated maximal METS over time.

Table 4.4
Reasons given for stopping the exercise stress test (%).
Baseline
E
MA
20.7
25 -4

Fatigue
Leg & knee pain
Back pain
Dysnpnea
Chest pain
Shortness of breath
C Iaudicatio n
Couplets
Dry mouth
Angina
Changes in BP
Changes in ST segment
Missing data
8.6
16.9
E= Elderly group, MA= Middle Aged group

Year 1
E
MA
19.0
28 -2

Year 2
E
MA
15.5
28 -2

-. .

5.2

9.9

6.9

9.9

Body fatness and fat distribution
Changes in BMI, WHEL, and WG were not significant after two years when both
groups were combined. No signincant changes in BMI wers found in the middle aged
(Table 4.5). However, they have a small but significant decrease in WG after one year of
membership (-1.1%, p=0.025). In the elderly group, there were no signincant changes in

BMI and WG over time, yet there was a small, but significant increase in WHR after a
two year membership.
Table 4.5
Effect of exercise program membership on the body fatness and fat distribution.
n
Baseline
Year one
Year two
Middle Aged
BMI (kg/m2)
71
27.6 =t 4.1
27.5 =t 4.0
27.3 4.2
Waist to hip ratio
70
0.93 0.06
0.93 + 0.07
0.93 + 0.06
Waist girfh(cm)
61
94.8 12
94.8 =t 11.1
93.8 =t 10.9"

*
*

*
*

*

BMI (kh2)
57
27.5 4.2
27S* 3.9
Waist to hip ratio
58
0.93 0.08
0.93 0.06
Waist giah (cm)
54
96.3 h 9.8
96.5 10.3
*Significant irnprovement after one year membership @<0.05)
**Significant improvement after two year membership @<O.OS)

*
*

*
*
*

27.6 3 -9
0.94 0.06**
96.8 9.9

Blood lipids
There were significant irnprovements in total cholesterol (-3.3%), HDL
cholesterol(+7.6%), the totaVHDL cholesterol ratio (-12.7%), and triglyceride levels
(-1 1.9%) after two years of membership when both groups (including patients with lipid
medication) were combined @<0.01). After excluding the 27 patients who were taking
lipid medication, the increases in the HDL cholesterol(+7.6%), the total/HDL cholesterol

ratio (-10.9%), and triglyceride levels (-1 1.4%) rernained simiificant (p<0.01), unlike the
change in total cholesterol which was no longer significant (-1.9%, p=0.199).
When subjects taking lipid lowering medication were included, the middle aged
group had significant improvements in HDL cholesterol(+12.9%), total/HDL cholesterol
ratio (-16.5%), and triglyceride (-1 1.8%) whereas, only the total/HDL cholesterol ratio (7.7%), and triglyceride (-11.8%) Unproved signifïcantiy in the elderly group after two

years of membership (pcO.01) (Table 4. 6). Changes in HDL cholesterol and the
total/HDL cholesterol ratio were significant both in year one and in year two in the
middle aged group, where as the changes in KDL cholesterol and triglyceride levels were
significant only in year one in the elderly group. Tnglyceride level decreased
significantly after two years in the middle aged group, and year one in the elderly group.
The changes in HDL cholesterol over time were significantly greater in the midde aged
than in the elderly group (12.9% vs. 2.8%, p=0.008). Total cholesterol did not change
significantly over time in either of the groups.
Table 4.6
Effect of exercise program membership on blood lipid profiles (including 27 subjects
who were taking lipid lowering medication).
n
Middle aged group
Total cholesterol (mrnol)
71
HDL cholesterol (mmol)* * * 65
Total/HDL ratio (rnmol)
64
Triglyceride (mmol)
65

Baselme

5.3

I
:1.0

1-01 *0.03

5.4
2.03

* 1.3
* 0-84

Year One

*

5.2 0.9
1.10 3~0.20"
4.8 5 1.2*
1.90 0.89

*

Year 1wo

*
*

5.1 0.9
1.14 &0.24**
4.5 1.2""
1.79 h 0.83**

Elderly group
5.3 0.9
5.3 1.0
Total cholesterol ( m o l )
58
5.2 0.9
HDL cholesterol ( m o l )
55
1.O9 0.25
1.13 0.22'
1.12 0.22
Total/HDL ratio (-01)
55
5.2 1.4
4.8 1.1'
4.8 & l.O1*
Trïglycende (mmo1)
57
2.20 1.O8
1.91 0.76"
1.94 & 0.86
Signiticant unprovernent after a one year membership @<O-03)
* *Significant irnprovement fiom baseline (p0.0 1)
*** Irnprovement was significantly greater in middle aged than in the elderly group @=0.008

*
*
*
*

*
*

*
*

After excluding subjects who were taking blood lipid lowering medication

(n=27), significant changes in HDL cholesterol (13.7%, p<0.01), total/HDL cholesterol
ratio (-i3.9%, p<0.01), and triglyceride (-13.8%, pc0.01) levels remahed in the middle
aged group after two years. Only the small change in HDL cholesterol level (4.6%,
p<O.01) at year one was significant in the elderly group (Table 4.7). The middle aged
group also had a significant increase in HDL cholesterol level fiom year one to year Mo
(4.5%, p<O.01). No significant changes were found in total cholesterol in either group. It

is noted that the changes in HDL cholesterol during the two years were significantly
greater in the middle aged than in the eldedy group even after excluding subjects who
were taking lipid lowering medication (13.7% vs. 4.6%, p<0.00 1).

Table 4.7
Effect of exercise program on blood Lipid profiles (excluding 27 subjects who were
taking blood lipid lowering medication).
n
Baselme
Year One
Year Two
Middle aged group
Total cholesterol ( m o l )
57
5.2 0.9
5.2 0.8
5.2 0.8
D L cholesterol (rnml)** * 5 1
1.O2 k 0.23
1.11 f 0.20*
1.16 k 0.25**
5.3 =t1.3
4.8
1.2"
4.5
1.1**
ToWHDL ratio (rnmoi)
50
1.85 0.86
1.69 & 0.79**
Triglyceride (mrnol)
51
1.96 0.86
Elderly group
Total cholesterol (mrnol)
45
5.4 1.0
5.3 0.9
5.3
1.0
HDL cholesterol (mmol)
43
1.09 0.26
1.14 *0.24*
1.12 *O24
5.2 -t 1.5
4.8 1.2
4.9
1.0
Total/HDL ratio (mmol)
43
Triglycende ( m o l )
44
2-04 0.86
1.88 0.8 1
1.86 0.91
* Significant improvement fiom baseline (p4.03)
* * Significant improvement fiom baseline (p<0.0 1)
*** Improvement was significantiy greater in middle aged than in elderly group (p<O.00 1)

*

*
*
*
*

*
*
*
*

*

*

*
*

*

58

Association between changes in fitness, body fatness & fat distribution. and blood lipids
Elderlv and middle aged moups cornbined
Increasing age was sign-ificantly correIated with decreased HDL cholesterol, and
increased totaVHDL cholesterol ratio when both groups were combined (Table 4.8).
Change in estimated METs was signincantly correlated with change in HDL cholesterol,

and with totaVHDL cholesterol ratio in the cornbined group. Change in BMI was
correlated with changes in al1 lipids, while change in WG was correlated only with
change in triglyceride. Change in waist to hip ratio was correlated with changes in HDL
cholesterol, and t o W L cholesterol ratio.
Table 4.8
Pearson correlation between changes in estimated METs, body fatness and fat
distribution, and blood lipid profiIes (n=129)
Total-C(mmo1) HDL-C(mmo 1) Ratio(mmo1) Trigfyceride(rnmo1)
-0.188*
0.191*
0.048
Baseline age (years)
0.049
-0.098
O. 158*
-0.170*
-0.087
MET (mUkg/min)
BMI @g/m2)
0.244**
-0-191*
0.235**
0.3 74**
WG (cm)
-0.075
0.137
O. 120
O. 194"
WHR
-0.163*
O. 128
O. 184*
0.133
*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.0 1 level

Cornparison bebveen e r o u ~ (includinp
s
subiects wiîh lipid lowerine. medication]

In the elderly group, change in estimated METs was not correlated with changes
in any blood lipids (Table 4.9). Change in BMI was consistently correlated with al1 the
blood lipid profiles, while change in WG was only correlated with changes in
triglyceride. Change in WHR was correlated with changes HDL cholesterol and

triglyceride. In contrast, none of the changes in estimated METs or body fatness
indicators were related to changes in Lipid profiles in the middle aged group, except the
changes in BMI which was signincantly correlated with change in triglyceride level.
Table 4.9
Pearson correlation between changes in estimated METs, body fatness and fat
distribution, and lipid profiles in elderly and middle aged patients (including subjects
with lipid lowering medication).
Changes in
Total -C
HDL-C
Total/ HDL
Triglyceride
E
E
MA
E
MA
E
MA
METS (mi/kg/min) -0.01 1 -0.128
0.185
0.089 -0.195 -0,102 -0.264 -0.013
Wm2)
0.3 16** O. 188 -0.405** -0.022 0.379** 0.08 1 0.476** 0.246*
WG (cm)
0.044
0.187 -0.004 -0.105 0.022
0.186 0.271* 0.1 12
WHR
0.139
0.105 -0.240* -0.075 0.232* 0.104 0.298* -0.064

-

*Correlation is significant at the 0.05 level

* *Correlation is signincant at the 0.0 1 level
E= elderly group, MA= middle aged group

Cornparison between groups (excludine subiects with lipid lowerine medication)

M e r excluding subjects who were taking lipid lowering medication, change in

BMI remained consistently correlated with changes in al1 the lipid profiles in the elderly
group (Table 4.10). Unlike the results when subjects were taking medication, change in
estimated METs was associated with changes in HDL cholesterol. Change in WHR was
related to changes in HDL cholesterol and triglyceride levels. None of the changes in
estimated METs or body fatness indicators were related to changes in lipid profiles in the
middle aged group except the change in BMI which was significantly correlated with
changes in triglyceride level.

Table 4.1 0
Group cornparison of Pearson correlation between changes in estimated METS, body
fatness and fat distribution, and blood lipid in elderly and middle aged patients (excluding
subjects with Iipid lowering medication).
Total -C
HDL-C
T o t d HDL
Tnglyceride
Changes m
E
MA
E
MA
E
MA
E
MA
TZb1's ( m g / &
0.057 -0.171 0.256* -0.065 -0.196 -0.065 -0.124 0.086
(kg/m2)
0.406** 0.185 -0.337* -0.024 0.383"" 0.099 0.451** O-345**
WG (cm)
0.047 0.145 -0.004 -0.146 0.023 0.145 0.166 0.119
WHR
0.012 0.117 -0.328* -0.061 0.225 0.051 0.243* -0.014
*Correlation is significant at the 0.05 level
**Correlation is signifïcant at the 0.01 level
Factors predictine: changes in blood Iipid profiles after exercise program membership
Stepwise regression analyses were performed to describe the relationship of
changes in estimated METs, body fatness, and fat distribution in predicting changes in
blood lipid profiles after exercise program membership (Table 4.1 1). In the elderly group,
change in BMI was the most significant predictor of change in total cholesterol, HDL
cholesterol, total/HDL ratio, and triglycende levels. Change in estimated METs was also
an independent predictor of change in HDL cholesterol. None of the changes in estimated

METs, body fatness, and fat distribution indicators contributed to changes in lipid
profiles in the middle aged group.
M e r excluding subjects who were taking lipid lowering medication, change in

BMI remaiaed the most significant predictor of change in total cholesterol, HDL
cholesterol, totaVHDL ratio, and triglyceride levels in the elderly group (Table 4.12).
Change in estimated METs was also an independent predictor of change in HDL
cholesterol. In the middle aged group, change in BMI was a significant predictor of
change in bryglyceride level.

Table 4.1 1
Stepwise regression analysis predicting changes in blood Lipids (including subjects with
lipid lowering medication).
Predictor of Total cholestrol
Mependent variable
r
9 adjusted I3 Std.error of the estimate
1.BMI (kg/m2)
0.333
0.11 1
0.093
O-'/371
Elderly
Predictor of HDL cholesterol
Independent vanable
1.BMl (kg/m2)
Elderly

Predictor of Totai/HDL ratio
Independent variable
Elderly
1.BMI (kg/m2)

r

1-2

0.335

0.1 12

r

1.2

0.360

0.129

0.1 11

r!
0.219

usted P Std-errorof the estimate

Predictor of Triglyceride
Lndependent variable
r
Elderly
1.BMI (kg/m2)
0.468
Regression is significant at the 0.05 level.

adjusted 13 Std-errorof the estimate
0.093

O. 1747

adjusted P Std-errorof the estimate
0.309

0.203

0.7797

Table 4.12
Stepwise regression analysis predicting changes in blood lipids (excluding subjects with
lipid l o w e ~ medication).
g
Predictor of Total cholestrol
Independent variable
r
r' adjusted rZ Std-errorof the estimate
Elderl~
1.BMI (kg/m2)
0.406 0.165
O. 143
0.7269
-

-

Predictor of HDL cholesteroi
? aadjusted P Std-errorof the estimate
Independent variable
r
Elderly
1.BMI (kg/m2)
0.337 0.1 14
0.090
0.1851
2.METs (ml/kg/rnin) 0.474 0.225
0.182
O. 1755
-

Predictor of TotaVHDL ratio
Independent variable
1.BMI (kg/m2)
Elderl~

-

--

r
r' adjusted I? Std-errorof the estimate
0.383 0.147
0.124
1-3770
-

-

-

-

-

Predictor of Triglycende
Independent variable
r
P adjusted P Std-errorof the estimate
1.BMI (kg/m2)
0.451 0.204
O. 183
0.78 11
Elderl~
Middle aged 1.BMI (kg/m2)
0.345 0.1 19
0.097
0.5435
Regression is significant at the 0.05 level.

CHAPTER F m : DISCUSSION
The first hypothesis of this study was that the health and fitness benefits of a two
year exercise progrzm membership would be greater in the elderly than in the middle
aged group. The second hypothesis was that the changes in blood lipid profiIes would be
explained to a greater extent by changes in body fatness and fat distribution than by
changes in fitness level. This discussion focuses on the previous hypotheses and the
results as presented in Chapter Four. The section includes the effect of exercise prograrn
membership on exercise capacity, body fatness and fat distribution, lipid profile, and
finaily the relationship between these variablesCharacteristics of the middIe aged and elderly cardiac patients
The subject's ages varied fiom 36 to 82 years (middle aged group: 36-64 years vs.
elderly group: 65-82 years). With an age range of almost 30 years, the middle aged group
was more heterogeneous for age than the elderly group. The time since cardiovascular
disease incidence also varied fiom 1 to 228 months, giving rise to the possibility of
physical deconditionkg or reconditioning during this study or before entering the
exercise prograrn. Unfortunately, the investigator was not able to examine the subjects'
physical conditioning level or severity of cardiovascular disease at the time of initiai
enrollment,
Seven risk factors for cardiovascular disease were evaluated at baseline. In the
majority of subjects, severd key risk factors were present: past or current smokers
(64.5%), hypertension (53S%), a family history of cardiovascular disease (65.4%), and

elevated cholesterol(60.4%). The prevaience of risk factors are higher in this study group
than in generd Canadian population as provided by The Heart and Stroke Foundation of

Canada (2000). The prevalence of rïsk factors in the present study compares to a
1996/1997 survey of the general Canadian adult population which examined the
proportion of past or current smokers (2 1-3 8%), overweight (48%), physically inactive
(57%), and hypertensive (10%). According to the sunreys, 45% of men had a total

cholesterol level above the desirable level of 5.2 mmol, and 41% of men and 33% of
women aged 18 to 74 had two or more of the major risk factors (smoker, family history,
obesity, hypertension, elevated cholesterol, sedentary lifestyle, and diabetes). The present
shidy supports that individuals with more than three major nsk factors are at greater risk
to develop cardiovascular disease.
At baseline, the groups differed significantly in exercise capacity. The middle

aged group had significantly greater estimated METS (9.23 vs. 6.96 ml/kg/min), maximal
heart rate (135 vs. 122 beathin), and treadmill test duration (6.70 vs. 4.99 min)
compared to the elderly group. These results are expected suice there are signifîcant
changes in cardiovascular performance both in central and penpheral adaptations with
aging. No significant differences were found regarding body fatness and fat distribution,

and blood lipid profiles. The baseline mean BMI is greater than 27 in both groups,
indicating subjects were either overweight or obese. Although the elderly group did tend
to have higher waist girth (96.30 vs. 94.76 cm) than middle aged group, these groups

cannot be considered to have abdominal obesity as a waist girth in excess of 100 cm
suggests the presence of a large amount of abdominal adipose tissue in the previous snidy
(Despres et al., 1990). Interestingly, HDL cholesterol (1-09 vs. 1.O 1 mmol) levels were
already higher than risk category for CAD

(C

0.9 mmol) in both groups at baseline.

Triglyceride levels were higher than nsk category for CAD (X.8 mmol) in both groups

Responsiveness to exercise program membership in the middle aged and elderly patients
The focus of this study is on whether ttiere was a ciifference in response to the
exercise prograrn in terms of changing exercise capacity, body fatness and fat
distribution, and blood lipid pronles between groups. This section is composed of three
headings: a) exercise capacity responses, b) body fatness and fat distribution responses,

and c) blood lipid profiies responses to exercise program membership. The focus is on
the study outcornes and the possible confounding factors that may have impacted the
study resultsExercise capacitv responses
The outcomes of the present study do not support the hypothesis that the elderly
group wodd have more fitness benefits cornpared to the middle aged group d e r exercise
program rnembership. This hypothesis was based on the assurnption that the lower initial
fitness level in the elderly would be a potential factor in maximizing the trairiing effects

in cornparison to the rniddle aged group. Although the estimated maximal METS and the
treadmill test duration were significantly increased afier the exercise program in both
groups, the changes in estirnated METs were signifïcantly greater in the m i d d e aged than

in the elderly group after two years (14.53 % vs. 8.40 %). These results are inconsistent
with those of WiIlaim et al. (1985) and Lavie & Milani (1994, 1996) who reported
greater increased estimated METs in elderly cardiac patients who began an omtpatient II
cardiac rehabilitation program with a lower fitness level than younger cardias patients.

The heterogeneous characteristics of the subjects in the present study in tenns of the
various types of cardiovascular disease with different severity, and large variamce in time

since the cardiac events (one to 228 months) may be a confounding variable. I
n conuast,

the studies cited above carefûlly screened subjects with similar cardiac diseases with a

maximum of six weeks of detraining since cardiovascular incidence.
In the present study, no significant changes in maximal heart rate or submaxifllal
heart rate occurred in either group. As submaximd heart rate did not decrease, it was
possible that there was no change in stroke volume in response to the exercise program.
These results remained unchanged &er excluding subjects who were taking betablockers which would have depressed the heart rate during exercise. These results are
surprising, since previous studies reported that the increase in exercise capacity in young

and middle aged cardiac patients was explained by increased cardiac out, due to increased
heart rate and stroke volume, end-diastolic volume, as weil as increased perïpheral
adaptation by a widened in arteriovenous oxygen differences (Holloszy, 1976; Ehsani et

al., 1991).
No significant changes in maximal heart rate and submaximal heart rate, and
smdl improvement in exercise capacity in the elderly group may be attributed to few
confounding factors, such as uncontrolled severity of diseases in the subjects and exercise

training programs during the exercise program membership. It is plausible that elderly
cardiac patients may not be as responsive as younger patients as a resuit of having greater
impairment in cardiovascular fünction, since severity of left ventricular function plays a
sigdicant role in enhancuig the exercise capacity through central adaptation. A previous
study reported that patients who have serious MI, or left ventncular dysfùnction did not
show adequate training response (Arvan, 1988). The poor cardiovascular response to
exercise in these high risk patients may result in the inability to exercise as long as and at
the same level of intensity during the stress test as other low risk patients. Failure to

achieve an adequate heart rate response during exercise may be a physiologically limitÏng
factor that prevents these patients from achieving increased cardiovascular adaptation.
Unfortunately, the investigator was not able to examine the subjects' seventy of
cardiovascular disease as well as the left ventricular fhction at the time of initial
enrollment and through the exercise program membership. The lack of increase in
exercise capacity in the elderly group may be attributable to subjects with high severity of
cardiac diseases or low ventricula. fünction.
Besides aging and severity of disease, exercise intervention also plays a
signincant role in changing exercise capacity in the cardiac patients. Central
cardiovascular adaptations in CAD patients can be achieved by an exercise intervention
which provides a larger training stimulus in terms of duration, intensity, and fiequency
compared to those that elicit only peripheral adaptation (Hagberg, 1991). Hagberg (199 1)
reported that evidence of central adaptation is the result of a significantly longer exercise
program duration (1 1 * 6 vs. 5 I 4 months), greater intensity (78 * 4 vs. 72 * 4% V 0 2

mm), and of more fiequency (4.3

1.0 vs. 3.5

* 0.7 tirnes/week) than those that elicited

only peripheral adaptation. According to Ehsani et al. (199 1)' elderly cardiac patients can
elicit central adaptation to exercise training if the level of training stimulus is long (1 1.8

*

2.5 months), intense (60-80% V02 mm), and fiequent (four times/week).
From the aforementioned studies, it is clear that the failure to induce central
adaptation in both groups may be due to the heterogeneous subject characteristics in
terms of age, severity of diseases, and the lack of control in the exercise programs with
regard to the intensity, kequency, and the types of exercise involved. These factors were
not monitored or controlled during exercise program rnembership. In addition, less

evidence of the training effects on exercise capacity in the elderly group may be
attributable to age related physiological potential and the larger proportion of patients
with hi&

nsks, therefore reducing response to physical activity.

The signi-ficant increase in estimated maximal METs and stress test duration
occurred in the fïrst year in both groups. Estimated maximal METs were increased
significantly by 12% and 7.6% in the fïrst year in the middle aged and in the elderly
group, respectively. The plateau response in the second year in both groups may be
attributable to a decreased attendance rate due to decreased motivation compared to the
£ k t year, achievement of physiological potential, and inefficient training regirnens.

Nthough both groups did not achieve significant improvements in exercise capacity in
the second year beyond the changes observed in the first year, the program was still
successfui in terms of increasing and maintaining the fitness level above five METs as
recommended by Amencan College of Sports Medicine (1995) for the phase III
outpatient program.
Body fatness and fat distribution responses
The present study shows that exercise program membership, without monitoring

diet and exercise intervention in terms of the type, duration, Bequency, and intensity, has
a minimal effect on changes in body fatness and fat distribution. There were significant
decreases in waist girth in the middle aged group and significant decreases in waist to hip
ratio in the elderly group. However, the benefits were small compared to other
outpatients II rehabilitation programs (Willaims et al., 1985; Lavie & Milani, 1996;
Maines et ai., 1996; Brubaker et al., 1996), despite the longer duration of the program in

the present study.

The failure to induce favorable changes in BMI, WG, and WHR in this long term
exercise program mernbership may be attributable to the lack of ability to control the
type, intensity, duration, and fiequency of physical activity, and the calonc intake of the
subjects. According to American College of Sports Medicine (1995), the optimal way to
reduce body fatness is a combined program with mild calorie restriction and regular
endurance exercise without nutritional deficiencies, They recommended negative cdoric
balance between 500 to LOO0 kcdday to reduce body fatness without metabolic
derangements such as ketosis. An exercise program shodd also be balanced between
intensity and duration to promote a high total caloric expenditure of 300 to 500 kcal per
session and 1000 to 2000 kcal per week for adults.
Increased abdominal fat accumulation is also related to cigarette smoking status in
male subjects (Visser et al., 1999). In the present study, the majority of the patients were
past or current smokers (65.5% in the elderly vs. 64.3% in the middle aged group). As
the increased Ievel of abdominal fat accumulation is attributable to smoking induced sex
hormone Ievel changes such as increased estrone, estradiol, androstenedione, and
testrosterone Ievels, which have a significant impact on abdominal adiposity in men
(aged 30-79 yr) compared to non smokers (Barrett-Comor & Khaw 1987). Aithough the
relationship between smoking and fat distribution was not tested in this study, it is
possible that the small changes in abdominal adiposity may be atiributable to smoking
status, or the number of year of since smoking cessation.
Blood livid responses
Significant improvements in HDL cholesterol in the present study are in
accordance with previous studies (Lavie & Milani, 1996; Maines et al., 1996;Williams et

al., 1985; Fonong et al., 1996; Hubinger & Mackinnon, 1992; Cullinane et al., 1982),
indicating regular physical activity irnproves HDL cholesterol.
The HDL cholesterol level was signincantly increased in the first year (8.9%) as
weii as in the second year (3.6%) in the middle aged group, whereas the increase in HDL
cholesterol level was only significant in the first year (4.6%) in the elderly group. After
excluding the subjects who were taking lipid lowering medication, the changes in HDL
cholesterol were still sigruficant in the f i s t (8.8%) and in the second year (4.5%) in the
middle aged group, and in the first year (2.8%) in the elderly group. Both groups
successfuliy maintained HDL cholesterol levels between 1.O1 and 1.16 mm01 over time.
The favorable response of HDL cholesterol in both groups was significant without
considering lipid lowering medication status. Therefore, it is noted that the program is
successfid to increase and to maintain HDL cholesterol level beyond the high nsk
category for CAD (< 0.9 m o l ) during the exercise membership in both groups.
Similar to the results of exercise capacity, the improvement in HDL cholesterol
was significantly greater in the middle aged than in the elderly group (12.9% vs. 2.8%,

pCO.01) during the two year exercise program membership. This may be due to the lower
initial level of HDL cholesterol in the rniddle aged compared to the elderly group.

Other factors which have an impact on the change in HDL cholesterol may be the
lack of control of the confounding variables such as exercise intervention or diet. High

HDL cholesterol levels in elderly long distance runners are dependent upon a higher
physical activity level and a larger volume of physical activity than their sedentary
counterparts, indicating a dose-related response (Higuchi et al., 1988). HDL cholesterol
levels are also influenced by factors other than physical activity. The positive relationship

between HDL cholesterol and alcohol consumption was also reported (Fonong et al.,
1996). Dietary carbohydrate appears to be related to decreased HDL cholesterol level.
Unfortunately, these were not monitored in this study.
No significant changes in total cholesterol were found in either group, similar to
other studies (Fonong et al., 1996; Hubinger & Mackinnon, 1992; Higuchi et al., 1988;
Lavie & Milani, 1996; Maines et al., 1996; Williams et al., 1985; Ready et al., 1996).
Although the decrease in total cholesterol was not sigdicant, it was noted that the
middle aged group decreased the total cholesterol level (5.09 mmol) below the risk
category for CAD (>5.2 mmol) after the two year exercise program rnembership.
The effect of exercise on total cholesterol level is unclear. Exercise training seems
to have a minimal effect on changes in total cholesterol level without significant dietary
modification (Brubaker et al., 1996). in addition, the opposite changes in HDL
cholesterol, LDL and triglyceride level may explain the unchanged level of total
cholesterol. The decreased total/HDL cholesterol was attributed solely to the increased

HDL cholesterol level in both groups.
A significant decrease in triglyceride levels was noted in the first year for the

elderly group, and in the second year for the middle aged group. The early response in
triglyceride levels in the elderly may be due to a higher initial level of tnglyceride
cornpared to the middle aged group (2.20 vs. 2.03 mmol). Tnglycende levels decreased
continuously in the middle aged over tirne, whereas the triglyceride level increased
slightly in the second year in the elderly group. M e r excluding the subjects with lipid
lowering medication, there were no significant changes in triglyceride level in both
groups. According to Mansur et al. (1999), lipid lowering medication (Statins) had a

significant impact on reducing total cholesterol, LDL cholesterol, and triglyceride durhg

an exercise stress test. Therefore, the exercise training itself had no signincant effect on
g
were excludedreducing triglyceride level when subjects with lipid l o w e ~ medication
The lack of changes in total cholesterol and triglyceride level may due to
insufticient amounts or the level of physicd activity in ternis of intensity and fiequency,
different individual responses to exercise in the lipid profile, or dietary intake which was
not monitored during the exercise memberstiip. Accordhg to Mamgat et al. (1996), high
intensity physical activities (> 9 kcaVminute) were recommended to decrease total
cholesterol and triglyceride level, whereas o d y middle intensity physical activities (> 7
kcdmin) were needed to increase HDL cholesterol.
The present study shows that exercise training can be a significant independent
factor for increased HDL cholesterol level in the middle aged and in the elderly group. It

is a significant finding that exercise training can produce favorable changes in HDL
cholesterol without changes in body fatness and body fat distribution. Further studies
should consider the effects of dietary intake, and the type, intensity, and fkequency of
long term exercise prograrns on blood lipid profiles.
Factors predicting changes in blood l i ~ i dmofiles

The present study showed a positive relationship between changes in BMI and
changes in total cholesterol, total/HDL cholesterol, and triglyceride levels and an inverse
relationship between changes in BMI and HDL cholesterol in elderly group. Stepwise
regression demonstrated that change in BMI was the significant independent variable
related to changes in al1 the blood lipids. However, none of the variables were

independent variables for predicting changes in blood Iipid profiles in the middle aged
gr0UPIt is interesting that the changes in BMI are more strongly associated with
favorable changes in blood lipid profiles than changes in abdominal adiposity (WG and

WHJX) in the elderly group. Although increased BMI is a significant cardiovascular risk
factor for hypertension (Reeder et al., 1997), previous studies have reported that
increased abdominal adiposity is more closely associated with abnormal blood lipids than
increased BMI in both men and women (Ledoux et al., 1997; Matsuzawa et al., 1995;

Rimm et al., 1995; Rexrode et al., 1998; Ohlson et al., 1985; Folsom et al., 1990;
Stevens, Gautam & Keil,

1993; Gillum, 1987). Studies using more accurate

measurements such as CT (Treuth et al., 1995) or dual energy X-ray absorptiometry

@EX& Treuth et al., 1994) reported an exercise induced decrease in abdominal
adiposity, mostly decrease in intra-abdomind adiposity, without changes in waist
circumference (Treuth et al., 1994) or percent body fat (Treuth et al., 1995). Therefore, it
is plausible that anthropornetry measurement may be Iimited in deterrnining the changes

in abdominal adiposity (Treuth et al., 1995). According to the Hunter et al. (1994), WHR
has a limitation and may not be related to cardiovascular disease nsk factors after
adjusting for uitra-abdominal adipose tissue. Therefore, precise measurements should be
used to determine abdominal adiposity, specifically intra-abdominal adiposity which is
significantly related to development of coronary artery disease and adverse blood lipid
profiles with aging.

In addition, measurement variation between personnel may exist in obtainhg WG
or WHR, which led to an underestimation of the degree of association between

abdominal adiposity and blood lipid profiles, whereas the measurement of BMI is
relatively simple, easy, and accurate. Therefore, a more consistent measurement in BMI
c m lead to a sigdicant independent variable for predicting changes in lipid profiles in
the present study.
Compared to the elderly group, the relationships between variables for predicting
changes in lipid profiles were less significant in the middle aged group. It is interesting
that change in the body fatness indicator (BMI) is more strongly associated with changes

in Iipid profiles in the elderly than middle aged group suggesting that the factors
producing lipid changes may be more susceptible to change in body fatness in the elderly
than in the middle aged group. It is plausible that the BMI in the eiderly may be

represented by large fat mass whereas the BMI in the middle aged may be represented by
large fat fiee mass. Therefore, the relationship between BMI and lipid profiles was more
significant in the elderly than in the middle aged group.
The change in estimated maximal METs was the second significant independent
variable for predicting change in HDL cholesterol in the elderly group. Although the
relationship was not pronounced as expected, it stiU supported that change in HDL level

was significantly explained by change in estimated maximal METs. However, the
changes in estimated maximal METs was not significant independent variable in
predicting in change in HDL cholesterol in the middie aged. It is speculated that large age
variation (36-64 years) in this group rnay be a confounduig variable indicating more
variation in the fitness level than in the elderly group, therefore decreasing the significant
contribution for the change in HDL cholesterol.

Surnmarv & conclusion

The purpose of this retrospective study was to investigate the effect of long term
community based exercise program membership on exercise capacity, abdominal
adiposity, and blood lipids in middle aged and elderly cardiac patients using secondary

data andysis. It was hypothesized that the heakh (body fatness, abdominal adiposity, and
blood lipids) and fitness benefits (exercise capacity) would be greater in the elderly than

in the middle aged group following the exercise membership. It was also hypothesized
that changes in blood Iipid profiles would be explained to a greater extent by changes in
abdominal adiposity than by changes in exercise capacity.

Al1 elderly (n=58) and middle aged (n=71) subjects who had maintained
membership and completed an annual assessrnent for two consecutive years (three
assessments in total) at the Reh-Fit Center, Winnipeg, Manitoba, between 1990-1998
were included in the data analysis. Annual assessments included an exercise stress test on
a treadmill using a modified Balke protocol, anthropometic measurement (Body Mass

Index, Waist Girth, and Waist to Hip Ratio), blood lipids (total cholesterol, HDL
cholesterol, total/HDL cholesterol, and triglyceride). Al1 members attended 12 sessions of
education classes (three t h e s / week) in the first month of enrollment, and then joined a
number of exercise programs based upon their fitness and health condition. Programs
included cardiovascular aerobic, total body conditiming, stretch, and strength programs
of various types, duration, and intensiîy.
M e r a two year exercise program membership, both middle aged and elderly
groups had significantly increased estimated maximal METs, and treadmill test duration.
The increase in estimated maximal METs was significantly greater in the middle aged

than in the elderly group. Most changes in estimated maximal METs, and treadmill test
duraion occurred in the first year of membership in both groups. The middle aged group
had a s m d , but significantly decreased WG d e r one year mernbership, whereas no
favorable changes in body fat distribution were found in the elderly group. No sigdïcant
changes in BMI were reported in either group. Favorable changes in HDL cholesterol,
total/HDL cholesterol, and triglyceride levels occurred in both groups, however the
increase in HDL cholesterol over h e was significantly greater in the middle aged, than

in the elderly group. No significant changes were found in total cholesterol level in either
group. m e r excluding subjects on lipid medication, the favorable changes in HDL
cholesterol, totalfHDL cholesterol, and triglyceride levels remained significant in the
middle aged group, whereas only the increase in HDL cholesterol remained significant in
the elderly group. Stepwise regression analysis showed that change in BMI was the most
significant independent variable predicting changes in total cholesterol, HDL cholesterol,
t o W L cholesterol, and triglyceride in the elderly group. Change in estimated

maximal METs was independent variable predicting change in HDL cholesterol in the
elderly group. Afier excluding subjects with lipid medication, the change in BMI
remained the most significant independent variable predicting changes in total
cholesterol, HDL cholesterol, total/HDL cholesterol, and triglyceride in the elderly group.
Change in estimated maximal METS was independent variable predicting change in HDL
cholesterol in the elderly group. In contrast, change in BMI predicted only change in
triglyceride in the middle aged group.
Although the exercise program membership did not rnonitor or control the dietary
intake, the intensity, type, duration, and frequency of exercise programs, it was beneficial

in terms of increasing and maintaining the estimated maximaI METS, and HDL
cholesterol Ievels beyond the risk category for CAD during the membership in both
groups.
Further studies should control the type of exercise intervention such as intensity,

fiequency, and duration. Also, dietary intake should be monitored during the exercise
intervention to yield maximal heath and fitness benefits. More studies should examine the
benefits of long term cardiac rehabilitation programs in elderly female patients.
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APPENOIX
1. Exercise stress testing

2. Procedures of exercise stress testing
3. Kinsmen Reh-Fit Centre Exercise test data sheet
4. Member program pathway

The Ex--se Stress T-estatthe ReMt Centre is designed to prescrïbe
an exercise program for each individual. For the Rehtit member, it is an
essential test. Fm-tkFrefcrtm&er, it is an o p t i r n t but recommended
procedure to assess exercise prescription.
The purpose ofthe Exercise Stress Test is to mtmitor the exercise
intensity, by monitoring the metabolie equivdents (METS) and training or
target heart rate, U.H.R.).
When the member arrives for bis or lier test., blood is drawn to check
the Lipids. A Cardio11)gyTechnologkt then prepares the client for the
Exercise test by taking his heigird and weight, rneasuring his waist-hip ratio
and performinga lung fiction test. A small history is taken and medications
are checked. A resting blood pressure is taken and the EKG ekctrodes are
placed on the client for monitoring during the exercise test.
A physician is in attendance when the test is in progress and the kart
rate and blood pressure are monitored throughout . The test is performed to a
maximum degree percieved by the client on an exertïon table and
subsequently reviewed by a Physician.
Based on this ufomation, the client is then reviewed, by appointment,
with a Phys-Ed Specialist or Nurse, and prescribed an exercise program in
accordance with tbeir h e s s level.

Consent forms are signed mndy. This incldes-the HalL&Records,
Exercise Testing aadFxertise Program Consents. The&je& mut
read the fom, or have it read to them. The client is given the oppwtunity to ask questions, or address any concem. The foms are dateà
and witnessed by the preparer.
TheERG electrodes are applied t e the subject, having dem Iie iri a
supine position with chest expose& HaiE is removed as neccessazy
wiih a disposable razor, The skh is prepared wi& s h prep tape and
then deaned with alcohd. The electmdes are piaced accordingly.
If fhe client is a wswZëhfit--meniber-to the Centre, they are seen and -

;Be appropriateprotocol isused.baSebon the subjecfs wdking
3bilie and fiûiesslevd If thesubject is unable to waîk on the treaddi,the bicycle test i-y be use&
Fhe TeehnoIogist isrespons%kfor moriitorEng the sipns,*syiript~ms~
b l d pressure andEKG tm5n.g~
during fhe Exercise Test and repor.
ting any abnomalities to the attending Physician. h extreme cases, a
Nurse may be called to the k c i s e Lab by way of the Red
Emergency phone in accordance to the guidelines of the Centre.
When the subject has completed the Exercise test and the recoveqrp g i & k o r n p l ~ e P h y s i c i a n reviews the resuks with fhe client.
The appropriate shoe tag, interview, and, or, classes are then made
for the client, accordmg to the Physicians
*ne
Twhndogist explitins the signincance of the shoe tags to the clienL
IZLLOW- can used track only during Physician supervised hom.
ORANGE- may use the track at i t y t k e and attend all classes.
BLUE- PREFIT-issued at fkont desk: may use track any time and
attend aU classes,

KINSniEN REH-FIT CENTRE
Exercise Test Data Slieet

I

Age "

Reason for Test n
Date
Total Cholesterol
(mmol/L)
KDL
(mmon)
Totat/HDL Fktio
(%)
LDL
(mmow
Triglycerides
(mmom) #

1

t

J

I

BLOODWORK

1
I
1
.-.

Hgb
Height
Weight
Body Mass Index

1
1

(cm>

0%)
(kg/cmL)

WH Ratio
LUNG
Y

JXT Protocol
GXT

1

(kmh/YoGr)
(min./sec.)

3xercise Duration
;imitation
vIET Level - Peak Exercise
>erceivedExertion (6 - 20)

,

1
2

1

II

S upine
(SmmmHg) 1
BLOOD
Sitting
mm Hg)
PRESSURE Max. Exercise
mmHg)
Max. Recovery
(S/Dmm Hg)
Restin&
(beatdmin.) 1
HEART
Maximal
(beats/min.)
RATE
Sub-Maximal (beats/min.)METS 1

1

HEALING
.'
HEARTS

9
ABC'S

ASSESSMENT

INDtVlDUAL
RESULTS INTERVIEW
PROGRAM DESlGN/RmEW

I

r
& WEIGHT MANAGEMENT

1

l
(
1

I

instructor-led exercise classes
(e-g. aerobics, stretch cIasses)
dinics, workshops (e.g
resistance training)
incentive program Globetrotters
sports (eg. volleyball, badminton)
individual and sport specific
prograrn design
educational prograrn (e-g.
Fitness Basics)
personal trainers
clubs (e-g. Heart Throbs Running
Club)
enrichment program (see current
program guides)

-

--

-

dietary wunsefling with
dietitian
seminars (e.g, Heart of
Healthy Eating)
lipid screening
supportive environrnent, e.g.
Heart Rock Cafe, Taste of
Reh-Fit cookbook
educational materials
courses (e.g, Healthier
Weigh, Making Tracks
Towards Weight Management)
enrichment program (see
current program guide)

MANAGEMENT

-

1 --

-

health nsk assessrnent
spousal support in
cardiac rehabilitation
smoking cessation
stress management
(e-g. yoga)
relaxation classes,
massage therapy
enrichment prograrn
(see current program
guide)

1

NEEDS

-

-

cardiac rehab
osteoporosis program
post by-pass program
Type II Diabetes
individual program
design
enrichment programs
(see current program
guide)
massage therapy

