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ABSTRACT

The purpose of the study was to investigate whether a behaviour change program

based on Canada's Physical Activity Guide for Older Adults would elicit greater benefits

than adoption of the Physical Activity Guide alone. Fifteen older adults completed the

eight week intervention (Intervention group, mean age:73+5y years), while fourteen

others received only the Physical Activity Guide (Comparison group, mean age: 77+10

years). Strength, flexibility, balance (Rikli & Jones, 1999) and estimated energy

expenditure (DiPietro et al., 1993) \ilere measured at zero and eight weeks. Strength and

balance were significantly greater in the Intervention group at baseline þ< 0.05), and

improved in both groups over time (p<0.01). Flexibility also increased significantly in

both groups over time (p<0.01). The estimated energy expenditure increased in both

groups over time (p<0.05), however the increase \ryas significantly greater in the

Intervention group (group*time, p<0.05). Increased estimated total energy expenditure in

the Intervention group was due to increases in all sub-components of physical activity

over time (exercise, recreational physical activity and work). A significant group*time

interaction was also noted for increased energy expenditure due to work activities

Cr<0.05). The increase in energy expenditure in the Comparison group was due to

increase in exercise and recreational physical activþ only. These results suggest that

adoption of the Physical Activity Guide results in benefits. However, the addition of a

behaviour change intervention induced a greater increase in estimated energy expenditure

primarily through daily work activities, and may therefore ultimately lead to greater

health benefits than distribution of the Physical Activity Guide alone.
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Chapter L: Introduction and Overview

The 20û century has seen a population revolution, with the number of older

people increasing at arate unprecedented in human history. The global net balance of

older people is increasing by about one million persons a month (WHO, 1998). Today,

the estimated global population of persons sixty years and over is 540 million; by the

year 2020, the number is forecast to rise to more than one billion, a I00%o increase in

only twenty years. In Canada, a quarter of the population will be in the elderly age

bracket by that time (MacDonald, 1999).

According to the experts, aging results in a gradual loss of adaptability, and

increased functional impairment. This process occurs in living organisms, throughout the

life span, resulting eventually in death (Shephard, 1997), and is affected by many factors,

including genetics, lifestyle influences, chronic diseases and socio-economic status. The

interaction of these factors greatly influences the aging process. Theoretically, old age

refers to the immediate post-retirement period, extending from 65 to 75 years (Shephard,

1997). People at this age usually experience some fuither loss of function or physiologic

deconditioning.

Many studies have addressed the age related decline in physiologic function,

which includes deconditioning of the cardiopulmonary system, the musculoskeletal

system, and the neryous-sensory system, as well as deleterious changes in aerobic

capacity, strengfh, flexibility, balance, and independent living. As physical function is

lost with age, the need for caregiver and community services increases (lriarain et al.,

1988). Quality of life is often negatively affected, because individuals are no longer able

to perform the activities that they enjoy.
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Lifestyle factors, for example smoking, stress, diet, and especially a sedentary

lifestyle, have been identified as the most significant independent cause of cardiovascular

disease, decreased functional performance, risk of injury and loss of independent living

(Dunn et al., 1999; Lowenthal, et al., 1994). Longitudinal cohort studies report that

physically active older adults have less risk of falls and functional impairment (Campbell

et al., i989; Nevitt et a1.,1989; Sorock et al., 1988). Exercise and other forms of physical

activity are known to provide many specific physiologic and psychosocial benefits to

older adults (Pescatello and DiPietro, 1993; Stewart and King, 1991). Exercise

physiologists unanimously agree that regular exercise is essential for optimal function of

the human body at all ages (Astrand, 1986). Bassey (1978) and Bortz (1982) noted the

similarities between the structural and functional declines associated with aging, and the

effects of enforced inactivity such as bed rest or space flight. They also noted the ability

of activity interventions, like exercise programs, to slow the rate of decline. Haskell

(1994) reported that the greatest health benefits from increased physical activity occur

when very sedentary persons begin a regular program of moderate aerobic and muscular

endurance exercise. Since older adults who are sedentary and inactive have a greater risk

of injury, disease, and death, adequate physical activity is highly recommended to this

age group, in order to increase the probability of maintaining better health and a higher

quality of life (Orban, 1994).

Despite ample evidence to show the benefits of physical activity in the elderly,

43Yo of a U.S sample aged 65 years and older, were categorized as sedentary in 1986

(Caspersen et al.). According to the more recent 1996-97 Canadian National Population

Health Survey, only 34o/o of men and29% of women, aged 55 years and over, are
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physically active, and among adults aged74 years and over, only 29%o of men and IgYo

of women are physically active (cited by ALCOA,1999). Furthermore, according to the

1997 Physical Activity Monitor, as many as one-third of older adults report participating

in some form of physical activity less than twice weekly. This means that one-third of

older adults are facing an increased risk of losing mobility and functional capacity, which

could eventually decrease their functional independence (CFLRI, 1998).

The traditional approach, whereby structured exercise is prescribed, is a useful

technique to maintain health. However, it may fall short of meeting the needs of older

adults who dislike or fear structured exercise, who have difficulty reaching facilities, or

who are low income, or who have age-related medical conditions. There are a vast of

number of reasons why older adults are not as physically active as they could and should

be. According to the Physical Activity Monitor (CFLRI, 1995), some of the principal

reasons offered by adults aged 55 or over for not becoming physically active include lack

of energy, lack of motivation, feeling ill at ease, long-term illness or injury, fear of injury,

lack ofavailable facilities, perceived excessive cost, lack ofskill, and lack ofa safe place

in which to be active. All of these reasons reflect barriers that act to discourage older

people from involvement in physical activity.

Both public health and individual strategies are needed to encourage older people

to become more active, in order to delay the decline in physical function and to promote

successful aging. It is imperative to determine the most suitable types of physical activity

to improve health in the senior population. The main concern should be motivating and

increasing physical activity participation of those with very low physical activity levels.

Many studies support the shift in emphasis from haditional individual exercise



4

"prescription" to a broader construct of moderate physical activity for public health.

Studies have examined ways to maximize the health and well-being of older adults via

adoption of a more physically active lifestyle. Epidemiological evidence clearly indicates

that 30 minutes of daily moderate physical activity yields substantial health benefits

(Dunn, et al., 1998). Physical activity recommendations in Healthy People 2000 are to

increase to at least 30 percent, the proportion of people aged 6 and older, who engage in

light or moderate physical activity for at least 30 minutes daily (US Dept of Health and

Human Services, 1991). Haskell (1994) showed that thirry minutes of moderate intensity

exercise once or twice a week, or 10 minutes ofjogging three times a week, will

significantly improve aerobic capacity and body composition in previously sedentary

persons.

Studies to date have focused primarily on the effects of experimental or

community-based physical activity programs, or on the benefits of physical activity as

reported by large sample population surveys. There has been little research conducted

which integrates an active educational program, self-management skill training, and

lifestyle physical activities. Exercise and behavioural-scientists suggest that public health

organizations, educational institutions, health care providers, communities, and

individuals can more effectively promote physical activity through educational programs,

and the creation of programs and facilities that make it easier for people to become, and

remain, more active (Pate et al., 1995). Research suggests that a focus on the lifestyle

physical activity approach is effective in producing changes in physical activity level and

healthy lifestyle behaviors (Prochaska et al., 1992). More recent studies have

demonstrated that a combination of cognitive and behavioural süategies (including



lifestyle activity) are effective for increasing physical activity and cardiovascular fitness

levels (Dunn et al., 1999), as well as for decreasing weight and risk factors for heart

disease (Andersen et al., 1999).

In Canada, a number of public health strategies and initiatives have been

developed at the national level to provide education and to disseminate information. The

Physical Activity Guide to Healthy Active Living, and a companion document for older

adults, are valuable educational materials developed for the public (Health Canada,

lggg). The theory behind these guides is to increase the overall physical activity level,

especially in the elderly, through lifestyle physical activity behaviour change. It is

believed that, this, in turn, will promote a number of health benefits and a higher quality

of daily life to older Canadians (Wheeler, 2000).



1. 1 Statement of the Purpose

To investigate whether a behaviour change program based on Canada's Physical

Activity Guide to Healthy Activity Living for Older Adults (PAG) would elicit greater

physical benefits than adoption of the PAG alone in community-residing older adults.

Outcome variables to be measured would include functional fitness and estimated daily

energy expenditure.

1.2 Hypotheses

1) It was hypothesized that that an eight- week behaviour change intervention

based on the Physical Activity Guide as compare to the PAG alone, would significantly

increase functional fitness, including lower body strength, lower body flexibility and

motor agility/dynamic balance in community-residing order adults.

2) The second hypothesis was that the above intervention would also result in

higher daily energy expenditure in behaviour change program due to increase in lifestyle

physical activity behaviours.

1.3 Definitions

Active Living

A way of life in which individuals make meaningful and satisfuing physical

activities an integral part of daily living (CSEP, 1998).

Age Classification

Middle age (40 to 64yr); old age (65-75yr); very old age (75-85yr); oldest old age

(over 85yr) (Shephard, 1997).



Aging

Process (es) occurring in living organisms that with the passage of time lead to a

loss of adaptability, functional impairment, and eventually death (Shephard, IggT).

Exercise

A form of leisure-time physical activity that is planned, structured, and repetitive.

Its main objective is to improve or maintain physical fitness (csEp, 1998).

Functional performance

The ability to perform activities of daily living (peel et al,1999).

Lifestyle Physical Activity

The daily accumulation of at least 30 minutes of self-selected activities, which

includes all leiswe, occupational, or household activities that are at least moderate to

vigorous in their intensity and could be planned or unplanned activities that are part of

everyday life (CSEP, 1998).

Physical Activity

All leiswe and non-leisure body movement produced by the skeletal muscles and

resulting in a substantial increase in resting energy expenditure (CSEp, 1998).

Sedentary

Those individuals who expend less than approximately 10% of their daily energy

expenditure in performance of exercise of at least four metabolic equivalents, or who

expend less than 2000 kcaVweek, (less than 150 kcal/day) doing physical activity

(Ainsworth etal.,1993; Bemstein et al., 1999; Pate et al., 1995).

Successful Aging

Maintaining independence, and a high quality of life throughout life or



compressing morbidity into a shorter time period (Fries, 19g0).

1.4 Assumptions

1. Participants in the Intervention group and the Comparison group had similar

initial daily physical activity levels.

2. Participants in the two groups had no contact with each other during the study.

3. Participants followed the prescribed interventions throughout the study.

4. All tests were conducted following standardized procedures.

1.5 Delimitation

1. The study participants were not representative of the entire population aged 55

years or older, but were a self-selected group who passed the pre-screening, and who

maintained participation for eight weeks.

2. A socio-economic bias may have existed, as the Intervention group

participants were more likely to be of middte to high socio-economic status.

1.6 Limitations

It is important to identifu and address possible confounding factors that may have

impacted the results of the study, to prevent their occurrence in future studies.

1. Due to the practical difficulties of participant recruitment and management,

and to avoid interaction between groups, the study employed a non-randomized design.

2. The sample size was limited due to practical and logistical constraints.

3. Volunteers in the Intervention group may have been more motivated and
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active than those in the Comparison group, as they had convenient and frequent access to

the,events and facilities of the community centre.

4. Measures of functional fitness may have been influenced by practice and

familiarity. The extent of effort made to perform the tasks at each test session may have

been affected by current mood and health condition. As both groups received the Physical

Activity Guide, there is no way to differentiate practice effects from the effect of the

Physical Activity Guide.

5. Evaluation of energy expenditure was estimated using a recall questionnaire.

Memory diffrculties and cognitive problems are common sources of bias, especially for

older adults, and may have affected these results.

6. The eight week study may have been too brief to accurately reflect the impact

of each intervention.
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Chapter 2: Literature Review

2.1 Physiologic and Functional Changes with Aging

2.2.1Changes in the Cardiovascular System with Aging

It is difficult to determine whether cardiovascular changes associated with aging

are due to the effects ofage-related decreases in physical activity, or to the diseases and

ch¡onic conditions associated with advancing years (Shephard, 1997). For example,

coronary heart disease (CHD), currently one of the leading causes of death in North

America, increases with age, and may be on the rise in elderly populations (Bild et al.,

1993). One previous study reported that as many as 60Yoto 70Yo of older individuals had

some evidence of coronary vascular disease (Elveback and Lie, 1984).

Cardiac performance undergoes direct and indirect age-associated changes. With

increasing age, there is a small reduction in the contractility of the myocardium, probably

due to a decrease in myocardial catecholamine concentration and/or response (Becklake

et al., 1965; Dock, 1966; Gerstenblith et a1.,I976). Plasma norepinephrine concentrations

are increased, but the cardiovascular responses of the elderly are diminished (Palmer et

a1.,1978; Templeton et al., 1979). The myocardium increases in stiffiress (Templeton et

a1.,1979; V/eisfeldt, 1980), impairing ventricular diastolic relaxation and increasing end-

diastolic pressure (Lowenthal et a1., 1994).

Older age is associated with both an increased prevalence of episodes of low

blood pressure (hypotension), and a progressive increase in systolic pressures

(hypertension) at rest as well as during exercise (Shephard, 1997; Hurley and Roth,

2000). Between l0% and 30olo of community-dwelling seniors show a drop in pressure of

20 mmHg or more with a change of posture (Lipsitz, 1989). Postural hypotension, caused
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by a reduced tolerance to changes in the circulatory system, occurs when the elderly

move suddenly from a supine to an upright position, or rise from a sitting position in a

hot environment. The sudden drop in systemic blood pressure in older adults may cause

dizziness, confusion, weakness, and fainting, which directly contribute to the prevalence

of falls in the elderly (Fagard et al., 1993; Halter, 1985). Furthermore, myocardial

infarction or cardiac arrest, which happens soon after short bout of exercise may also

result from the sudden drop of blood pressure (Shephard, 1997). On the other hand,

aging is associated with both increases in average systolic blood pressures and an

increased prevalence of clinical hypertension. Specifically, studies have shown that

systolic blood pressure is elevated at rest due to increases in systemic vascular resistance,

which hinders the flow of blood through the cardiovascular system and forces the heart to

work harder to eject blood (Robergs and Roberts,1997). Beme et al. (1998) demonstrated

that with the increases in collagen content elastic tissue atrophies, and the aorta becomes

progressively larger. The rigid artery then expands to accept less cardiac stroke volume.

Because of an increase in end-diastolic volume and increased systolic pressures,

the left ventricular wall is increased in the thickness and mass in older than in younger

persons (DiBello et a1., l99l). The decrease of the total numbers of cardiac myocytes is

also compensated through the hypertrophy of the remaining tissue (Olivetti et al., 1991).

Moreover, Lakatta (1987) discovered that the fibrous component of the heart wall may

double over the span of an adult's life.

Aging is also associated with a natural decline in other cardiovascular functions.

Maximum heart rate decreases due to neural, hormonal and functional changes; stroke

volume is reduced mainly due to a decrease in myocardial contactility; and blood flow to
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a variety of tissues including the heart is reduced. This latter finding is due to a general

atheroscleroic condition that includes a decrease in vessel elasticity and cross-sectional

area of the lumen of the coronary arteries and other vessels (O'Brien Cousins et a1.,1995).

The most notable change in cardiovascular function with advancing age is the decline in

maximal oxygen consumption (VO2 max) (a l\Yo decrease per decade after 30 year old)

(Robergs and Roberts,1997; Hurley and Roth, 2000).

2.1.2 Changes in the Muscloskeletal System with Aging

The age-related decline in muscle mass is well documented, and studies have

shown that advanced age is a significant factor accounting for this decline (Imamura et

al., 1983). Computed tomography of individual muscles shows that after age 30, there is a

decrease in cross-sectional area of the thigh, as well as in muscle density, and an increase

in intramuscular fat. These changes are most pronounced in women (Imamura et al.,

1983). Total muscle mass decreases with age, and the greatest decrease occurs after 50

years of age. The reduction of muscle mass has been estimated at approximately 33%o

between the ages of 30 and 80 years of age. This loss accelerates to approximately lYo

per year after the age of 70 (Heislein et al., i994; Rantanen et a1.,1992). The muscle

atrophy that accounts for so much of the decreased muscle mass with aging reflects both

a decrease in average fiber size, and a decrease in the number of muscle fibers (Aoyagi

and Shephañ,1992). The number of muscle fibers in the midsection of the vastus

lateralis of autopsy specimens is significantly lower in older men (age 70-73yr) compared

with younger men (age 19-37 yr) (Lexell et al., 1983). Moreover, the decline is more

marked in Type II muscle fibers, which decrease from an average of 60% in sedentary
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young men to below 30%o after the age of 80 yr (Larsson, 1983), and is directly related to

age-related decreases in strength

A significant decline in muscular strength is probably the most prominent effect

of aging. Losses in muscular strength occur atarate of approximately 12 to 14 percent

per decade after age 50 (Hurley and Roth, 2000). The changes in muscular function

associated with aging are most likely secondary to losses in muscle mass and total cross-

sectional area (ACSM ,2000;Robergs and Robert s,I997).As mentioned above, loss of

muscle mass is accompanied by a loss of muscle strength and is thought to be comparable

for the upper and lower extremities (Grimby, 1990). Typical cross-sectional data reflect a

30%-40% loss of back, leg, and arm strength between 30 to 80 years of age, with the

most dramatic losses occurring after the age of 70 yr (Grimby et al., 1983). Data from the

Framingham (Jette and Branch, 1981) study indicated that 40Yo of the female population

aged 55-64 yr,45o/o of women age 65-74 yr and 650/o of women age 75-84 yr were unable

to lift 4.5 kg. In addition, similarly high percentages of women in this population reported

that they were unable to perform some aspects of normal household work. Longitudinal

studies show a 60% loss in grip strength between ages 30 and 80 (Clement, 1974), and

among healtþ older adults a loss of l0-25Yo of quadriceps strength (Aniansson et al.,

1986; Aniansson et al., 1983). Thus, cross-sectional as well as longitudinal data indicate

that muscle strength declines by approximately l5%o per decade in the 6ú and 7ft decade,

and by about 30o/othereafter (Harries and Bassey,1990; Larsson, 1983). While there is

some indication that the quality of muscle tissue is reduced with advancing age, the

overwhelming majority of the loss in strength results from an age-related decrease in

muscle mass (Mazzeo etal., 1998).
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Reduced muscle strength is associated with reduced gait speed (Studenski et al.,

1991), loss of balance (Whipple et al., 1987), and increased disability (Phillips and

Haskell, 1995). This loss of strength, particularly in the lower extremities, is highly

associated with reductions in functional status and increased risk of falling (Buchner and

delateur, I99I; Tinetti et al., 1994).In a study of 26 institutionalized individuals, Bassey

and colleagues (1992) found that individuals using a walker had less than half of the leg

strength of those walking without assistance. They also found significant positive

correlations between leg strength and chair-rising speed, walking speed, and stair-

climbing speed. Later, Fleg and Lakatta (1988) reported that muscle loss may also

account for a substantial proportion of the age-related decline in aerobic capacity.

2.1.3 Physical Activity Level and Functional Limitation in the Elderly

Sedentary living among older people has become a significant public health issue

that adds to the burden of unnecessary illness and premature death (McPherson,1994).

Inactivity doubles health risks and adds a disease burden to society comparable to

smoking (Pate et al., 1995). Studies show that years of inactivity dwing middle age

shortens the human life span by as much as 2 years (Paffenbarger et al., 1986).

While physical activity levels in all age groups are improving, a majority of older

people are inadequately active to maintain or promote their health (O'Brien Cousins et al.,

1995). A 1995 national sample of individual 65 years and older categorized 43% of this

population as sedentary (Caspersen et al., 1986). Canadian studies have found that only

10% of women aged more than 45 years have optimal activity levels (Statistics Canada,

1990), and only 20-30% are active enough to promote their health with some degree of
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life quality (Stephens and Craig, 1990). Men at all ages pursue significantly more weekly

hours of moderate, hard and very hard activity compared to women (Sallis et a1.,1985;

Stephens and Craig, 1990), and are more involved and capable in vigorous physical tasks

which require upper body strength and increased exertion (Coroni-Huntley et al. 1986).

In 1994, the National Advisory Council on Aging reported that approximately one-half of

Canadian seniors claim they exercise daily or frequently. However, in the same study,

36Yo say they never exercise. The proportion of older persons who are inactive varies

with the definition of physical activity or exercise used, and with the population studied

(V/agner etal.,1992).

Inactivity and low levels of physical activity in the elderly accelerate the rates of

decline of the major physiologic systems, and therefore increase the risks of

cardiovascular disease, diabetes, obesity, falls and fractures. Also, the ability to prevent

or recover form acute stresses is impaired (Wagner et al, 1992). Branch (1985) found

that men and women aged 65 and older, who reported having slowed down their physical

activities, were twice as likely to have functional disabilities after five years. Many

studies have also addressed the negative effects of lower physical activity levels on gait,

balance, and increased risk of a fall (Buchner et al., 1997).It is increasingly evident that

physical activity level is a major factor in maintaining physiologic function, physical

performance, and functional ability in the elderly.

2.2 Physiologic and Functional Benefits of Physical Activity in the Elderly

Physical activity is shown to positively affect physical functioning and to prevent
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functional limitation, or the inability to carry out normal daily tasks and roles, among the

elderly (Berkman et al., 1993; Camacho et al., 1993; Hubert et al., 1993).It is associated

with optimal function and low incidence of functional limitation ¿rmong relatively healthy

persons (Fries ef al.,1994; Mor et al., 1989), and among those with ch¡onic conditions

(Santiago et al., 7993). These benefits are due to a reduction in the incidence of chronic

disease, the major cause of functional limitation (Helmrich et al., 1994), and to

maintenance of the physiologic capacity to enable normal functional performance

(Wagner et al., 1992). An adequately functioning musculoskeletal system is a key factor

for functional capacity, independence, and good quality of life. Impaired functional

capacity and degenerative diseases of the musculoskeletal organs are one of the most

prevalent and increasing sources of morbidity and suffering (Puggaard et al., 2000).

2.2.lThe Effects of Physical Activity on the Cardiovascular System

Because cardiovascular disease (CVD) is the major cause of death in older men

and women, the effects of exercise training on CVD risk factors is highly important. In

older healthy men and women, cross sectional and intervention studies consistently

indicate that endurance exercise training is associated with lower fasting and glucose-

stimulated plasma insulin levels, as well as improved glucose tolerance (if initially

impaired) and insulin sensitivity (Hersey et al., 1994; Seals et al., 1984b). Available data

also generally supports the conclusion that plasma lipoprotein lipid profiles are improved

in older adults with endurance exercise training, although these changes may be

secondary to taining-induced reductions in body fat stores (Katzel et al., 1995; Seals et

al.,l984a; Seals et al., 1984b). Recent studies show that regular aerobic-endurance
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exercise decreases the age-related reductions in central arterial compliance in previously

sedentary healthy middle-aged and older men. This may be the mechanism by which

habitual exercise lowers the risk of cardiovascular disease in this population (Tanaka et

aI.,2000).

It appears that the elderly obtain similar beneficial cardiovascular adaptations

with exercise training as do younger patients (Ades et al., 1988). These changes include

decreases in heart rate at rest and during submaximal exercise, increases in VO2max and

decreases controlled hypertension. Older patients with CVD also appear to improve a

number of other factors with exercise endurance training, including beneficial changes in

body weight, body fat, and plasma LDL, HDL, cholesterol and triglyceride levels (Lavie

et al., 1993).

2.2.2The Effects of Physical Activify on the Musculoskeletal System

Until recently, the prime emphasis of training programs for the elderly has been

upon the development of aerobic function. Nevertheless, the maintenance and increase of

strength and flexibility are of at least equal importance for function and quality of life,

particularly in the frail elderly.

Strength conditioning is generally defined as training in which the resistance

against which a muscle generates force is progressively increased over time. Muscle

strength has been shown to increase in response to training at an intensity of between 60

and 100% of lRM (MacDougall, 1986). However, large gains in muscle strength would

not be anticipated with a typical aerobic training program (Shephard, 1997). An early

study of 65-year-old subjects (Sidney and Shephard,1976) noted gains of leg strength
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averaging 1.Io/o after seven weeks of aerobic conditioning, and l3o/o after one year. Other

longitudinal studies of aerobic programs involving treadmill running (Brown and

Oldridge, 1985; Stebbins et al. 1985) have also shown similar increases in leg strength.

Coggan et aL (1992) trained 64-year-old subjects exercising at80o/o of maximal heart rate

for 45 min, four days per week, for 9 to 12 months. This relatively strenuous aerobic

program yielded an increase in the percentage of type IIA fibers at the expense of type

IIB; and similar increases in the cross-sectional area (ll%), capillary density (20o/o), and

the activity of mitochondrial enzymes (24%to 55%) of type I and IIA fibers.

During the last few years, there have been several well-controlled longitudinal

studies of resistance training for seniors of various ages. Almost all studies report that

resistance training increases the strength of older adults (Aniansson et al., 1980; Cress et

a1.,1999). Heislein et al. (1994) reported significant gains in the strength of the

quadriceps (21%),the hamstrings (9Yo), and handgrip Qa%) in an eight-week study

conducted with women aged 50 to 64 years. Earlier studies of low and moderate intensity

resistance training reported modest increases (10-25%) in strength with exercise

(Aniansson et al., 1984; Liemohn, 1975; Moritani and deVries, 1980). More recent

studies in healthy adults (Charette et al., 1991), and frail adults (Fiatarone et a1., 1990;

Fisher et aI.1991) demonstrate that more vigorous exercise produces far greater gains in

strength (100-200% in a three-month training program). Dupler and Cortes (1993)

adopted a relatively high-intensity weight-training program, utilizing loads that increased

from45o/oto75Yo of the individual's one-repetition maximum force. Muscle strength

increased an average of 6t6%o. Hence, there is good evidence that older people, even the

frail elderly, can undertake programs of resisted exercise. Moreover, such programs can
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yield substantial gains of strength, with corresponding improvements in gait, balance, and

overall functional ability.

Flexibility is a general term which encompasses the range of motion of single or

multiple joints and the ability to perform specific tasks. The range of motion of a given

joint depends primarily on bone, muscle, and connective tissue structure and function,

other factor such as pain, and the ability to generate sufficient muscle force. The effects

of aging impact these tissues, thereby limiting the range of motion at the joints, and

reducing physical performance. The basis for exercise interventions to improve flexibility

is that the muscle or connective tissue properties can be improved, joint pain can be

reduced, and./or muscle recruitment patterns can be altered (}dazzeo et a\,1998).

Studies have shown both significant positive effects, and no significant effects, of

exercise on the range of motion ofjoints in the elderly, depending on the duration of the

program, the exercise tasks, and the measurement technique. The majority of some early

and more recent studies have demonstrated signif,rcant improvement in the range of

motion of various joints (neck, shoulder, elbow, wrist, hip, knee, and ankle) in older

adults who participated in a program of regular exercise (Lesser, 1978;Munns, 1981;

Morey et al., 1991). Morey et al. (1991) found out that over a two-year program of

aerobic, strength, and flexibility exercise,65- to 75- year-old participants showed an llo/o

increase in flexibility. Brown and Hollosry Q991) had 65-year-old subjects perform

general unsupervised exercise for three months. Significant gains were seen in the

forward bend, straight leg raise, hip extension, and hip internal rotation. However, other

instructors found no association between exercise and flexibility, reporting that physical

activity as assessed by a questionnaire was not related to range of motion at the shoulder,
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elbow, hip and knee in older adult men and women (Walker et al., 1gg4). To date, studies

have not provided the evidence for a clear dose-response relationship between flexibility

and exercise (Mazeo et al., l99S).

2.2.3 "lhe Effects of Physical Activity on Physical Function and Independence

Many adults experience declines in physical function as they age. As function is

lost, the need for caregiver and community service increases Q.{arain et al., 1988). The

quality of life of older persons is also potentially affected, because individuals are no

longer able to perform the activities that they once enjoyed. Eventually, they may not

even be able to carry out activities of basic daily living, and will therefore lose their

independence.

DiPietro (1996) pointed out that there is less known about the relationship

between habitual physical activity (especially that of lower- to moderate-intensity) and

the maintenance of day-to-day functioning in older people. However, physical activity

through all stages of life is essential to maintain quality of life and to continue

independent living as people age (Dampier and Adams, 1999). Studies of successful

aging should identiff the modifiable factors related to enhance higher physical function.

Dipetro (1996) classified physical activity as a behaviour, whereas physical function

results from the ability to perform functional tasks. Physical activity can lead to an

increase in balance and muscular strength that, in turn, enables older adults to live

independently (Cress et al., 1999). Some other epidemiologic studies suggest that

physical activity is associated with the maintenance of more basic components of

physical function, as well as with higher-order tasks or goal-oriented functions in healthy
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older people. Moreover, higher levels of physical activity appear to be associated with

better functioning and more physical independence, even in those with already-existing

chronic disease (DiPietro, 1996). Scientific evidence shows that the benef,rts of being

active include better health, more energy, reduced stress, improved sleep and reduced risk

of heart disease, high blood pressure, Wpe2 diabetes, and osteoporosis (Dampier and

Adams, 1999).

Since maintenance of an independent lifestyle is an important concern for many

older adults,Katz et al. (1993) has described life expectancy in terms of years of active

life expectancy, and years of dependent living, for adults from age 65 years. For men and

women combined, at age 65 years, the total life expectancy is 16.5 years, 10 years of

active life and 6.5 years of dependent living. Song (1993) reported that in the elderly,

mental health, physical health and activities of daily living (ADL) are closely related to

independent living in older adults. In a 6-month study, Hamdorf et al. (1993) discovered

that elderly women participating in a progressive weight program adopted and sustained a

higher level of habitual physical activity, and concluded that favorable modification of

lifestyle factors is more likely to enhance independence. A recent study (Puggaard et al.,

2000) explored the effect of regular physical activity on blood pressure, maximal oxygen

uptake, maximal isometric muscle strength, and walking speed in the very old, and

suggested that physical reactivation of the this group may reduce the risk of acquiring

age-related diseases associated with an elevated blood pressure, and may improve

parameters crucial for independence. Vuori (1995) reported that physical activity

positively influences most structural components of the musculoskeletal system that are

related to functional capabilities and the risk of degenerative diseases. physical activity
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also has the potential to postpone or prevent prevalent musculoskeletal disorders, such as

low back pain, neck and shoulder pain, and osteoporosis and related fractures. Scientific

evidence is now suffîcient to recommend regular lifelong physical activity as part of a

healthy lifestyle for everyone, in order to enhance physical function and health for both

individuals and populations. Recent ACSM health recommendations call for

incorporating at least 30 minutes of any activity into the daily schedule (Dunn et al.,

1998). Therefore, regular participation in activities of moderate intensity (such as

walking, gardening, house/yard work) should be encouraged among the older

community.

2.2.4The Effects of Physical Activify on Daily Energy Expenditure

Energy expenditure depends on basal metabolic rate, as well as on the duration

and intensity of daily physical activity. The daily energy expenditure requirement of the

average adult decreases by O.8MJ/day from age 45 to 75,with a further decrease of

l.2MJlday in those who are even older (Shephard, IggT).In addition to the physiological

changes associated with aging, this decrease is due to the prevalence of sedentary

lifestyle in old age, the increased illness that often prevents older adults from engaging in

regular physical activity, and/or to the low awareness of the importance of daily activity

(Marcus et al., 1992; Blair et al., 1989).

The report of the US Surgeon General suggests that an increase in daily energy

expenditure of approximately 150 kcal is associated with substantial health benefits, and

that the activity does not need to be vigorous to produce benefits (JS Department of

Health and Human Services, 1996). According to Canadian Society for Exercise

Physiology (1998), an increase of 500kcaVweek is required to see a small increment of
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health benefits. An increase of 8OOkcal/week is required for getting much greater

benefits. However, these are all based on current physical activity level and health status.

Examinations of the dose-response effect of physical activity have demonstrated that the

most significant health benefits are found in individuals engaging in moderate physical

activity, and that very great benefits occur when sedentary individuals begin a program of

regular physical activity (Haskell, 1994). A 16-week sfudy of a home-based walking

program' conducted with healthy, elderly, community-dwelling men and women, using

energy expenditure as the outcome measurement, demonstrated high adher ence (95yo)

using this approach to promote physical activity among the elderly (Leaf and Reuben,

1996). This study also suggests that flexible and daily living activities are more suitable

to the elderly, and may be more readily maintained.

2.3 The Benefits of Lifestyle Physical Activity

The history of lifestyle physical activity interventions is closely linked with the

history of public heaith recoÍrmendations for physical activity such as those from the

Centers for Disease Control and Prevention (CDC) and the American College of Sports

Medicine (ACSM), the National Institute of Health Consensus panel, and the Surgeon

General's recoÍrmendations for physical activity and health (Dunn et al., 1998).

Lifestyle physical activity is defined as the daily accumulation of at least 30

minutes of self-selected activities, which includes all leisure, occupational, or household

activities that are at least moderate to vigorous in their intensity, planned or unplanned,

and a part of everyday life (Dunn et al., 1998). The critical part in this definition is that

these activities are individually selected and are not prescribed. Also, these selÊselected
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activities can be consciously planned by the individual or they can be unplanned by

manipulation of the environment, such as suggesting that individuals climb stairs instead

of using elevators. As illustrated in Figure I (Blair et al., lgg2),lifestyle activities can be

accumulated in short bouts during the day rather than performed in one long bout of

continuous activity. Lifestyle physical activity has been facilitated through the use of

various behavioural strategies or environmental cues that shape sedentary or inadequately

active individuals to reduce sedentary activities and to achieve or surpass minimum

public health guidelines for physicar activity (Marcus et al., 1996).

2.3.1 The Limitations of structured Exercise for the Elderly

Although the benefits of adopting regular exercise as a traditional approach to

gain health are very well documented, epidemiological studies demonstrate that only 15%

of the population are vigorously active at the levels prescribed by the American College

of Sports Medicine (ACSM, 1990). Similarly a large majority, 60%o, of thepopulation

are inadequately active, and of these25%oare completely inactive (U.S.Department of

Health and Human Service, 1996). This evidence, along with important reviews of

determinants and barriers to exercise (Dishman et al., 1985; King et al., !992), indicates

that many people feel that they do not have time to exercise, dislike vigorous exercise,

and dislike the structure of gymnasium-based exercise. More barriers to structured

exercise are reported for older adults (CFLRI, 1995), including lack of energy, lack of

motivation, feeling ill at ease, long-term illness or injury, fear of injury, lack of available

facilities, perceived excessive cost, lack of skill and lack of a safe place which to be
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active. older adults may hesitate to engage in physical activity because of a

misperception that vigorous and structured exercise is their only alternative.

2.3.2The Effects of Lifesfyle Physical Activify on the Elderly

Most lifestyle physical activity interventions that have measured physical activity,

cardiorespiratory or endurance fitness, or exercise adherence as primary outcomes have

been conducted in the past ten years. These studies indicate that lifestyle interventions are

effective in helping individuals meet the established public health criterion for physical

activity (Pate et a1., 1995). There is some preliminary evidence that a large percentage of

individuals maintain activity levels for up to ) year or longer after such interventions

(Elmer et a1.,1995). In addition to facilitating increased overall levels of physical

activity, lifestyle studies have demonstrated improvements in cardiorespiratory fitness

equal to improvements reported in studies conducted with structured exercise programs

(Dunn et al., 1999). To date, only a few studies have specifically examined lifestyle

physical activity in older adults (i.e., over the age of 65 years). Leaf and Reuben (1996)

reported a significant improvement of sit-to-stand test performance, and a95Yo adherence

rate after a 16-week walking program which aimed to increase total kilocalorie (kcal)

expenditure from 300 kcaVweek to l,2OOkcal/week in a sedentary senior group. In this

study, energy expenditure did not significantly increase from baseline to 16 weeks.

Although there are relatively few lifestyle physical activity studies conducted with

elderly people, long-term benefits have been demonstrated including an increase in

moderate-intensity physical activity, and reduction of sedentary activity (Dunn et al.,

1998). Also, lifestyle physical activity interventions may be expected to have a more long
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lasting effect on physical activity behaviour. Moreover, based on the definition of

lifestyle physical activity, it is apparent that the large variety of self-selected activities,

and accumulated short bouts, will provide older people with more choice to arrange their

own physical activity plan, unlimited by time, physical ability, specific facility

requirements, and cost.

2.3.3 Interryentions to Promote Physical Activify in Communities and Populations

The many benefits of participation in regular moderate- or vigorous-intensity

physical activity are well documented. The advantages of adopting lifestyle physical

activity on a daily basis are also established. However, the sedentary or insuff,rciently

active population remains large. Research has shown that without intervention, most

people remain sedentary (Marcus et al., 2000b). It is important that large scale physical

activity interventions be disseminated to the large population of sedentary individuals.

This requires that physical-activity interventions move beyond strictly face-to-face

modes, and begin to use newer behaviour change methodologies (Marcus et al., 2000a).

Strategies must not be directed only at individuals or small groups, but to entire

populations, if they are to successfully promote physical activity (Sallis and Owen,

1 ee8).

Published studies have revealed that behaviour modification, and cognitive-

behaviour modification can be successfully used to assist patients and healthy adults in

the adoption of physically active lifestyles (Marcus et al., 2000b). Media and mass

communication are more effective at influencing the knowledge and attitudes of people

who are at the earlier stage of the exercise adoption process (Sallis and Owen, 1998).
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Maintenance of physical activity is critically important because ongoing participation is

necessary to sustain health benefits. Knowledge of effective intervention strategies for

long-term maintenance and recommendations for research on physical activity behaviour

change is at an early stage (Marcus et al., 2000b).

Project ACTIVE was a randomized clinical trial that compared two physical

activity interventions, lifestyle and traditional structured exercise (Sevick et al., 2000).

The two interventions were evaluated and compared in terms of cost effectiveness and

ability to enhance physical activity among sedentary adults. The results showed that a

behaviourally-based lifestyle intervention approach in which participants are taught

behavioural skills to increase their physical activity by integrating moderate-intensity

physical activity into their daily lives is more cost-effective than a structured exercise

program in improving physical activity and cardio-respiratory health. This study

represents one of the first attempts to compare the efficiency of intervention alternatives

for improving physical activity among healthy, sedentary adurts.

2.3.4Theories and rechniques for Promoting physicar Activify

Several behaviour change models have received empirical support for their

effectiveness, or show promise for, the design of effective physical activity interventions

(Marcus et a1.,1996). The health belief model applied to physical activity states that four

types of beliefs influence health behaviours: 1) the individual's perceived susceptibility

to developing health problems because of inactivity ; 2) the perceived impact of the

health problem on the individual's quality of life; 3) the individual's belief that adopting

an active lifestyle will be beneficial to them; and 4) the belief that the benefits of being
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active exceed the related cost (Beckef. I974; Meichenbaum, 1987). previous research has

suggested that those who perceive their health as poor, or who believe that exercise has

limited health value, exercise less frequently (Dishman, 1991). On the other hand, those

with more positive beliefs about physical activity demonstrate higher degrees of active

lifesfyle adoption. Intention to engage in a behaviour is proposed to be comprised of two

factors: the individual's attitude toward the behaviour, and the social factors toward

engaging in the behaviour (Godin, 1994).If an individual believes that physical activity

can improve health, energy and mood, and if they have minimal barriers to being active

and a support system, they are more likely to adopt and maintain an active lifestyle.

Planned behaviour and self-management techniques are widely used in exercise

interventions. Strategies such as behaviour contracts, stimulus control methods and

written agreements have been found to increase physical activity adherence by 10 to 75%o

in a variety of studies (King et a1.,1992). Shaping behaviour change by a series of

attainable goals with a gradual increase in the goal requirements, is more likely to lead to

a final behaviour (Marcus et al., 1996). Self-monitoring of activity behaviour is an

integral part of many physical activity programs, particularly in home-based programs

(Juneau et al', 1987). Physical activity parameters such as duration, frequency, activity,

and intensity of activity can be easily monitored and recorded by participants. The use of

logs can facilitate the shaping of behaviours by identiffing risk of relapse and preventing

over-exercising.

Decisional balance is based on a theoretical model of decision making (Janis,

1977), and involves a comparison of the perceived balance of gain and loss, relevant to

exercise. The use of a decision balance sheet procedure, in which the individual writes



29

down the potential gains and losses of participation in a physical activity program may

promote an awareness of the benefits and costs of participation. Individuals with a

positive decisional balance, who see more benefits to physical activity, or who value the

benefits of physical.activity above the costs, are more likely to participate in physical

activity (Marcus et al., 1992).

2'3'5 Canada's Physical Activify Guide to Healthy Active Living for Older Adults

Two-thirds of Canadians are risking their health and quality of life because of

lifestyles deemed too inactive for good health (CFLRI, l99S). To help Canadians get

moving, Health Canada and the Canadian Society for Exercise physiology jointly

launched Canada's Physical Activity Guide to Healthy Active Living (physical Activity

Guide) in 1998 (Health canada, 199s). The physical Activity Guide and the

accompanying handbook offer an engaging sunmary of the components of physical

activity, and guidelines on how to achieve health benefits by being physically active. It is

designed primarily for those who are currently inactive and those who have already

begun to get active (Ketchum, 1999).

With the Physical Activity Guide successfully launched nation wide, Health

Canada, and Canadian Society for Exercise Physiology, in collaboration with the Active

Living Coalition for Older Adults, developed a guide supplement specifically for older

adults' Based on sound scientific evidence, Canada's Physical Activity Guide to Healthy

Active Living for Older Adults (Physical Activiry Guide for Older Adults) (Health

Canada, 1999) was developed in consultation with more than 70 national organizations

and a variety of scientific experts (Dampier and Adams ,lggg).The physical Activity
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Guide for older Adults offers clear and simple guidelines for selecting the appropriate

level of physical activity to promote healthy active aging.

The key messages and information specific to the needs of older Canadians

included in the Physical Activity Guide for older Adults are as follows:

. Age is not a barrier to regular physical activity.

. Physical activity does not have to be hard to be beneficial.

. Start slowly and progress gradually.

o You can take your first step by doing more of any activities you already enjoy.

o Short bouts of physical activity, even 1O-minutes in duration, can count toward

your daily total.

o Try to accumulate at least 30-minutes of moderate physical activity most days of

the week.

o Choose a variety of activities from each of the three activity groups: strength and

balance, endurance, and flexibility.

The Physical Activity Guide for Older Adults provides tips for getting started and

stories of older Canadians who found fun and interesting ways to build physical activity

into their daily lives. The content of the guide includes informative and educational

material. It provides evidence of population aging, and age related health problems, and

demonstrates how physical activity can benef,rt overall health in older Canadians. It also

shows how to plan an active lifestyle from a variety of daily activities focusing on

strength and balance, endurance, and flexibility. The wide choice of activities includes

both leisure time physical activity (dancing, walking, cycling, TaiChi, etc.) and daily

living tasks (gardening, washing, carrying groceries and lifting soup cans, etc.).
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Tools are provided in the Physical Activity Guide for Older Adults to facilitate

lifestyle behaviour change. A Physical Activity Benef,rts Checklist helps older adults find

the benefits of being active. Ideas for Getting Started clariff the most realistic way to

begin a personal active plan. An Activities Checklist provides a variety of physical

activities that are easy to build into the individual's lifestyle. A Goal Setting Sheet helps

individuals to integrate the above information and set personal goals for being active. A

Suggested Activities Checklist gives an alternative choice for those who have physical

barriers to do physical activity. Moreover, the Daily Activity Log can be both a self-

monitoring tool and gains record to plan and track the lifestyle progresses.

In summary, Canada's Physical Activity Guide to Healthy Active Living for

Older Adults is more than a source of information about physical activity. It promotes

healthy active living through physical activity behaviour change. The tools included in

the Physical Activity Guide for Older Adult, are valuable for self-monitoring and

planning selÊplanning. From the Physical Activity Guide for Older Adults, older

Canadians can leam the ideas of healthy active living and gain the skills to manage daily

physical activity.
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Figure 1. Conceptual figure of daily energy expenditure for a sedentary person (solid
line), a person engaging in planned vigorous exercise during leisu¡e time (dashed
line), and lifestyle physical activity accumulated in moderate intensity bouts over
the course of the day (dotted line). Reported from Blair et al.
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Chapter 3: Methods and procedures

3.1 Study Design

Participants from two community based senior organizations were separately

recruited into an Intervention group and a Comparison group. The Intervention group

undertook an eight-week behaviour change program, based on Canada's Physical

Activity Guide to Healthy Active Living for Older Adults, and designed to facilitate an

increase in physical activity level. The Comparison group also received Canada's

Physical Activity Guide to Healthy Active Living for Older Adults, however they did not

take part in the behaviour change program. Members of the two groups had no contact

with each other throughout the study.

All participants underwent pre-and post-tests at the beginning and completion of

the study. Tests included a questionnaire designed to estimate energy expenditure, as well

as functional tests to measure strength, flexibitity and motor agllityldyn¿¡rnic balance. For

each participant, the questionnaire and functional tests were scheduled on the same day.

Participants in the lntervention group attended weekly sessions designed to

encourage adoption of the Physical Activity Guide for Older Adults. Each session had a

goal relevant to the guide content, and several tools were used to facilitate behaviour

change. Participants in the Comparison group used the Physical Activity Guide on their

own, and made changes to their lifestyle physical activity patterns on this basis alone.

Due to practical difficulties of participants recruitment group from different complex

buildings for the Comparison group, the testing dates were slightly different among the

three locations. The study timeline is illustrated in Figure 2.
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3.2 Participant Recruitment and Screening

To recruit participants for the Intervention group (IG), advertisements were

placed in the st. James/Assiniboia senior centre newsletter and community newspapers,

and flyers were delivered to apartment blocks in the St. James area. The St. James

/Assiniboia Senior Centre is a non-profit organization funded by individuals and run by a

Board of Directors who are com.munity residents. The Centre is comprised of a Senior

Centre, a Wellness Centre, and a Support Services Unit. It offers avariety of programs to

its 800 members including recreation and sports, education, health and social

oppornrnities. It is aiming to help seniors to stay healthy, mobile, interested, educated,

independent, in their home (out of nursing homes or hospitals) and enjoying a good

quality of life.

Program information \¡/as also posted in three Manitoba Housing Authority senior

complexes (Carriage Rd., Strauss Rd. and Hamilton House) to solicit participants for the

Comparison group (CG). The Manitoba Housing Authority (MHA) is an agency of the

Department of Family Services and Housing. The MFIA is the largest landlord in

Manitoba and directly manages over 13,000 residences in almost every area of the

province. The senior complexes are provided to those who are 55 years or older,

independentty living and low-income eamers. This is defined as someone for whom the

monthly rent is approximat ely 2:5 to 27Yoof their income.

Written informed consent was obtained from all subjects (Appendix A) and the

study was approved by the Research Ethics Board at the University of Manitoba for

research involving human subjects.
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Medical history questionnaires were used to identify and eliminate those

individuals for whom physical activity may be inappropriate, or those who should obtain

medical clearance prior to increasing their level of physical activity (Appendix B). A

registered nurse from the St. James / Assiniboia Senior Centre examined the

questionnaires, and made the final decision regarding participant inclusion or exclusion.

All participants were required to be relatively inactive, and to have refrained from

structured exercise programs for the past six months. The YALE Physical Activity

Survey was used to estimate each participant's energy expenditure (Appendix c)

(DiPietro, 1993). Those who expended less than approximately I0%o of their daily energy

expenditure in the performance of exercise, or who expended less than 2000 kcal/week

(150 kcal/day) doing physical activity, \ /ere accepted into the study (Ainsworth et al.,

1993; Bernstein et al., 1999; Pate et al., 1995).

Other criteria for inclusion were as follows:

i) Participants were required to be.community residing adults, 55 years of age or

older.

ii) Participants were required to be able to read and understand English, and to

have sufFrcient cognitive function to complete the questionnaires.

iii) Participants were required to provide written informed consent prior to

admission into the study.

Those excluded from the study included:

i) Individuals who were non-ambulatory (wheelchair bound).

ii) Individuals with diagnosed respiratory, metabolic or cardiovascular disease in

an acute stage.
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iii) Individuals with valvular or rh¡hm abnormalities, or other unstable medical

conditions.

iv) Individuals who were deemed by their physician to require medical

supervision during exercise, or for whom exercise was deemed unsafe.

3.3 Intervention

3.3.1 Intervention group

Canada's Physical Activity Guide to Healthy Active Living for Older Adults was

given to each participant in the Intervention group. Participants met with the principal

investigator once each week throughout the study for a 45-minute instructional session.

Each session included educational and physical activity components, as well as work

with a behaviour change instrument. The goals and contents of each session are listed in

Table 3.1 .

Session goals were made based on theories and techniques for promoting physical

activity behaviours (Marcus, et al., 1996). The eight week program was designed to

guide the participants through a series ofbehaviour change stages based on theories,

such as health belief protection motivation, reasoned action, planned behaviour, operant

conditioning and decision theory (Marcus et al., 1996).

The educational component contained the essential information from the Physical

Activity Guide for Older Adults. Each session \ryas tailored to that week's goal to

provide basic physical activity and health theories, and to let participants gradually

master the skills necessary to choose suitable activities for daily living. The first phase

of the intervention included weeks one and two. At this time, participants were asked to
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identiff their barriers for physical activity, and to state goals to assist in the adoption of

an active lifestyle. The investigator provided the evidence of aging related health

problems, and the health benefits to be gained from regular physical activity.

Participants were then introduced to the Physicat Activity Guide. The goal-setting sheet,

video, and benefits checklist were initially used to motivate participants, and help them

to develop realistic goals. The daily activity log was introduced to assist participants to

plan and track daily activities throughout the study. During weeks three to five, sessions

were specifically focused on the three physical activity groups included in the Physical

Activity Guide: endurance, flexibility, strength and balance. Participants were educated

about the basic FITT theory (frequency, intensity, time (duration) and tasks) for each

activity. The investigator related the information from the Guide to FITT, thus enabling

particiþants to make their daily activities manageable, healthy, and enjoyable. During

the third phase, weeks six to eight, the education content emphasized strategies to

increase daily physical activity. In this phase, participants were made aware that even

small changes in daily activities could lead to significant and beneficial changes over

time.

The physical activity component of each session introduced practical experiences

to the participants. Activities were compatible with that week's educational content, and

were also designed to encourage group interaction and increase motivation. Walking,

stretching and home-based exercises were selected to better enable participants to

incorporate physical activity into daily life.
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Table 3.1 Goals and content of weekly instructional sessions Canada's Physical Activity

Guide for Older Adults.

Week Goals of education session Behavioural change tools Physical activity content

One *To identifu goals and

barriers

*To introduce Physical

*Goal-setting (Guide pg. 9)

* Canada's Physical Activity

Guide for Older Adults

* 10- minute chair exercise

Two

Activitv Guide

tTo discuss benef,rts of

physical activity.

*To introduce the lifestyle

approach

video (12 min
*Benefits checklist (Guide pg. 3)

*Daily activity log

*Home-support exercise

(Tudor- Locke et al, 2000)

(Appendix F)

Three *To introduce endurance

activities

*Activity checklist (Guide pg.6) *10-minute indoor walking
*Daily activity log
*Walking to Fit (video).

Four *To introduce flexibility

activities

tActivity checklist (Guide pg.7) *Tai Chi class

*Daily activity log

Five *To introduce strength

& balance activities

*Activity checklist (Guide pg. 8) *Home-based exercise
*Daily activity log 4 (Tool. l)

Six *To revise physical

activity goals

*Decision balance sheet *Moving to live

(Appendix F) (CSEP, 1998)

Seven *To fit physical activity into *Daily activity logs
daily routine

* lO-minute chair exercise

*My next steps sheet

(Guide ps. 20)

Eight *To make the next step *Walking with music
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3.3.2 Comparison group

Participants in the Comparison group also received Canada's Physical Activity

Guide to Healthy Active Living for Older Adults, however the weekly behaviour change

program was not provided to this group. The investigator was not in regular contact with

this group, except for the three testing sessions þre, mid and post-test).

3.4 Measurement Procedures

3.4.1 Energy Expenditure

Energy expenditure was estimated using the Yale Physical Activity Suwey

(DiPietro et al., 1993) (Appendix C). It was administered in a face-to-face interview

setting, and the investigator read, and provided a basic explanation for each question.

Participants were asked to answer each question on their own, with no input from the

investigator. The Yale survey is designed to assess total energy expenditure comprised of

five classes of activities. Several indices were calculated from the participants' responses:

* Activity classes. Five classes of activities (work, yard work, caretaking,

exercise, and recreational activities) are listed in the survey. Participants reported

their daily activities by choosing the activities that were undertaken in a typical week

in the past month.

* Total time (hours per week that the participant engaged in each activity) to the

nearest 0.25 hour.

* Energy expenditure. Total time for each checklist activity was multiplied

by the appropriate intensity codes and then summed to get total energy expenditure.

The intensity code, are defined in terms of a resting metabolic rate and hence are
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independent of body weight. The index is expressed as kcal.wk-1. Estimated daily

energy expenditure was calculated from the energy expenditure per week divided by

7 (days). The estimated daily energy expenditure for each of the five activity classes

was also calculated from the above information. The following formula was used:

Total estimated daily energy expenditure : work + yardwork * caretaking * exercise

I recreation physical activities

DiPietro and colleagues (1993) conducted a two-week repeatability and relative

validity test. The results demonstrated adequate repeatability, and some validity by

correlating with several physiologic variables which reflect habitual physical activity.

Straling and colleagues (1999) compared the accuracy of Yale Physical Activity Survey,

Minnesota Leisure Time Physical Activity Questionnaire, and Caltrac using doubly

labeled water. They suggested that the Minnesota LTA recall and Caltrac may

significantly underestimate free-living daily physical activity energy expenditure in older

men and women with doubly labeled water. No difference ìtras observed between daily

physical activity measured by the Yale and doubly labeled water.

3.4.2 FunctionalFitness

Functional fitness included lower body strength, lower body flexibility, and motor

agility/dynamic balance, and was measured using a test for community-residing older

adults by Rikli and Jones (1999). Evidence has been presented to support acceptable test-

retest reliability for this test (.80< R< .98). All tests significantly discriminate between

individuals who are regular exercisers and those who are not (Rikli and Jones, 1999). In

the current study, all tests were conducted by a Certified Fitness Consultant (CSEP)
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þrincipal investigator), following a five minute warïn up, which included walking and

gentle stretching exercises. The tester also demonstrated the proper technique.

Participants \¡/ere allowed to practice once or twice before the test trials (Rikli and Jones,

rege).

i) Chair stand - lower body strength

The test began with the participant seated in the middle of the chair, back straight

and feet flat on the floor. Arms were crossed at the wrists and held against the chest. On

the signal "go" the participant rose to a full stand and then returned to a fully seated

position. The participant was encouraged to complete as many full stands as possible

within 30 seconds. After a demonstration by the tester, a practice trial of one to three

repetitions was made to check for proper technique. The score was the total number of

stands executed correctly within 30 seconds. If the participant stood more than half-way

at the end of the 30ú second, it was counted as a full stand.

ii) Chair sit-and-reach 
- lower body flexibility

Starting in a seated position in a chair, the participant was instructed to move

forward until she or he was sitting on the front edge. The crease between the top of the

leg and the buttocks was even with the edge of the chair seat. With one leg bent and the

foot flat on the floor, the other leg was extended straight in front of the hip, with the heel

on the floor and the foot flexed.

With the extended leg as straight as possible, the participant slowly bent forward

at the hip joint sliding the hands down the extended leg in an attempt to touch the toes.

The reach was held for 2 seconds. If the extended knee began to bend, the participant was

asked to slowly sit back until the knee was straight before scoring. Participants were
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reminded to exhale as they bent forward, to avoid bouncing or rapid, forceful movements,

and to never stretch to the point of pain. After a demonstration by the tester, the

participant was asked to determine the preferred leg. The participant was given two

practice trials on that leg, followed by two test trails.

Using a 40 centimetre ruler, the scorer recorded the number of centimeters the

participant was short of reaching the toe (minus score), or reached beyond the toe þlus

score). The middle of the toe at the end of the shoe represented azero score. The final

score was the average of the two test trails,results.

iiÐ 8-ft up-and-go 
- agility/dynamic balance

The test began with the participant fully seated in the chair, hands on thighs and

feet flat on the floor. On the signal "go" the participant rose from the chair, walked as

quickly as possible around a cone placed eight feet away, and then returned to the chair.

The participant was told that this was a timed test and that the object was to walk as

quickly as possible (without running) around the cone and back to the chair. The tester

served as a spotter, and stood midway between the chair and the cone, ready to assist the

participant in case of loss of balance. For reliable scoring, the tester started the timer on

"go", whether or not the participant had started to move, and stopped the timer at the

exact instant the participant sat in the chair.

After a demonstration, the participant walked through the test one time as a

practice and then was given two test trials. Participants were reminded that the rest was

not completed until they were fully seated in the chair. The score was the time elapsed

from the signal "go" until the participant returned to a seated position in the chair. The

final score was the average time of the two test trials' results.
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3.4.3 Response to the Physical Activify Guide

A modified Physical Activity Guide Survey (Wheeler, 2000) (Appendix E) was

used to explore the response of each group to the physical Activity Guide.

Five questions were selected to examine the recognition and effrcacy of Canada,s

Physical Activity Guide to Healthy Active Living for Older Adults. The survey was given

to each participant at the post-test session right after the energy expenditure questionnaire

interview. Participants \ /ere asked to indicate the response which best reflected their

experience with the Physical Activity Guide during the study. The percentage of positive

responses for each question was then calculated, and a mean score devised for each

group.

3.4.4 Participant response to the study

The Decision Balance Sheet (CESP, 1998) was used to help the participants think

through the possible consequences of participating in the study (Appendix F). At the end

of the study, the participants were asked to write down all of their gains and losses from

participating in the study. They were also asked to rate the importance of each for them

on a scale of one to three: '1' meant it had a small influence on their behaviour; '3'meant

it was a large influence. For the purpose of data analysis, responses (1,2, 3) were

considered as equally positive or negative, and were presented by percentage response

(Appendix F). By considering potential gains and losses, the participants were able to

make informed decisions about active lifestyle adoption.
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3.5 Data Analysis

One independent variable (behaviour change program based on the Physical

Activity Guide) with two levels (Intervention group vs. comparison group) was

incorporated into the study design. Dependent variables included total estimated daily

energy expenditure (kcal/day), including work, yardwork, caretaking, exercise and

recreation activities, and functional fitness , including lower body strength (number of

chair stands), lower body flexibility (cm), and motor agilityldynamic balance (seconds),

as well as the Physical Activity Guide Survey, and the Decision Balance Sheet results.

All data was analyzed using SPSS Version 9.0 for Windows. To determine

whether significant differences existed on daily energy expenditure and functional fitness

measures between groups at baseline, unpaired t-tests were used. To determine the

signif,rcance of differences between and within groups over time, a two-way analysis of

variance with repeated measures was used. Alpha was set at 0.05 for all significance

tests. The results of the Physical Activity Guide Survey and the Decision Balance Sheet

were presented and compared using descriptive statistics þercentage change).
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Chapter 4: Results

4.1 Participant characteristics and measurements at baseline

Forty-four community residing adults attended an information meeting prior to

the study (19 forthe Intervention group (IG),25 forthe Comparison group"(CG)). One

male (IG) decided not to take part due to low interest. Of the 19 individuals who

volunteered to take part in the CG, one male and one female were excluded during

medical screening due to cognitive problems. Another female was screened out because

of physical frailty.

At baseline, a total of 34 volunteers were eligible to begin the study, 18 in the

Intervention group, and 16 in the Comparison group, respectively. During the'eight week

study, three participants dropped out from the Intervention group, while two dropped

from the Comparison group. Selected baseline characteristics for the final 29 participants

(IG: 15, CG : 14) are shown in Table 4.1. On aveÍage,members of the Comparison

group were slightly older than those in the Intervention group, however this difference

was not significant. Although many participants had chronic diseases commonly seen

with aging, they were free of acute or unstable conditions, and relatively healthy, as

indicated by the Medical History Questionnaire. Members of both groups took

approximately three prescription medications per day. There were four male participants

in the Intervention group, and non in the Comparison group. Just less than one third of

participants in the Intervention group were living in apartments, while all of the

Comparison group members were apartment-residing. Two members of the Comparison

group used walking assistance (cane and walker), while none was required by members

of the Intervention group.
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Table 4.1 Group characteristics at baseline.

lntervention Group
Participants Drop out

(n :15) (n :3)

Comparison Group
Participants Drop out
(n:14) (n:2)

Age(yrs)
Medications (average n)

Hypertension (%)
Heart disease (%)
Diabetes (%)
Arthritis (%)

Male (%)
House-residing (%)
Apartment-residing (%)
Walking assistance (o/o)

73.2 (5.2). 77.6 (4.4)- 76.8 (10.0). 79.0 (1 .0)"
3.i 6.63.0

46
JJ
13

L3

5.0
66
JJ

JJ

35

50 100

26 33
73.3 100
263 0

01

350
t40
2t 50
00
00
100 100

r4.3 0

o SD indicated in ( ).

Baseline measurements of lower body strength, lower body flexibility, motor

agility / dynamic balance, and estimated daily energy expenditure are reported in Table

4.2.Lower body flexibility and daily energy expenditure did not differ significantly

between groups (p > 0.05), however, the Intervention group had significantly greater

lower body strength and motor agility / dynamic balance than the Comparison group at

the beginning of the study.

4.2 E'ffect of the interryention program on functional fitness and estimated energy

expenditure

4.2.1 Attendance and dropouts

Attendance of the members of the Intervention group \¡/as high (100%) for the

first two sessions, then it decreased due to participant illness, travel, and for personal

reasons. After phone contacts following an absence, most participants were able to attend
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all subsequent sessions. The average weekly session attendance was75.4o/o. One male

participant dropped out from the study in the first week because of low interest. Two

females did not attend the post-test session due to depression and injury at the end of

study.

Two members of the Comparison group dropped out, both due to hospitalization

in the middle of the study.

4,2.2 Overall results

After the eight-week study, both groups demonstrated significant within group

improvements in lower body strength, lower body flexibility, motor agility/dynamic

balance and estimated daily energy expenditure (p < 0.05). However, the initial statistical

differences in lower body strength and motor agility/dynamic balance between groups at

baseline remained at the end of the study þ < 0.05). Flexibility also signifrcantly

increased significantly with time in both groups þ < 0.05), and scores did not differ

between groups at the completion of the study. Only estimated daily energy expenditure

demonstrated an interaction effect (group times time) during the study (p < 0.05),

suggesting that the addition of the behaviour change intervention resulted in significantly

greater increases in energy expenditure than exposure to the Physical Activity Guide

alone (Table 4.2).

4.2.3 Lower body strength and motor/agility dynamic balance responses over time

After the eight-week study, leg strength was increased by an average of 28.3%;o in

the Intervention group, and by 20.2% in the Comparison group, respectively. Both groups

showed significant improvement (Table 4.2), andsimilar changes over time (Figure 3).
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There was also a significant increase in dynamic balance within groups during the

eight week study. V/alking speed increased, and walking time over the prescribed

distance decreased by 14.9% in the Intervention group and by 8.1%o lnthe Comparison

group. The individual responses of members of both groups are shown in Figure 4.

Table 4.2 Functional fitness and estimated daily energy expenditure in the Intervention
and Comparison groups before and after eight-week study.

lntervention group Comparison group
(n:15) (n:14)

Pre Post Pre Post

Lower body strength (rep) z*^ 11.312.9 14.st3.2 7.gt2.g g.gt3.g

Lower body flexibility (cm) ^ -1.313.0 t.2t2.g -2.3+s.0 0.116.0

Balance(sec) o*n 6.7!1.1 s.7t1.2 11.1l]6.2 10.215.8

Estimated energy 6t4.3t222.7 976.0*402.0 556.g130g.2 652.5_232.6

expenditure (kcal/day) ^ f

Data are means + SD.

z Significant difference between groups at baseline (p < 0.05).
* Signif,rcant difference between groups at week eight (p< 0.05).

^ Significant difference within groups from baseline to week eight (p<0.05).

f Significant group * time interaction effect G<0.05).



50

4.2.4 Lower body flexibility responses over time

Lower body flexibility increased substantially in both groups (IG, +r92.3o/o; cG,

+104%) during the eight-week study. Individual changes in flexibility are illustrated in

Figure 5. Although there were no significant differences between groups, participants in

the Comparison group had a wider range of responses than did the Intervention group

participants.

4.2.5 Estimated daily energy expenditure over time

There was no significant difference in estimated daily energy expenditure

between groups at baseline. After the eight-week study, both groups demonstrated

increases in estimated daily energy expenditure (IG, +62.3%o; CG, +l4.6yo) (Table 4.2),

with the Intervention group achieving a significant greater improvement than the

Comparison group throughout the study (p < 0.05) (Figure 6). The greatest increases

occurred between weeks four and eight as illustrated in Figure 7. The significant

interaction effect (group times time) (p<0.05), indicates that the effect of the intervention

program is greater than that of exposure to the Physical Activity Guide alone.

To examine in detail the effects of the behviour change program on daily energy

expenditure, total estimated daily energy expenditure \Ã/as divided into five components.

Since participants were asked to report the physical activity of a "typical" week in the

past month, members of both groups did not report any regular caretaking tasks. Yard

work was restricted by the winter season for the Intervention group, and by apartment

residence for Comparison group. Therefore only three classes of activities were reported

on a daily basis activity (Figure 8).
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The activities that the participants undertook to increase their energy expenditure

are illustrated as increased percentage of participation in Table 4.3. There v/as a

significant increase of 36% in energy expended on work in the Intervention group

þ<0.05), and a 50% decrease in the Comparison group. Both time and intervention effects

were showed in this activity class. The activities with the greatest increases in

participation included housework, climbing stairs, shopping and cooking.

Energy expended exercising increased by I45% in the Intervention group and,by 92%

in the Comparison group, due to increased participation in a variety of tasks. Both groups

increased with time, but there were no difference between groups. Participants in the

Intervention group reported taking part in more coÍtmunity centre exercise classes

(stretching, Yoga, aerobic), and increased biking (treadmill). participants in the

Comparison group reported doing more stretching, and home-based exercise (pAG).

Both groups showed great increases in energy expenditure in recreational physical

activities (rG,r20%; CG, 88%) with time þ<0.05). The mosr commonly increased

activity was leisure walking for both groups. The Intervention group also increased

activities such as curling, shuffleboard, dancing and needle work, among others.
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Table 4.3 Physical activities related to increased daily energy expenditure (% of group
members who reported increased participation).

Specific
Actlvltyclass Actrvrtres lntervention group Comparison group-

Work:

Exercise:

s3%

40%

60%

80%

40ìP/o

73%

46%

20%

28%

0%

30%

20%

35%

7r%

7%

0%

Recreational

Activity: leisurely walking

shopping

climbing stairs

cooking

housework

brisk walking

stretching (yoga)

aerobic class

treadmill (bike)

floor curling (bowling)

shuffleboard

painting

needlework

93%

s3%

60%

40%

20%

71%

0%

0%

0%

20%

0%dancine 20%

4.2.6 Association between Changes in Functional Fitness and Changes in Enerry

Expenditure

Increased total energy expenditure was significantly correlated with increased

energy expenditure at work and recreational physical activity when both groups were

combined (Table 4.4). Change in energy expenditure at recreational physical activity was

also significantly correlated with increased energy expenditure during work activities.
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However, increased total energy expenditure was not significantly correlated to any

changes in functional fitness in the combined $oup.

Table 4.4 Pearson correlation between changes in fi.mctional fitness and changes in
energy expenditure in combined group (n:29).

Changes in Strength Flexibility Balance EEw EEx
(kcal)

Strength (rep) 1.000 .226

Flexibility (cm) .226 1.000

Balance (sec) .138 .100

EEw ftcal)

EEx (kcal)

.161 -.019

.24t -.012

.161 .241

-.019 -.0r2

-.005 -.004

L000 -.1 i5

-.1 15 1.000

.440* .027

.738** .0gg

EErec
(kcal)

TEE
(kcal)

.3s8 .352

.081 .042

-.237 -.ts7

.440* .739**

.027 .099

1.000 .ggg**

.889** 1.000

.138

.100

1.000

-.005

-.004

-.237

-.t57

EErec(kcal) .358 .081

TEE (kcal) .352 .042

* Correlation is signif,rcant at the 0.05 level
** Correlation is significant at the 0.01 level
energy expenditure at work: EEw, energy expenditure at exercise: EEx,
energy expenditure at recreational physical activities: EErec,
total energy expenditure: TEE

When the Intervention group was considered alone, the change in total energy

expenditure was also significantly correlated with increased energy expenditure at work

activity and during recreational physical activity. Again, increased energy expenditure

during recreational activity was significantly correlated with energy expended at work

activity. Unlike data for the combined group, increased energy expenditure at work

activity was significantly correlated with one measure of functional fitness, improved

dynamic balance in the Intervention group. (Table 4.5).
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Table 4.5 Pearson correlation between changes in functional fitness and energy
expenditure in IG group (n:15).

Changes in Strength Flexibility Balance EEw
(rep) (cm) (sec) (kcal)

EEx EErec
(kcal) ßcal)

TEE
(kcal)

Strength (rep) 1.000 .359 .394

Flexibility icm; .359 1.000 .079

Balance (sec) .394 .079 1.000

EEw (kcal) -.1 13 -.280 -.547*

EEx ftcal) .170 .044 .232

EErec(kcal) .384 .251 -.379

TEE lkcal¡ .257 .071 -.476

-.1 13

-.280

-.547*

1.000

-.4r9

.528*

.750**

.r70 .384

.044 .251

.232 -.379

-.4t9 .529*

1.000 .054

-.054 1.000

-.073 .947**

.257

.071

-.476

.750++

-.073

.947**

1.000

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

In the Comparison group, change in total energy expenditure was significantly

correlated with change in energy expended in recreational activity. Increased energy

expenditure during recreational activity was significantly correlated with improved

balance (Table 4.6).
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Table 4.6 Pearson correlation between changes in functional fitness and energy
expenditure in CG group (n:14).

Strength (rep) 1.000 .216 .019

Flexibility lcm¡ .216 1.000 .103

Balance (sec) .019 .103 1.000

EEw (kcal) .283 .095 .283

EEx (kcal) .113 -.128 -.366

EErec(kcal) .073 -.083 -.601*

TEE (kcal) .345 .034 -.042

.283

.09s

.283

1.000

-.003

-.343

.082

.1 13

-.t28

-.366

-.003

1.000

-.285

-.004

.073 .34s

-.083 .034

-.601* -.042

-.343 .082

-.285 -.004

1.000 .ggg**

.899** 1.000

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

4.2.7 Response to Canada's Physical Activify Guide to Healthy Active Living for

Older Adults and Decision Balance Sheet

The percentage of positive responses to each question about the Physical Activity

Guide is listed in Table 4.7. Most participants considered the Guide as a good

information resource and a motivation tool (Question 1). More than half of the

participants in both $oups attempted to seek additional information or guidance about

physical activity (Question 2). Dwing the eight-week study, three quarters of the

participants in the Intervention group used a daily log as their lifestyle change strategy to

monitor their physical activity change, as compared to less than half of the participants in

the Comparison group (Question 3). Members of both groups stated that they had

increased their physical activity level, and had experienced physical benefits, such as

increased strength, better flexibility, better movement and increased energy, as a result of
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urrn, the Physical Activity Guide (Question 4). Three times as many Intervention group

members as Comparison group members indicated that their use of the Physical Activity

Guide had resulted in gains to others (Question 5).

Gains and losses were described using the Decision Balance Sheet (Table 4.8).

"Good information" was stated as the principal gain (to self) which was thought to have a

large influence on behaviour change. The participants in the Intervention group stated

specific gains such as improved flexibility, better balance, and increased strength, as

compared to the participants in the Comparison group who stated the overall gain of

physical fitness. Increased self-confidence and mobility were also very important gains to

one third or more of participants in both groups. Almost one-half of the Intervention

group members reported that others had gained from increased motivation due to their

involvement in this study, as comparedto2SYo of the Comparison group members. In

addition, the gains of more confidence, and self-reliance made participants less dependent

on family. Only two participants in the Comparison group reported less pain and loss of

weight as losses to self. No losses to others were reported in either group.
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Table 4.7 Physical Activity Guide Survey Result

1. Do you think the guide works as a good
information resource in helping you get
motivated ?

Besides the guide, did you seek other
physical activity information or guidance?

Did you use the daily physical activity log to
manage your daily physical activity?

Have you increased your physical activity level or
gained physical benefits since you've used the guide?

Do you think there is any gain to others since you've
used the guide?

90%

80%

76%

80%

60%

77%

2t%

80%

50%

43%

2.

J.

4.

5.

Based on Wheeler, G.D., 2000.
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Table 4.8 Decision Balance Sheet Result (% of group members who reported gains and

losses from participation).

Intervention group Comparison group

Gains to self
* Good information and/or

Increased awareness
* Improved flexibility
* Better balance
* Increased strength
* Physically fit
* Improved confidence

95%
35%
6%

20%
t4%
40%
28%

85%
t3%
6%
0%

33%
35%
33%

* Increased mobili

Gains to others
* Motivation
* Less dependence

46%
26%

28%
35%

Losses to self
* Pain 0%

0%
7%
7%

*'Wei

Losses to others 0%0%
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¡ Þecise

gFbcred¡d PA

trdG pcG

Total estimated EE 556.2 875.5 557.8 652.5

Figure 8 Energy expenditure (EE) in three classes of activities (kcaVday).

prelG : Intervention group at pre-test.

poIG : Intervention group at post-test.

preCG: Comparison group at pre-test.

poCG: Comparison group at post-test.

* Significant difference between groups at week eight (p< 0.05).

^ Significant difference within groups from baseline to week eight (p<0.05).

f Significant group * time interaction effect (p<0.05).



65

Chapter 5: Discussion

The purpose of this study was to investigate whether a behaviour change program

based on Canada's Physical Activity Guide to Healthy Activity Living for Older Adults

would elicit greater benefits than adoption of the Physical Activity Guide alone. The first

hypothesis was that an eight- week behaviour change intervention based on the Physical

Activity Guide would signif,rcantly increase functional fitness, including lower body

strength, lower body flexibility and motor agility/dynamic balance in community-residing

older adults. The second hypothesis was that the intervention would also result in

significantly increased daily energy expenditure from lifestyle physical activity due to.

behaviour change. This discussion examines these hypotheses, and the results of the

study as presented in Chapter Four, in relation to the existing literature. The effects of

the intervention program on strength, balance, flexibility, and daily energy expenditwe

will be discussed. In addition, the responses to the Physical Activity Guide will be

interpreted from the results of the Physical Activity Guide Survey and the Decision

Balance Sheet.

5.1 characteristics of the community-residing study participants

Exercise programming for older adults has primarily targeted either high-

functioning community-living seniors, or very frail seniors residing in institutions

(Tudor-Locke et al., 2000). Participants in this study were more typical of the former

group, that is relatively healthy, with some non-life threatening conditions or functional

limitations, but still living independently in the community environment. The wider age

range in the Comparison group (55-91yr), as compared to the Intervention group (67-82
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yr) in this study partly resulted from self-selection of participants. The 55-year old

member of the Comparison group had suffered from a previous stroke, and had impaired

mobility that required use of a walker, while the 91-year old was comparatively healthy.

These differences illustrate that age may not be the primary determinant of function, and

that illness and health status also influence participation in programs of this nature.

The non-randomized study design, with an Intervention group and a Comparison

group from three different locations was initially intended to avoid between group

interaction. In addition, practical diff,rculties in recruiting participants necessitated this

approach. This resulted in the inclusion of users of a walker and a cane in the

Comparison group, while no one in the Intervention group required an assistive device.

Type of residence also differed significantly by design between groups, as all of the

Comparison group were low income earners who resided in Manitoba Housing

complexes (apartment). Members of the Intervention group were active in the local

Seniors Centre, and three-quarters resided in a house. Unfortunately home ownership

versus rental, and other socioeconomic differences such as income and education, were

not examined. Such differences are probable, and may partially explain the differences in

activity choices between the two groups.

Most older adults have at least one chronic condition, and many have multiple

conditions (Spirduso, 1995; Rikli and Jones, 1999). Participants in the present study

reported a similar number of daily medications as reported in a previous study of

community-dwelling seniors (Rooks et.al., 1997). The health conditions reported in the

Medical History Questionnaire are also similar to most frequently occurring conditions

reported per 100 elderly, including hypertension (40%), arthritis (49%), heart disease
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(31%) and diabetes (13%) (Armbuster and Gladwin, 200i). That the incidence of arthritis

was significantly lower in our study is not surprising, given its focus on physical activity.

The especially low incidence in the Intervention group (I3%) reflects self-selection of the

participants.

All fourteen participants in the Comparison group were female, and only four of

fifteen in the Intervention group were males who joined the study with their spouses. This

is in agreement with a previous study showing that women ("wives") are likely to be

more knowledgeable concerning health matters, and are more likely to monitor health

behavior (Stoller and Pollow,1994). All the participants in this study were at post-

retirement age, and were single or living alone with a spouse. The need to adjust to

change and loss (e.g. retirement, role change, loss of a spouse, and change in functional

abilities) is one of the most important and diffrcult developmental tasks that an older

individual faces (Eriskson, 1967).

The dropouts in both groups were slightly older than the participants. The number

of medications were reported nearly twice in the dropouts than the participants. Four of

these five member dropped out due to physical conditions. The percentages of

hypertension and arth¡itis were much higher in both groups. A sense of loss of control

and helplessness could make elderly wlnerable to depression (Eriskson, !967; Wheeler

et al., 1998), which was a direct cause of terminating physical activity participation in the

current study. The reasons for dropping out of this study (depression, low interest, fall

and hospitalization) are also typical barriers for older adults engaging in regular physical

activity, which suggests that unstable health status can cause bar¡ier to maintain physical

activities. Coping with emotional challenges when their physical health was
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medical conditions.

Research shows that one in three people 65 years of age and older, and one in two

people older than 80 years who, live independently in the community will fall each year

(American Association of Retired Persons, 1999).In the United States, older people

account for 37Yo of all hospitalizations arñ 47Yo of all days of care in hospitals

(American Association of Retired Persons, 1999). The dropout reasons in the present

study reflected typical situations which cause sedentary lifestyle in the elderly.

5.2 Baseline differences between groups

Signif,rcant differences between groups in lower body strength and motor/dynamic

agility balance were present at the beginning of the study. The presence of two walking

assistance users in the Comparison group, and none in the Intervention group may partly

explain this difference. Moreover, \¡/e must consider the potential functional fitness

differences relating to house residing versus apartment residing. Although there are few

studies on this topic, it is commonly believed that the elderly people often prefer

apartment living, as decreasing physical ability or deconditioning makes them unable to

handle a variety of house and yard work. It is also thought that changing from house-

residing to senior apartment-residing may suggest an increased need for supportive

living, because many senior apartments have home caretaker or grocery shopping

services. Members of the Intervention group were also members of the community

center, who would need relatively good physical abilities to travel between home and the
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community centre. In addition, they had better access to social and physical activities

while at the Centre than did the Comparison group members.

5.3 Attendance at behavioural intervention program

In the current eight week study, the average session attendance was75.4%o,

similar to previous studies that have reported attendance from36%o-98%o (mean:

approximately 75%) (King et al., 1992). Studies have also found out that only about 50%

of adults without heart disease who begin an exercise program will maintain participation

in the program beyond 3 months. Since the participants in the Intervention group were

members of the Senior Centre, they were already in the habit of regular attendance at the

Centre. The eight weeks study period was also short term, which could account for the

relatively high attendance. Social support may have also played a major role encouraging

participation, as the program offered interaction with other older adults, and effective

exercise staffwho provided assistance with exercise participation (Brandon et al., 2000).

The educational components of the program established the belief that physical activity

prolongs and improves physical function and health, which may also have supported the

initiation and adherence of participation (Brandon et al., 2000). The use of lower-

intensity exercises may also have contributed to the high participation rate (Dishman,

1994).

5.4 Strength responses to the interryention program

Research has consistently demonstrated that, given a stimulus of suffrcient

intensity, muscle strength can be improved in older adults. In the current study, lower
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body strength, as reflected by chair rises, was significantly increased by 28.3%in the

Intervention group, while the Comparison group also had significant improvement of

20.2% over time. These improvements are similar to changes reported by others who

trained their subjects using a moderate strength training program, and who achieved an

average increase from 20o/o to 48o/o in lower body strength (Schlich et al.200l; Singhet

a1.,1997; Hakkinen and Hakkinen, 1995; Charette et a1., 1991). These findings also agree

with a recent report that from eight to 12 weeks of strength training, may be sufficient to

demonstrate physiological and functional improvement (Keysor and Jette, 2O0l).

Nonetheless, adoption of the Physical Activity Guide alone also successfully improved

lower body strength in the Comparison group from pre-to post-test. This suggests that, in

the short term, an active lifestyle change, accompanied by a behavioural intervention

program or not, may result in similar strength gains. Moreover, the study demonstrated a

similar training effect from adopting a variety of lifestyle physical activities, as found in

other studies which have used a structured exercise protocol (Brandon et al., 2000). Both

groups showed a great deal of interest in the activities recommended by the Physical

Activity Guide, such as lifting soup cans or self-made weight bags, chair standing, leg

raises and stair climbing. This suggests that self-selection on a daily basis of physical

activities that are recommended by the Physical Activity Guide may demonstrate benefits

similar to those achieved in a structured strength training program. In addition, these

types of self-selected strength activities are suitable for community residing older adults

for building "exercise" in to their daily routine by offering the freedom of exercisin g at a

self-determined intensity and using less expensive or no equipment (Rooks et al., lggT).
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According to these results, there is no evidence that the Intervention group

improved more than the Comparison group. It is interesting to note, however, that the

lower body strength in the Comparison group changed at a slightly greater slope

compared with the Intervention group (Figure 3). This evidence agrees with previous

reports that the very greatest benefits occur when sedentary individuals begin a program

of regular physical activity. The most significant improvement is gained when people

start at a lower physical ability level (Haskell,1994). Finally, the lack of a control group

(no Physical Activity Guide) does not allow clear differentiation between the effects of

Physical Activity Guide and learningl practice effects on the strength response.

5.5 Dynamic balance responses to the inter-vention program

Leg weakness has been identified as an important risk factor for functional tasks,

such as walking speed and balance (Gehlsen and Whaley, 1990). We used walking speed

as an indicator to evaluate dynamic balance in this study. With significant improvements

of lower body strength in both groups, yet larger increases in the Intervention group.

Members of the Intervention group also increased average dynamic balance greater

(14.9%) than member of the Comparison group (8.1%). This frnding is in agreement with

the finding that lower-body strength training improves walking speed (Schlich et al.,

2001).

Previous studies have shown improvement in "balance related" tests in older

community living adults after participation in a variety of activities, such as walking,

dancing, resistance exercise, Tai chi, and strengthening exercise (Judge et al., 1993;

Jarnlo, 1991). This type of self-selected and selÊpaced physical activity is not commonly



72

used in research sfudies, due in part to the concem that such a format does not ensure an

adequate stimulus for significant physiological gain. However, the magnitude of

improvement in this study suggests that the lifestyle physical activity model of the

Physical Activity Guide can provide a physiological stimulus sufficient to elicit

improvement in physical performance and functional mobility in community -dwelling

older adults. Finally, the lack of a control group (no Physical Activity Guide) does not

allow clear differentiation between the effects of the Physical Activity Guide and

leaming/ practice effects on the dynamic balance response.

5.6 Flexibilify response to the interwention program

There has been surprisingly little recent research in the area of interventions to

increase flexibility in the older adult. Flexibility interventions have not provided the

evidence for clear dose-response effects of exercise (Mazzeo et al, 1998). In the present

study, the intervention program, which included weekly instructive sessions a¡rd used

behaviour change strategies to promote lifestyle change, did not improve flexibility

beyond changes resulting from adoption of the Physical Activity Guide alone. Regardless

of the behavioural intervention program, both goups improved their flexibility

signifrcantly during the eight-week study. This suggests that improvement in flexibility is

related more directly to participation in physical activity tasks, than to the behaviour

change progr¿rm.

The majority of previous studies have demonstrated significant improvements in

the range of motion of various joints (neck, shoulder, elbow, hip, knee and ankte) in older

adults who have participated in a regular exercise (Hubley-Kozey etal.,l995; Morey et
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al,l99r; Lesser, 1978; Munns, 1981). Experts indicate that if a person wishes to

improve, he or she needs to do òpecial flexibility exercises that involve stretching the

muscles and using the joints through their full range of normal motion (Corbin and

Pangrazi,1990). In the present study, flexibility activities were included as one of the

three activity groups in the Physical Activity Guide. Therefore, rather than doing lifestyle

physical activity and recreational activities, participants learned to incorporate specific

flexibility activities in to daily living. Members of both groups added an average of 10

minutes of stretching per day, albeit in response to two different programs (intervention

versus Physical Activity Guide alone). This is in keeping with ACSM (199S)

recommendation of using many different approaches, with even short program duration,

to elicit beneficial efFect on flexibility.

Finally, the lack of a control group (no Physical Activity Guide) does not allow

clear differentiation between the effects of the Physical Activity Guide and learniny'

practice effects on the flexibility response.

5.7 Daily energy expenditure responses and energy expenditure in three activity

types

Physical activity levels in older adults have been assessed using numerous

approaches depending on the study purpose (Stewart et al., 2001). In the present study,

we used the Yale Physical Activity Survey (YPAS) based on several considerations.

Firstly, using questionnaires for the elderly population may minimize concems about the

complicated experimental setting and safety issues raised by laboratory testing. Secondly,

this questionnaire covers a wide variety of physical activities of daily life. Unlike other



74

questionnaires, which assume regularity in the way in which people participate in

exercise, and which assume that duration is consistent for each exercise session, the Yale

Physical Activity Survey asks respondents to report the total time spent per week rather

than the average time per session. This compensates for the fact that older adults

participate in at least some of their activities on an irregular basis, and for different

amounts of time per session (DiPietro et al., 1993). In addition, since daily energy

expenditure is an indicator of overall physical activity level, the broader range of activity

tasks included in this survey provide a more precise record of physical activity

involvement.

In the present study, estimated total daily energy expenditure increased in both

groups, however the greater increase in energy expenditure in the Intervention group as

compared to the Comparison group supports the hypothesis that the behavioural

intervention program would be more effective than the Physical Activity Guide alone.

Also, the mean daily energy expenditure at pre, mid and post-test demonstrated a

constant increase in the Intervention group, and a plateau after four weeks in the

Comparison group. This suggests that the combination of education, behavioral tools and

physical activity components used in the intervention program may have promoted higher

active living awareness, and greater higher physical activity, and enhanced the

effectiveness of the Physical Activity Guide.

Increases of energy expenditure in the three activity classes were different

between groups. Although some members of both groups individually reported increased

time on "work" related tasks, the average energy expended on this type of activity only

increased significantly in the Intervention group. Thus, a groupttime interaction effect
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was found for this class of physical activity, suggesting greater lifestyle change through

daily living tasks in the Intervention group. The greater increase in estimated total energy

expenditure in the Intervention group also resulted largely from increased energy

expenditure on "exercise" and "tecreational activities", which demonstrated an effect of

active lifestyle change. The average energy expenditure increase in each activity class in

the Intervention group was greater than in the Comparison group. This was also

considered as an intervention effect of the physical activity behaviour modification,

which improved participants' ability to incorporate a variety of physical activities into

daily life.

The behavioural change strategies played an important role in leading participants

through a three -step process, to identiff the benefits of physical activity, to clarifu

suitable activities for personal needs and seeking realistic ways to maintain activity level.

A goal setting sheet, benefit checklist, decision balance sheet and self-contract were well

used in the weekly sessions to help participants stick with the program. The weekly

sessions also provided group interaction, which brought in updated information, personal

experience, and constant encouragement. Most importantly, an activity log was used to

track and adjust daily activity tasks, total time and goal attainment. This may have

gradually affected participants' lifestyle and the ability to plan for active living, and

contributed to program adherence and successful lifestyle change. Studies to date show

that interventions that employ behavioural change strategies can effectively support

people from the contemplation stage progressing to preparation, and from preparation

progressing to action (Marcus et al., 1996).
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Finally, the lack of a control group (no Physical Activity Guide) does not allow

clear differentiation between the effects of Physical Activity Guide and learnin gl practice

effects on the daily energy expenditure response.

5.8 The Correlation befween Functional Fitness and Energy Expenditure

The present study showed a positive relationship between changes in total energy

expenditure, and energy expenditure at both work and recreational activity in the

Intervention gtoup, but only at recreational activity in the Comparison group. This

suggests that a greater percentage of Intervention group members increased both their

work activity and recreational activity, than did the members of the Comparison group,

who increased only recreational activity during the study. The result is not surprising,

because the total energy expenditure was calculated from the sum energy expenditure

from work, exercise and recreational activities.

Improvements of lower body strength and flexibility were not related to changes

in energy expenditure during any of the three activity classes. This maybe due to the short

study period, which was not enough to show the significant relationship. However, the

significantly relationship between improved dynamic balance and increased work activity

in the Intervention group suggests that undertaking a variety of lifestyle daily living tasks,

such as those incorporated in the behaviour change program (i.e. work activity) can

effectively improve balance in older adults. Moreover, increased recreational activity was

related to significant improvement in dynamic balance in the Comparison group. This

suggests that increased leisure time activity, especially activities such as walking, may

enhance balance in this population. For those older adults who have limited access to

exercise or recreational facilities, or who are limited by their physical conditions from
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doing strenuous physical activity, small changes in recreational activity may lead to

improved function ability. The PAG alone maybe sufficient for sedentary older adults to

get motivated and to see some physical benefits from increased daily physical activity.

5.9 Physical Activity Guide Survey and Decision Balance Sheet

Results from both the Physical Activity Guide Survey and the Decision Balance

Sheet reflect the effectiveness of the Physical Activity Guide and the intervention

program. The majority of participants in both groups stated that they received significant

motivation from the Physical Activity Guide, which is designed primarily for those who

are currently inactive and those who have already begun to get active (Ketchum, 1998).

The gained motivation also supported by the objective of the Physical Activity Guide to

offer an engaging summary of the components of physical activity, and guidetines on

how to achieve health benefits by being physically active (Ketchum, 1998). That

participants reported the Physical Activity Guide to be a good information source

suggests that they had established belief in the benefits of an active lifestyle, known to act

as a positive influence on health behaviour change (Meichenbaum, 1987). Participants

attempts to seek additional information sources and guidance is further evidence of the

successful motivating effect of the Physical Activity Guide in both groups.

The daily physical activity log was used as a planned behaviour and self-

management technique in the current study. Compared to participants in the Comparison

group, twice as many in the Intervention group actually used the daily activity log. This

result suggestes that the behaviour change tool could be better used when facilitated with

an intervention program. The greatest value of a behaviour intervention change program

may be for long-term adoption of a regular physically active lifestyle.
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It is interesting that both groups stated that they had increased their physical

activity level, and gained physical benefrts. These results are similar to those reported by

Wheeler's (2000), who investigated the impact of the Physical Activity Guide to Healthy

Active Living for the general populations, on the intention to engage in activity, as well

as on actual physical activity levels. It suggests that the Guide bridges the gap from the

traditional exercise approach to practical reality for older people.

More than half of the participants in the Intervention group stated that their

participation in the program also had a positive effect on others. For example, they

reported that they served as a role model, were less dependent on others, and were less

depressed, which also affected others. Participants in the Comparison group were less

likely to believe that their use of the Physical Activity Guide resulted in positive impacts

on others due to lack of group interaction.

In summary, the Physical Activity Guide served as an effective motivator for the

majority of participants in both groups. The variety of information in the guide was

thought to provide sufficient motivation to help sedentary seniors get active. Both the

intervention program and the Physical Activity Guide alone promoted adoption of

physical activity, and resulted in functional improvement. The behaviour change program

lead to significant increases of total estimated energy expenditure, and to increases of

lifestyle physical activity on both daily living tasks, exercise, and recreational physical

activities. It also enhanced the participants' interaction, which in turn enhanced the social

awareness and the recognition of the benefits of healthy active living lifestyle.
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6.0 Summary and conclusion

The purpose of the study was to investigate whether a behaviour change program

based on Canada's Physical Activity Guide to Healthy Activity Living for Older Adults

would elicit greater increases in functional fitness and daily energy expenditure than the

adoption of the Physical Activity Guide alone. It was hypothesized that an eight- week

behaviour change intervention would increase functional fitness, including lower body

strength, lower body flexibility and motor agility/dynamic balance in community-residing

older adults, to a greater extent than adopting the Physical Activity Guide alone. It was

also hypothesized that the above intervention would result in a higher increase in daily

energy expenditure from lifestyle physical activity, due to the behaviour modification.

All Intervention group (n:15) and Comparison group (n:14) participants who

completed the study, and who participated in all three test sessions þre, mid and post) at

St. James/ Assiniboia Senior Centre, or at th¡ee Manitoba Housing Authority complexes,

were included in the data analysis. The pre- and post-test sessions included functional

fitness tests (lower body strength, lower body flexibility and dynamic balance), using a

functional fitness test for community-residing older adults (Rikli and Jones, 1999), and

daily energy expenditure estimated from the Yale Physical Activity Survey (DiPetro et

al., 1993). Energy expenditure was also estimated at the study mid-point (four weeks).

All participants in the Intervention group attended eight behaviour chzurge

intervention sessions, once per week for eight weeks. Each session included educational,

behavioural and physical activity components based on the contents of the Physical

Activity Guide. General healthy active living information, basic behaviour change

strategies, and physical activity principles were covered throughout the intervention
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program. All participants in the Comparison group were given the Physical Activity

Guide and asked to make the best use of the guide on their own. The investigator met

these participants only during the testing sessions, and no regular contact was made with

members of this group.

After the eight-week intervention program, both the Intervention group and the

Comparison group had significant increases in lower body strength, lower body

flexibility, motor agility/dynamic balance, and estimated daily energy expenditure. All of

the functional fitness measurements had a time effect but no intervention effect. This

suggests that use of the Physical Activity Guide alone can effectively improve functional

fitness in community-residing older adults, by helping them to build suitable physical

activity into their sedentary lives. The behaviour change intervention did not result in

greater improvement in functional fitness in the eight week study period.

Daily energy expenditure was the only outcome measurement that showed a

significant interaction effect. Although the average daily energy expenditure increased

throughout the study in both groups, the Intervention group had a significant and

substantially greater increase from weeks four to eight. This may be attributed to

enhanced physical activity behaviour change brought about by the intervention program.

Members of the Intervention group increased their daily energy expenditure by

undertaking increased work, exercise and recreational physical activity, while the smaller

increase in the Comparison group was due to increased exercise and recreational physical

activity only. The Intervention group expended significantly greater energy in all of the

three activity classes than did the comparison group through out the study.
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The current study did not fully support the hypothesis that an eight-week

behaviour change intervention would elicit significantly greater functional fitness

improvement than adoption of the Physical Activity Guide alone. However, the finding of

improvements with the use of the Physical Activity Guide alone is significant. To the

majority of community-residing older adults, it is good news that the Physical Activity

Guide can effectively bridge the gap between exercise science and practice. The Physical

Activity Guide was able to motivate sedentary people to improve their strength,

flexibility and balance, and to increase energy expenditure. Moreover, the results do

suggests that the addition of the behaviour change program resulted in significantly

increased daily energy expenditure, which indicates the potential for greater health

benefits over the long term.

Further studies should use a randomized design, and include a control group (no

Physical Activity Guide), to better examine the effect of the Physical Activity Guide

alone. Physical activities and energy expenditure should be monitored on a daily basis to

reduce recall mistakes in this age group. Follow up studies should be conducted to

evaluate participant adherence over the long term. More studies should also focus on

long-term active living behaviour change interventions, to better explain the impact of

behaviour modification on physical activity, and ultimately health in this population.



82

Reference

ACSM. (2000). ACSM's Guidelines for Exercise Testing and Prescription (6û edì.
Baltimore: Lippincott Williams & Wilkins.

Ades, P., waldmann, M., and Poehlmffi, E. (19ss). Exercise conditioning in older
coronary patients: submaximal lactate response and endurance capacity.
Circulation 69 : 273-278.

Ainsworth,8.E., Haskell, W.L., Leon,4.S., Jacobs, D.R.J., Montoye, H.J., Sallis, J.F.,
and Paffenbarger, R.S.J. (1993). Compendium of physical activities:
classification of energy costs of human physical activities. Med.Sci.Sports Exerc.
zs(I):71-80.

American Association of Retired Persons (AARP). (lggg).Resources for home
modifications. www. aarp.org/universalhome/resourceS.html

Aniansson,4., Grimby, G., and Rundgren, A. (1980). Isometric and isokinetic
quadriceps muscle strength in 70-year-old men and women. Scand. J. Rehabil.
Med. 12(4): 161-168.

Aniansson,4., Sperling, L., Rundgren,4., and Lehnberg, E. (1983). Muscle function in
75-year-old men and women. A longitudinal study. Scand. J. Rehabil. Med.
(Suppl.) 9:92-102.

Aniansson,4., Ljungberg, P., Rundgren, A., and Wetterqvist, H. (1984). Effect of a
training program for pensioners on condition and muscular strength.
Arch. Gerontol. Geriatr. 3 (3) : 229 -241 .

Aniansson,4., Hedberg, M., Henning, G.8., and Grimby, G. (i986). Muscle
morphology, enqmatic activity, and muscle strength in elderly men: a follow-up
study. Muscle Nerve. 9(7): 585-591.

Andersen, R.E., Wadden, T.4., Bartlett, S.J., Zemel, B., Berde, T.J, and Franckowiak,
S.C. (1999). Effects of lifestyle activity vs structured exercise in obese \¡/omen.
JAMA. 281(4):335-340.

Active living coalition for older adults (ALCOA). (1999). Moving Through the Years. A
blueprint for action for active living and older adults. Pg. 3

Aoyagi, Y., and Shephard, R.J. (1992). Aging and muscle function. sports Med. 14(6):
376-396.

Armbruster, B. and Gladwin, L. A. (2001). More than fitness for older adults. ACSM'S
Health & Fitness J.5(2):6-12.

Astrand, P. (1986). Exercise physiology of the mature athlete. In J.R. Sutton and



83

R.M. Brock (Eds.), Sports Medicine for the Mature Athlete (pp.3-13).
Indianapolis,Benchmark Press.

Bassey, E. J. (1978). Age, inactivity and some physiological responses to exercise.
Gerontology 24: 66-77.

Bassey, E.J., Fiatarone, M.4., O'Neill, E.F., Kelly, M., Evans, W.J., and Lipsitz, L.A.
(1992). Leg extensor power and functional performance in very old men and
women. Clin. Sci. (Colch) 82(3): 321-327.

Becker, M.N. (1974). The health belief model and personal health behavior. Health
Educ. Monogr. 2: 324-473

Becklake, M.R., Frank, H., Dagenais, G.R., Ostiguy, G.L., and Guzman, C.A. (1965).
Influence of age and sex on exercise cardiac output. J. Appl. Physiol. 20(5): 938-
947.

Berkman, L.F., Seeman, T.E., Albert, M., Blazer, D., Kahn, R., Mohs, R., Finch, C.,
Schneider, E., Cotman, C., and McClearn, G. (1993). High, usual and impaired
functioning in community-dwelling older men and women: findings from the
MacArthur Foundation Research Network on Successful Aging. J. Clin.
Epidemiol. 46(10): 1129-1140.

Berne, R.M., L.r.y, M.N., Koeppen, B.M. and Stanton, B.A. (1998). Physiology (4th
ed.). Mosby.

Bernstein, M.S., Morabia, 4., Sloutskis, D. (1999). Definition and prevalence of
sedentarism in an urban population. Am. J. Public. Health 39(6): 862-867.

Bild, D.E., Fitzpatrick,4., Fried, L.P., Wong, N.D., Han, M.N., Lyles, M., Bovill, E.,
Polak, J.F., and Schulz, R. (1993). Age-related trends in cardiovascular
morbidity and physical functioning in the elderly: the Cardiovascular Health
Study. J. Am. Geriatr. Soc.41(10): 1047-1056.

Blair, S.N., Kohl, H.W., Gordon, N.F. (1992). Physical activity and health: A lifestyle
approach. Med. Exqrc. Nutr. Health. l:54-57.

Blair, S.N., Kohl, H.W., Paffenbarger, R.S.J., Clark, D.G., Cooper, K.H., and Gibbons,
L.W. (1989). Physical fitness and all-cause mortality. A prospective study of
healthy men and women. JAMA 262(17):2395-2401.

Bortz, W. M. II. (1982). Disuse and Aging. J. Am. Med. 248(10):1203-1208.

Branch, L.G. (1985). Health practices and incident disability among the elderly. Am. J.
Public Health 7 5(t2): 1 43 6-t439.

Brandon, L. J., Gash, D., Boyette, L. and Lloyd, A. (2000). Strength taining for older
adults. ACSM's Health & Fitness J. ag): 12-16.



84

Brou'n,W., and Holloszy, LO. (1991). Effects of a low intensity exercise program on
selected physical performance characteristics of 60-to 71 -year olds. Aging.
3:129-139.

Brown, C.F., and Oldridge, N.B. (1985). Exercise-induced angina in the cold. Med. Sci.
Sports Exerc. 17 (5): 607 -612.

Buchner, D.M.; Beresford, S.A.; Larson, E.B.; LaCroix, A.Z.;Wagner, E.H. (1992).
Effects of physical activity on health status in older adults. II. Intervention
studies. Ann. Rev. Public Health 13:469-488.

Buchner, D.M., delateur, B.J. (1991).
physical fuction in older adults.

The importance of skeletal muscle strength to
Annu. Behav. Med. 13(3): 91-98.

Buchner, D.M., Cress, M.E., de Lateur,8.J., Esselman, P.C., Margherita,4.J., Price, R.,
and V/agner, E.H. (1997). The effect of strength and endurance training on gait,
balance, fall risk, and health services use in community-living older adults. J.

Gerontol. Biol. Sci. Med. Sci. 52$):M218-M224.

Camacho, T.C., Strawbridge, W.J., Cohen, R.D., and Rechnitzer,P.A. (i993).
Functional ability in the oldest older: cumulative impact of risk factors from the
preceding two decades. J. Aging Health 5:439-454.

Campbell, 4.J., Borrie, M.J. and Spears, G.F. (1989). Risk factors for falls in a
community-based prospective study of people 70 years and older. J. Gerontol.
Med. Sci. 44: i¡dll2-117.

Canadian Fitness and Lifestyle Research Institute (CFLRI). (1995). Barriers to physical
activity . Physical Activity Monitor. Bulletin No.4 . Ottawa, ON.

Canadian Fitness and Lifestyle Research Institute (CFLzu). (1998) The Research
Files. Ref. 98-109, Ottawa, ON.

Canadian Society for Exercise Physiology (CSEP). (1998). The Canadian Physical
Activity, Fitness and Lifestyle Appraisal. Ottawa: The Canadian Society for
Exercise Physiology.

Caspersen, C.J., Ch¡istenson, G.M., and Pollard, R.A. (1986). Status of the 1990
physical fitness and exercise objectives--evidence from NHIS 1985. Public
Health Rep. 101(6): 587 -592.

Charette, S.L., McEvoy, L., Pyka, G., Snow-Harter, C., Guido, D., Wiswell, R.4., and
Marcus, R. (1991). Muscle hypertrophy response to resistance training in older
\¡/omen. J. Appl. Physiol. 70(5): 1912-1916.

Clement, F.J. (1974). Longitudinal and cross-sectional assessments of age changes in
physical strength as related to sex, social class, and mental ability. J. Gerontol.
29$):423-429.



85t

Coggan,4.R., Spina, R.J., Kng, D.S., Rogers, M.4., Brown, M., Nemeth, p.M., and
Holloszy, J.O. (1992). Skeletal muscle adaptations to endurance training in 60- to
7O-yr-old men and women. J. Appl. Physiol. 72(5):1780-1796.

Corbin, C.B and Pangrazi, R.P. (1990). Age as a factor relating to physical fitness test
performance. Res Q Exerc Sport.6l(4):410-4.

Coroni-Huntley, J., Brock, D.8., Ostfeld,4.M., Taylor, J.O., and Wallace, R.B. (1986).
Established Populations for Epidemiologic Studies of the Elderly: Resource data

eging, U.S. Pubic Health Service.

Cress, M.E., Buchner, D.M., Questad, K.A., Esselman, P.C., delateur,8.J., and
Schwartz, R.S. (1999). Exercise: effects on physical functional performance in
independent older adults. J. Gerontol. Biol. Sci. Med. Sci. 54(5): M242-M248.

Dampier, D., and Adams, R. (1999). Key toprolonging health and independence.
Physical activity for older Canadians. Can. Fam. Physic. 1003-4.

DiBello, Y.,Lattann, F., Picano, E., Talarico, L., Caputo, M.T., Di Muro, C., Santoro,
G., Lunardi, M., Distante,4., and Giusti, C. (1993). Left ventricular
performance and ultrasonic myocardial quantitative reflectivity in endurance
senior athletes: an echocardiographic study. Eur. Heart J.IaQ):358-363.

DiPietro, L. (1996). The epidemiology of physical activity and physical function in older
people. Med. Sci. Sports Exerc. 28(5): 596-600.

DiPietro, L., Caspersen, C.J., Ostfeld,4.M., and Nadel, E.R. (1993). A survey for
assessing physical activity among older adults. Med. Sci. Sports Exerc. 25(5):
628-642.

Dishman, R.K. (1991). Increasing and maintaining physical activity and exercise.
Behav. Ther. 4:3-15.

Dishman, R.K. (1994). Motivating older adults to exercise. South Med. J. 87:79-82.

Dishman, R.K., Sallis, J.F., and Orenstein, D.R. (1985). The determinants of physical
activity and exercise. Public Health Rep. 100(2): 158-171.

Dock, W. (1966). How some hearts age. JAMA 195(6): 442-444.

Dunn,4.L., Andersen, R.E., and Jakicic, J.M. (i998). Lifestyle physical activity
interventions. History, short- and long-term effects, and recommendations. Am.
J. Prev. Med. 15(4): 398-412.

Dunn,4.L., Marcus, 8.H., Kampert, J.8., Garcia, M.E., Kohl, H.W., and Blair, S.N.
(1999). Comparison of lifestyle and structured interventions to increase physical
activity and cardiorespiratory fitress: a randomized trial. JAMA 281@):327-334.



86

Dupler, T.L., and Cortes, C. (1993). Effects of a whole-body resistive training regimen
in the elderly. Gerontology 39(6): 314-319.

Elmer, P.J., Grimm, R.J., Laing,8., Grandits, G., Svendsen, K., Van Heel, N., Betz, E.,
Raines, J., Link, M., and Stamler, J. (1995). Lifestyle intervention: results of the
Treatment of Mild Hyperrension Study (TOMHS). P¡ev. Med. za@):37g-3g9.

Elveback, L., and Lie, J.T. (19S4). Continued high incidence of coronary artery disease
at autopsy in Olmsted County, Minnesota, 1950 to 1979. Circulation 70(3):345-
349.

Eriskson, E. (1967). Identity and the Life Cycle. Vol. 1. Madison, CT: International
Universities Press, Incorporated.

Fagard, R., Thijs, L., and Amery, A. (1993). Age and hemodynamic response to posture
and to exercise. Am. J. Geriatric. Cardiol. 2(2):23-30.

Fiatarone, M.4., Marks, E.C., Ryan, N.D., Meredith, C.N., Lipsitz,L.A., and Evans,
W.J. (1990). High-intensity strength training in nonagenarians. Effects on
skeletal muscle. JAMA 263 (22):3029-3034.

Fisher, N.M., Pendergast, D.R., Gresham, G.E., and Calkins, E. (1991). Muscle
rehabilitation: its effect on muscular and functional perfonnance of patients with
knee osteoarthritis. Arch. Phys. Med. Rehabil. 72(6):367-374.

Fleg, J.L., and Lakatta, E.G. (1988). Role of muscle loss in the age-associated reduction
in VO2 max . J. Appl. Physiol. 65(3): ll47-tI5l.

Fires, J.F. (1980). Aging, natural death, and the compression of motbidity. New Eng.
J. Med. 303(3): 130-135.

Fires, J.F., Singh, G., Morfeld, D., Hubert, H.8., Lane, N.E., and Brown, B.W.J. (1994).
Running and the development of disability with age. Ann. Inter. Med. l2l(7):
502-509.

Gehlsen, G.M., and Whaley, M.H. (1990). Falls in the elderly: part II, balance, strength,
and flexibility. Arch. Phys. Med. Rehabil. 7l:739-741.

Gerstenblith, G., Lakatta, E.G., and Weisfeldt, M.L. (1976). Age changes in myocardial
function and exercise response. Prog. Cardiovasc. Dis. l9(1): 1-21.

Godin, G. (1994). Theories of reasoned action and planned behavior: usefulness for
exercise promotion. Med. Sci. Sports Exerc. 26(ll): 139l-1394.

Grimby, G. (1990). Muscle changes and trainability in the elderly. Topic Geriatr.
Rehabil. 5:54-62.

Grimby, G., and Saltin, B. (1983). The ageing muscle. Clin. Physiol. 3(3):209-218.



87

Hakkinen, K., and Hakkinen, A. (1995). Neuromuscular adaptations during intensive
strength training in middle-aged and elderly males and females. Electromyogr.
Clin. Neurophysiol. 3 5 :137 -147 .

Halter, J.B. (1985). Principles of Geriatric Medicine. New York: McGraw-Hill.

Hamdorf P.4., Withers, R.T., Penhall, R.K., and Plummer, J.L. (1993). A follow-up
study on the effects of training on the fitness and habitual activity pattems of 60-
to 7}-year-old women. Arch. Phys. Med. Rehabil. 74(5):473-477.

Harries, u.J., and Bassey, E.J. (1990). Torque-velocity relationships for the knee
extensors in women in their 3rd and 7th decades. Eur. J. Appl. Physiol. 60(3):
1 87- 1 90.

Haskell, W.L. (1994). Health consequences of physical activity: understanding and
challenges regarding dose-response. Med. Sci. Sports Exerc. 26:649-660.

Haskell, W. L. and Phillips, W. T. (1995). Exercise training, fitness, health and
Longevity. In: Lamb, D.R., Gisofi, C.V., Nadel, E., eds, vol.8. Perspectives in
Exercise science and sports medicine: exercise in older adults. Carmel, IN:
Cooper, ll-52.

Health Canada. (1998). Canada's Physical Activity Guide to Healthy Active
Living. Ottawa, ON.

Health Canada. (1999). Canada's Physical Activity Guide to Healthy Active
Living for Older Adults. Ottawa, ON.

Heislein, D.M., Harris, B.4., and Jette, A.M. (1994). A strength training program for
postmenopausal women: a pilot study. Arch. Phys. Med. Rehabil. 75(2): 198-
204.

Helmrich, S.P., Ragland, D.R., and Paffenbarger, R.S.J. (1994). Prevention of non-
insulin-dependent diabetes mellitus with physical activity. Med. Sci. Sports
Exerc. 26(7):824-830.

Hersey, Vy'., Graves, J., Pollock, M., Gingerich, R., Shireman, R., Heath, G., Spierto, F.,
McCole, S., and Hagberg, J. (1994). Endurance exercise training improves body
composition and plasma insulin responses in70-79 yr old men and \¡/omen.
Metabolism 43: 847 -854.

Hubert, H.B., Bloch, D.4., and Fries, J.F. (1993). Risk
an aging cohort: the NHANES I Epidemiologic
20(3): 480-488.

factors for physical disability in
Follow up Study. J. Rheumatol.

Hurley, 8., and Roth, S. (2000). Strength training in the elderly: Effects on risk factors
for age-related diseases. Sports Med. 30(4):249-268.



88

Hubley-Kozey, C.L., wall, J.C., and Hogan, D.B. (1995). Effects of a general exercise
program on passive hip, knee, and ankle range of motion of older women. Top.
Geriatr. Rehabil. l0: 33-44.

Imamura, K., Ashida, H.,Ishikawa, T., and Fujii, M. (19S3). Human major psoas
muscle and sacrospinalis muscle in relation to age: a study by computed
tomography. J. Gerontol. 33(6): 678-681.

Janis, I.L.M.L. (1977). Decision making: a psychological analysis of conflict, choice ¿rnd

commitment. New York: Free Press.

Jarnlo, G.B. (1991). Hip fracture patients: background and
Med.24 (Suppl): 1-31

function. Scand. J. Rehabil.

Jette,4.M., and Branch, L.G. (1981). The Fr¿imingharn Disability Study: II. Physical
disability among the aging. Am. J. Public Health 71(11): 12ll-1216.

Judge, J.O., Linds€y, C., Underwook, M. and Winsemius, D. (1993). Balance
improvements in older women: effects of exercise training. Phys. Ther .73 254-
256.

Juneau, M., Rogers, F., De, S., V, Yee, M., Evans,4., Bohn,4., Haskell, W.L., Taylor,
C.B., and DeBusk, R.F. (1987). Effectiveness of self-monitored, home-based,
moderate-intensity exercise training in middle-aged men and women. Am. J.

Cardiol. 60(1): 66-70.

Katz, S.D., Bleiberg,8.,'Wexler, J., Bhargava, K., Steinberg, J.J., and LeJemtel, T.H.
(1993). Lactate tumover at rest and during submaximal exercise in patients with
heart failure. J. Appl. Physiol. 75(5):1974-1979.

Katzel, L.I., Bleecker, E.R., Colman, E.G., Rogus, E.M., Sorkin, J.D., and Goldberg,
A.P. (1995). Effects of weight loss vs aerobic exercise training on risk factors for
coronary disease in healthy, obese, middle-aged and older men. A randomized
controlled rrial. JAMA 274(24): 1915-1921.

Ketchum, P. (1998). Health Canada to launch Physical Activity Guide. Can.Fam.Phys.
44 485-486.

King,4.C., Blair, S.N., Bild, D.E., Dishman, R.K., Dubbert, P.M., Marcus,8.H.,
Oldridge, N.8., Paffenbarger, R.S.J., Powell, K.E., and Yeager, K.K. (1992).
Determinants of physical activity and interventions in adults. Med. Sci .Sports
Exerc. 24(6 Suppl): S221-S236

Keysor, J. J. and Jette, A. M. (2001). Have we oversold the benefit of late-life exercise? J.

Geron. Med. Sci. 56 (7):412-423.

Lakatta, E.G. (1987). Cardiac muscle changes in senescence. Ann. Rev. Physiol.
49:519-31, 519-531.



89

Larsson, L. (1983). Histochemical characteristics of human skeletal muscle during aging.
Act. Physiol. Scand. 117(3): 469-471.

Lavie, C.J., Milani, R.V., and Littman, A.B. (1993). Benefits of cardiac rehabilitation
and exercise training in secondary coronary prevention in the elderly. J. Am.
Coll. Cardiol. 22(3): 67 8-683..

Leaf, D.4., and Reuben, D.B. (1996). "Lifestyle" interventions for promoting physical
activity: a kilocalorie expenditure-based home feasibility study. Am. J. Med. Sci.
312(2):68-7s.

Lesser, M. (1978). The effects of rhythmic exercise on the range of motion in older
adults. Am. Correct Ther. J. 32: ll8-t22.

Lexeil, J., Henriksson-Larsen, K.,'Winblad, 8., and Sjostrom, M. (1983). Distribution of
different fiber types in human skeletal muscles: effects of aging studied in whole
muscle cross sections. Muscle Nerve. 6(8): 588-595.

Liemohn, W.P. (1975). Strength and aging: an exploratory study. Int. J. Aging Hum.
Dev. 6(4): 347-357.

Lipsitz, L.A. (1989). Orthostatic hypotension in the elderly. N. Eng. J. Med.32l(14):
952-957.

Lowenthal, D.T., Kirschner, D.4., Scarpace, N.T., Pollock, M., and Graves,I. (1994).
Effects of exercise on age and disease. South Med. J. 87(5): S5-12.

MacDonald, F. (1999). Activity for Older Adults: From Research to Action. Canadian
Centre for Active Living. Ontario.

MacDougall, J.D. (1986). Adaptability of Muscle to Strength Training-a Cellular
Approach. Champaign, IL: Human Kinetics.

Marcus, 8.H., Rakowski, V/., and Rossi, J.S. (1992). Assessing motivational readiness
and decision making for exercise. Health Psychol. 11(a): 257-261.

Marcus,8.H., King, T.K., Clark, M.M., Pinto,8.M., and Bock, B.C. (1996). Theories
and techniques for promoting physical activity behaviors. Sports Med. 22(5):
32t-33t.

Marcus,8.H., Nigg, C.R., Riebe, D., and Forsyth, L.H. (2000a). Interactive
communication strategies: implications for population-based physical-activity
promotion. Am. J. Prev. Med. I9(2): 12l-6.

Marcus,8.H., Dubbert, P.M., Forsyth, L.H., McKerøie, T.L., Stone,8.J., Dunn,4.L.,
and Blair, S.N. (2000b). Physical activity behavior change: issues in adoption and
maintenance. Health Psychol. 19(Suppl.): 32-41.



90

Mazzeo, R.S.,Cavanagh, P., Evans, W.J., Fiatarone, M., Hagberg, J.,McAuley, E. and
Startzell, J. (1998). American College of Sports Medicine Position Stand.
Exercise and physical activity for older adults. Med. Sci. Sports Exerc. 30(6):
992-1008.

McPherson, B. (1994). Sociocutural perspectives on aging and physical activity. J.
Aging Phys. Act. 2:329-353.

Meichenbaum, D.T. (1987). Facilitating treatment adherence: a practitioners guidebook.
New York: Plenum Press.

Mor, V., Murphy, J., Masterson-Allen, S., V/illey, C., Razmpour,4., Jackson, M.E.,
Greer, D., and Katz, S. (1989). Risk of functional decline among well elders. J.
Clin. Epidemiol. a2Q): 895-904.

Morey, M.C., Cowper, P.4., Feussner, J.R., DiPasquale, R.C., Crowley, G.M., Samsa,
G.P., and sullivan, R.J.J. (1991). Two-year trends in physical performance
following supervised exercise among community-dwelling older veterans. J. Am.
Geriatr. Soc. 39(10): 986-992.

Moritani, T. and deVries, H.A. (1980). Potential for gross muscle hypertrophy in older
men. J. Gerontol.35(5): 672-682.

Munns, K. (1981). Effects of exercise on the range ofjoint motion in elderly subjects. In
E.L. Smith and R.C. Serfass (Ed.), Exercise and Aging: The Scientific Basis. (pp.
1-191). Short Hills, NJ: Enslow.

Narain, P., Rubenstein,L.Z., Wieland, G.D., Rosbrook,8., Strome, L.S., Pietruszka,
F., and Morley, J.E. (1988). Predictors of immediate and 6-month outcomes in
hospitalized elderly patients. J. Am.Geriatr. Soc. 36(9):775-783.

Nevitt, M.C., cummings, S.R., Kidd, S. and Black, D. (19s9) Risk factors for recurrent
nonsynocopal falls: a prospective study. JAMA 261:2663-2668.

O'Brien Cousins, S., Bell, G., Harber, V., Home, T., Wankel, L.M., Vergeer,I., Branigan,
K., Clamp, T., Cushing, J.and Horne, L. (1995). Active living among older
Canadians: A review and critical analysis of health benefits and outcomes.

olivetti, G., Melissari, M., capasso, J.M., and Anversa, P. (1991). cardiomyopathy of
the aging human heart. Myocyte loss and reactive cellular hypertrophy. Circ. Res.
68(6): 1 s60- I 568.

Orban, W.A.R.(1994). Toward Active Living (P.154). Active Living for Older Adults.
Windsor, ON: Human Kinetics Publishers.



91

Paffenbarger, R.s.J., Hyde, R.T., v/ing,4.L., and Hsieh, c.c. (19s6). Physical activity,
all-cause mortality, and longevity of college alumni. N. Engl. J. Med. 314(10):
605-613.

Palmer, G.J.,ziegler, M.G., and Lake, c.R. (1978). Response of norepinephrine and
blood pressure to stress increases with age. J.Gerontol. 33(4): 482-487.

Pate, R.R., Pratt, M., Blair, S.N., Haskell, W.L., Macera, C.4., Bouchard, C., Buchner,
D., Ettinger, W'., Heath, G.W., and King, A.C. (1995). Physical activity and
public health. A recommendation from the Centers for Disease Control and
Prevention and the American College of Sports Medicine. JAMA 273(5): 402-
407.

Peel, C., Utsey, C. and MacGregor, J. (1999). Exercise training for older adults with
limitations in physical function. J. Aging Phys. Act. 7:62-75.

Pescatello, L.S. and DiPietro, L. (1993). Physical activity in older adults. An
overview of health benefits. Sports Med. 15:353-364.

Phillips,V/.T. and Haskell,W.L. (1995). "Muscular fitness": easing the burden of
disability for elderly adults. J. Aging Phys. Acr. 3:261-289.

Prochaska, J.O., DiClemente, C.C. and Norcross, l.C. (1992). In search of how people
change. Applications to addictive behaviors. Am. Psychol. 47(9):1102-llI4.

Puggaard, L., Larsen, J.8., Stovritrg, H., and Jeune, B. (2000). Maximal oxygen uptake,
muscle strength and walking speed in 85-year-old women: effects of increased
physical activity. Aging (Milano.) 12(3):1 80-1 89.

Rantanen, T., Era, P., Kauppinen, M., and Heikkinen, E. (1992). Maximal isometric
muscle strength and socio-economic status, health, and physical activity in 75-
year-old persons. J. Aging Phys. Act. 65:507-5I2.

Rikli, R.J. and Jones, C.J. (1999). Development and validation of a functional fitness
test for community-residing older adults. J. Aging Phys. Act. 7:129-161.

Robergs, R. and Roberts, S. (1997). Exercise Physiology: Exercise, Performance and
Clinical Applications. St. Louis: Mosby-Yearbook Inc.

Rooks, D.S., Kiel, D.P., Parson, C. and Hayes, W.C. (1997). Self-paced resistance
training walking exercise in community-dwelling older adults: effects on
neuromotor performance. J. Gerontol. Med. Sci. 49 :M22-27 .

Sallis, J.F., Haskell, W.L., Wood, P.D., Fortmann, S.P., Rogers, T., Blair, S.N., and
Paffenbarger, R.S.J. (1985). Physical activity assessment methodology in the
Five-City Project. Am. J. Epidemiol. 121(1): 91-106.



92

Sallis,J.F. and owen, N. (1998). Interventions to promote physical activity in
communities and populations. Physical activity and behavioral Medicine. þp.
153-175). Thousand Oaks: SAGE Publications.

santiago, M.c., coyle, c.P., and Kinney, w.B. (1993). Aerobic exercise effect on
individuals with physical disabilities. Arch. Phys. Med. Rehabil. 74(lI): llg1-
1 198.

starling, R.D., Matthews, D.E., Ades, P.A and Poehlman, E.T. (1999). Assessment of
physical activity in older individuals: a doubly labeled water study. J. Appl.
Physiol. 86(6): 2090-6.

Schlich, J., Camaione, D.N. and Owen, S.V. (2001). Effect of intense strength training on
stranding balance, walking speed, and sit-to-stand performance in older adults. J.
Gerontol. Med. Sci. 56(5): M281-M286.

Seals, D., Allen, W., Hurley, G., Dalsky, G., Ehsani, A. and Hagberg, J. (1984a).
Elevated high-density lipoprotein cholesterol levels in older endurance athletes.
Am. J. Cardiol. 54:390-393.

Seals, D., Hagberg, J., Allen, W., Hurley,8.,
(1984b). Glucose tolerance in young
Appl. Physiol. 56: 152l-1525.

Dalsky, G., Ehsani, A. and Holloszy, J.
and older athletes and sedentary men. J.

Sevick, M.4., Dunn,4.L., Morrow, M.S., Marcus, B.H., Chen, G.J., and Blair, S.N.
(2000). Cost-effectiveness of lifestyle and structured exercise interventions in
sedentary adults: results of project ACTIVE. Am. J. Prev. Med. 19(1): 1-8.

Shephard, R.J. (1997). Aging, Physical Activity, and Health. Toronto: Human Kinetics.

Sidney,K.H.; Shephard,R.J. (1976). Attitudes towards health and physical activity in the
elderly. Effects of a physical training program. Med. Sci. Sports Exerc. 8(4):246-
252.

Singh, N.4., Clements, K.M. and Fiatarone, M.A. (1997). A randomized
of progressive resistance training in depressed elders. J. Gerontol.
}'Í27-M35.

Song, X.M. (1993). Multidimensional assessment study on the health and functional
status of elderly in Xicheng district of Beijing City. Chung Hua Yu Fang I Hsueh
Tsa Chih. 27(2):85-87

Sorock, G.S., Bush T.L., Golden,4.L., Fried, L.P., Breuer, B. and Hale, W.E. (1988).
Physical activity and fracture risk in a free-living elderly cohort. J. Geron. 43:
t34-r39.

Spirduso, W. (1995). Physical dimensions of aging. Champaign IL: Human Kinetics
Publishers, May 1995.

conholled trial
Med. Sci.52:



93

Statistics Canada. (1990). Women in Canada: A statistical report. Canada: Minister of
Supply & Services.

Stebbins, C.L., Schultz,E., Smith, R.T., and Smith, E.L. (1985). Effects of ch¡onic
exercise during aging on muscle and end-plate morphology in rats. J. Appl.
Physiol. 58(1): 45-51.

Stephens, T., and Craig, C.L. (1990). The well-being of Canadians: High-lights of the
' 1988 Campbell's Survey. Ottawa: Canada: Canadian Fitness and Lifestyle

Research Institute.

Stewart, A.L. and Ktg, L.C. (1991). Evaluating the efficacy of physical activity for
influencing quality-of -life outcomes on older adults. Annu. Rev. Behav. Med.
13:108-116.

Stewart,4.L., Mills, K.M., Krg,4.C., Haskell, W.L., Gillis, D., and Ritter, P.L. (2001).
CHAMPS Physical activity questionnaire for older adults: outcomes for
interventions. Med. Sci. Sports Exerc. 33(7): ll26-114L

Studenski, S., Duncan, P.W., and Chandler, J. (1991). Postural responses and effecter
factors in persons with unexplained falls: results and methodologic issues. J. Am.
Geriatr. Soc. 39(3): 229-234.

Tanaka, H., Dinenno, F.4., Monahan, K.D., Clevenger, C.M., DeSouza, C.4., and Seals,
D.R. (2000). Aging, habitual exercise, and dynamic arterial compliance.
Circulation . I 02(I I): 127 0-127 5.

Templeton, G.H., Platt, M.R., Willerson, J.T., and Weisfeldt, M.L. (1979). Influence of
aging on left ventricular hemodynamics and stiffness in beagles. Circ. Res.
44(2): t89-194.

Tinetti, M.E., Baker, D.I., McAvây, G., Claus, E.8., Garrett, P., Gottschalk, M., Koch,
M.L., Trainor, K., and Horwitz, R.I. (1994). A multifactorial intervention to
reduce the risk of falling among elderly people living in the community. N. Enel.
J. Med. 331(13): 821-827.

Tudor-Locke, C., Myers, 4.M., Jacob, C.S., Jones,G.,Lazowski, D.A. and Ecclestone,
N.A. (2000). Development and formative evaluation of the Centre for Activity
and Ageing's home support exercise program for frail older adults. J.of ,lglgg
Phys. Act. 8:59-75.

U.S. Dept of Health and Human Services. (1991). Physical activity and health: A report
of the Surgeon General. Atlanta, GA: Centers for Disease Control.

U.S. Dept of Health and Human Services. (1996). Healthy People 2000: National health
promotion and disease prevention ob.iectives. Washington, DC: US Dept of
Health and Human Services.



94

Voorrips, L.E., Ravelli, 4.C., Dongelmans, P.C., Deurenberg, P., and Van Staveren,
W.A. (1991). A physical activity questionnaire for the elderly. Med. Sci. Sports
Exerc. 23(8):974-979.

Vuori, I. (1995). Exercise and physical health: musculoskeletal health and functional
capabilities. Res. Q. Exerc. Sport 66@);276-285.

Wagner, E.H., LaCroix, A.2., Buchner, D.M., and Larson, E.B. (1992). Effects of
physical activity on health status in older adults. I: Observational studies. Ann.
Rev. Public Health 13:451-468.

Vy'alker, J.M., Sue, D., Miles-Elkousy, N., Ford, G. and TRevelyan, H. (1994). Active
mobility of the extremities in older subjects. Phys.Thera. 64 919-923.

Weisfeldt, M. (1980). The Aging Heart. New York: Raven Press.

Wheeler, G.D. (2000). Oh Canada arc we fit (or healtþ) enough to stand on guard for
thee.. .in2003? Proceedings of the CSEP A¡nual Scientific Conference. October,
2000. Canmore, Alberta.

Wheeler, J. 4., Gorey, K. M. and Greenblatt, B. (199S). The beneficial effects of
volunteering for older volunteers and the people they serve: a meta-analysis. Int.
J. Aging & Human Development. 47 (l):69-79.

Whipple, R.H., V/olfson, L.I., and Amerman, P.M. (1987). The relationship of knee and
ankle weakness to falls in nursing home residents: an isokinetic study. J. Am.
Geriatr. Soc. 35(1): 13-20.

WHO (i998). Ageing-Exploding the Myths. New York: Who Press.



9s

APPBNDICES

Appendix A Consent forms for Intervention group and

Comparison group

Appendix B Medical History Questionnaire

Appendix C Yale Physical Activity Survey

Appendix D Home-support Exercise

Appendix E Physical Activity Guide Survey

Appendix F Decision Balance Sheet

Appendix G Daily Activity Log



96

Appendix A Consent Forms

Adoption of Canada's Physical Activify Guide for Older Adults:

effect on physical activity level, daily energy expenditure and functional

fitness

In Formed Consent Form For Intervention Group

Purpose

The purpose of this study is to test whether adoption of Canada's Physical Activity

Guide to Healthy Living for Older Adults changes physical activity level, daily energy

expenditure and functional fitness.

Time-line

The study will start February 1't, 2001 and will require your commitment for 10

weeks. Questionnaires and some basic physical tests will be done one week before and

after an 8-week intervention.

Intervention

Participants who are eligible to take part in the study, and who are assigned to the

Intervention group, will be given Canada's Physical Activity Guide to Healthy Living for

Older Adults, and will meet with the instructor in weekly sessions (45min). Our

instructor will talk with you about health and physical activity, introduce the new tifestyle

activity mode to you, help you with any questions regarding the guide and familiarize

you with lifestyle activities (e.g. walking, gardening, housework, cycling). Self-planning

and self-monitoring tools from the guide will be used to educate you about managing

your daily activity and adopting healthy lifestyle physical activity behaviors.
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Expectations of Participants

1. Testing

Before you are accepted into the study, you will be asked to complete a brief medical

history. This will be reviewed by a nurse, and will be used solely to ensure your safe

participation.

You will be asked to undergo pre- and post-tests at the beginning and completion of

the eight-week study. Tests will include questionnaires designed to estimate physical

activity level and energy expenditure, as well as functional tests to measure strength,

flexibility and motor agility/dynamic balance. The questionnaire tests and the functional

tests will be scheduled in two different days. The questionnaires tests will be

administered in person. An instructor will read each question and provide a basic

explanation. Participants will be asked to make their own decision about each answer.

These tests will take approximately 30 minutes. The functional tests will be conducted by

testers who are Certified Fitness Consultants. Before each test task, testers will

demonstrate to you the proper technique. You will be allowed to practice once or twice

before the test trail(s). These tasks will take about 45 minutes in total.

2. Lifestyle Physical Activity Program

You will be asked to attend weekly sessions throughout the study. These sessions will

last from 45 minutes to one hour, and will take place at St.Jame/ Assiniboia Senior

Centre. In these sessions you will be encouraged to follow the Physical Activity Guide,

and build lifestyle physical activity into your daily routine. Each session will also include

some form of physical activity (e.g. Chair exercise, TaiChi, ect.).
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Potential Benefîts

The potential benefits from your participation in the study are: 1) you will be assisted

by health professionals to adopt a healthy and active lifestyle; 2) you may notice health

benefits, such as more energy, fewer aches and pains, and better posture and balance in

the short term. In the long term, these benefits will translate into stronger muscles and

bones, weight maintenance, and better independent living; 3) you will also meet new

people, and benefit from taking part in group activities.

The only foreseeable risks may be the minor muscle soreness that normally

accompanies unaccustomed exercise.

Your participation is completely voluntary and you will be free to refuse to answer

any question, or take part in any test, or to leave the program without penalty. All

information will be number coded and kept strictly confidential. Your identity will not be

revealed without your written consent.

If you have any questions, please feel free to call Dr. Elizabeth Ready, thesis advisor

( ), or Xuesong Jiang, graduate student ( ).

Please read the following paragraph. If you agree to participate, please sign below.

I understand that the University of Manitoba is conducting a study of lifestyle physical

activity intervention and older adult's physical activity level, daily energy expenditure

and functional fitness. I am aware of the study procedures and potential risks and benefits

from participation in the study.

Possible Risks Associated with Participation in the Stud
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I have the right to refuse to answer any question in the questionnaire interview.

I have the right to withdraw from the study at any time.

All information about me obtained from the study will be kept strictly confidential.

Signature

Interviewer

Please place your initials here acknowledging receipt of a copy of this consent

form
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Adoption of Canada's Physical Activity Guide for Older Adults:

effect on physical activify level, daily energy expenditure and functional

fitness

In Formed Consent Form For Comparison group

Purpose

The purpose of this study is to test whether adoption of Canada's Physical Activity

Guide to Healthy Living for Older Adults changes physical activity level, daily energy

expenditure and functional fitness.

Time-Iine

The study witl start February 1't, 2001 and will require your commitment for 10

weeks. Questionnaires and some basic physical tests will be done one week before and

after an 8-week intervention.

Intervention

Participants who are eligible to take part in the study, and who are assigned to the

Comparison group, will be given Canada's Physical Activity Guide to Healthy Living for

Older Adults.

Expects to Participants

l. Testing

Before you are accepted into the study, you will be asked to complete a brief medical

history. This will be reviewed by a nurse, and will be used solely to ensure your safe

participation.

You will be asked to undergo pre- and post-tests at the beginning and completion of
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the eight week study. Tests will include questionnaires designed to estimate physical

activity level and energy expenditure, as well as functional tests to measure strength,

flexibility and motor agility/dynamic balance. The questionnaire tests and the functional

tests will be scheduled in two different days. The questionnaires tests will be

administered in person. An instructor will read each question and provide a basic

explanation. Participants will be asked to make their own decision about each answer.

These tests will take approximately 30 minutes. The functional tests will be conducted by

testers who are Certified Fitness Consultants. Before each test task, testers will

demonstrate to you the proper technique. You,will be allowed to practice once or twice

before the test trail(s). These tasks will take about 45 minutes in total.

2.Self-learning

You will work on your own to study the Physical Activity Guide and make the

decision to change your lifestyle physical activity.

Potential Benefits

The potential benefits from your participation in the study are: 1) you will learn a

lot of healthy and active lifestyle tips; 2) you may notice health benefits, such as more

energy, fewer aches and pains, and better posture and balance in the short term. In the

long term, these benefits will translate into stronger muscles and bones, weight

maintenance, and better independent living.

Possible Risks Associated with Participation is the Study

The only foreseeable risks may be the minor muscle soreness that normally

accompanies unaccustomed exercise.
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Your participation is completely voluntary and you will be free to refuse to answer

any question, or take part in any test, or to leave the study without penalty. All

information will be number coded and kept strictly confidential. Your identity will not be

revealed without your written consent.

If you have any questions, please feel free to call Dr. Elizabeth Ready, thesis advisor

( ), or Xuesong Jiang, graduate student ( ).

Please read the foliowing paragraph. If you agree to participate, please sign below.

I understand that the University of Manitoba is conducting a study of lifestyle physical

activity intervention and older adult's physical activity level, daily energy expenditure

and functional fitness. I am aware of the study procedures and potential risks and benefits

from participation in the study.

I have the right to refuse to answer any question in the questioruraire interview.

I have the right to withdraw from the study at any time.

All information about me obtained from the study will be kept strictly confidential.

Signature Date

Interviewer Date

Please place your initials here acknowledging receipt of a copy of this consent

form
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Appendix B

MEDICAL HISTORY QUESTIONNAIRE

NAME:
DATE OF BIRTH: PHONE NUMBER:

Medications: None

1)

2)

3)

4)

s)

1. IIIGH BLOOD PRESSURE:

YES

ON MEDICATION

2. DIABETES:

YES

ON MEDICATION

3. DO YOU HAVE? YES

a) HEART DISEASE

b) sTRoKE

c) POOR CIRCULATION

d) LLING DISEASE

e) KIDNEY DISEASE

Ð BOWEL DTSEASE

NO
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s)

h)

Ð

LIVER DISEASE

BLOOD DISEASE

BONE PROBLEM

CHEST DISCOMFORT

TROUBLE BREATHING

LEG CRAMPS

HA\rE YOU ?

HAD AN EXERCISE TEST

SEEN A CARDIOLOGIST

DO YOU ?

YES

YES

YES

YES

NO

NO

NO

NO

4. DO YOU NOTICE OR EXPERIENCE THE FOLLOWING WHEN DOING

HOUSEWORK OR MODERATE PHYSICAL ACTIVITY (8.G. WALKING,

GARDENING) ?

a)

b)

c)

t.
a)

b)

6.

a)

b)

LOSS YOURBALANCE OR

CONSCIOUSNESS BECAUSE

OF DIZZINESS

KNOW OF ANY OTHER RE-

SON WHY YOU SHOULD NOT

DO PHYSICAL ACTIVITY

SIGNED:

DATE:
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Appendix C

The Yale Physical Activi4t Survey

lnterviewer, please mark time:

fnterviewer: (Plcase hand the subject the list of acrívities while reading this sratemenr.) Here is a list ofcomrnon types oI physical activities' Plea.se tell me w-trich or tr,.* yo, did during a tvpicar week in the,::,ï:,:!,ir?rîr':,:.,,',ï:j: teaming abour the rypes of physicat a.riíiries rhar are a pan of your regurar

tTi:å1'l:Ï:ïi"fiîÍrï:j"å::';T.,'e how much time (in hours) you spent doing rhis acriviry during a

\lork
Shopping (e.g., grocery, clorhes)

Srair-climbing white canying a load
Laundry (time loading, unloading, hanging, Foldíng only)
Light housework; ridying, dusting, .*".ping; collecring rrash inhome; polishing; indoor gardening; ironin!
[{eavy housework: r,acuurning, mopping; scrubbing f]oors and walls;rnoving funriture, boxes. or garbage cans
Food prepararion (10+ min in duration): chopping, srirring; rnovingabout to ger food itenrs, pans

Food.service (10+ min in durarion): setring rable: carrying food;serving food

Dishwashing (10+ nrin in clurarion): clearing rable: rvashin g/dryíng
dishes: putrin-q dishes arva¡,

Light home rcpair: small appliance repair; lighr home maintenance/
repair

Heavy home repair: painring, carpenrry, rvashing/polishing car
Other: -

Yard work

Gardening: planrin_e. rveecling. digging. hoeing
[.arvn morvin_r lrvatking onl¡,)
Cleari ng wa I ks/<f rive.,vay: .srveeping, shovel i

Time
(hr/rveek)

Intensity code
(kcal/min)

3.5

8.s

3.0

3.0

4.5

?i

2.5

2.5

3.0

5.5

4.5

4.5

5.0Other:
rng, raking



Caretakíng

Older or disabled person (lifring, pushing wheelchair)

Childcare (lifting, carrying, pushing stroller)

Exercise

Br¡s,t walking (10+ min in duration)

Pool exercises, stretching, yoga

Vigorous calis¡henics, aerobics

Cycling, exercycle

Swimming (laps only)

Other:

Re c re ational activítie s

Leisurely walking (10+ min in duration)

Needlework: knitting, sewing, needlepoint

Dancing (moderatefast): Iine, ballroom, tap, square

Bowling, bocci

Golf (walking to each hole only)

Racquet sports: tennis, racquetball

Billia¡ds

Other:

-5.5

4.0

6.0

3.0

6.0

6.0

6.0

3.5

1.5

5.5

3.0

-5.0

7.0

25



Work

Shopping (e.g., grocery, clothes)

Stair ciimbing while carrying a load

Laundry

Light Housework:

Heavy Housework:

Food preparation (10+ min):

Food service (10+ min):

Dishwashing (10+ min):

Light home repair:

Heavy home repair:

Other:

Yardwork

Gardening:

Lawn mowing (walking only)

Clearing walks and driveway:

Other:

Caretaking

Older or disabled person:

Child care:

Exercise

Br¡s,t walking for exercise
min):

Stretching exercises, yoga,
exercise

Vigorous calisthenics, aerobics:

Cycling, exercycle

Lap swimming

Other:

WEEKLY PHYSICAL ACTIVITIES

tidying, dusting, sweeping, collecting garbage in home, pol-
ishing, indoor gardening, ironing

vacuuming, mopping, scmbbing floors and walls, moving furni-
ture, moving boxes or garbage cans

chopping, stirring, moving a¡ound to get food items and pots

or pans

setting table, carrying food, serving food

clearing table, washing and drying dishes, putting dishes away

small appliance repair, light household maintenance and repair
tasks

painting, washing and polishing car, carpentry

pruning, planting, weeding, hoeing, digging

raking, shoveling, sweeping

( l0+

pool

lifting, pushing wheelchair

lifting, pushing stroller

causes large increases in heart rate, breathing or leg fatigue

causes large increases in heart rate, breathing or leg fatigue



at

R e c re atío n aI A c tiv ítíe s

Leisurely walking (10+ min)

Hiking

Needlework: knitring, sewing, crocheting, needlepoint
Dancing (mod/fasr): line dancing, ballroom, square, tap, etc.
Bowling, boccie

Golf (walking to each hole only)

Racquet sports: tennis, racquetball

Billia¡ds

Other:



Appendix D

Home-Support Exercise

(Tudor-Loke et al., 2000)
March on
the spot.
Begin wilh two minutes. lncrease
time up to five minutes, then
pfogress.

¡f, 
t"e 

"e"nt 
to" 

^clvn ^vo 
acEwc

PROGRESSION

Walk from room to room. Begin
with five minutes. lncrease time
every day.

FINISH

Begin with five. Add more everyday until you can do 15.

iK 
rfl6 c[r¡Fr ron ^cwfr ^Ho ^oENa

'9ro\



#3
BEGINNER

Lift up on your toes (standing ort
both feet).
Begin with five. Add more until you
can do 15. Then progress.

( rxe cerrncroR Acr¡yrY ANo AcEtNo

PROGRESSION

#4
BEGINNER

Lift up on your toes (standing on
orre foot).
Begin with 5 on each foot. Add
more untilyou can do 15.

A
Tap your toes while holding onto
a solid object. Begin with two
minutes and increase time up to
five minutes. Then progress.

PROGRESSION

Seat walks.
Liftyour hip and strift your weight. Over. Begin with two minutes and

increase time uP to íive minutes.

FINISH

Tap your toes without holding on

df, 
¡HE c€HrFEroR 

^cr¡vJtY ^No ^cÉtve

#6
BEGINNER

Get up from a cltair using Your
arms. Begin with five. Acld more
every day until you can do 15.

Then progress.

,( 
t,re ..rtoc toR acrMIY AHo aeEHG

PROGRESSION

Get up from a chair without using
your arms. Begin with iive. Add
more every day until you can do
15



FRONT

Leg lifts.
Lift your leg ( front, side, and Þack). Begin with S repetitions on each leg

lncrease as you become stronger untilyou can do 10 on each leg.

;f, 
t{EcEflrR€roR Actury ANo AcEtHl

BACK

Braid walking. (lf you have had a hip replacement, skip this exercise.)
Hold onto a solid object. Step one leg over the other, like a "braid." Begin

with two minutes. lncrease untilyou can do five minutes.

( rxecerrnrroR acfmtr avo aortvc

FRONT

Reaching.
Out to ttre front, side, and up, as far as you can. Begin with five each

clirection. Add more untilyou can do ten.

¡f, 
r"o 

"ant"t 
roR acttvtrY ANo AoEtNc

Lower leg stretch.
Hold this position for 30 seconds on

each leg. lncrease to one minute.

6f, 
tnt"rnt troRAcnr,'¡raHDaêEtqo

Back of leg stretch.
Hold this position for 30 seconds on

each leg. lncrease to one m¡nute.



Appendix E Physical Activity Guide Survey

Physical activity guide survey

OUESTION YES NO

1. Do you think the guide rvorks as a good
information resource in helping you get
motivated ?

2. Besides the guide, did you seek other
physical activity information or guidance?

3. Did you use the daily physical activity log to
manage your daily physical activity?

4. Have you increased your physical activity level or
gained physical benefits since you've used the guide?

6. Do you think there is any gain to others since you've
used the guide?

Based on Wheeler, G. D., 2000.



Appendix F Decision Balance Sheet

This balance sheet will help you think through the possible consequences of

participating in the Physical Activity Guide study. By considering the

potential gains and losses, you will be able to make an informed decision.

o Write down all the gains and losses you anticipate from the study.

r Rate how important each one is for you - '1' would mean it has a small

influence on your behaviour; '3' would mean it is a large influence.

Gains to Self: Losses to Self:

Gains to Others: Losses to Others:
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