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Preface Statement: Positioning of the Researcher

| am a non-Indigenous Australian woman who was born and raised in Darwin,
Northern Territory. | spent my adolescent years living on the remote island of Groote
Eylandt, which is the homeland of, and is owned by, the Warnindhilyagwa people. | left
Groote Eylandt and moved to Cairns (Far North Queensland) for my high school education,
as there were no high schools on the island. After high school, | went straight to university to
study Sport and Exercise Science as | had a passion for sport and health. | have played
representative rugby union and soccer for many years and it was through my sporting
commitments that | made the connections with some of my Indigenous mentors. During my
undergraduate degree, | realised that my true passion was to improve the quality of life of
Indigenous people and | was lucky enough to have a well-respected honours supervisor who
worked in Indigenous communities and helped me to expand my network by introducing me

to her collaborating partners.

While living on Groote Eylandt, | witnessed the health inequalities between
Indigenous and non-Indigenous people, and had a firsthand experience of how living
remotely can affect a person’s ability to access resources and can limit educational
opportunities. | learnt about the inter-generational trauma that still exists in Indigenous
societies and feel strongly that more work needs to be done to close the life expectancy gap

between Indigenous and non-Indigenous Australians.

Prior to conducting my studies, it was important to me to understand my positional
standpoint in relation to my research process. As a researcher, | believe in pragmatist

epistemology as | see the importance of practical consequences.! | also recognise and respect
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the ontological relationship that Aboriginal and Torres Strait Islander people have with the
land and the sea, and | acknowledge that the social position that an Indigenous Australian

may have politically and culturally will be different from my own.

1. Morgan DL. Pragmatism as a paradigm for social research. Qualitative Inquiry.

2014;20(80):1045-53. doi: 10.1177/1077800413513733



Abstract

The health inequalities between Indigenous and non-Indigenous Australians, and the
benefits of physical activity in the prevention and treatment of chronic diseases are well
known. Yet, little research has been conducted on physical activity and health outcomes for
Aboriginal and Torres Strait Islander people. The Australian physical activity guidelines,
recommend that adults should accumulate 150-300 minutes per week of moderate activity or
75-150 minutes of vigorous activity or equivalent combinations of both. Currently, 47% of
Aboriginal and Torres Strait Islanders in non-remote locations are sufficiently physically

active, 0.9 times that of non-Indigenous Australians.

The purpose of this thesis was to investigate ways to improve the health of Indigenous
Australians through a physical activity program. The first major aim (Study 1) was to
synthesise previous evaluations of physical activity interventions implemented with
Indigenous people in Australia and New Zealand and, based on this, to identify gaps in the
literature and to recommend an agenda for future research in this field. The second aim
(Study 2) was to assess the reliability and validity of the Fitbit Flex for measuring physical
activity levels, as this device would be used in the succeeding study. The Fitbit Flex was
selected as the comparative device as it is a waterproof accelerometer that can be worn 24
hours a day as a wristband, which may be more convenient for users and was hypothesised to
lead to higher compliance in wearing time than the waist worn Actigraph GTX3+. The third
aim was to implement and evaluate an 8-week community-tailored physical activity program
in a rural and regional setting. The quantitative part of the evaluation of the program (Study
3) involved assessing changes in functional capacity for exercise, physical activity and
various health outcomes. In a qualitative study (Study 4) barriers and enablers to participating
in the program were examined.
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Abstract

Study 1:

The systematic review was registered with the PROSPERO network and followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
A comprehensive search of the literature identified 13 studies which met the inclusion
criteria. Due to the heterogeneity of the data and the contexts in which they were collected a
meta-analysis was not feasible, so a narrative synthesis of the results was conducted. Only six
studies measured physical activity objectively (n=2) or via self-report (n=4) and only five
studies measured a component of fitness such as strength or sub-maximal aerobic capacity.
There was no clear evidence that the interventions had increased activity levels in the short-
term. However, 11 out of 13 studies reported improvements in fitness and other physical

activity-related health outcomes such as reductions in weight and blood pressure.

Study 2:

A gap identified in the systematic review (Study 1) was the lack of objective
measurements of physical activity, where only two out of the 13 studies had used pedometers.
Therefore, in Study 2 the Fitbit Flex, a novel accelerometer, was validated against direct
observation and a research-grade accelerometer (Actigraph GTX3+) under laboratory and
free-living conditions. The validity of the Fitbit Flex was found to be dependent on the type
of activity, where the number of steps taken during jogging and stair stepping were more
accurate, compared to slow walking activities which were undercounted. The Fitbit Flex had
overall moderate validity, was deemed more cost-effective and, due to the lower participant
burden was expected to lead to higher compliance in wearing time. Consequently, the Fitbit
Flex was selected as the method for objectively measuring activity levels of the participants

in the planned physical activity program (Study 3).
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Study 3:

In line with the recommendations from the systematic review, objective measures of
activity with the Fitbit Flex were attempted in the evaluation of the physical activity
intervention (Study 3). The primary outcome measure for the community-tailored 8-week
physical activity program was the change in functional capacity, which was assessed by the

six-minute walk test (6MWT).

The physical activity program was implemented in both a rural (n=12) and regional
community (n=22) in Far North Queensland. An attempt was made to use a wait-listed
control group, however, the intended site withdrew shortly before the intervention was to
begin due to a lack of staff availability. Due to an insufficient number of participants and
therefore lack of statistical power, the original plan to run the evaluation with a waitlisted
control group had to be replaced with a pre-post study design. An intention to treat analysis
was undertaken due to low program attendance. In the rural community, there was a 50%
attrition rate, where six of the 12 participants completed follow-up assessment. There was a
significant improvement in the 6MWT distance from 467.3 metres+56 to 557.8 metres+108
(p=0.01) and significant decreases in body fat (34.98+6.6% to 30.61%+6.92, p=0.009) and
hip circumference (106.6cm=4.0 to 104cm+5.3, p=0.005). Attendance to the program was
low. Eight participants did not attend a single training session, and four attended an average
of seven out of 26 sessions. Six sessions were cancelled due to rain which affected the

implementation of the program.

In the regional city, 18 of the 22 participants attended post-program assessments.
There was an increase in the 6BMWT distance, but this was not clinically significant

(p=0.287). There were no significant reductions in weight (p=0.25), BMI (p=0.19) or body
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fat percentage (p=0.85). Significant reductions were measured in waist circumference (from
99.11cm+11.95 to 96.07cm=11.46 (p=0.006) and hip circumference (from 105.41cm+11.32
t0 101.97cm+8.83 (p=0.019)). Reductions in both systolic (p=0.0002) and diastolic blood
pressure (p=0.0002) were also evident. No significant improvements in pathology markers,
such as HbAuc or cholesterol, were evident. Unfortunately, the objectively measured physical
activity data could not be used for the evaluation of the intervention due to poor compliance
in wearing the Fitbit Flex accelerometres. Self-reported daily minutes of moderate to
vigorous physical activity increased from 28.2 minutes + 13.3 to 40 minutes + 20.2 (p=0.09),

but this was not significant.

Study 4:

After observing low attendance to the physical activity program, a qualitative
evaluation was undertaken to better understand the factors that were influencing the
attendance rate. Semi-structured interviews were conducted with twelve participants at the
follow-up health assessments for Study 3. The interview guide was loosely based on the
Health Belief Model. It was theorised that individuals would be more likely to voluntarily
engage in the physical activity program if their current behaviour is perceived as a threat to
their health. The findings from the interviews confirmed that despite low program attendance,
there were positive attitudes and high levels of motivation towards the physical activity
program. The enablers to participation were the inclusion of family members, no financial
cost and a good relationship with the principal investigator, which was strengthened by the
community-based participatory approach to the program design. Barriers to program
attendance were mostly beyond the control of the individuals, such as sorry business, needing

to travel away from the community and lack of community infrastructure.
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Conclusion:

The purpose of this thesis was to investigate ways to improve the health of Indigenous
Australians through a physical activity program. Based on the findings from the systematic
review of the literature and the validation study, an 8-week physical activity program was
implemented. The results of the program suggest that those who participated in physical
activity during the study period had improvements in clinical health outcomes. However,
more consideration of community-specific barriers and enablers is needed prior to
implementation of programs to understand how they will affect attendance to the program.
More work is needed to better understand how to improve participation rates in physical
activity programs for Aboriginal and Torres Strait Islander people in rural and regional

settings.
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Thesis overview

This thesis includes a combination of peer-reviewed publications and
traditional thesis chapters, some of which are intended for publication at a later
date. The figure below will be inserted at the beginning of each chapter to help

guide the reader, and a reference list is provided at the end of each chapter.
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Chapter 1: Introduction

This introduction provides the context and background for the chapters in this thesis.
Firstly, a brief description of the history of Aboriginal and Torres Strait Islander people will
be given to understand how history and culture impact the ability to undertake research with
Indigenous Australians. This chapter will also describe the health benefits and the importance
of physical activity and how a lack of physical activity can contribute to poor health and a
reduced life expectancy in Indigenous Australians. Secondly, the introduction will illustrate
the link between Indigenous chronic disease prevalence and life expectancy and how these
outcomes are interrelated with physical inactivity. An additional section will describe the
context of working with Indigenous Australians and includes considerations and barriers to
undertaking research with this minority group. The final chapter of this thesis discusses

recommendations for future studies, based on learnings from the four research studies.

The health of Indigenous people

The Aboriginal and Torres Strait Islander people are the Indigenous people of
Australia and one of the oldest known living cultures in the world. For thousands of years
prior to the arrival of the Europeans, Indigenous Australians lived with a high dependence on
the land and survived through the development of hunter and gatherer skills. The arrival of
the British settlers in 1788 resulted in the forceful dispossession of land and a loss of a deep
rooted spiritual connection for the people.! The attempts to “breed out” Indigeneity by
forcefully assimilating Indigenous children into Westernised societies resulted in children
being systematically removed from communities to be raised in white Missions.? The legal
and illegal trials and tribulations as a consequence of the ‘discovery’ of Australia by
Europeans and British have emphasised the resilience of the Aboriginal and Torres Strait

Islander people, but created many inequalities which persist today. Factors contributing to the
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disparities include the systematic loss of language and culture, dispossession of traditional
lands, and marginalisation both socially and economically.>® There is an indisputable
relationship between the enduring impact of colonisation and the current health status of
Aboriginal and Torres Strait Islander people.®° Trends in premature mortality and high rates
of chronic disease are not exclusive to the Indigenous people of Australia. High-profile
documents published by The Lancet and the United Nations demonstrate that there are shared
experiences of forceful colonisation, underpinning the continued social and health
inequalities experienced by Indigenous groups across the world, including Native Americans,

Pima Indians and the Maori people of New Zealand.>

Internationally, Indigenous people have disproportionately higher rates of preventable
chronic disease which contribute to a lower life expectancy when compared with non-
Indigenous people.!*® Australia, Canada and New Zealand are developed and wealthy
nations. However, Indigenous people were almost as disadvantaged in 2006 as they were in
1981 relative to the non-Indigenous populations in employment, income and education.* The
disadvantage is also translated to a life expectancy gap of more than five years between

Indigenous and non-Indigenous populations in Australia, Canada and New Zealand.'*

In Australia, the life expectancy for Aboriginal and Torres Strait Islanders is ten years
lower than that of non-Indigenous Australians.®> More specifically, in 2016 half of all deaths
of Indigenous people in Queensland were at a median age of 58 years and 81 years for non-
Indigenous.!® It is estimated that 70% of the inequalities in health for Indigenous Australians
are caused by chronic disease.'” Obesity-related lifestyle diseases, such as type 2 diabetes and
cardiovascular disease, are some of the leading causes of morbidity and mortality in

Indigenous Australians.® '8 The age-standardised mortality rate for type 2 diabetes in
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Indigenous Australians is four times higher than in other Australians,'® and the age-adjusted
death rate for Indigenous adults from cardiovascular disease is almost twice that of other

people in Australia.?

Physical activity and health

Most risk factors for chronic disease are modifiable through a healthy lifestyle, which
includes undertaking regular physical activity. Physical activity is described by the World
Health Organization as any bodily movement produced by skeletal muscles that requires
energy expenditure.?! It is important to note that physical activity encompasses a broad range
of elements and can be defined in several ways. Physical activity can be described according
to intensity, duration and frequency and its domains such as active transportation, at work,
domestic household chores and leisure time.?> 23 Exercise is a subset of physical activity and
described as planned, structured and repetitive bodily movement done to improve or maintain

one or more components of fitness.?*

Regular engagement in physical activity has a variety of physical and mental health
benefits. Undertaking the recommended amount of moderate or vigorous physical activity
can reduce the risk of all-cause mortality?>-?8 and the greatest benefits in all-cause mortality
are gained by those who move from being inactive to becoming moderately active.?® *° There
is substantial evidence for the benefits of physical activity in preventing, managing and
improving conditions such as obesity, type 2 diabetes and cardiovascular disease.?? 3!
Physical activity can increase insulin sensitivity both acutely and long-term, lower blood

glucose levels, reduce body fat and improve cardiovascular function.®?
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Insulin sensitivity, blood glucose and weight management are essential to the
prevention of type 2 diabetes and cardiovascular disease. Complications from unmanaged
diabetes can be severe and life threatening. Type 2 diabetes can cause kidney disease,
blindness and also lead to the amputations of limbs.33 34 One report estimates that in
Australian adults there is one limb amputation every two hours, or approximately 84 limb
amputations per week (12 per day), due to diabetes complications.®® More alarmingly,
Aboriginal and Torres Strait Islanders in Western Australia have diabetic amputation rates 38
times higher compared to non-Indigenous Australians with diabetes.*® Another leading cause
of death in Australia is cardiovascular disease, with one death every 12 minutes attributed to
the illness.” Cardiovascular disease is one of the biggest burdens on the economy, with lower
socioeconomic groups, Aboriginal and Torres Strait Islanders and people residing in remote
areas having the highest rates of deaths and hospitalisations resulting from cardiovascular

disease.®

Current Australian guidelines recommend that adults aged 18 to 64 should accumulate
150-300 minutes per week of moderate physical activity or 75-150 minutes of vigorous
activity. Based on self-reported data, more than half of Australian adults (56%) are not
meeting the physical activity guidelines, while adults living in regional and remote areas are
even less active (62% and 61% respectively).®® Indigenous Australians have slightly lower
rates of physical activity compared to the general population, with 38% of Indigenous people
in non-remote locations meeting the physical activity recommendations. They are less likely
to be sufficiently active for health (rate ratio 0.8) and to participate in any physical activity
(rate ratio 0.9) compared to non-Indigenous Australians.** Moreover, 66% of Aboriginal and

Torres Strait Islander people over 15 years of age are overweight or obese, more than among
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non-Indigenous Australians (rate ratio of 1.1).%

It is estimated that physical inactivity causes over 5.3 million deaths globally per
year.*? Low levels of physical activity, poor diet and social determinants of health are thought
to contribute to the high prevalence of chronic disease and poor health outcomes in
Indigenous Australians.™ The consequences of physical inactivity and poor health can lead to

irreversible damage and unnecessary premature mortality.

Burden of disease/cost/preventable hospitalisations

Physical inactivity is placing a substantial economic burden on global health care
systems. For 2013, it was estimated that the global cost of physical inactivity was $53.8
billion INT$.*® The health care system of Australia is facing a number of challenges,
including a growing burden of chronic conditions which are driving an increase in health
service utilisation and rising health care expenditure. A recent study published in The Lancet
estimates the financial burden of physical inactivity per year (INT$) in Australia to be $805
million, which includes $640 million in direct costs and $165 million in productivity losses.*®
The further economic burden to the healthcare system is through hospitalisation rates.
Indigenous Australians are relatively high users of the public hospital system. Although
Indigenous Australians represent only 3% of the total Australian population, they account for
4.2% of all hospital admissions.** With age-adjusted rates, Indigenous Australians are 2.3
times more likely to be hospitalised compared to non-Indigenous Australians in 2013-2014,
with the rates being 896 and 384 per 1000 respectively. However, 86% of this difference is
due to higher rates of hospitalisation for end-stage renal disease related dialysis.** End-stage

renal disease is often a result of diabetes related complications.*® Aside from the economic
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burden of chronic diseases and physical inactivity, there are enduring impacts on the
population through reduced quality of life and physical function and functional capacity for
exercise.*® 4’A decreased quality of life has also been reported in family members who care
for individuals with chronic disease, as there is a profound emotional impact and increased

financial burden.*®

Limiting the incidence of preventable illness and disability can increase the quality of
life for both individuals and society.*® Self-assessed health status is commonly used to
measure overall health as a reflection of a person’s perception of their health at a given point
in time.*® Indigenous Australians are twice as likely to rate their health as fair or poor and
almost half as likely to rate their health as excellent or very good, compared to non-
Indigenous Australians.*® Overall, 39% of Indigenous Australians rate their health as
excellent or very good, while 36% rated their health as good and 25% gave ratings of fair or
poor.!® The self-rated health of Indigenous Australians may be misrepresented as high, due to
the assumption of common experiences of health and illness between Indigenous and non-
Indigenous people. English as a second language and socio-economic factors including
income and education are known to create a scale perception bias, as a poorer health status
can create a lower standard of the definition of good health.>! 5 The Australian Youth
Development Index (YDI) found that health and wellbeing of Indigenous Australians has
deteriorated significantly over the last 10 years due to mental health issues and increased
substance abuse.>® Indigenous people are also twice as likely to be hospitalised due to mental
and behavioural issues'® and are three times more likely to experience high or very high
levels of distress.*! Reported stressors for Indigenous people included the death of a family
member or friend, serious illness, unemployment, alcohol or drug related problems and

mental illness. High levels of distress are also evident in those who did not complete year 12
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and to people who are unemployed.>* Aboriginal and Torres Strait Islander people are less
likely than non-Indigenous people to complete Year 12 or higher qualifications (35.9% vs
67.3%).% The national unemployment rate for Indigenous Australians aged 15 years and over
is estimated to be 20.6%, however, these rates are not directly comparable with non-
Indigenous Australians due to differences in the age structures of the populations.>® This
cycle of disadvantage is often linked back to the concept of inter-generational trauma and the
social determinants of health.%” Inter-generational trauma refers to Indigenous people’s
experiences of traumatic events, such as colonisation and the forceful removal of children,
which have lasting negative effects that are passed on from generation to generation.® The
cumulative effects of this trauma can cause widespread social disadvantage and reduce the
capacity of Aboriginal and Torres Strait Islander people to fully and positively participate in

their lives and communities.>®

The social determinants of health

It is critical to understand potential factors, besides physical inactivity, that may be
contributing to the health disparities between Indigenous and non-Indigenous Australians.
The World Health Organization describes the social determinants of health as “the conditions
in which people are born, grow, work, live and age, and the wider set of forces and systems
shaping the conditions of daily life”.>® Social, economic and education outcomes are
contributing factors to the health inequalities of Indigenous Australians. Social and economic
factors are classified as social determinants of health due to the impact on both the
environment and conditions people live in.?® Socioeconomic factors attribute to around one
third of the life expectancy gap between Indigenous and non-Indigenous Australians.'® In

2016, Indigenous Australians were half as likely as non-Indigenous Australians to report an
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equivalised weekly household income of $1000 or more, (20% compared to 41%).
Employment rates were lower for Indigenous (47%) versus non-Indigenous Australians

(72%).5°

Another important social determinant of health is education and health literacy. Lower
levels of general literacy are more common among socially and educationally disadvantaged
groups and those whose first language is not English such as refugees, migrants and
Indigenous people.® In Australia, Indigenous students are estimated to be behind non-
Indigenous students by the equivalent of two-and-half-years of schooling.®? Without adequate
literacy and numeracy skills at a young age it is harder to take advantage of opportunities
later in life as the barriers may restrict many aspects of a person’s life, including work,
education and health. Health literacy is the degree to which individuals have the capacity to
obtain, process and understand basic health information and services needed to make
appropriate health decisions.®® Health literacy plays a significant role in the maintenance of a
healthy lifestyle over the lifespan. Poor health literacy is linked back to lower levels of
general literacy/numeracy in the adult population,®® as it places a significant constraint on a
person’s ability to access, read, comprehend and apply information, to make informed

decisions and achieve self-efficacy.%

Social determinants and risk factors

The social determinants of health can influence health behaviours.®® Factors that
affect health in a negative manner are referred to as risk factors, as they increase the
likelihood of chronic disease development.®® Commonly identified risk factors for chronic

disease are smoking, nutrition, alcohol and physical inactivity,®” often referred to as SNAP
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risk factors, which are largely preventable and modifiable through behaviour change.%®
Smoking is a major risk factor for health as it can cause heart disease, stroke and cancer.®
Indigenous people are twice as likely to smoke compared with non-Indigenous Australians,
with a smoking prevalence of 45% versus 16%.%° In regards to nutrition, the Australian
dietary recommendations are that adults should consume two serves of fruit (small fruit such
as apricots require two pieces to be considered as a serve) and five serves of vegetables per
day. Poor nutrition influences overweight and obesity, cardiovascular disease and type 2
diabetes.®® ° According to the most recent National Aboriginal and Torres Strait Islander
nutrition survey,’ 54% of Aboriginal and Torres Strait Islanders consumed the recommended
amount of fruit per day, while only 8% had an adequate vegetable intake. Rates of fruit and
vegetable consumption are lower compared to non-Indigenous Australians, with the rate
ratios being 0.9 and 0.8 respectively.”? Alcohol use is another important risk factor that
contributes to poor health. Excessive drinking is not only a health issue, but also socially
detrimental to the community. Although Indigenous Australians are less likely to drink
compared to non-Indigenous Australians, those who drink are likely to do so at harmful
levels.” The final risk factor in the SNAP model is physical activity which will be discussed

in detail below.

Physical activity programs for Indigenous Australians

Physical inactivity is one of the identified SNAP risk factors to health. There is well-
established evidence on the effectiveness of physical activity in the prevention and
management of chronic disease.”* ® However, little research has been undertaken to assess or
evaluate interventions to encourage physical activity with Indigenous Australians. A

systematic review of physical activity interventions for Indigenous people in Australia and
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New Zealand was undertaken by the author of this thesis. The systematic review focuses on
Australian and New Zealand Indigenous populations due to geographical proximity, and
similarities in life expectancy gaps. The decision not to include other Indigenous population
groups residing in Canada and the United States was to avoid repetition of an existing

systematic review on physical activity interventions.”

Despite the acknowledgement of the need for more physical activity research, only 13
evaluations of physical activity interventions were identified that met the inclusion criteria.”’
It was noted in the review that a statistical synthesis of the results was not possible and that
comparisons between the interventions were limited due to the lack of homogeneity in study
design and measurement of activity and health outcomes. Furthermore, information on best
practice in implementing and identifying barriers to physical activity interventions was
difficult to assess. Methodological details, such as procedural implementation fidelity, end of

project feedback, participants’ experiences and evaluations, were rarely included.

The literature on physical activity interventions involving Indigenous Australians is
limited, and there are few studies which have specifically implemented physical activity
programs. There have only been two randomised controlled trials (RCTs). One study was a
12-week program designed for Indigenous females in Adelaide.”® The study found significant
reductions in weight and BMI at the follow-up assessment. The second RCT was also 12
weeks in duration and designed for inactive Indigenous men in regional New South Wales,
and also reported significant reductions in weight and BMI.” There have been an additional
seven Australian cohort studies in this population group. Three studies were conducted in the
remote areas of Western Australia and reported improvements in metabolic markers such as
triglycerides and glucose.®%-82 The remaining studies were conducted in an urban Queensland
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population,® the Torres Strait Islands,® Tasmania® and in a Metropolitan area of Western

Australia.?®

One of the studies included in the systematic review was conducted in New Zealand®®
and examined a physical activity intervention using culturally-based activities such as
canoeing and family orientated activities. The study had an excellent attendance rate (90%)
and was widely viewed as acceptable in the communities as it had local Indigenous mentors
adding input and assisting with the delivery of the program. McAuley and colleagues® also
incorporated a focus on strong cultural ties, family connections, community orientated and
traditional activities, which may have contributed to the high attendance rate. The authors
noted that a high level of support was required during the project period, and that support for
maintenance of the lifestyle change was high. The physical activity component of the
program was group exercise sessions four times a week with a variety of activities, including
walking groups, waka ama (canoe paddling) and kappa haka (traditional song and dance).
Individual progress checks were also conducted each fortnight over the period of the
intervention and feedback was regularly sought as the program currently continued to run. A
detailed description of these studies is provided in Chapter two, which is the systematic
review of physical activity interventions with Indigenous Australian and New Zealander

adults.””

Two of the studies which did not meet the inclusion criteria of our systematic review
analysed levels of physical activity in Indigenous school children.8® % One of the studies
explored the practices of physical activity for an Indigenous population living in the remote
communities of the Torres Strait and Northern Peninsula Area of Far North Queensland.?®

The cross-sectional survey found that only 50% of the children reported being active for more
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than 30 minutes a day. Another cross-sectional study® utilised accelerometers to measure
physical activity levels in rural school children. The authors reported that Indigenous children
engaged in more moderate to vigorous physical activity (125 minutes per day) compared to
non-Indigenous children (107 minutes per day). Similarly to research with Indigenous adults,
there are still many gaps in the literature in regards to the implementation and evaluation of

physical activity programs.’’

There have been several recommendations in regards to study design, project
implementation and community engagement for future research into improving the health of
Aboriginal and Torres Strait Islander people.®**® There are also a known variety of barriers to
research, participation and engagement in Aboriginal and Torres Strait Islander populations.
Reasons for low response rates can include mistrust in research and fear of exploitation,**
lack of education® and low population numbers compared to non-Indigenous people.®
Research into socially disadvantaged groups has been lacking® % and these groups are
sometimes referred to as “hard-to-reach” or “hidden” populations as researchers continue to
struggle to access, engage and retain participants. Indigenous Australians are unique in this
regard, as there are concerns that this population group has been over-researched without
corresponding health improvements.®® The feeling of being over-researched without
improvements, coupled with the complex interplay of social, behavioural and environmental
factors for developing a chronic disease in Aboriginal and Torres Strait Islander populations®

can prove to be challenging.

A challenge to non-Indigenous researchers is instilling a balance between Western
and Indigenous research methodologies, and understanding how the application of Western

quality indicators may impact the study results. Indigenous research methods involve
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decolonising research frameworks by putting Indigenous voices and epistemologies in the
centre of the research process.®” It is critical to understand the underlying assumptions that
Western methods and beliefs are the only objective, true science.®® For example, a
Westernised description of physical activity is any bodily movement produced by skeletal
muscles that requires energy expenditure.?! In contrast, an Indigenous description of physical
activity is associated as necessary physical engagement with the environment.*® Furthermore,
physical activities in this context were described as natural and cultural resource
management, physically active forms of social organisation and education that helped to
build and maintain relationships, wealth and the environment. In regards to views on research
methodologies, some would argue that Western researchers have exploited Indigenous people
to benefit their own careers while dissmpowering people and bringing no tangible benefits to

the communities.%

Study design and barriers to research

The study design is a critical factor when undertaking an intervention with Indigenous
population groups. Randomised controlled trials are not always feasible in minority groups
due to the small population size and it may be considered unethical to recruit a control group
when dealing with an at-risk population.®? 8 Some debate on the issue of traditional
randomised controlled study designs came about due to sustainability concerns® and when

‘well-designed’ interventions failed to produce an impact.'®

Other researchers have attempted to conduct RCTs with lifestyle interventions with
Indigenous populations, but were limited to using a self-selected control group® or the study

became a cohort study as information was shared between the two groups.® This information
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is important as it highlights that traditional Western research methods are not always
applicable and there needs to be flexibility in study design.®® In the systematic review of
physical activity interventions for Indigenous people in Australia and New Zealand,”” one
study utilised an interrupted time series design to examine the effect of health promotion and
education on high-risk individuals to reduce insulin resistance'%? and the remaining seven®

81,83-86,103 \yiare cohort studies.

One of the common themes in the studies reviewed here was the rejection and non-
feasibility of implementing a RCT design. Concerns about the allocation of some participants
to a control group that would not receive the intervention were often a result of the
consultation with the community. This is further supported by Rowley and colleagues,®?
who noted that a real randomised design would not be a useful model in community-based
interventions for Indigenous people and reasons for rejection of control groups included
ethical considerations based on at-risk individuals not receiving appropriate advice. An
alternate study design could include a wait-listed control group, however, this may not be

feasible if a high sample size is required in a relatively small community setting.

The sample size required for sufficient statistical power is also an issue with small
minority population groups. Aboriginal and Torres Strait Islanders represent approximately
3% of the total Australian population, and 28% of Indigenous people are residing in
Queensland.*® To put this into context, one of the intervention sites in this thesis that
requested to participate in the research has a population of approximately 100 persons
residing in the community, of which not all would have been eligible to participate in the

study.
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There are also historical and cultural reasons that can affect the recruitment of a
sufficient sample size. A systematic review on strategies for improving health and medical
research with socially disadvantaged groups® attributed low response rates with hard to reach
populations to mistrust in researchers. The same problem has also been described in studies
involving Indigenous people in Australia.?* 194 1% QOpposed to random probability, alternative
sampling methods, such as snowball or respondent driven sampling have been used in several
studies to assist with recruitment.’® 83. 8. 86.88,106 AJthough this is considered as convenience
sampling and not representative of the general population, it is considered to be pragmatic

and effective for participant recruitment with Indigenous population groups.®*

Education

Inadequate formal education can limit knowledge of an individual’s health needs and
their ability to access resources from the health care system. Language and education are also
important factors to consider when doing research with Indigenous populations. Researchers
need to be aware that barriers, such as language and education, may prohibit the use of self-

administered surveys, as participants may not understand the forms.

Customisation of interventions may include the use of culturally appropriate models
or multimodal approaches, such as verbal explanations accompanied by print-based
information, for later reference. In addition to customisation, in some situations involvement
of an appropriate Indigenous person acting as an advisor or “literacy broker” has been useful
in facilitating communication flows between outsiders and local Indigenous people.’® 84 88,102
Reasons for the verbal explanations were also noted in a previous study, in which participants

expressed the need for information to be relayed in their language for accurate
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understanding.*® Poor communication leads to misinterpretation, and the researchers’
inability to speak the local language may also add to the participants’ fear of the research.
The fear of research is amplified by a lack of trust in government agencies due to historical
events (The Stolen Generation), fears regarding an invasion of privacy and confidentiality,
and the suspicion that the study will cause judgement and biases.*®” This highlights the
importance of having local mentors and leaders to assist with the project to act as support and
cultural brokers. Germino et al.1%® engaged several community groups for promoting their
research which included ‘cultural brokers’ to liaise between participants and researchers. The

study reported high recruitment and retention rates.

Community engagement

Despite extensive training and experience, non-Indigenous researchers may still have
limited knowledge of Indigenous values, attitudes and beliefs. Engagement with community
elders and leaders in Australian Aboriginal communities, which have social hierarchical
structures, is an example of community engagement. The involvement of community
members in the development of programs is considered to increase their effectiveness,
relevance and sustainability.'® It would be promising if interventions in communities were
implemented with advice and mentoring from local Indigenous leaders and could be proven
to work with limited resources. If the local community is engaged with the design and
implementation of programs in a community participatory approach,® 110 there is the

potential for sustainable long-term projects that could be continued by the community.

In health promotion interventions with Indigenous people, cultural adaptations should

be incorporated to ensure programs are adhering to the community values and beliefs.

18



Chapter 1: Introduction

Practical and spiritual experiences and family relations can all constitute unique ideologies in
an Indigenous person’s knowledge. This is due to Indigenous populations being a minority
and diverse group that, due to cultural differences, need particular consideration when
designing programs. An example of adhering to Indigenous ideologies is flexibility in
appointment scheduling. For instance, Indigenous Australians have a ‘here and now’
approach, which may have a conflict with tightly regimented, appointment-based systems.!
Therefore, an intervention conducted by Dimer et al.® used flexible timing of allocations of

participant attendance to the program by not creating specific times for sessions.

On a side note, for people considering doing research with Indigenous Australians,
there are some notable recommendations by organisations, such as the National Health and
Medical Research Council, who have provided strategic frameworks (Road Map) and
guidelines for ethical conduct for working with Indigenous populations.t'? 113 | have ensured
the research in this thesis, to the best of my ability, has included the six values of ethical
conduct: reciprocity, respect, equality, responsibility, survival and protection, and spirit and
integrity. The implementation of the program was assisted by local Indigenous mentors from
collaborating organisations who have extensive knowledge of the local culture and provided

advice and information on the appropriate engagement procedures for individuals.

Statement of the research problem

In summary, it is evident that physical activity is associated with health benefits for the
prevention and management of obesity and chronic disease. However, a review of physical
activity programs with Indigenous Australians is needed to examine what has been
implemented previously, where the gaps in the literature are, and, most importantly, if

activity levels and health outcomes improve after such interventions. Of particular interest is
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the use of objective measures of physical activity and functional capacity for exercise, and
the implementation of a community-tailored physical activity program in regards to
feasibility, affordability and practicality. Additionally, understanding the barriers and
enablers to implementation of physical activity programs in rural and regional communities is
crucial. Identification of successful elements will contribute to best practice knowledge and
potentially improved health for Aboriginal and Torres Strait Islanders. This research

examined physical activity as a method to improve the health of Indigenous Australians.

Specifically, this PhD thesis contains the following studies:

1. A systematic review of evaluations of physical activity interventions with Indigenous
people in Australia and New Zealand.

2. An examination of the reliability and validity for measuring physical activity of the
Fitbit Flex against the Actigraph GTX3+ in both laboratory and free-living
conditions.

3. The changes in functional capacity to exercise and health outcomes after participation
in an 8-week physical activity program.

4. A qualitative evaluation of an 8-week physical activity program in a rural and
regional setting to identify barriers and enablers to participating in a physical activity

program.

Research questions

For the purpose of this PhD thesis, the research questions were:

1. Do physical activity programs for Indigenous people in Australia and New Zealand

show significant effects on physical activity levels and health outcomes?
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2. s the Fitbit Flex a valid and reliable measurement of physical activity when
compared to direct observation and the Actigraph GTX3+?

3. Will there be a clinically significant improvement in functional capacity to exercise
and other health outcomes after the implementation of the physical activity
intervention that is part of this PhD thesis?

4. What are the barriers and enablers to participating in the physical activity intervention

for Indigenous Australians in Far North Queensland?

Significance of the study

The difference in life expectancy between Indigenous and non-Indigenous Australians
is the largest such gap in the world and is mostly attributed to preventable chronic disease. In
the Cairns and Hinterland region, this gap is even more than 20 years.'® Despite evidence for
the health benefits of regular physical activity in the prevention and management of chronic
disease, few studies in this field of research have been conducted with Aboriginal and Torres
Strait Islander people. There are many barriers to undertaking research programs with

Indigenous people as there are also many complex factors contributing to health inequalities.

Delimitations of the study

The findings of this research are delimited to:

(1) The nature and location of the sample, namely Aboriginal and Torres Strait Islander
people living in Far North Queensland

(2) The exposure and attendance to the exercise program.
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Limitations of the study

The conclusions drawn from this research are limited by the following factors:

1. Sample size.
2. Missing data from the Fitbit Flex and limited compliance by the participants to
attending pathology collection centres.

3. Implementation issues in the rural and regional setting.

Summary

This research set out to investigate ways to improve the health of Indigenous
Australians through a physical activity program. The program design was inspired by a
previous study in New Zealand with Indigenous Maori people which was successful in
improving activity levels and health outcomes.®® Based on the unique components of these
studies, such as the flexibility in delivery and the recruitment of local leaders, the research
built upon these methods to create something unique to Indigenous Australians. The program
involved implementing a pragmatic community-tailored 8-week physical activity program to
improve functional capacity for exercise in Australian Aboriginals and Torres Strait
Islanders. This research synthesised previous studies that evaluated such physical activity
programs;’’ validated an accelerometer for objective physical activity measurement;'#
created and implemented a program; and assessed the impact on participants’ functional

capacity and health outcomes.

Structure of the thesis
This thesis is divided into seven chapters. Chapter two is a systematic review of

previous evaluations of physical activity interventions with Indigenous people in Australia
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and New Zealand. The systematic review protocol was registered with the PROSPERO
network and followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.'*® A comprehensive search of the literature identified a lack
of homogeneity in outcome measures, which included a limited number of studies which had
objective measures of physical activity and/or fitness. With such little evidence on changes in
physical activity levels, it was undetermined if the changes in fitness and health were a direct

effect from increased physical activity levels.

The identified lack of objective physical activity measurements in the systematic
review was the predecessor for designing and conducting a validation study of accelerometers
(chapter three). The purpose of the validation study was to examine the reliability and
validity for measuring physical activity of a novel, practical and user-friendly accelerometer.
The study was conducted using two accelerometers: the Actigraph and the Fitbit Flex. The
results of this study were used to determine the utility of the Fitbit Flex. Previous studies
have compared outputs from Fitbit activity monitors and the Actigraph, but with variability in
protocols and device placement. Paul et al.1*® found excellent agreement in the average step
count per day between the two devices recorded in free-living conditions and worn on the
waist. Similarly, Gusmer et al.*” found no significant differences in step counts between the
Fitbit Ultra and the Actigraph G1TM, reporting that both devices can be used interchangeably
to measure step count when they are both worn on the waist. Ferguson and colleagues!®
compared several consumer-level devices, including the waist worn Fitbit One, against the
Actigraph GT3X+ and found strong validity for the Fitbit’s measurement of steps and
moderate-vigorous physical activity (MVVPA). However, none of these studies compared free-

living conditions and laboratory based activities across multiple outcome measures such as
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step count, MVVPA and activity energy expenditure.

Chapter four of this thesis includes the study protocol of the 8-week physical activity
program which was implemented in a rural and regional setting in Far North Queensland. The
protocol includes the study aims, design, a description of the program and the outcome
measures assessed and the proposed statistical analysis. The study protocol outlined in this
chapter demonstrates the intended methodological approach for the research. All variations of
the study protocol are discussed at the end of this chapter in regards to issues of feasibility

and real world application.

Chapter five is an evaluation of a community-based physical activity program with
Indigenous Australians in a rural and regional setting in Far North Queensland. After the
validation study had been completed, the Fitbit Flex was utilised for interventions with two
Indigenous communities. The program included participants aged 18- 45 with risk factors for,
or an already established chronic disease. The primary aim of the study was to improve
functional capacity to exercise, which was assessed with the six-minute walk test.!'° The
intervention activities were based on the recommendations by Indigenous mentors in the
community, and a co-design approach with the community was determined to be more
appropriate and ethical. The two mentors collaboratively decided upon the program inclusion
criteria, the number of days to run activities and the types of activities that were best suited

for their local community.

Following on from the quantitative evaluation, chapter six is a qualitative evaluation
of the program. At the completion of the 8-week program, participants were individually

interviewed using a semi-structured interview to identify perceived barriers and motivations
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to engage in physical activity. Additional questions were included to explore the participants’
experiences of the program, where improvements could be made and what the perceived

long-term consequences are if their current behaviour continues.

The final chapter examines and reviews the studies in this thesis and around physical
activity interventions with Aboriginal and Torres Strait Islanders. This thesis includes a
review of the evidence, a validation study and a mixed-methods evaluation of an intervention
study. To summarise these findings, this chapter explains how to translate the research into
practice and has several recommendations for future research as a contribution to the body of

evidence in this field.
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Background: Indigenous Australians and New Zealanders have a significantly shorter life expectancy than
non-indigenous people, mainly due to differences in prevalence of chronic diseases. Physical activity helps in
the prevention and management of chronic diseases, however, activity levels are lower in Indigenous than in
non-indigenous people.

Objective: To synthesise the literature on the effects of physical activity interventions for Indigenous people
in Australia and New Zealand on activity levels and health outcomes.

Methods: The Cochrane Library, MEDLINE, SPORTSDiscus and PsycINFO were searched for peer-reviewed articles and
grey literature was searched. Interventions targeted Indigenous people in Australia or New Zealand aged 18+ years
and their primary or secondary aim was to increase activity levels. Data were extracted by one author and verified by
another. Risk of bias was assessed independently by two authors. Data were synthesised narratively.

Results: 407 records were screened and 13 studies included. Interventions included individual and group based exercise
programs and community lifestyle interventions of four weeks to two years. Six studies assessed physical
activity via subjective (n=4) or objective (n=2) measures, with significant improvements in one study. Weight
and BMI were assessed in all but one study, with significant reductions reported in seven of 12 studies. All
five studies that used fitness tests reported improvements, as did four out of eight measuring blood pressure
and seven out of nine in clinical markers.

Conclusions: There was no clear evidence for an effect of physical activity interventions on activity levels,
however, there were positive effects on activity related fitness and health outcomes.
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Background

Internationally, Indigenous people have disproportion-
ately higher rates of preventable chronic disease that con-
tribute to a lower life expectancy than non-Indigenous
people [1-3]. Australia and New Zealand are both First
World countries with substantial inequalities in health sta-
tus between Indigenous and non-Indigenous people. In
Australia, Aboriginal and Torres Strait Islanders are the In-
digenous people, accounting for 3% of the population [4],
and their life expectancy is 10 years lower than that of non-
Indigenous Australians [5]. In New Zealand, the Maori
people are the Indigenous custodians, accounting for 15.6%
of the population [6], and their life expectancy is 7.1 years
lower than among the non-Indigenous population [7].

There is a variety of complex and interrelated social, eco-
nomic and historical factors that contribute to premature
death in Indigenous populations [8]. In Australia, it is esti-
mated that 70% of the inequalities in health are caused by
chronic disease [9]. Obesity related lifestyle diseases, such
as type 2 diabetes and cardiovascular disease, are some of
the leading causes of morbidity and mortality in Indigenous
populations in Australia and New Zealand [5, 10]. For
instance, the age-standardised mortality rate for type 2 dia-
betes in Indigenous Australians is nearly five times higher
than in other Australians [11], and four times higher in
Maori people compared to other New Zealanders [12]. The
age-adjusted death rate for Indigenous adults from cardio-
vascular disease is almost twice that of other people in
Australia [13] and New Zealand [6].

Excess body fat is a modifiable precursor of type 2 dia-
betes and cardiovascular disease [14]. In Australia, 66% of
Aboriginal and Torres Strait Islander people over 15 years
of age are overweight or obese, more than among non-
Indigenous Australians (rate ratio of 1.1) [15]. In New
Zealand obesity rates for adults are estimated to be 46%
for Maoris (rate ratio of 1.8 compared to non-Maori) [16].
There is substantial evidence for the benefits of physical
activity in preventing, managing and improving conditions
such as obesity, type 2 diabetes and cardiovascular dis-
ease [17, 18]. For example, regular physical activity can
increase insulin sensitivity both acutely and long term,
lower blood sugar levels, reduce body fat and improve
cardiovascular function [19]. Current physical activity
guidelines recommend that adults aged 18 to 64 should
accumulate 150-300 minutes per week of moderate phys-
ical activity or 75-150 minutes of vigorous activity [20].
However, in Australia, only 38% of Indigenous people in
non-remote locations meet the physical activity recom-
mendations. Furthermore, compared to non-Indigenous
Australians, Indigenous people in Australia are less likely
to be sufficiently active for health (rate ratio 0.8) and to
participate in any physical activity (rate ratio 0.9) [21]. In
New Zealand 50.1% of Maoris are sufficiently active com-
pared to 51% in the overall population [16].
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Physical activity interventions have proved effective to
increase activity levels in the general population [22, 23],
however, these studies usually only include a very small
percentage of Indigenous people and results are not re-
ported separately [24, 25]. Moreover, general population
interventions may not always be appropriate for Indigen-
ous population groups. Cultural adaptations should be in-
corporated to ensure that the interventions adhere to the
community values and beliefs. This is due to Indigenous
populations being a minority and diverse group that, due
to cultural differences, need specific consideration when
designing programs. Recommendations have previously
been made by organisations, such as the National Health
and Medical Research Council in Australia, providing a
“Road Map” in regards to working with Indigenous popu-
lations and the cultural factors that researchers need to
consider before designing programs [26].

A recent literature review aimed to synthesise the evi-
dence on the effects of group-based sport and exercise
programs for Indigenous adults on anthropometric and
physiological outcomes and quality of life [27]. However,
although this review was described as ‘systematic; the au-
thors of this review, which synthesised six studies, omitted
several studies that would have been eligible for inclusion
in our view. Moreover, this review did not meet all the cri-
teria of a systematic review, such as searching for grey lit-
erature, and the authors did not follow the PRISMA
statement [28], nor did they report sufficient information
on the methodology, such as search terms, to make the re-
view replicable. A systematic review, including 64 studies,
by Teufel-Shone and colleagues on Indigenous people in
the United States and Canada found physical activity in-
terventions to be effective on health outcomes related to
physical activity such as fitness and blood pressure [29].
Some reviews have synthesised the findings of different
kinds of interventions targeting chronic disease or risk
factors for disease in Indigenous Australians and New
Zealanders, however, these reviews were not specifically
focused on physical activity interventions [30]. A literature
review by Clifford and colleagues identified 20 interven-
tions which addressed smoking, nutrition, alcohol misuse,
or physical inactivity in Australian Indigenous populations
[31]. However, only five of the interventions had a specific
focus on physical activity, and this review did not sum-
marise results of the interventions as its main objective
was to describe and critique the methodology of the inter-
ventions. Overall, there is a lack of knowledge on the
effect of physical activity interventions on activity levels
and health outcomes in Indigenous people residing in
Australia and New Zealand.

Given the gaps in the literature and the high prevalence
of chronic disease and physical inactivity in Indigenous
people in Australia and New Zealand and the important
role that physical activity has in the prevention and

47



Chapter 2: Literature review

Sushames et al. International Journal of Behavioral Nutrition and Physical Activity (2016) 13:129

management of these chronic diseases, a systematic review
of effectiveness of interventions to promote activity in Indi-
genous populations is warranted. This systematic review
fills significant gaps in the literature by identifying, critically
appraising and synthesising the evidence on the effects of
physical activity interventions designed for Indigenous
people in Australia and New Zealand on activity levels and
health outcomes. As well, we provide recommendations for
future research in physical activity interventions for
Indigenous people.

Methods

Literature Search

The PROSPERO database and the Cochrane Library were
searched for systematic reviews on physical activity inter-
ventions designed for Indigenous people in Australia or
New Zealand. Once it was determined that there were no
such reviews published or in progress, the review protocol
was registered with PROSPERO, the international pro-
spective register for systematic reviews (registration num-
ber: CRD42015016915) [32]. This review follows the
PRISMA statement for systematic reviews [28].

The Cochrane Library, MEDLINE, SPORTSDiscus and
PsycINFO were searched from their start dates until the
14th of March 2016 for physical activity interventions for
Indigenous people in Australia and New Zealand. Search
terms for population were ‘Oceanic ancestry group’ OR
‘population groups’ OR ‘Aborig* OR ‘Indigenous® and were
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combined with ‘intervention” and physical activity related
terms (‘exercise’ OR ‘sports’ OR ‘motor activity’ OR ‘phys-
ical”’) and the free terms ‘physical®”’ OR ‘fitness*’. No restric-
tions on language or publication years were applied. We
undertook forward and backward citation tracking from
the identified papers. Government websites and databases
were searched for grey literature. Health departments were
e-mailed in search of interventions that may not have been
identified. Experts in the field were contacted to search for
additional references. Search results and screening out-
comes are presented in a flow-diagram (Fig. 1).

Study Inclusion and Exclusion Criteria

To be included in the review studies had to evaluate an
intervention with a physical activity component for Indi-
genous people residing in Australia or New Zealand aged
18 years or over. Indigenous groups included Aboriginal
people and Torres Strait Islanders in Australia and the
Maori people in New Zealand. While it is acknowledged
that Pacific Islander people are not Indigenous to New
Zealand, there are historical and cultural connections with
Maori people [33]. Therefore, studies conducted in New
Zealand with Pacific Islander communities were also con-
sidered eligible for inclusion into the review. Physical
activity is a broad term which encompasses different
forms of body movement produced by skeletal muscle,
resulting in energy expenditure above resting level [34].
This includes exercise, sport and incidental physical

Records identified through
database searching

Additional records identified
through other sources

(N=407) (N=8)
A
Records after duplicates removed
(N=287)
Records screened | Records excluded
(N=287) (n=270)

Full-text articles
assessed for eligibility
(N=17)

Full-text articles excluded,

] [ Eligibility ] [ Screening ] [ identification |

with reasons (n=4)

« Limited
comparability of pre
and post results
and limited

methedology (n=3)
« Repetition of data

\\

(n=1)

- Studies included in

2 qualitative synthesis

3 (N=13)

o

=

—
Fig. 1 Flowchart of the selection process for inclusion of articles in the systematic review
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activity. Studies with multi-component interventions were
included if increasing physical activity levels was a core
component of the intervention either through exercise
programs or health education aiming to promote activity.
Ideally the interventions would include a non-exposed
control group. However, it has been found to be difficult
to recruit participants for control groups in Indigenous
communities [35, 36]. Therefore, uncontrolled studies
with rigorous protocols were included. Protocols were
deemed as rigorous if sufficient methodological details of
the program were provided to allow for replication, and if
the pre and post outcome measures were directly compar-
able. The studies had to measure physical activity and/or
activity related health outcomes before and after the inter-
vention. Studies were excluded if they did not specifically
target Indigenous people, but only included them as sub
groups.

Data Extraction and Analysis

Two authors (AS and KG) independently screened the
articles found in the literature search and excluded those
that did not meet the inclusion criteria based on title,
abstract and full text. Differences in reviewers’ decisions
were resolved through discussion and consensus. Data
were extracted by AS and cross-checked by KG. A stan-
dardised abstraction procedure based on Zaza et al. [37]
was used to extract data from the included studies. In-
formation extracted included study population, study
setting (such as remote/rural), as well as demographic
and baseline characteristics of the participants. Details of
the intervention and control conditions along with the
study methodology, recruitment strategy, retention rates,
physical activity and activity related health outcomes, the
timing of measurements, and the acceptability of the pro-
gram to the Indigenous community were also extracted.

Appraisal of Study Quality

Two authors (AS and KG) independently appraised the
quality of the included studies with the Quality Assess-
ment Tool for Quantitative Studies [38] (Table 1). The
tool is used to rate several aspects of studies, such as
study design, selection bias, retention rates and data col-
lection methods, as well as the study overall as strong,
moderate or weak. Differences in ratings of study quality
were resolved through discussion and consensus.

Data Synthesis

Because of the heterogeneity of the study designs, pre-
dictor and outcome variables and the contexts in which
the data were collected, a meta-analysis was not possible.
Therefore, a narrative synthesis of the evidence was con-
ducted. The data synthesis contains findings from the
included studies such as type of intervention, target
population characteristics (Table 2), types of outcomes
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that were assessed and the duration of the intervention
(Table 3). The effect of the intervention in each study is
summarised and it is noted whether changes were
significant, and what direction the changes were in
(positive or negative).

Results
Through database searching 407 records were retrieved,
all of which were published in English. Five additional re-
cords were identified through backward [39] and forward
citation tracking [40-43] and three through searching the
grey literature. After removing duplicates, 287 records
were screened and 17 articles were initially considered eli-
gible. Reasons for the exclusion of articles included studies
that were based on animal research, were not conducted
in Australia or New Zealand or did not have any physical
activity components, e.g. a nutrition only intervention.
After further consideration, the three studies from the
grey literature were excluded due to insufficient informa-
tion on, and lack of, comparability of pre and post mea-
sures of physical activity or health outcomes [44-46]. The
grey literature included the Green Prescriptions Patient
Survey 2014, which is a report on a study in New Zealand
that monitors key performance indicators of health, in-
cluding changes to physical activity [45]. An Australian
study on a lifestyle program called Ngawa Kurumutamuwi
(We Are Strong) was excluded due to lack of details on
population demographics and statistical analysis [46]. A
pilot study on a team-based weight loss competition in
Aboriginal communities from the New South Wales Min-
istry of Health was excluded due to lack of details on the
baseline and post measurements [44]. One study from the
peer-reviewed literature was excluded because of the over-
lap of data with another included study [47], leaving 13
studies [35, 36, 39-43, 48-53] in the synthesis. Three
studies were published before 2000 [35, 39, 42], four be-
tween 2000-2010 [36, 43, 50, 52] and six between 2011
and 2015 [40, 41, 48, 49, 51, 53]. There were three rando-
mised controlled trials eligible for inclusion in the review
[41, 48, 49], whilst the remaining studies used cohort de-
signs [35, 36, 39, 40, 42, 43, 51-53] and an interrupted
time series [50].

Figure 1 shows the flow diagram of the study selection
process.

Appraisal of Study Quality

Using the Quality Assessment Tool for Quantitative Stud-
ies [38], the overall study quality was rated as poor in
three studies [35, 48, 50], moderate in nine [36, 39-43, 49,
51, 52] and strong in only one study [53]. Overall scores
for each quality rating item are presented in Table 3. Study
selection bias had the weakest score overall, as nine stud-
ies were classified as weak due to not being representative
of the target population and only one study [52] was
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Table 1 Quality rating scores for all papers included in the systematic review.na_ner appiicable

Author Selection bias Study design Confounders Blinding Data collection method ~ Withdrawals and Overall rating
dropouts
Biddle et al, [48] Weak Strong Weak NA Strang Strong Weak
Canuto et al. [49] Moderate Strong Strong NA Strong Weak Moderate
Chan et al. [43] Weak Maderate NA NA Strong Moderate Moderate
Coppell et al, [50] Weak Moderate NA Weak Strong Weak Weak
Davey et al. [40] Weak Moderate NA NA Strong Moderate Moderate
Dimer et al. [51] Moderate Moderate NA NA Strong Weak Moderate
Egger et al. [42] Weak Strong NA NA Strong Strong Moderate
Gracey et al. [52] Strong Moderate NA NA Strong Weak Moderate
McAuley et al. [36] Weak Moderate NA NA Strang Strong Moderate
Mendham et al. [41]  Moderate Strong Strong Moderate Strong Weak Moderate
O'Dea [39] Weak Moderate NA NA Strong Strong Moderate
Rowley et al. [35] Weak Moderate Strong Weak Strong Weak Weak
Sukale et al, [53] Moderate Moderate Strong Moderate Strong Moderate Strong

Overall score

1 strong, 3 moderate,
9 weak

4 strong, $ moderate,
0 weak

4 strong, O moderate, 1
weak, 8 NA

0 strong, 2 moderate,
2 weak, 9 NA

13 strong, O moderate,
0 weak

4 strong, 3 moderate,
6 weak

1 strong, 9 moderate,
3 weak
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Table 2 Description of study, participants, intervention and retention rates

Study

Ethnicity, location; Study design and size; Participant
characteristics and age.

Study title and aim

Interventian

Study retention
rates

Biddle et al. [48]

Canuto et al. [49]

Chan et al. [43]

Coppell et al. [50)

Davey et al. [40]

Dimer et al. [51]

Egger et al. [42]

Pacific Islanders, Auckland, New Zealand; RCT, N=20
(control n=9, intervention n = 11); Mixed genders,
age: 348+ 126 years.

Indigenous Australians, Adelaide, Australia; RCT, N'= 101
(control n =49, intervention n = 51); All female, age:
Control: 40.7 years [{: 37.7-436), Intervention: 398

(C1: 36.7-43.1).

Indigenous Australians, urban Queensiand, Australia;
Cohort, N=101 (females n =69, males n = 63); Mixed
gender, age: Diabetics: 56.5 years (52.8-60.1),
Non-diabetics: 43 years (39-47).

Maori, rural East Coast of New Zealand; Interrupted
time-series, n= 286 (Survey 1), n= 236 (Survey 2);
Mixed genders, age survey 1: 5025 years (female), 514
years (male), survey 2: 49.35 years (female), 5095

years (male)

Aboriginal Australians, Tasmania, Australia;
Cohort, n=92 (females n =56, males n = 36);
Mixed genders, age: < 49 (n = 35), 50-58 years
{n=35), >60 years (n=22).

Indigenous Australians, Metropolitan area,
Western Australia, Australia; Cohort, n =98
(females n =63, males n = 35); Mixed gender,
age: 55+ 13 (19-82).

Torres Strait Islanders, Australia; Cohort, n=47;
Male only, age: 41 years + 123 years,

Randomised controlled trial of informal team sports
for cardiorespiratory fitness and health benefits in
Pacific adults.

Assess the effectiveness of small-sided games-based
exercise on fitness and health parameters among
Pacific adults over four weeks.

Pragmatic randomised trial of a 12-week exercise
and nutrition program for Aboriginal and Torres
Strait Islander women: clinical results immediate
post and 3 maonths follow-up.

Evaluate the effectiveness of a 12 week structured
exercise and nutrition program.

Short-term efficacy of a lifestyle intervention
programme on cardiovasculer health outcome

in overweight Indigenous Australians with and
without type 2 diabetes mellitus: The healthy lifestyle
programme (HELP).

Determine the effectiveness of lifestyle intervention
on improving diabetes and cardiovascular risk factors.

Two-year results from a community-wide diabetes
prevention intervention in a high risk indigenous
community: the Ngati and Healthy project.

To reduce the prevalence of insulin resistance in a
high risk community.

Tasmanian Aborigines step up to health: evaluation
of a cardiopulmonary rehabilitation and secondary
prevention program,

To create an ongoeing sustainable program of direct
benefit te participants and promote the benefits of
physical activity to other Aboriginal health service
programs and the wider Aboriginal community.

Build it and they will come: outcomes from a
successful cardiac rehabilitation program at an
Aboriginal medical service.

Evaluate the uptake and effects on lifestyle, and
cardiovascular risk factors, of cardiac rehabilitation
at an Aboriginal Medical Service.

Abdominal obesity reduction in indigenous men.
To decrease bodyweight and body fat in Indigenous
males in the Torres Strait [slands.

3 x 45 minute training sessions per week,
consisting of small-sided games such as
volleyball, touch rugby and cricket.

Structured 12 week group fitness program
including exercise classes, incidental activity
and walking and nutrition workshops.

The lifestyle intervention was a community
based education program including
self-monitoring of fasting glucose and
monitoring of physical activity with a
pedometer,

Local community health promotion programs,
a community education program for high risk
individuals including cooking classes, exercise
class and opportunistic weigh ins.

8-week program consisting of two supervised
exercise sessions (1hour) and one educational
session (1 hour) per week,

Exercise prescription and education sessions
over 8 weeks Stationary cycling and dumbbell
exercises were prescribed and supervised. An
outdoor walking group was implemented
and participants were asked to record their
activity levels. Education sessions included
diet, nutrition, risk factor modification and
medication usage.

There were four lifestyle messages for the
program, which included: reducing fat intake,
increasing dietary fibre, increasing daily
movement, and changing obesogenic habits.
The program was delivered in groups via
audiotaped conversations.

Intervention:
82%
Control: 78%

Intervention:
57%
Control: 61%

80%

Survey 1: 48.5%
Survey 2: 47.7%

78%

2%

66%
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Table 2 Description of study, participants, intervention and retention rates (Continued)

Gracey et al. [52] Aboriginal Australians, Remote Western

McAuley et al,
[36]

Mendham et al.
[41]

O'Dea [39]

Rowley et al.
[35]

Sukala et al.
[53]

Australia, Australia;

Cohort, n=416; Mixed gender, age: 38.7 + 149
[18-82years] (male), 41.0+ 17.4 [18-88years]
(female).

Maori, New Zealand; Cohort, n = 36 (female n = 28, male
n=8);
Mixed gender, age: 413 years [24-60).

Indigenous Australians, Regional New South Wales,
Australia; RCT, N= 26 (control n = 10, intervention
n=16);

All male, age: 395 + 106 years (intervention),

36.1 + 16.1 years (control).

Indigenous Australians, Remote Westem Australia,
Australia; Cohort, n = 14 {diabetics n = 10, non-diabetics
n =4); Mixed, age: 593 + 1.8 years (diabetics), 52.3 4.3
years (non-diabetic),

Aboriginal Australians, Remote Western Australia,
Australia; Cohort, n=96; Mixed gender, age: 49+ 3
years (intervention), 43 + 4 years (cantrol).

Polynesian (New Zealand Maori, Cook Island Maori,
Samoan, Fijian, Tokelauan & Tongan), Porirua, New
Zealand; Cohort, n =18 (females n = 13, males n=5);
Mixed genders, age: 49+ 5 years.

An Aboriginal-driven program to prevent, control
and manage nutrition-related “lifestyle” diseases
including diabetes.

To heighten awareness about lifestyle diseases
and promote healthier living through better

diet and regular physical activity.

Implementation of a successful lifestyle intervention
programme for New Zealand Maori to reduce the
risk of type 2 diabetes and cardiovascular disease.
To reduce the risk of type 2 diabetes and
cardiovascular disease.

A 12-week sparts-based exercise programme for
inactive Indigenous Australian men improved clinical
risk factors associated with type 2 diabetes mellitus.
To assess changes in clinical risk-factors following a
12-week exercise program.,

Marked improvement in carbohydrate and lipid
metabolism in diabetic Australian Aborigines after
tempaorary reversion to traditional lifestyle.
Improve all aspects of carbohydrate and lipid
metabolism that are linked to insulin resistance
after temporary revision to traditional lifestyle.

Effectiveness of a community-directed ‘healthy
lifestyle’ program in a remate Australian
aboriginal community.

Assess the sustainability and effectiveness of a
community-directed program for primary and
secondary prevention of obesity, diabetes and
cardiovascular disease in an Aboriginal
Community,

Exercise improves Quality of Life in Indigenous
Polynesian peoples With type 2 diabetes and
visceral obesity

The aim of the study was to evaluate the
differential effects of 2, group-based exercise
madalities on quality of life (QoL) in indigenous
Polynesian peoples with type 2 diabetes
(T2DM) and visceral obesity.

Increase awareness of and promotion of
healthier living through better nutritian
and the encouragement of regular exercise,
sports and active recreation.

Participants were prescribed individual diet and
exercise programs. In addition, participants were
invited 1o exercise sessions four times per wesk
and a healthy food sessions once a month in the
form of a cooking group.

Supervised group-based cardiovascular and resist
ance exercises were conducted at a local fitness
centre over 12 weeks,

Participants were taken to a remote location
and lived a hunter/gatherer lifestyle for 7
weeks.

Formal and informal education sessions abaut
nutrition, regular physical activity sessions such as
hunting groups, sports (2-3 sessions) and walking
aroups (34 times per week, for an hour) and
walking groups.

Intervention included 3 exercise sessions per
week (40-60minutes), consisting of resistance
training and aerobic training.

Not specified

86%

Intervention =
41%
Control = 63%

100%

51%

69%
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Table 3 Outcome measures, impact and intervention development and duration

Objective outcome measures

Subjective outcome measures

Metabolic measures

Data collection
points, duration
of intervention

Cultural consultation
and adaption

Biddle
et al. [48]

Canuto
et al. [49]

Chan et al.
[432]

Coppell
et al. [50]

Davey et al,

(401

Dimer et al.

[511

Egger
et al. [42]

Gracey
etal [52] t

McAuley et
al. [36]

Mendham
et al. [41]

Vo2 peak*™1, leg strength (maximal
quadriceps at 60deg/second)*t

Height, weight*|, BMI*|, waist and hip
arcumference, and blood pressure, Step
count [data not shown]

Weight, Waist*| and hip circumference,
Blood pressure*|, Step count

Weight, waist circumference, blood
pressure* |, BMI

Age, gender, health conditions, Weight*|,
BMI*|, waist circumference *|, 6 minute
walk test (6MWT)*1, Incremental shuttle
walk test (ISWT)*1, Timed Up and Go
TUG)*}

Weight, BMI* |, & minute walk test
(BMWT)**t, Blood pressure* |, Waist
girth** |

Weight**|, Waist & hip dircumference
cm)** |, BMI* |, hip circumference

**|, Waist to hip ratio, Body fat through
bio-impedance analysis*™ |, fat mass
(kg)™|

Weight, BMI, Blood pressure

Weight**|, height, waist and hip
circumference®*|, blood pressure®|,
BMI**|, Body composition (fat free
mass)*|, and submaximal exercise test
(one mile walk test)**1

Body mass*|, blood pressure,
waist circumference*| (WC)
and hip circumference, BMI*|
A graded exercise test
{GXT)*1 to determine peak
oxygen consumption

PAR-Q

Sallis seven-day physical activity
recall survey (1985),
Quality of life (SF36)

Medical history, self-reported
physical activity*1 and dietary
behaviours**t | (New Zealand
Health Survey, 1999).

Chronic Respiratory Questionnaire
(CRQ), Quality of life (SF36)*1

4 day diet record pre and post intervention

and a daily diet record. *}

PAR-Q

Physical activity levels: Based on the Life in
New Zealand (LINZ)

PAR-Q

Fasting glucose and glycated haemoglobin
(HbA;), lipid profile (HDL)*t, blood pressure
and C-reactive protein

Fasting venous samples of glucose and serum
insulin, total cholesterol, high-density lipoprotein
(HDL) and triglyceride concentration. HbA, . and
c-reactive protein

Plasma glucose (fasting), HbA, |, Lipid
profile*| (LDL cholesterol, HDL cholesterol,
triglycerides* |, Homocysteine,

C-peptide, Serum creatinine, Microalbuminuria,
Insulin resistance, Triglyceride, Homocysteine
levels

75g fasted oral glucose tolerance test (OGTT)*1,
Fasting insulin, fasting lipids }*and urate*| and
a mid-stream urine sample*t.

HbA,, glucose, cholesterol (total, LOL, HDL),
triglycerides

fasting insulin, glucose**|, and lipids, insulin
sensitivity**|

Leptin (pg mL "}**, Glucose regulation:
Fasting glucose test and oral glucose tolerance
test (QGTT), Inflammatory markers: C-reactive
proteins and inflammatory cytokines.

Matsuda IS! (iUmL™", mg mL™")*1, HOMA-IR
(WUmML™", mg mL")*t

Baseline, 4
weeks, IP

Baseline, 12
weeks, P, 12WP,

Baseline, 6 months

Baseline, ongoing, two
years post intervention

Baseline, 8
weeks, P

Baseline, 8
weeks, IP

1 year follow up

Not specified

Baseline, 4
months, IP

Baseline, 12
weeks, IP

Community
consultations

Community
consultations

Community
consultations

Community
consultations

Community
consultations

Community
consultation

Community
consultation

Community
consultation

Community
consultation

Community
consultation

6CL:EL (91027) Aundy (p215Ayg puv uoRLIN [DICIADYSY JO [DUINOS [DUOIIDUIAU] D 13 SBWEYSNS

91 Jo g abeg

Z Jadeyd

M3IABJ alnje.ldsl]



125

Table 3 Outcome measures, impact and intervention development and duration (Continued)

(VO2 peak} and maximal
aerobic workload (Wmax)

ODea [39] Weight, BMI Physical activity levels on a scale of
1-5,

Rowley Body weight, BMI**| Diet and physical activity questionnaires

et al. [35]e [not specified]

Sukala etal.  Weight, BMI, Bloed pressure SF36 (Quality of Life)*1

(53]

Oral glucose tolerance test*|, fasting plasma
insulin *|Plasma triglycerides*| , plasma
chiolesterol

Fasting plasma glucose®|

75g oral glucose tolerance test (OGTT)**|,
Fasting plasma triglyceride®| and insulin
concentrations*t

Fasting plasma glucose *|

Baseline, 7 weeks, IP

Baseline, 6M, 12M, 18M,
24M, 48M

Baseline, 16 weeks, IP

Unsure

Community
consultation

Community
consultation

IP immediate past Intervention, * Significant change (p<0.05], ** Significant change (p<001), |Value decreased, TValue increased, + Not enough

10 i o1 differences, #Significance level was set at p<0.1
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classified as strong. No study rated weak in study design
or data collection methods, while confounding bias and
blinding were not applicable to the majority of the studies.
In data collection methods, all studies rated strong due to
utilising validated and reliable measures for health out-
comes and/or physical activity levels.

Population

All studies were focused on Indigenous adults aged 18
years and over. Nine of the 13 studies were based in
Australia and four in New Zealand. The number of par-
ticipants varied from 14 [39] to 418 in a cohort study
that involved four different Aboriginal communities
[52]. Seven of the studies had 50 or more participants
[35, 40, 43, 49-52]. Locations of the interventions varied
from metropolitan, urban and regional areas, [36, 40, 41,
43, 48, 49, 51, 53] to rural and remote locations [35, 39,
42, 50, 52]. Several studies were designed for a specific
ethnic group such as Aboriginal Australians [35, 40, 52],
Torres Strait Islanders [42], and New Zealand Maoris
[36, 50]. In other interventions different ethnic groups
were combined such as Indigenous Australians [39, 41,
43, 49, 51|, Pacific Islanders [48] and Polynesians [53].
Ten studies had male and female participants, one study
exclusively targeted women [49] and for two studies only
male participants were recruited [41, 42]. The mean age
of participants across all studies ranged from 34 to 55
years and with 18-88 [52] and 19-82 years [51], two
studies had very wide participant age ranges.

Recruitment and Retention of Participants

The intervention programs varied by the recruitment
strategies, and the nature and delivery methods of the
physical activity component. Some studies had an open in-
vite for all community members [52], recruited through a
health centre or patient register [40, 50, 53] or utilised re-
ferrals through community leaders or other participants
[36, 40, 41, 43, 48, 51]. In some studies it was unclear how
participants were recruited (35, 39, 42], and for two stud-
ies [36, 49] protocol papers were published which de-
scribed the methodology in greater detail [54, 55].

Almost half of the studies either did not report infor-
mation on withdrawals from the study and drop-outs
from the physical activity intervention [52] or had less
than 60% of participants complete the study or failing to
have complete data sets [35, 41, 49-51]. Three studies
had a retention rate of participants to the program of
60-79% [40, 43, 53] and for four it was 80% or more
[36, 39, 42, 48]. Six of the studies had high numbers of
participants lost to follow up, and in one of these studies
the drop-out rates from the program or failure to attend
follow up data collection were so high that it resulted in
the under powering of some of the statistical analysis
[49]. Two studies were statistically underpowered in
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some outcome measures despite moderate to high reten-
tion rates [43, 48].

Study Designs and Interventions

Three studies were randomised controlled trials (RCTs);
two were of 12 week exercise interventions [41, 49] and
one was a shorter 4 week intervention which consisted
of small sided (small number of players per team) team
sports [48]. Another study attempted to run an RCT to
examine the effect of community directed lifestyle pro-
grams on the primary and secondary prevention of obes-
ity and chronic disease, but used a self-selected control
group and therefore was not a true randomised con-
trolled trial [35]. An additional study had participants
share information on the nature of the diet and exercise
lifestyle intervention and became a cohort study, as the
control group was integrated into the intervention [36].
One study utilised an interrupted time series design to
examine the effect of health promotion and education
on high risk individuals to reduce insulin resistance [50]
and the remaining seven [39, 40, 42, 43, 51-53] were co-
hort studies. Some cohort studies measured data pre
and post intervention [39, 40, 51, 53], while two studies
measured data periodically [42, 43] and one study did
not specify when data collection occurred [52].

Ten studies focussed on prevention or management of
chronic diseases, such as type 2 diabetes and heart dis-
ease [35, 36, 40-43, 50-53], one study focused on car-
diorespiratory fitness and health [48] and Canuto et al.
[49] evaluated the effectiveness of a 12 week exercise
and nutrition program on waist circumference, weight
and biomedical markers in Australian Indigenous
women. The main objective in the study by O’Dea [39]
was to improve clinical risk factors linked to insulin
resistance.

Most of the studies included facilitated exercise sessions
[35, 36, 40, 41, 48-51, 53]. The modality of exercise ses-
sions varied between the studies. For example, while most
studies incorporated mixed aerobic and resistance training
programs two to six times per week [36, 40, 41, 49-51,
53], other studies used hunting groups [35] or small-sided
(small number of players per team) team sports [48]. In
one study physical activity was encouraged through self-
monitoring with a pedometer and participants were asked
to record their daily step counts [43]. Other studies en-
couraged physical activity through education and lifestyle
messages [42, 52] and in one study participants were taken
to a remote location to live a hunter-gatherer lifestyle for
seven weeks [39].

Cultural adaptations were noted in all studies. Specific
efforts to make programs culturally appropriate included
consultation with community members such as elders or
an advisory group [36, 49]. Examples of cultural adapta-
tions for interventions were using appropriate local
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dialect in promotion material [36, 42, 49, 50], using trad-
itional games or historically important cultural activities
such as paddling [36] and hunting [35, 39].

Effects on Physical Activity Levels

Although all studies evaluated an intervention with
physical activity as a single or core component, only
six studies assessed physical activity via subjective or
objective measures before and after the intervention
(35, 36, 39, 43, 49, 50|, with significant increases in
only one study [50]. Two studies employed an objective
measure of physical activity (pedometers) [43, 49] and four
studies utilised self-reported measures. Self-reported phys-
ical activity was measured with a variety of tools such as
the Life in New Zealand questionnaire [36] and a validated
seven-day recall questionnaire [49]. The variation in the
measurement of physical activity levels across studies
resulted in data being represented in two older studies as
categorical (exercise intensity) [35, 39] and continuous
(step counts, or minutes of self-reported physical activity
per week) [43, 49], thus making them incomparable. Five
studies [36, 40, 41, 48, 51] used tests of functional or exer-
cise capacity and aerobic fitness as outcome measures,
and all found significant improvements.

Effects on Health Outcomes

Nine studies collected metabolic markers, including
fasting glucose, insulin, cholesterol and oral glucose
tolerance tests [35, 36, 39, 41, 43, 48-50, 52]. Signifi-
cant improvements were found in seven of these
studies [35, 36, 39, 41, 43, 48, 50]. Five of the seven
studies that assessed lipid profiles reported significant
improvements [35, 39, 43, 48, 50]. In regards to dia-
betes related markers, HbA,. was measured in three
studies [43, 48, 49], but a decrease was only found in
one of them [43]. All three studies that used an oral
glucose tolerance test reported significant decreases in
glucose levels [35, 39, 50]. Three studies measured
quality of life with the SF-36 survey (40, 49, 53], with im-
provements reported in two of the three studies [40, 53]
and both studies that reported dietary behaviours had sig-
nificant positive changes with increased intake of dietary
fibre and wholegrain [36, 50] and reduced saturated fat
consumption [36]. There were significant reductions in
seven of the 12 studies that assessed weight and/or
BMI [35, 36, 40-42, 49, 51]. No significant reductions
or increases in weight/BMI were reported in four
studies [39, 43, 48, 50, 53] and one study did not
provide enough information to determine if there
were statistically significant differences [52]. Of the
eight studies that assessed blood pressure, half had
significant reductions in systolic and/or diastolic pres-
sure [36, 43, 50, 51] while the other four did not re-
port significant changes [41, 49, 52, 53].
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Long Term Effects on Physical Activity Levels and Health
Outcomes

Seven of the 13 studies only collected follow-up data im-
mediately post intervention [36, 39-41, 48, 51, 53]. In
one study the follow-up period was not specified, but
only referred to as “several months” after the interven-
tion [52] and two other studies collected follow up data
three [49], and six months [43] after the intervention.
Only three studies collected long-term follow-up data
(12 months or more) [35, 42, 50]. Long term follow-up
data collection periods were one [42], two [50] and four
years [35]. There were mixed results in regards to main-
tenance of changes in health outcomes. Canuto et al.
[49] implemented a 12 week program and reported
modest reductions in weight, BMI and blood pressure
immediately post program and 12 weeks later. There
were no significant changes in waist circumference and
metabolic markers at follow up, but the authors noted
that this could be due to a low participant retention rate,
which underpowered some of the study results. The
intervention group had reductions in median weight
from baseline (81.8kgs) to immediately post intervention
(80.2kgs), but had gained weight back at the 12 week
follow up (81.7kgs). The waitlisted group had an increase
in weight over all data collection points prior to receiv-
ing the intervention (90.6kgs, 93.2kgs and 95.2kgs
respectively). Rowley and colleagues [35] followed partic-
ipants up during a four year uncontrolled community
intervention with mixed results. The program achieved
significant reductions in fasting insulin concentrations at
6, 12 and 18 months. At further data collection points
(two and four years) fasting insulin concentrations con-
tinued to drop significantly in the older age group (35
years and over), but in the younger participants (15 to
34 years), there was no statistically significant reduction
over time. There were no changes in the prevalence of
overweight or obesity among the older participants, and
among younger participants weight increased over time
as seen in the BMI data collected at baseline (22.6 kg/
m?), two years (24.3 kg/m®) and four years (24.8 kg/m?)
(p for trend=0.028). Chan et al. reported that six
months into a two year intervention there were signifi-
cant reductions in waist circumference, blood pressure
and clinical markers such as HbA ;. and cholesterol [43].
However, for this study data were only reported for the
first six months of the intervention. A study in New
Zealand [50] reported increased physical activity levels
and reductions in the prevalence of insulin resistance
after two years of the intervention. The most significant
changes were in women aged 25-49 years and those
who had the highest levels of participation and marked
lifestyle changes. In the one year intervention by Egger
et al. the Indigenous Australian men who participated
were tested at baseline, 6 and 12 months, and showed
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continuous reductions in bodyweight, waist circumfer-
ence and a decrease in fat mass at all time points [42].

Discussion

Despite the high rates of physical inactivity and preventable
chronic disease among Indigenous people in Australia and
New Zealand, there is a dearth of evaluations of physical ac-
tivity interventions for these population groups. Moreover,
similar to other reviews of interventions for Indigenous
people (29, 30, 56], not only did we find just a small num-
ber of studies, but also that most of them were not meth-
odologically strong. The lack of RCT designs across studies
limits the overall internal validity of the findings, however,
study methodology and evaluation issues are not unique to
the South Pacific. Similar to our findings, a systematic re-
view on physical activity interventions in American Indian
and Alaskan native populations in North America reported
that the majority of community-based programs was not
rigorously evaluated [29].

The ecffects of the interventions on physical activity
levels were hard to determine. Only two of 13 included
studies in this systematic review used objective measures
of physical activity (pedometers) [43, 49] and another
four studies used self-report measures [35, 36, 39, 50]
which limits the validity of the data due to recall and so-
cial desirability bias [57], especially as these self-report
measures were not specifically designed for this popula-
tion group. In terms of health outcomes, all but one of
the included studies used weight or BMI as an outcome
measure and seven of these reported significant reduc-
tions. However, it is unclear if these significant improve-
ments in weight or BMI were due to an increase in
physical activity alone or changes in energy intake which
were not reported. Five studies [36, 40, 41, 48, 51]
employed some form of fitness test. Improvements in fit-
ness capacity are a valid indicator of increased physical ac-
tivity, as regular exercise improves anaerobic and aerobic
fitness [58]. If objective measures of physical activity were
not available, the use of tests of exercise capacity is appro-
priate. A functional capacity test, such as the six-minute
walk test, can be administered to a variety of population
types of various fitness levels and health status and
requires little equipment [59].

The results from this systematic review need to be inter-
preted with caution as in all but one study the methodo-
logical quality was rated as moderate or poor which limits
their internal and external validity. Methodological issues,
such as participant recruitment methods, may have caused
selection bias. For example, an open community invitation
recruitment [52] is subject to selection bias as volunteers
are more health conscious [60] and may lead to a sample
that is not representative of the target group. In terms of
attrition bias, participants lost to follow up may differ
from those who completed the study. Participants who
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could not be reached at follow up had significantly lower
weight and/or waist circumference at baseline [35, 40, 42]
compared to the participants that remained in the study.
Attrition bias also reduces the sample size, which can re-
sult in studies being underpowered and therefore caution
needs to be taken when interpreting data [42, 48, 49].
Identified factors that can affect attrition rates were highly
mobile young populations [50], work commitments, and
needing to care for children [61]. However, most of these
issues also affect studies in non-Indigenous populations.

The strength of the intervention study designs varied.
It is difficult to assess the effect of confounding vari-
ables on the study outcomes as most were uncontrolled
and non-randomised which is a limitation of the evi-
dence. Despite the benefits of internal validity of rando-
mised controlled trials, as mentioned before, RCTs may
not always be feasible in Indigenous populations be-
cause it could be considered to be unethical to recruit
participants for control groups [35, 36]. Consultations
with community members, leaders and health workers
were undertaken prior or during almost all of the inter-
ventions in order to tailor the design to suit the com-
munity resources and culture. Availability of and access
to resources for interventions, such as infrastructure,
equipment, recreational facilities and health workers,
are influenced by geographical location [62], which in
five of the primary studies were in rural or remote
communities [35, 39, 42, 50, 52].

Cultural consultations, adaptation and flexibility in the
delivery of programs are important for interventions in In-
digenous populations. Interventions that included facili-
tated exercise sessions, as opposed to written information,
might be more appropriate for some Indigenous popula-
tions with lower levels of literacy. Gracey et al. [52] noted
that the older people may be semi or non-literate and the
local people were not comfortable with “high English” as
it was a second or third language behind their native
tongue. In regards to flexibility in interventions, McAuley
et al. [36] noted that their lifestyle intervention had to
evolve continuously over time to ensure it was still accept-
able to the local Maori people. Similarly, Dimer et al. [51]
allowed flexible timing of allocations of participant attend-
ance to the program by not creating specific times for ses-
sions in order to comply with Aboriginal ideologies that
conflict with tightly regimented, appointment-based sys-
tems. Concepts of time may differ between Indigenous
and non-Indigenous people due to cultural values. For
instance, Indigenous Australians have a ‘here and now’ ap-
proach, meaning that important and immediate priorities
will be seen regardless of prior commitments [63]. Specific
in-depth details of cultural adaptations may not always be
available as adaptations may be seen as part of the usual
development process in Indigenous-based programs and
are not necessarily described [29].
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Gaps and Limitations in the Current Literature and
Directions for Future Research

This systematic review provides a much needed insight into
the gaps in the current literature on the effect of physical
activity interventions on activity levels and health outcomes
in this particular population group. A primary limitation of
the existing literature is the challenge of undertaking rigor-
ous study designs, specifically in relation to recruiting con-
trol groups. Additionally, only three studies reported long
term follow-up data. Without long-term follow up informa-
tion the sustainability of the impact of the intervention in
the community cannot be assessed. This has been noted
previously in regards to other Indigenous groups around
the world where physical activity interventions are not
translated into ‘real-world’ practice despite having short
term significant effects, communities lacked resources to
sustain the programs [56]. Another limitation of most stud-
ies in this review was a lack of reporting of methodological
details. Moreover, lack of information in the description of
the intervention methodology, such as details about cul-
tural adaptation, cost and process of developing the pro-
gram, creates issues around best practice as it would then
be difficult to replicate successful programs. Missing infor-
mation from studies included sample size calculations and
statistical details on adjustment for confounding variables.
The inclusion of sustainability plans, cost-benefit analysis
[40], and information on community feedback on factors
such as barriers to attendance would be beneficial.

Recommendations for Practice and Research

Future evaluations of interventions aimed at increasing
physical activity levels in Australian or New Zealand
Indigenous populations would be improved by more
rigorous study designs. Validated objective measures of
physical activity would be desirable. Using pedometers
or accelerometers would increase the validity and com-
parability of data between studies. Causal pathways for
the health effects of regular physical activity levels in-
clude increased aerobic capacity and strength, outcomes
that other health behaviours, such as changes in dietary
behaviour, would not influence. Therefore, if objective
measurement of physical activity is not available due to
lack of funding, graded exercise testing or functional
capacity assessments are low cost options for researchers
and communities to examine direct effects of changes in
activity levels.

Community consultations are important to include in
study protocols. Although this process can be time con-
suming [64], it is necessary to make the intervention cul-
turally acceptable to the participants. For example, whilst
the challenges and appropriateness of having randomised
controlled trials can be determined by the community,
pragmatic study designs should be considered. A notable
example of working around this problem was the study
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conducted by Canuto et al. [49], which was the only study
to utilise a wait-listed control group.

Studies with low retention rates should also provide
information on factors which led to people not attending
as it may help researchers in the creation of risk man-
agement plans. Coppell and colleagues [50] limited the
age range of participants for their intervention to 25
years and over as the community often had young adults
leave to get further education or employment in larger
towns. Increasing the minimum age of participants
could possibly reduce the attrition rates in some
communities, however, evidence on effects of physical
activity in early prevention of chronic disease in young
Indigenous people would be desirable. In most studies,
the age range of the participants was limited with no
studies focused specifically on young adults. While the
incidence of type 2 diabetes in young people in Australia
has not changed since 2002 [65], the prevalence of type
2 diabetes has significantly increased in Indigenous Aus-
tralian adults 35 years and older [66]. In New Zealand,
the number of people with diabetes has doubled in the
past ten years, with 40 new confirmed diagnoses every
day [67]. Therefore, earlier prevention and detection
would be beneficial and young adults may be an ideal
target group for physical activity interventions in pri-
mary health care prevention to avoid or delay acquiring
chronic diseases and the later complications that typic-
ally manifest 15-20 years after diagnosis [68].

Canuto et al. [61] wrote that logistical aspects, such as
transport to classes and competing commitments like
family obligations, were factors that influenced attendance
of their physical activity intervention and concluded that
future studies could identify potential barriers with pre-
program workshops. To minimise attrition in their inter-
vention Davey et al. [40] organised free transport for their
participants to get to the exercise sessions. They found
that the majority of the participants used the provided
transport and concluded that this might have contributed
to retaining participants.

For future studies, cost-benefit analyses would provide
useful information on economic feasibility, sustainability
and scalability which can help inform best practice for
studies that aim to address the needs of vulnerable pop-
ulations. Therefore, interventions need to be tested and
implemented with economically feasible methods [56].

Conclusions

Despite of the high rates of chronic disease and physical
inactivity in Indigenous populations in Australia and
New Zealand, only a very small number of evaluations of
physical activity interventions for these population
groups have been published. Only 13 studies were iden-
tified in this systematic review. Due to the lack of vali-
dated measures of physical activity in most studies it is
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unclear how successful interventions are at increasing
activity levels in Indigenous adults in Australia and New
Zealand. However, there is evidence to support that
interventions with elements of physical activity are
successful in improving health outcomes such as weight
and various clinical markers. Comparisons between
studies was difficult as there was a lack of homogeneity
in study designs and outcome measures, which may be
due to communities instigating intervention adaptations
to be tailored towards their individual needs. Validated
measures of physical activity and in-depth detail around
the cultural consultation phases, end of project feedback,
including strengths and weaknesses, and cost-benefit
analysis would be useful in guiding best practice for
physical activity interventions in Indigenous settings.
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Abstract

Objectives

To examine the validity and reliability of the Fitbit Flex against direct observation for measur-
ing steps in the laboratory and against the Actigraph for step counts in free-living conditions
and for moderate-to-vigorous physical activity (MVPA) and activity energy expenditure
(AEE) overall.

Methods

Twenty-five adults (12 females, 13 males) wore a Fitbit Flex and an Actigraph GT3X+ during
a laboratory based protocol (including walking, incline walking, running and stepping) and
free-living conditions during a single day period to examine measurement of steps, AEE
and MVPA. Twenty-four of the participants attended a second session using the same
protocol.

Results

Intraclass correlations (ICC) for test-retest reliability of the Fitbit Flex were strong for walking
(ICC =0.57), moderate for stair stepping (ICC = 0.34), and weak for incline walking (ICC =
0.22) and jogging (ICC = 0.26). The Fitbit significantly undercounted walking steps in the
laboratory (absolute proportional difference: 21.2%, 95%CI 13.0-29.4%), but it was more
accurate, despite slightly over counting, for both jogging (6.4%, 95%CI 3.7—9.0%) and stair
stepping (15.5%, 95%CI 10.1-20.9%). The Fitbit had higher coefficients of variation (C,) for
step counts compared to direct observation and the Actigraph. In free-living conditions, the
average MVPA minutes were lower in the Fitbit (35.4 minutes) compared to the Actigraph
(54.6 minutes), but AEE was greater from the Fitbit (808.1 calories) versus the Actigraph
(538.9 calories). The coefficients of variation were similar for AEE for the Actigraph (C, =
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36.0) and Fitbit (C, = 35.0), but lower in the Actigraph (C, = 25.5) for MVPA against the Fitbit
(Cy=32.7).

Conclusion

The Fitbit Flex has moderate validity for measuring physical activity relative to direct obser-
vation and the Actigraph. Test-rest reliability of the Fitbit was dependant on activity type and
had greater variation between sessions compared to the Actigraph. Physical activity surveil-
lance studies using the Fitbit Flex should consider the potential effect of measurement reac-
tivity and undercounting of steps.

Introduction

The health benefits of physical activity are well established [1]. The current Australian physical
activity guidelines recommend for adults to accumulate at least 150 to 300 minutes of moderate
intensity activity or 75 to 150 minutes of vigorous activity per week [2]. Based on self-report it
has been estimated that up to 60% of Australian adults do not meet the recommended activity
levels [3]. However, self-reported measures of physical activity can be inflated due to recall and
social desirability bias [4]. For instance, based on accelerometry, a study in the USA found sig-
nificantly lower compliance rates with activity guidelines than previously estimated through
self-reported activity [5].

Physical activity can be assessed using a variety of validated techniques. Methods such as
direct observation and doubly labelled water can provide useful information, however, they are
associated with an increased participant burden and a high cost [6]. One of the most exten-
sively validated accelerometers utilised to measure physical activity is the Actigraph GT3X+ [7,
8], a triaxial accelerometer used to measure moderate to vigorous physical activity (MVPA).
The Actigraph calculates activity levels through predetermined cutpoints and has been vali-
dated against doubly labelled water techniques for estimating energy expenditure (R = 0.3) [7]
and for step counts against the Yamax Digiwalker pedometer in free-living conditions with a
98.5% accuracy [9]. However, the Actigraph GT3X+ does not provide online user interaction
or real-time outputs and is relatively caumbersome to wear at the hip, making it uncomfortable
for participants to wear it at night [10]. The Actigraph also requires specific training for analys-
ing data post-activity and an annual payment for a relatively expensive software license.

Globally, Fitbit has the largest market share for activity monitors, has sold more than 25
million devices and in 2015 had a revenue of US$1.8 billion [11]. The Fitbit Flex is a waterproof
device that can be worn 24 hours a day as a wristband, which may be more convenient for
users than the waist worn Actigraph. In addition, the Fitbit Flex provides access to an online
database where users can view their activity outputs, join groups and interact with other users.
Interaction with other users through social media platforms has been found to facilitate posi-
tive health behaviour changes through peer-support [12]. Moreover, real time feedback on
physical activity levels can assist with self-monitoring. This has been demonstrated with the
use of pedometers to be associated with a significant increase in physical activity, and a reduc-
tion in body mass index [13, 14]. Other health related data, such as sleep duration and nutri-
tional breakdowns of user food logs, and estimation of kilocalories burned in response to
activity, can also be viewed in combination with the physical activity information. The Fitbit
Flex is a very popular consumer based activity tracker, is not very expensive, is user-friendly
and has lots of other features that are interesting and motivating for users. However, before the
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Fitbit Flex can be used in a research setting as well, more information about the validity and
reliability is needed. An earlier model of the Fitbit, the waist worn Fitbit One, was validated in
laboratory conditions for treadmill walking against direct observation and showed substantial
concordance (0.97-1.00) [15] and reasonable inter-device reliability (ICC = 0.90) [16]. How-
ever, few studies have assessed the validity and reliability of the wrist worn Fitbit Flex [17, 18].

Some studies have compared outputs from Fitbit activity monitors and the Actigraph, but
with variability in protocols and device placement. Paul et al. [19] found excellent agreement in
the average step count per day between the two devices recorded in free-living conditions and
worn on the waist. Similarly, Gusmer et al. [20] found no significant differences in step counts
between the Fitbit Ultra and the Actigraph G1TM, reporting that both devices can be used
interchangeably to measure step count when they are both worn on the waist. Ferguson and
colleagues [21] compared several consumer-level devices, including the waist worn Fitbit One,
against the Actigraph GT3X+ and found strong validity for the Fitbit’s measurement of steps
and MVPA. However, none of these studies compared free-living conditions and laboratory
based activities across multiple outcome measures such as step count, MVPA and activity
energy expenditure (AEE). Comparisons between several measures will give greater depth to
existing knowledge in regards to validity of the device in potential field-based studies. The aim
of the present study was to examine the validity and test-retest reliability of the Fitbit Flex
against direct observation for measuring steps in the laboratory and against the Actigraph for
step counts in free-living conditions and for MVPA and AEE overall.

Methods

Twenty-five students (12 females, 13 males) were recruited through convenience sampling
(word of mouth and noticeboard postings) from James Cook University in Cairns, Australia.
All participants were free of illness and medical conditions that would contraindicate exercise.
Participants provided written informed consent prior to participation in the study. The study
was approved by the Human Research Ethics Committee of James Cook University (Approval
number: H5763) and data were collected from June to August 2014.

Collection of demographic data and anthropometric measures was conducted onsite at the
university in a private room. Baseline assessments included height, weight and body fat. Body
fat was assessed using bioelectrical impedance analysis (Tanita body fat monitor/scale, BF-522,
Tanita Corporation, Tokyo, Japan). Following baseline assessments, participants were fitted
with an accelerometer (GT3X+, Actigraph, Florida, USA) on an elastic strap around the hips
and a Fitbit Flex (Fitbit, Inc., San Francisco, USA) worn on the wrist. To maintain the same
wear time, the participants were asked to remove both devices during water based activities.

The Actigraph GT3X+ accelerometer is a light weight device used to measure steps, moder-
ate-to-vigorous physical activity and activity energy expenditure in free-living environments.
The device was worn on participants’ preferred hip (just above the iliac crest) on an adjustable
elastic belt during waking hours of a single day. During the initialisation of the device partici-
pant details were entered such as sex, height, weight, and age. The recording frequency was set
to 30Hz and to measure activity in 60 second epochs. Moderate to vigorous physical activity
was analysed using the Freedson equation using the cutpoints of 1952-5724 counts per minute
(CPM) for moderate activity, 5725-9498 CPM for vigorous and >9498 CMP for very vigorous
activity [22]. The data was downloaded using the ActiLife Data Analysis Software version 6.2.

The Fitbit Flex is also an accelerometer and records data using 60 second epochs. The device
is worn on the wrist using a fitted band and can be worn 24 hours a day. Therefore, although
the two devices are worn differently, they were both evaluated for reliability and validity in
their optimal respective device placement. The wrist display of the Fitbit Flex uses five LED
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lights to represent quintiles of the daily goal which can be set as step count, distance or calories
burnt. In our study, the daily goal was set to 10,000 steps but participants did not have access
to online results. Complete data, including exact step count, minutes of MVPA and AEE, is
available for users to access on the Fitbit website (www.fitbit.com).

Two data collection sessions in the laboratory were conducted for all study participants.
There was missing data as a result of one participant failing to attend the second session, and
one participant having a Fitbit device malfunction during the second session. This resulted in a
total of 48 data samples for analysis. The treadmill based element of the exercise protocol
required participants to be filmed undertaking six minute bouts of walking, incline walking,
jogging and stair stepping. There was a four minute rest between the six minute bouts. Walking
and jogging paces were self-selected using Borg’s Rate of Perceived Exhaustion scale (RPE)

[23] for the first exercise session to estimate a walking pace with an RPE of 4 and an RPE of 7
for jogging. These speeds were exactly replicated for the second exercise session to assess test-
retest reliability. The speeds for walking and jogging ranged from 5km/hr to 6.5km/hr and
8km/hr to 10km/hr respectively. The incline was set at 5% and the simulated stepping phase
used the same 15cm high plyometric box for all participants, regardless of their height. Once
the protocol was complete, participants were instructed to wear both devices for the remainder
of the waking day. Since all the laboratory sessions were done in the morning hours, all partici-
pants had similar wear times for the measurements in free-living environments. However, the
devices were not reset, nor was any data immediately recorded at the end of the session, so step
counts, MVPA and AEE results from the free living conditions would include data from the
laboratory session. A second laboratory session was completed within the same week in which
the same protocol was repeated, and the walking and jogging speeds were matched to the self-
selected speeds of the first session. The video footage from the laboratory sessions was reviewed
by two persons who counted the number of steps. If the differences in the direct observations
were greater than 10 steps, the footage was viewed a second time by both reviewers and this
revised estimate was used. Data for direct observation was only available during the laboratory
conditions, which included walking, incline walking, jogging and stair stepping. The step
counts from both reviewers were averaged to create a single count for each activity. There were
technical difficulties with video recording resulting in missing data for some activities for four
participants in the first session and six participants in the second session. The availability of
data for these participants by activity type and session for direct observation and the Fitbit and
Actigraph devices is displayed in Table 1.

Statistical Analysis

Step count data, AEE and MVPA are reported for the first and second laboratory data collections
for the Actigraph and Fitbit devices (Table 1). The average of first and second step counts, AEE
and MVPA were also derived for each participant. For the Actigraph and Fitbit devices, step
count at first collection was used in place of the average for two participants who had missing sec-
ond collection step counts. For direct observation, the first or second measure was used in place
of the average depending on which of the two data collection points had missing data (n = 6).

Unlike the Actigraph, the Fitbit Flex does not just measure activity energy expenditure, but
total energy expenditure. Hence, for comparability, activity energy expenditure results from
the Fitbit were calculated by subtracting the basal metabolic rate (BMR) from the total daily
energy expenditure. One participant’s data was excluded in the AEE analysis due to the total
daily energy expenditure being less than the estimated basic metabolic rate. The distribution of
step counts, AEE and MVPA in minutes were assessed using kernel density plots and Shapiro-
Wilk tests for normality.

PLOS ONE | DOI:10.1371/journal.pone.0161224 September 2,2016 4/14

67



Chapter 3: Validation study

@ PLOS | oxe

Validity of the Fitbit Flex

Table 1. Summary of direct observation, Actigraph and Fitbit at first and second measures and combined.

Direct observation Actigraph Fitbit
Activity n ‘mean ’SE |(95%CI) !Cv n ’mean \SE ‘(QS%CI) ]c,, n |mean |SE ’(95%0!) ‘Cv
Walking step count
First measures 21 |674.8 |89 |(656.3,693.2) 6.0 |25|726.1 |9.0 |(707.5,744.7) |6.2 |25 |588.1 |21.8  (543.1,633.1) |18.5
Second measures 19 1 697.4 | 10.7 | (674.9,719.9) | 6.7 23 7226 |9.7 |(702.4,742.8) |6.5 |23 |583.1 |17.3 |(547.3,618.9) |14.2
Average of measures | 23 | 684.0 | 10.0 | (663.2,704.8) | 7.0 |25 |709.8 |13.0 | (683.0,736.6) 9.1 |25 583.6 |16.1 | (550.4,616.8) | 13.8
Incline walking step count
First measures 22 1691.0 |9.2 |(672.0,710.1) |6.2 |25 |738.3 |10.7 |(716.3,760.3) |7.2 |25 |643.3 |22.2 |(597.4,689.2) |17.3
Second measures 21 |701.1 |10.6 | (679.1,723.1) |6.9 |23 |728.3 |11.3 |(704.9,751.8) |7.5 |23 6529 |17.4 |(616.7,689.0) | 12.8
Average of measures |24 | 698.9 |9.0 |(680.3,717.4) |6.3 |25 |7142 |19.3 | (674.3,754.0) |13.5 |25 6415 |18.5 | (603.2,679.8) |14.5
Jogging step count
First measures 23 19459 (9.8 |(925.5,966.3) |50 |25 |1009.4 | 13.2 | (982.1,1,036.6) |6.5 |25 |960.3 | 19.7 | (919.5,1,001.0) [ 10.3
Second measures 20 19441 |10.3 | (922.6,965.6) | 4.9 |23  1013.2 | 14.5 | (983.1,1,043.4) |6.9 |23 |977.6 | 18.3 | (939.7,1,015.5) | 9.0
Average of measures | 24 | 947.2 | 8.9 |(928.8,965.6) |46 |25 |1011.2 |11.0 |(988.5,1,033.9) |54 |25 |971.1 |14.7 | (940.8,1,001.5) | 7.6
Stair stepping
First measures 23 |5569.1 | 17.0 | (528.9,594.4) | 14.6 |25 578.6 |24.1 |(528.9,6282) |20.8 |25 |572.0 26.1 |(518.1,625.8) |22.8
Second measures 19 1 582.7 | 19.9 | (541.0,624.5) | 14.9 23 | 538.8 |23.3 | (490.5,587.2) |20.8 |23 |584.0 |20.6 |(541.3,626.8) |16.9
Average of measures |23 | 569.2 | 16.9 | (534.1,604.3) | 14.2 | 25 | 558.8 | 16.9 | (523.9,593.7) |15.1 |25 |575.3 |17.9 | (5638.2,612.3) |15.6
Energy expenditure—Calories*
First measures - - - - - 24 15324 |439 (441.7,623.2) |40.4 24 |818.2 69.0 |(675.5,960.9) |41.3
Second measures - - - - - 23 1563.1 |58.1 (442.7,683.6) |49.4 |23 |840.1 |74.4 |(685.7,994.5) |42.5
Average of measures |- | - - - 25 538.9 |38.8 (458.8,619.0) |36.0 |25 |808.1 |56.6 |(691.3,924.9) |35.0
Active minutes*
First measures - - - - - 24 1 53.8 4.0 |(45.4,62.1) 36.7 |24 1 33.7 3.0 |(27.4,40.0) 443
Second measures - - - - - 22 | 57.0 4.0 |(48.8,65.2) 326 22 |381 |32 |(31.5,44.7) 39.3
Average of measures - - - - 24 546 2.8 | (48.7,60.5) 255 24 |354 |24 |(30.5,40.3) 32.7

SE: standard error, Cl: confidence interval, C,: Coefficient of variation

-: No data available

*: Comparisons are between the Fitbit and Actigraph

doi:10.1371/journal.pone.0161224.t001

Coefficients of variation were calculated to describe the distribution of values for direct
observation and both devices. Absolute differences and absolute proportional differences for
step counts between each of the three measurement methods were calculated. Absolute propor-
tional differences were calculated as the absolute differences between the Fitbit and direct
observation, or the Fitbit and the Actigraph, divided by values for the Fitbit. Paired samples ¢-
tests were also used to examine the differences in mean step count data between each of the
three measurement methods at both data collection sessions and the derived average step
counts of the two data collections. A p value <0.05 was considered significant for all analyses.

Intraclass correlation coefficients (ICC) were calculated to compare the reliability of the
three measurement methods against each other during laboratory sessions and only for the Fit-
bit and the Actigraph during free living conditions. The type of ICC used was two-way mixed
methods with absolute agreement. Bland-Altman plots comparing the three measurement
methods were created for the average step counts and energy expenditure measures from the
first and second data collections where applicable. The test-retest reliability between the first
and second sessions for the three measurement methods was assessed using intraclass correla-
tions, absolute differences and absolute proportional differences.

PLOS ONE | DOI:10.1371/journal.pone.0161224 September 2,2016

68

5/14



@PLOS | ONE

Chapter 3: Validation study

Validity of the Fitbit Flex

Results

The mean age (+ SD) of participants was 23.7+5.8 years. Females (n = 12) had an average
height and weight of 165.6+5.8cm and 62.3+7.6kgs respectively and a BMI of 22.7+2.2 kg/m>.
Males (n = 13) were taller (175.7+4.4cm) and heavier (85.3£16.2kgs) and had a higher BMI
(27.716.1 kg/m?). Body fat percentages for females and males were 26.3+4.8%, and 21.5+6.2%
respectively.

Table 1 presents the distribution of step counts for direct observation and the Actigraph
and Fitbit devices at first and second data collections and the average of these two collections.
Energy expenditure and active minutes for each activity are also provided for the Actigraph
and Fitbit. The greatest difference in step count was for walking, in which the average Fitbit
estimate from both data collections (X = 583.6, 95%CI 550.4-616.8) was 15% lower compared
to direct observation (X = 684.0, 95%CI 663.2-704.8). In contrast, the Actigraph overestimated
step counts relative to direct observation for all activities except stair climbing, in which, simi-
lar to the Fitbit, it was also comparable to direct observation. Compared to direct observation
and the Actigraph, the Fitbit generally had higher coefficients of variation for step counts.
However, for stair climbing, the coefficient of variation was high for both devices. Outside of
the laboratory, the Fitbit had lower estimates of free living average step counts (7,582.9+3,368.6
steps) compared to the Actigraph (10896.0+4,364.9 steps) and greater variation in step counts,
as indicated by a slightly higher coefficient of variation (44.4 and 40.1 respectively). The Fitbit
estimates for energy expenditure in calories were consistently higher compared to the Acti-
graph and the MVPA minutes were lower.

Table 2 displays the differences between the Fitbit and direct observation during laboratory
stepping activities and between the Fitbit and Actigraph for free living outcomes, including
steps, MVPA and AEE. In the laboratory, the largest differences between direct observation
and the Fitbit were during the walking phase. When the results from sessions one and two were
averaged, the absolute difference between these two measurement methods was over 100 steps
(x = 110.3, 95%CI 74.3-146.3). As a proportion, this difference was 21% (x = 21.2, 95%CI
13.0-29.4) and a paired samples t-test for mean differences was significant (x = -104.0, 95%CI
-143.5-64.5, p<0.001). There were similar differences for incline walking and stair climbing.
For jogging however, the Fitbit was much more comparable to direct observation with a pro-
portional difference of 6% (X = 6.4, 95%CI 3.7-9.0) across the two data collections.

Outside of the laboratory there was high measurement discord between the Fitbit and the
Actigraph (Table 2). For the average of both data collections, the absolute difference in free-living
steps was over 3,000 or 47% as a proportion (X = 47.2, 95%CI 34.7-59.6). Similar proportional
differences were seen for AEE and MVPA and all t-tests for mean differences were significant.

Table 3 displays the results of ICC analyses between direct observations and each of the two
devices. The Fitbit had poor (r = 0.1-0.3) to moderate correlations (r = 0.3-0.5) with direct
observation on average measures of step count activities, ranging from 0.01 for stair stepping
(95%CI -1.48-0.59, p = 0.491) to 0.34 for jogging (95%CI -1.41-0.71, p = 0.145). In contrast,
the Actigraph was significantly correlated with direct observation for almost all activities, with
the only exception being stair stepping (0.42 95%CI -0.36-0.75, p = 0.104). Outside of the labo-
ratory, the Fitbit and the Actigraph were highly correlated (r = 0.5-1.0) for total free-living
steps (0.78, 95%CI -0.19-0.94, p<0.001) AEE (0.56, 95%CI -0.23-0.84, p<<0.001) and MVPA
(0.52, 95%CI -0.18-0.84, p<0.001) (data not tabled).

Bland-Altman plots demonstrated the Fitbit had a high level of measurement discord with
direct observation relative to the Actigraph. For almost all of the laboratory activities, as the
mean steps measured by the Fitbit and direct observation increased, the differences between
these measurements also increased. During walking, the Fitbit underestimated steps for small
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Table 2. Comparisons and differences of direct observation and the Fitbit in the laboratory and the Fitbit and Actigraph in free living.

Absolute differences

Absolute proportional

Paired samples t-test for differences

differences
Activity Mean | (95% Cl) Mean | (95%CI) Mean SE (95% CI) P
Walking step count
First measures 118.7 (77.3,160.1) 245 (13.2, 35.8) -93.4 25.7 (-147.1,-39.8) 0.0017
Second measures 129.5 (85.9,173.1) 25.2 (15.2, 35.2) -126.4 21.8 (-172.2,-80.7) <0.001
Average of measures 110.3 (74.3, 146.3) 21.2 (13.0,29.4) -104.0 19.0 (-143.5, -64.5) <0.001
Incline walking step count
First measures 84.4 (42.9, 125.9) 16.8 (5.1,28.6) -56.9 241 (-107.1, -6.6) 0.0283
Second measures 75.6 (45.6, 105.6) 12.5 (7.1,17.9) -49.4 19.2 (-89.6, -9.3) 0.0183
Average of measures 77.0 (40.5,113.4) 15.1 (4.7,25.5) -60.2 20.3 (-102.2,-18.3) 0.0068
Jogging step count
First measures 66.4 (37.3,95.5) 7 (3.6, 10.6) 21.1 19.4 (-19.1, 61.4) 0.2883
Second measures 83.2 (58.7, 107.6) 8.9 (5.9,11.9) 22.9 21.7 (-22.7, 68.4) 0.3066
Average of measures 60.2 (38.2,82.2) 6.4 (3.7,9.0) 26.2 15.5 (-5.9, 58.3) 0.1052
Stair stepping
First measures 104.9 (62.7, 147.0) 19.1 (11.6, 26.6) 15.8 30.0 (-46.5, 78.1) 0.6035
Second measures 78.7 (43.2,114.3) 16.4 (5.9, 26.9) -9.7 25.0 (-62.2, 42.9) 0.7031
Average of measures 86.6 (55.0, 118.2) 15.5 (10.1,20.9) 3.0 23.9 (-46.6, 52.6) 0.9014
Free living steps*
First measures 3855.3 (3,012.2, 4,698.3) 57.9 (46.1, 69.6) -3851.8 409.8 (-4,697.7, -3,006.0) <0.001
Second measures 3243.7 (2,074.4, 4,413.0) 44.6 (28.6, 60.5) -3218.0 570.5 (-4,401.1,-2,034.9) <0.001
Average of measures 3313.2 (2,462.0,4,164.3) 47.2 (34.7, 59.6) -3313.2 412.4 (-4,164.3, -2,462.0) <0.001
Energy expenditure-Calories*
First measures 294.8 (198.9, 390.7) 34.4 (27.3,41.6) 285.8 48.8 (184.9, 386.6) <0.001
Second measures 285.6 (198.9, 372.2) 32.0 (23.7,40.3) 276.9 44.3 (185.0, 368.9) <0.001
Average of measures 2771 (195.1, 359.2) 324 (25.2,39.6) 269.2 42.0 (182.6, 355.8) <0.001
Active minutes*
First measures 20.1 (14.6, 25.5) 82.2 (28.0, 136.4) -20.08 2.6 (2,089.0, -25.5) <0.001
Second measures 18.9 (13.5, 24.3) 57.0 (35.7, 78.3) -18.91 2.6 (1,495.0, -24.3) <0.001
Average of measures 19.1 (15.3, 23.0) 60.4 (43.2,77.6) -19.15 1.9 (5,029.0, -23.0) <0.001

SE: standard error, Cl: confidence interval
*: Comparisons are between the Fitbit and Actigraph

doi:10.1371/journal.pone.0161224.t002

amounts of activity and became increasingly accurate as the mean number of steps increased
(Fig 1). Within a six minute period, the Fitbit may estimate as much as 283 steps lower and up
to 75 steps higher than direct observation. In contrast, the Actigraph had much less measure-
ment discord, with the lower and upper limits for step estimates as -22 and 94 respectively.
This contrasting accuracy between the Fitbit and Actigraph held for all laboratory activities,
with the exception of stair climbing. For this activity, both devices had high and comparable

levels of measurement discord with direct observation (Fig 2).

Outside of the laboratory, Bland- Altman analyses indicated there was high measurement
discord between the Fitbit and Actigraph for free-living steps (Fig 3). The Fitbit tended to
undercount steps compared to the Actigraph and this underestimate grew stronger as the total
number of steps increased.

In terms of test-retest reliability, the mean absolute difference in steps for the Fitbit between
session 1 and 2 ranged from 71.9 for walking to 83.1 for incline walking. As mean proportions,
these differences were 13.6% (95%CI 4.6-22.6) and 12.3% (95%CI 7.8-16.9) respectively. In
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Table 3. Intraclass correlations between Fitbit and Actigraph and between devices and direct observations.

ICC Actigraph vs direct observation ICC Fitbit vs direct observation ICC Fitbit vs Actigraph

AverageICC | (95% Cl) P AverageICC | (95% Cl) p AverageICC | (95% Cl) p
Walking step count
First measures 0.67 (-0.23,0.90) |<0.001 |0.11 (-0.48,0.55) |0.353 | 0.09 (-0.23,0.43) |0.298
Second measures 0.75 (0.29, 0.91) 0.001 0.00 (-0.29,0.37) |0.503 |0.16 (-0.17,0.50) | 0.097
Average of measures | 0.73 (-0.14,0.91) | <0.001 |0.05 (-0.30,0.42) |0.390 |0.10 (-0.15,0.39) |0.195
Incline walking step count
First measures 0.75 (-0.17,0.93) |<0.001 |0.07 (-0.82,0.57) |0.421 |-0.06 (-0.66,0.42) |0.583
Second measures 0.71 (0.31, 0.88) 0.002 0.19 (-0.58,0.63) |0.281 | 0.21 (-0.33,0.60) |0.202
Average of measures | 0.74 (0.07, 0.91) <0.001 |0.11 (-0.58,0.56) |0.356 |0.02 (-0.45,0.43) |0.467
Jogging step count
First measures 0.57 (-0.20,0.84) | 0.001 0.40 (-0.39,0.74) |0.116 | 0.58 (0.08,0.81) 0.008
Second measures 0.35 (-0.25,0.71) |0.035 0.11 (-1.22,0.65) |0.399 |0.38 (-0.34,0.73) |0.116
Average of measures | 0.46 |(-0.23,0.78) | 0.005 |0.34 1(-0.41,0.71) | 0.145 | 0.52 (-0.01,0.78) |0.018
Stair stepping
First measures 0.18 (-1.01,0.66) |0.329 -0.06 ‘ (-1.63,0.56) |0.553 |0.69 (0.28, 0.86) 0.004
Second measures 0.53 (-0.10,0.81) | 0.041 0.51 (-0.32,0.81) |0.077 |0.43 (-0.26,0.75) |0.085
Average of measures | 0.42 (-0.36, 0.75) | 0.104 0.01 (-1.48,0.59) |0.491 |0.72 (0.38,0.88) 0.001

Cl: confidence interval, ICC: Intraclass correlation

doi:10.1371/journal.pone.0161224.t003

contrast, the mean absolute proportional differences for the Actigraph on the same measures
were lower, at 4.8% (95%CI 2.8-6.8) and 4.7% (95%CI 2.7-6.7) respectively. Stair climbing was
the exception to this trend, with both the Fitbit and Actigraph having mean proportional dif-
ferences of around 20% between first and second data collections. For direct observation, the
mean proportional difference for stair climbing was 10.6% (95%CI 4.4-16.7) with a mean abso-
lute difference of 56.8 steps.
Test-retest reliability analyses using intra-class correlations indicated the Fitbit had greater

variation between the first and second data collections relative to the Actigraph for most of the
laboratory activities (data not tabled). Between the two laboratory sessions, the Fitbit had a
moderate correlation for the walking activity (ICC = 0.57, 95%CI: -0.02,0.82, p = 0.028), as did
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Fig 1. Bland-Altman plots of walking steps for the Fitbit and Actigraph compared to direct observation.

700

750 800

doi:10.1371/journal.pone.0161224.g001

PLOS ONE | DOI:10.1371/journal.pone.0161224 September 2,2016

8/14

71



Chapter 3: Validation study

@PLOS | ONE

Validity of the Fitbit Flex

g 0 200
i

100 7 100
5 i
A : °
iz % 3e

3 .
% E 100 s & 100
£ £ % ~
s £3
R & 200 g.; -200
| £ E
53 i
£ 3 300 3 -300
$ F
H
g 400 400
]
5 s00 500
400 450 500 550 600 650 700 750 800 400 450 SO0 SSO 600 650 700 750 800
Mean of the Fitbit and direct observation measures (stair steps in 6 minutes) Mean of Actigraph and direct observation measures (stair steps in 6 minutes)

Fi__g 2. Bland-Altman plots of stair steps for the Fitbit and Actigraph compared to direct observation.
doi:10.1371/journal.pone.0161224.9002

the Actigraph (ICC = 0.59, 95%CI: 0.03,0.83, p = 0.022). The Fitbit had modest and non-signif-
icant correlations for incline walking (ICC = 0.22, 95%ClI: -0.92,0.68, p = 0.288 and jogging
(ICC = 0.26 95%CI:-0.73,0.69, p = 0.239). On these measures, the Actigraph performed some-
what better between the two sessions, with a strong correlation for incline walking (ICC = 0.75,
95%CI: 0.41,0.89, p = 0.001) and a moderate agreement for jogging (ICC = 0.49, 95%CI: 95%
CI: -0.23,0.78, p = 0.067). Both the Fitbit and Actigraph had low and non-significant agreement
for stair stepping between first and second laboratory sessions with ICCs of 0.34 and 0.19
respectively.
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Fig 3. Bland-Altman plot of free living steps for the Fitbit compared to the Actigraph.
doi:10.1371/journal.pone.0161224.g003

PLOS ONE | DOI:10.1371/journal.pone.0161224 September 2, 2016 9/14

72



@ PLOS | one

Chapter 3: Validation study

Validity of the Fitbit Flex

Discussion
Summary of Principle Findings

We compared results from the Fitbit Flex against direct observations of step counts in a labora-
tory setting and free-living and overall steps, moderate to vigorous activity and activity energy
expenditure against the Actigraph. The results from our study indicated that the Fitbit has
moderate validity relative to direct observation and the Actigraph. It tended to vary between
over-counting and under-counting steps, depending on the activity type. Our findings contrast
a previous study which utilised the same device placement and compared the step count out-
puts of the Actigraph against the Fitbit Flex over a seven day period [24]. In that study there
were no significant (p = 0.052) differences between the devices, however, the differences in the
findings could be due to variation in study protocols. Dierker and Smith [24] compared step
counts between five activity monitors, using a protocol that advised participants to remove the
devices during exercise. This essentially would not capture all free-living activity and encom-
passing different exercise modalities that were assessed in our study. In the present study, the
mean MVPA minutes were lower in the Fitbit (35.4) compared to the Actigraph (54.6), but
AEE was greater from the Fitbit (808.1 calories) compared to the Actigraph (538.9 calories). In
terms of test-retest reliability across the two sessions, the Fitbit had greater variation in step
count estimates compared to the Actigraph for most of the laboratory activities.

Implications of Findings

The Bland-Altman plots showed that the magnitude and direction of step count difference
between these devices varied depending on the type and volume of activity. This indicates that
the divergence in terms of the Fitbit Flex step count between direct observations is not constant
and is affected by the type of activity and the number of steps taken, which is also evident in
the weak to moderate intraclass correlation coefficients and test-retest reliability. Previous
work has indicated that the hip worn Fitbit Ultra is reliable and valid for activity monitoring in
terms of flat surface step count, but is not recommended for incline activity [25]. In our study,
there were significant differences in step counts between direct observation and the wrist worn
Fitbit Flex during treadmill walking (p<0.001) and incline walking (p = 0.007) which suggests
that the Fitbit Flex may have low validity for low to moderate intensity walking and walking on
an incline. Due to variations in fitness levels, the participants self-selected the treadmill speeds,
which was not optimal as the device validity was dependant on the treadmill speed. Two non-
significant differences were obtained during jogging and the stair stepping activity. The higher
accuracy in step counts of stair stepping, may have been due to participants stepping up and
down a box, having a more pronounced arm movement.

Free living step counts in our study were significantly underestimated by the Fitbit Flex
compared to the Actigraph. The more steps, the greater the underestimation which is seen in
the limits of agreement, this could be due to the variability in movements by participants in
free-living conditions and continuous undercounting in low intensity activities. In our study
the Fitbit recorded consistently higher AEE with a 50% higher average measure (808.1+282.9
calories) compared to the Actigraph (538.9£194.0 calories). This is reflected in the correlation
tests between the devices, with the average of the two protocol measures for AEE only having a
moderate agreement (ICC = 0.56). The findings in regards to AEE need to be interpreted with
caution, due to the differences in measurement equations. As mentioned before, the Actigraph
only records AEE, whereas the Fitbit records total energy expenditure based on the sum of the
AEE and the BMR. The BMR is calculated using the Mifflin-St Jeor equation, which requires
participants’ gender, height, and weight.
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In contrast to the higher AEE, the average of the MVPA minutes in the Fitbit (35.4 + 11.8)
was significantly lower compared to the Actigraph (54.6 + 13.9) and the coefficient of variation
was greater in the former device (32.7% and 25.5% respectively). Some of the variation in out-
come measures may be due to different criteria cutpoints for moderate to vigorous physical
activity minutes. Moreover, the Fitbit only records MVPA minutes if the intensity is over 3
METs and, in line with physical activity guidelines [26, 27], only in bouts of at least 10 minutes.
In contrast, the Actigraph uses predetermined counts per minute cutpoints to determine activ-
ity intensity and duration, including bouts of as little as one-second epochs.

The test-retest reliability analyses in this study indicate the step count estimates produced by
the Fitbit over multiple time points would vary more in terms of absolute proportional differ-
ences compared to the Actigraph. When compared to direct observation, the Fitbit can overesti-
mate step counts for jogging, but also underestimate the number of steps for walking. While both
devices had moderate reliability for estimating flat walking steps in the laboratory environment
based on ICCs, only the Actigraph produced reliable incline walking step estimates. Neither
device provided reliable stair walking steps estimates, however, even by direct observation there
was variation in step count between sessions on this activity, which indicates that participant per-
formance may have been responsible for at least some of the variation. The intraclass correlations
were not reported for the free-living outcome measures as there may have been variations in the
participants’ routine over the duration of the two days of assessment.

The placement of the devices is important as recent research indicates that wrist worn accel-
erometers might not be as accurate as waist worn devices in counting steps [28, 29]. For exam-
ple, in activities such as washing dishes, the body can be in a fixed position, but arm
movements are occurring. On the other hand, there is the potential for error as activities may
also require steps to be taken, but the arms having minimal movement, for example carrying a
box [30]. A recent study reported that the wrist worn Fitbit Flex and Nike Fuelband under-
counted steps compared to devices worn on the waist or worn in the pockets of the partici-
pants’ pants [29]. However, wrist worn devices can avoid decreases in wear time compliance as
the burden of having to continually remove equipment for water-based activities and to sleep
would not be an issue [31].

The Fitbit’s accuracy in the measurement of jogging and stair stepping has been confirmed
by this research, but more work is needed to validate lower intensity activities, such as walking.
Consumer level devices allow for monitoring of health behaviours by providing immediate
feedback via displays and internet-based applications. Participant reactivity needs further
examination when using fitness monitors that provide immediate feedback to users. A study
from van Hoye et al. [14] found reactivity with the use of pedometers caused a significant
increase compared to baseline assessments in step counts during the first week of an interven-
tion. There were no significant increases in step count after the first week of the intervention,
which suggests that there is a ceiling effect in regards to device reactivity and step count [14]. A
systematic review of 26 studies found that with the use of feedback from a pedometer users
increased their activity levels by 27% compared to baseline levels [13]. This was primarily
achieved by using the pedometer for rapid feedback to inform goal setting and realistic daily
physical activity targets. However, reactivity to feedback is a consideration for short term inter-
ventions that allow users to access their data online [14]. As mentioned previously, in the pres-
ent study the participants did not have access to detailed online data on their activity from the
Fitbit website. The only feedback they got were the five LED lights on the Fitbit Flex that repre-
sent quintiles of the target step count, which would have limited reactivity. However, the provi-
sion of multiple measures, such as step counts, activity intensity and duration, might assist
laypersons in becoming aware of their own physical activity levels, and allow comparisons
against the current physical activity guidelines [32].
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Limitations

In order to ease participant burden, the wear time was limited to the study protocol and several
hours of free-living. As mentioned previously, in order to have the same wear times, the partic-
ipants were asked to remove both devices during water based activity. This could be considered
as a theoretical limitation as participants might have forgotten to put the devices back on
immediately after water-based activities, although unlikely in this study due to the short wear
time. The data on AEE and MVPA from the laboratory session were carried over into the free
living conditions, which may have impacted the results, as it was not a true representation of
only free-living activity. Device compatibility was another issue that potentially limited this
study as both devices utilise different equations and cutpoints for the data outputs.

Conclusions

Our findings suggest that the Fitbit Flex has moderate validity for measuring physical activity
relative to direct observation and the Actigraph. The test-retest reliability between the two ses-
sions indicated greater variation with the Fitbit relative to the Actigraph. Poor test-retest reli-
ability could have been a result of the inaccuracy of the Fitbit with low intensity activities. The
Fitbit might be more suitable in studies in which immediate feedback through detailed data
online is needed and where cost is an issue, but not necessarily in clinical settings. For selecting
the appropriate physical activity monitor for research projects investigators should consider
the activity domains involved, sample sizes, as well as the budget and participant burden [33].
Physical activity surveillance studies using the Fitbit Flex should consider the potential effect of
measurement reactivity and undercounting of steps.

Supporting Information

S1 File. Dataset. Sections: 1 Device output step count, 2 Direct observation, 3 Activity minutes
& energy output.
(XLSX)
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Chapter 4: Study protocol

Study protocol: A pragmatic trial of an 8-week physical activity program for Indigenous

Australians.

79



Chapter 4: Study protocol

Abstract

Indigenous and non-Indigenous Australians have a 10-year difference in life
expectancy, mainly due to disproportionately higher rates of chronic disease. There is
substantial evidence for the health benefits of physical activity in chronic disease prevention.
However, Indigenous Australians have low physical activity levels and there is little evidence
on best practice to ensure physical activity programs are effective. The objective of this study
is to evaluate the effectiveness of a community-tailored 8-week physical activity program on

health outcomes in Indigenous adults in regional communities.

Methods and analysis

The free program will consist of 60 minutes of group-based physical activity four
times per week. The trial is pragmatic and will be implemented with two Indigenous
communities in Far North Queensland. Data will be collected at baseline, immediately post
and three months post program. To qualify for inclusion participants must be Indigenous,
aged 18-45 years and have a chronic disease or a risk factor for chronic disease. The primary
outcome measure is change in functional capacity from baseline to immediately post
program, measured by a six-minute walk test. Additional outcomes include changes in
physical activity (objectively measured by a Fitbit Flex), quality of life (SF-12), smoking
status, alcohol consumption and fruit and vegetable intake. Metabolic markers that are
indicative of chronic disease, such as HbAic and cholesterol levels, will also be assessed.
Semi-structured interviews will be conducted with participants to explore experiences with

the program.
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Ethics and dissemination

Letters of support were received from peak local Aboriginal and Torres Strait Islander
organisations prior to the ethics submission. Approval was obtained from the James Cook
University Human Research Ethics Committee in October 2015 (approval number: H5942).
The study methodology and results will be disseminated through presentations to both
supporting community organisations and community members and will be published in peer-

reviewed journals.

Trial registration number: ACTRN12616000497404

Strengths and limitations of this study

e This trial is designed to increase physical activity levels of Aboriginal and Torres Strait
Islander adults.

e The mixed-methods design of this study will enable a rigorous evaluation of the program
and provide evidence for future practice.

e The study will be evaluated using objective measures of physical activity, biomedical
markers, a quantitative questionnaire and qualitative interviews

e The intervention is standardised, but the delivery and form will be adapted to the

community.
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Introduction

There is a 10-year difference in life expectancy between Indigenous and non-
Indigenous Australians,* and in Queensland half of all reported deaths for Indigenous
Australians were at a median age of 58 years old, compared to 81 years for non-Indigenous
people.? It is estimated that up to 80% of premature deaths of Indigenous Australians are
caused by preventable chronic diseases such as type 2 diabetes and heart disease.® Nationally,
the age-standardised mortality rate for diabetes in Indigenous Australians is nearly five times
higher than in other Australians,* and the age-adjusted death rate from cardiovascular disease

for adults is almost twice as high.®

There is substantial evidence for the health benefits of physical activity for the
prevention and management of chronic disease in the general population® and also
specifically for Indigenous Australians.’”'? Physical activity can reduce body fat and improve
cardiovascular function, lower blood sugar levels and increase insulin sensitivity both acutely
and long term.*® Moreover, physical activity has been shown to decrease depression, social
isolation and improve quality of life.1* 1> Current Australian guidelines recommend that
adults aged 18 to 64 should accumulate 150-300 minutes per week of moderate physical
activity or 75-150 minutes of vigorous activity or an equivalent combination of both.
However, only 38% of Indigenous people in non-remote locations meet the physical activity
recommendations.’” Compared to non-Indigenous people (adjusting for age differences)
Aboriginal Australians and Torres Strait Islanders are less likely to be sufficiently active for
health (rate ratio 0.8), and less likely to do any physical activity (rate ratio 0.9).1” *® Excess
body fat, which is associated with physical inactivity, is a modifiable precursor of type 2

diabetes and cardiovascular disease.*® Currently, 66% of Aboriginal and Torres Strait
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Islander people over 15 years are overweight or obese, higher than the rates in non-

Indigenous Australians (rate ratio 1.1).%

Despite recognition of physical inactivity and obesity contributing to the development
of chronic diseases in Indigenous people,?" 22 little research has been undertaken to evaluate
interventions to encourage physical activity with Aboriginal and Torres Strait Islander
people. Our recent systematic review identified only nine such studies from Australia.?® A
limitation of most studies was insufficient reporting of methodological details. The inclusion
of sustainability plans and information on community feedback about factors such as barriers
to attendance would be beneficial for future research. Cost-benefit analyses would provide
useful information on economic feasibility, scalability, and sustainability, which can help
inform best practice for future studies that aim to address the needs of vulnerable
populations.?* In theory, investments in prevention of chronic diseases are more cost-
effective compared to the burden through their treatment to the health care system, the

community, and to individuals.?®

Study aim and objectives

The aim of this study is to evaluate the effects of a community-tailored 8-week
physical activity program on physical activity and health outcomes for Aboriginal and Torres
Strait Islander adults in regional communities. The effectiveness will be assessed by
measuring change in functional capacity, step counts and overall levels of physical activity,
metabolic markers, perceived quality of life and other health behaviours and outcomes
before, immediately after and 12 weeks after the program. The intervention was co-designed
with the Indigenous mentors, where the intervention duration, number of sessions, and

exercise types were chosen by the mentors. The free program will include 60 minutes of
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aerobic and resistance type training, four times per week for an eight-week period. Training
sessions will include a variety of exercise modalities such as small sided games and circuit
training. Semi-structured qualitative interviews will be conducted with participants to explore
barriers to and motivation for physical activity. Additional questions will be included to

explore participants’ experiences with the program and suggestions for future activities.

Methods and analysis

Trial design

The intervention is an 8-week physical activity program to be conducted in two
communities in Far North Queensland, using a pragmatic study design. For various reasons,
previous studies conducted in Indigenous communities have moved away from using a
traditional randomised controlled trial (RCT), including ethical concerns over allocating half
the participants to the control group that will not receive the intervention? and information
sharing among the small communities.?’” Consultations with Indigenous mentors and
community members in the respective communities concluded it would be inappropriate to
utilise an RCT design. An attempt will be made to use a wait-listed control group, however,
this will require a relatively large minimum sample size (n=42) for sufficient statistical
power. Due to the regional setting with relatively small communities of Indigenous
Australians, and after consultation with the local health centres it was deemed it may not be
feasible to recruit a sufficient number of participants for a wait-listed control group.
Therefore, we may need to revise the study protocol to a pre/post intervention design with
two communities which requires a smaller sample size (n=15) for sufficient power. Another
barrier to using a wait-listed control group is that one of the communities expressed that they
may not be able to commence the intervention at the required time due to staff availability,

and a replacement site may need to be obtained later. In our recent systematic review of
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physical activity interventions for Indigenous people in Australia and New Zealand only three
out of the 13 identified studies were RCTs,? which emphasises the difficulties of applying an

RCT design in Indigenous communities.

Furthermore, there have been examples where the implementation of RCT designs
were not logistically feasible. Sibthrope and colleagues?® implemented an RCT in an urban
Aboriginal Medical service, with the aim of assessing the effectiveness of brief interventions
on alcohol misuse. There were demising factors, such as the attitudes to the random
allocation of participants and low recruitment to the intervention, which lead to the program
not being implemented as intended. Ultimately the researchers asked to terminate their
funding from Australia’s peak funding body for medical research (National Health and
Medical Research Council) as the study protocol could not be implemented in full capacity.
Ideas and concepts for this program were drawn from a previous study,?” which implemented
a similar program with a Maori population in New Zealand. This trial was registered with the

Australian New Zealand Clinical Trial Registry (ACTRN12616000497404).

Settings

The two collaborating communities are in Far North Queensland, Australia. The
population of one community is estimated to be 1,700 people, with 21% of the residents
identifying as Indigenous and the second site has a population of approximately 10,000
residents, with less than 1,500 identifying as Indigenous. Known factors that may affect
attendance to exercise programs include the logistics, such as transport to and from the site,
personal health and competing obligations such as caring for children.?® In regards to family
and income, the communities’ unemployment levels were 20 and 54% and jobless single

parent families represent 25% and 54% respectively.*® Considering these factors may affect
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attendance to the program, it was deemed inappropriate to have participants pay any fees
towards activities and to keep activities flexible for family participation such as allowing

children to attend the walking groups at the parents’ discretion.

Recruitment

Participants will be recruited through community information sessions. Working in
conjunction with the Indigenous mentors, flyers will be posted around the community at
different sites such as the supermarket and local sporting facilities. A facebook page will also

be created to recruit people into the program.

Sample size

A sample size of 15 participants is estimated to achieve more than 90% power to
detect a significant difference in the six-minute walk test distance with a level of significance
of 0.05. The calculation of the sample size was based on an expected minimum increase in
the primary outcome measure of the six-minute walk test of 50 metres, which is considered

clinically relevant.3! We aim to recruit 30 participants to account for attrition.

Participants

Inclusion criteria

1. Aged 18-45 years at recruitment;

2. ldentify as Aboriginal and/or Torres Strait Islander;

3. Have a diagnosed chronic disease or a risk factor for chronic disease. Risk factors are
based on the definitions in the guidelines of the Australian Institute of Health and

Welfare,®? such as having a BMI of/or greater than 30, waist circumference of/or greater
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than 94 centimetres for men and 80 centimetres for women, and/or less than 150 minutes

of physical activity per week.

Exclusion criteria
1. Pregnancy at baseline or during the study period;
2. Advised by a medical professional not to participate in physical activity or physically

unable to partake in activities due to injury or illness.

Intervention

This is considered a ‘complex intervention’ due to a large number of discretionary
behaviours and actions required between the sites. Flexibility and tailoring of the program in
the delivery and reception will be important factors for success.®® As described by Hawe et
al.,®* the function of the intervention is standardised, but the form varies across the context,
which in this case is the community. During discussions with the participating communities,
the program was standardised through the agreement of the number of sessions provided per
week. However, the physical activity sessions would be determined by the mentor to suit the

facilities and resources available in the community.

The duration of 8 weeks of the program is based on previous evaluations of physical
activity programs with Indigenous Australians lasting 8 weeks or less which reported
significant reductions in weight, BMI and/or a significant increase in fitness,® 1% * and
improvements in blood lipids.®> 3¢ The effectiveness of the program will be assessed through
measures of step counts and overall levels of physical activity, metabolic markers, perceived

quality of life and other health behaviours and outcomes before, immediately after and 12
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weeks after the intervention.

The program will be delivered through one-hour face-to-face group sessions, four
times per week for eight weeks. Participants will be encouraged to attend at least one session
per week. Each week there will be two sessions with vigorous and two with moderate
intensity activities, delivered by a qualified sport and exercise scientist (principal
investigator). The vigorous intensity sessions will include small sided team sports (small
number of players per side), such as soccer and touch football, and circuit training with
adaptations made to account for individual fitness levels. The remaining two sessions will be
self-paced moderate intensity walking sessions (male and female groups) and will be
conducted by community leaders. Involving community leaders is important to assist with the
eventual changeover and sustainability of the program. Moderate and vigorous intensity
sessions will be alternated during the program period and all sessions will include a warm up
prior to exercise and cool down after the activity. Each session will have a sign-in sheet to
monitor the program dose-response and implementation fidelity. Field note reflections will be
taken at the end of every session to report any adverse events or participant feedback. If there
are any medical concerns during an exercise activity, participants will be requested to provide
a doctor’s certificate before they can return to the program. The activities will be conducted
at free community facilities, such as walking tracks and football fields, where there will be no
cost to participants. Semi-structured qualitative interviews will be conducted after the
intervention to explore participants’ motivation and barriers with the program and explore

suggestions for future physical activity programs.

Participants will be asked to provide informed written consent after a hard copy and

verbal explanation of the information sheet is given to them, prior to any baseline
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assessments. A plain English verbal explanation will also be provided and Indigenous
mentors will be available for those whose first language is not English.®” The explanation will
include the purpose of the research, reassurance on the confidentiality and de-identification of
information and disclosure of the working relationship with the Indigenous mentors.
Participants will be informed that they can withdraw from the study at any time without

reason or consequence.

Timeline

The study design is a pragmatic trial with two communities in Far North Queensland.
Data collection time points will include before, immediately after and 3 months after the
program. One of the communities that agreed to participate in this project was known through
an existing relationship from a previous research project.® An additional community
contacted the principal investigator to express their interest in taking part in the intervention
as a wait-listed control group. The second site was not an existing research partner of the

University and has since had a research agreement in place.

Indigenous mentors

The project will be guided by the principal investigator (AS) in conjunction with local
Indigenous mentors from collaborating organisations. The mentors are health workers who
live and work in the communities and have extensive knowledge of local culture. The
mentors provide advice and information on the appropriate procedures for individuals in that
community. Adaptations of survey tools, such as the SF-12,% were critical as the questions
were not always appropriate for the community. For instance, one question on the SF-12 asks
participants about time spent doing moderate intensity activities and uses the examples of

“moving a table, pushing a vacuum cleaner, bowling, or playing golf”. Keeping in mind the
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locations and socio-economic status of the communities, activities such as playing golf and
bowling would not be common due to lack of facilities for such activities and due to different
preferences for activities, including team sports such as touch football. Therefore, these

activity examples in the SF-12 were modified to “brisk walking, or moderate exercise”.

For the intervention to become sustainable after the initial 8-week program, the
Indigenous mentors were asked to provide assistance during the exercise activities. This was
to ensure the mentors have established relationships with the participants and will be able to

run the program without external help from the researchers.

Data collection

Once a participant has received and had a verbal explanation of the information
sheet, they will be asked to sign an informed consent form if they wish to continue with the
program. All participants will receive a copy of their data and all organisations that are
involved will receive a non-identifying report highlighting the intervention results.
Participants will be provided with the option to have results of any health outcomes measured
in this study added to their existing medical clinic health record. Participants will be given a
Pre-Medical Questionnaire, which has additional questions around possible confounding

variables such as medical history, alcohol consumption, education and household income.

The SF-12 will be administered to participants during the session. After the forms
are completed, participants will have anthropometric measures objectively assessed such as
height, weight, body fat, and waist and hip circumference. Following the assessment, a six-
minute walk test (6MWT) will be conducted.*®#! The participants will then receive a wrist

worn Fitbit Flex activity monitoring device to wear during the program, in addition to
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wearing the device for seven days pre and post program. Participants will be given a
pathology form to take to a clinic for the relevant tests. This form needs to be taken to the
designated pathology clinic where participants will have a fasting venous blood sample taken.
All participants will have the option to send the pathology results to their preferred doctor if

they wish for the results to be added to their personal medical records.

The original study forms will be stored in a locked filing cabinet on the University
campus. The data will be de-identified and entered into a password protected electronic
database. A subset of the forms will be selected for quality control of data entry purposes and

cross examined against the values in the database.

1. Blood pressure and anthropometric assessments

¢ Blood pressure will be measured using an electronic monitor with an upper arm cuff

e (Omron HEM-907). To standardise the measurement of blood pressure, all participants
will be seated for at least 5 minutes prior to the readings in line with the guidelines of the
American College of Sports Medicine.*?> Three measurements will be recorded and the
mean value for the second and third will be used.

e Height will be measured using a stadiometer. Participants will be asked to remove their
shoes and socks for the assessment. Values will be measured to the nearest 0.1cm, with
two measures being taken and averaged.

e Weight and body fat will be measured using a segmental bioelectrical impedance Tanita
body fat monitor/scale (BF-545, Tanita Corporation, Tokyo, Japan). Participants will be
asked to remove their shoes and to remove anything from their pockets. It is advised that
participants who are fitted with an electronic pacemaker do not have their measurement

taken on these scales due to the bio-electric impedance.
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Waist and hip circumference will be measured preferably by having participants lift their
shirts above their hips. However, if they are uncomfortable or unable to (wearing a dress
for example), the measurements will be taken over clothing with a note to repeat this at the
follow up for consistency. Measurements will be taken to the nearest 0.1cm.

Physical activity will be measured with a wrist worn Fitbit Flex over a period of seven
days prior to the program and seven days after the program. The Fitbit Flex has moderate
validity for measuring physical activity relative to direct observation and the Actigraph
accelerometer,*® %4 and was deemed to be more cost-effective and had a potentially
reduced participant burden and better compliance in wearing time as the device is
waterproof and can be worn 24 hours a day. The Fitbit Flex is capable of measuring step
count, minutes of moderate to vigorous physical activity, sleep patterns, and daily calories
burnt (kcal). The data from the Fitbit Flex will be expressed as mean daily steps and
energy expenditure (kcal), and weekly minutes of moderate-to-vigorous physical activity.
Functional capacity to exercise will be measured using the 6MWT. This test measures the
distance travelled over the duration of six minutes and was originally designed as an
exercise tolerance test, but can also be used as a performance-based measure of functional
capacity to exercise.*® 4! The 6MWT has been used in a variety of different populations
such as in chronic heart failure patients,® chronic obstructive pulmonary disease,* healthy
populations,*® with Indigenous Australians adults,” ® 38 and with different age groups from
children and adolescents to older adults.*’-*° An increase of 50 meters will be accepted as a
clinically significant improvement.3! This field-based measurement requires minimal
equipment, is cost effective, non-invasive and self-paced which makes it applicable to

people with varying fitness levels and health conditions.*®



Chapter 4: Study protocol

2. Clinical assessments:

Fasting venous blood samples will be collected from participants by an accredited
pathology service in the Far North Queensland region. For consistency in measurements, the
same laboratory service will be utilised for both communities.

e Fasting blood glucose levels will be analysed using Hexokinase BSL: Abbott c16000
(Hexokinase — enzymatic)

e HbAuc: Biorad D-100 (HPLC lon Exchange)

e Liver function: Abbott c16000 (Enzymatic/colorimetric)

e Total cholesterol (LDL, HDL): Abbott c16000 (Enzymatic/colorimetric)

e Triglycerides: Abbott c16000 (Enzymatic/colorimetric)

e C-reactive protein: Abbott c16000 (Immunoturbidimetric)

3. Surveys

Participants will be asked to complete a pre-medical questionnaire, a lifestyle
behaviour survey and the Quality of Life SF-12 questionnaire.® The surveys will be
conducted at each data collection point. Although the Indigenous mentors were not present
when the participants completed the questionnaires, they were in the immediate vicinity and
available to assist in person if needed.

e The SF-12 survey will be used to assess self-rated health, mental health, and physical
function.

e The pre-medical questionnaire includes questions about participants’ current state of
health, such as illness and injuries, family medical history, their own medical history and
if they had been told not to participate in exercise. We added questions on socio-economic
status, education level and number of dependent children in the household. Health

behaviour questions, such as fruit and vegetable and alcohol intake, were taken from
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national surveys such as the National Aboriginal and Torres Strait Islander Nutrition and
Physical Activity Survey 2012-13% and the 2013 National Drug Strategy Household
Survey.® The survey questions will allow for more comparable results of the community

data against national averages.

The questionnaires will be filled out while the principal investigator is present, in
case questions need clarifying. During negotiations with the local health care centres it was
agreed that the principal investigator will provide individuals with the results of their
assessments. The report will include baseline anthropometric, physical activity and pathology
results. Post-intervention reports will have all results included with a personalised summary
of what changes they have made and how it will impact their health. Participants will also be
provided with a printed copy of their pathology results to provide to their doctor if they wish.
Alternatively, participants will have the option to have their reports forwarded (by the

researcher) to the relevant doctor/s on their behalf.

Data analysis

Statistical analysis

Although this is a prospective before and after comparison trial, statistical analysis
and reporting will follow the SPIRIT guidelines.>? Numerical data will be described using
mean and standard deviation (SD) if symmetrically distributed and median and inter-quartile
range (IQR) if skewed; categorical data on health behaviours will be described using absolute
and relative frequencies. Numerical data will be compared pre- and post-intervention using
paired Student’s t-tests if data are symmetrical and paired Wilcoxon signed-rank tests if the

data are skewed.
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The main outcome measure is the paired difference in the 6MWT distance. If the
differences in the outcomes of the 6MWT do not fit assumptions of normality, the data will
be log transformed for the linear regression analysis. Multiple linear regression analyses will
be used to examine associations between demographic variables, health behaviours and
differences in the 6MWT. Examples of potential predictor variables include program
attendance, health behaviours, such as smoking and alcohol consumption, and employment
status. Dummy variables will be created for categorical variables in preparation of the
regression analysis. Assumptions of linearity will be checked for numerical factors; which
will be categorised if assumptions are violated. Throughout the analysis, statistical
significance will be assumed when p-values are less than 0.05. The statistical analyses will be

undertaken using Stata release 13 (StataCorp LP, College Station, Texas, USA).

Qualitative evaluation

This study is an explanatory sequential design, where the quantitative data will be
collected and analysed first, to help inform the qualitative aspect of the study.>® At the
completion of post-exercise intervention testing, individual interviews will be conducted.
Participants will receive a letter at their post testing session and letters will be sent to those
who did not attend the follow-up data collection. The interviews will be conducted in a
private space and guided as a semi-structured interview using open-ended questions. The
interview questions will be based on the components of the Health Belief Model,>* > as it is
one of the most widely recognised conceptual frameworks for health behaviours.>’
Questions will be directed to identify perceived barriers and motivations to engage in
physical activity. Additional questions will be included to explore the participants’

experiences with the program, where improvements could be made and what the perceived

95



Chapter 4: Study protocol

long-term consequences are if their current behaviour continues/discontinues. All interviews

will be audiotaped and later transcribed in order to conduct a thematic analysis.

Contingency plan

There were some challenges with the program. The original site to begin the
intervention was unable to commit due to a variety of reasons. This easily accessible
community already had a research agreement in place and several projects were being
conducted at the time of approach, which made members of the community feel ‘over-
researched’. Originally, a wait-listed control group was agreed upon, but unable to be
implemented due to the sample size required and the small population size of the

communities. As a contingency plan, a pre/post study design will be implemented instead.

Another concern is the weather conditions might pose a problem to the program as it
will be run outdoors. In case of bad weather it has been arranged with the community health
workers to use an air-conditioned indoor location to run activities. Access to transportation to

attend activity sessions is also a risk factor, however, carpooling will be encouraged.

Discussion

This community-based physical activity program is designed to provide a
standardised, but community-tailored approach to a physical activity program. The aim of the
study is to evaluate the effectiveness of an 8-week physical activity program in improving
physical activity and health outcomes among Indigenous Australian adults in regional
communities. The primary outcome of the study is change in functional capacity to exercise,
measured by the six-minute walk test. Whilst the population of interest includes young to

middle-aged adults (18-45 years old), the early onset of chronic disease is common in this
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population group.%® The six-minute walk test is primarily used for middle-aged and older
adults and more severe health conditions,®> * but has also been used with Indigenous
Australians adults” ® 3 and younger populations.*” The six-minute walk test is appropriate for
use in this study as all participants will have identified risk factors for, or an established
chronic disease. Chronic diseases are burdensome, debilitating and potentially fatal.>®
Physical inactivity has detrimental effects on wellbeing and functional capacity,®® and regular
physical activity is a direct causal pathway to increased fitness levels, which improve the
capacity to exercise. The 8-week physical activity program will be run in two Indigenous
communities and will include 60 minutes of face-to-face group aerobic and resistance type
training, four times per week. The intervention will be evaluated using both qualitative and
quantitative approaches to assess the effectiveness. The long term aim will be to investigate
the sustainability of the project through the handover of the activity sessions to the partnered
community health centres. The program will be conducted and designed to meet the needs of
the community and to change health behaviour and health outcomes through increased
interaction with the community health centre and through the provision of free physical
activity sessions. The evaluation of the intervention program will provide information on best
practice and effectiveness of a physical activity program with Aboriginal people and Torres

Strait Islanders with a risk factor for, or established chronic disease.

Study limitations

The study has a number of limitations. The intervention is going to use a non-
randomised and uncontrolled study design. A true RCT was not possible given the population
size of the communities and the number of participants required to meet the minimum sample
size. A wait-listed control group design was examined for feasibility and scalability, but was

not possible due to the sample size required and the timeframe and availability of staff. The
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follow up length is limited to three months due to timeframe restrictions. ldeally, this would

be longer than 12 months to evaluate the sustainability of the intervention effects.

Plans for dissemination of findings

The results of the physical activity program will be disseminated through peer-
reviewed journal publications and presentations. Study participants will receive a copy of
their own results which include the pre and post program anthropometric outcome measures
and the results of the six-minute walk test. The supporting community organisations will each
receive an overall report detailing the main findings, including a summary of overall pre and
post anthropometric outcomes, data on health behaviours (such as physical activity, diet and
smoking) and self-rated health. The organisations will also receive a summary of the results
from the qualitative aspect of the study for feedback and planning purposes. Copies of all
subsequent peer-reviewed publications from the intervention will be sent to collaborating
organisations. Presentations on overall results will be given at an open community forum and
for all staff members of the supporting organisations. Access to full datasets will only be
available to the principal investigators and will not be made available to the public.
Collaborating organisations may receive access to pathology reports if prior written consent

is received from the study participants.
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Abstract

Objective
To evaluate the effectiveness of a community-tailored 8-week physical activity
program on activity levels and health outcomes in Indigenous adults with a risk factor for, or

an established chronic disease.

Methods

The intervention was implemented in a rural (N=12) and regional (N=22) setting in
Far North Queensland. The free program consisted of 60 minutes of group-based physical
activity four times per week. Outcome measures included change in functional capacity for
exercise, measured by a six-minute walk test (6MWT), physical activity, anthropometric data

and pathology markers.

Results

The rural community members had significant increases in the 6MWT distance from
467 metres+56 to 557 metres+108 (p=0.01) and decreases in body fat (34.98+6.6% to
30.61%+6.92, p=0.009) and hip circumference (106.6cm+4.0 to 104cm+5.3, p=0.005). In the
regional city, there were significant reductions in waist circumference (99.11cm+11.95 to
96.07cm=11.46 (p=0.006), hip circumference (105.41cm+11.32 to 101.97cm+8.83, p=0.019)
and systolic (p<0.001) and diastolic blood pressure (p<0.001). Self-reported physical activity

increased in both communities, but not significantly (p=0.09).

Conclusions

The evaluation of the physical activity program showed promising improvements in
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functional capacity for exercise and health outcomes, however, the challenge is to better

understand how to increase participation rates.
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Introduction

In Australia there is a ten-year gap in life expectancy between Indigenous and non-
Indigenous people,* and in the state of Queensland this gap is more than 20 years.? It is
estimated that 80% of this difference is caused by chronic diseases, such as type 2 diabetes
and cardiovascular disease,® and there is substantial evidence for the health benefits of
physical activity in the prevention and treatment of chronic disease.* Australian guidelines
recommend that adults aged 18 to 64 should accumulate 150-300 minutes per week of
moderate physical activity or 75-150 minutes of vigorous activity.®> Based on self-reported
data, more than half of all Australian adults (56%) are not sufficiently active, while adults in
regional and remote areas are even less active (62% and 61% respectively).® Indigenous
Australians have even lower rates of physical activity, with 38% of Indigenous people in non-

remote locations meeting the physical activity recommendations.’

Nevertheless, little research exists on physical activity and health outcomes among
Indigenous Australians.® The aim of this study was to implement and assess the effectiveness
of an 8-week physical activity program with Aboriginal and Torres Strait Islanders in Far
North Queensland. Outcome measures included functional capacity for exercise and several
anthropometric measures and pathology markers. We hypothesised that the program would

improve the participants’ functional capacity for exercise and health outcomes.

Methods

The trial was registered with the Australian New Zealand Clinical Trials Register
(ACTRN12616000497404). Ethical approval was obtained from the James Cook University
Human Research Ethics Committee in October 2014 (approval number: H5942). The

additional site-specific approval for the regional city was obtained in July 2016. The two
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collaborating communities are located in Far North Queensland. The population of the rural
community is 1,700 people, with 21% identifying as Indigenous. The regional city is located
100 kilometres from the rural community and has a population of approximately 160,000,
with 8% identifying as Indigenous. To be included in the study, participants had to be
Aboriginal and/or Torres Strait Islanders, be aged between 18-45 years, and have a diagnosed
chronic disease or a risk factor for chronic disease. Risk factors are based on the definitions
of the Australian Institute of Health and Welfare,® such as having a body mass index (BMI)
of/or greater than 30, waist circumference of/or greater than 94 centimetres for men and 80
centimetres for women, and/or undertaking less than 150 minutes of physical activity per
week. The exclusion criteria were pregnancy at baseline or during the study period or advice
by a medical professional not to participate in physical activity or being unable to partake in
activities due to injury or illness. In conjunction with an Indigenous mentor, a facebook page
was created and flyers were posted around the community to recruit participants. The
program commenced in January 2016 in the rural community where shortly after the wait-
listed control group withdrew. A second convenience site was recruited in a regional city

where the project commenced in July 2016.

This program is described as a ‘complex intervention’ due to a large number of
discretionary behaviours and actions implemented by the communities. Hawe et al.%°
described interventions as complex when the function of the intervention is standardised, but
the form varies across the context. The project was implemented by the principal investigator
(AS) in partnership with local Indigenous mentors from collaborating organisations. The
mentors were health workers who lived and worked in the communities, have extensive
knowledge of the local culture and provided advice and information on the appropriate

engagement procedures for individuals. The program was delivered through one-hour face-
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to-face group sessions, four times per week for eight weeks. Participants were encouraged to
attend at least one session per week. Each week there were two sessions with vigorous and
two with moderate intensity activities delivered by an exercise scientist (AS). The vigorous
intensity sessions included small-sided team sports, such as soccer and touch football, and
circuit training with adaptations made to account for individual fitness levels. The remaining

two sessions were self-paced moderate intensity walking.

A verbal explanation of the information sheet was given by the principal investigator
before written consent was obtained. Participants were given the opportunity to decline
participation in the study or to withdraw at any time. There was no financial cost involved
with participation in the project. Participants completed a pre-medical and lifestyle behaviour

questionnaire, including physical activity levels.

Anthropometric measures were taken by the chief investigator, including height,
weight, body fat (BF-545, Tanita Corporation, Tokyo, Japan), mean blood pressure (Omron
HEM-907) and waist and hip circumference. Functional capacity for exercise was assessed
with the six-minute walk test and was the primary outcome measure.!! The 6MWT measures
the distance an individual is able to walk in six minutes, where the goal is to walk as far as
possible within that time. The 6MWT has been used in different populations such as in
chronic heart failure patients,*? chronic obstructive pulmonary disease,™® healthy
populations,** and Indigenous Australian adults.®® The participants then received a wrist worn
Fitbit Flex'® 17 accelerometer to wear during the program, and for seven days pre and post
program to objectively assess physical activity. The pathology tests included blood glucose,

cholesterol, liver function and C-reactive protein.
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A sample size of 15 participants was estimated to achieve more than 90% power to
detect a significant increase (p<0.05) in the primary outcome of the 6MWT distance. The
sample size calculation was based on an expected 50-metre increase in the 6MWT, which is
regarded as clinically significant.!> The minimum number of participants to be recruited was

estimated to be 30, to account for an expected attrition rate of 50%.

The statistical analyses were undertaken using Stata release 13 (StataCorp LP,
College Station, Texas, USA). Only participants who completed pre and post testing were
included in the analysis, with separate analyses for each community required due to
differences in baseline health status and regional variation. Since participation in the
intervention was low, an intention to treat analysis'® was undertaken (details on the
attendance rate are provided in the Results section). Further analyses were conducted to
measure the effect of the intervention, based on participants who did and did not attend the
program. Numerical data is described using mean and standard deviation (SD) if
symmetrically distributed and median and inter-quartile range (IQR) if the data were skewed.
Pre and post intervention anthropometric data were compared using a paired t-test. Pathology
results were analysed using a paired Wilcoxon signed-rank test as the data were not normally
distributed. Categorical data on health behaviours is described using absolute and relative
frequencies as nominal values and data are compared using a Fisher’s exact test or a

McNemar’s test if the variables are dichotomous.

Results

Descriptive statistics are provided in Table 1. Six men and seven women enrolled into
the program (N=13) in the rural community. One participant was later excluded after failing

to show up to complete a baseline six-minute walk test. A flowchart of participants is
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provided in Figure 1. The mean age of the participants was 36.5 years+6.3 and the average
weight and BMI at baseline for all participants was 85.43kg+14.71 and 32.18kg/m2+3.06
respectively. BMI classifications were overweight (n=1), obese (n=9) and morbidly obese

(n=2). The mean for functional capacity to exercise, assessed with the 6MWT, was

Site 1: Rural community Site 2: Regional city
January - February June - July

Enrolled into the program Enrolled into the program

(n=13) (n=23)
Excluded due to failure to s dF:l_)ruar:- March Auglust - September Excluded due to pregnancy
complete testing (n=1) ncluded into the program Included into the program |:"> (n=1)

n=12 (male: n=5, female: n=7) n=22 (male: n=8, female n=14)

8 WEEK PHYSICAL ACTIVITY PROGRAM

Sessions attended Sessions attended

0 (n=8), 1+ (n=4) 0 (n=12), 1+ (n=10)

Average attendance: 7 sessions Average attendance: 5 sessions

June - August November - December

Available at follow-up (n=6) Available at follow-up (n=18)

Not available at follow-up Not available at follow-up

(n=6) (n=4)

¢ Out of community (n=3) ¢«  Out of community (n=3)

®  Lost to follow-up (n=3) *  Lost to follow-up (n=1)

467.33m+56.58. Prior established health conditions of the participants included diabetes

(n=5), high cholesterol (n=3), high blood pressure (n=4) and asthma (n=2).

Figure 1: Study flow diagram for evaluation of physical activity intervention for Indigenous Australians, Far

North Queensland, 2016.

In the regional city, 23 participants enrolled in the program (eight males and 15
females). One woman was later excluded from the evaluation due to pregnancy, but was still
invited to participate in the walking groups. The mean age of the participants was 29.27+6.0
years, with a mean weight and BMI of 88.61kg+16.44 and 30.66kg/m2+5.07 respectively.

BMI classifications were normal (n=3), overweight (n=7), obese (n=11) and morbidly obese
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(n=1). The mean distance for the 6MWT was 509.8+52.07m. Pre-existing medical conditions
included high cholesterol (n=2), type 2 diabetes (n=3), rheumatic heart disease (n=1) and

asthma (n=2).

In the rural community, six participants completed both the pre and post
anthropometric assessments (Table 2). There was a significant increase in the primary
outcome of the 6MWT distance from 467.3m to 557.8m (p=0.01) and small reductions in
BMI, waist circumference, and systolic blood pressure, but these were not significant. The
mean weight of the participants only decreased slightly from 85.4kg to 84.6kg (p=0.59),
however, there were significant reductions in body fat and hip circumference from 34.9% to
30.6% (p=0.009) and 106.6cm to 104cm (p=0.005) respectively. In the rural community,
despite being aware of the pathology collection requirements, participants declined to have a

second pathology test taken which resulted in missing data (Table 5).

In the regional city, 18 of the 22 participants attended the post-program assessments.
There were no significant changes in the primary outcome measure of the six-minute walk
test. However, there were significant reductions in waist circumference from 99.11cm to
96.07cm (p=0.006) and hip circumference (105.41cm to 101.97cm (p=0.019) and in systolic
(p<0.001) and diastolic blood pressure (p<0.001). There were no significant changes in

weight, BMI, bodyfat percentage or the pathology markers (Table 2).

Program attendance was low. In Table 3, the anthropometric outcomes are displayed
for all participants in the communities, grouped by those who attended the program and those
who did not, but had follow-up assessments. In the rural community, eight participants did

not attend a single training session, and four attended an average of seven sessions. In the
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regional city, twelve participants did not attend a single training session, while the remaining
ten participants attended an average of five sessions. There were significant differences
between those who attended the classes and those who did not for the 6SMWT (p<0.01) and
waist circumference (p=0.022) (Table 3). Those who were exposed to the intervention had
significant reductions in waist (p<0.001) and hip circumference (p=0.003), as well as systolic
(p=0.005) and diastolic blood pressure (p=0.031). Functional capacity to exercise was also
increased significantly (p=0.002) for those who attended, but not for those who did not attend
(p=0.75) (data not tabled). Reasons for non-attendance and withdrawal included working
outside the community, travelling to visit family members in hospital and relocating to find

employment.

Changes in self-rated health and health behaviours for participants who attended the
follow-up assessments are displayed in Table 4. For participants who had data for both
outcome measurements (n=9), the baseline self-reported daily MVPA minutes (28.4+13.7)
were almost the same as the objectively measured MVPA (29.5+£20.1). After the intervention,
there was an increase in self-reported daily minutes of MVPA for those who reported doing
regular physical activity at baseline, and who were also available at follow-up (n=10), from
28.2+13.3 t0 40£20.2 (p=0.09) (data not tabled). As a result of poor compliance to wearing
the Fitbit Flex, and some participants losing the device, no objectively measured physical

activity data post-intervention were available.

Discussion

The aim of this study was to implement and evaluate the effectiveness of an 8-week
physical activity intervention in a rural and a regional Indigenous group in Far North

Queensland. There were several barriers to program implementation, however, improvements
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in health outcomes were evident. In the rural community, there was a clinically significant
increase in the 6MWT distance and significant reductions in body fat and hip circumference.
In the regional setting there was a non-significant increase in the 6BMWT distance. However,
significant reductions were evident in waist and hip circumference and systolic and diastolic
blood pressure. There were no significant changes in weight, BMI or pathology markers for

either community.

The findings from this study are consistent with other evaluations of physical activity
programs for Indigenous Australians.®™> ° One 8-week program?® evaluated the uptake and
effects on lifestyle and cardiovascular risk factors of a cardiac rehabilitation program at an
Aboriginal Medical Service in a metropolitan area of Western Australia. The program
involved twice weekly, supervised, one hour exercise sessions with stationary cycling and
dumbbell exercises as well as education sessions. Dimer et al.*® reported significant
reductions in BMI, waist circumference and in blood pressure. In addition, there was a
significant increase in the distance walked during the 6MWT, consistent with our results from
the rural community. In the regional city in the present study there were also significant
reductions in blood pressure and waist and hip circumference, but no significant changes in
weight and BMI. Another similar study®® in Tasmania with two one-hour exercise sessions
and a one hour education class each week reported significant reductions in weight, waist

circumference and significant improvements in the 6MWT distance.

In contrast to two other studies with similar duration,?® 2! in the present study there
were no significant changes in pathology markers. An Australian study?® with a duration of
seven weeks reported reductions in plasma insulin, cholesterol and glucose in 14 Indigenous

participants who were taken to a remote location in Western Australia to revert to a
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traditional hunter and gatherer lifestyle. However, the volume of physical activity in this
intervention would have been extremely high. A four week RCT in New Zealand?! involved
small sided team sports three times per week and the participants attended 10-12 training
sessions. There were significant increases in V02 peak, leg strength and HDL cholesterol
which would suggest that eight weeks are long enough to detect significant changes in
pathology markers if the physical activity program is intensive and has a good attendance

rate.

The participants in our study had no significant changes in weight or BMI. Evidence
suggests that even without weight loss, changes in exercise and diet can improve
cardiometabolic risk profiles in overweight or obese individuals.?? In the rural community,
there were no significant reductions in weight or BMI, but reductions in waist and hip
circumference and bodyfat indicate an increase in muscle mass. Reductions in blood pressure
like in our study can also reduce cardiovascular morbidity and mortality,? particularly in
hypertensive patients where the more aggressive the blood pressure reduction, the greater the
benefit.2* The significant reductions in waist and hip circumference in our study are also
likely to have a positive impact on the participants’ health as irrespective of overall body fat
central obesity is a mediating variable to hypertension, type 2 diabetes and

hyperinsulinemia.?®

A strength of this study is the ‘complex intervention’ design, which allowed for the
physical activity program to be tailored to each community. During the discussions with the
Indigenous mentors they decided what activities for the intervention would be most
appropriate and well-received by the community. Although the attendance to the program

was low, the participants had not identified the type of exercise as an issue, but rather
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external factors that influenced their attendance, such as lack of transport. This resulted in
different types of physical activity being conducted across both sites, and using different
training locations such as gyms, local parks and walking tracks. Small-sided team sports were
only possible to conduct in the regional city, due to accessibility to an oval with equipment
(such as soccer goals), and a larger population size. Other strengths of the program delivery
were that all the training sessions were free to the participants and that sustainability of the
program was achieved in the rural community. The continuation of the program beyond this
study was only possible in the rural community as it had a collaborative approach with a local
community health centre which had an Indigenous mentor who was also a fitness instructor
and who after the program was allocated working hours towards continuing to run free

physical activity classes for the community.

The key limitations related to the study design, implementation fidelity and missing
data. Conceptually, the ideal study design would have been a randomised controlled trial or
the inclusion of a wait-listed control group. However, in reality this was not possible.
Initially, a wait-listed control group was recruited in another rural community, but they
unexpectedly withdrew. Instead, we used a pre/post design which is not as strong as an RCT
or controlled trial. Previous studies conducted in Indigenous communities have moved away
from using traditional RCTs for various reasons, including ethical concerns over allocating
half the participants to the control group that will not receive the intervention and information
sharing among the small communities.® In our recent systematic review of physical activity
interventions for Indigenous people in Australia and New Zealand, only three out of the 13
identified studies were RCTs, which emphasises the difficulties of applying an RCT design in

Indigenous communities.®
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Missing physical activity data due to poor compliance with the Fitbit Flex
accelerometer and missing pathology tests limited the data analysis. The missing data for
some participants limited the statistical power for some of the pre/post outcome comparisons
and restricted subgroup analysis. Only six participants had pathology markers assessed at
baseline and post-program. The majority of the participants failed to have their blood tests
taken even though free transportation to a clinic was offered. The fear of needles and the
frequency of blood tests (three times during the program) were all barriers to obtaining

pathology samples.

While the lack of objective measures of physical activity at follow-up due to poor
participant compliance with wearing the Fitbit Flex was a limitation, the baseline data for
self-reported and objectively measured MVPA were almost identical which would suggest a
high validity of the self-reported minutes of MVPA at follow-up. We are only aware of two
evaluations of physical activity interventions with Indigenous people in Australia and New
Zealand that used objective measures of physical activity (pedometers).?® 2 Most similar
interventions rather focused on health outcomes.® In the context of this study, the 6MWT was
a more practical indicator of the change in exercise levels rather than data from the Fitbit
Flex, as regular physical activity is a direct causal pathway to increased fitness levels, which

improves the capacity to exercise.*

Conclusion

The 8-week physical activity program was implemented in both a rural and regional
city in Far North Queensland. There were several barriers to implementation, however,
improvements in multiple health outcomes were evident in both communities. The low

attendance to sessions suggests that more work is needed before program implementation to
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investigate perceived barriers and facilitators to physical activity programs within Australian

Aboriginal and Torres Strait Islanders communities.
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Table 1. Characteristics of the participants in each community at baseline and follow-up.

Rural community n (%)

Regional city n (%)

Baseline (n=12) Follow-up (n=6) Baseline (n=22) Follow-up (n=18)
Gender Female (n=7) Female (n=4) Female (n=14) Female (n=13)
Male (n=5) Male (n=2) Male (n=8) Male (n=5)

Age (mean (SD)) 36.5 (6.3) 38.66 (3.6) 29.27 (6.0) 29.88 (5.6)
Employment status

Full time 6 (50) 4 (66.6) 4 (18.1) 3(21.4)

Part time/casual 3 (25) 2 (33.3) 8 (36.3) 6 (42.8)

Not employed 3 (25) 0 (0) 10 (45.4) 5 (35.7)
Education

<year 12 2 (16.6) 0 (0) 6 (27.2) 6 (33.3)

Year 12 0 (0) 0 (0) 6 (27.2) 6 (33.3)

TAFE 5 (41.6) 4 (66.6) 8 (36.3) 5(27.7)

University 3(25) 2(33.3) 2(9.1) 1 (5.5)

Unanswered 2 (16.6) 0 (0) 0 (0) 0 (0)
Gross household income

Less than $20,000 0 (0) 0 (0) 7 (31.8) 6 (33.3)
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$20,000-$59,999 4 (33.3) 3 (50) 9 (40.9) 7 (38.8)
$60,000+ 3(25) 3 (50) 5(22.7) 4 (22.6)
Unanswered 5(41.6) 0 (0) 1(4.5) 1(5.5)

No. of adults in the household

1 2 (16.6) 2(33.3) 8 (36.3) 7 (38.8)
2 5 (41.6) 2(33.3) 7 (31.8) 6 (33.3)
3+ 3 (25) 2 (33.3) 7 (31.8) 5 (27.7)
Unanswered 2 (16.6) 0 (0) 0 (0) 0 (0)

No. of children in household

0 2 (16.6) 1 (16.6) 7 (31.8) 6 (33.3)
1 2 (16.6) 2 (33.3) 6 (27.2) 4 (22.2)
2 3 (25) 2 (33.3) 3 (13.6) 3 (16.6)
3+ 2 (16.6) 1 (16.6) 6 (27.2) 5 (27.7)
Unanswered 3 (25) 0 (0) 0 (0) 0 (0)
Main carer
Yes 7 (58.3) 4 (66.6) 11 (50.0) 10 (55.5)
No 4 (33.3) 2(33.3) 11 (50.0) 8 (44.4)
Unanswered 1(8.3) 0 (0) 0 (0) 0 (0)
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Table 2. Pre and post anthropometric and physical activity outcomes for participants who attended follow-up.

Rural Community Regional city
n Premean (SD) Post mean P-value N Pre mean Post mean P-value
(SD) (SD) (SD)
Functional capacity 6MWT (m) 6 467.33 (56.58) 557.83 0.01 18 509.83 (52.07) 526.19 0.287
for exercise (108.21) (60.72)
Anthropometrics Weight (kg) 6 85.43(14.71) 84.61 (13.27) 0.59 18 88.61 (16.44) 88.01 0.250
(16.23)
BMI (kg/m?) 6 32.18 (3.06) 31.92 (2.80) 0.63 18 30.66 (5.07) 30.43 0.197
(4.88)
Bodyfat (%) 6 34.98 (6.66) 30.61 (6.92) 0.009 18 35.25 (9.26) 35.48 0.859
(7.70)
Waist (cm) 6 105.33 (8.40) 101.5 (6.71) 0.069 18 99.11 (11.95)  96.07 0.006
(11.46)
Hip (cm) 6 106.66 (4.08) 104 (5.32) 0.005 18 105.41 (11.32) 101.97 0.019
(8.83)
Blood pressure Systolic BP (mmHg) 6 123(5.01) 121 (12.99) 0.706 17 124.23 (12.20) 111.76 <0.001
(11.43)
Diastolic BP (mmHg) 6 83(10.99) 83.6 (9.47) 0.827 17 82.35 (7.65) 74.17 <0.001
(8.99)
Physical activity! Daily step count 5 8,373 (3218) - - 12 7,117 (1841) - -
Daily distance walked 5 5.71(2.19) - - 12 5.25 (1.56) - -
(kilometres)
Daily minutes of MVPA 5  30.8 (18.53) - - 12 26.9 (16.38) - -
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Daily minutes of MVPA 2 23.9 (1.51) 60.7 (25.25) - 8 29.37 (14.92) 35.22 0.327
(self-reported) (17.0)

1 Follow-up data for objectively measured physical activity were not available due to poor compliance with wearing the accelerometer and some participants
losing the device.

127



Chapter 5: Quantitative evaluation

Table 3. Pre and post results for the communities combined, analysed by those who did and did not attend.

Treated Untreated (0 sessions) Difference
between groups
n Pre mean Post mean Change N Pre mean Post mean Change P-value
(SD) (SD) (SD) (SD)
Functional 6MWT (m) 14 498.42 (48.25) 562.64 (72.64) 64.21 10 500.3 494.15 -6.15 0.009
capacity for (60.31)** (66.62) (57.51) (59.18)
exercise
Anthropometrics Weight (kg) 14 88.85 (12.35) 87.55(11.61) -1.3(2.36) 10 86.38 86.62 0.24 (2.44) 0.134
(20.29) (20.14)
BMI (Kg/m2) 14 32.28 (3.38) 31.82 (3.22) -0.45 10 29.29 (5.71) 29.36 (5.61) 0.069 (0.81) 0.143
(0.85)
Bodyfat (%) 14 38.18 (7.13) 36.15 (6.49) -2.03 10 30.99(8.91) 31.64(8.74) 0.65(5.64) 0.227
(4.90)
Waist 14 102.60 (6.97) 97.82(7.49) -4.77 10 97.95 96.87 -1.08 (3.96) 0.022
circumference (3.39)** (15.62) (14.35)
(cm)
Hip 14 107.82 (5.55) 103.82 (6.15) -4 (4.02)* 10 102.8 100.6 -2.2 (5.96) 0.385
circumference (13.82) (10.19)
(cm)
Blood pressure Systolic BP 13 121.38 (6.76) 11453 (8.55) -6.84 10 127.2 113.7 -13.5 0.193
(mmHg) (7.08)** (14.04) (16.43) (16.02)*
Diastolic BP 13 82.69 (7.88) 76.69 (9.30) -6 (8.83* 10 82.3(9.40) 76.6(11.07) -5.7(7.11)* 0.931
(mmHg)

* p=<0.05
**n<0.01
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Rural Community (n=6)

Regional city (n=18)

Baseline n (%) Follow-up n (%) P-value Baseline n (%) Follow-up n (%) P-value
In general, would you say your health is:
Good-excellent 4 (66.6) 6 (100) - 10 (58.8) 13 (76.4) 0.250
Poor-fair 2(33.3) 0 (0) 7(41.1) 4 (23.5)
Do you engage in regular physical activity?*
Yes 4 (66.6) 6 (100) - 12 (70.5) 11 (64.7) 1.000
No 2(33.3) 0 (0) 5(29.4) 5(29.4)
Compared to your physical activity in the past three months, was last week’s physical activity more, less or about the same?
More 1 (16.6) 5(83.3) 0.333 1(5.8) 9 (52.9) 0.878
Less 1(16.6) 0 (0) 4 (23.5) 5(29.4)
About the same 4 (66.6) 1(16.6) 12 (70.5) 3 (17.6)
Are you currently making any changes to your diet?
Yes 2(33.3) 5(83.3) 1.00 6 (35.2) 10 (58.8) 0.219
No 4 (66.6) 1(16.6) 11 (64.7) 7(41.1)
How many pieces of fruit do you usually eat per day?
0-1 piece of fruit per day 1(20) 1(16.6) 0.333 11 (68.7) 9 (56.2) 0.106
22 pieces of fruit per day 4 (80) 5(83.3) 5(31.2) 7 (43.7)
How many serves of vegetables do you usually eat per day?
0-2 serves per day 4 (66.6) 1 (16.6) - 10 (62.5) 6 (37.5) 0.307
23 serves per day 2 (33.3) 5(83.3) 6 (37.5) 10 (62.5)
Do you drink alcohol regularly?*
Yes 1 (20.0) \ 4 (66.6) 1.000 11 (68.7) | 8 (50.0) | 0.250
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No ‘ 4 (80.0) 2 (33.3) 5(31.2) 8 (50.0)
If yes: In the last 12 months, how often did you have an alcoholic drink of any kind?
Everyday-1 to 2 days a week 1(33.3) 2 (50.0) 0.067 3 (25.0) 3 (25.0) 0.236
1-3 days a month 1(33.3) 2 (50.0) 9 (75.0) 8 (66.6)
Less often or no longer drink 1(33.3) 0 (0) 0 (0) 0 (0)
Please record how many standard drinks you have
11-20+ standard drinks 0 (0) 0 (0) 0.100 0 (0) 1(8.3) 0.524
<17-10 standard drinks 3 (100) 4 (100) 5 (50.0) 4 (40.0)

* Data are dichotomous and compared using a McNemar's test.
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Table 5. Pre and post pathology markers for each community.

Rural community Regional city

Outcome n Pre median (range)# n Pre median (IQR) Post median P-value
(IQR)

Glucose (mmol/L)++ 5 4.9 (4.8-6.4) 6 5.25 (4.6-5.7)* 5.4 (4.8-5.5) 0.687
Cholesterol (mmol/L) 5 4.3 (4.2-5.4) 6 5.85 (5.4-5.9) 5.6 (5.0-5.9) 0.625
Triglycerides 3 1.8 (1.5-14.7) 6 2.2 (1.7-3.4) 2.4 (1.9-2.8) 1.000
(mmol/L)
HDL (mmol/L) 3 1.05 (0.73-1.06) 6 0.96 (0.9-0.99)* 0.95 (0.74-0.98) 1.000
LDL (mmol/L) 3 2.5(2.4-13.7) 6 3.75 (3-3.9) 3.15(3-4.1) 0.687
Total cholesterol/HDL 3 4.1 (4-12.6) 6 6.05 (5.6-6.2) 5.7 (5.1-7.6) 1.000
HbA1c NGSP (%) 5 6.2 (5.2-6.2) 6 5.5 (5-5.8)* 5.5 (5.2-5.6) 0.625
C-Reactive protein 0 - 6 3.5 (1-6) 3.5 (2-6) 1.000
(mglL)
Total protein (g/L) 4 79 (75-81) 6 75.5 (75-78) 75.5 (74-80) 1.000
Albumin (g/L) 4 42.5 (39.5-64) 6 39.5 (37-41) 39 (37-40) 0.625
Globulin (g/L) 4 35 (34-36.5) 6 37 (35-40) 37.5 (35-40) 1.000
Bilirubin (umol/L) 4 4 (4-6) 6 8.5 (8-10) 7.5 (6-8) 0.218
Alkaline phosphatase 4 88 (76.5-118.5) 6 84.5 (59-99) 83.5 (58-95) 1.000
(U/L)
AST (U/L) 3 17 (16-48) 6 21 (14-25) 18.5 (15-27) 1.000
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ALT (U/L) 4 39 (30.5-53.5) 6 31 (15-39) 31 (16-46) 0.687
Gamma GT (U/L) 4 47 (39-56.5) 6 29 (21-52) 28 (24-48) 0.218
Haemolysis Index 4 8.5 (1-63.5) 5 4 (3-5) 5 (5-5) 1.000

# No follow-up data is available to present
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Abstract

Background: Aboriginal and Torres Strait Islander people have higher rates of chronic disease and a lower life

expectancy than non-Indigenous Australians. In non-urban areas these health disparities are even larger. The aim
of this qualitative study was to explore perceived barriers and enablers to attending an eight-week physical activity
program in a rural and regional setting which aimed to improve health outcomes, but had a low attendance rate.

enablers to participation in the program.

Methods: Thirty-four Indigenous Australians participated in the intervention from the rural (n = 12) and the
regional (n = 22) community. Qualitative semi-structured individual interviews were conducted at the follow-up
health assessments with 12 participants. A thematic network analysis was undertaken to examine the barriers and

Results: Overall, there were positive attitudes to, and high levels of motivation towards, the physical activity program.
Enablers to participation were the inclusion of family members, no financial cost and a good relationship with the
principal investigator, which was strengthened by the community-based participatory approach to the program
design. Barriers to program attendance were mostly beyond the control of the individuals, such as ‘sorry business',
needing to travel away from the community and lack of community infrastructure.

Conclusions: More consideration is needed prior to implementation of programs to understand how community-
specific barriers and enablers will affect attendance to the program.

Trial registration: ACTRN12616000497404. Registered 18 April 2016.

Keywords: Indigenous, Physical activity, Intervention, Chronic disease, Australia

Background

Indigenous Australians have a lower life expectancy
compared to non-Indigenous Australians, mainly due to
higher rates of preventable chronic diseases [1-3].
Chronic diseases, such as type 2 diabetes and cardiovas-
cular disease, are the leading cause of death for Aborigi-
nal and Torres Strait Islander people [1]. Inequalities in
health are further exacerbated by the location in which
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people reside, as rural and remote communities do not
have the same opportunities to access services, educa-
tion and employment [4]. The location and accessibility
to Indigenous communities can also prove to be challen-
ging when undertaking research into the health inequal-
ities with Indigenous Australians [5].

There is a limited amount of research conducted with
socially disadvantaged groups [6, 7], fundamentally at-
tributed to the continuous struggle for researchers to ac-
cess, engage with and retain participants [7]. Indigenous
Australians are unique in this regard as they are consid-
ered to be socially disadvantaged, however, there are
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International License (http/creativecommons.org/licenses/by/4.0/), which permits unvestricted use, distribution, and
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the Creative Commens license, and indicate if changes were made. The Creative Commons Public Comain Dedication waiver
(httpe/creativecommens.org/publicdomain/zero/1.0/4) applies to the data made available in this article, unless otherwise stated.
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concerns of being over-researched without correspond-
ing health improvements [8]. Reasons for poor participa-
tion rates in ‘hard-to-reach’ populations can include
mistrust in research and fear of exploitation [7], lack of
education [9] and generally low population numbers
compared to non-Indigenous people [10]. Conducting
physical activity research with Indigenous Australians is
challenging, but not impossible and the potential bene-
fits could be significant.

A recent systematic review investigated the effects on
health outcomes of physical activity programs for Indi-
genous people in Australia and New Zealand [11]. While
there was some evidence to suggest these programs im-
proved health outcomes, most of the 13 studies in the
review reported issues with recruitment, retention and
adherence to the programs. For instance, several studies
had less than 60% of participants complete the program,
or failing to have complete data sets [12—16]. A rando-
mised controlled trial by Biddle et al. [17] had an attend-
ance rate of more than 80% to a physical activity
intervention which involved small sided (small number
of players) games over a four week period. Biddle and
colleagues collected written feedback from the partici-
pants about their reasons for attending the program in
which they stated that they had fun and enjoyed doing
the exercise program.

In addition to a quantitative evaluation, one of the
studies in the review, a 12-week fitness program for Abo-
riginal and Torres Strait Islander women [13], also had a
qualitative component to identify perceived barriers and
facilitators to the attendance of the program [18]. Identi-
fied barriers included personal health, access to transport
and competing obligations. In regards to logistics and at-
tendance, transportation has also been recognised by
Davey et al. [19] as a potential barrier to participation in
an Indigenous cardiopulmonary rehabilitation program.
The 8-week rehabilitation program involved twice weekly
training sessions which were delivered at a gym in a
private physiotherapy practice. Free transport to the prac-
tice was organised for the participants who would other-
wise have had difficulties attending. Additional factors
that are known to affect attendance to programs in rural
areas are the need to travel away out of the community
for work, medical appointments and education, as po-
tential participants would be away for a substantial
duration of the week [14].

Understanding the barriers and enablers to participa-
tion in physical activity programs can assist researchers
in interpreting contextual factors that influence the im-
plementation of and attendance to a program [20]. Thus,
the aim of this study was to explore the barriers and en-
ablers to participate in a community-tailored physical
activity intervention for Indigenous Australians in a
rural and regional setting in Far North Queensland.
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Methods

Settings and recruitment of participants

The two intervention sites were located in a rural and
regional setting in Far North Queensland, Australia. The
communities are not identified in this paper to protect
the participants’ anonymity. To be included in the study
participants had to be Aboriginal or Torres Strait Is-
landers aged 18—-45 who have a chronic disease or a risk
factor for chronic disease. Based on the definitions by
the Australian Institute of Health and Welfare Guide-
lines [21], risk factors for chronic diseases include a BMI
of or greater than 30, a waist circumference of or higher
than 94 c¢cm for men and 80 cm for women and less than
150 min of physical activity per week. Participants were
excluded if they were pregnant or advised by a doctor
not to engage in physical activity.

The program commenced in January 2016 in the rural
community and in July 2016 in the regional location. At
the commencement of the study, 34 participants were
enrolled. A flowchart of participant recruitment and at-
tendance is provided in Fig. 1.

Interview guide development

Interviews were conducted at the post-program assess-
ments. The interviews were loosely based on the Health
Belief Model [22], as it is one of the most widely recog-
nised conceptual frameworks for health behaviours [22—
24]. The Health Belief Model was selected as it was
theorised that individuals would be more likely to volun-
tarily engage in the physical activity program if their
current behaviour is perceived as a threat to their health.
An interview guide was created to assist in the delivery
of semi-structured interviews and included open-ended
questions, which were designed to prompt responses re-
lating to experiences with physical activity, the program
delivery and future directions for interventions. The
interview guide included the following themes:

1. What was your experience with the program?

2. What could have been made better about the
program?

3. What would you like to see happen in the future?

4. Is there anything else you would like to comment
on?

Due to the complexity of a non-Indigenous researcher
working with an Indigenous population group, the inter-
view guide had limited questions to allow a better ex-
ploration of previously unidentified themes that may
arise.

Procedure
An 8-week physical activity program was implemented
in two communities. The free program was delivered
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Site 1: Rural community

Site 2: Regional city

!

!

January - February
Enrolled into the program
(n=13)

June - July
Enrolled into the program
(n=23)

I

February - March

Excluded due to failure to

!

August - September Excluded due to pregnancy

complete testing (n=1) c Included into the prog; Juded into the prog (n=1)
n=12 (male: n=5, female: n=7) n=22 (male: n=8, female n=14)
8 WEEK PHYSICAL ACTIVITY PROGRAM
Sessions attended Sessions attended
0 (n=8), 1+ (n=4) 0{n=12), 1+ (n=10)
Average attendance: 7 sessions. Average attendance: 5 sessions

June - August
Available at follow-up (n=6)
Not available at follow-up
(n=6)
¢ Out of community (n=3)
*  Lost to follow-up (n=3)

November - December
Available at follow-up (n=18)
Not available at follow-up
(n=4)

*  Out of community (n=3)
*  Lost to follow-up (n=1)

Fig. 1 Flowchart of participant recruitment and attendance in each community

through one-hour face-to-face group sessions, four times
per week for eight weeks. Each week there were two ses-
sions with vigorous activities and two with moderate in-
tensity activities, delivered by a qualified sport and
exercise scientist (principal investigator). The vigorous
intensity sessions included small-sided team sports
(small number of players per side), such as soccer and
touch football and circuit training with adaptations
made to account for individual fitness levels. The
remaining two sessions were self-paced moderate inten-
sity walking sessions. After the program, participants
were invited to partake in one-on-one interviews, re-
gardless of their attendance to exercise sessions. Inter-
views were mostly conducted at the participants’ house
by the principal investigator (PI) who already had estab-
lished relationships with the participants.

Data treatment and analysis

All interviews were digitally recorded by the PI and tran-
scribed professionally by an external transcription ser-
vice. Transcription files were presented in Microsoft
Word and later uploaded into NVivo 11 (QSR Inter-
national, Australia) for analysis. Interview transcriptions
were read by the PI while listening to the corresponding
audio file to cross-validate the content and to ensure the
context was captured accurately. The interviews were
coded and examined independently by a second person
(CM) for a thematic analysis. The thematic network ana-
lysis was aimed at identifying global, organisational and
basic themes [25], which were also compared between
the two communities. The analysis involved coding the
raw material into specific topics or words, such as

‘money, ‘time’ and ‘work’ in order to reduce the data.
The next step of the analysis involved clustering the
codes to identify the organizing themes. The three
themes were labelled as ‘barriers; enablers, and ‘sugges-
tions for future programs’. Finally, the thematic net-
works were constructed and arranged for further
exploration and interpretation. To compare the findings
between the rural and regional communities, the codes
within the themes were reviewed and highlighted in two
distinct colours to examine the frequency of appearance.
The global theme of the data was named as ‘participa-
tion in physical activity’ as it best described the overall
context of the findings.

Results

Participants

Table 1 provides the baseline anthropometric measures
for all participants of the intervention. Many participants
were unemployed (# = 12) and annual gross household
income was frequently less than $20,000 (z = 7) or less
than $60,000 (n = 12). Seven participants had not com-
pleted year 12 and 17 participants had completed a
TAFE or university degree. Twenty-seven of the 33 re-
spondents (missing n = 1) rated their general health ei-
ther good (1 = 16), fair (n = 9) or poor (n = 2). Only two
participants rated their health as excellent. Quantitative
results from the program will be provided elsewhere in
an additional publication.

Overall, attendance to the program was low. In the
rural community, eight people who enrolled in the pro-
gram did not attend a single training session, and four
attended an average of seven sessions during the eight
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Table 1 Baseline anthropometric measures of the communities separately, and combined, Queensland, Australia, 2016

Rural community (N = 10)

Regional community (N = 22) Combined (N = 32)

Mean (SD) Mean (SD) Mean (SD)
Age 366 (689} 2927 (6.0) 31.56 (7.07)
Anthropometrics Height {cm) 162.5 (9.14) 169.86 (9.10) 167.28 (9.77)
Weight (kg) 85.81 (12.05) 8812 (15.61) 874 (1444)
BMI (kg/m?) 32.73 (2.55) 30.53 (4.81) 3121 (432)
Bodyfat (%) 34.14 (7.99) 3407 (9.15) 3409 (867)
EMWT {m) 455 (9545) 509.72 (65.54) 49262 (7886}
Waist circumference (cm) 104.2 (6.77) 9859 (11.75) 10034 (1067}
Hip circumference (cm) 10545 (3.93) 105.15 (10.49) 105.25 (8.89)
Blood pressure Systolic BP (mmHg) 126.8 (9.30) 12466 (11.36) 12535 (1063}
Diastolic BP (mmHg) 84.1 (1022 81233 (7.40)° 8282 (834)

6MWT 6 Minute Walk Test, BMI body mass index, BP blood pressure, * Data was not available for one participant

weeks. In the regional city, twelve participants did not
attend a single training session, while the remaining ten
participants attended an average of five sessions.

Motivations to participate in the program

The motivations to join the physical activity program
were different between the rural and regional commu-
nity. During the analysis, the regional community had a
sub-theme develop in regards to motivations of health-
related outcomes such as weight loss and fitness. For ex-
ample, reasons to join included ‘To lose weight, get fit
and be more active’ (Female 6, Regional) and “Weight
loss and to get more into physical activity’ (Male 1, Re-
gional). For one participant, weight loss was a means of
controlling the progression of her chronic disease: “Well,
with the current condition I'm under it is very important
that I control my weight...I've got diabetes’ (Female 5,
Regional). The rural community members more expli-
citly stated motivations to participate were due to
chronic diseases. One participant stated ‘I'm determined
not to be a [chronic disease] statistic... 'm pretty deter-
mined to break the cycle’ (Female 1, Rural), and another
explained ‘she [another participant] wanted to do it ...
her chronic disease wasn’'t looking good so she had to
start making changes’ (Female 4, Rural).

Barriers to attendance

Many of the men who enrolled in the program stated
that their main reason for non-attendance to activities
was work commitments. Two of the participants who
worked in the rural community stated ‘I do work away,
all the time up the Cape’ (Male 2, Rural) while another
often did shift work: ‘Yes, well, at that time I was doing
all day shifts at work and the timing was sort of out’
(Male 3, Rural). Both men were highly motivated to par-
ticipate and attended the follow-up data collection, des-
pite not attending a single training session. The men
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acknowledged their disappointment that they did not get
any benefit from the program. One of the men in the re-
gional community, who was also a university student,
found it hard to attend as his work required him to
travel away regularly, ‘I think the biggest barriers for me
are work, study and travel’ (Male 1, Regional).

There were logistical barriers identified in the inter-
views, which were unique to the communities. In the re-
gional community, logistical problems were mainly the
timing of the class (despite being suggested by the partici-
pants), whereas the rural community members experi-
enced problems with access to transport. The rural
community also had issues with access to facilities. During
the first four weeks of the program, no indoor facilities
were available and classes were regularly cancelled due to
rain. “You've got to take into consideration that a lot of
outdoor activities can’t be run on a regular basis some-
times, due to - obviously we live in the tropics, the wet
tropics. That’s why it’s called wet, as - it can set in for days,
months sometimes’ (Female 4, Rural). Despite being able
to access a secondary facility five kilometres away, there
were barriers in regards to access to transport to attend
the classes. ‘But organising stuff, even when there is wet
[weather], we don't have indoor facilities...You've got to
go in town or you've got to access a facility - fitness facil-
ities, and then they cost money. Every time you want to
do something, it costs money (Female 4, Rural). There
was a lack of public transport services and ‘not everybody
has access to a car’ (Female 4, Rural).

There were other barriers to program implementation
and attendance in the rural community, such as ‘sorry
business, which is a term used by Indigenous Australians
that refers to a time of mourning in the community, fol-
lowing the death of a person. The process of mourning
can take place over extended periods, and the intensity of
the mourning is reflective of the importance of the indi-
vidual that has passed away, respectively the importance
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of his or her family. “We run a program - we've always tried
to start it with a start date. Obviously because of the wea-
ther, obviously because of sorry business or something, we
can never start it when we want to start it. It got put off as
much as we could. Then when it got up and running, by
the time it was finishing, that's when they started walking
in the door’ (Female 4, Rural). An identified sub-theme in
the rural community was menstruation being a barrier to
female participation. ‘Sometimes women won't participate
if they're menstruating. I know quite a few say they can't
(Female 4, Rural). Although there was no further elabor-
ation from other participants in the interviews on this par-
ticular issue, several personal communications received
prior to program sessions indicated that the reason for
non-participation was menstruation. Specific concerns re-
ported included feeling uncomfortable exercising, cramping
and fatigue and concerns regarding hygiene in the rain.

A lack of family and peer support were identified as a
barrier to participating in physical activity. One of the
participants who had a young family and a partner that
worked away explained: ‘I think the only thing, some-
times I feel depressed there is not enough support from
my partner, which is something that I'm wanting more is
his support’ (Female 6, Regional). A male participant ex-
plained his hardship of needing to take control of his
health conditions and the effect it has on his family. ‘I
suppose the receptive of the rest of the family is prob-
ably your key stumbling block if there’s one ... see I've
got a wife and four kids so it’s like I've got to have a sep-
arate meal. He also expressed his feelings toward the
impact that health choices have on his children: ‘because
I think she’s borderline [his daughter] — at the age of 20,
borderline diabetic, and we try to do that with her, but -
yeah — sort of heartbreaking when they get emotionally
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upset because they’re not allowed to go and enjoy what
they want to enjoy’ (Male 3, Rural).

The lack of peer support and family also transitioned
into themes of shame and stigma around undertaking
physical activity. There were previous negative experi-
ences in regards to people wanting to exercise for their
health. ‘Now or prior to the last five years, exercise was
deemed as people who wanted to look good. There was
always this negative attitude. Because I think obesity has
become a norm in most — in the cultures now. You ei-
ther need to look fat, so everyone stays fat, and if you
want to lose fat, you're deemed as being sick. If you want
to look good for the sake of being healthy, people think
that youre better than anybody else. Whereas I think
the culture is shifting a little bit now, or the mentality is
shifting” (Male 1, Regional).

Enablers to participation

Several participants mentioned finances and money dur-
ing the interviews as barriers to participate in physical
activity and that having a free program acted as an en-
abler. Reasons for joining were because ‘it is good that it
doesn’t cost money. Everything else costs money’ (Female
7, Regional). Unemployment was as a financial barrier to
undertaking exercise as ‘Money is a major barrier for my-
self. Only because you're still looking for work’ (Female 3,
Regional) and ‘it was free ... Yeah, I couldn't afford it, no
money, no job’ (Female 2, Regional). An identified enabler
to joining in the physical activity program was the inclu-
sion of family members into the activities. Figure 2 pro-
vides a kinship map of the participants in the rural
community. Before the program, only the Indigenous
mentor was known to the principal investigator. Despite
flyers being displayed in the community, recruitment

7 A g T I / 4 K
\ / /
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/ \ / /\ > /
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Fig. 2 A kinship map of the participants from the rural community. The health worker was not local to the community, but worked with the
Indigenous mentor
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tended to occur via snowballing methods through family
members. In the regional community, five members from
the same family participated in the program. One of the
family members stated ‘It just made it all the better that it
was family involved... And yourself of course. You're
family’ (Female 3, Regional).

Aside from family participation, peer support and
guidance also assisted with facilitating participation. One
person admitted to feeling uncomfortable when exercis-
ing on her own due to embarrassment: ‘It's just if I'm by
myself in public and I'm going for a jog on the road, I
feel very self-conscious ... Look at this fat chick she’s
jogging, what the hell’ (Female 2, Regional). Another
participant stated they needed support and guidance
from a qualified person, ‘I tend to do things alone, and 1
don’t know if I'm doing it right or not. Whereas if you've
got somebody there who can guide you, you sort of have
a better understanding of the process ... most of the
time I go to the gym, and one of the fears I have is not
knowing if I'm actually doing it right. You know that as
you're probably aware, you can hurt yourself...so I tend
to do a lot of jogging’ (Male 1, Regional).

Themes of resilience also emerged in regards to the lack
of peer support. It was encouraging to hear statements
such as: “You have, yeah, those kind of people that would
think [exercising is a disconnecting activity] like that, but,
you know, just got to ignore them and do what’s best for
you, I guess ... Turn around and tell them where to go,
say this is my life, I'm not going to end up with a chronic
disease, are you going to look after me when I'm on dialy-
sis or whatever? (Female 4, Rural) and ‘T think for me
that’s what I'd like to see, is that exercising becomes the
norm for our people ... my mum comes from the dormi-
tory [stolen generation] [26], so exercising for her was
never the norm. I hope I've broken the cycle now, my kids
will start to see it as more normal’ (Female 1, Rural).

An enabler to participation in the physical activity pro-
gram was the participants’ relationship with the researcher.
Many primary concerns to program implementation in the
rural community revolved around the principal investigator
being an ‘outsider, female and non-Indigenous. When
participants were asked about whether having a non-
Indigenous female run the program could have been an
issue, many positive responses were received. One of the
male participants explained his thoughts on the principal
investigator, focusing on the relationship and level of
comfort: ‘Of course, because you really need to have a good
relationship and it eliminates the shame factor. Because
sometimes you're a bit too embarrassed, even though if you
can't — if you don’t have the strength or the capacity to do
what you want to do or achieve’ (Male 1, Regional).

For one of the female participants, having a female
principal investigator was seen as an enabler to partici-
pation: ‘Not really, when I met you, 1 was like yeah this
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is going to be easy. If it was like someone in their 30s,
35 and not like a male, yeah I'm probably not going to
rock up to your session if they weren’t so welcoming like
you are’ (Female 2, Regional).

Although there was not a negative reaction to the
principal investigator being a non-Indigenous female,
the need for a male role model was evident, particularly
in the rural community. The principal investigator felt
comfortable and welcome in the community, however,
there were suggestions for future research. For instance,
one of the men responded by saying there was a need
for male role models: “T'o some extent yeah, a possibility.
I mean it doesn’t matter ... especially in communities,
having a male would benefit, because a lot of the times,
when you use girls, the girls always turn up to a lot of
your stuff. But the blokes won’t because there’s too many
women there. But if there was a bloke there and he sort
of did it together, maybe they might turn up’ (Male 2,
Rural). In agreement, another male participant also of-
fered his suggestion to increase attendance: ‘Just that it
could have been a lot more user friendly in regards to
that. I mean, I'm not saying that youre an uncomfort-
able person to talk to. You're very comfortable. But that’s
just me. Other people might find it uncomfortable and
it’s like role modelling too. So, if you've got an — even
not so much of a young male or an older male who's got
some problems, health problems, they can actually role
model or they've come from a background where there’s
bad health in the families and so forth’ (Male 3, Rural).

The need for male role models was further emphasised
by higher program attendance by women. One woman
suggested ‘I think maybe it needs to have a male and a fe-
male, because it seemed to have worked more so for the
women, than for the men’ (Female 1, Rural) whilst another
believed ‘Culture is still focused on the men’s and women’s
stuff ... we did have a men’s group, but they do a lot of so-
cial outings. That's something we could've tapped into’
(Female 4, Rural). It would have been ideal to have a male
involved in the program, as this was an issue discussed
during the study design, it was extremely difficult to in-
volve a male Indigenous role model. This was due to the
lack of male Indigenous health workers and qualified
people to run physical activities.

Discussion

This study sought to explore Aboriginal and Torres
Strait Islander participants’ perceived barriers and en-
ablers to attending a community-tailored physical activ-
ity program implemented in a rural and a regional
setting. There were unique themes identified within the
communities in regards to the barriers to attendance,
however, the motivations to participate were similar
across both sites. Firstly, the rural community had a lack
of provisional infrastructure and access to resources.
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This impacted the program delivery and attendance due
to inadequate access to an undercover facility during
wet weather events.

Barriers to participation

There was a contrast between the logistical barriers be-
tween the communities where participants in the re-
gional community were unable to attend due to poor
timing, as opposed to those in the rural setting for
whom lack of access to transport was a major barrier.
The rural participants also expressed the importance of
having both female and male role models for community
members. For many their main motivation to participate
in the program was that they saw physical activity as a
means for prevention and management of chronic dis-
ease. In the regional community motivations were more
centred on physical activity-related outcomes of weight
loss and increased fitness. Participants from both com-
munities highlighted the importance of support from
their family and peers with their journey to becoming
more active.

Evaluations of physical activity interventions with Indi-
genous populations have reported several barriers to par-
ticipation, which include the transient nature of the
population, logistic issues and shame [27]. The Indigenous
Australian population is more mobile than the remainder
of the Australian population, as they often need to leave
their homes to access medical services or for cultural obli-
gations such as to attend funerals [28]. Particularly in
smaller communities Indigenous people often need to re-
locate to larger cities to find employment opportunities
[14]. For the rural community in this study, the need to
travel to a larger city for personal, or family medical rea-
sons was a frequent reason for non-attendance.

Logistical issues, mainly in regards to transportation,
are also known barriers to attendance to research pro-
grams [18]. Davey et al. [19] recognised access to trans-
portation as an issue and included free transportation to
exercise sessions, which was used by the majority of the
participants and consequently attributed to retaining
participants. In the context of this study, access to free
transport was offered at both sites, but car-pooling was
more common in the rural community due to the lack
of public transportation. In the regional community, the
provision of free transport was difficult due to the geo-
graphical spread of participants and due to the principal
investigator also needing to conduct the exercise ses-
sions. There were some participants who did use public
bus services to attend the program.

The concept of shame refers to embarrassment in certain
situations and is often due to attention or circumstance, ra-
ther than the action by oneself [29]. The most prominent
example of shame occurring was during a walking group in
the rural community, where the principal investigator was
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asked to walk on the opposite side of a participant to block
her from the view of men who were sitting across the road.
Thompson et al. [30] examined the cultural and social con-
text of physical activity in an urban Aboriginal population
in Melbourne. A finding was that the Aboriginal people
tended to view physical activity in three different aspects of
everyday activities, sports and exercise. Everyday activities
are described as necessary and performed for the benefit of
the family and community, such as mowing the lawn or
playing with children. Sporting competitions which can in-
clude individual and team disciplines are highly valued as
the player represents the community and is a source of
community pride and esteem. However, exercise is viewed
as something conducted individually and specifically for
personal fitness and health. In this context, the desire to
personally improve oneself through exercise can be
looked upon as a shameful and disconnecting experi-
ence by the community as it is often undertaken separ-
ately from family and community. Similar to our
findings, Thompson et al. [30] reported that there were
some elements of shame around exercising to improve
health. The involvement of family in the exercise ses-
sions may have reduced the shame associated with par-
ticipation and acted as an enabler to participation.

Enablers to participation

Enablers to participation in the physical activity program
primarily revolved around relationships to the other par-
ticipants and with the principal investigator. In the rural
community, all participants had a kinship connection
with at least one other member of the program. It be-
came evident that recruitment to the project was largely
through kinship connections, rather than through the
wider advertisement throughout the community. In the
regional community, kinship connections were also an
obvious factor in recruitment. One family had five family
members involved, while another family had three sisters
participate. The flexibility in the program delivery was
also well-suited to participants who were the primary
carer for children or dependant adults. It was often ob-
served that participants would bring their children to
training sessions, and in one instance a participant
brought her dependant adult mother to a class. During
the walking groups, some women would bring prams or
bikes for their children to join in with the activity. There
were also several community members who were not
part of the program, but who began to attend training
with the encouragement of the existing participants.

The fact that the principal investigator who ran the
physical activity intervention in the two communities
was a non-local, non-Indigenous female was seen as a
potential barrier to conducting the research. However,
positive feedback was received and participants often
‘vouched’ for the principal investigator during the
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recruitment of their family members. The only barrier
with the principal investigator conducting classes was
the lack of mentorship for the men who were involved
in the program. This was highlighted during the inter-
views with the members of the rural community. There
was an understanding that it is challenging to find Indi-
genous men to assist with the program, especially in a
voluntary role as it would have been with this project. It
is important to be aware of the cultural ideas of men’s
and women’s business which refers to certain customs
and practices in Indigenous communities that need to
be undertaken by men and women separately [31].
Therefore, researchers should aim to have mentors from
both genders.

Strengths

The 8-week physical activity intervention lead to signifi-
cant improvements in health outcomes, however, attend-
ance was low across both communities. The research
project utilised a participatory action research approach
[32] and was guided by local Indigenous mentors, in
conjunction with a local Aboriginal health organisation.
The support from Indigenous mentors was invaluable as
they provided a more in-depth understanding of the
broader constructs of the community and the cultural
ideologies to perform culturally appropriate research.
Another strength of the research was the relationship
between the principal investigator and the participants.
Although the attendance rate was low, the responsive-
ness of participants was high in terms of availability for
follow up assessments and interviews. Originally, there
was no qualitative evaluation component planned for
the physical activity program. However, after low recruit-
ment and attendance rates were observed during the
first few weeks of the program, the qualitative compo-
nent was added to create a better understanding of the
factors that lead to the low participation rates. This
allowed for a better interpretation of the study results,
as the interviews offered a rich source of data and new
information in regards to improving the implementation
of physical activity programs in Far North Queensland.

Limitations

The theoretical model utilised for the qualitative evalu-
ation is a somewhat limiting model for a complex topic.
The Health Belief Model was useful to identify barriers
and enablers to program participation, but there are sug-
gestions for future research. A limitation of this model is
the lack of focus on external factors, such as access to
transport, as opposed to individual factors, which can in-
fluence health behaviours [33]. A suggestion for future
research would be to include the use of an ecological ap-
proach [34], as it could have been useful in this context.
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Conclusion

The aim of this qualitative study was to explore per-
ceived barriers and enablers for a rural and regional In-
digenous community to participate in an eight-week
physical activity program. Overall, there were positive at-
titudes and high levels of motivation towards the pro-
gram. Enablers to participation were the inclusion of
family members, no financial cost and a good relation-
ship with the principal investigator. Barriers to program
attendance were mostly beyond the control of the indi-
viduals, such as cultural obligations, the transient nature
of communities and lack of community infrastructure.
In conclusion, more consideration is needed before pro-
gram implementation to understand community-specific
barriers and enablers to physical activity programs. Fur-
thermore, more work is needed to better understand
how to improve participation rates.
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Discussion of the research and key findings

This thesis aimed to design, implement and evaluate a community-tailored physical
activity program for Aboriginal and Torres Strait Islander people in Far North Queensland.
Most of the findings from this study were consistent with previous evaluations of other
physical activity programs with Indigenous people residing in Australia and New Zealand.
There are two other studies which implemented an 8-week physical activity program with
Indigenous people in Australia or New Zealand® ** and two additional studies that were
conducted with the same population group, but with a duration of seven?® respectively four

weeks.16

One of the 8-week programs!* evaluated the uptake and effects on lifestyle and
cardiovascular risk factors of a cardiac rehabilitation program at an Aboriginal Medical
Service in a Metropolitan area of Western Australia. The program involved twice weekly,
supervised, one-hour exercise sessions which consisted of stationary cycling and dumbbell
exercises. Once a week there were education sessions which include topics on diet, nutrition,
risk factor modification, and medication usage. There were 28 participants that completed the
eight weeks of exercise and education sessions. Dimer et al.* reported significant reductions
in BMI (34.0kg.m?+ 5.1 vs 33.3 kg.m? + 5.2), waist girth (113cm * 14 vs 109cm + 13) and in
blood pressure (135/78 mmHg + 20/12 vs 120/72 mmHg +16/5). In addition, in the study
from Western Australia there was a significant increase in the distance walked during the
6MWT (296 metres + 115 vs 345 metres + 135) which is consistent with our results from the
rural community. The regional community in our study also reported significant reductions in

blood pressure and waist and hip circumference, but no significant change in weight or BMI.
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Another similar study® evaluated a physical activity program for Aboriginal people in
Tasmania. The 8-week program was designed to create an ongoing sustainable program to
promote the benefits of physical activity to participants and the wider Aboriginal community.
The program involved two one-hour exercise sessions and a one hour education class each
week which covered topics such as nutrition, self-management approaches to health and
smoking cessation. Participants had significant reductions in weight (-0.8kg), waist
circumference (-3.6cm) and improvements in generic quality of life domains (measured by
the SF12). There were also clinically significant improvements in the 6MWT distance
(+55.7metres, 95% CI 37.8 to 73.7) and the incremental shuttle walk test (+106.2 metres,
95% CI 79.1 to 133.2). Overall, the program increased participation in the rehabilitation
program for Aborigines with, or at high risk of established disease, and improved exercise

capacity and health-related quality of life.

Two evaluations of physical activity programs of shorter duration conducted with
Indigenous people in Australia and New Zealand also had positive health outcomes.*™ ¢ An
Australian study® with a duration of seven weeks reported health improvements for 14
Indigenous participants who reverted to a traditional hunter and gatherer lifestyle in remote
Western Australia. There were marked improvements in carbohydrate and lipid metabolism
in the diabetic participants, with reductions in plasma insulin, cholesterol and glucose.
However, the results may be due to the intensive type of the intervention where participants
were taken to a remote location for the study period and had to actively hunt and gather their
own food sources. The other short study was a four-week RCT conducted in New Zealand by
Biddle et al.,'® which involved small sided team sports games three times per week. There
were significant increases in the fitness assessments of V02 peak and leg strength (maximal

concentric force of the quadriceps at 60°/second) and an increase in HDL cholesterol.
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Overall, improvements in blood lipids have been reported in these shorter duration studies (8
weeks or less),'> 16 whereas this was not evident in the evaluation which is part of this thesis.
These findings would suggest that a duration of eight weeks is long enough to detect
significant changes in pathology markers if the physical activity program is more intensive

and has better attendance.

Additional physical activity studies identified in the systematic review (Chapter
two),!” have also reported decreases in blood pressure and waist circumference. Eight out of
the 13 studies included in the systematic review assessed blood pressure. Significant
reductions in blood pressure were reported in four studies, which had a duration of 8 weeks,*
16 weeks® or six months or longer.? 1° Similar to our findings in this thesis, significant
reductions in waist circumference and blood pressure were reported in two previous studies

of the same duration,® * as well as significant increases in the 6MWT.

Study strengths

The physical activity study conducted in this thesis had four key strengths related to
the collaboration between communities, delivery of the program, program sustainability and
qualitative evaluation. One of the main strengths of this study was the interaction between the
mentors from the two original communities who participated in several three-way discussions
with the principal investigator, where the program design was discussed in full detail. The
two mentors collaboratively decided upon the program inclusion criteria, the number of days
to run activities and the types of activities that were best suited for their local community.
Specifically, the mentors expressed the program should be offered to those who will benefit

the most, which was identified as people with risk factors or an established chronic disease.
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Another notable example of positive interactions between communities was at a local fun run
in the regional community. Between myself and one of the Indigenous mentors, we organised
to enter in a free local fun run to give participants the chance to meet each other while
undertaking a community event. Seven participants turned out for the event, and positive

feedback was received in regards to the social interactions and the event.

The pragmatism and delivery of the physical activity program were one of the other
strengths of this study. This program is described as a ‘complex intervention’ due to a large
number of discretionary behaviours and actions implemented by the communities. Complex
interventions, as described by Hawe et al.,* are when the function of the intervention is
standardised, but the form varies across the context. During the discussion with the
Indigenous mentors they decided what activities would be most appropriate and well-
received by the community. This resulted in different physical activities being conducted
across both sites, using different training locations types such as gyms, local parks, and
walking tracks. Another strength of the program delivery was that all of the training sessions

were free to the participants.

Sustainability of the program was another strength of the research. The continuation
of the program was only possible in the rural community as it had a collaborative approach
with a local community health centre. The Indigenous mentor, despite working in a clinical
role, had several additional qualifications which included being a personal training and
fitness instructor. The program delivery was shared between the Indigenous mentor and the
principal investigator, and after the 8-week period, the health centre reviewed the mentor’s
job description. This review was conducted approximately five weeks after the program
finished and resulted in the allocation of working hours towards continuing to run free
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physical activity classes and activities for the community.

The final strength of the study was the inclusion of the qualitative evaluation. The
original study design was limited to a quantitative evaluation, however, after experiencing the
difficulties in the fieldwork and hearing anecdotal evidence about barriers to attending from
participants, a qualitative component was included. The depth and richness of the findings
allowed for a greater understanding of the internal and external factors that acted as barriers
and enablers to physical activity. Despite the belief that a complex intervention would
eliminate many of the barriers to implementation, the qualitative component established that
it was not sufficient to tailor the activities to the communities, but researchers need to account

for the cultural and social differences within and between communities.

Study limitations

There are limitations to the physical activity intervention program that need to be
acknowledged when interpreting the results. The key limitations related to the study design,
implementation fidelity, and missing data. These elements are discussed in greater detail
throughout the thesis (specifically in Chapter four), but are discussed in more detail in the
section below. It should also be noted that due to the small sample size the results of the
study may be unique to the nature and location of the sample, namely Aboriginal and Torres
Strait Islander people living in Far North Queensland and may not be generalisable to the
wider Indigenous Australian population. In addition, the participants in the rural community

were closely related which means there may be a self-selection bias among the participants.
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Conceptually, the ideal study design for this research topic would have been a
randomised controlled trial or the inclusion of a wait-listed control group. However, because
of challenging circumstances, in real life this was not possible. Instead, a pre/post design was
used which is not considered as strong as an RCT or controlled trial. An attempt was made to
get a control group on board, but it was not possible in this context and setting due to a small
population size and the withdrawal of the intended wait-listed control group. Furthermore,
our systematic review identified that many studies do not have control groups and often are

cohort studies.

Randomised controlled trials (RCTSs) are viewed as the definitive study design for
assessing the effectiveness of interventions.?’ In the context of Indigenous health research,
the implementation of RCT designs is challenging, and even well-designed studies can falter
when faced with the reality of the community context. The literature demonstrates that
barriers to RCTs in small population groups in regional, rural and remote settings include the
need for relatively large sample sizes and the ethical considerations of control groups not

receiving treatment.

Our experiences in the design, implementation and evaluation of a physical activity
program with Australian Aboriginals and Torres Strait Islanders in a rural and regional
setting highlight some of the challenges. Originally, an RCT with a wait-listed control group
was planned for this physical activity intervention, which would have also allowed for a cost-
benefit analysis. However, the actual implementation of the proposed study design was
challenging due to a range of factors. A revised approach to the study plan was required. The

sample size calculation was based on an expected clinically significant increase in the
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primary outcome measure of functional capacity to exercise, assessed by a six-minute walk
test. Because of the population sizes and staff availability, including Indigenous mentors, the
four communities approached for the project expressed concerns about the recruitment of a

minimum of 50 participants for sufficient statistical power.

During the months of negotiations, there were many staff changes in the communities,
and this was ultimately one of the main barriers to accessing the communities. One
community undertook baseline assessments and a wait-listed control group was identified
from a second community, with the intention of assessments being conducted two weeks post
the initial group. However, program commencement was delayed in the first community due
to the passing of an elder. On advice from the Indigenous mentor, the researcher did not visit
the community until permission was granted from Indigenous elders to return. Additionally,
testing in the waitlisted community was also delayed several times at the request of the
collaborating staff members who had other prioritised projects, before eventually this

community apologetically withdrew from the study.

Despite this withdrawal, the program continued in the first community. There were
three rural communities initially interested in the project and after a total of 18 months of
negotiations, only one community was able to commence. A project redesign was required
and a cohort pre/post design was chosen, utilising a convenience site in the local area regional
city as the new secondary site. The sample size at the secondary site was also small and not
sufficiently powered to act as a control group. Despite the challenges, qualitative feedback
demonstrated that the project was well received by the community?! and clinically optimistic

outcomes were observed.
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Ethical practice and pragmatism should be considered above the idealism of RCTs
when conducting research with Australian Aboriginals and Torres Strait Islander
communities. The idea that evidence-based practice can only be obtained through rigorous
designs limits the development of shared empirical knowledge between researchers and
communities. It is undisputed that RCTs are important for research, however, conforming to
the idea that it is the only credible way to gain evidence-based practice limits research

opportunities when engaging with Aboriginals and Torres Strait Islander populations.

The implementation fidelity and missing data also influenced the results of the study.
The lack of undercover facilities in the rural community was a major barrier to
implementation and several times during the first four weeks sessions had to be cancelled,
which may have influenced the motivation to participate. This was a factor that could not be
controlled as there was no alternate solution available until the fourth week. Missing data due
to poor compliance with wearing the Fitbit Flex and pathology tests was also a limiting
factor. The missing data limited some of the pre and post outcome measurements from being
sufficiently powered and restricted from any subgroup analysis. Many participants failed to
have their blood tests done. Free transportation to a clinic was offered by the principal
investigator, but this was not utilised as much as expected. The fear of needles and the
frequency of blood tests (three times in 20 weeks) were all barriers to obtaining pathology

samples.

The mixed-methods design of the research in this thesis was pragmatic, but could

have been improved by using a convergent design instead of an explanatory sequential
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design. An interactive approach where qualitative and quantitative data are collected and
analysed simultaneously would have allowed more flexibility in the intervention delivery to
help increase attendance. Flexibility to the data collection methods would have also improved
compliance to testing, where pathology testing was not viewed positively in one of the
communities and being able to seek for an alternative solution (such as finger prick blood
samples) could have potentially reduced the missing data and participant dropout. In future
studies, having a focus on intervention mixed methods frameworks would allow data to be
collected prior to the development of the interventions, to assist researchers in understanding

the contextual factors that could affect the outcomes of the intervention.?% 23

Guidelines and recommendations

Key guidelines for the translation of physical activity research into practice.

The following ten principles are a summary of guidelines for ethical conduct in
Aboriginal and Torres Strait Islander health research, created by Jamieson et al.* The
summary is based on documents relating to working and researching with Indigenous
Australians, such as the National Health and Medical Research Council (NHMRC) ethical
guidelines for research among Aboriginal and Torres Strait Islander people.? In the
following section, the original principals created by Jamieson et al.?* are explained in the
context of my own research to assist with the understanding of the translation of my research

into practice:

1. Respect communities’ past and present experience of research.
Australian Aboriginals and Torres Strait Islanders have had a history of forced

assimilation, sustained social disadvantage and experiences of poor research practices. Trust
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and respect are essential, and a mindset ‘to do no harm’ are critical to establish prior to
conducting research. Most importantly, researchers need to respect the communities’ right to

decline to participate in the project.

2. Recognise the diversity of Indigenous Australian populations.

There are distinct cultural differences in the values, attitudes and beliefs of Indigenous
people in Australia. The inclusion of an Indigenous mentor will provide guidance on how to
maintain the community values while doing research. The diversity in cultural differences
was identified during the qualitative component of this thesis. An example is the rural
community requesting for a male and female role model and essentially wanting to have
separate exercise sessions for genders. In the regional community, the gender of the
trainer/researcher was not as important, and the emphasis was focused on the relationship and

personality of the principal investigator.

3. Address a priority health issue as determined by the community.

Essentially, research into physical activity should be conducted in communities where
there is a recognised issue to be addressed. Priorities should be determined through
discussions with the Indigenous mentors and key stakeholders to ensure the desired research

is a suitable project and is wanted by the community.

4. Conducting research within a mutually respectful partnership framework

Building trust within a community and the key stakeholders will take time and having

an open and transparent relationship is a key to success. Communities are more likely to work
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with researchers whom they are familiar with, as opposed to someone unfamiliar, regardless

of the sophistication of study design and availability of funding.

5. Capacity building.

Capacity building is essential for research translation into practice. The lack of
sustainability with research projects may be due to the absence of appropriately qualified
staff to take over the project. Physical activity programs should be conducted by a qualified
professional such as a sport and exercise scientist, exercise physiologist or a personal
trainer/group fitness instructor. Additionally, some form of first aid training is ideal for risk

management.

If there is a sufficient budget allocation, capacity building could take the form of
assisting a staff member to gain a minimum qualification needed to conduct exercise classes
and pre-screening assessments. In the rural community, the physical activity program has
been continued beyond the intervention that was part of this thesis as the local Indigenous

mentor had the appropriate qualifications to conduct exercises classes.

6. Flexibility in study implementation while maintaining scientific rigour.

An important factor that may influence the study outcome is the implementation
fidelity. Implementation fidelity is the degree to which an intervention is delivered as
intended and is imperative to the translation of evidence-based interventions into practice.?®
In Chapter four, the modifications to the study are described in detail, where pragmatism and
flexibility in the program delivery were essential. Consideration must be given to program

fidelity and modifications over time, and more recognition is needed to understand the
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external factors that may influence these elements, such as community infrastructure, and

how they all interact to influence the program and quality of the results.?’

7. Ensure extended timelines do not jeopardise projects.

Before conducting any research, a sufficient amount of time should be spent in the
community to build a relationship of trust and respect. In my experience, the timeline of the
project was extended due to ‘sorry business’, which lasted for several weeks and delayed the
start of the program. Capacity building to mentor the nominated person to take over the
project will also extend the timelines. In the rural community, the program ran for 8 weeks,
however, the principal investigator continued to return to the community to assist with the

transition process for almost two months after the program finished.

8. Prepare for Indigenous leadership turnover.

The leadership turnover among key stakeholders can be high, and was evident in my
research project. Although it can be frustrating and inconvenient, researchers need to be
aware that they cannot rely on individuals alone, nor on the goodwill of volunteers to assist
with their research projects. We need to be mindful of the burden and pressure that
environments with high staff turnover place on the remaining Indigenous mentors and accept
the reality of the situation at hand. Community, family and personal priorities will almost

always take precedence over a research project.

9. Support community ownership.
Research aimed at improving health in Indigenous Australians should have

community ownership and input, not only for success, but for sustainability. Short-term
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projects may have immediate benefits, but will not be maintained without long-term planning
and capacity building. Supporting community ownership is a method to assist with the
transition of short-term projects becoming a part of routine practice. Supporting community
ownership can also take place in the form of assisting the nominated person to take over. In
my research, this was done by preparing, assisting and conducting classes with the

Indigenous mentor to help build their confidence.

10. Develop systems to facilitate partnership management in multicentre studies.
Collaborating partnerships should ensure there are equitable and transparent processes
for all aspects of management, recruitment, implementation and evaluation. People
considering doing research with Indigenous Australians should review notable
recommendations by organisations, such as the National Health and Medical Research
Council (Australia). The Research Council has provided a “Road Map” in regards to working
with Indigenous populations and the cultural factors that researchers need to consider before

designing programs.®

Key recommendations for the design of future research programs on physical activity

with Aboriginal Australians and Torres Strait Islanders.

These recommendations are based on the experience of implementing a physical
activity program in a rural and regional community. Based on the learnings from the research
for this thesis the following six suggestions are for people planning to do research within

Indigenous communities.

1. Do not discount the value of a small community by sample size.

2. Be pragmatic with the study design.
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3. Collaborate and form alliances for ethical research and sustainability.

4. Use a measurement of fitness in conjunction with objective physical activity
monitoring.

5. Coincide pathology testing with community health checks in rural/remote
communities.

6. Consider a qualitative component within studies.

1. Do not discount the value of a small community by sample size.

Research projects aimed at improving health outcomes for Indigenous Australians
should not be discriminative of small communities. Communities that seek out opportunities
to be part of research projects should be given a fair chance to be considered as study sites.
Ignoring an appeal for help from at-risk communities somewhat defeats the purpose of doing

research to close the gap in life expectancy.

2. Be pragmatic with the study design.

A wait-listed control group is an ideal alternative to traditional RCT designs. If
researchers can obtain control groups, an economic cost-benefit analysis would be viable
which could provide a financial perspective on whether the programs are ‘value for money’
and if the prevention is more cost-effective than the progression and treatment of the
disease/illness of interest. Information on cost-effectiveness could provide evidence that
would support the acquisition of further funding to create sustainability in these types of
projects. However, when faced with adversity in the field, alternative study designs should be

considered.
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3. Collaborate and form alliances for ethical research and sustainability.

As discussed in the section on research translation into practice, collaborations are
essential for good research practice. Alliances and collaborations also allow researchers to be
mentored by Indigenous leaders, gaining knowledge which can be critical for successful
program implementation and ensures ethical practice. The physical activity program in this
thesis was co-designed with Indigenous mentors and supported by a peak local Aboriginal
and Torres Strait Islander organisation. We were able to achieve sustainability of the program
in the rural site because of the support and alliances within the community. At the completion
of the eight weeks, the local Aboriginal and Torres Strait organisation reviewed the
Indigenous mentor’s job description and modified her contract to allow her to continue to run
the program during her paid working hours. Without this support, it would not have been

possible to continue the program unless it was facilitated by volunteers.

4. Use a measurement of fitness, in conjunction with objective physical activity
monitoring.

Objective measures of physical activity are ideal, but are not always feasible. The
participant burden, cost of equipment and reactivity to non-research grade accelerometers are
all potential issues that are associated with objective measures of physical activity in small
scale studies with limited access to resources. In my project, there was a perception of the
Fitbit Flex to be more user-friendly, however, there was poor compliance with wearing the
device which resulted in missing data. Missing data at follow-up from non-compliance or loss
of the accelerometer resulted in incomparable pre and post measures for objective physical
activity levels. Furthermore, since the publication of the validation study, the Fitbit Flex has
been superseded by at least seven new Fitbit devices, with some including heart rate
monitoring components. The evolving technology of novel accelerometer devices may prove
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difficult for future studies to evaluate physical activity programs due to reliability and
validation issues. The evolving technology trends are also evident with the Actigraph devices,
which are now available as a water-resistant wrist worn device with a display and heart rate
monitoring. However, unlike novel devices, the Actigraph is well known for being a valid
and reliable accelerometer and the new enhancements improve data accuracy and increase the
user-friendliness of the device. In this instance, fitness-related measurements, such as aerobic
capacity, anaerobic threshold or timed exercise activities, should be assessed in conjunction

with physical activity monitoring devices.

5. Coincide pathology testing with community health checks in rural/remote
communities.

The feeling of being ‘over-researched’ in the rural community was evident and was
amplified by the need for regular pathology testing. Communities that have regular health
screenings should coincide testing dates with health screening events as this would reduce the
need for another visit to the clinic. In regional communities it may be more appropriate to
have a nurse or other qualified personnel onsite during baseline testing or to have the option

to have pathology samples collected in the participants’ home.

6. Consider a qualitative component within studies.

Poor attendance may not be due to disinterest in the program, and assessing
quantitative outcomes alone will not capture additional internal and external factors that
influence attendance. A finding of the project was that the baseline health status of the people
in the rural community was poorer compared to those in the regional city, and the barriers

and enablers to physical activity are unique to the location. Indigenous research
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methodologies suggest that prior to program implementation it is essential to understand the
Indigenous experience through appropriate qualitative methods including yarning circles and
story-telling. Evaluations of the participants’ experiences are a valuable form of feedback and
should not be overlooked. Qualitative methods, such as yarning circles, are needed to engage
with Indigenous mentors, elders and community members to successfully achieve
recommendation three (collaborate and form alliances for ethical research and sustainability).
A yarning circle is an important process within Aboriginal and Torres Strait Islander culture,
and has been used by Indigenous Australians to learn from a collective group, build
respectful relationships, and to preserve and pass on cultural knowledge.? In qualitative
work, a yarning circle can be used as a teaching and learning strategy to assist researchers
with understanding the Indigenous perspective. In addition, yarning can facilitate the building
of relationships by allowing a collaborative way to have respectful and honest interactions

between people.

Conclusion

This thesis describes the process of implementing and evaluating a physical activity
program for Aboriginal Australians and Torres Strait Islanders in Far North Queensland. The
effectiveness of the 8-week community-tailored program is also examined both quantitatively
and qualitatively. The results of the program suggest that those who participated in physical

activity during the study period had significant improvements in clinical health outcomes.

There was a low attendance to the physical activity program. Barriers and enablers to
participation were explored in a qualitative part of the study. Participants from the regional

community were unable to attend due to poor timing, opposed to those from the rural
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community who were unable to participate due to lack of access to transport. The rural
participants also expressed the importance of needing both female and male role models for
community members, and their motivation to engage in physical activity and exercise was for
chronic disease prevention and maintenance. The motivation of the people in the regional
community was more centred on physical activity-related outcomes of weight loss and
increased fitness. In conclusion, more consideration in program design and barriers is needed
to ensure physical activity programs are implemented as intended and the participants’

experiences can be explored.
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Appendix 1: PROSPERO registration used for the systematic review in
Chapter 2.

PROSPERO National Institute for
International prospective register of systematic reviews Health Research

Systematic review

Please complete all mandatory fields below (marked with an asterisk *) and as many of the non-mandatory
fields as you can then click Submit to submit your registration, You don't need to complete everything in one
go, this record will appear in your My PROSPERO section of the web site and you can continue to edit it until
you are ready to submit. Click Show help below or click on the icon

to see guidance on completing each section.

1. * Review title.

Give the working title of the review, for example the one used for obtaining funding. Ideally the title should
state succinctly the interventions or exposures being reviewed and the associated health or social problems.
Where appropriate, the title should use the PI(E)COS structure to contain information on the Participants,
Intervention (or Exposure) and Comparison groups, the Outcomes to be measured and Study designs 1o be
included

Do physical activity interventions in Indigenous people in Australia and New Zealand improve activity levels
and health outcomes? A systematic review

2. Original language title.

For reviews in languages other than English, this field should be used to enter the title in the language of the
review. This will be displayed together with the English language title.

3. * Anticipated or actual start date.

Give the date when the systematic review commenced, or is expected to commence.

01/02/2015

4. * Anticipated completion date.

Give the date by which the review is expected to be completed.

28/11/2015

5. * Stage of review at time of this submission.

Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. Additional
information may be added in the free text box provided.

Please note: Reviews that have progressed beyond the point of completing data extraction at the time of
initial registration are not eligible for inclusion in PROSPERQ. Should evidence of incorrect status and/or
completion date being supplied at the time of submission come to light, the content of the PROSPERO
record will be removed leaving only the title and named contact details and a statement that inaccuracies in
the stage of the review date had been identified.

This field should be updated when any amendments are made to a published record and on completion and
publication of the review.

The review has not yet started: No
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research
Review stage Started Completed
Preliminary searches Yes Yes
Piloting of the study selection process Yes Yes
Formal screening of search results against eligibility criteria Yes Yes
Data extraction Yes Yes
Risk of bias (quality) assessment Yes Yes
Yes Yes

Data analysis

Provide any other relevant information about the stage of the review here (e.g. Funded proposal, protocol not
yet finalised).
Accepted for publication in a peer reviewed journal.

Accepted for publication in a peer reviewed journal.

6. * Named contact.

The named contact acts as the guarantor for the accuracy of the information presented in the register record.
Ms Sushames

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:

7. * Named contact email.

Give the electronic mail address of the named contact.
ashleigh.sushames@my.jcu.edu.au

8. Named contact address

Give the full postal address for the named contact.
Cairns, QLD

Australia, 4870

9. Named contact phone number.

Give the telephone number for the named contact, including international dialling code.
+61 488 214422

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be
completed as 'None' if the review is not affiliated to any organisation.

Centre for Chronic Disease Prevention, James Cook University, Cairns, Australia
Organisation web address:
11. Review team members and their organisational affiliations.

Give the title, first name, last name and the organisational affiliations of each member of the review team.
Affiliation refers to groups or organisations to which review team members beleng.
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research

Miss Ashleigh Sushames. James Cook University, Australia
Dr Klaus Gebel. Australian Catholic University, Australia
Dr Jannique van Uffelen. University of Leuven, Belgium

12. * Funding sources/sponsors.

Give details of the individuals, organizations, groups or other legal entities who take responsibility for
initiating, managing, sponsoring and/or financing the review. Include any unique identification numbers
assigned to the review by the individuals or bodies listed,

None

13. * Conflicts of interest.

List any conditions that could lead to actual or perceived undue influence on judgements concerning the
main topic investigated in the review.

None

14. Collaborators.

Give the name and affiliation of any individuals or organisations who are working on the review but who are
not listed as review team members.

15. * Review question.

State the question(s) to be addressed by the review, clearly and precisely. Review questions may be specific
or broad. It may be appropriate to break very broad questions down into a series of related more specific
questions. Questions may be framed or refined using PI(E)COS where relevant.

To synthesise the literature on the effects of physical activity interventions for Indigenous people in Australia
and New Zealand on activity levels and health outcomes.

What were the most common study designs?

Which measures were used to evaluate interventions?

16. * Searches.

Give details of the sources to be searched, search dates (from and to), and any restrictions (e.g. language or
publication period). The full search strategy is not required, but may be supplied as a link or attachment.

The Cochrane Library, MEDLINE, SPORTSDiscus and PsycINFO will be searched for physical activity
interventions for Indigenous people in Australia and New Zealand.

Search terms will include ‘Oceanic ancestry group' OR ‘Indians, North American’ OR ‘population groups’

OR ‘aborig* OR ‘Indigenous™ and will be combined with ‘intervention*’ and physical activity related

terms. We will also undertake forward and backward citation tracking from the identified papers. No language
restrictions will be applied. Government websites and databases will be searched for grey literature. Health
departments will be e-mailed in search of programs that may not have been identified. Experts in the field will
be contacted to search for additional references. No restrictions will be placed on publication years. Search
results and screening outcomes will be presented in a flow-diagram.

17. URL to search strategy.
Give a link to the search strategy or an example of a search strategy for a specific database if available
(including the keywords that will be used in the search strategies).

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible

Yes | give permission for this file to be made publicly available
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research

18. * Condition or domain being studied.

Give a short description of the disease, condition or healthcare domain being studied. This could include
health and wellbeing outcomes.

It is undisputed that Indigenous people suffer a lower life expectancy due to higher rates of chronic disease
compared to non-indigenous populations. The life expectancy gap of Indigenous Australians exceeds other
Indigenous populations as recent data estimate there is still an approximate 10 year difference. In New
Zealand, the life expectancy gap with Maori and the non-Indigenous populations is considerably less as it is
estimated to be 7.1 years. A variety of complex social, emotional and environmental factors can attribute to
the lower life expectancy. Particularly obesity related manifestations of chronic disease, such as type 2
diabetes and cardiovascular disease have a substantial impact on morbidity and mortality of Indigenous
populations.

The domains and conditions that will be examined are physical activity and health outcomes in Indigenous
people residing in Australia and New Zealand.

19. * Participants/population.

Give summary criteria for the participants or populations being studied by the review. The preferred format
includes details of both inclusion and exclusion criteria.

Inclusion criteria: Indigenous people residing in Australia and New Zealand who are 18 years or over.
Exclusion criteria: Studies that did not specifically target Indigenous people, but included Indigenous
individuals as subgroups. This is because Indigenous populations are minority and diverse groups that need
special consideration when designing programs due to cultural differences. Recommendations have
previously been made by organisations, such as the National Health and Medical Research Council
(Australia), with regard to working with Indigenous populations and the cultural factors that researchers need
to consider before designing programs.

20. * Intervention(s), exposure(s).

Give full and clear descriptions or definitions of the nature of the interventions or the exposures to be
reviewed.

Physical activity is defined as body movement produced by skeletal muscle that results in energy
expenditure above resting levels. Exercise is a subset of 'leisure time physical activity' that is often
structured, planned, repetitive which is done with the purpose of recreation, improving or maintaining
physical fitness or enhancing other components of health.

Physical activity and exercise interventions in Indigenous populations are defined as those applied to
identified Indigenous people residing in Australia or New Zealand with the aim to increase physical activity
levels. Studies with multi-component interventions will be included if physical activity was a core component
of the intervention.

21. * Comparator(s)/control.

Where relevant, give details of the alternatives against which the main subject/topic of the review will be
compared (e.g. another intervention or a non-exposed control group). The preferred format includes details
of both inclusion and exclusion criteria

Ideally the interventions would have used a non-exposed conirol group. However, in Indigenous communities
it is difficult to recruit participants for control groups. Therefore, uncontrolled studies with rigorous protocols
will also be included.

22. * Types of study to be included.

Give details of the types of study (study designs) eligible for inclusion in the review. If there are no
restrictions on the types of study design eligible for inclusion, or certain study types are excluded, this should
be stated. The preferred format includes details of both inclusion and exclusion criteria.

All interventions will be included that aimed to increase physical activity levels either as a primary or
secondary outcome measure in Indigenous people in Australia or New Zealand. As in the past researchers
have found it difficult to recruit Indigenous participants for control groups, studies that did not have a control
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group will also be included.

23. Context.

Give summary details of the setting and other relevant characteristics which help define the inclusion or
exclusion criteria

To be included in the review studies have to evaluate an intervention with a physical activity component for
Indigenous people residing in Australia or New Zealand aged 18 years or over. Indigenous groups include
Aboriginal people and Torres Strait Islanders in Australia and the Maori people in New Zealand. While it is
acknowledged that Pacific Islander people are not Indigenous to New Zealand, there are historical and
cultural connections with Maori people. Therefore, studies conducted in New Zealand with Pacific Islander
communities will be considered eligible for inclusion into the review.

24. * Primary outcome(s).

Give the pre-specified primary (most important) outcomes of the review, including details of how the outcome
is defined and measured and when these measurement are made, if these are part of the review inclusion
criteria

Changes in objectively measured or self-reported levels of physical activity.

Timing and effect measures
No specified time limits.

25. * Secondary outcome(s).

List the pre-specified secondary (additional) outcomes of the review, with a similar level of detail to that
required for primary outcomes. Where there are no secondary outcomes please state ‘None' or ‘Not
applicable' as appropriate to the review

Secondary outcome measures will include anthropometric measures and metabolic changes such as weight,
body fat percentage, waist circumference, blood pressure, glucose measures, C-reactive proteins, Hb1AC,
liver function and total cholesterol, No specified time limits.

Timing and effect measures

Measures will need to take place immediately pre and post intervention. No specified time limits will be
applied to a secondary follow up period.

26. Data extraction (selection and coding).

Give the procedure for selecting studies for the review and extracting data, including the number of
researchers involved and how discrepancies will be resolved. List the data to be extracted,

Two team members will independently review the articles found in the literature search and will exclude
those that do not meet the inclusion criteria based on title, abstract and full text. Differences in reviewers'
decisions will be resolved through discussion and consensus. Data will be extracted by one author and will
be examined by the second author. A standardised abstraction procedure based on Zaza et al. (2000) will be
used to extract data from the included studies. Information to be extracted will include: study population,
study setting (such as remote/rural) and demographic and baseline characteristics of participants. Details of
the intervention and control conditions along with the study methodology, recruitment strategy and
compliance rates will also be examined. The studies will also be assessed on the outcomes measured, the
timing of measurements, acceptability of the program to the Indigenous community and the risk of bias. The
data extraction process will be conducted independently and examined for discrepancies; any disagreements
will be resolved through discussion and consensus. Information that was not provided in the studies will be
requested from study authors.

27. * Risk of bias (quality) assessment.

Page: 5710



Appendix 1: PROSPERO registration

INHS|
PROSPERO National Institute for
International prospective register of systematic reviews Health Research

State whether and how risk of bias will be assessed (including the number of researchers involved and how
discrepancies will be resolved), how the quality of individual studies will be assessed, and whether and how
this will influence the planned synthesis.

Independent appraisal of study quality and risk of bias will be conducted by two reviewers using the Quality
Assessment Tool for Quantitative Studies. The data supplied will be examined for selection bias,
consistency, randomisation, missing data and adherence to follow up. Summary tables of appraisal tools will
also be viewed by two authors and differences in ratings of study quality will be resolved through discussion
and consensus with a third person. In the synthesis appropriate weight will be given to more rigorous studies.

28. * Strategy for data synthesis.

Give the planned general approach to synthesis, e.g. whether aggregate or individual participant data will be
used and whether a quantitative or narrative (descriptive) synthesis is planned. It is acceptable to state that a
quantitative synthesis will be used if the included studies are sufficiently homogenous.

Data synthesis for the systematic review will utilise aggregated data and follow a quantitative synthesis. The
data synthesis will contain findings from the included studies such as type of intervention, target population
characteristics, types of outcomes that were assessed and the intervention content. The effect of the
intervention in each study will be summarised according to how the data are presented (e.g., effect size, p-
value and/or 95% CI where provided), and what is appropriate to the study design and variable type (e.g.,
mean/median between group differences for numerical variables, % change or relative risks for dichotomous
variables). If there is sufficient consistency between studies, intervention effects will be summarised (e.g.,
meta-analysis). If there are heterogeneity of study designs and outcome variables, a narrative (descriptive)
synthesis will be conducted.

29. * Analysis of subgroups or subsets.

Give details of any plans for the separate presentation, exploration or analysis of different types of
participants (e.g. by age, disease status, ethnicity, socioeconomic status, presence or absence or co-
morbidities); different types of intervention (e.g. drug dose, presence or absence of particular components of
intervention); different settings (e.g. country, acute or primary care sector, professional or family care); or
different types of study (e.g. randomised or non-randomised).

Subgroup analysis may be conducted (e.g. between Aboriginal and Torres Strait Islander groups). Where

necessary data are available, subgroup analyses will be done between males and females, diabetics and

non-diabetics and BMI classifications. It is not possible to specify all groups that may be used to subgroup
analysis in advance.

30. * Type and method of review.

Select the type of review and the review method from the lists below. Select the health area(s) of interest for
your review.

Type of review

Cost effectiveness
No

Diagnostic
No

Epidemiologic

No

Individual patient data (IPD) meta-analysis
No

Intervention
Yes

Meta-analysis
No

Methodology
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No

Network meta-analysis
No

Pre-clinical
No

Prevention
No

Prognostic
No

Prospective meta-analysis (PMA)
No

Qualitative synthesis
No

Review of reviews
No

Service delivery
No

Systematic review
Yes

Other
No

Health area of the review

Alcohol/substance misuse/abuse
No

Blood and immune system
No

Cancer
No

Cardiovascular
No

Care of the elderly
No

Child health
No

Complementary therapies
No

Crime and justice
No

Dental
No

Digestive system
No

Ear, nose and throat
No

Education
No

Endocrine and metabolic disorders
No

Eye disorders

National Institute for
Health Research
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No

General interest
No

Genetics
No

Health inequalities/health equity
No

Infections and infestations
No

International development
No

Mental health and behavioural conditions
No

Musculoskeletal
No

Neurological
No

Nursing
No

Obstetrics and gynaecology
No

Oral health
No

Palliative care
No

Perioperative care
No

Physiotherapy

No

Pregnancy and childbirth
No

Public health (including social determinants of health)
No

Rehabilitation
No

Respiratory disorders
No

Service delivery
No

Skin disorders
No

Social care
No

Surgery

No

Tropical Medicine
No

Urological
No

Wounds, injuries and accidents
No
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Violence and abuse
No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any added Iin error.
English

There is an English language summary.

32. Country.

Select the country in which the review is being carried out from the drop down list. For multi-national
collaborations select all the countries involved.

Australia

33. Other registration details.

Give the name of any organisation where the systematic review title or protacol is registered (such as with
The Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification number
assigned. (N.B. Registration details for Cochrane protocols will be automatically entered). If extracted data
will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.

This review protocol will not be registered with other organisations.

34. Reference and/or URL for published protocol.

Give the citation and link for the published protocol, if there is one

Give the link to the published protocol.

Alternatively, upload your pubiished protocol to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

Yes | give permission for this file to be made publicly available

Please note that the information required in the PROSPERQO registration form must be completed in full even
if access to a protocol is given.

35. Dissemination plans.

Give brief details of plans for communicating essential messages from the review to the appropriate
audiences.

The target journal for this paper is the International Journal of Behavioral Nutrition and Physical Activity. The
review will also be presented at national and international conferences.

Do you intend to publish the review on completion?
Yes

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line,
Keywords will help users find the review in the Register (the words do not appear in the public record but are
included in searches). Be as specific and precise as possible, Avoid acronyms and abbreviations unless
these are in wide use.

Indigenous
Physical activity
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37. Details of any existing review of the same topic by the same authors.

Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.

38. * Current review status.

Review status should be updated when the review is completed and when it is published.
Please provide anticipated publication date

Review_Completed_published

39. Any additional information.

Provide any other information the review team feel is relevant to the registration of the review.

40. Details of final report/publication(s).

This field should be left empty until details of the completed review are available.

Sushames A, van Uffelen JGZ, Gebel K. Do physical activity interventions in Indigenous people in Australia
and New Zealand improve activity levels and health outcomes? A systematic review. Int J Behav Nutr Phys
Act. 2016. Dec; 13(1):129-145. doi:10.1186/512966-016-0455-x

Give the link to the published review.
https://ijbnpa.biomedcentral.com/articles/10,1186/s12966-016-0455-x
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INFORMATION SHEET

Title:
Validation of a novel accelerometer device

Study Aim

The main aim of this study is to investigate the reliability and validation of a novel activity
monitoring device against a widely utilised and accepted standard accelerometer device. This
information will assist in providing the most accurate and consumer friendly device for
participants to wear during a physical activity intervention.

The Researcher

The study is being conducted by Ms Ashleigh Sushames (Bachelor of Sport and Exercise
Science - Honours) and will contribute to her PhD projects in Sport and Exercise Science at
James Cook University.

You are invited to:

e Attend two sessions of testing a week apart and two sessions to return the device and
to debrief in a confidential room at a time convenient for you. The first session will
include a medical screening questionnaire, baseline measurements and activity
protocol and will take approximately 30-45 minutes.

Session 1: This session will request for you to complete and address the following:
e Medical History Questionnaire

Informed Consent Form

General health details

Smoking and alcohol consumption information

A Quality of Life Survey

Complete a pre-screening health assessment with the following

measurements:
e Height
Weight

L]
e Waist and hip circumferences
e Body fat percentage measured using electronic scales

o Participate in a physical functional assessment - a six-minute walk test
e You will be required to walk for six minutes in a safe indoor
environment
The final distance will be recorded
e Perceived level of exertion will be monitored and recorded on an 11-
point scale of 0-10
e 0= minimum level of exertion and 10 = maximum level of
exertion
e Please note:
e The six-minute walk test cannot be completed in a confidential
room
e The six-minute walk test can be used for most population types
and is considered appropriate for various health conditions
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o Participate in an activity protocol which is comprised of the following six-minute
activities:
o Walking at a self-determined speed with an incline of 0% (Rated
Perceived Exertion - RPE 4)
o  Walking at the same speed with an incline of 5% (RPE 4)
A slow jog at a self-determined speed with an incline of 0% (RPE 7)
Stair stepping at a comfortable pace (RPE 4)

For the duration of the protocol and remainder of the waking day you will need to:

o Be fitted with electronic devices after you complete the six-minute walk test.

You are expected to wear the devices for the remainder of the day or at least 10 hours.

e Provided with verbal and written instruction regarding device use, protection and
removal will be provided

o One device will be worn around the wrist on a bracelet
o The other device will be worn on the hip on an adjustable elastic belt
* The device on the adjustable elastic belt may be removed when
sleeping
o The devices will be positioned to cause the least amount of discomfort and to
allow you to continue with normal daily activities
Session 2: This session will request for you to complete and address the following:

e You will be requested to attend a brief interview session in a confidential room at a
time convenient for you. The interview is expected to take approximately 15-20
minutes. During this time:

o The devices will be removed
o You will be required to complete a questionnaire on the devices regarding user
compliance
o Discuss use of the devices (e.g. when they were removed, how comfortable
they were, suggestions for improvement, etc.)
Session 3: This session will request for you to complete and address the following:
o You will repeat the same physical tests that were utilised during the first
session and wear the accelerometers as previously advised.
Session 4: In this session you will be requested to complete and address the following:
o Return the devices to the laboratory.
All interactions will be conducted in the Cairns region and will take place at James Cook
University, Cairns Campus.

Preparation by Participants for Testing

e Participants should wear comfortable clothing and footwear (e.g. closed in
walking/running shoes) for all sessions

e Avoid participating in any strenuous exercise for 24 hours preceding the pre-
screening health assessment and completion of a physical functional assessment
session;

e Maintain a similar dietary intake for the 24 hours immediately preceding each testing
session, including refraining from consuming any caffeine or supplements which may
affect the results.
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Taking part in this study is completely voluntary and you can stop taking part in the study at
any time without explanation or prejudice. You may also withdraw any unprocessed data
from the study.

Are there any risks involved?

e The six-minute walk test is a physical function test and may result in breathlessness for individuals with
medical conditions and/or a general feeling of fatigue. This may also happen during the treadmill and stair
stepping protocol.

e To ensure safety throughout the study, the procedures will be stopped immediately if at any time an
individual experiences unusual feelings of illness, pain or discomfort or wishes to discontinue.

e Please advise if you feel discomfort from the device and wish to cease participation, as you are able to
withdraw at any time without reason.

e Should participants feel as if they need counselling, the details of local counselling services are provided
below. It is recommended that JCU students seek counselling from the JCU counselling services and
participants from the community seek counselling from Lifeline Community Care.

Lifeline Community Care

After hours GP helpline 188 Aumuller St,
Phone: 1800 022 222 Bungalow
Cairns QLD

Phone: (07) 4050 4955

Participation in this study may promote awareness of how physically active you are on a daily basis.

Please remember that you are not required to participate in any additional physical activity just because you
are wearing the electronic devices.

You are expected to continue with attempting all daily activities and any other tasks that you may normally
partake in.

Confidentiality

Any information that is obtained will remain strictly confidential. Anonymous results will be disseminated via
publication in peer-reviewed journal articles and seminar/conference presentations.

All participants are free to withdraw from the study or discontinue participation in an activity at any time without
reason.

If you have any questions about the study, please contact Ms Ashleigh Sushames or Dr Andrew Edwards.

Principal Investigator: Supervisor:

Ashleigh Sushames Name: Dr. Andrew Edwards

Institute of Sport and Exercise Science School: Institute of Sport and Exercise Science
James Cook University James Cook University

Mobile: Phone:

Email: ashleigh.sushames@my.jcu.edu.au Email: andrew.edwards@jcu.edu.au

If you have any concerns regarding the ethical
conduct of the study, please contact:

Human Ethics, Research Office

James Cook University, Townsville, Qld, 4811

Phone: (07) 4781 5011 (ethics(@jcu. edu.au)
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This administrative form
has been removed
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Appendix 4: Letters of support for the physical activity program in
Chapter 4.

unv\igiMa

cape Yorx | MEALTH CounaiL

16 September 2015

Ashleigh Sushames-BSpExSc (Hons)

PhD Candidate Centre for

Chronic Disease Prevention Division of Tropical Health and Medicine
PO Box 6811

D3: Room 132

Cairns QLD 4870 AUSTRALIA

Dear Ashleigh,

Thank you for your request to include the Mossman Gorge Community as part of your
PhD entitled “Physical activity interventions using cultural based activities”.

The Apunipima Cape York Health Council’s Research Governance Committee have
considered your request and I'm pleased to advise that support for your PhD project has
been approved.

It is recommended that you work with Ms Julie Salam, Chronic Disease Health Worker at
our Mossman Gorge clinic to arrange your community visits.

As part of research translation and reciprocity, | invite you to present your findings to our
staff and board members at the completion of your work. To do this please be in touch
with our, Research Coordinator, on 07 4037 7213 or Rachael.ham@apunipima.org.au. |
wish you all the best with your PhD journey.

Yours sincerely,

CLEVELA FAGAN
Chief Executive Officer

Apunipima Cape York Health Council Aboriginal Corporation

°
b2
ungalow Caims QLD 4870) ‘ﬁk

on@apunipima.org.au el

Phone: 07 4037 7100 » Fax 07 4038 4100 « Email: r
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HEALTH SERVICE LIMITED

18 September 2015

Ashleigh Sushames

PhD Candidate

Cairns Institute and the Institute of Sport and Exercise Science
James Cook University,

Cairns, QLD 4870

Dear Ashleigh,
RE: Culturally based physical activity interventions in Indigenous Australians
Your request for support from Mamu Health Service Ltd. has been reviewed by Colleen Purcell.

Mamu has previously undertaken a similar program for staff and we welcome the opportunity to
work with you to offer your project to Mamu clients.

We feel the project offers one of the first culturally based physical activity intervention programs,
and this will be unique as it will provide current and relevant data to provide much needed
information to expand and modify future program delivery. We offer you our commitment and
support for this project to achieve the desired results.

As part of building a two way learning and knowledge capacity building with our staff and

communities, | welcome you to Mamu Health Service to share your findings upon completion of this
work.

Yours sincerely,

Bevan Ah Kee
' Chief Executive Officer
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INFORMATION SHEET

Title: Culturally based physical activity intervention for Indigenous Australians

Study Aim: The main aim of this study is to create, implement and evaluate a cultural based
physical activity intervention in regional and rural Indigenous communities in Far North
Queensland. The intervention is aimed at reducing the burden of chronic disease, such as type
2 diabetes and heart disease, by increasing physical activity levels through culturally
appropriate activities that maintain the communities’ values, attitudes and beliefs. The time
commitment from participants will include three health screening sessions and participation
in physical activity sessions during the week. The duration and the number of activity
sessions will vary depending on the type of activity and fitness level of participants. A
timetable will be released once your activity preference has been recorded. You will be
invited to attend an optional focus group after the 8-week program, to give your feedback on
the project.

The Researcher

The study is being conducted by Ms Ashleigh Sushames (Bachelor of Sport and Exercise
Science - Honours) and will contribute to her PhD projects in Sport and Exercise Science at
James Cook University.

You are invited to:

e Attend some initial health screening before and after the eight weeks of activities.
There will be a follow-up screening session three and 12 months after the end of the
program. The screening will always be the same and will consist of the following:

All screening sessions: This session will request for you to complete and address the
following:

e Informed Consent Form

Medical History Questionnaire

General health details

Smoking and alcohol consumption information

12 question Short Form Health Survey

Nutritional recall survey

Fasting venous blood sample to measure metabolic markers such as blood glucose
and cholesterol

The screening sessions are expected to last between 30-60 minutes with the option of taking
some forms home to complete in your own time.

Complete a pre-screening health assessment which will include the following measurements:

e Height

e  Weight

e Waist and hip circumferences

e Body fat percentage measured using electronic scales

Participate in a physical function assessment - a six-minute walk test

e You will be required to walk for six minutes in a safe indoor environment

e The final distance will be recorded

e Perceived level of exertion will be monitored and recorded on a scale from 0-10

e The six-minute walk test cannot be completed in a confidential room

You will be asked about your preference of activities which can include the following:

e Bushwalking (men and women in separate groups)

e Traditional dance
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e Sporting competition nights
e Volunteering to help the community

For all health testing sessions:
e You will be fitted with an electronic wristband (Fitbit) which is to be worn for a week
to measure your step count and activity levels
e Verbal and written instruction regarding device use, protection and removal will be
provided
o The device will be worn around the wrist on a bracelet
For all intervention activities:
o Appropriate footwear is to be worn for outdoor activities
e You have the right not to participate in activities where you feel shame or you are
unable to take part due to illness.
All interactions will be conducted in the Mossman region and testing will take place in a
private and confidential room at Apunipima Cape York Health Council.

Preparation of participants for testing

e Participants should wear comfortable clothing and footwear (e.g. closed in
walking/running shoes) for all sessions

e Please avoid participating in any strenuous exercise for 24 hours preceding the pre-
screening health assessment and completion of a physical functional assessment
session;

e Please maintain your normal dietary intake for the 24 hours immediately preceding
each testing session, including refraining from consuming any caffeine or
supplements which may affect the results.

Are there any risks involved?
e The six-minute walk test is a physical function test and may result in temporary breathlessness for
individuals with medical conditions and/or a general feeling of fatigue.
e To ensure safety throughout the study, the procedures will be stopped immediately if at any time an
individual experiences unusual feelings of illness, pain or discomfort or wishes to discontinue.

Taking part in this study is completely voluntary and you can stop taking part in the study at any time without
explanation or prejudice. You may also withdraw any unprocessed data from the study. Should participants feel
that they need counselling, the details of local counselling services are provided below.

After hours GP helpline Wuchopperen Health Service
Phone: 1800 022 222 13 Moignard Street
Cairns QLD

Phone: (07) 4080 1000

Participation in this study may promote awareness of how physically active you are on a daily basis and changes
in health by being more active. You are expected to continue with attempting all daily activities and any other
tasks that you may normally partake in.

Confidentiality
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Any information that is obtained will remain strictly confidential. Anonymous results will be disseminated via
publication in peer-reviewed journal articles and seminar/conference presentations. All participants are free to
withdraw from the study or discontinue participation in an activity at any time without reason.

If you have any questions about the study, please contact Ms Ashleigh Sushames or Dr Klaus Gebel.

Principal Investigator: Supervisor:

Ashleigh Sushames Name: Dr Klaus Gebel

Institute of Sport and Exercise Science College of Public Health, Medical and Veterinary
James Cook University Sciences

Phone: James Cook University

Email: ashleigh.sushames@my.jcu.edu.au Phone:

Email: klaus.gebel@jcu.edu.au
If you have any concerns regarding the ethical
conduct of the study, please contact:
Human Ethics, Research Office
James Cook University, Townsville, Qld, 4811
Phone: (07) 4781 5011 (ethics@jcu.edu.au)

190



Appendix 6: Informed consent form for the physical activity program in

Chapter 4.

This administrative form
has been removed
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program in Chapter 4.
'{: {3\1\1}/}{‘/%{(5)1(1)}? Pre-screening Medical and Lifestyle Questionnaire

AUSTRALIA

Date:

Name:
Street Address:

State Post Code
Home Phone: Mobile Phone:
Date of Birth: Gender: Male [ ]  Female[ ]
Do you identify as:  Aboriginal [_] Torres Strait Islander [] Both []
Emergency contact details:
Name: Contact number/s:
Relationship to you:
Past medical history
Have you ever had any of the following and if so, when?

Year Year
Rheumatic fever O Lung disease [ ]
High cholesterol ] Operations  [_]
High blood pressure [ ] Injuries - back, joints [_]
Any heart trouble (] Diabetes ]
Disease of the arteries[ ] Epilepsy ]
Varicose veins ] Asthma
Explain:
Family medical history
Have any of your close relatives had any of the following?
Age  Relative Age Relative
Heart attack () Congenital (born with)
heart disease ()

High blood pressure () Heart operations ()
High cholesterol ( ) Other ( )

Diabetes( )
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Present Symptoms Review
Have you recently had any of the following, if so when?

Chest pain ] Coughing of blood [ ]

Shortness of Breath [_| Back pain

Heart palpitations [ ] Swollen, stiff, painful joints [ ]

Cough on exertion (when doing physical activity) []

Explain:

Females only: Are you pregnant? [ ] YES (Months? ) [ NO
Medication

Are you currently taking any medications? ] YES []NO

If yes, what medication are you taking?

What is this medication for?

Smoking

Do you smoke? []YES []NO
If YES, for how long?

If YES, how many cigarettes a day?

If NO, have you ever smoked? [JYES []NO

If YES, for how long?
If YES, what age did you stop?
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Diet

Are you currently eating less food in order to lose weight? [ | YES [] NO
If YES, what foods are you cutting down or cutting out?

How many pieces of fresh fruit do you usually eat per day? (count 'z cup of diced fiuit, berries

or grapes as one piece) Fruit

I do not eat fruit _ _
Less than 1 piece of fruit per day = =
1 piece of fruit per day

2 pieces of fruit per day
3 pieces of fruit per day
4 or more pieces of fruit per day

1 medium piece 2 small pieces 1 cup chopped
(e.g. apple) (e.g. apricots) or canned fruit

L0004

How many serves of vegetables do you usually eat per day? (count all types, fresh, frozen or
tinned)

Less than 1 serve of vegetable per day
1 serve per day

2 serves per day

3 serves per day

4 serves per day

5 serves per day

Vegetable

O]

.

‘ -

6 or more serves per day 72 cup cooked 1 iy 1 g S
vegetable or cooked  POtato vegetables
legumes

Physical Activity

Do you engage in any regular physical activity? (] YES [] NO

If YES, please describe the exercise or sport

How long is the session (minutes)?

How hard does it make you work (light/moderate/hard)?

How often do you do the exercise/sport per week?

Have you ever been told not to exercise? [JYyeEs [ NO
If YES, for what reason?

Compared to your physical activity over the past three months, was last week’s physical
activity more, less or about the same?
More [_] Less [] About the same [_]



Appendix 7: Pre-screening assessment

Alcohol

Do you drink alcohol regularly? ] vyES []NO
In the last 12 months, how often did you have an alcoholic drink of any kind?
Everyday

5 to 6 days a week
3 to 4 days a week
| to 2 days a week
2 to 3 days a month

About 1 day a month

Oooooon

Less often
No longer drink ]

Please record how often in the last 12 months you have had each of the following number of
standard drinks in a day? (Mark one response for each row below)

Everyday 5-6 34 days -2 2-3 days  About 1  Less Never

days a week days amonth day a often

a week a week month
20 or more standard || [l | L] L] L] L] L
drinks a day
11-19 standard [ ] O O ] L] L]
drinks a day
7-10 standard drinks l:] [:] ] L] |:| L] L] LJ
a day
5-6 standard drinks a  [_] L] L] | L] L] L] L]
day
3-4 standard drinks a  [_] ] O ] [l ] ] ]
day
1-2 standard drinks a [ _] L] L] L] L] L] L] L]
day
Less than 1 standard [ ] L] L] L] L] L] L] L]
drink per day
None Ll Ll L] Ll Ll L] L] L]

Employment:

Employed full-time [ ]  Employed part-time/casual [ ]  Not currently employed []
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Household Income (pre-tax):

Less than $20,000 [_] $60,000 - $79,999  []
$20,000 - $39,999 [] $80,000 - $99,999 [ ]
$40,000 - $59,999 ] Over $100,000 ]

Highest Level of Education:

Did not complete Year 12

Completed Year 12 Certificate

Completed TAFE course (vocational education)
Completed an undergraduate university course
Completed a post graduate university course

/.

Household:
Number of adults in my household (aged 18 years and over):

Number of children in my household (aged under 18 years):

Are you the main carer for the children, or any dependent adults (such as elderly family
members)?

[]YES []NO
If yes: what ages are your dependent family members?

Toddlers — 2 years and under
3-5 years

Primary school age children
High school age children
Dependent adult

[



Appendix 8: Information sheet for the interviews in Chapter 6.

INFORMATION SHEET
Title: Physical activity program- Interview

You are invited to take part in an interview to gather feedback on the 8-week physical activity
program. The program was aimed at reducing the burden of chronic diseases. such as type 2
diabetes and heart disease, by increasing physical activity levels through culturally
appropriate activities that maintain the community’s values, attitudes and beliefs. We want to
yarn about your experiences, how the program could be improved, and ideas for future
programs.

The Researcher

The study is being conducted by Ms Ashleigh Sushames (Bachelor of Sport and Exercise
Science - Honours) and will contribute to her PhD projects in Sport and Exercise Science at
James Cook University. Ashleigh is based at the Centre for Chronic Disease Prevention of
JCU.

You are invited to:
e Attend an interview to talk about your experience of the 8-week program
e Participate in discussions around the program and the future direction of physical
activity programs in your community
The interview will take place in convenient and private location. Vocal discussion will be
audiotaped and written material will be kept and de-identified to review later.

Are there any risks involved?
* You may feel uncomfortable and not willing to share your ideas, in which case you can choose to
remain silent or write down your thoughts.

Taking part in this study is completely voluntary and you can stop taking part in the study at any time without
explanation or prejudice. You may also withdraw any unprocessed data from the study. Should participants feel
that they need counselling, the details of local counselling services are provided below.

After hours GP helpline Wuchopperen Health Service
Phone: 1800 022 222 13 Moignard Street
Cairns QLD

Phone: (07) 4080 1000

Confidentiality

Any information that is obtained will remain strictly confidential. Anonymous results will be disseminated via
publication in peer-reviewed journal articles and seminar/conference presentations. All participants are free to
withdraw from the study or discontinue participation in an activity at any time without reason.

If you have any questions about the study. please contact Ashleigh Sushames or Dr Klaus Gebel.

Principal Investigator: Supervisor:

Ashleigh Sushames Name: Dr Klaus Gebel

Institute of Sport and Exercise Science College of Public Health, Medical and Veterinary
James Cook University Sciences

Phone: ' James Cook University

Email: ashleigh.sushames@my.jcu.edu.au Phone:

Email: klaus.gebel@jcu.edu.au
If you have any concerns regarding the ethical
conduct of the study, please contact:
Human Ethics, Research Office
James Cook University, Townsville, Qld, 4811
Phone: (07) 4781 5011 (ethics@jcu.edu.au)
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Appendix 9: Informed consent form for the interviews in Chapter 6.

This administrative form
has been removed

198



Appendix 10: Semi-structured interview sheet for the interviews in
Chapter 6.

Semi-structured interview run sheet

Duration: 30 minutes

1.

Before this program, how would you describe your physical activity levels?
[EXPLORE] what were some of your first thoughts when told about the program and
why did you decide to participate (or not to participate)? Do you generally enjoy/not
enjoy exercise/physical activity?

What was your experience with the program?

[EXPLORE] Would you describe physical activity as a positive or negative
experience? Were there any cultural issues or concerns in regards to the research
project? Have you seen any changes or benefits from the program, such as with your
health or body?

What could have been made better about the program?

[EXPLORE] Were there any factors that you would consider to be barriers to your
participation? (reasons why you were unable to make some sessions). What did you
think about the health tests, would you keep them the same or change some? (maybe
the bloods?).

What would you like to see happen in the future?
[EXPLORE] what would you change about the program so it suited you better? How
did you find the activities?

Is there anything else you would like to comment on?
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