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Abstract 

The overall aim of this thesis was to better understand the impact of physical activity on 

the health and well-being of people  in advanced age.  The first aim was to investigate the 

relationships between physical activity and health outcomes by examining the 

epidemiology of physical activity among older adults, with particular focus on the “oldest 

old” (80 years and over). The health outcomes of interest were depression, health related 

quality of life, and functional status. The inception cohort of a longitudinal study, LiLACS 

NZ, was examined (n=664). Non-Māori aged 85 years and Māori aged 80–90 years 

completed an interviewer administered, self-reported questionnaire of physical activity, 

depression, health related quality of life (relating to both mental health and physical 

health), and function. Secondly, given the nature of older people, it has been recognised 

that more detailed measures of physical activity (whether incidental, daily living, or 

planned) were needed, in order to better understand the types and patterns of activity in 

which older people engage and the benefits of such activity. Hence, the second aim of this 

thesis was to validate a use-of-time measure known as the MARCA (Multimedia Activity 

Recall for Children and Adults) in the oldest old. A subsample (n=45) of the LiLACS NZ 

cohort was administered the MARCA at repeated times and activity levels were compared 

using the Actigraph accelerometer.  

Findings of Study 1 indicated that physical activity was strongly related to functional status 

and physical health related quality of life in people of advanced age. Physical activity was 

related to mental health related quality of life only in non-Māori men and physical activity 

was related to depression in the non-Māori men and women in the cohort. Collectively 

these findings suggest that physical activity is an important factor for the health of the 

oldest old, but greater understanding of mental health in older Māori is required. Study 2 

demonstrated that the MARCA was a valid and reliable self-reported measure of physical 

activity that can provide useful descriptive information about the way older adults use their 

time. Findings from Study 2 will be useful for furthering research on the relationship of 

physical activity to health outcomes in older people, as well as improving the quality and 

precision of future studies.  
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Chapter 1: Introduction 

 Rationale for the Thesis 1.1

This thesis addresses two important issues. First, it provides much needed New Zealand 

data about how physical activity relates to positive ageing; and second it advances our 

understanding of the type, duration, intensity and frequency of all physical activities 

performed by older people, through the reliability and validity of a computerised use-of-

time survey termed the Multimedia Activity Recall for Children and Adults (MARCA). 

This is the first such study to validate the MARCA instrument on this age group and 

demographic. Taken together, these two studies provide valuable data about the daily 

habits of the very old in New Zealand, both Māori and non-Māori, which will help inform 

future interventions to improve physical activity and health of this population.  

 Objective of the Thesis 1.2

1. To determine the relationships between physical activity and health outcomes in the 

oldest old: functional status, depression, health related quality of life  

2. To assess the reliability and validity of the MARCA for measuring physical activity 

levels in the oldest old 

3. To describe the time use and types of activities in which the oldest old engage. 

 Structure of the Thesis 1.3

This thesis consists of two separate but related studies, as the second study stems from the 

first. The first study, described in Chapters 2 and 3, sought to determine relationships 

between physical activity level and specific health outcomes.  Chapter 2 reviewed the 

current literature on the relationship between physical activity and health outcomes in older 

people, and provided a background for the study undertaken in Chapter 3. Although a 

number of studies concerning physical activity and older people have been conducted, 

there is a paucity of literature focused on adults of advanced age, therefore Chapter 3 

reports a cross-sectional study on the relationship of physical activity to health outcomes in 

a cohort of advanced age people to add to the body of knowledge summarised in Chapter 

2.  

Establishing the importance of physical activity to the health status of older people in the 

first study lead to the second study by giving attention to a need for more detailed 



	 2

understanding and more descriptive measures of physical activity. The second study was 

concerned specifically with the measurement of physical activity in older people. Chapter 

4 presents the background on physical activity measurement in older people and the 

limitations of current methods. Chapter 5 presents the methods and results of the validation 

study of the MARCA in advanced age people. Overall, the studies sought to understand 

this population by first examining relationships through measures that are already validated 

(Study 1) and then by determining if there are other methods that may improve precision 

and detail of measurement and therefore the strength of relationships of physical activity 

with health outcomes by assessing a new measure, the MARCA, for validity in advanced 

age people (Study 2). Each study was preceded by a review of the literature that provided 

the context and background of each study, and had its own methods and results section, 

complete with implications of each study’s findings, with an overall conclusion (Chapter 

6) linking the studies together.  

 Theoretical Framework of Thesis 1.4

This thesis was approached from a positivist paradigm, one centred in the scientific method 

and empirical evidence. Both studies in this thesis utilised the scientific method to examine 

the objectives of the thesis.  
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Chapter 2: Physical Activity and Health Outcomes in Older 
People 

 Introduction 2.1

The purpose of this literature review was to address the following research questions: 1) 

What is the current context of population ageing and health in New Zealand, and 2) What 

is currently known about the relationship between physical activity and health outcomes 

(depression, health related quality of life, and function) in older adults, and more 

specifically those of advanced age, in New Zealand? 

 Background 2.2

2.2.1 An Ageing Population in New Zealand 

Globally, the population of older people (people over the age of 65) and those in advanced 

age or the oldest old (people over the age of 80) is increasing both in total number and as a 

percentage of the total population (Zhao et al., 2010). Two main factors are contributing to 

population ageing, there is a decreased fertility rate in younger people and a lower 

mortality rate in older people and other age groups due to multiple factors (Annear, 2008). 

Those aged over 75 years will constitute 12.5% (currently 5%) of the population by 2051, 

and it is estimated that the proportion of those aged over 85 years will quadruple over the 

next 20 years (Pink, 2004). Health and disability expenditure is highest for this age group 

and those over 85 years old consume half of all expenditure on residential care services in 

New Zealand. This has serious implications for the New Zealand government and health 

delivery services as older people have a higher prevalence of disease and disability than 

other populations (Annear, 2008). Many health problems that are experienced later in life 

are preventable and have been shown to be associated with a less physically active lifestyle 

associated with growing older (Annear, 2008). A focus on preventing disease, disability, 

and dependency in the oldest old could ease the demand for care and resources as well as 

improve the quality of life for those living in advanced age.  

2.2.2 Physical Activity and Positive Ageing 

Regular physical activity is associated with a variety of physical and mental health 

benefits, including reduced risk of death from cardiovascular disease, decreased risk of 

type 2 diabetes, reduced risk of some cancers, preventing loss of bone mineral density and 

osteoporosis, and depression in older adults (Nelson et al., 2007; A. Taylor et al., 2004). 
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Physical activity improves the quality of life and has been promoted “to not only add years 

to your life but to add life to your years” in older people by the American Heart 

Association (2013). Despite the evidence of the benefits of physical activity, the decline in 

physical activity with age may be the most consistent finding in physical activity 

epidemiology. Although this phenomenon is well accepted, it is not well understood 

(Shephard, 1997). Even within older age groups, as age increases from “old” (age 65) to 

“older old” (over age 75) to “oldest old” or “those in advanced age” (over age 85), physical 

activity levels have been shown to decrease (Strawbridge, Deleger, Roberts, & Kaplan, 

2002).  

Physical activity is defined as “any bodily movement produced by skeletal muscles that 

results in energy expenditure” (Caspersen, 1995, p. 126). Physical activity includes a wide 

range of activities from sport and exercise to gardening, housework, and walking. 

Activities of daily living such as housework, washing the car, or gardening are important to 

older people because they are a sign of independence and comprise much of the physical 

activity done by this population (Shephard, 2002).  

Exercise refers to structured, planned, repetitive movements designed to improve physical 

fitness (Casperson, 1995). Exercise, like physical activity, is associated with the 

maintenance of physical fitness and may go even further to improve fitness levels. It can 

also be an important part of meeting physical activity recommendations and gaining health 

benefits for this age group (Nelson et al., 2007). Physical fitness is a set of attributes that 

are thought to be either health or skill related. Aside from the benefits of improved fitness 

and positive physical health, benefits to mental health and health related quality of life 

outcomes have been positively associated to physical activity levels (V. Conn, A. Hafdahl, 

& L. Brown, 2009; Rejeski & Mihalko, 2001).  

Physical activity data from the 2007/08 Active-NZ survey (Sport and Recreation New 

Zealand, 2008) showed that 65% of adults aged ≥ 65 years did not meet the guidelines for 

regular physical activity (at least 150 minutes of physical activity per week). Those of 

advanced age were also the most inactive—24% did little or no activity (Marc, Raue, & 

Bruce, 2008; SPARC, 2007/2008). These low levels of physical activity have implications 

for how older people age positively. For example, levels of physical activity, physical and 

mental health, and the ability to meet personal needs and access resources all contribute to 
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a person’s sense of life quality. Data regarding how physical activity levels contribute to 

positive ageing in New Zealanders of advanced age are lacking.  

Numerous studies have identified the benefits of physical activity in people of all ages and 

nationalities. Industrialised countries across the globe have established physical activity 

guidelines with the goals of increasing overall population health ([WHO], 2009; 2013). 

These guidelines are often general and refer to the adult population, rather than focus on 

those of advanced age. The World Health Organization (WHO), a global public health 

authority, has developed physical activity and ageing material for older adults, defined as 

60 years and older. According to the WHO, the number of adults over the age of 60 in 

developing nations is projected to double in the next 20 years ([WHO], 2009). There are no 

specific WHO guidelines designated to the subsets of age groups from 60 years up.  

The WHO’s recommendations for physical activity levels are similar to many individual 

national recommendations for adults to undertake at least 30 minutes of moderate intensity 

activity at least five times a week. The WHO reports that physical activity not only 

prevents major health problems related to morbidity and mortality but can also relieve 

symptoms of pain and disability associated with age related morbidity ([WHO], 2009). The 

major identified benefits of physical activity for older people, outlined by the WHO, 

include the prevention of cardiovascular disease, osteoarthritis, osteoporosis, and 

hypertension, as well as improving balance, coordination, motor control, strength, 

flexibility, and endurance ([WHO], 2009). Improvements in these areas are identified as 

key factors in preventing falls. Falls are one of the main causes of disability among older 

people ([WHO], 2009). In addition to the recommendations of physical activity for 

“normal” populations, the WHO recommends that older adults consult with their 

physicians on types of activities that they should perform based on their individual diseases 

or disability conditions. Other benefits of physical activity for older people outlined in the 

WHO Global Strategy for Health include improved mental health for conditions such as 

anxiety and depression and improved opportunities to increase and maintain social 

networks ([WHO], 2009).  

The New Zealand Ministry of Health has identified specific benefits for older adults who 

participate in physical activity in their online series, Guidelines to help older New 

Zealanders stay healthy (2013). Those benefits include increased independence, reduced 

risk of falling, and increased quality of life. Furthermore, the Ministry of Health noted that 
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physical activity can improve mental health by managing symptoms of depression and 

anxiety and may improve cognitive function (NZMOH, 2013). Physical activity is also 

thought to help manage pain associated with age related disabilities (Cornwall, 2004).  

While numerous other health benefits are associated with physical activity, this thesis 

focuses on three specific dimensions of health—depression, functional status, and health 

related quality of life—as they are thought to be interrelated and perhaps even mutually 

reinforcing (V. Conn et al., 2009; Rejeski & Mihalko, 2001; Windle, Hughes, Linck, 

Russell, & Woods, 2010). Health related quality of life is thought to express both a mental 

and physical aspect of wellbeing. Studies on health and ageing have identified quality of 

life as one of the most salient factors in describing health status of the older person. 

However, the term “quality of life” has been used as an umbrella term that has been 

applied to mental, physical, function, pain, and social domains of health status. The term is 

operationalised in different ways depending on the focus of the research outcomes defined 

(Rejeski & Mihalko, 2001). This thesis focused on “health related quality of life” though 

the term was used interchangeably with “quality of life”.  

The terms “function”, “functional status”, and “disability” are often used interchangeably. 

However, with the inception of the International Classification of Functioning, Disability, 

and Health (WHO, 2002), there has been a  shift away from focusing on disability to 

focusing on level of function. This includes the health and function of the body, individual, 

and participation in society, along with the context in which these occur. Context refers to 

the environment that can prohibit or allow participation in activities or the use of the body. 

This classification is meant to be inclusive of all persons rather than grouping people in 

separate groups of ability and disability, all people have a level of function or disability 

(WHO, 2002). Because this thesis focused on older adults, there is an interest in function 

which is known to contribute to independent living. Functional status, rather than the 

presence of a disability, presents a more useful measure of a person’s ability to perform 

activities required for independent living. Therefore, this thesis focused on functional 

status, though disability could not be discarded as it has been included in several past 

studies which focused on older people.  

 Aim 2.3

The first aim of this PhD (Study 1) was to examine the relationships between physical 

activity and positive ageing outcomes such as functional status, quality of life, and 
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depression. Therefore, the aim of Chapter 2 was to conduct a literature review for this 

study and examine what is currently known about this topic and the quality of the literature 

available.  

 Physical Activity and Older Adults: Depression, Health Related Quality of Life, 2.4
and Functional Status: A Systematic Review of Reviews 

2.4.1 Introduction 

The empirical evidence supporting the positive effects of physical activity on mental and 

physical health is vast (Nelson et al., 2007). The idea that physical activity is an important 

part of a healthy life is not new.  One of the founding thinkers in Western medicine, 

Hippocrates, who lived 460–370 B.C., believed and wrote that moving the body, being 

physically active and exercising were important tenets of a long and healthy life. Since that 

time long ago several major epidemiological studies on ageing have found physical activity 

to be related to positive ageing. One review of longitudinal studies on ageing conducted in 

2010 aimed to determine what factors are important to include in such studies. The review 

found that at least 51 studies have been conducted worldwide, with 42 of those studies 

including measures of physical activity levels or physical performance (Stanziano, 

Whitehurst, Graham, & Roos, 2010). Results were not synthesised as they were not 

comparable enough, given the diversity of measures and outcomes analysed by each study.  

However, several of the studies identified have provided evidence that physical activity is 

an important determinant of health in older age. For example, the MacArthur Study of 

Successful Aging found that men and women aged 70–79 who participated in more 

moderate or vigorous exercise had higher levels of physical performance after a two and a 

half year follow-up (Seeman et al., 1995). The Baltimore Study on Aging began in 1958 

and followed men (n=1316) initially, adding women to the sample in 1978 (n=776) and 

continued until 1996. The study aimed to capture all-cause mortality in people aged 19 and 

over. This found that decreases in leisure time physical activity were predictive of 

mortality in men but not women (Talbot, Metter, & Fleg, 2000). An analysis from the 

Nottingham Longitudinal Study of Ageing (n=1042) of participants aged 65 and older 

demonstrated that physical activity levels are related to measures of depression, anxiety, 

life satisfaction, and psychological wellbeing in older age during a four and eight year 

follow up (Morgan & Bath, 1998). The study also demonstrated that activities other than 

exercise, such as participation in outdoor leisure activities, housework, and walking, were 

also associated with better outcomes of psychological wellbeing (Morgan & Bath, 1998).  
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Observational studies such as these have shown that there is a relationship between 

physical activity and quality of length of life. However, they are not able to prove 

causality. Randomised controlled trials (RCTs) are able to provide a higher level of 

evidence than observational studies. Systematic reviews and meta-analyses, particularly 

those of randomised controlled trials, are considered the highest type of hierarchical 

evidence (Guyatt et al., 2000). However, this depends on the topic being researched and 

there are exceptions to this norm. A number of systematic reviews and meta-analyses have 

been conducted to synthesise and quantify these relationships. However, the quality and 

conduct of such reviews varies greatly. Therefore, it is important to assess the quality and 

conduct of these reviews to determine the strength of evidence. 

The purpose of this chapter was to critically appraise systematic reviews and meta-analyses 

of randomised controlled trials with a particular emphasis on the effect of physical activity 

on specific health outcomes, including depression, health related quality of life, and 

functional status (activities of daily living), in community-dwelling, older adults and to 

conduct a review of these reviews.  

2.4.2 Search Strategy 

The inclusion criteria for reviews selected to appraise are listed in the search strategy. First, 

the search strategy is stated below; then the selection criteria applied to the search strategy 

is presented.  

MEDLINE & Ovid in Process (1966–present), the Cochrane Systematic Review Database 

(1990–present), PubMed (1985–present), PsychINFO (1985–Present), EMBASE (1985–

present) were searched for systematic reviews or meta-analysis of intervention papers that 

matched the primary question, “What is the relationship of physical activity/exercise to 

depression, functional status, and health related quality of life in older adults?” “Present” 

refers to the time the search was executed during January 2011. There was no language 

restriction. The reviewer was not blinded to the names of authors, journals, or institutions. 

The search was limited to papers published between January 2000 and January 2011. The 

following search terms were used to identify relevant papers: (systematic reviews or meta-

analysis) and (older people, or older adults, or elders, or elderly, or aged, or 60 and over, or 

65 and over, 80 and over) and (physical activity, or exercise, or training, or strength 

training, or resistance training, or progressive resistance training, or walking, or balance 

training, or flexibility training, or tai chi, or exercise programs) and (depression, or clinical 
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depression, or health related quality of life, or quality of life, or functional status, or 

physical function, or activities of daily living).  

Additionally, papers were identified by contacting experts and by reviewing the reference 

lists of the studies identified through this search (Nelson et al., 2007).  

2.4.3 Selection Criteria 

Only studies that included reviews of randomised controlled trials with populations over 

age 60 were included. There was no restriction on sample size or blinding techniques or 

size of review, beyond having to review more than one paper. Single studies were 

excluded. Older people of any functional status, including those who were frail, those who 

were depressed or non-depressed were included. Inclusion criteria for the study samples 

were those that focused primarily on community dwelling older people. Inclusion criteria 

for outcomes;  outcomes with a primary focus on the intervention effect, either on levels of 

depression, functional status, or quality of life measures. Reviews focusing on specific 

diagnostic populations (cardiac patients, stroke patients, post-operative patients, and those 

with cognitive impairments) and those living in residential care were excluded.  

The following results were yielded in the search: 
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Figure 2-1. Search Strategy for Critical Appraisal of Systematic Reviews 

Table 2-1 presents the reviews that were identified and the decision based on the criteria. 

Several duplicates were identified by searching several different databases.  

 

  

Potentially relevant reviews 
identified and screened for 
retrieval (29) 

Duplicates removed (8) 

Reviews remaining after 
duplicates removed (21) 

Reviews remaining after 
abstracts are screened (7) 

Reviews identified for 
appraisal (8) 

Reviews meeting criteria (9) 

Excluded, did not match primary 
research question (14) 

Additional reviews identified by 
experts in the field (1) 

Reviews identified from reference 
list in papers (1) 
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Table 2-1. Literature Included and Excluded in Critical Appraisal 

List of Included Papers Reason for Inclusion 

Blake, H., Mo, P., Malik, S., & Thomas, S. 
(2009). How effective are physical activity 
interventions for alleviating depressive 
symptoms in older people? A systematic 
review. Clinical Rehabilitation, 23(10), 873. 

Depression, Older Adults, Systematic Review 

*Duplicated in Search Strategy 

Cox, J. (2007). Is Exercise an Evidence-Based 
Intervention for Clinical Depression in Older 
Adults: A Meta-Analysis of Randomized 
Studies 2000–2006.  

Depression, Older Adults, Meta-Analysis 

*Duplicated in Search Strategy 

Frazer, C., Christensen, H., & Griffiths, K. 
(2005). Effectiveness of treatments for 
depression in older people. Med J Aust, 
182(12), 627–632. 

Depression, Older Adults, Systematic Review 

Gu, M., & Conn, V. (2008). Meta-analysis of 
the effects of exercise interventions on 
functional status in older adults. Research in 
nursing & health, 31(6), 594–560. 

Functional Status, Older Adults, Meta-analysis 

Liu, C., & Latham, N. (2010). Can progressive 
resistance strength training reduce physical 
disability in older adults? A meta-analysis 
study. Disability & Rehabilitation (00), 1–11. 

Functional Status, Older Adults, Meta-analysis 

Moraes, H., Deslandes, A., Ferreira, C., 
Pompeu, F., Ribeiro, P., & Laks, J. (2007). 
Physical exercise in the treatment of depression 
in the elderly: a systematic review. Revista de 
Psiquiatria do Rio Grande do Sul, 29, 70–79. 

Depression, Older Adults, Systematic Review 

*Duplicated in Search Strategy 

Chin, M., Paw,A., van Uffelen, J., Riphagen, I., 
& van Mechelen, W. (2008). The functional 
effects of physical exercise training in frail 
older people: a systematic review. Sports 
Medicine, 38(9), 781–793 

Functional Status, Older Adults, Systematic 
Review 

Sjösten, N., & Kivelä, S. (2006). The effects of 
physical exercise on depressive symptoms 
among the aged: a systematic review. 
International Journal of Geriatric Psychiatry, 
21(5), 410–418. 

Depression, Older Adults, Systematic Review 

*Duplicated in Search Strategy 

Windle, G., Hughes, D., Linck, P., Russell, I., 
& Woods, B. (2010). Is exercise effective in 
promoting mental well-being in older age? A 
systematic review. Aging & Mental Health, 
14(6), 652–669. 

Quality of Life, Older Adults, Systematic 
Review 
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List of Excluded Papers Reason for Exclusion 

Beswick, A. D., Rees, K., Dieppe, P., Ayis, S., 
Gooberman-Hill, R., Horwood, J., et al. (2008). 
Complex interventions to improve physical 
function and maintain independent living in 
elderly people: a systematic review and meta-
analysis. The Lancet, 371(9614), 725–735. 

Did not use any of the pre-defined health 
outcomes outlined in the thesis as a health 
outcome in the systematic review  

Chang, J. T., Morton, S. C., Rubenstein, L. Z., 
Mojica, W. A., Maglione, M., Suttorp, M. J., et 
al. (2004). Interventions for the prevention of 
falls in older adults: systematic review and 
meta-analysis of randomised clinical trials. 
BMJ, 328(7441), 680. 

Did not include measures of physical activity 
or exercise 

Chodzko-Zajko, W. J., Proctor, D. N., 
Fiatarone Singh, M. A., Minson, C. T., Nigg, 
C. R., Salem, G. J., et al. (2009). Exercise and 
physical activity for older adults. Medicine & 
Science in Sports & Exercise, 41(7), 1510. 

Not a systematic review or meta-analysis, no 
key words for search appeared in paper 

Coelho, F. G. M., Santos-Galduroz, R. F., 
Gobbi, S., & Stella, F. (2009). Systematized 
physical activity and cognitive performance in 
elderly with Alzheimer's dementia: a 
systematic review. Revista Brasileira de 
Psiquiatria, 31(2), 163–170. 

Did not use any of the pre-defined health 
outcomes outlined in the thesis as a health 
outcome in the systematic review. Population 
was exclusively cognitively impaired.  

*Duplicated in Search Strategy 

Conn, V. S., Hafdahl, A. R., & Brown, L. M. 
(2009). Meta-analysis of quality-of-life 
outcomes from physical activity interventions. 
Nursing Research, 58(3), 175. 

Population average age 45 – too young to 
compare to this population 

Elkan, R., Kendrick, D., Dewey, M., Hewitt, 
M., Robinson, J., Blair, M., et al. (2001). 
Effectiveness of home based support for older 
people: systematic review and meta-analysis. 
Commentary: When, where, and why do 
preventive home visits work? BMJ, 323(7315), 
719. 

Did not include measures of physical activity 
or exercise *Duplicated in Search Strategy 

Heyn, P., Abreu, B. C., & Ottenbacher, K. J. 
(2004). The effects of exercise training on 
elderly persons with cognitive impairment and 
dementia: A meta-analysis1. Archives of 
Physical Medicine and Rehabilitation, 85(10), 
1694–1704. 

Did not use any of the pre-defined health 
outcomes outlined in the thesis as a health 
outcome in the systematic review. Population 
was exclusively cognitively impaired.  

Nelson, M., Rejeski, W., Blair, S., Duncan, P., 
Judge, J., King, A., et al. (2007). Physical 
activity and public health in older adults. 
Recommendation from the American College 
of Sports Medicine and the American Heart 
Association. Circulation. 

Not a systematic review or meta-analysis 

*Duplicated in Search Strategy 
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List of Excluded Papers Reason for Exclusion 

Rejeski, W., & Mihalko, S. (2001). Physical 
activity and quality of life in older adults. The 
Journals of Gerontology Series A: Biological 
Sciences and Medical Sciences, 56(Suppl 2), 
23. 

Not a systematic review or meta-analysis 

Rydwik, E., Frändin, K., & Akner, G. (2004). 
Effects of physical training on physical 
performance in institutionalised elderly patients 
(70+) with multiple diagnoses. Age and 
Ageing, 33(1), 13. 

Did not use any of the pre-defined health 
outcomes outlined in the thesis as a health 
outcome in the systematic review  

Sims, J., Hill, K., Hunt, S., & Haralambous, B. 
(2010). Physical activity recommendations for 
older Australians. Australasian Journal on 
Ageing, 29(2), 81–87. 

Not a systematic review or meta-analysis, key 
words of search appeared in abstract  

Taylor, A., Cable, N., Faulkner, G., Hillsdon, 
M., Narici, M., & Van Der Bij, A. (2004). 
Physical activity and older adults: a review of 
health benefits and the effectiveness of 
interventions. Journal of Sports Sciences, 
22(8), 703–725. 

Focused on cardiovascular outcomes, not a 
systematic review or meta-analysis or RCTs 

*Duplicated in Search Strategy 

Taylor, R. S., Brown, A., Ebrahim, S., Jolliffe, 
J., Noorani, H., Rees, K., et al. (2004). 
Exercise-based rehabilitation for patients with 
coronary heart disease: systematic review and 
meta-analysis of randomized controlled trials. 
The American Journal of Medicine, 116(10), 
682–692. 

Focused on cardiovascular outcomes, did not 
focus on any of the target health outcomes of 
this thesis 

2.4.4 Identifying Additional Randomised Clinical Trials 

In addition to the systematic reviews, a search was conducted for each health outcome to 

determine if any updated literature existed. This was done to provide an update on trials 

that may have been published after reviews had been conducted. These trials would have 

not been included in the original reviews but may have addressed some of the limitations 

reported by the reviews so they were important to include.  

2.4.4.1 Depression  

An additional literature search was conducted to identify new RCTs describing the 

relationship between physical activity levels and depression not covered in the reviews 

highlighted in Table 2-1. MEDLINE & Ovid in Process (1966–present), PubMed (1985–

present), PsycINFO (1985–Present), and EMBASE (1985–present) were searched for 

RCTs published after 2000–present, using key terms: depression, depressive symptoms, 

depressed, mood disorder, mental illness, mental health, physical activity, exercise, 
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walking, progressive resistance training, aerobic training, group exercise, mind body, 

strength training, endurance training, yoga, tai chi, aged, over 80, over 60, over 65, older 

adults, elderly, oldest old, and advanced age.  

2.4.5 Functional Status 

A search was conducted to identify updated literature on MEDLINE Ovid, PubMed, and 

Google Scholar 2000–present using the key search terms: older adults, aged, aging, over 

60, over 65, over 80, elderly, elders, older people, advanced age, exercise, physical 

activity, aerobic, strength training, weight bearing activity, progressive resistance training, 

training, walking, mind body, yoga, tai chi, randomised control trials, randomized control 

trials, RCT, intervention, function, physical function, ADL, IADL, activities of daily 

living, daily activities. 

2.4.6 Health Related Quality of Life 

A search was conducted to identify updated literature on MEDLINE Ovid, PubMed, and 

Google Scholar, PsycINFO 2000–present using the key search terms: older adults, aged, 

aging, over 60, over 65, over 80, elderly, elders, older people, advanced age, exercise, 

physical activity, aerobic, strength training, weight bearing activity, progressive resistance 

training, training, walking, mind body, yoga, tai chi, randomised control trials, randomized 

control trials, RCT, intervention, health related quality of life, quality of life, SF-12, SF-36, 

Short Form, wellbeing, and mood.  

2.4.7 Critical Appraisal of Reviews Identified 

An evaluation instrument was used to assess the quality of the reviews identified. This 

appraisal system was needed to uniformly score the reviews for methodological quality and 

relevance.  

There are two main approaches to critically appraising systematic reviews. The first 

addresses the quality of reporting and the second addresses the quality of the methodology. 

At present approximately 24 instruments have been developed to appraise the methodology 

of a systematic review, though very few of them have been developed based on research 

and tested for validity and reliability (Jagganath, LMathew, Asokan, & Fedorowicz, 2010). 

For the purpose of this critical appraisal, it was important to use an assessment tool that 

was standardised, reliable, and valid, as well as easy to use. One such instrument is the 

Assessment for Multiple Systematic Reviews (AMSTAR) (Shea et al., 2007), which was 
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developed in response to the need for valid and reliable appraisal tools. The AMSTAR was 

formulated as an update on the former leading appraisal tools, with empirical evidence and 

expert input to guide its development (Shea et al., 2007).  

The AMSTAR was chosen because it focused on answering a specific question on 

intervention effects and does not include an economic appraisal section, which was not 

relevant to the question of this thesis. The AMSTAR is an 11-item tool addressing issues 

including the review question, search strategy, inclusion/exclusion criteria, data 

extraction/combination, quality of studies included, and likelihood of bias or conflict of 

interest.  

Specifically the AMSTAR addresses the following 11 questions:  

1. Was “a priori” established (a research question and strategy)? 

2. Was there a duplicate reviewer and consensus panel? 

3. Were two or more databases searched for a comprehensive literature review? 

4. Was publication status reported, and grey literature searched? 

5. Was a list of studies included and excluded provided or available? 

6. Were study population characteristics reported? 

7. Was scientific quality assessed and documented? 

8. Was scientific quality used in the conclusion? 

9. Were studies combined together appropriately? 

10. Is there a likelihood of publication bias? 

11. Were conflicts of interest stated? 

See Appendix 2.1 AMSTAR Critical Appraisal Tool. 

2.4.8 Results of AMSTAR Assessment of Reviews 

All nine systematic reviews were appraised and none met all 11 criteria constructs of the 

AMSTAR review tool (Blake, Mo, Malik, & Thomas, 2009; Chin, Paw, van Uffelen, 

Riphagen, & van Mechelen, 2008; Cox, 2007; Gu & Conn, 2008; Liu & Latham, 2010; 

Moraes et al., 2007; Sjösten & Kivelä, 2006; Windle et al., 2010). The results of the critical 

appraisal of the reviews are presented in Table 2-2. Of the nine studies identified for the 

critical review, all stated a research question and a search strategy for their systematic or 

meta-analysis review (Blake, et al., 2009; Cox, 2007; Frazer, et al., 2005; Gu & Conn, 
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2008; Liu & Latham, 2010; Moraes, et al., 2007; Paw, et al., 2008; Sjösten & Kivelä, 2006; 

Windle, et al., 2010). 

Seven of the nine papers established at least two reviewers and a consensus panel (Blake et 

al., 2009; Chin et al., 2008; Frazer, Christensen, & Griffiths, 2005; Gu & Conn, 2008; Liu 

& Latham, 2010; Moraes et al., 2007; Windle et al., 2010). One of those that did not meet 

the duplicate reviewer criterion noted that there was only one reviewer but was published 

under the name of two authors (Sjösten & Kivelä, 2006). This could be misleading to 

readers who want to ensure that a review has had at least two reviewers. Each of the 

reviews met the criterion of performing a comprehensive literature review in that they 

accessed at least two major databases (Blake et al., 2009; Chin et al., 2008; Cox, 2007; 

Frazer et al., 2005; Gu & Conn, 2008; Liu & Latham, 2010; Moraes et al., 2007; Sjösten & 

Kivelä, 2006; Windle et al., 2010).  

However, only three of the nine reviews mentioned a search of the grey literature or a 

decision on whether to include or exclude grey material as part of the review (Blake et al., 

2009; Cox, 2007; Windle et al., 2010). Grey literature refers to publications that are found 

outside  typical published journals where the source’s primary objective is not publishing, 

so this could include newsletters, technical reports, or Ministry of Health reports.  

All of the reviewers made their list of selected papers available either by including them in 

text (either listed or table form), or listing them in the bibliography (Blake et al., 2009; 

Chin et al., 2008; Cox, 2007; Frazer et al., 2005; Gu & Conn, 2008; Liu & Latham, 2010; 

Moraes et al., 2007; Sjösten & Kivelä, 2006; Windle et al., 2010). Only two papers 

provided the entire list of papers identified in their initial search strategy (including papers 

that were excluded from the review process) (Blake et al., 2009; Cox, 2007). Listing 

excluded papers was not a requirement of the AMSTAR criteria; however, it does state 

they must be available from the author upon request. Six of the reviews did not publish a 

list of excluded papers but commented that the list would be available via author contact 

(Chin et al., 2008; Cox, 2007; Frazer et al., 2005; Gu & Conn, 2008; Moraes et al., 2007; 

Sjösten & Kivelä, 2006). The characteristics of the participants of all of the studies 

included were reported either individually in table form or as a blanket statement of which 

characteristics were included in the sample group. One of the reviews (Moraes et al., 2007) 

was not explicit with the rating system used, which made it difficult to score the next 
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section on whether scientific quality was considered in the conclusion/findings of the study 

(Moraes et al., 2007).  

However, the authors did state that only findings from high quality trials were to be 

considered for conclusive findings and that the other studies should be read with caution. 

Eight of the papers explicitly mapped out their quality rating system, scoring sheet and 

noted the quality ranking of the reviews in the evidence offered in the 

conclusion/discussion section (Blake et al., 2009; Chin et al., 2008; Cox, 2007; Frazer et 

al., 2005; Gu & Conn, 2008; Liu & Latham, 2010; Sjösten & Kivelä, 2006; Windle et al., 

2010). All of the appraised reviews did note the scientific quality being a factor in the 

conclusions that were reported (Blake et al., 2009; Chin et al., 2008; Cox, 2007; Frazer et 

al., 2005; Gu & Conn, 2008; Liu & Latham, 2010; Moraes et al., 2007; Sjösten & Kivelä, 

2006; Windle et al., 2010).  

2.4.9 Conclusions 

Overall, the systematic reviews and meta-analyses were of high quality and many scored 

highly on the AMSTAR criteria. Six of the reviews were able to fulfil 10 of the 11 criteria 

of the system (Blake et al., 2009; Chin et al., 2008; Frazer et al., 2005; Gu & Conn, 2008; 

Liu & Latham, 2010; Windle et al., 2010). Others scored 9/11(Cox, 2007), 8/11 (Sjösten & 

Kivelä, 2006), and 7/11 (Moraes et al., 2007), respectively. In two reviews, English was a 

second language (ESL) and were rated lower using the AMSTAR (Moraes et al., 2007; 

Sjösten & Kivelä, 2006).  

See Table 2-2 Results table of AMSTAR critical appraisal. 
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Table 2-2. Results of AMSTAR Critical Appraisal of Reviews 

    1 2 3 4 5 6 7 8 9 10 11 

Author  
& 
AMSTAR 
Score (out 
of 11) 

Study Design Primary 
question 
reviewed 

# of studies 
reviewed 

 “A priori” 
established 
(question and 
strategy) 

Duplicate 
reviewer and 
consensus 
panel 

Compre-
hensive 
literature 
review (more 
than 2 
databases 
searched) 

Publication 
status 
reported 
(Grey 
literature) 

List of 
studies 
provided 
(included 
and 
excluded) 

Were 
character-
istics 
reported?  

Scientific 
quality 
assessed and 
documented 

Scientific 
quality used 
in conclusion 

Were studies 
combined 
together 
appropriate 

Likelihood of 
publication 
bias 

Conflict of 
interest 
stated 

Blake et al., 
2009 
 
10/11 

Systematic 
review 

Efficacy of 
exercise on 
depression 
and 
depressive 
symptoms 

11 RCTs and 
Quasi 
experimental 
studies  
n=641 

Yes Yes Yes Yes Yes Yes Yes Yes, due to 
lack of 
reporting by 
articles 
reviewed in 
the review 
certain 
conclusion 
could not be 
made 

Not sure -The 
outcome 
measures 
were all quite 
different so 
they weren’t 
all 
comparable 

Unlikely – no 
bias reported 
or suspected 

Yes -conflict 
of interest 
was reported 
as none 
existing  

Sjösten & 
Kivelä, 
2006 
 
9/11 

Systematic 
review of 
RCTs 

Effects of PA 
on depressive 
symptoms in 
older adults 

13 RCT 
studies 
reviewed  

Yes  
Strategy 
defined 

No 
Defined as 
having one 
reviewer 

Yes Other journals 
scanned but 
nothing about 
unpublished 

Yes 
Inclusion 
exclusion 
criteria 
available 

Yes, well 
documented, 
various types 
of studies 
were used 

Available via 
author, 
method for 
rating listed, 
and results 
listed, though 
score not 
given 

Yes – Reader 
cautioned 
about results 
due to 
methodologic
al 
inadequacies 
of studies 
included 

Studies too 
varied to 
complete a 
meta-analysis, 
qualitative 
analysis 
conducted due 
to the small 
amount of 
reports, 
sample sizes, 
and the 
various 
methods/desig
ns/measures 

Reported – 
unlikely 

Not stated 

Cox, 2007 
 
9/11 

Meta-analysis 
of RCTs 

Is exercise an 
evidence 
based 
intervention 
for depression 
in older 
adults? 

26 
independent 
samples 
describing 
nine studies 
met criteria 

Yes No No (short 
range 2000–
2006) 

Yes Including 
studies listed, 
excluded in 
appendix 

Yes Yes yes Yes, 
according to 
grouping/ 
level of 
evidence 

Publication 
bias unlikely, 
and explored 
amongst 
sources  

Conflict of 
interest not 
stated 

Frazer et 
al., 2005 
 
10/11 

Systematic 
review of 
intervention 
studies, 
RCTs, meta 
analyses, 
primary 
research 
articles, 
“other 
studies” not 
necessarily 
defined, 
people aged 
60 and over 

Effectiveness 
of different 
treatments for 
depression in 
older people 
who reported 
major 
depression or 
high level of 
depressive 
symptoms, 
could be 
clinical or non 
clinical 
settings 

Four RCTs 
containing 
five 
interventions 
(n=unknown) 

Yes Yes  Yes Not sure Included 
available, 
excluded not 
listed 

Yes Yes Yes Studies 
combined 
within 
categories, 
again small 
amount of 
each kind, but 
strong 
quantitative 
analysis 
methods 

Biases not 
likely 

None 
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    1 2 3 4 5 6 7 8 9 10 11 

Author  
& 
AMSTAR 
Score (out 
of 11) 

Study Design Primary 
question 
reviewed 

# of studies 
reviewed 

 “A priori” 
established 
(question and 
strategy) 

Duplicate 
reviewer and 
consensus 
panel 

Compre-
hensive 
literature 
review (more 
than 2 
databases 
searched) 

Publication 
status 
reported 
(Grey 
literature) 

List of 
studies 
provided 
(included 
and 
excluded) 

Were 
character-
istics 
reported?  

Scientific 
quality 
assessed and 
documented 

Scientific 
quality used 
in conclusion 

Were studies 
combined 
together 
appropriate 

Likelihood of 
publication 
bias 

Conflict of 
interest 
stated 

Gu & 
Conn, 2008 
 
10/11 

Meta-analysis 
of RCTs 
People over 
age 60 

Effects of 
exercise on 
functional 
status in older 
people 

RCTs = 19 
n=2201 

Yes Not sure- 
Dissent not 
discussed 

Yes Did not report Included 
listed in table, 
excluded 
available 
upon request  

Yes Yes Yes Yes – 
outcome 
measures 
were matched 
up and 
compared 

Bias unlikely Stated as none 

Paw et al., 
2008 
 
10/11 

Systematic 
review of 
RCTs 
Adults “older 
and frail”  

Functional 
effects of 
physical 
exercise 
training in 
frail older 
people 

RCT = 20  
Not reported  

Yes Review team 
established 
consensus 
occurred via 
expert opinion 

Yes Not reported Included 
studies listed, 
excluded 
available 
upon request  

Yes – Various 
types 
compared 

Yes – very 
explicit 

Yes Not sure – 
Not all 
measures 
were able to 
be compared, 
small 
numbers for 
different types 
of studies and 
population 
characteristics
typical of this 
population 

Not likely, 
funding from 
university and 
government 
sources 

Reported as 
no conflict of 
interest  

Moraes et 
al., 2007 
 
7/11 

Systematic 
review  
Adults over 
50 

Is exercise 
effective as an 
intervention 
for depression 

30 papers 
selected 
longitudinal 
studies, 
narrative 
reviews, etc. 

Yes Yes, 
underwent 
consensus by 
a third 
reviewer 

Yes No Excluded 
studies not 
included, but 
available via 
contact 

Not overall, 
but 
individually 
noted studies 

Not uniform 
rating 

Yes attempted Narrative type 
analysis, not 
sure  

Bias possible 
because of 
selective 
review 
method 

Not stated  

Liu & 
Latham, 
2010 
 
10/11 

Meta-analysis 
of RCTs only 
Older adults 
over 60 any 
language 

Is progressive 
resistance 
training 
effective for 
improving 
function in 
older people 

33 trials 
n=2172  
9 were 
published pre 
2000 and 24 
between 2000 
and2007 

Yes Yes Yes Not sure Yes Yes Yes Yes – some 
RCTs did not 
report 
randomisation 
so it was 
difficult to 
estimate 
impact 

Yes – 
straight-
forward meta-
analysis 

Bias unlikely Stated as none 

Windle et 
al., 2000 
 
10/11 

Systematic 
review of 
RCTs, studies 
with control 
groups, or 
qualitative 
designs 
Adults 65+ 

Is physical 
activity 
related to 
quality of life 
in older 
people 

13 RCTs Yes Yes Yes Yes Yes Yes Yes, only 
papers with 
high enough 
scores 
included in 
review  

Yes Yes- meta-
analysis 
where 
possible, but 
not overall, 
several 
different types 
of 
comparisons 
made 

Unlikely bias Not stated 
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 Content of Reviews 2.5

2.5.1 Introduction 

The second part of this chapter is focused on the content of the reviews to determine the 

relationship of physical activity to the targeted health outcomes. The relationship between 

physical activity and depression, functional status, and health related quality of life 

outcomes are reviewed in turn. This section will discuss the content of the review 

individually and then synthesise findings of the reviews pertaining to each health outcome 

(Table 2–3).  At the end of each health outcome section, the conduct and findings of recent 

RCTs not included in the reviews are reported.  

2.5.2 Physical Activity and Depression in Older Adults 

Five review articles were identified which focused on the relationship between physical 

activity or exercise to depression or depressive symptoms amongst older adults (Blake et 

al., 2009; Cox, 2007; Frazer et al., 2005; Moraes et al., 2007; Sjösten & Kivelä, 2006). 

Only one of these reviews included a meta-analysis (Cox, 2007), while the other four 

(Blake et al., 2009; Frazer et al., 2005; Moraes et al., 2007; Sjösten & Kivelä, 2006) noted 

a lack of homogeneity of populations, interventions, and outcomes as a barrier to 

conducting a meta-analysis. The following text presents each review. This section will 

address the content of the reviews by providing a summary of these main points for each:  

1. The Main Research Question 

2. Search Strategy and Yielded Results 

3. Assessment of Quality of Studies Included 

4. Results of Review 

The primary question of the first systematic review by Blake et al. (2009) focused on how 

physical activity interventions affected depressive symptoms in older people. The search 

strategy allowed inclusion of studies in any language and published in various sources, 

including journal articles, book chapters, dissertations and conference abstracts. The 

following databases were searched: MEDLINE (1966–May 2008); EMBASE (1980–May 

2008); Cumulative Index to Nursing & Allied Health Literature (CINAHL; 1982–May 

2008); PsycINFO (1966–May 2008), The Cochrane Library (Issue 2, 2008) and National 

Research Register (NRR; Issue 2, 2008). The key search terms were physical activity, 

exercise, older people, older adults, aging, ageing, elderly, gerontology, depressive 
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symptoms, depression, depressed, depressive, and mood (Blake et al., 2009). Results of the 

search strategy yielded 11 trials (n=641) with more than 80% of the sample over age 60 

and all were clinically depressed (Blake et al., 2009). The physical activity interventions 

included walking, aerobics, Tai Chi, Qigong, weight-bearing activity, and progressive 

resistance training. The activity intensity level amongst studies varied considerably. In 

most studies, participants engaged in the intervention physical activity three times per 

week. The duration of the intervention sessions varied from 20 to 60 minutes, and the 

duration of the intervention period varied greatly from 6 to 19 weeks. Seven studies 

reported follow up assessment varying from 4 weeks to 26 months (Blake et al., 2009). 

Quality of the trials was assessed using the Critical Appraisal Skills Program (CASP). All 

the trials included randomisation though four did not report blinding methods, only five 

reported concealment allocation, and four reported the population’s baseline 

characteristics. The review concluded that physical activity was likely to lead to lower 

numbers of depressive symptoms in older adults who were clinically depressed, 

particularly in the immediate term (six weeks). Longer term effects of exercise 

interventions should be researched further. 

A second review by Frazer focused on the effectiveness of a range of treatments for older 

adults diagnosed with depression (Frazer et al., 2005). The review included meta-analyses 

of RCTs and RCTs published up to November 2004 in PubMed, PsycINFO and Cochrane 

Library databases. Key search terms were depression, dysthymia, affective, mood, late life, 

elder, and old. Search results were divided into three topics; medical, psychological, and 

lifestyle treatments. Medical interventions were biomedical interventions such as 

medication or surgical intervention, psychological interventions included behavioural 

therapies such as cognitive behavioural therapy, and lifestyle interventions included health 

behavioural changes such as sleep and nutrition habits. Exercise fell under the lifestyle 

category and four RCTs including five interventions in older people (aged 60 and over) 

were synthesised to assess the effectiveness of exercise in relieving depression. Two trials 

tested aerobic exercise, two tested resistance training, and one tested both combined. 

Intensity and frequencies of the exercise regimens and the period of follow up were not 

reported (Frazer et al., 2005). The quality of literature was assessed by the National Health 

and Medical Research Council levels of evidence, which ranks evidence based on 

rigorousness of study design and focuses on eliminating bias. The exercise intervention 

evidence was determined to be level II evidence—some evidence of effectiveness. In the 

review, the three trials that included aerobic activity found that physical activity was 
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successful in reducing depression in older adults. Strength training alone was not effective 

in reducing depressive symptoms compared to exercises that combined strength training 

with other types of exercise.  The review concluded that various types of exercise, such as 

aerobic or cross-training exercises, improved mood and reduced depression in older people 

but strength training alone may not be sufficient (Frazer et al., 2005).  

The third review authored by Sjösten and Kivelä (2006) aimed to assess the effectiveness 

of physical exercise on depression and depressive symptoms in older adults age 60 or 

more. The systematic review search strategy was limited to RCTs using key terms: 

depression, elderly and physical exercise with their equivalent synonyms and MeSH terms. 

MEDLINE (1966–2005), CINAHL (1982–), PsycARTICLES (1985–), PsycINFO (1985–), 

The Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE Clinical 

Queries, and recent articles (from January 2004 to April 2005) were hand searched from 

several journals (British Journal of Psychiatry, International Journal of Geriatric 

Psychiatry, Journal of the American Geriatrics Society and the Journals of Gerontology: 

Biological and Medical Sciences) were all searched for included RCTs (Sjösten & Kivelä, 

2006). The search yielded 13 RCTs; four reported both concealment and blinding, 

concealment was reported in seven, blinding outcome assessment was reported in five, and 

intention to treat analysis was reported in four (Sjösten & Kivelä, 2006). The types of 

exercise included aerobic, group, progressive and resistance strength training, and walking. 

Frequency of exercise ranged from three to five days per week at sessions between 20 and 

60 minutes, though intensity was not reported. The review concluded that engaging in 

physical activity lowered depressive symptoms in those who were depressed and non-

depressed, though those who were clinically depressed showed more improvement 

(Sjösten & Kivelä, 2006).  

A fourth review by Moraes et al. (2007) focused on both the preventative effects of 

exercise on the incidence of depression and the intervention effects of exercise in 

depressed older adults (aged 45 and over). The search strategy focused on the following; 

Science Citation Index (Institute for Scientific Information-ISI), PubMed, SciELO and 

LILACS from January 1993 to May 2006 using the keywords; depression, elderly, and 

exercise with the following limits: humans, English, clinical trial and randomized 

controlled trial, middle aged: 45 + years, NOT review, NOT animals, NOT heart failure 

(Moraes et al., 2007). Although the search strategy included those over age 60, only one of 

the trials included had a sample under age 50 and then only one more trial with the mean 
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age under 60. The search strategy resulted in 30 studies, 22 were longitudinal, and eight 

cross-sectional studies in two different sections of the review; only the results of the RCTs 

section were considered in this review. Randomisation, blinding techniques, and 

concealment allocation were not reported. The exercise types included; walking, aerobics, 

mind/body, strength training, group exercise, and combinations of different types. The 

frequencies varied from two to five days per week, with duration lasting anywhere from 20 

to 60 minutes. Intensity levels varied from light to vigorous, mainly including moderate to 

vigorous intensity exercise. No effect sizes were reported though the review concluded that 

higher exercise participation was associated with a lower incidence of depression. Trials 

which included older adults with comorbid conditions were more likely to have null or 

inconclusive effects. Furthermore, the review stated that exercise levels have an inverse 

relationship to levels of depression (Moraes et al., 2007). The review recommended that 

further RCTs should be conducted with more sample homogeneity at baseline and that 

more objective measures of depression, such as brain scanning be considered for an 

outcome measure. Positron Emission Tomography (PET) brain scans may be able to show 

the areas of the brain affected by depression, which is associated with lower brain activity, 

as well as the areas in which physical activity may increase brain activity and decrease 

depression.  

A fifth review, including a meta-analysis, was conducted by Cox (2007) to determine if 

exercise is an evidence based treatment for depression amongst older adults. The following 

databases and journals were searched: AARP Ageline, Academic Index, Academic 

Universe, Article First, BioMed Central, BMJ Clinical Evidence, Campbell Collaboration, 

CINDAHL, Cochrane Reviews, CSA Illumina, DARE, Dissertation Abstracts, EBM 

Reviews, Elsevier Science Direct, Expanded Academic ASAP, Google Scholar, HTA, 

JSTOR, ISI Web of Knowledge, MEDLINE, Methodology Review, Methodology 

Register, NetLibrary, OCLC First Search, OVID, ProQuest, PsycARTICLES, PsycINFO, 

PsycNET, PubMed, Social Work Abstracts, SPORTDiscus Select, Wilson OMNI File, and 

WorldCat for articles between 2000–2006. Key terms were not listed, inclusion criteria 

were, that persons were clinically depressed, depression would be defined by valid 

instruments, studies were randomised control trials, and the population would be older than 

60 years. The search yielded nine trials (n=1323) and the mean age was 71.27, with just 

over 60% women and no other demographics reported (Cox, 2007). Multiple types of 

exercise were included, aerobic, progressive strength training, balance and flexibility, as 

well as group and home based exercise programmes. Frequency was reported as three 
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times per week, lasting 30–45 minutes in all but one which was twice a week for 40 

minutes. Intensity was not reported. All of the studies reported randomisation, 

concealment, and blinding techniques. The author used a fixed effect statistical model to 

account for the lack of homogeneity.  

The meta-analysis tracked depressive diagnosis as the outcome measure. A significant 

overall pre-test-post-test mean change effect size of -0.46 (p < .01) (Cox, 2007) was 

calculated. In other words, older adults with clinical depression who exercised had 0.46 of 

a standard deviation reduction in clinical depression from baseline, compared to 

individuals who did not exercise. The size of the effect is consistent with findings of 

related meta-analyses (Cox, 2007). All effect sizes in the included studies were significant; 

no differences were found between those studies with and without intention to treat 

analyses or blinding features. Dose response was not analysed but the meta-analysis found 

an inverse relationship between levels of exercise and levels of clinical depression. 

Findings from this review suggest that all types of exercise regimens will likely lead to a 

lower level of clinical depression in younger old (65 to 80) and the oldest old (80 and 

over), suggesting that age was not a limiting factor for the effectiveness of exercise 

interventions.  

2.5.3 Appraisal and Summary of Updated and Additional RCTs on Depression and 
Physical Activity in Older Adults 

Three randomised studies were identified that were updated or not included in the previous 

systematic reviews (K. M. Chen et al., 2009; Justine & Hamid, 2010; Kerse et al., 2010). 

The updated CONSORT (Consolidated Standards of Reporting Trials) checklist was used 

to assess the quality of the RCTs (K. Schulz, Altman, & Moher, 2010).  

See Appendix 2.2 for CONSORT CHECKLIST. Each review is examined in this order:  

1. Design/Study Population 

2. Intervention 

3. Outcome Measures 

4. Results of Study 

5. CONSORT Critical Appraisal Rating 

The first trial examined the effects of a multi-component exercise programme on 

depression and quality of life in a group of adults over age 60 (n=43) living in Malaysia. 
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The individuals in the intervention group (23) participated in 60 minutes of exercise 

consisting of stretching, aerobic, and strength training components, three times per week 

for 12 weeks. The control group (20) made no changes to their lifestyle. Depression 

outcomes were measured using the GDS. No differences were observed in depression 

scores over 12-weeks for both the intervention (-1.16, p > 0.05), and control groups 

(17.7%, p > 0.05). Critical appraisal of the trial using CONSORT yielded a score of 20/25 

which is considered to be fair to good quality. Areas of deficiency included not reporting 

the term randomization in the title, not explaining blinding techniques, any changes to trial 

outcomes once interventions commenced, not reporting drop out of participants or 

exclusion of analysis, and specifying the generalisability.  

The second trial focused on the effects of a yoga programme for older adults on outcomes 

of depression, health status, and sleep quality in older adults aged 60 and over (n=128) (K. 

M. Chen et al., 2009). The participants were community dwelling citizens without 

cognitive impairment, who had never practiced yoga and were able to walk without 

assistance. Participants were on average 69.20 years of age and predominantly women 

(93/128), with equal distribution in intervention (n=62) and control groups (n=66). The 

intervention involved attending a 70 minute yoga session of light intensity three times per 

week. The yoga sessions included stretching, relaxation techniques, and guided imagery 

delivered in a group setting at a public senior centre. Depression was measured using the 

Taiwanese Depression Questionnaire, an 18-item survey that focuses on the previous week 

of the respondent’s emotional state (Lee, Yang, Lai, Chiu, & Chau, 2000). Participants 

were surveyed at three and six months during the intervention. Participants in the 

intervention and control groups had significantly different levels of depression at three (F = 

19.14, p < 0.001) and six (F = 20.80, p < 0.05) months follow up, with those in the exercise 

intervention group having lower depression at each follow up. The trial scored highly on 

the CONSORT checklist 25/25 proving good methodological quality and therefore sound 

evidence.  

A randomised control trial to determine the effectiveness of home based physical activity 

interventions in older adults with depressive symptoms in reducing depression and falls 

and increasing function and quality of life was conducted in New Zealand by Kerse et al. 

(2010). The study was of high methodological quality scoring 25/25 on the CONSORT 

checklist. Mean age of the participants was 81 years and 59% were women (n=187). 

Participants were randomly assigned to the intervention group (home based physical 
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activity that involved moderate-intensity balance retraining, progressive resistance lower 

and upper limb strengthening exercises, and walking) or to a control group (social home 

visit matched to the timing of the activity visits). Follow up occurred at six and twelve 

months. While both the control and intervention groups showed overall improvement in 

depressive symptoms (p < 0.001) and mental health related quality of life (p < 0.001) there 

was no statistically significant difference between the intervention and control groups. 

Physical health related quality of life did not change in either group (p = .76). Functional 

status was measured by both Short Performance Physical Battery and the Nottingham 

Extended Activities of Daily Living Scale. Both groups experienced significant functional 

decline measured in ADLs over 12 months (p < .003) but no changes were observed by the 

Short Performance Physical Battery measure (p = .26). There was no statistically 

significant differential change between the control or intervention group for function 

measures. The study suggested that social activity might be as worthwhile as physical 

activity in improving mood as those in the control group also received social contact. In 

future, a true “usual care” control group, where there was treatment as usual, may be tested 

against activity and social intervention. 

2.5.4 Discussion of the Review 

There is evidence that increased exercise based physical activity lowers depression or 

depressive symptoms in older adults, however the exact effect size remains unclear. Five 

systematic reviews or meta-analyses and three additional trials that were identified had 

mostly significant results and reinforced this conclusion (K. M. Chen et al., 2009; Justine 

& Hamid, 2010), though there were some insignificant and inconclusive findings (Kerse et 

al., 2010). The RCTs focused mostly on adults aged 60 and older who were mainly healthy 

although some of the samples included clinically depressed individuals (Kerse et al., 

2010). All types of exercise were included such as walking, mind-body, aerobic, and 

strength training. Most forms of exercise were effective in reducing depression except for 

strength training when done alone (Blake et al., 2009; Frazer et al., 2005). However, when 

strength or progressive resistance training was combined with other forms of exercise, it 

was more likely to be effective in reducing levels of depression (Liu & Latham, 2010). 

Most exercise interventions were performed at least three times per week for a duration 

between 30 and 60 minutes suggesting this to be the recommended frequency and duration 

of effective exercise. Intensity levels were not reported in the majority of studies or 

controlled for in the analyses, therefore intensity levels required for depression relief 
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remain unclear. The length of the intervention exercise programmes ranged between 6 and 

24 weeks. Only acute effects can be concluded as RCTs focused mainly on short term 

follow up and future studies should aim to have more long term follow up to determine 

what effects exercise may have on depression over longer periods of time.  

Interventions with more homogenous methods were able to provide more precise results 

showing an inverse relationship between physical activity and levels of depression. Studies 

with smaller sample sizes were more likely to have inconclusive results. Exercise was 

found to be as effective in the oldest old as it was in the young old (Cox, 2007; Sjösten & 

Kivelä, 2006). Physical activity was also an effective method of lowering depressive 

symptoms of depressed older adults who were on antidepressants (Cox, 2007). 

Furthermore older adults with clinical depression reaped more benefits from physical 

activity participation than their non-depressed peers (Cox, 2007).  

Overall, the systematic reviews and meta-analyses were of high quality. Two of the 

updated trials were extremely sound methodologically, while the other was moderately 

sound. Comparing the reviews was difficult due to the lack of homogeneity of the studies. 

The inclusion criteria of each review was different as well as the conduct of each review. 

Each review noted that the limitation of their review was the heterogeneity of the studies 

included, in particular inclusion of a wide range of exercise types. Also, the baseline health 

status, particularly the condition of frailty of the participants, was difficult to control for or 

distinguish as a subgroup in the reviews of various populations of older people. This was 

evident as three of the five reviews noted the challenges in identifying literature because of 

the lack of standard terms in describing and grouping populations of older adults (Blake et 

al., 2009; Cox, 2007; Sjösten & Kivelä, 2006). 

This current review of reviews was not without limitations. First and foremost, given the 

amount of literature available, a review of reviews was conducted, rather than reviewing 

all the original included studies.  This was considered to be the most efficient way to 

synthesise the existing literature.  This review of reviews only included reviews published 

between 2000 and the present, widening the timeframe may have yielded more results. 

Lastly, the review was limited by the search restrictions on general community dwelling 

populations. However, despite these restrictions, none of the reviews were exactly the 

same even though in some instances trials included in different reviews overlapped. The 
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heterogeneity of the reviews made absolute comparison impossible though limiting the 

search further would have yielded too few results.  

There are still gaps in the understanding of this area and given the indication of the inverse 

relationship between exercise and depression in older adults, further research is 

appropriate. Standard definitions for terms, such as frailty, should be agreed upon in the 

field of research so that direct comparisons and combinations can be made. Studies that 

have well defined population criteria, health status at baseline, measures, and methods of 

applying measures should be reproduced. It may be important, for example, to understand 

why strength training alone is not enough to produce significant results in lowering 

depression, or why those who are already depressed have greater mental health gains from 

exercise. At present there is convincing evidence that exercising in most forms (aerobic, 

mind-body, multi-component) for at least 30 minutes three times per week can lower 

depression levels, particularly if depression is already present but further randomised 

controlled trials should be conducted to determine whether the inconsistencies in some 

trials are the result of heterogeneity in the populations or the ineffectiveness of the 

interventions.  

2.5.5 Physical Activity and Functional Status in Older Adults  

The following section of this literature review presents the findings of the search 

previously described (Figure 2-1) for the information regarding the relationship between 

exercised-based physical activity with functional status in older adults. Three systematic 

reviews (Chin et al., 2008; Gu & Conn, 2008; Liu & Latham, 2010) were identified, two of 

which conducted meta-analyses (Gu & Conn, 2008; Liu & Latham, 2010). The systematic 

reviews matched the inclusion criteria for the critical appraisal, though there were 

differences in the study populations and parameters.  

The first review aimed to assess RCTs examining the effect of progressive resistance 

training (PRT) on functional status. The study population set broad parameters for older 

adults aged 65 and over without any specific emphasis on co-morbidity, which allowed 

higher number of trials to be included in the review. This review only included RCTs that 

had progressive resistance training as the exercise intervention (Liu & Latham, 2010) and 

the mean age of the population had to be 60 or over. The search strategy included January 

1966 to May 2007 in multiple electronic databases (MEDLINE, EMBASE, CINAHL, 

Sports Discus, the Physiotherapy Evidence Database (PEDro), Digital Dissertations, 
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Cochrane Controlled Trials Register and the Cochrane Bone, Joint and Muscle Trauma 

Group Specialised Register). The search terms included strength training, resistant training, 

weight training, progressive resistance, exercise, exercise therapy (Liu & Latham, 2010). 

The search produced 33 RCTs (n=2172). Quality assessment was conducted using the 

Cochrane Bone, Joint, and Muscle Trauma Group Evaluation Tool by two separate 

reviewers. The quality of trials was considered in results of the review. This review had the 

most consistency in type control for the type of intervention being tested.  

Participants attended progressive resistance training sessions at a community based centre 

two to three times per week for at least six weeks. Exercise sessions lasted between 20 and 

60 minutes and intensity was not reported (Liu & Latham, 2010). The review did not report 

the control characteristics of the trials, but noted that there was a great deal of variation in 

study designs (Liu & Latham, 2010). Several outcomes measures were included; functional 

status sections of SF-12/SF-36(Ware Jr, Kosinski, & Keller, 1996), ADLs, short 

performance physical battery, and other self-reported measures. The review also included 

measures of disability though the specific instruments used were not reported (Liu & 

Latham, 2010). The reviewers used standardised mean differences (SMD) to compare the 

results of the different trials. SMD is used for comparison of data obtained at different 

scales and is the difference between two normalised means ([ITSE], 2004). The review 

found that progressive resistance training was effective in reducing disability and 

improving functional status (SMD = 0.14, 95% CI=0.05-0.22) (Liu & Latham, 2010). 

Reviewers recommended the inclusion of multi-component outcome measures such as the 

Short Form 12 or 36 as they showed functional improvement as well as quality of life 

improvement scores. However, when results were pooled by type of measure, the 

subjective measures showed lower effect sizes (SMD = 0.07, 95% CI= -0.08–0.21). When 

examined in comparison to the objective measures (physical performance), there was a 

higher effect size (SMD = 0.31, 95% CI= 0.16–0.47). The scores did not significantly 

change when the subjective and objective measures were combined (Liu & Latham, 2010) 

(SMD = 0.14, 95% CI=0.05–0.22). It was also suggested that other multi-component 

exercise/physical activities such as those that include both strength and aerobic elements 

would likely lead to improvements in physical functioning and therefore should be 

researched more thoroughly (Liu & Latham, 2010).  

The next review was a meta-analysis on the effects of exercise interventions on functional 

status in older adults. The search strategy focused on two databases MEDLINE 1966–
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present and CINAHL 1982–present with the key search terms of exercise, group exercise, 

muscle stretching exercise, Tai Chi, walking, yoga, physical activity, physical education 

and training, physical training, functional status, functional ability, ADL, IADL, physical 

performance, functional performance, and physical function. The search identified 19 

randomised controlled trials including 30 interventions (n=2,201) focused on older adults 

who aged 65–88, the median age of participants was 75. The quality of the trials was 

assessed and it was noted that studies were excluded if they had inappropriate or 

insufficient data. This review did not have a specific focus on any age-related morbidity 

and aimed to have a representative sample based on health characteristics for this age 

group (Gu & Conn, 2008). The review focused on older adult exercise programmes that 

were multi-component and noted that 14/19 (76%) of the exercise interventions included a 

strength training component (Gu & Conn, 2008). The remaining programmes included a 

mix of aerobic, endurance, balance, or flexibility training. Almost three-quarters (73%) of 

the exercise interventions occurred at a community based centre (Gu & Conn, 2008). 

Participants in the trials participated in exercise sessions from three to five times a week 

for between 15 and 90 minutes per session with the average session being 60 minutes, and 

intensity was not reported (Gu & Conn, 2008). The review reported that control groups  

“could be either no-contact or attention controls, but analysis was limited to those 

studies in which the unit of randomisation was the individual participant and which 

included ≥ 10 participants in both the treatment and control groups” (Gu & Conn, 

2008).  

The review used similar outcome measures as the other two reviews; for self-reported 

functional status, outcome measures were ADLs and the SF-12/36, and the Short 

Performance Physical Battery served as the physical performance measure for functional 

status, including a chair rise, walking speed test, walking endurance test, and a balance test 

(Gu & Conn, 2008). The meta-analysis review found that participating in exercise 

programmes improved functional performance and physical performance but not 

subjective measures such as activities of daily living in older adults (Gu & Conn, 2008). 

The overall effect size in this study for exercise intervention programmes and 

functional/physical performance was .369 (p < 0.001) (95% CI .216-.593)(Gu & Conn, 

2008). This review concluded that current evidence is sufficient to support the proposition 

that exercise improves functional status, as measured by physical function and 

performance measures (Gu & Conn, 2008). 
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The third review focused on the effects of functional training for older people including 

those who were frail. The authors searched PubMed, EMBASE, and CENTRAL from 

January 1995 through August 2007 using the key terms: exercise, kinesio-therapy, training, 

aged, elderly, older adults, frail, frailty, over 80, very old, physical function, fitness, 

endurance, performance, capacity, psychomotor performance, disability, activities of daily 

living, daily life activity. In total, 20 randomised controlled trials were identified. Studies 

included either a frail sample or a mix of frail and non-frail, with frail participants of 

varying type and degree being involved in all identified trials. The majority of the 

population identified as women in studies that reported gender and mean population ages 

in the studies ranged from 77 to 88 years. Quality assessment was undertaken 

independently by three reviewers who each used the Delphi consensus, a 9-item 

questionnaire focusing on quality of research methods. Sixteen of the trials were scored as 

being high quality by the review team. Sample sizes for identified trials within the studies 

reported populations between (n=20) and (n=200) (Chin et al., 2008). This review had the 

most variation in type of exercise programme, including resistance training, endurance, 

aerobic, balance, flexibility, and multi-component exercise (Chin et al., 2008). Exercise 

interventions occurred between two and five times per week in 20–60 minute sessions and 

intensity of exercise programmes was not reported (Chin et al., 2008). Length of follow up 

varied from six weeks to one year. Control, blinding, and concealment techniques were not 

reported in six of the trials reviewed. The review noted the lack of homogeneity amongst 

the trials (Chin et al., 2008). Variation between control groups included no intervention, 

placebo exercise, health education, home visits from health care providers, physiotherapy, 

relaxation and flexibility programmes, and telephone based health information services 

(Chin et al., 2008). Self-reported measures of functional status such as activity of daily 

living scales were included, as well as objective measures in the Short Physical 

Performance Battery. The review did not produce an effect size through a meta-analysis. 

However, it concluded that older adults of various ability levels that participate in physical 

exercise can increase their functional status (Chin et al., 2008). The majority of the trials 

included (16/20) found that increased physical activity led to improved functional status. 

The authors suggest that frailty may be a factor in understanding the discrepancies in the 

relationship between physical activity with improved functional status (Chin et al., 2008), 

both in terms of the ability of individuals to engage in certain types of exercise and in the 

gains that are possible for an individual given their level of frailty. More research about 

frailty and physical activity should be conducted to determine if there is a notion of 
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positive stress. Positive stress in the context of exercis induces the physiological stress 

response to build fitness and produce health benefits.  Frail people are thought to be more 

susceptible to environmental stressors and it would be interesting to determine whether 

controlled physical activity could increase the ability of frail people to respond to 

environmental stressors (Chin et al., 2008). 

2.5.6 Identification, Appraisal, and Summary of Updated and Additional 
Randomised Control Trials for Physical Activity and Functional Status in 
Older Adults 

The search for updated RCTs identified over 100 abstracts. Trials that were included in the 

reviews were removed as duplicates (n=33). Trials that focused on specific subpopulations 

(i.e., at risk for re-hospitalisation, osteoarthritis, dementia, recovering from surgery, 

Alzheimer’s disease, fallers, pain groups, cancer groups, assisted living) were excluded 

(n=45). Trials that did not match the study question were also excluded (n=27). Only two 

RCTs matched the general population criteria, one of which was previously identified in 

the depression section (Kerse et al., 2010; Teri et al., 2011). 

Teri et al. (2011) assessed the efficacy of a physical activity programme for improving 

function and quality of life.. The trial was of high methodological quality, scoring a 25/25 

on the CONSORT quality assessment checklist. On average, participants’ (n=273) were 

aged 79.2 years and 62% were women.  Participants were randomly assigned to one of four 

conditions (physical activity, health promotion, combined physical activity and health 

promotion, and routine medical care). The physical activity intervention included a warm 

up, progressive resistance training, walking at a moderate intensity, and a cool down 

including flexibility stretching. Walking occurred on three to five days per week for at 

least 30 minutes while strength training occurred on three days per week. Along with the 

physical activity classes, information was given on practical implications of the exercise, 

adapting to exercise, and ways to enjoy exercise. The outcome measure for health related 

quality of life and function was the Short Form 36. At 18 months, the physical activity 

group and physical activity plus health promotion had significantly higher health related 

quality of life (2.9, 95% CI = 0.9-4.9)( p < 0.001) and physical function (3.0, 95% CI = 

1.4-4.7) (p = 0.005) than the other groups (health promotion, usual care). The study 

concluded that there was no significant difference between the physical activity group and 

the physical activity plus health promotion group suggesting that physical activity 

participation was the key difference.  



	 33

The trial described previously by Kerse et al. (2010) determined the physical function 

decline in both a home based physical activity group and a control group that included a 

home social visit (F = 6.19, p < 0.05).  However, there was no significant difference 

between the levels of decline between the control and intervention group (F = 0.00, p = 

0.997).   

2.5.7 Discussion of Physical Activity and Function through Activities of Daily Living 

Overall, physical activity, particularly exercise that included a strength training 

component, improved functional status. Positive impact was strongest for older adults who 

were not considered frail. Measures of physical function assessed as physical performance 

showed a stronger response to exercise than self-reported measures. However, including 

subjective measures was seen as desirable in all reviews as they provided more information 

about areas of level and areas of function or limitation for older people. Exercise sessions 

mostly included a strength or resistance component which occurred at least twice, but most 

commonly three times, per week for between 20 and 60 minutes and the intensities varied 

but were mostly unreported.  

There were several limiting factors in this review. Including reviews with frail populations 

allowed for a higher number of reviews to be reviewed. Still, there is still much to 

understand about categorising and pooling the data concerning this group. Frailty is a 

complex state that incorporates a combination of factors leaving one vulnerable to 

environmental stressors (Lally & Crome, 2007) and physical exertion does place temporary 

stress on the body. It is not clear how exercise impacts on the varying stressors on the frail 

older adult and at which points frailty can be improved. The issue of frailty, while outside 

of the scope of this thesis, is an important area of study when dealing with older people, 

especially those in advanced age. At present there are conflicting views about the diagnosis 

of frailty, and it seems to be an umbrella term for mental or physical declines (Lally & 

Crome, 2007). The lack of understanding about the baseline heterogeneity of health status 

of the populations leads to a difficulty in determining the optimal exercise prescription for 

improving functional status. Aside from frailty, further limitation included the 

heterogeneity of the trials included in the reviews. 

An issue raised in all of the reviews was the need for consistency in the operisational use 

of defining terminology (frailty, old age), baseline samples, and measures in physical 

activity and function research. An important component of describing functional status is 
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measuring activities of daily living which are a self-reported set of responses about 

activities that people do in maintaining daily independence and are not based on observing 

a person perform the activities. ADL measures may not be sensitive enough to detect 

improvements as the self-reported response measures in ADL measures are limited to a 

few broad responses that do not detect exactly how much independence/assistance is 

involved in activities of daily living. The responses range from “I cannot do the activity” to 

“I need assistance with an activity” or “I can do the activity on my own/on my own with 

difficulty”. The difference between doing an activity on one’s own versus doing an activity 

on one’s own with difficulty could be quite distinct and could miss the opportunity to 

diagnose a person who is on the edge of function loss. However, activities of daily living 

are arguably the most important activity set for older adults to maintain independence and 

overall wellbeing (Chin et al., 2008; Gu & Conn, 2008). This is an area that has received 

much attention and debate in this field.  Further research is needed to identify which 

specific physical performance measures best capture specific activities of daily living 

(functional status) performance.  There is a need to identify measures are most effective  at 

detecting true changes in functional ability that indicate the loss of ability to maintain 

independent living (Gu & Conn, 2008; Peel, Bartlett, & McClure, 2004). 

One review asserted that exercise programmes for older adults are not intense enough to 

lead to functional improvement, partly because people underestimate their current physical 

performance and in part because of current beliefs about older adults’ physical tolerance 

for exercise programmes (Chin et al., 2008; Lazowski et al., 1999). These beliefs include 

both the fear of pain or injury as well as the lack of confidence or a sense of self-efficacy 

in performing physical activity. A separate review noted that adverse outcomes occurred in 

23 of the 33 reviewed trials, and while the incidence of adverse outcomes was low, there 

were reports of increased blood pressure, dizziness, muscle pain, joint pain, back pain, 

falls, and discontinuation in the study due to illness or hospitalisation (Liu & Latham, 

2010). Perhaps participants and exercise programme leaders need more information on the 

actual risks of participating in exercise programmes to encourage full participation and 

diminish fear associated with such risks. Perhaps this is another reason why establishing an 

appropriate intensity level has been difficult for exercise coordinators.  

Overall, exercise participation was associated with an increase in objective and 

observational physical performance measures, while self-reported measures of functional 

status through ADLs found mixed results. However, studies that included the self-reported 
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measures of ADL including the physical performance portions of the SF-12 or SF-36 

reported an increase in quality of life outcomes. While this may not reflect a change in 

functional status, there is a great value in increased quality of life and perhaps the 

methodological measurement issues raised in these reviews shows the need for using both 

types of measures in trials involving functional status.  

2.5.8 Physical Activity and Health Related Quality of Life in Older Adults 

The final section of this literature review is focused on the relationship between physical 

activity and health related quality of life in older adults. Only one systematic review was 

found that included adults aged 65 and older, who represented a general population of 

older people.  Exclusion criteria included those undergoing treatments for major medical 

procedures and those with mental illness, such as depression and dementia (Windle et al., 

2010). All types of exercise interventions were included, such as aerobic, strength training, 

balance, flexibility, and mind body exercises. The control and comparison groups for 

interventions included health education programmes and, in some cases, an invitation to 

participate in exercise. The search yielded 13 randomised controlled trials that examined 

the relationship between physical activity and exercise on mental wellbeing in older age. 

Mental wellbeing was not defined in terms of depression but was measured with items that 

were thought to describe quality of life, satisfaction with life, and self-esteem, specifically 

including the SF-36 health related quality of life measure (Ware Jr et al., 1996). Studies 

that were thought to be too low quality were excluded from the review; in this case, 23 

papers were determined by the review team to be not of high enough quality for inclusion 

(Windle et al., 2010). 

Four of the larger trials (n=909) were comparable and a meta-analysis was conducted. 

There was an overall significant improvement in mental health related quality of life due to 

the effect of exercise (SES = 0.27;(95% CI = 0.14-0.40) when measured by the SF-36 total 

score (Windle et al., 2010). The review concluded that, for a significant increase in quality 

of life scores to occur, at least two sessions of light to moderate activity should be 

undertaken weekly at a minimum. Particular types of exercise were not differentiated for 

their level of efficacy, and no further information on duration of activity was possible.  
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2.5.9 Additional and Updated Trials on Physical Activity and Health Related 
Quality of Life in Older Adults 

Three randomised controlled trials were identified in the literature search, each of which 

was identified in the previous sections for depression and functional status (Justine & 

Hamid, 2010; Kerse et al., 2010; Teri et al., 2011). Quality of life was not a main outcome 

for any of these trials, but was rather a secondary outcome.  

The first trial is by Justine and Hamid (2010) who researched a multi-component exercise 

programme for relieving depression and looked at quality of life through measures of life 

satisfaction using the Cantril’s Self Anchoring Scale. The trial was of high quality. Though 

it was a small sample size (n=43), the exercise intervention group (n=23) had significant 

improvements in quality of life scores 11.26, (p < 0.05) compared to the control group 

(continued sedentary lifestyle) after 12 weeks.  

The second trial was already identified in the prior search about functional status, where 

Teri and colleagues (2011) compared the efficacy of a physical activity programme to that 

of health promotion classes, combined physical activity and health promotion, and routine 

medical care, for improving function and quality of life. The trial was of high 

methodological quality, scoring a 25/25 on the CONSORT quality assessment checklist. 

Participants (n=273) mean age was 79.2 years and 62% were women. The exercise 

intervention group had significantly higher quality of life scores after 18 months compared 

to the control groups.  

Finally, the trial by Kerse et al. (2010) aimed to assess the effectiveness of a home based 

physical activity intervention on improving functional status in older adults with 

depressive symptoms (n=193). The health related quality of life measure used was the SF-

36. Individuals in the intervention group and control groups (social visit without activity 

programming) had improvements in health related quality of life.  

2.5.10 Discussion of Health Related Quality of Life 

Overall, physical activity was associated with an increase in quality of life scores. The 

review included many trials assessing lower intensity activities. It seems that engaging in 

any type activity for at least 30 minutes at least three days per week should lead to 

improved sense of quality of life; again, intensity was not reported. However,  some 

studies found inconclusive or non-significant results. The overall conclusion was that there 
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was a positive relationship between physical activity levels and health related quality of 

life. Positive effects for group-based activities on health related quality of life were 

consistent, perhaps again because the social interaction was responsible for or cofounded 

the positive findings. Kerse’s trial suggested that activity was no better than social contact 

in improving QoL (Kerse et al., 2008).  

There were several limitations on conducting the critical appraisal of reviews on physical 

activity and health related quality of life in older adults. There have been several reviews 

of health related quality of life in older adults: unfortunately, only one of them included 

randomised controlled trials. While the review in this section targeted randomised 

controlled trials, it also included some interventions that were not randomised. 

Furthermore, searching for terms of health related quality of life or quality of life required 

using several other terms, such as well-being, mood, and life satisfaction, which are not 

necessarily synonymous concepts. In the future, terminology for health related quality of 

life may become more streamlined so that comparisons can be made more easily.  

Several studies included quality of life measures as their secondary measures, while the 

goal of increased quality of life is noted as a paramount agenda for ageing and health 

research. Perhaps it is difficult for researchers to conduct research focusing on health 

related quality of life measures because the measures alone do not give enough objective 

points of health variation. Possibly it is because the measures of quality of life are often 

self-reported or subjective measures and are thought to need an objective measure to 

validate the study. It is interesting to note that while papers specifically focusing on this 

population were scarce, many of the papers focusing on other health outcomes mentioned 

quality of life as an important health outcome for exercise interventions.  

Only one paper  did not highlight the importance of quality of life as a health outcome for 

this age group (Chin et al., 2008). In contrast, other papers stated that some of the main 

objectives for the care of older adults are increasing independence, preventing functional 

decline, and increasing health related quality of life (Bierman, 2001; Gu & Conn, 2008). 

Another review looking at the main outcome of depression stated, “Studies have shown 

that increasing physical activity in older age is important due to the range of associated 

health benefits such as improving balance, strength and gait endurance and may positively 

affect quality of life and depression for older people also” (Blake et al., 2009).  
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Another review with a focus on depression outcomes noted other benefits of regular 

exercise including reduced costs for health care, fewer falls and subsequent injury, 

maintenance and refinement of social skills, greater agility, improved gait and grip 

strength, increased self-esteem and confidence, extended life, a more active life style, 

greater independence, lower rates of depression, and thus an improved quality of life (Cox, 

2007). Another review with the main outcome of depression concluded that the 

physiological and somatic benefits of exercise should lead to a higher quality of life 

(Sjösten & Kivelä, 2006). One review focused on functional status and did not aim to study 

HRQL; however, they included HRQL physical components of the SF-12/SF-36 as 

outcome measures (Liu & Latham, 2010). Health related quality of life is often grouped in 

with several other good outcomes despite the actual lack of focus on it as a primary 

variable of investigation. Perhaps this is because the culmination of several health 

attributes often grouped in with this term are what comprise health related quality of life.  

With so much mention of the terms and measures of quality of life and health related 

quality of life, it is interesting that only one systematic review was identified through the 

search criteria. Perhaps the stringency of the search criteria excluded too many papers, or 

perhaps the broadness of the term, its operational definitions, and its subjective nature 

leave it to be an area of mixed concepts which deserves further focus and inquiry beyond 

the scope of this thesis. At any rate, health related quality of life continues to be an 

important outcome for older people. 

2.5.11 Interrelatedness of Health Outcomes in the Reviews 

Several reviews noted the interrelationship between several outcomes, all of which 

appeared responsive to exercise intervention. Many studies on depression note the negative 

impact that depression has on quality of life or health related quality of life, without 

expanding on the implications of reduced quality of life (Blake et al., 2009; Cox, 2007; 

Moraes et al., 2007; Sjösten & Kivelä, 2006; Windle et al., 2010). Mental and physical 

illnesses (diagnoses that would include depression or diseases that reduce function or 

mobility) are often associated with concepts of wellbeing or quality of life (Windle et al., 

2010). There seems to be an inter-relationship between the health outcomes gained from 

physical activity as they are discussed in many reviews though they are not necessarily the 

focus.  For example, gains in functional status may improve quality of life, or improved 

quality of life may mean fewer depressive symptoms (Blake et al., 2009; Sjösten & Kivelä, 

2006; Windle et al., 2010). Determining the exact mechanisms of exercise that affect these 
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health outcomes is important. Whether these outcomes are reciprocal, mutually 

reinforcing, or coincidental, the direction of these relationships should be examined 

further.  

2.5.12 Lack of Literature on the Oldest Old 

In all the reviews and randomised controlled trials identified in the critical appraisal, the 

inclusion of older adults within all older age categories was noted. However, there is 

largely a lack of data and literature pertaining to older old and oldest old age groups 

specifically. Not one of the randomised controlled trials included in any of the reviews 

focused only on the oldest old. There is a large gap in the literature on this subset of the 

older adult population. Perhaps it is difficult to develop and conduct exercise interventions 

for the oldest old. This could be a result of several factors including the attitudes and 

beliefs of very old people and researchers (Mangin, Sweeney, & Heath, 2007). It could 

also be because there is a lack of information available on developing exercise 

interventions for those in advanced age. Studies examining the current physical activity 

patterns and exercise behaviours of those in advanced age could be useful in developing 

interventions to increase physical activity.  

2.5.13 Exercise Recommendations 

Various types of exercise were considered in these reviews; walking, tai-chi, strength 

training, aerobics, dancing, balance/flexibility, yoga, etc. None of the reviews identified 

any type of activity as ineffective at producing positive health outcomes. A review on 

functional status noted the need for strength training to perform functional movements (Liu 

& Latham, 2010). Another review on functional status noted several other types of 

activities (such as walking, balance, tai chi, and strength training) as effective methods of 

improving functional status (Chin et al., 2008). A review on depression noted walking and 

aerobic exercise as important forms of exercise for relieving depression (Moraes et al., 

2007). 

Only three reviews touched on dose response recommendations (Liu & Latham, 2010; 

Moraes et al., 2007; Windle et al., 2010). One review on depression noted that higher 

intensity exercise was most effective in relieving major depressive symptoms (Moraes et 

al., 2007). While one review noted that people should participate in exercise at least 2–3 

times per week at moderate intensity for about 45 minutes each session (Liu & Latham, 

2010), another noted that exercise should be performed 2–4 times per week for at least 20 
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minutes at moderate intensity and that strength or resistance training should occur at least 

twice a week (Moraes et al., 2007). A third suggestion is that at least two light to moderate 

sessions lasting 45 minutes each week should be effective in reducing depression (Windle 

et al., 2010). Particular types of exercise were not specified in any of the conclusions 

offering specific dose responses (Liu & Latham, 2010; Moraes et al., 2007; Windle et al., 

2010). Two reviews noted that some combination of aerobic and strength training should 

be employed but could not recommend a specific regimen (Blake et al., 2009; Frazer et al., 

2005). Over half  the reviews (5/9) concluded that more information was needed on the 

dose necessary to bring about positive outcomes (Chin et al., 2008; Cox, 2007; Gu & 

Conn, 2008; Sjösten & Kivelä, 2006). 

Most of the reviews did not record adverse outcomes related to the physical activity 

interventions. This is important information, as those that did note adverse outcomes 

reported that while they did occur, they were generally rare and the most common adverse 

side-effect was muscle or joint pain. Other side-effects noted were raised blood pressure, 

falls, back pain, and dizziness. (Liu & Latham, 2010). Furthermore, the fear of muscle and 

joint pain, fear of falling, and fear of exertion were noted as negative attitudes towards 

beginning a physical activity programme (Liu & Latham, 2010). This is an issue that 

should continue to be explored, as it is unlikely that physical activity programmes will be 

accepted when the risks (or minor side-effects) are not well understood nor widely 

documented.  

 Conclusions 2.6

Physical activity in the form of exercise participation has  positive relationships with health 

related quality of life, functional status, and an inverse relationship to depression outcomes 

for older adults (Blake et al., 2009; Chin et al., 2008; Cox, 2007; Gu & Conn, 2008; Liu & 

Latham, 2010; Moraes et al., 2007; Sjösten & Kivelä, 2006; Windle et al., 2010). More 

research is needed to further explore the specific aspects of each physical activity 

programme and its relationship to these health outcomes to determine pivotal factors 

influenced by various types of activities. More research is also needed to establish more 

conclusive research on the dose response necessary to achieve positive health outcomes.  
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Table 2–3. Content of Reviews 

Author(s) Review Population Study Design 
(n included)  

Intervention Outcome Measure  Results 

Blake et al., 
2009 

60+ adults with 
depression or 
depressive 
symptoms 

11 RCTs & quasi 
experimental 
studies 
(n=641) 

Physical activity, 
walking, aerobics, 
strength training, Tai 
chi, Qigong, weight-
bearing exercise 

Hamilton Rating Scale 
for Depression, 
Geriatric Depression 
Scale (GDS), Center 
for Epidemiological 
Studies Depression 
Scales (CES-D), 
Hopkins Syndrome 
Checklist, Beck 
Depression Inventory 

Significant positive findings for acute effects of 
exercise, over half of studies reported a positive 
association in mid-term (3–12 months) evaluation 
and there was not enough evaluation of long term 
effects to make a conclusion on long term 
effectiveness of PA on depression. 
More studies are needed on long term effects of 
exercise for older people.  

Cox, 2007 50+ age criteria, no 
English speaking 

Meta-analysis of 
randomised 
control studies 
(26 trials) (n=not 
reported) 

“structured physical 
exercise” 

GDS, Hamilton Scale Exercise is shown to have a causal relationship in 
the reduction of depression among older adults.  

Frazer et al., 
2005 

60+ people who 
reported major 
depression or high 
level of depressive 
symptoms, could be 
clinical or non 
clinical settings 

Systematic 
review on 
intervention 
studies, RCTs, 
meta analyses, 
primary research 
articles, “other 
studies” not 
necessarily 
defined (n=not 
reported) 

Various interventions 
used for depression 
(medication, therapies, 
lifestyle changes incl. 
exercise, alternative 
therapies) 

GDS, self-reported or 
clinically reported 

Exercise was not the most effective intervention 
overall but it was effective aside from medication 
and therapy As for exercise types, regular moderate 
exercise was found to have the greatest effect in 
reversing and lowering the symptoms of depression. 
This study also noted that the benefits of exercise 
might only exist as long as the activity is ongoing. 
“there is some evidence that exercise improves 
mood and reduced depressive symptoms in older 
people” (p.630) 

Gu et al., 2008 65+ All functional 
statuses were 
included 
morbidities were not 
screened out or 
targeted for 
inclusion or 
exclusion 

Meta-analysis of 
RCTs of 
Exercise 
Intervention 
Trials  
RCTs = 19 
(n=2201) 

All types of exercise, 
any intervention coupled 
with other treatment, or 
lifestyle changes were 
excluded 

Functional status by 
ADL or IADL 

All forms of exercise were positively associated 
with functional status, though strength training on 
its own may need to be combined with other forms 
of physical activity to have significant gains in 
functional status. 
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Author(s) Review Population Study Design 
(n included)  

Intervention Outcome Measure  Results 

Liu & Latham 
2010 

Adults over 65 Systematic 
reviews of RCTs 
33 trials 
(n=2172)  

Progressive resistance 
strength training only 

Functional status, 
ADL, and SF-36 

Regular PRT leads to a reduction in disability and 
an increase in physical function. PRT should occur 
at least 2-3 times per week. Exercise should begin 
slow and progress slowly amongst this age group 
and increased blood pressure and sore muscles and 
joints are risk factors in this type of training. 
Medical supervision is recommended before 
beginning a PA regimen and continued physicals to 
monitor. Support in programmes, such as group-led 
or with a trainer, lead to better results, versus home 
exercise on one’s own 

Moraes et al., 
2007 

Adults over 50 
 

Systematic 
review of 
longitudinal, 
narrative, some 
RCTs, other 
systematic 
reviews 
(22 interventions 
studies, 8 cross 
sectional) (n=not 
reported) 

Flexibility, aerobic, 
resistance, leisure, 
recreational sport, 
training at gym, 
program, dancing, 
walking, strength 
training 

Various measures of 
depression, depressive 
symptoms 

Physical activity is related positively to the 
reduction of depression. Higher intensity gave 
higher results, but low intensity exercise still 
showed improvement. Also more frequent exercise 
showed improvements in depressive symptoms. 
Walking and running are the best treatments for 
severe depression. Has shown preventative 
measures in depression and depressive symptoms in 
older people.  

Paw et al., 
2008 

“Frail older adults” 
did not necessarily 
have to be frail, 
could be at risk for 
frailty, whereas 
frailty is mentioned, 
community dwelling 
or residential care, 
co-morbidities not 
avoided as selection 
criteria, age limits 
not specified, more 
of a criteria based on 
frailty defined as 
older adults 

Systematic 
review of RCTs  
20 studies 
23 trials  
(n=not reported) 

No exercise, inactive, no 
exercise control groups, 
and those engaged in 
light activities, a variety 
of activities, walking, 
strength training, 
balance, recreational 
therapy, functional 
training, flexibility, 
yoga, tai chi, basically 
all types of activity 
interventions (home 
based, centre based ) 

Functional 
performance measures 

Overall older adults can improve their functional 
status no matter what their physical activity level or 
current ability. Improvement is likely in all types of 
people. More studies, with larger sample sizes, are 
needed on the various types of PA interventions, 
and current studies need to be reproduced for 
reliability. Standard definitions would be helpful in 
search strategies and in comparative reviews. Small 
numbers of each kind (home vs. facility) (balance 
vs. multi-component), not enough reproduced 
results  
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Author(s) Review Population Study Design 
(n included)  

Intervention Outcome Measure  Results 

Sjösten & 
Kivelä, 2006 

Over 60, depressed 
or non depressed, 
those defined as 
depressed had to be 
clinically diagnosed 
by APA, WHO, 
DSM  

Systematic 
reviews of 13 
RCTs  
(n=not reported) 

Any type of exercise 
included 

Clinical depression 
measures as well as 
symptoms of 
depression amongst 
those who were 
already depressed. 
Self and therapist, 
clinical, rated levels of 
depression 
(GDS, BDI, HRSD, 
CES-D, MAN-D, 
ZSDZ) 

Those who were depressed had more significant 
gains from physical activity /exercise. All studies 
targeting depressed groups had a positive 
association. Only those targeting non depressed 
produced negative results. Exercise provides short 
term benefits as long as the activity is ongoing, once 
the activity has stopped it is likely the benefits will 
stop as well. More research is needed on various 
sub groups, levels, and symptomologies of 
depression. Fitness level was not as important as 
engaging in activity as mediator.  

Windle et al., 
2010 

Adults over 65 Systematic 
review of 13 
RCTs, studies 
with control 
groups, or 
qualitative 
designs (n=not 
reported)  

Community based 
walking and exercise 
programmes  

Mental wellbeing 
scores, not just 
depression, SF-12, SF-
36 

Meta-analysis results showed positive relationship 
between physical activity/exercise and mental 
wellbeing. Not conclusive on types, frequency, or 
duration. At least 2x a week of light to moderate @ 
45 minutes minimum. Frailty or non frailty 
included. Group based approaches led by trainers 
seemed to have most effect. Again, acute exercise is 
only studied and long term exercise should be 
researched – perhaps a longitudinal approach.  
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 Chapter 2 Appendices  2.7

 Appendix 2.1: AMSTAR Critical Appraisal Checklist 2.8

1. Was an 'a priori' design provided? The research question and inclusion criteria 
should be established before the conduct of the review. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

2. Was there duplicate study selection and data extraction? There should be at 
least two independent data extractors and a consensus procedure for disagreements 
should be in place. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

3. Was a comprehensive literature search performed? At least two electronic 
sources should be searched. The report must include years and databases used (e.g. 
Central, EMBASE, and MEDLINE). Key words and/or MESH terms must be stated 
and where feasible the search strategy should be provided. All searches should be 
supplemented by consulting current contents, reviews, textbooks, specialized 
registers, or experts in the particular field of study, and by reviewing the references in 
the studies found. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

4. Was the status of publication (i.e. grey literature) used as an inclusion 
criterion? The authors should state that they searched for reports regardless of their 
publication type. The authors should state whether or not they excluded any reports 
(from the systematic review), based on their publication status, language etc. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

5. Was a list of studies (included and excluded) provided? A list of included and 
excluded studies should be provided. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

6. Were the characteristics of the included studies provided? In an aggregated 
form such as a table, data from the original studies should be provided on the 
participants, interventions and outcomes. The ranges of characteristics in all the 
studies analysed e.g. age, race, sex, relevant socioeconomic data, disease status, 
duration, severity, or other diseases should be reported. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

7. Was the scientific quality of the included studies assessed and documented? A 
priori' methods of assessment should be provided (e.g., for effectiveness studies if the 
author(s) chose to include only randomized, double-blind, placebo controlled studies, 
or allocation concealment as inclusion criteria); for other types of studies alternative 
items will be relevant. 

□ Yes□ No 
□ Can't answer 
□ Not applicable 

8. Was the scientific quality of the included studies used appropriately in 
formulating conclusions? The results of the methodological rigor and scientific 
quality should be considered in the analysis and the conclusions of the review, and 
explicitly stated in formulating recommendations. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

9. Were the methods used to combine the findings of studies appropriate? For the 
pooled results, a test should be done to ensure the studies were combinable, to assess 
their homogeneity (i.e. Chi-squared test for homogeneity, I2). If heterogeneity exists a 
random effects model should be used and/or the clinical appropriateness of 
combining should be taken into consideration (i.e. is it sensible to combine?). 

□ Yes□ No 
□ Can't answer 
□ Not applicable 

10. Was the likelihood of publication bias assessed? An assessment of publication 
bias should include a combination of graphical aids (e.g., funnel plot, other available 
tests) and/or statistical tests (e.g., Egger regression test). 

□ Yes □ No 
□ Can't answer 
□ Not applicable 

11. Was the conflict of interest included? Potential sources of support should be 
clearly acknowledged in both the systematic review and the included studies. 

□ Yes □ No 
□ Can't answer 
□ Not applicable 
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 Appendix 2.2: Consort Checklist  2.9

Checklist of information to include when reporting a randomised trial* 

Section/Topic Item  Checklist item Reported on page 22 

Title and abstract   

 1a Identification as a randomised trial in the title    

1b 
Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for 
abstracts) 

   

Introduction   

Background and 
objectives 

2a Scientific background and explanation of rationale    

2b Specific objectives or hypotheses    

Methods   

Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio    

3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons    

Participants 4a Eligibility criteria for participants    

4b Settings and locations where the data were collected    

Interventions 
5 

The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered 

   

Outcomes 
6a 

Completely defined pre-specified primary and secondary outcome measures, including how and when they were 
assessed 

   

6b Any changes to trial outcomes after the trial commenced, with reasons    

Sample size 7a How sample size was determined    

7b When applicable, explanation of any interim analyses and stopping guidelines    

Randomisation:      

Sequence generation 8a Method used to generate the random allocation sequence    

8b Type of randomisation; details of any restriction (such as blocking and block size)    

Allocation 
concealment 
mechanism 

9 
Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned 

 
 

 

Implementation 
10 

Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions 
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Section/Topic Item  Checklist item Reported on page 22 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 
assessing outcomes) and how 

   

11b If relevant, description of the similarity of interventions    

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes    

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses    

Results   

Participant flow (a 
diagram is strongly 
recommended) 

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and were 
analysed for the primary outcome 

   

13b For each group, losses and exclusions after randomisation, together with reasons    

Recruitment 14a Dates defining the periods of recruitment and follow-up    

14b Why the trial ended or was stopped    

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group    

Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was by 
original assigned groups 

   

Outcomes and 
estimation 

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its precision 
(such as 95% confidence interval) 

   

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended    

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory 

   

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)    

Discussion   

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses    

Generalisability 21 Generalisability (external validity, applicability) of the trial findings    

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence    

Other information    

Registration 23 Registration number and name of trial registry    

Protocol 24 Where the full trial protocol can be accessed, if available    

Funding 25 Sources of funding and other support (such as supply of drugs), role of funders    

 



47 

Chapter 3: The Relationship of Physical Activity to Health 
Outcomes in Those of Advanced Age 

 Introduction 3.1

Chapter 2 demonstrated that exercise intervention improves important health outcomes for 

older people. However, findings were mixed and inconclusive , which was likely due to the 

lack of homogeneity in sample groups and study design. Furthermore, previous research 

highlighed in Chapter 2 focused on exercise-based interventions, however exercise is a 

subset of physical activity. Older New Zealanders have the lowest rates of overall physical 

activity (which includes exercise participation) than any other age group in a recent census 

(SPARC, 2007/2008). Focusing on overall physical activity levels, including activity 

derived from household, occupational, and leisure activities, could provide more useful 

information about understanding and increasing levels of physical activity in older people. 

Also focusing on other sources of heterogeneity in samples, such as gender and ethnicity, 

could address the issues of variance in findings. Furthermore, the reviews were focused 

mainly on the population aged 60 and over; this does not give us sufficient information 

about these relationships in advanced age. Thus, the opportunity offered by the LiLACS 

NZ cohort study was taken to examine relationships in detail for those in advanced age.  

 Background 3.2

As discussed in Chapters 1 and 2, New Zealand, like other developed nations, is 

experiencing the phenomenon of population ageing. The number of people living to old 

age is increasing, while birth and death rates are declining, so that older adults now 

comprise a higher percentage of the total population than ever before (Cornwall, 2004). In 

particular, a group known as the oldest old (individuals over age 80) or those in advanced 

age are the fastest growing segment of the population. While these statistics mark an 

achievement in advances in medical science, economic stability and prosperity of ageing 

nations, they also reflect the changing needs of the population with a greater health burden 

associated with the very old. Older people also differ from other population groups in 

terms of their economic and health status, living arrangements, societal roles, and their 

basic needs (Cox, 2007). Therefore, determining a strategy for successful population 

ageing has become paramount for policy and planning in such nations (Cornwall, 2004). 
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Because of this age group’s consumption of health care resources and the related economic 

costs, modifiable risk factors for age related morbidity have become of particular interest. 

Behavioural health factors such as nutrition, physical activity, sleep patterns, and social 

activity are examples of some factors that have been targeted in recommendations for 

successful ageing (Nelson et al., 2007). Nations such as New Zealand and global 

organisations like the World Health Organization have developed strategies and 

recommendations for successful ageing based on research carried out on populations of 

older adults aged 60 and over, including guidelines for recommended levels of physical 

activity for successful ageing ([WHO], 2009; NZMOH, 2013). However, as age increases, 

so does the variability of health status; the population characteristics of persons 80 and 

older are different from those 60 and older (Walter & Covinsky, 2001). While it is likely 

that existing recommendations for the younger old have relevance for the oldest old, there 

is little evidence about the effectiveness of these on health outcomes in the oldest old. The 

fact is that there is a need for more information about advanced age people.  

As mentioned above, other factors of demography  should be explored. For example, 

analysing men and women together could be a source of variance causing mixed results. It 

is known that there are differences between physical activity participation in younger old 

by gender and ethnicity (Shepard, 2002; Kolt, 2004; SPARC, 2008). Yet, several of the 

reviews in Chapter 2 included trials that grouped men and women together. These sources 

of variance could be eliminated by analysing the differences in physical activity levels and 

behaviours by gender and ethnicity.  

 Aim 3.3

The aim of this study was to establish the relationship between physical activity and key 

health outcomes for the oldest old and to contribute to the gaps in literature on physical 

activity and health outcomes for the oldest old in New Zealand. Study 1 determined the 

relationship between physical activity and depression, functional status, and mental and 

physical health related quality of life in people of advanced age. This study sought to 

analyse sample groups by gender and ethnicity so that results would be appropriate to each 

population. Also, because older people attain most of their daily activity through incidental 

activities, this study focused on overall physical activity, not just exercise.  
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 Methods 3.4

3.4.1 Study Design 

A longitudinal cohort study commenced in 2010 by a group of researchers (including the 

candidate) in New Zealand with a focus on the health of adults living in advanced age. 

LiLACS NZ (Te Puāwaitanga o Ngā Tapuwae Kia Ora Tonu Life and Living in Advanced 

Age: A Cohort Study – New Zealand) (Hayman et al., 2012) is planned to continue for five 

years. Along with a broad range of health measures, the candidate sought to include 

instruments for depression, health related quality of life, functional status, and physical 

activity levels in the baseline questionnaire. Baseline data from LiLACS NZ were analysed 

to determine the relationship of the levels of physical activity assessed by the responses on 

the Physical Activity Scale for the Elderly (PASE) questionnaire and the relationship to the 

target health outcomes (mental and physical health related quality of life, depression, and 

functional status).  

3.4.2 Target Population 

New Zealand Māori (indigenous) aged 80–90 years (born between January 1, 1920 and 

December 31, 1930) and those who were non-Māori aged 85 years (born January 1, 1925–

December 31, 1925) and lived in the defined geographic boundary were eligible for this 

study. LiLACS NZ participants who completed the full baseline interview were eligible for 

inclusion in this study (Appendix A).  

3.4.3 Recruitment 

The recruitment area spanned the District Health Board (DHB) boundaries for the Lakes 

DHB (excluding the Taupo area) and the Bay of Plenty DHB, thus Tauranga, Opotiki, 

Whakatane, and Rotorua and regions were included. An exhaustive sample was attempted. 

Exclusion criteria included age other than stated, living outside of the recruitment area, and 

participants who did not complete a full interview. Individuals who were cognitively 

impaired were able to participate through the proxy consent of their relatives and/or legal 

guardians. Participants were recruited through the electoral roll, Primary Health 

Organisations, General Practitioners, Hauora, local participating iwi, local networks, and 

word of mouth. Participants were recruited simultaneously throughout the Bay of Plenty 

region over a period of 12 months. All potential participants were given detailed 

information about the study and had time (at least one month prior to participation) to think 
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about being involved. Participant recruitment and elibility based upon completing the full 

interviewing including the PASE are presented in (Figure 3-1). 

 

Figure 3-1 Recruitment and Sampling for Physical Activity and Health Outcome Analysis: LILACS 
NZ 

3.4.4 Study Protocol 

Once participants agreed to participate in the study, they were given information on the 

study and what would be involved during their participation, including the risks and 

benefits. Individuals who read and understood the study information sheet were asked to 

give written consent (Appendix B-C). Where a participant had cognitive impairment, a 

proxy (primarily next of kin) was asked to give written consent and be present during all 

interactions. Identification numbers were assigned to participants to protect their personal 

information. Individuals who consented to participate in the interview were given the 

option of completing the interview in one or two visits due to the lengthy questionnaire and 

possibility of fatigue. Individuals were given the option of coming to a research centre or 

having an interview at home. Interviews were conducted face to face by a trained research 

interviewer (including the candidate). Trained interviewers completed the interviews using 

standardised procedures. The interviews lasted from two to four hours. Participants were 

given the option to opt out of any question they did not want to answer or to withdraw 
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from the study at any time. Participants were given the option of having their interview 

questionnaire mailed back to them.  

Kaupapa Māori methods were employed to engage and recruit participants from the Māori 

community (Dyall, Kerse, Hayman, & Keeling, 2011). In research, Kaupapa methodology 

refers to Māori research for and by Māori people that takes on a Māori perspective or 

worldview. The Kaitiaki group was formed, comprised of Kāumatua and Kūia leaders in 

the Māori communities participating in the study. This group assisted the research team in 

starting the communication between the research team and the communities. With the help 

of the Kaitiaki group, the quantitative questionnaire was translated into Te Reo Māori. The 

group also ensured that all practices and procedures undertaken in the study were given 

consideration as to the cultural and ethical values (Tikanga) of Māori (Dyall et al., 2011). 

This was in addition to the ethical approval by the Upper South A Regional Ethics 

Committee (URA/10/08/063) for the study and the assignment of the University of 

Auckland cultural mentor to the project.  

3.4.5 Measures 

3.4.5.1 Demographic Measures  

Participants were asked to self-report their gender and ethnicity via the questions used in 

the New Zealand census (2006).  

3.4.5.2 Psychosocial Measures  

Although this study focused primarily on the relationship of physical activity to specific 

health outcomes, there was a need to control for the influence of other variables. It is 

recognised that many factors are related to health outcomes for older people. Psychosocial 

factors are key determinants of health and wellbeing (Marmot & Wilkinson, 2009). Several 

salient psychosocial variables were identified from the LiLACS NZ baseline questionnaire 

(Appendix A) for inclusion in this study. These variables are listed below in Table 3-1 with 

the literature used to identify them for inclusion. 
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Table 3-1. Descriptive Data and Regression Model Covariates Included in Study 1  

Variable 
(LiLACS NZ 
Questionnaire 
Item Appendix 
A) 

Question and Source 
(see Appendix A for full 
question and response range) 

Rationale for Including Question 

Gender 
(AA2) 

Gender: Men or Women 
(2006)  

The patterns and impacts of physical activity differs 
based on gender for older adults as well as the health 
outcomes related to physical activity levels 
(Shephard, 2002). 

Ethnicity 
(AB2) 

Which ethnic group(s) do you 
belong to? (2006) 

Health disparities amongst ethnic minorities are 
noted across health research, however one cross-
cultural study found that New Zealand Māori had a 
higher level of disparity than indigenous groups 
living in the United States (Bramley, Hebert, Tuzzio, 
& Chassin, 2005). Also obesity research specific to 
New Zealand has proposed that activity patterns may 
differ amongst different ethnic groups. More 
information on the differences between ethnic 
groups regarding activity levels is required to better 
understand how physical activity, ethnicity, and 
health outcomes may interact (Duncan, Schofield, 
Duncan, Kolt, & Rush, 2004). For analyses to be 
relevant to Māori, sufficient numbers needed to be 
included to establish validity of results within 
ethnicity.  

Living 
Arrangement 
(AA3) 

Who do you live with most of 
the time? 
(2006)  

The living arrangements of older adults are linked to 
a variety of factors such as independence, function, 
depression, falls, access to emergency services, 
nutrition, and social interaction (M. A. Davis, 
Randall, Forthofer, Lee, & Margen, 1985; Mahoney, 
Eisner, Havighurst, Gray, & Palta, 2000; Potts, 
1997).  

Marital Status 
(AF22) 

What is your current marital 
status?(2006)  

Marital status or cohabiting is linked to nutrition, 
depression, levels of physical activity, and other 
health outcomes in older adults (S. L. Brown, 
Bulanda, & Lee, 2005; Pettee et al., 2006).  

Education Level 
(AG3) 

What is your highest education 
level?(2006) 

Education levels have been identified as a predicting 
factor for depression in older adults (Murrell, 
Himmelfarb, & Wright, 1983). Furthermore, there 
are several interacting factors that are related to 
education level such as marital status, social support, 
etc., which all relate to subjective quality of life 
(Ross & Van Willigen, 1997). Access to social 
support may increase function in older adults and 
levels of education amongst them is linked to 
accessing and maintaining social support (Shaw & 
Janevic, 2004).  

Financial Status 
(KA6) 

Thinking of your money 
situation right now, would you 
say... (2006)  

Financial status has been identified as a factor 
related to depression, nutrition, and health related 
quality of life in older adults as well as a factor in 
accessing health information and care (Grundy & 
Holt, 2001; Murrell et al., 1983).  
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Variable 
(LiLACS NZ 
Questionnaire 
Item Appendix 
A) 

Question and Source 
(see Appendix A for full 
question and response range) 

Rationale for Including Question 

Self-reported 
Health  
(BA1) 

In general would you say your 
health is...(Individual item on 
Short Form-12)(Resnick & 
Nahm, 2001; Ware Jr et al., 
1996)  

Subjective wellbeing and health are related to mood, 
depression, and can be a predictor for other 
physiological conditions in older adults (McAuley et 
al., 2006; McAuley & Morris, 2007) 

CVD 
(CB1-CB3;a-j) 

Have you ever been told by a 
doctor that you have had... 
(Created variable based upon 
Cardio Health study)(Fried et 
al., 1991)  
(presence of myocardial 
infarction, stroke, CABG, 
peripheral artery bypass 
grafting, CHF, percutaneous 
coronary intervention, angina, 
intermittent claudication, or 
hospital admission due to CVD 
up to and including the time of 
recruitment) 

Cardiovascular health is linked to physical function, 
mobility, physical activity levels, and psychological 
wellbeing in older adults. Cardiovascular disease is 
one of the leading causes of mortality among older 
adults (Fried et al., 1991; Luke, Dugas, Durazo-
Arvizu, Cao, & Cooper, 2011; R. Schulz et al., 
2000).  

Pain  
(BA6) 

During the past 4 weeks how 
much did pain interfere with 
your normal work including 
inside and outside of the 
house? (Individual item on SF-
12)(Resnick & Nahm, 2001; 
Ware Jr et al., 1996) 
 

There are conflicting reports on whether the 
incidence of pain increases with age, but most 
research agrees that at least 20% of older adults 
experience pain on a regular basis. Pain and the 
perception of pain are strongly associated with 
depressive symptoms in older adults, especially 
those in institutionalised care (Helme & Gibson, 
2001). Functional limitations related to knee, back, 
and shoulder and issues with walking are often 
associated with pain in older adults (Weiner et al., 
2003). The incidence of pain and higher levels of 
pain were associated with lower quality of life in 
older adults according to a systematic review on the 
relationship of physical activity to quality of life in 
older age (Rejeski & Mihalko, 2001).  

Disability 
(BB2) 
 

Do you have a disability or 
handicap that is long term 
(lasting six months or more)? 
(2006) 

Varying studies report that between 20–50% of older 
adults experience some form of physical disability 
which is characterised by a functional limitation 
(Freedman, Martin, & Schoeni, 2002; M. E. Miller, 
Rejeski, Reboussin, Ten Have, & Ettinger, 2000). 
Disability is a risk factor for depression and lower 
quality of life in older adults. The MacArthur 
Studies on Successful Aging found that depression 
was a major risk factor in functional decline 
resulting in disability (Bruce, Seeman, Merrill, & 
Blazer, 1994). There is evidence that sedentary 
behaviour is a risk factor for age related physical 
disability and that physical activity can protect 
individuals from functional decline (Liu & Latham, 
2010).  
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Variable 
(LiLACS NZ 
Questionnaire 
Item Appendix 
A) 

Question and Source 
(see Appendix A for full 
question and response range) 

Rationale for Including Question 

Perception of 
Weight 
(DB3) 

Do you think your weight 
is...(Screen II - Seniors in the 
Community: Risk Evaluation 
for Eating and Nutrition) 
(Keller, Goy, & Kane, 2005)  

In older adult populations being both over- and 
underweight can lead to reduced physical function, 
excessive weight gain can lead to reduced mobility, 
while unintentional weight loss and being 
underweight can lead to frailty which can lead to a 
state of disability (Fried et al., 2001).  

Visual 
Impairment 
(GB3) 

Does your eyesight interfere 
with normal day to day 
functioning? (The question was 
adapted from the VF-14 Index 
of Visual Impairment) 
(Cassard et al., 1995)  

Visual impairment can hinder independence in older 
adults and is associated with the presence of 
depressive symptoms and can contribute to poorer 
quality of life (Hayman et al., 2007; Zhang et al., 
2012).  

Cognitive 
Impairment 
(AE1-AE16) 

Modified mini mental state 
exam (3MSE)(Teng & Chui, 
1987)  

Cognitive impairment (mental disability, 
Alzheimer’s, dementia) is associated with lower 
functional status and loss of independence for older 
adults (Heyn, Abreu, & Ottenbacher, 2004). 
Determining the subjective effects of cognitive 
impairment on depression and quality of life can be 
difficult especially in severe cases of cognitive 
impairment. Given the nature of cognitive 
impairment, the subjective experience is often 
combined with the subjective observation of the 
care-taker, creating variable based on two subjective 
experiences. However, some studies have attempted 
to quantify this relationship finding that cognitive 
impairment has a negative effect on quality of life 
(Logsdon, Gibbons, McCurry, & Teri, 2002). 
Similarly, determining the subjective experience of 
depression in a person who is cognitively impaired 
presents a challenge. However, depression has been 
noted as a risk factor for cognitive impairment and 
the relationship may be mutually reinforcing 
(Logsdon et al., 2002).  

Psychological 
Stress 
(FD2) 

Have you ever had a major 
psychological stress that has 
affected you in the long term? 
(Created question -A global 
question on whether a 
psychological trauma had been 
experienced was created.)  

Psychologically traumatic events are associated with 
the onset of depressive symptoms and depressive 
episodes in various populations including older 
adults which can have a profound effect on the 
quality of life of older adults (Kendler, Karkowski, 
& Prescott, 1999; Krause, Shaw, & Cairney, 2004). 
At the moment the relationship between depression 
and psychological trauma on older adults has not 
been established, although a physically traumatic 
event may have a long lasting effect on disability 
and functional status (Taft, Stern, King, & King, 
1999).  
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Variable 
(LiLACS NZ 
Questionnaire 
Item Appendix 
A) 

Question and Source 
(see Appendix A for full 
question and response range) 

Rationale for Including Question 

Instrumental 
Support 
(CG1) 

When you need some extra 
help, can you count on anyone 
to help with daily tasks like 
grocery shopping, cooking, 
house cleaning, telephoning, 
give you a ride? - Social 
Support Inventory (SSI) (Bruce 
et al., 1994; Timmerman, 
Emanuels‐Zuurveen, & 
Emmelkamp, 2000) 

Instrumental support refers to support with daily and 
household activities. The ability to independently 
complete daily and household activities is an 
essential component of independent living for older 
adults. Limitations in physical function can lead to 
the inability to independently complete instrumental 
activities of daily living (Beswick et al., 2008; Bruce 
et al., 1994; Courtney et al., 2011). The MacArthur 
Studies on Successful Aging reported that social 
support added to the ability to complete daily tasks 
for older adults. The more help and the more 
resources for completing daily tasks high 
functioning older adults had, the less likely they 
were to experience cognitive decline over time 
(Seeman, Lusignolo, Albert, & Berkman, 2001)  

Emotional 
Support 
(CG4) 

Can you count on anyone for 
emotional support? 
Social Support 
Inventory(SSI)(Timmerman et 
al., 2000)  

Social and emotional support have been associated 
with better health status including higher physical 
function, lower depressive symptoms, and lower 
mortality (Everard, Lach, Fisher, & Baum, 2000; 
Seeman et al., 2001).  

Alcohol Use 
(DE1) 

How often do you have a drink 
containing alcohol? 
The Alcohol Use Disorders 
Identification Test(AUDIT) 
(Saunders, Aasland, Babor, 
Fuente, & Grant, 1993)  

Alcohol use has both positive and negative side 
effects for the health of older adults depending on 
how it is used (Thun et al., 1997). Low to moderate 
alcohol use has been linked to cardiovascular health 
benefits and lower mortality, while heavy or binge 
drinking are linked to several serious physical and 
psychological health problems such as diabetes, 
stroke, depression, and falls (Thun et al., 1997). 
While the health consequences of using alcohol 
profusely are likely to lead to a loss of function, 
heavier drinking is also linked to more social 
activity. Social activity is positively associated with 
mental health and quality of life outcomes in older 
adults (Seeman et al., 2001).  

3.4.5.3 Physical Activity Measures – The PASE 

The Physical Activity Scale for the Elderly (PASE) was chosen because of its wide 

application in the study of older people and because of its brevity and convenience. The 

PASE is a self-reported physical activity measure developed for adults over the age of 65 

that takes about five minutes to complete and is easily scored (Washburn, Smith, Jette, & 

Janney, 1993). The PASE collects information regarding many aspects of physical activity 

particularly those relevant to older adults such as household, occupation, and leisure 

activities, which include light intensity activities, walking, and gardening and focuses on a 

7-day recall period.    Research on older adults has demonstrated that household and 

garden work comprise a good deal of activities performed by older people and also 

contributes to wellbeing (Peeters, van Gellecum, van Uffelen, Burton, & Brown, 2014). 
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The scores of the PASE range from 0 to 361, though there are not specific cut points within 

that range to determine defined activity levels as the scores are relative to the sample being 

targeted. (Appendix A, Items AG10-AG11, BC6, JA1-JA6) 

3.4.5.4 Depression Measures 

The Geriatric Depression Scale (GDS) was used to screen for the presence of depressive 

symptoms in older adults. This was chosen because it is a widely used scale and can be 

applied quickly and easily to a general population of older adults (Yesavage et al., 1983). 

The scale has been used in several cross-cultural studies of depression and depressive 

symptoms in older adults. The instrument asked respondents to recall how they have felt 

over the past week, covering topics such as life satisfaction, mood, social function, and 

physical or mental symptoms of depression. The scale utilises yes or no responses which 

are thought to be easier for older adults especially those who may be ill or suffering 

cognitive impairment (De Craen, Heeren, & Gussekloo, 2003). However, the GDS does 

not diagnose clinical depression; it is simply a screening tool indicating the presence of 

depressive symptoms which generally result in a referral to a qualified mental health 

professional. Scores on the GDS range from 0 to 15, with categories of depressive 

symptoms ranging from none (0–4), to mild/moderate (5–10) and severe (>10) depressive 

symptoms. (Appendix A, Items EA1-EA15) 

3.4.5.5 Functional Status Measures 

The Nottingham Extended Activities of Daily Living (NEADL) questionnaire was used to 

assess self-reported functional status. The questionnaire focuses on four domains of 

function: mobility, kitchen, domestic, and leisure. The measure was originally developed 

for stroke patients to track post-stroke levels of independence and functional ability (Nouri 

& Lincoln, 1987). Because of age related functional decline, the measure was adopted in 

geriatric research to track changes in function and independence levels of older adults. It 

has been shown to have high test-retest reliability and validity compared to other self-

reported functional status measures (Green & Young, 2001). This item is based on a 22-

point scoring system, with 22 being the highest score.  Higher scores indicate higher 

independence and function, though there are not specific cut-off points within the scoring 

to indicate specific levels of function. (Appendix A, Items BC1-BC5) 
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3.4.5.6 Health Related Quality of Life Measures 

The Short Form-12 (SF12) was used to assess self-reported health related quality of life 

(HRQL). The SF12 measures eight domains of health; physical functioning, role 

limitations due to physical health, bodily pain, general health perceptions, vitality, social 

functioning, role limitations due to emotional problems, and mental health (Ware Jr et al., 

1996). These constructs comprise the two broad domains of the measure; physical HRQL 

and mental HRQL. Measures of the physical health category include general health, bodily 

pain, physical function and role-physical function, while the mental health category 

includes social function, emotional health, emotional function, and vitality. Because the 

SF12 allows acute recall within periods of 1–4 weeks, it was deemed appropriate for an 

older population. It is often preferred to longer surveys because of its comparable 

reliability and brief time requirements. Unlike other measures in this study, this measure is 

a generic measure developed for various age groups. It has been applied widely in clinical 

epidemiology amongst various populations and has been applied widely in clinical 

geriatric research (Ware Jr et al., 1996). Health related quality of life measures are relevant 

to the study of ageing because they can track changes or improvements in coping and 

adjusting to the context of ageing, thus the adoption of these measures into gerontology.  

Traditionally the SF-12 is set to have a normative score (50) in both mental and physical 

health domains. However, because the measure was originally developed for individuals 

aged 14 and over, there have been subsequent studies on populations of older adults and 

those numbers were found to be lower in older adults because of age related morbidities. 

Typically, older adults exhibit higher mental health related quality of life and lower 

physical health related quality of life than their younger adult peers (Utah Department of 

Health, 2004). At the moment, it is not known whether there is a normative score for 

advanced age people. Therefore, the normative scores of 50 cannot be relied upon as a cut 

point in all populations; in the case of older and advanced age adults, using a distribution 

relative to the sample is more appropriate (Utah Department of Health, 2004). (Appendix 

A, Items BA1-BA6) 

3.4.6 Data Collection and Processing Methods 

3.4.6.1 Data Management 

Māori and non-Māori data were examined in separate models once all data were collected 

so that results would be relevant to each population (Kaplan & Bennett, 2003). 
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Furthermore, because of the known and unknown differences in physical activity patterns 

in older men and women, data from men and women were analysed separately (Shephard, 

2002). To avoid a deficit analysis, the four samples were treated as parallel studies on four 

separate sample groups: 1) Māori men, 2) Māori women, 3) non-Māori men, 4) non-Māori 

women; and they were analysed in the same manner. T-tests were used to confirm that 

statistically significant differences (p < 0.05) were present by gender and ethnicity for the 

independent and dependent variables, further justifying the need to perform separate 

analyses. The following section details the treatment and analysis of the data.  

3.4.6.2 Data Analysis Plan 

Data were analysed using PASW SPSS Statistics Version 18 software. Data were scanned 

for missing or incomplete files. Missing data were not imputed. The independent and 

dependent variables were checked for normality. One outlier was identified in one of the 

samples that had several missing data and outlying GDS scores and therefore was excluded 

from analysis (n=1) in the Māori men sample. Eliminating outliers can be a subjective 

process; however in this instance it was chosen because only (n=1) outlier was removed 

from a sample. This did not have a significant effect on the outcomes of the study and it 

allowed for homogenous methods to be used across samples (Seaman & Allen, 2010). The 

dependent variables—Geriatric Depression Scale (depression), NEADL (function), SF-12 

(mental HRQL), and SF-12 (physical HRQL)—were normally distributed and, therefore, 

could be analysed with generalised linear regression modelling for the relationship of 

physical activity to each health outcome (see Table 3-2). 

Table 3-2. Relationships Assessed: The Independent and Dependent Measures 

Relationship Being Tested  Independent Measure Dependent Measure 

Physical Activity to Depression Physical Activity Scale for 
the Elderly (PASE) 
(Washburn et al., 1993) 

Geriatric Depression Scale 
(GDS) (Yesavage et al., 
1983) 

Physical Activity to Functional Status Physical Activity Scale for 
the Elderly (PASE) 
(Washburn et al., 1993) 

Nottingham Extended 
Activities of Daily Living 
(NEADL) (Nouri & Lincoln, 
1987) 

Physical Activity to Health Related Quality 
of Life –Mental 

Physical Activity Scale for 
the Elderly (PASE) 
(Washburn et al., 1993) 

SF12-Mental Scores 
(Gandek et al., 1998) 

Physical Activity to Health Related Quality 
of Life – Physical 

Physical Activity Scale for 
the Elderly (PASE) 
(Washburn et al., 1993) 

SF12-Physical Scores 
(Gandek et al., 1998) 
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First, the descriptive data for each sample were reported. The descriptive data were divided 

into four sections; demographic, physical health characteristics, mental health and support 

need characteristics, and then a section on physical activity characteristics was reported. 

Demographic characteristics included living arrangement, marital status, education level, 

and financial status. Physical health characteristics included self-reported health, CVD, 

pain, disability, weight, and visual impairment. Mental health and support need 

characteristics included cognitive impairment, psychological stress, instrumental support, 

emotional support, and use of alcohol. Because physical activity is the main independent 

variable being assessed in this study, detailed information about physical activity 

characteristics of each sample were reported. Details about the physical activity 

characteristics were all based upon constructs of the PASE.  

Figure 3–1 illustrates the process in which the generalised linear models were generated 

for each relationship being tested. To create these models, each dependent variable was 

assigned a unique set of variables to assess through bivariate general linear modelling. The 

LiLACS NZ questionnaire (Appendix A) provided other data about the participants and 

these other variables were available to be tested to determine if they influenced the 

relationship of the independent variable to the outcomes. These variables from the 

questionnaire were selected based upon a literature review of each health outcome to 

determine the possible salient factors to each outcome, as described in Table 3-1. Each 

population sample was subject to the same sets of variables to be included for assessment 

for inclusion in the general linear model. These variables were analysed through bivariate 

linear regressions and those that had a significant p-value (p < 0.05) were included in the 

final multivariate model (bivariate results are recorded in Chapter 3 Appendices). 
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Figure 3-2. Process of Building Generalised Linear Models (GLM) to Assess the Relationship of Physical 
Activity to Health Outcomes.  

The following variables were assessed for significance to the dependent variable of  

depression: physical activity, living arrangements, marital status, education, financial 

situation, self-reported health, pain, disability, cognitive impairment, visual impairment, 

having a psychological stress event and alcohol use. For functional status, the following 

variables were identified to test for statistical significance through bivariate linear 

regressions: physical activity, living arrangements, marital status, cardiovascular disease, 

pain, weight, visual impairment, cognitive impairment, instrumental support, and alcohol 

use.  

For mental HRQL, the following variables were identified to assess for statistical 

significance: physical activity, living arrangements, marital status, education, financial 

situation, disability, visual impairment, psychological stress, emotional support, and 

alcohol use. For physical HRQL, the following variables were identified to analyse for 

statistical significance: physical activity, living arrangements, marital status, education, 

cardiovascular disease, disability, visual impairment, instrumental support, and alcohol 

use. If physical activity was not statistically significant (p < 0.05) when assessed with 

univariate analyses, then a multivariate linear regression was not pursued.  

Each final general linear model was unique, as each outcome measure had different 

variables that were found to be statistically significant at the first level of statistical 

Determine Appropriate Covariates to Examine via Literature 
Search

• Literature search to determine variables 

• Table 3‐1 

Test Identified Variables for Significance Via One on One Bivariate 
Linear Regression Analysis

• Variables that were significant at a level (p < .05) were carried on 
to the Generalised Linear Regression Models

Create Generalised Linear Regression Model 

• Combine all significant bivariate variables (p < .05) together into 
GLMs and test for main effects
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assessment. The independent variables (including physical activity) were assessed for 

combined main effects to determine the overall R2, or how much variance the set of 

identified variables explained about the relationship of the dependent and independent 

variables. The Beta was reported to describe the strength and direction of each variable in 

relation to the targeted health outcome. Adjusted estimated marginal means of the 

independent variables were reported in the regression results section for those that were 

statistically significantly related to the outcome. In addition, age had to be taken into 

account for the Māori analyses as there is an age gradient (80–90 years). All non-Māori 

participants were 85 years old in 2010 when recruited.  

 Results 3.5

Of the exhaustive recruitment pool available there were 1,636 potential participants, 

comprising Māori (n=766) and non-Māori (n=870). From that pool, 57% enrolled (n=937) 

and 43% (n=699) did not enrol. Of those who did enrol, there were Māori (n=421) and 

non-Māori (n=516). Once data were scanned for full interview completion and missing 

data,  there were 254 Māori and 410 non-Māori participants eligible for this study.   

Ultimately the analysis was able to include 41% of the entire eligible sample (n = 664) 

which excluded (n =273) of those who were also enrolled in the baseline study but were 

not participating in the full interview.  An analysis of those who participated in the full 

interview versus the partial interview demonstrated that those who participated in the full 

interview had a higher level of general health.  Those who participated in the full interview 

had a higher level of function, a higher level of cardiovascular health, and a lower 

incidence of disability. For example, the figure below demonstrates the functional status 

differences between those who completed the full interview versus those who completed 

the partial (Figure 3.3).    



62 

	

Figure 3-3 Functional Status Differences Between Full and Partial Interview Participants 

This first section introduces the descriptive characteristics of the sample groups, including 

their demographic, physical and mental health characteristics, and physical activity 

patterns. Then the results of the statistical analyses of physical activity to the target health 

outcomes are reported.  
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Table 3-3. Demographic Characteristics of LiLACS NZ participants who completed the comprehensive 
questionnaire and had complete data.  

Variable  Māori Women Māori Men 
Non-Māori 

Women 
Non-Māori 

Men 

 (n=149) (age) (n=105) (age) (n=218, aged) (n=192) (aged) 

 n % n % n % n % 

Age  82.46 
± 2.61 

 81.93 
± 2.55 

 84.56 
± .53 

 84.55 
± .52 

Living Arrangement         

Lives Alone 77 (52) 27 (27) 133 (63) 61 (36) 

Lives with Others 72 (48) 73 (73) 77 (37) 107 (64) 

Marital Status         

Never Married, 
Separated, Divorced 

11 (8) 8 (8) 18 (9) 17  (9) 

Married  31 (20) 48 (49) 57 (28) 120 (63) 

Widowed 113 (72) 42 (43) 130 (63) 52 (28) 

Education Level         

Primary/No School 38 (26) 31 (32) 32 (15) 33 (17) 

Secondary School No 
Qualification 

60 (41) 34 (35) 77 (37) 60 (32) 

Secondary School with 
Qualification/Trade 

32 (22) 24 (25) 71 (35) 60 (32) 

Tertiary Qualification 17 (11) 8 (8) 27 (13) 35 (19) 

Financial Status         

Just Enough to Get 
Along 

40 (27) 36 (37) 48 (23) 38 (21) 

Comfortable 108 (73) 61 (63) 161 (77) 151 (79) 

Around half the Māori women lived alone (52%), 27% of Māori men lived alone, 63% of 

non-Māori women lived alone, and 36% of non-Māori men lived alone. Most of the 

women were currently widowed: Māori women (72%), non-Māori women (63%). 

However, fewer men were widowers: Māori men (43%) and non-Māori men (28%). Levels 

of education varied by gender and ethnicity, with non-Māori men having the highest level 

of tertiary education (19%). Māori women (27%), Māori men (37%), non-Māori women 

(23%) and non-Māori men (21%) reported just having enough to get along (Table 3-3).  
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3.5.1 Physical Health Characteristics of LiLACS NZ participants.  
Table 3-4. Physical Health Characteristics of People in Advanced Age 

Variable  Māori Women Māori Men 
Non-Māori 

Women 
Non-Māori 

Men 

 
(n=149) (age 
82.46 ± 2.61) 

(n=105) (age 
81.93 ± 2.55) 

(n=218, aged 
84.56 ± .53) 

(n=192) (aged 
84.55 ± .52) 

 n % n % n % n % 

Self-reported Health          

Excellent 16 (11) 6 (6) 16 (7) 15 (8) 

Very Good 44 (29) 36 (36) 78 (37) 61 (32) 

Good 61 (41) 34 (33) 72 (33) 75 (34) 

Fair 22 (15) 24 (24) 42 (19) 30 (21) 

Poor 6 (4) 1 (1) 8 (4) 9 (5)  

CVD         

Yes 98 (66) 67 (68) 140 (65) 129 (68) 

No 51 (34) 32 (32) 76 (35) 61 (32) 

Pain          

Not at All 71 (49) 53 (51) 86 (42) 105 (56) 

Slightly 27 (18) 24 (23) 47 (23) 33 (17) 

Moderately  25 (17) 17 (16) 34 (15) 23 (12) 

Quite a Bit/ Extremely 24 (16) 7 (6) 40 (20) 28 (15) 

Disability         

Yes 69 (47) 49 (50) 118 (56) 104 (55) 

No 79 (53) 50 (50) 92 (44) 84 (45) 

Weight         

Over/Under 76 (51) 37 (38) 91 (42) 64 (34) 

Just right 72 (49) 60 (62) 125 (58) 125 (66) 

Visual Impairment         

Yes  44 (30) 24 (24) 53 (25) 44 (23) 

No 105 (70) 75 (76) 161 (75) 146 (77) 

Very few people reported having “poor” health (1–5%). Most advanced age adults in this 

study reported having good or very good health (66–70%). Between 65% and 68% of the 

sample reported having some form of cardiovascular disease. Nearly half of the people 

included in the study reported having no pain interfering with their daily activities, ranging 

from 42–56%. Only 6% of Māori men reported having quite a bit or extreme pain 

interference, while 16% of Māori women, non-Māori women (20%), and non-Māori men 

(15%) had the same experience of pain. Around half of all of the participants had reported 

some type of disability; Māori women (47%), Māori men (50%), non-Māori women 

(56%), and non-Māori men (55%). Only half of Māori women (49%) felt that their weight 
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was “just right” while 62% of Māori men, 58% of non-Māori women, and 66% of non-

Māori men felt their weight was “just right”. Visual impairment was present in 30% of 

Māori women, and 23–25% of the other sample groups (Table 3-4).  

3.5.2 Mental Health and Support Need Characteristics of People in Advanced Age 

Table 3-5. Mental Health and Support Need Characteristics of People in Advanced Age 

Variable  Māori Women Māori Men 
Non-Māori 

Women 
Non-Māori 

Men 

 
(n=149)(age 
82.46 ± 2.61) 

(n=105) (age 
81.93 ± 2.55) 

(n=218, aged 
84.56 ± .53) 

(n=192) (aged 
84.55 ± .52) 

 n % n % n % n % 

Cognitive Impairment         

Yes  9 (6) 10 (10) 6 (3) 11 (6) 

No  139 (94) 89 (90) 204 (97) 179 (94) 

Psychological Stress         

Yes 27 (19) 18 (19) 51 (25) 28 (15) 

No 116 (81) 77 (81) 155 (75) 159 (85) 

Instrumental Support         

No 10 (7) 7 (7) 11 (5) 6 (4) 

Yes 126 (85) 77 (78) 172 (83) 147 (77) 

Not Needed 13 (8) 15 (15) 26 (12) 37 (19) 

Emotional Support         

No 9 (6) 5 (5) 14 (7) 7 (5) 

Yes 121 (82) 80 (81) 178 (85) 144 (77) 

Not Needed 18 (12) 14 (14) 17 (8) 37 (18) 

Use of Alcohol         

Never 82 (55) 22 (21) 73 (34) 34 (18) 

Monthly or Less 37 (27) 20 (20) 47 (22) 13 (6) 

2–4/Month 10 (6) 35 (33) 27 (13) 24 (13) 

2–3 Week 9 (5) 6 (6) 18 (8) 29 (15) 

Four or More/Week 11 (7) 20 (20) 51 (23) 92 (48) 

Note. Cognitive Impairment measured by 3MSE = Modified Mini Mental State Exam (Scores below 72 indicate 
cognitive impairment). 

Cognitive impairment, defined by score <72 on the 3MSE, was indicated in six percent of 

Māori women, 10% of Māori men, three percent of non-Māori women and six percent of 

non-Māori men. Nineteen percent of Māori women and men indicated some type of 

psychological stress event that has affected their lives in the long term, while 25% of non-

Māori women and 15% of non-Māori men indicated an event. Between 4% and 7% of 

people in advanced age reported that they did not have anyone they could rely on for 

instrumental support. Between 77% and 85% reported that they did have support, while the 
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rest reported that they did not need any instrumental support. Between 5% and 7% of the 

sample reported that they did not have adequate emotional support. A higher percentage of 

men (Māori 14% and non-Māori 18%) reported that they did not need emotional support, 

compared to their women counterparts (Māori 12% and non-Māori 8%). Fifty-five percent 

of Māori women and 34% of non-Māori women reported that they never drank, while 21% 

of Māori men and 18% of non-Māori men reported that they did not drink. Nearly half 

(48%) of non-Māori men reported that they had four or more drinks per week (Table 3-5).  

3.5.3 Physical Activity Patterns in Advanced Age People 

Descriptive information about the physical activities of people in advanced age was 

provided from the PASE data. A unique feature of the PASE is that physical activity is 

separated into three domains: household activity, occupational activity, and leisure activity. 

The first section of physical activity description focuses on household activity 

participation. The second section describes the occupational activities of older adults. The 

third section presents the information about time spent in various leisure time physical 

activities. Total and average PASE scores are reported later in the individual group results 

sections.  

Physical activity levels differences were statistically significant between the men and 

women according to t-tests (t = 5.34, p < 0.001) and between Māori and non-Māori (t = 

2.20, p = 0.003). Therefore sample groups were analysed separately. PASE variable 

distributions for each group were analysed by creating histograms with normal curves to 

compare similarities and differences (Appendices B-E). Participants who had other missing 

data, but PASE data were provided, were included in the frequency analysis. The mean 

PASE scores for each group were different. For Māori women, the mean PASE score was 

101.41, SD = 73.34 and for Māori men, the mean PASE was 130.78, SD = 93.52 (t = 2.67, 

p = 0.010).  For non-Māori women, the mean PASE score was 85.77, SD = 54.57 and for 

non-Māori men, the mean PASE score was 116.62, SD = 73.57 (t = 2.26. p = 0.006).  
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3.5.3.1 Household Activity Participation  

Table 3-6. Engagement in Household Physical Activity by Māori Participants in LiLACs NZ 

During the past 7 days did 
you engage in any... 

Māori Women 

(n=149) 

Māori Men 

(n=102) 

 Yes No Yes No 

n (%) n (%) n (%) n (%) 

Light Housework 138 (93) 11 (7) 89 (87) 13 (13) 

Heavy Housework 78 (52) 71 (48) 63 (62) 39 (38) 

Home Repairs 11 (7) 138 (93) 20 (20) 82 (80) 

Lawn Care/Yard Work 36 (24) 113 (76) 52 (51) 50 (49) 

Outdoor Gardening 80 (54) 69 (46) 59 (58) 43 (42) 

Caring for Another 28 (19) 121 (81) 33 (32) 69 (68) 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly). 

Most Māori men (87%) and women (93%) engaged in light housework (dusting, washing 

dishes, etc.) during the previous week. About half of the women (53%) and more than half 

of the men (62%) reported engaging in heavy housework which included activities such as 

vacuuming, scrubbing floors, washing windows, or carrying wood. Only 7% of Māori 

women engaged in home repairs over the last week while 20% of men reported that they 

had participated in home repair activities that included tasks such as painting, wall 

papering, or electrical work. Just over half of the men (51%) had engaged in lawn care or 

yard work activities, which included raking leaves, mowing, chopping wood, etc., but only 

24% of women reported participating in such activities during the previous week. More 

than half of Māori women (54%) and men (58%) engaged in some form of gardening. A 

third of men (32%) and 19% of women reported that they had cared for another person 

(child, grandchild, spouse, or another person) during the past week (Table 3-6).  

Table 3-7. Engagement in Household-based Physical Activity by Non-Māori LiLACS NZ participants  

During the past 7 days did 
you engage in any... 

Non-Māori Women 

(n=217) 

Non-Māori Men 

(n=188) 

 Yes No Yes No 

n (%) n (%) n (%) n (%) 

Light Housework 201 (93) 16 (7) 165 (88) 23 (12) 

Heavy Housework 84 (39) 133 (61) 101 (54) 87 (46) 

Home Repairs 7 (3) 210 (96) 48 (25) 140 (75) 

Lawn Care/Yard Work 49 (23) 166 (76) 86 (46) 101 (54) 

Outdoor Gardening 109 (51) 107 (49) 107 (57) 81 (43) 

Caring for Another 34 (16) 183 (84) 37 (20) 151 (80) 

Note. Measured by a Construct of PASE. (Physical Activity Scale for the Elderly). 
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Most non-Māori women (93%) and men (88%) reported that they engaged in light 

housework during the past week. More than half of men (54%) and 39% of women 

reported engaging in heavy housework. Only 3% of non-Māori women completed home 

repairs while a quarter of the men reported that they did some type of home repair activity 

in the past week. Almost half of the non-Māori men (46%) reported that they did some 

lawn care or yard work, but only 23% of the women reported engaging in some type of 

lawn/yard work. Over half of women (51%) and men (57%) reported that they engaged in 

some type of gardening activity during the past week. Non-Māori men (20%) and non-

Māori women (16%) reported caring for another person during the past week (Table 3-7). 

3.5.3.2 Occupational Activity Participation 

The next domain of physical activity which was assessed was related to occupational 

activities. LiLACS NZ participants were asked whether they engaged in work or volunteer 

activities during the past week. They were asked to determine whether the work was “for 

pay” or “as a volunteer” or they might have been involved in both. Table 3-8 presents the 

results of the occupational portion of the PASE.  

Table 3-8. Occupational Participation During the Past Week for Advanced Age Adults 

Over the past 7 days did you 
work for pay or as a 
volunteer? 

Māori 
Women 

(n=77) 

Māori Men 

(n=63) 

Non-Māori 
Women 

(n=93) 

Non-Māori 
Men 

(n=104) 

 n (%) n (%) n (%) n (%) 

Neither 53 (69) 49 (77) 49 (53) 69 (69) 

Yes, for Pay 3 (4) 2 (3) 1 (1) 3 (3) 

Yes, as a Volunteer 20 (26) 8 (13) 41 (44) 31 (30) 

Yes for Pay and as a Volunteer 1 (1) 4 (6) 2 (2) 1 (1) 

Total Number 
Working/Volunteering 

(n=31) (n=25) (n=49) (n=33) 

Average Hours of Work or 
Volunteering M (SD) 

6.77 ± 8.91 8.12 ± 11.08 6.57 ± 7.23 6.95 ± 12.36 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly). 

The majority of people in advanced age were not involved in paid or volunteer work when 

asked about the past week. However, most of the individuals who were involved in some 

type of work were involved in non-paid volunteer positions. At least 44% of non-Māori 

women reported that they were engaged in volunteer work during the prior week. Māori 

men had the highest percentage of individuals (6%) who reported being active in paid work 

over the past week. From the questions available for analysis it was not clear whether 
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Māori elders characterised their cultural duties and Marae (meeting house) activities as 

volunteer or work positions so these numbers may or may not include such activities 

(Table 3-8).  

For those individuals who reported involvement in work and/or volunteer activities during 

the past week, an hourly average of involvement in total activities was calculated. 

Advanced age adults reported working between 6.5 and 8 hours on average (Table 3-8). 

The PASE did not give details as to how these hours were distributed over the week in 

which they occurred. However, Table 3-9 presents the information on how physically 

demanding the work activities were for those who did participate in occupational activities.  

Table 3-9. Physical Intensity of Roles for Those Working/Volunteering in Advanced Age 

Level of Physical Activity of 
Work 

Māori 
Women 

(n=31) 

Māori Men 
(n=20) 

Non-Māori 
Women 
(n=48) 

Non-Māori 
Men 

(n=40) 

 n (%) n (%) n (%) n (%) 

Mostly sitting 9 (30) 7 (35) 19 (40) 10 (25) 

Sitting or standing with some 
walking 

12 (40) 6 (30) 19 (40) 20 (50) 

Walking with some handling of 
materials 

8 (27) 6 (30) 11 (20) 10 (25) 

Walking and heavy manual 
labour/lifting 

1 (3) 1 (5) 0  0  

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly). % is percent of those engaged in work. 

Very few of those in advanced age participated in work that required heavy lifting or heavy 

manual labour. There were quite a few men and women who participated in work that 

required walking and some handling of materials. The majority (65–80%) of those 

involved in work or volunteer activities spent their time in seated positions though between 

30% and 50% of individuals who indicated their position as seated reported that the tasks 

included handling or materials. However, 20–30% of the men and women in advanced age 

reported that their paid or volunteer work activities included walking with handling of 

materials (Table 3-9).  

3.5.3.3 Leisure-Based Physical Activity Participation  

The next section describes leisure activity participation. This section provides information 

on the intensity, frequency, and duration of activities in which people in advanced age 

reported participating during the past week. The activity questions in the leisure section 

were self-reported by intensity. The first section presents information on the frequency of 
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participation for each sample group; Māori women, Māori Men, non-Māori women, and 

non-Māori men. The second section presents the mean time spent in activities (duration) 

for those who indicated participating in such activities.  

3.5.3.4 Leisure Activity Participation – Frequency  

Table 3-10 presents the frequency of engagement in leisure based physical activity as 

reported by Māori women during the past week.  

Table 3-10. Frequency of Leisure Participation During the Past Week According to Māori Women LiLACS 
NZ Participants  

Māori Women: How often 
over the last 7 days did you 
participate in… 

Never Seldom Sometimes Often 

 n (%) n (%) n (%) n (%) 

Sitting Activity 1 (1) 8 (5) 18 (11) 124 (83) 

Walking  16 (11) 34 (22) 34 (22) 68 (45) 

Light Activity 65 (43) 31 (21) 30 (20) 24 (16) 

Moderate Activity 116 (77) 11 (7) 13 (9) 10 (7) 

Strenuous Activity 139 (94) 4 (3) 1 (>1) 4 (3) 

Strength/Endurance Training 119 (81) 12 (8) 8 (5) 9 (6) 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly).  

For Māori women in advanced age as the intensity of leisure physical activity increased, 

the frequency of participation decreased. Most of the Māori women (67%) walked 

sometimes (2–3 days) or often (4 or more days) during the last week. Only 11% of the 

women reported that they did not do any walking during the past week. Less than a fifth of 

Māori women (16%) reported participating in light physical activity often during the past 

week and 43% of the women did not participate in light intensity leisure activities at all. 

Less than a quarter of Māori women engaged in some type of moderate activity (23%) 

during the previous week and even fewer engaged in strenuous (6%) or strength/endurance 

activities (19%).  

Table 3-11 presents the frequency of leisure-based physical activities according to the 

PASE for Māori men.  
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Table 3-11. Frequency of Leisure Participation During the Past Week Amongst Māori Men in Advanced Age 

Māori Men: How often over 
the last 7 days did you 
participate in… 

Never Seldom Sometimes Often 

 n (%) n (%) n (%) n (%) 

Sitting Activity 0 (0) 2 (2) 11 (11) 87 (87) 

Walking  6 (6) 16 (16) 23 (23) 53 (53) 

Light Activity 41 (41) 25 (25) 16 (16) 18 (18) 

Moderate Activity 63 (63)  18 (18) 11 (11) 8 (8) 

Strenuous Activity 85 (85) 6 (6) 3 (3) 6 (6) 

Strength/Endurance Training 89 (89) 3 (3) 3 (3) 4 (4) 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly). 

Only 6% of Māori men in advanced age reported that they did not do any walking during 

the previous week. Only 18% reported that they walked “often” which referred to four or 

more days of the past week. More than half of the men (59%) engaged in some light 

activity during the previous week but less than half of the men (47%) engaged in some 

moderate activity during the previous week with 19% of the men engaging in moderate 

activity sometimes or often. However, 15% of the men reported engaging in some sort of 

strenuous physical activity and 10% engaged in strength or endurance training during the 

previous week.  

Table 3-12 presents the frequency of leisure-based physical activity participation amongst 

non-Māori women.  

Table 3-12. Frequency of Leisure Participation During the Past Week Amongst Non-Māori Women in 
Advanced Age 

Non-Māori Women: How 
often over the last 7 days did 
you participate in… 

Never Seldom Sometimes Often 

 n (%) n (%) n (%) n (%) 

Sitting Activity 1 (1) 4 (2) 7 (3) 202 (94) 

Walking  39 (18) 31 (14) 39 (18) 107 (50) 

Light Activity 102 (47) 42 (20) 32 (15) 39 (18) 

Moderate Activity 187 (89) 13 (6) 7 (3) 7 (3) 

Strenuous Activity 206 (95) 3 (2) 1 (1) 3 (2) 

Strength/Endurance Training 162 (77) 25 (12) 6 (3) 18 (8) 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly).  

Non-Māori women in advanced age had the highest proportion of people (18%) who 

reported never walking during the previous week. Over half of the women (53%) reported 
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that they engaged in some type of light intensity activity during the previous week and 

only 11% performed some type of moderate activity. Even fewer reported engaging in 

strenuous activity (5%) during the previous week, though numbers of individuals 

participating in some type of strength or endurance training (23%) were higher than 

individuals reporting participation in moderate or strenuous activities.  

Table 3-13 presents the frequency of leisure-based physical activity participation amongst 

non-Māori men. 

Table 3-13. Frequency of Leisure Participation During the Past Week Amongst Non-Māori Men in 
Advanced Age 

Non-Māori Men: How often 
over the last 7 days did you 
participate in… 

Never Seldom Sometimes Often 

 n (%) n (%) n (%) n (%) 

Sitting Activity 3 (2) 3 (2) 3 (2) 181 (94) 

Walking  30 (16) 29 (15) 33 (17) 99 (52) 

Light Activity 73 (39) 46 (24) 30 (16) 40 (21) 

Moderate Activity 136 (72) 36 (18) 11 (6) 7 (4) 

Strenuous Activity 166 (88) 10 (5) 7 (4) 5 (3) 

Strength/Endurance Training 149 (79) 12 (6) 6 (3) 22 (12) 

Note. Measured by a Construct of PASE (Physical Activity Scale for the Elderly).  

Most non-Māori men participated in some type of sitting activity during the previous week 

(98%) and over three-quarters reported walking on some days (84%). Over half (52%) 

walked often (4 or more days) during the previous week. Only 39% reported that they did 

not engage in any light intensity activities during the previous week and that number was 

higher for men who did not participate in moderate activity (72%). The rates of 

participation continue to decrease as the intensity increased; 88% did no strenuous activity 

during the previous week. Some men (21%) did participate in some strength and endurance 

training at some point during the previous week.  

Figure 3-4 presents the duration of leisure-based physical activities undertaken by Māori 

during the past week according to the PASE. Only those who reported participating in the 

activities (Tables 10-13) were included.        
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*(Sitting = sedentary activity, Light = light intensity activity, Moderate = moderated intensity activity, 
Strenuous = vigorous intensity activity, Fitness = exercise‐based activity) 

 
Figure 3-4 Duration of Leisure-Based Physical Activity During the Last Week for Maori Measured by 
PASE (Hours)  

Most men (45%) and women (42%) reported spending more time (>4 hours) in sedentary 

activities.  More men (56%) and women (57%) who reported walking, walked less than an 

hour during any particular bout.  Most men (42%) and women (38%) spent less than an 

hour engaged in light activities.  However, 52% of men spent between one-to-two hours in 

activity, while 42% women (42%) spent less than an hour in moderate activity. More than 

half the women (55%) spent less than an hour engaged in strenuous activity,  less than half 

the men (42%) spent one-to-two hours in strenuous activity.  Higher numbers of both men 

(70%) and women (65%) reported spending less than one hour in fitness activity. 

Figure 3-5 presents the duration of leisure-based physical activities undertaken by non-

Māori during the previous week according to the PASE.  
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*(Sitting = sedentary activity, Light = light intensity activity, Moderate = moderated intensity activity, 
Strenuous = vigorous intensity activity, Fitness = exercise‐based activity) 

 
Figure 3-5 Duration of Leisure-Based Physical Activity During the Last Week for non-Maori 
Measured by PASE (Hours)  

More non-Māori men (51%) and women (45%) reported that they spent longer periods of 

time in sedentary behaviour (>4 hours).  They also mostly spent less than one hour walking 

(men = 61%, women = 62%).  A similar proportion of women spent less than an hour 

(38%)  and on-to-two hours (39%) in light activity, while men mostly spent one-to-two 

hours in light activity (37%).  The highest percentage of men (35%) and women (41%) 

mostly spent on average about one-to-two hours in moderate activity and in less than one 

hour of strenuous activity (men = 36%, women 71%).  The majority of men (79%) and 

women (75%) who participated in fitness activity reported they spent less than one hour on 

average.  

3.5.4 Māori Women 
The next section of results presents the outcomes of the general linear modelling 

techniques used to assess the relationship of physical activity to each health outcome 

targeted by this study for Māori women, (n=149), age 82.46 ± 2.61.  

3.5.4.1 Depression 

To build the general linear model, variables identified in the literature search as being 

related to depression in older adults were assessed through bivariate linear regressions to 

determine their level of significance. Eight variables were statistically significant when 

analysed individually to determine their relationship with depression in Māori women. 

Thus, physical activity (p < 0.001), education (p = 0.010), financial situation (p = 0.003), 



75 

disability (p < 0.001), experience of pain (p < 0.001), alcohol use (p = 0.003), cognitive 

impairment (p < 0.001), and self-reported health (p < 0.001) were all entered together in a 

general linear regression model (Table 3-14).  
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Table 3-14. Multiple Linear Regression Models Assessing Relationship of Physical Activity to Depression in 
Māori Women 

Variable  n % Depression (M) B p value 

Physical Activity    -0.010 0.315 

High 41 33 3.00   

Medium 42 33 2.63   

Low 42 33 3.40   

Education    -0.178 0.222 

Primary/No Schooling 36 29 3.60   

Secondary/No Qualification 48 38 3.11   

Qualification/Trade 25 20 3.04   

Tertiary Qualification 17 13 2.50   

Financial Situation    -1.005 0.014* 

Just getting along 36 29 3.55   

Comfortable 89 71 2.46   

Self-reported Health    0.541 0.013* 

Excellent 59 47 1.96   

Very Good 25 20 2.46   

Good 20 16 2.70   

Fair/poor 21 17 3.67   

Pain    -0.034 0.183 

Not at All 71 49 2.40   

Slightly 27 19 3.01   

Moderately 25 17 2.90   

Quite a Bit/Extremely 21 15 3.11   

Disability    0.672 0.117 

Yes 57 46 3.34   

No 68 54 2.68   

Cognitive Impairment    3.093 0.000** 

Yes 9 6 3.31   

No 139 94 1.11   

Alcohol Use    -0.312 0.059 

Never 78 55 3.72   

Monthly or Less 36 25 2.50   

Monthly-3/week 18 12 3.10   

Four or more/week  11 8 2.72   

Notes. R2 = 0.390, Adjusted R2 = 0.351 *Significant at 0.05 level **Significant at 0.001 level. Depression (M) measured 
by number of depressive symptoms on GDS (Geriatric Depression Scale) 

In this model, physical activity was not related to depression in older Māori women; 

however three factors remained significant. A higher self-reported level of health was 
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associated with lower levels of depression (B = 0.541 p = 0.013). Those who reported that 

they were “just getting along” financially were more likely to indicate higher levels of 

depression than those who were “comfortable” financially (B = -1.005, p = 0.014). Also, 

those with cognitive impairment had higher levels of depression (B = 3.093, p = 0.000). 

The overall model fit was adjusted R2 = 0.351.  

3.5.4.2 Function – Activities of Daily Living 

Several covariates were identified as being potentially relevant to functional status and 

were tested for significance to the measure for functional status. Seven factors were related 

to functional status using bivariate analyses. The following were combined in a multiple 

linear regression; physical activity (B = 0.035, p < 0.001), age (B = -0.230, p < 0.001), pain 

(B = -1.045, p < 0.001), cardiovascular disease (B = -1.886, p = 0.023), living 

arrangements (B = -2.987, p < 0.001), visual impairment (B = -2.531, p = 0.001), and 

cognitive impairment (B = -6.193, p < 0.001) (Table 3-15). 
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Table 3-15. Multiple Linear Regression Model Assessing Relationship of Physical Activity to Functional 
Status in Māori Women 

Variable  n % Function (M) B p value 

Physical Activity    0.025 < .001** 

High  50 34 17.27   

Medium  47 33 16.04   

Low  48 33 12.58   

Age    -0.140 0.030* 

79–84 116 76 17.78   

85–90 35 24 15.59   

Living Arrangements    -2.364 < .001** 

Lives Alone 76 52 16.39   

Lives with Others  70 48 14.00   

CVD    -1.598 0.011* 

Yes 95 65 14.40   

No 51 35 15.99   

Pain     0.112 

Not at All 71 50 16.05   

Slightly 27 19 15.58   

Moderately 24 17 14.75   

Quite a Bit/Extremely 21 14 14.55   

Visual Impairment     1.967 0.003* 

Yes 44 30 14.4   

No 105 70 21.2   

Cognitive Impairment    -5.116 < .001** 

Yes 9 6 12.692   

No 137 94 17.693   

Notes. R2 = 0.490, Adjusted R2 = 0.470 *Significant at 0.05 level **Significant at 0.001 level. 
Function Mean=Adjusted Estimated Marginal Mean of NEADL Function Score (higher score = higher 
function/independence). 

In this model, physical activity was related (Beta = 0.025, p < 0.001) to functional status in 

older Māori women, demonstrating that those who were more physically active had higher 

levels of functional status. Those who were older (Beta = -0.140, p < 0.001) along with 

those with cardiovascular disease (Beta = -1.598, p = 0.011), visual impairment (Beta = 

1.967, p = 0.003), and cognitive impairment (Beta = -5.116, p < 0.001) had lower 

functional status. Living arrangements were related to functional status (Beta = -2.364, p < 

0.001) whereas those who lived alone having higher functional status and those who lived 

with others having lower ADL function. Together these factors were able to explain about 
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47% of the variance in functional status for Māori women. The overall model fit was 

adjusted R2 = 0.470. 

3.5.4.3 Mental Health Related Quality of Life 

Physical activity was not related to mental HRQL for Māori women as measured by the 

Short Form 12 mental score, therefore no further model was pursued.  

3.5.4.4 Physical Health Related Quality of Life 

Three factors were significant when analysed for their individual relationship to the 

physical HRQL using bivariate statistics: physical activity (Beta = 0.071, p < 0.001), 

disability (B = -11.167, p < 0.001), and cardiovascular disease (B = -9.274, p < 0.001) 

which were combined in a multiple linear regression (Table 3-16). 

Table 3-16. Multiple Linear Regression Model Assessing Relationship of Physical Activity to Physical 
Health Related Quality of Life in Māori Women 

Variable  n % Physical HRQL (M) B p value 

Physical Activity    0.045 < .001** 

High 50 34 47.47   

Medium 45 33 43.94   

Low 47 33 37.09   

CVD    -7.438 < .001** 

Yes 93 65 39.52   

No 51 35 46.14   

Disability    -8.109 < .001** 

Yes 65 46 38.85   

No 77 54 46.81   

Notes. R2 = 0.427, Adjusted R2 = 0.414 *Significant at 0.05 level **Significant at 0.001 level. 
Physical HRQL Mean=Adjusted Estimated Marginal Mean for SF-12 Physical Score. 

Physical activity was related to physical HRQL in older Māori women (Beta = 0.045, p < 

0.001). The presence of disability was related to lower physical health related quality of 

life scores (Beta = -8.109, p < 0.001). The presence of cardiovascular disease was related 

to lower physical health related quality of life (Beta = -7.438, p < 0.001). The overall 

model fit was adjusted R2 = 0.414.  

3.5.5 Māori Men  

The following section provides the results of the relationship of physical activity to each 

health outcome in Māori men, (n=105), age 81.93 ± 2.55.  
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3.5.5.1 Depression 

Four factors were significant at the individual level: physical activity (Beta = -0.001, p = 

0.016), cognitive impairment (B = 1.890, p = 0.000), having had a psychological trauma 

(Beta = 0.285, p = 0.014), and self-reported health status (Beta = 0.168, p < 0.001). These 

factors were combined in a general linear model (Table 3-17) and tested for main effects.  

Table 3-17 presents the statistically significant factors that were included in the overall 

depression model for Māori men.  

Table 3-17. Multiple Linear Regression Model Assessing Relationship of Physical Activity to Depression in 
Māori Men 

Variable N % 
Estimated Marginal 

Means 
B p value 

Physical Activity    -0.001 0.311 

High 32 35 4.44   

Medium 32 35 4.90   

Low 28 30 5.25   

Self-reported Health    0.240 0.010* 

Excellent/Very Good 38 41 2.13   

Good 32 35 2.77   

Fair/Poor 22 24 3.65   

Cognitive Impairment     1.171 0.074 

Yes 10 10 4.21   

No 89 90 2.40   

Psychological stress    0.228 0.041* 

Yes 17 18 5.32   

No 75 82 4.41   

Notes. R2 = 0.213 Adjusted R2 =0.174  *Significant at 0.05 level **Significant at 0.001 level. Depression (M) measured 
by number of depressive symptoms on GDS (Geriatric Depression Scale) 

In the model, physical activity was not related to depression in older adult Māori men; 

however, higher self-reported health was significant and positively associated with 

depressive symptoms (Beta = 0.240, p = 0.010) and experiencing psychological trauma 

(Beta = 0.228, p = 0.041). The two factors were able to explain about 17% of the variance 

in depression for Māori men. The model fit was adjusted R2 = 0.174.  

3.5.5.2 Function – Activities of Daily Living 

The following covariates were identified as being potentially relevant to functional status 

in Māori men and therefore were tested for significance to the measure for NEADL.  
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Three variables were indentified at the indivdual level including: weight (B = -0.185, p = 

0.050), physical activity (B = 0.023, p < 0.001), and cognitive impairment (B = -4.722, p < 

0.001) and were combined in a general linear model (Table 3-18). 

Table 3-18. Multiple Linear Regression Model Assessing Relationship of Physical Activity to Functional 
Status in Māori Men 

Variable N % 
Estimated Marginal 

Means 
B p value 

Physical Activity    0.020 < .001** 

High 32 34 17.34   

Medium 32 34 16.68   

Low 30 32 12.12   

Weight     -0.639 0.351 

Over/Under  37 40 15.56   

Just Right 57 60 14.91   

Cognitive Impairment    -3.897 0.001** 

Yes 9 10 13.24   

No 85 90 17.52   

Notes. R2 =0.367 Adjusted R2 = 0.347 *Significant at 0.05 level **Significant at 0.001 level.  Function Mean=Adjusted 
Estimated Marginal Mean of NEADL Function Score (higher score = higher function/independence). 

Two factors remained statistically significant in predicting functional status in older adult 

Māori men. A small but statistically significant association (Beta = 0.020, p < 0.001) was 

found between physical activity and functional status. The presence of cognitive 

impairment was associated with lower levels of functional status (Beta = -3.897, p = 

0.001). The overall model fit was adjusted R2 = 0.347.  

3.5.5.3 Mental Health Related Quality of Life 

Physical activity was not related to SF-12 Mental scores at the individual level, therefore 

no further model was pursued.  

3.5.5.4 Physical Health Related Quality of Life 

Four variables were identified at the individual level for the physical domain of HRQL 

(Table 3-19): physical activity (B = 0.037, p = 0.001), disability (B = -8.159, p < 0.001), 

alcohol use (B = 1.191, p = 0.009), and visual impairment (B = -5.559, 0.023). 
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Table 3-19. Multiple Linear Regression Model Assessing the Relationship of Physical Activity to Physical 
Health Related Quality of Life in Māori Men 

Variable N % 
Adjusted Estimated 

Marginal Means 
B p value 

Physical Activity    0.026 0.020* 

High 33 34 47.47   

Medium 33 34 46.15   

Low 29 32 36.75   

Disability    -8.713 < .001** 

Yes 47 49 40.37   

No 48 51 46.54   

Visual Impairment    -2.322 .379 

Yes 23 24 41.28   

No 72 76 45.63   

Alcohol Use    1.985 0.003** 

Never 35 38 40.81   

Monthly or less 21 23 43.14   

Twice/month–3/week 19  20 43.01    

Four or more /week 18 19 44.96   

Notes. R2 = 0.320 Adjusted R2 = 0.282   *Significant at 0.05 level **Significant at 0.001 level. Physical HRQL 
Mean=Adjusted Estimated Marginal Mean for SF-12 Physical Score. 
 

Physical activity was related to SF-12 Physical in older adult Māori men (Beta = 0.026, p = 

0.020). Alcohol use also had a positive relationship to SF-12 physical HRQL (Beta = 

1.985, p = 0.003). Having a disability was negatively associated with HRQL (Beta = -

8.713, p <0.001). The overall model fit was adjusted R2 = 0.282.  

3.5.6 Non-Māori Women 

This section presents the results of the non-Māori women sample (n=218, aged 84.56 ± 

.53).  

3.5.6.1 Depression 

Physical activity was related (B = -0.010, p < 0.001) to depression in Maori women when 

individually assessed with depression. Other individual factors included: disability (B = 

1.555, p < 0.001), self-reported health (B = 0.802, p < 0.001), pain (B = 0.397, p < 0.001), 

visual impairment (B = 0.716, p = 0.013), and cognitive impairment (B = 3.481, p = 0.000) 

into a general linear model (Table 3-20) to determine if other factors influenced this 

relationship.  
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Table 3-20. Multiple General Linear Regression Model Assessing Relationship of Physical Activity to 
Depression in Non-Māori Women 

Variable n % Estimated 
Marginal Mean 

B p value 

Physical Activity    -0.006 .011* 

High 70 36 1.99   

Medium 68 35 2.56   

Low 56 29 2.56   

Education    -.167 .066 

Primary/No Schooling 29 15 2.62   

Secondary/No Quals 72 38 2.41   

Qualification 46 24 2.52   

Trade or Apprenticeship 23 11 2.34   

Tertiary Qualification 24 12 1.95   

Self-reported Health    .380 .008* 

Excellent 14 7 1.38   

Very Good 70 36 1.70   

Good 71 37 1.96   

Fair/Poor 39 20 3.20   

Pain    .032 .757 

Not at All 81 42 2.57   

Slightly 43 22 2.07   

Moderate 33 17 2.67   

Quite a Bit/Extremely 37 21 2.48   

Disability    .852 .001* 

Yes  108 56 2.84   

No 86 44 1.90   

Visual Impairment    .204 .445 

Yes 45 23 2.38   

No 149 77 2.34   

Cognitive Impairment    3.19 < .001** 

Yes 6 3 5.55   

No 204 97 2.05   

Notes. R2 = 0.291, Adjusted R2 = 0.270 *Significant at 0.05 level **Significant at 0.001 level. Depression (M) measured 
by number of depressive symptoms on GDS (Geriatric Depression Scale) 

Four variables were related to depression in older adult non-Māori women (p < 0.05); 

physical activity (Beta -0.006, p = 0.011), disability (Beta = 0.852, p = 0.001), and self-

reported health status (Beta = 0.380, p = 0.008). Physical activity had a slightly inverse 

relationship with depressive symptoms and a significantly negative relationship with the 

presence of disability. Higher self-reported health was significantly associated with lower 
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mean depression. Those with cognitive impairment had much higher mean depression (B = 

3.19, p < 0.001). The overall model fit was adjusted R2 = 0.270.  

3.5.6.2 Functional Status 

The following factors  physical activity were combined in a general linear model: (B = 

0.007, p < 0.001), living arrangement (B = -0.440, p < 0.001), pain (B = -0.119, p = 0.002), 

disability (B = -0.567, p < 0.001), visual impairment (B = -0.436, p < 0.001), and cognitive 

impairment (B = -1.129, p < 0.001) (Table 3-21), to determine the relationship of physical 

activity with functional status in non-Māori women older adults. 

Table 3-21. Multiple Linear Regression Model Assessing the Relationship of Physical Activity to Functional 
Status in Non-Māori Women 

Variable n % Estimated Marginal 
Mean 

B p value 

Physical Activity    0.005 < .001** 

High 72 36 16.42   

Medium 69 31 15.28   

Low 61 33 12.66   

Living Arrangements    -0.219 0.008* 

Alone 131 65 15.24   

With Others 71 35 14.33   

Pain    -0.045 0.182 

Not at All 84 43 14.85   

Slightly 45 22 15.80   

Moderate 35 17 15.17   

Quite a Bit/Extreme 38 18 14.231   

Disability    -0.263 0.003* 

Yes 115 57 13.91   

No 87 43 15.66   

Visual Impairment    -0.230 0.013* 

Yes 48 24 14.43   

No 154 76 15.14   

Cognitive Impairment    -0.972 0.016* 

Yes 5 2 11.97   

No 197 98 17.63   

Notes. R2 = 0.389, Adjusted R2 = 0.371 *Significant at 0.05 level **Significant at 0.001 level. Function Mean=Adjusted 
Estimated Marginal Mean of NEADL Function Score (higher score = higher function/independence). 
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Four factors remained statistically significant in the model. Physical activity levels were 

significant (Beta = 0.005, p < 0.001) suggesting that higher physical activity levels are 

associated with slightly higher levels of physical function. Living arrangement (Beta = -

0.250, p = 0.003), visual impairment (Beta = -0.238, p = 0.011), disability (Beta = -0.280, 

p = 0.002) and cognitive impairment (Beta = -0.972, p = 0.016,) were also statistically 

significant.  Cognitive impairment is strongly associated with lower levels of functional 

status. The overall model fit was adjusted R2 = 0.371.  

3.5.6.3 Mental Health Related Quality of Life 

Physical activity was not related to SF-12 Mental scores on its own so therefore no further 

model was pursued. One factor, visual impairment, was significant (Beta = -4.115, p = 

0.003) to mental HRQL for non-Māori women in the bivariate regression analysis (Table 

3-23). 

3.5.6.4 Physical Health Related Quality of Life 

Five factors were statistically significant when assessed though bivariate linear regression 

with the dependent variable physical health related quality of life (SF-12 Physical). 

Physical activity (Beta = 0.093, p < 0.001), cardiovascular disease (Beta = -4.850, p = 

0.005), disability (Beta = -12.661, p < 0.001), visual impairment (Beta = -3.784, p = 

0.049), and instrumental support (Beta = 4.987, p = 0.015) were all combined in a general 

linear model (Table 3-23) and assessed for main effects to determine the relationship of 

physical activity to physical HRQL in older adult non-Māori women.  
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Table 3-22. Multiple Linear Regression Assessing the Relationship of Physical Activity to Physical Health 
Related Quality of Life in Non-Māori Women 

Variable N % Estimated Marginal 
Mean 

B p value 

Physical Activity Level    0.060 0.000** 

High 74 36 44.10   

Medium 69 34 40.89   

Low 60 30 36.44   

CVD    -1.366 0.287 

Yes 130 64 35.20   

No 73 36 41.18   

Disability    -10.593 0.000** 

Yes 115 57 35.19   

No 88 43 45.74   

Visual Impairment    -0.503 0.749 

Yes 53 25 36.41   

No 161 75 44.42   

Instrumental Support    -5.986 0.036* 

Yes 172 82 38.70   

No 37 18 44.56   

Notes. R2 = 0.372 Adjusted R2 = 0.356 *Significant at 0.05 level **Significant at 0.001 level. Physical HRQL 
Mean=Adjusted Estimated Marginal Mean for SF-12 Physical Score. 
 

Physical activity was related to physical HRQL in older adult non-Māori women (Beta = 

0.060, p = 0.000). The presence of a disability was significantly associated with lower 

physical health related quality of life (Beta = -10.593, p = 0.000). Individuals who 

indicated the need for instrumental support were associated with lower physical health 

related quality of life (Beta = -5.986, p = 0.036). The overall model was able to explain 

36% of the variance in physical health related quality of life in older adult non-Māori 

women (R2 = 0.356).  

3.5.7 Non Māori Men 
The following section provides the results for the sample of non-Māori men (n=192, aged 

84.55 ± .52).  

3.5.7.1 Depression 

Eight factors were statistically significant when assessed through bivariate linear 

regression depression outcomes for non-Māori men; physical activity (B = -0.002, p < 

0.001), marital status (B = 0.091, p = 0.025), self-report health (B = 0.123, p < 0.001), pain 
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(B = 0.072, p = 0.002), disability (B = 0.187, p = 0.002), visual impairment (B = 0.142, p = 

0.035), psychological stress (B = 0.239, p = 0.005), and alcohol use (B = -0.054, p = 

0.004). These factors were combined in a generalised linear model (Table 3-23) to 

determine the main effects of each variable.  
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Table 3-23. Multiple Linear Regression Assessing Relationship of Physical Activity to Depression in Non-
Māori Men 

Variable N % Estimated Marginal 
Mean 

B p value 

Physical Activity Level    -0.001 0.009* 

High 60 34 3.88   

Medium 61 34 3.93   

Low 58 32 4.64   

Marital Status    0.022 0.564 

Unwed/Separated/Divorced 16 9 3.35   

Married or Partnered 116 65 3.33   

Widowed 47 26 3.82   

Self-reported Health    0.025 0.455 

Excellent 15 9 3.98   

Very Good 57 33 3.14   

Good 72 41 3.47   

Fair/Poor 31 17 4.50   

Pain    0.037 0.131 

Not at all 103 59 3.71   

Slightly 30 17 3.95   

Moderately 20 11 3.86   

Quite a bit/Extremely 26 13 5.47   

Cognitive Impairment    0.263 0.701 

Yes 11 6 3.91   

No 179 94 2.21   

Disability    0.065 0.290 

Yes 97 54 3.88   

No 82 46 4.42   

Visual Impairment    0.004 0.946 

Yes 41 24 4.30   

No 135 76 3.71   

Psychological Stress    0.239 0.004* 

Yes 24 14 4.60   

No 152 86 3.71   

Alcohol Use    -0.032 0.056 

Never 31 17 4.40   

2–4/Month or less 33 18 4.20   

2–3 times per week 28 16 4.07   

Four or more times per 
week 

87 49 3.82   
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Notes. R2 = 0.208, Adjusted R2 = 0.171 *Significant at 0.05 level **Significant at 0.001 level. Depression (M) measured 
by number of depressive symptoms on GDS (Geriatric Depression Scale) 

 

A multiple regression model found that physical activity (Beta = -0.001, p = 0.009) and the 

experience of a psychological stress (Beta = 0.239, p = 0.004) were both statistically 

significant (p < 0.05), while alcohol use was very closely related but not significantly 

related (p = 0.56) to the outcome of depression in older non-Māori men. The overall model 

fit adjusted R2 = 0.171.  

3.5.7.2 Functional Status 

Seven variables were related to functional status through bivariate regression: physical 

activity (B = 0.025, p < 0.001), living arrangement (B = -1.165, p = 0.042), pain (B = -

0.576, p= 0.006), disability (B = -2.246, p < 0.001), weight (B = -0.974, p = 0.039), 

cognitive impairment (B = -7.384, p < 0.001), and alcohol use (B = 0.675, p = 0.000). Next 

the covariate factors that were related to function were combined into a generalised model 

together to determine which values remained statistically significant when accounting for 

cofounding variables (Table 3-24). 
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Table 3-24. Multiple Linear Regression Model Assessing the Relationship of Physical Activity to Functional 
Status in Non-Māori Men 

Variable N % Estimated Marginal 
Mean 

B p value 

Physical Activity    0.015 < .001** 

High 59 33 14.88   

Medium 61 33 13.90   

Low 59 33 11.88   

Living Arrangement    -1.732 < .001** 

Lives Alone 58 32 14.46   

Lives with others 121 68 12.64   

Pain    -0.204 0.227 

Not at all 102 57 13.93   

Slightly 30 17 14.25   

Moderately 20 11 13.36   

Quite a bit/Extremely 27 15 13.50   

Disability    -0.719 0.076 

Yes 98 55 13.24   

No 81 45 13.86   

Weight    -0.198 0.542 

Just right 118 66 13.86   

Over/Under weight 61 34 13.57   

Cognitive Impairment    -3.183 < .001** 

Yes 9 5 13.42   

No 170 95 14.05   

Alcohol Use      

Never 31 17 13.35 1.132 0.032* 

2–4/Month or less 33 18 13.55   

2–3 times per week 28 16 14.11   

Four or more/week 87 49 14.30   

Notes. R2 = 0.489 Adjusted R2 = 0.468    *Significant at 0.05 level **Significant at 0.001 level. Function 
Mean=Adjusted Estimated Marginal Mean of NEADL Function Score (higher score = higher function/independence). 

Four factors were related to outcomes of functional status (p < 0.05). Increased level of 

physical activity (Beta = 0.015, p < 0.001) and living alone (Beta = -1.732, p < 0.001) were 

associated with higher functional status. The presence of cognitive impairment was related 

to lower levels of physical function (Beta = -3.183, p < 0.001). Alcohol use was related to 

physical function (Beta = 1.132, p = 0.032), those who drank more alcohol had higher 

levels of physical function. The overall model fit was adjusted R2 = 0.468 suggesting that 
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these factors account for about 47% of the variability of functional status of older non-

Māori men.  

3.5.7.3 Mental Health Related Quality of Life 

Individual variables thought to be salient to the outcome in mental HRQL in non-Māori 

advanced age men were assessed for inclusion in a multiple regression model (Table 3-25).  

Only two factors were significant for the mental HRQL summary score of the SF-12 in 

older non-Māori men (p < 0.05); physical activity (B = 0.017, p = 0.029) and psychological 

trauma (B = -4.482, p = 0.003). These were combined in a multiple linear regression 

(Table 3-25) model to determine their combined effects.  

Table 3-25. Multiple Linear Regression Model Assessing Relationship of Physical Activity to Mental Health 
Related Quality of Life in Non-Māori Men 

Variable N % Estimated Marginal 
Mean 

B p value 

Physical Activity    0.017 0.035* 

High 59 33 55.14   

Medium 61 34 53.64   

Low 57 33 52.29   

Psychological stress    -4.739 0.003* 

Yes 27 15 51.32   

No 150 85 56.05   

Notes. R2 = 0.071 Adjusted R2 = 0.060   *Significant at 0.05 level **Significant at 0.001 level. Mental HRQL 
Mean=Adjusted Estimated Marginal Mean for SF-12 Mental Score. 

Both factors remained significant in the model, however the adjusted R2 = 0.060 which is a 

weak model fit. Higher levels of physical activity were associated with higher mental 

health related quality of life (Beta = 0.017, p = 0.035), while the experience of a lifetime 

psychological stress was associated with lower mental health related quality of life (Beta = 

-4.739, p = 0.003).  

3.5.7.4 Physical Health Related Quality of Life 

Six factors were related to physical HRQL in non-Māori men; physical activity (B = 0.070, 

p < 0.001), marital status (B = -2.709, p = 0.022), cardiovascular disease (B = -7.450, p < 

0.001), disability (B = -11.546, p < 0.001), visual impairment (B = -5.475, p = 0.009), and 

instrumental support (B = 3.928, p = 0.043). These were combined in a generalised linear 
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model (Table 3-26) to determine if the main effects of each were still significant when the 

variables were combined.  

Table 3-26. Multiple Linear Regression Model Assessing the Relationship of Physical Activity to Physical 
Health Related Quality of Life in Non-Māori Men 

Variable N % Estimated Marginal 
Mean 

B p value 

Physical Activity    0.043 < .001** 

High 58 33 48.3   

Medium 61 35 46.6   

Low 55 32 40.3   

Marital Status    -1.152 0.241 

Never 
Married/Separated/Divorced 

15 9 42.8   

Married/Partnered 112 64 44.4   

Widowed 47 27 42.1   

CVD    -4.880 0.001** 

Yes 115 66 42.5   

No 59 34 47.7   

Disability    -5.023 0.001** 

Yes 95 55 41.0   

No 79 45 49.1   

Visual Impairment    -2.366 0.188 

Yes 46 23 39.5   

No 146 77 45.8   

Instrumental Support    1.121 0.857 

No 6 3 43.0   

Yes 134 77 45.4   

Don’t Need It 34 20 46.9   

Notes. R2 = 0.367 Adjusted R2 = 0.345 *Significant at 0.05 level **Significant at 0.001 level. Physical HRQL 
Mean=Adjusted Estimated Marginal Mean for SF-12 Physical Score. 

Cardiovascular disease, physical activity levels, and having a disability were all related to 

physical health related quality of life, the overall model fit was adjusted R2 = 0.342. 

Increased physical activity was associated with higher physical health related quality of life 

(Beta = 0.043, p < 0.001). The presence of cardiovascular disease was associated with 

lower physical health related quality of life (Beta = -4.880, p = 0.001). Self-reported 

disability was also associated with lower physical health related quality of life (Beta = -

5.023, p = 0.001).  
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3.5.8 Summary of Results by Health Outcome 

The following section summarises the association between physical activity and each 

health outcome examined in this study by ethnicity and gender. Table 3-27 presents the 

results of the generalised linear models and the goodness of fit (R2) of the models that were 

created for each group.  

Table 3-27. Summary Table of Significance of Physical Activity to Target Health Outcomes in GLMs by 
Ethnicity and Gender 

Health Outcome 
Variable  

Māori Women Māori Men Non-Māori Women Non-Māori Men  

Depression NS (p = 0.315) NS (p = 0.311) 

 

Beta = -0.006 

(p < 0.001**) 

R2 = 0.270 

Beta = -0.001 

(p = 0.009*) 

R2 = 0.171 

Functional Status Beta = 0.025 

(p < 0.001**) 

R2 = 0.470 

Beta = 0.020 

(p < 0.001**) 

R2 = 0.347 

Beta = 0.005 

(p < 0.001**) 

R2 = 0.371 

Beta = 0.015 

(p < 0.001**) 

R2 = 0.468 

HRQL – Mental NS (p = 0.538) NS (p = 0.111) NS (p = 0.890) Beta = 0.017 

(p = 0.029*) 

R2 = 0.060 

HRQL – Physical Beta = 0.045 

(p < 0.001**) 

R2 = 0.414 

Beta = 0.026 

(p < 0.001**) 

R2 = 0.282 

Beta = 0.060 

(p = 0.000*) 

R2 = 0.356 

Beta = 0.043 

(p = 0.035*) 

R2 = 0.345 

Notes. Model Fit (R2) = Adjusted R Squared for the whole model,  NS = Not Significant, *(p < 0.05) **(p < 0.001) Beta 
and Model Fit not reported in NS, Depression measured by Geriatric Depression Scale, Function measured by NEADL, 
HRQL Mental – mental health related QoL, HRQL Physical –physical health related QoL, Beta = Physical Activity to 
Health Outcome, GLM = Generalised Linear Model. 

3.5.9 Depression 

There was  a weak but statistically significant inverse relationship between physical 

activity anddepression for non-Māori men (Beta = -0.001, p = 0.009) and women (Beta = -

0.006, p = 0.011). The model fit ranged from R2 = 0.171 to 0.270, showing moderate 

explanation of the variance in depressive symptom outcomes. Physical activity was not 

related to depression for Māori men and women in the models though it was significant (p 

< 0.05) at the univariate level for all groups.  

3.5.10 Functional Status 

physical activity had a moderate positive relationship with functional status in men and 

women, Māori and non-Māori people in advanced age. The relationship between physical 

activity and function was significant in each sample (p < 0.001), was strongest in Māori 

women (Beta = 0.025) and weakest in non-Māori women (Beta = 0.005). The relationship 
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was significant in both groups of men, in Māori men the relationship was Beta = 0.020 and 

in non-Māori men it was Beta = 0.015. The models explained 34–47% of the variance in 

functional status outcomes in these populations. 

3.5.11 Mental Health Related Quality of Life 

Physical activity had a weak but significant relationships to mental health related quality of 

life in non-Māori men (Beta = 0.017, p = 0.290). Physical activity was not related to 

mental health related quality of life in Māori men or women or non-Māori women. The 

only model produced for the relationship of physical activity to mental health related 

quality of life was weak (R2 = 0.060) for non-Māori men. 

3.5.12 Physical Health Related Quality of Life 

Physical activity was moderately and positively related to physical health related quality of 

life in each sample group; Māori women (Beta = 0.045, p < 0.001), Māori men (Beta = 

0.026, p = 0.020), non-Māori women (Beta = 0.060, p < 0.001), and non-Māori men (Beta 

= 0.043, p = 0.035). The models explained 28–41% of the variance in physical health 

related quality of life outcomes in the oldest old. The models were strongest for Māori 

women (R2 = 0.414) and weakest for Māori men (R2 = 0.282).  

3.5.13 Other Findings in the Results 

In the previous results sections, it is difficult to determine the patterns of relationships 

between the independent and dependent variables by gender and ethnicity. Physical 

activity is the independent variable examined by this study but the covariates included in 

the models also offer important information. The following section aims to briefly 

summarise the patterns and findings for the covariates that emerged in the results (Table 

3-28). 

Self-reported health was related to depression in Māori men and women and non-Māori 

women but not in non-Māori men. However, in both groups of men, psychological stresses 

were related to depression, but this was not significant in women. Psychological stress, 

again, was significant in non-Māori men’s mental health related quality of life, but not for 

that of other groups. Although physical activity was consistently strongly related to 

functional status, other factors emerged as relevant. Cognitive impairment was strongly 

related to functional status; however the relationship between cognitive impairment and 

functional status was not statistically significant in non-Māori women. Living alone was 
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strongly related to functional status in all groups except Māori men. Alcohol use was 

related to functional status in non-Māori men, and lower or higher levels of use were 

related to higher functional status than were moderate levels of use.  

Having a disability, defined as any long term disability lasting six months or more, was 

significant to all groups for physical health related quality of life. Nearly half of all of the 

participants currently had some sort of physical disability lasting six months or more, most 

of which were likely irreversible. Cognitive impairment was strongly associated with 

function in all groups except non-Māori women. Other demographic characteristics, such 

as marital status and education, were not significant in any of the outcome measures in any 

of the groups. Lower financial status was related to higher depression in Māori women. 

However, self-reported health was related to depression in Māori women and men, and 

non-Māori women, but not non-Māori men.  

Table 3-28. Significant Variables For Target Health Outcomes by Gender and Ethnicity 

Significant 
Model Factors 

Depression  Functional Status  HRQL Mental  HRQL Physical 

Māori Women Financial Situations 

Self-reported Health 

Cognitive Impairment 

Physical Activity 

Age 

Living 
Arrangement 

CVD 

Visual Impairment 

Cognitive 
Impairment 

n/a Physical Activity 

CVD 

Disability 

Māori Men Self-reported Health 

Psychological Stress 

Physical Activity 
Cognitive 
Impairment 

n/a Physical activity 

Disability  

Alcohol Use 
(higher use = higher 
function) 

Non-Māori 
Women  

Physical Activity 

Self-reported Health 

Disability 

Cognitive Impairment 

Physical Activity 

Living 
Arrangement  

n/a Physical Activity 

CVD 

Disability 

Visual Impairment 

Instrumental 
Support  

Non-Māori Men Physical Activity 

Psychological Stress 

Physical Activity 

Living 
Arrangement  

Pain 

Disability 

Weight 

Cognitive 
Impairment 

Alcohol Use  

Physical Activity 

Psychological 
Trauma 

Physical Activity 

CVD 

Disability 
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 Discussion 3.6

3.6.1 Addressing the Objectives 

Population ageing amongst Western populations has prompted the development of 

“healthy ageing” strategies for increasing the quality of life and decreasing morbidity in 

late life for older adults. Increased physical activity has been identified as a key component 

in maintaining health and wellness in older adults aged 60 and over, as well as reducing the 

risk for age related morbidities such as cardiovascular disease, diabetes, certain types of 

cancer, frailty, depression, low quality of life, limited physical function and falls (Nelson et 

al., 2007). However, these strategies are based upon evidence focused on the younger old 

age groups; those aged 60–80 years. This study sought to determine whether physical 

activity was associated with positive health outcomes of depression, function, and quality 

of life amongst the oldest old (those aged 80 or over). Due to the cross-sectional design of 

this study causation cannot be inferred, still the findings of this study demonstrate the 

relationship between levels of physical activity and depression, quality of life, and function 

in advanced age by gender and ethnicity. However, there are clear ethnic and sex-specific 

differences in these relationships.  

3.6.2 Main Findings 

Levels of physical activity differed by gender and ethnicity, non-Māori and Māori men had 

higher ranges of physical activity and higher tertiles of physical activity than their women 

counterparts did. Māori men had higher physical activity levels than non-Māori men and 

Māori women had higher physical activity levels than non-Māori women. However, the 

mean age of both Māori men and women was younger than the non-Māori groups (by 

about 2.5 years) and increases in age are related to decreased physical activity levels, so 

this could be a differentiating factor (Shephard, 1997).  

Physical activity was related to important health outcomes for adults of advanced age, 

though the relationships differed for each outcome by gender and ethnicity. Physical 

activity was strongly related to functional status and physical health related quality of life 

in all older adults (men, women, Māori, non-Māori). Increased physical activity was 

associated with higher functional status and higher physical HQOL in all sample groups. 

The relationship for mental health outcomes, such as depression and mental health related 

quality of life, was not consistent among all of the sample groups. Physical activity was not 

related to either mental health outcome (depression, mental HQOL) in Māori men or 
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women. Higher levels of physical activity were related to lower levels of depression in 

non-Māori men and women. However, physical activity was only related to mental health 

related quality of life in advanced age non-Māori men. The models for the relationship 

between physical activity and function were the strongest models. Models examining the 

relationship of physical activity to the mental health outcomes explained less of the 

variance than those assessing physical activity to measures of physical function. The next 

section may explain some of these findings.  

3.6.3 Comparative Research 

This research toads to the literature regarding physical activity and health outcomes 

because it focused on older adults and provided valuable insight from a New Zealand 

perspective with novel data regarding physical activities and health of indigenous people. 

Although this is the first study of this kind to occur in New Zealand or with any advanced 

age cohort including indigenous people, the consideration of similar research provides 

reflection on the findings of this study. The following section discusses previous research 

help interpret and contextualise findings from this study. Again, the health outcomes of 

this study will be discussed in turn.  

3.6.3.1 Depression 

The relationship between physical activity and depression has been examined in previous 

research on older adults. However, there have been mixed results in similar studies (Cox, 

2007), so it is not surprising to find that the relationship was significant to some groups 

and not others. A meta-analysis of intervention studies focusing on physical activity and 

psychological wellbeing in older age (65 and over) identified 36 RCTs, but only seven of 

the trials separated men and women for analysis and seven others included only women in 

their samples. The study found gender differences in treatment (QB(2) = 21.57) and control 

groups (QB(2) = 6.38) Netz, Wu, Becker, & Tenenbaum, 2005). 

The meta-analysis found that physical activity had a medium effect size for PA treatment 

groups (dC. = 0.24) while control groups did not (dC. = 0.09). Additionally, the meta-

analysis concluded that physical activity likely had the same effect on psychological 

wellbeing for men and women, though the results were not analysed by gender (Netz, Wu, 

Becker, & Tenenbaum, 2005). An Australian longitudinal study focusing on health and 

wellbeing in men aged 80 and over (n=601) followed a cohort of men for 4.8 years. The 

study found a statistically significant inverse relationship between both vigorous (HR = 
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1.89; 95% CI: 1.17-3.05) and non-vigorous (HR = 1.50; 95% CI: 1.05-2.14) activity and 

levels of depression as measured by the GDS (Almeida, Norman, Hankey, Jamrozik, & 

Flicker, 2006).  Another analysis of the Australian Longitudinal Study data assessed the 

relationship of walking and leisure time physical activity to depression in women aged 73-

78 (n=6653).  The study found that even low levels of physical activity had an inverse 

relationship to depression (p<.001).  The most significant relationships were just found in 

those who reported higher levels of leisure activity or walking (Heesch, Burton, & Brown, 

2011).  

Another longitudinal study was conducted on the prevalence and incidence of depression 

in adults aged 50–94 (n=1097) during a five year study in the United States. The study 

found that physical activity was a protective factor for both prevalent depression and 

incident depression in the five year follow up (Strawbridge et al., 2002). A cross-sectional 

study in Finland (n=1224) focused on physical activity and psychological wellbeing in 

older adults aged 65–84 found, through regression modelling, that the relationship between 

physical activity and depression was only statistically significant for men but not for 

women in the oldest age group (over 75 years), while the younger old age groups had 

significant results for both genders (Ruuskanen & Ruoppila, 1995). The findings of these 

studies support the decision to analyse the sample separately by gender. Previous literature 

on older adults states that physical activity patterns differ by gender (Shephard, 2002) in 

older adults but the Finnish study, along with the results of this study, indicate that there 

are also differences between men and women in advanced age. Like their younger 

counterparts, men and women in advanced age may have different attitudes and beliefs 

about physical activity behaviours. Furthermore, the social, family, and household roles 

that differ by gender could explain some of the variance found between older men and 

women. Another finding was that degree of change or relationship between physical 

activity interventions with the targeted outcomes were less for the oldest old than younger 

old age groups when analysed by age groups. The findings of the LiLACS sample provide 

an older sample of results that can be further compared to previous research on younger 

old.  

The decision to analyse Māori separately from non-Māori was based upon the lack of 

evidence or literature surrounding the important determinants of mental wellbeing to older 

Māori adults. The results suggested that a quite different set of factors may determine 

mental health for older Maori and non-Maori. The Geriatric Depression Scale (GDS) has 
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been used with New Zealand Māori in previous studies involving older populations (Dulin 

& Passmore, 2010), and while the GDS is the most widely used and cross-culturally tested 

instrument for geriatric depression (Mui, Burnette, & Chen, 2002), it has not been 

validated for use with Māori. Likewise, the PASE was not developed and has not been 

tested with New Zealand Māori for validity.  

3.6.3.2 Functional Status 

Physical activity was consistently strongly related to functional status in all groups and it 

was also related to physical health related quality of life. Given that physical activity 

requires a certain level of functional ability, the relationship was not unexpected. The 

relationship between physical activity and function is consistent with current literature for 

younger old and older old people (Chin et al., 2008; Gu & Conn, 2008; M. E. Miller et al., 

2000; Wang, Van Belle, Kukull, & Larson, 2002). Data from a longitudinal cohort study 

following (n=1861) older adults aged 70–88 in Jerusalem found that continued and 

increased physical activity was associated with not only lower mortality rates but also 

higher functioning (Stessman, Hammerman-Rozenberg, Cohen, Ein-Mor, & Jacobs, 2009). 

The study found that increased physical activity level at baseline (age 70) was associated 

with increased likelihood of maintaining ease in performing ADLs at age 78 years 

(unadjusted OR, 2.0; 95% CI, 1.16-3.45; adjusted OR, 1.72; 95% CI, 0.97-3.03) (p = 0.06), 

and PA level at age 78 years was significantly associated with increased likelihood of 

remaining independent while performing ADLs at age 85 years (unadjusted OR, 2.12; 95% 

CI, 1.26-3.57; adjusted OR, 1.92; 95% CI, 1.11-3.33)(Stessman et al., 2009).  

The current study did not find any differences between the relationship of physical activity 

and function by gender, though the other significant covariates differed for each group. 

The findings of the Jerusalem study support the findings of the current cross-sectional 

study because their findings were based on observed behaviours and theirs was not an 

intervention study. It is also useful because it focused on behaviours that people were 

naturally engaged in or became engaged in, rather than physical activity exercise 

interventions that may not represent free-living activity changes. The study also 

demonstrated that physical activity that increases or is newly initiated is also effective at 

increasing function and decreasing mortality rates in adults over age 80, which is very 

relevant to the LiLACS NZ group.  
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Another longitudinal study on ageing, the Health, Aging, and Body Composition (Health 

ABC) examined the relationship of physical activity and function. The study focused on 

(n=3075) Caucasian men and women aged 70–79 (Brach, Simonsick, Kritchevsky, Yaffe, 

& Newman, 2004). A cross-sectional analysis of the cohort demonstrated that those with 

physically active lifestyles—even those who did not “exercise”—had similar levels of 

physical function. A physically active lifestyle was protective against functional limitation 

but those who had more energy expenditure (EE) derived from exercise had the best 

outcomes (Brach et al., 2004). Still, the study concluded that any type of physical activity 

participation should be encouraged because an increase from “inactive” to “lifestyle 

active” was associated with higher function in men and women (men: inactive beta=-0.27, 

p < 0.001, lifestyle active beta=-0.07, p = 0.032; women: inactive beta=-0.23, p < 0.001, 

lifestyle active beta=-0.07, p < 0.059) (Brach et al., 2004).  

Another study sampled the Aging Study of Manitoba, a six-year longitudinal study of 

ageing that included Canadian people (n=2291) aged 67–95 to determine whether everyday 

activities were associated with mental and physical function as well as mortality (Menec, 

2003). Measures of physical function were adapted from the NEADL scale including 

measures of ADLs and IADLs. Physical activity was measured by a 10-question non-

standard assessment of PA levels. Physical activity levels were associated with ADLs (p = 

0.005) and IADLs (p = 0.009) in the group (Menec, 2003). Also the activity level was 

significantly associated with 6 year mortality (adjusted odds ratio = 0.95) (Menec, 2003).  

The physiological evidence for the relationship of physical activity levels to functional 

status is strong across a wide range of studies focused on populations of older adults 

around the world. The physical function characterising independence in older adults is less 

influenced by socio-cultural factors and comprises basic activities central to basic human 

life such as ensuring food, clothing, and sheltering needs are met. Although the NEADL 

has also not been validated for use in older adult Māori, the constructs of the function 

measure are less open to interpretation in a subjective way than other measures such as the 

mental health measures. This could mean it is less likely that there was any measurement 

error in the calculation of the relationship of physical activity to function in Māori men and 

women.  
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3.6.3.3 Mental Health Related Quality of Life 

Physical activity was related to mental health related quality of life in non-Māori men but 

not other sample groups.  Longitudinal studies that have focused on the relationship of all 

category physical activity to the outcome of health related quality of life are limited. 

However, one longitudinal study on adults aged 62 and over (n=1097) assessed the effect 

of leisure time participation and health related quality of life measured by the SF-36, which 

assessed both physical and mental HRQL. The study found that leisure time physical 

activity was associated with SF-36 scales of physical functioning, physical role, pain, 

vitality, social functioning, emotional role, and mental health.  This is particularly 

interesting because the study also examined leisure time sedentary behaviours and found 

that higher levels of leisure time physical activity and less leisure time sedentary behaviour 

were independently associated with better long-term HRQL in older adults (Balboa-

Castillo, León-Muñoz, Graciani, Rodríguez-Artalejo, & Guallar-Castillón, 2011). While 

the study only focused on leisure time physical activity, other categories of activity such as 

household activities, occupational activities, walking, and incidental activity may also have 

positive impacts on health related quality of life.  

Systematic reviews on physical activity interventions in older adults for mental wellbeing 

have produced mixed results (Windle et al., 2010). Exercise or physical activity may not be 

enough to change mental quality of life outcomes in all older adults but it is related to 

those outcomes in certain populations. Intervention studies mostly use HRQL as a 

secondary outcome measures while focusing on measures that are more concretely defined. 

A Behavioural Risk Factor Surveillance System study on frequency of mental disturbances 

with older adults (n=52,600) aged 65 and over in the United States found that lack of 

participating in moderate to vigorous physical activity (MVPA), not eating five fruits and 

vegetables, sleep disturbances, and smoking were significant risk factors for lower mental 

health related quality of life (McGuire, Strine, Okoro, Ahluwalia, & Ford, 2007). However, 

this study used a different measure to determine health related quality of life. This is 

interesting because there have been some indications that the SF-36, the extended version 

of the SF-12, may not be appropriate in measuring mental health outcomes in non-

European subgroups in New Zealand such as Māori (Scott, Tobias, Sarfati, & Haslett, 

1999).  

The critique of the SF-36 made the case that mental health issues are expressed differently 

between Māori and non-Māori people. However, the study was consistent with other 
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studies in regards to finding higher mental HRQL than physical HRQL in older adults. A 

study on mid-life adults in New Zealand found that, like other populations, physical HRQL 

decreases with age yet mental HRQL increases with age (Amey, Pool, Cameron, & van der 

Pas, 2010). This corroborates other research on older adults which shows that mental 

HRQL increases with age even as physical HRQL declines. One exhaustive study of the 

older adult population of the state of Utah,  Health Status Utah: the Medical Outcomes 

Study SF-12, found that mental HRQL increased with age and physical HRQL declined 

despite morbidity, socioeconomic status, or any other factor (Utah Department of Health, 

2004). Once individuals reached the age of 75, their means plateaued or dropped slightly. 

The Utah study had mean mental HRQL scores of 52.6 and physical HRQL scores of 40.8 

for individuals who were over the age of 75.  

These are very similar to the means of the LiLACS NZ sample groups; however, the 

estimated marginal means of these scores, based on the physical activity tertiles, differed 

by outcome. The mental health related quality of life estimated marginal means remained 

consistent in the low, medium, and high activity groups, whereas physical HRQL means 

had much greater differences analysed by physical activity level. Given that physical 

activity has been well documented to decline with age and that mental health related 

quality of life has been shown to mostly increase with age, perhaps the relationship 

between physical activity and these two outcomes differs, with no relationship between 

activity and mental health related QoL. The decline of physical activity and very low levels 

of physical activity in advanced age has also been demonstrated in previous studies (Netz 

et al., 2005). The relationship of physical activity to mental HRQL was significant in non-

Māori men, and at the moment it is difficult to say why this relationship was only present 

in this sample, so that should be considered. This again could be the result of some other 

unexplained relationship with other variables or it could be that for this particular group, 

physical activity does play an important role in mental HRQL. Either way, these findings 

are mostly consistent with what has previously been observed.  

3.6.3.4 Physical Health Related Quality of Life  

The relationships observed here corroborate other research that has focused on physical 

activity and physical health related quality of life in younger old (Windle et al., 2010). As 

mentioned in the previous section, physical health related quality of life typically declines 

while mental health related quality of life increases with age, so scores of physical HRQL 

are generally lower than mental HRQL in older adults. Every sample in this study 
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displayed that pattern. Physical health related quality of life is defined in a large part by the 

SF-12 subscores of physical function and role limitations due to functional issues, so it 

makes sense that physical health related quality of life was also significant because the 

measures are somewhat synonymous. In a way, the similar results are mutually reinforcing 

that physical activity is important to not only functional status but also perceived function. 

Although the measure for physical HRQL is a self-rated measure, the constructs of the 

measure seem to be less subjective than the mental health related quality of life, asking 

questions about how someone performs a function rather than how they feel. The physical 

portion of the SF-12 may have been less likely to have been influenced by cultural, gender, 

or any other factors that could create interpretive biases. Questions regarding what a person 

physically does may be easier to answer than questions regarding how a person rates his or 

her own limitations.  

The longitudinal study mentioned above, which included the physical and mental domains 

of the SF-36, found that physically active leisure time was associated with higher physical 

health related quality of life outcomes (Balboa-Castillo et al., 2011). Another longitudinal 

study is the Manitoba Study on Aging in Canada (aged 67–95, n=2291), which was a six 

year study focusing on how activity levels related to function, happiness, and mortality 

through HRQL scores. The study found physical activity levels had a positive relationship 

with function, happiness, and decreased mortality. In particular, the study found that group 

or social activities were related to ADL function while activities performed alone related 

only to happiness (Menec, 2003).  

Previous research on HRQL has not generally split the two measures into physical and 

mental domains, so that could be a source of conflicting or inconclusive results in studies 

that utilise the SF-12 measure with younger or other populations. At present, it makes 

comparison to other studies difficult, so perhaps future studies can examine the measure in 

this way. Regardless, because the measure does comprise both the mental and physical 

domains which are equally important, the outcomes of this study have shown that physical 

activity is an important factor to HRQL because of the strong relationship of physical 

activity to the physical aspects.  

3.6.3.5 Covariate Patterns 

Aside from the physical activity data, some interesting patterns emerged. For each 

population and outcome combination, the variables that were included in the various 



104 

models were different; however, there are some similarities and differences worthy of note. 

For example, self-reported health was related to depression in Māori men and women and 

non-Māori women but not for non-Māori men. However, in both male populations, 

psychological stresses were related to depression, but this was not significant for women. 

Psychological stress, again, was significant for non-Māori men’s mental health related 

quality of life, but not other groups. Psychological stress was an interpretive measure and 

given that this was significant to men, it would be interesting to learn more about what 

these psychological stresses might be and why they were more significant to men than to 

women.  

Although physical activity was consistently strongly related to functional status, other 

factors emerged as also independently related. It was not surprising that cognitive 

impairment was strongly related to functional status; however, it was surprising that it was 

not statistically significant in non-Māori women. Living alone was strongly related to 

functional status, as functional status largely determines one’s ability to remain 

independent and provide self-care. Alcohol use was related to functional status in non-

Māori men and lower and higher levels of intake were related to higher functional status, 

compared with moderate use. This could be because the higher drinking categories 

included individuals who had four or more drinks per week which is well within healthy 

limits. Individuals who drink one glass of wine or beer per day could be included in this 

category. The sample of non-Māori men had the highest percentage of individuals who 

reported they drink four or more drinks per week nearly half of the men indicated this 

behaviour, suggesting that this may be an important part of daily life for these advanced 

age men. Drinking four or more drinks per week was also related to higher physical health 

related quality of life in the sample of Māori men, though the Māori men did not report 

drinking as frequently as non-Māori men did. Over half of Māori women reported never 

drinking, nearly 40% of Māori men reported they never drink, and 33% of non-Māori 

women reported never drinking. These differences by gender and ethnicity are interesting 

and could possibly reflect the societal attitudes and beliefs of older generations concerning 

the social norms and policies restricting the behaviours of women and minorities regarding 

alcohol use (Lyons & Willott, 2008).  

Having a disability, defined as any long term disability lasting six months or more, was 

associated with physical health related quality of life in all sample groups. Given that both 

of these measures focus on the physical aspects of health and wellbeing and their bearing 
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on daily life, they may just be mutually reinforcing measures. The participants in this study 

had higher mental HRQL than physical HRQL which is consistent with the findings of 

other health related quality of life studies in older adults (Rejeski & Mihalko, 2001; 

Salguero, Martínez-García, Molinero, & Márquez, 2010). This was not surprising 

considering nearly half of all of the participants reported having some sort of physical 

disability lasting six months or more. Older adults may have more modifiable factors for 

mental health related quality of life, given that less than 10% of each group had cognitive 

impairment, and levels of depression were generally lower as well as being a largely 

treatable condition. Cognitive impairment was very highly related to function in all groups 

except non-Māori women. It was surprising that this factor was not significant to all 

groups. Another unexpected result was that cognitive impairment was related to depression 

in women only. This could be perhaps that men depend more on physical function for 

mental wellbeing. However, the low number of participants who were cognitively impaired 

should be considered. Also, those who were cognitively impaired were not able to report 

any information without the assistance of a proxy, so the responses about physical activity 

behaviours or health outcomes might have been subject to the bias of the proxy.  

Other demographic characteristics, such as marital status and education, were surprisingly 

absent from significance in any of the outcome measures in any of the groups. However, 

lower financial status was related to higher depression in Māori women. Māori women had 

the highest percentage of partner loss, perhaps being widowed could be a source of 

financial hardship as women often maintain the same size of household on half of the 

pension after the loss of a spouse. Also, Māori women reported the highest mean hours for 

participating in volunteer labour, which highlights their importance in community but also 

the lack of financial compensation for their role. However, self-reported health was related 

to depression in Māori women and men, and non-Māori women, but not non-Māori men. It 

is interesting that non-Māori men seem to have different findings for mental health 

outcomes than other groups, making a case for cultural and gender issues being important 

determinants for mental health. This only furthers the discussion that Māori mental health 

issues need more understanding, which is one of the main limitations of this study.  

3.6.4 Strengths and Limitations  

This study benefited from a relatively large sample permitting subgroup analyses by sex 

and ethnicity. However, this is also a limitation. The subgroups were small, highlighting 

the possibility of a type II error (Bland & Altman, 1986). The exhaustive sampling 
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technique allowed for as many participants as possible. The study used linear regression 

modelling techniques which are good for creating predictable variables and the results of 

this study can be used to forecast or predict future outcomes. Relationships between 

physical activity and function have been tested using other statistical methods in younger 

adult populations and given that the results of this study corroborate other findings the 

relationship strength (Beta) found in this study is useful for giving more detailed 

information about the strength of that relationship. The measures in this study were all the 

most generally accepted measures for the particular outcome currently in use for general 

populations.  

However, the first and foremost weakness of this study is perhaps that the instruments used 

in the study were not specifically developed for Māori people. Māori populations did not 

have any statistically significant relationships between physical activity and mental health 

outcomes. One possible explanation could perhaps be that the mental health measures do 

not accurately capture or describe mental health constructs relevant to older Māori. 

Another possibility could be that physical activity is not an important determinant of 

mental health outcomes in older Māori. The Geriatric Depression Scale, while not 

developed for Māori or other indigenous populations, has been validated in several cross-

cultural studies (Marc et al., 2008). Also, while the dependent variables were normally 

distributed, overall levels of depression were low, with only a small number of older 

people indicating they had  more than four depressive symptoms (which indicates the 

presence of at least mild depression). 

A recent study conducted with GPs in New Zealand found that Māori were less likely to be 

diagnosed with depression for several reasons, including higher concern about stigma, the 

patient being less likely to discuss depression, and the lack of feeling rapport between 

practitioner and patient (Thomas, Arlidge, Arroll, & Elder, 2010). One study on New 

Zealand mental health professionals found that 60% of psychiatric patients were Māori 

people, yet Māori people comprise only 14% of the nation’s population. Māori are over-

represented in mental health settings but in a study conducted on mental health 

professionals in New Zealand, only 40% responded that they felt competent dealing with 

Māori mental health issues (Johnstone & Read, 2001). Reasons individuals felt unprepared 

for dealing with Māori mental health issues included not understanding the cultural aspects 

of Māori life and the cultural determinants of mental health in Māori (Johnstone & Read, 

2001). Evidence has shown that cultural aspects of daily living, such as knowing the Māori 



107 

language (te reo Māori) and participation in cultural activities, are important factors in 

Māori mental health (Durie, 1997). The lack of definitive evidence about the determinants 

of mental health for older Māori, coupled with the Westernised mental health constructs 

being applied to Māori, could be reasons that these measures and models did not describe a 

significant relationship between physical activity or other factors with depression in this 

study. Or perhaps physical activity is simply not related to depression in older Māori. 

Either way, this study has prompted the need for further inquiry into elder Māori mental 

health.  

Individuals who were cognitively impaired participated via proxy, meaning that another 

person supplied information on behalf of the individual or assisted the individual answer 

some of the questions. Less than 10% of this population suffered from cognitive 

impairment but it should be noted that those who were cognitively impaired were only able 

to answer questions via a proxy who determined the most likely response for that person to 

any given question. Lastly, the inclusion of only those who completed the full interview 

limited the sample and perhaps the findings to those who were relatively healthier than 

those who completed the partial interview.  This has implications for the generalizability of 

the findings of this study.  Perhaps the findings of this study are limited to use in the 

healthier set of people in advanced age in New Zealand.   

3.6.5 Implications 

This study makes a strong case for the relationship between levels of physical activity and 

functional status and physical health related quality of life in all groups studied here. 

Physical function is essential for independent living which includes self-care and 

maintaining a household. Increasing physical activity in sedentary older people should 

become a primary focus in those who are at risk of reduced function and those who are 

already experiencing a loss of functional status.  

Physical activity is related to mental health in non-Māori in advanced age which is 

consistent with previous research, however more research is needed about older Māori 

mental health to determine if current measures are appropriate for older Māori. While this 

study has added more information to the international discussion about health and ageing, 

it has provided some of the first ever data about the relationship of physical activity to 

health outcomes in non-Māori and indigenous Māori people in advanced age. 
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Moderate associations between physical activity and important health outcomes for all 

groups of advanced age people in this study has been demonstrated. Current health 

information authorities setting health recommendations for physical activity for older 

people over aged 60 can confirm that the need for physical activity is appropriate for the 

oldest old as well. Exact recommendations about amount and type of activity are beyond 

the scope of this thesis.  

The relationships established in this study provide evidence for further developing 

appropriate physical activity interventions aimed at increasing physical activity in those of 

advanced age. Further studies determining behavioural and environmental determinants 

that enable or prohibit active lifestyles in the oldest old should be examined. In future, 

randomised clinical trials could further investigate the causality of the relationship of 

physical activity to each health outcome in each population. Also determining why, for 

example, physical activity was related to mental health outcomes more strongly in non-

Māori men than any other group could give more information on how physical activity 

plays an important role in health for different gender groups or ethnic groups. The strong 

relationship between physical activity levels and functional status and physical health 

related quality of life prompts the need for physical activity programming to be 

implemented in those who are at highest risk of losing physical function. Clinical trials 

examining this relationship and determining the amount of physical activity needed to 

sustain or improve physical function would be essential for creating effective physical 

activity guidelines.  

 Conclusions 3.7

Physical activity is strongly associated with functional status and physical health related 

quality of life in older New Zealand adults. Physical activity was not related to mental 

HRQL for some groups, demonstrating that other factors may be more salient in 

determining mental HRQL in older people, factors such as social relationships, visual 

impairment, or other factors that were not central to this thesis. Physical activity was 

inversely related to depression in all non-Māori but was not related to depression in Māori.  

Physical activity was related to mental health in non-Māori older people.  
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 Chapter 3 Appendices  3.8

3.8.1.1 Bivariate Tables  

Appendix 3-1. Bivariate General Linear Regressions Assessing Relationship of Variables to Depression in 
Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity -0.009 0.080 0.074 < .001** 

Age 0.080 0.001 0.000 0.340 

Living Arrangements 0.027 0.001 -0.006 0.617 

Marital Status 0.184 0.002 -0.004 0.549 

Education -0.384 0.045 0.038 0.010* 

Financial Situation -1.250 0.060 0.053 0.003* 

Self-reported Health 0.784 0.115 0.109 < .001** 

Pain 0.688 0.135 0.129 < .001** 

Disability 1.518 0.111 0.105 < .001** 

Visual Impairment 0.143 0.016 0.009 0.092 

Cognitive Impairment 2.882 0.112 0.101 0.000** 

Psychological Stress 0.187 0.024 0.018 0.163 

Alcohol Use -0.539 0.068 0.061 0.003* 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-2. Bivariate General Linear Regression Assessing Relationship of Variables to Functional Status 
in Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.035 0.289 0.284 < .001** 

Age -0.230 0.050 0.050 < .001** 

Living Arrangements -2.987 0.096 0.090 < .001** 

Marital Status -0.443 0.003 -0.004 0.499 

CVD -1.886 0.035 0.028 0.023* 

Pain -1.045 0.074 0.068 0.001** 

Weight 0.658 0.005 -0.002 0.395 

Visual Impairment -2.531 0.074 0.068 0.001* 

Cognitive Impairment -6.193 0.137 0.132 < .001** 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-3. Bivariate General Linear Regression Models Assessing the Relationship of Variables to 
Mental Health Related Quality of Life in Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.006 0.004 0.003 0.538 

Age -0.101 0.000 -0.001 0.950 

Living Arrangements -2.14 0.015 0.008 0.144 

Marital Status 0.129 0.000 -0.007 0.012* 

Education -0.006 0.000 -0.007 0.992 

Financial Situation 1.12 0.003 -0.004 0.471 

Disability -3.71 0.045 0.038 0.011* 

Visual Impairment -2.83 0.022 0.015 0.075 

Psychological Stress -1.11 0.007 0.000 0.323 

Emotional Support 0.243 0.000 -0.007 0.893 

Alcohol Use 0.280 0.001 -0.007 0.685 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-4. Bivariate General Linear Regression Models Assessing Variables to Health Related Physical 
Quality of Life in Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.071 0.214 0.208 < .001** 

Age -0.060 0.000 0.000 0.500 

Living Arrangements -2.789 0.000 -0.007 0.147 

Marital Status -0.112 0.000 -0.007 0.934 

Education 0.511 0.003 -0.004 0.500 

CVD -9.274 0.148 0.142 < .001** 

Disability -11.167 0.237 0.232 < .001** 

Visual Impairment -2.075 0.007 0.000 0.323 

Instrumental Support 0.880 0.001 -0.006 0.765 

Alcohol Use 1.675 0.027 0.019 0.066 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-5. Bivariate General Linear Models Assessing the Relationship of Variables to Depression in 
Māori Men  

Variable  B R2 Adjusted R2 p value 

Physical Activity -0.001 0.059 0.049 0.016* 

Age -0.100 0.010 0.000 0.320 

Living Arrangements -0.019 0.000 -0.010 0.857 

Marital Status 0.052 0.008 -0.002 0.379 

Education -0.026 0.005 -0.006 0.493 

Financial Situation -.376 0.007 -0.003 0.399 

Self-reported Health 0.168 0.112 0.103 0.001** 

Pain 0.030 0.004 -0.006 0.528 

Disability 0.104 0.013 0.003 0.253 

Visual Impairment -0.062 0.003 -.0007 0.534 

Cognitive Impairment 1.890 0.090 0.080 0.000** 

Psychological Stress 0.285 0.064 0.054 0.014* 

Alcohol Use 0.036 0.015 0.002 0.286 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-6. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Functional Status in Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.023 0.282 0.274 < .001** 

Age 0.006 0.000 -0.001 0.560 

Living Arrangements  -1.591 0.027 0.017 0.102 

Marital Status 0.558 0.010 0.000 0.391 

CVD -0.791 0.009 -0.002 0.359 

Pain -0.759 0.029 0.019 0.089 

Weight -0.185 0.001 0.010 0.050* 

Visual Impairment -0.270 0.001 -0.009 0.774 

Cognitive Impairment -4.722 0.109 0.100 < .001** 

Instrumental Support 0.798 0.009 -0.001 0.357 

Alcohol Use 0.166 0.005 -0.008 0.549 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-7. Bivariate General Linear Regression Models Assessing Relationship of Variables to Mental 
Health Related Quality of Life in Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.015 0.027 0.016 0.111 

Age 0.581 0.003 0.002 0.070 

Living Arrangements 0.572 0.001 -0.009 0.775 

Marital Status -0.397 0.001 -0.009 0.741 

Education 0.307 0.002 -0.009 0.685 

Financial Situation 0.833 0.002 -0.008 0.632 

Disability -0.811 0.002 -0.008 0.647 

Visual Impairment -1.750 0.007 -0.003 0.401 

Psychological Stress -0.788 0.001 -0.009 0.732 

Emotional Support 1.612 0.006 -0.004 0.431 

Alcohol Use -0.037 0.000 -0.013 0.952 

Physical Activity 0.015 0.027 0.016 0.111 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-8. Bivariate General Linear Regression Models Assessing the Relationship of Variables to 
Physical Health Related Quality of Life in Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.037 0.108 0.098 0.001** 

Age 0.002 0.000 -0.001 0.830 

Living Arrangements 1.128 0.002 -0.008 0.639 

Marital Status 0.869 0.004 -0.006 0.549 

Education 0.893 0.010 0.000 0.324 

CVD -3.144 0.019 0.009 0.149 

Disability -8.159 0.149 0.140 < .001** 

Visual Impairment -5.559 0.051 0.041 0.023* 

Instrumental Support -0.374 0.000 -0.010 0.873 

Alcohol Use 1.191 0.088 0.076 0.009* 

Physical Activity 0.037 0.108 0.098 0.001** 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-9. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Depression in Non-Māori Women 

Variable B R2 Adjusted R2 p value 

Physical Activity -0.010 0.085 0.080 < .001** 

Living Arrangements 0.502 0.016 0.012 0.092 

Marital Status 0.012 0.001 -0.004 0.949 

Education -0.213 0.021 0.016 0.037 

Financial Situation -0.032 0.002 -0.003 0.561 

Self-reported Health 0.802 0.181 0.177 < .001** 

Pain 0.397 0.072 0.068 < .001** 

Disability 1.555 0.178 0.174 < .001** 

Visual Impairment 0.716 0.030 0.025 0.013** 

Cognitive Impairment 3.481 0.100 0.100 0.000** 

Psychological Stress 0.575 0.018 0.014 0.052* 

Alcohol Use -0.016 0.005 0.000 0.295 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-10. Bivariate General Linear Regression Models Assessing the Relationship of Variables to 
Functional Status in Non-Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.007 0.276 0.272 < .001** 

Living Arrangements -0.440 0.090 0.085 < .001** 

Marital Status 0.039 0.000 -0.005 0.917 

CVD -0.181 0.015 0.010 0.074 

Pain -0.119 0.045 0.041 0.002* 

Disability -0.567 0.156 0.152 < .001** 

Weight 0.045 0.008 0.003 0.198 

Visual Impairment -0.463 0.067 0.063 < .001** 

Cognitive Impairment -1.129 0.122 0.118 < .001** 

Instrumental Support 0.084 0.000 -0.005 0.906 

Alcohol Use 0.297 0.012 0.007 0.109 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-11. Bivariate General Linear Regression Models Assessing Relationship of Variables to Mental 
Health Related Quality of Life in Non-Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.002 0.000 -0.005 0.890 

Living Arrangements 0.948 0.003 -0.002 0.449 

Marital Status -0.625 0.003 -0.002 0.415 

Education 0.182 0.001 -0.004 0.708 

Financial Situation 1.177 0.003 -0.002 0.413 

Disability -1.135 0.006 0.001 0.273 

Visual Impairment -4.115 0.042 0.037 0.003* 

Psychological Stress -2.388 0.015 0.010 0.082 

Emotional Support 1.124 0.000 -0.002 0.470 

Alcohol Use 0.161 0.001 -0.004 0.672 

Physical Activity 0.002 0.000 -0.005 0.890 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-12. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Physical Health Related Quality of Life in Non-Māori Women 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.093 0.173 0.169 <0.001** 

Living Arrangements -2.252 0.008 0.003 0.195 

Marital Status -0.623 0.002 -0.003 0.295 

Education 0.514 0.003 -0.002 0.795 

CVD -4.850 0.037 0.033 0.005* 

Disability -12.661 0.274 0.271 < .001** 

Weight 2.147 0.008 0.003 0.251 

Visual Impairment -3.784 0.019 0.014 0.049* 

Instrumental Support 4.987 0.028 0.024 0.015* 

Alcohol Use 1.109 0.007 0.002 0.235 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-13. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Depression in Non-Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity -0.002 0.099 0.094 < .001** 

Living Arrangements -0.115 0.018 0.013 0.068 

Marital Status 0.091 0.027 0.022 0.025* 

Education Level -0.015 0.003 0.003 0.470 

Financial Status -0.682 0.018 0.013 0.063 

Self-reported Health 0.123 0.086 0.081 < .001** 

Pain 0.072 0.052 0.047 0.002* 

Disability 0.187 0.053 0.048 0.002* 

Visual Impairment 0.146 0.024 0.018 0.035* 

Cognitive Impairment 2.151 0.313 0.290 0.010* 

Psychological Stress 0.239 0.042 0.037 0.005* 

Alcohol Use -0.054 0.043 0.038 0.004* 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-14. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Functional Status in Non-Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.025 0.243 0.239 < .001** 

Living Arrangements -1.165 0.022 0.017 0.042* 

Marital Status -0.620 0.016 0.011 0.084 

CVD -1.069 0.018 0.013 0.063 

Pain -0.576 0.039 0.034 0.006* 

Disability -2.246 0.091 0.087 < .001** 

Weight  -0.974 0.023 0.017 0.039* 

Visual Impairment -1.038 0.014 0.009 0.103 

Cognitive Impairment -7.384 0.218 0.214 < .001** 

Instrumental Support -0.090 0.014 0.011 0.061 

Alcohol Use 0.675 0.076 0.071 0.000** 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Appendix 3-15. Bivariate General Linear Regression Models Assessing Relationship of Variables to Mental 
Health Related Quality of Life in Non-Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.017 0.026 0.020 0.029* 

Living Arrangements 0.452 0.001 -0.005 0.731 

Marital Status -1.208 0.013 0.008 0.129 

Education 0.041 0.000 -0.005 0.925 

Financial Situation -0.242 0.000 -0.005 0.861 

Disability -1.163 0.005 0.000 0.324 

Visual Impairment -0.140 0.000 -0.005 0.920 

Psychological Stress -4.482 0.048 0.042 0.003* 

Emotional Support 2.185 0.016 0.010 0.092 

Alcohol Use 0.325 0.004 0.001 0.392 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 

Appendix 3-16. Bivariate General Linear Regression Models Assessing Relationship of Variables to 
Physical Health Related Quality of Life in Non-Māori Men 

Variable  B R2 Adjusted R2 p value 

Physical Activity 0.070 0.185 0.180 < .001* 

Living Arrangements 2.405 0.009 0.004 0.198 

Marital Status -2.709 0.029 0.024 0.022* 

Education 0.345 0.002 -0.004 0.596 

CVD -7.450 0.087 0.082 < .001* 

Disability -11.546 0.235 0.231 < .001* 

Visual Impairment -5.475 0.037 0.032 0.009* 

Instrumental Support 3.928 0.022 0.017 0.043* 

Alcohol Use 0.451 0.003 -0.002 0.457 

Physical Activity 0.070 0.185 0.180 < .001* 

Notes. *Significant at 0.05 level **Significant at 0.001 level. 
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Chapter 4: Measuring Physical Activity in Advanced Age 
People 

 Introduction 4.1

Chapter 3 demonstrated the importance of physical activity to several health outcomes for 

people in advanced age. Thus far, this thesis has demonstrated that PA is important in the 

literature and in cross-sectional analyses. It has not examined the nuances in physical 

activity in advanced age. Having measures that give more detail about physical activity 

levels and behaviours in advanced age could lead to a better understanding of how to 

increase the behaviour. Study 2 utilised the PASE as a physical activity measure, but it is 

just one method of measurement available for older adults. The PASE is a self-report 

measure and there are several other ways to determine physical activity levels in older 

people. The PASE, like other self-report measures is subject to recall bias. To understand 

the nature of PA in older people there may be a need to better understand the context of 

activity.  Different types of measures could provide different information about activity 

and ageing and each type has advantages and limitations. Thus understanding and 

exploring measurement issues in this population is salient.  

The first objective of this chapter is to discuss the importance of reliability and validity of 

physical activity measures. The next objective of this chapter is to introduce and 

summarise the methods currently available for physical activity measurement and the 

considerations for their use in older populations. In particular, numerous self-report 

physical activity measures have been developed for older adults. As several reviews of 

self-report physical activity measures for older adults have been conducted, the final 

section of this chapter presents a narrative review of a representative sample of the most 

commonly used self-report physical activity measures for older people.  

 Aim 4.2

This chapter aims to provide some background and detail of the measurement of physical 

activity in older people. It provides the background for Study 2 which focuses on 

validating a new physical activity measure that may have utility and added precision in 

older people.  
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 Background 4.3

An important aspect of physical activity research is the measurement of behaviour. 

Accurate assessment of physical activity levels is critical for population monitoring 

allowing for analysis of trends in physical activity over time. Furthermore, accurate 

physical activity measurement allows researchers to determine whether physical activity 

interventions are effective and establish the relationship between two variables (W. Brown, 

Trost, Bauman, Mummery, & Owen, 2004). However, physical activity is a behaviour and 

measuring a behaviour presents several challenges. Aside from the differences that may 

exist in a population being studied, the tools used in physical activity measurement vary 

considerably in design and application. Each method presents its own unique set of 

benefits and limitations especially in the case of use in special populations such as older 

people.  

4.3.1 Physical Activity Measurement 

When discussing physical activity measurement it is important to consider the outcomes 

that the tools are measuring. Physical activity is defined as “any bodily movement 

produced by skeletal muscles the results in energy expenditure” (Caspersen, Powell, & 

Christenson, 1985). Total energy expenditure (TEE) is the combination of one’s Basal 

Metabolic Rate (BMR), Diet Induced Thermogenesis (DIT) and Physical Activity Energy 

Expenditure (PAEE). The BMR is the minimum amount of energy that a body needs to 

function at mental and physical rest. DIT is the amount of energy required to consume and 

digest food (energy). PAEE is the energy expenditure (EE) associated with physical 

activity and is the most variable source of TEE. Because PAEE is so variable, the 

behavioural measures of physical activity are of great interest to health behaviour 

researchers because there is the greatest potential for increased EE through PAEE 

(Rafamantanantsoa et al., 2003). Physical activities are associated with an energy cost, this 

is referred to as the Metabolic Equivalent of a Task (MET), that is used to estimate the 

amount of oxygen used by the body during physical activity. Thus, 1 MET is assigned to 

the Resting Metabolic Rate (RMR) and activities that are above that level are multiples of 

the equation 3.5 ml of oxygen uptake per kilogram of body weight per minute. For 

example, activities between 3–6 METs are considered to be moderate to vigorous intensity 

activities, while those over 6 METs are classified as vigorous (B. E. Ainsworth et al., 2011; 

B.E. Ainsworth et al., 2000). These standard MET estimations are based on adult 

populations though they have been applied to populations of older adults. It has been 
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acknowledged that these MET values may be over estimating the energy cost for older 

adults given that older adults have a lower BMR than younger adults (J. A. Harris & 

Benedict, 1918). Furthermore, one study on older adults (n = 45, mean age 76) compared 

adult compendium (standard) MET values, oxygen consumption during 17 activities of 

daily living (Knaggs, Larkin, & Manini, 2011).   Estimations of  activities MET cost were 

substantially different in at least 5 activities (both in under and over estimating) in older 

adults and having mobility impairments increased the amount of difference between the 

two measures. Though for those with impairments the METS were consistently 

overestimated by the normative values (Knaggs et al., 2011).  Physical Activity Level 

(PAL) is a numerical expression of a person’s physical activity level. PAL is calculated by 

determining a person’s TEE during a 24-hour period, and dividing that by the person’s 

BMR. This provides a basic estimate of relative levels of physical activity. PAL is useful 

because it provides a number that can be easily categorised into the individual’s physical 

activity level for example: inactive (<1.4), sedentary 1.4-1.69), moderately active (1.7-

1.99), active (2-2.4), very active (>2.4)(WHO, 1985). It also allows people to determine 

their caloric needs based on their current lifestyle and help people determine if their 

lifestyle is active enough.  

Although a good amount of physical activity research focuses on energy expenditure, the 

underlying behaviour is important to understand and measure to increase participation in 

physical activity. Physical activity can also be described in terms of frequency (how often), 

duration (how long) and intensity (how easy or hard, also METs) as well as the type (sport, 

exercise, chores, etc.) of activity and the context (with whom, where, why, etc.) in which it 

occurred. In some measures, reports of frequency, duration, type, and intensity can be used 

to estimate EE (Montoye, Kemper, Saris, & Washburn, 1996; Welk, 2002).  

Physical activity measures that can accurately capture all the dimensions and outcomes are 

desirable. Unfortunately, there are no measures that can accurately capture all aspects of 

physical activity behaviour and EE. Therefore, it is important to consider the population 

being studied, the resources available, and the research hypothesis to select the best 

possible measure. Measures of physical activity are generally categorised as objective or 

subjective. Objective measures for PA or EE include methods such as direct observation, 

doubly labelled water (DLW), calorimetry, heart rate monitors, pedometers, and 

accelerometers. Self-report measures are often referred to as subjective measures, these 

include time diaries, questionnaires, and interviews (Welk, 2002). These methods are 
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explained in further detail later in this chapter. Whatever measure is employed it is 

imperative that the method has been assessed for reliability and validity.  

 Quality of Tools for Measuring Physical Activity – Reliability and Validity 4.4

Although there are several methods to measure physical activity, each must be 

scientifically scrutinised for reliability and validity. Reliability refers to the overall 

consistency of a measure. A measure with high reliability would be likely to produce the 

same results when conditions are consistent. Test-retest reliability indicates the 

performance of a measure over time. Other factors that may affect reliability are the inter-

individual differences that exist among participants, or the intra-individual differences that 

may occur between repeated measures in altered circumstances for the same individual. 

Inter-observer differences refer to the variability between how different observers 

subjectively interpret behaviour or information. Aside from the human differences, there 

may be inter-instrument differences between different pieces of equipment designated to 

measure a certain quality. Inter-instrument differences can occur when equipment has not 

been properly calibrated or programmed or is defective (Hopkins, 2000; Welk, 2002).  

Several statistical methods are available to assess the reliability of repeated measures using 

the same instrument, with intraclass correlation coefficients (ICCs) being the most 

unbiased and therefore the most commonly used (Hopkins, 2000). An ICC score of 0.7 or 

higher indicates a good level of reliability with a higher score indicating higher reliability. 

However, the use of the ICC depends on the measure and the distribution of the data and 

there are many types of ICC models available.  Other options include Spearman’s rank and 

Pearson’s correlation coefficients, confidence intervals, limits of agreement via Bland 

Altman analysis, and others (Hopkins, 2000). Some tests such as the Spearman’s test uses 

ranking which is useful when comparing two measures that are not the same but can 

produce units that can be categorised then compared. This is useful for ordinal data. The 

Pearson test can provide the strength of linear agreement when comparing continuous data.  

The limits of agreement offers another option, focusing on the difference between 

observations rather than the level of agreement.  However, depending on the aim of the 

study and number of cases being studied, the ICC method is generally preferred. 

Once a tool has been assessed for reliability, a physical activity measure must be assessed 

for validity in order for the accuracy and precision of the measure to be estimated and thus 

results to be appropriately interpreted. Validity is the degree to which a tool measures what 
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it aims to measure. However, there are different types and degrees of validity. Criterion 

validity is the method that examines the relationship between the measure in question 

against a standardised measure sometimes termed the “gold standard” to determine 

whether the measure is able to closely match the findings of the standard measure.  

However, there is always the possibility of error even in standard measures, though the 

gold standard is thought to best estimate accurate values. (Sirard & Pate, 2001). Ahigh 

criterion validity can produce the highest level of confidence in the accuracy and utility of 

a measure. In physical activity research, criterion measures (gold standards) include direct 

observation, Doubly Labelled Water (DLW), and Calorimetry, which will be explained in 

further detail below. While these are comparative measures for validating self-report and 

objective (accelerometer, pedometer, and heart rate) physical activity or PAEE measures, 

they are often too expensive and time consuming to be utilised. That is why construct 

validity is often employed. Construct validity is the extent to which a test or measure 

assesses the construct it is supposed to measure. There are a few types of construct 

validity. Convergent validity consists of providing evidence that two tests measuring 

similar constructs correlate strongly (Welk, 2002). For example, in physical activity 

measurement, this could be providing evidence that a higher step count on a pedometer is 

correlated to a higher total daily number of counts on an accelerometer. While they are not 

the exact same measures, theyboth provide a measure of ambulatory physical activity.  The 

opposite of convergent validity is discriminant validity, which consists of providing 

evidence that two measures that are not related r are, in fact, not.  

Convergent validity is often a preferred method of validating physical activity measures 

because it allows for some flexibility in methods yet produces reliable results. To perform 

a convergent validation of a measure, it  must be compared to another measure that has 

validity and precision equal to or greater than its self (Sirard & Pate, 2001). Figure 4.1 

illustrates the hierarchy of physical activity measurement presented by Sirard and Pate, as 

well as the direction of precision and ease of use (Sirard & Pate, 2001). According to the 

hierarchy, criterion measures are those that are the standards against which to measure or 

evaluate something.These include direct observation, doubly labelled water, and 

calorimetry. Secondary measures objectively collect data about physical activity behaviour 

but can only provide estimations of physical activity EE and include accelerometers, 

pedometers, and heart rate monitors. Finally, subjective or self-report measures are those 

that rely upon the information about physical activity behaviour given by the participant, 

examples of these include questionnaires, logs, diaries, and interviews. Self-report 
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measures can only provide estimates of EE depending on information given about 

behaviour (Montoye et al., 1996).  

 

-Less Precise -More Valid

-Easier to Use -Less Easy to Use
Figure 4-1. Physical Activity Measurement Hierarchy  

Choosing a validation method depends on the construct of physical activity being assessed 

and the level of hierarchical validation of the tool in question. Once a method has been 

selected, the next step is to determine the appropriate statistical method to use for analysis. 

Some common analysis methods used for validation studies include t-tests, Spearman’s 

rank order coefficient and Pearson’s correlation coefficients, Bland-Altman plots, and 

Kendalls tau, the choice of which should be determined depending on type of data being 

analysed. Each method gives different information about the closeness with which the new 

test matches the “gold standard” measure. For example, Spearman’s correlation 

coefficients provide a numerical representation (0.33 or less equals a weak correlation, 

0.34–0.66 indicates moderate correlation, and 0.67 or higher indicates a high correlation) 

(Armitage, Berry, & Matthews, 2008; Fisher, 1921). Bland-Altman plots provide a visual 

representation of how well two measures agree with a numerical value regarding limits of 

agreement (Bland & Altman, 1986; Myles & Cui, 2007). In reliability and validity studies, 
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it may be appropriate to perform analysis on data using two or more methods to present 

more comprehensive results.  

 Tools for Measuring Physical Activity 4.5

In this section, an overview is given of commonly used methods to assess physical activity 

in adults and the issues associated with each method is provided. A summary of these 

physical activity measurement methods, along with the considerations of their use in older 

populations, is presented in Table 4-1.  

4.5.1 Criterion Standard Physical Activity Measures 

4.5.1.1 Direct Observation 

Direct observation is the oldest and remains one of the most common research methods 

used across various fields of social and behavioural research. It is defined as a research 

method in which the researcher observes and records what people do (Bailey, 2008). Direct 

observation is considered a gold standard measure of PA behaviour and allows researchers 

to record the context, type, intensity, frequency, duration, and activity patterns. This 

method can be utilised in a laboratory or free-living environment. Limitations of this 

method include the subjectivity of the individual recording the observations, which may 

result in systematic bias. In addition, participant bias may also be an issue, as the person 

observed may try to perform better or strive for socially desirable behaviours when they 

are aware that they are being observed. Direct observation, however, is a time consuming 

method depending on the length of observation and number of individuals being observed, 

which is usually associated with higher research costs. Direct observation is able to provide 

information about physical activity but it cannot provide a direct measure of EE.  When 

using direct observation it is necessary to estimate EE of the observed behaviours if no 

other objective measure is simultaneously engaged (Welk, 2002). Direct observation has 

minimal risk for participants, though it does run the risk of inducing socially desirable 

behaviour for participants who are being observed. The technique of direct observation has 

been used in studies on older people.. However, there could be a higher risk for older 

adults who are inactive and attempt to become more physically active than usual to present 

a socially desirable level of activity. However, a strength of direct observation in 

populations of older people would include assessing physical activity in people who have 

cognitive impairment. Direct observation does not require the participant’s ability to recall 

activity, but relies on the records of the observer.  
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4.5.1.2 Doubly Labelled Water (DLW) 

A criterion measure, the doubly labelled water (DLW) technique, is considered the “gold 

standard” measure for assessing total energy expenditure (Montoye et al., 1996; Welk, 

2002). DLW is a complex scientific method relying on chemistry, which can simply be 

described as observing the exchange of gases through the human body (Speakman, 1998). 

The DLW technique uses stable isotopes of water (oxygen-18, 18O) and hydrogen 

(deuterium, 2H) to determine EE resulting from resting metabolic rate, dietary induced 

thermogenesis, body composition and changes in water levels in mammals, including 

humans, and it can be used to measure the EE associated with PA, termed physical activity 

energy expenditure (PAEE) (Speakman, 1998). This is done by establishing the baseline 

levels of water and hydrogen in a participant’s body, often through a urine or saliva sample 

(and sometimes blood).  Participants then ingest a water based formula which includes a 

known quantity of these isotopes (Welk, 2002). Researchers then track the decline in these 

isotopes of oxygen (oxygen-18, 18O) and hydrogen (deuterium, 2H) via intermittent urine 

or saliva sampling. This is effective because oxygen is lost from the body in the form of 

water and carbon dioxide (CO2), whereas deuterium is lost only as water, the difference in 

loss from the body allows researchers to track the CO2 produced during each subsequent 

assessment. The production of CO2 occurs when fats, carbohydrates and proteins are 

oxidised, this provides evidence of EE (Speakman, 1998). A benefit of using DLW 

techniques is that there are no known side-effects and it can capture free-living activities. 

However, completing an assessment of DLW has been estimated to cost as much as 

1800.00 USD per subject examined (Irwin, Ainsworth, & Conway, 2001). A large scale 

reliability study on (n=494) adults has found that when repeated assessments of TEE were 

administered, the coefficient of variation was 5.1% (Trabulsi et al., 2003). A review of 

validation studies on DLW, compared to other criterion measures in human and small 

animal populations, found that DLW had a level of error between 2% and 8% (Schoeller, 

1988).  

Very few studies using DLW have been conducted on older people, though the utility of 

this method appears to be similar to that with younger people (Starling, Matthews, Ades, & 

Poehlman, 1999). The results are more precise in providing estimation of energy 

expenditure, but the burden of use is much higher than other methods. In addition, the 

differences between individual EE may be more pronounced in populations of older 
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people, making EE estimations difficult to generalise despite the more precise individual 

results (Starling et al., 1999).  

4.5.1.3 Calorimetry 

Calorimetry is the science of measuring the heat of chemical reactions (thermogenesis) in 

the human body (Ferrannini, 1988). During thermogenesis, the heat of the body creates 

chemical reactions that release gases in the form of carbon dioxide. There are two types of 

calorimetry. Direct calorimetry is a measure of heat production and indirect calorimetry is 

a measure of O2 consumption and CO2 production. During direct calorimetry, a participant 

is confined to a laboratory setting where they must remain in a calorimeter, an airtight 

encapsulated chamber that measures heat put off from the body. Indirect calorimetry may 

also use a chamber method, though with indirect calorimetry there is an option for using a 

portable calorimeter (a mask that is placed over the face aimed at collecting respiratory 

activity). A baseline measure of O2 and CO2
 is recorded and then, after a certain amount of 

time, the exchange of gases is calculated and EE or caloric values estimated. Although 

there is the possibility of free-living activity, wearing a facemask and a pack with data 

collecting equipment has the potential to interfere with normal activity.  

One review of calorimetry found that the method was reliable and valid compared to 

oxygen consumption, within 3% of error, but because the conditions of measurement are 

so restrictive of free-living activity, it was impractical to use and therefore was the 

criterion method least used for validation studies (Laporte, Montoye, & Caspersen, 1985). 

A comprehensive systematic review comparing objective and subjective physical activity 

measures found that calorimetry was the least frequently used and cited method of criterion 

measure used for validation (Hopkins, 2000). The review concluded that the involved 

nature of undertaking calorimeter assessment may contribute to its lack of use.  

Calorimetry has been used to assess the BMR and RMR of older people.  A study using 

calorimetry on older people (n=27, age 71.6 ±6.1) assessed the intra-individual differences 

for RMR(Gibbons, Henry, Ulijaszek, & Lightowler, 2004).  The study found that men had 

a higher RMR than women (p < 0.05).  However, the study found that the intra-individual 

differences between older indivduals was not signifiantly different from those of younger 

adults (p > 0.05) (Gibbons et al., 2004).   
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4.5.2 Secondary Objective Physical Activity Measures 

4.5.2.1 Accelerometers  

Accelerometers are a type of activity monitor that measure body movement through 

recording accelerations. Currently, most accelerometers use piezoelectric sensors. 

Piezoelectric substances create an electronic charge when they are acted upon by force, 

such as the vibration of movement or acceleration. Piezoelectric material, generally in the 

form of a crystal, is mounted in a small casing that can usually fit in a person’s pocket. 

These devices can detect acceleration in one to three planes (ante-posterior, medial-lateral, 

and vertical) (K. Y. Chen & Bassett, 2005), although studies often rely on uniaxial (one-

plane) assessment because it is the most sensitive when set to a single plane (Banda et al., 

2010). Accelerometers are preprogrammed via computers to collect specific information 

for a certain length of time, up to several weeks, and at specified intervals such as every 

minute or several times per minute. When the piezoelectric sensors detect activity they 

communicate with an internal circuitry that then records the information collected on an 

internal memory device. To use this information, the unit is required to be connected to a 

computer where the raw signals can be downloaded and transformed into usable data (K. 

Y. Chen & Bassett, 2005).  

The raw signals can be transformed into usable data that become “counts” that provide 

information about the number of times motion was detected during a specified interval of 

time. Although there are several interval settings available, generally one-minute epochs 

are recorded and this provides information about the number of counts that occurred during 

a one-minute time period. The number of counts during these epochs can provide great 

detail about frequency, intensity, and duration of activity that can then be transformed into 

estimates of TEE and average energy expenditure, as well as time spent in activity at 

different intensities. For example, if the accelerometer had zero counts during a time 

period, this would mean during that time a person was engaged in a period of sedentary 

activity. Sedentary activity generally refers to activity that is performed while sitting or 

lying down but it also includes standing activities with EE = MET≤ 1.5.  Also, other 

intensities of activity can be estimated, based on counts per minute, and there are several 

proposed guidelines about these thresholds. The counts can provide information about 

when and how long a person became active and can indicate the number of times a person 

became active.  
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Accelerometers have shown a good level of reliability and validity in field applications and 

because they provide more information than pedometers and are more convenient to use 

than heart rate monitoring, they are currently the most widely used secondary objective 

measurement of physical activity. A study reviewing the reliability and validity of 

objective physical activity measures in different types of accelerometers in older adults 

found that ActiGraph (r = 0.85), TriTracǁ (r = 0.96), and BioTrainer (r = 0.89) were all 

reliable models. The study also noted that the validity of accelerometry has been evaluated 

extensively (Berlin, Storti, & Brach, 2006).  

Although there are several advantages to using this method, there are also some 

limitations. Without direct observation of how they are being worn, there can be room for 

error from the way the participant moves and wears the device. Certain movements cannot 

be captured from a uniaxial measure and activities in water, like swimming, cannot be 

accounted for during the wearing of most activity monitors. However, newer models of 

accelerometers are being developed to endure water-based activity, though their use is still 

not widespread.  Also, weight bearing activities, such as walking with a heavy pack, 

carrying groceries, or walking up hills, are captured for their loco-motor activity but not for 

the energy expenditure associated with the additional load (Welk, 2002). Accelerometers 

can be worn on the wrist, ankle, or hip, creating a lack of consistency in their field 

application. Additionally, activity monitors require time and monetary resources to use and 

may not be practical for very large sample sizes. 

4.5.2.2 Pedometers 

Pedometers are also a form of activity monitor but use a different mechanism than 

accelerometers. In the simplest form, pedometers utilise a pendulum-like metal swing arm 

that makes contact with a circuit board when it is moved by the impact of taking a step. 

The information is then stored in an internal memory system (Schneider, Crouter, Lukajic, 

& Bassett, 2003). Recent, more sophisticated models utilise technology similar to 

accelerometers. Pedometers capture locomotion activities and are typically used to capture 

step counts. They are low cost, easy to use, and are reliable for general estimates of 

physical activity levels, though they do not provide an estimate of EE. Pedometers can 

provide a reasonably reliable measure of distance walked if the stride length of the person 

wearing the measure is programmed into analysis (Tudor-Locke & Myers, 2001).  
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A systematic review of 25 validation studies of pedometers found that they had good 

validity when compared with uniaxial accelerometry (median r = 0.86) for PAL, direct 

observation of time in activity (median r = 0.82), various measures of EE (median r = 0.68) 

and PAL measured by self-reported measures (median r = 0.33). The highest correlations 

were achieved for higher activity levels and, in particular, moderate to vigorous levels of 

locomotion activity such as jogging or running (Tudor-Locke, Williams, Reis, & Pluto, 

2002). A study assessing the reliability of 10 different pedometers’ step counts during a 

400 metre walk found a very good level of test-retest reliability (0.80) or higher in 9/10 

models (Schneider et al., 2003). Also, when comparing each model to a direct observer, the 

steps taken varied from 3% to 37% between the pedometers and the observer (Schneider et 

al., 2003).  

A study examining the convergent validity of a self-report physical activity measure for 

older people to pedometers and accelerometers also examined the correlation between the 

pedometry and accelerometry(T. J. Harris et al., 2009). The study  focused on community 

dwelling older people (n=238) with a mean age of 73 (53% male). Pearson correlations 

demonstrated that step counts captured by Yamax Dig-walker pedometers were highly 

correlated with Actigraph accelerometer activity counts (r = 0.82, p < 0.001) and step 

counts (r = 0.86, p < 0.001)(T. J. Harris et al., 2009).  

There are several limitations with using pedometers in older adults. Aside from being the 

least accurate objective measure to estimate EE, they do not provide reliable information 

about intensity, frequency, or duration of PA (Schneider et al., 2003). Secondly, 

pedometers used with older adults who walk at slower speeds or have variability in their 

gait or speed of walking may provide less reliable estimates of PA (Murphy, 2009). The 

evidence shows that pedometer readings can vary greatly between model and type and 

speed of activity occurring (Schneider et al., 2003). The correlations between pedometers 

and self-report measures also varied. They are best used when step counts or general 

estimations of physical activity levels are required.  

4.5.2.3 Heart Rate Monitors 

Heart rate monitors are another way to assess physical activity. The heart rate is directly 

related to physical activity, as an increase in heart rate is one of many physiological 

responses associated with physical activity. Because there is a linear relationship between 

heart rate and oxygen consumption, estimates of EE can be derived from heart rate 
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monitoring. Heart rate monitors operate by attaching a transmitter to an area of the body, 

usually around the chest. The heartbeat produces an electrical signal that is detected by the 

transmitter that then sends a signal down to a monitor that can display the rhythm and heart 

rate. These devices can detect duration, frequency, and intensity of activity but they cannot 

account for other conditions in which the heart rate may increase such as emotional stress, 

medication side-effects, dehydration, muscle condition, arrhythmia or caffeine use 

(Murphy, 2009). Heart rate monitoring cannot detect the type or context of activity and 

because of the variability of the health status of older adults, the intensity of activity 

detected by these monitors will differ for the same activities being performed by different 

individuals. Also, older people often do small bouts of activity and then take a rest before 

resuming activity. This is problematic, as another limitation of heart rate monitoring is that 

these monitors may only detect activity after a few minutes of lower intensity movement, 

such as lifestyle activities (Strath et al., 2000).  

One study on heart rates of adults (n=61) aged 18-74 assessed the use of heart rate 

monitoring for measuring moderate to vigorous intensity activity (Strath et al., 2000).  

Heart rate monitor assessed beats per minute were correlated with measures of oxygen 

uptake (VO2 max) (r = 0.68, p < 0.05) and indirect calorimetry (r = 0.87, p < 0.05) in a 

clinical setting (Strath et al., 2000).  However, this study included younger populations that 

are less likely to be affected by some of the conditions related to aging previously 

described.  Therefore, heart rate monitoring may not be the best method for assessing 

physical activity intensity or behaviour in older people.   

4.5.3 Subjective Measures 

4.5.3.1 Self-Report 

Self-report is the most frequently used method for assessing physical activity behaviour. 

Self-report measures rely on participants providing information about their activity 

behaviour without any interference or observation by the researcher or interviewer. The 

use of self-report questionnaires is often favoured in large-scale surveys due to their low 

cost and convenience, though they are less precise than objective measures (Harada, Chiu, 

King, & Stewart, 2001; Welk, 2002). These types of measures generally tend to be brief 

and are considered to have a low participant burden. However, there is considerable 

variation in the design and format of these instruments. There are different formats for self-

report measures, with their own strengths and weaknesses.  
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Diaries or activity logs, and recall interviews or questionnaires are the main types of self-

reported physical activity measures. Diaries or logs allow individuals to record their 

activities at scheduled intervals, during a convenient time, or as they occur, giving the 

participant more control over recording their responses. Individuals who complete physical 

activity diaries are likely to recall the context and type of activities being performed as 

well as the frequency and duration of the activity, but self-reporting intensity remains a 

challenge. Diaries are superior to recall to interviews, because they reduce the likelihood of 

recall error (EPARC, 2012). Some diaries are prospective and require participants to track 

their behaviour as it occurs, causing a pause in usual activity for time spent reflecting and 

recording. This inventory of personal behaviour may cause a person to alter his or her 

behaviour to perform more socially desirable physical activity levels. It also may interrupt 

usual activity patterns and take time away from being active. 

Physical activity questionnaires may not require the recall of specific activity. Some 

physical activity recall surveys ask about habitual activity or for more general patterns of 

behaviour, rather than actual behaviour in a given time period. This can also lead to social 

desirability bias. Physical activity questionnaires have one advantage over recall diaries 

because they do not alter current behaviour by requiring the participant to record 

information while they in a free-living scenario (EPARC, 2012).  Recall interviews rely on 

the memory of the individual being interviewed. Depending on the period of recall, the 

task of remembering can be quite easy or challenging. For instance, recalling 24 hours may 

be easier for some individuals than to remember the past week or month. Recalling 

activities that occurred during the past week or month can be difficult as many habitual 

activities may not be thought of as “physical activity” by respondents. Also, lengthy recall 

time increases the likelihood of forgetting about specific events or activities that took place 

and the details concerning the intensity or duration of such activities (Harada et al., 2001).  

Interviews that occur in person or by phone enable interviewers to assist participants in 

understanding questions further. Also, in the instance of cognitive impairment, a proxy 

may complete an interview; this presents its own set of challenges. Answering 

questionnaires with interviewers may increase social desirability bias and there may be  

less bias if the participant is not being observed when completing a questionnaire. On the 

other hand, paper based questionnaires may pose a problem with participants not 

understanding the questions or filling out answers correctly. Proxy interviews are useful in 

examining populations of people who cannot report their own activities such as persons 
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who have dementia, Alzheimer’s, or have suffered a massive stroke. Proxies can provide 

important information about the health behaviours of those in their care, though they 

introduce their own set of biases (Magaziner, Simonsick, Kashner, & Hebel, 1988). For 

example, proxies may not be aware of the full extent of their dependents’ activity or they 

may have the desire to present them in a favourable light. Also, locating and engaging a 

proxy can be challenging because of the legal implications as well as the role of the proxy 

in protecting his or her person of interest. Whether completed by the participant or a proxy, 

interviews are more labour intensive for researchers than simply handing out a 

questionnaire would be. Physical activity interviews can be brief or lengthier.  

Both diaries and questionnaires can be administered by interviewers or completed by the 

respondent via phone, mail, or in person. Both diaries and questionnaires can collect 

information on type, frequency, intensity, duration, and context of activities and they are 

both subject to the same weaknesses of self-report measures; recall error (though the diary 

is less susceptible to such error), social desirability, instrument bias, and the 

misinterpretation of the instrument by the respondent (EPARC, 2012). Also, a recent trend 

in physical activity measurement is the computerisation of self-reported surveys, where the 

interviewers and/or respondents collect information via computers. This furthers the 

convenience factor and creates more rapid processing of data and results. 

Self-report methods are also commonly used to measure physical activity and estimate 

energy expenditure in older people. Several self-report questionnaires have been developed 

for older adults though they show low to moderate validity compared to criterion measures, 

mainly due to inaccuracies in recalling activity in terms of duration and intensity (Banda et 

al., 2010; Welk, 2002). For older people, in particular, intensity is a relative term, for 

example in general populations of adults one might say that walking is light intensity, 

jogging is moderate, and running is high or vigorous intensity. In older adult populations, 

walking may be very intense and can even bring a person to their VO2 max, due to a 

natural decline in cardiorespiratory fitness related to ageing (Talbot et al., 2000). Because 

the biological decline in older people is not the same across all individuals, it is not 

possible to assign age-appropriate physical activity intensity levels to certain activities for 

entire populations of older people. Also, older people may not be comfortable describing 

activities such as walking as “vigorous” for them, due to social desirability bias.  
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Aside from issues in reporting intensity, older people are more likely to engage in shorter 

bouts of activity, sometimes in bouts of just a few minutes. An example of this would be a 

person using a walking frame to walk across a parking lot and taking several breaks. This 

person would be able to report a higher frequency of bouts but each bout would have a 

shorter duration than if the person walked continuously the entire distance. Self-report 

measures present another challenge when surveying subgroups of a population, such as an 

older adult group, a racial minority group, or any other subgroup for whom the self-report 

measure has not been specifically designed (Banda et al., 2010). The questions within the 

measure may not accurately reflect the true nature of physical activity patterns and energy 

expenditure amongst special populations for which the measure was not developed.  

One study about self-reported physical activity suggested that intensity levels are perhaps 

more relative to a person’s individual fitness level (Irwin et al., 2001). Also, studies 

monitoring the same population at the same time have noted that objective measures and 

self-reported measures have found discrepancies in the intensity and frequency of activity 

because individuals tend to over-report time spent in activity and have difficulty in 

estimating or recalling intensities (Irwin et al., 2001). An important finding of that study 

was that energy expenditure overestimation increased with age as well as with percentage 

of body fat. Overestimation of energy expenditure occurred less in those with higher 

overall physical activity levels (Irwin et al., 2001).  

Literature on self-reported physical activity measures has demonstrated that over-reporting 

physical activity levels on self-report questionnaires can lead to the underestimation of the 

positive health effects of physical activity (Banda et al., 2010; Manini et al., 2006). These 

findings were suggested when objective physical activity measures such as DLW, 

observation, and accelerometers were used as a comparison to self-report surveys. Studies 

with more precise measures that reported lower levels of physical activity found stronger 

protective effects of physical activity (Banda et al., 2010; Manini et al., 2006).  

In selecting a self-reported physical activity measurement tool for use in older adult 

populations, one should ensure that the instrument has been tested for reliability and 

validity specifically for older adults. The next section provides a narrative review of 

commonly used physical activity questionnaires or diaries for older people. 
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Table 4-1. Methods of Measuring Physical Activity and Considerations for Use in Older People 

Method  Aspects of PA Measured Strengths Limitations Issues in Using with Older 
People 

Criterion Standard Measures 

Direct Observation PA Behaviour 
Frequency 
Duration 
Intensity 
Type 
Context 

Reduces social desirability bias 
from participant reporting 
Provides descriptive information 
Allows free-living activity 
Low burden on participants 
Field  

Being observed may increase 
social desirability bias in the 
form of participant behaviour 
Subjectivity of observer and 
coder may introduce bias  
Requires a great deal of time 
from researchers 
Expensive (to employ observers 
and data coders) 

Increasing PA due to social 
desirability may be unsafe or 
uncomfortable for older people.  
Useful for people with cognitive 
impairment who cannot report 
on their activities  

DLW Total Energy Expenditure 
Physical Activity Energy 
Expenditure 
Resting Metabolic Rate 
 

Level of accuracy for 
individual’s EE 
Can provide population EE 
estimates based on small 
samples 
Mobile options available 

Restricted to laboratory settings 
in some instances 
Expensive 
Requires complex equipment 
and trained operator 
Requires the collection of bodily 
fluids  
The use of bodily fluids may 
have cultural implications in 
some populations 
Requires a great deal of time for 
researchers and participants  
Not appropriate or feasible for 
large scale studies 

Individual variability in older 
populations is greater, making 
EE estimates based on DLW 
findings to be applied to general 
populations of older people less 
accurate 
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Method  Aspects of PA Measured Strengths Limitations Issues in Using with Older 
People 

Calorimetry Total Energy Expenditure 
Physical Activity Energy 
Expenditure 
Resting Metabolic Rate 

Level of accuracy for individual 
EE 
Can provide population EE 
estimates based on small 
samples 
Mobile options available 

Restricts free-living activity 
Restricted to laboratory settings 
in some instances 
Not all types of PA can be 
captured 
Expensive 
Requires complex equipment 
and a trained operator 
Requires a great deal of time for 
researchers and participants 
Discomfort of being in a 
chamber or wearing a face mask 
Not appropriate or feasible for 
large scale studies 

Individual variability in older 
populations is greater, making 
EE estimates based on 
calorimetry findings to be 
applied to general populations of 
older people less accurate 
Invasive procedure may have 
larger impact on older people 
Indirect calorimeters may be 
difficult to carry and use for 
older people (depending on size 
and model) 

Secondary Objective Measures 

Accelerometers PA Behaviour 
Frequency 
Duration 
Intensity 

Widely validated measure 
Less expensive than criterion 
measures 
Easy for participants to use 
Less invasive than other 
measures 
Can be used in large samples 
Can monitor activity for several 
weeks 
Monitors free-living activity 
Most used objective measure  

More expensive than subjective 
measures 
Only captures movement in area 
of body where device is worn  
Participant competence and 
compliance are required 
Social desirability bias may be 
present in participant when 
being monitored 
Certain activities cannot be 
captured (water based, load 
bearing, seated activities)  
Data processing and computer 
equipment required 
Possible errors in coding and 
processing data 
Device depends on battery life 

There are no definitive data 
reduction methods for older 
people 
Older people may be more likely 
to participate in water activities 
like swimming and aqua 
aerobics or lower impact 
activities like bicycle riding 
which cannot be captured by 
accelerometers 
Useful for people with cognitive 
impairment who cannot report 
on their activities  
People with cognitive 
impairment may not be able to 
successfully comply with 
wearing instructions 
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Method  Aspects of PA Measured Strengths Limitations Issues in Using with Older 
People 

Pedometers Locomotion Activity Relatively inexpensive 
Can monitor periods up to 
several weeks 
Appropriate for large scale 
studies 
Easy for participants to use 
Walking the most common 
physical activity in which older 
people engage 
 

More expensive than subjective 
measures 
Only captures one type of 
activity locomotion movement 
(steps) 
Participant compliance is 
required 
Social desirability bias may be 
present in participant when 
being monitored 
Data processing and computer 
equipment required 
Device depends on battery life 
Do not provide outcomes of EE 
or most of the descriptive types 
of PA domains (intensity, 
frequency, duration) 

Older people may have slower 
walking speeds and irregular 
gait patterns that can reduce 
reliability of pedometer 
measures 
Older people may be more likely 
to participate in water activities 
like swimming and aqua 
aerobics or lower impact 
activities like bicycle riding 
which cannot be captured by 
pedometers 
People with cognitive 
impairment may not be able to 
successfully comply with 
wearing instructions 

Heart Rate Monitors PA Behaviour 
Frequency 
Duration 
Intensity 

Heart rate is directly affected by 
PA, provides estimate of EE 
Mobile HR monitors are 
available  

Heart rate monitors are affected 
by stress, medication side-
effects, dehydration, muscle 
condition, arrhythmia or caffeine 
use, which can give false 
readings of physical activity 
Invasive and/or uncomfortable 
for participants 
Observation may create social 
desirability bias in PA behaviour 
Requires monitoring equipment, 
technician 

Older people are more likely to 
have heart conditions, be on 
medications, and have less 
muscle mass than younger 
people, HR monitors least ideal 
objective measure for older 
people 
Older adults are more likely to 
engage in lower intensity 
activities for shorter amounts of 
time which may not result in a 
significant increase in heart rate 
and therefore could be missed 
by some monitors 
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Method  Aspects of PA Measured Strengths Limitations Issues in Using with Older 
People 

Subjective Measures 

Questionnaires  
(Self Administered) 

PA Behaviour 
Frequency 
Duration 
Intensity 
Type 
Context 

Inexpensive  
Easy to use 
Requires little time 
Useful for large studies  
Flexible delivery options (mail, 
online) 
Does not interfere with free-
living activity 

May be difficult to interpret or 
understand questions 
Participants may find it difficult 
to recall activity 
Questionnaires may ask about 
habitual or usual activity versus 
actual activity  
Reporting doing two activities at 
once may be difficult (for 
example, talking on the phone 
and walking)  
Reporting about short bouts of 
activity may be difficult 
Social desirability bias  

Recall difficulties have been 
highlighted as a particular 
problem for older people, 
however without cognitive 
impairment this may not be an 
issue 
Older persons who have recently 
suffered a stroke or serious 
illness may not be able to speak 
or write about their PA 
Older persons who have recently 
had a sudden major change in 
their health status may not be 
able to reliably report about their 
usual activity for estimations of 
actual activity 

Interview PA Behaviour 
Frequency 
Duration 
Intensity 
Type 
Context 

Inexpensive  
Easy to use 
Requires little time 
Useful for large studies 
Flexible delivery options 
(location, phone, email) 
Does not interfere with free-
living activity 

May be difficult to interpret or 
understand questions 
Interviewer may misinterpret 
responses 
Participants may find it difficult 
to recall activity 
Questionnaires may ask about 
habitual or usual activity versus 
actual activity  
Reporting doing two activities at 
once may be difficult (for 
example, talking on the phone 
and walking)  
Reporting about short bouts of 
activity may be difficult 
Social desirability bias  
Requires data coding, recording, 
and analysis 

Recall difficulties have been 
highlighted as a particular 
problem for older people, 
however without cognitive 
impairment this may not be an 
issue 
Older persons who have recently 
experienced a sudden and major 
change in health may have a 
difficult time describing habitual 
activity as it may have changed 
drastically in a short amount of 
time 
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Method  Aspects of PA Measured Strengths Limitations Issues in Using with Older 
People 

Proxy Interview 
(Questionnaire, diary, report) 

PA Behaviour 
Frequency 
Duration 
Intensity 
Type 
Context 

Inexpensive  
Easy to use 
Requires little time 
Flexible delivery options 
(phone, mail, online, 
interviewer) 
Does not interfere with free-
living activity 
 

Requires consent from legal 
guardian or representative 
May be more difficult to engage 
proxies in larger studies 
Proxies have burden of 
protecting person they are 
guarding  
Proxy may not be aware of full 
extent of physical activities of 
the person about whom they are 
reporting 
Reporting about short bouts of 
activity may be difficult 
Requires data coding, recording, 
and analysis 

Useful for people with cognitive 
impairment who cannot report 
on their activities  
Proxies may be influenced about 
stereotypes associated with older 
people 

Diaries PA Behaviour 
Frequency 
Duration 
Intensity 
Type 
Context 

Inexpensive  
Easy to use 
Requires little time 
Useful for large studies 
Activities that are reported in 
real time are less likely to suffer 
from the ability to recall 
Information is based on actual 
activity not usual activity 
May have the option of 
reporting about short bouts of 
activity 

May interfere with free-living 
activity if done in conjunction 
with activity 
Requires compliance to ensure 
accurate reporting 
Social desirability may be 
present in recordings 
Requires data coding, recording, 
and analysis 

Small activities like walking to 
the mailbox may be omitted 
because it may seem 
insignificant to the participant 
but it is significant to 
researchers 

 



138 

 Narrative Review of Common Self-Report Physical Activity Measures for Older 4.6
People 

The next section reviews common self-reported physical activity measures that have been 

validated for use in older adult populations. Rather than systematically reviewing every 

measure developed for older adults, this narrative review focuses on a smaller sample of 

commonly used and validated self-report physical activity measures for older adults. 

Specifically, the review identifies common measures and summarises their characteristics, 

strengths, and limitations, as well as their developmental reliability and validation to 

provide a context in which future measures could be useful (Table 4-2).  

The common self-report measures included in the review are: 

1. Physical Activity Scale for the Elderly (PASE) (Washburn et al., 1993) 

2. International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003)  

3. Yale Physical Activity Survey (YPAS) (Dipietro et al., 1993a) 

4. Community Health Activities Model Program for Seniors (CHAMPS)(Sallis et al., 

1985)  

5. Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) (H. L. Taylor 

et al., 1978) 

6. Seven Day Recall (Blair et al., 1985) 

7. Yesterday Interview (Moss & Lawton, 1982) 

4.6.1 Physical Activity Scale for the Elderly (PASE) 

The Physical Activity Scale for the Elderly (PASE) was described and utilised in Chapter 3 

as it is one of the most widely used and recognised self-reported physical activity measures 

for older adults. The PASE is a physical activity recall questionnaire that requires older 

adults to think about their physical activity behaviours over the last week and then respond 

about occupational, leisure, and household activities in which they engaged. It was 

developed for adults aged 65 and older, though it is commonly used in studies on those 

aged 60 and over. It can be administered by phone, mail, or in person and takes about five 

minutes to complete. The measure collects information about the frequency, duration, and 

intensity of activity that results in an outcome measure of a physical activity score. There is 
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a continuous scoring system with the scale ranging from 0 to 361, with a higher score 

associated with a higher level of PA (Washburn et al., 1993). Responses about sitting or 

sedentary behaviour are not scored so determining time spent in sedentary behaviour or 

estimating the energy cost associated with the individual sedentary behaviours is not 

possible. This type of scoring allows for tracking changes in physical activity due to 

interventions or surveying current physical activity levels of a group.  

The PASE has been used in several epidemiological and intervention studies with a range 

of success. The initial development and assessment of the PASE was reported in 1993 

(Washburn et al., 1993). The study focused on community dwelling older adults (n=222) 

aged 65 and over. Test-retest reliability of the total PASE score was 0.75 (95% CI = 0.69-

0.80) and construct validity was assessed through correlation of PASE scores with health 

status and physiologic measures. The following measures were reported; grip strength (r = 

0.37), static balance (r = 0.33), leg strength (r = 0.25) and was negatively correlated with 

resting heart rate (r = -0.13), age (r = -0.34) and perceived health status (r = -0.34); and 

overall Sickness Impact Profile score (r = -0.42) (Washburn et al., 1993) (Table 4-2).  

An RCT conducted in 1999 aimed to give evidence of validity of the PASE for sedentary 

older adults (56 men, 134 women, aged 66.5 ± 5.3 years), assessing the effect of aerobic 

conditioning on psychological function and physical function (Washburn et al., 1999). 

Measures of PASE were compared to measures of peak oxygen uptake, resting heart rate 

and blood pressure, percent body fat, and balance in a sample of older adults. Results 

showed that PASE scores were higher for older men than older women (men=145.8 ± 78.0; 

women=123.9 ± 66.3) and were significantly associated (p < 0.05) with peak oxygen 

uptake (r = 0.20), systolic blood pressure (r = −0.18) and balance score (r = 0.20). In this 

study, mean PASE scores decreased as age increased. Another study of the validity of the 

PASE examined the correlation between PASE scores and accelerometer counts over a 3-

day period in older adults (n=20 aged 67–80). PASE scores were significantly correlated 

with accelerometer counts (r = 0.49, p < 0.05) in the total sample and the correlation was 

higher for those aged 70 and over (r = 0.64, p < .5)(Washburn & Ficker, 1999). A further 

study on validating the PASE examined the correlation between estimates of energy 

expenditure derived from PASE scores and DLW (Schuit, Schouten, Westerterp, & Saris, 

1997). The study focused on older Dutch men and women and had a small sample size, but 

found that the correlation between PASE and DLW for TEE was 0.58 (95% CI = 0.50–

0.81). Most recently, a study aimed at validating the PASE in hip replacement patients 
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(n=40, 20 men, 20 women, mean age 61.3 ± 10 years) used average daily activity counts of 

accelerometers and the IPAQ total score compared to total PASE scores to determine 

validity. The correlation between the PASE and accelerometry was 0.30 (moderate) and 

the correlation between the PASE and the IPAQ was 0.60 (strong)(Svege, Kolle, & 

Risberg, 2012). The reliability for repeated measures of the PASE was found to be 0.78.  

A qualitative study on community dwelling older Australians aged over 65 assessed the 

participants’ understanding of sitting time questions on the PASE and IPAQ (Van Uffelen, 

Heesch, Hill, & Brown, 2011).   The study (n = 53, mean age 73) found that older adults 

felt that they did not report all of the sitting activities because they did not could not 

determine the correct category in which to report their activity (leisure, work, household).  

In particular, participants felt that they left out reporting leisure based sitting activities 

because the term leisure was not interpreted in the same way amongst participants. For 

example, one person reported that they did not know whether reading or studying while 

lying in bed was considered a sitting-time activity or whether that was considered sleeping 

(Van Uffelen et al., 2011).   

The main strength of the PASE is that it comprehensively covers the categories of 

activities commonly undertaken by older people and that is very easy to use and score. 

However, it does not report a score for sedentary behaviours and it has moderate levels of 

validity, also it is not more valid than other measures available. Although the PASE has 

been cited in numerous studies internationally (Washburn et al., 1999), other self-report 

instruments for measuring physical activity in older adults exist and may be more 

appropriate, depending on the design of the study and population being monitored.  

4.6.2 International Physical Activity Questionnaire – IPAQ  

The IPAQ is a self-reported physical activity tool that is available for public use. It does 

not require permission or payment for use. The IPAQ was originally designed for use with 

adults (18–65 years).  However, it has been utilised in studies with older people. There are 

two versions of the measure; long and short.  The short, original version, is suitable for 

general population surveillance and large scale epidemiological studies.  The longer 

version, which was later developed, is more suitable for in depth research.  The short IPAQ 

is a 7-item survey that focuses on recalling the past seven days, in which participants report 

the frequency, duration, and intensity of their activities, and the total time spent sitting or 

in sedentary behaviour. A scoring sheet is provided to aid interpretation of the IPAQ 
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outcome variables.  The measure has been translated in over a dozen languages to provide 

cross-cultural research capabilities.  The measure assesses various domains of activity and 

allows for categorical (low, medium, high) or continuous scoring that is calculated by 

multiplying the MET score by the duration of the activity by the number of times the 

activity occurred. The tool can be administered in person, by mail, self-administered, or 

over the phone, and there is a log that asks about usual physical activity patterns and the 

short version that asks specifically about the past seven days.  

The original measure was designed for adults and had similar test-retest reliability (mean r 

= 0.80) assessed by Spearman’s test-retest for the short and long forms’ total scores. When 

comparing total activity from the IPAQ to total activity counts on an accelerometer over 7 

–days, both the long and short form had weak, but acceptable validity (r = 0.30) (Table 

4-2). This was comparable to other self-report physical activity measures available at the 

time of development such as the PASE or the MLTPAQ (Craig et al., 2003). Because of 

the ease of use and the cross-cultural application potential of the IPAQ, it has been 

assessed for the reliability and validity of use in older persons. One study assessed the 

validity of the short IPAQ in older South Africans (men, n=52, 68 ± 5.4 years, and women, 

n=70, 66 ± 5.8 years) by comparing the validity of IPAQ-derived EE to total accelerometry 

counts. Reliability was also assessed by repeated administrations of the IPAQ, it was lower 

for men (r = 0.29 to 0.76) than for women (r = 0.46 to 0.77). The validity of the IPAQ had 

correlations of 0.31–0.54 for men and 0.26–0.29 for women when compared to total and 

average counts on accelerometers respectively (Kolbe-Alexander, Lambert, Harkins, & 

Ekelund, 2006).  

The qualitative study described above comparing the interpretation of sitting-time 

questions posed by the PASE and IPAQ found that neither measure sufficiently assessed 

sedentary behaviour (Van Uffelen et al., 2011).  More participants in this study had 

difficulty answering the IPAQ questions about sitting time.  For example, participants felt 

that estimating time spent on an average day in sitting activity was too difficult, because 

there was so much variation in day to day life (Van Uffelen et al., 2011).  This lead to 

participants not answering the question at all, leaving no activities or time reported as 

sedentary. Also the study indicated that the IPAQ overestimates physical activity because 

it includes more domains of PA than some self report measures.   
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Overall, the IPAQ is an option for large scale or in-depth studies and is useful in 

international studies.  Additionally,it has several scoring options and both versions (long 

and short) have similar reliability and validity.  

4.6.3 Yale Physical Activity Survey – YPAS 

The YPAS is a self-reported physical activity measure that was developed in 1993 to 

determine the amount of physical activity or exercise people aged 60 and over perform, as 

well as the patterns and types of activities that they perform (Dipietro, Caspersen, Ostfeld, 

& Nadel, 1993b). It comprises two main sections: first, the amount of physical activity or 

exercise performed during a typical week in the past month and second, the type of 

activities performed in the past month. Participants complete a paper inventory of activity 

categories that they have participated in which include work, exercise, and recreational 

activities, and they are asked how often during the past week they performed a particular 

activity from each category. The measure is scored by calculating an algorithm that 

multiplies time by intensity by duration for each section that relates to a certain domain of 

activity. The outcomes from the measure include TEE and time spent in various domains 

of activity but activity levels are not categorised in levels such as low, medium, high. The 

use of this measure requires author permission to modify and acknowledgement of use. 

The measure can take around 20 minutes to complete and requires the use of a paper 

format (Dipietro et al., 1993b).  

The original development and evaluation of the YPAS occurred with older adults aged 60–

86 (n=76). Results demonstrated acceptable reliability with the repeated measure ICCs 

ranging from 0.42 to 0.65. Validity assessment (n=25) for weekly energy expenditure (r = -

0.47; p = 0.01) and daily hours spent sitting (r = 0.53; p = 0.01) according to the YPAS 

was assessed against physiological measure of VO2 max.  Lower intensity activity was not 

analysed however, compared to VO2 the correlation was (r = 0.60; p = 0.003)(Dipietro et 

al., 1993b) (Table 4-2). In one study of older Midwestern American adults (n=56, mean 

age 74.7), the total YPAS score had a correlation of 0.37 (p < 0.001) compared to daily 

average counts per minute assessed with accelerometers (Colbert, Matthews, Havighurst, 

Kim, & Schoeller, 2011). The reliability and validity of a Spanish version of the YPAS has 

also been assessed in a group of community dwelling older adults in Spain (n=108; 38 men 

and 70 women, aged 61–80). Same day test-retest reliability was assessed through repeated 

measures ICCs, which ranged from 0.21 to 0.76 for different domains of activity recall 

during a repeated measure of the YPAS on the same day. Accelerometers were used for 
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convergent validity assessment; for measures of TEE on the questionnaire versus total 

activity counts, the Spearman’s correlation was 0.23 (p < 0.05) (De Abajo, Larriba, & 

Márquez, 2001). Overall, the YPAS was considered useful for comparing the time spent in 

activity and estimated energy expenditure for older adults in certain domains of activity. 

The reliability and validity of the YPAS is similar to other measures.  

4.6.4 Community Healthy Activity Model Program for Seniors – CHAMPS 

The Community Healthy Activity Model Program for Seniors (CHAMPS) (Stewart et al., 

2001) was originally designed as a self-report physical activity measure to track an 

intervention programme aimed at increasing activity in sedentary or underactive seniors 

aged 65 and over. The developers of CHAMPS aimed to make the measure more sensitive 

to changes in physical activity levels, which would help assess the effectiveness of 

physical activity interventions (Stewart et al., 2001). The CHAMPS is a paper 

questionnaire that asks specific and detailed questions about different types of activities 

that were performed. It requires 10–15 minutes of time to complete and provides outcomes 

of frequency of activity per week and estimated caloric expenditure during the previous 

week, as well as activity performed at moderate intensity (METs ≥ 3) and total PAL.  

The original development and assessment of the CHAMPS programme evaluation found 

that stability ICCs ranged from 0.58 to 0.66 over a six month period. The Pearson 

correlation between CHAMPS with estimated caloric expenditure was 0.73 for moderate 

intensity activities and 0.55 for all specified activities (Table 4-2).  

Overall, the CHAMPS questionnaire is a valid option for measuring the changes in 

physical activity levels for intervention studies; however, the time required to complete 

does contribute to participant burden. Therefore, it may not be appropriate for large-scale 

studies in which physical activity is not the prime focus.  

4.6.5 Minnesota Leisure Time Physical Activity Questionnaire – MLTPAQ 

The Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ) is a 

questionnaire that focuses on leisure time physical activities (H. L. Taylor et al., 1978). 

Originally developed in the 1970s for adults aged 18 years or over, it was designed to 

obtain information regarding their habitual physical activity on a month-by-month basis for 

the previous year. The MLTPAQ uses a paper and pencil checklist format and people 

report activities in the following categories: walking, strength conditioning, aerobic 
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exercises, water activities, winter activities, organised sports, gardening, home 

maintenance, and outdoors pursuits such as fishing or hunting. Each activity is assigned a 

MET value and outcomes are calculated by multiplying the frequency by duration by 

intensity (MET) for each month. Those calculations can be divided or multiplied to create 

daily or annual physical activity level averages (H. L. Taylor et al., 1978).  

The original validation study included a sample of 103 adults, aged 18–59 years, who were 

recruited from the University of Minnesota. Convergent validity was assessed by 

comparing time spent in moderate intensity physical activity derived from the MLTPAQ 

with accelerometer readings, which yielded a Spearman’s correlation coefficient of 0.23 

(H. L. Taylor et al., 1978). A subsequent validation study with older adults found that only 

moderate intensity activity measured by the MLTPAQ had good criterion validity assessed 

by Spearman’s correlation (r = 0.50) with DLW (Bonnefoy et al., 2001). However, the 

study had a small sample size (n=19) whose mean age was 73.4 and consisted of only men, 

which limits the generalisability of the findings.  The initial development study did not 

include a reliability analysis however, a follow-up study was conducted to determine test-

retest reliability over a five week period and found that Spearman’s correlation ranged 

from 0.79 to 0.88 for total activity and 0.69–0.86 for light, moderate, and vigorous activity 

levels (Table 4-2). The lower intensity level had better correlation coefficients of reliability 

(0.86) than higher intensity (0.69), probably because vigorous exercise varies more day to 

day (Folsom, Jacobs Jr, Caspersen, Gomez-Marin, & Knudsen, 1986).  

Overall, the MLTPAQ has good reliability, and validity ranges from weak, when compared 

to accelerometers, to stronger, when compared to DLW. It is the only questionnaire for 

older people that captures annual amounts of activity. However, it does demand more time 

to complete than other measures due to the longer period of recall.  

4.6.6 Seven Day Physical Activity Recall (PAR) 

The Seven-Day Physical Activity Recall (PAR) measure was initially developed in 

response to challenges with the development of The Stanford Five-City Project focused on 

health behaviours, including exercise, in five Californian cities (Sallis et al., 1985). 

Initially, the PAR’s intended use was for the general population (Sallis et al., 1985), 

however subsequently, there have been some validation studies of the PAR with older 

adults.  
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The 14-item measure asks respondents to recall the activities of the previous week, and 

takes approximately 5–10 minutes to complete. Participants are asked about their 

occupational activities and work schedule. Respondents are asked to report about sleeping, 

morning, afternoon, and evening activities as well as time spent doing strength or 

flexibility activities. Activities can be reported in bouts as short as 10 minutes. The activity 

categories have three intensity choices that include moderate, hard, or very hard, which is 

different from other measures in this summary. Participants are asked to report whether 

they believe they answered the survey accurately and whether or not the activities that they 

reported were affected by any unusual circumstances such as illness, injury, or other 

situations.  

The paper-and-pencil questionnaire can be administered by phone, mail, or in person by an 

interviewer. It is free to use and is available online, along with the scoring protocol and 

several versions of the measures translated into languages other than English. The measure 

provides an outcome of TEE by calculating the frequency, intensity, and duration of 

activities reported. The measure can be used in populations of older people, however 

because the calculations of energy expenditure are based on the general adult version of the 

compendium of METs, thus the values derived from TEE may not be a true reflection of 

EE for older people.  

A recent study compared time spent in MVPA between the PAR and triaxial 

accelerometers (Sloane, Snyder, Demark-Wahnefried, Lobach, & Kraus, 2009). 

Participants (n=115) were middle aged to older adults (mean=58.3, SD 10.3) with newly 

diagnosed breast and prostate cancer. Pearson correlations ranged from 0.23 to 0.54 (p = 

0.01). Assessments occurred at baseline (0.54), 12 (0.23) and 24 months (.053) (Sloane et 

al., 2009).  

The Bonnefoy study, discussed in relation to MLTPAQ above, compared 10 different 

physical activity measures in older men (n=19), including the Seven Day PAR. PAR-

derived TEE was positively associated with DLW TEE (r = 0.34, p < 0.05) (Bonnefoy et 

al., 2001). However, the study did note that the PAR overestimated TEE on average by 

about 11%, compared to TEE measured by DLW.  

The lack of focus on light intensity activity could be a challenge to using this measure in 

older adult populations, who achieve most of their daily EE through lighter intensity 

activities(Chad et al., 2005; Manini et al., 2006). The measure is unique because it asks 
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about circumstantial situations that may have affected a person’s activity level during the 

recalled week. This information is recorded as a possible source of variance in activity 

levels.  

4.6.7 The Yesterday Interview (YI) 

While the Yesterday Interview is not specifically a measure for physical activity, it was 

designed specifically to gain more detailed information about the daily lives of older 

people, which by nature includes their physical activity patterns (Moss & Lawton, 1982). 

The YI was one of the first time-diary surveys ever targeted at older people. Time-budget 

interviews offer a unique advantage over other types of questionnaires; they allow 

qualitative and quantitative data to be collected that are not available in other measures. 

The measure was initially used to assess the differences between older people in different 

life circumstances, including independent community dwelling citizens, independent 

public housing residents, individuals receiving intense in-home residential care services, 

and those on a waiting list to enter full time institutional living. It asks individuals to recall 

their activities in the previous 24 hours. The interview begins by asking about the time the 

participant woke up and proceeds to ask them to report what they did for the entire day 

minute to minute. Individuals select from 68 different activities that fit within three broad 

categories: obligatory, discretionary, and passive activities. Obligatory activities include 

behaviours such as self-care, cooking, working, etc. Discretionary activities include those 

such as sport, socialising, etc. Passive activities include those such as sleeping and sitting. 

Individuals report how many minutes they spent in each activity. The YI only gives the 

outcome of how many minutes older people spend in each category of activity. Another 

unique feature of this measure is that it includes a rating that asks respondents about their 

enjoyment of their activities. The interview exists in paper format and is intended to be 

administered in person by an interviewer. 

 Although the initial study using this interview did not include a reliability or validation 

statement, there have been subsequent assessments of this measure (Klumb & Baltes, 

1999). One study (n=83, aged 72–97) assessed the validity of the YI versus the Experience 

Sampling Method (ESM), another time-use measure that included a mood component. The 

study compared measures of self-care, sitting activities, satisfaction with activities, and 

alone time through Pearson correlations (0.23–0.67). The Berlin Aging assessed the test-

retest reliability of the YI (n=514, aged 74–100) and found that repeated administration of 
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the interview had good reliability with all activity domains in terms of time use (all scores 

had kappa > 0.80) (Baltes & Mayer, 2001).  

The YI was never intended to be solely a physical activity measure; however, its good 

reliability and appropriate focus on age related issues, such as disability, function, and 

activities of daily living, have made it a good tool for determining the level of activity and 

function of an older person.  

 Summary 4.7

In summary, various self-report physical activity questionnaires have been developed for 

older adults, however the design and target outcomes of these instruments are varied. None 

of these instruments is able to simultaneously collect information regarding energy 

expenditure, physical activity patterns, and time use. The reliability and validity of the 

tools also varied considerably. Though this was not a systematic review of all reliability 

and validation studies of all of these measures, this small selection demonstrated an 

acceptable level of reliability and validity. The Yesterday Interview had a high level of 

reliability during a self-report physical activity measure development (Table 4-2). This was 

not surprising given this measure had the shortest period of recall required. The PASE, 

IPAQ, and MLTPAQ also had high levels of reliability. The validity of the measures 

differed as their development studies employed different methods to determine validity and 

the measures had different reference criteria or gold standards against which they were 

assessed. While one measure was not necessarily more valid than another, it points out the 

need to determine the purpose of the intended measure when selecting a measure for a 

study.  Each measure asks different questions and therefore, gives different information or 

outcomes about physical activity.   

For example, the PASE focuses on household, leisure, and occupation activities, while the 

MLTPAQ focuses on leisure. The Seven-Day PAR is focused on leisure and occupational 

activities. CHAMPS had a focus on increasing physical activity through exercise 

intervention so the measures focused heavily time spent in varying intensities. The IPAQ 

also had a focus on time spent in activities of varying intensity though it had the unique 

feature of being promoted as a cross-cultural survey and is available in several languages. 

Yesterday Interview takes a different approach, focusing on all activities and, unlike the 

other measures, it does not attempt to make an EE estimate. However, it is able to group 
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activities into categories that are very important for older adults such as time spent doing 

instrumental activities of daily living and time spent walking.  

The time-budget approach of the Yesterday Interview gives a great amount of detail about 

the lives of older adults and consequently gives rich descriptive data about the physical 

activities of older people. However, this measure is not often employed for physical 

activity research, probably because it lacks the quantifiable aspects of physical activity that 

researchers tend to target. Energy expenditure, PAL, and time spent in MVPA are all 

important outcomes in physical activity research. Having a measure that could provide 

both the rich, descriptive data of the YI along with the quantitative compendium-based 

estimates of METs, PAL, and EE that other measures provide would be an asset to 

researchers.  

Also, a measure that could group activities important to older adults, such as activities of 

daily living, time spent walking, time spent in social activities, etc. would be a great asset 

for gerontologists. A measure that could provide groupings in some of the more 

mainstream categories, such as occupational, household, and leisure activities, as well as 

one that could provide precise details about the time spent in specific activities, such as 

time spent doing puzzles, time it takes for one to bathe, prepare meals, or to walk to the 

mailbox, would also be useful. These descriptive details are important pieces of 

information for gerontologists, as pairing the associated EE with these activities and being 

able to estimate relative intensities of these activities would provide excellent details about 

the descriptive and quantitative physical activities of older people.  

Recently, a time-use diary for children and adults that provides both descriptive data 

regarding time use as well as providing compendium MET-based estimates of EE and PAL 

was developed. The Multimedia Activity Recall for Children and Adults (MARCA) 

((Ridley et al., 2006)Gomersall, 2011; Foley, 2012;. The MARCA was initially developed 

for children and was then later validated for use in adults. Like the Yesterday Interview, 

the MARCA focuses on recalling the previous day, which is thought to enhance participant 

recall. Unlike any measure reviewed in this chapter, the MARCA is a computer based 

platform, meaning that data are captured directly as the interviewer records responses.  At 

the end of the interview EE and PAL can be instantly calculated. The MARCA provides 

information regarding time spent in individual activities, as well as catergorised activities 

such as occupational, IADLs, or time in social settings.  
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The qualitative study on the PASE and IPAQ demonstrated that asking participants about 

habitual activity and asking them to categorise their activity creates several challenges 

(Van Uffelen et al., 2011) to measuring sedentary behaviour.  The study found several 

limitations to participants’ understanding of the meaning of the words in the questions, the 

scope of the activities to report, the timeframe about the activities in question, and how to 

formulate a response (Van Uffelen et al., 2011). The MARCA addresses these challenges 

because it simply asks people about what they did and the timeframe is straightforward.  

The time-use approach allows respondents to focus on recalling the previous day in 

sequence and the computer sorts out the categorical issues via coding.   

The MARCA has been shown to have good  reliability and validity in both children and 

adults (Ridley et. al, 2006; Gomersall, 2011) and addresses the limitations of the individual 

measures while combining the positive key features into one measure. The ability to 

enhance recall and capture everyday activities such as household chores, tending to the 

garden, or performing activities required to live independently, even in short bouts,  are 

desirable features in a measure targeting older people.  However, the MARCA has not 

been assessed for reliability or validity older people.   

Therefore, the aim of Chapter 5 was to examine the reliability and validity of the MARCA 

in older people. Reliability and validity of previous MARCA studies are presented in 

Chapter 5 and a validation study was conducted on a subsample of the LiLACS NZ 

participants described in Chapter 3. This findings of the following validation study have 

been peer-reviewed and published (Mace, Maddison, Olds, & Kerse, 2014). 
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Table 4-2. Characteristics of Self-Report Physical Activity Measures for Older Adults  

Measure Target 
Population 

Reliability Validity Period of 
Recall 

Time to 
Complete 

Administration Domains of PA 
Measured 

Activity 
Categories 
Included 

Outcomes 
Derived 

Sedentary 
Behaviour 

Sleep Target Study 
Design 

PASE 

(Washburn 
et al., 1993) 

Lower PAL 

Older Adults  

ICCs = 0.75 
(95% CI = 
0.69–0.80) 

Total PASE 
score vs. grip 
strength (r = 
0.37), static 
balance (r = 
0.33), leg 
strength (r = 
0.25), resting 
heart rate (r = -
0.13), age (r = -
0.34), perceived 
health status (r = 
-0.34); and 
overall Sickness 
Impact Profile 
score (r = -0.42) 

7 days 5–15 min Phone 

Mail 

Interviewer 

Type 

Frequency 

Intensity 

Duration 

Household, 
Leisure, 
Occupation, 
Walking, 
Exercise  

Continuous 
Score 

Yes No Epidemiological 

Intervention 

YPAS 
(Dipietro et 
al., 1993b) 

Older Adults  

 

ICCs = 0.42–
0.65 

Spearman’s rho 
for YPAS 
weekly energy 
expenditure (r = 
-0.47; P = 0.01) 
and daily hours 
spent sitting (r = 
0.53; P = 0.01) 
correlated with 
resting diastolic 
blood pressure 

7 days 5–10 min Phone 

Mail 

Interviewer 

Frequency 

Duration 

Intensity 

 

Leisure, 
Walking, Stairs  

EE (METS) 

Min/Week 

No No Epidemiological 

Intervention 

CHAMPS 
(Stewart et 
al., 2001) 

Sedentary 
Older Adults 

(stability) ICCs 
(0.58–0.66) 

CHAMPS total 
score vs. 
measure of 
estimated caloric 
expenditure and 
physical activity 
frequency, 
Pearson’s 
correlation 
(0.55–0.73) 

Month  10–15 min Phone 

Mail 

Interviewer 

Type 

Frequency 

Duration 

Intensity 

Activity based 
on intensity 

Estimated 
Caloric 
Expenditure 

METS (EE), 
PAL 

No No Intervention 

IPAQ 
(Craig et 
al., 2003) 

General 
Adults 

Older Adults 

International 

(r = 0.80) 
Spearman’s 
test-retest 
reliability 
coefficients 

Spearman’s rho 
for IPAQ total 
score to total 
activity counts 
on an 
accelerometer (r 
= 0.30) 

7 days or 
Month 

Short 
Version 5–
10 min 

Long 
Version 10–
20 min 

Phone 

Mail 

Interviewer 

Type 

Frequency 

Duration 

Intensity 

 

Walking 

Activity based 
on intensity 

Categorical 
(Low, 
Medium, 
High) 

Continuous 
Score (MET-
min per week) 

Yes 

 

No Epidemiological  

Cross Cultural 

National 
Population 
Based 
Prevalence 
Studies  
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Measure Target 
Population 

Reliability Validity Period of 
Recall 

Time to 
Complete 

Administration Domains of PA 
Measured 

Activity 
Categories 
Included 

Outcomes 
Derived 

Sedentary 
Behaviour 

Sleep Target Study 
Design 

MLTPAQ 
(H. L. 
Taylor et 
al., 1978) 

Adults 18 
Over 

Older Adults 

Five week test-
retest reliability 
Spearman’s test 
(0.79 to 0.88 
for total 
activity and 
ranged 0.69–
0.86 for light, 
moderate, 
vigorous 
(Folsom et al., 
1986) 

Measures of 
time spent in 
moderate 
activity 
measured by 
MLTPAQ vs. 
accelerometry 
correlation 
coefficient 
(0.23) 

1 year by 
month 

15–20 min Phone 

Mail 

Interviewer 

Type 

Frequency 

Duration 

Intensity 

Leisure, 
Household 

Time spent in 
activity 
(average and 
total)  

 

 

 

No No Epidemiological 

Intervention 

Support Need 
Assessment 

Seven-Day 
PAR 
(Sallis et 
al., 1985) 

General 
Adults  

Pearson 
correlation 2 
week 
(moderate 
activity = 0.08, 
hard-very hard 
activity = 0.31–
0.61, sleep = 
0.74) 

TEE from self-
report log 
compared to 
Kcal/TEE from 
7-day PAR 
correlation 
coefficients 
ranged from 
(0.31–0.75)  

(C. Taylor et al., 
1984) 

7 days 5–10 min Phone 

Mail 

Interviewer 

Type 

Frequency 

Duration 

Intensity 

Leisure, 
Occupational  

Kcal  

TEE 

 

No Yes Epidemiological 

Intervention 

Yesterday 
Interview 
(Moss & 
Lawton, 
1982) 

Older Adults Repeated 
measures of six 
main domains 
of activity 
(Kappa 0.80–
0.91 for all 
measures 24 
hour recall 
twice in one 
day (Baltes & 
Mayer, 2001) 

Time use from 
YI vs. 
Experience 
Sampling 
Method (ESM) 
through Pearson 
correlations 
(0.23–0.67) for 
compared 
measures of self-
care, sitting 
activities, 
satisfaction with 
activities, alone 
time (Klumb & 
Baltes, 1999) 

1 day 30 min Interviewer Type 

Frequency 

Duration 

Intensity 

Context 

Enjoyment 

Obligatory, 

Discretionary, 

Passive, 

(Walking, Self 
Care, IADLs) 

 

Time Spent in 
Activity 

Satisfaction 
with 
Activities 

Yes Yes Epidemiological 

Intervention 

Needs 
Assessment 
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Chapter 5: Validating A Self-Report Physical Activity Measure 
The MARCA in Advanced Age People in New Zealand 

 Introduction  5.1

This chapter presents the background, methods, results, and discussion of a study to 

validate the Multimedia Activity Recall for Children and Adults (MARCA) for use in 

people of advanced age in New Zealand.  

 Background 5.2

The MARCA is a computerised 24-hour recall time use tool that has been validated in both 

children and adults (Foley, 2010; Gomersall, Olds, & Ridley, 2010; Ridley et al., 2006) 

(Appendix H). The MARCA may address limitations of other self-report measures 

described in Chapter 4 and have advantages over tools currently available. Though it has 

been validated in younger age groups (Foley, 2010; Gomersall et al., 2010; Ridley et al., 

2006), it has not been used in older people. 

A key design issue of the MARCA is the day reconstruction methodology in which a 

person recalls the previous day from beginning to end. This is proposed to enhance the 

ability of older people to recall their daily time use, including physical activities, and 

address the most common limitations of self-report measures (Banda et al., 2010; Harada 

et al., 2001). The MARCA requires individuals to recall their previous day in periods as 

short as 5 minutes and relies on common daily activities such as waking up, eating meals, 

and going to bed as reference points to recall the order of activities (Ridley et al., 2006). 

Participants can choose from a list of about 250 activities, which are grouped under seven 

main categories (inactivity, transport, sport and play, school, self-care, chores and other). 

Each activity is assigned a compendium based metabolic equivalent (MET) value in order 

to estimate intensity and energy expenditure (Ridley, Ainsworth, & Olds, 2008) which can 

instantly provide an estimate of average daily PAL at the end of the interview (Appendix 

H).  

Furthermore, the MARCA also has potential to provide contextual information important 

to population monitoring of older adults including, but not limited to, the length of time 

required for older people to complete activities of daily living, the routines and patterns of 

time use, and the activities that are important or essential for older people to engage in on a 

regular basis, patterns of social engagement, whether older people are able to access the 
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community and how they go about it, driving habits, patterns of sleeping, eating and 

toileting, time spent with family, amount of time spent engaging in intellectual activities, 

and patterns of sexual activity. As the population ages, understanding the lives of older 

people will be increasingly important to understand the health and wellbeing of these 

individuals. A tool that could provide such rich information with little time and effort 

required from participants would be valuable. To date, there are no computerised 

questionnaires designed for older people that aim to provide descriptive information about 

how older people spend their time, physical activity focused or otherwise.  

The MARCA has shown promising reliability (ICC = 0.88–1.00) and validity when 

compared to accelerometry (rho = 0.36–0.72) (Foley, 2010; Gomersall et al., 2010; Ridley 

et al., 2006) in adults and children and doubly-labelled water (rho = 0.70) (Foley et al., 

2012) in child and adolescent populations. Therefore, this study aimed to determine the 

reliability and validity of the MARCA in older people for monitoring physical activity 

levels. The study builds upon previous MARCA validation studies for children and adults 

and used similar methodologies to permit comparison. This study also builds on Chapter 3 

which showed that physical activity is key to positive health outcomes for older people and 

better measures of physical activity may increase the understanding of physical activity in 

advanced age people.  

 Aim 5.3

The overall aim was to validate the MARCA for use in older adult populations.  

Specific aims were to: 

1. Establish the same day test-retest reliability of the MARCA  

2. Determine the convergent validity of the MARCA against accelerometery  

3. Provide descriptive information about the daily activities of older adults through 

the MARCA and accelerometry. 

 Methods 5.4

5.4.1 Design 

An observational study was conducted using a subsample of individuals enrolled in a 

longitudinal cohort study LiLACS NZ. The observational period lasted for seven days.  
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5.4.2 Ethical Consideration 

The study was approved by the Upper South A Regional Ethics Committee 

(URA/10/08/063). The inclusion of older Māori people required consultation with 

authorities on protecting Māori in research. A letter of support from local Māori 

researchers was submitted along with the ethics application and the researcher attended 

workshops on Treaty of Waitangi and Protecting the Principles of Māori in Research.  

5.4.3 Participants & Sampling 

Participants enrolled in the LiLACS NZ longitudinal cohort study were recruited for this 

study between March 2010 and March 2011, and included older Māori aged 80–90 years 

and older non-Māori aged 85 years. A representative sample was attempted based on 

PASE scores which indicated the distribution of physical activity levels. It was important 

to assess the MARCA on advanced age people of all activity levels. This was thought to be 

important because other measures reviewed in Chapter 4 showed that some measures were 

more or less reliable based on the activity levels of participants. The MARCA aims to 

accurately assess for all levels of activity. Quartiles of activity levels were created based on 

the LiLACS NZ PASE measure and participants from each quartile were sampled. Also, 

gender balance and a proportional number of Māori participants was attempted to ensure a 

representative sample was recruited. Participants were recruited from one region of New 

Zealand including a large regional town and surrounding rural area. Cognitive impairment 

was screened by the Modified Mini Mental State Exam (3MSE)(Teng & Chui, 1987; 

Tombaugh, McDowell, Kristjansson, & Hubley, 1996) during the LiLACS NZ baseline 

study; individuals with a 3MSE score below 72 were considered ineligible for inclusion in 

the study, because the MARCA requires the ability to recall. Exclusion criteria included 

cognitive impairment, living in residential care, inability to understand English, denying 

permission to be contacted about further studies during the LiLACS NZ exit interview, and 

living outside of the target area. 

5.4.4 Study Procedure 

5.4.4.1 Enrolment 

During the LiLACS NZ baseline exit interview, participants were asked to consent to 

being contacted with information about subsequent further research. Individuals who 

consented to being contacted for invitation to further studies were placed on a contact list. 

Individuals on the contact list were given at least two weeks following their participation 
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in the LiLACS baseline study before being contacted to participate in further research. 

Individuals on the list were contacted by telephone to determine if they were interested in 

participation. Those wanting more information or to further discuss study involvement, 

risks, benefits, and resolve any other questions were given the option of scheduling a 

meeting with the investigator to discuss any more information. Once individuals decided to 

enrol, they scheduled a time to have a visit from the investigator at their home. Participants 

were given the option to meet at a local research centre or other public area. During the 

first meeting, participants were asked to thoroughly read a study information sheet and a 

consent form before giving consent to participate. One hundred and seven people were 

contacted via telephone, 80 of those individuals were sent information about the study 

through the mail and eventually 48 individuals enrolled. 

5.4.4.2 Measures 

5.4.4.2.1 Socio-Demographics 

Sociodemographic measures such as age and sex, depression (GDS) (De Craen et al., 

2003) and general function (Nottingham Extended Activity of Daily Living Scale NEADL; 

(Essink-Bot, Krabbe, Bonsel, & Aaronson, 1997)) were established as part of the main 

LiLACS NZ study interviews (Table 3-1) (Hayman et al., 2012) and data were available 

for this validation study. PASE (Washburn, 1993) scores for the sub-sample were also 

available.  

5.4.4.2.2 Accelerometry 

The Actigraph (Actigraph Model AM7164-2.2C, the Actigraph.com.) was used for 

convergent validity in this study. The Actigraph has demonstrated high reliability (r = 

0.98) and criterion validity (r = 0.56, p < 0.001) compared with indirect calorimetry in 

adults (Swartz et al., 2000).  

5.4.4.2.3 The MARCA  

The adult MARCA asks respondents to recall their previous day in a semi-structured 

interview format. In brief, a segmented format is used where participants recall all 

activities from the previous day. Segments typically refer to the time from midnight to 

breakfast, breakfast to lunch, lunch to dinner, and dinner to midnight. This approach has 

been shown to enhance the recall of activities by enabling respondents to recall the context 

and order in which activities occurred (Gomersall et al., 2010).  
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The participants describe their activities in an open-ended format and interviewers select 

each activity from a menu of activities grouped by headings (inactivity, transport, 

sport/recreation, occupation, self-care, home activities, and other). Under these headings, 

there are over 500 activities from which interviewers can select. For locomotor activities, 

participants are prompted by the interviewer to indicate the intensity of the activity.  

Each activity selected is associated with specific automated coding that allows the 

programme to calculate the subject's physical activity level (PAL). This is the average rate 

of daily energy expenditure expressed as a multiple of the resting metabolic rate, 

calculated as the time-weighted mean of the energy cost of individual activities; time spent 

above a given rate of energy expenditure (e.g., time spent in physical activity above three 

times resting metabolic rate, often used as a definition of moderate to vigorous physical 

activity or MVPA); and time spent lying down, sitting, standing or in locomotion. The 

module can also determine the number of minutes and estimated energy cost for any 

activity or set of activities for a single profile or any set of profiles and calculate the time-

distribution of any activity or set of activities (Ridley et al., 2006).  

5.4.4.3 Administration of the MARCA and Accelerometer Observation 

The MARCA was administered in person by a trained interviewer (the candidate) who 

collected information using a portable laptop. The interviewer read the prompts from the 

MARCA interview schedule. As participants were questioned about the previous day, the 

interviewer immediately input their responses into the computerised interview form. Table 

5-1 presents the daily procedures required to examine the test-retest reliability and the 

convergent validity of the MARCA against accelerometery.  

On the day before the observation began, an accelerometer was dropped off to the 

participants and instructions were given on how to wear the device. The device was then 

set to start recording on the following day beginning at 6am for seven days (Table 5-1). 

The details of the test-retest and validity study procedures are described more specifically 

below. The administration of the MARCA took around 10-30 minutes from start to finish 

and varied by participant. 

5.4.4.4 Test Retest  

For the test-retest reliability, participants completed an identical interview, recalling the 

same 24-hour period (i.e., the previous day) later in the same day, with at least four hours 
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but not more than six hours between tests, generally having the first test in the morning and 

the second in the afternoon or evening (Table 5-1). The following variables were derived 

from the MARCA and compared for both time periods: MVPA and PAL (average METs 

per 24-h period). Furthermore, after an initial analysis of the data, it was determined that 

non-sedentary physical activity (NSPA) should also be included. Given the age of the 

participants, very few advanced age adults participate in MVPA, so NSPA was thought to 

be a useful measure in the context of this exploratory study. Using the MARCA, NSPA 

was defined as any activity standing or moving at or above 1.5 METs (Foley, 2010). These 

variables were calculated automatically from the summary text files of each MARCA 

interview. 

5.4.4.5 Convergent Validity 

Convergent validity of the MARCA was quantified against accelerometery. Participants 

were instructed to wear the accelerometer (Actigraph Model: AM7-164-2.2) upon their 

right hip on an elastic banded belt. Participants were instructed to wear the accelerometers 

during waking hours, during any non-water based activity for seven days, beginning on the 

morning after they were given the accelerometer. Participants were not informed that their 

MARCA interview should match the accelerometer output. During the same week, the 

MARCA was administered four times (Table 5-1). The first two administrations occurred 

on the same day as part of the test-retest reliability study and the other two on different 

days. Only the first, third, and fourth administration were included in the validity study. At 

least one of the interviews captured a week day and at least one weekend day.  
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Table 5-1. Administration Procedure for MARCA Test-Retest Reliability and Convergent Validity Assessment Against Accelerometry 
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5.4.4.6  Data Processing and Target Outcomes  

5.4.4.6.1 Accelerometer 

Raw accelerometer data were delivered to a trained information technology consultant who 

processed the data so that the information could be analysed by the researcher. The 

information technology consultant was able to derive the following outcomes for the 

purposes of this study: average daily activity counts, total daily activity counts, counts per 

minute, time spent in non-sedentary physical activity (NSPA), and time spent in moderate 

to vigorous intensity activity.  

Various algorithms exist for managing raw accelerometer data (activity counts). In the 

present study, a valid accelerometer minute was defined as a recorded minute that did not 

fall into a sequence of ≥60 minutes of zero activity counts (Mâsse et al., 1998). A valid 

accelerometer day was defined as a recorded day that had a minimum of 600 valid minutes 

(i.e., 10 hours). All non-valid days and minutes were removed from the accelerometer data 

before analysis.  

A lack of agreement exists as to the appropriate count.min⁻1 thresholds for MVPA and 

sedentary behaviour for older people (Copeland & Esliger, 2009; Swartz et al., 2000; 

Troiano et al., 2008; Ware Jr et al., 1996). Consistent with previous research, a threshold 

above 100 counts/min was used to indicate time spent in NSPA(Buman et al., 2010; 

Copeland & Esliger, 2009; M. G. Davis & Fox, 2007; N. Miller, Strath, Swartz, & Cashin, 

2010). For comparison, we also calculated total daily activity counts, and average daily 

activity counts. MVPA categories were created from the accelerometer data using a range 

of thresholds: 574 count.min⁻1(Swartz et al., 2000), 1041 count.min⁻1(Copeland & Esliger, 

2009), and 1952 count.min⁻1(Freedson, Melanson, & Sirard, 1998).  

A graphical representation of the daily physical activity levels was generated.  After the 

accelerometer data were processed, the data for men and women were separated and the 

average count per minute for an average day was chronologically graphed. Patterns of 

mean activity counts by gender were analysed to determine if there was a difference in 

daily activity patterns between men and women. 

5.4.4.6.2 MARCA 

Raw data from the MARCA interviews were delivered to an expert MARCA data handler, 

who processed the raw data into a usable excel file so that they could be analysed by the 
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researcher. The MARCA data were processed using the analytical module, whereby 

profiles were scanned for abnormalities which included individual files with PAL <1.1 

METs, less than 10 activities reported, and having missing data within the 1,440 minutes 

reported. 

The processed data included the following outcomes of physical activity: average daily 

PAL, average daily energy expenditure or the METs, time spent in non-sedentary physical 

activity, time spent in moderate to vigorous activity, descriptive information about time 

spent in different activities as well as the time of day that activities occurred. Activities 

under the headings of sitting or moving could be expanded into individual activities or 

grouped according to their function; for example, showering and combing hair could be 

grouped under ADL. Categories such as ADL, IADL, home maintenance, gardening, 

walking, recreation, and exercise were created with the appropriate activities included 

(Kempen, Myers, & Powell, 1995). This was done to gain a better understanding of the 

activities that were most important for older adults. The processed MARCA data files 

provided the amount of time spent in individual activities as well as the relative intensity, if 

applicable. Activities were able to be grouped into different categories depending on the 

function or purpose of the activity.  

Activities grouped in ADL included any activity pertaining to self-care (walking, bathing, 

toileting, grooming). Activities included in IADL included any activity pertaining to 

maintaining independence (shopping, cooking, home finance, driving, laundry, cleaning). 

Home maintenance included any activity that pertained to maintaining one’s own residence 

that was more than ordinary house cleaning (trimming hedges, cleaning gutters, mowing 

the lawn). Gardening included any activity that contributed to the growing or upkeep of a 

garden (watering, weeding, planting, digging). Walking activities included incidental and 

purposive walking. Recreation included sport and leisure activities and exercise included 

activities for the purpose of improved fitness such as aerobics, weight training, or 

swimming. The average time spent in each domain of activity for men and women was 

analysed to determine gender differences in time use amongst the oldest old.  

5.4.5 Data Analysis 

5.4.5.1 Descriptive Time Use Patterns 

Time spent in different domains of activity was determined by calculating the means for 

men and women for each activity reported by the MARCA. T-tests were performed to 
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determine if there was a significant difference between men and women performing 

different domains of activity. For accelerometer patterns, the mean count per minute was 

calculated for each gender and graphically depicted by a timeline. A further analysis of 

accelerometer peaks and valleys of activity was conducted by checking most common 

activities reported on the MARCA during that time to determine which active and 

sedentary behaviours were most common and the time around which they occurred.  

5.4.5.2 Test-Retest Reliability 

Test-retest reliability was determined by calculating intraclass correlations (ICCs) for 

MARCA-derived measures of PAL and MVPA (activity ≥ 3 METs) (Foley, 2010; 

Gomersall et al., 2010; Ridley et al., 2006) and also for the measure of NSPA. Paired t-

tests were also used to determine whether significant differences existed between the 

measurements.  Limits of agreement between the two measures were assessed according to 

recommendations by Bland and Altman (Bland & Altman, 1986).  

5.4.5.3 Convergent Validity 

Spearman’s correlation coefficient was used to assess the relationship between: 

 Total time spent above 100 counts/min threshold from accelerometry and time 

spent in non-sedentary physical activity reported by older adult MARCA 

(1.5METs or higher) 

 Average Actigraph daily activity counts from accelerometry and physical 

activity level (PAL) as reported by the older adult MARCA 

 Total daily activity counts reported by the accelerometer and total physical 

activity level reported by the older adult MARCA 

 Time spent in MVPA classified by the MARCA versus three cut-points 

commonly used in adult populations using accelerometers 

Spearman’s correlation coefficient measures the strength of association between two 

variables and thus was appropriate for determining convergent validity. A Bland-Altman 

plot is a plot of the differences of two measures, in this case MARCA and accelerometer. 

The mean difference in MARCA between two methods indicating the mean bias and two 

2-standard deviation lines are typically included in the plot.  The two measures are in 
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agreement in 95% when the points lie within two standard deviations (Bland & Altman, 

1986).  

 Results  5.5

5.5.1 Characteristics of the Sample 

Overall 48 participants (24 male, 24 female) were included in the study with an average 

age of 84.9 (SD= ±1.62 y) years. Twenty five percent of participants identified as New 

Zealand Māori (indigenous). Over half (54%) of the participants were married, 38% were 

widowed/widower, 6% were divorced, and 2% never married or partnered. Slightly over 

half lived with others (54%) while the rest lived on their own. Nearly 70% of participants 

reported that they were financially comfortable and none reported being unable to make 

ends meet. Most of the participants (67%) completed a secondary level of education, with 

17% holding a tertiary education. Just over half reported having a disability lasting 6 

months or longer. Only 6% of the sample indicated the presence of depression (GDS) (De 

Craen et al., 2003) or low physical function estimated on studies of the Nottingham 

Extended Activities of Daily Living Scale (NEADL)(Essink-Bot et al., 1997; Wu, Chuang, 

Lin, Lee, & Hong, 2011)(Table 5-2). Physical activity derived from the PASE was 

normally distributed in this sample and was thought to be representative of varying activity 

levels, scores ranged from 25 to 261 with a mean score of 113.7±31.9. Table 5-3 shows the 

MARCA and accelerometry levels of activity for the sample. 
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Table 5-2. Demographic Characteristics of MARCA Study Sample 

Sample Characteristics  N % 

Gender   

Men 24 50 

Women 24 50 

Ethnicity   

Māori  12 25 

Non-Māori 36 75 

Marital Status   

Married or Partnered 26 54 

Widow/Widower 18 38 

Separated/Divorced 3 6 

Never Partnered  1 2 

Education Level   

Primary or No Schooling 8 16 

Secondary Education 31 67 

Tertiary Education 9 17 

Financial Status 

Just Enough to Get By 11 30 

Comfortable 37 70 

Presence of Disability   

Yes  25 52 

No 23 48 

Presence of Depression   

Yes 3 6 

No 45 94 

Low Functional Status   

Yes 3 6 

No 45 94 

Note. Presence of Depression=Indicated by Geriatric Depression Score > 4, Low Functional Status = Low Score on 
Nottingham Extended Activities of Daily Living Scale < 12. 

Table 5-3 presents the physical activity characteristics of the sample collectively and by 

gender. The MARCA measures for daily average physical activity level (PAL) and daily 

average time spent in NSPA are presented. Also displayed are the average daily activity 

counts and the average count per minute measured by the accelerometer.  
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Table 5-3. Physical Activity Characteristics of the Sample Measured by a) MARCA: Average Daily Physical 
Activity Levels and b) Accelerometers: Average Daily Counts 

Variable All (n=45) Male (n=23) Female (n=22) 

 Mean (SD) Mean (SD) Mean (SD) 

a) MARCA    

PAL 

(METs) 

Daily Average 

1.42 (0.18) 1.45 (0.20) 1.40 (0.15) 

NSPA (Min/Day) 

Daily Average 

268.7 (118.32) 270.4 (123.44) 266.6 (123.56) 

b) Accelerometer    

Average Daily Total 
Activity Counts 

129,234 (82,488) 130,141 (81,559) 128,397 (83,918) 

Daily Average 

Average Actigraph 

count.min⁻ 1 

144.0 (104.42) 154.5 (113.01) 143.0 (112.73) 

Notes. PAL = Physical Activity Level expressed by Metabolic Equivalent. 
SD = Standard Deviation.  
NSPA = Minutes spent in non-sedentary physical activity. 

5.5.2 Descriptive Patterns of Time Use  

The activity patterns based on average counts per minute for older adults are illustrated 

below. Because individuals were not instructed to wear the accelerometers during bedtime 

only the hours between 6:00 am and 12:00 am midnight are displayed. Figure 5-1 

illustrates the overall daily average activity count patterns for older adult males. Figure 5-2 

presents the overall daily average activity count patterns for older adult females. Because 

patterns of high and low activity emerged, a further analysis of the MARCA data was 

conducted to better understand the type of activities undertaken during periods of high and 

low activity.  
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Note. Graph displays 6:00am–12:00am, NSPA>100 Counts per Minute.  

Figure 5-1.Male Daily Average Accelerometer Activity Counts 

Older adult males on average had greater periods of more intense activity in the morning 

from about 9am until noon, a dip in activity during the noon hour, followed by another 

bout of moderate intensity activity in the afternoon, from about 1:30–3:30 pm, and 

eventually tapering off. Date and time matched analysis of the MARCA data revealed that 

during the morning bout of activity (9:00am–noon), the most common activities engaged 

in were: chores (inside and outside), which comprised tidying up around the home and 

outdoor yard and lawn work, on average for about an hour, and gardening, which 

collectively accounted for 23 minutes per day. Doing the shopping accounted for 

approximately 12 minutes of activity during that time. During the afternoon bout of 

activity, men continued to work on chores, including indoor and outdoor work (40 

minutes), and gardening (20 minutes), spending on average less time in each category than 

in the morning. Sedentary activities during the first half of the day included reading, social 

visits, talking on the phone, and quiet time, which each accounted, on average, for between 

20 and 30 minutes of time for older men.  
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Note. Graph displays 6:00am–12:00am, NSPA>100 Counts per Minute (CPM)  

Figure 5-2. Female Daily Average Accelerometer Activity Counts 

Women tended to sustain a lower intensity of activity over a longer period of time and 

undertake light intensity activity throughout the day. Again, date and time-matched 

analysis showed that morning activities consisted mainly of household chores, such as 

tidying up around the house indoors (about 60 minutes per day), another 15 minutes on 

average were spent on outside chores, while women did about 19 minutes of gardening on 

average during this bout. Women spent more time communicating and socialising than 

men did during the inactive bout (12:30pm–1:30pm). They spent about half an hour 

socialising with others or communicating on the telephone or in person. During the next 

period of active time, women were engaged in more chore time (34 more minutes on 

average) and a bit more gardening (about 8 minutes on average) 

5.5.3 Self-Reported Domains of Time Use 

Older adults reported spending 19% of their 24-hour day moving, 41% in sedentary 

(sitting) activities, and 40% sleeping. There was little difference between men and women 

(±1%) for average time spent in each domain of activity (Figure 5-3).  
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Figure 5-3. Older Adults Self-Reported Time Spent Sleeping, Sitting, and Moving 

Sit = time spent in sedentary activities 
Move = time spent in active activities 
Sleep = time spent sleeping 
Self-Reported Measure was the MARCA 

Activities domains expanded under sitting and moving gave more information about 

activities in which older adults engage. Table 5-4 demonstrates the average time (min) 

spent in various activities by gender.  
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Table 5-4. Average Time (minutes) Spent in Activity Per Day by Gender as Reported by the MARCA and 
Minimum-Maximum  

Activity 
 

Men (n=24) Women (n=24)  

Mean (SD) 
Min–Max 

Mean (SD) 
Min–Max 

T-Test Results t (p) 

Sleep 581.0 (79.1) 
420–780 

578.2 (83.7) 
390–800 

(t = -0.240, p = 
0.340)  

Sit 589.0 (86.8) 
335–845 

590.0 (94.2) 
225–865 

(t = 0.189, p 
=0.445) 

Sitting quietly 25.5 (45.1) 
0–180 

31.1 (54.6) 
0–240 

(t = 0.770, p = 
0.144) 

Reading/writing  114.6 (113.9) 
0–420 

111.2 (118.6) 
0–590 

(t = -0.203, p = 
0.561) 

TV/movies* 210.2 9 (116.2) 
0–515 

164.7 (82.6) 
0–475 

(t = -3.151, p < 
0.001) 

Arts/crafts sitting* 7.6 (29.2) 
0–225 

37.6 (85.2) 
0–390 

(t =3.162, p < 
0.001) 

Puzzle (e.g., 
crossword)* 

14.0 (32.2) 
0–130 

26.2 (61.4) 
0–315 

(t = 1.680, p < 
0.001)  

Listening music 
sitting 

9.6 (30.9) 
0–155 

9.5 (34.9) 
0–185 

(t = -0.001, p = 
0.910) 

Spiritual activities* 1.2 (8.2) 
0–60 

11.9 (41.5) 
0–250 

(t = 2.381, p < 
0.001) 

Social sitting 84.2 (90.0) 
0–435 

91.7 (90.2) 
0–440 

(t = 0.730, p = 
0.580) 

ADL sitting 97.0 (39.7) 
50–305 

92.6 (36.1) 
25–225 

(t = -0.701, p = 
0.581) 

Occupation/working 
sitting* 

25.0 (64.9) 
0–430 

13.1 (39.8) 
0–240 

(t = 1.503, p = 
0.010) 

Move 270.3 (113.2) 
75–530 

270.9 (121.2) 
25–625 

(t = 0.102, p = 
0.690) 

ADL  41.0 (19.5) 
0–95 

35.2 (18.7) 
0–70 

(t = -2.111, p = 
0.663) 

IADL* 85.6 (74.0) 
0–410 

158.6 (94.4) 
0–410 

(t = 5.831, p = 
0.010) 

Home maintenance* 33.8 (66.2) 
0–330 

2.0 (13.2) 
0–120 

(t = -.4.780, p < 
0.001) 

Walking* 21.1 (32.4) 
0–190 

15.5 (17.98) 
0–60 

(t = -1.500, p < 
0.001) 

Gardening* 57.4 (74.9) 
0–385 

41.4 (61.1) 
0–275 

(t = -1.630, p = 
0.010) 

Recreation* 15.2 (52.8) 
0–230 

7.3 (35.5) 
0–240 

(t = -1.240, p 
=0.010) 

Exercise 2.6 (10.7) 
0–85 

3.8 (14.0) 
0–70 

(t = 0.660, p = 
0.150)  

Arts/crafts standing 2.0 (11.8) 
0–90 

2.6 (15.6) 
0–105 

(t = 0.301, p = 
0.500) 

Work/study* 8.4 (41.2) 
0–340 

1.3 (11.5) 
0–115 

(t = -1.663, p < 
0.001) 

Note. Activities with average time < 1 minute not included in table * Indicates significant time difference in activity 
between men and women. 
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Older men and women spent approximately the same amount of time sleeping (9.5 hours), 

sitting (10 hours) and moving (4.5 hours). However, within these domains of activity, men 

and women spent their time doing different activities. Men and women spent similar 

amounts of time tending to self-care. On average, women spent more time on instrumental 

activities of daily living (+73 min) (t = 5.831, p = 0.010) and on arts and crafts (+30 min) (t 

=3.162, p < 0.001) than men. Men spent more daily average time on home maintenance 

activities (+31 min) (t = -.4.780, p < 0.001) and screen time (+46 min) (t = -3.151, p < 0.001) per 

day than women. Men also spent more time walking (+7 min) (t = -1.500, p < 0.001), 

gardening (+16 min)(t = -1.630, p = 0.010) than women. Contrasting time spent in activities 

was constrained by the small sample size.  The figures above (Figure 5-1 & Figure 5-2) 

demonstrated the patterns of activity movement.  This information along with the self-

reported domains of time use suggest that women spend more time during the course of a 

day completing household and self-care (IADL) tasks.  So for example, a women continues 

to prepare and serve meals throughout the day and clean up after each meal.  These are 

perhaps explained by the differences associated with gender roles in this age group as 

evident in previous research (Shepard, R. J., 2002).  

5.5.4 Test-Retest Reliability 

Table 5-5 illustrates the intraclass coefficients for the repeated adult MARCA measures of 

PAL and MVPA. There was no statistically significant difference between the intraclass 

coefficients of males and females.  

Table 5-5. Test-Retest Intraclass Coefficients for Repeated MARCA Measures 

Variable  ICCs  95%CL 

PAL  0.99**  (0.99–1.00) 

MVPA (Time spent)  0.99**  (0.98–0.99) 

NSPA (Time spent)  0.99**  (0.99–1.00) 
Notes. **p < 0.001, PAL = Physical Activity Level, MVPA = Moderate to Vigorous Physical Activity, NSPA = Non-
Sedentary Physical Activity. 

Figure 5-4 presents the limits of agreement for the repeated measurements of PAL. The 

bias was –0.0006 METs, with Limits of Agreement of –0.06 to +0.04 METs (or a little 

more than ±3% of mean values).  
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Figure 5-4. Bland Altman – Level of agreement between repeated measures of PAL in older adult MARCA. 

Figure 5-5 presents the limits of agreement for the repeated measurements of MVPA . The 

bias was 1.8 minutes, and the limits of agreement –29 to +33 minutes/day (or about ±11% 

of mean values).  

 

	
Figure 5-5. Bland Altman – Level of agreement between repeated measures of MVPA on the older adult 
MARCA.  

5.5.5 Convergent Validity  

As can be seen in Table 5-6, there were modest to high correlations between the MARCA 

and accelerometer derived variables. The threshold for accelerometer counts used to 

determine NSPA influenced the strength of the correlation with MARCA derived NSPA. A 

similar effect was observed for MVPA. For example, when a high threshold was used (i.e., 

1,952 counts/min), there was no correlation with the MARCA derived MVPA; however 

with a lower threshold of 574 counts/min, there was modest agreement. There was a 
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significant correlation between PAL (MARCA) and total activity counts on the 

accelerometer for men, women and the complete sample. 

Table 5-6. Correlation between the adult MARCA variables and the accelerometer data collected by the 
Actigraph Accelerometers assessed using the Spearman’s correlation coefficient.  

Variable All (n=45) Male (n=23) Female (n=22) 

NSPA (Threshold ≥ 
100 count.min⁻ 1) 

0.59** 0.54** 0.66** 

MVPA (Threshold ≥ 
574 count.min⁻ 1) 

0.18* 0.35** 0.03 

MVPA (Threshold ≥ 
1041 count.min⁻ 1) 

0.139 0.21* 0.09 

MVPA (Threshold ≥ 

1952 count.min⁻ 1) 

0.053 -0.07 0.14 

PAL vs. count.min⁻ 1 0.36* 0.31 0.44** 

PAL vs. total counts 0.34* 0.31* 0.34* 

Notes. **p < 0.001, *p < 0.05) PAL = Physical Activity Level, MVPA = Moderate to Vigorous Physical Activity, NSPA 
= Non Sedentary Physical Activity, Threshold = count.min⁻1 setting applied to accelerometer data. count.min⁻1 = activity 
counts per minute. 

The following figure (Figure 5-6) shows the limits of agreement when comparing the time 

(minutes) spent in NSPA as captured by the accelerometers with counts ≥100 and by the 

self-reported measure the MARCA. The bias was 40 minutes/day, and the limits of 

agreement –172 to +212 minutes/day. 

	
Figure 5-6. Bland Altman Plots for time spent in non-sedentary physical activity as captured by the MARCA 
and accelerometer devices. 
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Non-sedentary physical activity was significantly correlated with accelerometer counts 

(rho = 0.59, p < 0.001), as was PAL (rho = 0.34, p < 0.05). PAL was also significantly 

associated with average counts/min (Table 3). Correlations were broadly similar for men 

and women.  

 Discussion 5.6

The MARCA demonstrated high test-retest reliability (ICC = 0.98–0.99), highlighting the 

ability of this measure to maximise recall in older adults. Given the advanced age of this 

sample, these intraclass coefficients are excellent. The segmented format, with familiar 

anchor points designed to enhance the ability of recall, and the short period of recall may 

be responsible for the high test-retest reliability. The MARCA had similar or higher ICCs 

to measures previously reviewed in Chapter 4. Men and women had almost identical ICCs 

on the test-retest indicating that gender was not associated with the ability to recall 

activities. 

The MARCA also demonstrated good convergent validity (rho = 0.36–0.59) compared 

with accelerometry, which is similar to or better than other self-report physical activity 

measures developed for older adults (Stewart et al., 2001; Washburn et al., 1993). 

However, it is important to note that many of the previous self-report measures were not 

specifically developed nor validated in people aged 80 years or more. The sample included 

in this study is part of an age group often referred to as being in advanced age. There are 

no computerised self-report physical activity measures that have been developed for those 

in advanced age. While not specifically designed for those in advanced age, the MARCA 

appears to be a reliable and valid measure of physical activity for this population. The 

unique features of the MARCA appear well suited to this population. For example, the 

segmented format, the minimum 5-min recall period for each activity and the visual 

prompts, which are considered to enhance recall in children, are likely to provide similar 

benefit with older adults. The 24-hour time period may be optimal for accurate information 

as two other 24-hour recall measures have high utility in very old people. These include the 

“walking yesterday” measure for activity (Dallosso, 1995) and a 24-hour multiple pass 

recall method for dietary intake recall (Adamson et al., 2009). 

The individuals in this sample were healthy, community dwelling, mostly independent 

older adults, which is associated with higher cognitive function (Shephard, 2002). Recall 

questionnaires rely on the cognitive abilities of the respondents, and this study 



	

173 

demonstrates that this tool is appropriate for older adults with normal cognitive 

functioning. Screening a sample of older adults for cognitive impairment can be difficult 

because of the varying age related morbidities, health history, and functional status that 

exist in the population. Furthermore, factors of frailty and cycles of major health event 

experience and recovery may also be possible sources of data error or bias (Chin et al., 

2008). Due to the processes of ageing associated with physical and functional decline and 

related morbidities, intensity levels can be very difficult to classify via activity monitors 

such as accelerometers (M. G. Davis & Fox, 2007). In the present study, three 

accelerometer data files were excluded from convergent validity analysis because the files 

were not valid, according to the set algorithm mentioned in the data processing methods 

section. A superficial examination of these excluded data demonstrated a possible 

association between individuals with visual impairment or recent hospitalisation. A 

computerised approach may not be suitable for such people and alternative approaches 

may be more appropriate to assess activity patterns in such groups.  

Overall, activity levels from the MARCA were consistent with previous literature 

suggesting a generally low level of activity among older adults (Nelson et al., 2007). When 

we compared our data to previous MARCA validation samples, we noted that the physical 

activity level was 1.42 METs per day on average, which is lower than the averages 

observed in children (1.87 METs) and adults (1.62) (these estimates do not include diet 

induced thermogenesis). One study (n=302) measuring physical activity levels with doubly 

labelled water found that older adults had an average PAL of 1.70 ranging from 1.48 to 

1.94 (Manini et al., 2006), suggesting PAL observed in the present study may be 

reasonably accurate. Although WHO has classified physical activity levels (METs) for 

adults (sedentary = 1.40–1.69, active = 1.70–1.99, vigorous activity = 2.00–2.40), there are 

no norms for those in advanced age and it is probable that a lower MET threshold for 

“active” is needed for those in advanced age (Manini et al., 2006; Starling et al., 1999).  

Older men and women spend their time engaged in a variety of tasks. The range of time 

spent in each category of activity varies considerably, though approximately the same 

amount of time is spent sleeping, being active, and being sedentary. Women spent more 

time engaged in IADLs (instrumental activities of daily living) which include the entire 

range of housework tasks (vacuuming, dusting, dishes) but also include other activities 

associated with independent living such as driving and managing finances. Men engaged in 

more home maintenance activities, including chopping wood, cleaning gutters, plumbing, 
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and fixing things. It is unlikely that women require more time to complete IADLs or men 

require more time to complete home maintenance due to the nature of the activities; it is 

more likely that this is due to gender role patterns that have been demonstrated in previous 

research conducted on younger old (Shephard, 2002). All older adults reported doing some 

form of ADL self-care which is associated with independent living, however some did not 

report any time engaged in standing ADLs but only while sitting. Individuals who cannot 

or do not stand while performing self-care activities may be experiencing lower physical 

function or some form of disability.  

Overall, men reached higher accelerometer count per minute thresholds and their daily 

activity pattern could be described as having a bout of higher intensity activity in the 

morning and a smaller, less intense period of activity in the afternoon. Women maintained 

an overall lower intensity of activity but maintained longer periods of steady activity. 

These differences in daily activity patterns between men and women have also been 

previously observed in other populations of adults and younger old (M. G. Davis & Fox, 

2007). There was substantial variation in the time spent undertaking particular activities. 

Individuals reported sleeping only six and a half hours per day while others reported 

sleeping up to 13 hours per day. However, this sleep included daytime napping, which was 

reported as either planned, laying down for a rest, or unplanned, occurring during an 

activity such as reading.  

Older adults are physically active during 19% of their day and most of this activity is 

comprised of daily housework, home maintenance, gardening, or walking. Little time was 

spent in purposive exercise and sport and recreation comprised a small amount of time 

relative to other physical activities. The most common sedentary behaviours included 

reading, watching television, puzzling, crafting, socialising, working, or just sitting quietly. 

Men, in particular, reported a substantial amount of time—over three hours per day on 

average—watching television, while women watched about two and a half hours. Given 

the risks associated with sedentary behaviour, this issue could be researched further. Also, 

socialising is an important part of an older adult’s day, comprising at least an hour to an 

hour and a half of each elder’s day. Social activity is an important part of healthy ageing 

and determining sufficient levels of socialising is imperative in any successful ageing 

regimen.  
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5.6.1 Strengths and Limitations  

The characteristics of this sample had some strengths and some limitations. The sample 

was derived from a larger cohort study and was limited by the constraints of that particular 

sampling frame. One benefit of sampling from the cohort participants allowed controlling 

the sample for cognitive impairment through a valid screening process (3MSE) which was 

carried out in the cohort study. However, the sample size was relatively small (n=45) and 

all of the adults were community dwelling individuals. Community dwelling is associated 

with independence and may be associated with adults who are more physically active 

(Salguero et al., 2010). Institutionalised older adults may perform differently on the 

MARCA and their level and patterns of physical activity may differ. However, the 

MARCA would be appropriate for non-community dwelling older adults who are not 

cognitively impaired, because of its ease of delivery and focus on both active and 

sedentary behaviours. It can be delivered over the phone or in person and future studies 

with the MARCA should include community and non-community dwelling older adults.  

We also used an objective measure of physical activity to provide convergent validity; 

however, accelerometry is not a criterion measure and future studies could compare the 

MARCA against doubly labelled water or direct observation. Using accelerometers to 

assess physical activity and sedentary behaviour in those of advanced age presents some 

unique challenges. Variation in health status and physical fitness is greatest amongst older 

people (Luke et al., 2011). Because of the multidimensional biological and environmental 

factors of ageing, it is difficult to identify robust accelerometer activity cut point thresholds 

that are relevant across the spectrum of older people (Matthews, Ainsworth, Thompson, & 

Bassett Jr., 2002; N. Miller et al., 2010). Standard adult accelerometer cut points may be 

appropriate for some older people in advanced age who are active and healthy, however 

because of the wide range of physical activity and fitness levels it is difficult to create 

standard cut points for light, moderate, or vigorous levels of activity for older adults. 

Objective physical activity monitoring using accelerometers continues to be a subject of 

debate. This study is limited by the lack of definitive evidence on appropriate thresholds 

for activity levels of older adults.  

Finally, a limitation of the MARCA is that the MET values associated with each activity 

are derived from the adult compendium (B.E. Ainsworth et al., 2000). However, for any 

given activity (e.g., vacuuming), the MET value for people of advanced age is likely to be 

lower than for a younger adult (from whom the compendium data were obtained). This is a 
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limitation not specific to the MARCA but to all research that uses standard compendia in 

populations from which the data were not originally derived and this is a current limitation 

to all research concerning the oldest old adults. Future studies to determine activity specific 

MET values for older people are warranted.  

5.6.2 Implications 

As with other use-of-time instruments, the MARCA provides important information 

beyond moderate-to-vigorous physical activity levels. While it is recognised that MVPA is 

beneficial for a variety of mental and physical health outcomes, recent literature for older 

adults indicates that time spent being active, rather than achieving specific intensity levels 

(Salguero et al., 2010), has health benefits. Furthermore, sedentary behaviour as a risk 

factor for age related morbidities and mortality amongst older adults has recently been 

examined (V. S. Conn, A. R. Hafdahl, & L. M. Brown, 2009; Nelson et al., 2007; Salguero 

et al., 2010). The MARCA is a versatile tool that can provide more detailed information 

about how older adults use their time and patterns of activity, sedentary behaviour, and 

sleep.  

These findings corroborate what other studies are telling us, that older people commonly 

engage in housework, gardening, and walking, though the intensity of these activities 

appears to decrease as age increases (Bennett, 1998). Encouraging ongoing participation in 

these activities should be continued. Furthermore, one must wonder about older people 

without a home or garden. Are older adults who are not ageing in place at risk of 

diminished opportunities to participate in physical activities, thus putting them at risk for 

lower function and quality of life?   

 Conclusion 5.7

This is the first study to validate the use of the MARCA in people of advanced age. The 

older adult MARCA is a reliable and valid self-report physical activity measure for older 

adults, most useful for identifying non-sedentary behaviour. The MARCA offers the 

opportunity to provide valuable information on older adults’ use of time, which could be 

linked to health outcome data. The MARCA offers a flexible and adaptable approach and 

can be implemented in a variety of settings. 
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Chapter 6: Conclusion 

 Objectives of the Thesis 6.1

The overall aim of this thesis was to understand more about physical activity in advanced 

age. Specifically, the thesis sought to understand how physical activity is related to health 

outcomes and improve measurement in people of advanced age in New Zealand.  

The defined objectives of the thesis were:  

1. To establish the relationship of physical activity to specific health outcomes: 

functional status, depression, and health related quality of life  

2. To assess the reliability and validity of the MARCA in measuring physical activity 

levels in advanced age people 

3. To describe the time use and types of activities in which older people engage. 

 Findings of the Thesis – What Does This Add to the Field? 6.2

6.2.1 Objective 1 

The critical appraisal in Chapter 2 found that physical activity was related to several 

important health outcomes in the younger old, but few studies were identified that included 

those in advanced age. This demonstrated the need for these relationships to be established 

in older age groups. Strong, consistent relationships between physical activity with 

functional status and physical health related quality of life were demonstrated in all sample 

groups of advanced age New Zealanders. However, physical activity was only associated 

with depression in non-Māori people. Physical activity was only associated with mental 

health related quality of life for non-Māori men. These findings add to the wider body of 

literature increasing the age range of recommendations for physical activity to achieve 

health benefits in older adults.  

The literature review indicated that trials of physical activity or exercise interventions were 

consistently successful in improving functional status and physical health related QoL.  

The relationship of physical activity to function in advanced age was supported by this 

study.  However, in the literature review there were not enough trials in advanced age to 

create comparisons. This thesis supports pursuing trials in advanced age and determining if 

there  is a “point of no return” in age or function for physical activity to improve functional 
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status.  Our findings suggest that even in advanced age physical activity may have 

potential for functional gains.  

Furthermore, the literature review demonstrated mixed results for trials examining the 

relationship between physical activity and depression, though this study included a more 

ethnically diverse sample compared to previous studies.  This study found that there was a 

relationship between physical activity and depression in advanced age non-Māori men, but 

not in Māori or non-Māori women.  Perhaps cultural and social factors are more important 

determinants of depression in women or indigenous groups. This study highlighted the 

benefits of analysing populations of men and women as well as different ethnic groups 

separately rather than simply testing for a significant difference between groups. This 

study demonstrated that, even in advanced age, men and women have different patterns of 

physical activity and determinants of health outcomes.  Determning these nuances may 

have the potential in closing health disparity gaps that exist between various ethic and 

gender groups.   

Previous literature demonstrated mixed findings for the relationship between physical 

activity and HRQL in older people.  The current study supports this as there were strong 

and consistent independent relationships between activity level and physical HRQL but not 

mental HRQL. Further research is needed to determine factors related to mental HRQL. 

More trials are needed enrolling people in advanced age to understand the potential for 

improvement. 

 

6.2.2 Objective 2 

The MARCA demonstrated high reliability for same day repeated measures in advanced 

age adults. It also demonstrated good convergent validity compared to accelerometers for a 

measure of time spent in non-sedentary physical activity. These findings have highlighted 

the superior test-retest reliability of a 24-hour recall format for collecting self-report 

information from older people. These findings also demonstrated that the MARCA could 

be a useful tool for collecting information when gathering information on a population 

with a wide age range as it has now been validated in children, adults, and older people.  

The shorter recall time may have led to higher reliability creating more precision in 

measurement. The ease of use makes the MARCA attractive as an outcome measure in the 
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trials aiming to increase activity even in the oldest age groups. This measure is brief and 

could also be considered for use in longitudinal studies that require more detail about 

activity patterns and timing. Because the MARCA captures all events occurring during the 

day, it is likely to be responsive to change in behaviour. Current developments in MARCA 

software involves rating the satisfaction derived from activities that are recorded. Adding 

more data collection functions, such as a food diary or other behavioural aspects of health, 

could make this a more comprehensive measure.  

Currently, several computerised applications have been developed for self-surveillance of 

health behaviour.  An example of this is the FitBit, which monitors physical activity levels 

and estimated energy expenditure based upon activity (Montgomery-Downs, Insana, & 

Bond, 2012) or the NetDiary nutrition app, which is a computerised food diary that 

calculates dietary intake of calories via food recorded (Pagoto, Schneider, Jojic, DeBiasse, 

& Mann, 2013). These new technologies are developing rapidly and may have future 

applications in research.  However,  these devices target general consumer markets and 

have not been developed for research purposes and have not undergone scientific scrutiny 

like the MARCA. Also it is not clear whether they are accurate for use in older people.  

The MARCA may have potential for more general applicability and because it is a 

scientifically tested measure that is computerised it may be an attractive measure for public 

health interventions. Along with self-surveillance, the MARCA may become a useful tool 

for health practitioners. As medical records continue to be electronic, computerised 

physical activity level assessment may become part of usual practice. This could accurately 

assess the PA level of the patient and more precisely indicate ways to increase activity. 

This could be especially useful as physicians are being encouraged to incorporate physical 

activity recommendations into primary care (Albright et al., 2000).  

6.2.3 Objective 3 

The MARCA was able to provide detailed descriptive information about the patterns and 

types of physical activity in which older people engage. It was also able to provide 

information about time spent in specific activities. These findings add a great deal of 

detailed information for social and health scientists as well as useful information for those 

interested in the functional and support needs of older adults. Furthermore, the detailed 

information about the types of physical activity in which advanced age people engage 
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could be useful in developing future physical activity interventions targeting advanced age 

people.  

The individual constructs of the PASE also gave more information about the physical 

activity levels of this cohort. The differences of the measures used in Study 1 and Study 2 

demonstrate the MARCA’s ability to show the fine detail in activity participation. This 

offers the advantage of being able to look at the complexities of types of behaviour. The 

differences in types of activities performed by gender could be explained by social 

constructs such as gender roles. They could also be explained by biological differences, 

such as body size, muscle mass and strength, and physical capacity between men and 

women (Shephard, 2002).  However, within gender or ethnic groups the behavioural 

determinants of activity levels may be more difficult to pinpoint.  Thus, having the ability 

to survey the specific details about activities performed could lead to more specific 

information about behaviour and more appropriate intervention development in the future. 

 Overall 6.3

The concept of compression of morbidity suggests that increasing disability free life 

expectancy is more important than life expectancy.  It is not entirely clear whether the 

increase in life expectancy is accompanied by an increase is healthy life expectancy or 

whether the period of disability is prolonged. The concept also suggests that reducing time 

spent in disability or illness leading up to death should be a major public health goal (Fries, 

2002). Physical activity has the potential to compress morbidity and may still be effective 

even in advanced age, meaning that public health objectives apply to very old people. 

Independent living is highly reliant on the ability of a person to care for themselves and 

any other dependents. Given the relationship of physical activity to function, it should be 

promoted as an important part of maintaining independence in older age.  

Even though the findings of this thesis may be more relevant to those who are in better 

health, the goal of populations health is to target all people not just the unwell.  Preventing 

the onset of disease or disability though physical activity in the healthier sets of oldest old 

is still a valid goal within the compression of morbidity theory.  This thesis suggests that 

there is still a good number of very old people in New Zealand who are active and consider 

themselves in decent health.  Maintaining an active and healthy life for as long as possible 

for those who are currently active and healthy should be promoted.   
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This thesis did not focus on the economic “burden” of caring for older people or the 

economic impact of prevention but it cannot be denied that reducing morbidity in older age 

leads to reduced health care spending (Fries, 1983). There are those who believe that 

preventative health care may not be an ideal use of resources in primary care for people 

who have exceeded the “natural” lifespan (Mangin et al., 2007), debating that treatment 

may actually be more harmful to the patient or simply too expensive. Physical activity 

counseling programmes in a primary care setting have been effectiving in increasing 

activity levels and have demonstrated the potential for reducing health care costs (Dalziel, 

Segal, & Elley, 2006; Elley, Kerse, Arroll, & Robinson, 2003).  While this thesis did not 

review or test the economic data it supports a preventative health model that focuses on 

reducing not only the economic impact or morbidity but the incidence of morbidity itself.   

The population of New Zealand is ageing and the proportion of people living into 

advanced age is unprecedented. Indigenous groups, such as Māori people, are ageing more 

quickly with increasing population life expectancies and increasing proportion of older 

people. Physical activity promotion provides an opportunity to reduce health care 

spending, enhance QoL, and allow for meaningful contribution to society by people in 

advanced age. Older people, including those in advanced age, should not be simply studied 

or considered a burden. Older people have instrumental roles in their communities, 

families, and to society. The data presented in this study have demonstrated that advanced 

age people participate in a breadth of activities, including volunteer work, caring for 

dependents, and in leisure activities. These activities enrich the community and add to the 

quality of life of the individual.  Therefore, the goal of preventative public health strategies 

for successful ageing that include physical activity, should be continued.  

 Implications for Practice 6.4

General practitioners, care-givers, family members, community members, and older people 

themselves all have some stake in the health and wellbeing of older people in society. 

Encouraging people of advanced age to maintain or increase physical activity can be done 

formally through GP visits, socially by engaging in active family outings, and functionally 

by care-givers asking for active participation in care-giving activities when possible. Public 

health professionals, community organisations affiliated with ageing or physical activity, 

residential care facilities, and other interested parties should collaborate to increase the 

community resources available for persons of advanced age to have a more physically 

active lifestyle. General practitioners and medical students should be informed of these 
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resources so that their patients can be referred to such community resources. Practitioners 

and care-givers should inform advanced age people about the benefits of maintaining 

physical activity and about safe and effective ways to become more active. This study has 

demonstrated that physical activity remains relevant in advanced age and programmes such 

as the Green Prescription programme are evidence-based programmes that already exist 

could be applied in advanced age populations (Elley et al., 2003).   

A Green Prescription programme is a formal referral by a general practitioner to a patient 

that regards health behaviour in a similar fashion as medication prescriptions (Elley et al., 

2003).  Physical activity, along with nutrition and substance use are common areas of focus 

within Green Prescription programmes.  Patients are counselled on what behavioural 

changes or lifestyle choices are recommended and why they are important to improving 

health.  A formal written referral is provided to the patient with the recommended changes 

in behaviour.  

Prescribing physical activity could be desireable for general practitioners because of the 

low risk of side-effects.  According to the National Council on Patient Education and 

Information (2007) older people are more likely to be taking prescribed medications.  Also 

they are increased risk of adverse reactions to medications.  This is due to age related 

decreases in liver and kidney function, cognitive impairment that may make following 

medication instructions difficult, decreased body weight or fatty tissues which affects drug 

absorbtion and monitoring, and polypharmacy common in older age (NCPEI, 2007). Given 

the fact that physical activity is less likely to have an interaction with medication than 

adding more medications, some patients and practitioners might consider lifestyle changes 

a preferred choice.   

Lifestyle changes are difficult to achieve and health behaviours are subject to a variety of 

socio-ecological factors.  Despite health promotion and intervention, older people continue 

to have decreased levels of physical activity.  Implementing Green Prescription 

programmes are promising but without the ability to monitor adherence to physical activity 

programmes it is unclear whether they will be effective in the long term.  Monitoring daily 

activities of patients is in a primary care setting could be challenging for practitioners due 

to time constraints.  Applications that could quickly and accurately assess changes in 

physical activity levels in patients would be desireable.   
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The MARCA has the potential to be a useful tracking device to determine the activities of 

daily living that older adults complete independently, as well as the time that they spend in 

physical activity. The MARCA could be a tool for professionals and individuals to monitor 

and track levels of physical activity to determine areas of success and those that require 

improvement. As further computerised programmes and electronic applications “apps” are 

developed, practitioners and patients will have an easier time tracking and recording health 

behaviours. These individual monitoring methods may be able to be incorporated into 

national, state, or local surveillance systems that can quickly aggregate health behaviour 

data.  

 Implications for Policy 6.5

The organisational bodies concerned with population health in New Zealand must be able 

to respond to ageing demographics.  Although population ageing is a national issue, the 

effect varies by region (Cornwall, 2004).  District Health Boards (DHBs) are the regional 

epicentres of population health. DHBs in New Zealand have the unique position of being 

an intermediary, who are responsible to both the national government and local electorate 

(Tenbensel, 2007).  As such they are presented with many challenges and opportunities. 

Operating on a local level allows DHBs become aware of the challenges most prominent to 

a community.  However the authority of a DHB is limited and therefore it falls onto central 

government to respond to the needs of the DHB. 

When the DHB is caught between the needs of its region and the policies and budget of the 

national government, this can give rise to tension (Tenbensel, 2007). The urgency of the 

health issues along with the economic realities must be weighed.  Fortunately, physical 

activity is an important part of the national health strategy for all New Zealanders and 

because of the support at the national level, this is one point that all parties can agree upon.  

However, there is still the issue of how resources are used to promote and monitor physical 

activity levels in a particular population.  In economically fiscal times, health programs 

may only gain support when the economic benefits are as desirable as the health outcomes.  

The evidence that preventative health habits such as physical activity have the potential to 

descrease health spending supports the initial costs of promoting physical activity.   

Given the relationship of physical activity to important health outcomes for advanced age 

people, policies should be implemented at national and local levels that support physically 

active lifestyles for such populations. Position statements, such as the national physical 
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activity plan, recommending increased levels of physical activity in older adults, should 

also consider including those of advanced age in their strategies. Physical activity can be 

promoted at the societal and individual level. Primary care is an approriate setting to 

discuss the impacts of physical activity on health, which can be reinforced by institutional 

and community health promotion efforts. Educating older adults, geriatricians, caregivers, 

and other stakeholders on the importance of physical activity for functional status and 

other important health outcomes is paramount.  

Policies should not only target individual behaviours but also the social and ecological 

issues that promote or prevent physically active behaviours. For example, community 

parks, walking paths, and accessibility of fitness centres are all issues outside of the 

individual’s control and must be approached at a policy level. Activities important to older 

adults, such as gardening, or culturally relevant activities that contribute to physical 

activity, should be supported by community programmes and services. If necessary, 

legislation providing financial support to the efforts of communities making activity 

accessible to its older people should be passed and implemented.  

Aside from the financial resources required to meet the challenges of an ageing population 

it should be a national goal to increase the capacity of the workforce to respond to these 

challenges.  The next generation of health practitioners must be equipped to respond to the 

needs of an ageing population.  Degree granting institutions that provide medical licensing 

should ensure a competency in age related health issues. Courses of study for health care 

workers should include information on how to promote and measure physical activity in 

advanced age. Preventative health careers that promote physical activity should be further 

developed and encouraged. 

 Future Research  6.6

The relationship between physical activity and functional status was strong in all sample 

groups. Functional status refers to the ability to complete activities of daily living. 

Activities of daily living accounted for the majority of energy expenditure for each sample 

group. Perhaps physical activity interventions for these age groups could focus on 

activities that can improve functional movements required to live an independent lifestyle; 

washing dishes, removing rubbish, sweeping the floor, walking to the postbox, etc.  

This study showed that ADL activities, specifically indoor and outdoor housework, were 

amongst the main activities undertaken. However, one has to question: If a person no 
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longer has a home or yard in which to be physically active, will they have ample 

opportunity for activity? Therefore, we must question whether aging in place needs to be 

considered from this angle. Individuals in residential care may have diminished mental or 

physical capacities.  This thesis did not analyse the impact of community dwelling versus 

residential care living on the physical activity levels of older people. There are various 

types of residential care that might provide opportunities for older people to participate in 

housework, gardening and walking when a person is able.  Also older people might have 

more opportunities for group exercise or physically active socialising in a residential care 

community. Future research could examine these questions.   

Perceived intensity was not assessed for all activities, though the level of intensity for each 

activity likely varied between individuals. Given the subjective nature of intensity, 

increasing one’s own capacity for physical activity may be more important in older age 

groups. The focus on MVPA may not be as appropriate in advanced age people, therefore 

more interventions focusing on increasing overall PAL or EE and determining the effects 

of lighter intensity interventions may progress the field. Also, outcome measures in 

physical activity interventions on advanced age people should include measures that 

consider improvements in functional status. NSPA may be a better outcomes measure to 

assess the impact of PA interventions in advanced age.  

Homogeneity in samples of older people is difficult to achieve because of the biological 

factors of ageing, the transitional life circumstances related to ageing, and the physical and 

mental health status of individuals in older age. Future studies should pay careful attention 

to the different aspects of social, biological, and environmental factors related to the lives 

of people in advanced age. Carefully documenting the varying statuses of these individuals 

will help create comparable studies and aggregate data. Combined analyses of men and 

women or not including  adequate numbers of Māori people may overlook important 

differences between population groups.  

Furthermore, ethnicity and culture are known to play a role in health. This is no different in 

older age groups. Associations may have been missed in this study in the Māori sample 

groups because of the lack of suitability of the measures or small sample size. In particular, 

depression is a public health concern for Māori (Johnstone, 2001). Few covariates in our 

analyses were strongly related to depression levels. Further studies using qualitative 

methods or measures specifically developed for Maori may be needed to establish the 
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factors related to depression in advanced age Māori people. Māori people had higher levels 

of physical activity than non-Māori though they were slightly younger than the non-Māori 

sample, perhaps levels of physical activity are culturally determined. Physical activity 

interventions targeting older Māori people should be culturally relevant. In particular, older 

people play an important role in the cultural activities and protocols in the Māori 

community. This social structure could be an ideal setting for PA strategies for to older 

Māori to stay active and to pass the message along to tribal members as they age.  

While this study attempted to exhaustively sample all eligible participants, this study was 

only able to assess 41% of all advanced age people living in the target area.   The design of 

the MARCA study required a healthy level of cognitive function, which is associated with 

higher health in older age, the LiLACS study aimed to include both the well and unwell in 

the population.  The individuals who participated in the full LiLACS study that was 

required for inclusion in this study had a higher level of function, cardiovascular health, 

and a lower rate of disability than those who participated in the partial study.  While it is 

difficult to estimate the health status of those who chose not to participate, it is a possibility 

that this study has focused upon a healthier set of the oldest old. The selection bias for a 

relatively healthier sample in these analyses brings forward the question about the 

generalizability of the findings of this research.  Future research in advanced age New 

Zealand populations should aim to capture a higher percentage of participants, reducing the 

liklihod of selection bias.   

Mental HRQL was higher than physical HRQL in all groups, supporting research in 

younger old groups. This could simply be explained by the fact that more people had 

physical disabilities or health conditions and few had cognitive impairments. However, this 

does not consider the social situations and life circumstances of these individuals. Despite 

medical issues, bereavement, and transitional living circumstances, this group had higher 

mental HRQL. More research into the coping skills, attitudes, and beliefs of advanced age 

people determining their mental HRQL should occur to find out how higher mental HRQL 

can be achieved in younger people as well.   

However, along with the decline in physical HRQL older adults have a steady decline in 

physical activity with age (Utah Department of Health, 2004). These patterns persist in 

advanced age. Younger adults, who do not have such a gap between mental and physical 

HRQL (Utah Department of Health, 2004) do have a higher level of physical activity than 
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those in advanced age. Though the decline in physical health is generally accepted as a 

normal part of ageing, perhaps the gap between physical and mental HRQL could be 

mitigated through maintaining activity levels into older age. These relationships and 

patterns should be researched futher.    

Overall, this study showed that even in advanced age, physical activity is significant to 

important health outcomes. Physical activity programmes should be studied for safety and 

efficacy in advanced age groups. The environmental and life circumstances of advanced 

age people should be further examined to determine barriers and reinforcing factors to 

sustaining a physically activity lifestyle. Finally, further research should be conducted to 

establish a more precise tipping point for positive health effects in advanced age people.  

 Concluding Statements  6.7

This thesis has furthered the evidence that physical activity is an important component for 

successful ageing, even in advanced age. Physical activity is related to functional status 

and physical health related quality of life in advanced age New Zealanders. It is also 

related to mental health outcomes such as depression and mental health related quality of 

life in non-Māori men. Measures such as the MARCA offer more accurate assessment of 

physical activity levels and the computerisation of the measure provides greater ease of use 

and application. It also provides more detail about the nuances in physical activity levels 

and behaviours based on age, gender, and ethnicity. Physical activity is a modifiable 

lifestyle factor that improves quality of life and can help older adults maintain 

independence. To compress morbidity, preventative health habits such as physical activity 

should be promoted even in advanced age.  
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Appendix A: LiLACS NZ Full Interview 
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Appendix B.1: Māori Women Physical Activity Level PASE Distribution 

	
	

Appendix B.2: Maori Women Depression (GDS) Distribution 
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Appendix B.3: Maori Women  Functional Status (NEADL) Distibution 

	
Appendix B.4: Maori Women Mental HRQL (SF-12) Distribution 
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Appendix B.5: Maori Women Physical HRQL (SF-12) Distribution 

	
Appendix B.6: Maori Women Independent and Dependent Variable Information 

  

 pase_t GDS_15

Activitiesof 

DailyLiving: 

NEADL 

NEMC 

MENTAL 

HEALTH T-

SCORE0 

NEMC 

PHYSICAL 

HEALTH T-

SCORE0 

N Valid 153 149 143  143

Missing 4 8 14  14

Mean 101.40 2.58 17.35 53.37 42.38

Std. Error of Mean 5.92 0.18 0.39 0.73 0.95

Median 90.50 2.00 19.00 54.40 44.00

Mode 0.00 2 21 62.39 56.70

Std. Deviation 73.34 2.26 4.82 8.73 11.46

Variance 5378.93 5.15 23.31 76.26 131.38

Skewness 1.11 1.53 -1.94 -0.76 -0.30

Std. Error of 

Skewness 
0.19 0.19 0.19 0.20 0.20

Kurtosis 1.43 4.07 3.41 0.64 -0.79

Std. Error of Kurtosis .39 0.39 0.39 0.40 0.40

Range 377.21 13 22 49.34 51.44

Minimum 0.00 0 0 19.00 14.37

Maximum 377.21 13 22 68.34 65.82
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Appendix C.1: Māori Men Physical Activity Level PASE Distribution 

	
Appendix C.2: Maori Men Depression (GDS) Distribution 
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Appendix C.3 Maori Men Functional Status (NEADL) Distribution 

 
 

 
	

Appendix C.4: Maori Men Mental HRQL (SF-12) Distribution 
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Appendix C.5: Maori Men Physical HRQL (SF-12) Distribution 
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Appendix C.6: Maori Men Independent and Dependent Variable Information 

 

Statistics 

 pase_t GDS_15 

Activitiesof 

DailyLiving:NEADL 

NEMC 

MENTALHEALTH 

T-SCORE0 

NEMC 

PHYSICALHEALTH 

T-SCORE0 

N Valid 100 99 100 101 101

Missing 6 7 6 5 5

Mean 130.78 2.62 16.95 53.05 44.54

Std. Error of Mean 9.35 .224 0.43 0.87 1.05

Median 113.78 2.00 18.00 53.62 46.88

Mode 30.00 1 20 57.16a 55.09a

Std. Deviation 93.52 2.230 4.31 8.82 10.62

Variance 8746.47 4.974 18.63 77.85 112.86

Skewness 1.45 1.854 -1.66 -0.85 -0.63

Std. Error of 

Skewness 
.24 0.243 .24 0.24 0.24

Kurtosis 5.31 6.049 3.81 1.96 0.17

Std. Error of Kurtosis .47 .481 .47 0.47 0.47

Range 607.9 14 22 56.97 53.14

Minimum .00 0 0 17.60 7.60

Maximum 607.93 14 22 74.57 60.74

a. Multiple modes exist. The smallest value is shown 
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Appendix D.1: Non-Māori Women Physical Activity Level PASE Distribution 

	
Appendix D.2: Non-Maori Women Depression (GDS) Distribution 
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Appendix D.3: Non-Maori Women Functional Status (NEADL) Distribution 

	
Appendix D.4: Non-Maori Women Mental HRQL (SF-12) Distribution 
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Appendix D.5: Non-Maori Women Physical HRQL (SF-12) Distribution 

	
 

Appendix D.6: Non-Maori Women Independent and Dependent Variable Information 

 Statistics 

 pase_t GDS_15

Activitiesof 

DailyLiving: 

NEADL 

NEMC 

MENTAL 

HEALTH T-

SCORE0 

NEMC 

PHYSICAL 

HEALTH T-

SCORE0 

N 214 210 216 209 209

4 8 2 9 9

Mean 85.77 2.12 17.65 55.03 39.75

Std. Error of Mean 3.73 0.12 0.29 0.59 0.83

Median 79.22 2.00 19.00 57.03 39.12

Mode 33.60 1 20 57.16 56.14

Std. Deviation 54.57 1.83 4.27 8.63 12.00

Variance 2978.10 3.35 18.24 74.50 144.00

Skewness 0.84 1.38 -2.02 -1.17 -0.35

Std. Error of 

Skewness 
0.16 0.16 0.16 0.16 0.16

Kurtosis 1.62 2.55 4.39 2.44 -0.35

Std. Error of Kurtosis 0.33 0.33 0.33 0.33 0.33

Range 352.00 10 22 59.68 54.79

Minimum 0.00 0 0 14.86 5.98

Maximum 352.00 10 22 74.55 60.77
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Appendix E.1: Non-Māori Men Physical Activity Level PASE Distribution 

	
Appendix E.2: Non-Maori Men Depression (GDS) Distribution 
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Appendix E.3: Non-Maori Men Functional Status (NEADL) Distribution 

	
Appendix E.4: Non-Maori Men Mental HRQL (SF-12) Distribution 
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Appendix E.5: Non-Maori Men Physical HRQL (SF-12) Distribution 

	
 

Appendix E.6: Non-Maori Men Independent and Depenedent Variable Information 

  

 pase_t GDS_15

Activitiesof 

DailyLiving: 

NEADL 

NEMC 

MENTAL 

HEALTH T-

SCORE0 

NEMC 

PHYSICAL 

HEALTH T-

SCORE0 

N Valid 190 188 185  185

Missing 2 4 7  7

Mean 116.62 2.24 17.68 55.27 43.05

Std. Error of Mean 5.33 0.15 0.26 0.58 0.87

Median 107.19 2.00 19.00 57.06 45.62

Mode 25.00 2 19 57.16 56.14

Std. Deviation 73.56 2.11 3.70 7.89 11.93

Variance 5412.24 4.45 13.68 62.30 142.32

Skewness 0.81 1.55 -2.180 -1.24 -0.63

Std. Error of 

Skewness 
0.17 0.17 0.17 0.17 0.17

Kurtosis 1.37 2.71 6.79 3.01 -0.36

Std. Error of Kurtosis 0.35 0.35 0.35 0.35 0.35

Range 459.36 11 22 60.13 55.21

Minimum 0.00 0 0 19.17 8.17

Maximum 459.36 11 22 79.31 63.38
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Appendix F: LiLACS NZ Participant Study Information Sheet 
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Appendix G: LiLACS Full Interview Consent Form 
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Appendix H: Adult MARCA Instrument 
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Appendix I: MARCA Study Information Sheet 

	



	

287 

	



	

288 

	
	  



	

289 

Appendix J: MARCA Study Consent Form 
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