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

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

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

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

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

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

Trial Registration: The review protocol was registered with PROSPERO (registration number: CRD42015016915).
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Background
Internationally, Indigenous people have disproportion-
ately higher rates of preventable chronic disease that con-
tribute to a lower life expectancy than non-Indigenous
people [1–3]. Australia and New Zealand are both First
World countries with substantial inequalities in health sta-
tus between Indigenous and non-Indigenous people. In
Australia, Aboriginal and Torres Strait Islanders are the In-
digenous people, accounting for 3% of the population [4],
and their life expectancy is 10 years lower than that of non-
Indigenous Australians [5]. In New Zealand, the Māori
people are the Indigenous custodians, accounting for 15.6%
of the population [6], and their life expectancy is 7.1 years
lower than among the non-Indigenous population [7].
There is a variety of complex and interrelated social, eco-

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

betes and cardiovascular disease [14]. In Australia, 66% of
Aboriginal and Torres Strait Islander people over 15 years
of age are overweight or obese, more than among non-
Indigenous Australians (rate ratio of 1.1) [15]. In New
Zealand obesity rates for adults are estimated to be 46%
for Māoris (rate ratio of 1.8 compared to non-Māori) [16].
There is substantial evidence for the benefits of physical
activity in preventing, managing and improving conditions
such as obesity, type 2 diabetes and cardiovascular dis-
ease [17, 18]. For example, regular physical activity can
increase insulin sensitivity both acutely and long term,
lower blood sugar levels, reduce body fat and improve
cardiovascular function [19]. Current physical activity
guidelines recommend that adults aged 18 to 64 should
accumulate 150–300 minutes per week of moderate phys-
ical activity or 75–150 minutes of vigorous activity [20].
However, in Australia, only 38% of Indigenous people in
non-remote locations meet the physical activity recom-
mendations. Furthermore, compared to non-Indigenous
Australians, Indigenous people in Australia are less likely
to be sufficiently active for health (rate ratio 0.8) and to
participate in any physical activity (rate ratio 0.9) [21]. In
New Zealand 50.1% of Māoris are sufficiently active com-
pared to 51% in the overall population [16].

Physical activity interventions have proved effective to
increase activity levels in the general population [22, 23],
however, these studies usually only include a very small
percentage of Indigenous people and results are not re-
ported separately [24, 25]. Moreover, general population
interventions may not always be appropriate for Indigen-
ous population groups. Cultural adaptations should be in-
corporated to ensure that the interventions adhere to the
community values and beliefs. This is due to Indigenous
populations being a minority and diverse group that, due
to cultural differences, need specific consideration when
designing programs. Recommendations have previously
been made by organisations, such as the National Health
and Medical Research Council in Australia, providing a
“Road Map” in regards to working with Indigenous popu-
lations and the cultural factors that researchers need to
consider before designing programs [26].
A recent literature review aimed to synthesise the evi-

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

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

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

PsycINFO were searched from their start dates until the
14th of March 2016 for physical activity interventions for
Indigenous people in Australia and New Zealand. Search
terms for population were ‘Oceanic ancestry group’ OR
‘population groups’ OR ‘Aborig*’ OR ‘Indigenous*’ and were

combined with ‘intervention*’ and physical activity related
terms (‘exercise’ OR ‘sports’ OR ‘motor activity’ OR ‘phys-
ical*’) and the free terms ‘physical*’ OR ‘fitness*’. No restric-
tions on language or publication years were applied. We
undertook forward and backward citation tracking from
the identified papers. Government websites and databases
were searched for grey literature. Health departments were
e-mailed in search of interventions that may not have been
identified. Experts in the field were contacted to search for
additional references. Search results and screening out-
comes are presented in a flow-diagram (Fig. 1).

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

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

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

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

Data Synthesis
Because of the heterogeneity of the study designs, pre-
dictor and outcome variables and the contexts in which
the data were collected, a meta-analysis was not possible.
Therefore, a narrative synthesis of the evidence was con-
ducted. The data synthesis contains findings from the
included studies such as type of intervention, target
population characteristics (Table 2), types of outcomes

that were assessed and the duration of the intervention
(Table 3). The effect of the intervention in each study is
summarised and it is noted whether changes were
significant, and what direction the changes were in
(positive or negative).

Results
Through database searching 407 records were retrieved,
all of which were published in English. Five additional re-
cords were identified through backward [39] and forward
citation tracking [40–43] and three through searching the
grey literature. After removing duplicates, 287 records
were screened and 17 articles were initially considered eli-
gible. Reasons for the exclusion of articles included studies
that were based on animal research, were not conducted
in Australia or New Zealand or did not have any physical
activity components, e.g. a nutrition only intervention.
After further consideration, the three studies from the
grey literature were excluded due to insufficient informa-
tion on, and lack of, comparability of pre and post mea-
sures of physical activity or health outcomes [44–46]. The
grey literature included the Green Prescriptions Patient
Survey 2014, which is a report on a study in New Zealand
that monitors key performance indicators of health, in-
cluding changes to physical activity [45]. An Australian
study on a lifestyle program called Ngawa Kurumutamuwi
(We Are Strong) was excluded due to lack of details on
population demographics and statistical analysis [46]. A
pilot study on a team-based weight loss competition in
Aboriginal communities from the New South Wales Min-
istry of Health was excluded due to lack of details on the
baseline and post measurements [44]. One study from the
peer-reviewed literature was excluded because of the over-
lap of data with another included study [47], leaving 13
studies [35, 36, 39–43, 48–53] in the synthesis. Three
studies were published before 2000 [35, 39, 42], four be-
tween 2000–2010 [36, 43, 50, 52] and six between 2011
and 2015 [40, 41, 48, 49, 51, 53]. There were three rando-
mised controlled trials eligible for inclusion in the review
[41, 48, 49], whilst the remaining studies used cohort de-
signs [35, 36, 39, 40, 42, 43, 51–53] and an interrupted
time series [50].
Figure 1 shows the flow diagram of the study selection

process.

Appraisal of Study Quality
Using the Quality Assessment Tool for Quantitative Stud-
ies [38], the overall study quality was rated as poor in
three studies [35, 48, 50], moderate in nine [36, 39–43, 49,
51, 52] and strong in only one study [53]. Overall scores
for each quality rating item are presented in Table 3. Study
selection bias had the weakest score overall, as nine stud-
ies were classified as weak due to not being representative
of the target population and only one study [52] was
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classified as strong. No study rated weak in study design
or data collection methods, while confounding bias and
blinding were not applicable to the majority of the studies.
In data collection methods, all studies rated strong due to
utilising validated and reliable measures for health out-
comes and/or physical activity levels.

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

Recruitment and Retention of Participants
The intervention programs varied by the recruitment
strategies, and the nature and delivery methods of the
physical activity component. Some studies had an open in-
vite for all community members [52], recruited through a
health centre or patient register [40, 50, 53] or utilised re-
ferrals through community leaders or other participants
[36, 40, 41, 43, 48, 51]. In some studies it was unclear how
participants were recruited [35, 39, 42], and for two stud-
ies [36, 49] protocol papers were published which de-
scribed the methodology in greater detail [54, 55].
Almost half of the studies either did not report infor-

mation on withdrawals from the study and drop-outs
from the physical activity intervention [52] or had less
than 60% of participants complete the study or failing to
have complete data sets [35, 41, 49–51]. Three studies
had a retention rate of participants to the program of
60–79% [40, 43, 53] and for four it was 80% or more
[36, 39, 42, 48]. Six of the studies had high numbers of
participants lost to follow up, and in one of these studies
the drop-out rates from the program or failure to attend
follow up data collection were so high that it resulted in
the under powering of some of the statistical analysis
[49]. Two studies were statistically underpowered in

some outcome measures despite moderate to high reten-
tion rates [43, 48].

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

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

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

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

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

Effects on Health Outcomes
Nine studies collected metabolic markers, including
fasting glucose, insulin, cholesterol and oral glucose
tolerance tests [35, 36, 39, 41, 43, 48–50, 52]. Signifi-
cant improvements were found in seven of these
studies [35, 36, 39, 41, 43, 48, 50]. Five of the seven
studies that assessed lipid profiles reported significant
improvements [35, 39, 43, 48, 50]. In regards to dia-
betes related markers, HbA1c was measured in three
studies [43, 48, 49], but a decrease was only found in
one of them [43]. All three studies that used an oral
glucose tolerance test reported significant decreases in
glucose levels [35, 39, 50]. Three studies measured
quality of life with the SF-36 survey [40, 49, 53], with im-
provements reported in two of the three studies [40, 53]
and both studies that reported dietary behaviours had sig-
nificant positive changes with increased intake of dietary
fibre and wholegrain [36, 50] and reduced saturated fat
consumption [36]. There were significant reductions in
seven of the 12 studies that assessed weight and/or
BMI [35, 36, 40–42, 49, 51]. No significant reductions
or increases in weight/BMI were reported in four
studies [39, 43, 48, 50, 53] and one study did not
provide enough information to determine if there
were statistically significant differences [52]. Of the
eight studies that assessed blood pressure, half had
significant reductions in systolic and/or diastolic pres-
sure [36, 43, 50, 51] while the other four did not re-
port significant changes [41, 49, 52, 53].

Long Term Effects on Physical Activity Levels and Health
Outcomes
Seven of the 13 studies only collected follow-up data im-
mediately post intervention [36, 39–41, 48, 51, 53]. In
one study the follow-up period was not specified, but
only referred to as “several months” after the interven-
tion [52] and two other studies collected follow up data
three [49], and six months [43] after the intervention.
Only three studies collected long-term follow-up data
(12 months or more) [35, 42, 50]. Long term follow-up
data collection periods were one [42], two [50] and four
years [35]. There were mixed results in regards to main-
tenance of changes in health outcomes. Canuto et al.
[49] implemented a 12 week program and reported
modest reductions in weight, BMI and blood pressure
immediately post program and 12 weeks later. There
were no significant changes in waist circumference and
metabolic markers at follow up, but the authors noted
that this could be due to a low participant retention rate,
which underpowered some of the study results. The
intervention group had reductions in median weight
from baseline (81.8kgs) to immediately post intervention
(80.2kgs), but had gained weight back at the 12 week
follow up (81.7kgs). The waitlisted group had an increase
in weight over all data collection points prior to receiv-
ing the intervention (90.6kgs, 93.2kgs and 95.2kgs
respectively). Rowley and colleagues [35] followed partic-
ipants up during a four year uncontrolled community
intervention with mixed results. The program achieved
significant reductions in fasting insulin concentrations at
6, 12 and 18 months. At further data collection points
(two and four years) fasting insulin concentrations con-
tinued to drop significantly in the older age group (35
years and over), but in the younger participants (15 to
34 years), there was no statistically significant reduction
over time. There were no changes in the prevalence of
overweight or obesity among the older participants, and
among younger participants weight increased over time
as seen in the BMI data collected at baseline (22.6 kg/
m2), two years (24.3 kg/m2) and four years (24.8 kg/m2)
(p for trend = 0.028). Chan et al. reported that six
months into a two year intervention there were signifi-
cant reductions in waist circumference, blood pressure
and clinical markers such as HbA1c and cholesterol [43].
However, for this study data were only reported for the
first six months of the intervention. A study in New
Zealand [50] reported increased physical activity levels
and reductions in the prevalence of insulin resistance
after two years of the intervention. The most significant
changes were in women aged 25–49 years and those
who had the highest levels of participation and marked
lifestyle changes. In the one year intervention by Egger
et al. the Indigenous Australian men who participated
were tested at baseline, 6 and 12 months, and showed

Sushames et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:129 Page 11 of 16



continuous reductions in bodyweight, waist circumfer-
ence and a decrease in fat mass at all time points [42].

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

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

preted with caution as in all but one study the methodo-
logical quality was rated as moderate or poor which limits
their internal and external validity. Methodological issues,
such as participant recruitment methods, may have caused
selection bias. For example, an open community invitation
recruitment [52] is subject to selection bias as volunteers
are more health conscious [60] and may lead to a sample
that is not representative of the target group. In terms of
attrition bias, participants lost to follow up may differ
from those who completed the study. Participants who

could not be reached at follow up had significantly lower
weight and/or waist circumference at baseline [35, 40, 42]
compared to the participants that remained in the study.
Attrition bias also reduces the sample size, which can re-
sult in studies being underpowered and therefore caution
needs to be taken when interpreting data [42, 48, 49].
Identified factors that can affect attrition rates were highly
mobile young populations [50], work commitments, and
needing to care for children [61]. However, most of these
issues also affect studies in non-Indigenous populations.
The strength of the intervention study designs varied.

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

delivery of programs are important for interventions in In-
digenous populations. Interventions that included facili-
tated exercise sessions, as opposed to written information,
might be more appropriate for some Indigenous popula-
tions with lower levels of literacy. Gracey et al. [52] noted
that the older people may be semi or non-literate and the
local people were not comfortable with “high English” as
it was a second or third language behind their native
tongue. In regards to flexibility in interventions, McAuley
et al. [36] noted that their lifestyle intervention had to
evolve continuously over time to ensure it was still accept-
able to the local Māori people. Similarly, Dimer et al. [51]
allowed flexible timing of allocations of participant attend-
ance to the program by not creating specific times for ses-
sions in order to comply with Aboriginal ideologies that
conflict with tightly regimented, appointment-based sys-
tems. Concepts of time may differ between Indigenous
and non-Indigenous people due to cultural values. For
instance, Indigenous Australians have a ‘here and now’ ap-
proach, meaning that important and immediate priorities
will be seen regardless of prior commitments [63]. Specific
in-depth details of cultural adaptations may not always be
available as adaptations may be seen as part of the usual
development process in Indigenous-based programs and
are not necessarily described [29].
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Gaps and Limitations in the Current Literature and
Directions for Future Research
This systematic review provides a much needed insight into
the gaps in the current literature on the effect of physical
activity interventions on activity levels and health outcomes
in this particular population group. A primary limitation of
the existing literature is the challenge of undertaking rigor-
ous study designs, specifically in relation to recruiting con-
trol groups. Additionally, only three studies reported long
term follow-up data. Without long-term follow up informa-
tion the sustainability of the impact of the intervention in
the community cannot be assessed. This has been noted
previously in regards to other Indigenous groups around
the world where physical activity interventions are not
translated into ‘real-world’ practice despite having short
term significant effects, communities lacked resources to
sustain the programs [56]. Another limitation of most stud-
ies in this review was a lack of reporting of methodological
details. Moreover, lack of information in the description of
the intervention methodology, such as details about cul-
tural adaptation, cost and process of developing the pro-
gram, creates issues around best practice as it would then
be difficult to replicate successful programs. Missing infor-
mation from studies included sample size calculations and
statistical details on adjustment for confounding variables.
The inclusion of sustainability plans, cost-benefit analysis
[40], and information on community feedback on factors
such as barriers to attendance would be beneficial.

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

study protocols. Although this process can be time con-
suming [64], it is necessary to make the intervention cul-
turally acceptable to the participants. For example, whilst
the challenges and appropriateness of having randomised
controlled trials can be determined by the community,
pragmatic study designs should be considered. A notable
example of working around this problem was the study

conducted by Canuto et al. [49], which was the only study
to utilise a wait-listed control group.
Studies with low retention rates should also provide

information on factors which led to people not attending
as it may help researchers in the creation of risk man-
agement plans. Coppell and colleagues [50] limited the
age range of participants for their intervention to 25
years and over as the community often had young adults
leave to get further education or employment in larger
towns. Increasing the minimum age of participants
could possibly reduce the attrition rates in some
communities, however, evidence on effects of physical
activity in early prevention of chronic disease in young
Indigenous people would be desirable. In most studies,
the age range of the participants was limited with no
studies focused specifically on young adults. While the
incidence of type 2 diabetes in young people in Australia
has not changed since 2002 [65], the prevalence of type
2 diabetes has significantly increased in Indigenous Aus-
tralian adults 35 years and older [66]. In New Zealand,
the number of people with diabetes has doubled in the
past ten years, with 40 new confirmed diagnoses every
day [67]. Therefore, earlier prevention and detection
would be beneficial and young adults may be an ideal
target group for physical activity interventions in pri-
mary health care prevention to avoid or delay acquiring
chronic diseases and the later complications that typic-
ally manifest 15–20 years after diagnosis [68].
Canuto et al. [61] wrote that logistical aspects, such as

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

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

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

Acknowledgements
The authors wish to acknowledge Associate Professor Kerrianne Watt and Mr
Fintan Thompson from the College of Public Health, Medical and Veterinary
Sciences of James Cook University, Cairns, Australia, for comments on an
earlier draft of this article.

Funding
Ashleigh Sushames is supported by an Australian Postgraduate Award
scholarship.

Availability of data and material
Not applicable.

Authors’ contributions
AS and KG independently screened the articles found in the literature search and
excluded those that did not meet the inclusion criteria. Data were extracted by
AS and cross-checked by KG. AS and KG independently appraised the quality of
the included studies and wrote the manuscript. JvU contributed to the writing of
the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Ethical approval was not required for this secondary analysis.

Author details
1College of Healthcare Sciences, James Cook University, Cairns, QLD,
Australia. 2Centre for Chronic Disease Prevention, College of Public Health,
Medical and Veterinary Sciences, James Cook University, 14-88 McGregor
Road, Smithfield, Cairns, QLD 4878, Australia. 3Institute of Sport, Exercise and
Active Living, Victoria University, Footscray Park Campus, Melbourne, VIC
3000, Australia. 4Department of Kinesiology, Physical Activity, Sports and
Health Research Group, KU Leuven - University of Leuven, Leuven B-3000,
Belgium. 5School of Allied Health, Faculty of Health Sciences, Australian
Catholic University, North Sydney, NSW, Australia. 6Prevention Research
Collaboration, Sydney School of Public Health, University of Sydney, Sydney,
NSW, Australia.

Received: 12 July 2016 Accepted: 25 November 2016

References
1. Australian Institute of Health and Welfare: Contribution of chronic

disease to the gap in adult mortality between Aboriginal and Torres
Strait Islander and other Australians. 2010. http://www.aihw.gov.au/
publication-detail/?id=10737418878. Accessed 1 Dec 2014.

2. Freemantle J, Ring I, Arambula Solomon TG, Gachupin FC, Smylie J, Cutler
TL, et al. Indigenous mortality (revealed): The invisible illuminated. Am J
Public Health. 2014;105(4):644–52. doi:10.2105/AJPH.2014.301994.

3. Tobe SW, Maar M, Roy MA, Warburton DER. Preventing cardiovascular
and renal disease in Canada’s aboriginal populations. Can J Cardiol.
2015;31(9):1124–9. doi:10.1016/j.cjca.2015.05.024.

4. Australian Bureau of Statistics: Estimates of Aboriginal and Torres Strait
Islander Australians, June 2011. 2013. http://www.abs.gov.au/ausstats/abs@.
nsf/mf/3238.0.55.001. Accessed 6 July 2016.

5. Australian Institute of Health and Welfare: Mortality and life expectancy
of Indigenous Australians: 2008 to 2012. 2014. http://www.aihw.gov.au/
publication-detail/?id=60129548470. Accessed 1 May 2016.

6. Ministry of Health: Tatau Kahukura: Māori Health Chart Book 2015. 2015.
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-
book-2015-3rd-edition. Accessed 1 May 2016.

7. Statistics New Zealand: New Zealand Period Life Tables: 2012–14. 2015.
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/
NZLifeTables_HOTP12-14.aspx. Accessed 6 July 2016.

8. Gracey M, King M. Indigenous health part 1: determinants and disease
patterns. Lancet. 2009;374(9683):65–75. doi:10.1016/S0140-6736(09)60914-4.

9. Australian Government: Closing the Gap: Prime Minister’s Report 2013. 2013.
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-
report_fa1.pdf Accessed 25 May 2016.

10. Ministry of Health: Tatau Kahukura: Māori Health Chart Book 2010. 2010.
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-
book-2010-2nd-edition. Accessed 25 May 2015.

11. Australian Institute of Health and Welfare: Australia’s health 2014. 2014. http://
www.aihw.gov.au/publication-detail/?id=60129547205. Accessed July 2015.

12. Yu CHY, Zinman B. Type 2 diabetes and impaired glucose tolerance in
aboriginal populations: A global perspective. Diabetes Res Clin Pract. 2007;
78(2):159–70. doi:10.1016/j.diabres.2007.03.022.

13. Steering Committee for the Review of Government Service Provision:
Overcoming Indigenous disadvantage: key indicators 2014. 2014. http://
www.pc.gov.au/research/ongoing/overcoming-indigenous-disadvantage/
key-indicators-2014. Accessed 20 May 2015.

14. Balady GJ, Franklin BA, Whaley MH, Howley ET. ACSM’s guidelines for
exercise testing and prescription. Philadelphia: Lippincott Williams &
Wilkins; 2000.

15. Australian Bureau of Statistics: Australian Aboriginal and Torres Strait
Islander Health Survey: first results, Australia, 2012–13. 2013. http://www.
abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001. Accessed 20 May 2016.

16. 16. Ministry of Health: Update of Key Results 2013/14: New Zealand Health
Survey. 20014. http://www.health.govt.nz/publication/annual-update-key-
results-2013-14-new-zealand-health-survey. Accessed 20 May 2016.

17. Bouchard C, Blair SN, Haskell W. Physical activity and health. 2nd ed.
Champaign: Human Kinetics; 2012.

18. Gebel K, van der Ploeg HP, Fiatarone Singh M, Bauman AE. The role of
physical activity in the prevention and treatment of diabetes. In: Baur L,
Twigg S, Magnusson R, editors. A modern epidemic - expert perspectives
on obesity and diabetes. Sydney: Sydney University Press; 2012. p. 275–99.

19. Zisser H, Gong P, Kelley CM, Seidman JS, Riddle MC. Exercise and diabetes.
Int J Clin Pract Suppl. 2011;65(170):71–5. doi:10.1111/j.1742-1241.2010.02581.x.

20. Department of Health: Australia’s physical activity and sedentary behaviour
guidelines. http://www.health.gov.au/internet/main/publishing.nsf/content/
health-pubhlth-strateg-phys-act-guidelines#apaadult. Accessed 21 Jan 2016.

21. Australian Bureau of Statistics: Australian Aboriginal and Torres Strait
Islander Health Survey: Physical activity, 2012–13. 2014. http://www.abs.gov.
au/ausstats/abs@.nsf/mf/4727.0.55.001. Accessed 17 Mar 2016.

22. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et
al. Evidence-based intervention in physical activity: lessons from around
the world. Lancet. 2012;380(9838):272–81.

23. Marcus BH, Williams DM, Dubbert PM, Sallis JF, King AC, Yancey AK, et al.
Physical activity intervention studies: what we know and what we need
to know: a scientific statement from the American Heart Association
Council on Nutrition, Physical Activity, and Metabolism (Subcommittee on
Physical Activity); Council on Cardiovascular Disease in the Young; and
the Interdisciplinary Working Group on Quality of Care and Outcomes
Research. Circulation. 2006;114(24):2739–52.

24. Brown WJ, Mummery K, Eakin E, Schofield G. 10,000 Steps Rockhampton:
evaluation of a whole community approach to improving population
levels of physical activity. J Phys Act Health. 2006;3(1):1.

Sushames et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:129 Page 14 of 16

http://www.aihw.gov.au/publication-detail/?id=10737418878
http://www.aihw.gov.au/publication-detail/?id=10737418878
http://dx.doi.org/10.2105/AJPH.2014.301994
http://dx.doi.org/10.1016/j.cjca.2015.05.024
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
http://www.aihw.gov.au/publication-detail/?id=60129548470
http://www.aihw.gov.au/publication-detail/?id=60129548470
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-book-2015-3rd-edition
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-book-2015-3rd-edition
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/NZLifeTables_HOTP12-14.aspx
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/NZLifeTables_HOTP12-14.aspx
http://dx.doi.org/10.1016/S0140-6736(09)60914-4
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-book-2010-2nd-edition
http://www.health.govt.nz/publication/tatau-kahukura-maori-health-chart-book-2010-2nd-edition
http://www.aihw.gov.au/publication-detail/?id=60129547205
http://www.aihw.gov.au/publication-detail/?id=60129547205
http://dx.doi.org/10.1016/j.diabres.2007.03.022
http://www.pc.gov.au/research/ongoing/overcoming-indigenous-disadvantage/key-indicators-2014
http://www.pc.gov.au/research/ongoing/overcoming-indigenous-disadvantage/key-indicators-2014
http://www.pc.gov.au/research/ongoing/overcoming-indigenous-disadvantage/key-indicators-2014
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001
http://www.health.govt.nz/publication/annual-update-key-results-2013-14-new-zealand-health-survey
http://www.health.govt.nz/publication/annual-update-key-results-2013-14-new-zealand-health-survey
http://dx.doi.org/10.1111/j.1742-1241.2010.02581.x
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apaadult
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apaadult
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001


25. Colagiuri S, Vita P, Cardona-Morrell M, Singh MF, Farrell L, Milat A, et al.
The Sydney Diabetes Prevention Program: a community-based translational
study. BMC Public Health. 2010;10:328.

26. National Health and Medical Research Council: NHMRC Road Map II: a
strategic framework for improving the health of Aboriginal and Torres Strait
Islander people through research. https://www.nhmrc.gov.au/guidelines-
publications/r47. Accessed 27 July 2015.

27. Pressick EL, Gray MA, Cole RL, Burkett BJ. A systematic review on research
into the effectiveness of group-based sport and exercise programs
designed for Indigenous adults. J Sci Med Sport. 2015;19(9):726-32.

28. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151(4):264–9.

29. Teufel-Shone NI, Fitzgerald C, Teufel-Shone L, Gamber M. Systematic review
of physical activity interventions implemented with American Indian and
Alaska Native populations in the United States and Canada. Am J Health
Promot. 2009;23(6):S8–S32. doi:10.4278/ajhp.07053151.

30. McNamara BJ, Sanson-Fisher R, D’Este C, Eades S. Type 2 diabetes in
Indigenous populations: quality of intervention research over 20 years. Prev
Med. 2011;52(1):3–9. doi:10.1016/j.ypmed.2010.11.002.

31. Clifford A, Pulver LJ, Richmond R, Shakeshaft A, Ivers R. Smoking, nutrition,
alcohol and physical activity interventions targeting Indigenous Australians:
rigorous evaluations and new directions needed. Aust NZ J Public Health.
2011;35(1):38–46. doi:10.1111/j.1753-6405.2010.00631.x.

32. Booth A, Clarke M, Dooley G, Ghersi D, Moher D, Petticrew M, et al. The
nuts and bolts of PROSPERO: an international prospective register of
systematic reviews. Systematic Reviews. 2012;1:2.

33. Kirch PV. On the Road of the Winds: An Archaeological History of the Pacific
Islands before European contact. California: University of California Press; 2000.

34. Centres for Disease Control and Prevention. Physical activity and health. A
report of the surgeon general. Atlanta: Centres for Disease Control and
Prevention; 1996.

35. Rowley KG, Daniel M, Skinner K, Skinner M, White GA, O’Dea K.
Effectiveness of a community-directed ’healthy lifestyle’ program in a
remote Australian aboriginal community. Aust NZ J Public Health.
2000;24(2):136–44. doi:10.1111/j.1467-842X.2000.tb00133.x.

36. McAuley KA, Murphy E, McLay RT, Chisholm A, Story G, Mann JI, et al.
Implementation of a successful lifestyle intervention programme for New
Zealand Māori to reduce the risk of type 2 diabetes and cardiovascular
disease. Asia Pac J Clin Nutr. 2003;12(4):423–6.

37. Zaza S, Wright-De Agüero LK, Briss PA, Truman BI, Hopkins DP, Hennessy MH,
et al. Data collection instrument and procedure for systematic reviews in the
Guide to Community Preventive Services. Am J Prev Med. 2000;18(1):44–74.

38. Effective Public Health Practice Project (EPHPP): Quality assessment tool for
quantitative studies. 2009. http://www.ephpp.ca/tools.html. Accessed 1 Mar 2015.

39. O’Dea K. Marked improvement in carbohydrate and lipid metabolism in
diabetic Australian Aborigines after temporary reversion to traditional
lifestyle. Diabetes. 1984;33(6):596–603. doi:10.2337/diab.33.6.596.

40. Davey M, Moore W, Walters J. Tasmanian Aborigines step up to health:
evaluation of a cardiopulmonary rehabilitation and secondary prevention
program. BMC Health Serv Res. 2014;14(1):349. doi:10.1186/1472-6963-14-349.

41. Mendham AE, Duffield R, Marino F, Coutts AJ. A 12-week sports-based
exercise programme for inactive Indigenous Australian men improved
clinical risk factors associated with type 2 diabetes mellitus. J Sci Med
Sport. 2014;18(4). doi:10.1016/j.jsams.2014.06.013.

42. Egger G, Fisher G, Piers S, Bedford K, Morseau G, Sabasio S, et al. Abdominal
obesity reduction in indigenous men. Int J Obes Relat Metab Disord. 1999;
23(6):564–9. doi:10.1038/sj.ijo.0800869.

43. Chan LCK, Ware R, Kesting J, Marczak M, Good D, Shaw JTE. Short term
efficacy of a lifestyle intervention programme on cardiovascular health
outcome in overweight Indigenous Australians with and without type 2
diabetes mellitus: The healthy lifestyle programme (HELP). Diabetes Res
Clin Pract. 2007;75(1):65–71. doi:10.1016/j.diabres.2006.04.012.

44. NSW Ministry of Health: Evaluation of the NSW knockout weight loss
challenge pilot project. http://www.healthinfonet.ecu.edu.au/uploads/
resources/24760_nsw-knockout-weight-loss-challenge—pilot-evaluation—
exec-summary.pdf . Accessed 1 Mar 2015.

45. Johnson M, Wood A: Green Prescription Patient Survey 2014 Report. http://
www.health.govt.nz/our-work/preventative-health-wellness/physical-activity/
green-prescriptions/green-prescription-research/green-prescription-patient-
survey. Accessed 1 Mar 2015.

46. Miles B, Vassilakoglou E, Clayton A, Clayton K: Ngawa Kurumutamuwi ‘we
are strong’. http://www.ruralhealth.org.au/13nrhc/images/paper_
Miles,%20Bethany_Vassilakoglou,%20Elleni.pdf. Accessed 1 Mar 2015.

47. Egger G, Dobson A. Clinical measures of obesity and weight loss in men.
Int J Obes Relat Metab Disord. 2000;24(3):354–7. doi:10.1038/sj.ijo.0801136.

48. Biddle MG, Vincent G, McCambridge A, Britton G, Dewes O, Elley CR, et
al. Randomised controlled trial of informal team sports for
cardiorespiratory fitness and health benefit in Pacific adults. J Prim
Health Care. 2011;3(4):269–77.

49. Canuto K, Cargo M, Li M, D’Onise K, Esterman A, McDermott R.
Pragmatic randomised trial of a 12-week exercise and nutrition
program for Aboriginal and Torres Strait Islander women: clinical
results immediate post and 3 months follow-up. BMC Public Health.
2012;12:933. doi:10.1186/1471-2458-12-933.

50. Coppell KJ, Tipene-Leach DC, Pahau HL, Williams SM, Abel S, IIes M, et al.
Two-year results from a community-wide diabetes prevention intervention
in a high risk indigenous community: the Ngati and Healthy project.
Diabetes Res Clin Pract. 2009;85(2):220–7. doi:10.1016/j.diabres.2009.05.009.

51. Dimer L, Dowling T, Jones J, Cheetham C, Thomas T, Smith J, et al.
Build it and they will come: Outcomes from a successful cardiac
rehabilitation program at an Aboriginal Medical Service. Aust Health
Rev. 2013;37(1):79–82. doi:10.1071/AH11122.

52. Gracey M, Bridge E, Martin D, Jones T, Spargo RM, Shepard M, et al. An
Aboriginal-driven program to prevent, control and manage nutrition-
related “lifestyle” diseases including diabetes. Asia Pac J Clin Nutr. 2006;
15(2):178–88.

53. Sukala WR, Page R, Lonsdale C, Lys I, Rowlands D, Krebs J, et al. Exercise
improves quality of life in Indigenous Polynesian peoples with type 2
diabetes and visceral obesity. J Phys Act Health. 2013;10(5):699–707.

54. Murphy E, McAuley KA, Bell D, McLay RT, Chisholm A, Hurley R, et al. A new
approach to design and implement a lifestyle intervention programme to
prevent type 2 diabetes in New Zealand Māori. Asia Pac J Clin Nutr. 2003;12(4):
419–22.

55. Canuto KJ, McDermott RA, Cargo M, Esterman AJ. Study protocol: a pragmatic
randomised controlled trial of a 12-week physical activity and nutritional
education program for overweight Aboriginal and Torres Strait Islander women.
BMC Public Health. 2011;11(1):1–10. doi:10.1186/1471-2458-11-655.

56. Bazzarre TL. Adapting physical activity interventions to prevent obesity in
culturally diverse populations. Am J Health Promot. 2009;23(6):S1–3. doi:10.
4278/ajhp.23.6.S1.

57. Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE,
Fulton J, et al. The effect of social desirability and social approval on
self-reports of physical activity. Am J Epidemiol. 2005;161(4):389–98.
doi:10.1093/aje/kwi054.

58. McArdle WDK, Frank I. Katch, Victor L. Exercise physiology: Nutrition, energy,
and human performance. 7th ed. Philadelphia: Lippincott, Williams &
Wilkins; 2010.

59. Sushames AJ, Edwards AM, Mein JK, Sinclair KM, Maguire GP. Utility of field-based
techniques to assess Indigenous Australians’ functional fitness and sedentary
time. Public Health. 2015;29(12):1656–61. doi:10.1016/j.puhe.2015.07.024.

60. Webb P, Bain C. Essential epidemiology: an introduction for students and
health professionals. New York: Cambridge University Press; 2011.

61. Canuto KJ, Spagnoletti B, McDermott RA, Cargo M. Factors influencing
attendance in a structured physical activity program for Aboriginal and Torres
Strait Islander women in an urban setting: a mixed methods process
evaluation. Int J Equity Health. 2013;12(1):1–11. doi:10.1186/1475-9276-12-11.61.

62. Humphreys J, Wakerman J. Primary health care in rural and remote
Australia: achieving equity of access and outcomes through national reform:
a discussion paper. Canberra: National Health and Hospitals Reform
Commission; 2008.

63. Janca A, Bullen C. The Aboriginal concept of time and its mental health
implications. Australas Psychiatry. 2003;11(sup1):S40-S4. doi:10.1046/j.1038-
5282.2003.02009.x.

64. Sorensen G, Emmons K, Hunt MK, Johnston D. Implications of the
results of community intervention trials. Annu Rev Public Health. 1998;
19:379–416. doi:10.1146/annurev.publhealth.19.1.379.

65. Australian Institute of Health and Welfare: Type 2 diabetes in Australia’s
children and young people: a working paper. http://www.aihw.gov.au/
publication-detail/?id=60129546361. Accessed 6 Apr 2016.

66. Australian Bureau of Statistics: Australian Health Survey: Biomedical
Results for Chronic Disease 2011–12. http://www.abs.gov.au/

Sushames et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:129 Page 15 of 16

https://www.nhmrc.gov.au/guidelines-publications/r47
https://www.nhmrc.gov.au/guidelines-publications/r47
http://dx.doi.org/10.4278/ajhp.07053151
http://dx.doi.org/10.1016/j.ypmed.2010.11.002
http://dx.doi.org/10.1111/j.1753-6405.2010.00631.x
http://dx.doi.org/10.1111/j.1467-842X.2000.tb00133.x
http://www.ephpp.ca/tools.html
http://dx.doi.org/10.2337/diab.33.6.596
http://dx.doi.org/10.1186/1472-6963-14-349
http://dx.doi.org/10.1016/j.jsams.2014.06.013
http://dx.doi.org/10.1038/sj.ijo.0800869
http://dx.doi.org/10.1016/j.diabres.2006.04.012
http://www.healthinfonet.ecu.edu.au/uploads/resources/24760_nsw-knockout-weight-loss-challenge-%2D-pilot-evaluation-%2D-exec-summary.pdf
http://www.healthinfonet.ecu.edu.au/uploads/resources/24760_nsw-knockout-weight-loss-challenge-%2D-pilot-evaluation-%2D-exec-summary.pdf
http://www.healthinfonet.ecu.edu.au/uploads/resources/24760_nsw-knockout-weight-loss-challenge-%2D-pilot-evaluation-%2D-exec-summary.pdf
http://www.health.govt.nz/our-work/preventative-health-wellness/physical-activity/green-prescriptions/green-prescription-research/green-prescription-patient-survey
http://www.health.govt.nz/our-work/preventative-health-wellness/physical-activity/green-prescriptions/green-prescription-research/green-prescription-patient-survey
http://www.health.govt.nz/our-work/preventative-health-wellness/physical-activity/green-prescriptions/green-prescription-research/green-prescription-patient-survey
http://www.health.govt.nz/our-work/preventative-health-wellness/physical-activity/green-prescriptions/green-prescription-research/green-prescription-patient-survey
http://www.ruralhealth.org.au/13nrhc/images/paper_Miles,%20Bethany_Vassilakoglou,%20Elleni.pdf
http://www.ruralhealth.org.au/13nrhc/images/paper_Miles,%20Bethany_Vassilakoglou,%20Elleni.pdf
http://dx.doi.org/10.1038/sj.ijo.0801136
http://dx.doi.org/10.1186/1471-2458-12-933
http://dx.doi.org/10.1016/j.diabres.2009.05.009
http://dx.doi.org/10.1071/AH11122
http://dx.doi.org/10.1186/1471-2458-11-655
http://dx.doi.org/10.4278/ajhp.23.6.S1
http://dx.doi.org/10.4278/ajhp.23.6.S1
http://dx.doi.org/10.1093/aje/kwi054
http://dx.doi.org/10.1016/j.puhe.2015.07.024
http://dx.doi.org/10.1186/1475-9276-12-11.61
http://dx.doi.org/10.1046/j.1038-5282.2003.02009.x
http://dx.doi.org/10.1046/j.1038-5282.2003.02009.x
http://dx.doi.org/10.1146/annurev.publhealth.19.1.379
http://www.aihw.gov.au/publication-detail/?id=60129546361
http://www.aihw.gov.au/publication-detail/?id=60129546361
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4364.0.55.005main+features12011-12


AUSSTATS/abs@.nsf/Lookup/4364.0.55.005main+features12011-12.
Accessed 6 Apr 2016.

67. Ministry of Health: 2014 Virtual Diabetes Register results. http://www.health.
govt.nz/our-work/diseases-and-conditions/diabetes/about-diabetes/virtual-
diabetes-register-vdr. Accessed 21 Mar 2015.

68. Remuzzi G, Schieppati A, Ruggenenti P. Clinical practice. Nephropathy in
patients with type 2 diabetes. New Engl J Med. 2002;346(15):1145–51. doi:
10.1056/NEJMcp011773.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sushames et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:129 Page 16 of 16

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4364.0.55.005main+features12011-12
http://www.health.govt.nz/our-work/diseases-and-conditions/diabetes/about-diabetes/virtual-diabetes-register-vdr
http://www.health.govt.nz/our-work/diseases-and-conditions/diabetes/about-diabetes/virtual-diabetes-register-vdr
http://www.health.govt.nz/our-work/diseases-and-conditions/diabetes/about-diabetes/virtual-diabetes-register-vdr
http://dx.doi.org/10.1056/NEJMcp011773

	Abstract
	Background
	Objective
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	Methods
	Literature Search
	Study Inclusion and Exclusion Criteria
	Data Extraction and Analysis
	Appraisal of Study Quality
	Data Synthesis

	Results
	Appraisal of Study Quality
	Population
	Recruitment and Retention of Participants
	Study Designs and Interventions
	Effects on Physical Activity Levels
	Effects on Health Outcomes
	Long Term Effects on Physical Activity Levels and Health Outcomes

	Discussion
	Gaps and Limitations in the Current Literature and Directions for Future Research
	Recommendations for Practice and Research

	Conclusions
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

