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Abstract 
 

Background 

Type 2 diabetes (T2D) is a global public health concern. In Australia, Aboriginal and Torres Strait 

Islander people are most affected, particularly in younger age groups (<40 years) when diabetes onset 

has the most damaging effects. T2D typically results from unhealthy lifestyles and obesity, and it has 

been demonstrated that lifestyle modification can prevent or delay diabetes in people at high risk. The 

Derby Aboriginal Health Service (DAHS) in Western Australia manages a high burden of T2D, 

including many younger people, however limited resources have been available to systematically 

support community based prevention efforts in Derby.  

Aims 

The broad aim of this project was to develop and enact appropriate approaches to support healthy 

lifestyle changes as part of longer-term diabetes prevention among younger Aboriginal people in 

Derby. Specifically, to determine the extent of T2D among people aged 15–39, in and around Derby, 

along with risk factors and screening for T2D; identify potentially useful lifestyle modification 

interventions that are acceptable to community members including young people aged around 15–25; 

co-design a T2D prevention program for young people with community members and DAHS; and pilot 

the program with DAHS to assess acceptability and feasibility of wider implementation.  

Methods 

Methods included quantitative analysis of DAHS health care records, including screening with glycated 

haemoglobin (HbA1c) and analysis of patients with multiple screening observations (n=168) for 

exploration of T2D progression; a systematic review of group lifestyle modification programs 

involving young Indigenous people in four Western countries; interviews with individuals who had 

successfully made healthy lifestyle changes (n=4); and focus groups (n=32) and advisory discussions 

with a range of community members to direct program design. Formative participatory research 

resulted in the creation of a prevention program with DAHS. The pilot program involved Aboriginal 

men and women aged 18–38 years (n=10) and was primarily evaluated using qualitative methods 

including post-program interviews. 

Results 

The diagnosed T2D prevalence among all patients aged 15–39 was 5.3% at 31 December 2018; 

however, less than half of all patients had been screened. Results were suggestive of increasing T2D 

risk by mid-20s and increased risk of progression to T2D from high-range pre-diabetes, particularly 

for people with substantial weight gain. The systematic review reinforced that there have been limited 

published reports of lifestyle modification programs specifically for young Indigenous people 
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internationally. In the reviewed studies, community direction and cultural relevance were clearly 

valuable and a sizeable physical activity component appeared to be beneficial. The narratives of 

Aboriginal people in Derby who had independently made healthy lifestyle changes indicated high self-

efficacy. These men had relatively favourable socioeconomic circumstances and social supports, and 

emphasised the importance of health-related skills and diabetes understanding from an early age. 

Other groups of community members also highlighted the potential to improve healthy lifestyle 

knowledge and the difficulty of sustaining healthy eating. They supported the creation of a 

comprehensive, tailored prevention program including streamlined and practical education and group 

physical activity. The pilot program, facilitated by local young Aboriginal people, was found to be 

acceptable and appropriate. Participants gained knowledge and made some healthy changes including 

reduced soft drink consumption, smaller food portions and healthier shopping choices. While 

highlighting challenges with resourcing and competing demands in a high-need setting, the pilot 

program demonstrated that supportive and enjoyable prevention programs for younger age groups 

could be run using local staff, with potential for sustainability. The program was revised with DAHS 

and documented for future use. 

Conclusions 

The high T2D prevalence and common presence of risk factors from an early age supports the need for 

enhanced prevention efforts for young Aboriginal people. Achievable actions for T2D prevention in 

this setting in the short term are increased screening at younger ages and, with dedicated modest 

funding, ongoing provision of tailored group programs to support healthy lifestyle changes. This 

example of a community-directed process to develop a localised, evidence based prevention program 

that can be run by a range of community members may be useful in other relatively low-resource 

settings. Community-led programs can be a successful means to communicate key health information 

that builds a crucial foundation for change. 
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CHAPTER 1  
Introduction 

Research overview 

Aboriginal Australian people have a substantially higher type 2 diabetes (T2D) burden than non-

Indigenous Australian people with onset often earlier in life. In Derby, Western Australia, there is a 

very high known prevalence of T2D beyond age 40 and it is also being diagnosed in young people. The 

focus of health services has been more on identification and treatment of T2D with limited focus on 

prevention, to which lifestyle modification is central. The broad aim of this project was to develop and 

enact appropriate approaches to support healthy lifestyle behaviour changes as part of longer-term 

prevention of T2D among young Aboriginal people in Derby. The specific aims were to: 

1. Document screening for T2D and the extent of T2D and associated risk factors in this

population, as a baseline for the local Aboriginal health service and as part of informing the 

community. 

2. Describe approaches to support healthy lifestyle changes relevant to this population.

3. Ascertain what lifestyle interventions are acceptable to young Aboriginal people in Derby and

develop a community-directed, culturally appropriate prevention program. 

4. Determine the acceptability, short-term outcomes and potential of a pilot intervention program 

designed to prevent T2D. 

This introductory chapter will provide context for the thesis by describing the study setting, 

project rationale including the importance of T2D prevention, and essential guiding principles for the 

research. 

Terminology 

The capitalised term ‘Indigenous’ is sometimes used in reference to Aboriginal and Torres Strait 

Islander people in Australia, as well as being a term used regarding indigenous peoples in other parts 

of the world. In this thesis, I primarily use the word ‘Aboriginal’ and ‘Aboriginal people’ in reference to 

the local context [1], while acknowledging that some residents may identify as Torres Strait Islander 

or both Aboriginal and Torres Strait Islander. I also recognise that in Australia these terms encompass 

diverse groups with unique cultures dating back more than 60,000 years. The term ‘non-Indigenous’ is 

used in this thesis to refer to people who are neither Aboriginal nor Torres Strait Islander, including 

myself. 
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Setting 

Derby and the Kimberley region, Western Australia 

Figure 1. Map of Australia with marker locating Derby. (Map data © 2017 Google) 

Derby is an isolated town in the West Kimberley region of north-west Australia, approximately 

2400 km from Perth. Located on the King Sound inlet with expansive mudflats, Derby has a hot 

climate, particularly in the wet season (November–April). The 2016 Census recorded approximately 

3300 residents; around half were Aboriginal people, with around 600 Aboriginal community members 

(39%) aged between 15 and 40 [2]. These figures may be underestimates as there is a higher 

undercount rate of Aboriginal and Torres Strait Islander people in the Census than other population 

groups [3]. There are some small discrete Aboriginal communities, with up to approximately 50 

residents, located at a boundary of the town area (town-based reserves). Other nearby Aboriginal 

communities are Mowanjum, 10 km south-east of Derby with a population of approximately 300 

people, and Pandanus Park (Yurmulun), approximately 60 km south of Derby with a population of 

around 100.  

Derby is situated on Nyikina Country. In 2014, the Nyikina and Mangala people achieved native 

title recognition relating to land areas south and east of Derby. The entire Kimberley region covers 

more than 400,000 square kilometres and is Country1 of many different language groups (Figure 2). 

Approximately 30 different languages are still spoken in the region [4]. 

1 “Country includes land, waters both fresh and salt, air and that which lies above and below the ground 
or out of sight. The term Country encompasses the physical, spiritual and cultural meaning of landscape” [4].   
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Figure 2. Map of language groups of the Kimberley. Reproduced with permission from Kimberley 
Language Resource Centre. 

Colonisation commenced in the eastern part of the continent, now known as Australia, in 1788 

and later in the south-west of Western Australia in 1829. The township of Derby was gazetted in 

1883. Within living memory, Aboriginal people in the Kimberley worked without pay, were subject to 

a permit system preventing their freedom of movement, systematically had children taken from their 

families and communities by the government, and were segregated onto missions and reserves [5, 6]. 

The traumas experienced by Aboriginal people in previous generations continue to have adverse 

transgenerational effects [7]. Alongside this, many Kimberley Aboriginal people continue to 

experience particularly high levels of socioeconomic disadvantage [8]. Historical and current trauma 

has significant impact on the health and well-being of Aboriginal people [9]. While the extreme 

historical and contemporary difficulties for Aboriginal peoples in the Kimberley and the rest of 

Australia must be recognised, so too should their strength, resilience, adaptation, and maintenance of 

identity and culture in the face of immense odds [4].  

Derby Aboriginal Health Service 

There are many Aboriginal organisations and individuals in Derby doing valuable work for their 

communities and the broader Kimberley region. This project was undertaken in collaboration with the 

Derby Aboriginal Health Service (DAHS). DAHS has provided holistic primary health care services in 
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Derby and surrounding areas since 1998, including providing clinical services to several remote 

communities with a distance of 60–600 km from Derby. Its mission includes preventing ill-health and 

promoting well-being (Box 1). As an Aboriginal Community Controlled Health Service (ACCHS), DAHS 

was initiated by key local Aboriginal community members. Members from Derby and surrounding 

communities control DAHS through an elected Board of Directors. Most Derby Aboriginal residents 

attend DAHS as clients; there is also a GP service at the Derby Hospital.  

In the ten years preceding this project, DAHS had collaborated with the Rural Clinical School of 

Western Australia (RCSWA) on projects including the DAHS diabetes study [10], the Kimberley HbA1c 

study [11], and the Optimisation of Rural Clinical and Haematological Indicators of Diabetes in 

pregnancy (ORCHID) study [12]. This project was developed after I contacted RCSWA as a prospective 

PhD student living in Derby. I had previously lived in a remote Aboriginal community (serviced by 

DAHS) after relocating from Melbourne. This contact with RCSWA highlighted the need to expand 

previous diabetes-related research to include prevention. This idea was presented to the Chief 

Executive Officer of DAHS who expressed interest in involving DAHS in such research. A proposed 

project consistent with this thesis was presented to the Board of Directors of DAHS. The Board 

affirmed that the proposal was relevant, appropriate, and aligned with community priorities as there 

was concern that T2D, common in the community, was now afflicting younger people. The DAHS CEO, 

a local Aboriginal person with a PhD, agreed to be a PhD co-supervisor. 

 

Box 1. Mission statement of the Derby Aboriginal Health Service (DAHS). 

DAHS mission 

To deliver holistic primary health care services which: 

 are based on the social justice principles of equity and access;  

 address the needs of Aboriginal people; and 

 respect and reflect the cultural values of the communities we serve. 

The Derby Aboriginal Health Service has been established by Aboriginal people for Aboriginal people 

with the purpose of: 

 empowering Aboriginal people in the prevention and management of ill-health, and in the 

promotion of well-being for individuals, families and communities; as well as 

 empowering Aboriginal people in the processes of decision-making, planning and service 

delivery.                                                          

http://www.derbyaboriginalhealthservice.org.au 

 

The enormous disparity in the health of Aboriginal people compared to non-Indigenous people in 

Australia is due to the historical and current impact of colonisation [13] and past and current notions 

of power. As such, improvements in Aboriginal health can be considered the restoration of individual 

and community well-being [14]. Concepts of health can vary among cultural groups; in this particular 
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context, Aboriginal concepts of health are recognised as holistic or multidimensional, although 

particular definitions of health may vary between groups of Aboriginal people [13]. 

Contemporary Derby 

Throughout Australia and therefore the Kimberley, while Aboriginal peoples are different from 

each other they are still closely connected through family and cultural links [4]. In contemporary 

Derby, Aboriginal residents have a range of cultural and geographical backgrounds. Socioeconomic 

circumstances, ways of living and participation in traditional cultural ceremonies also vary. There are 

clear common cultural values and practices relating to extensive family and kinship networks. Young 

people have a range of other influences through popular culture, social media and non-Indigenous 

institutions such as schools. Many are proficient in ‘walking in two worlds’; that is, mainstream non-

Indigenous Australian culture and their own Aboriginal culture.  

Derby has several local sporting clubs, with the provision of some sports dependent on key 

individual volunteers. There is an additional challenge with the transient nature of people moving in 

and out of the Kimberley. Organised sports predominantly occur in the dry season when the weather 

is cooler. During 2015, there were an estimated 509 occurrences of participation in a local sport by 

persons aged years 15 and older in Derby, with some residents counted in more than one sport. Derby 

also has a small commercial gym, which had 150 members in 2015 [15]. Some of these activities 

involve a large proportion of non-Indigenous people. Derby has some facilities to promote other 

participation in physical activity, such as a walking path across the marsh to the jetty with outdoor 

exercise equipment set at the halfway point. However, barriers to participation in physical activity 

include a hot climate, low car ownership and a lack of public transport, a high proportion of residents 

with low disposable income, and an expansive town layout [15].  

The food environment in Derby includes one small and one larger supermarket, several 

restaurants and cafes, and several small outlets that sell takeaway foods including healthy food 

options. Poor nutrition is recognised as a key health concern for Aboriginal people including in the 

Kimberley, with a marked contrast to traditional healthy diets [16]. 

Over the past several years a range of services have sporadically promoted healthy lifestyles in 

Derby. There have been a small number of more substantial initiatives dependent on specific funding 

that do not necessarily have a replicable structure long term. For example, the Tackling Indigenous 

Smoking program delivered by a number of organisations, including DAHS, had previously 

incorporated some healthy lifestyle promotion, including for young Aboriginal people. However, after 

2014, the program shifted away from healthy lifestyles to focus specifically on tobacco reduction [17]. 

During the current project, which commenced in 2016, several DAHS staff and other community 

members spoke of the HAWK Now! (Healthy and Active in the West Kimberley) program that ran in 

Derby for three years between 2010 and 2013 [18]. Funded by the Australian Government Healthy 

Communities Initiative and delivered by the Shire of Derby/West Kimberley in partnership with other 

local organisations, the initiative targeted people at risk of chronic disease and not in substantial paid 
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employment. The program, which sought to encourage participation among Aboriginal community 

members, included exercise groups and other healthy lifestyle sessions and events. It was still being 

mentioned by Aboriginal community members and health professionals five years after the initiative 

ended; a co-ordinated preventive effort supported by sizeable funding was clearly unusual and was 

valued.  

Type 2 diabetes 

Background 

Currently, the life expectancy of Aboriginal and Torres Strait Islander Australians is around ten 

years lower than that of other Australians, primarily attributable to chronic diseases [19]. In the Shire 

of Derby/West Kimberley in 2010–2014, the median age at death was 60 years [20]. Among other 

health concerns, the Kimberley has a very high rate of end-stage kidney disease, most of which is 

caused by T2D [21]. In Australia overall, the diabetes prevalence among adults has been estimated to 

be around 6.1–6.3%, and around 1.3% among people aged 18–44 [19]. The prevalence among 

Aboriginal and Torres Strait Islander people has been estimated to be 3.5 times higher than non-

Indigenous Australians, with an almost six times higher age-standardised diabetes mortality rate [19] 

and with greater disparities in younger age groups [22]. There are similarities in high rates and 

devastating consequences of T2D among indigenous peoples around the world [23]. Prevention and 

management of T2D among Aboriginal people is clearly a key aspect of closing the life expectancy gap 

in Australia [24]. Additional information about T2D in Derby and the Kimberley is included in 

Chapter 2. 

T2D (sometimes referred to as type 2 diabetes mellitus or T2DM) involves dysfunction in 

processes to convert blood glucose into energy. In T2D, body cells are resistant to insulin, which is a 

hormone produced by the pancreas that is key to glucose metabolism. Cells do not take up glucose as 

normal and, over time, the pancreas cannot produce enough insulin to compensate; therefore, a higher 

than normal amount of glucose remains in the blood [25]. While there are genetic factors in the 

development of T2D, it is known that modifiable lifestyle factors contribute greatly to the risk. 

Specifically, prominent factors amenable to change are physical activity and diet and associated body 

weight [26]. This is in contrast to type 1 diabetes, which is a non-preventable autoimmune disease 

comprising a minority of diabetes cases.  

The estimated global adult prevalence of T2D is 8%, and up to half of T2D cases in high-income 

countries may be undiagnosed [27]. Although T2D may initially be asymptomatic, it is a progressive 

condition. Elevated blood glucose over time causes chemical reactions that alter cells in various parts 

of the body [28]. This damage is evident in the macrovascular complications of T2D, including 

cardiovascular disease, and microvascular complications including retinopathy (eye disease), 

neuropathy (nerve damage) and nephropathy (kidney or renal disease) [25]. Diabetes is also a cause 

of cancers [29]. 
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Glycated haemoglobin 

Blood glucose levels over time can be assessed using glycated haemoglobin (HbA1c). Haemoglobin 

is a protein in red blood cells, which have a lifespan of around four months, and HbA1c indicates 

average exposure to blood glucose particularly reflecting the preceding two months [30]. Currently in 

Australia, HbA1c is reported in both International Federation of Clinical Chemistry and Laboratory 

Medicine (IFCC) units (mmol/mol) and NGSP units (%). The HbA1c cut-off point for diabetes in 

Australia is 48 mmol/mol or 6.5%, as recommended by the World Health Organization. There is a 

continuum of risk with increasing HbA1c levels, but beyond 6.5% the prevalence of microvascular 

complications substantially increases [31]. 

Blood glucose levels that are higher than normal, but not high enough to be diagnosed as T2D, 

may be classified as “pre-diabetes” as this is generally regarded as an at-risk state for T2D [32]. 

However, rates of progression from pre-diabetes to diabetes vary between populations [32], and a 

status of “pre-diabetes” does not mean that diabetes is certain to follow. The World Health 

Organization endorses the alternative term “intermediate hyperglycaemia”. While accepting the 

limitations of the term “pre-diabetes”, it is used in this thesis due to its common usage in Australia and 

other countries. Pre-diabetes can be defined by impaired fasting glucose (IFG), impaired glucose 

tolerance (IGT), or HbA1c 39–47 mmol/mol (5.7%–6.4%) or 42–47 mmol/mol (6.0%–6.4%). In 

addition to indicating T2D risk, it is a metabolic state involving increased risk of microvascular and 

macrovascular damage compared to normoglycaemia, particularly beyond HbA1c 6.0% [33]. In the 

continuum of risk between HbA1c levels and cardiovascular disease (CVD), there is an estimated 70% 

increase in CVD risk accompanying HbA1c 6.0–6.4% [34]. Further discussion about detecting T2D or 

pre-diabetes using HbA1c, and the importance of screening asymptomatic at-risk individuals for T2D, is 

included in Chapter 2. 

Young onset 

T2D was formerly rare among young people, but is now increasingly found in children, 

adolescents and young adults [27]. Young-onset T2D may be defined as occurring at less than 40 years 

of age [35, 36]; however, there has also been a focus on onset at younger than 25 years [22, 37]. 

Young-onset T2D appears to be of particular concern due to the typical course and consequences of 

the disease when diagnosed at an early life stage [38]. In a UK study, T2D complications were found to 

occur around 13–20 years earlier for people diagnosed before 40 years of age [36]. In the US, people 

diagnosed with T2D at age 15–24 have been predicted to lose 15 years of remaining life expectancy 

and experience serious diabetes complications in their 40s and 50s [39]. Preventive efforts with at-

risk young people are also crucial due to the impact of T2D that occurs before or during pregnancy, 

including increased risk of offspring later developing T2D [40].  

Young people from minority groups, including indigenous peoples, are more often affected by 

young-onset T2D [41]; this is often within a context of socioeconomic disadvantage [42]. As noted 

above, this clearly applies to young Aboriginal people within Australia.  
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Social determinants of health 

The global rise in T2D since the 1980s is largely associated with changed food environments and 

increased obesity; this has most affected people of lower socioeconomic status, including in Australia 

[19, 43–45]. Increased obesity is also related to changes in physical environments and lifestyles that 

have reduced physical activity [46]. Obesity raises T2D risk as accumulated fat impairs pancreatic 

function and increases inflammation, which is associated with insulin resistance [35]. T2D can occur in 

the absence of overweight or obesity, although it is important to note that central or abdominal 

obesity can occur in people of normal weight and also increases health risks [47]. 

A person’s socioeconomic position is indicated by factors including education, employment, 

income and housing [48]. As illustrated in Figure 3, these factors are part of the social determinants of 

health. Other health determinants include health behaviours (which are in turn associated with 

socioeconomic factors) and availability of appropriate health services [19]. These factors are highly 

pertinent to Aboriginal health in Australia, and further amplified in rural and remote areas [13, 49]. 

The social and emotional well-being and physical health of Aboriginal people across a range of 

socioeconomic statuses is also affected by historical and current trauma, grief and loss, stress, social 

inequality and social exclusion including racial discrimination [50].  

 
Figure 3. Social determinants of health. Reprinted from: A conceptual framework for action on the 
social determinants of health. Social Determinants of Health Discussion Paper 2 (Policy and Practice). 
Solar O, Irwin A. Copyright World Health Organization (2010). 

Prevention 

The impacts of social determinants of health and obesogenic environments are clearly immense. 

However, there are still substantial opportunities to support young Aboriginal people to engage in 

healthy behaviours within the constraints of the environment and their individual circumstances. In 
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addition to primary prevention of T2D (reducing incidence), healthy eating and physical activity have 

an important role in secondary T2D prevention; that is, reducing complications among people with 

diagnosed T2D, including through the possibility of reversion to normoglycaemia [51, 52]. These 

healthy behaviours also directly contribute to the prevention and management of other chronic 

diseases [53]. Further, these interventions are valuable for improving or maintaining mental health 

and well-being [54]. As young Aboriginal people comprise a sizeable population group and are at a life 

stage where there is potential for averting poor health outcomes, establishing healthy behaviours can 

promote lifelong well-being as well as contribute to the well-being of communities [24]. 

Randomised controlled trials of lifestyle interventions 

The United States Diabetes Prevention Program (DPP) demonstrated the effectiveness of a three-

year, intensive lifestyle intervention (diet and physical activity) in preventing or delaying the 

progression to T2D for people with pre-diabetes defined by IGT and IFG. In this three-group 

randomised controlled trial with 1079 intervention participants across 27 clinical centres, the lifestyle 

intervention reduced the incidence of diabetes by 58%, compared to the control group, over 2.8 years 

average follow-up and was more effective than metformin medication [55]. Following commencement 

of the DPP in 1996, randomised controlled trials in Finland and China also yielded evidence that a 

lifestyle intervention improving diet and exercise for people with pre-diabetes can reduce the 

incidence of T2D [56, 57]. The Finnish Diabetes Prevention Study, with 256 participants allocated to 

the diet and exercise intervention group, also found a 58% lower T2D incidence compared to the 

control group with mean 3.2 years follow-up [56]. The Da Qing Diabetes Prevention Study in China, 

with randomisation by health care clinic, demonstrated a 31–46% reduction in T2D incidence in the 

diet and/or exercise intervention groups (n=530) after 6 years [57]. 

The DPP included individuals aged 25 years and over with a recruitment focus on age 35 years 

and over. The mean age at baseline was 51 years. Forty-five per cent of participants were from 

indigenous and ethnic minority groups [58, 59]. Participants randomised to each of the three groups 

(lifestyle intervention, metformin or placebo) received healthy lifestyle advice annually [58]. The 

intensive lifestyle intervention was goal-based (7% weight loss and 150 minutes physical activity per 

week), with participants supported primarily through individual lifestyle coaching with contact at 

least monthly. A structured 16-session curriculum addressing healthy eating, physical activity, 

problem-solving and stress management was used, with some tailoring of materials and strategies to 

participants of different ethnicities, followed by flexible support for maintenance including group 

sessions [59]. The physical activity component of the intervention focused on brisk walking, although 

participants could choose any type of suitable activity and twice-weekly optional group exercise 

sessions were provided. Additional support for behaviour change was provided using a “toolbox” 

approach with strategies including provision of exercise equipment, grocery store vouchers and 

material incentives [59]. The T2D risk reduction from the DPP was largely attributed to weight loss. 

However, as anticipated based on previous literature indicating physical activity decreases T2D risk 
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independent of obesity, physical activity in the absence of weight loss also reduced the risk of 

progression to T2D [59, 60]. In the subsequent Diabetes Prevention Program Outcomes Study 

(DPPOS), where T2D did occur the intervention was estimated to delay onset by 4 years [61]. This is 

consistent with recent 30-year follow-up results of the Da Qing Diabetes Prevention Outcome Study, 

where the median delay in T2D onset in the combined intervention group was also 4 years [62]. 

Benefits of the DPP lifestyle intervention were still apparent after 10–15 years [61, 63].  

Group diabetes prevention programs in community settings 

The DPP was resource-intensive and was not trialled for use in community settings [59]. At the 

completion of the trial, all participants were offered the 16-session lifestyle curriculum in a group 

setting, without individualised support. This resulted in 57% of the original control group and 58% of 

the metformin group participants accessing these. Following this, sessions to reinforce goals were 

offered every 3 months. These had an average attendance of 14–18%, with higher attendance in 

participants aged ≥60 years at the start of the DPP. During approximately 7 years of follow-up in the 

DDPOS, diabetes incidence rates in participants from the original metformin and control groups were 

reduced to a level similar to participants in the original lifestyle group [61]. This provides some 

indication that the lifestyle curriculum was also beneficial when delivered in a group format, which is 

consistent with prior literature; combined DPP and DPPOS analyses also demonstrated the cost-saving 

potential of this approach [64].  

Based on the DPP and DDPOS findings, the US now has a National Diabetes Prevention Program 

which supports government and community organisations to deliver approved lifestyle change 

programs [65]. Similar findings from the 4-year Finnish Diabetes Prevention Study and its follow-up 

study were used as a basis for implementing individual or group diabetes prevention programs in 400 

primary health care centres across Finland [66, 67]. These studies have been translated into a range of 

community settings around the world. For example, in Victoria, Australia, there is a widespread 

prevention program (Life!) that evolved from other programs originating with the Finnish Diabetes 

Prevention Study [68], and a culturally-tailored version for Aboriginal communities (Aboriginal Road 

to Good Health). A range of other programs with different origins and similar purposes have also been 

implemented. In Western Australia, the “Let’s Prevent” diabetes prevention program began to be 

delivered in the South West region (near Perth) in 2018. This is based on a UK program [69] and is the 

prevention version of the Diabetes Education and Self-Management for Ongoing and Newly Diagnosed 

(DESMOND) program [70]. DESMOND has had a very poor uptake in the Kimberley, highlighting the 

importance of localised programs. There have been various other healthy lifestyle initiatives to 

prevent chronic disease among Aboriginal Australians; however, a lack of formal evaluation is a 

common issue [71]. Further examination of lifestyle modification programs with Indigenous people in 

Australia and elsewhere is included in Chapter 3. 

As well as culture and setting, the life stage of participants should be considered. In the DPP, older 

participants (particularly those aged ≥65 years compared to age <45 years at randomisation) were 
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more likely to adhere to the intervention and meet weight loss and physical activity goals. Other 

diabetes prevention programs have found that older people tend to have higher program enrolment, 

attendance and completion rates than younger people (including younger groups up to 40 years) [72–

74]. This suggests a need for interventions tailored for younger individuals [75].  

The current project 

This thesis describes the application and extension of previous knowledge in a real-world 

research project designed to contribute to longer-term improvements in the health of young people in 

Derby. The focus was on young adults with a minimum age of 15 as that is the age at which individuals 

are eligible for an Aboriginal and Torres Strait Islander adult health assessment. The program in the 

current study was designed for people aged up to 25 years with a view to suitability for people aged 

up to 40 years as this is often considered the age boundary of young-onset T2D. As it is well-

established that physical activity and an appropriate diet improve health, and have a vital role in T2D 

prevention, this research was not centred on assessing the effect of healthy behaviours on health. The 

primary focus was on increasing understanding of engagement in these behaviours in the local context 

with consideration of supports embedded in real-world settings and systems. Use of systematic 

methods, creation of a structured program and dissemination of new knowledge were key to 

addressing the knowledge gap in Derby as well as enabling broader use of findings in other settings. 

Although it had very limited resources, this project addresses multiple priorities in Aboriginal 

health that have been defined at the local, state and national levels. This includes: improving evidence 

about programs to prevent T2D and other chronic diseases that are of value for Aboriginal people, 

including through working with young people; conducting research with ACCHSs, Aboriginal people 

and communities; utilising existing health service data to better understand Aboriginal health profiles 

and inequality; promoting health checks including T2D screening; and supporting enhanced health 

knowledge and skills to aid healthy lifestyle choices, including through peer education [1, 24]. 

Screening high-risk young people for chronic disease risk factors and promoting healthy lifestyles 

among them also has global relevance [76].  

Research approach 

Scope 

The scope of this thesis is restricted to T2D prevention initiatives within a health service and 

supporting health-enhancing behaviours at the individual level, with a view to encouraging healthy 

behaviour norms within the community [77]. Efforts on a far larger scale are required to redress 

health disparities. This includes environmental changes to improve diet and physical activity at the 

population level as well as interventions addressing the social determinants of health that affect 

disease risk from conception and early childhood [78–81]. These population-level necessities are 

relevant to the World Health Organization’s Ottawa Charter for Health Promotion action areas of 
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building healthy public policy and creating supportive environments, including favourable living 

conditions. Within the scope of this thesis, however, are opportunities in the Ottawa Charter action 

areas of developing personal skills, strengthening community action, and contributing to the 

reorientation of health services towards prevention [82]. It is important to note that even with 

appropriate population policies to improve diet and physical activity for obesity and chronic disease 

prevention, targeted support and empowerment of high-risk individuals and communities is necessary 

[45]. 

Theory 

Various theoretical frameworks have been used in previous diabetes prevention programs. In the 

current research, self-efficacy was a particularly useful concept [83]. Self-efficacy is the belief that one 

can successfully act to control outcomes and is a component in individual variation in initiating and 

persisting with various activities or behaviours. It is a part of social cognitive theory, which can be 

applied to explaining, predicting and supporting health behaviours. Other determinants of health 

behaviours in social cognitive theory are knowledge, expectations of outcomes, and perceived 

facilitators and barriers. These determinants occur within a social context where there is an 

opportunity for guidance and support to alter beliefs [84]. Self-efficacy has also been incorporated into 

the Health Belief Model, which is described in Chapter 4, and is also closely related to social cognitive 

theory [85]. Programs such as the DPP encourage attention to one’s own behaviours, including 

influences and effects. In accordance with the above theoretical frameworks, this is useful for 

motivation and intentional actions to alter behaviour [86]. 

Methods 

A mixed methods research design, utilising both quantitative and qualitative methods, was used 

in the current project to enable a more comprehensive understanding of T2D and prevention 

opportunities in Derby [87]. The majority of this thesis is based on a feasibility study of implementing 

an intervention for lifestyle change in this unique setting as a basis for larger-scale efforts if suitable 

[88]. Implementation research is important in public health for knowledge translation to real-world 

settings and routine practice; small-scale pilot programs assessing feasibility are a useful first step 

[89]. At this feasibility stage, process evaluation including observation is useful for understanding and 

refining an intervention in a specific context [90]. Acceptability was a key area of focus; that is, 

participants’ opinions of the intervention, along with other community members, facilitators and 

DAHS staff. Qualitative research methods were most suitable for this purpose [88], while quantitative 

data analysis was embedded within the intervention development and evaluation stages for additional 

community-level and participant-level information [87]. Further details about the methods used in 

each facet of the project are included in the relevant thesis chapter.  

Aboriginal people in Australia, and other indigenous peoples throughout the world, have been 

frequently studied by non-Indigenous people. This has often not been beneficial to the “subjects” of the 
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research and has been harmful where predicated on colonial assumptions entailing a belief in 

Indigenous inferiority [91]. The current research has used decolonising methodologies such as central 

involvement of Aboriginal people, including as researchers; respectful, community-based processes; 

and prioritisation of Aboriginal voices [91, 92]. This is particularly pertinent to the development and 

feasibility testing of the pilot program described in Chapters 5 and 6. The work described in this thesis 

is also aligned to the principles of participatory action research, with local Aboriginal people having 

essential roles as contributors and advisers for useful outcomes with potential for ongoing community 

action [93, 94].  

This PhD research project has been conducted in accordance with the National Statement on 

Ethical Conduct in Human Research [95] and the Guidelines for Ethical Conduct in Aboriginal and 

Torres Strait Islander Health Research [96]. As illustrated in Figure 4, the core values abided by in this 

research were centred around respectful non-Indigenous researcher behaviour including ensuring 

that the project was of tangible benefit to the community; involving DAHS and Aboriginal community 

members throughout the project; valuing the viewpoints and decisions of Aboriginal community 

members; publicly and privately recognising and appreciating the contribution of Aboriginal people to 

the research; and ensuring that DAHS was satisfied with all methods used in the research and 

publication of the findings. 

Consistent with this, the current study also met local research requirements that Aboriginal 

health research will be under the control of the community and that it benefits communities in matters 

of local priority [97]. The pilot program was not researcher-centred; the primary consideration was 

embedding the program into the community and promoting sustainability. 
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Figure 4. The six core values of the guidelines for ethical conduct in research  
with Aboriginal and Torres Strait Islander Peoples and communities.  
Source: National Health and Medical Research Council. 

Thesis overview 

This thesis accords with The University of Western Australia regulations allowing a thesis to be 

presented as a series of papers suitable for publication in scholarly journals. The next chapter presents 

results from quantitative analysis of local primary health care data, including screening practices and 

outcomes among patients aged 15–39, estimated minimum T2D prevalence at the end of December 

2018, and a preliminary exploration of patterns of progression to T2D. These data underscore the 

importance of T2D prevention for young people in this setting and the complementary role of 

screening. Chapter 3 is a systematic review of lifestyle modification programs relevant to T2D 

prevention and involving young Indigenous people in four Western countries. This synthesis of 

relevant international findings highlights beneficial program features with potential use in the local 

context. To complement Chapters 2 and 3, the narratives of local people who had made successful 

healthy lifestyle changes are presented in Chapter 4. Their insights and recommendations contribute 

to understanding possible ways to support lifestyle modification in others. In Chapter 5, the 

development of a localised prevention program for young Aboriginal people with a focus on age 15–25 

years is described, including outcomes of focus groups with Aboriginal community members and 

collaboration with DAHS to direct program design. The processes and findings described in the 

preceding chapters culminate in reporting the findings of the pilot program as well as considering the 

ongoing potential of the program (Chapter 6). A general discussion of the main findings and 

implications of the thesis is included in Chapter 7. 
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CHAPTER 2  
Quantitative analysis of young-onset diabetes 

rates and risk in and around Derby 

Preamble 

As noted in the introduction to this thesis, T2D and pre-diabetes can be detected using HbA1c. This 

is the method officially used at DAHS since 2015, following the new Medicare Benefits Schedule rebate 

for HbA1c screening in high-risk patients in late 2014. HbA1c was also used for diabetes screening at 

DAHS less consistently prior to 2015. Analysis of DAHS health care data, with a focus on HbA1c, 

commenced early in this project and was built on throughout the project as additional data became 

available. Determining T2D rates and risk among young people in and around Derby for the first time 

strengthened the rationale for local preventive efforts. This was valuable during the discussions with 

community members, described in Chapter 5, to help inform development of a prevention program, as 

well as during the pilot program detailed in Chapter 6.  

Some specific analyses were undertaken when 2017 data became available, with final data 

accessed at the end of 2018. Feedback about data findings was provided regularly to DAHS, prompting 

an enhanced focus on T2D screening for young people and reconsideration of the utility of point-of-

care HbA1c. Subsequently DAHS purchased a new point-of-care machine to facilitate opportunistic 

screening and enable immediate communication of results to patients. Another useful outcome of this 

data analysis is that based on preliminary findings regarding T2D progression risk, DAHS contacted 

patients with a previous HbA1c measurement in the higher risk pre-diabetes range 42–47 mmol/mol 

(6.0–6.4%) for re-screening. This resulted in two of the diabetes cases detected in 2018. 

The findings from this data analysis have been prepared for journal submission (with the 

appropriate format and structure including an appendix to the paper). However, the priority is 

exploring the final results with DAHS and other regional bodies to identify potential relevance to 

optimising patient care. The diabetes progression component of this analysis is likely to form the basis 

of an expanded Rural Clinical School of WA project using data from the wider Kimberley region to 

generate evidence for refinement of screening guidelines. An application to Diabetes Australia to 

support this additional project was submitted in May 2019 (Thesis Appendix A).  
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Type 2 diabetes and risk factors among young Aboriginal people 
in North West Australia: A retrospective observational study 

Abstract 

As a foundation to enhancing efforts to prevent type 2 diabetes (T2D) among young Aboriginal people, 

we sought to document the extent of diagnosed T2D among Aboriginal people aged 15–39 in and 

around the remote town of Derby in Western Australia, assess risk factors and progression to T2D, 

and identify opportunities to optimise screening practices. De-identified electronic patient medical 

record data were analysed, focusing on glycated haemoglobin (HbA1c) measurements along with body 

weight and age. The annual proportion of patients screened in 2015–2018, characteristics of patients 

with newly detected T2D, prevalence in December 2018, and patterns of HbA1c results for individuals 

over time were investigated. Screening for T2D has increased but the diagnostic HbA1c  

(≥48 mmol/mol) is still often the first ever HbA1c measurement, and this diagnostic HbA1c was often 

high (≥64 mmol/mol). The T2D prevalence among 907 patients aged 15–39 was 5.3% with 55% of 

patients yet to be screened. Of 168 eligible patients with two or more HbA1c measurements, most had 

measurements solely in the normal (<39 mmol/mol) category. Data were suggestive of normal HbA1c 

and HbA1c 39–41 mmol/mol (low-range pre-diabetes) having a similar lower risk of progression to 

T2D. HbA1c 42–47 mmol/mol (high-range pre-diabetes) and increasing weight appeared to be 

associated with progression to T2D. This study reinforces the need for regular universal T2D 

screening from young adulthood for earlier detection of T2D in this high-risk population. As part of 

T2D prevention efforts, targeted follow-up and support for higher-risk patients is required. 

Keywords: Type 2 diabetes; pre-diabetes; young adult; epidemiology; mass screening; Indigenous 

Health Service 
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Introduction 

Type 2 diabetes (T2D) is a serious condition that is increasing worldwide including among young 

people [1]. Young-onset T2D can be defined as occurring up to age 40 years [2]. Compared with 

diabetes occurring later in life, young-onset T2D is associated with increased and earlier complications 

[3] and younger mortality largely due to cardiovascular disease [4]. Young-onset among women is also 

significant due to increased maternal and child risks and intergenerational consequences of diabetes 

in pregnancy [5]. Globally, there is a strong association between increasing obesity and earlier-onset 

T2D [2, 3]. A meta-analysis of 12 large prospective cohort studies involving adults aged 18–80, in a 

range of settings, produced a relative risk for T2D of 7.28 for obese persons (95% CI: 6.47–8.28) and 

2.92 for overweight persons (95% CI: 2.57–3.32) compared to people of normal weight [6]. 

As T2D generally has minimal symptoms in the shorter-term and serious impacts longer-term if 

uncontrolled, early identification is crucial [7]. Large randomised controlled trials have demonstrated 

that interventions supporting healthy lifestyle behaviours for people with pre-diabetes can help 

prevent or delay T2D [8], and detecting T2D while glycaemic control is still within an acceptable range 

may facilitate longer-term glycaemic control [9]. Therefore, screening can have an important role in 

T2D prevention and in preventing complications for people with T2D. 

Glycated haemoglobin (HbA1c) is a convenient method for detecting hyperglycaemia, especially 

for opportunistic screening given it does not require fasting. The World Health Organization (WHO) 

supports the use of HbA1c for T2D diagnosis with a 6.5% cut point (≥48 mmol/mol) [10] and is in the 

process of formulating HbA1c recommendations regarding “intermediate hyperglycaemia” (commonly 

referred to as pre-diabetes) [11]. There are currently no Australian guidelines for using HbA1c 

measurements to identify pre-diabetes [12]. The American Diabetes Association defines pre-diabetes 

by HbA1c 5.7–6.4% (39–47 mmol/mol), although it has recently emphasised the particular risk of 

progression of the upper range 6.0–6.4% (42–47 mmol/mol) [13]. In 2009, an International Expert 

Committee highlighted the high risk conferred by HbA1c measurements between 6.0–6.4%, and this 

range is used to define pre-diabetes in Canada and the UK [14–16]. Studies in various parts of the 

world using a range of criteria have typically indicated that 5–10% of people with pre-diabetes 

progress to T2D each year, with variation between populations [17]. 

In Australia, Aboriginal and Torres Strait Islander people have a higher T2D burden than non-

Indigenous people, particularly at younger ages. This is an important contributor to the 10 years lower 

life expectancy than other Australians [18]. In Western Australia’s Kimberley region, approximately 

one third of Aboriginal adults have T2D, similar to reported prevalence in other remote Aboriginal 

communities in Australia and among indigenous peoples internationally [19, 20]. As with other high-

risk populations, screening needs to begin earlier in life for Aboriginal and Torres Strait Islander 

Australians than other Australians; national guidelines suggest from 18 years [21, 22]. The T2D clinical 

protocol for the Kimberley specifies that all Aboriginal people aged 15 years and over should be 

screened for diabetes annually [23], although this can be difficult to achieve in practice [24]. Following 



 25 

research that demonstrated use of HbA1c enabled simplified and timelier T2D diagnoses than standard 

assessment of glucose levels [25], HbA1c screening was added to the Kimberley clinical protocol in 

2015 [23]. This protocol is readily available and is also used by Aboriginal health services outside of 

the Kimberley. In this protocol, pre-diabetes is defined as a single category: HbA1c 39–47 mmol/mol 

(5.7–6.4%).  

Around 9% of Aboriginal people in the Kimberley live in and around the remote small town of 

Derby. Young-onset T2D has not previously been quantified in the Derby Aboriginal population, and 

the rate of progression to T2D in the Kimberley region is not known. Increased understanding of the 

magnitude of risk indicated by low-range and high-range pre-diabetes, defined by HbA1c, in Kimberley 

communities may further improve screening guidelines. The objectives of this study were to: describe 

HbA1c screening practices relevant to primary and secondary T2D prevention; document the detection 

of new cases and the prevalence of young-onset T2D in this population; investigate characteristics of 

patients with newly-detected T2D; and identify factors of potential importance in predicting 

progression to T2D. 

Methods 

Ethics 

This study was endorsed by the Board of Directors of the Derby Aboriginal Health Service (DAHS), 

an Aboriginal Community Controlled Health Service (ACCHS). The study was supported by the 

Kimberley Aboriginal Health Planning Forum Research Subcommittee. Ethics approval for this study 

was granted by the Western Australian Aboriginal Health Ethics Committee (Human Research Ethics 

Committee Project Reference: 724). 

Study design 

Participants 

This study included Aboriginal and/or Torres Strait Islander patients with DAHS listed as their 

main clinic (primary provider) on their electronic medical record, who attended DAHS during the 

periods of interest as evidenced by a recorded blood pressure and/or weight observation or HbA1c. In 

addition, a small number of Aboriginal and/or Torres Strait Islander patients with an unspecified 

primary provider and an address in Derby or the nearby Mowanjum or Pandanus Park Aboriginal 

communities at the time of data extraction were included.  

For the prevalence analysis only, patients were excluded if they did not have a Derby, Mowanjum 

or Pandanus Park address at the time of data extraction (mid-December 2018) so as not to 

overestimate the number of patients with T2D in the Derby area. Patients aged 15–39 in December 

2018 were included in the prevalence estimates based on their most recent relevant result since 1 

January 2016. The screening analysis included patients aged 15–39 at the start of each calendar year 

2014–2018. For the progression analysis, patients were included if they had at least two eligible HbA1c 



 26 

measurements at age 15–39 at least nine months apart between 1 January 2013 and 31 December 

2018 (consistent with the nine-month minimum time allowed between Medicare Health Assessments 

for Aboriginal and Torres Strait Islander people).  

Screening and detection 

Routinely collected data for patients was collated from primary health care records (MMEx 

electronic patient information system, ISA Technologies). Annual HbA1c screening was examined for 

2014–2018 by year, with T2D status reported from 2015 when HbA1c screening was formally 

endorsed. Patients were categorised by age at 1 January of the relevant calendar year to accommodate 

multiple visits during the year and enable consistency between screened and total patients. For 

patients with more than one HbA1c measurement in a calendar year, the highest was used. In each 

year, patients who had a T2D care plan dated before the relevant screening year or a recorded HbA1c 

≥48 mmol/mol (≥6.5%) in a prior year were excluded, as were patients with end-stage kidney disease 

(estimated glomerular filtration rate (eGFR) measurement <15 mL/min/1.73m2 [28]). HbA1c 

measurements were categorised according to the Kimberley clinical protocol, including pre-diabetes 

as HbA1c 39–47 mmol/mol (5.7–6.4%), with additional focus on high-range pre-diabetes 42–47 

mmol/mol (6.0–6.4%).  

T2D detected at HbA1c levels ≥53 mmol/mol (≥7.0%) or ≥64 mmol/mol (≥8.0%) was noted as 

these categories indicate increased risk of microvascular and macrovascular complications [29, 30]. 

Other relevant clinical measures recorded within three months of the first HbA1c measurement ≥48 

mmol/mol were collated: total cholesterol, high-density lipoprotein, low-density lipoprotein, 

triglycerides, systolic blood pressure, and BMI.  

Body mass index (BMI) was also collated for all patients who attended DAHS in 2017, using the 

average of first and last results in the year. BMI was categorised according to WHO ranges, with age-

specific categorisation for patients aged 15–19 using Centers for Disease Control and Prevention 

percentiles [26, 27]. 

Prevalence 

To assess prevalence at the end of 2018, a three-year period was chosen to allow for sporadic 

attendance and screening. Patients were classified as having diabetes if they had a most recent HbA1c 

measurement ≥48 mmol/mol or diabetes care plan or regular diabetic medication. Pre-diabetes 

classification was based on the most recent HbA1c measurement. 

Progression 

HbA1c measurements exist prior to the revised 2015 protocol for reasons including DAHS’s 

involvement in the HbA1c screening study in 2011–2013 [25] and availability of the Medicare Benefits 

Schedule rebate for HbA1c in high-risk patients from November 2014 (Figure 1). Patients included in 

the progression analysis had a first recorded HbA1c since 2013 of <48 mmol/mol and no prior diabetes 

care plan, diagnostic HbA1c result or end-stage kidney disease (Figure 2). HbA1c measurements were 
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excluded if recorded at <15 years or ≥40 years, or after a patient’s first T2D-level result. Eligible 

patients were included in analysis of weight change if they had at least two recorded weights 

corresponding to HbA1c measurements. 

 

 

 

Figure 1. Key events supporting use of glycated haemoglobin (HbA1c) for type 2 diabetes (T2D) 
screening at the Derby Aboriginal Health Service 

 

Statistical analyses 

De-identified data were exported to Microsoft Excel (2016), checked, extensively cleaned, and 

additional variables were connected to relevant HbA1c measurements. Data were then imported into 

Stata 14 (StataCorp, 2017). The association between age group and obesity was analysed using the 

Cochran-Armitage test for trend, as was change in the proportion of patients screened over time. The 

3-year screening proportion was assessed with Kaplan-Meier survival estimates. The association 

between screening in 2017 and patient characteristics of age, BMI and sex was assessed using logistic 

regression with backward elimination; patients with missing BMI were excluded. Fisher’s exact test 

was used to analyse new T2D cases by sex with expected cell values <5. It was not within the scope of 

the current study to examine associations between screening outcomes and other patient 

characteristics. In the exploration of T2D progression, Mann-Whitney and Kruskal-Wallis tests were 

used to assess differences in patient characteristics between groups categorised by HbA1c results. A p-

value of less than 0.05 was considered statistically significant. 

Results 

Participants 

The number of DAHS patients meeting the selection criteria each year 2014–2018 ranged from 

592 to 668 (361–419 female, 60.1–63.1%). The prevalence estimates were based on 907 patients 

resident in or near Derby. The selection of the 168 patients for the progression analysis is detailed in 

Figure 2. 

HbA1c 
screening study

Sep 2011–Nov 2013

MBS rebate for 
HbA1c screening

Nov 2014

HbA1c screening 
encouraged

Nov 2014-Jul 2015

New Kimberley T2D 
clinical protocol 

Aug 2015
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Figure 2. Selection of patients for inclusion in progression analysis 

BMI 

Of 524 patients with a BMI recorded in 2017, median BMI increased with age (Table 1). There was 

a strong linear trend of increased proportion of obesity with older age group (p<0.001); the minimum 

obesity prevalence (if all patients with missing BMI were not obese) was over 30% from age 25–29. 

The highest prevalence of underweight was in the 15–19 year age group (10%). 
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Table 1. Body mass index (BMI) of patients aged 15–39 who attended DAHS in 2017 

 
 

 Age group 

   15–19 20–24 25–29 30–34 35–39 Total 

Total patients (% female) 152 (63% f) 141 (64% f) 147 (68% f) 124 (60% f) 104 (59% f) 668 (63% f) 

Patients with BMI (% female) 129 (62% f) 105 (66% f) 112 (70% f) 98 (65% f) 80 (61% f) 524 (65% f) 

Percentage of total patients in each BMI categorya 

 Missing BMI % (%) 15.1 25.5 23.8 21.0 23.1 21.6 

 Underweight (%) 10.5 5.7 7.5 6.5 1.9 6.7 

 Normal weight (%) 43.4 33.3 19.1 24.2 25.0 29.5 

 Overweight (%) 13.2 13.5 18.4 16.1 17.3 15.6 

 Obese (%) 17.8 22.0 31.3 32.3 32.7 26.6 

      Obese class 1 17.8 10.7 19.1 13.7 17.3 15.7 

      Obese class 2 NA 5.0 6.8 10.5 8.7 5.8 

      Obese class 3 NA 6.4 5.4 8.1 6.7 5.1 

 Total (%) 100.0 100.0 100.0 100.0 100.0 100.0 

Median BMI (kg/m2)b 22.7 24.3 27.5 26.9 28.3 26.1 

BMI interquartile range 19.2–28.3 20.6–31.1 23.0–33.1 21.9–34.2 22.6–33.6 21.3–31.9 

a BMI categories for age ≥20 years: Underweight <18.5 kg/m2, normal weight 18.5–24.9 kg/m2, overweight 25–29.9 
kg/m2, class 1 obesity 30–34.9 kg/m2,class 2 obesity 35–39.9 kg/m2, class 3 obesity ≥40 kg/m2.  
BMI for age 15–19 years was categorised using Centers for Disease Control and Prevention percentiles: 
Underweight<5th, normal weight 5th–84th, overweight 85th–94th, obese ≥95th. 
b Excluding 144 patients for whom BMI was not recorded. 
f = female. 

 

Screening for T2D with HbA1c  

Screening with HbA1c increased each year from 9% in 2014 to 31% in 2018 (Table 2, p<0.001 for 

trend over five years, although this was not linear with most of the increase in the first year). Of the 

231 patients who attended in all three calendar years 2015–2017, 161 (69.7%) were screened at least 

once during this period (see Appendix to this paper).   
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Table 2. Number and proportion of patients aged 15–39 screened with HbA1c in each year, 2014–2018a 

Calendar year 

 Age at 1 January (years) 2014 2015 2016 2017 2018 

Total no. of patientsb 

15–19 118 154 141 152 124 

20–24 133 127 113 141 119 

25–29 136 141 134 147 146 

30–34 99 102 121 124 133 

35–39 106 99 104 104 96 

Total patients 592 623 613 668 618 

Total no. of screened patients (% of patients) 

15–19 5 (4.2) 26 (16.9) 23 (16.3) 21 (13.8) 30 (24.2) 

20–24 11 (8.3) 27 (21.3) 30 (26.5) 38 (27.0) 35 (29.4) 

25–29 13 (9.6) 26 (18.4) 43 (32.1) 48 (32.7) 55 (37.7) 

30–34 11 (11.1) 26 (25.5) 43 (35.5) 50 (40.3) 40 (30.1) 

35–39 12 (11.3) 51 (51.5) 34 (32.7) 45 (43.3) 32 (33.3) 

Total screened 52 (8.8) 156 (25.0) 173 (28.2) 202 (30.2) 192 (31.1) 

Screening prevalence ratio (95% CI) 

15–39 1.0* 2.9 (2.1–3.8) 3.2 (2.4–4.3) 3.4 (2.6–4.6) 3.5 (2.7–4.7) 

p-value <0.001 <0.001 <0.001 <0.001 

a Patients with previous HbA1c ≥48 mmol/mol or diabetes care plan are excluded in each year. 
b Individuals who attended DAHS clinic and had blood pressure, weight or HbA1c recorded during year. Patients may not 
have been residents of Derby or neighbouring communities. 

* Reference year.

In 2017, screening was strongly associated with older age group (p<0.001), overweight (p=0.01) 

and obesity (p<0.001) in univariate analyses. Females were more likely to attend DAHS than males 

(Appendix) with no significant sex difference in likelihood of screening if they attended (p=0.5). There 

was no effect modification between sex, BMI category and age group. Sex was not significant in the 

multivariate logistic regression model. Multivariate logistic regression demonstrated a strong 

association between screening and older patient age, adjusting for obesity (p=0.001). Allowing for 

age, 

obese patients remained significantly more likely to be screened than patients with normal BMI 

(p=0.007); however, for overweight patients the association was no longer statistically significant 

(Table 3). 
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Table 3. Logistic regression analysis of likelihood of HbA1c screening in 2017  

 Patient characteristics Screening OR (95% CI) p-value  

 Univariate analyses      

  Sex      

   Male 1.0 *   

   Female 1.1       (0.8–1.6) 0.5  

  Age group      

   15–19 1.0 *   

   20–24 3.5  (1.8–6.9) <0.001  

   25–29 5.1  (2.6–9.9) <0.001  

   30–34 6.5  (3.3–12.6) <0.001  

   35–39 7.2  (3.6–14.5) <0.001  

  BMI category      

   Normal 1.0 *   

   Overweight 1.9  (1.2–3.1)   0.01  

   Obese 2.3  (1.5–3.5) <0.001  

 Multivariate analysis (adjusted ORs)   

  Age group      

   15–19 1.0 *   

   20–24 3.3   (1.7–6.6)   0.001  

   25–29 4.4  (2.3–8.6) <0.001  

   30–34 5.7  (2.9–11.3) <0.001  

   35–39 6.3  (3.1–12.8) <0.001  

  BMI category      

   Normal 1.0 *    

   Overweight 1.6  (0.9–2.6)    0.08  

   Obese 1.8  (1.2–2.8)    0.007  

*Reference category. OR: Odds ratio. BMI: Body mass index (kg/m2). 

 

Screening outcomes including T2D detection 

During 2015–2018, 37 patients were found to have T2D (Table 4). The youngest was aged 18 

years. Screened female patients had a similar T2D incidence proportion to males (4.6% compared with 

4.2% in 2017, p=0.6). The overall T2D incidence was 13.5 per 1000 patient years in 2017 and 12.9 per 

1000 patient years in 2018, although this is more accurately described as detection of new cases 

rather than occurrence or incidence. Diabetes detection was higher in 2015, the year HbA1c screening 

was implemented (19.3 per 1000 patient years). Excluding the eight patients with newly detected T2D 

in 2018, the median HbA1c level was 35 mmol/mol, IQR 33–38 mmol/mol. In 2015–2018, 12–28% of 

screening results were in the pre-diabetes range defined by the Kimberley clinical protocol, and 

around one third of these results were high-range pre-diabetes (42–47 mmol/mol).   
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Table 4. HbA1c screening result category according to Kimberley clinical protocol, 2015–2018a 

  
 

 Calendar year 

  Age at 1 January (years)  2015  2016  2017  2018 

Normal HbA1c <39 mmol/mol 
 

15–19    22    22        19    26 
 

20–24    21    25    35    30 
 

25–29    19    34    40    39 
 

30–34    13    31    40    27 
 

35–39    26    23    34    21 
 

Total normal (% of screened patients)  101 (64.7)  135 (78.0)  168 (83.2)  143 (74.5) 

Pre-diabetes 39–47 mmol/mol 
 

15–19      3      1      1      4 
 

20–24      5      4      2      3 
 

25–29      6      7      5    13 
 

30–34      9      9      8    12 
 

35–39     20      9      9      9 
 

Total pre-diabetes (% of screened patients)     43 (27.6)     30 (17.3)     25 (12.4)     41 (21.4) 
 

Pre-diabetes 42–47 mmol/mol (% of screened)     15  (9.6)       9   (5.2)        8  (4.0)     16  (8.3) 

Diabetes ≥48 mmol/mol 
 

15–19        1        0        1        0 
 

20–24        1        1        1        2 
 

25–29b        1        2        3        3 
 

30–34c        4        3        2        1 
 

35–39        5        2        2        2 

 Total diabetes (% of screened patients)      12 (7.7)        8 (4.6)        9 (4.5)        8 (4.2) 

a Patients with previous HbA1c ≥48 mmol/mol or diabetes care plan are excluded in each year. 
b Includes 1 patient in age group 25–29 at 1 January but first HbA1c ≥48 mmol/mol was at age 30.  
c Includes 1 patient in age group 30–34 at 1 January but first HbA1c ≥48 mmol/mol was at age 35. 

 

For most patients with T2D (68%), the diagnostic HbA1c was their first recorded HbA1c 

measurement (Table 5). At the time of T2D detection, there was a high proportion of severe 

hyperglycaemia and other clinical measurements indicating an adverse cardiovascular risk profile. 

There were 20 patients with a BMI in the obese range (60% of patients with a recorded BMI) and nine 

had a BMI in the overweight category (27%). Normal BMI was recorded for four patients.  
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Table 5. Summary of clinical measures at diabetes detection for 37 patients 2015–2018 

Median age, years (IQR) 32.0 (27.9–36.2) 

No. where diagnostic HbA1c was first recorded HbA1c measurement (% patients) 25 (68%) 

Median HbA1c, mmol/mol (IQR) 61 (51–84) 

HbA1c category 

48–52 mmol/mol, 6.5–6.9% (% patients) 12 (32%) 

53–63 mmol/mol, 7.0–7.9% (% patients) 7 (19%) 

≥64 mmol/mmol, ≥8.0% (% patients) 18 (49%) 

Number of patients with other abnormal results 

BMI ≥30 kg/m2 (% of 33 patients with BMI recorded) 20 (60%) 

Systolic BP>130 mm Hg (% of 36 patients with BP recorded) 20 (56%) 

Triglycerides ≥2 mmol/L (% of 27 patients with triglycerides recorded) 21 (78%) 

Total cholesterol ≥4 mmol/L (% of 27 patients with total cholesterol recorded) 25 (93%) 

HDL <=1mmol/L (% of 27 patients with HDL recorded) 20 (74%) 

LDL ≥1.8mmol/L (% of 21 patients with LDL recorded) 20 (95%) 

BMI=body mass index; BP=blood pressure; HDL=high-density lipoprotein; LDL=low-density lipoprotein. 

T2D prevalence 2018 

Of the 907 patients aged 15–39 in December 2018 who attended in the previous three years, 406 

(45%) had a recorded HbA1c measurement (Table 6). If none of the 501 unscreened patients had T2D, 

the T2D prevalence was 5%. Beyond age 25, 56% of patients had an HbA1c recorded. The minimum 

T2D prevalence among people aged in their 30s was 10.1%. 

Table 6. Category of most recent HbA1c measurement 2016–2018a for patients aged 15–39 and with 
most recent recorded address in Derby, Mowanjum or Pandanus Park at 15 Dec 2018 

Age at 15 December 2018 

Number (% of patients) 15–19c 20–24 25–29 30–34 35–39 Total 

Total patientsb 199 (100.0) 192 (100.0) 170 (100.0) 182 (100.0) 164 (100.0) 907 (100.0) 

Patients with HbA1c measurement 40  (20.1) 77  (40.1) 94  (55.3) 105  (57.7) 90  (54.9) 406  (44.8) 

   Normal <39 mmol/mol 34  (17.1) 67  (34.9) 71  (41.8) 75  (41.2) 52  (31.7) 299  (33.0) 

 Pre-diabetes 39–47 mmol/mol 6   (3.0) 5   (2.6) 15   (8.8) 17   (9.3) 16   (9.8) 59   (6.5) 

   Diabetes ≥48 mmol/mol 0   (0.0) 5   (2.6) 8   (4.7) 13   (7.1) 22  (13.4) 48   (5.3) 

Unscreened 159  (79.9) 115  (59.9) 76  (44.7) 77  (42.3) 74  (45.1) 501  (55.2) 

a HbA1c category based on Kimberley T2D clinical protocol; however, all patients with a diabetes care plan are included in 
diabetes category. 
b Patients with a blood pressure, weight or HbA1c measurement 1 January 2015–15 December 2018. Patients without an 
address in Derby, Mowanjum or Pandanus at the end of 2018 are excluded from this table. 
c 15–19 age group includes 55 total patients aged <15 at date of blood pressure or weight result, and 8 patients with HbA1c 
measurement aged <15 at date of HbA1c measurement. 

The proportion of patients with a pre-diabetes measurement also tended to increase with age. 

The 59 patients categorised as having pre-diabetes (6.5% of total patients) included 19 with a high-

range pre-diabetes result 42–47 mmol/mol (2.1% of total patients).  
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Progression to T2D 

The 168 patients included in the progression analysis contributed 384 patient years (median 1.9 

years, IQR 1.3–3.1 years). Patients had between two and eight HbA1c measurements; 64% had two 

measurements. The median time between measurements was 15.9 months (IQR 9.8–22.2 months).  

The vast majority of patients had measurements solely in the normal (<39 mmol/mol) category 

(Table 7). There were no significant differences between this group of patients and the smaller group 

with both normal and low-range pre-diabetes (39–41 mmol/mol) results in patient median age 

(p=0.6), months in dataset (p=0.1), starting BMI (p=0.2), weight change (p=0.9), and average annual 

weight change (p=0.5). 

Ten of 168 patients (5.6%) progressed to T2D within three years, including two with a preceding 

normal result (1–3 years prior to diagnosis). Patients with a high-range pre-diabetes measurement 

(42–47 mmol/mol) and a subsequent measurement accounted for the majority of progression to T2D 

(n=7, 26% of high-range pre-diabetes patients), within 1–2.5 years. The other patient who progressed 

had an initial low-range pre-diabetes measurement; overall there was 16% progression from pre-

diabetes (39–47 mmol/mol) to T2D during this period. Three patients had HbA1c levels >64 mmol/mol 

at diagnosis, approximately two years after their preceding result. 

Of 51 patients with a pre-diabetes measurement and a subsequent measurement, reversion to 

normoglycaemia (<39 mmol/mol) occurred in 25 patients (49%). Of patients with high-range pre-

diabetes, HbA1c decreased to <42 mmol/mol in 16 patients (59%) and decreased to <39 mmol/mol in 

eight of these patients (30%). 

Patient characteristics were compared between three groups consisting of higher-risk patients: 

patients who progressed to T2D; patients with high-range pre-diabetes whose HbA1c improved; and 

patients whose HbA1c level had increased from low-range to high-range pre-diabetes or had been 

maintained within the higher range. The patient group with decreased HbA1c levels had indications of 

weight stability or loss (median average annual loss of 0.8 kg with 95% CI ranging from 1.7 kg weight 

loss to 0.1 kg weight gain), while the group without improved HbA1c had a median average annual 

weight gain of 1.5 kg (95% CI 1.3 to 4.0 kg) and the group who progressed to T2D had a median 

average annual weight gain of 2.7 kg (95% CI 2.3 to 4.4 kg). The difference in median average annual 

weight change was statistically significant (p=0.01), along with total weight change (p=0.005). There 

was no significant difference between the three groups in median patient age (p=0.1), time in dataset 

(p=0.9) and starting BMI (p=0.7). 
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Table 7. Summary of characteristics of patients categorised by pattern of HbA1c results 

HbA1c results pattern categorya 

Normal only 

(n=102) 

Normal and 
low-range 

pre-diabetes 

(n=29) 

High-range 
pre-diabetes 
followed by 

improved HbA1c 
b
 

(n=16) 

High-range pre-
diabetes preceded by 

increased/stable 
HbA1c 

(n=11) 

Progressed to 
T2D 

(n=10) 

Patient value Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

Months in 
dataset 

21.2 (14.7–32.4) 24.6 (17.2–41.1) 26.5 (21.9–41.2) 28.7 (14.8–45.1) 25.7 (21.5–35.1) 

Median age, 
years 

29.4 (23.2–34.0) 31.7 (27.1–34.4) 31.1 (26.0–34.5) 36.3 (31.7–37.7) 36.3 (34.2–36.6) 

Number of 
HbA1c results 

2 (2–3) 2 (2–3) 3 (2–3) 2 (2–3) 4 (4–6) 

Median HbA1c,

mmol/mol 
34.5 (32.5–36.0) 38 (37–39) 40.8 (39.0–41.8) 41.3 (40.0–42.0) 45.5 (42.4–52.7) 

HbA1c variation, 
mmol/mol 

2.0 (1.0–3.0) 3.3 (2.8–4.9) 5.0 (4.1–7.0) 5.0 (4.0–7.0) 20.5 (8.0–33.0) 

Starting BMI, 
kg/m2 c 

27.8 (22.1–35.2) 30.2 (25.0–34.4) 31.2 (26.1–33.6) 32.2 (26.7–34.2) 31.3 (27.7–36.0) 

Median weight 
change, kg d 

2.0 (-2.6 – +7.4) 2.2 (-0.8 – +4.9) -2.2 (-3.2 – +0.3) 3.6 (1.8–6.7) 6.6 (4.3–9.2) 

Average annual 
weight change d 

1.1 (-1.5 – +4.0) 0.8 (-0.6 – +1.5) -0.8 (-1.7 – +0.1) 1.5 (1.3–4.0) 2.7 (2.3–4.4) 

a Normal: <39 mmol/mol. Low-range pre-diabetes: 39–41 mmol/mol. High-range pre-diabetes: 42–47 mmol/mol.  
T2D: Type 2 diabetes (≥48 mmol/mol). 
b Improved HbA1c from high-range pre-diabetes to low-range pre-diabetes or normal HbA1c. 
c Excluding 1 patient in ‘Normal only’ category and 1 patient in ‘Normal and low-range pre-diabetes’ category with missing BMI. 
d Excluding patients with <2 weights recorded (Normal only: 18; Normal and low-range pre-diabetes: 3; High-range pre-diabetes, 
improved: 2; High-range pre-diabetes, increased/steady: 2; Progressed to T2D: 0.) 

Discussion 

This study is the first to document the high levels of T2D among young Aboriginal people aged 

15–39 in and around Derby including a minimum prevalence of 5.3%, compared to an estimated 

prevalence of 0.4% among this age group in the general Australian population [31]. This prevalence is 

likely an underestimate as most young patients have not been screened, diagnostic HbA1c results in 

2015–2018 were usually the first ever HbA1c measurement, and approximately half of diagnostic 

HbA1c results were ≥64 mmol/mol. The finding that 10.1% of DAHS patients aged 30–39 years had 

known T2D accords with high prevalence (6.5–26.2%) reported for this age group in other Aboriginal 

and Torres Strait Islander populations [20]. Universal screening of younger adults in this population is 

clearly justified [32]. 

The mean annual screening rate for adults ≥18 years in 18 other ACCHSs across Australia has 

been documented as 18%, with the highest proportion 43% [21]. In this Derby sample with a younger 

age range, screening has increased to 31% and there is anecdotal evidence indicating higher screening 

in older age groups, consistent with data from other Kimberley ACCHSs [24]. However, further 

improvements in screening are needed from a younger age. To optimise health outcomes in this 
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population, it is crucial to identify undetected T2D and other cardiovascular risk factors commonly 

identified at T2D diagnosis. The higher prevalence of obesity from age 25 and a substantial proportion 

of severe obesity beyond age 20 (BMI ≥40) parallels the increased T2D risk in this population, and is 

likely to be an important contributing factor. However, some T2D was found in people with normal 

BMI supporting universal rather than targeted screening.  

The importance of frequent re-screening is highlighted by the detection of poorly controlled T2D 

(HbA1c>64 mmol/mol) in the progression analysis around two years after the preceding non-T2D 

result. In this preliminary exploration with limited data, 16% progression to T2D within 1–2.5 years 

following a pre-diabetes (39–47 mmol/mol) result was not markedly different to international annual 

rates of 6–11% in studies that included middle-aged and older adults [17]. In the current study, the 

risk associated with low-range pre-diabetes was not clearly different from normal HbA1c; 

measurements towards the higher end of the normal range were also common. However, high-range 

pre-diabetes (42–47 mmol/mol) appeared to involve a substantial risk of progression to T2D in this 

young population, particularly if body weight increased. Our findings that pre-diabetes rates were 

around three times higher with a cut-point of 39 mmol/mol (HbA1c 5.7%) compared to 42 mmol/mol 

(HbA1c 6.0%) is consistent with other studies [33]. These results are suggestive of a smaller pre-

diabetes category, as used in Canada and the UK, potentially being more useful to predict who is at 

higher risk of progression to T2D. Increased consideration of preventing weight gain may also be 

needed [32]. There are plans to expand this analysis to include the wider Kimberley region to enhance 

evidence based local T2D screening guidelines. It is also important to note that many young people 

with high-range pre-diabetes improved. Although median follow-up was limited to around three years 

in the current study, improvements were consistent with a recent systematic review involving  

47 studies reporting 33–59% regression to normoglycaemia within five years and 17–42% after 6–11 

years [34].  

Study limitations and strengths 

The current findings regarding T2D progression should be interpreted cautiously. In addition to 

limitations of the small sample size and limited follow-up, it was not possible to include other factors 

implicated in T2D development including depression, stress [35], family history [2], exposure to 

maternal hyperglycaemia during gestation [36], or previous gestational diabetes in young women.  

Screening and prevalence estimates may vary if other criteria are used to define the patient 

population. The patient population of 907 in the prevalence analysis exceeds the 2016 Census 

enumeration of 658 Aboriginal and/or Torres Strait Islander persons aged 15–39 in Derby, Mowanjum 

and Pandanus Park (or 763 persons including those with unrecorded Indigenous status) [37, 38]. 

However, there are higher Census undercounts of Aboriginal and Torres Strait Islander people [39]. 

Findings will also be affected by any issues with accuracy and completeness of patient records. It is 

known by the local medical community that there are a small number of people with T2D in the 15–19 
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year age group who did not appear in these data. These patients may have had an incorrect place of 

residence recorded or are under the care of another health provider. 

A key strength of this study is its utilisation of available complex data to fulfil multiple objectives 

which contribute to continuous quality improvement processes. DAHS is working to increase 

screening for T2D among young people, including by using point-of-care HbA1c testing as an additional 

option to venous HbA1c from 2019. This will also enable screening outside the clinic setting, which may 

be particularly valuable for males as they were less likely to attend the health service and therefore 

fewer males were screened. Increased screening will enhance opportunities to assess progression 

from normoglycaemia or pre-diabetes to T2D in this population. Timelier follow-up may be facilitated 

by targeted efforts to recall the smaller number of identified higher-risk patients to attend for re-

screening, as well as supporting weight management. 

Conclusions 

This study documents improving screening and a high prevalence of young onset T2D in and 

around Derby. Findings clearly support recommendations for increased T2D screening in younger 

Aboriginal Australian populations, particularly from 18 years [21]. Continued improvements in 

screening from an early age will enable targeted interventions for prevention or delay of T2D, and 

support best use of resources for monitoring patients at higher risk. Enhanced screening will also 

facilitate earlier diagnosis and management of T2D to minimise complications. The ascertainment of 

high risk for young Aboriginal people in this setting may also provide a basis for community-wide 

prevention strategies [40]. Longer-term, these actions can contribute to constraining the enormous 

burden of T2D in the region that impacts on individuals, communities and health services. 
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Appendix 

Screening over the first 3 years of endorsed HbA1c use 

There were 1005 individual patients aged 15–39 throughout 2015–2017, and 39.6% were 

screened with HbA1c over this 3-year period. Of the 231 patients who attended in every calendar year 

2015–2017, 161 (69.7%) were screened during the 3-year period. Of these 161 patients, 68.3% were 

screened in one calendar year, 25.4% were screened in two calendar years, and 6.2% were screened in 

all three calendar years. The median time from first 2015 attendance to first HbA1c screening was 630 

days (Figure A2). 

 

 

Figure A2. Proportion of annually-attending patients screened with HbA1c over 3 years 2015–2017, age 
15–39 

 

Binomial test for DAHS attendance by sex 

Of all patients aged 15–39 in 2017, 37% were male. This is significantly lower than the proportion 

of males in this age group in Derby in the 2016 Census (47%), p<0.001. 
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CHAPTER 3  
Systematic review of prevention programs 

Preamble 

This chapter is a systematic review of Australian and international literature pertaining to 

lifestyle modification programs for Indigenous people, to contribute to the design and evaluation of 

the Derby program. The systematic review findings were used to strengthen the evidence base for the 

Derby program and findings were useful in focus groups to provide examples of programs in other 

settings (Chapter 5). 

The systematic review method was used to guide identification of all relevant studies, including 

those where interventions were unsuccessful and from which lessons could be learned. The selection 

criteria focused on studies assessing health improvements and changes in health behaviours. There 

was a particular focus on younger people aged 15–24, while cognisant of the different life stages 

within this age group. This age group categorisation is common, including being used by the United 

Nations. As this was considered to be a particularly challenging-to-engage age group with unique 

needs, programs serving this age group were of primary interest.   
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Reducing type 2 diabetes risk in young Indigenous people 
through improved diet and physical activity: A systematic 
review of lifestyle modification programs 

Abstract 

Background 
The benefits of physical activity and healthy eating are well-established, and successful large-scale 

trials have demonstrated that lifestyle modification can prevent or delay type 2 diabetes. Applying 

these findings in real-world settings is a health priority, including for young Indigenous people who 

are at higher risk.  

Objectives 
Synthesis of findings from relevant interventions aiming to inform the development, implementation 

and evaluation of prevention programs for young Indigenous people. 

Data sources 
Interventions were identified from systematic searches of PubMed, Embase, Global Health, EBM 

Reviews and AustHealth until August 2017. Search terms included physical activity, diet, prevention 

and control, and program evaluation. 

Eligibility criteria 
Studies of group or community interventions involving a diet and/or physical activity component 

were included, with Indigenous participants (including people aged 15–24 years) in Australia, New 

Zealand, Canada and the United States. 

Results 
Searches yielded 648 unique records of which 43 sources referring to 24 different programs were 

appraised. All programs addressed physical activity, with varying emphasis, and three, which were 

successful, focused exclusively on physical activity. Young people were not specifically considered in 

most interventions. More than half of the included studies demonstrated at least one statistically 

significant improvement in the physiological or behavioural outcomes included in this review, but 

substantial methodological limitations were common. Qualitative data collection aided understanding 

of intervention findings. Less successful interventions tended to underutilise community knowledge 

and preferences. 

Conclusions 
Programs for Indigenous people should be directed by the community. Cultural relevance, support, 

and including physical activity as a sizeable intervention component appear to be important. 

Evaluation using mixed methods is most useful. There is a need for more programs tailored 

specifically to young Indigenous people.  
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Introduction 

Rationale 

It is well-established that a sound diet and physical activity are important determinants of health, 

and can prevent or ameliorate chronic diseases such as type 2 diabetes (T2D) [1]. T2D constitutes a 

significant burden worldwide, and is increasing among young people [2]. Minority groups, including 

Indigenous peoples in Australia, New Zealand, Canada and the United States, are disproportionately 

affected [3]. In Australia, for example, Aboriginal and Torres Strait Islander people have higher rates of 

T2D than non-Indigenous Australians in all age groups, with four times the age-specific incidence rate 

in the 15–24 age group [4]. Young-onset T2D appears to be of particular concern due to the typical 

course and consequences of the disease when diagnosed at an early life stage, including faster 

progression to complications [5, 6].  

In the 1980s, a study with Mowanjum Aboriginal community members in Western Australia 

demonstrated that reverting to a traditional lifestyle normalised or improved diabetes-related 

metabolic abnormalities over 7 weeks [7]. This was associated with increased physical activity, 

improved diet and weight loss; findings underscored the potential for prevention by addressing these 

factors [7]. Within the constraints of modern lifestyles, large-scale randomised controlled trials (RCTs) 

such as the US Diabetes Prevention Program have demonstrated that intensive lifestyle modification 

programs, with improved diet and increased physical activity, can prevent or delay T2D in people with 

impaired glucose tolerance [8–10]. A systematic review of real-world diabetes prevention programs 

internationally demonstrated that lower-intensity group programs can have important benefits in 

reducing T2D at the community or population level if they have good coverage and acceptability [11]. 

More evidence is needed on how best to design and implement relevant programs for high risk 

populations. While other reviews have considered chronic disease prevention among Indigenous 

people through physical activity [12–14] and other lifestyle changes [15], this review encompasses a 

larger range of contexts and includes pre-adult young people. 

Objectives 

The primary objective of this review was to identify characteristics of successful and unsuccessful 

group or community lifestyle modification interventions involving young Indigenous people in four 

Western countries. The review included a range of study designs with individual outcomes relating to 

key modifiable risk factors for T2D and other chronic diseases. A program was considered to be 

successful if it had positive health-related outcomes, while other indications of program value such as 

high participation rates were also of interest. Research approaches were also appraised to inform the 

evaluation of future interventions. This systematic review is reported in accordance with the PRISMA 

statement [16]. 
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Methods  

Eligibility criteria 

Studies and outcomes: RCTs and quasi-experimental designs where physiological or behavioural 

outcomes, based on individuals, were reported in reference to a comparison group or directly 

comparable pre-intervention measures. No minimum required length of follow-up was stipulated, and 

there were no restrictions on language, time, or publication type.  

Participants: Indigenous people in Australia (Aboriginal, Torres Strait Islander), New Zealand 

(Maori), Canada (First Nations, Inuit, Me tis) and the United States (Native American/American Indian, 

Native Hawaiian, American Samoan). Studies were excluded if Indigenous people were not the 

primary target group. It is acknowledged that there is great diversity among Indigenous people within 

and between countries. There are also commonalities in belief systems, experiences of dispossession 

and marginalisation, and cultural strengths and resilience [17]. Studies were included if any 

participants were in the 15–24 year age group. Where only mean age and standard deviation were 

reported, the age range was inferred using the formula SD = range / 4 [18]. 

Interventions: Group or community-based programs that aimed to increase physical activity 

and/or improve diet for T2D primary or secondary prevention [19], or for other chronic diseases or 

overweight/obesity. Programs where the focus was provision of food or addressing specific 

nutritional deficiencies were excluded, as were individually-delivered programs.  

Information sources 

In consultation with a university reference librarian, the following relevant databases were 

identified: PubMed, Embase, Global Health, EBM Reviews and AustHealth (consisting of Australasian 

Medical Index, Australian Public Affairs Information Service - Health, ATSIhealth, AusportMed,  

CINCH-Health, DRUG, HIVA, Health & Society, and Rural and Remote Health). A systematic search was 

conducted in July 2016 and updated on 21 August 2017. Additional grey literature with an Australian 

focus was sought using Google and Google Scholar, and Web of Science was used for citation searching. 

As well as journal articles (original reports of research or reviews), the search encompassed 

conference proceedings, book chapters, reports and theses.  

Search 

The PubMed search strategy, upon which other database searches were based, is presented in 

Table 1. 
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Table 1. PubMed search terms 

Term group Search terms 

Participants Oceanic ancestry group[majr] OR American Native Continental Ancestry 

Group[majr] OR Inuits[majr] OR Health services, Indigenous[majr] OR 

Indigenous[tw] OR Aborigin*[tw] OR Torres Strait[tw] OR Maori[tw] OR First 

Nation[tw] OR First Nations[tw] 

and 

Program Exercise[mh] OR Exercise movement techniques[mh] OR Exercise therapy[mh] 

OR motor activity[mh] OR physical fitness[mh] OR recreation[mh] OR nutrition 

therapy[mh] OR nutritional sciences[mh] OR diet[mh] OR physical activity[tw] OR 

exercise[tw] OR nutrition[tw] OR diet[tw]     

and 

Purpose prevention and control[sh] OR program evaluation[mh] OR feasibility studies[mh] 

OR pilot projects[mh]    

and 

intervention[tiab] OR program[tiab] 

Study selection and data collection 

Screening and standardised eligibility assessment of sources was performed. For some programs, 

relevant details were reported over multiple publications and were included for combined 

assessment. Data were extracted using a standard form that was refined after piloting on five articles. 

These data included setting, participant characteristics, program development, program structure, 

process evaluation, and the following quantitative outcomes: weight; body mass index (BMI); waist 

circumference; physical fitness; glycated haemoglobin (HbA1c); glucose; insulin; physical activity; 

energy intake; fat consumption; and sugar and sugar-sweetened beverage consumption. The main 

summary measure for quantitative data was difference in means, with 95% confidence interval if 

reported or calculable. Odds ratios or risk ratios relevant to diabetes were also noted. Where data 

were reported separately for the ages of interest in this review, data were extracted for that age group. 

Strengths and limitations of the programs and their evaluation were assessed at the study level. 

Risk of bias and synthesis of results 

Risk of bias in individual studies was assessed using the Quality Assessment Tool for Quantitative 

Studies [20], considering selection bias, study design, confounding and blinding (where applicable), 

data collection methods, and participant retention. This enabled an overall rating of methodological 

strength to be considered in assessing evidence of beneficial outcomes. Data were synthesised into a 

narrative summary. Due to wide variation in study types, participants, interventions, measurements 

and analyses, meta-analysis of results was not able to be undertaken. 

Results 

Study selection 

Forty-three records were deemed eligible for inclusion, pertaining to 24 different studies. It was 

evident from titles and abstracts that 513 unique records did not meet the inclusion criteria. Using the 
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full text of remaining records, 37 articles from studies meeting the criteria were identified. In addition, 

five relevant articles were identified from review articles and one from the reference lists of included 

records (Figure 1).
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(n = 796) 

S
c
re

e
n

in
g

 
In

c
lu

d
e
d

 
E

li
g

ib
il
it

y
 

Id
e
n

ti
fi

c
a
ti

o
n

 

Additional records identified 
through other sources 

(n = 33) 

Records after duplicates removed 
(n = 648) 

Titles/abstracts 
screened for relevance 

(n = 648) 

Records excluded 
(n = 513) 

Full-text articles assessed 
for eligibility 

(n = 135) 

Full-text articles excluded 
(n = 98) 

(n = 2) not an intervention 

(n=11) intervention out of scope 

(n=11) outcomes not reported 

(n=10) outcomes out of scope 

(n=10) no baseline/comparison 

(n = 4) baseline data not directly 
comparable  

(n=11) ages not specified 

(n = 6) all participants <15 yrs 

(n=13) all participants >24 yrs 

(n=20) review; relevant articles  
included elsewhere 

Articles included in 
qualitative synthesis 

(n = 43) 

Additional 
articles identified 

(n = 6) 

Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 

Figure 1. Flow diagram of study selection 

Study characteristics 

Study characteristics are summarised in Table 2. Terminology from the original research reports 

is used to describe participants in this review (e.g. Native American or American Indian); this does not 

necessarily reflect how all people prefer to be referred to, and no offence is intended.  
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Table 2. Summary of study characteristics 

Intervention, 
lead author 

Location Objective Description Duration Study type Participants Study 
retention 

Development 

GutBusters 
 
Egger 1999 [21] 

4 island 
communities in 
Torres Strait, 
Australia 
(remote) 

Abdominal 
obesity 
reduction 

Modified 'GutBuster' 
program delivered in 
varied, opportunistic ways: 
encouraged PA, reduced 
fat intake, increased 
dietary fibre. 

Approx. 12 
months 

Before-after 
study 

54 Indigenous men in 
Torres Strait, 21–67 yrs. 

82% Community 
consultations. 

Looma Healthy 
Lifestyle 
Program 
 
Rowley 2000 
[22]*, Clapham 
2007 [23] 

Looma, 
Western 
Australia 
(remote) 

Primary and 
secondary 
prevention, 
T2D and CVD 

Education sessions, PA 
groups, sports, walking 
groups (1 hr 3–4 times per 
week), healthy cooking 
classes, store tours. 
Messages about diet and 
PA. 

24-month 
evaluation, 
1993–1995 

Controlled 
before-after 
study  

96 Aboriginal community 
members (high-risk 
cohort). Data reported for 
49 participants with 
complete follow-up data 
(26% with IGT, 45% with 
T2D). Intervention: n=32, 
mean age 49, SD 17. Non-
intervention: n=17, mean 
age 43, SD 16 #. 

51% Instigated and 
directed by 
community. 

Diabetes 
Management 
and Care 
Program 
 
Gracey 2006 
[24] 

Kimberley 
region of 
Western 
Australia 
(remote) 

Prevent T2D 
and 
associated 
diseases 

Community program: 
'Lifestyle disease' 
awareness, promotion of 
improved diet and PA. 

Program 
ongoing at 
time of report. 
Outcomes 
'after several 
months'. 

Unclear, 
presumably 
before-after 
study 

Aboriginal community 
members 18 yrs +.  
Number in study unclear, 
community population 
350–400. 

Not stated. Community 
consultation to 
implement a 
program developed 
by an Aboriginal 
organisation. 

Aboriginal and 
Torres Strait 
Islander 
Women's  
fitness program 
 
Canuto 2012 
[25]*, 2013 [26], 
2014 [27] 

Adelaide, 
South Australia 
(urban) 

Improve WC, 
weight and 
biomedical 
markers of 
metabolic 
functioning 

60-min group 
cardiovascular and 
resistance training classes 
(encouraged to attend 2 
per week), walking 
encouraged, 4 dietitian-led 
nutrition workshops 
(including basic nutrition, 
label reading, cooking).  

12 week 
program, 
additional 
follow−up 3 
months after 
program 

Pragmatic 
RCT 
(control group 
received 
delayed 
intervention) 

100 Aboriginal/ Aboriginal 
and Torres Strait Islander 
women, aged 18–64 yrs,  
waist >80 cm.  
Approx. 22 with T2D. 

12 weeks 
(post-
program): 
Intervention: 
75%,  
Control: 73%. 
3 months:  
Intervention: 
57%, 
Control: 61%. 

Guidance from local 
Aboriginal 
organisations and an 
advisory committee 
of local Aboriginal 
and Torres Strait 
Islander women. 
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Table 2 (Continued) 

Heart Health 
 
Dimer 2013 [28] 

Perth, Western 
Australia 
(urban) 

Cardiac 
rehabilitation at 
Aboriginal 
Medical 
Service and 
primary 
prevention 

Education through group 
discussion (yarning), 
including diet and nutrition, 
and exercise sessions with 
individual program. 
Weekly, at flexible times 
during 4-hr session. 

8-week 
evaluation of 
subset of 
attendees 
2009–2010 

Before-after 
study 

98 Aboriginal people  
(63 f), aged 19–82 yrs, 
with CVD or at risk (55% 
with T2D). 

29% attended 
at least 8 
weeks of 
sessions. 

Developed by 
Aboriginal Medical 
Service. Focus 
groups with 
community members 
and Aboriginal 
health professionals. 

Deadly Choices 
 
Malseed 2013 
[29], Malseed 
2014 [30]* 

Brisbane, 
Queensland, 
Australia 
(urban) 

Chronic 
disease 
prevention 

7 x weekly 90-min lessons 
followed by PA. Nutrition 
education (including 
portion sizes, decreasing 
sugared drinks, healthy 
options) and PA 
education. 

7 week 
program. 
Multiple 
groups of 
participants 
April–Oct 
2013 

Controlled 
before- after 
study  

79 students  
(30 f), 11–18 yrs,  
approx. 89% Aboriginal 
and/or Torres Strait 
Islander.  
65 of the students were in 
intervention group. 

The 
intervention 
group 
comprised 
63% of all 
students who 
had attended 
at least one 
session of the 
program. 

Developed by 
Institute for Urban 
Indigenous Health 
(Aboriginal 
community 
controlled health 
organisation) in 
partnership with 
Indigenous healthy 
lifestyle officers. 

Mendham 
2015 [31] 

Orange, New 
South Wales, 
Aus (regional) 

Reduce T2D 
risk factors 

45–60 min group sports 
and gym (resistance and 
cardiovascular exercises, 
circuit training).  
2 sessions per week, 
progressing to 3. 

12 weeks Controlled 
clinical trial 

33 Indigenous men, <60 
mins physical activity per 
week, no pre-existing CVD 
or metabolic disorder. 
Data reported for 21 
participants. 
Intervention: n=11, mean 
age 39.5, SD 10.6. 
Control: n=10, mean age 
36.1, SD 16.1 #. 

Intervention: 
65% for 
anthropometry 
and 41% for 
VO2peak. 
Control: 63%. 

Developed by 
members of local 
Indigenous 
community. 

Te whai 
matauranga o te 
ahua noho / 
Lifestyle 
Intervention 
Programme 
 
McAuley 2003 
[32]*, Murphy 
2003 [33] 

Dunedin, NZ 
(urban) 

Prevent T2D 
and CVD 

Individually−prescribed 
diets. Group cooking class 
once per month. 
Prescribed 5 x 30 mins 
exercise per week. Group 
exercise sessions offered 
4 times per week. 

4 months Before-after 
study 

36 Maori (28 f),  
24–60 yrs. 
4 with IFG, 5 with 
probable T2D detected at 
start of study. 

86% Two tribal-affiliated 
researchers, 
consultation with 
local Maori. 
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Table 2 (Continued) 

Exercise and 
lifestyle 
intervention for 
Pacific 
and Maori 
adolescents 
 
Chansavang 
2015 [34] 

Auckland, NZ 
(urban) 

Improve 
cardio-
respiratory 
fitness, health, 
usual activity 
(feasibility 
study) 

3 x 1.5 hr sessions per 
week after school − varied 
PA (e.g. games, circuits, 
dancing), health education 
(including nutrition), 
self−empowerment 
discussions. Motivational 
text messages. 

6 weeks Before-after 
study 

18 less−active secondary 
school students (14 f), 
mean 16.3 yrs (SD 1.0). 5 
Maori participants, others 
Pacific. 
11% withdrew. 
1 with T2D, 7 with  
HbA1c ≥40 mmol/mol at 
baseline. 

89% Consultation with 
community 
members, school 
students and staff. 

Okanagan 
Diabetes Project 
 
Daniel 1999 [35] 

Okanagan, 
BC, Canada 
(rural) 

T2D risk 
reduction and 
control 

Community activities 
including cooking 
demonstrations, 
supermarket tours, 
diabetes forum, education 
(including through media), 
exercise groups, health 
events. 

16 months 
(1994–1996) 

Controlled 
before-after 
study (2 
comparison 
communities) 

Intervention community: 
data reported for n=62 
Okanagan 
Indian Band residents  
(42 f) who completed 
surveys at 3 time points. 
Participants had diagnosed 
diabetes or were close 
relatives, aged approx. 18–
80. 

Approx. 70% 
across all 
communities. 

Interviews with 
community 
members, public 
meetings. 

Reducing GDM 
risk 
 
Gray−Donald 
2000 [36] 

Chisasibi, 
Wemindji, 
Waswanipi 
and Mistissini 
Cree 
communities 
in James Bay, 
Quebec, 
Canada 
(rural) 

Reduce weight 
gain in 
pregnancy, 
reduce risk of 
gestational 
diabetes 

Exercise and walking 
groups − details not 
reported. Supermarket 
tours, cooking 
demonstrations, nutrition 
information on local radio. 
Also had individual 
counselling component 
with focus on healthy 
eating. 

Average 
participation 
approx. 4 
months during 
1995−97 
Follow−up 6 
weeks 
postpartum. 

Controlled 
before-after 
study (control 
group 
assessed prior 
to intervention 
group) 

219 Cree women, without 
pregestational diabetes. 
Mean age intervention 
group 24.3 (SD 6.29). 

Intervention: 
95%, 
Control: 96% 

Developed in 
collaboration with 
Cree Board of 
Health and Social 
Services. 

Zhiiwapenewin 
Akino’maagewin: 
Teaching to 
Prevent Diabetes 
 
Ho 2006 [37],  
Ho 2008 [38]*, 
Rosecrans 2008 
[39] 

First Nation 
communities 
in 
Northwestern 
Ontario, 
Canada 
(remote) 

Prevention of 
T2D risk 
factors 
(feasibility 
study) 

Cooking demonstrations, 
taste tests, community 
events, educational 
workshops, media 
messages − diet and PA. 
(Also had elementary 
school and store 
components.) 

9 months Controlled 
before-after 
study 
(2 intervention 
sites,  
2 comparison 
sites) 

Characteristics reported for 
95 First Nations community 
members (74 f) at 
follow−up. 57 in 
intervention group, mean 
age 40.3 (SD 11.5) #. 

71% Consultation with 
communities 
included interviews, 
surveys, group 
sessions, meetings 
with key 
stakeholders.  
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Table 2 (Continued) 

Healthy Foods 
North 
 
Sharma 2010 
[40], Gittelsohn 
2010 [41], Mead 
2013 [42]*, 
Pakseresht 
2015 [43]* 

Communities in 
Nunavut and 
Northwest 
Territories, 
Canada 
(remote) 

Chronic 
disease 
prevention − 
improving diet 

Promotion of healthy food 
and PA. Taste tests, 
cooking demonstrations, 
community events, media 
messages, walking clubs, 
pedometer challenges. 

12 months 
(2008–2009) 

Controlled 
before-after 
study (4 
intervention 
communities,  
2 comparison 
communities) 

Inuit community members, 
aged 19–87. 
379 completed post-
intervention measures: 
Intervention 246 (199 f), 
Comparison 133 (112 f). 

78% Interviews with 
community members 
and local 
organisations, 
community 
workshops. 

Action Schools! 
BC 
 
Naylor 2010 
[44], Tomlin 
2012 [45]* 

Gitga’at, 
Gitkxaahla and 
Lax Kw’alaams 
communities of 
Tsimshian 
Nation, BC, 
Canada 
(remote) 

PA and 
healthy eating 
in schools, for 
T2D and 
obesity 
prevention 
(feasibility 
study) 

Whole school−based PA 
and healthy eating 
education and 
opportunities, in and out of 
classroom. 

7 months 
(2007−2008) 

Before-after 
study 

148 Aboriginal children and 
youth (71 f) aged  
8.7–18.5. 

91% Communities invited 
the study to assess 
a pre-existing 
program in this 
context. 

Hearts in 
Training 
 
Foulds 2011 
[46] 

21 
communities in 
BC, Canada 
(urban and 
rural) 

Reducing CVD 
risk factors 
through 
community−ba
sed PA  

Self−selected PA training 
for 10km walk, walk/run or 
run. Group training once 
per week and individual 
training twice per week. 
Program included age 
12+. 

13 weeks. 
Multiple 
groups of 
participants 
2007–2010 

Before-after 
study 

756 at baseline; data 
reported for 273 Aboriginal 
community members (215 
f), aged 18+ yrs 
(n=50 aged 18–29 yrs). 
Included people with 
chronic diseases.  

36% Local Aboriginal 
community leaders 
had central role in 
design and 
implementation. 

Healthy Buddies 
—First Nations 
 
Ronsley 2013 
[47] 

Gitga’at, 
Gitkxaahla, 
and Lax 
Kw’alaams 
communities of 
the Tsimshian 
Nation, BC, 
Canada 
(remote) 

Whole−school 
health 
promotion 
(healthy eating 
and PA) to 
address 
obesity and 
prevent T2D 
(pilot study) 

21 lessons (healthy eating, 
PA, self-esteem) taught to 
younger students by older 
students. 30-min PA 
circuits twice per week. 

10 months 
(2009−2010 
school year) 

Before-after 
study with 
unplanned 
comparison 
group 

Aboriginal students 
kindergarten – grade 12. 
Intervention: 118 at 2 
schools (57 f); n=15 in 
grade  
10–12. 
Comparison: 61 students 
at 1 school (30 f); n=6 in 
grade 10−12. 

100% Community 
consultation, 
including focus 
groups, for 
adaptation of pre-
existing program.  
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Table 2 (Continued) 

Beating Diabetes 
Together 

Huynh 2015 [48] 

Manitoba, 
Canada 
(urban) 

Intensive 
lifestyle 
intervention for 
youth with T2D 
to increase 
PA, improve 
diet and 
reduce weight 
(feasibility 
study) 

90-min sessions twice per
week. Behaviour change
curriculum, including
nutrition and PA
education, and practical
activity (PA, label reading
or cooking). Included
motivational interviewing
and peer mentoring.

16 weeks Before-after 
study 

Baseline n=16. 12 (9 f) 
completed intervention, 
aged 13–19. Overweight, 
diagnosis of T2D. 

75% Used existing 
curriculum. No 
community 
consultation 
reported. 

Zuni Diabetes 
Project 

CDC 1987 [49], 
Heath 1991 [50]* 

Pueblo of Zuni, 
New Mexico, 
US (rural) 

Reduce 
obesity and 
increase PA 
for primary 
and secondary 
prevention of 
T2D 

PA program: Various 
group exercise sessions 
offered several times per 
day, 5 days per week. 
Intervention group mean 
attendance: 1.7 sessions 
per wk. 

Ongoing 
program. 
Mean 
attendance 
duration 37 
weeks in 
1983–1985 
(range 1–
102), mean 
follow−up 50 
weeks (range 
4–102). 

Retrospective 
cohort study 
with matched 
comparison 
group 

Zuni community members 
with T2D. 
Intervention group: n=30  
(24 f), mean age 42 (SD 
10) #.
Comparison group: n=56
(44 f).

Not applicable Community exercise 
program initiated by 
the Indian Health 
Service, then 
managed by tribally-
owned Zuni 
Wellness Center. 

Special Diabetes 
Program for 
Indians 

Jiang 2013 [51]*, 
Jiang 2015 [52], 
Teufel−Shone 
2015 [53] 

36 sites 
serving 80 
tribes in 18 US 
states (rural 
and urban) 

Implement the 
Diabetes 
Prevention 
Program 
(DPP) in 
American 
Indian and 
Alaska Native 
communities 
(demonstration 
project) 

26-session DPP
curriculum in group setting
(diet, exercise, behaviour
modification) with some
cultural adaptations. Also
monthly individual lifestyle
coaching sessions.

4–6 month 
intervention 
(recruited 1 
January 
2006–31 July 
2008), 
3 years 
follow−up from 
baseline. 

Before-after 
study 

American Indian and 
Alaska Native adults aged 
18+, with pre-diabetes. 
Baseline  
n=2553 (1901f). 

Post-
curriculum: 
74% 
Year 1: 59% 
Year 2: 42% 
Year 3: 33% 

Existing curriculum 
implemented locally 
by communities; 
some local cultural 
adaptions. 

After-school 
nutrition program 

Rinderknecht 
2004 [54] 

Minneapolis, 
US (urban) 

Improve diet 30−60 min lessons, 
monthly, at existing after-
school program. Included 
exposure to healthful 
foods, taste-testing, 
discussing healthful eating 
and PA. Weekly reminders 
about lesson content. 

7 months Before-after 
study 

63 Native American 
adolescents (26f), aged  
11–18.  
39 included in analysis.  
(Age 5–10 also included in 
study.)  

56% Collaborated with 
staff at Native 
American after-
school program to 
design lessons. 
Cultural 
considerations not 
specified. 
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Table 2 (Continued) 

Ho-Chunk 
Youth Fitness 
Program 
 
Carrel 2005 [55] 

Wisconsin, US 
(rural) 

Improve diet 
and increase 
exercise in 
obese children 
to prevent T2D 

Supervised classes twice 
per week: nutrition and PA 
education and PA (45 
mins), preparing healthy 
snack (30 mins). Separate 
6–10 yrs and  
11–18 yrs age groups 
(proportions not stated). 

24 weeks Before-after 
study 

38 Ho−Chunk and 
non−native participants 
(proportions not stated), 
gender not reported, aged  
6–18, BMI>85th percentile. 

100% Unclear; associated 
with Ho-Chunk 
tribe. 

Lifestyle 
intervention, 
young women 
 
Allen 2006 [56],  
Herman 2006 
[57], Allen 2008 
[58], Thompson 
2008 [59]* 

Albuquerque 
New Mexico 
US (urban) 

T2D 
prevention 

5 x monthly discussion 
groups, 2–2.5hrs: PA, 
healthful eating, goal-
setting, social support.  
Each session offered 3 
times per month. 
(15-min walk at start of 
sessions if weather 
permitted.) 
 
Unintended apparent 
intervention for all 
participants: feedback from 
6-monthly clinic results. 

6-month 
intervention,  
18 months 
follow-up 
(2002–2006) 

RCT (control 
group received 
delayed 
intervention) 

200 Native American 
women without T2D, aged 
18–40.  
Intervention group: n=100 
(19 with IFG). 
Control group: n=100 (23 
with IFG). 

6 months: 
82% 
 
12 months: 
77% 
 
18 months: 
68% 

Curriculum used 
with rural Indian 
adults with T2D was 
adapted by 
American Indian 
and non-Indian 
health professionals 
and community 
members. Revised 
after pilot-testing 
with members of 
target community. 

Medicine Wheel 
nutrition 
intervention 
 
Kattelmann 
2010 [60] 

Cheyenne 
River Sioux 
Reservation, 
US (rural / 
remote) 

Improve T2D 
control through 
culturally 
adapted 
dietary 
education 

6 x monthly 90-min nutrition 
lessons based on Medicine 
Wheel Model for Nutrition 
(traditional macronutrient 
consumption). One lesson 
about PA. Lessons 
followed by optional group 
support session (Talking 
Circle). Individualised meal 
plans. 

6 months 
(2005) 

RCT (control 
group received 
usual care) 

114 Northern Plains 
Indians from Cheyenne 
River Sioux Tribe (87f), 
aged 18–65, with T2D. 

95% Tribal member 
developed Medicine 
Wheel nutrition tool, 
input from tribal 
leaders and 
members. 
Consultation with 
tribal leaders to 
design intervention. 
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Table 2 (Continued) 

Partnership to 
Improve 
Lifestyle 
Interventions 
(PILI) ‘Ohana 
Project 
 
Mau 2010 [61]*, 
Kaholokula 
2012 [62], 
Kaholokula 
2013 [63] 

5 Native 
Hawaiian and 
other Pacific 
Islander 
communities in 
Hawaii, US 
(rural and 
urban) 

Translate 
Diabetes 
Prevention 
Program 
(DPP): weight 
loss and 
maintenance 

1. DPP curriculum 
(substantial cultural and 
linguistic modifications): 4 
group lessons weekly then 
4 fortnightly, 1.5 hrs. 
 
2. Weight loss 
maintenance. Intervention: 
6 monthly group lessons, 
1.5 hrs, with assigned 
activities between.  
Control (comparison 
intervention): monthly 
individual scripted phone 
calls, 15–30 mins. 

1. 12-week 
before-after 
pilot study 
 
2. 6-month 
pilot RCT 
(2007–2008).  

Before-after 
study followed 
by RCT 
(control group 
received a 
standardised 
intervention) 

1. n=239 adults aged 18+ 
(124 Native Hawaiian, 198 
f), mean age 49 (SD 14) #, 
overweight. 
 
2. n=144 from previous 
study (75 Native Hawaiian, 
122 f), mean age 50 (SD 
14) #. 

1. 71% 
 
2. 
Intervention: 
68%, 
Control: 71% 

1. Cultural 
adaptation of DPP 
curriculum, utilising 
interviews and focus 
groups with 
community 
members. 
Community 
investigators 
involved in 
developing program. 
 
2. Qualitative data 
used for culturally 
tailored program. 

f = female participants. PA = physical activity 
T2D = type 2 diabetes. CVD = cardiovascular disease. IGT = impaired glucose tolerance. IFG = impaired fasting glucose. RCT = randomised controlled trial. 
# Age range inferred using formula SD = range / 4 
* Report of primary results for this study; other reports provide additional details about the study
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Setting and scope 

Seven of the included studies were conducted in Australia, two in New Zealand, eight in Canada, 

and seven in the United States. Fifteen of the 24 studies had rural or remote sites. There was wide 

variation in the scope of interventions and their evaluation. One Australian [24] and two Canadian [38, 

42] studies reported a community-level approach in remote areas, and another Australian 

intervention later adopted this approach after initially focussing on high-risk individuals [22]. Two 

other projects in Canada and the US also adopted a community-based approach, while evaluating the 

intervention effect on participants with T2D [50] or at high risk of T2D [35]. Other Canadian studies in 

rural and remote communities included entire population subgroups: pregnant women [36] and 

school students [45, 47]. Some studies reported results for a subset of participants who had 

participated in a program delivered in multiple sites [30, 46] or without a distinct end point [21, 28]. 

Other studies involved more defined, group interventions; participant numbers ranged from around 

15–40 with the delivery of a single program [31, 32, 34, 48, 54, 55] to studies with around 100–250 

[25, 59–61] and 2500 participants [51] with multiple groups of participants receiving the intervention. 

Non-ongoing interventions ranged in duration from six weeks to 24 months, and four studies included 

additional follow-up [25, 36, 51, 59] ranging from six weeks to three years. None of the programs were 

in a mainstream clinical setting; one New Zealand program was intended to be in a hospital 

environment but was moved for reasons including cultural acceptability [33]. Three interventions 

were in schools [30, 45, 47]. 

Participants 

Most interventions were with adults aged 18 years and older. The mean age of participants was 

commonly above 40 years. Overall, seven interventions were specifically intended for adolescents [30, 

34, 45, 47, 48, 54, 55] although two of these also included children aged 5–10 years [45, 55]. One 

intervention was designed for students up to Year 9, but administered to all students up to Year 12 

due to the school structure in the remote context. The authors noted there were implementation 

issues with older students [44, 45]. None of the interventions were specifically targeted at young 

adults aged in their late teens and twenties, with the possible exception of a program for pregnant 

women [36]. In most studies, participants were noted to be primarily obese or overweight at baseline.  

Purpose and type of program 

Although relevant to T2D prevention, some studies were intended to address cardiovascular risk 

or obesity. Three programs were specifically for people with T2D [35, 48, 60] and others reported 

including people with T2D [22, 24, 25, 28, 32, 34, 46, 50]. One study was for people with pre-diabetes 

[51], and three studies included acknowledgement of individuals with pre-diabetes among other 

participants [32, 34, 58]. 

While emphasis on diet or physical activity varied between programs, 21 of 24 interventions 

addressed both. Three programs involved participation in physical activity only, and each had some 
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beneficial reported outcomes [31, 46, 50]. Nine other programs included a structured, practical 

physical activity component as a substantial part of the intervention contact [22, 25, 28, 30, 32, 34, 45, 

47, 55]. Seven studies reported addressing concepts related to social and emotional well-being as part 

of the intervention: stress management [28, 51, 59, 61]; self-empowerment [34]; self-esteem [47]; and 

explicit social support [59, 60]. 

Methodological quality of studies 

The methodological quality of each study was assessed, primarily using the main report of 

outcomes for each study. The overall rating was weak in five studies, moderate in 12 studies, and 

strong in seven studies (Table 3). Common issues are summarised below.  

Selection bias 

Recruitment methods in many studies were prone to selection bias by seeking volunteers, who 

may not be representative of the target population. In particular, volunteers are likely to be more 

motivated for change. While it is necessary to use volunteers in many studies, it can increase the 

apparent effect of an intervention, particularly compared to studies that attempt to recruit a 

representative sample within a community intervention. Selection of participants for inclusion in 

analyses also varied between studies. While many studies analysed data for all participants for whom 

baseline and follow-up data were available, Dimer et al. tested significance of results from only a 

subset of participants who attended eight weeks of sessions [28] and Mendham et al. excluded 

participants with less than 50% attendance from analysis [31]. 

Study design 

Uncontrolled before-after studies were the most common design included in this review (12 

studies). The two projects that translated the DPP into Indigenous communities used before-after 

studies, noting that the efficacy of the DPP had already been established with an RCT [51, 61]. An 

additional six before-after studies used a comparison group, which should strengthen inferences about 

the intervention effect. The small control group used in the Deadly Choices evaluation in Australia, 

however, was not comparable in age and risk behaviours to the intervention group [30]. 

Four RCTs or pragmatic RCTs were included in the review. Two other studies reported intending 

or attempting to conduct an RCT but deemed it unfeasible due to issues such as information sharing 

between groups and participant requests for assistance through intervention [32, 48]. Other reports 

noted an RCT design would not have been appropriate in their community contexts [21, 47]. The 

quality of some RCT evidence was weakened by issues such as missing data and loss to follow-up [25] 

or highlighting results based on separate within-group comparisons to baseline [60], which is not 

statistically valid and increases Type I error [64].  

One RCT, with 200 Native American women in an urban area, found improved outcomes in the 

control group, along with the intervention group. Delayed-intervention control group participants 

received health magazines and had four scheduled clinic visits during the 18-month intervention 
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period, while the intervention group had monthly educational sessions. The authors noted that almost 

all their participants were already receptive to lifestyle changes. Further, clinical measurements 

provided to all participants during the study seem to have been particularly motivating for 

participants with impaired fasting glucose, regardless of assigned group [58, 59]. 

Data collection method 

Many studies reported details of protocols for consistent physical measures, but some 

encountered difficulties with reliable measures of waist circumference in particular [25, 34]. 

Chansavang et al. reported this was due to the measurement being performed by different health 

professionals at baseline and follow-up, with no specific protocol [34], while Canuto et al. indicated 

that participant comfort was understandably prioritised over optimal measurement methods [25]. 

Changes in diet and physical activity were commonly measured using recall questionnaires, 

without established reliability. Some studies used interviewers to elicit diet information, which could 

potentially improve accuracy but increase social desirability response bias [43]. 

Withdrawals and drop-outs 

In studies reporting comparison of baseline characteristics between participants who did and did 

not complete follow-up, there were varying findings. In two studies participants lost to follow-up were 

leaner at baseline [21, 22], while in another study, participants lost to follow-up had higher weight and 

fasting blood glucose at baseline [51]. In an RCT with substantial missing data and loss to follow-up, 

participants lost to follow-up in the intervention group tended to have higher weight than those who 

remained in the study, and in the control group the inverse occurred [25]. 
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Table 3. Assessment of methodological quality using Quality Assessment Tool for Quantitative  
Studies [20] 

Author Selection 
bias 
avoidance 

Study 
design 

Control of 
confound-
ers 

Blinding Data 
collection 
methods 

Description 
of with-
drawals and 
dropouts 

Global 
rating 

Egger 1999 [21] Weak Moderate NA NA Strong Strong Moderate 

Rowley 2000 [22] Weak Moderate Strong NA Strong Weak Weak 

Gracey 2006 [24] Moderate Weak NA NA Strong Weak Weak 

Canuto 2012 [25] Moderate Strong Strong NA Strong Weak Moderate 

Dimer 2013 [28] Moderate Moderate NA NA Strong Weak Moderate 

Malseed 2014 [30] Moderate Moderate Weak NA Weak Weak Weak 

Mendham 2015 [31] Moderate Strong Strong Moderate Strong Weak Moderate 

McAuley 2003 [32] Weak Moderate NA NA Strong Strong Moderate 

Chansavang 2015 [34] Weak Moderate NA NA Moderate Strong Moderate 

Daniel 1999 [35] Moderate Moderate Strong NA Moderate Moderate Moderate 

Gray-Donald 2000 [36] Strong Moderate Strong NA Strong Strong Strong 

Ho et al 2008 [38] Moderate Moderate Strong NA Strong Moderate Strong 

Mead 2013 [42] Moderate Moderate Strong NA Strong Moderate Strong 

Tomlin 2012 [45] Strong Moderate NA NA Strong Strong Strong 

Foulds 2011 [46] Weak Moderate NA NA Strong Weak Weak 

Ronsley 2013 [47] Strong Moderate Strong NA Strong Strong Strong 

Huynh 2015 [48] Weak Moderate NA NA Strong Moderate Moderate 

Heath 1991 [50] Moderate Moderate Strong NA Strong Moderate Strong 

Jiang 2013 [51] Moderate Moderate NA NA Strong Weak Moderate 

Rinderknecht 2004 [54] Weak Moderate NA NA Moderate Weak Weak 

Carrel 2005 [55] Moderate Moderate NA NA Strong Strong Strong 

Thompson 2008 [59] Weak Strong Strong Moderate Strong Moderate Moderate 

Kattelmann 2010 [60] Weak Strong Strong Moderate Strong Strong Moderate 

Mau 2010 [61] Weak Moderate NA NA Strong Moderate Moderate 

NA = not applicable 

 

Summary of study results 

As shown in Table 4, 16 of 24 studies demonstrated at least one statistically significant 

improvement in physiological or behavioural outcomes relevant to this review [21, 25, 28, 31, 32, 34, 

35, 42, 45, 46, 47, 49, 53, 55, 59, 61]. As indicated above, the degree to which a statistically significant 

improvement reflects the usefulness of an intervention for the target group is influenced by the 

selection of participants for the intervention and for analysis, and whether an appropriate comparison 

was used. Fewer studies examined the clinical significance of improvements [21, 25, 31, 32, 45, 47, 50, 

51, 55, 59, 61]. 

Studies that assessed dose-response relationships found greater benefits for participants who 

attended more sessions. In the Special Diabetes Program for Indians, Jiang et al. found that 
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participants who attended the entire 16-session translated group DPP had a significantly lower 

cumulative incidence of T2D than those who missed at least one class [51] and Mau et al. reported 

significantly higher mean weight loss in participants who attended the complete 8-lesson program 

translated from the DPP in the PILI ‘Ohana Project [61]. In the Zuni Diabetes Project evaluation, mean 

weight loss for all participants who had attended an exercise program at least once over two years was 

4 kg, while an additional dose-response assessment showed mean weight loss was 2 kg in participants 

who attended less than 8 weeks of exercise classes and 9 kg in participants who attended for more 

than one year [49]. 

Anthropometric outcomes 

Overall, 11 studies reported statistically significant improvements for at least one anthropometric 

measure: BMI (significant improvement in 8 of the 19 studies where this was assessed), weight (7 of 

14) and/or waist circumference (5 of 11). Statistically significant reductions in mean waist 

circumference ranged from around 3 cm to 7 cm across studies, while weight loss ranged from around 

1.5 to 4 kg. In one study, a decrease in BMI was reported to be statistically significant while weight loss 

was not [28]. 

Physical activity 

Eleven studies assessed change in frequency and/or duration of physical activity; two of these 

used accelerometers [38, 45] and the rest used various self-report measures. There was no 

improvement in physical activity in seven studies. Of these, three were community interventions with 

a poorly-defined physical activity component [35, 36, 38] and one was strongly diet-focused with 

physical activity included as a topic in one lesson out of six [60]. While one study found no increase in 

physical activity as measured by accelerometer in a subset of participants and a questionnaire, aerobic 

fitness increased [45]. The authors suggested that the physical activity measurements may not have 

been sufficiently sensitive. 

Six other studies included an objective measure of physical fitness and four found significant 

improvements, in maximal oxygen uptake [34], peak oxygen uptake and maximal aerobic workload 

[31], and functional exercise capacity [28, 61]. A low-intensity RCT found no change in predicted peak 

oxygen consumption from a submaximal bicycle test, and no change in self-reported leisure-time 

physical activity [59]. A largely successful program found no significant increase in predicted maximal 

oxygen consumption when using a submaximal walk test in a subgroup of 23 participants [32]. Most 

studies that used an objective measure of physical fitness included a practical physical component in 

the intervention, but Mau et al. found improved physical functioning after using their adapted DPP 

curriculum in a group lesson format [61]. 

Diet 

Ten studies measured changes in an aspect of self-reported diet relevant to this review. Two of 

these reported an improvement [43, 61]; only the PILI ‘Ohana pilot lifestyle intervention (based on the 
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DPP) found an accompanying decrease in weight (along with increased self-reported physical activity) 

[61]. Of the eight studies with no improvement in self-reported diet, none found improvements in 

physical activity. 

Glycaemic control 

One or more measure of glycaemic levels was used in 14 studies. Out of seven studies that 

measured HbA1c, only Chansavang et al. reported a statistically significant improvement 

(−1.1 mmol/mol, −0.1%). This was after a relatively short, six-week after-school health and fitness 

program in New Zealand with a small sample of adolescents (n=18) [34]. While this mean HbA1c 

reduction is unlikely to be clinically significant, it is notable that four out of seven individuals with pre-

diabetes achieved normoglycaemia. This study also found overall increased maximal oxygen update 

and self-reported physical activity, with no change in fasting glucose or insulin, or weight and BMI.  

In the Special Diabetes Program for Indians demonstration project, Jiang et al. [51] found 

decreased fasting blood glucose accompanied by decreased weight and increased self-reported 

physical activity. Similarly, McAuley et al. [32] found decreased fasting glucose and insulin, and 

improved insulin sensitivity, accompanied by decreased weight and waist circumference. Heath et al. 

[50] also reported decreased fasting glucose accompanied by reduced weight, while Carrel et al. [55] 

found decreased fasting insulin with no change in fasting glucose or body composition. 

Insights from process evaluation 

Seventeen studies reported assessing an aspect of implementation, most commonly attendance at 

intervention sessions [Table 4]. Eight studies also used qualitative evaluation methods, in conjunction 

with objective measures, which enhanced the assessment of the intervention [26–29, 33, 34, 39, 44, 

48]. This would likely have been a useful addition to Kattelmann et al.’s study [60]. This RCT was 

useful in demonstrating that the effect of a culturally-specific Medicine Wheel nutrition intervention 

on the Cheyenne River Sioux Reservation, with six lessons provided monthly, was no different to usual 

care (standard dietary education by personal health care providers). However, while the high 

intervention attendance was a potentially important finding in light of attrition in other studies, the 

authors noted that the study design did not enable insight into reasons for participation [60]. In 

contrast, Canuto et al. included qualitative methods to complement quantitative data from the 

Aboriginal and Torres Strait Islander women’s fitness pragmatic RCT [26, 27]. Participant interviews 

provided valuable information that the study design may have contributed to a high drop-out rate, 

including due to disappointment that participants who registered for the program together were 

separated by random assignment to intervention or 12-month waitlist groups [27]. 
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Table 4. Summary of study results 

Intervention, 
lead author 

Process evaluation Quantitative outcomes  
(anthropometric and behavioural)† 

GutBusters (Australia) 

Egger 1999 [21] 

Not reported. Weight: −4kg, p<0.001 
BMI: −1.1kg/m2, p<0.001 
WC: −4cm, p<0.001 

Looma Healthy 
Lifestyle Program 
(Australia) 

Rowley 2000 [22]*, 
Clapham 2007 [23] 

Not reported for cohort. BMI, fasting plasma glucose, 2-hr plasma glucose, fasting 
insulin: No significant difference in change between groups 
over 24 months (p=0.1) 

Diabetes 
Management 
and Care Program 
(Australia) 

Gracey 2006 [24] 

Not reported. Specific follow-up results not provided, statistical significance 
not established. Decreased weight in 49% of participants, 
decreased BMI in 61%, improved HbA1c in 54% of 
participants. 

Aboriginal and Torres 
Strait Islander 
Women's fitness 
program  
(Australia) 

Canuto 2012 [25]*, 
2013 [26], 2014 [27] 

High intervention fidelity. 
Intervention participants 
attended an average of 9.5 
exercise classes; 
encouraged to attend 24. 
Attended average of 1 out of 
4 nutrition workshops (47% 
group attended none). 
Post-program participant 
interviews (n=49): Low 
attendees had more barriers 
(e.g. competing demands on 
time). 

Post-program: 
Weight: −1.65 kg (−3.27 to −0.03), p=0.05  
BMI: −0.66 kg/m2 (−1.27 to −0.05), p=0.04 
WC: −1.5 cm (−3.50 to 0.51), p=0.1 
Fasting serum insulin: +0.48 mU/L (−4.80 to 5.77), p=0.9 
Fasting blood glucose: −0.47 mmol/L (−1.42 to 0.47), p=0.3 
HbA1c: −0.04% (−0.25 to 0.18), p=0.7 

3 months post-program: 
Weight −2.5 kg (−4.46 to −0.54), p=0.01 
BMI −1.03kg/m2 (−1.79 to −0.27), p=0.009 
WC: −1.5 cm (−4.20 to 1.19), p=0.3 
Fasting serum insulin: +1.64 mU/L (−2.54 to 5.82), p=0.4 
Fasting blood glucose: −0.46 mmol/L (−1.08 to 0.17), p=0.1 
HbA1c: −0.23% (−0.50 to 0.04), p=0.09 

Heart Health 
(Australia) 

Dimer 2013 [28] 

Yarning sessions with 
participants were used to 
refine the program. 
Participant interviews and 
questionnaires (details not 
reported). 

28 participants (20 females) who attended 8 sessions:  

Weight: −1.5kg, p=0.09 
BMI: −0.7kg/m2, p<0.05   
WC: −4.3cm, p<0.01 
Functional exercise capacity: +49 metres 6-min walk, p<0.01 

Deadly Choices 
(Australia) 

Malseed 2013 [29], 
Malseed 2014 [30]* 

Post-program participant 
interviews (n=10, limited 
details reported). 

Soft drink (days/week): +0.78 (−0.40 to 1.96), p=0.2 
Self-reported PA (days/week): +0.32 (−0.82 to 1.46), p=0.6 

Mendham (Australia) 

2015 [31] 

Mean attendance 69%. 
Mean training intensity 83% 
of maximal heart rate. 

Weight: intervention −1.3 kg, control +0.8, p=0.04 
BMI: intervention −4.5 kg/m2, control +0.2, p=0.01 
WC: intervention −3.3 cm, control +1.5, p=0.004 
VO2peak: intervention +3.7 mL kg-1 min-1, control −0.5, 
p=0.02 
Increased maximal aerobic workload (p=0.007) 
Increased graded exercise test duration (p=0.002) 
No difference glucose, insulin, HbA1c. 
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Table 4 (Continued) 

Te whai matauranga o 
te ahua noho / Lifestyle 
Intervention 
Programme (New 
Zealand) 

McAuley 2003 [32]*, 
Murphy 2003 [33] 

Post-program participant 
focus group: program was 
acceptable to community, 
regular contact was useful 
for participants. 

Weight: −3.1 kg (−4.0 to −2.1), p<0.001 
BMI: −1.1 kg/m2 (−1.4 to −0.7), p<0.001 
WC: −7 cm (−9 to −5), p<0.001 
Predicted VO2max: +0.9 ml/min/kg (−0.7 to 2.6), p=0.3 
Fasting glucose: −0.5 mmol/L (−0.8 to −0.2), p=0.001 
Fasting insulin: −5.1 mIU/L (−8.4 to −1.7), p=0.004 

Exercise and lifestyle 
intervention for Pacific 
and Maori adolescents 
(New Zealand) 

Chansavang 2015 [34] 

Average program 
attendance approx. 50%. 
Post-program participant 
questionnaire inviting 
comments: games, 
motivational text 
messages, provision of 
healthy snacks. 

Weight: −0.7 kg (−2.2 to 0.9), p=0.4 
BMI: −0.2kg/m2 (−0.8 to 0.3), p=0.4 
WC: +6.5cm (2.3 to 10.7), p=0.005 
VO2max: +3.2 mL/kg/min (0.5 to 5.8), p=0.02. 
Self-reported vigorous exercise +239.3 min/week (108.4 to 
370.2), p=0.002. 
Self-reported moderate exercise +119.6 min/week (40.8 to 
198.4), p=0.006. 
HbA1c −1.1 mmol/mol (−2.0 to −0.1), p=0.03 
Fasting plasma glucose:−0.02 mmol/L (−0.31 to 0.26), p=0.9 
Fasting serum insulin: −6.8 μU/mL (−20.3 to 6.8), p=0.3 

Okanagan Diabetes 
Project (Canada) 

Daniel 1999 [35] 

Summary participation 
scores (not individual 
participation). Advisory 
committee regularly 
provided feedback to 
project team about 
intervention process. 

HbA1c: Increased, p=0.02 
BMI: Decreased, p=0.004 
Self-reported PA (% sweat-producing activity at least once 
per week): Decreased, p=0.004 
Self-reported energy intake 3 days: No change  

Reducing GDM risk 
(Canada) 

Gray−Donald 2000 [36] 

Details not reported. No differences between intervention and control in weight 
gain during pregnancy (p=0.3), post−partum weight 
retention, 1-hr plasma glucose, self−reported energy intake: 
24-hr recall (p=0.3) and PA (usual daily activities).

Zhiiwapenewin 
Akino’maagewin: 
Teaching to Prevent 
Diabetes (Canada) 

Ho 2006 [37],  
Ho 2008 [38]*, 
Rosecrans 2008 [39] 

Fidelity, dose, reach and 
context assessed using: 
surveys; logs; and 
interviews with community 
health representatives, 
health and social services 
staff, and program staff 
(n=8). 

BMI: +0.82 kg/m2, p=0.1  
PA (accelerometer): no difference 

Healthy Foods North  
(Canada) 

Sharma 2010 [40], 
Gittelsohn 2010 [41], 
Mead 2013 [42]*, 
Pakseresht 2015 [43]* 

Manual of procedures for 
standardisation across 
sites; fidelity not assessed. 
Feedback regularly sought 
from stakeholders and 
utilised throughout the 
intervention. 

BMI: −0.37 kg/m2, p=0.3 
_

Adjusted analyses with 263 participants (172 in intervention 
group): 
Energy intake/day: −317 kcal (−570 to−64), p<0.05 
Added sugar intake/day: − 12 g (−35 to 11), p>0.05 
Fat intake/day: −8 g (−18 to 2), p>0.05 
(Based on 30-day recall of typical food consumption) 

Action Schools! BC 
(Canada) 

Naylor 2010 [44],  
Tomlin 2012 [45]* 

Activity logs (low 
adherence to logging). 
Focus groups with school 
staff. 

BMI z-score: −0.02, p=0.3 
WC z-score: +0.11, p=0.02 
Aerobic fitness laps: +5.5, p<0.001 
Accelerometer PA: −4.6 mins/day, p=0.6 
Self-reported PA (PAQ score): +0.08, p=0.2 
Energy intake (24-hr recall): −109 kcal/day, p=0.2 
SSB consumption: +91.8 mls/day, p=0.2 

Hearts in Training  
(Canada) 

Foulds 2011 [46] 

At post-training screenings, 
60% of males and 75% of 
females reported 
completing 75–100% of 
training. 

Participants 18–29 yrs (similar pattern of results for 
participants overall):  
Weight: −0.8kg, p>0.05 
BMI: −0.3kg/m2, p>0.05 
WC: −2.7cm, p<0.05 
Increased self-reported PA (HPAQ score) and proportion of 
participants meeting recommended PA levels, p<0.05 



63 

Table 4 (Continued) 

Healthy Buddies —First 
Nations (Canada) 

Ronsley 2013 [47] 

Adherence to program 
reported to be out of scope 
of this study. 

BMI z-score decreased in intervention group compared to 
control group over time, p=0.001. 
No significant difference WC (p=0.2), self-reported PA: 
PAQ score (p=0.4), SSB consumption (p=0.5). 

Beating Diabetes 
Together (Canada) 

Huynh 2015 [48] 

Interviews with participants 
(n=5) and mothers (n=2): 
Support from other 
participants and staff 
motivated participants to 
attend. 

BMI: −0.2 kg/m2, p>0.05 
BMI z-score: −0.1, p>0.05 
WC: +1.7 cm, p>0.05 
HbA1c: +0.1%, p>0.05 

Zuni Diabetes Project 
(United States) 

CDC 1987 [49], 
Heath 1991 [50]* 

Examined program 
attendance by people with 
T2D. 

Weight: −4.09 kg (−2.3 to −5.9),  
p<0.05 (compared to non-participants) 
BMI: −1.50 kg/m2 (−0.7 to −2.3), p<0.05 
Fasting blood glucose: −2.38 mmol/L (−0.8 to −4.0), p<0.05 

Participant group compared to non-participant group: 
Ceased hypoglycaemic medication during program 
exposure: RR 4.2 (1.3 to 13.3) 
Reduced hypoglycaemic medication dosage over study 
period: RR 2.2 (1.3 to 3.7) 

Special Diabetes 
Program for Indians 
(United States) 

Jiang 2013 [51]*, 
Jiang 2015 [52], 
Teufel−Shone 2015 [53] 

68% of participants 
attended all 16 classes. 

Post-curriculum: 
Weight: −4.4 kg, p<0.001 
PA: +82.9 min/week, p<0.001 
Fasting blood glucose: −4.1 mg/dL, p<0.001 

Year 1, compared to baseline: 
Weight: −2.5 kg, p<0.001 
PA: +54.5 min/week, p<0.001 
Fasting blood glucose: −2.9 mg/dL, p<0.001 

Year 2: 
Weight: −3 kg, p<0.001 
PA: +53.3 min/week, p<0.001 
Fasting blood glucose: −2.3 mg/dL, p<0.001 

Year 3: 
Weight: −1.4 kg, p,0.001 
PA: +64.5 min/week, p<0.001 
Fasting blood glucose: −1.2 mg/dL, p<0.001 

Crude diabetes incidence 4% per year. 

After-school nutrition 
program (United States) 

Rinderknecht 
2004 [54]^ 

Not reported. Fat and sugar intake (servings, 24 hour recall): 
All adolescents: +9.6, p=0.3 
Males only: +17, p=0.006 

Ho-Chunk Youth Fitness 
Program (United States) 

Carrel 2005 [55] 

Not reported. Fasting plasma insulin: −11 mlU/ml, p<0.01  
Fasting plasma glucose: −1.1 mg/dL, p>0.05 
Body fat percentage: −1.4%, p>0.05 

Lifestyle intervention, 
young women (United 
States) 

Allen 2006 [56], Herman 
2006 [57], Allen 2008 
[58], Thompson 2008 
[59]* 

47% of intervention group 
attended >3 out of 5 
sessions. Each session 
was independently 
evaluated for meeting 
session objectives. 

Intervention group compared to control over 18 months: No 
significant change BMI, WC, fasting blood glucose, insulin 
sensitivity, predicted VO2 peak, total energy intake, fat 
intake, sugar intake, SSB consumption, or self-reported 
leisure-time PA/week.  

Significant decrease in total energy and fat intake over time 
within both groups. 
Body weight percentage decrease: 
Intervention group: − 4.7% (−3.9 to -5.5) 
Control group: −4.8% (−4.0 to −5.6) 
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Table 4 (Continued) 

Medicine Wheel nutrition 
intervention (United 
States) 

Kattelmann 2010 [60] 

92% attendance. No difference compared to control group in weight 
(p=0.1), BMI (p=0.2), HbA1c (p=0.5), fasting serum 
glucose (p=0.5), circulating insulin (p=0.1), self−reported 
energy and fat intake from 24-hr recall, and PA. (Not all 
details of differences in outcomes between groups were 
reported.) 

Partnership to Improve 
Lifestyle Interventions 
(PILI) ‘Ohana Project 
(Hawaii, United States) 

Mau 2010 [61]*, 
Kaholokula 2012 [62], 
Kaholokula 2013 [63] 

In RCT, 47% of intervention 
group and 58% of control 
group completed ≥3 out of 6 
sessions. 

Before-after study: Weight: −1.5kg (−2.0 to −1.0), p<0.05. 
BMI: −0.58 kg/m2 (−0.78 to −0.38), p<0.05 
Functional exercise capacity: +12.8m 6-min walk 
distance (7.6 to 17.7), p<0.05  
Self-reported PA: Increased, p<0.05 
Fat intake: Decreased, p<0.05 

RCT: Both groups had statistically significant weight loss 
maintenance at 6 months. 
Intervention weight: + 0.075 kg (−1.0 to 1.2) 
Control weight: + 0.581 kg (−0.06 to 1.2) 
Intervention group 2.5 times more likely to have 
maintained weight (0.84 to 7.2) 

† Unless otherwise stated, intervention outcomes are in reference to pre-intervention for before-after studies, or in 
reference to control group changes where relevant (95% confidence interval) 
OR = odds ratio. T2D = type 2 diabetes. CVD = cardiovascular disease. IGT = impaired glucose tolerance. IFG = 
impaired fasting glucose.  
PA = physical activity. HbA1c = glycated haemoglobin. BMI = body mass index. WC = waist circumference. SSB = sugar-
sweetened beverage. 
VO2peak = peak oxygen consumption. VO2max = maximal oxygen consumption. 
* Report of primary results for this study; other reports provide additional details about the study
^ Subset of results, for relevant age group, is included in this summary

Intervention development and cultural relevance 

Most interventions were developed with community consultation, with varying levels of 

community control (Table 2). Interventions involving education tended to be tailored to the 

participant group, including two successful studies that used the DPP curriculum with varying degrees 

of cultural modification [51, 61]. In the PILI ‘Ohana weight loss maintenance program, the effect of 

group lessons that built on a preceding culturally-modified DPP were compared to standard individual 

telephone calls. Significant weight loss maintenance was achieved with each, but was 2.5 times more 

likely in the group intervention [62].  

Pre-intervention consultation with community members was reported in most studies, including 

some that used formal qualitative methods to elicit ideas and direction for developing the program 

[28, 35, 37, 41, 47, 61]. Studies that reported lack of improvement can be useful for informing future 

interventions, particularly highlighting the importance of culturally relevant programs. The Beating 

Diabetes Together program found no changes with a small group of Indigenous adolescents with T2D 

in Canada. Although underpowered, with data from only 12 participants, the authors acknowledged 

the mainstream program curriculum may not have been most appropriate for the participant group 

[48]. Positive feedback from participants particularly related to social inclusion and support, as well as 

physical activity participation through non-competitive games [48]. The community-level Okanagan 

Diabetes Prevention Project was reported to have been unsuccessful, and Daniel et al. acknowledged 

there could have been better utilisation of qualitative data gathered prior to the intervention 

(interviews exploring knowledge, needs and ideas) [35]. The importance of ongoing community 
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direction throughout an intervention, in addition to pre-intervention consultation, was also 

highlighted. In addition to ensuring cultural relevance, other suggested improvements were better 

integration of intervention components, and a longer duration for a community-level project [35]. In 

their gestational diabetes prevention program, Gray-Donald et al. surmised there was insufficient 

consideration of Cree cultural norms and values relevant to weight, diet and physical activity. 

Intervention contact may also have been too infrequent (although the program intensity was not 

clear) [36]. 

Discussion 

Summary of evidence 

Consistent with previous reviews [3, 12, 15], the results of this review indicate there are a limited 

number of detailed reports of lifestyle modification interventions with Indigenous people, and 

particularly few focused on young Indigenous people. Furthermore, as noted in other reviews, the 

methodological quality of most studies in this area is not strong. It is difficult to draw conclusions 

about the relative value of different interventions as there are many variations in research designs 

that affect the apparent success of lifestyle interventions for Indigenous people. It is appropriate that 

most studies were reportedly guided or directed by Indigenous community members, and noteworthy 

that suboptimal cultural relevance was implicated in some unsuccessful outcomes. Aspects of 

programs that appeared to be beneficial across studies are summarised in Table 5. In addition to 

informing the design of future interventions, this review indicated that including qualitative methods 

as part of the evaluation can provide crucial information about participant responses to an 

intervention or the influence of contextual factors. 

Table 5. Synthesis of useful program features 

Community direction or consultation—design 

Community direction or consultation—implementation 

Culturally relevant curriculum 

Combining diet education with physical activity 

Comprehensive physical activity component 

Regular participant contact 

Support for change 

Mixed methods evaluation (quantitative and qualitative) 

Importance of physical activity 

While results need to be interpreted cautiously, studies that found improvements in both 

anthropometric measures and glycaemic control all had a strong physical activity component in their 

program. In addition, studies assessing fitness-focused programs for overweight and obese 
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adolescents reported improved HbA1c [34] and fasting insulin [55] without a significant change in 

anthropometric measures over 6 and 24 weeks. In the DPP, T2D risk reduction was largely attributed 

to weight loss, but increased physical activity in the absence of weight loss also reduced the risk of 

progression to T2D [65]. In this review, physical fitness appeared to be a useful indicator of change in 

physical activity. Self-reported physical activity was congruent with objective physical fitness in some 

studies, but not all, and the accuracy of self-reported health behaviours in these studies is not known. 

Inclusion of a practical physical activity component has potential utility in engaging young 

participants, including those not previously physically active [29, 34, 48]. Importantly, it appears that 

substantial program emphasis on physical activity is required in order to improve this health 

behaviour, whereas several studies had a primary focus on diet. 

Programs for young people 

In the studies included in this review, young people aged 15–24 or 18–24 tended to be included in 

programs for adults of all ages, but none of these programs were targeted to their age group. The 

younger age group appeared to be the minority in most studies and their outcomes were rarely 

examined separately. An exception was Foulds et al. reporting that a self-selected walking or running 

intervention facilitated by Aboriginal community members was beneficial for a range of participant 

age groups, including 18–29 years [46]. Younger participants were less likely to participate in at least 

half of the weight loss maintenance sessions in the PILI Lifestyle Program [62] and less likely to 

complete the Special Diabetes Program for Indians [53]. In programs that included adolescents along 

with children, there were indications of different responses to interventions in different age groups. 

While a US after-school nutrition intervention had some success with children aged 5–10, it was not 

successful with older participants aged up to 18 years. In fact, adolescent males had significantly 

increased fat and sugar intake between baseline and post-intervention [54]. In the Deadly Choices 

evaluation with secondary school students (aged 11–18), older participants were less likely to 

complete the program; however, this may have reflected general school attendance rather than 

program-specific factors [29]. Older students were also less likely to complete follow-up measures in 

the Action Schools!BC intervention, which was designed for students up to Year 9 [45].  

Overall, these patterns indicate that it may generally be important to target lifestyle modification 

programs to older adolescents and young adults, as distinct from children and adults of other ages. For 

example, Teufel-Shone et al. suggested that young adults may respond better to interventions that 

involve digital technologies [53]. This was a feature of one included study: in a small-group exercise 

and lifestyle intervention for adolescents, approximately one quarter of whom were Maori, there were 

many positive comments from participants about the use of motivational text messages [34]. 

Usefulness of the DPP curriculum 

Even where young people were not the main participants, this review enables some important 

insights about successful development and implementation of lifestyle modification programs that 

could benefit young Indigenous people. The two studies that adapted the DPP for use with American 
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Indians [51] and Native Hawaiians [61] appeared to be successful. The DPP curriculum was itself 

developed for tailored use with culturally diverse participants [10], which may facilitate its translation 

to specific communities. The DPP included participants from age 25, while the Special Diabetes 

Program for Indians and the PILI ‘Ohana Project included participants from age 18. The methods used 

in the two successful DPP translation projects to adapt the program to local contexts could further be 

applied to adapt the program specifically for young people. The extent of modifications made to 

programs in various sites in the Special Diabetes Program is not clear, and the authors noted that this 

understanding would be useful [53]. The PILI ‘Ohana Project included interviews and focus groups to 

inform substantial modifications made in partnership between community and academic researchers 

[61]. 

The dietary and physical activity education topics in the DPP are relevant to a range of program 

objectives other than diabetes prevention, and similar health behaviour messages were included in 

various studies. The DPP curriculum also addresses psychosocial issues relevant to lifestyle change, 

including goal setting, social and environmental cues, problem-solving, positivity and stress 

management. Other studies that addressed stress management [28] and self-empowerment [34] as 

part of short interventions with nutrition education and a substantial physical activity component had 

promising outcomes. Consideration of psychosocial barriers to lifestyle change may be useful in 

programs for young Indigenous people.  

Individual participant contact 

The focus of this review was on group programs, in consideration of resource requirements. Some 

programs, however, had individualised elements, including regular one-on-one supportive contact 

with health professionals. Formal qualitative evaluation in the Te whai matauranga o te ahua noho / 

Lifestyle Intervention Programme revealed that this feature was highly useful for participants [33]. An 

unsuccessful intervention to reduce gestational diabetes risk also included individual counselling, but 

with a focus on healthy eating [36]. The individual lifestyle coaching in the Special Diabetes Program 

for Indians focused on facilitating goal-setting and participation [51]; the program had success across 

multiple sites. While this translated DPP was less intense than the original, and the education 

component was delivered in a group setting, the individual coaching may be an important element of 

facilitating lifestyle change that is not within the resource capacity of other settings. It is not, however, 

essential to intervention success. The PILI ‘Ohana Project also used the DPP curriculum with small 

groups, facilitated by community-peer educators, without an individually-delivered component [61]. 

This was also a beneficial intervention. It should be noted that even in programs delivered wholly in a 

group setting, individual interactions between participants and program facilitators may have an 

impact beyond that of the standard program. This was evident in participant feedback from the 

Aboriginal and Torres Strait Islander women’s fitness program [26]. This highlights the value of 

qualitative process evaluation methods in explicating why participants responded to an intervention 

in a particular way [66]. 
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Limitations 

Design and reporting limitations of included studies 

The commonplace use of before-after studies reflects its simplicity and practicality in real-world 

settings. However, this design has limited internal validity, as there are many factors other than the 

intervention that could account for changes in observed participant outcomes. The inclusion of an 

appropriate comparison group is preferable, where possible. Allen et al.’s [58] unexpected finding that 

participants with impaired fasting glucose improved their diet in response to periodic assessment, 

regardless of the intervention group to which they were randomised, illustrates the uncertainty about 

the degree to which outcomes can be attributed to a particular intervention in the absence of a control 

group. While an RCT enables the highest level of evidence in intervention studies generally, the design 

is not always appropriate for complex interventions [67] and may not be acceptable in Indigenous 

communities, especially because it is known that healthy lifestyle modification is beneficial [54]. 

However, it may be appropriate in some contexts, and particularly when control group participants 

are not perceived as missing out on support for health improvement. For all study designs, the results 

of this review reinforce the need to ensure accurate assessment of outcomes with appropriate 

measures, report quantitative outcomes clearly, and consider gathering additional qualitative data to 

aid comprehensive explanation of results.  

Even in studies where the intervention was generally successful, the long-term benefits are not 

known in the absence of extensive follow-up. For example, in small-scale programs that measure 

changes in T2D risk factors, it is not known how this translates to diabetes prevention long-term. 

Indeed, diabetes prevention was not the primary objective of several included studies, although these 

had relevant intervention methods. The resources required for follow-up are unlikely to be available 

for small-scale interventions in real-world settings. Further, it may be difficult to maintain contact 

with people who were willing to participate in a program in their local community, but did not 

necessarily have a strong interest in participating in research. The few studies with additional follow-

up had increasing loss of participants at each data collection point after the intervention [25, 51, 59]. 

Review limitations 

As with any review, there is likely to be publication bias that could make interventions appear to 

be generally more beneficial than they actually are. There were, however, numerous reports of 

unchanged (or worsened) outcomes. Reporting negative data is to be encouraged, to inform future 

preventive efforts, acknowledging the complexity of implementing lifestyle modification interventions 

in real-world settings.  

Due to resource constraints, the search was undertaken by one reviewer and it is possible that not 

all relevant studies or articles were included. Knowledge of Australia-specific databases aided in 

locating Australian studies, without searching databases specific to the other countries. Although grey 

literature was eligible for consideration in this review, and some grey literature was included, every 
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study had its major results reported in a peer-reviewed journal article. Programs reported in the grey 

literature do not tend to include specific details of participants and evaluation measures, as was 

required to synthesise information in this review. There are, of course, likely to be other successful 

local programs that have not been published in any format.  

Changes in the outcomes included in this review do not necessarily encapsulate the success or 

otherwise of each intervention overall. There are other measures that are important in assessing 

health and risk but were out of scope of this review, including lipid profile and blood pressure, along 

with other aspects of healthy eating such as fruit and vegetable consumption. Also of relevance to 

prevention, the Deadly Choices program is notable for its strong focus on fostering leadership abilities 

and facilitating uptake of Aboriginal and Torres Strait Islander health checks among young people 

[30]. This review also focused on individual outcomes rather than, for example, changes in store 

turnover within remote communities.  

Finally, this review was essentially focused on individual changes, albeit within a context of 

environmental or structural changes at the community level in some studies. Although change in 

individual young people needs to be facilitated, addressing the social determinants of heath is 

required for such efforts to have greater likelihood of success, and on a broad scale [68]. 

Conclusions 

This review reinforces the importance of culturally appropriate processes and programs, directed 

by Indigenous people. More programs specifically for young Indigenous people are needed. While a 

focus on dietary behaviour is common, programs should include a strong emphasis on physical activity 

to facilitate improvements in this important facet of health. Clear reporting of quantitative outcomes 

will aid in interpretation of the statistical and practical significance of changes. To complement this, it 

can be useful to assess qualitative aspects of interventions, including participant experiences. 
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CHAPTER 4  
Qualitative study of individuals who have 

made healthy lifestyle changes 

Preamble 

In addition to findings of the systematic review in the previous chapter, the current chapter 

includes important information to aid the development of the pilot program described in Chapter 5. As 

the proposed program was the first of its kind in Derby, it was pertinent to interview local Aboriginal 

people who had successfully made healthy changes by other means, to discover insights that may be 

applied in a group program. The information provided by these interviewees is unique and relevant, 

thus presented separately in depth. These narratives also contribute to understanding some factors 

implicated in the high burden of diabetes and obesity described in Chapter 2. 

After extensive efforts, there were only four suitable interviewees identified through DAHS 

networks including doctors. During the early quantitative data analysis contributing to Chapter 2 

there was also an opportunity to note patient record numbers corresponding to a pattern of improved 

HbA1c results. For a small number of patients (de-identified and re-identifiable), a DAHS doctor was 

asked if it would be suitable for the doctor to contact the patient about the study; in one instance the 

doctor considered it was suitable but there were no valid contact details for the patient. In other cases, 

acute mental health problems, incarceration, and kidney disease precluded further investigation of 

potential participation.  

The paper reporting this study has been published and is included below in its published format. 

A plain language report of the study is included in Appendix B, along with plain language reports of the 

program development and program piloting components of the research. 

‘It’s important to make changes.’ Insights about motivators and enablers of 
healthy lifestyle modification from young Aboriginal men in Western Australia. 
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‘It can be quite crushing, so in the end I said, “Look, what you said can actually make a huge 
impact on whether or not I continue to go through this, and if you don’t have anything nice to 
say then don’t say it.”’ (Laurence) 

3.5. The Difficulty of Change 

Participants spoke of the difficulty in changing long-term health behaviours, until their 
persistence with lifestyle modification created new habits. All referred to the importance of trying to 
establish healthy behaviours from an early age in others.  

‘I think both [changing diet and exercise] are hard, unless you’re brought up doing those things 
from a kid or, you know you were like, yeah we play sport in school but then we get to a thing 
where you work and then home so it’s hard. But once you get, it’s called like a routine, it just 
becomes so natural.’ (Marcus) 

Participants generally found that making slow, small changes was a useful approach, building 
on these changes over time. 

‘I believe in taking baby steps, you don’t rush into things, if things don’t work out you get 
disheartened   I took advice from my doctor, you know, to take things slow. It works out better 
in the end. Don’t set up these really extreme goals.’ (Jason) 

‘I actually started to start small with exercise and work my way up   ’Cos I’ve got bad knees I 
can’t play sport, so I just started walking.’ (Marcus) 

In addition to general difficulties in lifestyle change, one participant (Laurence) mentioned the 
impact of transgenerational trauma, along with social determinants of health behaviours. He spoke 
about this impeding the changes that may be required for good physical health: 

‘Sometimes people are not ready to change—they’ve got so much else going on in their life. 
People put mental health before physical health, you know. In the mind/spirit/body stuff, body 
comes last. Aboriginal health is a lot about social-emotional health; this needs to be nurtured 
before you can do the physical stuff.’ 

The apparent relationships between key factors influencing improved health behaviours in these 
participants is represented in Figure 1. 

 

 

Figure 1. Factors influencing change. Note: Dashed lines reflect that not all participants had diabetes. 

  

Figure 1. Factors influencing change. Note: Dashed lines reflect that not all participants had diabetes.

4. Discussion

This study contributes to understanding successful healthy lifestyle change in the context of
a remote town with a large Aboriginal population. Healthy behaviour changes were related to
enhanced knowledge and skills, contextual factors, and personal attributes of these men including
self-efficacy. Each participant changed their health behaviours after becoming aware that it was needed
for what they valued in life, and that it would have beneficial effects. Participants with diabetes were
motivated by the prospect of its consequences and a belief that lifestyle changes could prevent these.
All participants generally reported a lack of previous knowledge about type 2 diabetes, including
risk factors such as family history, physical inactivity, and an unhealthy diet. None had perceived
themselves to be susceptible to type 2 diabetes as young people.

The knowledge participants gained, from health professionals and their own research, promoted
self-determined healthy behaviours [18]. Detecting benefits of lifestyle changes perpetuated motivation.
However, change was difficult, particularly until healthy behaviours became habitual. These findings
are consistent with the Health Belief Model theory of health behaviour and behaviour change, which
has relevance in various cultures [19]. To engage in preventive health behaviour, the model notes that
a person first needs to perceive their susceptibility to, and the seriousness of, a potential consequence.
They then need to believe the behaviour will be beneficial, with no significant barriers to engaging
in it. A ‘cue to action’ may also be needed [20]. For most participants in this study this was being
diagnosed with diabetes, prompting consideration of serious complications (e.g. kidney failure,
blindness, amputation) and early death. This was accompanied by a change in perceived risk.

Self-efficacy was added to the Health Belief Model [21] and has the highest predictive value for
healthy behaviour [22]. This is central to motivation, change and persistence [23]. Participant changes
typically occurred within a context of social support from family, friends and health professionals.
Social relationships are particularly important in Indigenous cultures, possibly making strong positive
social supports even more crucial to a favourable outcome in this setting. It is possible that these
participants’ high self-efficacy for healthy lifestyle changes reflects more general self-efficacy; however,
it is a factor amenable to intervention through social modelling and experiences of success [22].

The men in this study made changes without participating in a lifestyle intervention program, but
provide a model for desired program outcomes. The willingness of these men to share their experiences
and insights to aid others, including to help design potential intervention programs, is greatly valued.
Their high level of internal motivation and autonomy is at odds with many lifestyle modification
programs that assume a need for periodic, ongoing, external reinforcement [24]. Programs may benefit
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CHAPTER 5  
Development of a localised 

prevention program  

Preamble 

Preliminary findings from quantitative analyses presented in Chapter 2 and reports of previous 

studies, including those in Chapter 3’s systematic review, provided a sound basis for participatory 

research with community members to create the Derby program. In addition, the interviews presented 

in Chapter 4 highlighted the difficulty of changing health-related behaviours and the importance of 

health education and support to facilitate this. The program was intended to foster knowledge, skills 

and self-efficacy for sustainable healthy lifestyle changes. This chapter consists of a paper detailing the 

process and reasoning used to create the program. This paper has been submitted to Evaluation and 

Program Planning and peer reviewed, with minor revisions completed. A link to the program 

facilitator manual is included in Appendix C. 
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Abstract 

Supporting healthy lifestyle behaviours is a key aspect of preventing type 2 diabetes which 

disproportionately affects disadvantaged groups from a younger age. Formative participatory research 

was undertaken to design a program for young Aboriginal people in a remote town in North West 

Australia with a high level of health needs and relatively few prevention initiatives. Focus groups and 

advisory discussions with Aboriginal community members were used to determine the nature of the 

program. The need for a comprehensive program was consistently expressed and limited healthy 

lifestyle knowledge and difficulties with healthy eating influenced by food environments were noted to 

be important. With guidance from the Derby Aboriginal Health Service, findings were integrated with 

previous international research evidence to develop a program tailored to local Aboriginal people 

aged 15–25 years and refine it after piloting. This 8-session program, ‘Maboo wirriya, be healthy’ 

involved an education component consistent with the US Diabetes Prevention Program and practical 

activities including group exercise. Changes to program structure and documentation were made after 

piloting for future use. The community-directed approach used in this study is vital to ensure 

relevance of localised chronic disease prevention programs in a range of settings.  

Keywords: Prevention; design; tailored intervention; Aboriginal health; type 2 diabetes; action 

research 

Introduction 

The increasing worldwide burden of type 2 diabetes has serious implications for individuals and 

populations [1]. The US Diabetes Prevention Program (DPP) and other large trials demonstrated that 

lifestyle modification can prevent or delay diabetes in people at high risk [2]. The DPP has been 

successfully translated to various settings in the US [3], including with Indigenous communities in the 

Special Diabetes Program for Indians [4] and the PILI ‘Ohana Project in Hawaii [5]. In addition to 

intensive strategies such as the DPP that target high-risk individuals, supporting healthy lifestyles 

among broader populations is also an important aspect of delaying or, ideally, preventing diabetes [1]. 

Other real-world interventions addressing healthy eating, physical activity and associated weight 

management have also been shown to reduce diabetes risk in a range of settings internationally [6].  

The obesogenic and diabetes-promoting environments cultivated in recent decades have a 

disproportionate effect on disadvantaged groups [7] including the development of diabetes at a 
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younger age. Intergenerational lifestyle habits that increase chronic disease risk are influenced by 

factors including low levels of formal education, unemployment, overcrowded housing, and stress. For 

Aboriginal Australians, the relatively recent period since colonisation (230 years) has involved the 

systematic erosion of health and well-being with continuing impact resulting in historical and current 

trauma. As just one example of immense health disparities, Aboriginal and Torres Strait Islander 

people younger than 40 have around four times the type 2 diabetes rate of non-Indigenous Australians 

of the same age [8].  

While acknowledging the massive influence of social determinants of health, there are 

considerable opportunities to foster healthy behaviours through enabling a crucial foundation of 

relevant knowledge and skills [9]. To best support young people, more prevention research focused on 

their particular needs is required [10, 11]. We undertook a systematic review of group or community 

interventions involving a diet and/or physical activity component, with Indigenous participants 

(including people aged 15–24 years) in Australia along with New Zealand, Canada and the US. 

Consistent with previous reviews [12, 13], the results indicated there are a limited number of detailed 

reports of lifestyle modification interventions with Indigenous people and particularly few focused on 

young Indigenous people. Of 24 interventions meeting the inclusion criteria, seven were specifically 

intended for adolescents [14–20], although two of these also included children aged 5–10 years [16, 

20]. None of the interventions were specifically targeted at young people aged in their late teens and 

twenties, with the possible exception of a program for pregnant women [21]. The mean age of 

participants was commonly above 40 years. 

Our review also reflected that the involvement of local people during intervention processes, 

including in adapting programs to local cultures and needs, is critical for success in any context and 

increases the likelihood of sustainability [22]. Furthermore, local direction is part of ethical conduct in 

research with Aboriginal and Torres Strait Islander peoples [23] including the crucial principle of self-

determination that in itself promotes health and well-being [24]. 

The focus of this paper is on the community-directed creation of a diabetes prevention program 

for young Aboriginal people in the remote town of Derby, in the Kimberley region of Western 

Australia, which has a high prevalence of type 2 diabetes from early adulthood. This program was the 

first of its kind in this setting. Describing intervention development is a valuable aspect of 

implementation research [25]; specific results of the pilot program are reported elsewhere [26]. The 

purpose of this formative research was to discover what type of prevention program would be suitable 

for young Aboriginal people in and around Derby; utilise community knowledge and previous 

research evidence to design a preliminary lifestyle modification program consistent with community 

preferences; and refine the program after testing in a small exploratory pilot. 
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Methods 

Setting 

Derby is 220 km from the nearest town of Broome and approximately 2400 km from Perth, the 

state capital. Its population, including the nearby Mowanjum Aboriginal community, was 3300 in the 

2016 Census. Approximately half the residents are Aboriginal people and two thirds of these 

Aboriginal community members are aged younger than 40 [27]. The traditional owners of the Derby 

area are the Nyikina people, one of around 50 Aboriginal language groups that existed in the 

Kimberley prior to colonisation. Aboriginal people residing in and around Derby are also from various 

other Aboriginal language groups. Derby is a strong, close community valued by many people. While it 

is over-represented in health and social issues [28], there are a number of Aboriginal organisations 

and community members working to improve their community’s well-being. However, there has been 

limited co-ordinated focus on encouraging healthy lifestyles and prevention of obesity-related 

diseases in Derby in recent years. 

Ethics approval and consent to participate 

This project was endorsed by the Board of Directors of the Derby Aboriginal Health Service 

(DAHS), which is an Aboriginal Community Controlled Health Service (ACCHS), and was supported by 

the Kimberley Aboriginal Health Planning Forum Research Subcommittee. Approval for the study was 

granted by the Western Australian Aboriginal Health Ethics Committee (Human Research Ethics 

Committee reference: 724). Participants provided written informed consent. Persons aged 16 years 

and over were able to provide their own consent and there was provision for younger people to 

choose to participate with parent or guardian consent. 

Research approach 

This project involved a partnership between DAHS and Kimberley-based health researchers. 

The non-Indigenous researchers (author KS in Derby with oversight by authors DA and JM in Broome) 

sought involvement in intervention research to contribute to change using respectful processes that 

recognised their own role as outsiders and the authority of the community [29, 30]. Two of the authors 

(LHY and ML) are Aboriginal people from Derby, working at DAHS, who guided the process and were 

also researchers in the study. Local involvement was crucial throughout this project while recognising 

and respecting the existing burden of multiple responsibilities for Aboriginal community members 

including DAHS staff [30]. Processes were consistent with a participatory action research approach 

whereby involvement of the community and its health service were key in all stages of program 

development using a flexible and iterative method to create a co-designed intervention [31].  

An Aboriginal Advisory Group, with other DAHS staff members, was also formed to help ensure 

cultural appropriateness and relevance of research and program design processes and other 

Aboriginal community members also provided ongoing guidance.  
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Data collection 

Data collection methods were guided by community members in accordance with culturally 

responsive evaluation processes [32]. As with previous research relating to successful culturally 

tailored lifestyle modification programs [5, 33] the structure of this program was largely informed by 

focus groups with community members. Through the DAHS research liaison officer, an information 

flyer was distributed to general practitioners, nurses and Aboriginal health workers seeking young 

people to participate in focus groups. The flyer noted the program was being designed for people aged 

around 15–25 years, with a focus on diabetes prevention among Aboriginal people. Some people aged 

in their late teens and early 20s were approached individually but, under the guidance of DAHS, it was 

most feasible to utilise existing groups formed for education or community activities in their usual 

location. This minimised logistical difficulties in convening participants with many competing 

demands, with DAHS staff advising that the existing groups were also more likely to be cohesive, 

which was an important consideration in the small town where people were known to one another. 

DAHS allocated an Aboriginal staff member to assist the Derby-based researcher. This DAHS staff 

member had experience in local research projects including studies involving young people and was 

very connected within the community; she identified and provided introductions to co-ordinators of 

existing groups. Co-ordinators discussed the project and focus group method with their group and 

ascertained if this was acceptable prior to the researcher attending. Individuals provided written 

informed consent. As part of inclusive community processes those who declined to participate in the 

focus group were welcome to observe. 

Focus groups were conducted from February–August 2017. The main purpose was to gather 

information about what type and format of lifestyle intervention or program would be acceptable, 

appealing and useful for young people in this community. It was anticipated this would be an efficient 

way to gather a range of views, with the possibility of emergent consensus through discussion within 

the group. Written surveys utilised in other program development studies were not appropriate in this 

context, where low literacy is not uncommon. The focus group schedule was checked with Aboriginal 

community members including DAHS staff. DAHS staff advised that to inform program design it would 

be necessary to present options from which young people could choose. 

In one focus group, with mostly young men, the main group facilitator was a local male 

Aboriginal exercise physiologist, author ML. He had previous experience conducting research 

involving young people and was well-known within the community [34]. In other focus groups, 

involving mostly women, the facilitator was a female non-Indigenous graduate research student 

(author KS) who was known to some participants through community activities. DAHS staff were 

invited to facilitate or co-facilitate other focus groups but were unavailable; DAHS were comfortable 

that KS would be a suitable facilitator. 



 92 

Focus groups commenced with a general discussion about health and diabetes. The group 

facilitator provided information about type 2 diabetes, and prevention in reference to healthy eating 

and physical activity guidelines, and distributed relevant resources.  

For each aspect of program design, groups were presented with sheets of paper with various 

options as well as blank pages for other ideas (Box 1). The options originated from reports of a range 

of relevant interventions and were further developed with Aboriginal community members, including 

different methods of addressing healthy eating and physical activity. Several studies in our systematic 

review addressed concepts related to social and emotional well-being as part of the intervention, 

including stress management as with the DPP [4, 5, 33, 35]. Online format options were not feasible in 

this setting due to lack of home-based internet access for many residents and, although mobile phones 

are common, financial constraints often restrict cellular data use. 

       Box 1: Focus group topics and options for participants 

What should the program have in it? How would you like to get the information? 

Learning about physical activity 
Doing physical activity in a group 

Support for doing physical activity on own 

Posters 

Videos 

Apps 

Face-to-face 

Social media* 

Written information 

Art/drawings* 

Learning about healthy eating 
Cooking 

Trying healthy foods 

Dealing with stress 
One-on-one support 

Group support 

Blank pages: participants were encouraged to write or say a new category. 

      * Added during early focus groups and provided as an option in subsequent groups 

Participants indicated their preferred program components and format using sticky notes, and 

could choose more than one option. The group facilitator was not directly watching while participants 

made their selections. Where participants were older than 25, they were asked to make their 

selections based on what they thought would be suitable and appealing for people aged 15–25 years.  

The group facilitator encouraged discussion of other details about the program. For example: 

What type and extent of healthy eating information is needed? What type of physical activity would be 

suitable? Who would you like to hear the information from? What sorts of things would make people 

want to go? How would we know if it’s working well? 

We also utilised advice gained in semi-structured interviews with four Aboriginal men (aged 

20–35) in this community who had successfully made substantial healthy lifestyle changes [36]. These 

interviews were conducted between November 2016 and January 2017 and included discussion of 

recommended ways to support healthy lifestyle changes in others. 

Data analysis and program development 

Focus groups and interviews with community members were digitally recorded with consent 

and transcribed. Transcripts were descriptively coded and directed qualitative content analysis was 
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undertaken to summarise program preferences and recommendations from all participants [37, 38]. 

Program component preferences, indicated by sticky notes, were tallied for each group and collated 

with relevant findings from the transcripts. Other themes in the data pertaining to healthy behaviours 

were also identified. Focus group and relevant interview findings formed the basis for designing the 

program in collaboration with DAHS and other key Aboriginal advisors in the community. The pilot 

program was run and refined with the DAHS exercise physiologist (author ML) between October–

December 2017. Researcher presence at all pilot program sessions was at the invitation of the 

program facilitators in a supportive, non-directive capacity. As in programs in other ACCHSs which 

included non-Indigenous staff, strong respect for participants and Aboriginal culture maintained 

cultural safety [39]. 

Results 

Focus groups participant characteristics 

There were seven focus groups with a total of 32 Aboriginal participants (24 females, 3–8 

participants in each group). Most participants were aged 16–17 years (n=15), with a further four 

participants aged 18–25. Other participants were aged up to approximately 45 years (n=13). A small 

number of non-Indigenous people also participated in the focus groups but the perspectives of 

Aboriginal people were prioritised and are reflected in the quotes below. 

Program preferences and recommendations 

In each focus group, community members consistently advised that a comprehensive program 

addressing health-related knowledge and skills was needed.  

Something you can go to, teach you what is healthy, maybe like some cooking lessons 

or something. (Male, 17) 

Having a program like this where they more hands on is a good idea. (Female, 18) 

I’m excited about it, I think it sounds really good, and yeah it does something 

meaningful you know. (Male, 35)  

Many focus group participants provided minimal verbal responses but did express their 

preferences through the sticky notes. Participants tended to indicate the program should include 

everything, with a variety of ways to receive comprehensive information. In particular, colourful visual 

information, videos, and face-to-face formats were preferred. Group physical activity was supported in 

all focus groups.  

Participants in one focus group raised the idea of visually addressing dialysis in the program:  

Female 1, age 26: You can [show] someone that has diabetes and is struggling. 
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Female 2, age 40s: . . . Even somebody from the actual dialysis unit, you know, show 

‘em the actual machine . . . that way they can see, cos everybody talks about it, I don’t 

even know what it does . . . 

F1: That could be motivating to make changes. 

F2: Yeah, cos you’re actually seeing. 

F1: If you bring a group of young people in and they see that happen, then— 

F2: That’s the best way. 

This was also consistent with interview findings about motivators in people who had made 

healthy lifestyle changes and their recommendations to encourage change in others. 

I think sometimes it’s good striking fear into people. (Male, 23) 

I think what we don’t do any more enough of is scare tactic. (Male, 33) 

I think there need to be like resources as such that show, right this is what’ll happen if 

you continue down this path. You know, show them like the severe health problems 

and how much it, more or less, I guess will ruin your life . . . But also they need to see 

like the transformations and, you know, that it is possible. (Male, 21) 

Most focus group participants were female who consistently expressed a preference for single-

sex groups. This was consistent with advice from other community members. The prospect of a 

suitable male program facilitator was generally acceptable to young women but ideally in conjunction 

with a female facilitator (or a female facilitator alone).  

Other key findings: Importance of health knowledge and healthy environments 

In addition to directly contributing to the design of the program, participants provided 

personal perspectives about health behaviours. Two major themes were identified: the potential to 

increase health knowledge, and the impact of food environments. 

In the focus groups, it was apparent that health knowledge could be improved. Many 

participants stated they had not previously seen the Australian Guide to Healthy Eating. Participants 

often recalled a physical activity recommendation of 30 minutes per day but generally indicated that 

information from current guidelines about accumulation and intensity was new to them. Most 

participants indicated some basic knowledge about diabetes; however, no younger people perceived 

themselves to be currently at risk.  

Although it was not able to be addressed in the current prevention program, it is notable that 

several focus group participants raised the issue of environmental influences on food and beverage 

consumption. This included the poor quality, lack of variety and higher cost of fresh fruit and 

vegetables in this remote town. Participants also spoke about availability and marketing of unhealthy 

foods and drinks. 
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Just tell them to just stop bringing cool drink here. (Female, 16) 

Just go to the shop and tell them [laughing] to put all the junk food away. (Female, 26) 

Young people if they have money they won’t go home for a feed they’ll go to the shops, 

there’s cool drink, chips, have a snack, something before they go home, and what they 

have at home they don’t know yet. (Male, 35) 

Similarly, older focus group participants (e.g. aged 35–45 years) who were clearly concerned 

about the health of younger people also acknowledged their own difficulties with healthy behaviours 

in the town environment. Some participants in this older age range noted that this contrasted starkly 

with the healthiness of traditional Aboriginal lifestyles: 

I think more for young people to advise is I reckon more out bush, you know if they go 

out bush more they’ll be able to get all these nutrients and all that because of the 

Country and again like I said it’s not just the food, it’s you going out to where you 

belong. (Female, 42) 

Interviewees who had successfully made healthy lifestyle modifications also elucidated the 

difficulty of change while prominent themes in these narratives underscored the importance of 

thorough health knowledge and support.  

Program creation and refinement 

It was noted the breadth of education topics preferred by community members was consistent 

with the Diabetes Prevention Program. There was a publicly-available model for culturally-relevant 

adaptation of the DPP: the PILI ‘Ohana Project’s PILI Lifestyle Program Phase 1, involving Indigenous 

people in Hawaii [5]. After discussions with DAHS staff, the PILI program facilitator manual was used 

as a starting point for designing the education component of the Derby program. The PILI adaptation 

had successfully shortened the DPP curriculum from 16 sessions to 8, which DAHS staff considered to 

be advantageous locally for both participants and staff. While the PILI program was delivered over 12 

weeks, the Derby program was designed to be run over 8 weeks. This was considered to allow suitable 

frequency of contact within resource constraints and sufficient duration for biometric changes [40]. 

From this starting point, extensive modifications were made to suit the local context and age 

group. This included advice from DAHS staff experienced in working with teens and younger adults 

that the education component should last no more than 30 minutes, which is less than many other 

programs; it was evident in focus groups with young people that this was a suitable limit to maintain 

attention. In addition to guidance from DAHS the structure, topics and ways of explaining information 

were checked with community members. The program content and structure was further refined with 

DAHS after piloting (Table 1). A program logic model was defined to guide ongoing evaluation  

(Figure 1). The program theory incorporated elements of the health belief model and social cognitive 

theory [41]. 
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Although focusing on healthy lifestyle changes, the program content recognised a holistic 

concept of health and the relationship between health behaviours and broader well-being. The 

diabetes education component of the local program was more substantial than other programs to 

meet the identified need for enhanced knowledge, including for young people with unknown 

individual risk status within a high-risk population. Through her professional experience, a DAHS 

nurse concurred with findings that local diabetes awareness was not commensurate with the level of 

risk in this community and that diabetes complications may be motivating, and advised that there 

were benefits of using graphic depictions of these. Other information about healthy eating and 

physical activity was comprehensive but straightforward, concise and accessible to people with 

limited formal education and without English as their first language. Pictures, information in poster 

format and videos were used where possible. There was an emphasis on practical skills for everyday 

use.  

The format of the education component enabled but did not require participant interaction. 

Disengagement from formal education is a substantial issue in this setting and local young people may 

be reticent in the context of a group education session. In addition to group support, there were 

opportunities for one-to-one support from the program facilitator directly before or after the program, 

consistent with focus group preferences. 

Unlike the DPP and PILI, group physical activity was included in each session with the 

intention to be supportive and devoid of pressure. Hip-hop/rap music was purchased for the program 

to suit young groups, as advised by focus group participants and other community members. The 

program was not reliant on health professionals but was designed to be run by young community 

members. The program facilitator’s information, resources to show participants and music were 

centralised on a tablet device, a format well-suited to this age group. With a view to sustainability, the 

program had a replicable format (e.g. it did not require outings or guest speakers, although these could 

be incorporated).  

The name ‘Maboo wirriya, be healthy’ was given for the program by Nyikina Elders (traditional 

owners and cultural and community leaders). Maboo wirriya (pronounced ‘WIDD-ee-yah’) refers to 

good holistic health and feeling good, and complemented a message in Nyikina language for young 

people doing this program: “Be healthy, this sickness [diabetes] can make you really sick.” While the 

overall health aspects of the program were reflected in its name, its advertising included the 

program’s diabetes prevention purpose with an intention to reach people with diabetes-related 

concerns and raise awareness in others. However, Aboriginal people advised that “diabetes 

prevention” was a non-Indigenous term lacking local relevance; therefore, the purpose of the program 

was communicated as to “stop diabetes happening”. 
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Table 1: Education topics in the ‘Maboo wirriya, be healthy’ program following piloting 

Session topic Components Comments 

Overview 

What is health 
Type 2 diabetes 
Healthy eating guidelines 
Physical activity guidelines 
Looking after ourselves 

Aboriginal multi-dimensional concept of health. 

Healthiness of traditional lifestyles. 

Physical activity 

What’s good about it 
How hard to do it (intensity) 
How much to do 
Safety 
Getting past barriers 

Addressed skills and knowledge for self-directed 
physical activity long-term. 

Walking was encouraged. 

Healthy eating 

Guide to Healthy Eating 
Portions 
Healthy snacks 
Getting past barriers 

The importance of portioning had been emphasised by 
interviewees who had made successful healthy 
lifestyle changes. 

Provision of healthy snacks was well-received. 

Diabetes 

What is diabetes 
What does diabetes do 
How to stop it from 
happening 
HbA1c tests 

Video of local dialysis patient, complications photos. 

After pilot program, videos sourced to explain diabetes 
and gestational diabetes instead of facilitator needing 
to explain detailed medical-related information. 

‘Passing on wisdom: Jason’s Diabetes Story’ video 
(WA Centre for Rural Health) was released after the 
pilot program and included for future programs. 

Choosing foods and 
drinks 

Saving money on food 
Meal planning 
Label reading 
Sugary drinks 
Alcohol 

PILI ‘Ohana Lifestyle Intervention (Mau et al., 2010) 
added ‘economics of healthy eating’, including meal 
planning, to Diabetes Prevention Program (DPP) 
curriculum. 

Discussion about sugary drinks with reference to 
World Health Organization sugar intake guidelines, 
measuring sugar in drinks activity, video by Victorian 
Aboriginal Community Controlled Health 
Organisation and Rethink Sugary Drink. 

Advertising tricks, food industry. 

Cooking 

Good things about cooking 
Food safety 
Healthy swaps 
Making it easier 
Cooking activity 

LiveLighter and Food Sensations (including Deadly 
Tucker) recipes, requiring only camping stoves. 
The pilot program involved multiple cooking 
sessions; reduced as part of streamlining program. 

Stress 

Sleep 
Stress 
Breathing 
Mindfulness meditation 
Muscle relaxation 
Where to get help 
Physical activity, nature 

Body scan meditation (audio file). 

Facilitator-led progressive muscle relaxation. 

Affirmations were added to revised program (e.g. I 
enjoy my culture and learn more, to be stronger; I 
have high and low days but I don’t give up). 

Local referral options (mental health and social and 
emotional well-being). 

Keeping it going 

Program summary 
Getting a health check 
Goal setting  
(realistic and achievable) 
Problem-solving 
Useful apps 

Problem-solving is a key component of the DPP. 

DAHS staff highlighted the importance of resilience. 

Apps were mentioned regularly throughout the pilot 
program. This was not as useful as anticipated and 
focus was reduced in revised program. 
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     Figure 1: ‘Maboo wirriya, be healthy’ logic model including longer-term evaluation plan 

 

An important modification after the pilot program was completed was arranging education 

plans and resources by topic, rather than intended week of delivery, to better accommodate sporadic 

attendance and enable flexibility in delivery. Changes in information for program facilitators were also 

made after the pilot to reliably guide future delivery of the program. While such manuals are 

commonly used in other programs, the pilot program showed it can be difficult for facilitators to 

remember or follow a session manual with relatively new information or ways of structuring 

information while ensuring a casual, fun atmosphere. The revised program included a detailed 

program facilitator manual providing necessary background information to be used during 

preparation and additional information slides on the tablet to prompt facilitators to state key 

messages at the session [42]. The clear and culturally relevant ways that program facilitators 

explained information in the pilot program were incorporated into the revised facilitator manual. 

Researcher observations and participants’ questions during the pilot program also contributed to the 

revised program. As some participants sought detailed explanations, additional non-essential 

information was included in the revised manual for reference if needed.  

Discussion 

Interest in a proposed prevention program from a range of community members underscored 

the need for more prevention opportunities in this town, as has been found in other international 

settings with a high diabetes burden [5, 43, 44]. This study, with a specific focus on young people, adds 

to documented examples of participatory methods to develop chronic disease prevention programs in 

a range of Indigenous communities in Australia and internationally (e.g. 5, 39, 43–45). The ‘Maboo 
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wirriya, be healthy’ program created from community preferences is consistent with the DPP and 

other related programs. A more streamlined approach that could be employed in various other 

settings is to first undertake a preliminary adaptation of the DPP education topics in collaboration 

with key local advisors. This could then be presented more widely to community members as a 

starting point for designing a complete program. Following initial co-design the program facilitators 

and graduate research student found piloting the program to be an invaluable part of the program’s 

development, although labour-intensive. It is anticipated the program will continue to evolve with 

future use. 

The local program is enhanced by: group physical activity as part of every program session; an 

applied, streamlined education component, including cooking; and powerful information about 

diabetes for increased awareness and potential motivation for healthy behaviours. Of concern, is the 

apparent underestimation of risk among young people in this community, consistent with findings 

elsewhere [46], which may be an important factor in choices about intentional healthy behaviours 

[47]. Advice from community members to employ ‘fear tactics’ was consistent with Elder guidance and 

is supported by recent literature. Fear-inducing messages regarding health issues can modify attitudes 

and behaviours, if the issue is perceived as both sufficiently threatening and within the person’s ability 

to control [48, 49]. Accompanying details about the seriousness of diabetes and depictions of 

complications, and encouraging participants to consider this a personally relevant priority, the 

program includes repeated clear messages about how to prevent diabetes.  

Designing the program to be run by a range of community members contributed to its cultural 

appropriateness, whereas some programs require facilitators to have specific qualifications to be 

approved to run the program. This is not viable in the Kimberley due to workforce and resourcing 

constraints, and regardless would currently require reliance on a transient non-Indigenous health 

workforce [50]. A focus on developing the health facilitation skills of local Aboriginal people is 

consistent with key priorities in Aboriginal health [51]. It has been clearly demonstrated that 

programs run by lay community members can produce cost-effective beneficial outcomes [3, 6, 52]. 

This program was particularly intended to be run by young Aboriginal community members, which 

enables peer support and role modelling [53, 54] as well as increasing the likelihood of suitability and 

enjoyment for a young participant group. Having an Aboriginal program facilitator who is able to 

speak with participants as a peer, including using the word “we”, contributes to the supportive 

environment of the program and can avoid guilt and defensiveness that may adversely affect the 

impact of health messages [55].  

Other culturally appropriate features of this program included running separate program 

sessions for males and females with a gender-matched facilitator, which has also been a preferred 

format for other Indigenous women [35, 56]. The program manual encourages facilitators to 

incorporate their own cultural knowledge, as an Aboriginal person, into the program. While much of 

the hip-hop music local young people listen to comes from the United States, Australian Indigenous 
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(Aboriginal and/or Torres Strait Islander) hip-hop artists were purposefully included in the program 

playlists; many of these songs feature themes of cultural pride and resilience. 

Publicly-available program manuals (particularly the PILI ‘Ohana Lifestyle Program) were 

valuable in providing an example of structure, content, and adaptations for the Derby program. In 

turn, the current program’s facilitator manual was made publicly available (via kams.org.au), which 

may assist others to develop localised diabetes prevention programs for young Indigenous people in 

different communities in Australia and internationally. 

In designing this program, it was evident that it is easy to obtain inaccurate healthy eating 

information, particularly for people with limited formal education and digital health literacy. We took 

great care in framing straightforward and accurate healthy eating information and selecting resources. 

For example, many existing resources have an emphasis on packaged foods and white flour products. 

High standards, clear logic and consistency in information endorsed by reputable institutions would 

aid public acceptance of fundamental nutrition knowledge [57]. Discussions with community members 

also highlighted the potential for enhanced communication of essential healthy eating and physical 

activity national guidelines. 

The current research highlighted that well as supporting healthy lifestyle choices in 

individuals, policy action to aid widespread health improvements is needed. The marketing, 

availability and costs of food and drinks influence their consumption [58]; community members noted 

these factors in reference to the difficulty of being healthy. At an even more basic level, actions to 

ensure sufficient standards of living for all are a crucial part of supporting good health globally. 

Limitations of this study included difficulty in recruiting participants for the focus groups. A 

traditional focus group process of organising individuals to attend was not practical in this setting and 

with this age group. Although it was useful using existing groups, these groups were often small due to 

fluctuating attendance. Other efforts to convene potential focus groups over a six-month period were 

obstructed by a lack of group availability, key contacts changing job roles or having unexpected leave 

and, finally, prospective group members who were too young or predominantly non-Indigenous. It is 

possible a higher number of participants may have been recruited if short individual interviews with 

young community members was sought [59]. Even so, this approach would not necessarily have 

enhanced communication. 

Lessons Learned 

Younger participants (particularly teenagers) were often quiet during focus groups, which may 

have been due to shyness and/or reluctance to share opinions. However, using sticky notes to indicate 

preferences during focus groups removed attention from the individual and was, therefore, an 

effective strategy, including for identifying a need for stress management. This method may be useful 

as part of planning future programs with young people; sticky notes could be used more extensively 

throughout a focus group to gather additional information [60]. We also recommend consideration of 

other relatively anonymous ways to gather input from young people while still utilising opportunities 
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to increase participants’ awareness and knowledge. As well as collaborating directly with younger 

people, we found the insights of other local Aboriginal people with extensive knowledge about the 

younger age group to be useful. It is, nevertheless, vital to enable young people to guide initiatives 

which are intended for them [61]. 

The contributions of DAHS staff were valuable and essential in this research but their time was 

constrained by other urgent health service priorities. The Aboriginal Advisory Group formed for this 

project was highly important but did not go as planned due to staff movements and busy schedules. It 

was more feasible to meet with Aboriginal advisers individually for short periods and include both 

DAHS staff and people from other organisations. This transition from the more structured 

arrangement was aided by increased familiarity between researcher and advisers. These challenges 

are not unique to the current project and reinforce the importance of flexibility and a willingness to 

adapt to local needs in all stages of health research [29, 62].  

Conclusion 

With community direction throughout this research, our process of creating a localised 

diabetes prevention program resulted in a culturally appropriate and relevant intervention adapted to 

the needs of young people. Further testing of the program and evaluation of longer-term outcomes is 

planned. This program and the process by which it was developed may be useful in the development of 

future interventions tailored to a range of other communities. It is important to gather information 

from young people in a way that suits them, as well as utilising the guidance and insights of other 

community members. There is a clear need for broad policies that facilitate healthy lifestyles. With 

time and sustained effort, there is also scope for far more actions to support healthy behaviours at the 

community level for prevention of chronic diseases.  
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CHAPTER 6  
Pilot program findings and implications 

Preamble 

Following on from Chapter 5, this chapter is a paper that includes a brief description of the pilot 

program and reports findings relating to implementing the program with a focus on acceptability and 

feasibility. Facets of acceptability and appropriateness included suitability of measures, venue, 

program length, and education topics and resources. This paper has been published in the Australian 

Journal of Primary Health in their special issue, Taking primary health to the next level in Indigenous 

Health: Innovation, change and vision. The author-accepted version is included in this thesis. As noted 

in the previous chapter, the program facilitator manual is included in Appendix C. 
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Abstract  

Lifestyle changes are central to preventing type 2 diabetes. Embarking upon and sustaining change is 

challenging, and translation of prevention approaches into a wider range of real-world settings is 

needed. In this study, a locally adapted community-led diabetes prevention program with local young 

Aboriginal facilitators was created and trialled through the Derby Aboriginal Health Service (DAHS). 

The 8-week program highlighted causes and consequences of diabetes, incorporated physical activity 

and healthy eating topics with a focus on practical activities, and included stress management to 

support healthy lifestyles. Ten Aboriginal women and men aged 18–38 years participated in the pilot 

program. The program was found to be acceptable and appropriate, and other community members 

and organisations expressed interest in future participation. Participants reported that they gained 

important new knowledge and made changes in behaviours including shopping choices, portioning 

and soft drink consumption. Limitations included participant recruitment and attendance 

difficulties, which were attributed to program timing and competing demands. While this program 

was designed to be sustainable, and there were indications of feasibility, resource constraints impeded 

its integration into routine primary health care. Prevention of diabetes is a high priority for DAHS, and 

this program, with appropriate resources, provides a basis for ongoing practical prevention strategies. 

Keywords: healthy lifestyle, lifestyle modification, tailored intervention, feasibility study 

 

What is known about the topic?  

 Lifestyle modification can prevent or delay type 2 diabetes, which disproportionately affects 

Aboriginal people and is occurring at younger ages. Localised, culturally relevant prevention 

programs, utilising this evidence, are needed.  

 

What does this paper add?   

 Tailoring prevention programs for younger people, run by local Aboriginal people, is feasible 

in remote resource-limited settings. However, service funding approaches do not support a sustained 

prevention focus in high-needs settings. 
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Introduction 

Type 2 diabetes (T2D) is a largely preventable global epidemic. The US Diabetes Prevention 

Program (DPP) and Finnish Diabetes Prevention Study randomised controlled trials demonstrated 

that intensive, individualised lifestyle modification programs could delay or prevent T2D among 

ethnically diverse people at high risk. These diet and physical activity-focused interventions reduced 

diabetes incidence by 58% during the trials [1, 2] with benefits apparent up to 15 years later [3, 4]. 

These findings have been applied in various settings and additional targeted interventions are needed 

[5]. Successful programs include small-group DPP translations for Indigenous communities including 

the PILI ‘Ohana project in Hawaii [6].  

In Australia, Aboriginal and Torres Strait Islander people have higher T2D rates than non-

Indigenous people and a substantial burden of diabetes and pre-diabetes before age 25 [7]. There are 

few published reports of interventions for Aboriginal people in their teens and 20s. Programs tailored 

to young peoples’ needs and embedded in communities are required. Primary health care services are 

a promising setting for diabetes prevention programs [8], such as the Aboriginal Community 

Controlled Health Services (ACCHS) sector providing crucial comprehensive care [9] including 

programs supporting lifestyle changes [10–13]. 

The Derby Aboriginal Health Service (DAHS) was involved in creating a novel diabetes 

prevention program for young Aboriginal people (around 15–25 years) based on community direction 

and previous research evidence, with limited resources. In this paper we report on the process of 

piloting this program and its acceptability and feasibility.  

Methods 

Ethics 

This study was endorsed by the DAHS Board and Kimberley Aboriginal Health Planning Forum 

Research Subcommittee, and approved by the Western Australian Aboriginal Health Ethics Committee. 

Participants provided written informed consent. Participants could provide their own consent from 

age 16 years and younger people could choose to participate with parent/guardian consent. 

Setting 

Derby is a small, isolated north-west Australian town. DAHS provides broad primary health 

care and values prevention as reflected in its mission statement. However, like other Kimberley 

ACCHSs, DAHS has a massive workload managing existing complex health problems associated with 

socioeconomic disadvantage. This study built on previous collaborations between DAHS and the Rural 

Clinical School of Western Australia [14, 15]. 
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Recruitment 

Eligible participants were Aboriginal people aged from 15 years, with young people at risk for 

diabetes prioritised. A DAHS general practitioner telephoned all Aboriginal patients aged 15–25 years 

with a recorded glycated haemoglobin (HbA1c) ≥39 mmol/mol (5.7%) and last known to be living in or 

near Derby (n=20), with uncontactable patients sent letters. Ten other patients with above-normal 

body mass index (BMI) were also invited to participate by DAHS, and the program facilitators invited 

people from their networks. Printed flyers were widely distributed and an electronic flyer was emailed 

to approximately 80 people from various local organisations. Community members did not have to 

participate in the research to attend the program.  

Program 

The pilot program ran October–December 2017 in the DAHS reception area from 5–6:30 pm 

over 8 weekly sessions at no cost to participants. Transport was available through DAHS. Healthy 

snacks were served. The program was designed with a range of Aboriginal community members 

including young people, DAHS staff and other key advisers (Seear et al., submitted for publication). 

Sessions involved an exercise circuit, outdoor cooking, and education topics consistent with the DPP 

including stress management (see kams.org.au for program manual). Education (maximum 30 

minutes) had a strong focus on practical skills for healthy eating and physical activity, and included 

graphic depictions of diabetes complications including dialysis. The pilot program was co-ordinated by 

a female non-Indigenous graduate research student living in Derby (author KS) and an Aboriginal 

male exercise physiologist from Derby with research experience with young people (author ML). ML 

designed the exercise circuit to accommodate a range of fitness levels, utilising some resources from 

the Aboriginal and Torres Strait Islander Women’s Fitness Program [16]. Hip-hop music, including 

Australian Indigenous artists, accompanied the circuit. Nyikina Elders named the program, ‘Maboo 

wirriya, be healthy’. 

As with other health programs for young Indigenous people, young Aboriginal facilitators as 

role models were required [17]. Local young people had previously identified health education and 

Aboriginal staff to be important for them [18]. Derby has few Aboriginal health professionals, and 

group education by lay community members has decreased diabetes risk elsewhere [5]. Male and 

female staff were required for gender-separated groups as advised by community members. 

Facilitators were ML and a Derby Aboriginal woman, both aged around 30 years. The female facilitator 

had experience in psychosocial support and group facilitation, not concerning healthy eating and 

physical activity, and was an active participant in local sports. ML attended at least part of every 

women’s session and KS was present at all sessions providing practical support. Facilitators used a 

tablet device with information, resources and music. 
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Measures 

Evaluation of the program and implementation was by mixed methods, gathering qualitative 

process data (ongoing feedback, observations, and semi-structured post-program interviews with 

participants and facilitators conducted by KS) and quantitative short-term outcome data [19]. 

Implementation aspects including acceptability, appropriateness, feasibility, and sustainability were 

examined. The small initial pilot, to test and refine the program and delivery methods, was designed to 

precede a larger implementation of the refined program.  

Simple forms assessing physical activity, food and drinks were devised with community members. 

This included quantifying pre- and post-program soft drink, fruit juice and fruit consumption and 

retrospective reporting of aspects of healthy eating (portions, water, vegetables, fatty foods). Physical 

measures (BMI, waist circumference, blood pressure) were to assess individual changes and combine 

with results from future programs. Participants were encouraged to have an adult health assessment 

including HbA1c test. Permission to access relevant information from participant healthcare records 

was requested, from 12 months before to 6 months after the program. 

Participants who had completed the post-program assessment were contacted by KS by telephone 

for a brief 6-month follow-up, asking what they recalled and if changes they reported post-program 

continued. 

Analysis 

Post-program interviews were digitally recorded and transcribed by KS. The transcripts were 

coded to topic categories determined by the semi-structured interview schedule and analysed for 

content, and collated with written participant feedback, participant measures, attendance data, notes 

from observations and reflections during the program, and 6-month follow-up information. Collated 

data were presented and discussed with all authors. Implications for future program design and 

delivery were identified. The perspectives of the Derby Aboriginal researchers were prioritised.  

Results 

Participants 

Seven women aged 18–38 years (median 21 years, IQR 19–25 years) and three men aged 23–

37 enrolled in the research. Seven were aged 25 and under. All lived within Derby and were in paid 

employment. Two of those directly invited enrolled in the research and attended the program. Six 

other women attended (four with another participant) but did not participate in the research 

component. One participant reported having pre-diabetes, and two others had a recorded HbA1c 

indicating lower-range pre-diabetes (39–41 mmol/mol, 5.7–5.9%). Other risk factors in the 

participant group included physical inactivity, family history of diabetes and BMI ≥30. Apart from the 

participant with known pre-diabetes, others reported joining to improve health and fitness, rather 
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than concern about diabetes. The female facilitator said participants told her they saw it as “a 

motivation to kick-start their change”. 

Six of ten research participants (three females aged 18–24 years; three males) were available 

for post-program interviews, completed individually or in pairs. Four of seven participants who 

completed post-program interviews or checklists were available for 6-month follow-up interviews. 

Acceptability and appropriateness 

Facilitators received positive informal program feedback and several attendees stated it was 

good to have this program in Derby. During sessions, attendees spontaneously said they felt motivated 

to do more healthy things, and would come back and bring friends (although this rarely eventuated). 

Participant post-program feedback included, “It’s a great program” (Male 1) and “I think it was really 

good, I enjoyed it, you know, for the times that I was there, I enjoyed it a lot” (Male 2). There was also 

positive feedback from young women: 

Interviewer: Do you have any other comments, or any other advice? 

Female 1: I dunno. I think it’s a good program. 

Female 2: Yeah, I, it’s a good program. 

Female 1: Because everyone needs to know about this, and it doesn’t only happen here, but it 

happens everywhere, a lot of these people they just don’t, no one cares about what they eat, 

what they do. 

Program attendance was inconsistent, ranging from one to five participants per week. One 

woman attended every week, and one man attended seven out of eight weeks. Strategies to increase 

future recruitment and attendance were identified with facilitators (Table 1). 
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Table 1. Changes for future programs to increase recruitment and attendance 

What happened in the pilot program What we would do next time 

Sought participants to enrol in the research 
before the first program session 

Focus recruitment efforts on encouraging 
interested people to attend an introductory 
information session, to find out about the 
program before committing in any way 

Recruitment focused on research project, 
with detailed research information flyer 
(ethics approval requirement) 

Recruit to health service program with simple 
program information flyer 

Advertising focused on diabetes prevention Advertising with substantial focus on general 
health and fitness, as well as mentioning 
diabetes 

Flyer emailed to organisations and displayed 
around town 

Vary recruitment methods including more visits 
to local organisations, local radio ads, more 
prominent advertising at DAHS and social media 

Short recruitment period Longer (6–8 weeks) recruitment period 

Target age group 15–25 years Target age group 15–40 years 

Prospective participants encouraged to bring 
friends/family aged 15–25, if wanted 

Encourage participants to try to bring 
friends/family of any age  

Text message reminders about upcoming 
session 

Motivational text messages between sessions, 
as well as reminders 

Ran program October–December (hot and 
busy time of year) 

Run program earlier in the year 

Program held in evening to accommodate 
employed persons 

Due to post-work fatigue and working late, run 
program in morning before work instead (with a 
healthy breakfast) 

 

Most participants considered 8 weeks appropriate, but asked for repeat sessions for flexibility 

or exercise sessions twice weekly. The group format was welcomed, considered more enjoyable, 

interesting and encouraging than individual consultations.  

The venue was acceptable, and the female facilitator felt the DAHS venue contributed to 

cultural safety. However, a bigger space or outdoors at a cooler time of year was preferred. There was 

no ideal indoor space in Derby. Informal follow-up with women who expressed interest but did not 

attend, or who attended but did not return, attributed this to other commitments, tiredness, and 

childcare, rather than program-specific factors. Although children were welcome to attend, an optimal 

childminding area was not available. 

As foreseen, female participants appreciated a female facilitator. A male co-facilitator was 

acceptable. Feedback indicated having local Aboriginal facilitators was appropriate and effective. The 

facilitators were seen as kind, encouraging, and welcoming. 

He explains things in a calm way, in an understanding way. (Male 2) 

 That was a good choice, because she’s a local, and everyone knows her I guess. . . And like they get 

taught about health in school but they don’t, I guess when you’re sitting in front of a teacher, you 

don’t listen as much, you don’t take it in. And you don’t, like, I don’t know, see the importance of 

what’s being told, and how if we can, if we make these changes, how we can make a change for 

ourself, we won’t be on dialysis, we won’t, I don’t know, we won’t be obese. (Female 1) 
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The selected measures were largely seen as appropriate, including physical measures in 

private. Checklists for food and drink were suitable and provided useful information. However, 

physical activity questions were often incomplete. 

It was very easy, especially from someone in my point of view that’s often quite shy about reading 

and writing. The majority of the Aboriginal people, usually the quiet ones, have some kind of 

trouble with something. So it was easy to understand, you didn’t use big words, or any complicated 

words. (Female 3) 

Program components, reported outcomes and feedback 

Participants stated they were happy with the program activities and resources, although 

limited availability of Indigenous-specific resources was noted. Participants reported a range of 

changes after attending, even after only two sessions, and learnt new information. The dialysis video 

and complications photos were unsettling for most but their inclusion was supported as reinforcing 

the importance of healthy lifestyles. Increased healthy eating knowledge and awareness was also 

highlighted by participants. 

Female 1: We realised that we live such— 

Female 2: Our eating habits and— 

Female 1: —yeah we live such unhealthy lives, not just us but like other people . . . I think just the 

major change is the food and just thinking about it, rather than just buying it. 

Another participant reported still checking nutrition panels when shopping 6 months after the 

program, not choosing items with more than 5% sugar. 

You’ve got me being concerned about what I’m buying now, I just keep checking up that little table 

there at the back [nutrition panel on food labels] . . . I can see this program sort of opening eyes, 

opening the eyes of others, ‘cos it gives you knowledge. (Male 2) 

Participants generally enjoyed cooking and found it useful. A woman who attended every 

session reported increased cooking frequency and skills, along with smaller portioning, which 

continued at 6 months. Facilitator feedback reinforced the importance of the comprehensive coverage 

of various aspects of healthy eating. 

I think it worked well, I think the cooking and like the meal prep kind of hands on stuff’s important, 

yeah ‘cos that diet side of things kind of goes hand-in-hand with exercise, and a lot of people who 

exercise regularly don’t necessarily know how to eat a healthy diet, so it’s important that people 

know. (Male facilitator) 

Participants reported changes including eating more vegetables, less fatty foods, smaller 

portions, more water, less soft drink, less fruit juice, and less other sugary drinks. At baseline, all 

participants consumed soft drink in the previous week. After the relevant session one young woman 
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went from drinking soft drink most days as well as regular juice consumption to stopping sugary 

drinks completely. At the 6-month follow-up, she stated she only drinks soft drink occasionally (less 

than once per week), and no longer drinks juice. A male participant also reported ceasing sugary drink 

consumption during the program, after expressing surprise at sugar amounts, but could not sustain 

this. 

Almost all participants had low pre-program physical activity levels. Participants gave positive 

feedback about the exercise circuit, including suitability for beginners. Some reported a brief increase 

in physical activity outside the program (commonly walking), but this was not sustained.  

It motivated me, for a while, and then I just got so busy and then I prioritised other things other 

than doing my exercise, ‘cos like it made me go to the jetty every day and walk that path.  

(Female 1) 

Participating appeared to motivate diabetes screening for three participants. Only a male and 

female, both regular attenders, completed before and after physical measures. Limited other 

healthcare data were recorded for participants in the 6 months after the program. 

Other consequences of the program 

More than 100 people had contact with the project during the program’s development and 

piloting, which helped increase diabetes awareness and consideration of prevention in this 

community. Participants reported sharing program resources and knowledge with others, and two 

women reported making changes to their children’s food and drink consumption. The female 

facilitator also made healthy changes during the program with enhanced health knowledge through 

her facilitator role.  

Feasibility and potential sustainability 

With additional external resources associated with the research project and a small grant 

including set-up equipment costs ($3500) and facilitator pay, the pilot program was feasible but 

difficult. The process informed a revised, comprehensive manual to guide future program delivery.  

After the pilot, DAHS staff were enthusiastic about the program; however, DAHS could not 

allocate staff for the program in addition to or instead of their usual duties. There was interest from 

several other organisations regarding client participation and involvement in program delivery, which 

was obstructed by limited resources. The year after the pilot, DAHS began to integrate components of 

the program into its prison outreach activities. DAHS is also considering options to use the program 

with existing and planned programs at the high school, as well as with other programs at DAHS. We 

are continuing to actively seek funding to expand the program. 
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Discussion 

This pilot program demonstrated acceptability and proof of concept of a primary care-based 

diabetes prevention program for younger age groups in a challenging setting. There are compelling 

arguments for expansion of these efforts. The program’s simple and flexible structure aids 

opportunities to integrate program modules within existing activities, while DAHS continues efforts to 

secure funding for wellness-focussed activities. Unfortunately, overstretched resources, which created 

barriers to program implementation into routine practice at DAHS, are common in ACCHSs [20] and 

other primary health care settings [21].  

Despite recruitment and attendance difficulties, the pilot program reached some young people 

in the often-neglected post-school age group, a period of increasing chronic disease risk in this 

community. As we found, children can also benefit from healthy changes of participating parents. This 

program has potential to engage more young Aboriginal men in positive preventive health activities. A 

well-resourced study piloting an adapted DPP for men of colour in disadvantaged areas of New York 

City had approximately three to six participants at each program site [22]. The participation of men in 

our resource and time-limited pilot study is therefore encouraging. In each study, once men were 

involved with the program they enjoyed and benefited from it.  

Prevention programs require ongoing funding for sustainability [12] and enhanced uptake and 

outcomes over time. Delivering this program multiple times annually for several years is required to 

build further community support, normalise participation, overcome shame/embarrassment [18], and 

allow flexibility for participants to stop and recommence, as has been accommodated in other 

interventions [23, 24]. Over the first 19 months of a continuous weekly cardiac rehabilitation program 

at an ACCHS, attendance increased from an average of three participants per session to 33 [11] and 

was thereafter sustained at average 38 around six years later [24]. Our study provides a starting point 

with good prospects of success once funded. 

For new prevention programs in settings overwhelmed with treating chronic disease, 

committed staff are essential. The DAHS exercise physiologist’s involvement was crucial for achieving 

the pilot program. His health professional knowledge was combined with vital community knowledge 

as a local Aboriginal person. The facilitator roles are also central. Key features of success were 

delivering accurate information in a way participants understand, being friendly and supportive, and 

ensuring the program was culturally appropriate and enjoyable. The success of the female facilitator, 

who enhanced her own health knowledge to deliver the program, supports other findings that 

prevention programs need not always be run by health professionals [5]. The detailed facilitator 

manual and centralised tablet-based resources increase the likelihood the program can continue with 

a range of local Aboriginal facilitators.  

The reduced soft drink consumption and modest improvements in diet from this program, 

even with limited attendance, have important implications for diabetes prevention if sustained [4], as 

even small weight reductions can decrease risk [5]. Some changes were maintained 6 months later, 
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while others were not. Reduced levels of lifestyle changes from post program to follow-up are 

common, including in the original DPP study [1]. Changes are more likely to be sustained with a 

continuing program that is part of more comprehensive community and organisational prevention 

approaches. The readier participation of employed persons in the pilot program, although there was 

interest from a range of community members, underscores that broad efforts to improve 

socioeconomic circumstances are also a vital component of prevention and management of diabetes 

and related conditions. 

Evaluation of experiences and outcomes was limited by the small number of participants in the 

pilot program, which should be considered in light of it being the first step of an intervention in a 

disadvantaged setting [25]. Future delivery will enable further evaluation, including with additional 

young people aged 15–25 years and up to 40 years, the age until which diabetes is often considered 

young-onset [26]. While simple food and drink checklists were suitable and useful, physical activity 

measurement could be improved. Future programs could utilise brief assessments of physical fitness 

as an indicator of change in activity level. This would demonstrate improvements to participants and 

aid motivation to persist [12].  

There are immediate opportunities to increase knowledge, skills and motivation for healthy 

lifestyles through supportive group programs such as this, which can contribute to diabetes 

prevention over time. While Derby is unique, our findings have relevance for prevention efforts in 

other low-resource settings. In particular, programs involving community direction, a committed local 

person, supportive facilitators, and relevant and enjoyable content are likely to be useful. Substantial, 

dedicated prevention funding over a long period of time is required.  
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CHAPTER 7  
General Discussion 

Main findings and implications 

This thesis demonstrates the strong need for and acceptability of a localised, structured healthy 

lifestyle program for young-onset T2D prevention in a remote Kimberley town. The thesis presents 

unique evidence that can strengthen future chronic disease prevention efforts in Derby and the 

Kimberley region, and has relevance in other high-need, low-resource settings. This work contributes 

to understanding the translation of large-scale research findings into real-world settings. With a focus 

on creating a suitable program for young Aboriginal people aged 15–25, the pilot program was found 

to be enjoyable and useful for people aged from late teens to late thirties and has potential for ongoing 

use. This thesis provides an additional perspective and adds to knowledge about the value and 

necessity of participatory research with community direction, the need for additional focus on 

screening at-risk young people for T2D, the importance of supporting healthy lifestyles through 

fostering health knowledge and skills, and the essential requirement for new public health policies 

along with action on the social determinants of health. Increased screening in conjunction with 

structured healthy lifestyle support are achievable actions at the local level that can make a valuable 

contribution to preventing T2D and improving health outcomes among young people in this setting. 

However, it is clear that additional, continuing resources dedicated to prevention are necessary. 

By including an exploration of T2D screening practices and outcomes for young people in this 

setting for the first time, this research has generated a baseline for increased screening commensurate 

with the high level of risk among young Aboriginal people in and around Derby. This risk is evidenced 

by a high prevalence of T2D, frequently severe hyperglycaemia at diagnosis and common presence of 

obesity as a risk factor, particularly from mid-20s age. This has been documented as part of the thesis 

and communicated to community members. DAHS has already acted on these findings, including by 

implementing point-of-care HbA1c screening. This will expedite screening within the busy clinic and 

also enable more effective screening to be conducted in a range of community settings beyond the 

clinic. Further work to promote T2D screening improvements in other Kimberley ACCHSs is planned. 

In this setting it is likely that increased screening coverage will lead to more frequent detection of 

elevated HbA1c. As well as timely detection of T2D enhancing the opportunity to minimise diabetes 

complications, detecting pre-diabetes provides an opportunity for preventing or delaying T2D through 

lifestyle modification. Chapter 4’s paper, centred on the narratives of Derby residents who had made 

healthy lifestyle changes, provided a personal perspective on the significance of having T2D as a young 

person and the motivating potential of the prospect of complications and premature death [1]. A 

challenge lies in aiding young people to take as much control of their health as possible before they 
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reach this point. Extrapolating the findings of the narratives, the effective communication of high-risk 

pre-diabetes results could potentially motivate lifestyle modification. 

This thesis supports having structured programs available to support lifestyle modification for 

people with pre-diabetes as well as other community members, noting that pre-diabetes may be 

undetected and progression to diabetes can be rapid as shown in Chapter 2. Further, the pilot program 

is highly relevant to prevention of other chronic diseases; in particular, such programs have been 

demonstrated to reduce cardiovascular risk in normoglycaemic individuals [2, 3]. This thesis has 

demonstrated that a comprehensive prevention program is welcomed in and around Derby [4] and 

can be run at DAHS if funded [5]. As discussed in the thesis pilot program paper, an ongoing program 

would enable normalisation of participation with the prospect of increased participation over time [5]. 

The pilot program incorporated features identified to be important by community members [4] and 

consistent with beneficial practices identified in the thesis systematic review and other recent relevant 

reviews [6, 7]. This included community direction throughout design and implementation, a 

comprehensive program, a substantial physical activity component, culturally relevant and 

streamlined education, practical activities, and support. There was an explicit intention for the 

program to be enjoyable for young people; a key aspect of achieving this was the young local 

Aboriginal facilitators who were friendly and able to make it fun. This thesis also contributes to 

evidence supporting the use of facilitators from the community who need not be health professionals, 

while there is an obvious need for more Aboriginal health professionals including health promotion 

specialists [8].  

Although the main purpose of the pilot program was to determine acceptability and feasibility as 

the first step of a novel prevention initiative, it is notable that there were promising short-term 

healthy changes even with limited attendance. The national implementation of the Finnish Diabetes 

Prevention Program in 400 primary health care centres also found lifestyle changes with few (an 

average of approximately three) intervention visits [9]. It is plausible that the changes made by pilot 

program participants, including greatly reduced soft drink consumption and eating smaller portions, 

would be beneficial for body weight if sustained. Even modest weight reductions can have substantial 

health benefits [10]. Future efforts to support attendance at a greater number of program sessions is 

likely to have additional benefits for participants, as noted in Chapter 3’s systematic review. 

The need for and value of increased health knowledge was a recurring theme throughout this 

project [1, 4, 5]. Knowledge is an essential aspect of health literacy, which involves skills to be able to 

acquire and use information for actions that improve or maintain health [11]. Promoting health 

literacy is an important part of knowledge translation in Indigenous health, whereby research findings 

relevant to improving well-being are appropriately communicated and utilised, led by Indigenous 

people [12]. However, the essential role of knowledge in empowerment for change may be under-

recognised in settings with overwhelming health needs. This thesis provides an example of 

appropriate knowledge translation at both individual and organisational levels, and supports the
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fundamental necessity to communicate health information as one aspect of improving health in 

disadvantaged communities. The pilot program increased awareness of T2D and communicated 

healthy lifestyle information with depth not viable in routine primary care. Importantly, the program 

facilitators were adept at communicating information in a culturally relevant, accessible manner. 

Community-led, tailored healthy lifestyle programs can have benefits beyond physical health 

improvements, including contributing to healing from grief and enhancing social and emotional well-

being [13, 14]. Our pilot program and other programs inspired health improvements in program staff 

and provided an opportunity for new community role models to emerge [13, 15]. Multiple program 

leaders from within the community help to ensure that programs can continue without reliance on any 

particular individual, and are under sustainable community control. Role models also contribute to 

social norms for healthy eating and physical activity, which are highly influential [16]. The education 

component of programs, as well as providing a foundation for individual change, can also aid broader 

changes in what is considered normal [17]. 

This thesis included the voices of community members conveying the difficulty of healthy 

behaviours in an obesogenic environment, as an additional issue to the need for knowledge [1, 4, 5]. 

This requires broader intervention, including, for example, regulating the marketing and supply of 

discretionary foods and drinks including alcohol. Such actions can directly improve health, support 

maintenance of intentional healthy lifestyle changes, and may have additional value in shaping social 

norms that are supportive of healthy lifestyles [18]. Implementing policies that support good health 

among the general population can have additional value for groups with the poorest health status [19]. 

For example, high cool drink/soft drink consumption was raised by several community members 

throughout the project. Where soft drink consumption has been normalised from early in life, there 

are immense potential health gains from policies that deter this in conjunction with ensuring ready 

access to safe and palatable drinking water [19–21]. If a policy such as a tax on sugar-sweetened 

beverages were to be implemented for clearly stated health reasons, this could also be a powerful form 

of health communication [21]. 

Another key theme in this thesis has been the need to address the social determinants of health. 

Derby has high levels of socioeconomic disadvantage. There are many opportunities to support 

healthy behaviours in this setting, but it can be extremely difficult or impossible for individuals to 

devote attention to this if their basic living needs such as appropriate housing and food security are 

not being met. While there was interest in the pilot program from a range of community members, 

almost all the people who actually participated were in paid employment [5]. This is consistent with 

the small number of young individuals in Derby who were identified as having independently made 

healthy lifestyle changes [1]. 

The Australian Health Promotion Association and Public Health Association Australia have urged 

governments to invest in health promotion and illness prevention as a sustained priority, including 

essential action on the social determinants of health [17]. Their identified priorities also include 
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empowering individuals most at risk and specifically considering communities with higher health 

inequity, particularly Aboriginal and Torres Strait Islander communities. Even aside from critical 

issues surrounding health equity, there is relatively little funding allocated to prevention in general 

[22]. This may be partly due to the fact that treatment services enable demonstration of concrete 

outcomes within a short period, as opposed to prevention where major benefits (including health care 

cost savings) can only be seen longer-term [23].  

This thesis has provided a real-world example of the current barriers to a prevention approach in 

services overwhelmed with treating existing health needs, even when the service has enthusiasm for 

prevention. In the Kimberley the volume of presenting problems can be quite extreme; for example, 

early in the year after the initial pilot program, an acute post streptococcal glomerulonephritis 

(APSGN) outbreak compounded the regular DAHS workload, which was already high. The challenging 

workloads in health services more broadly, which deter a focus on prevention, will further increase 

with the diabetes epidemic. Increased resource allocation for prevention in places such as Derby could 

have immense potential long-term cost savings. For example, T2D is the major cause of end-stage 

kidney disease in the Kimberley. As dialysis treatment costs in the Kimberley are more than $130,000 

per year per patient, there are potential favourable economic implications of increased support for 

prevention and management of T2D in addition to significant social considerations.  

Strengths 

Strengths of this research include that it was based on local priorities, it was directed by 

community members, it involved Aboriginal researchers, and it sought to embed the intervention 

within the community for sustainability, particularly with the involvement of DAHS. The project was a 

good use of research resources, enabling a focus on prevention that benefitted some community 

members and has the potential to benefit others in the future. It was innovative in this setting and 

involved action rather than just discussion or description [24].  

The additional challenges of health research with Aboriginal communities dealing with multiple 

demands have previously been described [25], but this study contributes to knowledge about what 

can be achieved with minimal resources. It was time-intensive and required perseverance to develop 

and pilot the program. A committed local person and the on-site researcher as an extra resource were 

crucial. Due to the careful design and documentation of the program, delivering subsequent programs 

would require less effort. Ongoing program delivery would require commitment of regular staff 

resources (particularly two facilitators for each group, at least one of whom is the same gender as 

participants). Other essential ongoing costs are minimal (e.g. cooking ingredients). An ideal program 

would require additional resources, e.g. childcare, multiple dedicated staff, on-site gym, incentives, 

repeat sessions, and regular follow-up to support maintenance of healthy lifestyle changes until 

healthy behaviours become habitual. Some community members would need a lot of support to 

attend, which would be additionally resource-intensive. Therefore, while the program may not be able 
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to provide everything that may be useful or cater for all community members in the absence of 

extensive resourcing, it could be delivered with modest resources and important potential outcomes.  

Even with a broadened age group the intervention had an important focus on people aged in their 

late teens and early 20s, which Chapter 3’s systematic review demonstrated is uncommon. Several 

pilot program participants were women of child-bearing age, for whom T2D prevention or delay has 

additional significance as diabetes in pregnancy contributes to poorer pregnancy outcomes and 

increases risk of young-onset T2D in offspring [26]. The findings that these young women engaged 

with and enjoyed the pilot program, acquired new knowledge and made short-term healthy behaviour 

changes for themselves and in some cases their young children is encouraging. 

Suitable health programs for young Aboriginal men are also greatly needed [27]. While there have 

been other successful healthy lifestyle programs solely for Aboriginal and Torres Strait Islander 

women [13, 28], the inclusion of men (in a separate program session) was a strength of this project. A 

related strength was that the pilot program had a physical activity component, which aided 

recruitment of our male participants and has been recommended in other recent studies that did not 

initially include group physical activity [29, 30]. Incorporating a practical physical activity component 

has assisted with engagement of younger people in other lifestyle modification programs, including 

those not previously physically active [31, 32]. However, for some people who do not play sport or are 

not otherwise physically active, attending a program with an exercise component may have been 

daunting, particularly for obese people [33]. Prospective participants may need additional reassurance 

that the exercise is suitable for people who are not fit, or that they can try the program without being 

compelled to participate in the physical activity component initially. 

Limitations  

Although this research project produced useful outcomes with low resources, it had limitations 

including small sample sizes and restricted follow-up. As noted in the relevant thesis chapter, the 

progression-to-diabetes component of the quantitative data analysis is intended to be expanded to 

include the wider Kimberley region and a longer period of HbA1c data will also be available at that 

time. Reported barriers to program attendance were similar to those in other relevant studies, 

particularly being busy with other commitments [15, 30, 34, 35]. Similarly, a lack of availability of 

some participants after the program impeded evaluation, despite an apparent willingness to 

participate in this, which has also been found elsewhere [36]. It had been anticipated that people aged 

15–17 may be difficult to engage, which was confirmed by the facilitators and other service providers. 

While continuing to have this program open to young adults from the age of 15, it may be more 

feasible to try to reach people this age in school or through school engagement programs, 

complementing existing health education. As employed people were most likely to participate, in 

future it may be useful to specifically aim to recruit employees of local organisations among other 

recruitment efforts.  
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The pilot program involved less participant contact than intended. In addition to limited 

attendance, the initial recruitment difficulties within an insufficient timeframe necessitated continued 

efforts towards recruitment when the program had already commenced, rather than the intended 

regular contact with participants utilising motivational text messages [32, 37] and/or social media. 

More encouragement between sessions may also have reduced discordance between some program 

participants’ apparent attendance intentions and actual attendance. What appeared to be genuine 

motivation at the end of a session (e.g. spontaneously stating they felt motivated to do more healthy 

things or were going to come back, and bring friends) may have dissipated within a short time if the 

participant had been unable to attend again within the next couple of weeks due to life circumstances 

and had no contact with the program. In Derby, there are additional challenges making phone contact 

as mobile phone numbers tend to change frequently, as has been found in other remote areas [38]. 

In the pilot program, reported increases in self-directed physical activity were shorter-lived than 

changes in food and drink consumption. Previous large studies have found sustained physical activity 

improvements difficult to achieve [39, 40]. In Derby there are several barriers to physical activity, 

including heat, which has also been recognised in other tropical climates [30]. Even modest levels of 

physical activity can have a significant impact on health, and a range of efforts to support this 

behaviour are needed [41]. At the community level, physical activity facilities and affordable (or no-

cost) opportunities can encourage physical activity [42]. There is scope in future programs to provide 

a greater range of physical activity opportunities during programs and more support for planned 

independent physical activity. Longer term, the high level of health needs in Derby may justify 

investing in infrastructure such as an air-conditioned sports or activity centre which is more likely to 

be found in places with larger populations [43]. A related issue is the need for suitable venues in which 

to run healthy lifestyle/chronic disease prevention programs in Derby and other rural settings [44]. 

Suggestions for future research 

The pilot program has provided a basis for National Health and Medical Research Council and 

other grant applications for longer-term community-owned prevention efforts in Derby and other 

Kimberley communities. Efforts to secure funding are continuing. An essential aspect of these research 

proposals, as highlighted in this thesis, is building local capacity to run ongoing preventive health 

programs with effective communication, cultural safety and sustainability. It would also generate 

employment opportunities for local people which could contribute to broader health gains. Future 

studies would give more consideration to balancing research requirements with participant burden 

and potential deterrence. It is useful that future programs at DAHS will be able to incorporate HbA1c 

screening using the new point-of-care device.  

As well as welcoming a program aimed at young people aged 15–25 and including people aged up 

to 40, community members asked for additional programs for older people (especially with group 

physical activity), young children (e.g. 5–10 years old) and younger teens, which is consistent with 
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broader calls for appropriate prevention efforts before early adolescence for Indigenous people in 

remote areas [45]. With sufficient resources, there are abundant opportunities for future studies to 

design and evaluate programs to meet the needs of different age groups, along with exploring 

combined age groups such as families. Integration with existing community-based services and 

responsiveness to community feedback would support the successful adaptation of prevention 

programs for different groups. 

The project’s raising of awareness of young-onset T2D and screening in the community, and the 

role of healthy lifestyles in prevention, may enhance community readiness for additional prevention 

efforts [46]. Future research may investigate policies that can be implemented at the community level 

to support sustainable healthy lifestyle changes [19]. 

Conclusion 

This project is an example of action research conducted respectfully with an Aboriginal 

community to generate useful outcomes. The essential, highly-valued contributions of community 

members meant that the project achieved its major purpose of creating an appropriate, evidence 

based prevention program, ‘Maboo wirriya, be healthy’, for young Aboriginal people. This is able to be 

used by DAHS and the community into the future. In addition, the utilisation of health care data in this 

research has supported improved T2D screening practices. Longer-term, these actions have the 

potential to help reduce morbidity and mortality associated with T2D and other chronic diseases in 

this population.  

At least a basic standard of living is required for good health, and this should be urgently 

addressed in disadvantaged communities. Alongside this goal, there are immediate opportunities to 

increase access to appropriately communicated health knowledge and aid development of health-

related skills. The need for and importance of this knowledge should not be underestimated, 

particularly in high-need settings. Among other health communication efforts, trained community 

peers are well placed to provide tailored information, including as part of structured programs. While 

advocacy for broader prevention systems continues, this thesis provides encouragement for local 

community-directed prevention efforts within resource constraints. Supporting enhanced health 

awareness, knowledge and skills can enable healthy behaviours through empowerment and have a 

valuable impact for individuals, families and communities. 
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APPENDIX A  
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Investigators: Kimberley Seear (Responsible Investigator), Julia Marley, David Atkinson. 
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Does this project require ethics approval? (Note: successful applications requiring ethics 
approval will need to provide proof that approval has been granted before any funding will 
be provided) 

 Yes  No 
 

Please answer all questions before moving to the next section 

 
 

OTHER GRANT OR FUNDING CURRENTLY HELD 

Give details of grants or other support currently received by the Responsible Investigator 
and/or Participants from, or approved by, other bodies for this or related work. Indicate title, 
granting body, duration and amount of support for each year.  
None 

Please answer all questions before moving to the next section 

 

PREVIOUS GRANTS FROM DIABETES AUSTRALIA RESEARCH 

If the Responsible Investigator has received a previous grant from Diabetes Australia 
Research, please provide details of the outcomes (e.g. publications, other success in 
obtaining competitive funding) as well as the grant type and year of funding.  
Not applicable 

Please answer all questions before moving to the next section 

 

RELATIONSHIP OF THE STUDY TO THE PROBLEMS OF HUMAN DIABETES 

Describe in non-technical terms the significance of the study for human diabetes 
Type 2 diabetes (T2D) is a serious condition that is increasing worldwide. In Australia, Aboriginal 

and Torres Strait Islander people have a much higher burden of T2D in all age groups and 

particularly in younger age groups. This is an important contributor to the lower life expectancy of 

Aboriginal and Torres Strait Islander Australians (around ten years lower than other Australians). 

T2D may have no symptoms until the disease has progressed, and it has been estimated that half of 

T2D cases globally have not been diagnosed. Over time, high blood glucose in people with T2D 

causes changes in the body that can lead to heart disease, kidney disease, blindness, nerve damage 

leading to amputations, and some cancers. Appropriate screening to detect T2D early in the course 

of the disease is crucial to help avoid these complications. 

 

Screening is also valuable to identify people with blood glucose levels that are higher than normal, 

but not high enough to be diagnosed as T2D. This state is often called “pre-diabetes” as it is 

generally considered to indicate high risk of T2D, although not all people with pre-diabetes will 

progress to T2D. Large studies have demonstrated that interventions supporting healthy lifestyle 

behaviours for people with pre-diabetes can help prevent or delay T2D. Early intervention for pre-

diabetes has been identified as one of the highest priorities in Aboriginal health in Western Australia. 

 

The rate of progression from pre-diabetes to T2D varies between populations. Among the Aboriginal 

population in the Kimberley region of Western Australia, the rate of progression to T2D is unclear. 

Around a third of adults in the region are known to have T2D. Currently, the Kimberley guidelines 

for T2D screening define pre-diabetes as a broad category. Our analysis of healthcare data from one 

Kimberley town indicated that a smaller pre-diabetes category might be more useful to predict who 

is at higher risk of progression to T2D. The current study will involve analysing a larger data set 

from the wider Kimberley region, to improve guidelines for T2D screening and follow-up. 

 

Continued improvements to screening will enable targeted interventions for prevention or delay of 

T2D, and enable timely diagnosis and management of diabetes to minimise complications. This 

would be highly beneficial due to the immense burden of T2D in the Kimberley. 
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i) Introductory summary  

 

Around one third of Aboriginal adults in the Kimberley region of Western Australia have type 2 

diabetes (1), which is increasingly occurring at younger ages among Aboriginal people compared 

with non-Indigenous people (2). As part of the recent PhD project of the Responsible Investigator: 

‘Prevention of type 2 diabetes among young Aboriginal people in Derby, Western Australia’, we 

conducted data analysis concerning progression to diabetes for Aboriginal people aged between 

age 15 and 40.  

 

During this project we also co-designed and piloted a diabetes prevention program with the Derby 

Aboriginal Health Service (DAHS). This program has continued to be used by DAHS to support 

healthy behaviours for diabetes prevention and management, and is an important intervention 

opportunity alongside screening for diabetes. 

 

Following our research that demonstrated glycated haemoglobin (HbA1c) enabled simplified, 

timelier diabetes diagnoses than standard assessment of glucose levels (Marley et al. 2015), HbA1c 

is now used for screening in the Kimberley. As these guidelines are readily available, Aboriginal 

health services outside of the Kimberley also use these. The current regional type 2 diabetes 

clinical protocol states that all Aboriginal people aged 15 years and over should be screened for 

diabetes annually (4), although this can be difficult to achieve for all patients in practice (Marley et 

al. 2016).  

 

HbA1c is often high at diagnosis (Marley et al. 2016), which suggests a delay in diagnosis although 

the likely length of delay is not yet clear. The threshold for diabetes diagnosis is an HbA1c level 

≥6.5% (48 mmol/mol). Our preliminary study in Derby found that most incident HbA1c results 

were ≥7% (≥53 mmol/mol), with almost half of all incident results ≥8% (≥64 mmol/mol) which 

increases the risk of microvascular and macrovascular complications (6). It is also concerning that 

some of these patients were women of child-bearing age, due to the maternal and child risks and 

intergenerational consequences of diabetes in pregnancy (7). Awareness of being at high risk for 

diabetes has potential to motivate healthy lifestyle behaviours for prevention (Seear et al. 2019), 

and detecting diabetes while glycaemic control is still within an acceptable range may facilitate 

longer-term glycaemic control (9, 10).  

 

In the current Kimberley screening protocol, pre-diabetes is defined as a single category (5.7–

6.4%, 39–47 mmol/mol). This is consistent with the American Diabetes Association definition of 

pre-diabetes, although it has recently emphasised the particular risk of progression to diabetes 

from HbA1c 6.0–6.4% (11). Our preliminary data suggests that high-range pre-diabetes (6.0–6.4%) 

involves a substantial risk of progression to diabetes for Aboriginal people in this setting, 

particularly if body weight increases. In this relatively small dataset, the risk associated with low-

range pre-diabetes did not appear to be distinct from normal HbA1c, in the absence of weight gain. 

HbA1c observations towards the higher end of the normal range (median 5.4%, IQR 5.3–5.6%) 

were common in this population. 

 

ii) Aims and potential significance of the project  

 

General aim:  

Determine patterns of progression of type 2 diabetes and associated risk factors in a large sample 

of Kimberley Aboriginal people between 2014 and 2019, to enable refinement of regional 

screening practices for improved diabetes prevention, diagnosis and management.  

 

Specific aims:  

1. Determine typical rates of progression from high-range (6.0–6.4%) and low-range (5.7–5.9%) 

pre-diabetes to diabetes for patients at Kimberley Aboriginal Community Controlled Health 

Services. 

2. Determine the impact of other factors such as BMI, weight gain and age in predicting 

progression to diabetes in this population. 

3. Determine the extent to which low-range pre-diabetes (5.7–5.9%) indicates risk of diabetes 

progression compared to patients with normal HbA1c results in this population. 
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Please answer all questions before moving to the next section 

 

DETAILS OF THE PROPOSED PROJECT 

Include: 
i) An introductory summary of your previous work in this field, and of the relevant work of 

others, which leads to the proposed project 
ii) Detail the specific aims and potential significance of the project (you may need to use 

several paragraphs for this section). If hypotheses are to be tested, they should be 
clearly stated 

iii) A research plan, giving details of experimental design and methods to be used 
iv) Up to 12 references for General Grants and up to 20 references for Millennium Awards 

Please put the details of the proposed project in the blue area below, you may copy and 
paste any additional information. Use additional pages as necessary, but do not exceed 
4 pages (excluding references) for General Grants and 9 pages (excluding references) for 
Millennium Awards. Please tick the checkbox below once you have included the details of 
the proposed project to complete the section. 

i) Introductory summary  

 

Around one third of Aboriginal adults in the Kimberley region of Western Australia have type 2 

diabetes (1), which is increasingly occurring at younger ages among Aboriginal people compared 
with non-Indigenous people (2). As part of the recent PhD project of the Responsible Investigator: 

‘Prevention of type 2 diabetes among young Aboriginal people in Derby, Western Australia’, we 
conducted data analysis concerning progression to diabetes for Aboriginal people aged between age 

15 and 40.  
 

During this project we also co-designed and piloted a diabetes prevention program with the Derby 
Aboriginal Health Service (DAHS). This program has continued to be used by DAHS to support 

healthy behaviours for diabetes prevention and management, and is an important intervention 
opportunity alongside screening for diabetes. 

 

Following our research that demonstrated glycated haemoglobin (HbA1c) enabled simplified, 

timelier diabetes diagnoses than standard assessment of glucose levels (Marley et al. 2015),  HbA1c 

is now used for screening in the Kimberley. As these guidelines are readily available, Aboriginal 

health services outside of the Kimberley also use these. The current regional type 2 diabetes clinical 

protocol states that all Aboriginal people aged 15 years and over should be screened for diabetes 

annually (4), although this can be difficult to achieve for all patients in practice (Marley et al. 2016).  

 

HbA1c is often high at diagnosis (Marley et al. 2016), which suggests a delay in diagnosis although 

the likely length of delay is not yet clear. The threshold for diabetes diagnosis is an HbA1c level 

≥6.5% (48 mmol/mol). Our preliminary study in Derby found that most incident HbA1c results were 

≥7% (≥53 mmol/mol), with almost half of all incident results ≥8% (≥64 mmol/mol) which increases 

the risk of microvascular and macrovascular complications (6). It is also concerning that some of 

these patients were women of child-bearing age, due to the maternal and child risks and 

intergenerational consequences of diabetes in pregnancy (7). Awareness of being at high risk for 

diabetes has potential to motivate healthy lifestyle behaviours for prevention (Seear et al. 2019), and 

detecting diabetes while glycaemic control is still within an acceptable range may facilitate longer-

term glycaemic control (9, 10).  

 

In the current Kimberley screening protocol, pre-diabetes is defined as a single category (5.7–6.4%, 

39–47 mmol/mol). This is consistent with the American Diabetes Association definition of pre-

diabetes, although it has recently emphasised the particular risk of progression to diabetes from 
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Significance: 

This project will strengthen the evidence base for diabetes screening guidelines that best address 

risk levels in Aboriginal populations. This will improve diabetes screening, enable targeted 

interventions for prevention or delay, and support best use of resources for monitoring Aboriginal 

patients at higher risk. This will also enable timely diagnosis and management of diabetes to 

minimise complications. Longer-term, this may contribute to constraining the enormous burden of 

T2D type 2 diabetes in the region that impacts on individuals, communities and health services. 

 

iii) Research plan  

 

Design: Retrospective observational study 

 

Participants: Aboriginal and/or Torres Strait Islander patients of Aboriginal Community 

Controlled Health Services located in several communities and towns throughout the Kimberley, 

with at least one recorded HbA1c observation <6.5% at age ≥15 years and a subsequent HbA1c 

observation. Based on 2016 Census figures, the estimated number of Aboriginal residents aged 15 

and older in these areas is 5700, although this is likely to be an underestimation. Based on our 

previous analyses focusing on a narrower age range we conservatively estimate that 50% of 

Aboriginal residents aged 15 and older will have an HbA1c observation and 25% will have two or 

more eligible HbA1c observations. Therefore, the anticipated minimum sample size is 1400. 

 

Data items from electronic medical records: HbA1c, age, sex, BMI, weight, lipid profile, blood 

pressure. 

 

Data analysis: We will estimate the incidence of progression to diabetes from each initial HbA1c 

category (normal <5.7%, low-range pre-diabetes 5.7–5.9%, high-range pre-diabetes 6.0–6.4%), 

along with 95% confidence intervals. Logistic regression will be used to assess the association 

between an outcome of diabetes and initial HbA1c category, adjusting for initial BMI, weight gain, 

age, sex and time. We will also describe cardiovascular risk profiles in this population including 

blood pressure, triglycerides and cholesterol. 
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Maboo Wirriya Study Manuscript #1 – plain language report for community: Healthy lifestyle changes 

‘It’s important to make changes.’ Insights about motivators and enablers of 
healthy lifestyle modification from young Aboriginal men in Western Australia 

Why and how some people have made healthy changes 

Why was this study done? 
Healthy eating and being active can stop diabetes and other chronic diseases from happening. Aboriginal 

and Torres Strait Islander people have more type 2 diabetes than non-Indigenous Australians, especially in 

younger age groups. It can be really hard to make healthy changes, and it could be helpful to hear from 

people who have had success in making healthy changes. 

How was this study done? 
We talked to younger Aboriginal people who were living in Derby and had made healthy lifestyle changes 

(mainly having a healthier diet and doing more physical activity). These were changes that help people able 

to manage their diabetes better, or make them have less chance of getting diabetes. We found four people 

for this study who shared their stories. They were all men, aged 20–35 years.  

Three of the men had diabetes. We asked what changes they had made and why, what made changes 

easier or harder, what other people said or did when they made changes, and advice or ideas for helping 

others to make changes. 

What did we find out? 
The men with diabetes made changes after they found out they had diabetes and understood what diabetes 

can do. They wanted to look after their diabetes to stop bad things happening from it - like going blind, 

having a heart attack, going on dialysis, and dying early.  

All the men found out more about how to be healthy before they made changes. They were sure they would 

be able to make the changes and that it would make a good difference to their life. It was hard to make 

changes at first, so they started small with some changes and kept trying. After they had been doing the 

changes for a while, it became easier. When they made changes, the men all had support from some other 

people.  

They said they would like other people to know about how to be healthy from a young age, and also 

understand about the serious health problems that can happen (even at a young age) if people don’t do 

healthy things. 

What does this mean? 
To make healthy changes, younger people might need to get more knowledge and skills about how to do 

healthy things and understand why it is important. This includes knowing what diabetes is, what it can do, 

and how to stop it from happening or getting worse. It could be helpful to have more programs to support 

people to make healthy lifestyle changes and build up their belief that they can do it. Some people might 

have too much stress or problems in their life to think much about healthy changes; we need to make things 

better for people in this way as well. 

Publication: 
Seear KH, Lelievre MP, Atkinson DN, Marley JV. ‘It’s important to make changes.’ Insights about motivators 

and enablers of healthy lifestyle modification from young Aboriginal men in Western Australia. International 

Journal of Environmental Research and Public Health. 2019; 16:1063.  

Available from: https://www.mdpi.com/1660-4601/16/6/1063 

Thank you to the people who shared their stories for this study. 

If you have any questions or comments please direct them to Kim Seear by email 

kimberley.seear@rcswa.edu.au or phone (08) 9194 0323. 
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APPENDIX B  
Plain language reports 

B.1 ‘It’s important to make changes’ plain language

https://www.mdpi.com/1660-4601/16/6/1063
mailto:kimberley.seear@rcswa.edu.au


Maboo Wirriya Study Manuscript #2 – plain language report for community: Program development 

Maboo wirriya, be healthy: Community-directed development of an evidence 
based diabetes prevention program for young Aboriginal people in a remote 

Australian town 
Making a new program for young people to help stop diabetes happening 

Why was this study done? 
If people have a healthy lifestyle (doing things like eating healthy and being active) it can stop type 2 

diabetes and other chronic diseases from happening. In Australia, Aboriginal and Torres Strait Islander 

people have more type 2 diabetes than non-Indigenous people, especially in younger age groups. Programs 

that are made for young people could help them to have a healthy lifestyle and stay well. We wanted to make 

a program like this in Derby. 

How was this study done? 
We talked to Aboriginal people who were living in and around Derby, to find out what sort of program would 

be good for young people. We also looked at what programs had been good for young Indigenous people in 

other parts of Australia and overseas. Health researchers and the Derby Aboriginal Health Service worked 

together to make a new program. Then they made the program better after trying it out for the first time. 

What did we find out? 
Community members said it would be good to have more programs to help people be healthy, and the new 

program should have a lot of different things in it. They also said people need to know more about why it is 

important to be healthy—including to stop diabetes happening. The new Derby program was a bit like some 

programs that had been run in other places, but it was made for local young Aboriginal people and run by 

local Aboriginal people. The new program had a group exercise circuit, cooking, stress management; and 

talking about healthy eating, being active and diabetes. The program had 8 sessions. When we tried the 

program it was really useful to hear the good ways that the local people running the sessions said 

information. Trying the program also showed the most important things to be in the program. 

What does this mean? 
To make a new program, it is helpful to get ideas from other programs but change it to be good for the right 

age group and culture. Trying out a program is an important part of deciding how it should be for the future. 

There should be more programs to help people be healthy, run by community members. 

Publication: 
Seear KH, Atkinson DN, Henderson-Yates LM, Lelievre MP, Marley JV. Maboo wirriya, be healthy: 

Community-directed development of an evidence based diabetes prevention program for young Aboriginal 

people in a remote Australian town. Submitted for publication. 

Thank you to DAHS staff and community members. 

If you have any questions or comments please contact Kim Seear by email 

kimberley.seear@rcswa.edu.au or phone (08) 9194 0323. 
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B.2 Program development plain language

mailto:kimberley.seear@rcswa.edu.au


Maboo Wirriya Study Manuscript #3 – plain language report for community: Program pilot 

Piloting a culturally appropriate, localised diabetes prevention program for 
young Aboriginal people in a remote town 

Trying out a new program for young people to help stop diabetes happening 

Why was this study done? 
Big research studies overseas showed that healthy eating and being active can stop type 2 diabetes from 

happening. In Australia, Aboriginal and Torres Strait Islander people have more type 2 diabetes than non-

Indigenous Australians, especially in younger age groups. Aboriginal Community Controlled Health Services 

can be good places to run programs that help people do more healthy things. The Derby Aboriginal Health 

Service was involved in making a new program for young Aboriginal people, using the ideas and advice of 

community members. We looked carefully at what happened when we tried the program and what people 

thought of it, to see if the program could keep going. 

How was this study done? 
We tried the program for the first time at the end of 2017. We asked some people aged 15–25 to do the 

program, and other people aged in their 30s did the program as well (program participants). The program 

went for 8 weeks, for an hour or two every week. It was at DAHS in the reception area, after the clinic had 

shut for the day. The program had a group exercise circuit with hip-hop/rap music, outdoor cooking, healthy 

snacks, and talking about why it’s good to do healthy things and how to do it. There was a program for men 

run by a local Aboriginal man, and a program for women run by a local Aboriginal woman (program 

facilitators). We talked to these program facilitators about their views on running the program and got their 

ideas for the future. We asked the program participants what they thought of the program, and found out 

whether they had made any healthy changes because of the program. 

What did we find out? 
Program participants said the program motivated them to make some healthy changes. They learnt new 

information, like how much sugar is in different drinks and the bad things that diabetes can do to the body. 

Participants made changes such as stopping or slowing down on cool drink and juice, cooking healthy food 

at home more, and eating smaller amounts. Participants liked doing things in a group, and it was good 

having program facilitators who were local Aboriginal people and very supportive. It was hard for people to 

come to the program every week because they had other things on. In the future we would advertise the 

program more and run it at a time of year that is not so busy. It was hard to set this program up but now it 

could keep being run if it had funding. In the meantime, bits of the program are being used by DAHS as part 

of their other activities. 

What does this mean? 
Aboriginal health services like DAHS are very busy and it would be good if they had more resources to help 

people stay healthy as well as helping people when they are sick. This program was a good starting point, 

but programs go better when they keep running again and again, and people can join in when they are 

ready. Programs like this don’t have to be run by health professionals. The main thing is that the facilitator 

makes people feel comfortable and can explain things. It’s good having someone from the same culture and 

age group as participants. 

Publication: 
Seear KH, Atkinson DN, Lelievre MP, Henderson-Yates LM, Marley JV. Piloting a culturally appropriate, 

localised diabetes prevention program for young Aboriginal people in a remote town. Australian Journal of 

Primary Health. 2019. https://doi.org/10.1071/PY19024

Thank you to the pilot program participants, program facilitators, DAHS staff, and other Derby community 

members. 

If you have any questions or comments please contact Kim Seear by email 

kimberley.seear@rcswa.edu.au or phone (08) 9194 0323. 
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B.3 Program pilot plain language
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APPENDIX C  
Program facilitator manual 

 

 
Available for download from the Kimberley Aboriginal Medical Services website: 
 
https://kams.org.au/wp-content/uploads/2018/12/Derby-healthy-program-facilitator-manual.pdf 

 

 

 

https://kams.org.au/wp-content/uploads/2018/12/Derby-healthy-program-facilitator-manual.pdf



