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Abstract

A sample of i00 80+-year old community-dwelling Winnipeggers were studied to

1) determine how compliant they are in wearing an accelerometer; 2) examine the

stability of accelerometer data over a three-day period; 3) examine the relationship

between accelerometer and self-report measures of activity; and 4) examine the

relationship between activity and well-being.

Compliance for wearing the accelerometer was above 90o/o for the first day.

Regressions, correlations, and paired t-tests indicated that accelerometer measures were

stable over a three-day period, although less so for the high-intensity measure. Self-report

and accelerometer measures were poorly correlated to each other. High-intensity activity

measures were more closely related to well-being than low-intensity measures.

These findings suggest that it is feasible to use accelerometers with the oldest-old.

Vigorous activity, measured either by self-report or accelerometer was positively related

to well-being, although the low correlation between the measures suggest that they

measure different aspects of physical activity.
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BACKGROUND

Physical activity contributes to successful aging by improving and maintaining

health in older people. Not only is exercise beneficial to health, but so are less intense

activities. Activity questionnaires are often used to assess physical activity, but they may

not be valid in older age groups. Accelerometers have been proposed as a substitute for

self-report. Unfortunately, they have rarely been used with the elderly. In addition, little

research has investigated the relationship between the oldest-old's physical activity and

how it relates to health and well-being. The present thesis was designed to examine the

feasibility of using accelerometers with the oldest-old, create measutes of physical

activity with self-report data and accelerometer data, as well as to compare the predictive

validity of self-report and accelerometer measures.

Activity and healthy aging conceptual frameworks

Activity has long been thought to be a key aspect of healthy or successful aging

(e.g., Havighurst & Albrecht, 1953). When asked, older adults have also identified

activity as a component of healthy aging (Knight & Ricciardelli, 2003; Tate,Lah, &.

Cuddy, 2003). Several theories have been developed in an attempt to explain this

relationship. Havighurst and Albrecht (1953) argued that any loss of roles, activities, or

relationships within old age, should be replaced by new roles or activities to ensure

happiness, value consensus, and well-being. Lemon, Bengtson, and Peterson (1972)

formalized the relationship between activity and healthy aging with activity theory. This

theory states that healthy aging depends on a person's ability to maintain social activity.

Informal activity is thought to be associated with the most life satisfaction, with formal



activity being less strongly associated with life satisfaction, and lastly solitary activities

are expected to provide the least life satisfaction.

In contrast, Cumming and Henry (196I) developed disengagement theory, which

argues that healthy aging is the result of a gradual decrease in the number and variety of

relationships. Also, people are thought to become less concerned with other's approval

and more likely to become egocentric as they age.

A third perspective is continuity theory (Neugarten, Havighurst, & Tobin, 1968).

It argues that neither disengagement nor high levels of activity determine healthy aging.

Instead, healthy aging is a function of the individual's style of adaptation and adjustment

that have been developed over the course of his or her life. There may be older people

who disengage and are satisfied with their lives, and there may be older people who

maintain high activity involvement and are satisfied with their lives. In addition, some

people may be dissatisfied with disengagement, while others may be dissatisfied with

continued high levels of activity involvement.

Activity theory was later incorporated into the notion of successful aging. Rowe

and Kahn (1997) define successful aging as including three main components: low

probability of disease and disease-related disability, high cognitive and physical

functional capacity, and active engagement in life. Individually, all three are important.

The authors argue that successful aging is more fully represented when all three

components are combined. However, this perspective may be too stringent. Strawbridge,



V/allhagen, and Cohen (2002) found that self-report of successful aging does not strongly

relate to Rowe and Kahn's definition. Half the participants considered themselves aging

successfully compared with 19% obtained by Rowe and Kahn's criteria.

In a similar approach to continuity theory, Baltes and Baltes (1990) describe a

general process of adaptation, referred to as selective optimization with compensation.

There are three interacting elements and processes. First, there is the process of selection,

whereby an individual's expectations are adjusted to maintain satisfaction and personal

control. Second is optimization, whereby people engage in behaviors to enhance and

augment their general reserves (biological, mental, and social) and to maximize the

quality and quantity of their behaviors. The third element is compensation, which results

from restrictions in the range of adaptation. It becomes productive when specific

behavioral capacities are lost or reduced below a standard required for adequate

functioning. For example, an older adult can reduce the intensity or duration of activities

in response to lower capacity.

The relationship between activity and aging can also be explained by considering

activity as a personality trait (Rhodes, Coumeya, & Jones, 2002; Rhodes, Coumeya, &

Jones, 2004). Personality is defined as dimensions of individual differences in tendencies

to show consistent patterns of thoughts, feelings, and actions, and is hypothesized to

represent a biological influence towards culturally conditioned phenomena, behavior, and

life events (McCrae et al., 2000; McCrae & Costa, 1995). The activity trait is theorized to

be a sub-trait of extraversion (Costa &.McCrae,1995; Eysenck, Barrett, Wilson, &



Jackson, 1992) and conscientiousness (Costa etal.,1995).Itrepresents apredisposition

towards being busy, energetic, talkative, and a preference for leading a fast-paced life.

Therefore, activity would be an outlet for many individuals high in the activity trait, and

unlikely for those low in this trait.

Defïnitions

Physical øctivity

Physical activity has been def,rned in several ways. A popular definition is

provided by Caspersen, Powell, and Christenson (1985), which states that physical

activity is any bodily movement produced by skeletal muscles that results in energy

expenditure. The measure of physical activity in this case would be energy expenditure.

A definition applicable to questionnaires is provided by Fontane (1996), who

defines physical activity on a continuum. At one end of this continuum are activities of

daily living (ADLs), such as personal care and eating, which are physical activities

associated with self-care. Next are instrumental activities of daily living (IADLs), such as

shopping and household chores, which are home management activities. A third category

is general activity and exercise, such as gardening, doing errands outside the home, or

dancing. An exercise component such as walking, climbing, or lifting is part of the

activity, rather than being the purpose. Fourth is fitness exercise, which is regularly

practiced, repetitious activity that increases heart rate and uses muscle groups beyond the

limits of general activity, such as swimming or tennis. Fifth is exercise training: activity



that develops maximum function of muscle and skeletal systems, which are usually tested

in competition against standards of time or performance, or other persons.

The "oldest-old"

Given that there is no universal definition of what constitutes very old age and

who can be considered the "oldest-old", the term oldest-old is used in the present thesis to

refer to individuals who are 80 years and older. This is in line with various definitions

that have been provided in the literature. Neugarten (1975) made the distinction between

the "young-old" (55-74 years) and the "old-old" (75-plus years). This was based on the

assumption that the age of retirement in 2000 would decrease to 55. In the past, the

oldest-old were commonly referred to as those 85 years and older. Others have used the

term to refer to individuals who are 75 yearc (e.g., Hamarat et a1.,2002; Maurer,

Luchsinger, Wellner, Kukuy, & Edwards,2002),80 years (e.g., Brockman,2}}2;

Crystal, Sambamoorthi, Walkup, & Akinicigrl,2003; Hong, Zarit, & Johansson,2003;

Statistics Canada,2001), or 85 years and older (e.g., Abler &,Fretz,1988; Bootsma-van-

der-Wiel-A¡netje et a1.,2002; Lindenberger & Baltes , 1997; Manton, 1986; Riche, 1985;

Rosenwaike & Dolinsky, 1987).

In addition, the definition of the oldest-old is not static (Backman, Small, Forsell,

Winblad, & Berger, 1999).Its meaning varies across time and cultures, based on the age

distribution of the population. It has also been suggested that the definition should soon

be changed to 90 years and older to coincide with the aging population (Denton &

Spencer,2002).



The transition between the young-old and the oldest-old can vary depending upon

the criterion used. Using a person-based definition, the maximum lifespan must be

estimated for a given individual (Baltes & Smith, 2002). The transition would begin at

different ages based on individual lifespans. It could be 60 for some or 90 for others.

However, this is not a practical definition. If the transition were the age at which 50o/o of

the birth cohort is no longer alive, then it would be at around 75-80 years of age in

developed countries (Baltes et a1.,2002). In developing countries, it would be much

lower. If the criterion of 50% excludes people who died at younger ages (under 50 or 60

years), the transition would be between 80 and 85 years for developed countries.

Therefore, the definition used in the present thesis (80 years or older) satisfies both

criteria.

Benefits of physical activity

Physicøl heøltlt

It has been estimated that 16.6% of total deaths in the United States in 2000 were

due to poor diet and physical inactivity (Mokdad, Marks, Stroup, & Gerberding,2004).

The only other health behaviour that caused more deaths was cigarette smoking at 18.1o/o.

Whereas the estimate of total deaths due to cigarette smoking has decreased from 19o/o in

1990, the estimate for poor diet and physical inactivity has increased from 14% in 1990

(McGinnis & Foege, 1993).



Reviews have consistently found that physical activity provides physical benefits.

Blair and Wei (2000) concluded that active and fit persons arc at much lower risk for

cardiovascular disease and all-cause mortality than sedentary persons. Fozard (1999)

concluded that there were weak to moderate associations between higher levels of

physical activity and probability of surviving, in addition to fewer chronic medical

problems. Schroll (2003) concluded that compared to inactive men and women, the

mortality rate was about 600/o andthe incidence of myocardial infarction T}Yointhe

moderately active.

Many studies have found that a greater level of physical activity is associated with

a lower risk of mortality (Sesso, Paffenbarger, Jr., &Lee,2000; Stessman, Maaravi,

Hammerman-Rozenberg, & Cohen,2000; Wannamethee, Shaper, & Walker,2000), even

among mobility-impaired people (Hirvensalo, Rantanen, & Heikkinen, 2000) and

disabled individuals (Ferrucci et a1^, 7999). In addition, physical inactivity has been found

to be a better predictor of all-cause mortality than being overweight or obese (Crespo et

a1.,2002).In an 11-year follow-up study with 49Io 64 year-old participants, total leisure-

time physical activity was inversely related with all-cause, cardiovascular disease, and

coronary heart disease morlality (Yu, Yarnell, Sweetnam, & Murray,2003). However, a

trend with cancer deaths was not found. Unlike Yu et al., Rockhill et al. (2001) did find a

relationship between physical activity and cancer deaths. In addition, they found that the

relationship between physical activity and mortality rate was strongest for respiratory

deaths.



In one study, women between the ages of 50 and 101 years with a high level of

physical activity had lower systolic blood pressure than less active women (Ellekjaer,

Holmen, Ellekjaer, &.Yatten,2000). They also had a lower resting heartrate, and a lower

prevalence of coronary heart disease, diabetes, and stroke. More time spent per week in

moderate-to-vigorous activity has been associated with lower resting heart rate among

both men and women (Mensink, Ziese, & Kok, 1999).In addition, women also had lower

systolic blood pressure and body mass index. Physical activity also protects against poor

health, irrespective of smoking and increased body mass index (Johansson & Sundquist,

r99e).

Falls are amajor concern with older adults. One possible outcome of falling is a

hip fracture. Howevet, physical activity can help prevent this event. In a review, Buchner

(1997) also concluded that exercise does not increase the overall risk offalls. In fact, the

evidence showed that the short periods of increased risk of falls during exercise training

is more than compensated for by a reduced risk of falls during the rest of the day.

Compared with women who were active less than three MET-hours per week (equivalent

to walking 3 mph for one hour; Ainsworlh,2002), those with24 MET-hours per week or

higher had 55Yo lower hip fracture risk (Feskanich, V/illett, & Colditz, 2002). fusk

declined in a dose-dependent manrier with a 60/o decrease in risk for every three MET-

hours per week increase in activity. If all the participants had exercised at nine MET-

hours per week or higher, 23Yo of the hip fractures could have been prevented. If all

exercised at24MBT-hours per week or higher, 42Yo of the hip fractures could have been

prevented.



Resistance training also has positive effects in older adults. Strength was

substantially increased in both men and \¡/omen aged 60 fo 74 years after 12 weeks of

resistance training (Kalapotharakos et aL.,2004).In addition, a 10-week progressive

resistance training program led to significant improvements in muscle strength in

institutionalized older adults with a mean age of 81.5 years (Seynnes et a1.,2004). In a

review, Connelly (2000) found that signihcant strength improvements in response to

resistance training are possible despite advanced age, extremely sedentary habits,

multiple chronic diseases, and functional disabilities.

Mental heølth

Although research indicates that physical activity has a positive influence on

physical health, the relationship with mental health is less well established. In a review of

exercise and mental health, Cooper-Patrick, Ford, Mead, Chang, and Klag (1997) found

that many interventional studies of vigorous exercise have failed to show a beneficial

effect on mental health. Most studies that did show a negative relationship between

exercise and depression included activities like golf and horse back riding. These

activities are related to higher social status and larger social networks, which are

confounders of physical activity.

However, ameta-analysis by Arent, Landers, and Etnier (2000) found that

overall, exercise is associated with improved mood in the elderly. Larger effect sizes

were found for resistance training than for cardiovascular exercise. The authors proposed



that a decline in mood might accompany the age-related loss of functional abilities

caused by deterioration of muscle mass and strength. Daily functioning may be improved

through strength training and the psychological improvements may accompany these

physical improvements.

Through interviews with a group of older adults who participated in an organized

form of regular physical activity, it appears that physical activity contributes to mental

health through maintenance of a busy life, mental alertness, positive attitude toward life

and avoidance ofstress, and to reduced negative function and social isolation (Stathi,

Fox, & McKenna, 2002). Physical activity also has a positive effect on meaning in life

(Takkinen, Suutama, & Ruoppila, 2001). In a sample of 60 to 74 year-old adults, non-

exercisers demonstrated more depressive symptoms than exercisers (d'Epinay & Bickel,

2003).In addition, long-term exercisers demonstrated less depressive symptoms than

those who stopped exercising and those who were sedentary. Among 70 to 75 year-old

women in a 3-year follow-up study, mental health scores from the SF-36 increased as

exercise levels increased (Lee & Russell, 2003). In comparison with the sedentary group,

those who stopped exercising showed a significantly greater decrease in mental health,

whereas those who adopted or maintained exercise showed less negative changes in

mental health.

Another study shows that after 10 weeks of an exercise, education, and stress

management program, older adults had lower levels of depression and anxiety, but did

not improve their eye-hand coordination (e.g., Finger Tapping test) compared to

10



participants who followed the same program without the exercise and those who were on

a waiting list (Emery, Schein, Hauck, & Maclntyre, 1998). In one intervention study, 1 1

elderly people took a short nap in the early afternoon and exercised at moderate intensity

in the late afternoon for four weeks (Tanaka et a1.,2002). Not only did sleep quality

improve, but mental health as well (as measured by the mental health component of the

General Health Questionnaire).

In another intervention study, a group of 60 to 75 year-old sedentary adults

completed a 6-month exercise program (McAuley et a1., 2000). The intervention group

performed aerobic exercise three times per week. The control group performed strength

and toning exercises three times per week. Those in the intervention group had increased

happiness and satisfaction with life and decreased loneliness over the 6-month

intervention period. Participants were also evaluated six months after the intervention

was completed. Although the improvements in well-being appeared to be reversed at the

6-month follow-up period, those who exercised more often during the program had less

declines in well-being during the follow-up period. Although strength was increased for

the intervention group in an 8-week resistance-training program with community-

dwelling older adults, the change in mental health functioning did not differ significantly

from that of the control group (Damush & Damush, k.,1999).

Functionøl status

A major defining characteristic of good health for older people is functional

ability (Keller & Fleury, 2000). Functional status, an individual's capacity to

11



independently cany out necessary daily functions, is often operationalized interms of

activities of daily living and instrumental activities of daily living (Zimmer, Chayovan,

Lin, &. Natividad, 2004). Several reviews have found that physical activity has positive

effects on function in older adults (Blair & Wei, 2000;Fozard,1999; Schroll,2003;

Spirduso & Cronin, 2A01). Long-term physical activity is related to postponed disability

and independent living in the oldest-old (Spirduso et al., 2001). In addition, it enhances

physical function in individuals with chronic diseases. Older adults were also able to

improve their balance, walking, and transfer activities through strengthening and aerobic

exercise (Keysor & Jette, 2001). Although Latham, Bennett, Stretton, and Anderson

(2004) found that progressive resistance training had a large positive effect on strength,

and a small-to-moderate effect on other aspects of impairment and functional limitation,

they were unable to find suffrcient evidence of improvements in physical disability.

Compared to inactive men and women, the incidence of hip fractures was about 75o/o in

the moderately active group (Schroll, 2003).

Seynnes et al. (2004) conducted a study with22 institutionalized older adults. The

participants completed a 1O-week progressive resistance-training program. The changes

in muscle strength were significantly related to changes in muscle endurance, 6-minute

walking distance, chair-rising time, and stair climbing power. However, the researchers

did not find an improvement in overall disability score. In women and men, an increase

in physical activity is associated with a lower risk of new disability and a higher

probability of functional recovery (Ferrucci et al., 1999).

12



Physical activity may also have an effect on cognitive function. In a S-year study,

older adults with low, moderate, and high levels of physical activity were at lower risk of

cognitive impairment - no dementia, any type of dementia, Alzheimer disease, but not

vascular type dementia (Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001).

However, in a 3-year follow-up study, elderly men who were physically active one hour

or less per day did not have significantly more cognitive decline than those who were

active more than one hour per day (Schuit, Feskens, Launer, & Kromhout, 2001).

Types, intensity, and duration of activities

Older adults are more likely than younger adults to be involved in lower-intensity

activities such as walking, gardening, or golf, rather than running, aerobics, or team

sports (DiPietro, 2001). They are also more likely to participate in watching television,

reading, and shopping (Strain, Grabusic, Searle, & Dunn, 2002). Craig, Russell,

Cameron, and Bauman (2004) looked at trends in the prevalence of "sufficiently" active

Canadian adults. People were considered sufficiently active if they accumulated an

average of 3.0+ MET-hours of leisure-time physical activity daily. In 2000, only 30.7%o

of Canadian older adults achieved that standard. In a sample of 50 year-old adults

followed for 35 years, sports activities consistently decreased from age 50 (Schroll,

2003). Moderate physical activity (4 hours per week) increased from age 50 to 70, but

decreased with further aging. Ninety-three percent continued watching television and

9I.2% continued reading at an 8-year follow-up. However, only 45o/o continued outdoor

activities. Having better self-reported health and no functional limitations were associated

with a greater likelihood of continuing more activities at follow-up.

13



Several studies have shown that regular and vigorous physical activity has a

positive effect on health. Stessman et al. (2000) found that daily exercise was the most

protective form of exercise, whereas sports activity twice a week had no protective effect

on mortality. Yu et al. (2003) found that light and moderate intensity leisure-time

physical activity had inconsistent and non-significant relationships with all-cause,

cardiovascular disease, and coronary heart disease mortality. In contrast, a significant

dose-response relationship was found for heavy-intensity leisure-time physical activity

for all-cause, cardiovascular disease, and coronary heart disease mortality. Compared

with women who walked at an easy pace, women reporting walking an average pace had

49o/o lower risk of hip fracture and women who reported a very brisk pace had a 65Yo

lower risk (Feskanich et a1.,2002).

However, an excessive amount of physical activity can have a negative effect on

older adults' health. Older adults who reported exercising more than 200 to 300 minutes

per week had much lower lumbar spine bone density than sedentary older adults or

moderate exercisers (Michel, Lane, Bjorkengren, Bloch, & Fries, 1992).

Although greater health may be attained through high-intensity activities, several

studies have shown that the greatest impact on health results from going from inactive to

low-active. Men who engaged in small amounts of physical activity (2nd quartile in self-

report measure distribution) had a lower risk of dying than those who were inactive (1st

quartile; Crespo et a1.,2002). Further increases in physical activity did not lead to further

t4



decreases in risk of dying. There was also a linear trend toward lower cardiovascular

mortality among those who were more physically active, but the largest drop in

cardìovascular mortality was between quartile 7 and2.

Sesso et al. (2000) found an L-shaped association between increasing levels of

physical activity and the risk of coronary heart disease, with no additional reduction of

coronary heart disease for levels above 8400 kJ per week. 4200 kJ per week can be

attained by performing activities such as brisk walking, recreational cycling and

swimming, home repair, and yard work for 30 minutes per day (Pate et al., 1995). The

greatest decrease in risk of mortality in one sample occurred with an increase in the

amount of activity from less than t hour per week to 1 to 1.9 hours per week (Rockhill et

aL.,2001).

Mensink et al. (1999) found that for sedentary older adults, even less physical

activity than currently recommended is likely to improve their cardiovascular risk profile

(recommended physical activity being five or more times per week and 3.5 hours or more

per week). Another reason to encourage older adults to participate in activities other than

exercise is that they prefer lower-intensity activities. Chappell (1983) found that doing

something relaxing (e.g., playing cards, walking, or talking) with someone their own age

brought older people the greatest pleasure.

Although low-activity levels can be beneficial to older adults' health, activity

levels must be maintained. In a 5-year follow-up study, the lowest mortality risk was

15



found among men who remained physically active (Bijnen et al, 1999). Men who

became inactive had a72o/o increased risk of mortality compared with men who remained

active, but their risk did not differ significantly from that of men who remained inactive.

In a 15-year follow-up study, going from physically active to physically inactive resulted

in an increased risk of poor health status (Johansson et al., 1999). Those who decreased

their physical activity also increased their mortality risk compared to those who remained

physically active. Among women who reported being active at least 4 hours per week at

baseline, the risk of hip fracture was doubled among those who decreased to less than 1

hour per week six years later (Feskanich et aL,2002). However, based on studies of both

musculoskeletal and cardiorespiratory fitness, it appears that it is never too late for older

adults to reap the benefits of increasing their physical activity (Blair et al., 2000).

Factors related to physical activity

Several factors have been found to be related to physical activity. In a sample of

2046 adults aged 55 years and older, 81% of women and 73.5% of men reported one or

more medical or non-medical reasons why they currently limited or avoided leisure-time

physical activity (Satariano, Haight, &.Tager,2000). Women were more likely than men

to report that not having an exercise companion was the leading reason. However, the

leading reason for men was a lack of interest. With increasing age, men and women were

more likely to report medical conditions and a fear of falling as reasons. Women with

greater income were less likely to provide reasons for limitation. Reduced walking speed

and more depressive symptoms were also associated with providing more reasons.
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Among a sample of 65 to 84 year-old participants, Crombie ef al. (2004) found

that lack of interest in physical activity was the most powerful of all factors, followed by

not believingfhaf meeting new people is beneficial, and doubting that exercise lengthens

life. Other factors were lack of daily access to acar,painful joints, and dislike of going

out alone.

Kaplan, Newsom, McFarland, and Lu (2001) identified several factors related to

higher physical levels in the Statistics CanadaNational Population Health Survey of

1996-1997. The factors were being male, being in the younger segments of old age, not

being married, having lower body mass index, less injury, less functional limitations,

greater social support, and less psychological distress. Higher physical activity levels

have also been found among those with greater perceived control, greater income, and

more education (Droomers, Schrijvers, & Mackenbach, 2001). Other factors are not

smoking and having fewer health problems (Droomers ef a1.,2001; Kaplan, Newsom,

McFarland, &. Lu, 2001 ).

Initiation of physical activity has been related to being youngeï, having better

health, and believing that being physically active is important to good health (Burton,

Shapiro, & German, 1999). Maintenance of physically activity has been associated with

more education, having better health, and believing that exercise contributes to good

health.
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The oldest-old and physical activity

Little is known about the oldest-old's physical activity and how it relates to

health. Although some studies may include oldest-old participants, most do not provide a

separate analysis for this age group (e.g., Alexander et a1.,2000; Broe et al., 1998; Lord

&.Men2,2002; Ostbye, Taylor, & Jung, 2002; Schoenfelder & Rubenstein, 2004; Taylor

ef a1.,2003).

Burton et al. (1999) looked at community-dwelling older adults' physical activity

and health outcomes during a 4-year study. Physical activity was defined as a self-report

of walking briskly, gardening, or heavy housework at least three times a week. Although

a separate analysis of physical activity and health outcomes was not performed for those

aged 85 and older, a trend of lower activity as age increased was found. At baseline,

59.6% of those 65 to 74 years old were active, whereas only 21.4% of those 85 years and

older were active. They were also less likely to initiate or maintain activity.

Walsh, Pressman, Cauley, and Browner (2001) looked at the percentage of older

women who performed common physical activities by age group. Activity decreased as

age increased. Some activities decreased faster than others did. Whereas3SYo of those 65

to 69 years old were gardening, 23%o andZ}o/o of those 80 to 84 and those 85 years old

and above, respectively, were still gardening. In comparison,20o/o of those 65 to 69 years

of age were swimming, and only 5Yo and2Yo of those 80 to 84 and those 85 years old and

older, respectively, were swimming.
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Ruuskanen and Ruoppila (1995) found that 40o/o of women aged 80 to 84 and

living at home were no more physically active than necessary to perform their daily

activities and they did not carry out any form of physical exercise for their health or

fitness. Although they did not find a relationship between physical activity and

psychological well-being for the same age group, they did find significant relationships

between self-rated health and intensive physical exercise. Whereas i3% of those who

rated their health as good practiced intensive and regular physical exercise, only 5% of

those who rated their health as average or poor did as well.

MacRae et al. (1996) conducted an intervention study, where nursing home

residents completed a I2-week walking program. All participants were 80 years of age or

older, were unrestrained, and able to starl in a sitting position, then stand and walk

without assistance. After the 12-week period, the walking group increased their

maximum walking time by 77%o,whereas the control group's time increased by only

28%.The maximum walking distance increased by 92% in the walking group, whereas

the control group's distance increased by 2I%. However, falls appeared not to be affected

by the intervention.

Measures of physical activity

Questionnøires

Because of the robust relationships found between subjective health assessments

and objective indicators of health status, self-report health measures have come to be

viewed as a useful and inexpensive way of characterizingthe health status of adults
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(Schulz et al., 1994). However, self-report measures of activity in the elderly may not

accurately reflect activity levels. This could provide doubt in the accuracy of previous

research in activity and health in older adults. Many activity questionnaires in use with

older people have been designed for younger populations (Paffenbarger, Jr., V/ing, &

Hyde, 1978; Sallis et al., 1985; Taylor et al., 7978) and emphasizethe more intense

activities.

One physical activity questionnaire commonly used with older adults was

developed by Paffenbarger et al (1978), which consists of summing the number of flights

climbed and number of city blocks walked during the week. Participants are also asked

the number of minutes per week they spend in light, moderate, and strenuous sports

activities. Each score is multiplied by a weight: stairs x 28; city blocks x 56; light sport x

5; moderate sport x7.5; and strenuous sport x 10. Scores for each category are summed

to provide an overall score. Validity was evaluated by comparing high (> 2000

kilocalories of activity per week) and low activity groups with risk of heart attack. The

sample consisted of 16 936 Harvard male alumni aged 35 to 74 years. Follow-up was

between 6 and 10 years. The low activity group was at a 64%o higher risk for heart attacks

than the high activity group.

Another commonly used activity questionnaire is the Minnesota Leisure-Time

Physical Activity questionnaire (Taylor et al.,1978). Participants are asked to indicate if

they participate in each activity from a list of 64 activities. The interviewer asks which

months of the year each activity was done (M), the average number of time per month
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(F), and time per occasion (hours or minutes; T). Each activity has an intensity score (I),

which vary from mowing the lawn (2.5) to competitive canoeing (12.0). The equation to

provide an overall score consists of l(I x M x F x T). Validation was obtained by

comparing scores with treadmill performances. Activity scores were correlated with the

number of minutes needed to reach avariety of heart rate: 130 to 155 beats per minute at

increases of 5 beats per minute. Correlations were stronger at higher heart rates.

A third questionnaire commonly used was developed by Sallis (19S5). It provides

three physical activity scores: moderate, vigorous, and total physical activity. The

moderate activity questions consist of 'Do you usually parlicipate in any of the following

activities?: climbing some stairs for exercise instead of taking the elevator; walking

instead of driving a short distance; parking away from your destination so you have to

walk more; walking on your lunch hour or after dinner; getting off at a bus stop which is

not the one nearest your destination and walking; and other'. The moderate activity score

(from zero to six) consists of summing the number of activities that the individual

participates. The vigorous activity questions consist of 'For at least the last three months,

which of the following activities have you performed regularly?: jog or run at least 16

kilometers per week; play strenuous racquet sports at least f,rve hours per week; play

other strenuous sports at least five hours per week; ride a bicycle at least 80 kilometers

per week; and swim at least 3 kilometers per week'. The vigorous activity score (from

zero to five) consists of summing the number of activities that the individual participates.
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The total physical activity score is an estimation of energy expenditure.

Respondents provide the number of hours on weekdays and weekends that they spend

participating in moderate,hard, and very hard activities. The number of hours for each

category is multiplied by a MET value:4,6, and 10 METs for moderate, hard, and very

hard activity levels respectively. One MET is 1 kilocalorie per kilogram of body weight

per hour and roughly equivalent to quietly sitting (Ainsworth et al., 2000). Respondents

also indicate the time spent sleeping, with a weight of 1 MET. Time spent in light activity

is determined by what time remains from the weekdays and weekends. Its weight is 1.5

METs. The respondent is provided with examples for each activity intensity: delivering

mail on foot, raking the lawn, and volleyball for moderate; hear,y carpentry, scrubbing

floors, and doubles tennis for hard; and very hard physical labor andjogging or

swimming for very hard.

The questionnaires' validity was in part evaluated by correlating the three activity

scores to each other. They were poorly correlated with each other (.01 to .15), indicating

unique contributions. The scores were also related to personal characteristics. Some

support for the validity of the instrument was found in that that the relationships were in

the proper direction (e.g., corelations between moderate and vigorous scores were higher

in those with more education; women's occupations were related to moderate and

vigorous activity; and kilocalorie was related to medium education in men).

Physical activity questionnaires such as these (i.e., age-neutral) have been shown

to be inaccurate when used with older people (Cartmel & Moon, 1992; Starling,
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Matthews, Ades, & Poehlman,1999; Washburn, Jetle, &. Janney, 1990). Older persons

undereported their physical activities on a questionnaire when compared to a diary of

their behaviour. Strenuous activity (e.g., moderate sport and recreation) were least likely

to be underreported, whereas less strenuous activity daily activities (e.g., household

chores or shopping) were most likely to be underreported. However, questionnaires

specifically designed for older adults have been developed recently. Evidence for their

validity is limited, but what is available indicates that they are as valid for older adults as

age-neutral questionnaires are for younger populations (Harada, Chiu, King, & Stewart,

2001; Washburn,2000).

The Community Healthy Activities Model Program for Seniors (CHAMPS)

questionnaire includes lighter forms of physical activity, such as walking leisurely and

stretching, as well as more vigorous activities (Stewart etal.,200l). It estimates weekly

frequency of participation and energy expenditure in physical activities that could lead to

health benefits. Respondents are asked to report the total time spent per week for each

activity. The questionnaire also included activities other than physical activity (e.g.,

social activities, hobbies) to avoid social desirability (i.e., physically inactive individuals

providing affirmative responses to activities they should not). All activities were provided

with a MET value from a published compendium of physical activities, which was

determined from a younger population. Some values were adjusted because they would

exceed older adults' aerobic capacity and muscle strength. One of the authors and another

expert in MET values determined these adjustments.
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To evaluate the questionnaire, a sample of 249 older adults including inactive,

somewhat sedentary, and active individuals completed the questionnaire, and were

reevaluated two weeks and six months later. Two-week test-retest analyses provided

correlations of 0.76 for moderate and vigorous activities and 0.62for all activities. The 6-

month test-retest analyses provided correlations of 0.67 for moderate and greater energy

expenditure and 0.66 for all activities, indicating considerable stability over time.

Activity scores for the three groups (inactive, somewhat sedentary, and active) were

significantly different between groups. Validity was also determined by correlating

scores with various health measures and non-health measures. Evidence for the validity

of the questionnaire would be demonstrated if the scores were more strongly related to

health than non-health measures. The scores were indeed more strongly correlated with

lower body functioning, a 6-min walk test, self-reported physical functioning, and self-

reported energylfatigue (r:0.17 to 0.30) than with pain and psychological well-being

(r:0.05 to 0.11).

The Yale Physical Activity Survey (YPAS; DiPietro, Caspersen, Ostfeld, &

Nadel, 1993) estimates time spent in25 activities during a typical week of the last month.

The activities fall under the categories of work, yard work, care taking, exercise, and

recreational activities. Time spent in each activity is multiplied by an intensity code

(kcal/min) and then summed across all activities to create an overall score. Respondents

are also asked to estimate the frequency and duration of vigorous activity, leisurely

walking, moving, standing, and sitting. Weights are assigned to each category (vigorous:
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5; leisurely walking: 4; moving: 3; standing:2; sining:1). Frequency is multiplied by

duration and then multiplied by the weighting factor to provide a score for each category.

A sample of 59 participants completed the questiorrnaire and scores were

correlated with energy expenditure (Young, Jee, &. Appel, 2001). Energy expenditure

was non-significantly correlated with estimated energy expenditure (r:0.20) and total

time (r:0.11). It was significantly correlated with the overall summary index (r:0.33),

moving index (r:0.36), and standing index (r:0.28), but not with the vigorous activity,

leisurely walking, and sitting indexes (r:0.06-0.23), suggesting that the summary,

moving, and standing indices would be more appropriate to measure physical activity

than the other indices.

Accelerometers

An alternative to self-report measures of physical activity is the use of

accelerometers. Accelerometers are light, watch size instruments that provide continuous

recording of movement, which can then be downloaded for computer analysis (Computer

Science, 1995). Accelerometers are reliable and valid measures of movement (Tudor-

Locke & Myers, 2001). There are several accelerometers available for use, such as the

ActiGraph, Call,rac, and Dynalog.

Validity. ActiGraph readings have been correlated with physiological measures

and self-report measures of physical activity. Sallis et al. (1996), with the Caltrac

accelerometer, found correlations ranging between .30 and .38 with children's self-
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reported physical activity (i.e., minutes of moderate and vigorous physical activity

correlated with moderate and vigorous physical activity MET scores). In another study

with children, fifteen children each wore an ActiGraph and went th¡ough a field trial

(Brage, Wedderkopp, Andersen, & Froberg,2003a). They walked and ran at four preset

speeds (two for walking and two for running). Mean ActiGraph scores were positively

related to speed and heart rate (r2: 0.55 and 0.60 respectively).

Under free-living conditions, using an accelerometer they developed themselves,

Meijer, Westerterp, Koper, and ten Hoor (1989) found a correlation of .99 with energy

intake, which was used as an estimate of energy expenditure. Davies, Jordan, and Lipkin

(1992) used the Dynalog accelerometer and found correlations of .72 and .60 with an

activity questionnaire (measuring everyday physical activity) when the accelerometer

was wom on the ankle and on the wrist, respectively. They also found correlations of .41

and .42 with VO2max when it was worn on the ankle and on the wrist, respectively.

A group of 12 male participants wore an ActiGraph on each hip, as well as a

pedometer (Brage, wedderkopp, Franks, Andersen, & Froberg, 2003b). They performed

walking and running sessions on a treadmill and a field trial with the same protocol:

increasing speed after S-minute intervals starting from 3 to 6 km/h (walking) and 8 to 20

km/h (running). VO2max was also measured. Mean ActiGraph scores were corelated

with speed and VO2max. ActiGraph readings increased linearly with increasing speed

until 9 ktn/h (r2:0 .92) andremained at the same ActiGraph level past this speed.
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Estimation enor increased from IlYo at 10 km/h to 48Yo at 16 kmlh. This indicates

ActiGraphs may not be appropriate for high-intensity activities.

Patterson et al. (1993) found correlations of .73 and .71between ActiGraph

means with maximum oxygen intake (VO2max) and heart rate respectively, when

participants were performing various physical activities (i.e., walking/running on a

treadmill, stepping up and down on an 8-inch step, and performing knee bends). The

authors also found correlations of .46 and .35 with VOzmax (maximum oxygen uptake)

and heart rate, respectively, when participants performed sedentary activities (i.e.,

reading, typing, and video games). In another study, individuals in wheelchairs wore

ActiGraphs on both wrists and went three times over an indoor course at three speeds

(V/ashburn &. Copay, 1999). ActiGraphs were correlated to energy expenditure : r : 0 .66

for the left wrist and r : 0.52 for the right wrist.

Accelerometers have also been able to differentiate activities of various

intensities. Patterson et al. (1993) found that ActiGraph readings could distinguish

between walking/running speeds that elicit 30, 60, 75, and 90o/o of each participant's

VO2max. They could also distinguish between stepping up and down on a step at rates of

20 and 36 steps per minute. In addition, the ActiGraph readings could distinguish

between performing knee bends at28 and 48 bends per minute. Sugimoto, Hara, Findley,

and Yonemoto (i997) found that accelerometer readings from the Mini Motion Logger

could distinguish physical activities in six categories of intensity, from sleeping or a lying

position to jogging and lifting heavy objects.
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A few studies have included older adults when validating accelerometers. Gardner

and Poehlman (1998) used the Caltrac accelerometer to assess daily physical movements

of 22 patients suffering from peripheral arterial occlusive disease. The accelerometers

were worn slightly above the hip. Patients were instructed to wear them during the

waking hours and to remove them before going to bed for a two-day period. The

accelerometer readings were converted into caloric expenditure.

Total daily energy expenditure was determined over a 1O-day period using the

doubly-labeled water technique. This technique calculates the elimination rates of oxygen

and hydrogen turnover in the human body's water and assumes that they are related to the

rate of carbon dioxide production, which is the measure of energy expenditure

(Speakman, 1998). Resting energy expenditure was calculated by using oxygen

consumption and carbon dioxide production during 45 minutes of supine rest with a

calorimeter. Energy expenditure of physical activity was calculated by subtracting resting

energy expenditure from daily energy expenditure. Participants also completed three

physical activity questionnaires. The results indicated that energy expenditure of physical

activity was highly conelated with the accelerometer readings (r: .83) but not with the

physical activity questionnaires (r: 0.06 for StanfordT-day Recall; r: 0.07 for

Minnesota Leisure Time Physical Activityt r : 0.15 for a 1-item scale).

Kochersberger, McConnell, Kuchibhatla, and Pieper (1996) evaluated the validity

of the Tritrac accelerometer with nursing home residents. Nursing staff members from a
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nursing home were asked to categoize patients as being "active", "moderately active", or

"sedentary" based on the amount of time spent sittingin a chair or wheelchair, endurance

during ambulation, ancl speed and independence in mobility (walking and wheelchair).

Ten elderly residents in each category were recruited from a nursing home, and wore an

accelerometer for six hours (9 AM to 3 PM). The nursing home patients categorized as

sedentary, moderately active, and active had significantly different mean activity scores.

The eight participants who walked on the treadmill also wore a Motion Logger

accelerometer. The minute-by-minute correlation of activity with the accelerometer was

0.77. Another study included 50 older adults with chronic disease (Focht, Sanders,

Brubaker, & Rejeski, 2003). The first trial consisted of a 3O-minute walk and energy

expenditure was estimated for each participant. The second trial consisted of 30 minutes

of rehabilitative exercise and the outcome measure was oxygen uptake. Mean ActiGraph

scores were conelated with estimated METs (r : 0.60) and oxygen uptake (r: 0.72).

Some activities may not be accurately measured with accelerometers, however.

For example, resistance training may be more accurately assessed through physical

activity questionnaires (Lowther, Mutrie, Loughlan, & McFarlane, 1999) and sedentary

activities (e.g., playing video games) requiring higher than normal wrist movement can

produce accelerometer readings comparable to those of physical activities, such as

walking (Patterson et al., 1993). In addition, accelerometers may more accurately assess

low activity levels (Leidy, Abbott, & Fedenko,7997; Starling et al.,1999). Although

accelerometers have recently become more cornmon in activity research, they have
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mostly been limited to validating self-report measures (Wilcox, Tudor-Locke, &.

Ainsworth, 2002).

Reliability. In a laboratory setting, 12 male subjects performed treadmill

walking/running sessions while wearing an ActiGraph on both hips and a pedometer.

They also participated in a field trial with the same protocol, which involved increasing

speed after five-minute intervals from 3 to 6 km/h (walking session) and 8 to 20kmlh

(running session; Brage et al., 2003b). Results indicated that there were no significant

differences in the ActiGraph readings-speed relationship between the treadmill and field

trial.

Kochersberger, McConnell, Kuchibhatla, and Pieper (1996) conducted a study

with eight elderly participants to evaluate the test-retest reliability of the Tritrac

accelerometer. The participants walked on a treadmill at one and two miles per hour for

five minutes each. They repeated those two activities f,rve minutes later. The test-retest

reliability revealed a cor:relation of 0.97.

Although reliability studies with humans have demonstrated accelerometers are

reliable, technical trials can produce more accurate test-retest results by reducing error

found in other types of studies. One technical trial using a motorized turntable tested 23

ActiGraphs at two fixed baseline speeds (fast: 120 revolutions per minute; medium:72

revolutions per minute; Metcalf, Curnow, Evans, Voss, & V/ilkin, 2002). The turntable

was driven by a DC electric motor via a power amplifier. A signal generator that allowed
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amplitude and frequency of the drive signal to be accurately and reproducibly set

provided the amplifier input. The amplitude and frequency corresponded to constant

acceleration and rate of change of acceleration respectively, which were sensed by the

devices when attached to the turntable. Therefore, changes could be simulated for

acceleration at different rates ofchange and based on different baseline acceleration.

Each test lasted 10 minutes. Results indicated no significant differences in intra- and

inter-variation at both speeds.

Length of assessmenl. Research indicates that four days or more is recommended

to accurately assess habitual physical activity in children. Janz (1994) used ActiGraphs in

her study, which included 31 children ranging lrom7 to 15 years old. Children wore an

ActiGraph in a small pouch over their right hip for three days. The measures were mean

activity counts and number of minutes spent at> 256 counts/min/day. The results

indicated that there were no significant differences between-day group means. However,

the results provided moderate corelations, ranging from .23 to .53 between Days 1 and2,

1 and 3, and2 and3. Janz concluded that more than three days would be needed to obtain

stable ActiGraph readings.

Janz,Witt, and Mahoney (1995) conducted a similar study. They found moderate

intraclass correlation coefficients (0.42 to 0.47) at day 1 for mean counts and frequency at

sedentary, moderate, and vigorous activity. The correlations rose above 0.80 on day 6.

The authors concluded that four days of monitoring would be needed to obtain a

correlation of 0.70.
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Trost, Pate, Freedson, Sallis, and Taylor (2000) conducted a study with 381

students from grades 1 to 12. They wore an ActiGraph over their right hip for seven days.

Moderate, vigorous, and very vigorous physical activity were determined to be 3 to 5.9, 6

to 8.9, and above 9 MET per hour, respectively. The physical activity levels in

accelerometer readings were determined using the energy expenditure prediction

equation developed by Freedson, Melanson, and Sirard (1998). Overall, the intraclass

correlations of moderate-vigorous physical activity scores derived from a single day of

monitoring were low, ranging from 0.31 for grades i0 to 12 to 0.46 for grades 1 to 3. In

contrast, the intraclass correlations of daily moderate-vigorous physical activity scoïes

derived from seven days of monitoring were acceptable (> 0.70).

Matthews, Ainsworth, Thompson, and Basseft, Jr. (2002) conducted a study

where 92 adults between the ages of 18 to 79 years wore an ActiGraph for three weeks.

They estimated that at least three or four days would be required to achieve a reliability

of 80%o with moderate to vigorous activity. A reliability of 90o/o would require at least

seven days of monitoring.

Despite the recommendations for younger age groups, the optimal length of time

to wear an accelerometer to assess habitual physical activity in the elderly has not been

determined. Based on self-report measures, there appears to be day-to-day variability in

older adults' activity levels (Dallosso et al., 1988). Older adults reported walking was

greatest on Fridays (77%) and least on Sundays (35%). Matthews, Ainsworth, Thompson,
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and Bassett, Jr. (2002) did not find a day-of-the-week effect (i.e., more active on one day

of the week) for 60 to 79 year-old adults who wore an ActiGraph for three weeks.

In addition, Korchersberger, McConnell, Kuchibhatla, and Pieper (1996)

conducted a study with 36 community-dwelling older adults who were participating in an

in-home exercise program and wore the Tritrac accelerometer. They were asked to wear

an accelerometer for one week. Fourteen of the participants were asked to wear it again

for a second week. The participants showed great stability in accelerometer readings. The

intraclass correlation coefficients for mean daily readings were above .80, and .78 for

sedentary activity (<20 activity units/min). In addition, there were no significant

between-week differences for participants who wore the accelerometer for a second

week.

OVERVIEW OF THE PRESENT STUDY

In the present thesis, a sample of 100 oldest-old Winnipeg residents were asked to

respond to a questionnaire that included questions related to activity and well-being.

Other variables included age, gender, a single-item energy measure, a single-item self-

rated health measure, living arrangements, physical function and a perceived control

scale, which were used either to validate measures or as control variables in some of the

analyses.

With respect to activity measures, the questionnaire included a single-item

activity scale, as well as a leisure activity index. The index was composed of 28 cornmon
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activities that very elderly individuals typically engage in and respondents indicated for

each activity the frequency and duration of activity participation, as well as how

physically active (physical involvement) they perceived themselves to be while engaging

in the activity. The first step of the present thesis was to develop self-report physical

activity measures using the activity index. Two measures of physical activity were

developed that were designed to reflect different levels of activity participation:

moderate- and high-intensity. A systematic approach was taken to derive each of these

measures, including validation against energy, physical function, and self-rated health

measures, consistent with previous validation studies (Dubbert, Vander Weg, Kirchner, &

Shaw, 2}}4;Haradaet al., 200I; Stewarl et a1.,2001).

Participants were also asked to wear an ActiGraph for three days or less. Research

indicates that children must wear an accelerometer for at least four days, but it would be

preferable for the oldest-old to wear it for a shorter period. Their skin is sensitive

(Shephard, 1997) and the wristband may be uncomfortable if wom for a long period. It is

also unknown how long the oldest-old are willing to wear an accelerometer. The oldest-

old may not be willing to wear an accelerometer for a long period because they might see

it as a burden and lose interest. However, accelerometer research including older adults

has indicated that one day may be all that is needed (Kochersberger, McConnell,

Kuchibhatla, & Pieper,1996; Matthews, Ainsworth, Thompson, & Bassett, Jr.,2002).

Therefore, it would be favorable to ask them to wear it for a short period (e.g., 3 days)

rather than a longer period (e.g., one week). Some issues addressed in the present study

included whether the oldest-old were willing to wear an ActiGraph for three days and
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determining how many days an ActiGraph must be worn to acquire stable readings

between days.

Given that there are different ways in which ActiGraph data can be used and there

is no single best approach, th¡ee measures were derived in the present thesis: an average

(mean) score and the proportion of time spent in moderate- and in vigorous-intensity

activity, respectively. The mean consisted of averaging the data. The moderate- and

vigorous-intensity measures were determined with the help of MET values and mean

ActiGraph scores for a variety of activities obtained from another study (Swartz et al.,

2000). The resulting cut-off points were used to calculate the proportion of time spent in

moderate- and in vigorous-intensity activity, respectively.

The relationship between self-report activity measures and ActiGraph measures

was also examined in the present thesis, in order to determine how well they corelated

with each other. Higher correlations between measures of similar intensities and lower

correlations between measures of different intensities would provide some validation for

these measures.

Lastly, the relationship between the different activity measures and well-being

(depression and happiness) was examined to address the issue of predictive validity.

Measures of well-being were used here, as intervention studies have shown that well-

being is improved after participating in physical activity (Emery et al., 1998; McAuley et
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a1.,2000; Tanaka et aL.,2002). Strong relationships between activity measures and well-

being would provide evidence for the validity of the activity measures.

Several approaches were used to examine predictive validity. First, each activity

measure was examined separately to determine its unique relationship with the well-

being measures. Second, self-report and Actigraph that were similar (e.g., the moderate

self-report and moderate ActiGraph scores) were examined together to determine which

is more strongly related to well-being when controlling for both measures. Third, both

moderate- and high-intensity activity measures were examined together (e.g., moderate

and hard self-report) to determine the unique relationship with well-being when

controlling for both intensities

OBJECTIVES

The objectives of the present study were to:

1 . determine the oldest-old's compliance of wearing an ActiGraph.

2. examine the stability of ActiGraph readings over a three-day period.

3. examine the relationship between self-reported physical activity and ActiGraph

scores.

4. compare the predictive validity of self-reported physical activity and ActiGraph

scores.
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METHODS

Data source and sample

Secondary data was used for the present Master's thesis. It was provided by Dr.

Verena Menec's pilot study of activity and successful aging among the oldest-old. The

data was collected from October 2003 to February 2004. The study drew on participants

of the Aging in Manitoba study (AIM).

An initial random sample of 100 individuals was chosen from the AIM database.

Those who were not living in a personal care home at the time of the interview, those

without cognitive impairments (i.e., who scored 7 or above on the MSQ test at the last

AIM interview), and those living in Winnipeg were eligible to participate. One individual

was found to be cognitively impaired during the pilot study interview and was replaced

by another participant, resulting in a sample of 101 .

The sample was stratified by age (80 - 84 and 85+ years old), gender, and type of

dwelling (i.e., a house versus an apartment). There were eight categories: male-younger-

apartment, male-older-apartment, male-younger-house, male-older-house, female-

younger-apartment, female-older-apartment, female-younger-house, and female-older-

house. If participants from the initial list of random participants could not, or did not

want to participate, an individual from an alternate list (but same category) was selected.

If replacements were needed and there was nobody left in the same category from the

alternate list to serve as a replacement, an individual from the corresponding category but

opposite gender was used.
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Two experienced interviewers administered a questionnaire. The average length

of time to complete the interview was approximately one hour and 10 minutes. Forty-six

men and 55 women participated (see Table 1 for sample characteristics). Twenty-four

participants lived in seniors apartments and the other 77 participants lived in other types

of residences. The age ranged from 80 to 101. The mean age was 85.60 with a standard

deviation of 5.03. However, one participant did not answer the CES-D questions, three

participants did not answer the perceived control questions, three participants refused to

wear an ActiGraph, an ActiGraph malfunctioned for one participant (therefore has no

ActiGraph score), and two participants did not wear the ActiGraph long enough to

provide scores, which resulted in a final sample of 91.

The Health Research Ethics Board at the University of Manitoba provided ethical

approval for this thesis.

Measures

Sing le-item activíty mess ure

The questionnaire included a one-item self-report measure of physical activity:

"In general, compared to others your age, how active are you?" (1 : much less; 7 : much

more). See Figure 1 for the distribution of this activity measure. Although it roughly

follows a normal distribution, it was dichotomized (0 : 1 to 4;1 : 5 to 7) for regression

analyses to be consistent with the other activity measures, which were skewed.
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Table 1. Sample characteristics

Variables Codes or Ranges Mean (SD) or %
Gender

Age
SelÊreported physical activity

1 -item selÊreport measure

Moderate

Hard

ActiGraph measure

Mean

Moderate

Vigorous

Activity tertiles

1-item scale

Moderate selÊreport

Hard selÊreport

ActiGraph mean

Moderate ActiGraph

Vigorous ActiGraph

Living arrangements

SelÊrated health

Energy

Physical function

Perceived control
CESD squared

0 : low (able of less than I I activities) 53.6%

0 : male

I : female

80-l0l years

0: low
I : high

0:low
I : high

0: low
I : high

0: low
I : high

0: low
1 : high

0: low
I : high

0 : reference

I :2nd tertile
I : top tertile
0 : reference

1 :2nd tertile
1 : top tertile
0 : reference

1 : 2nd tertile
I : top tertile
0 : reference

1 : 2nd tertile
I : top tertile
0 : reference

I :2nd tertile
1 : top tertile
0 : reference

I :2nd tertile
1 : top tertile
0 : not living with another adult

I : living with another adult
l-5
1-1

46.4%

53.6%

85.60 (s.03)

42.3%

s7.7%
49.4%

50.5%

49j%
50j%

49.s%

50j%
49j%
50.5%

48¿%
5t.6%

42.3%
38.t%
19.6%

35.1%

32.0%

33.0%

28.9%

37.t%
34.0%

33.7%

32.6%

33.1%

31.6%

34.7%

33.1%

32.6%

33.7%

33.7%

52.6%

47.4%

3.49

4.40 (r.34)

I : high (able of all I I activities)
t- l0
t-9

46.4%

7 .43 (t.42)
s.90 (2.08)

SHARP squared 0-1 0.63 (0.25)
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Figure 1. Distribution of single-item physical activity measure.

Leisure activity index

The questionnaire also included a 28-item leisure activity index that includes

activities that have been found relevant for the oldest-old (Horgas, Wilms, & Baltes,

1998), namely: social activities (e.g., visiting friends), solitary activities (e.g., reading),

personal maintenance and instrumental activities of daily living (e.g., personal

grooming), and physical activities (e.g., walking). Participants indicated the usual

duration of each activity at arry one time in hours or minutes. They also indicated the

frequency with which they participate in each activity: 0 : never; 7: several times a

day). For each activity participants also indicated how physically active (i.e., physically

involved) they were when performing the activity: 1 : not at all;5 : extremely. See the

'Results' section for a description of how specific activities were classified as moderate

or hard. The moderate and hard self-report measures were skewed and had to be

dichotomized for regression analyses.
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ActiGraph

ActiGraphs were worn on the non-dominant wrist. The wrist was chosen because

it was assumed this area would provide a more representative measure of physical

activity than other locations (i.e., participants would mostly perform sedentary activities

with wrist movements and little waist movement). Half of the participants were asked to

wear the ActiGraph for one day and the other half for three days. Whether participants

wore the ActiGraph for one or three days was determined by the location of the

participant's residence. Participants were divided by two geographical areas. One

interviewer was allocated one area, with participants being asked to wear the ActiGraph

for one day, and the second interviewer was allocated the other area, with participants

being asked to wear the ActiGraph for three days.

The ActiGraphs assessed accelerations ranging from 0.05 to 2.0 G and

frequencies from 0.25 to 2.5 Hz (Computer Science, 1995). These parameters detect

normal body motion and filter out high frequency movements, such as vibrations. The

ActiGraph reports physical activity in units called activity counts. Activity counts are the

summation of the accelerations measured during one cycle. One cycle for this study

consisted of one minute. A higher number of activity counts during one cycle represents

greater physical activity by the participant. See the 'Results' section for the construction

of mean, moderate, and vigorous ActiGraph measures. The moderate and vigorous

measures were skewed, but the mean scores were not. For consistency, all three measures

were dichotomized for the regression analyses.
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Demographic vøriables

Demographic variables included in the present thesis arc age (0:younger, 80-84;

1:older, 85* years old), gender (0:male, i:female), and living arrangement (i.e.,

whether or not they were living with another adult: O:not living with another adult,

l:living with another adult). Age was included as a categorical variable in the first two

objectives and included as a continuous variable in the fourth objective.

Self-rated ltealth

Self-rated health was measured with a question commonly used in gerontological

research, "For your age, would you say in general your health is [1:bad, 2:poor,3:fair,

4:good, and 5:excellent]. The measure was included as a continuous variable in all

analyses.

Energy

Energy was measured with the question, "In general, compared to others your

age, how much energy do you have?" Possible responses varied from '1 : much less' to

'7 : much more'. The measure was included as a continuous variable in all analyses.

Physicølfunctioning

Activities of daily living (ADL; Branch &. Jefte,1982;Katz, Ford, Moskowirz,

Jackson, &. Jaffe,1963), which are defined here as a measure of functional capacity,

rather than a measure of activity, was measured with i 1 items, and palticipants were

asked whether they were capable of accomplishing specific tasks: going up and down the
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stairs; getting about the house; going out of doors in good weather; going out of doors in

any weather; getting in and out of bed; washing or bathing or grooming; cutting toenails;

eating; taking medication or treatment; using the toilet; and managing financial matters.

Respondents answered yes (: 0) or no (: 1) to each item. The items answered negatively

were summed to provide an overall score. The internal reliability of the scale was

adequate with a Cronbach alpha of 0.72. Using the overall scores, participants were

separated into those with and without functional problems: those with one or more

negative responses were categorized as having functional problems and those with no

negative responses were categorized as having no functional problems.

Perceived control

Perceived control was measured with 11 items (Chipperfield, Perry, Volk, &

Hladkyj, 2003; chipperfield, campbell, & Perry, 2004). Participants were asked how

much influence they felt they had over several personal aspects (1 : almost no influence;

10 : total influence): your physical health; where you live or will be living; who you

spend your time with; the things you can do for fun and enjoyment; developing new

friendships; your physical fitness; your physical comfort or discomfort; your emotional or

mental well-being; the basic things you must do just to looks after yourself (e.g., bathing,

eating, etc.); the usual tasks that need to be done (e.g., housework, yard work, shopping,

laundry); and your life in general (alpha: 0.91).
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ll/ell-being

Two well-being measures were used in this thesis: the Centre of Epidemiological

Studies Depression Scale (CES-D; Radloff, 1977) and the Memorial University of

NewFoundland Scale of Happiness (SHARP; stones &Kozma,1986). The GES-D is

composed of 10 items, which asks respondents how they felt during the past week: I was

bothered by things that don't usually bother me; I had trouble keeping my mind on what I

was doing; I felt depressed; I felt that everything I did was an effort; I felt hopeful about

the future; I felt fearful; my sleep was restless; I was huppy; I felt lonely; and I could not

get going. Each item is scored on a scale of 0 to 3 (0: rarely or some of the time; 3 :

most or all of the time). Because the questions were not all affirmative or negative, they

were recoded so that a higher score represents greater well-being. An overall score is

provided by summing the scores of each item (alpha :0.76).

The SHARP is composed of 12 items, which asks respondents how they felt

during the past month: in high spirits; particularly content with your life; depressed or

very unhappy; flustered because you didn't know what to do; bitter about the way your

life has turned out; generally satisfied with the way your life has turned out; things are

getting worse as I get older; little things bother me more this year; life is hard for me

most of the time; I am satisfied with my life today; I am just as happy as when I was

younger; and as I look back on my life, I am fairly well satisfied. Respondents answer yes

(: 1) or no (: 0) to each item. Because the questions were not all affirmative or negative,

they were recoded so that a higher score represents greater well-being. An overall score is

provided by summing affirmative responses (alpha: 0.69). Both CES-D and SHARP
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scores were squared because their distributions were skewed (see Appendix A for

normality plots of both measures before and after transformation).

These reliable and valid measures have been used extensively with older adults

(e.g., Bierman, Bubolz, Fisher, & Wasson, 1999; Gilbart & Hirdes, 2000; Kimberlin,

Pendergast, Berardo, & McKenzie, 1998; Robertson, Rockwood, & Stolee, l9S2).

Analyses

To address objective 1 (determining the oldest-old's compliance of wearing an

ActiGraph), Kaplan-Meier curves were created for the overall group, gender, and age

groups for those who were asked to wear the ActiGraph for three days. A participant was

categorized as compliant if he or she was wearing the ActiGraph approximately three

days, as per instructions. Based on the data, participants who were wearing the ActiGraph

for 63 hours or longer were considered compliant. The time an ActiGraph was wom by a

compliant participant was considered a censored observation, that is, an observation with

incomplete information. If the participants were allowed to wear the ActiGraph for a

longer period, it would have been possible to obserue the participants removing the

ActiGraph and their information would not have been censored. Whether compliance

varied across gender, age, and health outcomes was examined with logistic regressions.

The outcome measure was the whether or not participants wore the AcitGraph for 63

hours (yes, no). Gender, age, and measures of health and well-being were included as

predictors to determine whether these factors may have an effect on compliance. Health

measures inciuded self-rated health, physical functioning, and energy. Well-being
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measures included CES-D (depression) and SHARP (happiness). These measures were

included in univariate analyses (i.e., one predictor at a time).

To address objective 2 (examining the stability of ActiGraph readings over a

three-day period), I used intercepts and slopes from regression models, Pearson

correlations, two-tailed paired t-tests, and analysis of variance (ANOVA). Day means

were included in simple regression models to determine if intercepts and slopes

significantly deviate from 0 and 1 respectively. If means are identical from one day to the

next, a regression line would have an intercept of 0 and a slope of 1. A significant

deviation from either would indicate instability between days. Pearson correlations were

used to calculate the association between 7-,2-, and 3-day means.

Two-tailed paired t-tests were used to compare the 1-, 2-, and 3-day means. Group

means and standard deviations were used to compare the means of each day of the week

to determine if there was a day-of-the-week effect (see pp. 58 - 66 for a description of

how these variables were created). Proportion of time spent in moderate and vigorous

physical activity levels were also examined using the same methods as mean ActiGraph

counts (i.e., regression, Pearson correlation, two-tailed paired t test, and ANOVA).

Whether stability varies across gender and age was also examined. One-, 2-, and3-day,

and overall ActiGraph scores for those who wore the ActiGraph for three days were also

correlated with depression and happiness scales. Similar correlations between days would

indicate stability between days.
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To address objective 3 (examining the association between self-reported physical

activity and ActiGraph scores), I used Spearman correlations and kappa. Spearman

correlations were used to correlate the six physical activity measures to each other. The

th¡ee self-report measures were the I -item measure, and the moderate- and high-intensity

self-reported physical activity measures. The three ActiGraph measures were the mean,

moderate, and vigorous ActiGraph scores. Activity measures of the same intensity should

be more strongly correlated to each other than with activity measures of different

intensities (e.g., the hard self-report more closely related to the vigorous ActiGraph score

than the mean ActiGraph score). Spearman correlations were used because most

measures had skewed distributions.

The high-intensity self-reported physical activity and vigorous ActiGraph

measures were used to determine the kappa statistic. Each measure was divided into

tertiles to produce three intensity levels: low, moderate, and high. The high-intensity

measures were included because physical activity measures are often cafegorized as high-

intensity activity.

To address objective 4 (comparing the predictive validity of self-reported physical

activity and ActiGraph scores), I used multiple regressions and ANOVAs. Multiple

regressions were used to determined predictive validity. Regression models included

activity measures that were dichotomized and grouped into tertiles. This was done to

provide sensitivity analyses. Activity measures were included in a regression model as
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binary variables (low and high activity levels). The analysis was then repeated with tertile

levels (low, moderate, and high).

Three series of regression models were produced. First, all activity measures were

included in separate regression models. Second, to produce between-measure

comparisons, activity measures of similar intensity were included in the same regression

models (i.e., the single-item measure included with the mean ActiGraph score; the

moderate-intensity self-reported physical activity measure included with the moderate-

intensity ActiGraph measure; and the hard self-repofed physical activity measure

included with the vigorous-intensity ActiGraph measure). Third, to produce within-

measure comparisons, moderate- and hard-intensity self-report measures were included in

the same model, whereas the moderate- and vigorous-intensity ActiGraph scores were

included in another model. Activity measures were entered as binary and tertiles in

separate regression models.

In addition, the following control variables were included into the models: age,

gender, functional health, self-rated health, living arrangement, and perceived control.

These variables were included as covariates because they have been associated with

physical activity and health in previous research (e.g., Droomers et a1.,2001; Kaplan et

a1.,200I; Menec & Chipperfield,1997; Due to the small sample size, control variables

were entered one at a time and only those with a significant effect were kept in the

regression model.
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ANOVAs were also used to determine the predictive validity of high-intensity

physical activity measures. The high-intensity self-reported physical activity and

vigorous ActiGraph measures were included in the ANOVAs. Each measure included

three levels: low, moderate, and high. The high-intensity measures were included because

physical activity measures are often categorized as high-intensity activity. Three types of

ANOVA were computed: both activity measures entered one at time in separate models;

both activity measures in the same model; and both activity measures and their

interaction in the same model. Data were analyzed with SAS 9.1.

RESULTS

The following Result section is divided into five major sections. First, the

development of the activity measures is described (including the development of both the

self-report and ActiGraph measures of physical activity). Results pertaining to Objectives

I to 4 are discussed in the subsequent four sections, respectively.

Preliminary analyses - Development of physical activity measures

S e lf-r ep o rt activ ity me øs ur e s

I used three self-report physical activity measures in this thesis. The first was a

single item measure derived directly from the survey. The remaining two - participation

in moderate and hard intensity activity had to be developed. In this section, I will discuss

how I created the latter two measures from the Leisure Activity Index.
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The first step was to classiflr activities from the leisure activity index into

moderate- and high-intensity activities by using a Kaplan-Meier curve. For each activity,

the mean of the responses to the physical involvement question (1:not at all,

5:extremely) was taken. A Kaplan-Meier curve was then produced to sort the activities

by their mean physical involvement and provide a visualization of the proportion of

activities above each mean physical involvement score (see Figure 2).
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Figure 2. Kaplan-Meier curve demonstrating proportion of
activities above mean physical involvement levels.

Because the lowest physical involvement mean possible is 1 , 100% of the

activities have a mean score of at least 1. As the mean physical involvement scores

increase, the proportion of activities above these means decreases. Gaps along the x-axis

in the Kaplan-Meier curve were used to establish cut-off points for determining high- and

moderate-intensity activities (moderate ranged from2.26 to 2.76 and high included those

at2.93 and above; see Table 2). Alarge gap along this axis indicates that two activities

3.5

Moderate
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have mean scores further apaúthan a small gap between two activities. The largest gaps

along the axis would cluster the activities into different groups and increase the

likelihood that the resulting intensity categories would provide activity levels with

distinct intensities. It is noteworthy that the resulting categories of intensity provide lists

of activities similar to activity measures from recent activity questionnaires for older

adults.

Table 2. Categories of activities based on physical involvement*

High Moderate Low
Yard work (3.70) Laundry Q.76)
Gardening (3.25) Clubs (2.74)
Shopping (3.18) Light housework (2.63)
Heavyhousework (3.05) Family (2.58)

Sport (3.01) Cooking (2.56)
Volunteer (2.93) Friends (2.56)

Entertainment (2.54)
Dinner (2.44)
Social (2.44)

Collecting (2.33)

Crafts (2.30)

Church (2.26)

Culture (2.04)

Games (1.75)

Radio (t.42)
Television (1.26)

Phone (1.23)
Reading (1.10)

xmean physical involvement in parentheses

Although MET values would have been preferable to help distinguish moderate-

and high-intensity activities, they were not used at this point of constructing self-report

measures for two reasons. First, some authors have argued that MET values for older

adults should be smaller than for younger adults because they perform the same activities

at lower intensities (Stewart et a1.,2001). However, no compendium of MET values has

been produced for older adults. These same authors have suggested modified scores for
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some activities, but there is no empirical evidence to validate these numbers. Second,

many activities from the questionnaire are too broad to be assigned MET values (e.g.,

sport). Therefore, categories of activity intensities were created with the self-reported

physical involvement measure as a substitute for MET values.

There are many different ways to develop a physical activity score. Because there

is no standard method, several approaches found in the literature were used to determine

the most appropriate method of construction. Scores were derived from multiplying the

following variables for each activity in the Leisure Activity Index: frequency, duration,

and intensity.

The questionnaire included an 8-point scale to determine frequency of activity

participation. The frequency score was used in two ways: 1) the 8-point scale was

converted into a 4-point scale, with 1 : 0 and I, 2 : 2 and 3, 3 : 4 and5, and 4 : 6 and 7;

2) The 8-point scale was converted into days per year because MET values are multiplied

by units of time, such as hours per day or year. Conversion was as follows: 0 (never) : 0

times per year; 1 (less than once a month) : 6;2 (monthly) : 12;3 (a few times a month,

but not weekly) : 32;4 (weekly) : 52; 5 (a few times a week, but not daily) :209; 6

(daily) :365;7 (several times a day) : 1095.

Duration was determined by usual duration per activity in hours.
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There were three options in terms of determining intensity: not using an intensity

score; using MET values from a compendium of physical activity; and using the self-

report measure of physical involvement (i.e., the value assigned by the respondent for

how physically involved they were in a given activity, not the group mean).

Broad activities (e.g., sport) were provided with MET values from activities that

most closely resemble them (Ainsworth, 2002). Although MET values for older adults

may be problematic, as noted above, they were used here to provide yet another way of

creating a physical activity score that could be compared to other definitions.

In terms of physical involvement, the value assigned by the individual was chosen

rather than the group mean because of the variability of intensity between individuals for

each activity (e.g., two individuals participating in the same activity but reporting

different physical involvement scores).

All possible combinations of scores for high- and moderate-intensity activities

(e.g., the sum of (frequency x duration x intensity) for each activity) were produced to

determine which combination was more strongly correlated with measures of indirect

validation (see legend in Table 3 for a list of all the combinations). For example, the three

following variables would be multiplied by each other for each activity in the high-

intensity group: the 8-point frequency scale, duration, and no intensity variable. Resulting

values are then summed across activities to give the score for this combination.
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Respondents would have a score of 0 if they indicated that they did not participate in any

of these activities.

Table 3. Spearman correlations of self-report physical activity
measures with outcomes

Measure Energy Physical Self-rated

function health
fd
fdm
frdm

Moderate- frd
intensity fdp
activities daydp

daydm

dayd

f.dp

0.355x * *

0.349* * *

0.343 * ',F 
+

0.337x * *

0.346*>F*

0.372'4'4

0.291**
0.296**
0.334* *

0.438

0.434
0.444
0.445

0.4t2
0.327

0.347

0.337

0.410

0.128

0.1 33

O.TI2

0.1 03

0.091

0.t94
0.1 93

0.1 93

0.063

High-
intensity
activities

f.dp
fdp
frdm
frd
fdm
daydp

fd
dayd

daydm

0.372***
0.368*'F*

0.3 50* 'F 
*

0.346* + I
0.3488x*
0.370*{<*<

0.337x * *

0.355** *

0.355* * 
',ß

0.563*',f 'r

0.558{< x< *

0.556**{<

0.555t< {< *

0.545+:F*

0.475**>F

0.550* *. *:

0.428*x<x

0.418{<{<*

0.222**+
0.222>F>r*

0.1 78

0.179

0.t77
0.22I-¿<-.F*

0.172

0.200*r<*

0.t92
*p<.05,

fd
fdm
frdm
frd
fdp
daydp

daydm

dayd

frdp

**p<.01, xx*p<.001

l(8-point frequency scale x duration)

[8-point frequency scale x duration x MET)

l(4-point frequency scale x duration x MET)

l(4-point frequency scale x duration)

l(8-point frequency scale x duration x physical involvement)

l(number of times per year x duration x physical involvement)

[number of times per year x duration x MET)

[number of times per year x duration)

l(4-point scale x duration x physical involvement)
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Washburn (2000) distinguishes between direct and indirect validity for physical

activity questionnaires. Direct validity can be established by correlating a physical

activity measure with physical activity assessed by other methods, such as activity

diaries, motion sensors, heafi rate monitoring, doubly labeled water, and dietary intake.

Indirect validity can be established by correlating a physical activity measure with

variables influenced by physical activity, such as resting heart rate, YO2max, muscular

strength, body composition, coronary heart disease mortality. Rikli (2000) proposes that

measures that are more "functional" could be used to determine indirect validity, such as

a petson's ability to climb stairs, walk moderate distances, and do one's own shopping

and household activities. Measures providing indirect validation for the self-report

measures of this thesis included energy, physical functioning, and self-rated health, which

have been used to determine indirect validity for several self-report measures of physical

activity in older adults (Dubbert, Vander Weg, Kirchner, & Shaw,2004; Harada etal.,

200I ; Stewart et al., 200I).

All self-reported physical activity measures were comelated with health measures

providing indirect validation (see Table 3). As can be seen in Table 3, the correlations for

the moderate-intensity physical activity definitions were between .29 and .36 for energy,

.33 and .45 for physical function, and .06 and .19 for self-rated health. Correlations were

therefore quite consistent across the different definitions used. The moderate-intensity

physical activity measures that were most closely correlated with energy, physical

function, and seif-rated were the 8-point frequency scale multiplied by duration, the 8-
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point frequency scale multiplied by duration and MET values, and the 4-point scale

multiplied by duration and MET values.

The correlations for the high-intensity physical activity definitions were between

.35 and .37 for energy, .42 and.56 for physical function, and .77 and .22 for self-rated

health. As for moderate-intensity physical activity definitions, the correlations were quite

similar across measures. Moderate-intensity physical activity measures correlated more

highly with physical function than with energy, and more strongly with energy than with

self-rated health. The measures of high-intensity physical activity that were most closely

correlated with energy, physical function, and self-rated health were the 4-point

frequency scale multiplied by duration and physical involvement, the 8-point frequency

scale multiplied by duration and physical involvement, and the 4-point frequency scale

multiplied by duration and MET values.

Similar correlations were found for moderate- and high-intensity physical activity

definitions for energy, but the high-intensity physical activity measures were generally

more strongly correlated with physical function and self-rated health than were moderate-

intensity measures.

To have consistent definitions for both moderate- and high-intensity self-reported

physical activity measures, the same formula was used for both measures. The

combination of 8-point frequency multiplied by duration was chosen as the physical

activity measure for both moderate- and hard-intensity activity scores because it is the
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simplest formula and there were only small differences across definitions, indicating

similarity between all the definitions. For the distribution of both self-report measures,

see Figures 3 and 4.
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Figure 3. Distribution of moderate-intensity self-report physical activity.
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Figure 4. Distribution of high-intensity self-report physical activity.

Development of the ActiGrøph measures

In this section, I will discuss how I created three ActiGraph scores. First, I will

mention how the data was cleaned. Second, I will describe how I created mean ActiGraph

scores. Third, I will describe how I created two other ActiGraph scores: moderate- and

vigorous-intensity.

The first step was to put the ActiGraph readings into Excel@ files (Microsoft,

Redmond, WA). Then, each participant's ActiGraph readings were displayed by charts to

provide a visualization of the activity counts per minute over the period the participants

wore the ActiGraph and help identify periods where participants either removed the

ActiGraph or were sleeping.
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The participants were grouped into three categories: l-,2-, and3-day participants.

Days were divided into 24-hour periods. One day consisted of a24-hour period,

beginning at the time that the participants first put on the ActiGraph. Some studies

exclude time spent sleeping (e.g., Janz, witt, & Mahoney, 1995; washbum & Ficker,

1999). However, it was included in this study because most studies do not exclude time

spent sleeping and it allows each participant to have similar denominators. In other

words, if two participants had the same mean activity count during wake time but have

wake times of different lengths, both would have the same score if sleep time were

eliminated and different scores if sleep time were included. The participant with more

wake time is in reality more active than the other participant, but would only have an

ActiGraph score reflecting this if sleep time were included.

Interviewers also indicated at which time participants first put on the ActiGraph.

The ActiGraph datathat were captured prior to this time were deleted from participants'

data. If the participants removed the accelerometer before the designated time, they

indicated at which time they removed it. The ActiGraph readings after the time indicated

were also removed.

I also eliminated the time when the ActiGraph was temporarily removed

(generally for taking abath or shower) to avoid underestimation of activity level. Because

bathing and showering are low-intensity activities, and the oldest-old's activities are

generally low-intensity, the elimination of the time the ActiGraph was removed should

provide scores similar to scores if it were not removed. The elimination of time when the
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ActiGraph was temporarily taken off was accomplished with the help of the

questionnaire, on which participants indicated the times at which they removed the

ActiGraph (see Appendix B for the questioruraire). These were used as references when

looking at the charted ActiGraph readings. If the times the ActiGraph was reported to be

off corresponded to the ActiGraph data, the charted ActiGraph readings should be 0. If

self-report and the ActiGraph chart did not correspond, the data were eliminated if the

ActiGraph chart indicated 0 activity counts.

Studies including accelerometers have involved two types of scores: means (e.g.,

Brage et a1.,2003a; Janz et al., 1995) and proportion of time spent between given cut-off

points (e.g., Freedson, Melanson, & Sirard, 1998; Rosenberg, Bull, Braham, cowper, &

Booth, 2002; Trost, Pate, Freedson, Sallis, &Taylor,2000). Because neither method has

been considered preferable over the other, both methods were used in this study. After

classiÛzing participants as 1-, 2-, and 3-day participants, the data weïe averaged to

provide mean scores. The 1-day participants had their activity counts over a Z4-hour

period, indicated by the hours and minutes of the ActiGraph files, averaged to provide

one mean day score. The same procedure was used for the 2- and 3-day participants,

except that they had two and three 24-hotr periods, with means calculated for each24-

hour period. See Figure 5 for the distribution of mean ActiGraph counts of all available

data (e.g., mean of two days if there were two days of data).
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Figure 5. Distribution of mean ActiGraph counts of all days the
ActiGraph was wom.

Mean activity counts were also provided for each day of the week. The ActiGraph

indicates when it was recording (i.e., date, hour, and minute). The ActiGraph readings

were divided into time worn on each day of the week. The ActiGraph readings of those

individual days were then averaged to provide mean ActiGraph scores for days of the

week.

A second type of ActiGraph score (proportion of time spent in various intensity

levels) was calculated for I-,2-, and 3-day scores and for each day of the week.

Equations have been developed to convert activity counts into units of energy

expenditure. Ranges of energy expenditure values have been established to indicate levels

of activity intensity (e.g., light, moderate, and vigorous), and the time spent in each of the

intensity levels provide ActiGraph scores. Equations used to categorize activity intensity
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in activity counts for ActiGraphs worn on the wrist explain very little of the variation

(i.e.,3o/o) found in energy expenditure (Brooks et aL,2004; Swartz et a1.,2000). In their

studies, participants were asked to perform specific activities while wearing an ActiGraph

on the wrist and a device measuring their energy expenditure. Mean ActiGraph scores

and mean energy expenditure scores for each participant were produced for each activity

and entered into a regression model. The ActiGraph scores were entered as a predictor

variable and energy expenditure was entered as an outcome measure. Because the

equations explain very little of the variation in energy expenditure, they are therefore

poor predictors of energy expenditure, which is considered a direct measure of physical

activity.

Another issue with the Swartz et al. equation is that it has an intercept of 3 METs.

This indicates that 0 activity counts (i.e., no wrist movement) is equal to 3 METs. Three

METs is considered hard intensity activity for the oldest-old (USDHHS, 1996). This

suggests that the equation would incorrectly categorize the absence of wrist movement

with hard intensity activity. Based on a regression plot, several activities with high

energy expenditure were related to low activity counts, which provided the high intercept.

Therefore, this equation would not be able to identify time spent in daily activities.

The Swartz et al. study did include, however, mean activity counts for a variety of

activities, which can be used to create different ActiGraph scores. I assigned each activity

included in the Swatz et al. study a MET value provided from a compendium of physical

activities (Ainsworth,2002). The activities and assigned MET values are listed in Table
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4. Two activities in the Swartz et al. study were excluded because no MET value could be

assigned to them. As a next step, I categorized each activity from the Swartz et al. study

as moderate, hard, and very hard based on reconÌmendations by the USDHHS (1996).

The USDHHS provides recommendations for categorizing MET values for individuals

aged 80 years and older (USDHHS, 1996): very light < 1.0 MET; light, 1.1-1.9;

moderate, 2.0-2.9; hard, 3.0-4.25; and very hard > 4.25 (see Table 4).
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Table 4. MET values, ActiGraph means, and intensity of activities

Mean

ActiGraphu

METb Intensity'

t699
t277
32t9
2995

5484

3995

4244

r297
6482

2520

3762

2124

3013

r564
6093

5488

2925

2306

2700

1765

2624

1 158

2534

3522

2464

4961

Power mowing
Manual mowing
Golf-pulling clubs

Golf-carrying clubs

Double tennis

Softball
Gardening

Trimming
Raking
Vaccuming
Sweeping and mopping
Slow walking
Brisk walking
Conditioning
Calisthenics

Loading and unloading
Laundry

Ironing
Washing dishes

Cooking
Light cleaning

Grocery shopping

Feeding and grooming animals

Playing with animals in the yard

Caring for children
Playing with children in the yard

5.5

6

5

very hard

very hard

very hard

very hard

very hard

very hard

hard

hard

hard

hard

hard

hard

hard

hard

hard

hard

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

5.5

5

5

4

4

4

3.5

J.J
aaJ.J

3.8

3.5

3.5
aJ

2

2.3

2.3

2

2.5

2.3

2.5

2.8

2.5

2.8
u Obtained from Swaftz et al. 2000
b 

Obtained from Ainsworrh,2002

" Obtained from USDHHS, 1996

The activity counts derived by Swartz et al. were then averaged within each

category (moderate, hard, and very hard). The means were 2695.9,3658.7 , and 3 1 1 i .5

for moderate, hard, and very hard activities respectively (see Table 5). The mean for very
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hard was lower than hard and was therefore disregarded. The median between the means

of moderate and hard activities (3177.5) was considered the cut-off between the

moderate- and hard-intensity levels. The difference between the moderate mean and the

cut-off (3658.7 - 2695 .9 : 48 1 .4) was subtracted from the moderate mean (i.e., 2695 .9 -

48I.4) to provide the cut-off between light and moderate intensities (2214). The same

value was added to the hard mean to provide the cut-off between hard and very hard

intensity activities (i.e., 3658.7 + 481 .4: 4140). Very hard activity was considered

activity counts above 4140. For a visual representation of the previous means and the

resulting cut-off values, see Figure 6.

Table 5. Cut-off points for ActiGraph measures

Cut-off points**
Intensity ActiGraph Median* Minimum Maximum

Moderate 2695 o 2214 3177'' ) y77.5
Hard 3658.7 ' 3178 4140

Very hard 31 1 1.5 414I+
*The median is 481.4 activity counts from the moderate mean and from

the hard mean

**Minimum and maximum were calculated as mean t 481.4 for moderate

and hard
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Date and time

Figure 6. Activity count means and resulting cut-off values derived from Swartz et
al. illustrated in a participant's ActiGraph data output.

Because 3 METs and above has been used as a physical activity measure (Stewart

et a1.,200I) and that this group spent very little time in the very hard category (a mean

6.34 minutes with a standard deviation of + 10.66 vs.27.79 minutes +28.66 in the hard

category), percentage of time spent at hard and very hard intensities were combined (i.e.,

proportion of time af 3178+ was included as a measure of high/very hard intensity

physical activity) and hereafter referred to as vigorous intensity. See Figures 7 and 8 for

the distribution of moderate and vigorous ActiGraph scores. Figure 7 demonstrates the

distribution of percentage of time spent between2274 and3177 activity counts (i.e., time

spent between these two values divided by the total time), whereas Figure 8 demonstrates

the distribution of percentage of time spent at 3178 activity counts and above.
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Objective 1 - Compliance of wearing an ActiGraph

The following results are derived from the 50 participants who were asked to

wear an ActiGraph for three days. Figure 9 shows the number of hours participants wore

the ActiGraph. Some participants refused to wear the ActiGraph, which is reflected in the

graph as slightly less than I00% of participants wearing the ActiGraph at 0 hours. The

proportion of participants who wore the ActiGraph gradually declined for the first 50

hours. At24 hours, over 90Yo of individuals still wore the ActiGraph, about 80/o af 48

hours, and7j%o after 72 hours.

1.0

0.9

0.8

0.7

0.6

0.5
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0.3
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0.1

0.0
50

Hours

Figure 9. Number of hours ActiGraph was wom: All participants

When subgroups were compared, female participants showed a slightly different

pattem than male participants (see Figure 10). The proportion of female participants who

wore the ActiGraph decreased gradually from 0 to 60 hours. For male participants a

decrease did not start until 30 hours, and was not substantial until 50 hours.
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Figure 10. Number of hours ActiGraph was worn by gender

A logistic regression analysis was conducted to detect differences in compliance,

defined here as having worn the ActiGraph 63 hours or more, between genders. Gender

was included as the only predictor variable. The analysis indicated that men and women

did not significantly differ in rates of compliance (see Table 6).
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Table 6. Logistic regression models including predictors of
participants' compliance (N :49)l

Predictors Odds ratio Confidence limits
Age

Gender

Depression

Happiness

0.99 0.88 - 1.21

t.78 0.52 - 6.09

1.00 0.74 - 1.34

0.57 0.04 - 8.03

Physical function 1 .02 0.30 - 3.43

Energy 1.06 0.65 - 1.74

Self-rated health 1.62 0.73 -3.60
*p'.05
TEach predictor was entered in separate logistic regression models

Figure 11 shows the number of hours the ActiGraph was wom by younger (80 to

84) and older participants (85 to 101). The proportion of individuals in either age group

who wore the ActiGraph gradually decreased until 50 hours. A logistic regression

analysis, with age as the only predictor, indicated that the two age groups did not

significantly differ in rates of compliance (see Table 6).
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Figure 11. Number of hours ActiGraph was wom by age group.

Compliance was also not related to health and well-being measures when each

measure was entered into separate logistic regression models (self-rated health, physical

function, energy, CESD, and SHARP; see Table 6).

Objective 2 - Examining the stability of ActiGraph readings

Table 7 shows results from the regressions, Pearson correlations, and paired t-

tests that were computed to examine the stability of ActiGraph counts for Day 1 versus

Day2, Day I versus Day 3, and Day 2 versus Day 3, respectively. Separate regressions,

correlations, and t-tests were run for five groups, the total sample, women, men, and

younger (aged 80 to 84) versus older individuals (aged 85 or older). Moreover, separate

analyses were run for three measures: mean ActiGraph counts, counts that fell within the

moderate activity range, and counts that fell into the vigorous activity range.
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Mean ActiGraph counts were generally very stable for all comparisons. This is

evidenced by the fact that all intercepts and most slopes from the regressions did not

significantly deviate from 0 and 1. Only three slopes deviated significantly from 1: for

the day-1 versus Day-2, significant slopes emerged for the overall sample, male, and

older age groups. All Pearson correlations were significant and varied from .82 to .97,

indicating that mean ActiGraph scores were strongly associated to each other during the

three-day period. All t-tests were non-significant, which provides further support for the

conclusion that mean ActiGraph scores were stable across the three days.

Similar results were found for the moderate intensity measure. Only one intercept

significantly deviated from 0 for the moderate intensity measure (i.e., younger age group

for Day-1 versus Day-2 comparisons; see Table 7) and none of the slopes significantly

deviated from 1, indicating that the proportion of time spent in moderate physical

activities levels was stable across the three-day period. All Pearson correlations were

significant and varied from .83 to .94. All t-tests were non-significant except for the

subgroups of women's Day-l versus Day-2 comparisons and older participants' Day-l

versus Day-3 comparisons.
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Table 1 . Analyses for stability of ActiGraph scores from I to 3 days

GroupT df Intercept Slope Correlation T-test

Overall

Day I vs Duu 
wottn

2 
'Men

Older

Younger

4l
17

23

17

23

52.58

5.21

81.02

92.28

61.49

0.85*

0.95

0.79*

0.71*

0.86

.91 '¡*+

.95*r¡'¡

.88+**

.83 ',¡**

.90***

1.44

1.24

0.95

0.88

1.13

Mean

activity

level

Overall

Dav I vs Dau 
wo*tn

3 
'Men

Older

Younger

26

l1

l4
9

16

0.96

0.97

0.96

0.89

0.94

0.r6

0.17

0.85

l.01

0.1 5

16.61

25.95

6.57

26.37

42.07

.89'r**

.82***

.97***

.95t'i**

.85 +*4.

Overall

Dav 2 vs Duu 
women

3 'Men
Older

Younger

-10.64

I I.8t
-30. I I

4.29

24.07

.89++*

.87r<**

.90**t¡

.94**r

.97*++

26

1t

14

9

l6

r.04

0.99

1.07

0.93

l .01

0.41

0.27

0.31

0.65

0.87

Overall

Dav I vs Dau 
wo*tn

Z 'Men
Older

Younger

41

17

23

17

23

0.55

0.79

0.42

0.23

1.12*

0.93

0.96

0.90

0.93

0.88

.94+;f ;r

.94***

.95**,i!

.89*t¡*

.93 **x

1.55

2.14*

0.08

0.39

1.54

Moderate

activity

level

.88*t¡',¡

.94*+r¡

.93 *r<x

.87'r**

.83 ',¡',f 
*

Overall

Dav I vs Duu 
women

3 
"Men

Otder

Younger

26

1l

t4

9

t6

0.77

0.99

0.55

0.19

1.24

0.90

0.87

0.93

r.03

0.84

0.88

0.60

0.67

2.39*

0.59

Overall

Dav 2 vs Dau 
women

3 
'Men

Older

Younger

26

tl
14

9

t6

0.50

0.53

0.36

0.52

0.3 5

0.93

0.89

0.99

0.97

0.95

0.56

0.02

0.92

1.50

0.02

.90t¡*t<

.891<**

.92*+*

.83 ¡k'¡*

.87**t¡

Overall

Dav I vs Duu 
wottn

2 'Men
Older

Younger

41

t7
23

17

23

0.15

0. l9
0.10

0.01

022

1.13

t.l2
Ll5
t.2s

l.1t

1.95

2.09

1.22

r.09

I .61

.90**<*

.97***

.83 +**

.85 t<*t¡

.91 +t¡'¡

Vigorous

activity

level

Overall

Dav 1 vs Duu 
wottn

3 
'Men

Older

Younger

26

I1

14

9

t6

0.62

0.84

0.01

0.08

0.90

0.67

0.39

0.73

0.64

0.88

0.72**+

0.58*'¡+

0.95

1.03

0.66+'¡*

.89{.**

.87'È',¡x

.95**+

.94+**

.ggx**

Overall

Dav 2 vs Duu 
wottn

3 'Men
Older

Younger

26

l1

l4
9

16

1.39

0.91

r .01

0. 14

1.40

0.91 x

0.77

1.02

0.25

1.29+

0.54*t'<*

0.53 *x*!

0.54',¡{<+

0.81

0.48**x

.85 +x*

.89*++

.82t¡**

.9 I *'r(*

.gg***
*P<.05, **P..01, x+*P<.005

tSeparate analyses were calculated for each the 5 groups

Older = 85 or older; Younger: 80 to 84
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Vigorous intensity levels were also quite stable, but less so than mean ActiGraph

counts and moderate intensity scores. Two intercepts significantly deviated from 0 (i.e.,

for all participants and younger participants for Day-2 versus Day-3 comparisons; see

Table 7). Seven of 15 slopes significantly differed from 1 for Day-1 versus Day-3 and

Day-2 versus Day-3 comparisons. None of the slopes from Day-l versus Day-2

comparisons significantly deviated from 1. All Pearson correlations were significant and

varied from .82 to .99. All t-tests were non-significant.

Group means and standard deviations for mean ActiGraph scores and proportion

of time in moderate and vigorous activity for each day of the week were calculated to

examine a possible day-of-the-week effect. Group means and standard deviations were

obtained from the data provided by those who were asked to wear the ActiGraph for three

days. One participant did not respond to the questions in the questionnaire that were used

as predictors in this analysis, which resulted in a sample of 49 participants. Table 8

indicates that group means for mean ActiGraph scores vary from 478 activity counts on

Thursday to 562 activity counts on Sunday. The standard deviations were wide,

indicating that it is unlikely for there to be a day-of-the-week effect with mean ActiGraph

scores. The proportion of time spent in moderate and vigorous activity also indicated

similar group means between days and wide standard deviations. Therefore, it is also

unlikely for there to be a day-of-the-week effect with moderate and vigorous ActiGraph

scores.
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Table 8. Group means* for mean ActiGraph scores and proportion of time
in moderate and vigorous activity for each day of the week

Day Mean Moderate Vigorous
Sunday

Monday
Tuesday

Wednesday

Thursday

Friday

13

I9
25

32

30

25

s62 (280) 4.s4 (2.91) 2.48 (2.33)

s44 (317) 4.63 (4.3e) 2.64 (2.48)

48e (221) 3.e0 (3.24) 2.46 (2.32)

s08 (2s3) 4.r7 (3.2s) 2.ss (2.87)
478 (25t) 3.86 (3.0e) 2.42 (2.63)

s16 (280) 4.s3 (3.s2) 2.67 (3.31)

Saturday 19 490 (274) 4.63 (3.86) 2.sl (3.34)
*standard deviations shown in parentheses

Spearman correlations were used next to examine the relationship between

ActiGraph scores of participants who wore the ActiGraph for three days and measures of

depression and happiness, in order to examine the similarity of these relationships over

the three-day period. Correlations between mearì ActiGraph scores and well-being were

generally similar between days (see Table 9), although correlations were stronger for

happiness than depression (.00 to .10 for depression and .28 to .34 for happiness). The

correlations for moderate ActiGraph scores were less similar, with correlations varying

between -.2I to .09 for depression and between .13 to .4I for happiness. Correlations for

vigorous ActiGraph scores were similar between days, ranging from .01 to .09 when

correlated with depression and from .30 to .38 when correlated with happiness.
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Table 9. Spearman correlations between
ActiGraph scores of individual days or overall
period to depression and happiness CN:27)

Depression Happiness

Mean ActiGraph
counts

Day 1

Day 2

Day 3

Overall

.i0

.00

.01

.03

.28

.30

.28

.34

Moderate

ActiGraph

Day 1

Day 2

Day 3

Overall

-.14

.03

.09

-.21

.30

.37

.47*
.13

Vigorous
ActiGraph

Day 1

Day 2

Day 3

Overall

.01

.07

.09

.03

.30

.38

.34

.-1 -t

*p<.05

Objective 3 - Examining the relationship between physical activity measures

To address Objective 3, Spearman correlations were first calculated to determine

the association between physical activity measures. Correlations between activity

measures indicated that ActiGraph scores were more highly correlated to each other (.44

to .81) than were self-report measures to each other (.44 to .62; see Table 10). This

indicates that the self-report measures may be more dissimilar to each other than the

ActiGraph scores are to each other.
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Table 10. Spearman correlations between activity measures CN: 91)

*p<.05, **p..01, ***p..001

Moderate self-report
Hard self-report

Mean ActiGraph counts

Moderate ActiGraph

Single- Moderate Hard Mean Moderate
item self-report self-report ActiGraph ActiGraph

measure counts

.445>F>r*

.440>r** .627*.**

.268* .183

-.094 -.t63
.225* .017

.350r<*"k

.043

.296**
.440'+>k*

.811++*Acti .736***

When examining correlations across types of measures, the single-item activity

scale was more strongly correlated with mean ActiGraph counts than moderate-intensity

and vigorous ActiGraph scores (.27 versus -.09 and .23). The moderate self-report

measure was also more strongly correlated with mean ActiGraph scores than with

moderate ActiGraph scores and vigorous ActiGraph counts (.18 versus -.16 and .02).

Similarly, the hard self-report measure was more strongly correlated with the mean

ActiGraph score than the moderate and vigorous (.35 versus .04 and .30).

Mean ActiGraph counts were less strongly correlated with the single-item activity

measure than with the hard self-report measure, and the weakest correlation was with the

moderate self-report measure (.27 versus .35 and .18). Moderate ActiGraph scores were

more strongly correlated with the single-item and the moderate self-report measures than

the hard self-report measure; however two of the correlations were negative (-.09 versus -

.16 and .04). Vigorous ActiGraph scores were most strongly correlated with the hard self-

report measure, followed by the single-item activity measure and the moderate self-report

measure (.30 versus .23 and.02).

77



Thus, the high-intensity measures were more strongly correlated with each other

than with measures of different intensity, whereas the moderate-intensity measures were

negatively correlated to each other. This indicates that the greatest congruence is between

the high-intensity self-report and ActiGraph scores.

To further explore the association between the high-intensity self-report physical

activity measure and vigorous ActiGraph scores, I then created tertiles for both measures

and calculated a weighted kappa. Table 11 provides a 3x3 table illustrating the

distribution of both activity measures. Forty of 91 participants' scores are congruent,

which indicates fhat 44Yo of the scores correspond to the same intensity for both

measures. The weighted kappa was 0.197, indicating poor agreement between both

measures.

Table 11. Counts of participants in each combination
of self-report and ActiGraph tertiles

Self-report
Low Moderate

Low
ActiGraph Moderate

Hi

13 t0
7t3
7r0

6

11

t4

Objective 4 - Comparing the predictive validity of physical activity measures

I computed a series of regressions. In the first set of analyses, the three self-report

measures of physical activity and three ActiGraph measures (all dichotomized) were

Weighted kappa:0.197
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regressed on depression and happiness, both individually and while controlling for

possible confounders (see Table 12). When activity measures were entered alone in

separate regression models, only the self-report measures were significantly related to

depression. However, only the hard self-report activity measure remained significant

when including control variables. When these same binary activity measures were

entered alone in separate regression models to predict happiness, the single-item, hard

self-report, and vigorous ActiGraph measures were significant. None of the measures

remained signif,rcant when including control variables.

Table 12. Results of multiple regressions analyses including binary physical activity
measures (N:91)

ngle-item measure

on applness
ModelA Model B Model A Model B

0.20*

0.44***
0.22*

0.42+**
0.21*

.01

0.45 x **
0.23*

0.44**{<
0.23*

0.42***
0.23|"

Perceived control
Self-rated health

0.41**{<

Self-reported
activity

ActiGraph
measures

Perceived control
Self-rated health
Age
Livin

seli-report
Perceived control
Self-rated health

ean A
Perceived control
Self-rated health

Perceived control
Self-rated health

¡gorous
Perceived control
Self-rated health

report

counts

*p<.05, **p..0l, ,tt *p<.001

Model A: model contains only one physical activity measure

Model B: model contains one physical activity measure and all control variables found to be significant

p:standardized regression coefficient

0.48,r*x/ 0.48'r*
lt
I 0.22*
I 0.198

0.40***/ 0.40**
/t
I 0.23*

0.44***

0.43 r'<**

0.42***
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In a second set of regressions, activity measures were entered as tertiles, with

tertile 1 treated as the reference category to which the other tertiles were compared (see

Table 13). Only the single-item, hard self-report, and vigorous ActiGraph measures were

significantly related to depression. None of the relationships remained significant when

including control variables. If the same tertiles were entered alone in separate regression

models to predict happiness, the mean single-item, hard self-report, mean ActiGraph

counts, and vigorous ActiGraph measures had significant effects, although for the

vigorous ActiGraph measure only the third tertile differed significantly from the first

tertile. Howevet, none of the relationships remained significant when including control

variables.
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Table 13. Results of multiple regression analyses including tertile physical activity
measures CN:9l)t

*p<.05, **p<.01, ***P..001

tfust tertile is the reference group

Model A: model contains only the two highest tertiles of physical activity measures

Model B: model contains the two highest tertiles of physical activity all control variables found
to be significant

B:standardized regression coeffi cient

When activity measures of similar intensities were included in the same

regression models (see Table 14), the self-report measures were generally more strongly

related to well-being than the ActiGraph measures. When the binary single-item scale

and mean ActiGraph counts were entered together in the same regression models, the

Depression

ModelA Model B
Happiness

Model A Model B

Single-item meåsure 2nd tertile
Single-item measure 3rd tertile
Perceived control
SelÊrated health

0.29** 0.14

0.22* 0.01

I 0.43***
/l

0.33 * * 0.12

0.28** 0.00

I 0.44***
/ 0.20*

Moderate self-report 2nd tertile
Moderate self-report 3rd tertile

SelÊreported Perceived control
activity Self-rated health

Age
Livins arransements

0.1 I 0.01

0.1'7 0.05

/ 0.49***<

//
/ 0.22*
/ 0.20*

0.06 0.04

0.19 0.02

/ 0.44**'f
/ 0.22*
/t

Hard self-report 2nd tertile
Hard self-report 3rd tertile
Perceived control
SelÊrated health

Ase

0

0.

)6 -0.r0
74! 0.09

0.49rr*{<

/
0.20*

0.26* 0.00

0.34** 0.06

/ 0.42***
I 0.22*
tt

Mean ActiGraph counts 2nd tertile
Mean ActiGraph counts 3rd tertile
Perceived control
SelÊrated health

0

0

9 -0.01

6 -0.01

0.43***
I

0.29* 0.02

0.28* 0.09

I 0.43***
I 0.24"

Moderate ActiGraph 2nd tertile
ActiGraph Moderate ActiGraph 3rd tertile
measures Perceivedcontrol

SelÊrated health

0.10 0.r0
0.04 -0.05

/ 0.45***
//

0.21 0.20

0.16 0.03

I 0.47***
I 0.23*

Vigorous ActiGraph 2nd teÉile
Vigorous ActiGraph 3rd te¡tile
Perceived control
SelÊrated health

0.26* 0.13

0.28* 0.10

/ 9.39***
t/

0.11 0.01

0.34** 0.10

/ 0.42***
/ 0.23*
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single-item scale was significantly related to depression and happiness, whereas mean

ActiGraph counts were not. However, the single-item scale was no longer significantly

related to either well-being measure when control variables were included.

Table 14. Results of multiple regression analyses including binary physical
activity measures of similar intensities (N:91)

Depression

ModelA ModelB Model C

Happiness

ModelA Model B ModelC

Single-item measure

Mean ActiGraph
Perceived control

Self-rated health

Moderate self-report
Moderate ActiGraph
Perceived control

Self-rated health

Hard self-report
Vigorous ActiGraph
Perceived control

Self-rated health

0.34{<r<r, 0.34** 0.13

0.14 0.09 -0.02

I I 0.41{<{q<

I I 0.22*
0.18 0.19

0.20 0.23*
tt
tt

0.06

0.1

0.42***
0.23*

0.30*x 0.22+

0.28** 0.19

tt
tt
lt

0.06

0.0s

0.40*+:¡,

0.23*

*p<.05, **p<.0 l, **xp<.00 I

Model A: physical activity measures entered alone in separate models

Model B: model contains both physical activity measures

Model C: model contains both physicat activity measures and all control variables found to be significanl

B:standardized regressio n coeffi cient

When the binary moderate self-report and ActiGraph measures were included

together in the same regression models, the self-report measure was significantly related

to depression but not happiness, whereas the ActiGraph measure was not significantly

related to depression, but significantly related to happiness. However, both significant

reiationships became non-significant \ /hen including control variables.

0.29** 0.28** 0.14

0.1 l 0.06 -0.02

I I 0.38,ß**

ltt
0.22** 0.23* 0.11

0.09 0.13 0.03

I I 0.40***
ttt

0.35*:ß* 0.32** 0.25*

0.20 0.07 0.02

I I 0.39*'k*

ttt
I I 0.24*
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V/hen the binary hard self-report and vigorous ActiGraph measures were included

in the same regression models, the self-report measure was significantly related to

depression and happiness, whereas the ActiGraph measure was not. The significant

relationship between hard self-report and happiness did not remain when including

control variables, but the significant relationship between hard self-report and depression

did remain.

Similar results were found when the previous analyses were repeated with tertile

measures of physical activity (see Table 15). The single-item measure was significantly

related to depression and happiness when entered with the mean ActiGraph counts, but

the relationships were non-significant when including control variables. Neither moderate

self-report nor ActiGraph measures were significantly related to depression and

happiness when both activity measures were included in the same model, but the

ActiGraph measure became significantly related to happiness when including control

variables.

Neither hard self-report or vigorous ActiGraph measures were significantly

related to depression when entered into the same regression model, but they were both

significantly related to happiness when entered into the same model. However, that

signifrcant relationship did not remain when including control variables.
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Table 15. Results of multiple regression analyses including tertile physical activity
measures of similar intensities (N:91)T

Depression

Model A Model B Model C
Happiness

Model A Model B Model C

Singlc-item meâsurc 2nd tertile
Single-item meâsure 3rd tertile
Mean ActiGraph counts 2nd tertile
Mean ActiGraph counts 3rd tertile
Perceived control

SelÊrated health

Moderate sclf-report 2nd tertile
Moderate sclf-report 3rd tertile
Moderate ActiGraph 2nd tertile
Moderatc ActiGraph 3rd tertile
Perceived control
SelÊrated health

Hard self-repoÉ 2nd tertile
Hard self-report 3rd tcrtile
Vigorous ActiGraph 2nd tcrtilc
Vigorous ActiGraph 3rd te¡file
Perceived control
SelÊrated health

0.33** 0.29* 0. 16

0.28** 0.24* 0.02
0.29x 0.19 -0.01

0.28* 0.19 0.07
I I 0.42***
I / 0.23*

0.06 -0.03 -0. 14

0.19 0.16 -0.06

0.21 0.l9 0.22*
0.16 0.20 0.02
/ I 0.47x* *

I / 0.24*
0.26x 0.22 0.03

0.34** 0.27* 0.10
0.17 0.1 I 0.00

0.34*x 0.28* 0.09
/ I 0.39*x*
I I 0.24*

*p..05, **p<.01, *x*p<.001

tñrst tertile is the reference group

Model A: physical activity measures entered alone in separate models
Model B: model contains both physical activity measures

Model C: model contains both physical activity measures and all control variables found to be significant

B=standardized regression coefficient

Another method of examining the relationship between tertiles of high-intensity

activities and well-being was with ANOVA analyses. The results demonstrate that when

self-reported physical activity and ActiGraph measures were entered in separate ANOVA

models with depression as an outcome, only the ActiGraph measure was significantly

related to depression (see Table 16). When both measures were included in the same

ANOVA model, both were non-significantly related to depression. The interaction effect

was also not significant.

0.29** 0.28x 0. 19

0.22* 0. l8 0.03

0.19 0.1 I -0.04

0.16 0.08 -0.03

/ / 0.41+**
l//

0.1 I 0.05 -0.02

0.17 0. 15 -0.04

0.10 0.07 0.1 I
0.04 0.07 -0.06

I I 0.46'ì<**

tt/
0.06 -0.01 -0. I 8

0.27* 0.19 0.06

0.26* 0.23 0.14

0.28x 0.23 0.07
I / 0.30x

I I 0.25"
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Depression

Model A Model B Model C
F-ratio F-ratio F-ratio

2.72 1.63 2.67

3.754 2.82 2.08

I I 1.4s

Table 16. Results for ANOVAs between physical activity measures and well-being

Happiness

ModelA Model B Model C
F-ratio F-ratio F-ratio

Hard Self-report

Vigorous ActiGraph

4.04*
4.71*

2.01

3.31*

2.57

3.12*

1.05Self-repoft x Acti
*p..05, **p<.01, ***p..001

Model A: physical activity measures entered in separate ANOVA models

Model B: both physical activity measures entered in the same ANOVA model

Model C: both physical activity measures entered in the same ANOVA model with an interaction term

For happiness, significant effects emerged both for self-reported physical activity

and Actigraph measures that were entered in separate ANOVA models (see Table 16).

When both measures were included in the same ANOVA model, only the Actigraph

measure was significantly related to happiness. When an interaction term was included in

the previous model, the interaction term was not significantly related to happiness, but

the ActiGraph measure remained significantly related to the outcome.

Lastly, regressions were run in which the same type of activity measures were

included in the same models (e.g., moderate and vigorous ActiGraph) to examine the

unique relationships between activity intensities and well-being when controlling for both

levels of activity intensity (see Table 17). The results indicated that the higher-intensity

measures were more likely to be significantly related to well-being. When binary

moderate and hard self-report activity measures were included in the same model, the

hard self-report measure was significantly related to depression and happiness (see Table

17). Although the significant relationship between hard self-report and depression
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remained when including control variables, the significant relationship between hard self-

report and happiness did not.

Table 17. Results of multiple regression analyses including binary physical
activity measures of the same type (N:91)

Depression

ModelA Model B Model C Model A
Happiness

Model B Model C

Moderate self-report
Hard self-report
Perceived control

Self-rated health
A
Moderate ActiGraph
Vigorous ActiGraph
Perceived control

Self-rated health

0.1 8

0.30r'*

0.20

0.28*{'

0.04 0.00

0.29* 0.07

I 0.42***
I 0.21*

tt
0. r 0 0.07

0.23* 0.04

I 0.42*'k'*

I 0.23*
*P<.05, **P..0 l, ***P..001

Model A: physical activity measures entered alone in separate models

Model B: model contains both physical activity measures

Model C: model contains both physical activity measures and all control variables found to be significant

B:standardized regression coeffi cient

When binary moderate and vigorous ActiGraph measures were included in the

same model, they were both non-significantly related to depression, but the vigorous

ActiGraph measure was significantly related to happiness (see Table 17). However, the

significant relationship did not remain when control variables were included in the

model.

Similar results were found when the activity measures were in tertiles (see Table

18). When moderate and hard self-report measures were included in the same model,

both were non-significantly related to depression, but hard self-report was significantly

0.22** 0.06 0.02

0.35+**, 0.32** 0.23*
I I 0.40**'F

ttt
I I 0.23*

0.09 0.01 -0.01

0.20 0.19 0.03

I I 0.42***
ttt
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related to happiness. The significant relationship did not remain when control variables

were included in the model. When the moderate and vigorous ActiGraph measures were

included in the same models, the vigorous measure was significantly related to both

depression and happiness. However, the significant relationships did not remain when

control variables were entered into the models.

Table 18. Results of multiple regression analyses including tertile physical activity
measures of the same type G\f:91)T

Depression

Model A Model B Model C
Happiness

ModelA ModelB ModelC

Moderate self-report 2nd tertile
Moderate self-report 3rd tertile
Hard self-report 2nd tertile
Hard self-report 3rd tertile
Perceived control

Self-rated health

0.06

0.19

0.26*
0.34**

0.21

0.16

0.17

0.34**

-0.02 -0.0s

0.03 -0.01

0.25* 0.01

0.32* 0.07

I 0.42***
I 0.23*

Moderate ActiGraph 2nd tertile
Moderate ActiGraph 3rd tertile
Vigorous ActiGraph 2nd tertile
Vigorous ActiGraph 3rd tertile
Perceived control

Self-rated health
*p..05, **p<.0 1, x *xp<.001

tfrst tertile is the reference group

Model A: physical activity measures entered alone in separate models

Model B: model contains both physical activity measures

Model C: model contains both physical activity measures and all control variables found to be significant

B:standardized regression coeffìcient

DISCUSSION

Although the importance of physical activity for all age groups is recognized, few

studies have examined physical activity in very elderly adults. This study is among the

few to investigate systematically the relationship between different activity measures and

0.10 0.18

-0.02 0.00

0.16 -0.03

0.34* 0.07

/ 0.45***
I 0.23*

0.11 0.07 0.04

0.17 0.05 0.02

0.06 0.04 -0.18

0.27* 0.24 0.02

I I 0.36*'k

I I 0.22*

0.10 -0.03 0.04

0.04 -0.15 -0.13

0.26* 0.30* 0.15

0.28* 0.36* 0.15

I I 0.40*{'<,ß

tll
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well-being in the oldest-old, as well as the use of accelerometer with older adults, and the

comparison of accelerometers and self-report measures with health outcomes.

Compliance with wearing accelerometers

Results indicated that very elderly individuals are compliant with wearing an

accelerometer until the third day. Compliance was about 90o/o after the first day of

wearing the accelerometer, above 80%o for the second, and about 70%ó for the third.

Therefore, compliance was acceptable up to two days. No gender effect was found. At24

hours, women were 84o/o and men were near 100% compliant. Compliance was also not

affected by age: both subgroups were at least 90% compliant at 24 hours.

The absence of differences between subgroups may have been the result of

including healthy older adults. Although results indicated that health did not affect

compliance, the lack of significant differences may have been due to greater homogeneity

in this age group. Less healthy individuals would likely not still be living in the

community and therefore not participate in this study. Because of this reduction in

variability, it might be more difficult to detect differences between groups.

Stabilify of ActiGraph counts

ActiGraph readings were stable during the three-day period, including the

subgroups of age and gender. All of the ActiGraph scores (mean, moderate, vigorous)

were highly correlated and most of the t-tests conducted to compare scores across days

were non-significant. Most intercepts and slopes were also non-significant. If both the
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intercept and the slope of an analysis do not differ from 0 and 1 respectively, it indicates

that the scores from both days are similar to each other. That is, they would be found on a

regression line with an intercept of 0 and a slope of 1, where an observation has identical

values on both axes. However, the vigorous ActiGraph scores provided the highest

number of significant slopes, indicating some instability between days. But all the

correlations were high and all the t-tests were non-significant. Thus, although less so than

the mean and moderate activity scores, the vigorous ActiGraph measure still

demonstrated considerable stability.

Day-of+he-week analyses were also conducted and showed that ActiGraph scores

did not vary between days of the week. Therefore, the days chosen for the oldest-old to

wear an ActiGraph may have no effect on scores (e.g., no more activity during weekdays

than weekends). These stable results may be due to the sample's relative inactivity. Very

elderly individuals do not have the variable activity levels found in children (e.g.,

attending school on weekdays but not on weekends, and sport practices) or adults (e.g.,

having employment). Their activities tend to be more solitary and inside the home

(Schroll, 2003; Strain et al., 2002), which would reduce activity variability and result in

maintaining stable activity levels throughout the week.

Correlations between scores from individual days and an overall score with well-

being were generally similar when comparing results from each day. Correlations

between Day-1, -2, -3, and overall scores for ActiGraph readings and well-being were

similar for mean ActiGraph counts and vigorous ActiGraph scores, but demonstrated
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more variability with moderate ActiGraph scores. Two of the latter scores (Day-1 and

overall) were negatively correlated with depression. In addition, an anomalous finding

was obtained when looking at all days combined, in that the moderate ActiGraph score

was only weakly correlated with happiness (Pearson r:.13), much less strongly than was

the case for the individual day scores where correlations ranged from .30 to .41. This may

suggest that there was a problem with the definition of moderate scores. The relationship

between mean activity counts and energy expenditure for some of the moderate-intensity

activities in the Swartz et al. (2000) study may have greatly deviated from the regression

line, much like some of the higher-intensity activities (e.g., power mowing). For example,

'playing with children' has a mean activity count greater than most activities included in

the vigorous category.

Comparing self-report measures of physical activity and ActiGraph counts

Correlations were calculated to examine the relationship between activity

measures. Correlations between ActiGraph scores were stronger than the correlations

between the self-report measures, indicating that ActiGraph measures were more similar

to each other than the self-report measures. Therefore, the moderate- and high-intensity

self-report measures are capturing activity intensities more dissimilar to each other than

the ActiGraph measures, that is, they are providing definitions of activity more unique

from each other than are the ActiGraph measures. Therefore, they are more likely to be

measuring different intensities. This suggests that the self-report intensities may be

preferable to include as activity measures than the ActiGraph scores. The high-intensity

measures were also more strongly correlated to each other than the lower-intensity
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measures to each other, indicating that the higher-intensity measures are more similar to

each other than the lower-intensity measures. This may suggest that perceptions of

activity levels are more accurate with high-intensity activities than with low-intensity

activities.

Another method of examining the relationship between activity measures was the

use of kappa statistic. It indicated that there was poor agreement between high-intensity

measures of self-report and ActiGraph. Less than half of the participants were

categorized in the same tertiles of high-intensity activity (low, moderate, high) in both

measures. Therefore, there is a weak association between activity measures at the high-

intensity levels. This suggests that perception of high-intensity activity levels in older

adults do not correspond to vigorous levels of the objective measure of activity (i.e.,

accelerometer). Therefore, both measures are likely measuring different components of

activity. The self-report measure may be measuring the perception of more global levels

of activity, whereas the ActiGraph is limited to vigorous wrist movement.

Comparing the predictive validity of physical activity measures

Regression models were used to examine the relationship between activity

measures and well-being. Regression models including high-intensity measures found

that all were significantly related to well-being when entered alone. However, when both

activity measures were included in the same model, they were both non-significantly

related to depression and were both significantly related to happiness. These results are

very similar to those obtained from ANOVA analyses. The differences may be due to the
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different statistical analyses: the ANOVA included activity variables with three levels,

whereas the regression models included binary dummy variables.

The results indicated that high-intensity activity measures were more strongly

related to happiness than depression. This may be due to the purpose of the depression

scale: classifying respondents as depressed and not depressed. Because the sample for

this study is composed of healthy community-dwelling older adults, few would be

categorized as depressed. Therefore, the measure of depression may not be sensitive

enough to detect differences in well-being in this sample.

Regression models including lower-intensity measures of physical activity found

that self-report measures were slightly more often related to depression than happiness,

whereas the ActiGraph measures were more often related to happiness than depression.

The different relationships with well-being may be due to self-report and ActiGraph

measures representing different aspects of physical activity. As mentioned in the previous

section, the self-report measures may be measuring perception of more global aspects of

activity, whereas the ActiGraph is limited to wrist movement. Self-report measures were

also more likely to be related to well-being than ActiGraph measures when both

measures were included in the same model. This may suggest that older adults'

perception of lower-intensity activities is a stronger predictor of well-being than the

ActiGraph, which is limited to wrist movement.
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Moderate activities may be beneficial to health, but their effect may be mediated

by high-intensity activities. When moderate- and high-intensity measures (self-report or

ActiGraph) were included in the same models, the strength of the association between the

high-intensity measure and well-being remained the same, whereas the strength of the

association for the moclerate-intensity greatly decreased. It may also be because high-

intensity activities are more beneficial to health than moderate-intensity activities. It

should be noted here that no multicollinearity was found in the models. Therefore, the

activity measures were providing unique contributions. Another explanation is that the

sample was not large enough to detect significant differences for the moderate-intensity

measures.

Physical activity was often no longer found significantly related to well-being

when including control variables. This suggests that physical activity may be mediated by

these variables. Perceived control was associated with well-being in all regression models

and rendered the associations between physical activity and well-being non-significant.

Although the hard self-report measure remained significant in some analyses when

controlling for perceived control, the standardized slopes were reduced. Perceived control

has been identified as a mediator associated with physical activity, but studies

investigating the variables mediating physical activity have usually looked at physical

activity as an outcome variable rather than a predictor. For example, perceived control

has been found to mediate the relationship between ethnicity and physical activity

(Rhodes, Macdonald, & McKay,2006), and autonomous motives to perform physical

activity and physical activity intentions (Hagger, Chatzisanrúis, & Biddle,2002).It has
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also been found to predict independently change in vigorous physical activity (Motl et al.,

200s).

The ActiGraph measures were inconsistently related to well-being, except at the

very intense levels. As mentioned in a previous section, there may be a problem with the

definition of the moderate-intensity ActiGraph measure. It may also be that moderate-

intensity activities (e.g., daily activities) are not related to well-being. A person may be

involved in these activities because they have to, rather than want to perform them. The

voluntary nature of the high-intensity activities (e.g., gardening, sport) may be

influencing the relationship between these activities and well-being. That is, people

performing more activities voluntarily may be enjoying these activities more than a

person who feels obligated to perform.

It may also be due to the positioning of the ActiGraph. Wearing it on the hip is

more strongly related to energy expenditure than on the wrist (Brooks et al., 2004; Swartz

et a1.,2000). ActiGraphs worn on the wrist may only be appropriate for individuals who

have limited mobility (e.g., frequent use of wheelchair) and therefore little waist

movement. Another reason for the weaker relationships would be the definition of

activity provided for ActiGraph measures. The initial equation to convert activity counts

into energy expenditure included high-intensity activities with low wrist movement (e.g.,

mowing, pulling/canying golf clubs; Swartzetal.,2000). These activities affected the

regression equation by producing a high intercept (3 METs). Based on that equation, all

activity counts of 0 and above would be incorrectly considered high-intensity activity and
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every participant would have a hard activity score of 100% (i.e., proportion of time spent

at 3 METs and above).

Another issue with the equation that converted activity counts into energy

expenditure is that it included uncommon activities for older adults. These equations

should only include activities that are common to this age group rather than include

unconìmon activities (e.g., mowing, tennis). Although some individuals in this age group

still participate in these activities, the majority do not. Other activities such as reading,

watching television, and listening to the radio should be included as well. These activities

are common in older adults and they would produce low activity counts. In tum, the

inclusion of these activities would lower the intercept and possibly provide an acceptable

regression equation.

The list of activities used in this thesis were corrunon activities that the oldest-old

participate, therefore, other activities likely do not need to be added. The activity of sport

would need to be more specific to identify particular activities, such as walking. Until a

compendium of activities with MET values for older adults has been produced, it appears

to be acceptable to use physical involvement as a substitute. In addition, it may be

preferable to use physical involvement because it is more flexible than MET values, in

that it can control for intensity differences between individuals (i.e., healthier individuals

having a higher score than less healthy individuals for the same activity).
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In summary, the oldest-old's compliance for wearing the ActiGraph is high for

two days. ActiGraph scores are stable over a three-day period, which might indicate that

one day of ActiGraph information is acceptable. The self-report and ActiGraph measures

correlated poorly with each other, indicating low congruence between both measures.

Both self-report and ActiGraph measures were inconsistently related to well-being,

except for the high-intensity measures.

Limitations

There are limitations to the results of this thesis. The small sample size may have

limited the ability to report significant differences. The relationship between activity and

well-being cannot be generalizedto other health outcomes. Different results may be

produced with more objective health measures. It is likely that activity would be more

strongly related to more objective measures, as found in previous research (e.g.,

mortality; Blair et al., 2000). The results of the ActiGraph cannot be generalizedto

individuals wearing it on the hip. Compliance of participants and stability of scores may

differ if worn on the hip. When worn on the wrist, the ActiGraph is similar to wearing a

watch, which is commonly worn by people. Most individuals do not wear an instrument

around their waist, which may affect compliance. Activity counts between hip and wrist

placement are not similar (Swartz et al., 2000), and it is unknown if stable wrist

movement translates to stable hip movement in older adults.

Although the hard self-report measure was related to well-being in some analyses,

the measure can be improved. Rather than asking respondents to identify the frequency of
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activity and then the typical duration per activity, respondents could indicate the average

duration of each activity during a typical week, such as in the CHAMPS questionnaire

(Stewart et a1.,2001). This would reduce the error estimation by eliminating the need to

multiply items.

IMPLICATIONS

The oldest-old are the fastest growing segment of the population (Statistics

Canada,2001). Their proportion is expected to rise from24o/o of the population aged 65

and older in 2000 to 360/o in2051. Finding means of maintaining their health will become

more important in the future as health expenditures increase with an aging population.

Future health expenditure increases due uniquely to aging has been estimated to be about

0.8 percent per year from 2000 to 2030 (Pollock, 2001). Physical activity can not only

maintain or improve older adults' health, but also control health care costs (Munro,

Brazier, Davey, & Nicholl, 1997).

This study has helped to indicate that one day is sufficient to provide usual

activity levels in the oldest-old, when the ActiGraph is worn on the wrist. This can

decrease the cost of future studies including participants of this age group who wear an

ActiGraph on the wrist (e.g., number of ActiGraphs needed, cost of batteries, and cost of

data cleaning). This study has also helped to illustrate the variability in the relationship

between activity measures and well-being. The choice of activity measure is important

due to the variability of results between measures.
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APPENDIX A NORMALITY PLOTS FOR WELL-BEING MEASURES
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CESD (depression) scores after transformation
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SHARP (happiness) scores before transformation
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APPENDIXB ACTIGRAPHQUESTIONNAIRES



ACTIVITY RECORDER DATA SHEET

PART A: GENERAL INFORMATION

STUDY ID:

lnterviewer lD:

Actigraph Number.

PART B: VISIT #1

Ability to remove and replace activity recorder? (circle one) 0 No 1 Yes

Dominant hand? (circle one) 0 Left 1 Right

Place activity recorder on non-dominant wrist and record Begin Time
(DDMMYY:hh:mm)

Left. Right

PART C: VISIT #2

Remove activity recorder and record End TIME (DDMMYY.hh:mm):

Left. Right
ReportecÌ activity recorder Encj Time (DDMlVl'/Y:hh:mm):
(RECORD ONLY rF ACTIGRAPH lS REMOVED BY PARTICIPANT)

Left:
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1.

2.

aar-

ACTIVITY RECORDER INSTRUCTIONS

Please continue your normal activities while wear¡ng the activity
recorder. Try to forget you are wearing it, and just do what you normally
would. This will help us to get a measure of your typical overall activity.

lf possible, wear the recorder at all times, including when you sleep.
However, the recorder is not waterproof, and so if you bathe, please take
it off.

lf you must take the recorder off, please

n Fill in the information on the reverse side of this instruction sheet.

" Put the recorder back on the same wrist facing the same direction
(with the arrow pointing to your elbow).

' Make sure the recorder fits snugly enough so that it does not flop
around on your wrist.

. lf you are unable to put the recorder back on after you have
removed it, please store it in a safe place and do not move it.

RECORDER PICK-UP

The interviewer will come to remove the recorder on:

Date: Time:

lf you are unable to be home at that time, you may remove the recorder
yourself as close as possible to the date and time written. Please see the
reverse side of this information for instructions on removing the recorder.

lf you have any questions or concerns, please call the interviewer at the
following telephone number:
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STUDY ID:

REMOV¡NG THE RECORDER

Take hold of the velcro strap and pull it off carefully. Set the recorder aside
where it will not be disturbed until you put it back on, or until the interviewer
returns to collect it. Be careful no to drop the recorder, as it can break.

lf you must remove the recorder for any reason, please record the times and
reasons in the boxes below.

Two examples are provided.

Example A: Someone took the recorder off at 8:10 in the evening to have a
bath and put it back on at 8:40

Example B: Someone was unable to be home the day when the interviewer
was scheduled to pick up the recorder and removed it at2.05.

Time Reasons for Removal
off On

Ex. A B:1 0 PM 8:40 PM Had a bath

Ex. B 2"05 NA Had to miss appointment with interviewer

1.

2.

3

4.

5.

6

7

B
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