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General Abstract
Background
Despite a range of efforts to increase physical activity participation in Australia, inactivity
levels in older adults remain high and unchanged over the last two decades, contributing to
increased rates of chronic health conditions. Lifestyle interventions have shown to be
effective at improving physical activity participation and associated health outcomes over the
short-term, however ongoing feedback and support is often required to maintain these
changes. Investigating how newer technologies such as wearable activity trackers may assist
in providing ongoing support to maintain physical activity levels and health outcomes
warrants further investigation.
Methods
Systematic Review and Meta-analysis: Included studies used a consumer-based wearable
activity tracker to improve physical activity participation. Outcome measures included
physical activity participation, sedentary behaviour and health risk factors. A random-effects
meta-analysis was completed on the included outcome measures to estimate the treatment
effect of interventions that included an activity tracker compared with a control group.
Randomised Controlled Trial: Participants were randomised at the end of the
Strength2Strength Exercise Treatment Program (S2S) to receive either a wearable activity
tracker (AT), telephone counselling (TC) or usual care (UC) for 12-months. All groups received
standard care, including an individualised home-based exercise program and optional referral
to a community-based program.
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The primary outcome measure was daily steps as measured by an ActivPAL™ accelerometer.
Secondary outcome measures included body composition, blood pressure, measure of
physical function and health-related quality of life. All outcome measures were obtained at
the beginning and end of the S2S program and at 3, 6 and 12-months of the intervention.
Randomised participants were included to determine costs associated with each intervention.
Base-case analysis of intervention costs were calculated from a healthcare payer perspective.
All participants were retrospectively invited to take part in a health services usage analysis.
Participants from the AT group were invited to take part in focus groups to explore their
experiences of using the Jawbone UP24™ activity tracker and the associated health
professional feedback. Acceptability data relating to activity tracker wear time was examined.
Focus group transcripts were coded and thematically analysed using a qualitative descriptive
approach.
Results
Systematic Review and Meta-analysis: A significant increase in daily step count (Standardised
mean difference [SMD] 0.24; 95% CI 0.16 to 0.33; p ≤ 0.00), moderate and vigorous physical
activity (SMD 0.27; 95% CI 0.15 to 0.39; p ≤ 0.00) and energy expenditure (SMD 0.28; 95% CI
0.03 to 0.54; p = 0.03) and a non-significant decrease in sedentary behaviour (SMD -0.20; 95%
CI -0.43 to 0.03; p=0.08) was observed following the intervention versus control comparator
across all studies in the meta-analyses.
Randomised Controlled Trial: Both the wearable activity tracker and telephone counselling
groups maintained daily step counts throughout the 12-month intervention, while those
receiving usual care showed a significant reduction in both daily steps and lean mass at 12-
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months (MD; - 981 steps, 95% CI; -1668 steps to -294 steps, p ≤ 0.01 and MD; -1.13kg, 95% CI;
-2.26kg to -0.01kg, p = 0.005 respectively). A significant increase in body fat between baseline
and 12-months was observed in the AT and TC groups (MD; 1.56%, 95% CI; 0.43% to 2.70%, p
= 0.01 and MD; 1.27%, 95% CI 0.14% to 2.41%, p = 0.03 respectively) while a significant
reduction in lean mass was observed in the UC group between baseline and 12-months (MD;
-1.13 kg, 95% CI; -2.26 kg to -0.01 kg, p = 0.05). Diastolic blood pressure significantly decreased
between baseline and 12-months in the UC group (MD; -4.10mmHg, 95%CI; -7.02mmHg to 1.18mmHg, p = 0.02), and differed significantly from the AT group at 12-months (MD;
5.62mmHg, 95%CI; 1.30mmHg to 9.94mmHg, p = 0.01). Participants in the UC group
significantly improved their time taken to perform a ten time sit to stand test between
baseline and 12-months (MD; -1.10 sec, 95% CI; -2.80 sec to 0.70 sec, p = 0.02) and differed
significantly from the TC group at 12-months (MD; 2.36 sec, 95% CI; -0.14 sec to 4.87 sec, p =
0.02). No other changes in health outcomes were observed.
The cost of delivering a 12-month activity tracker-based intervention was between $145 and
$234 per participant depending on if the cost of the activity tracker itself was included.
Delivering a 12-month telephone counselling intervention cost was $195 per participant. No
differences in health services usage or health state utilites were observed between groups or
in the 12-months following S2S compared to the 12-months preceding S2S.
The activity tracker was well accepted with the device worn on an average 86% of possible
days and participants reported an overall positive experience. Four themes were identified:
(1) increased sense of awareness of activity levels is related to motivation; (2) the level of
engagement with the activity tracker influences the user experience; (3) the role of feedback
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from a health professional in providing ongoing support; (4) the role of habits in supporting
long-term behaviour change.
Conclusions
The major conclusions of this thesis are:
1. Wearable activity trackers are effective in a range of adult populations, particularly when
combined with established behavioural change interventions.
2. Both telephone counselling and activity trackers were effective at maintaining daily step
count and lean mass over a 12-month intervention period, while usual care resulted in a
significant decline in daily step count and lean mass. There were no significant differences
between groups at 12-months for daily steps and lean mass.
3. The costs associated with delivering a wearable activity tracker-based intervention are
comparable to the costs of delivering a telephone counselling intervention. Health service
usage and health state utilites did not differ between groups.
4. The Jawbone UP24™ activity tracker combined with health professional feedback was well
accepted by older adults. Themes identified suggested that older adults who were more
engaged with the activity tracker had a better overall experience. Support from a health
professional was highlighted as an important factor in helping participants continue to
engage with the activity tracker.
The significance of this research is that it has demonstrated that activity trackers are an
effective and well accepted method of providing ongoing support and feedback to maintain
physical activity levels in older adults. Additionally, an activity tracker intervention with health
professional support has similar delivery costs to established methods of providing ongoing
support. The findings of this thesis can assist health professionals to determine an appropriate
4

method of proving ongoing support in a clinical setting and have confidence in recommending
activity tracker use in an older adult population.
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DRG
A06B
B69B
B70B
B81A
B81B
C03Z
C15Z
C16Z
E42B
E62B
E63Z
E67B
F04A
F07A

Description
Ventilation >=96hrs and OR Proc (W/O Tracheostomy or W/O Catastrophic CC)
TIA and Precerebral Occlusion W/O Catastrophic or Severe CC
Stroke & Other Cerebrovascular Disorders W Severe CC
Other Disorders of the Nervous System W Catastrophic or Severe CC
Other Disorders of the Nervous System W/O Catastrophic or Severe CC
Retinal Procedures
Glaucoma and Complex Cataract Procedures
Lens Procedures
Bronchoscopy W/O Catastrophic CC
Respiratory Infections/Inflammations W Severe or Moderate CC
Sleep Apnoea
Respiratory Signs and Symptoms, <2 Days
Cardiac Valve Procs W CPB Pump W/O Invasive Cardiac Inventions W Cat CC
Other Cardiothoracic/Vascular Procedures W CPB Pump W Catastrophic CC
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F10B
F11A
F14C
F15B
F41A
F42C
F62B
F65A
F65B
F72A
F73A
F73B
F76A
F76C
G02B
G10A
G46C
G47B
G47C
G48C
G65B
G67A
G67B
G70B
I03B
I04A
I05B
I20Z
I23Z
I68A
I68B
I69B
I74B
I75A
I77B
J10Z
J63A
J64A
J65A
J65B
L04B

Interventional Coronary Procedures Admitted for AMI W/O Catastrophic CC
Amputation, Except Upper Limb and Toe, for Circulatory Disorders W Catastrophic
CC
Vascular Procs, Except Major Reconstruction, W/O CPB Pump W/O CC
Interventional Coronary Procs, Not Adm for AMI W Stent Implant W/O
Catastrophic/Severe CC
Circulatory Disorders, Adm for AMI W Invasive Cardiac Inventions W Catastrophic
or Severe CC
Circulatory Disorders, Not Adm for AMI W Invasive Cardiac Inventions, Sameday
Heart Failure and Shock W/O Catastrophic CC
Peripheral Vascular Disorders W Catastrophic or Severe CC
Peripheral Vascular Disorders W/O Catastrophic or Severe CC
Unstable Angina W Catastrophic or Severe CC
Syncope and Collapse W Catastrophic or Severe CC
Syncope and Collapse W/O Catastrophic or Severe CC
Arrhythmia, Cardiac Arrest and Conduction Disorders W Catastrophic or Severe CC
Arrhythmia, Cardiac Arrest and Conduction Disorders, Sameday
Major Small and Large Bowel Procedures W/O Catastrophic CC
Hernia Procedures W CC
Complex Endoscopy, Sameday
Gastroscopy W/O Catastrophic CC
Gastroscopy, Sameday
Colonoscopy, Sameday
Gastrointestinal Obstruction W/O Catastrophic or Severe CC
Oesophagitis and Gastroenteritis W Catastrophic or Severe CC
Oesophagitis and Gastroenteritis W/O Catastrophic or Severe CC
Other Digestive System Disorders W/O Catastrophic or Severe CC
Hip Replacement W/O Catastrophic CC
Knee Replacement W Catastrophic or Severe CC
Other Joint Replacement W/O Catastrophic or Severe CC
Other Foot Procedures
Local Excision and Removal of Internal Fixation Devices, Except Hip and Femur
Non-surgical Spinal Disorders W CC
Non-surgical Spinal Disorders W/O CC
Bone Diseases and Arthropathies W/O Catastrophic or Severe CC
Injuries to Forearm, Wrist, Hand and Foot W/O CC
Injuries to Shoulder, Arm, Elbow, Knee, Leg and Ankle W CC
Fractures of Pelvis W/O Catastrophic or Severe CC
Plastic OR Procedures for Skin, Subcutaneous Tissue and Breast Disorders
Non-Malignant Breast Disorders
Cellulitis W Catastrophic or Severe CC
Trauma to Skin, Subcutaneous Tissue and Breast W Catastrophic or Severe CC
Trauma to Skin, Subcutaneous Tissue and Breast W/O Catastrophic or Severe CC
Kidney, Ureter and Major Bladder Procedures for Non-Neoplasm W/O
Catastrophic CC
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L07A
L41Z
L60A
L63A
L63B
L67A
L67B
M01A
M60B
N09Z
N62Z
T40Z
T60A
T64A
X06A
X60B
X64B
Z01A
Z40Z
Z60Z
Z61A
Z63B
Z64B
960Z

Other Transurethral Procedures W CC
Cystourethroscopy for Urinary Disorder, Sameday
Kidney Failure W Catastrophic CC
Kidney and Urinary Tract Infections W Catastrophic or Severe CC
Kidney and Urinary Tract Infections W/O Catastrophic or Severe CC
Other Kidney and Urinary Tract Disorders W Catastrophic or Severe CC
Other Kidney and Urinary Tract Disorders W/O Catastrophic or Severe CC
Major Male Pelvic Procedures W Catastrophic or Severe CC
Male Reproductive System Malignancy W/O Catastrophic or Severe CC
Other Vagina, Cervix and Vulva Procedures
Menstrual and Other Female Reproductive System Disorders
Infectious and Parasitic Diseases W Ventilator Support
Septicaemia W Catastrophic CC
Other Infectious and Parasitic Diseases W Catastrophic CC
Other Procedures for Other Injuries W Catastrophic or Severe CC
Other Procedures for Other Injuries W/O Catastrophic or Severe CC
Other Injuries, Poisonings and Toxic Effects W/O Catastrophic or Severe CC
Other Contacts W Health Services W OR Procedures
Other Contacts W Health Services W Endoscopy, Sameday
Rehabilitation
Signs and Symptoms
Other Follow Up After Surgery or Medical Care W/O Catastrophic CC
Other Factors Influencing Health Status, Sameday
Ungroupable

CC = specific complication and/or co-morbidity code, W= with, W/O = without
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Common Abbreviations
6MWT – Six-Minute Walk Test
AAS – Active Australia Survey
AEP – Accredited Exercise Physiologist
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TC – Telephone Counselling Intervention
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TTSTS – Ten Times Sit to Stand
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Chapter 1: Thesis Introduction and Overview
This thesis investigates the following aims:
1. The effect of ongoing feedback on physical activity and health risk factors following an
exercise intervention in older adults.
2. The costs associated with delivering a telephone counselling or wearable activity trackerbased intervention and the effects on health service usage and health state utilities.
3. The experiences of older adults receiving a wearable activity tracker-based intervention
combined with health professional feedback.

The following introduction provides background information relating to the health and
economic concerns associated with an ageing and largely inactive population, a summary of
current strategies that aim to engage older adults in regular physical activity and the potential
of wearable activity trackers.
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1.1 Background
1.1.1 Ageing
Biological ageing is the result of molecular and cellular damage that accumulates over the life
span, [1]. This combined with other factors such as genetics and lifestyle behaviours can
contribute to a decline in functional and cognitive capacity with advancing age [2]. As a result,
older adults (commonly defined as those over the age of 65 years [3]) have higher rates of
chronic conditions such as heart disease, pulmonary conditions, diabetes and osteoarthritis,
and are more likely to have multiple conditions at the same time [2]. In addition to chronic
health conditions, older adults often experience geriatric syndromes which are generally
considered to be an accumulation of impairments, rather than a specific health condition [4].
Common geriatric syndromes include frailty, falls, polypharmacy and delirium [4]. Individuals
with these syndromes have higher health care usage, more hospitalisations and an increased
risk of overall mortality [5, 6]. Despite ageing generally being associated with declining health,
the effects of increasing age are not consistent due to the range of genetic, environmental
and social factors that can influence health [2]. While some factors are beyond an individual’s
control, maintaining healthy lifestyle behaviours such as eating a healthy diet and engaging
in regular physical activity can reduce the negative impacts associated with ageing [7, 8]. By
supporting older adults to maintain these types of behaviours, the functional capacity and
wellbeing of older adults can be improved. This thesis therefore focuses on an older adult
population.
1.1.2 Benefits of physical activity and the physical activity guidelines
Regular participation in physical activity has been shown to prevent, treat and manage a range
of chronic health and mental health conditions [9-11]. Additionally, physical activity has been
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shown to play an important role in managing the ageing process through reduced risk of falls,
improved functional capacity, independence and reduced risk of all-cause mortality [12, 13].
Based on the strength of evidence highlighting the varied benefits of physical activity
participation, global recommendations have been developed by the World Health
Organisation [14]. In line with global recommendations, Australian guidelines recommend
that all adults, including those over the age of 65, should do 150 to 300 minutes of moderate
intensity aerobic activity or 75 to 150 minutes of vigorous intensity aerobic activity or an
equivalent combination of moderate and vigorous intensity activities each week [15]. In
addition to aerobic activity, it is recommended that muscle strengthening activities should be
performed on two or more days a week. Balance activities are also recommended for older
adults [15]. While all adults are encouraged to meet these recommendations, it is recognised
that some activity is better than none. Evidence suggests that by moving from being sedentary
to engaging in low to moderate intensity activity, the risk of mortality is reduced by 10-60%
[16]. Furthermore, increased levels of physical activity can reduce the risk of developing
chronic conditions such as hypertension, diabetes, stroke, cancer and depression [17] and
reduces the overall burden of disease [18]. Older adults who commence physical activity later
in life can also obtain significant physical and cognitive health benefits, showing that it is never
too late to start participating in regular physical activity [19]. Furthermore, maintaining
physical activity into ageing can assist in healthy ageing [19, 20]. Consequently, this thesis
aims to investigate ways in which older adults can be supported to maintain their activity
levels into ageing.
1.1.3 The costs of physical inactivity and ageing
Physical inactivity is a major contributor to ill health and is comparable to risk factors such as
smoking and obesity, accounting for 9% of premature mortality worldwide [21]. The global
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costs of physical inactivity on health care systems is estimated to be 53.8 billion international
dollars per annum (equivalent to $78 billion AUD) [22]. In Australia, physical inactivity
contributes between 10-20% of the individual burden of disease for chronic conditions such
as coronary heart disease, type 2 diabetes, dementia and breast and colon cancers [23].
Australian adults are largely inactive, with only 55% of adults aged between 18 and 64
meeting the aerobic component of the physical activity guidelines and as few as 17% of
Australian adults meeting both the aerobic and strength components of the guidelines [24].
Physical activity participation rates decline with age, with only 28% of adults over the age of
65 completing at least 30 minutes of physical activity on five or more days of the week [24].
The combined effects of ageing and inactivity contributes to reduced functional capacity and
independence in older adults, leading to higher incidence of illness and disability [25]. Chronic
disease rates are higher in older adults compared to the general population, with 87% of
adults over the age of 65 reporting at least one diagnosed chronic condition and 60%
reporting two or more diagnosed conditions compared to 23% of the general population [26].
Cardiovascular disease, cancer, neurological, musculoskeletal and respiratory conditions are
the most prominent chronic conditions and are the leading causes of burden of disease in
older Australian adults [27]. These chronic conditions can lead to functional limitations,
resulting in assistance being required for daily activities such as self-care or mobility [27]. As
such, over 50% of older adults report living with some form of disability [27], with many
requiring in-home assistance or residential care. As of June 2018, over 91,000 older adults
were recipients of home care packages and over 234,000 older adults were in permanent care
within a residential aged care facility [28]. The current government expenditure on aged care
services in Australia is $18.4 billion annually [28]. While adults over the age of 65 account for
15% of the Australian population, older adults account for 22% of all emergency department
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presentations [29] and over 40% of both same-day and overnight hospital admissions [30].
Older adults also account for 56% of chronic condition related hospitalisations [26]. Adults
over the age of 65 made twice as many Medicare claims and four times as many specialist
claims compared to those under the age of 65 [30]. The proportion of older adults in Australia
is set to exceed 20% of the total population by 2066 [31], placing increasing demand on the
health and aged care sectors [32, 33]. As physical activity can reduce the incidence of chronic
conditions in older adults and can improve ongoing management for those with chronic
conditions [12, 13], this thesis aims to investigate different methods for proving ongoing
support to help older adults maintain activity levels over the long term.
1.1.4 Chronic disease self-management & behaviour change
Optimal management of chronic health conditions is complex and requires the
multidisciplinary coordination of health professionals and services [34]. An individual with a
diagnosed chronic condition will often have regular contact with their general practitioner
(GP) and practice nurse and may have additional support provided by a range of allied health
professionals and mental health professionals, all ideally working to ensure evidence-based
care is provided. Even with all the appropriate supports and services in place, it is still up to
the individual to engage with their health care team to ensure positive outcomes are achieved.
Chronic Disease Self-Management (CDSM) is a broad concept that at its core, aims to
encourage individuals to be responsible for the day to day management of their own health
[35]. This can include ensuring adherence to prescribed medications, an appropriate diet and
engaging in sufficient physical activity [35]. Programs that incorporate self-management
strategies have shown to improve blood pressure in patients with hypertension, blood
glucose control in patients with diabetes [36] and adherence to physical activity participation
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in individuals with chronic musculoskeletal conditions [37]. While the components of these
programs vary, behavioural change techniques (BCTs) such as self-monitoring, motivational
interviewing, the provision of feedback and goal setting are often incorporated to facilitate
behaviour change [38].
Healthcare systems across the globe are struggling to provide affordable and timely health
care, particularly in relation to chronic care management [39]. In Australia, GPs are a gateway
to other health services and as such play an important role in the coordination of chronic
disease management. There are however limitations to this model, including timely GP
appointments, poor coordination of complex care needs and the costs associated with
appointments [40]. Through Australia’s publicly funded healthcare system, Medicare, GPs can
refer an individual with a diagnosed chronic disease for up to five visits with a range of allied
health professionals such as Accredited Exercise Physiologists, Physiotherapists, Diabetes
Educators and Podiatrists. While the subsidisation of these services allows improved access
to allied health professional services [41], it has been suggested that five visits per calendar
year is not sufficient to support positive, long term behaviour change in individuals with
chronic health conditions, particularly those with multiple co-morbidities [42]. It has also been
suggested that there is a lack of coordination between care providers and that improvements
in patient outcomes are not always observed [43]. As such, strategies that provide individuals
with the skills to empower and support self-management of chronic health conditions are
needed to minimise the effects of increasing rates of chronic disease on healthcare systems.
1.1.5 Lifestyle interventions
Lifestyle interventions that aim to influence health behaviours typically include behaviour
modification, individual or group counselling and health coaching sessions and may also
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include an exercise and/or dietary components. Structured lifestyle interventions are
effective at increasing physical activity participation, with improvements in health risk factors
also observed [44-46]. While these types of interventions are effective over the short-term,
evidence to support long term effectiveness is mixed with several reviews suggesting that
improvements in physical activity participation are not maintained beyond six [47] to 12months [48, 49]. As physical activity levels need to be maintained for associated health
benefits to persist [50] it is important to understand which components of a lifestyle
intervention can support and improve long-term adherence to regular physical activity
participation.
Behaviour can be complex and challenging process. There are a range of theories and
frameworks that aim to support behaviour change including, social cognitive theory,
transtheoretical model of behaviour change, theory of planned behaviour and the health
belief model [51-54]. These theories aim to explain, predict and determine human behaviour
and consequently behaviour change. The various components of these theories can be
described as behaviour change techniques (BCTs) [55]. As the literature relating to these
theories is vast, this section of the thesis introduction aims to discuss BCTs in the context of
lifestyle interventions. The inclusion of BCTs as part of a lifestyle intervention can improve
self-management and adherence to behaviours such as improved physical activity
participation [56]. The inclusion of multiple BCTs can improve intervention effectiveness [57,
58]. Furthermore, specific BCTs, particularly constructs from Social Cognitive Theory including
goal setting, self-monitoring and the provision of feedback have demonstrated improved
long-term physical activity participation in older adults [59, 60]. These constructs all aim to
improve self-efficacy, which has been shown to increase physical activity participation in older
adults [61].
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Structured exercise is another important component of lifestyle interventions [48]. Both
centre and home-based exercise programs are effective at increasing physical activity
participation [62, 63], however home-based programs are reported to have better long-term
adherence in older adults [63]. This is potentially due to older adults finding it convenient to
exercise at home [64]. Additionally, accessing a centre-based program over the long-term
may be cost prohibitive [65]. Despite efforts to understand which intervention components
are the most effective at increasing and maintaining physical activity participation, there are
no clear findings regarding the optimal format or length of lifestyle interventions [57]. As such,
additional methods to assist individuals to maintain physical activity levels have been
investigated.
Providing follow-up support once the structured lifestyle intervention has finished has shown
to be effective at improving maintenance of physical activity [66, 67]. Healthcare professional
guidance can improve adherence to home exercise programs [68], while ongoing telephone
counselling can assist individuals to remain physically active [69, 70]. Additionally, providing
participants with an individualised exercise program can improve long-term physical activity
participation [71], particularly when combined with ongoing telephone support [72]. Booster
strategies in the form of repeat interventions, phone calls and the provision of information
via mail or internet are also effective with one review suggesting that by using booster
strategies such as these, improvements in physical activity participation were maintained for
24-months [70]. To date, telephone counselling appears to be the most effective method of
providing ongoing support following a lifestyle intervention and is currently considered the
gold standard [67].
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1.1.6 Telephone counselling
Telephone counselling is effective at promoting positive lifestyle changes for a range of
health-related behaviours, including physical activity [67, 73, 74]. Telephone counselling is
often utlised as a stand-alone intervention [75, 76] or as part of multi-faceted interventions
aiming to improve physical activity behaviours and associated health risk factors [77].
Additionally, telephone counselling is an effective method for providing ongoing support to
maintain physical activity participation [67, 69]. Telephone counselling allows health
professionals to provide individualised ongoing support and feedback based on self-reported
activity levels. However, feedback provided to participants may not be based on accurate
physical activity levels as self-reporting of physical activity levels has been shown to be
unreliable in older adults due to factors such as impaired recall and the bias associated with
providing socially desirable answers [78].
Telephone counselling has been demonstrated as a cost effective method for delivering
smoking cessation interventions [79], however data relating to the cost effectiveness of
telephone counselling as an intervention to improve physical activity participation is limited.
An Australian study reported that Exercise Physiology services delivered either by telephone
or face-to-face were both effective at improving physical activity participation and cheap to
deliver [80]. Another Australian study examined the costs associated with an intensive 12month telephone counselling intervention, a brief telephone counselling intervention
consisting of only three calls over the 12-month period and the provision of ‘real practice’ in
which no physical activity or dietary advice was provided [81]. This study reported that
compared to the brief intervention, the intensive intervention was not cost-effective,
however when compared to ‘real practice’, it was a cost-effective option [81]. No data relating
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to the cost effectiveness of utilising telephone counselling as a method of ongoing support is
currently available.
Despite the established effectiveness of telephone counselling for improving adherence to
physical activity, and the potential cost-effectiveness when compared to ‘real practice’, its
use in clinical practice is limited [82]. In Australia, telephone counselling is used in the
provision of mental health support services [83], chronic disease management [84] and
smoking cessation [85], however has not been extended to the delivery of ongoing physical
activity support. Barriers to the implementation of telephone counselling within standard
practice exists as it is not currently a billable item for general practitioners or allied health
professionals in Australia under Medicare. Additionally, there are significant time and
resource commitments required to deliver ongoing telephone counselling [86]. As such,
alternate methods for providing individualised, ongoing feedback to help individuals maintain
physical activity levels should be explored.
1.1.7 Consumer-based wearable activity trackers
Wearable activity trackers give users the ability to objectively self-monitor physical activity
levels and other health behaviours in real-time and offer several advantages over traditional
monitoring devices such as pedometers. In addition to the feedback provided by the device
itself, users have access to a range of companion smartphone apps that provide motivational
and tracking tools in the form of statistics and visual representations of tracker data which
can be tailored to the users age, gender and activity levels [87]. Consumer-based wearable
activity trackers are increasing in popularity, with 22% of Australian adults reporting wearable
activity tracker use [88]. While activity tracker use is higher in adults under the age of 35, an
increasing number of adults over the age of 65 report using an activity tracker [88]. Through
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the activity tracker itself and the companion apps, a range of BCTs are included, with
manufacturers including information relating to how user health data compares to other, selfmonitoring prompts and the provision of performance feedback and rewards. These types of
self-regulation and self-monitoring techniques have been shown to improve physical activity
participation [89, 90]. Wearable activity trackers also have the potential to provide health
care professionals with objectively monitored physical activity data, however, to date, there
are limited options that allows for the direct sharing of wearable activity tracker data with
healthcare professionals [91]. Consequently, the use of activity trackers may provide
substantial benefits over other methods of delivering tailored feedback such as telephone
counselling, particularly as connected technologies improve and become more widely
available.
Current literature suggests that wearable activity trackers are effective at improving physical
activity levels, blood glucose levels, blood pressure and BMI [92-95]. There are however some
limitations of the current literature. The definition of wearable activity tracker varies between
systematic reviews, meaning that some reviews include pedometers, smartphone apps or
research grade activity trackers in addition to those that are commercially available.
Furthermore, activity trackers that are used as a stand-alone intervention are not separated
from those that are included as part of a broader intervention, making the effects directly
attributable to the wearable activity tracker difficult to determine. There is also no current
literature that compares the use of a wearable activity tracker-based intervention with wellestablished methods such as telephone counselling. To date, the focus of current literature is
the improvement of physical activity participation, with the role that an activity tracker can
play in the maintenance of physical activity following a structured lifestyle intervention not
explored. In addition to these gaps in the literature, there are some limitations of the
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literature that is currently available. For example, common inclusion criteria in wearable
activity tracker-based studies stipulate that participants must have access to or be proficient
at using technology. This limits the ability to apply research findings to the broader population,
particularly older adults who may not regularly use technology. While the effects of wearable
activity trackers in older adult populations has been explored, there are limited numbers of
studies available and they often include only healthy older adults, older adults without
mobility restrictions or exclude participants with certain chronic health conditions. Again, this
limits the broader application of study findings. Finally, many activity tracker-based studies
are six months or less in duration, highlighting a need for more longer-term studies to
determine if the positive effects associated with wearable activity trackers are maintained.
Wearable activity trackers have been shown to be both well accepted and feasible in a range
of populations, including older adults [96-100]. However, most acceptability and feasibility
studies are based on short-term activity tracker use, with some studies including as little as
three days of wear [98]. As the main goal of utilising an activity tracker is to encourage longterm behaviour change, understanding if activity trackers remain acceptable over longer time
periods warrants further investigation. Again, studies are often limited to healthy older adults
and those who are regular technology users. As 50% of Australian adults have at least one
diagnosed chronic condition [26], this does not provide a true representation of communitydwelling older adults. Furthermore, despite 78% of older Australian adults owning a
smartphone [101], older adults often report feeling that their technical skills are insufficient
[102, 103].
An identified issue of wearable activity trackers is the rate of abandonment, with studies
suggesting that wearable activity tracker use is often ceased after six months [104]. As the
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potential of wearable activity trackers relating to long-term behaviour change relies on the
adoption of such technology, the level of engagement is an important consideration. Reasons
for abandonment can vary greatly, with changes in life circumstances or a mismatch between
expectations of a device compared to the device capabilities cited as common reasons [105].
Predictors of long-term wearable activity tracker use in older adult populations include the
recognition of the benefits of activity tracker use (outcome expectancies) and users who are
internally motivated [106]. It has also been reported that those with chronic health conditions
are less likely to use an activity tracker long-term, as are those who engage in competitions
with others [107]. Due to the potential of wearable activity tracker, it is important that users
are provided with support to maximise the likelihood of long-term use.
Wearable activity trackers offer a possible alternative method for providing ongoing support
[108], however further research that addresses the current gaps and limitations in the
literature is warranted, particularly how an activity tracker can support the long-term
maintenance of physical activity when compared to established methods such as telephone
counselling. Furthermore, studies that do not exclude older adults with health or mobility
issues and those who do not regularly use technology can help inform on the effectiveness
and acceptability of activity trackers across the broader older adult community. The costeffectiveness of activity tracker-based interventions has also not been explored and would
benefit from investigation. This thesis therefore aims to investigate the effectiveness of
wearable activity trackers, their acceptability and the costs associated with delivering an
activity tracker-based intervention.
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1.1.8 Jawbone UP24™ activity tracker
The Jawbone UP24™ (San Francisco, CA) activity tracker is a wrist-worn, three-axis
accelerometer that tracks daily steps, calorie expenditure, distance and sleep. It also includes
an idle alert which gives users a vibrotactile alert when no steps have been recorded for a
user-set period, with the aim of reducing sedentary behaviour. The Jawbone activity tracker
is reported to be reliable and has demonstrated high validity during treadmill walking [109]
however may slightly undercount daily steps in free-living conditions [110]. As the Jawbone
UP24 does not have a display screen to allow users to monitor daily step counts,
synchronisation with the UP mobile app is required. The mobile app provides insights into the
user’s physical activity habits by providing a daily step count, estimated distance, energy
expenditure, active time, longest idle period as well as progress towards any user specified
goals. Additional information relating to sleep patterns can also be viewed via the mobile app.
A review into the BCTs present in wearable activity trackers reported a total of 18 out of a
possible 40 BCTs in the Jawbone UP24™, including self-monitoring prompts, provision of
feedback, goal setting and social comparison [89]. While the Jawbone UP24™ activity tracker
has been reported as reliable and valid in healthy adults [109], there is no research into the
reliability and validity in older adult populations, particularly older adults with a range of
chronic diseases and limited mobility.
1.1.9 Conclusion
Despite a range of efforts to increase physical activity participation in Australia, inactivity
levels remain high and unchanged over the last two decades [111]. Coupled with an ageing
population, Australia faces increasing rates of chronic disease and disability which comes with
a range of social and economic consequences [33]. While lifestyle interventions have shown
to be effective at improving physical activity participation and associated health outcomes
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over the short-term, ongoing feedback and support is often required to maintain these
changes [70]. Telephone counselling has shown to be effective, however, barriers such as
availability of resources and funding make it difficult to implement into standard clinical
practice [86]. The emergence of newer technologies such as wearable activity trackers show
promise in assisting individuals to increase their activity levels and may offer an alternative
method for providing ongoing support [108]. Determining the effects of wearable activity
trackers on physical activity participation and associated health risk factors when used in
conjunction with other intervention modalities and as a stand-alone intervention would be
beneficial. There is scarce evidence that directly compares the effects of wearable activity
trackers with existing methods of providing ongoing support or examines the experiences of
older adults following longer-term use of a wearable activity tracker. Furthermore, there is
currently no literature that investigates the costs associated with delivering a wearable
activity tracker-based intervention. The primary purpose of this thesis is therefore to examine
the effects, costs and user experiences of a wearable activity tracker in an older adult
population.
1.2 Significance of the Research
The impact of an ageing population and a rise in diagnosed chronic conditions is placing
increasing pressure on health care services both globally [112, 113] and in Australia [33]. With
predictions that the proportion of the population over the age of 65 will continue to increase
[31], it is imperative that strategies to improve the physical activity levels of older adults are
explored. Such strategies need to be feasible as well as cost-effective. Telephone counselling
has shown to improve health outcomes and is cost-effective in some settings, however
integration into clinical practice is challenging. By exploring methods that utilise rapidly
evolving wearable technologies, health professionals can provide ongoing feedback and
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support to patients based on objectively measured data. Comparing the role of telephone
counselling and wearable activity trackers for providing ongoing feedback and support to
older adults with chronic conditions and understanding their perceived usefulness can assist
in determining the effectiveness of incorporating wearable activity trackers into clinical
practice. Understanding the costs associated with delivering a wearable activity tracker-based
intervention will also assist in understanding if wearable activity trackers can offer an
alternative to traditional methods such as telephone counselling. Better understanding of
these factors will inform the development of clinical guidelines to better support clinicians in
recommending appropriate methods of providing ongoing support to older adults.
1.3 Research Aims
The aims of the research presented in this thesis were to investigate:
1. The effects of interventions that utilise consumer-based wearable activity trackers on
physical activity participation, sedentary behaviour and health risk factors when
compared to interventions that do not utilise feedback from a wearable activity
tracker.
2. The effects of feedback obtained from either telephone counselling or a wearable
activity tracker compared to usual care on physical activity participation, sedentary
behaviour and health risk factors in older adults following the completion of a
structured exercise program.
3. The costs associated with delivering telephone counselling and wearable activity
tracker-based interventions and how receiving either of these interventions may
influence health service usage.
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4. The experiences of older adults who had used the wearable activity tracker (Jawbone
UP24™) combined with health professional support during the 12-month RCT.

1.4 Thesis Organisation
Chapter One: Introduction: Contains an introduction to the themes comprising the thesis.
Due to the inclusion of a systematic review specifically investigating the use of wearable
activity trackers, the introduction provides a broad overview of the themes relevant to the
included randomised controlled trial. The general layout of the thesis, study aims, and the
significance of the research are also included.

Chapter Two: Systematic Review of the Literature: Contains a systematic review and metaanalysis of the literature relating to the use of wearable activity trackers to support increased
physical activity levels and associated health risk factors (Research Aim 1). The physical
activity outcome measures included in the systematic review and meta-analysis have been
published and appear in the literature as:
Brickwood, KJ, Watson G, O’Brien J, Williams AD. Consumer-Based Wearable Activity Trackers
Increase Physical Activity Participation: Systematic Review and Meta-Analysis. JMIR
Mhealth Uhealth 2019:7(4):e11819.

Chapter Three: General Methods: Contains the methods used for the primary randomised
controlled trial and outlines the methods utilised in the qualitative analysis of the Jawbone
UP24™ activity tracker and the health economic analysis of participant health data. The
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methods relating to the randomised controlled trial have been published and appear in the
literature as:
Brickwood, K., Smith, ST., and Watson, G. and Williams, AD. The effect of ongoing feedback
on physical activity levels following an exercise intervention in older adults: a
randomised

controlled

trial

protocol, BMC

Sports

Science,

Medicine

and

Rehabilitation, 2017, 9, 1.

Chapter Four: The effects of activity tracker and telephone counselling interventions on
physical activity participation and health risk factors: A randomised controlled trial:
Contains the results relating to physical activity participation and health risk factors from the
randomised controlled trial (Research Aim 2). The results relating to daily step count, body
composition, blood pressure, functional capacity and quality of life have been submitted for
publication and are currently under review.
Brickwood, K., Ahuja, KDK., Watson, G., O’Brien, JA. and Williams, AD. The effects of activity
tracker use with health professional support or telephone counselling on maintenance
of physical activity and health outcomes in older adults: A randomised controlled trial.
JMIR mHealth uHealth – Under review

Chapter Five: Intervention costs and health service usage associated with a wearable
activity tracker and telephone counselling intervention: A health economic analysis:
Contains the costs relating to delivering telephone counselling and wearable activity trackerbased interventions and analysis of participants health service usage (Research Aim 3).
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Chapter Six: Older adults’ experiences of using a wearable activity tracker with health
professional feedback over a 12-month randomised controlled trial. Contains the qualitative
analysis of the experiences of older adults with using a wearable activity tracker combined
with health professional feedback (Research Aim 4). These results have been submitted for
publication and are currently under review:
Brickwood, K., Williams, AD., Watson, G. and O’Brien, JA. Older adults’ experiences of using a
wearable activity tracker with health professional feedback over a 12-month randomised
controlled trial. Digital Health, under review

Chapter Seven: Discussion and Conclusion: Connects the findings of each study component
included in this thesis together, with additional discussion made in context of all research
findings. The chapter ends with discussion of the potential implications of the research
undertaken, wearable activity tracker use within a clinical setting, directions for future
research and an overall conclusion.
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Chapter 2: Consumer-Based Wearable Activity Trackers Increase Physical
Activity Participation: Systematic Review and Meta-Analysis

The systematic review and meta-analysis contained in this chapter include the effects of
consumer-based wearable activity trackers on physical activity participation and associated
health risk factors.
An original, shorter version of this chapter which includes only physical activity participation
outcome measures has been published in JMIR mHealth and uHealth and appears in the
literature as (Appendix One):
Brickwood, KJ, Watson G, O’Brien J, Williams AD. Consumer-Based Wearable Activity Trackers
Increase Physical Activity Participation: Systematic Review and Meta-Analysis. JMIR
Mhealth Uhealth 2019:7(4):e11819.

Journal Impact Factor: 4.301
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2.1 Introduction
2.1.1 Physical activity and sedentary behaviour
There is significant evidence to support the varied physical and mental health benefits of
participation in regular physical activity [114-117]. Regular participation in physical activity
plays an important role in maintaining functional independence into ageing and decreases
the risk of morbidity and mortality [118]. Despite the well-known benefits of physical activity
participation, 31% of adults worldwide are insufficiently active as they do not meet the
minimum recommendations of at least 30 minutes of moderate-intensity physical activity on
at least 5 days every week, 20 minutes of vigorous-intensity physical activity on at least 3 days
every week, or an equivalent combination achieving 600 metabolic equivalent (MET)-min per
week [119]. Additionally, sedentary behaviour which is defined as any waking behaviour while
in a sitting, reclining or lying position [120] is independently associated with poor health
outcomes including all-cause and cardiovascular disease mortality [121, 122].
2.1.2 Effect of physical activity on health risk factors
Health risk factors such as elevated body fat percentage, low lean mass, hypertension and
dyslipidaemia have all been shown to increase the risk of all-cause mortality [123-126]. In
addition, low cardiorespiratory fitness has also been shown to be attributable to 16-17% of
deaths in men and women [127]. Fortunately, participation in regular physical activity can
assist in reducing the overall risk associated with these health risk factors. Specifically, regular
physical activity can reduce body fat [128], maintain lean mass, even into ageing [129] and
can reduce the risk of mortality associated with uncontrolled hypertension by as much as 67%
[125]. Physical activity participation can significantly improve HDL cholesterol and high
intensity exercise can improve LDL and triglyceride levels [130]. Improvements in
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cardiorespiratory fitness can reduce the risk of cardiovascular disease and all-cause mortality
[131].
2.1.3 Traditional interventions to increase physical activity participation
The use of structured lifestyle interventions are reported to be effective in increasing physical
activity participation and reducing the progression of chronic diseases [46, 132, 133].
Additionally, lifestyle interventions have shown to be effective in reducing sedentary
behaviour [45]. Traditionally, structured lifestyle interventions utilise group or individual
education, behaviour change techniques, self-monitoring, the provision of written
information materials and/or telephone counselling. Interventions utilising these methods
have shown to be effective at increasing physical activity participation in the short-term [67,
133], however evidence suggests that activity levels are not maintained over the long-term
[48, 134, 135]. The health benefits associated with increased physical activity participation
also tend to decrease once physical activity levels decrease [50]. Additionally, these types of
interventions are often labour and resource intensive [136].
2.1.4 Wearable activity trackers
Consumer-based wearable activity trackers are now readily available and can provide
individuals with the ability to objectively monitor their physical activity levels. Additionally,
when combined with the use of smart phone and computer applications they may assist users
through a range of motivational and tracking tools to better manage their personal health
[137]. In addition to providing real-time feedback relating to daily steps and energy
expenditure, consumer-based wearable activity trackers have the potential to provide
specific, tailored feedback through specifically designed algorithms or by health professionals.
This type of emerging technology may provide an alternative means of providing ongoing
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support and motivation to individuals both looking to increase their activity levels or to
maintain activity levels following a structured lifestyle intervention [138]. Additionally,
consumer-based wearable activity trackers may assist in reducing the resource and time
burden associated with traditional methods of providing ongoing support. Randomised
controlled trials have shown that these devices show promise in relation to increasing physical
activity participation [139, 140], however participant numbers in individual studies tend to be
low making it difficult to adequately assess the benefits of these devices. Additionally, there
is limited research relating to their long-term adherence and effectiveness. This systematic
review and meta-analysis aimed to review the effects of interventions that utilise consumerbased wearable activity trackers compared to a non-activity tracker-based control group on
physical activity participation and associated health risk factors in adults.
2.2 Methods
2.2.1 Search method
The following online databases were searched: CENTRAL, MEDLINE, PubMed, Scopus, Web of
Science, CINHAL, SPORTDiscus and Health Technology Assessment database using a
combination of Medical Subject Headings (MeSH) and free text terms. Search strategies were
developed relating to the two primary concepts of the review; the use of a consumer-based
wearable activity tracker and altering physical activity participation. To identify studies that
included the use of a consumer-based wearable activity tracker we used search terms
including ‘Activity Tracker’, ‘Wearable device’ and ‘Fitness Tracker’ (MeSH). Search terms
used to identify studies that focused on altering physical activity participation included
‘Physical Fitness’ (MeSH), ‘Sedentary Lifestyle’ (MeSH), ‘Step Count’ and ‘Behaviour Change’.
Each database was searched from inception to 15th March 2017 with no language restrictions.
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Search strategies were adapted for each database as necessary. A full search strategy is
available in Appendix Three. Reference lists of retrieved articles were checked, and citation
searches performed on key articles. Authors were contacted for additional information where
necessary. The search was limited to human studies.
2.2.2 Inclusion and exclusion criteria
Published and unpublished controlled trials of adults (over 18 years of age) that utilised a
consumer-based wearable activity tracker were included in this review. The effect of
consumer-based wearable activity trackers on physical activity participation, sedentary
behaviour and health risk factors were assessed. For the purpose of this review, consumerbased wearable activity trackers were defined as an electronic device that monitors physical
activity and provides automated real-time feedback and may also include interactive
behaviour change tools via a smartphone or web-based platform. Consumer-based refers to
a wearable activity tracker that is available for purchase to the general public and therefore
excludes laboratory based or research specific devices. Wearable refers to a device that is
easily worn and removed and does not require specialised equipment such as a harness or
adhesive dressings.
Studies that included the use of a consumer-based wearable activity tracker as either the
basis of the intervention or as a component of a multi-faceted intervention were included.
Studies that included the use of established behavioural change techniques such as group or
individual counselling or information sessions, financial incentives or telephone counselling
were classified as multi-faceted interventions. Interventions that included tools such as
regular emails, text messages, online algorithms or mobile apps were classified as ‘wearablebased’ interventions.
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Studies that compared consumer-based wearable activity trackers to exercise-based
interventions (e.g. exercise groups), non-exercise interventions (e.g. group education
programs) and routine (usual) care were included. Control groups that also utilised a
consumer-based wearable activity tracker were included, provided feedback from the
wearable activity tracker was blinded to the participant. Studies that utilised consumer-based
wearable activity trackers for the entirety of the intervention or as a follow-up component to
a structured lifestyle intervention were included as were studies examining the effect of
consumer-based wearable activity trackers on sedentary behaviour.
Review articles, validity, reliability studies and conference abstracts were excluded.
Acceptability and/or feasibility studies were included, provided data relating to physical
activity participation was included. The authors of identified ongoing studies were contacted
to obtain study progress and request available results for inclusion in the meta-analysis.
2.2.3 Data extraction
Titles and abstracts were screened in four steps: removal of duplicates, by title, by abstract
and by full text. Article titles and abstracts were systematically screened based on the
predetermined exclusion criteria (Table 2.1). Potentially eligible papers were retrieved by the
primary author (KB). All manuscripts identified as requiring full text review were reviewed
independently by two authors (KB and AW) according to the exclusion criteria. A third
reviewer (GW) resolved any conflicts. The data extraction tool in Covidence online software
[141] was used with data extraction performed by two authors (KB and AW) individually and
differences resolved by consensus.
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Table 2.1 Systematic review Exclusion Criteria
1
2
3
4
5
6
7
8
9

Not a human study population
Paediatric population
Wrong intervention (didn’t include the use of a wearable activity tracker)
Wrong comparator
Wrong study design
No control group
Ongoing study / no results reported
Conference abstract
Review paper

2.2.4 Risk of bias and quality assessment
Two reviewers (KB and AW) assessed each study independently for risk of bias using
Covidence online software [141] across seven domains [142]. Each domain was scored as low,
unclear or high risk of bias. Disagreement was resolved by consensus. The following domains
were assessed;
•

Sequence generation: Was the method used to generate the allocation sequence
appropriate to produce comparable groups? The risk of bias was rated as unclear if
methods were not accurately described.

•

Allocation sequence generation: Was the method used to conceal the allocation
sequence appropriate to prevent allocation being known? The risk of bias was rated
as unclear if methods were not accurately described.

•

Blinding of participants and personnel: Were participants and study personnel blinded
to the group allocation? While this domain was included in the risk of bias assessment,
it is important to note that due to the type of studies included, blinding of participants
is not feasible and therefore all studies were assessed as high risk of bias for this
domain.
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•

Blinding of outcome assessment: Was the outcome measure objective or subjective?
If a subjective measure was used, the risk of bias was assessed as high. If an objective
measure was used, the risk of bias was assessed as low as objective measures are less
likely to be influenced by a lack of blinding.

•

Incomplete outcome data: Were incomplete outcome data adequately addressed?
Was the analysis an intention-to-treat analysis or were missing data imputed
appropriately?

•

Selective outcome reporting: Were outcomes prespecified in a study protocol or trial
registration and reported as specified?

•

Other sources of bias: Were there other sources of bias, not previously mentioned
such as author conflicts of interest?

The GRADE (Grades of Recommendation, Assessment, Development and Evaluation) system
was used to rank the quality of evidence for each study using GRADEprofiler Guideline
Development Tool online software (GRADEPro GDT available at www.gradepro.org) [143] in
conjunction with Chapter 12.2 of the Cochrane Handbook for Systematic Reviews of
Interventions [142]. The GRADE approach uses five considerations (study limitations,
consistency of effect, imprecision, indirectness and publication bias) to assess the quality of
evidence for each outcome. The following criteria for assigning grade of evidence is used;
•

High: further research is very unlikely to change our confidence in the estimate of
effect.

•

Moderate: we are moderately confident the true effect is likely to be close to the
estimate of effect, but there is a possibility that it is substantially different.
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•

Low: our confidence in the effect estimate is limited; the true effect may be
substantially different from the estimate of the effect.

•

Very low: we have very little confidence in the effect estimate; the true effect is likely
to be substantially different from the estimate of the effect.

The grade of evidence was downgraded once if;
•

More than 25% of included studies were at high risk of bias in any
criteria (study limitations)

•

Heterogeneity was statistically significant and the I2 value was more
than 40% (inconsistency)

•

There were differences between included studies in methodological
factors such as intervention types and length, included age ranges and
included study populations (indirectness)

•

Observed confidence intervals were wide due to small sample sizes
(imprecision)

•

There was direct evidence of publication bias.

2.2.5 Data synthesis
Due to the variability of the included studies, random effects meta-analyses [144] were
performed on the following physical activity outcomes using Review Manager (RevMan) [145]:
daily step count, minutes per week spent in moderate and vigorous physical activity (MVPA)
(min/wk), energy expenditure (kcal/wk) and minutes per day spent in sedentary behaviour
(min/day). Data presented as minutes of MVPA per day were multiplied by seven to calculate
minutes of MVPA per week to allow for greater transferability to current physical activity
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guidelines. Where sedentary behaviour data was presented as hours per day, values were
divided by 60 to obtain minutes per day. Random effects meta-analyses were performed on
the following health risk factors: body weight (kg), body mass index (BMI) (kg/m 2), waist
circumference (cm), body fat (%), systolic and diastolic blood pressure (SBP and DBP) (mmHg),
cardiorespiratory fitness (CRF) (ml/min/kg), total cholesterol (TC), high density lipoprotein
(HDL), low density lipoprotein (LDL) and Triglycerides (TG) (mmol/L). Each meta-analysis
compared the results of the intervention group(s) with the study specific control group.
Studies that included multiple intervention groups were entered multiple times, with each
intervention group compared against the control group. Studies that included interventions
that did not utilise a consumer-based wearable activity tracker were not included in the metaanalysis. Data presented as least squares mean, standard error (SE) or 95% confidence
intervals (CI) was converted to standard deviation (SD) using the RevMan calculator. Due to
the range of data presentation formats of included studies, all meta-analyses were presented
as standardised mean difference (SMD) to accommodate for adjusted and unadjusted means
[142]. Mean and SD was requested from authors where data was presented as median and
interquartile ranges (IQR) based on the suggestion that estimated mean and SD can be used
in a meta-analysis [146]. Authors of studies that presented data in a graphical format were
contacted to obtain exact values. Heterogeneity was assessed using I2 for each meta-analysis.
Where intervention effects were reported using SMD, the reported values were converted
into a meaningful value using the pooled SD of studies that reported end point values. Studies
that presented mean change data or in which SD was estimated based on IQR were not
included in the pooled SD calculation.
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2.3 Results
2.3.1 Study selection
The database search was completed during March 2017, with article collection and screening
conducted in April-June 2017. A total of 3739 studies were retrieved from the search strategy
with a further six studies identified through reference checks. No non-English papers were
identified. A total of 1148 duplicates were removed. 2597 studies were screened by title and
abstract, with 2484 studies removed as they did not meet the inclusion criteria. The remaining
113 studies were assessed for full-text eligibility, with 88 studies excluded. A total of twentynine randomised controlled trials (RCTs) were included in this systematic review [77, 139, 140,
147-172]. Authors of study protocols were contacted to obtain study progress and results if
available. As of December 2017, three authors had since published study results [140, 154,
157] and one author [151] had provided unpublished results which were therefore included
in the current systematic review and meta-analysis. Two studies [77, 172] were excluded from
the meta-analysis. One study [172] was excluded due to all data being presented in a graphical
format; the other study [77] was not included in the meta-analysis as physical activity data
was reported in ‘activity units’. One additional study [166] did not report any physical activity
data so was only included in the health risk factors meta-analyses. One additional study [156]
was excluded from the MVPA meta-analysis due to graphical representation of data but was
not excluded from all meta-analyses as other data was presented in a tabular format. Figure
2.1 outlines the screening process, including the status of ongoing studies.
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Figure 2.1 Flowchart of studies included in systematic review and meta-analyses
Ongoing studies with results published and authors that provided unpublished results were
included in the systematic review.

2.3.2 Study characteristics
A total of 3,843 participants across 9 countries were included in this systematic review with a
mean age ranging from 17.9 years to 79.5 years. Included studies were all published between
2007 and 2017. One study was published only as a protocol paper with unpublished results
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provided by the author [151]. Thirteen studies included young adults (≤39.9 years) [148-152,
155, 156, 160, 162, 164, 165, 167, 168], fifteen included middle-aged adults (40-64.9 years)
[139, 140, 147, 153, 154, 157-159, 161, 163, 166, 169-172] and one study included adults aged
over 65 years of age [77]. Eighteen studies specified that the participant must have regular
access to the internet, a computer, tablet and/or smartphone [139, 148, 151, 153-155, 157,
159-166, 169-171] with three studies requiring participants to be proficient at using the
internet and/or smartphones [139, 140, 163].
Comparator interventions differed across the studies and ranged from maintenance of usual
lifestyle/standard care [149, 162, 166, 171], waitlist [148, 154, 157, 158, 170], wearing of a
consumer-based wearable activity tracker but blinded to feedback [77, 140, 156, 159, 168] ,
use of a standard pedometer [139], standard behavioural group-based interventions [147,
155, 161, 163, 164, 166, 169], telephone counselling [153, 155], use of a mobile app [151, 160]
and the provision of education materials through mixed media (emails, text message, written)
[139, 150, 152, 165-167, 172].
The way in which a consumer-based wearable activity tracker was incorporated into the
interventions of included studies ranged from forming the basis of the intervention
(wearable-based) [140, 149, 151, 152, 156, 159, 160, 162, 165-167, 172] to being used as a
monitoring tool as part of a broader intervention (multi-faceted) [77, 139, 147, 148, 150, 152155, 157, 158, 161, 163-166, 168-172] Nine studies included more than one intervention
group [152, 161, 163-166, 170-172]. Four studies included either an unstructured follow up
phase [152, 160] or additional intervention phase utilising a non-blinded activity tracker for
all participants [159, 168]. Data from these phases was not included in this review as they did
not meet the eligibility criteria. Seventeen studies reported wearable activity tracker
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adherence data [139, 140, 148, 150, 152, 153, 155, 156, 158, 159, 161-163, 168-170, 172]
with thirteen of these studies [139, 140, 148, 152, 153, 158, 159, 161, 162, 168-170, 172]
reporting activity tracker wear on at least 50% of the study intervention days. Four studies
[150, 155, 156, 163] reported low activity tracker wear time, with one study [150] reporting
that all participants had ceased wearing their activity tracker by the end of the intervention.
All studies included some form of behavioural change techniques ranging from basic
techniques such as the provision of feedback and goal setting to interventions based on the
Coventry, Aberdeen, and London-Refined (CALO-RE) taxonomy [38], social cognitive theory
[173] and social determination theory [174].
The initial search resulted in twenty-one protocol publications being identified [151, 175-194].
Six of the identified protocol publications had published results available which were also
identified as part of the initial search strategy [176, 188, 189, 191, 192, 194]. Results from
three protocol publications [178, 182, 185] were published after the initial search and were
subsequently included [140, 154, 157]. One author provided unpublished results [151], two
protocol authors did not return contact [183, 193] and nine authors were still collecting data
or preparing manuscripts [175, 177, 179-181, 184, 186, 187, 190].
2.3.3 Accuracy and reliability of included consumer-based wearable activity trackers
Included studies utilised a range of consumer-based wearable activity trackers including
various Fitbit models [77, 139, 147, 151-154, 168] (Fitbit, San Francisco, CA), Jawbone UP24™
[140, 148, 158, 160] Jawbone, San Francisco, CA), Gruve [149] (Gruve Solution™ MUVE, Inc.,
USA), LumoBack [150] (Lumo BodyTech, Inc., Palo Alto, California, USA), various BodyMedia
models [155, 161, 163, 164, 166, 169, 172] BodyMedia, Pittsburgh PA), Polar Active [156]
(Polar Electro, Finland), Fitbug [159] (Chicago IL), Pebble+ [162] (Fitlinxx Inc.), Fitmeter [165]

95

CHAPTER TWO
(FitLife, Suwon, Korea), PAM [167] (PAM BV, Doorwerth, the Netherlands) and Withings Pulse
[170] (Cambridge, MA). One study did not specify the brand of consumer-based wearable
activity tracker utilised [171]. Fitbit One, Zip and Charge HR, Jawbone UP24™, LumoBack and
Withings Pulse have all demonstrated excellent test-retest reliability for step count (ICC ≥ .90)
[109, 110, 195] however a recent review into the use of Fitbit activity trackers suggests that
steps are overesimated in free-living conditions [196]. The Polar Active has shown to correlate
(R2 = .74) wit[110]h the doubly labelled water technique for assessing energy expenditure
during military training which related to the study setting [197]. The Bodymedia Sensewear
showed good reliability during outdoor walking (ICC = .82), however poor reliability was
observed during various treadmill walking speeds (ICC = .18 to .27) [195]. An earlier version
of the Pebble+, the ActiPed by FitLinxx has demonstrated a high level of accuracy for step
count (-1.30%) and good reliability (ICC = .85) [198], however currently there is no validity or
reliability data for the Pebble+. The PAM has shown similar validity to the ActiGraph
accelerometer (R2 = .95) and good reliability (ICC = .80) [199]. There is currently limited
reliability and validity data relating to the Fitmeter, however it has been reported that the
Fitmeter does correlate with gas analyser measures for energy expenditure (R2 = .82) [200].
The Gruve monitor has been shown to be accurate in measuring sedentary and walking
activities when compared with a gold standard system (R2 = .98) [201] and is recommended
for use in interventions aiming to reduce sedentary behaviour [202]. No validation or
reliability data could be found relating to the Fitbug Orb.
2.3.4 Study outcomes
The primary outcome measures related to physical activity behaviour and included twelve
studies that reported number of steps taken per day [139, 140, 147, 148, 150, 152, 158-160,
162, 168, 172], thirteen studies that reported minutes spent in MVPA per week [ [139, 147,
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148, 151-155, 157, 167, 169, 171, 172] and five studies that reported energy expenditure [161,
163-165, 170]. Sedentary behaviour was reported by eight studies with data presented as
either hours per day [149, 155, 156], minutes per day [151, 157, 158], minutes per 16 hours
[150] or percentage of total day spent sitting [147, 155].
Secondary outcome measures included body weight, BMI, waist circumference, body fat
percentage, SBP, DBP, CRF and blood lipids (TC, HDL, LDL and TG). Seventeen studies reported
changes in body weight [77, 139, 147, 148, 152, 153, 155, 156, 158, 161, 163-167, 169, 170],
ten studies included BMI [148, 154-156, 161, 164-166, 170, 172], nine studies included waist
circumference [77, 148, 156, 161, 164-167, 170] and ten studies reported body fat percentage
[77, 155, 156, 158, 161, 164-166, 170, 172]. Seven studies reported changes in blood pressure
[77, 147, 148, 152, 165, 170, 172], with one study reporting only SBP [152]. Cardiorespiratory
fitness was reported by six studies [152, 155, 156, 158, 161, 167], with all six studies reporting
predicted V02Max [152, 155, 156, 158, 161, 167] and one study also reporting distance walked
during a six-minute walk test [158]. Three studies included TC, HDL and TG [77, 148, 165] and
two studies included LDL [148, 165].
A summary of outcome measures for all included studies is included in Table 2.2. A detailed
summary of all included studies is presented in Table 2.3.
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Table 2.2 Outcome measures of physical activity participation, sedentary behaviour and
health risk factors.
Study

Outcome Measures

Outcome Measurement Instrument

Ashe

Steps/day

ActiGraph GT3X accelerometer

Objective/
Subjective
Objective

# [147]

MVPA (min/day)
Sitting time (%)
Body weight (kg)
SBP & DBP (mmHg)

Ashton

Steps/day

Yamax Digiwalker SW200

Objective

# [148]

MVPA (min/week)

Godin Leisure-Time Exercise
Questionnaire

Subjective

Sitting time (hours/day)

7-day Sedentary and Light Intensity
Physical Activity (SLIPA) Log

Subjective

Brakeridge

Steps/day

ActivPAL™ activity monitor

Objective

# [150]

Sitting time (min/16hrs)

CadmusBertram

Steps/day

ActiGraph GT3X accelerometer

Objective

Geneactiv accelerometer

Objective

ActiGraph GT3X accelerometer

Objective

Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
SBP & DBP (mmHg)
TC, HDL, LDL, TG (mmol/L)
Barwais
# [149]

# [139]

MVPA (min/week)
Body weight (kg)

Duncan

MVPA (min/week)

# [151]

Sitting time (min/day)

Finkelstein

Steps/day

# [152]

MVPA (min/week)
Body weight (kg)
SBP (mmHg)
CRF (ml.min.kg)

Non-exercise testing of cardiorespiratory
fitness (NET-F)

Hartman 2016

MVPA (min/day)

ActiGraph GT3X accelerometer

Objective

# [153]

Body weight (kg)

Hartman 2017

MVPA (min/day)

ActiGraph GT3X accelerometer

Objective
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# [154]

BMI (kg/m2)

Jakicic

MVPA (min/week)

# [155]

Sitting time (hours/day)

Sensewear Pro Armband

Objective

Duel-energy x-ray absorptiometry

Objective

CRF (ml.min.kg)

Submaximal graded exercise test

Objective

Jauho

MVPA (min/day)a

Polar Active

Objective

# [156]

Sitting time (hours/day)

(as used in intervention)

Body weight (kg)
BMI (kg/m2)
Body fat (%)
Lean mass (kg)

Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Body fat (%)

Bioelectrical impedance analysis

Objective

CRF (ml.min.kg)

Polar Fitness Test

Objective

Li

MVPA ≥3 METs (min/day)

Sensewear Mini Armband

Objective

# [157]

Sitting time (min/day)

Lyons

Steps/day

ActivPAL™ activity monitor

Objective

# [158]

Sitting time (min/day)

Body fat (%)

Duel-energy x-ray absorptiometry

Objective

CRF (6MWT distance)

Six-Minute Walk Test

Objective

Steps/day

Fitbug Orb accelerometer

Objective

Body weight (kg)

Martin
# [159]
Melton

(as used in intervention)
Steps/day

ActiGraph GT3X accelerometer

Objective

Energy expenditure
(kcal/week)

Paffenbarger Physical Activity
Questionnaire

Subjective

# [160]
Pellegrini
# [161]

Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Body fat (%)
CRF (ml.min.kg)

Objective
Duel-energy x-ray absorptiometry
(DEXA)

Objective

Submaximal graded exercise test
Poirier

Steps/day

Pebble+

Objective
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# [162]
Polzien
# [163]

(as used intervention)
Energy expenditure
(kcal/week)

Paffenbarger Physical Activity
Questionnaire (PPAQ)

Subjective

Paffenbarger Physical Activity
Questionnaire

Subjective

Body weight (kg)
Rogers
# [164]

Energy expenditure
(kcal/week)
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)

Shin
# [165]

Objective

Body fat (%)

Bioelectrical impedance analysis

Lean Mass (kg)

Bioelectrical impedance analysis

Energy expenditure
(kcal/week)

International Physical Activity
Questionnaire Short-Form

Objective
Subjective

Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Body fat (%)

Objective
Bioelectrical impedance analysis

Lean mass (kg)
SBP & DBP (mmHg)
TC, HDL, LDL, TG (mmol/L)
Shuger
# [166]

Body weight (kg)
BMI (kg/m2)

Physical activity measured using
SenseWear Armband
(as used in intervention) however
results not reported

Waist circumference (cm)

Skrepnik

Body fat (%)

3-site skin folds

Objective

Steps/day

Jawbone UP24™

Objective

# [140]

(as used in intervention)
CRF (6MWT distance)

Six-Minute Walk Test

Objective

Slootmaker

MVPA (min/week)

Subjective

# [167]

Body weight (kg)

The Activity Questionnaire for
Adolescents and Adults

Waist circumference (cm)
CRF (ml.min.kg)

Objective
Chester Step Test

Thompson

Activity units a

Research-grade tri-axial accelerometer

Objective
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# [77]

Body weight (kg)
Waist circumference (cm)
Body fat (%)

Duel-energy x-ray absorptiometry

Objective

Fitbit

Objective

SBP & DBP (mmHg)
TC, HDL, TG (mmol/L)
Thorndike

Steps/day

# [168]

(as used in intervention)

Unick

MVPA (min/week)

# [169]

Body weight (kg)

Valle

Energy expenditure
(kcal/week)

# [170]

Sensewear Armband

Objective

Paffenbarger Physical Activity
Questionnaire

Subjective

Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Body fat (%)

Objective
BodPod

SBP & DBP (mmHg)
MVPA (min/day)

PAM accelerometer

Objective

Van Hoye a

Steps/day

Sensewear Armband

Objective

# [172]

MVPA (min/day)

(as used in intervention)

van der
Weegen
# [171]

Energy expenditure
(kcal/day)
BMI (kg/m2)

Bioelectrical impedance analysis

Objective

Body fat (%)
SBP & DBP (mmHg)
a=

study not included in meta-analysis
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Table 2.3 Study design and baseline characteristics.
Study

Duration

Participants

Intervention

Ashe
# [29]

6 months

Sedentary women
(55-70yrs)

Intervention – Group based education + Fitbit
One AT
Control – Group based education

Ashton
# [30]

3 months

Sedentary young
men (18-25yrs)

Barwais.
# [31]

4 weeks

Sedentary Adults

Brakenridge
# [32]

12 months

CadmusBertram
# [21]

16 weeks

Duncan
# [33]

9 weeks

Finkelstein
# [34]

6-month
intervention
6-month
follow-up

Hartman 2016
# [35]

6 months

Hartman 2018
# [36]

12 weeks

Wearable based/
Multi-faceted
Multi-faceted

n

Intervention – Group based education + Jawbone
AT
Control – Waitlist
Intervention – Gruve AT with online software
Control – Usual lifestyle

Multi-faceted

50

Wearable-based

Office workers

Intervention – Organisational wellness program +
LUMOback AT
Control – Organisational wellness program

Sedentary, post
menopausal
women
with
BMI >25
Sedentary Adults
(18-55yrs)
Office
workers
(21-65yrs)

Women
with
BMI >27.5 &
elevated breast
cancer risk
(40-75yrs)
Sedentary, female
breast
cancer
survivors
(21-85 yrs)

BMI

Gender

29.9 (6.8)

F: 100%

21.1 (2.0)

25.5 (4.6)

M: 100%

33

27.7 (3.7)

WEIGHT: 78.0
(22.5)

F: 33.3%

Multi-faceted

153

38.9 (8.0)

24.6 (3.4)

F: 46%

Intervention – Fitbit One AT + written information
+ phone call
Control – Pedometer + written information

Multi-faceted

52

59.9 (7.0)

29.1 (3.5)

F: 100%

Intervention – Fitbit Charge HR AT+ study specific
mobile app
Control – mobile app
Intervention 1 – Fitbit Zip AT + written
information
Intervention 2 – Fitbit Zip AT + written
information + charity donation incentives
Intervention 3 – Fitbit Zip AT + written
information + cash incentives
Control – Written information
Intervention – Fitbit One AT + regular phone calls
Control – Written information + 2 x brief phone
calls

Wearable-based

64

35.8 (10.2)

27.3 (4.5)

F: 75%

Wearable-based

800

35.5 (8.5)

WEIGHT: 66.1
(64.1-68.0) a

F: 53.7%

Multi-faceted

54

59.6 (5.7)

31.7 (3.5)

F: 100%

Intervention – Fitbit One AT + 2 x phone calls +
regular emails
Control – Waitlist + regular emails (generic health
topics)

Multi-faceted

87

57.2 (10.3)

27 (6.3)

F: 100%

20

Age (yr)
63.9 (4.7)

Multi-faceted

Multi-faceted
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Jakicic
# [37]

24 months

Adults
with
BMI >25 but <40
(25-40yrs)

Jauho
# [38]

3 months

Li et al.
# [39]

1 month

Lyons
# [40]

12 weeks

Martin
# [41]

P1: 2 wks
P2: 2 wks

Conscription aged
men
(assessed in the
year they turned
18)
Adults with knee
OA
(50yrs +)
Adults
with
BMI >25 but <35
(55-79yrs)
Adults
(18-69yrs)

Melton
# [42]

6
weeks
8-week
follow-up

Pellegrini
# [43]

6 months

College
aged
African American
women
(18-24yrs)
Overweight adults
(21-55yrs)

Intervention – 0-6 months: group-based
education. 7-24 months: FitCore AT + groupbased education + weekly text messages +
monthly phone calls
Control – As per intervention but no activity
tracker provided
Intervention – Polar Active AT
Control – Blinded Polar Active AT

Multi-faceted

470

30.9 (18. –
35.9) b

1.2 (24.4
39.9) b

–

F: 71.1%

Wearable-based

276

18.0 (0.9)

23.4 (4.5)

M: 100%

Intervention – Fitbit Flex AT + weekly phone calls
+ education sessions
Control – Waitlist
Intervention –Jawbone UP24 AT + idle alert +
weekly phone calls
Control – Waitlist
Intervention – Fitbug AT + 3 x daily text messages
Control – Blinded Fitbug AT

Multi-faceted

34

55.5 (8.6)

27.2 (4.7)

F: 82%

Multi-faceted

40

61.5 (5.6)

30.3 (3.5)

F: 85%

Wearable-based

48

58 (8)

31 (6)

F: 46%

Intervention –Jawbone UP24 AT + weekly emails
Control – Dietary intake self-monitoring through
MyFitnessPal + weekly emails

Wearable-based

69

19.7 (1.8)

27.3 (6.8)

F: 100%

Intervention 1 – Group based education +
BodyMedia Fit AT
Intervention 2 – BodyMedia Fit AT + written
information + phone calls
Control – Group education sessions

Multi-faceted

51

44.2 (8.7)

33.7 (3.6)

F: 86.3%

Multi-faceted

Poirier
# [44]

6 weeks

Office workers

Intervention – Pebble+ AT + online walking
program + 4 x daily text messages
Control – Usual lifestyle

Wearable-based

265

39.9 (11.7)

-

F: 66%

Polzien
# [45]

12 weeks

Adults
(18-55yrs)

Intervention 1 – BodyMedia Sensewear armband
AT + individual counselling sessions
Intervention 2 – As per intervention 1 but AT only
worn during weeks 1, 5 and 9
Control - Individual education sessions

Multi-faceted

57

41.3 (8.7)

33.1 (2.8)

F: 98%

Multi-faceted
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Rogers
# [46]

Shin
# [47]

6 months

12 weeks

Skrepnik,
# [22]

90 days

Slootmaker
# [48]
Thompson c
# [49]

3 months

Thorndike
# [50]

Phase 1:
weeks
Phase 2:
weeks
6 months

Unick,
# [51]
Valle
# [52]

Adults
(21-55yrs)

Male students
(19-45yrs)

12 months (6month cross
over)

6 months

6

Adults with knee
OA eligible for
Hylan G-F 20
(30-80yrs)
Office workers
(20-40yrs)
Sedentary,
overweight older
adults
(65-95yrs)
Medical residents

6
Obese, sedentary
adults
(21-55yrs)
African American
breast
cancer
survivors
(18yrs +)

Intervention 1 – BodyMedia Fit + written
information + monthly phone calls
Intervention 2 – BodyMedia Fit + mobile app +
written information + monthly phone calls
Control – Group based education

Multi-faceted

39

39.9 (11.5)

39.5 (2.8)

F: 79.5%

Intervention 1 – Fitmeter AT + study specific
mobile app + written information
Intervention 2 – As per intervention 1 plus
financial incentives for reaching step and body
weight goals
Control – Written information
Intervention – Jawbone UP24 AT + study specific
mobile app + written information
Control – Blinded Jawbone UP24 AT + written
information
Intervention – Pam AT + interactive website
Control – Written information
Intervention – Fitbit AT + written information +
weekly phone calls + bi-monthly individual
education sessions
Control – Blinded Fitbit AT
Intervention –Fitbit AT + weekly email reminders
with offer of incentives for wearing device
Control – As per intervention but with a blinded
Fitbit AT
Intervention – Group based education + Body
Media Fit AT
Control – Group based education

Wearable-based

35

27.8 (5.0)

29.8 (2.7)

M: 100%

Wearable-based

211

62.6 (9.4)

29.3 (3.7)

F:50.2%

Wearable-based

102

31.8(3.5)

25.2 (4.1)

F: 60%

Multi-faceted

48

79.5 (7.0)

WEIGHT:
78.4 (13.5)

F: 81%

Multi-faceted

104

29 (23-37) a

24.1
(17.835.6) a

F: 54%

Multi-faceted

29

42.4 (9.2)

45.0 (3.9)

F: 82%

Intervention 1 – Individual education sessions,
weekly emails, mobile app paired with wi-fi
scales. No use of an activity tracker
Intervention 2 – As per intervention 1 + Withings
AT
Control – waitlist

No AT used

35

53.1 (9.1)

34.0 (6.0)

F: 100%

Multi-faceted

Multi-faceted

Multi-faceted
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Van der
Weegen
# [53]

6
months
3-month
follow-up

Primary
care
patients
with
T2DM or COPD
(40-70yrs)

Van Hoyec

4-weeks

Adults aged
(19-67 yrs)

# [54]

Intervention 1 – 4 x consultations with practice
nurse. No use of an AT
Intervention 2 – As per intervention 1 +
unspecified AT + mobile and web app
Control – Usual care
Intervention 1 – Pedometer. No use of an AT
Intervention 2 – BodyMedia Sensewear armband
AT
Intervention 3 – BodyMedia Sensewear armband
AT + weekly sessions with a personal coach
Control – Baseline measures discussed in relation
to national activity recommendations

No AT used

199

57.9 (7.6)

29.4 (5.3)

F: 51.3%

221

42.4 (10.4)

27.1 (4.0)

F: 54.3%

Multi-faceted

No AT used
Wearable-only
Multi-faceted

AT= Activity Tracker a = range b =25th – 75th percentiles c = studies not included in meta-analyses
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2.3.5 Risk of bias
Risk of bias judgements for each included study are presented in Figure 2.2. One study [171]
was assessed as high risk of selection bias due to the randomisation of practices rather than
individuals. All studies were assessed as high risk of bias for performance bias due to the
nature of the intervention and control conditions making blinding impossible. Blinding of
outcome assessors (detection bias) was assessed as high risk for seven studies [149, 161, 163165, 167, 170] due to the use of subjective outcome measures. One further study [172] was
also assessed as high risk of detection bias due as participants were provided with activity
level feedback at each assessment with comparisons to previous results. The management of
incomplete outcome data was assessed as high risk in three studies [147, 156, 166]. Four
studies [154, 166, 167, 172] were assessed as high risk for selective outcome reporting and
one study [140] was judged as high risk for other sources of bias due to conflicts of interest
declared by the authors. Publication bias was assessed for daily step count, MVPA and body
weight with no bias identified. Publication bias was unable to be assessed for other outcome
measures due to less than 10 included studies.
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Figure 2.2 Risk of bias summary.
Review authors’ judgements about each risk of bias
item for each included study. Green symbols represent
a low risk of bias, yellow symbols represent an unclear
risk of bias and red symbols represent a high risk of
bias.
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2.3.6 Meta-analysis results
A total of 27 studies were included across all meta-analyses [139, 140, 147-171]. Results were
primarily presented as mean and standard deviation or 95% CI, or as mean change and SD,
standard error or 95% CI. Two studies [167, 170] presented data as median and interquartile
ranges suggesting that the data was not normally distributed. Authors of both studies were
contacted and provided mean and SD data and were subsequently included in the metaanalyses [146]. One study [172] was excluded from the meta-analyses as all data was
presented in a graphical format. The authors were contacted for results, but no return contact
was received. An additional study was excluded from the physical activity meta-analyses [77]
due to data being presented as ‘activity units’.
2.3.7 Physical activity participation
Steps
Twelve studies reported changes in the number of steps taken by participants [139, 140, 147,
148, 150, 152, 158-160, 162, 168, 172]. A random effects meta-analysis using SMD was
performed on eleven studies as one study [172] was excluded due to graphical presentation
of data. Step data was objectively measured using a range of accelerometers or pedometers.
There was a significant increase in step count following the intervention versus control
comparator (SMD 0.23; 95% CI 0.15 to 0.32; p <0.001;
Figure 2.3) across all studies in the meta-analysis, representing an approximate increase of
627 steps (95% CI 417 to 862 steps) per day. Heterogeneity was low [203] and non-significant
(I2 = 3%; p = 0.42). We judged the quality of evidence for consumer-based wearable activity
trackers to increase daily number of steps as low. The quality of the evidence was rated as
being low based on being downgraded twice, once due to the high risk of bias identified in
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the included studies and once due to the level of indirectness associated with the broad range
of included interventions, comparators, populations and settings. The summary of findings
table for all outcome measures is available in Appendix Four.
Further subgroup analysis was completed, separating the included studies into interventions
that were wearable-based [140, 152, 159, 160, 162] and those that were multi-faceted [139,
147, 148, 150, 152, 158, 168]. A significant increase in daily step count following the
intervention versus control comparator was observed in both wearable-based (SMD 0.20; 95%
CI 0.08 to 0.33; p = 0.002;
Figure 2.3) and multi-faceted (SMD 0.26; 95% CI 0.12 to 0.41; p >0.001;
Figure 2.3) meta-analyses. This is representative of an approximate increase of 475 steps (95%
CI 190 to 784 steps) per day and 685 steps (95% CI 316 to 1080 steps) per day respectively.
Low and non-significant heterogeneity was observed in both subgroup analyses (I2 = 0%; p =
0.61 and I2 = 25%; p = 0.23 respectively).
Summary of findings
•

Participants receiving an intervention that included the use of a wearable activity
tracker, either as a wearable-based or multi-faceted intervention showed a significant
increase in daily step counts when compared to control groups.
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1. Daily Steps – all studies

2. Daily Steps – wearable-based interventions

3. Daily Steps – multi-faceted interventions

Figure 2.3 Forest plot of standardised mean difference of steps per day
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
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Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.
Moderate and vigorous physical activity
A total of fifteen studies measured levels of MVPA [139, 147-149, 151-157, 167, 169, 171,
172]. Two studies [156, 172] presented data in a graphical format and one study [149]
presented results for moderate and vigorous physical activity separately. A random effects
meta-analysis using SMD was performed on the twelve remaining studies [139, 147, 148, 151155, 157, 167, 169, 171, 172]. Ten of the included studies measured MVPA objectively
through a range of accelerometers and two studies [148, 167] used subjective self-reported
measures of MVPA. There was a significant increase in minutes per day spent in MVPA
following the intervention versus control comparator (SMD 0.28; 95% CI 0.14 to 0.41; p
<0.001;

Figure 2.4) across all studies in the meta-analysis with moderate and significant (I2 = 46%, p =
0.03) heterogeneity observed. These findings represent an approximate increase of 75
minutes (95% CI 42 to 109 minutes) per day of MVPA. The quality of the evidence was rated
as very low based on being downgraded three times, once due to the high risk of bias
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identified, once due to the level of inconsistency associated with the observed heterogeneity
and once due to the level of indirectness associated with the broad range of included
interventions, comparators, populations and settings.
Further subgroup analysis was completed on studies that included wearable-based
interventions [151, 152, 167] and multi-faceted interventions [139, 147, 148, 152-155, 157,
169, 171]. There was a non-significant increase in minutes per day spent in MVPA following
the intervention versus control comparator (SMD 0.17; 95% CI -0.00 to 0.34; p = 0.05;

Figure 2.4) across studies included in the wearable-based meta-analysis, representing an
approximate increase of 40 minutes (95% CI 0 to 80 minutes) per day of MVPA. Nonsignificant and low heterogeneity was observed (I2 = 0%; p = 0.89). A significant increase was
observed in minutes per day spent in MVPA following the intervention versus control
comparator (SMD 0.33; 95% CI 0.16 to 0.51; p <0.001;
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Figure 2.4) across studies included in the multi-faceted meta-analysis. This represents an
approximate increase of 92 minutes (95% CI 45 to 142 minutes) per day of MVPA. Observed
heterogeneity for studies included in the multi-faceted intervention was high and significant
(I2 = 58%; p = 0.009).
Summary of findings
•

Interventions that included the use of an activity tracker resulted in a significant
increase in MVPA when compared to control groups.

•

Multi-faceted interventions resulted in a significant increase in MVPA when compared
to control groups, while wearable-based interventions did not show a significant
increase in MVPA compared to control groups.

1. Minutes per week of MVPA – all studies
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2. Minutes per week of MVPA – wearable-based interventions

3. Minutes per week of MVPA – multi-faceted interventions

Figure 2.4 Forest plot of standardised mean difference of time spent in moderate and vigorous
physical activity per week in studies comparing an intervention that included a consumerbased wearable activity tracker to a control group that did not utilise a consumer-based
wearable activity tracker. Subgroup analysis was completed on studies that included
wearable-based interventions compared to control and multi-faceted interventions compared
to control. Green square indicates the standardised mean difference for each individual study.
Black square indicates the overall standardised mean difference for all studies.
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Energy expenditure
Six studies [161, 163-165, 170] reported physical activity levels in terms of energy expenditure,
with all studies reporting energy expenditure expressed as kcal per week except for one study
[172] which reported energy expenditure as kcal per day. This study [172] was however not
included in the meta-analysis as the data was presented in a graphical format. The
Paffenbarger Physical Activity Questionnaire (PPAQ) or the International Physical Activity
Questionnaire (IPAQ) were utilised in the included studies to obtain self-reported physical
activity levels. A random effects meta-analysis using SMD performed on the five included
studies showed a significant increase in energy expenditure following the intervention versus
control comparator (SMD 0.32; 95%CI 0.05 to 0.58; p = 0.02; Figure 2.5) across all studies in
the meta-analysis. Heterogeneity was low and non-significant (I2 = 33%, p = 0.16). These
findings represent an approximate increase of 300 kcal (95%CI 32 to 579) in energy
expenditure per week. The quality of evidence was rated as being low based on being
downgraded twice, once due to the high risk of bias identified and once due to the level of
indirectness associated with the broad range of included interventions, comparators,
populations and settings.
Summary of findings
•

Interventions that included the use of an activity tracker resulted in a significant
increase in energy expenditure when compared to control groups.

115

CHAPTER TWO

1. Energy expenditure – all studies

Figure 2.5 Forest plot of standardised mean difference of energy expenditure
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Green square indicates the standardised mean difference for each individual study. Black
square indicates the overall standardised mean difference for all studies.
Sedentary behaviour
Eight studies [147, 149-151, 155-158] reported changes in sedentary behaviour. Two studies
[147, 155] reported sedentary behaviour as percentage of the day spent sitting and seven
studies [149-151, 155-158] reported minutes or hours of sedentary behaviour per day. One
study [157] reported sedentary behaviour as bouts of greater than 20 minutes and one study
[150] reported minutes of sedentary behaviour per sixteen hours. Sedentary behaviour was
objectively measured except for one study [156], which utilised a self-reported questionnaire
to obtain daily sitting time. A random effects meta-analysis was completed on seven studies
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that reported changes in sedentary behaviour using SMD. One study [147] that reported
sedentary behaviour as percentage only was not included in the meta-analysis. For the one
study [155] that reported sedentary behaviour as percentage and hours per day, only hours
per day were included in the analysis. There was a non-significant decrease in sedentary
behaviour following the intervention versus control comparator (SMD -0.21; 95% CI -0.46 to
0.03; p = 0.09; Figure 2.6) across all studies in the meta-analysis with a moderate and
significant level of heterogeneity (I2 = 60%, p = 0.02). This finding represents approximately
37 minutes (95% CI -81 to 5 minutes) less spent in sedentary behaviour. The quality of
evidence was rated as very low based on being downgraded three times, once due to the high
risk of bias identified, once due to the level of inconsistency associated with the observed
heterogeneity and once due to the level of indirectness associated with the broad range of
included interventions, comparators, populations and settings.
Further subgroup analysis was completed on studies that included a wearable-based
intervention [149, 151, 156] compared to control and multi-faceted interventions [150, 155,
157, 158] compared to control. There was a non-significant decrease in sedentary behaviour
following both wearable-based and multi-faceted interventions versus control comparator
(SMD -0.60; 95% CI -1.40 to 0.19; p = 0.14 and SMD -0.08; 95% CI -0.23 to 0.07; p = 0.28
respectively; Figure 2.6) across the meta-analyses. These findings represent a decrease of
approximately 115 minutes (95% CI -269 to 36 minutes) per day spent in sedentary behaviours
for wearable-based interventions and a decrease of 13 minutes (95% CI-39 to 12 minutes)
spent in sedentary behaviours for multi-faceted interventions. High and significant
heterogeneity (I2 = 84%; p = 0.002) was observed for the wearable-based anlysis and low and
non-sigificant (I2 = 0%; p = 0.68) for the multi-faceted analysis.
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Summary of findings
•

Interventions that included the use of an activity tracker did not result in a significant
decrease in sitting time when compared to control groups.

•

Interventions that were either multi-faceted or wearable-based did not result in a
significant decrease in sitting time when compared to control groups.
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1. Minutes per day spent in sedentary behaviours – all studies

2. Minutes per day spent in sedentary behaviours – wearable-based interventions

3. Minutes per day spent in sedentary behaviours – multi-faceted interventions

Figure 2.6 Forest plot of standardised mean difference of time spent in sedentary behaviours
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
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indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.

2.3.8 Health risk factors
Body weight
A meta-analysis using SMD was performed on seventeen studies that included body weight
(kg) as an outcome measure [77, 139, 147, 148, 152, 153, 155, 156, 158, 161, 163-167, 169,
170]. Eight of these studies reported body weight as the primary outcome measure [153, 155,
161, 163-166, 170]. There was non-significant decrease in body weight following the
intervention versus the control comparator (SMD -0.19; 95% CI -0.42 to 0.03; p = 0.09; Figure
2.7) across all studies in the meta-analysis. This finding represents an approximate decrease
of -2.4kg (95% CI -5.3 to 0.4kg) in body weight. A high and significant (I2 = 86%, p <0.001) level
of heterogeneity was observed. The quality of evidence was rated as very low based on being
downgraded three times, once due to the high risk of bias identified, once due to the level of
inconsistency associated with the observed heterogeneity and once due to the level of
indirectness associated with the broad range of included interventions, comparators,
populations and settings.
Further subgroup analysis was completed on studies that included a wearable-based
intervention [152, 156, 165-167] compared to control and multi-faceted interventions [77,
139, 147, 148, 152, 153, 155, 158, 161, 163-166, 169, 170] compared to control. A nonsignificant decrease in body weight following the intervention verses control comparator
(SMD -0.06; 95% CI -0.20 to 0.07; p = 0.36; Figure 2.7) was observed across the studies
included in the wearable-based meta-analysis, representing an approximate decrease of 0.71kg (95% CI -2.38 to 0.83kg) in body weight. There was a non-significant increase in body
120

CHAPTER TWO
weight following the intervention versus control comparator (SMD 0.02; 95% CI -0.07 to 0.11;
p = 0.73; Figure 2.7) across studies included in the multi-faceted-based meta-analysis,
representing an approximate increase of 0.23 g (95% CI -0.82 to 1.29kg) in body weight. A
high and significant level of heterogeneity was observed in both the wearable-based and
multi-faceted analyses (I2 = 88%; p <0.001 and I2 = 86%; p <0.001 respectively).
Summary of findings
•

Interventions that included the use of an activity tracker did not result in a significant
decrease in body weight when compared to control groups.

•

Wearable-based interventions did not significantly reduce body weight compared to
control groups.

•

Multi-faceted interventions did not significantly reduce body weight with a nonsignificant increase in body weight observed compared to control groups.
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1. Body weight – all studies

2. Body weight – wearable-based interventions
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3. Body weight – multi-faceted interventions

Figure 2.7 Forest plot of standardised mean difference of body weight
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.
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Body mass index
Ten studies reported changes in BMI (kg/m2) [148, 154-156, 161, 164-166, 170, 172]. A metaanalysis using SMD was performed on nine of the studies as one study [172] presented results
in a graphical format. There was non-significant decrease in BMI following the intervention
versus the control comparator (SMD -0.16; 95% CI -0.32 to 0.01; p = 0.06; Figure 2.8) across
all studies included in the meta-analysis. Heterogeneity was moderate but not significant (I2 =
42%; p = 0.06). This finding represents an approximate decrease in BMI of -0.9kg/m2 (95% CI
-1.7 to 0.1kg/m2). The quality of evidence was rated at low based on being downgraded twice,
once due to the high risk of bias identified and once due to the level of indirectness associated
with the broad range of included interventions, comparators, populations and settings.
Further subgroup analysis was completed on studies that included wearable-based
interventions [156, 165, 166] and multi-faceted interventions [148, 154, 155, 161, 164-166,
170]. A non-significant decrease in BMI was observed following the intervention versus
control comparator (SMD -0.07; 95% CI -0.27 to 0.14; p = 0.52; Figure 2.8) across studies
included in the wearable-based meta-analysis, representing an approximate decrease of 0.37kg/m2 (95% CI -1.43 to 0.74kg/m2) in BMI. Low and non-significant heterogeneity was
observed (I2 = 17%; p = 0.30). A non-significant decrease in BMI was also observed following
the intervention versus control comparator (SMD -0.08; 95% CI -0.21 to 0.05; p = 0.24; Figure
2.8) across studies included in the multi-faceted meta-analysis, representing an approximate
decrease of -0.46kg/m2 (95% CI -1.21 to 0.29kg/m2) in BMI. Moderate and significant
heterogeneity was observed (I2 = 50%; p = 0.03).
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Summary of findings
•

Interventions that included the use of an activity tracker did not significantly reduce
BMI compared to control groups.

•

Neither multi-faceted or wearable based intervention resulted in a significant
decrease in BMI compared to control groups.

1. BMI – all studies

2. BMI – wearable-based interventions
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3. BMI – multi-faceted interventions

Figure 2.8 Forest Plot of standardised mean difference of body mass index
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.
Waist circumference
Nine studies [77, 148, 156, 161, 164-167, 170] reported waist circumference as an outcome
measure with all studies included in a meta-analysis using SMD. There was a non-significant
decrease in waist circumference following the intervention versus the control comparator
(SMD -0.18; 95% CI -0.40 to 0.04; p = 0.10) across all studies included in the meta-analysis. A
moderate and significant level of heterogeneity was observed (I2 = 55%; p = 0.009; Figure 2.9).
These findings represent an approximate decrease of -2.2cm (95% CI -5.0 to 0.50cm) in waist
circumference. The quality of the evidence was rated as very low based on being downgraded
three times, once due to the high risk of bias identified, once due to the level of inconsistency
126

CHAPTER TWO
associated with the observed heterogeneity and once due to the level of indirectness
associated with the broad range of included interventions, comparators, populations and
settings.
Subgroup analysis was completed on studies that included a wearable based intervention
[156, 165-167] and multi-faceted interventions [77, 148, 161, 164-166, 170]. A non-significant
decrease in waist measurement was observed following the intervention versus the control
comparator (SMD -0.04; 95% CI -0.23 to 0.15; p = 0.67; Figure 2.9) across studies included in
the wearable-based meta-analysis with a low and non-significant level of heterogeneity
observed (I2 = 7%; p = 0.36). This represents a decrease of approximately -0.51cm (95% CI 2.93 to 1.91cm) in waist circumference. A significant decrease in waist measure was observed
following the intervention versus the control comparator (SMD -0.28; 95% CI -0.48 to -0.08;
p =0.005; Figure 2.9) across studies included in the multi-faceted meta-analysis representing
an approximate decrease of -3.86cm (95% CI -6.63 to 1.10cm) in waist circumference. A high
and significant level of heterogeneity was observed (I2 = 61%; p = 0.009).
Summary of findings
•

Interventions that included the use of an activity tracker did not result in a significant
decrease in waist circumference compared to control groups.

•

Wearable-based interventions did not significantly reduce waist circumference
compared to control groups.

•

Multi-faceted interventions did result in a significant decrease in waist circumference
compared to control groups.
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1. Waist circumference – all studies

2. Waist circumference – wearable-based interventions

3. Waist circumference – multi-faceted interventions
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Figure 2.9 Forest plot of standardised mean difference of waist circumference
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.
Body fat
Ten studies [77, 155, 156, 158, 161, 164-166, 170, 172] reported body fat percentage as an
outcome measure with nine studies included in a meta-analysis using SMD due to the results
of one study [172] being presented in a graphical format. A non-significant decrease in body
fat percentage was observed following the intervention versus the control comparator (SMD
-0.19; 95% CI -0.41 to 0.03; p = 0.09;

Figure 2.10) across all included studies in the meta-analysis representing an approximate
decrease of -2.1% (95% CI -4.5 to 0.3%) body fat. High and significant heterogeneity was
observed (I2 = 64%; p = <0.001). The quality of the evidence was rated as very low based on
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being downgraded three times, once due to the high risk of bias identified, once due to the
level of inconsistency associated with the observed level of heterogeneity and once due to
the level of indirectness associated with the broad range of included interventions,
comparators, populations and settings.
Further subgroup analysis was completed on studies that included wearable-based
interventions [156, 165, 166] and multi-faceted interventions [77, 155, 158, 161, 164-166,
170]. A non-significant decrease in body fat percentage was observed following the
intervention versus control comparator (SMD -0.03; 95% CI -0.23 to 0.17; p = 0.76 and SMD 0.02; 95% CI -0.15 to 0.12; p = 0.82 respectively;

Figure 2.10) across the studies included in both the wearable-based and multi-faceted metaanalyses. These findings represent a decrease of approximately -0.22% (95% CI-1.70 to 1.25%)
body fat for the wearable-based meta-analysis and -0.28% (95% CI -2.12 to 1.69%) body fat
for the multi-faceted meta-analysis. Low and non-significant heterogeneity was observed for
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the wearable-based analysis (I2 = 0%; p = 0.47) and high and significant heterogeneity was
observed for the multi-faceted analysis (I2 = 72%; p <0.001).
Summary of findings
•

Interventions that included the use of an activity tracker either as a part of a multifaceted intervention or a wearable-based intervention did not result in a significant
decrease in body fat compared to control groups.

1. Body fat percentage – all studies

2. Body fat percentage – wearable-based interventions
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3. Body fat percentage – multi-faceted interventions

Figure 2.10 Forest plot of standardised mean of body fat percentage
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Subgroup analysis was completed on studies that included wearable-based interventions
compared to control and multi-faceted interventions compared to control. Green square
indicates the standardised mean difference for each individual study. Black square indicates
the overall standardised mean difference for all studies.

Blood pressure
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Six studies [77, 147, 148, 165, 170, 172] reported changes in SBP and DBP and one
additional study [152] reported changes in SBP only. One study [172] was not included in
the meta-analysis due to data being presented in a graphical format. There was a significant
decrease in both SBP and DBP following the intervention versus the control comparator
(SMD -0.21; 95% CI -0.34 to -0.08; p = 0.002 and SMD -0.48; 95% CI -0.74 to -0.21; p <0.001
respectively;

Figure 2.11) across all studies included in the meta-analysis. Low and non-significant
heterogeneity was observed both SBP and DBP (I2 = 23%; p = 0.23 and I2 = 12%; p = 0.34
respectively). These findings represent an approximate decrease of -3mmHg (95% CI -5 to 1mmHg) in SBP and a decrease of -4mmHg (95% CI -6 to 2mmHg) in DBP. The quality of
evidence was rated as low based on being downgraded twice, once due to the high risk of
bias identified and once due to the level of indirectness associated with the broad range of
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included interventions, comparators, populations and settings. No further subgroup analysis
was completed due to the small number of included studies.
Summary of findings
•

Interventions that included the use of an activity tracker resulted in a significant
decrease in both DBP and SBP compared to control groups.

1. Systolic blood pressure – all studies

2. Diastolic blood pressure – all studies
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Figure 2.11 Forest plot of standardised mean difference of systolic and diastolic blood pressure
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Green square indicates the standardised mean difference for each individual study. Black
square indicates the overall standardised mean difference for all studies.

Cardiorespiratory fitness
A total of seven studies reported changes in CRF with five studies [152, 155, 156, 161, 167]
reporting CRF as VO2Max in ml/min/kg and two studies [140, 158] measured the distance
walked during a six-minute walk test (6MWT). A meta-analysis using SMD was performed on
the five studies reporting V02Max. There was a non-significant increase in CRF following the
intervention versus control comparator (SMD 0.08; 95%CI -0.06 to 0.21; p = 0.25; Figure 2.12)
across all studies included in the meta-analysis representing an approximate increase of
0.5ml/min/kg (95% CI -0.4 to 1.5ml/min/kg) in CRF. A moderate and non-significant level of
heterogeneity was observed (I2 = 45%; p = 0.08). The quality of evidence was rated as low
based on being downgraded twice, once due to the high risk of bias identified and once due
to the level of indirectness associated with the broad range of included interventions,
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comparators, populations and settings. No further subgroup analysis was completed due to
the small number of included studies.
Summary of findings
•

Interventions that included the use of an activity tracker did not significantly improve
CRF compared to control groups.

1. Cardiorespiratory fitness – all studies

Figure 2.12 Forest plot of standardised mean difference of cardiorespiratory fitness
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Green square indicates the standardised mean difference for each individual study. Black
square indicates the overall standardised mean difference for all studies.

Blood lipids
Two studies [148, 165] reported changes in blood lipid profile including TC, HDL, LDL and TG.
One additional study [77] also reported changes in TC, HDL and TG. A meta-analysis of the
three studies using SMD was completed on TC, HDL and TG. There was a non-significant
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decrease in TC following the intervention versus control comparator (SMD -0.35; 95% CI -0.72
to 0.02; p = 0.06; Figure 2.13), a non-significant increase in HDL following the intervention
versus control comparator (SMD 0.07; 95% CI -0.19 to 0.34; p = 0.59; Figure 2.13) and nonsignificant increase in TG following the intervention versus control comparator (SMD 0.12; 95%
CI -0.14 to 0.37; p = 0.35; Figure 2.13) across the three studies included in the meta-analyses.
A non-significant decrease in LDL was observed following the intervention versus control
comparator (SMD -0.45; 95% CI -0.94 to 0.03; p = 0.07) across the two studies included in the
meta-analysis. Low and non-significant heterogeneity was observed for HDL and TG (I2 = 7%;
p = 0.36 and I2 = 0%; p = 0.70 respectively). Moderate to high and non-significant
heterogeneity was observed for TC (I2 = 50%; p = 0.11) and LDL (I2 = 64%; p = 0.06). These
findings were not converted into meaningful values using the pooled SD calculation as only
one include study reported data as mean and SD. No further subgroup analysis was completed
due to the small number of included studies.
Summary of findings
•

Interventions that included the use of an activity tracker did not significantly improve
total cholesterol, HDL, LDL or Triglycerides.

1. Total Cholesterol – all studies

2. HDL – all studies
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3. LDL – all studies

4. Triglycerides – all studies

Figure 2.13 Forest plot of standardised mean difference of total cholesterol, HDL, LDL and
Triglycerides
in studies comparing an intervention that included a consumer-based wearable activity
tracker to a control group that did not utilise a consumer-based wearable activity tracker.
Green square indicates the standardised mean difference for each individual study. Black
square indicates the overall standardised mean difference for all studies.
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2.4 Discussion
This systematic review and meta-analysis summarises the results of interventions that utilise
a consumer-based wearable activity tracker to assist in the improvement of physical activity
participation and associated health risk factors [77, 139, 140, 147-165, 167-172]. The results
show a significant improvement in all measures of physical activity participation when
compared to control groups, even when interventions were separated into wearable-based
and multi-faceted. However, intervention groups that were multi-faceted in nature appeared
to have a greater effect on physical activity participation when compared to control groups
than those that included just the use of a consumer-based wearable activity tracker compared
to control groups. No real differences in sedentary behaviour were observed for either
wearable-based or multi-faceted interventions compared to control groups. A significant
reduction in both SBP and DBP was observed when compared to the control groups. There
was a significant reduction in waist circumference for those receiving a multi-faceted
intervention when compared to control. No other significant intervention effects were
observed in any measures of body composition, blood lipids or cardiorespiratory fitness when
compared to control groups. While not significant, all outcome measures except triglycerides
improved following the intervention when compared to control.
2.4.1 Physical activity participation
Participants who received an intervention including a consumer-based wearable activity
tracker demonstrated a significant improvement in daily steps, MVPA and energy expenditure
when compared to control groups. The quality of evidence was low for daily steps and energy
expenditure and very low for MVPA. Moderate and vigorous physical activity was the only
physical activity outcome measure with a significant level of heterogeneity. This is most likely
due to the inclusion of a greater range of intervention types when compared to other
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outcome measures and the method by which MVPA was measured including two studies [148,
167] that subjectively measured MVPA and another study [157] that presented MVPA data in
bouts. Despite the low level of certainty, a significant positive intervention effect was
observed across all included measures of physical activity participation. A recent review [92]
into the use of an electronic activity monitor system as an intervention modality also
concluded that activity monitors have the potential to increase physical activity levels as did
a review into the inclusion of an activity monitor in addition to a behavioural physical activity
intervention for overweight and obese adults [93]. A small to moderate effect on physical
activity participation was also reported by a review that looked at the effect of wearables and
mobile apps as an intervention modality [94].
An overall positive effect for consumer-based wearable activity trackers as an intervention
tool was observed, even when interventions were separated into wearable-based only and
multi-faceted interventions. Sub-group analysis determined a larger effect size for
interventions that were multi-faceted (vs control) than for wearable based (vs control)
interventions. This suggests that consumer-based wearable activity trackers can be effective
on their own, but when combined with other behaviour change techniques such as telephone
counselling or group-based education, the improvement in physical activity participation is
greater. However, the magnitude of the additive effect of each individual component of multifaceted interventions cannot be determined by meta-analysis. Only three of the included
studies [152, 165, 172] directly compared wearable-based and multi-faceted interventions.
Two of these studies [152, 165] offered financial incentives, with both studies reporting a
significant improvement in daily step count for those receiving financial incentives compared
to either control groups or those not receiving incentives. Financial incentives have previously
been shown to be effective at increasing exercise adherence [204]. The third study [172]
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reported that adding personalised coaching to the use of a consumer-based wearable activity
tracker resulted in sustained increases in physical activity behaviours over the 4-week
intervention period. For MVPA, the observed heterogeneity was low and non-significant for
the wearable-based analysis but high and significant for the multi-faceted analysis. This
indicates that the different types of included interventions contribute to the observed
heterogeneity.
Two of the included studies [152, 162] reported a significant increase in daily steps, four
studies [148, 152, 154, 171] reported a significant increase in MVPA and two studies [163,
165] reported a significant increase in energy expenditure for the intervention group
compared to control. Most of the remaining studies reported a non-significant increase in
physical activity participation. One study reported a reduction in daily steps [160], one study
reported a reduction in MVPA participation [155] and three studies reported a reduction in
energy expenditure [155, 164, 165, 170] in at least one of the included intervention groups.
Potential reasons why other included studies did not find a significant intervention effect or
observed a reduction in physical activity participation may be due to a number being pilot
studies [147, 148, 158, 165, 170] which often have insufficient power due to small sample
sizes [205], a moderate to high loss to follow-up in some studies [147, 150, 151, 155, 160, 161,
164, 167], the type of intervention provided to the control group, the actual wear time of the
activity tracker, the length of the interventions and the use of subjective outcome measures.
Eight studies [147, 150, 151, 155, 160, 161, 164, 167] that reported physical activity outcome
measures had greater than 20% loss to follow-up, with three of these studies reporting a
reduction in physical activity participation. One study [150] reported a 56% loss to follow-up
in the intervention group and 65% in the control group and another study [161] had a large
disparity in loss to follow-up between groups with 47% loss in the control group compared to
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11.7% loss in the intervention group. Intention to treat analysis was used in the statistical
analysis of these studies, which is a cautious approach and minimises the influence of loss to
follow-up. Despite this, this style of analysis is less likely to show a positive treatment effect
[206]. A variety of comparator interventions were utilised within the included studies, ranging
from no contact in the form of usual care or waitlist comparators, to participants being
provided with behavioural group-based interventions or telephone counselling. Previously
both group behavioural interventions and telephone counselling have been demonstrated to
be effective in increasing physical activity participation [59, 67, 207]. Actual wear time of the
activity tracker varied, ranging from over 90% wear time [139, 140] to all participants ceasing
to wear the device by the end of the intervention [150] as the study design allowed selfdirected wear of the activity tracker. The two studies that were 12 months or longer [150,
155] reported lower adherence rates compared to shorter duration studies. Issues with longterm adherence to lifestyle and behavioural change interventions are well recognised [48, 50,
135]. Subjective, self-reported questionnaires were used to obtain participants daily energy
expenditure in all included studies and MVPA in two included studies. While the use of these
types of questionnaires is widely accepted, self-reported questionnaires have been shown to
be less robust in measuring energy expenditure and MVPA when compared to objective
measures [208, 209].
2.4.2 Sedentary behaviour
Less time was spent in sedentary behaviour for those receiving a consumer-based wearable
activity tracker intervention compared to control groups, however the finding was not
significant, and the quality of the evidence was graded as very low [147, 149-151, 155-158].
Similar to the studies included in the physical activity participation analyses, a high risk of bias
and serious level of indirectness was identified in the included studies. Additionally, due to
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the observed level of heterogeneity, the quality of evidence was further downgraded. The
included studies reported sedentary behaviour in a range of formats including percentage,
minutes per day and per 16 hours, bouts of sitting time and objective and subjective
measurements, which could contribute to the observed level of heterogeneity. Only one
included study [150] specifically aimed to reduce sitting time. One other study [158] utilised
the idle alert feature of the consumer-based wearable activity tracker. While a reduction of
sitting time is often observed in interventions targeting physical activity promotion,
interventions that specifically target sedentary behaviours are more effective at reducing
sitting time [210-212]. The lack of specific focus on reducing sedentary behaviour in six of the
eight included studies may have contributed to the non-significant finding. In contrast to the
reported findings relating to physical activity participation, the sub-group analysis showed
that the wearable-based interventions had a greater effect on reducing sedentary behaviours
compared to control groups than the multi-faceted interventions. This finding may be due to
none of the interventions included in the wearable-based meta-analysis exceeding 12 weeks
in duration, while the multi-faceted analysis included two studies that were 12 months or
more in duration. Interestingly the wearable-based interventions had a high and significant
level of heterogeneity while the heterogeneity was non-significant and low for the multifaceted interventions. This result was potentially due to the inclusion of one study [149] in
the wearable-based meta-analysis that reported a 21% reduction in sitting time.
2.4.3 Body composition
Body weight, BMI, waist circumference and body fat did not change as a result of using a
consumer-based wearable activity tracker compared to a control group [77, 139, 147, 148,
152-156, 158, 161, 163-167, 169, 170, 172]. This finding is consistent with existing literature
[213] which suggests that unless overall volumes of exercise are very high, significant weight
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loss is unlikely. A recent review [93] into the effectiveness of wearable activity trackers in
overweight or obese adults also reported similar findings, concluding that there was
insufficient evidence to determine the effect of an activity tracker on weight loss when added
to a behavioural intervention. A high level of heterogeneity was observed for all body
composition outcome measures, as the included studies varied greatly in the intervention and
comparators used.
Results relating to the effects of consumer-based wearable activity trackers on body
composition were inconsistent. Nine of the included studies [77, 147, 148, 153, 158, 163, 165,
166, 170] reported results which favoured at least one of the included intervention groups
while nine studies [139, 152, 155, 156, 161, 163, 164, 167, 169] reported results which
favoured the control group. Only five of the seventeen included studies [161, 164-166, 170]
that reported changes in body composition provided specific monitoring or feedback relating
to body weight. One of these studies [165] also provided financial incentives for achieving
weight loss goals and reported a significant amount of weight loss in the group receiving
incentives comparted to both the control group and the intervention group not receiving
incentives. Financial incentives have previously been shown to be effective at improving
weight loss [214], however weight loss is not usually maintained once the incentives cease
[215].
Subgroup analysis of body weight, BMI and body fat did not reveal any differences in effects
sizes for either wearable-based interventions compared to control or multi-faceted
interventions compared to control. Subgroup analysis of waist circumference however
showed a significant improvement in waist circumference for those receiving a multi-faceted
intervention compared to control, which was not observed for those receiving a wearable-
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based intervention versus control. A greater proportion of studies [161, 164-166, 170]
included in the multi-faceted subgroup analysis provided specific weight related feedback
compared to those included in the wearable-based subgroup analysis [165, 166] (70%
compared to 50%). Additionally, studies included in the multi-faceted subgroup analysis were
more likely to report an improvement in physical activity participation or energy expenditure.
As participation in regular physical activity has demonstrated significant decreases in intraabdominal and subcutaneous abdominal fat [216], this increase in physical activity may have
contributed to the observed reduction in waist circumference, which can occur independently
of weight loss [217]. Finally, a recognised limitation of meta-analysis is the pooling of endpoint
data as it assumes that groups are matched at baseline [218]. It is therefore important to note
that two studies [147, 161] were significantly different at baseline for body weight.
2.4.4 Blood pressure
Receiving an intervention that includes the use of a consumer-based wearable activity tracker
resulted in significant reductions in both systolic and diastolic blood pressure when compared
to the control group [77, 147, 148, 152, 165, 170]. The majority of the included studies also
reported an improvement in physical activity participation, meaning this finding is consistent
with current literature as the effect of physical activity in reducing blood pressure is well
documented [219]. The only included study that did not report a decrease in SBP in those
receiving the intervention compared to control was a pilot study that included young men
who were normotensive at baseline. Blood pressure was reported as a secondary outcome
measure for all studies included in the systematic review.
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2.4.5 Cardiorespiratory fitness
Cardiorespiratory fitness was improved in those receiving a consumer-based wearable
activity tracker compared to those in the control group, however the finding was not
significant [152, 155, 156, 161, 167]. None of the included studies reported changes in CRF as
a primary outcome measure. Results were inconsistent, with improvements in CRF reported
in five of the included intervention groups across two studies [152, 161], while three studies
reported no improvement [155, 156, 167]. Participants in two of the studies that did not
report an improvement in CRF already reported above average levels of CRF [156, 167], while
the other study [155] focused primarily on weight loss and initially prescribed only 100
minutes of activity per week. Physical activity participation has demonstrated positive effects
in improving CRF for a range of populations [220], however a dose-response relationship is
typically observed with higher levels of activity eliciting greater improvements in CRF [221].
Additionally, greater benefits are seen in those with low baseline levels of CRF [11, 222].
2.4.6 Blood lipids
Total cholesterol, HDL and LDL all improved in the consumer-based wearable activity tracker
intervention compared to control, although the effect size was not significant [77, 148, 165].
An increase in triglycerides was observed, favouring the control when compared to a
consumer-based wearable activity tracker intervention, however this was also not significant
[77, 148, 165]. The only intervention group included in the blood lipid meta analyses that
reported a positive mean change in all four measures was the group that utilised financial
incentives [165]. This group also reported a significant increase in physical activity levels
compared to the control group and the intervention group not receiving financial incentives.
It is well established in current literature that a reduction in TC, LDL and TG and an increase
in HDL is generally observed following regular aerobic and/or resistance exercise training
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[223-225]. Statistical significance was not reached in any of the included measures of blood
lipids, however the current analysis included only a small sample of 88 participants for LDL
and 112 for TC, HDL and TG. The included population is also not reflective of the general
population as two studies [148, 165] included young men and the third study [77] included a
predominately older female population with a mean age of 79 years. Additionally,
improvements in blood lipids was not the primary focus of any of the included studies.
2.4.7 Strengths and limitations of review
The current analysis incorporates a wide range of participant populations, ranging from
younger to older adults as well as individuals that are apparently healthy to individuals with
diagnosed chronic conditions. Previous reviews have focused on specific chronic condition
populations [95] and patient subgroups such as overweight and obese adults [90]. A thorough
systematic methodology was followed, and the inclusion of a meta-analysis allows for
interpretation of the combined effects of including a consumer-based wearable activity
tracker as part of a physical activity intervention. A wide range of physical activity
interventions that differ in the way in which a consumer-based wearable activity tracker was
utilised were included in the review. The benefits of using a consumer-based wearable activity
tracker in addition to behavioural interventions has previously been demonstrated [90],
meaning this review adds further support for the use of consumer-based wearable activity
trackers in a range of different settings. Additionally, the use of a consumer-based wearable
activity tracker as a stand-alone intervention was examined, with the results indicating that
even without supporting behaviour change techniques, the use of a consumer-based
wearable activity tracker could be effective in increasing physical activity participation. This
may have clinical relevance as increased physical activity participation may lead to

147

CHAPTER TWO
improvements in overall health. Finally, this is the first review to examine the effect of
wearable activity trackers on physical activity associated health risk factors.
While the inclusion of a wide range of interventions and study populations had advantages in
terms of general applications, the heterogeneity of the included study designs makes the
comparison and synthesis of results difficult and lowers the overall quality of the evidence.
The interventions used as comparators also differ greatly between included studies, once
again making the comparison of results difficult. In relation to the health outcome measures,
the number of included studies was low, making it difficult to apply these results to the
general population.
2.5 Conclusion
Utilising a consumer-based wearable activity tracker either as the primary component of an
intervention or as part of a broader physical activity intervention has the potential to increase
physical activity participation and improve blood pressure. While the quality of evidence is
low to very low, the included studies encompass a large age range, include males and females
and a range of healthy and chronic condition populations. While findings were not significant
in all studies, short term interventions utilising a consumer-based wearable activity tracker
generally resulted in increased physical activity participation and improvements in health risk
factors. This suggests that consumer-based wearable activity trackers may be complimentary
to traditional intervention modalities such as group-based education and telephone
counselling. The effects of physical activity interventions are generally short term, with
ongoing contact from health professionals increasing long term adherence to physical activity
participation. Therefore, consumer-based wearable activity trackers have the potential to be
included as an effective tool to assist health professionals to provide ongoing monitoring and

148

CHAPTER TWO
support to patients with minimal resource expenditure. Further research to determine the
effectiveness of consumer-based wearable activity tracker when compared with established
and effective methods of proving ongoing support would be beneficial, as would
investigations of the cost-effectiveness of consumer-based wearable activity tracker
interventions. Given the potential novelty factor associated with the use of consumer-based
wearable activity trackers, further investigation into their long-term usage and effectiveness
would be useful to guide potential clinical applications and future recommendations.
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Chapter 3: General Methods
3.1 Overview
This thesis comprises of one Randomised Controlled Trial which aimed to determine the
following:
1. The effect of ongoing feedback on physical activity and health risk factors following an
exercise intervention in older adults.
The randomised controlled trial (RCT) investigated the effect of feedback provided by
telephone counselling and wearable activity trackers on maintenance of physical activity
levels and health risk factors following the completion of a 12-week face-to-face exercise
lifestyle program (Strength2Strength Exercise Treatment Program). This was compared to the
usual care received by participants following the completion of Strength2Strength.
2. The costs of delivering a telephone counselling and wearable activity tracker-based
interventions and the effects on health service usage and health state utilities.
The costs of delivering a telephone counselling and a wearable activity tracker-based
intervention as included in the RCT were examined. The effect of these interventions on
health service usage, including the Medicare and Pharmaceutical Benefits Schemes and Public
Hospitals and health state utilities was also examined.
3. Older adults’ experiences of using a wearable activity tracker with health professional
feedback over a 12-month randomised controlled trial.
Participants who were randomised to the wearable activity tracker intervention of the RCT
were invited to participate in focus groups to explore their experience of using the Jawbone
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UP24™ activity tracker in combination with health professional feedback and how it may have
supported them to continue to be physically active.
The methods for the physical activity and health risk factor outcomes of the randomised
controlled trial have been published as a protocol paper and appear in the literature as
(Appendix Two):
Brickwood, K., Smith, ST., and Watson, G. and Williams, AD. The effect of ongoing feedback
on physical activity levels following an exercise intervention in older adults: a
randomised

controlled

trial

protocol, BMC

Sports

Science,

Medicine

and

Rehabilitation, 2017, 9, 1.

Journal Impact Factor: 2.15 (CiteScore)

.
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3.2 The Strength2Stength Exercise Treatment Program
The Strength2Strength Exercise Treatment Program (S2S) was a federally funded exercise and
education lifestyle program, led by Accredited Exercise Physiologists (AEP). The program was
delivered in Launceston Tasmania between June 2014 and June 2016. The S2S program was
aimed at individuals who were;
•

elderly, frail and aged

•

had a diagnosed chronic medical condition including but not limited to cardiovascular
disease and associated conditions, chronic obstructive pulmonary disease, cancer,
type 2 diabetes, muscular and/or skeletal conditions such as musculoskeletal injuries
or osteoarthritis and mobility or gait issues.

•

at risk of developing a chronic medical condition

Participants of S2S attended a weekly exercise and education program for 12-weeks. Exercise
programs were individually prescribed following an initial assessment with an AEP and
reviewed throughout the program to ensure the exercises were progressive in nature and
remained appropriate for the individual. While the prescribed exercises included exercises to
improve cardiorespiratory fitness, strength, function and balance, the primary focus was on
strength and function. In addition to attendance at the 12 week program, participants were
also provided with an individually tailored home exercise program (HEP). Participants were
encouraged to complete this at least twice a week. Weekly face to face education sessions
were provided on a range of topics which are listed below;
•

Understanding your exercise program (including rating of perceived exertion and
progressive overload)

•

Breathing and posture
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•

Benefits of exercise (including cardiovascular, strength, balance and flexibility
exercises)

•

Factors affecting balance

•

Falls prevention

•

Healthy eating

•

Label reading

•

Sitting and incidental activity

•

Goal setting

•

Motivation and barriers

•

Ongoing exercise options

At the completion of S2S, participants completed a final assessment with an AEP. During this
assessment participants were provided with an updated HEP and offered a range of ongoing
exercise classes that were available in the local community.
3.3 Ethical Considerations
The study has been approved by the Tasmanian Health and Medical Research Ethics
Committee. The trial has been registered with the Australian and New Zealand Clinical Trials
Registry (ACTRN12615001104549, http://www.anzctr.org.au/default.aspx).
3.4 Participants and Study Design
3.4.1 Selection of participants
Participants who attended the S2S program were recruited to take part in the parallel group
randomised controlled superiority trial (RCT). All participants who attended an initial
assessment between September 2014 and March 2016 were provided with information
regarding the RCT. The PhD candidate (KB) answered questions and completed the consent
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process with interested participants who met the inclusion criteria following the completion
of their initial assessment. The decision to participate in the study did not affect the eligibility
of participants to take part in the S2S program.
To be eligible for the RCT, individuals had to agree to participate in the S2S program, be aged
over 60 years and be able to attend follow-up assessments throughout the 12-month
intervention period. Exclusion criteria applied to those who declined to participate in the S2S
program, those with an unstable medical condition that prevented them from participating
in regular physical activity, those with neurological conditions or those with a limited
understanding of English which may prevent them from meeting the self-reporting
requirements of the study. An unstable medical condition was defined as a condition that is
not currently effectively medically controlled as characterised by previously undignosed or
worsening adverse signs or symptoms [226]. For example, those with unstable angina,
unstable respiratory disease, untreated heart failure or cardiomyopathy, severe aortic
stenosis or uncontrolled diabetes
3.4.2 Randomisation
Participants who enrolled in the study underwent initial testing (pre S2S) and completed the
12-week S2S program prior to being randomised to one of the three intervention groups.
Randomisation of participants occurred at the S2S final testing session (post S2S). As a result,
some participants were not randomised as they were either unable to or failed to attend their
final assessment. Randomisation was performed using computer generated blocks of fifteen
by a third person not directly involved in the study and recorded in sealed, opaque envelopes.
Each envelope was opened sequentially at the participants final S2S assessment to reveal the
allocated intervention. Participants who were from the same household were randomised to

154

CHAPTER THREE
the same group to maintain the integrity of the intervention (total of 16 participants from 8
households). All participants were requested to avoid the use of any physical activity
monitoring devices other than those directly provided by the researchers for the duration of
the study. The study design is summarised in Figure 3.1.

Figure 3.1 Study design indicating time points for participant recruitment, randomisation and
data collection. All intervention groups included usual care.

3.4.3 Interventions
3.4.3.1 Usual care
The Usual Care (UC) group received the standard care provided to participants who
completed the S2S program which included the provision of an individualised HEP and a range
of ongoing exercise classes or programs that were available in the local community. Where
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possible, participants were referred to their chosen ongoing option to increase the likelihood
of continuation of physical activity. This was optional, meaning not all participants engaged
with an ongoing community option, choosing to continue their exercise independently.
Participants were asked to actively avoid the use of an activity tracker for the duration of the
intervention.
3.4.3.2 Telephone counselling group
The telephone counselling (TC) group received a total of 15 phone calls throughout the
duration of the 12-month follow-up period. Participants received one phone call per fortnight
for the initial three-month period (6 phone calls) and then once a month for the remaining
nine months (9 phone calls). During these phone calls, participants were asked to self-report
their activity levels, compliance to their home exercise program and if there were any issues
that were preventing them from maintaining their activity levels. An AEP experienced in
motivational interviewing techniques conducted the telephone consultations. A protocol
outlining the telephone call was used to assist the individual making the telephone call to
obtain all the required information from the participant (Figure 3.2). The protocol also
allowed the AEP to offer advice regarding exercise prescription and modification and assist
participants to overcome any barriers they may be experiencing. Constructs from Social
Cognitive Theory [51] were utilised throughout the TC intervention and included the use of
goal setting, reinforcement, the provision of feedback and motivational interviewing
techniques to improve self-efficacy. Examples of the timing and type of feedback provided
throughout the TC intervention is outlined in
Table 3.1. Participants were asked to actively avoid the use of an activity tracker for the
duration of the intervention.
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Figure 3.2 Telephone counselling recording sheet

3.4.3.3 Activity tracker group
The Activity Tracker (AT) group received a Jawbone UP24™ activity tracker (Jawbone, Inc. 99
Rhode Island Street, San Francisco, CA 94103) and a smartphone (Telstra Buzz, ZTE, China)
with data plan at the time of randomisation (end of S2S). Participants who already had a
compatible smartphone could chose to use the smartphone provided or their own device
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(only one participant chose this option). No reimbursement for data costs was provided to
those who chose to use their own smartphone. The Jawbone UP™ app was downloaded onto
the smartphone (Figure 3.3). A separate Jawbone account was created for each participant,
allowing the AEP delivering feedback to remotely access participants step data. Participants
were requested to wear the Jawbone UP24™ tracker on their non-dominant wrist for the
duration of the 12-month intervention. An individual information session on how to use the
Jawbone UP24™ activity tracker and how to synchronise the wearable activity tracker and
smartphone was provided to all participants at randomisation. Written instructions were also
provided. Telephone support was provided to participants to troubleshoot any technical
issues as required. A daily step goal was individually prescribed for each participant, based on
their physical function and level of physical activity at time of randomisation. The daily step
goal was programmed into the UP™ app during the individual information session, with
automated feedback provided by the tracker in the form of a vibrotactile alert when the daily
step goal was achieved. An idle alert was also programmed into the UP™ app which gave
participants a vibrotactile alert when no steps had been recorded for a 30 minute period. The
Jawbone UP24™ does not contain a display so participants were required to use the UP™ app
to view their progress towards their daily step goal. While additional information including
sleep tracking, weekly activity trends, idle and movement times and healthy lifestyle hints and
tips could also be viewed using the UP™ app, participants were given instructions on how to
view their step count only. The other features of the UP™ app, including sleep tracking were
not demonstrated in an attempt to avoid overwhelming participants as many were unfamiliar
with using smartphones and had no previous experience with using a wearable activity tracker.
Participants were however free to explore the features of the mobile app. When the Jawbone
UP24™ and associated UP™ app are used to their full capacity, between 18 and 33 of a
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possible 40 behaviour change techniques are incorporated [89, 90]. Participants were asked
to synchronise the tracker with the UP™ app at the end of each day and to charge the Jawbone
activity tracker overnight. In addition to the daily feedback available through the UP™ app,
participants received weekly text messages from an AEP. Participants step data was
downloaded and reviewed once a week on a Monday with text messages sent at this time.
Text messages contained feedback relating to average daily steps, comparison to their daily
step goal and the previous week (Figure 3.3). Participants who were meeting their step goal
were encouraged to maintain their current activity levels. Participants recording step counts
below their goal were encouraged to increase their steps by an achievable amount each day.
In instances where no daily step data was recorded, the participant was contacted to address
any synchronisation or technical issues. Social Cognitive Theory constructs including selfmonitoring, goal setting and the provision of feedback were utilised within the AT
intervention. Examples of the timing and type of feedback provided throughout the AT
intervention is outlined in
Table 3.1.
The intervention groups outlined above are included in Chapter Four (See 4.2.2)
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Figure 3.3 Jawbone activity tracker, example of weekly text messages sent to AT participants
and Jawbone UP™ app user interface showing progress towards daily step goal.

Table 3.1 Timing and type of feedback delivered throughout the AT and TC interventions. Text
in italics indicated a behavioural change construct
Activity Tracker group
Participant provided with
Jawbone activity tracker

Week 0
(Randomisation)

Weeks 1-52

Telephone Counselling group

Instructions on how to use and
sync Jawbone activity tracker
with smartphone
Initial step goal determined and
programmed into UP™ app.

Daily
Self-monitoring via UP™ app
Feedback from UP™ app
including but not limited to;
- Normative behaviour
- Goal setting
- Comparison with past
success

No set-up required

Fortnightly (weeks 1 -12) &
Monthly (weeks 13-52)
Tailored feedback based on selfreported physical activity
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-

Rewards for goal progress

Weekly
Tailored Feedback from AEP via
text message based on objective
step data
Updated daily step goal
Reinforcement of current
behaviours

Goal setting
Motivational Interviewing techniques to
address barriers to physical activity
Reinforcement of current behaviours

3.5 Outcome measures
Outcome measures were obtained for all participants during the initial and final S2S
assessments and at three, six and twelve months into the intervention period. A team of six
AEPs (including the PhD candidate) were responsible for the initial and final S2S assessments.
The PhD candidate conducted all the three, six and twelve month assessments. As the PhD
candidate was also responsible for delivering the TC and AT interventions, they were not
blinded to group allocation. The final S2S assessment was treated as the baseline assessment
for the RCT. The outcome measures obtained during the S2S initial assessment were used to
evaluate the effects of the S2S program itself and to determine the 12-month period
preceding the S2S program which was used in the economic analysis. Results from the RCT
are presented in Chapter Four (see section 4.3.3)
3.5.1 Physical activity
Physical activity participation was measured using two tools; an ActivPAL™ (PAL
technologies Ltd, Glasgow, UK) accelerometer and Active Australia Survey (AAS) (Appendix
Five). The ActivPAL™ accelerometer was enclosed in a small flexible sleeve to cover the
monitor and fitted to the front of the participants upper thigh using Tegaderm™ film to
allow participants to perform their daily activities (including showering/bathing) with the
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device in place. The ActivPAL™ was worn day and night for a seven-day period at each
assessment time. The ActivPAL™ measures the time spent in sitting, lying, standing and
activity and provides a daily step count. The ActivPAL™ accelerometer has shown to be a
valid and reliable device for monitoring physical activity in older adults and individuals with
an altered walking gait [227-229]. A minimum of five days’ worth of valid data was required
for inclusion at each assessment time. Data from the ActivPAL™ was downloaded using the
proprietary software. Data files from the ActivPAL™ were downloaded from the devices and
event files were created using the proprietary software (PAL Technologies, ActivPAL3™
v7.2.38). Event files were analysed using custom software (National Instruments Labview
2017, Austin, Texas, USA) to determine daily step counts and total non-stepping time. Only
days with full recordings were considered. Daily step counts were averaged for each
assessment time point. Non-stepping time was calculated by summing the time spent in
lying, sitting and standing over a 24-hour period. Daily steps obtained from the ActivPAL™
were the primary measure of physical activity and the primary outcome of the RCT.
The AAS survey assess leisure-time physical activity levels and was included as a back-up
option to the ActivPAL™ and to assess changes in time spent in activities that may not have
been captured by the ActivPAL™ due to its placement on the thigh (e.g. strength or seated
exercises). Participants were requested to include any exercise performed in the previous
week in their responses to the survey as the AAS measures the frequency, intensity and
duration of incidental and/or planned physical activity in the week prior to the time of testing
[230]. The total time spent per week doing planned walking, vigorous gardening and
housework and planned moderate and vigorous activities are captured in the questionnaire,
with the total time spent in each activity multiplied by an intensity value (3.5 for walking, 4
for moderate activities and 7 for vigorous activities) to calculate the participants’ weekly
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physical activity in MET.min-1 [230]. The AAS is a reliable and valid measure [231, 232] and has
been used to measure changes in physical activity in chronic disease populations [233].
The outcome measures outlined above are included in section 4.2.3.
3.5.2 Body composition
Body composition was measured using body weight, body mass index, body fat percentage
and lean mass. These measures were utilised as they are easy to obtain and have been widely
used as indicators of cardiovascular disease [234] and mortality risk [235] in large population
studies. Body Mass index (BMI) was calculated from participants height and weight. Body
weight, body fat percentage and lean mass were measured using Bio-Impedance Analysis (BIA)
scales (Tanita BC-1000; Tanita Corp; Tokyo, Japan). BIA has been shown to be a reliable and
reproducible method for determining body composition [236, 237].
The outcome measures outlined above are included in section 4.2.3.
3.5.3 Blood pressure
Blood pressure was measured using a vital signs monitor (42NON-E1; Welch Allyn
Incorporated; New York, USA) following five minutes of seated rest.
The outcome measures outlined above are included in section 4.2.3.
3.5.4 Balance and mobility
Dynamic balance and mobility were measured using the Timed Up and Go (TUG). This test
requires participants to stand up from a seated position on a standard height chair, walk
around a cone placed 3 meters from the chair, return to the chair and sit down. It is a reliable
and valid measure of dynamic balance across a range of chronic conditions and is widely used
in clinical practice [238, 239].
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The outcome measures outlined above are included in section 4.2.3.
3.5.5 Muscle strength
Muscle strength was measured using the Ten Times Sit to Stand (TTSTS). The TTSTS is a
measure of functional lower body strength and relates to the ability to perform activities of
daily living and consequently is relevant to wider health and quality of life outcomes. It is a
reliable and valid measure that is widely used in clinical practice [240].
The outcome measures outlined above are included in section 4.2.3.
3.5.6 Physical function
Either the Six-Minute Walk Test (6MWT) or Modified Shuttle Walk Test (MSWT) was used to
measure the physical function of participants. Both measures are simple to conduct, use
minimal equipment and are reliable and valid measures of physical function in individuals
with chronic health conditions [241, 242]. The 6MWT requires participants to walk as many
laps of a 10-meter course as possible in 6 minutes. Participants were asked to complete the
6MWT test to the best of their ability but could stop and rest if required. The MSWT is an
externally paced incremental test requiring participants to walk laps of a 10-meter course
while keeping pace with an audio recording until they are unable to maintain the required
pace. Participants were permitted to jog/run to keep pace if able to do so. The 6MWT was
used to assess physical function for participants who had mobility issues, including walking
with aids. The MSWT was used for the remainder of participants.
The outcome measures outlined above are included in section 4.2.3.
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3.5.7 Self-reported quality of life
Health related quality of life was evaluated using the Medical Outcomes Short-Form 36-Item
Health Survey (SF-36) (Appendix Six). The SF-36 is a validated survey and widely used to
measure quality of life in a range of chronic disease populations [243, 244]. Comprising of
eight multi-item scales including physical functioning, physical role, bodily pain, general
health, vitality, social functioning, emotional role and mental health, the SF-36 provides an
overall summary score and physical and mental health summary scores. Participants answer
the included questions using a combination of Likert scales and yes/no options. The SF-36 is
scored using a standardised scoring algorithm to obtain a score ranging from 0 to 100 with
higher scores indicating higher health-related quality of life.
The outcome measures outlined above are included in section 4.2.3.
3.5.8 Motivation for exercise
The Self-Regulation Questionnaire for Exercise (SRQ-E) is a theoretically derived
questionnaire developed for use in school settings which has since been validated in diverse
health settings [245] (Appendix SevenAppendix ). The SRQ-E gathers information on why a
person chooses to exercise regularly and assesses the degree to which individuals are
autonomous in their exercise behaviour. The SRQ-E contains four different types of behaviour
regulation including external regulation (e.g. “I feel like I have no choice about exercising:
others made me do it), introjected regulation (e.g. I feel guilty if I don’t exercise regularly),
identified regulation (e.g. I feel like exercise is the best way to help myself”) and intrinsic
motivation (e.g. I enjoy exercise). For each one of the 16 included items (four for each
subscale) participants choose how they feel using a 7-point Likert scale with 1 being not at all
true and 7 being very true. Each scale is scored separately by averaging the responses to each
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of the subscale items. A relative autonomy index is also calculated by combining and
weighting the four subscales.
The outcome measures outlined above are included in section 4.2.3.
3.5.9 Adherence to interventions
Adherence to the AT intervention was assessed by participants wear time of the Jawbone
UP24™ activity tracker relative to the length of the intervention (365 days). Non-wear days
were defined as days in which zero steps were recorded [246]. This method ensures that
participants who regularly recorded steps of less than 500 steps per day were still included.
Reasons for non-wear were also recorded. Adherence to the telephone counselling
intervention was assessed using the proportion of telephone calls successfully delivered to
participants in the TC group. The length of successful calls was also recorded, as was the
number of unsuccessful call attempts.
The outcome measures outlined above are included in section 4.2.3.
The results relating to the above outcome measures are reported in Chapter Four (4.3).

3.5.10 Health economic analysis
3.5.10.1 Health economic perspectives
To explore and understand the costs associated with the interventions delivered during the
RCT, costs were analysed from three different health economic perspectives: namely the
individual, healthcare payer and societal perspectives. An individual perspective is the
narrowest of the included perspectives, considering only the costs directly attributable to
the individual such as out of pocket health care costs. The healthcare payer perspective
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includes costs directly paid for by health service providers, such a Medicare and
Pharmaceutical benefits and public hospital costs. The societal perspective, which is the
broadest of the included perspectives, includes a full range of social costs and includes costs
associated with lost productivity in addition to direct health care costs. Both a bottom-up
(person-based data) and a top-down (literature-based data) approach was used to estimate
costs associated with delivering the included interventions [247]. Investigating these three
key health economics perspectives provides a broader understanding of the costs and
health benefits associated with the interventions of the study, allowing for more informed
decisions about the costs associated with health interventions [247, 248].
The outcome measures outlined above are included in section 5.2
3.5.10.2 Intervention costs
The costs per participant associated with delivering both the wearable activity tracker and
telephone counselling interventions were calculated. Where participants did not complete
the entire intervention, costs were calculated for the portion of the intervention delivered.
The cost of the UC group was calculated as $0. The costs associated with delivering the TC
and AT interventions were calculated and reported in 2019 Australian dollars. Unit costs for
each intervention are outlined in Table 3.2. The AEP rate was set at $48.15 per hour (current
Level 1, year 4 rate for an Allied Health Professional in the public health system in Tasmania.
This is equivalent to an AEP with a 4-year degree and 2 years of experience) multiplied by 1.3
to cover employment costs [249].
The outcome measures outlined above are included in section 5.2
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Table 3.2 Included intervention costs for the wearable activity tracker and telephone
counselling interventions
Activity Tracker
Intervention Costs
Jawbone UP24™ activity
tracker
Text messages
Accredited Exercise
Physiologist time

Unit Cost

Notes

$89

Purchased in 2014

0.25c per text
$48.15/hour

Telephone Counselling
Intervention Costs
Call cost

Unit Cost

Weekly text message to each participant
Allocated for review and entry of
participant step data, time spend sending
text messages and provision of technical
support to participants
Notes

Accredited Exercise
Physiologist time

$48.15/hour

0.50c per call

Successful and unsuccessful calls costed to
account for call connection fees
Allocated for duration of call and recording
of notes for successful and unsuccessful
calls

3.5.10.3 Health service usage
All participants were retrospectively invited to take part in the health service usage
component of the study due to the specific consent requirements of the Australian
government. Upon consent, emergency department presentations and hospital admission
data were collected via the Tasmanian Data Linkage Unit (TDLU) from the Department of
Health and Human Services in Tasmania, Australia. Costs associated with public hospital
admissions were calculated from the Australian Refined Diagnosis-Related Group (AR-DRG)
provided and valued using the Australian Public Hospitals Costs reports 2013-2014 [250]. The
AR-DRG is a classification system, providing a clinically meaningful way of relating the number
and type of patients treated in a hospital, to the resources required by the hospital [251].
Emergency department presentations were costed at $396 per presentation as this was the
average cost per non-admitted presentation in Tasmania for the 2013-2014 financial year
[250]. Medicare and Pharmaceutical Benefits Scheme data was obtained from the relevant
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administrative databases directly through the Australian Government Department of Human
Services with all associated costs provided. Table 2 outlines the information collected from
each source. Data collection for each participant covered a 27-month period, including the
12-months preceding S2S, the duration of S2S and 12-months following the completion of S2S.
The 12-months prior to and following S2S were calculated from the participants initial and
final assessment dates.
The outcome measures outlined above are included in section 5.2

Table 3.3 Summary of Information collected from the Australian Government administration
databases (Medicare and Pharmaceutical) and Tasmanian Public Hospitals (emergency
department presentations and public hospital admissions). a
Information collected
Medical Benefits Scheme (MBS)

Date of service
Item number
Item description
Provider charge
Schedule Fee
Benefits Paid
Patient out of pocket
Hospital Indicator

Full description
The Medicare Benefits Scheme is a list of the
medical services for which the Australian
Government will pay a rebate, to provide patients
with financial assistance towards the costs of
medical services
The date on which the provider performed the
service
A number that identifies the service provided by
the provider as per MBS
Describes the service provided by the provider as
per MBS
The dollar amount the provider charged for the
service
Fee listed in the MBS
The Medicare benefit paid to the claimant (patient)
The dollar amount the patient is out of pocket (i.e.
the provider charge minus the benefit paid).
An indicator of whether the service was performed
in hospital
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Pharmaceutical Benefits Scheme
(PBS)
Date of supply
Date of prescribing
PBS item code
Item description
Patient Category
Patient contribution
Net Benefit
Tasmanian Public Hospital Emergency Department
Presentations
Date of presentation
Mode of arrival

Length of non-admitted service
episode (length of stay)
Tasmanian Public Hospital - Public
Hospital Admissions
Admission date
Length of stay
Episode Australian Refined
Diagnostic Related Group (AR-DRG)

Cost weights

a

The Pharmaceutical Benefits Scheme is a program
of the Australian Government that provides
prescription medications at a subsidised price.
the date on which the PBS item was supplied
the date on which the prescription was written
Number which indicates the item prescribed as per
PBS
The description of the item names as it appears in
the PBS
the patient contribution paid by the patient
Benefit that the Department of Human Services
(Government) paid to the pharmacy
Description of script type i.e. Original or repeat

date patient presented to emergency department
the way in which the patient arrived at the
emergency department, including Tas Ambulance,
Private vehicle, Government vehicle, walking,
wheelchair or other.
Length of emergency department presentation in
minutes.

The date on which the admission was initiated
Length of admission in days
Episode AR-DRG classification system used to code
procedures and interventions during a hospital visit
(see Appendix Eight for a comprehensive list of ARDRGs included in this).
Calculated as the ratio of the average cost of all
episodes within a specific AR-DRG to the average
cost of all episodes across all AR-DRGs.

= Data collected through the Tasmanian Data Linkage Unit (TDLU)

3.5.10.4 Productivity costs
Lost productivity costs were calculated based on the assumption that older adults contribute
to society in various productive ways, including continuing to work, volunteering and
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providing informal care. Approximately 13% of adults over the age of 65 participate in the
workforce, 18% are informal carers and approximately 21% participate in some form of
volunteering [30]. The average Australian wage of those employed in full and part time work
is $1,256.20 per week [252]. The cost of replacing the labour time donated by volunteers is
estimated to be $44.76 per hour for adults over the age of 65 [253], while the replacement
costs for the provision of informal care are estimated to be $31.36 per hour [254]. It is
estimated that older adults spend an average of 6.2 hours per week volunteering and an
average of 34.7 hours per week caring for a partner or spouse [255]. Lost productivity costs
were calculated by averaging weekly costs associated with working in full or part time
employment, volunteering or providing informal care to a partner or spouse and then
multiplied by 46 weeks. Table 3.4 outlines the included productivity costs. Lost productivity
costs were applied to 50% of study populations to simulate the rates outlined above for older
adults participating in the paid workforce (13%), the provision of informal carer (18%) and
volunteering (21%) based on the rates from the available literature [30]. Additionally, as a
conservative estimate, it was assumed that most participants included in the current study
participated in only one of the above productivity activities. Lost productivity costs were
added only to pre S2S costs as it was assumed that participation in these types of activities
was reduced prior to completing S2S and following any health improvements associated with
S2S participation, were resumed in the following 12-months [247, 248, 256].
The outcome measures outlined above are included in section 5.2
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Table 3.4 Productivity costs associated with part or full time employment, volunteering and
providing informal care
Cost
Average Weekly wage
Volunteer replacement costs
Informal carer replacement costs

Hourly rate
$44.76
$31.36

Weekly Cost
$1,256.20
$277.50
$1,088.20

X 46 weeks

$873.90
$40,202.46

Average weekly cost
TOTAL
3.5.10.5 Health state utilities

The SF-36 scores obtained throughout the 12-month RCT (see section 3.5.7) were used to
estimate preference weights via the SF-6D multi-attribute utility instrument algorithm [257].
Australian utility weights were calculated in STATA (STATA, v.16, StataCorp, TX, USA) using an
algorithm kindly provided by Associate Professor Gang Chen from Monash University based
on the valuation of Australian health states [257].
The outcome measures outlined above are included in section 5.2
Results relating to the health economic analysis are reported in Chapter Five (see 5.3).
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3.5.11 Qualitative analysis of the Jawbone UP24™ activity tracker

Participants who completed the AT intervention were invited to take part in focus groups
related to the use of the Jawbone UP24™ activity tracker. Demographic and health data
wereobtainedatthestartoftheRCTandincludedparticipantsage,BMI,diagnosedchronic
conditions and level of activity. Focus groups were conducted by a researcher (JO) with
experience infacilitatingfocusgroups,whohadnotpreviouslyhadanydirectcontactwith
the researchparticipants,toensureparticipantsfeltcomfortableexpressing their opinions.
Participantsprovidedwrittenandinformedconsentbeforeengaginginthefocusgroups.A
questionnaire to obtain information relating to participants use of technology (including
mobile and smartphones, laptops, tablets and desktop computers), any support they
receivedtousethistechnologyandtheir levelofeducationwasprovidedprior tothefocus
group (Appendix TenAppendix Nine

Published version of;

Brickwood, K., Williams, AD., Watson, G., O’Brien, JA. Older adults’ experiences of using a
wearable activity tracker with health professional feedback over a 12-month
randomised controlled trial, Digital Health, 2020; 6:2055207620921678.
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). The candidate (KB) provided the focus group facilitator with semi-structured questions
(Table 0.1). Prompts were utilised as required to encourage participants to expand on their
answers. Focus groups were digitally recorded.
Acceptability data relating to participant’s wear time of the Jawbone UP24™ and any ongoing
support provided to participants was also examined. Non-wear days were defined as days on
which no step data was recorded [246]. The remaining days were considered to be ‘wear days’
and were used to calculate the percentage of days in which the wearable activity tracker was
worn throughout the 12-month intervention.
The outcome measures outlined above are included in section 6.2.2
Results relating to the qualitative analysis of the Jawbone UP24™ activity tracker are reported
in Chapter Six (6.3).
Table 0.1 Guiding questions utilised during focus groups
1. Tell me about your previous experience with technology
2. Think back on your experience with the activity tracker – can you describe the
experience?
Was the activity tracker easy to use?
If not, what did you find difficult about using the tracker?
What did you like/dislike about the activity tracker?
3. I’d like to hear more about how you think the activity tracker helped increase your
activity levels
What features helped / did not help?
If not a specific feature of the tracker, what was it that motivated you to be more
active?
What other features do you think would help to motivate you?
4. Do you think receiving regular feedback helped keep you on track?
Why did/didn’t this work for you?
5. What did others think of you using an activity tracker?
6. Did you continue to use an activity tracker after the study had finished? Why/Why not?
7. Do you have any recommendations for improvement?
8. Any other comments?
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3.6 Power Calculation
The 12-week S2S intervention resulted in a mean increase of 450 MET.min of physical activity
per week with a SD of 1.5x the change. Sample size was calculated based on a superiority trail
design with a predicted maintenance of 100% of additional physical activity in the feedback
groups and decrease of 50% of additional physical activity in the usual care group over the
12-month intervention (Mean Difference = 225 MET.min/week) with a SD of the change of
350 MET.min/week (1.5x the mean change in line with S2S data). STATA 12 (Stata, v.12
StatCorp, TX, USA) was used to calculate the sample size on the basis of a mean difference of
225 MET.min/week with a SD of the change of 350 MET.min/week, a power of 80% and an
alpha level of 0.05 using the “sampsi 0 225, sd (350) p (0.8) a (0.05)” command. The sample
size calculation indicated that at least 38 participants were required per group. To allow for
potential withdrawals, 50 participants per group were recruited. Dropout rates in exercise
intervention studies ranges from 11% in healthy older adults to [258] 36% in less mobile older
adults [259].
All participants who were randomised to the RCT were included in the cost analysis of the
interventions and invited to take part in the health service usage analysis. As participants
were retrospectively invited to take part in the health service usage analysis, the aim was to
recruit a minimum of 50% of the participants who were randomised.
As determination of participant numbers for qualitative research a priori is problematic [260],
all participants who completed the AT intervention were invited to take part in the qualitative
analysis focus group sessions.
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3.7 Data Analysis
3.7.1 Physical activity and health risk factor outcome measures
All data were analysed using STATA (Stata, v.13.1, StatCorp, TX, USA) and graphically
represented using GraphPad Prism (version 7.00 for Windows, GraphPad Software, La Jolla
California USA). Comparisons between the three interventions (group and time interaction)
and within group time effect (change from baseline) were tested using mixed effects repeated
measures linear regression and replicated with ordered logistic regression (based on a single
unit change) adjusted for repeated measures because the assumptions of linear regression
were not met for most of variables. P values for comparison between groups were adjusted
with Holm test for multiple comparison. Statistical analysis was first conducted by completing
the missing values through the last observation carried forward technique [177]. Additionally,
Intention to treat (leaving missing values as blank), and per protocol (only for people who
completed all assessment time points) analyses were conducted. Intention to treat and last
observation carried forward (LOCF) included all 117 participants. Per protocol analysis
included 75 participants (UC=26, TC=25, AT=24). Results are presented from mixed effects
models in intention to treat analyses because it adjusts the maximum likelihood estimates
based on the missing data and provides a more powerful analysis without adhoc imputations
with LOCF analysis. This technique also retains the sample size compared to the per protocol
analysis. For ease of understanding, results comparing the three interventions are shown as
mean difference and 95% confidence interval (MD; 95%CI) but with p values obtained from
logistic regression analyses adjusted for multiple comparisons. Significance level was set at
0.05.
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Data relating to the SRQ-E were represented graphically in GraphPad Prism to analyse the
change in SRQ-E scores between baseline and 12 months. Correlation of change in daily steps
and SRQ-E scores were also analysed.
Results from this analysis are detailed in Chapter Four (4.3).
3.7.2 Intervention costs and health service usage.
Costs per participant were calculated for each of the three included intervention groups.
Healthcare costs including Medicare and Pharmaceutical benefits schemes, public hospital
admissions and emergency department presentations were summed within individual
participants for the 12-months prior to S2S (pre) and the 12-months following S2S (post). Pre
and post S2S costs were compared between intervention groups using mixed effects logistic
regression (Stata, v16, StataCorp, TX, USA) as assumptions of linear regression were not met.
The base-case analysis was conducted from a healthcare payer perspective and included the
costs of delivering the intervention, the Medicare and Pharmaceutical benefits paid to
providers and any public hospital costs. Healthcare payer perspective costs were calculated
both with and without the cost of the wearable activity tracker itself and the smartphone and
data plan which were included in the AT intervention. Sensitivity analyses were conducted by
changing the perspective to an individual and societal perspective. The individual perspective
included Medicare and Pharmaceutical out of pocket costs. The cost of the wearable activity
tracker, smartphone and data plan were both included and excluded from the individual
perspective analysis. The societal perspective included the intervention costs, public hospital
costs, Medicare and Pharmaceutical benefits paid and out of pocket costs and productivity
costs and cost offsets for all intervention groups. Wearable Activity tracker, smartphone and
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data plan costs specific to the AT group were also included. Table 0.2 provides a summary of
the costs included in each perspective analysis.
Results from this analysis are detailed in Chapter Five (5.3)
Table 0.2 Summary of costs included in the base case analysis (healthcare payer perspective)
and subsequent sensitivity analyses (individual and societal perspectives).
Healthcare payer
perspective
Intervention Costs
Activity tracker cost
Smartphone and
data plan costs
Medicare and
Pharmaceutical
benefit paid
Medicare and
Pharmaceutical out
of pocket costs
Public hospital costs
Productivity costs

+
+/+/-

Patient perspective

Societal perspective

+/+/-

+
+
+

+

+
+

+

+
+
+

+ = perspective analysis includes cost, +/- = multiple analyses completed to both included and exclude costs,
greyed out cell = cost not considered in perspective analysis.

3.7.3 Health state utilities
Summary statistics of derived health state utilities were calculated and reported as mean
with SD and median with IQR given the skewed nature of health preferences data [261].
Individual health state utilities were also depicted graphically in the form of frequency
charts to show the nature of the distributions. Comparisons between the three groups (as
change from baseline) were made using mixed effects ordered regression adjusted for
repeated measures (STATA, v.13.1, StataCorp, TX, USA) as assumptions of linear regressions
were not met. The level of significance was set at p<0.05. The minimal clinically important
difference for the SF-6D was assumed at mean 0.04 utility points from the published
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literature [262]. Additionally, health state utility valuations were compared to Australian
population norms extracted from the published literature for older age cohorts [263].
Results from this analysis are detailed in Chapter Five (5.3).
3.7.4 Focus group data
Digital recordings of the focus groups were transcribed verbatim for further analysis.
Transcripts were coded and thematically analysed in NVivo (NVivo 12, Pro edition, QSR
International) using a qualitative descriptive approach [264]. Coding was completed in two
stages. During the initial stage, two researchers (KB and JO) independently coded the
transcripts inductively to ensure that themes were organically identified without researcher
bias. Stage 2 involved two researchers (KB and JO) generating a preliminary list of themes
which were then discussed and refined to ensure that all themes captured those previously
coded. The two authors independently coded the transcripts to ensure all data was captured
by the identified themes. Key quotes were then selected to highlight the identified themes.
Results from this analysis are detailed in Chapter Six (6.3).
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Chapter 4: Both an Activity tracker and Telephone Counselling are Effective at
Maintaining Daily Step Count in older adults: A Randomised Controlled
Trial
The results detailed below include results for all physical activity and health-related outcome
measures as described in Chapter Three (see 3.5). Results from the qualitative and health
economic analyses are detailed in Chapter Five (see 5.3) and Chapter Six (see 6.3) respectively.

Substantial components of this chapter have been submitted for publication has been
accepted for publication in JMIR mHealth uHealth.

Brickwood, K., Ahuja, K., Watson, G., O’Brien, JA, Williams, AD. The effects of activity tracker
use with health professional support or telephone counselling on maintenance of physical
activity and health outcomes in older adult: A randomised controlled trial. JMIR mHealth
uHealth.
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4.1 Introduction
Appropriate and ongoing support is needed to assist older adults to engage in regular physical
activity to minimise functional decline and loss of independence associated with ageing [13].
Structured lifestyle interventions are effective at increasing physical activity participation and
improving strength and functional capacity in older adults [265, 266]. Traditionally, structured
lifestyle interventions utilise education sessions, behaviour change techniques and selfmonitoring [267]. While these methods provide an initial increase in physical activity
participation, physical activity levels tend to revert to pre-intervention levels once the
structured intervention finishes, highlighting the need to find effective strategies to assist in
the maintenance of regular physical activity participation [48, 50].
Several systematic reviews have assessed methods of maintaining physical activity
participation [67, 70]. Telephone counselling has shown to be effective as both a booster
strategy and as an intervention to provide ongoing support to promote habitual behaviour
change [67]. Evidence suggests that longer duration interventions with more regular phone
calls demonstrate greater effectiveness [67]. Despite the established benefits of telephone
counselling, there are significant time and resource barriers to its implementation in standard
practice [86].
Wearable activity trackers provide consumers with the ability to objectively monitor and
receive feedback relating to daily physical activity and can provide health professionals with
an objective measure, allowing for the provision of targeted feedback and ongoing support
[268]. Furthermore, wearable activity trackers may offer a less resource intensive alternative
to telephone counselling. The use of a wearable activity tracker, particularly when included
as part of a broader behavioural intervention has been shown to be effective at increasing
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physical activity levels in different populations [269]. There is a paucity of long-term
interventions (>6 months) in relation to older adults. Additionally, few studies have compared
the use of a wearable activity tracker as a stand-alone intervention compared to other
established behavioural or lifestyle interventions.
Consequently, this study aimed to compare the use of a commercially available wearable
activity tracker combined with health professional feedback (AT) with established methods of
post intervention follow up; telephone counselling (TC), and usual care (UC), to assist older
adults to maintain their daily step count over a 12-month period.
4.2 Methods
4.2.1 Participant selection and randomisation
A detailed description of the methods relating to participant selection and randomisation
are outlined in Chapter Three (see sections 3.4.1 and 3.4.2).
4.2.2 Intervention groups
The following sections provide a detailed description of the usual care group (see sections
3.4.3.1), the telephone counselling group (see section 3.4.3.2) and the activity tracker group
(see section 3.4.3.3)
4.2.3 Outcome measures
All outcome measures were obtained for all participants prior to commencing the S2S
program. Outcome measures were also obtained at the end of S2S (baseline of RCT) and at
three, six, and twelve months following intervention commencement. The following outcome
measures were obtained as previously described in Chapter Three (see section 3.5).
•

Physical activity participation (see section 3.5.1)
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o Daily step count
o Daily sitting time (minutes)
o Self-reported physical activity (minutes)
•

Body composition and health-risk factors (see sections 3.5.2 and 3.5.3)
o Body weight (kg)
o Body Mass Index (kg/m2) (BMI)
o Lean mass (kg)
o Body fat (kg)
o Systolic and diastolic blood pressure (mmHg) (SBP and DBP)

•

Functional capacity (see sections 3.5.4, 3.5.5 and 3.5.6)
o Ten-time sit to stand (sec.) (TTSTS)
o Timed up and go (sec.) (TUAG)
o Six minute walk test (6MWT) or modified shuttle walk test (distance) (MSWT)

•

Quality of life (see section 3.5.7)
o SF-36 physical health and mental health scores

•

Motivation for exercise (see section 3.5.8)
o Self-regulation questionnaire – Exercise

•

Intervention adherence (see section 3.5.9)

4.3 Results
4.3.1 Participants
Between September 2014 and June 2016, 152 participants were recruited to take part in the
RCT. Participant flow through the study is outlined in Figure 4.1. 123 participants were
randomised; however, 6 participants were excluded from the RCT due to having a diagnosed
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neurological condition and were recruited in error. 43 participants were assigned to the usual
care (UC) group, 39 to the telephone counselling group (TC) group and 41 to the activity
tracker (AT) group. During the 12-month intervention, six (13.9%) participants withdrew from
the UC group, six (15.3%) withdrew from the TC group and six (14.6%) from the AT group. The
primary reason for withdrawal was due to ill health. (Figure 4.1)
4.3.2 Strength2Strength Exercise Treatment Program
Participants for this RCT were recruited from the S2S program, with outcome measures
obtained pre and post S2S participation. At the end of the S2S program, significant
improvements were observed in self-reported physical activity, TTSTS, TUAG, 6MWT and
MSWT, and self-reported quality of life. These results are not included as part of this, however,
are presented in Appendix Eleven to provide additional context.
4.3.3 Effects of the Randomised Controlled Trial on physical activity and health-risk outcome
measures
The following results relate to the outcome measures (see section 4.2.3) obtained during the
12-month randomised controlled trial. The final assessment for the S2S program is the
baseline assessment time point for the RCT.
4.3.3.1 Baseline demographics
The mean age of participants at the start of the RCT was 72.4 ± 6.4 years and 75 (64.1%)
participants were female. Baseline demographics are presented in Table 4.1.
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Recruited at pre S2S assessment – 152
Withdrew prior to randomisation – 29
Did not attend for randomisation – 4
Ill health – 22
Moved interstate – 2
Unable to contact – 1
Randomised at end of S2S program (baseline) - 123

43 assigned to Usual Care
1 participant excluded due to
neurological condition

39 assigned to Telephone Counselling
1 participant excluded due to
neurological condition
37commenced assigned intervention
1 did not receive allocated
intervention (withdrew as
using own activity tracker)

41 assigned to Activity Tracker
4 participants excluded due to
neurological
34 commenced assigned intervention
3 did not receive allocated
intervention (declined as felt
unable to use activity tracker
and/or smartphone)

35 completed 3-month follow-up

30 completed 3-month follow-up

28 completed 3-month follow-up

5 withdrew before 3-months
4 ill health
1 uncontactable
2 did not complete assessment
2 ill health

6 withdrew before 3-months
3 ill health
1 uncontactable
1 deceased
1 declined to continue
1 did not complete assessment
1 acute injury

4 withdrew before 3-months
2 due to ill health
1 unable to use device
1 felt device intrusive
2 did not complete assessment
due to other commitments
0.

34 completed 6-month follow-up
1 withdrew before 6-months
1 declined to continue
2 did not complete assessment
1 ill health
1 uncontactable
32 completed 12-month follow-up
4 did not complete assessment
2 ill health
2 uncontactable

29 completed 6-month follow-up
2 did not complete assessment
2 ill health

27 completed 12-month follow-up
4 did not complete assessment
3 ill heath
1 deceased

29 completed 6-month follow-up
1 withdrew before 6-months
1 other commitments

..
26 completed 12-month follow-up
1 withdrew before12-months
1 ill health
2 did not complete assessment
2 ill health

Included in ITT analysis = 42

Included in ITT analysis = 38

Included in ITT analysis = 37

Completed all 4 assessment time
points and included in per protocol
analysis n = 26 (62%)

Completed all 4 assessment time
points and included in per protocol
analysis n = 25 (66%)

Completed all 4 assessment time
points and included in per protocol
analysis n = 24 (65%)

Figure 4.1 Participant flow through randomised controlled trial
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Table 4.1 Baseline demographics of participants included in the RCT
Usual Care
(n = 42)
Mean ± SD or n (%)
Age
Gender
Female
Male
Physical Activity
Steps
Sitting time (min/day) #
Body Composition
Weight (kg)
BMI (kg/m2)
Body Fat (kg)
Lean Mass (kg)
Blood pressure
SBP (mmHg)
DBP (mmHg)
Physical Function
TTSTS (sec.)
TUAG (sec.)
Quality of Life
SF-36 Physical Health
SF-36 Mental Health
SF-6D health state utility
Co-Morbidities
Cardiovascular disease
Metabolic disease
Musculoskeletal
conditions
Pulmonary conditions
Cancer
Mental health conditions
≥ 2 chronic conditions

Telephone
Counselling
(n = 38)

Activity
Tracker
(n = 37)

Total
(n= 117)

71.9 ± 6.0

72.8 ± 6.9

72.3 ± 6.9

72.4 ± 6.5

29 (69)
13 (31)

22 (57.9)
16 (42.1)

24 (64.9)
13 (35.1)

75 (64.1)
42 (35.9)

6590 ± 2908
1073 ±109

4996 ± 2533a,b
1099 ± 138

6764 ± 3244 6136 ± 2985
1093 ± 107 1088 ± 118

84.5 ± 23.1
31.5 ± 7.8
32.3 ± 13.8
47.5 ± 10.6

84.6 ± 22.6
31.2 ± 8.2
31.1 ± 15.7
49.9 ± 11.1

83.6 ± 19
30.2 ± 6.1
32.0 ± 13.8
48.6 ± 9.1

84.2 ± 21.5
31.0 ± 7.4
31.8 ± 14.3
48.6 ± 10.3

131 ± 16
76 ± 9

128 ± 20
77 ± 10

129 ± 13
76 ± 8

130 ± 17
76 ± 9

21.7 ± 7.1
7.2 ± 2.9

21.5 ± 6.8
7.5 ± 2.9

23.7 ± 8.4
7.8 ± 3.1

22.2 ± 7.4
22.2 ± 7.4

52 ± 22
64 ± 20

55 ± 20
68 ± 16

55 ± 20
68 ± 18

54 ± 21
67 ± 18

0.47 ± 0.26

0.54 ± 0.21

0.53 ± 0.22

0.51 ± 0.24

25 (59.5)
26 (61.9)

21 (55.3)
14 (36.8)

21 (56.8)
16 (43.2)

67 (57.3)
56 (47.9)

25 (59.5)
7 (16.7)
8 (19.0)
4 (9.5)
29 (69)

23 (60.5)
9 (23.7)
9 (23.7)
9 (23.7)
28 (73.7)

30 (81.1)
6 (16.2)
4 (10.8)
5 (13.5)
27 (73)

79 (67.5)
22 (18.8)
21 (17.9)
18 (15.4)
84 (71.8)

# minutes of sitting and lying per 24-hour period; a significantly different to the UC group at baseline; b
significantly different to the AT group at baseline; BMI – Body Mass Index, SBP – systolic blood pressure, DBP –
diastolic blood pressure, TTSTS – ten time sit to stand, TUAG – timed up and go, SF-36 – Short-Form 36-Item
Health Survey.
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4.3.3.2 Daily steps, self-reported physical activity and sitting time
Over the 12-month intervention period, the UC group showed a significant reduction in daily
step count (MD; - 981 steps, 95%CI; -1668 steps to -294 steps, p = 0.005). In contrast, step
counts for the TC and ATC groups did not change (MD; -79 steps, 95%CI; -823 steps to 663
steps, p = 0.81 and MD; -588 steps, 95%CI; -1359 steps to 182 steps, p = 0.09 respectively).
There were no significant differences in change in daily step counts between any of the groups
over the 12-month intervention (p ≥ 0.14). (

Figure 4.2 and Table 4.2)
Self-reported physical activity levels also did not change over the 12-month period (p ≥0.10)
and there were no differences between the three groups at 12-months (p ≥0.95). Objectively
measured non-stepping time did not change over the 12-month period (p ≥0.07) and no
differences were observed between the three groups between baseline and 12-months (p
≥0.66). (Table 4.2).
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C h a n g e in d a ily s t e p s f r o m B a s e lin e
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Figure 4.2 Change in daily steps with standard error mean (SEM) between randomisation
and 12-month follow-up.

4.3.3.3 Body composition
No changes in body weight were observed either between the three intervention groups (p
≥0.19) or between baseline and 12-months within each intervention group (p ≥0.19), however
there was a mean increase in body fat observed in both the TC and AT groups (MD; 1.27kg,
95% CI; 0.14kg to 2.41kg, p = 0.03 and MD; 1.56kg, 95% CI; 0.43kg to 2.70kg, p =0.01
respectively). For lean mass, no change was observed between baseline and 12-months in the
AT and TC groups (p ≥0.36) while the UC group showed a significant reduction in lean mass
over the 12-months (MD; -1.13 kg, 95% CI; -2.26 kg to -0.01 kg, p = 0.05). No differences in
lean mass were observed between intervention groups (p ≥0.49) (Figure 4.3 and Table 4.2).
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Figure 4.3 Change in body weight (kg) body fat (kg) and lean mass (kg) with SEM between
randomisation and 12-month follow-up.
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4.3.3.4 Blood pressure
DBP was significantly reduced over the 12-month period in the UC group (MD; -4.10 mmHg,
95%CI; -7.02 mmHg to -1.18 mmHg, p = 0.02), while no changes were observed in the TC and
AT groups (p ≥0.18). SBP remained unchanged during the 12-month intervention period (p
≥0.71) and no differences were observed between the three groups (p ≥0.90). There was a
significant reduction in DBP in the UC group when compared to the AT group (MD; 5.62 mmHg,
95%CI; 1.30 mmHg to 9.94 mmHg, p = 0.01). No other between group differences for DBP
were observed (p ≥0.15) between baseline and 12-months (Table 4.2).
4.3.3.5 Muscle strength, dynamic balance and mobility and physical function
The UC group was the only group to demonstrate an improvement in TTSTS performance
during the 12-months intervention period (MD: -1.10 sec, 95% CI; -2.80 sec to 0.70 sec, p =
0.02). The UC group performed the TTSTS significantly faster than the TC group between
baseline and 12-months (MD; 2.36 sec, 95%CI; -0.14 sec to 4.87 sec, p = 0.02). The time taken
to perform the TUAG did not change over the 12-month period for any of the intervention
groups (p ≥0.17), nor did the groups differ over the 12-month follow-up (p ≥0.47) (Table 4.2).
Of the 117 participants, a total of 58 (UC=19, TC=21, AT=18) participants completed the
MSWT while 59 (UC=22, TC=17, AT=18) completed the 6MWT. No significant differences in
the distance walked during the 6MWT or MSWT were observed during the 12-month
intervention period for the three intervention groups (p >0.24 and p ≥0.26 respectively) and
there was no difference between groups at 12-months (p ≥0.24 and p ≥0.33 respectively)
(Table 4.2).
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Table 4.2 Median and IQR or Mean and Standard Deviation of included outcome measures at baseline, three, six and twelve months with within
and between group p values. Significant P values are indicated in bold text.
Within group changes at 12 months
Median and IQR
unless otherwise
stated
Baseline
Physical Activity Participation
Steps per day (Mean ± SD)
Usual Care
6590 ± 2908
Telephone
Counselling
4996 ± 2533
Activity Tracker
6764 ± 3244
#
Sitting time (min/day)
Usual Care
1088 (797-1141)
Telephone
Counselling
1119 (1021-1203)
Activity Tracker
1085 (1034-1151)
Self -reported activity (minutes per week)
Usual Care
135 (50-265)
Telephone
Counselling
132.5 (50-400)
Activity Tracker
270 (112.5-489)
Self -reported activity (MET.min-1 per week)
Usual Care
460 (170-960)
Telephone
Counselling
436.5(200-1330)
Activity Tracker
982.5 (415-1890)

Between groups

3 months

6 months

12 months

p value
@ 12months

7050 ± 3083

6968 ± 3551

5836 ± 2422

<0.01

5354 ± 2192
7937 ± 4324

5271 ± 2124
7552 ± 3701

5080 ± 2084
7091 ± 3241

0.81
0.09

1035 (942-1122)

1067 (961-1158)

1101 (1015-1204)

0.07

1108 (965-1174)
1064 (969-1139)

1113 (1028-1180)
1046 (992-1149)

1106 (1071-1224)
1100 (990-1158)

0.28
0.29

175 (106-330)

155 (75-255)

137 (30-230)

0.27

170 (120-260)
210 (140-140)

108 (40 -202)
180 (95-295)

120 (60-290)
207 (90-375)

0.28
0.10

625 (109-1215)

590 (300-930)

505 (105-871)

0.34

648 9480-965)
840 (525-1550)

388 (145-765)
680 (632-1047)

480 (210-1030)
760 (345-1425)

0.42
0.11

Vs UC

Vs. TC

0.14
0.45

0.30

1.00
0.66

0.99

0.95
1.00

1.00

0.98
1.00

1.00
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Baseline

3 months

6 months

12 months

p value
@ 12months

82.8 ± 24.1

79.3 ± 19.8

77.7 ± 17.4

0.39

86.2 ± 22.8
85.1 ± 16.6

86.1 ± 23.1
85.7 ± 17.6

86.6 ± 24.5
84.7 ± 17.2

0.19
0.61

31.2 ± 7.7

30.1 ± 6.7

29.9 ± 6.5

0.60

31.7 ± 7.8
30.9 ± 5.7

31.8 ± 8.8
30.8 ± 6.0

31.5 ± 8.9
30.5 ± 5.9

0.93
0.47

31.2 ± 7.7

30.1 ± 6.7

29.9 ± 6.5

0.44

31.7 ± 7.8
30.9 ± 5.7

31.8 ± 8.8
30.8 ± 6.0

31.5 ± 8.9
30.5 ± 5.9

0.03
0.01

45.9 ± 10.3

44.9 ± 9.2

43.1 ± 6.2

0.05

50.9 ± 11.1

50.2 ± 10.3

49.9 ± 10.8

0.36

Vs. UC

Vs. TC

0.24
0.83

0.19

1.00
0.87

1.00

0.26
0.34

0.83

Body Composition
Weight (kg) (Mean ± SD)
Usual Care
84.5 ± 23.1
Telephone
Counselling
84.6 ± 22.6
Activity Tracker
83.6 ± 19
2
BMI (kg/m ) (Mean ± SD)
Usual Care
31.5 ± 7.8
Telephone
Counselling
31.2 ± 8.2
Activity Tracker
30.2 ± 6.1
Body Fat (kg) (Mean ± SD)
Usual Care
31.5 ± 7.8
Telephone
Counselling
31.2 ± 8.2
Activity Tracker
30.2 ± 6.1
Lean Mass (kg) (Mean ± SD)
Usual Care
47.5 ± 10.6
Telephone
Counselling
49.9 ± 11.1

0.53
0.62

Activity Tracker

48.6 ± 9.1

49.6 ± 9.2

50.7 ± 9.5

49.3 ± 8.6

0.84

0.49
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Baseline
Blood pressure
Systolic blood pressure (mmHg)
Usual Care
130 (122-140)
Telephone
Counselling
130(120-140)
Activity Tracker
128 (120-138)
Diastolic blood pressure (mmHg)
Usual Care
74(70-80)
Telephone
Counselling
76(70-83)
Activity Tracker
78(70-80)
Physical Function
TTSTS (sec.)
Usual Care
20.3 (16.8-24.1)
Telephone
Counselling
20.9 (15.9-23.8)
Activity Tracker
21.3 (18.6-27.9)
TUAG (sec.) (Mean ± SD)
Usual Care
7.2 ± 2.9
Telephone
Counselling
7.5 ± 2.9
Activity Tracker
7.8 ± 3.1

3 months

6 months

12 months

p value
@ 12months

137 (124-140)

129 (120-135)

130 (125-140)

0.71

129 (120-137)
128 (120-139)

128 (123-144)
130 (122-135)

130 (122-135)
129 (125-140)

0.95
0.80

75 (70-80)

73 (65-79)

70 (70-75)

0.02

78 (70-84)
76 (73-80)

75 (70-80)
78 (70-80)

75 (70-80)
80 (74-80)

0.35
0.11

18.9 (16.4-22.6)

19.4 (15.9-24.5)

18.4 (14.9-24.0)

0.02

20.3 (18.5-24.4)
19.7 (14.9-27.3)

20.7 (17.4-24.5)
19.7 (16.2-28.0)

20.5 (16.5-22.7)
21.68 (16.7-28.3)

0.18
0.97

6.9 ± 2.6

7.2 ± 2.5

6.8 ± 2.6

0.71

7.2 ± 2.2
7.9 ± 3.6

7.3 ± 2.4
7.5 ± 3.0

7.3 ± 2.3
7.9 ± 3.2

0.17
0.21

Vs. UC

Vs. TC

1.00
0.94

0.90

0.36
0.01

0.15

0.02
0.14

0.38

0.83
0.47

0.93

206

CHAPTER FOUR

Baseline
Six Minute Walk Test (meters)
Usual Care
345 (299-413)
Telephone
Counselling
298 (220-450)
Activity Tracker
375 (240-400)
Modified Shuttle Walk Test (meters)
Usual Care
460 (360-570)
Telephone
Counselling
440 (380-540)
Activity Tracker
490 (390-560)
Quality of Life
SF-36 Physical Health Summary
Usual Care
50 (36-72)
Telephone
Counselling
60 (38-72)
Activity Tracker
53 (39-73)
SF-36 Mental Health Summary
Usual Care
68 (53-84)
Telephone
Counselling
72.5 (52-82)
72 (53-83)
Activity Tracker

3 months

6 months

12 months

p value
@ 12months

324 (272-400)

352 (300-384)

350 (335-422)

0.51

336 (244-430)
342 (244-380)

338 (294-430)
295 (228-410)

358 (312-467)
291 (244-445)

0.24
0.30

520 (390-640)

530 (440-660)

450 (415-590)

0.48

480 (350-570)
630 (520-640)

555 (440-600)
555 (480-630)

530 (440-590)
555 (450-620)

0.33
0.26

51.5 (31.5-77)

51 (31-72)

63 (39-71)

0.48

49 (68-70)
54.5 (40-77)

52 (41-68)
61 (36-79)

52 (43-69)
60 (47-70)

0.76
0.19

65.5 (54-83)

67 (42-82)

77 (52-84)

0.76

73 (54-80)
71 (53-83)

69 (54-78)
73 (62-82)

77 (55-84)
76 (68-82)

0.73
0.35

Vs. UC

Vs. TC

0.33
0.72

0.24

0.83
0.46

0.33

0.97
0.63

0.51

0.96
1.00

1.00

# minutes of sitting and lying per 24-hour period; BMI – Body Mass Index, SBP – systolic blood pressure, DBP – diastolic blood pressure, TTSTS – ten times sit to stand, TUAG
– timed up and go, SF-36 – Short-Form 36-Item Health Survey. The included p values were obtained from the logistic regression analysis.

207

CHAPTER FOUR
4.3.3.6 Self-reported quality of life
Self-reported physical function or mental health scores as measured by the SF-36 did not
change during the 12-month intervention period for the three intervention groups (p ≥0.19)
and there was no difference between groups at 12-months (p ≥0.51) (Table 4.2).
4.3.3.7 Motivation for exercise
Scores from the SRQ-E relating to external, introjected and identified regulation, intrinsic
motivation and the relative autonomy index did not differ throughout the 12-month
intervention and no difference between groups were observed (p ≥0.05).
4.3.3.8 Intervention adherence
Participants in the AT group wore the activity tracker for an average of 84% of the available
days (306 days out of 365). The number of non-wear days ranged from 1 day to 164 days.
Reasons for not wearing the band included forgetting to put the band on (all participants on
at least one occasion), technical issues requiring researcher support (n=19), damaged/broken
band (n=9), illness (n=6) and holidays (n=5). Telephone and in person support was provided
on a total of 27 occasions for the following reasons; Jawbone would not synch with
smartphone (n=15), Jawbone was damaged or stopped working (n=10) or the smartphone
was damaged or stopped working (n=2). A total of 10 Jawbone UP24™ activity trackers were
replaced over the 12-month intervention period. In addition to the provided in-person
support, telephone support was provided on 23 occasions. The primary reason for telephone
support was that the smartphone had accidentally been switched onto ‘airplane’ made or
Bluetooth™ had been switched off. Participants in the TC group received 12 ± 2 phone calls.
Phone calls lasted an average of 11.1 ± 1.9 minutes. The primary reason for missed phone
calls was due to participants being away on holiday (n=5).
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4.3.4 Last Observation Carried Forward (LOCF) Analysis
Results from the LOCF analysis showed similar results with a few key exceptions; the UC group
showed a significant increase in non-stepping time (p = 0.05) between baseline and 12 months,
while the AT group showed a significant decrease in self-reported minutes of physical activity
between baseline and 12 months (p = 0.04). The previously observed significant decrease in
lean mass and time taken to perform the TTSTS between baseline and 12 months for the UC
group were found to no longer be significant following the LOCF analysis (p = 0.09 and p =
0.07 respectively). No other additional findings were observed.
4.4 Discussion
Both the wearable activity tracker-based and telephone counselling interventions were both
effective at maintaining daily step count in older adults over a 12-month period. In contrast,
the UC group maintained daily step count through to 9-months, however a significant
reduction in daily steps was observed at 12-months. While the results of the included
systematic review and meta-analysis (Chapter 2:) suggested that the use of an activity tracker
either as part of a broader intervention or as a stand-alone intervention can significantly
improve daily step counts, this is the first study to examine the effects of wearable activity
trackers in the 12-months following a lifestyle intervention. Previous uncontrolled research
has suggested that wearable activity trackers can maintain physical activity participation in
the 3-months following a lifestyle intervention in cancer survivors [270]. The results from this
study demonstrate that in older adults, the benefits associated with receiving an activity
tracker-based intervention can last for at least a year and is comparable to telephone
counselling which is an established method of providing ongoing support. It is also important
not to underestimate the impact of physical activity maintenance in older adults, particularly
as physical activity levels typically decline with age [271].
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Interestingly, the results of the LOCF analysis showed a significant reduction in self-reported
physical activity during the 12-month intervention in the AT group, reporting a mean decrease
of 100 minutes of activity per week. The AT group was the only intervention group to
consistently self-report performing at least 150 minutes of activity throughout the 12-month
intervention and was performing between 70 and 87 minutes more of physical activity than
both the UC and TC groups at 12-months. As this is approximately 50% of the amount of
physical activity recommended for older adults, the AT group was exceeding the minimally
important clinical difference when compared to the TC and UC groups [272]. This suggests
that even though a significant decrease in self-reported physical activity was observed in the
AT group, it is unlikely that it had any significant implications for participants due to their
overall higher levels of activity. It is also important to consider that results from the LOCF
analysis are unlikely to reflect the true results of the study [273], particularly due to the high
number of participants (13%) that withdrew prior to completing the 3-month assessment. As
noted in the methods section, the LOCF analysis was completed due to being specified in the
published protocol for this study [177], prior to the withdrawal of these participants.
While overall body weight did not change for any of the included intervention groups, some
changes in body composition were observed. A significant increase in body fat mass was
observed in the TC and AT groups, while a non-significant reduction in body fat mass was
observed in the UC group. While elevated body fat increases the risk of cardiovascular disease
[274] and is associated with increased mortality [275], preservation of physical activity levels
reduces mortality risk, even in individuals with elevated body fat [276]. While the increase in
body fat mass was significant, this equated to a mean increase of only 0.3kg in fat mass for
both the AT and TC groups and therefore unlikely to increase the risk of chronic health
conditions. Despite maintaining body fat mass throughout the 12-month intervention, the UC
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group showed a significant decrease in lean mass, with a reduction of almost 10% in lean mass
between baseline and 12-months. The few previous studies that examined the effects of
activity tracker use on body composition and have included lean mass, either reported
decreases in lean mass across all groups potentially due to the incorporation of dietary intake
restrictions or reported no change [148, 155]. A key difference between the present and
previous studies which may potentially explain why lean mass was maintained in the AT and
TC groups, is that the current study participants were older and less healthy and therefore at
increased risk of developing sarcopenia. We speculate that the additional physical activity
performed by the AT and TC groups helped to preserve their lean mass, and subsequently,
assisted in delaying obligatory age-related sarcopenia as has been shown previously in older
adults who exercise [277]. Long-term, this preservation of lean mass could also subsequently
reduce functional decline and mortality risk [278, 279].
While unexpected, a significant reduction in DBP and an improvement in physical function as
measured by a TTSTS was observed in the UC group, with significant differences also observed
between the UC and AT groups for DBP and the UC and TC groups for TTSTS. The reasons for
the decrease in DBP observed in the UC group and observed difference between the UC and
AT groups are potentially related to the 6.8kg weight loss in the UC group. While this finding
was not statistically significant, it does exceed the minimum clinically important difference
for weight loss [213]. As the association between weight loss and reduction in blood pressure
is well documented in individuals both with and without hypertension [280], this may have
influenced the observed reduction in DBP in the UC group. In relation to the observed
reduction in TTSTS time at 12 months in the UC group and differences between the UC and
TC groups for the time taken to perform a TTSTS, the reasons are less clear. It has been
suggested that weight loss alone can result in significant improvements in physical
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performance in frail, obese older adults [281], however due to the significant loss in lean mass
observed, this may not fully explain the results observed. For a five time sit to stand, the
minimum clinically important difference is 1.7 seconds [282]. As the mean difference between
the UC and TC groups was 2.3 seconds (95% CI; -0.1 seconds to 4.8 seconds) for the TTSTS, it
is unclear if this would have a clinically meaningful effect. Further to this, when analysed using
a LOCF analysis, the significant reduction in TTSTS time in the UC group is no longer observed.
The difference between the UC and TC groups however remained.
As activity trackers and telephone counselling were both effective, the advantages and
disadvantages of both methods should be considered to assist in determining if one is suitable
than the other and has more potential to encourage increases or maintenances in physical
activity. Wearable activity trackers have several potential benefits when compared to
telephone counselling. A wearable activity tracker allows the individual to self-monitor
physical activity which can improve physical activity participation [283]. Further, sharing
objectively measured data assists health professionals to provide tailored feedback, which
may improve self-management [284]. In comparison, telephone counselling can be time and
resource intensive [86] and typically relies on subjective self-reported data which can be
unreliable in older adults [78]. It is important to note that the average length of the telephone
calls delivered during the TC intervention was 11 minutes per call, which is significantly less
than previously reported [67, 80]. The reason for this was most likely that the telephone calls
provided served as a ‘check-in’ with BCTs utilised as required to assist the maintenance of
activity levels, rather than as an intervention aimed at increasing physical activity
participation. As there are currently limited options available that allow the sharing of
wearable activity tracker data with health professionals, it is acknowledged that providing
feedback based on an individual’s activity tracker data can also be time and resource
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intensive due to the data-mining required. Through improvements in the interoperability of
proprietary and third party mobile apps, the level of data data-mining would be reduced [91].
Additionally, the development of a platform to specifically facilitate patient activity tracker
data transfer to health professionals would further reduce the time and resource burden of
providing ongoing, tailored support.
A key strength of this study was the long-term intervention period, as most previous research
includes interventions of no longer than six months. The study design also allowed for direct
comparison between feedback provided by a wearable activity tracker with health
professional support and an established method of providing ongoing support, telephone
counselling. Evaluating the effect of newer technologies such as wearable activity trackers is
important in understanding how they can be incorporated into standard clinical practice.
Additionally, participants were recruited from a clinical exercise program, offering a good
representation of the chronic conditions present in community-dwelling older adults.
A limitation of this study potentially affecting ability to interpret results was that the a priori
sample size was not met. The target number of 150 participants were recruited at the start
of S2S, however a number of participants did not complete S2S and were not randomised.
Due to the cessation of the S2S program, additional participants could not be recruited to
account for the withdrawals prior to the intervention. Further drop-outs occurred during the
12-month intervention. The primary reason for withdrawal was ill-health which is not
unexpected given over 70% of the study population had two or more chronic conditions. Five
participants withdrew from the AT group due to feeling uncomfortable using the device.
While activity trackers are well accepted in older adult populations [98], this highlights that
activity trackers may not be suitable for all older adults. Additionally, despite no observed
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differences being observed between the TC and AT groups at 12-months, the study was not
adequately powered to determine if these groups were equivalent or not. Therefore, despite
both groups being effective at maintaining daily step count over the 12-month intervention,
it does not necessarily mean they were equally effective. Another consideration relates to the
frequency in which feedback was provided in each of the intervention groups. While the AT
group received weekly feedback, the TC group received fortnightly feedback for the first three
months and monthly feedback thereafter. It is possible that more regular feedback for the TC
group may have improved participant outcomes. Finally, it is important to note that the
placement of the ActivPal™ on the front of the thigh, means that some exercises, including
upper body and seated strength exercise would not be captured.
4.5 Conclusion
Both telephone counselling and wearable activity tracker-based interventions are effective at
maintaining PA levels and lean mass in older adults following a structured lifestyle
intervention. As connected health technologies improve, wearable activity trackers may
provide an alternative to telephone counselling to assist older adults to remain active.
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Chapter 5: Intervention Costs, Health Service Usage and Health State Utilities
Associated with Delivering a 12-month Wearable Activity Tracker or
Telephone Counselling Intervention.

This chapter includes the methods, results and discussion relating to the costs associated with
delivering the interventions included in the Randomised Controlled Trial as outlined in
Chapter Three (see 3.4). Health service usage and health state utilities was also examined in
the 12-months preceding and following S2S.
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5.1 Introduction
Australian adults are largely inactive with only 55% of adults aged between 18 and 65 years
participating in the recommended 150 minutes of moderate intensity physical activity a week
[24]. Furthermore, only 26% of adults over the age of 65 are completing at least 30 minutes
of physical activity on 5 or more days of the week, indicating that physical activity
participation declines with age [23, 25]. This decline in physical activity participation
contributes to increased rates of chronic disease and disability in older adults [26, 30],
resulting in higher rates of health service usage, including higher rates of emergency room
presentations and hospital admissions [285]. Older adults also make more Medicare claims
when compared to those under the age of 65 [30]. As the proportion of older adults in
Australia continues to grow [31], increasing economic burden is being placed on the aged and
health care systems. [32, 33]. As such, cost-effective options that can assist older adults to
become and remain physically active are needed [286].
To date, both telephone counselling and the use of wearable activity trackers have
demonstrated effectiveness in improving and maintaining physical activity participation
across a range of populations [67, 93, 269]. While the cost effectiveness and cost-utility of
telephone counselling has been investigated [80, 81], the costs associated with delivering a
wearable activity tracker-based intervention have not been explored. The impact of both
telephone counselling and wearable activity trackers on health service usage and health state
utilities has also not been studied.
As such, the aims of this study were to compare: 1) the individual, healthcare payer and
societal costs of delivering a telephone counselling or wearable activity tracker intervention
to assist older adults to maintain physical activity levels following a structured lifestyle
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intervention with usual care; 2) the costs and cost outcomes of providing a telephone
counselling intervention or a wearable activity tracker-based intervention against the
outcome of daily steps; 3) the impact of usual care, telephone counselling or utilising a
wearable activity tracker on Medicare Benefits Scheme (Medicare), Pharmaceutical Benefits
Scheme (Pharmaceutical) and public hospital health service usage; and 4) participant healthrelated quality of life as measured through health state utilities.
5.2 Methods
The economic analysis included data from participants who were recruited to take part in the
RCT as previously described in Chapter Three (see section 3.4).
5.2.1 Health economic perspectives
To explore and understand the costs associated with the interventions delivered during the
RCT, costs were analysed from three different health economic perspectives: namely the
individual, healthcare payer and societal perspectives. An individual perspective is the
narrowest of the included perspectives, considering only the costs directly attributable to the
individual such as out of pocket health care costs. The healthcare payer perspective includes
costs directly paid for by health service providers, such a Medicare and Pharmaceutical
benefits and public hospital costs. The societal perspective, which is the broadest of the
included perspectives, includes a full range of social costs and includes costs associated with
lost productivity in addition to direct health care costs. Both a bottom-up (person-based data)
and a top-down (literature-based data) approach was used to estimate costs associated with
delivering the included interventions [247]. Investigating these three key health economics
perspectives provides a broader understanding of the costs and health benefits associated
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with the interventions of the study, allowing for more informed decisions about the costs
associated with health interventions [247, 248].
5.2.2 Intervention costs
The costs per participant associated with delivering both the wearable activity tracker and
telephone counselling interventions were calculated. Where participants did not complete
the entire intervention, costs were calculated for the portion of the intervention delivered.
The cost of the UC group was calculated as $0. The costs associated with delivering the TC
and AT interventions were calculated and reported in 2019 Australian dollars. Unit costs for
each intervention are outlined in Table 3.2. The AEP rate was set at $48.15 per hour (current
Level 1, year 4 rate for an Allied Health Professional in the public health system in Tasmania.
This is equivalent to an AEP with a 4-year degree and 2 years of experience) multiplied by 1.3
to cover employment costs [249].
5.2.3 Health service usage
All participants were retrospectively invited to take part in the health service usage
component of the study due to the specific consent requirements of the Australian
government. Upon consent, emergency department presentations and hospital admission
data were collected via the Tasmanian Data Linkage Unit (TDLU) from the Department of
Health and Human Services in Tasmania, Australia. Costs associated with public hospital
admissions were calculated from the Australian Refined Diagnosis-Related Group (AR-DRG)
provided and valued using the Australian Public Hospitals Costs reports 2013-2014 [250]. The
AR-DRG is a classification system, providing a clinically meaningful way of relating the number
and type of patients treated in a hospital, to the resources required by the hospital [251].
Emergency department presentations were costed at $396 per presentation as this was the

218

CHAPTER FIVE
average cost per non-admitted presentation in Tasmania for the 2013-2014 financial year
[250]. Medicare and Pharmaceutical Benefits Scheme data was obtained from the relevant
administrative databases directly through the Australian Government Department of Human
Services with all associated costs provided. Table 2 outlines the information collected from
each source. Data collection for each participant covered a 27-month period, including the
12-months preceding S2S, the duration of S2S and 12-months following the completion of S2S.
The 12-months prior to and following S2S were calculated from the participants initial and
final assessment dates.
Table 5.1 Summary of Information collected from the Australian Government administration
databases (Medicare and Pharmaceutical) and Tasmanian Public Hospitals (emergency
department presentations and public hospital admissions). a
Information collected
Medical Benefits Scheme (MBS)

Date of service
Item number
Item description
Provider charge
Schedule Fee
Benefits Paid
Patient out of pocket
Hospital Indicator
Pharmaceutical Benefits Scheme
(PBS)
Date of supply
Date of prescribing

Full description
The Medicare Benefits Scheme is a list of the
medical services for which the Australian
Government will pay a rebate, to provide patients
with financial assistance towards the costs of
medical services
The date on which the provider performed the
service
A number that identifies the service provided by
the provider as per MBS
Describes the service provided by the provider as
per MBS
The dollar amount the provider charged for the
service
Fee listed in the MBS
The Medicare benefit paid to the claimant (patient)
The dollar amount the patient is out of pocket (i.e.
the provider charge minus the benefit paid).
An indicator of whether the service was performed
in hospital
The Pharmaceutical Benefits Scheme is a program
of the Australian Government that provides
prescription medications at a subsidised price.
the date on which the PBS item was supplied
the date on which the prescription was written
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PBS item code
Item description
Patient Category
Patient contribution
Net Benefit
Tasmanian Public Hospital Emergency Department
Presentations
Date of presentation
Mode of arrival

Length of non-admitted service
episode (length of stay)
Tasmanian Public Hospital - Public
Hospital Admissions
Admission date
Length of stay
Episode Australian Refined
Diagnostic Related Group (AR-DRG)

Cost weights

Number which indicates the item prescribed as per
PBS
The description of the item names as it appears in
the PBS
the patient contribution paid by the patient
Benefit that the Department of Human Services
(Government) paid to the pharmacy
Description of script type i.e. Original or repeat

date patient presented to emergency department
the way in which the patient arrived at the
emergency department, including Tas Ambulance,
Private vehicle, Government vehicle, walking,
wheelchair or other.
Length of emergency department presentation in
minutes.

The date on which the admission was initiated
Length of admission in days
Episode AR-DRG classification system used to code
procedures and interventions during a hospital visit
(see Appendix Eight for a comprehensive list of ARDRGs included in this).
Calculated as the ratio of the average cost of all
episodes within a specific AR-DRG to the average
cost of all episodes across all AR-DRGs.

5.2.4 Productivity costs
Lost productivity costs were calculated based on the assumption that older adults contribute
to society in various productive ways, including continuing to work, volunteering and
providing informal care. Approximately 13% of adults over the age of 65 participate in the
workforce, 18% are informal carers and approximately 21% participate in some form of
volunteering [30]. The average Australian wage of those employed in full and part time work
is $1,256.20 per week [252]. The cost of replacing the labour time donated by volunteers is
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estimated to be $44.76 per hour for adults over the age of 65 [253], while the replacement
costs for the provision of informal care are estimated to be $31.36 per hour [254]. It is
estimated that older adults spend an average of 6.2 hours per week volunteering and an
average of 34.7 hours per week caring for a partner or spouse [255]. Lost productivity costs
were calculated by averaging weekly costs associated with working in full or part time
employment, volunteering or providing informal care to a partner or spouse and then
multiplied by 46 weeks. Table 3.4 outlines the included productivity costs. Lost productivity
costs were applied to 50% of study populations to simulate the rates outlined above for older
adults participating in the paid workforce (13%), the provision of informal carer (18%) and
volunteering (21%) based on the rates from the available literature [30]. Additionally, as a
conservative estimate, it was assumed that most participants included in the current study
participated in only one of the above productivity activities. Lost productivity costs were
added only to pre S2S costs as it was assumed that participation in these types of activities
was reduced prior to completing S2S and following any health improvements associated with
S2S participation, were resumed in the following 12-months [247, 248, 256].
Table 5.2 Productivity costs associated with part or full time employment, volunteering and
providing informal care
Cost
Average Weekly wage
Volunteer replacement costs
Informal carer replacement costs

Hourly rate
$44.76
$31.36

Weekly Cost
$1,256.20
$277.50
$1,088.20

X 46 weeks

$873.90
$40,202.46

Average weekly cost
TOTAL
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5.2.5 Health state utilities
The SF-36 scores obtained throughout the 12-month RCT (see section 3.5.7) were used to
estimate preference weights via the SF-6D multi-attribute utility instrument algorithm [257].
Australian utility weights were calculated in STATA (STATA, v.16, StataCorp, TX, USA) using an
algorithm kindly provided by Associate Professor Gang Chen from Monash University based
on the valuation of Australian health states [257].
5.2.6 Data analysis – Intervention costs and health service usage
Costs per participant were calculated for each of the three included intervention groups.
Healthcare costs including Medicare and Pharmaceutical benefits schemes, public hospital
admissions and emergency department presentations were summed within individual
participants for the 12-months prior to S2S (pre) and the 12-months following S2S (post). Pre
and post S2S costs were compared between intervention groups using mixed effects logistic
regression (Stata, v16, StataCorp, TX, USA) as assumptions of linear regression were not met.
The base-case analysis was conducted from a healthcare payer perspective and included the
costs of delivering the intervention, the Medicare and Pharmaceutical benefits paid to
providers and any public hospital costs. Healthcare payer perspective costs were calculated
both with and without the cost of the wearable activity tracker itself and the smartphone and
data plan which were included in the AT intervention. Sensitivity analyses were conducted by
changing the perspective to an individual and societal perspective. The individual perspective
included Medicare and Pharmaceutical out of pocket costs. The cost of the wearable activity
tracker, smartphone and data plan were both included and excluded from the individual
perspective analysis. The societal perspective included the intervention costs, public hospital
costs, Medicare and Pharmaceutical benefits paid and out of pocket costs and productivity
costs and cost offsets for all intervention groups. Wearable Activity tracker, smartphone and
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data plan costs specific to the AT group were also included. Table 0.2 provides a summary of
the costs included in each perspective analysis.
Table 5.3 Summary of costs included in the base case analysis (healthcare payer perspective)
and subsequent sensitivity analyses (individual and societal perspectives).
Healthcare payer
perspective
Intervention Costs
Activity tracker cost
Smartphone and
data plan costs
Medicare and
Pharmaceutical
benefit paid
Medicare and
Pharmaceutical out
of pocket costs
Public hospital costs
Productivity costs

+
+/+/-

Patient perspective

Societal perspective

+/+/-

+
+
+

+

+
+

+

+
+
+

+ = perspective analysis includes cost, +/- = multiple analyses completed to both included and exclude costs,
greyed out cell = cost not considered in perspective analysis.

5.2.7 Data analysis – Health state utilities
Summary statistics of derived health state utilities were calculated and reported as mean with
SD and median with IQR given the skewed nature of health preferences data [261]. Individual
health state utilities were also depicted graphically in the form of frequency charts to show
the nature of the distributions. Comparisons between the three groups (as change from
baseline) were made using mixed effects ordered regression adjusted for repeated measures
(STATA, v.13.1, StataCorp, TX, USA) as assumptions of linear regressions were not met. The
level of significance was set at p<0.05. The minimal clinically important difference for the SF6D was assumed at mean 0.04 utility points from the published literature [262]. Additionally,
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health state utility valuations were compared to Australian population norms extracted from
the published literature for older age cohorts [263].

5.3 Results
One hundred and seventeen participants (72.4 ±6.5 years) were randomised to the RCT
(UC=42, TC=38, AT=37) and were included in the intention to treat analysis for the primary
outcome measure, daily steps. Participants were primarily female (64.1%), obese (BMI 31 ±
7.4 kg/m2) and had low levels of physical activity (average daily steps 6136 ± 2985). Detailed
baseline clinical and sociodemographic data are presented in Chapter Four (see Table 4.1).
Intervention costs were calculated from all included participants and combined costs
associated with completion and partial completion of assigned interventions. Of the 117
included participants, 70 participants (71.9 ± 6.2 years) consented to the collection of their
Medicare and Pharmaceutical Benefits Scheme and public hospital data (UC=24, TC=21,
AT=25) and informed the health service usage costs included in the analysis. For the 70
participants included in the healthcare payer perspective, lean mass was significantly less for
those in the UC group compared to both the TC and AT groups (p =0.0006 and p = 0.014
respectively). No other baseline differences were observed (p >0.06). Figure 5.1 outlines the
participant flow through the study.
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Figure 5.1 Participants included in health costs and health service usage analyses
Participants randomised n=117

Activity Tracker

Usual Care

Telephone Counselling

Assigned n = 42

Assigned n = 38

Intention to treat n = 42

Completed n = 30

Medicare/Pharmaceutical

Did not start n = 1

Did not start n = 3

/Hospital n = 24

Withdrew prior to 3 months n = 5

Withdrew prior to 3 months n = 4

Health State Utilities n = 36

Withdrew prior to 6 months n = 2

Withdrew prior to 6 months n = 1

Intention to treat n = 38
Medicare/Pharmaceutical

Assigned n = 37
Completed n = 28

Intention to treat n = 37
Medicare/Pharmaceutical

/Hospital n = 21

/Hospital n = 25

Health State Utilities n = 30

Health State Utilities n = 28

Participants who completed and partially completed the TC intervention received an average
of 10 ± 4 of the planned 16 phone calls over the 12-month intervention period. The average
duration of successful telephone calls was 11.1 ± 1.9 minutes per call. Time taken following
each successful and unsuccessful phone call to record notes was also included in the
intervention costs and calculated at the AEP hourly rate as outlined in section 3.5.10.2.
Participants in the AT group received one text message a week for the duration of the 12month intervention. Time taken to collate step data obtained from the wearable activity
tracker was calculated at the AEP hourly rate. Any technical support provided to participants
was also calculated at the AEP hourly rate and included in the intervention costs.
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5.3.1 Intervention costs
Results from the primary RCT showed that both the TC and AT groups maintained daily step
counts over the 12-month period, while those in the UC group showed a significant reduction
in daily step count (Table 5.4). Therefore, the direct intervention costs of avoiding a significant
reduction in daily step counts in older adults is $195 per participant for TC intervention and
$234 per participant for the AT intervention. If participants were to provide their own activity
tracker, the cost per participant for the AT intervention would reduce to $145.
Table 5.4 Change in daily steps over the 12-month intervention.
Steps per day

Baseline

12 Months

Usual Care
(n=42)
Telephone
Counselling
(n=38)
Activity
Tracker
(n=37)

6590 ± 2908

5836 ± 422

Change from
baseline
p=0.01

4996 ± 2533

5080 ± 2084

p=0.81

6764 ± 3244

7091 ± 3241

p=0.09

UC vs TC

UC vs AT

TC vs AT

p=0.07

p=0.45

p=0.09

5.3.1.1 Individual perspective
No significant differences between the TC and AT groups and UC were observed at 12-months
(p≥0.224) and no difference in pre and post S2S costs were observed for the individual
perspectives’ analysis (p≥0.297) (Table 5.5). The inclusion of the wearable activity tracker
and/or smartphone and data plan costs did not significantly alter the costs of the AT
intervention.
5.3.1.2 Healthcare payer perspective
When intervention costs from a healthcare payer perspective were compared across the
included intervention groups and usual care, no differences were observed at 12-months
when adjusted for pre-S2S healthcare costs (p≥0.694) (Table 5.5). Healthcare payer

226

CHAPTER FIVE
perspective costs did not significantly reduce in the 12-months following S2S for either
intervention group or UC when compared to pre S2S costs (p≥0.129). The inclusion of the
wearable activity tracker and/or smartphone and data plan costs did not significantly alter
the costs of the AT intervention
5.3.1.3 Societal perspective
A significant reduction in costs between pre and post S2S were observed for all intervention
groups (p >0.001). There were no significant differences observed between groups at 12months (p≥0.674) when analysed from a societal perspective (Table 5.5).
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Table 5.5 Costs (presented as mean ± SD and median (IQR) associated with delivering each intervention and total costs from a healthcare payer,
patient and societal perspective. P values obtained from logistic regression analysis.
Usual Care
(n=24)

Telephone Counselling
(n=21)

Activity Tracker
(n=25)

$0
$0

$0
$195

$0
$145 (a without cost of tracker)
$234 (b with cost of tracker)
$ 413 (c with cost of tracker, smartphone and plan)

$1,486 ± $2,381
$1,107 ± $1,432

$1,109 ± $1,153
$1,070 ± $1,242

$808 ± $1,027
$779 ± $638 a
$868 ± $638 b
$1,047 ± $638 c
$576 ($291 - $978)
$547 ($325 - $1,026) a
$636 ($414 - $1,115) b
$815 ($593 - $1,294) c
0.937 a
0.865 b
0.501 c

UC vs TC

UC vs AT

TC vs AT

Cost of delivering intervention
Pre S2S
Post S2S

Individual perspective
Pre (Mean ± SD)
Post (Mean ± SD)

Pre S2S (Median (IQR) $558 ($314 - $1,499)
Post S2S (Median (IQR) $598 ($250 - $1,175)

$765 (361 - $1,323)
$558 ($299 - $1,057)

within group p value

0.919

0.297

0.524

0.491
0.388
0.224

0.983
0.849
0.597

Healthcare Payer perspective
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Pre (Mean ± SD)
Post (Mean ± SD)

$11,923 ± $16,687
$7,925 ± $7,103

$7,855 ± 9,289
$5,025 ± $5,200

$9982 ± $15,656
$5,384 ± $3,947 a
0.797
b
$5,473 ± $3,947
$5,652 ± $3,947 c
Pre S2S (Median (IQR) $5,068 ($3,123 - $17,380) $4,569 ($2,332 - $7,246) $4,606 ($1,522 - $12,801)
Post S2S (Median (IQR) $6,650 ($3,130 - $8,889) $3,712 ($1,776 to $5,345) $3,925 ($2,296 - $7,590) a
$4,014 ($2,385 - $7,679) b
within group p value
0.196
0.392
0.129 a
0.137 b
0.153 c
Societal perspective
Pre (Mean ± SD)
$33,489 ± $32,151
$28,088 ± $18,842
$31,672 ± $24,531
0.752
Post (Mean ± SD)
$9,033 ± 7,428
$6,095 ± $5,926
$6,432 ± $4,026

0.890
0.906
0.939

0.694
0.708
0.738

0.916

0.674

Pre S2S (Median (IQR) $31,148 ($3,823-$55,638) $38,843($7,779-$44,055) $41,923($6,774-$46,351)
Post S2S (Median (IQR) $7,476 ($3,5150-$11,427) $4,012 ($2,462-$6,479)
$6,200 ($3,072-$8,778)
within group p value
<0.001
<0.001
<0.001
a

= activity tracker costs excluded from analysis, b = activity tracker costs included in analysis, c = activity tracker, smartphone and data plan costs include in analysis.
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5.3.2 Health service usage
A total of 70 participants were included in health usage component of this study (UC=24,
TC=21, AT=25). Participants were aged 71.7 ± 6.3 years and primarily female (n=49, 70%).
Medicare and Pharmaceutical costs are included for all 70 participants. Of the 70 participants
that consented to the collection of public hospital data, 21 individuals had data relating to a
public hospital admission and 20 individuals had an emergency department presentation in
the 12-months prior to S2S. In the 12-months following S2S, 17 individuals had a public
hospital admission and 11 individuals had an emergency department presentation. All costs
associated with health service usage pre and post S2S are outlined in Table 5.6. A full list of
hospital admission AR-DRGs is provided in Appendix Eight.
5.3.2.1 Medicare Benefits Scheme
The UC group had a significant reduction (MD; -16, 95%CI; -29 to -3, p=0.02) in the number of
individual Medicare services in the 12-months following S2S compared to the 12-months prior
to S2S. This however did not affect overall costs, as no differences in post S2S costs were
observed when compared to pre S2S costs. No differences in number of Medicare services or
costs were observed within the TC or AT groups (p≥0.10). Medicare costs and number of
services did not differ between groups at 12-months (p≥0.19) (Table 5.6).
5.3.2.2 Pharmaceutical Benefits Scheme
No differences in the number of prescriptions or pharmaceutical costs were observed
between groups at 12-months (p≥0.34). Number of prescriptions and costs did not
significantly change within groups between the 12-months preceding S2S and the 12-months
following S2S (p≥0.42) (Table 5.6).
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Usual Care
Pre
Medicare Benefits Scheme
Total Benefit Paid
$83,425.00
Patient Out of Pocket
$29,374.00
Total Cost
$112,799.00
Number of Services
1334
Pharmaceutical Benefits Scheme
Net Benefit
$67,947.00
Patient Contribution
$6,306.00
Total Cost
$74,253.00
Number of
Prescriptions
1557
Combined Medicare and
Pharmaceutical
Net Benefit
$151,372.00
Patient Contribution
$35,680.00
Total Cost
$187,052.00
Number of
Prescriptions
2891
Public Hospital
Admissions costs
$130,041.00
Number of Admissions 13
Emergency Department
costs
$4,752.00
Number of
presentations
12

Post

Within
p value

Telephone Counselling
Pre
Post

Within
p value

Activity Tracker
Pre
Post

Within
p value

$53,908.00
$19,793.00
$73,701.00
945

0.11
0.27
0.10
0.02

$63,961.00
$18,359.00
$82,320.00
960

$61,021.00
$1,246.00
$62,267.00
759

0.87
0.89
0.86
0.18

$51,271.00
$13,927.00
$65,198.00
1048

$55,503.00
$11,873.00
$67,376.00
1058

0.82
0.82
0.93
0.95

$55,112.00
$6,785.00
$61,897.00

0.42
0.50
0.44

$23,451.00
$4,945.00
$28,396.00

$29,234.00 0.70
$5,230.00 0.67
$34,464.00 0.69

$45,184.00
$6,275.00
$51,459.00

$38,110.00
$7,625.00
$45,735.00

0.66
0.06
0.73

1599

0.62

1043

1030

1402

1407

0.95

0.87

$109,020.00 0.15
$26,578.00 0.30
$135,598.00 0.13

$87,412.00 $90,255.00 0.92
$23,304.00 $6,476.00 0.92
$110,716.00 $96,731.00 0.95

$96,455.00 $93,613.00 0.92
$20,202.00 $19,498.00 0.94
$116,657.00 $113,111.00 0.92

2544

0.10

2003

1789

2450

$78,035.00
13

0.66
0.84

$74,784.00
7

$10,791.00 0.12
4
0.14

$149,932.00 $35,007.00
21
13

0.06
0.00

$3,168.00

0.31

$2,772.00

$396.00

0.11

$3,168.00

$2,376.00

0.04

8

0.31

7

1

0.11

8

4

0.04

0.28

2465

0.95

Table 5.6 Medicare and Pharmaceutical Benefits Scheme and public hospital costs in the 12-months pre S2S and the 12-months post S2S.
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5.3.2.3 Public hospital
A significant reduction in the number of public hospital admissions was observed in the AT
group in the 12-months following S2S when compared to the 12-months prior (MD; -1.5,
95%CI; -2.3 to -0.7, p = 0.00). No difference in admissions data was observed for the UC and
TC groups between the 12-months prior to S2S and the 12-months following (p≥0.12). The AT
group also showed a significant reduction in number of admissions in the 12-months following
S2S compared to the UC group when adjusted for pre S2S admissions (MD; -1.4, 95%CI; -0.3
to 2.5, p = 0.01). The TC group did not differ from the UC or AT group in public hospital
admissions in the 12-months following S2S (p ≥ 0.27) (Table 5.6).
A significant reduction in the number of emergency department presentations and associated
costs was observed in the AT group between the 12-months preceding S2S and the 12-months
following S2S (MD; -0.5, 95%CI; -.02 to 1, p=0.04 and MD; -$202, 95%CI; -$7 to $-397, p=0.04
respectively). Emergency department costs and presentations did not differ between pre and
post S2S for the UC and TC groups (p≥0.11). The AT group differed significantly from both the
UC and TC groups for emergency department presentations and costs at 12-months (p = 0.03
and p = 0.02 respectively) (Table 5.6).
5.3.3 Utility
Table 5.7 provides the summary statistics of health state utilities derived for the three groups
from post S2S (Baseline) and longitudinally for three, six and twelve months.
Figure 5.2 presents the distribution of individual health state utilities for participants for who
a utility valuation could be derived from the SF-6D algorithm for the Australian value set.

232

CHAPTER FIVE

Table 5.7 Mean ± SD and Median and IQR for health state utility scores for UC, TC and AT
group at each time point as measured by the SF-6D multi-attribute utility instrument using
the Australian value set.
Mean ± SD
Usual Care
Telephone
Counselling
Activity Tracker
Median (IQR)
Usual Care
Telephone
Counselling
Activity Tracker
a

Post S2S
(Baseline)
0.47 ± 0.26

3 months

6 months

12 months

0.48 ± 0.27

0.45 ± 0.29

0.46 ± 0.28

0.54 ± 0.21 a

0.52 ± 0.20 a

0.52 ± 0.21 a

0.53 ± 0.23 a

0.53 ± 0.22 a
Post S2S
(Baseline)
0.51 (0.30, 0.70)

0.56 ± 0.18 a,b

0.55 ± 0.24 a

0.53 ± 0.25 a

3 months

6 months

12 months

0.54 (0.23, 0.71)

0.47 (0.23,0.74)

0.5 (0.25,0.71)

0.58 (0.40, 0.66)

0.54 (0.34, 0.66)

0.54 (0.45, 0.66)

0.55 (0.40, 0.72)

0.58 (0.37, 0.73)

0.57 (0.42, 0.72)

0.58 (0.40, 0.73)

0.61 (0.34,0.69)
b

= minimum clinically important difference met or exceeded when compared to UC group, = minimum
clinically important difference met when compared to TC group.

A total of 94 participants (UC=36, TC=30, AT=28) completed to the SF-36 questionnaire
allowing for the derivation of individual health state utilities from the SF-6D Australian value
set algorithm.
No significant differences in health state utilities at the end of the 12-month RCT were
observed either between groups (p > 0.370) or within groups (p = >0.419). Additionally, the
minimum clinically important difference was not met between any of the included time points
for all three intervention groups. However, at all assessment time points, both the TC and AT
groups exceeded the minimal clinically important difference compared to the UC group. At 3months, the AT group also met the minimum clinically important difference when compared
to the TC group. Additionally, for the AT group, the median health utility score was
approaching the population norm of 0.70 for adults over the age of 71 years at 12-months,
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which was not observed in the TC and UC groups. Nevertheless, during the 12-week S2S
program, a significant increase in health utility was observed (p ≤0.001). Importantly, it was
established that this improvement was maintained throughout the 12-month intervention in
the TC, AT and UC groups. Results from the S2S program, including the health state utilities
are provided in Appendix ElevenAppendix for additional context.

Figure 5.2 also reveals that the general trend of the individual health state utilities is shifting
towards increased individual health state utilities.
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Figure 5.2 Histograms of individual health state utilities at baseline and 12-months
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5.4 Discussion
This is the first study to investigate the direct and indirect costs, health service usage and
health state utilities of a wearable activity tracker-based intervention compared with
telephone counselling. Results suggest that the costs associated with all three groups were
not significantly different from an individual and healthcare payer perspective. Of note,
however, was the lower reported costs of the TC and AT groups when compared to the UC
group, even though the UC group had no direct intervention costs when analysed from an
individual, healthcare payer or societal perspective. Importantly, the inclusion of lost
productivity costs associated with diagnosed chronic health conditions and co-morbidities
included in the societal perspective analysis, resulted in a significant reduction in costs in the
12-months following the S2S program compared to the 12-months preceding. This study also
found that health state utilities were maintained throughout the 12-month RCT in all groups,
however those receiving either the AT or TC intervention showed higher health state utilities
(and therefore health-related quality of life) at all timepoints compared to UC, either meeting
or exceeding the minimal clinically important difference. As the current study includes an
Australian population, the Australian value set for the SF-6D was used to investigate healthrelated quality of life impacts rather than UK or US value sets.
The primary RCT reported no differences in daily steps between the AT and TC groups,
however, a significant reduction in daily steps was observed in the UC group. As the direct
and indirect intervention costs, health service usage and health state utilites for all groups
were similar, providing ongoing feedback following a structured lifestyle intervention via
wearable activity tracker or telephone counselling are effective and cost comparable options
to avoid a significant decrease in physical activity participation over 12-months. By gaining a
greater understanding of the factors that influence intervention costs, health service usage
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and health state utilities as a measure of health-related quality of life impact, more informed
decisions can be made regarding recommendations for methods of providing ongoing support
to maintain physical activity participation following a structured exercise and lifestyle
intervention.
5.4.1 Intervention costs
The cost of delivering an intervention to support maintenance of daily step count over a 12month period following a structured lifestyle intervention was between $145 and $234 per
participant if utilising a wearable activity tracker compared to $195 for telephone counselling.
Previous research has reported that an 18-phone call, 12-month telephone counselling
intervention costs $570 to deliver [81], more than double the cost reported in the current
study. Other studies have reported lower costs, however included only five phone calls [80].
The key difference in the current study is the phone call length. Previous literature reports
calls lasting an average of 25 minutes per participant [80], compared to the average call length
in the current study of 11 minutes. The aim of the current study was to provide ongoing
support to maintain physical activity levels and served as more of a ‘check in’, rather than a
behaviour change intervention aiming to increase physical activity participation, which may
explain the shorter phone call length.
There is no published literature relating to the costs associated with delivering a wearable
activity tracker-based intervention. The costs reported in the current study include the AEP
time associated with retrieving and reviewing daily step data in addition to providing feedback.
This is currently required as there are limited options available that allow wearable activity
tracker users to directly share their data with health professionals, with the vast array of
proprietary and third party mobile apps making this even more challenging. Despite this, as
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interoperability of mobile apps improves, less data-mining will be required, reducing the costs
associated with delivering wearable activity tracker-based interventions [91]. Another
consideration is the cost of the wearable activity tracker itself. For the purpose of the current
study, direct intervention costs were calculated both with and without the costs of the
wearable activity tracker. While intervention costs will ultimately be higher with the cost of
the tracker included, this cost can vary greatly with wearable activity trackers costs ranging
from as little as $20 to upwards of $300. The costs of the wearable activity tracker were both
included and excluded in the healthcare payer and individual perspectives and included in the
societal perspective analysis. No differences in overall costs were observed for any of the
included perspectives, suggesting that the cost of the tracker did not drastically affect the
intervention costs. The use of digital products including wearable activity trackers among
older adults is on the rise [88], so it is feasible that in a clinical setting, some clients would
already own a wearable activity tracker. Wearable activity trackers are already being utilised
by insurance companies to improve customer engagement, with customers indicating that
they are willing to share biometric data with insurers in return for financial incentives or
reductions in premiums [287]. Extending the use of wearable activity trackers to include
tailored health professional feedback could be further explored and potentially reduce direct
healthcare payer costs.
5.4.2 Health service usage
Health service usage did not differ between groups or in the 12-months following the S2S
program compared to the preceding 12-months. When combined with intervention costs, a
significant reduction in costs from a societal perspective were observed in the 12-months
following S2S compared to the preceding 12-months, due to the inclusion of lost productivity
costs in the 12-months preceding S2S. In overweight and obese populations, indirect costs
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associated with increased levels of disability and reduced workforce capacity are estimated
to be significantly greater than healthcare costs [288]. Similarly, significant indirect health
costs are associated with an ageing population [289]. By maintaining health and functional
capacity into ageing, the impact on these indirect costs can be reduced [290].
No differences were observed when analysed from a healthcare payer or individual
perspective when adjusted for pre S2S health service usage costs. Interestingly, the costs of
either the TC or AT interventions were less when compared to UC for all included perspectives,
despite the UC group having no direct intervention costs. From an individual perspective, the
AT intervention cost the least, both with and without the costs of the wearable activity tracker
included, suggesting that Medicare and Pharmaceutical out of pocket costs were less for the
AT group. While not statistically different, the combined Medicare and Pharmaceutical
Benefits Scheme and public hospital costs were less in the AT and TC groups in the 12-months
following S2S compared to usual care. Interestingly, the UC group showed the greatest
reduction in health service usage in the 12-months following S2S compared to the 12-months
preceding S2S. This was most likely due to five participants from the UC group having
Medicare costs in excess of $10,000 per person in the 12-months preceding S2S (equalling
$74,285 of the $112,799 group total). These increased Medicare costs were a result of heart,
spinal, cataract and joint replacement surgeries, cancer treatment and ICU stays. It is
important to note that a large proportion of individuals who were referred to the S2S program
were referred as a result of an acute health event or to support the management of a chronic
health condition. The impact of the 12-week S2S program on an individual’s health therefore
cannot be dismissed. Evidence has shown that lifestyle interventions are effective at
improving a range of health risk factors such as physical activity [48], body composition and
blood pressure [291], with effects lasting for 6-12 months [47, 49] or potentially longer if the
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positive lifestyle changes are maintained [70]. Positive changes in physical activity
participation elicit several immediate and long-term health benefits, with physiological
changes including improvements in cardiorespiratory fitness and body weight occurring 1-2
months after the initiation of regular physical activity [292]. It was therefore expected that
healthcare costs would decrease in the 12-months following S2S. However, separating what
decrease in healthcare costs are attributable to the S2S program itself and what is attributable
to the 12-month AT and TC interventions is difficult to determine. While decreases in health
care costs were expected, it is important to remember that the study population had a mean
age of 72 years, with all participants having at least one diagnosed chronic condition. It is
therefore reasonable to expect a decline in health associated with ageing and the progression
of chronic disease [293], which may explain why no significant differences were observed.
Another important factor to consider is the level of multi-disciplinary care provided to
participants [294]. Despite potential improvements in health, without regular review by their
GP and practice nurse to ensure medications remain necessary and appropriate, health care
expenditure may not change.
5.4.3 Health utility
This is the first study to use the SF-6D Australian value set to investigate health-related quality
of life impacts of a wearable activity tracker-based intervention compared to telephone
counselling and usual care. As the measure of health-related quality of life, health state
utilities were maintained throughout the 12-month RCT for all groups, including UC. Health
state utilities reported in the current study are reduced when compared to population age
norms [263], however are comparable with populations with multiple and complex physical
and mental health co-morbidities [295] similar to the participants in this study. The AT group
was the only group approaching population norms at 12-months. Interestingly, health state
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utilities in the UC group were lower at all time points compared to the TC and AT groups. The
difference in health state utility between the UC group and the TC and AT groups was at least
0.04 which is a clinically important difference [262]. At 3-months, the AT group also met the
minimum clinically important difference when compared to the TC group. At 3 months, the
AT group also recorded an increase in daily steps of over 1000 steps per day, which was not
observed in either the TC or UC groups (see section 4.3.3). The reason for lower health state
utilities in the UC group is unclear as participants in all groups were a similar age and had
similar types and numbers of chronic health conditions. However as noted above, five
participants in the UC underwent surgical treatments in the 12-months preceding S2S, which
may have adversely affected their quality of life.
Previous research investigating the effects of telephone counselling by AEPs in overweight,
sedentary adults also reported no change in health state utilities at 12-months, despite an
observed increase of 1000 steps per day [80]. The current study reported a maintenance of
physical activity during the 12-month RCT, rather than an increase, so it is reasonable that no
differences in health state utilities were observed. It is however important to note that the
increase in health state utilites observed during the S2S program were maintained throughout
the 12-month RCT. Health state utilities prior to participants commencing the 12-week S2S
program were comparable with those seen in patients with severe MS and head, neck and
breast cancers [296-298]. While not reported here, health state utilites significantly improved
during the S2S program, with a mean improvement of twice the minimal clinically important
difference (see Appendix ElevenAppendix ). This improvement in health state utilities was
maintained over the 12-month RCT in all groups which is clinically important and suggests the
S2S program had a long term impact on participants health.
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5.4.4 Strengths and limitations
The current study examines the costs associated with a 12-month wearable activity trackerbased and telephone counselling intervention in older adults with diagnosed chronic
conditions. Previous cost analyses have examined only the costs associated with delivering
telephone counselling and typically include short-term interventions [80]. While previous
literature has reported that telephone counselling to improve adherence to a home exercise
program was cost-effective, this was compared with a gym-based program [249]. The costs
associated with delivering a wearable activity tracker based intervention have not previously
been explored.
Limitations of the current analysis relate primarily to the small sample size, nevertheless, this
study has paved the way for larger confirmatory studies. Additionally, there were a reduced
number of participants that consented to the collection of their Medicare, Pharmaceutical
and public hospital data (70 participants out of 117). Furthermore, less than 30% of the
participants who did consent to the collection of public hospital data had an admission or
emergency department presentation in the 12-months either preceding or following S2S,
making analysis of this data challenging. The societal perspective analysis did not include a
direct measure of lost productivity, rather an estimated value based on current literature and
the Australian Bureau of statistics estimates and may therefore overestimate or
underestimate the value of lost productivity in this population. For participants to be able to
fully utilise the functionality of a wearable activity tracker, a smartphone and data connection
is required. The present study provided participants in the AT group with a smartphone and
data plan, however this is unlikely to occur in a clinical setting. The costs associated with the
wearable activity tracker itself as well as the smartphone and data plan were therefore both
included and excluded from the healthcare payer and individual perspective analyses.
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Additionally, in relation to the costs included in this analysis, the effects associated with the
S2S program itself are difficult to separate from those of the intervention. Therefore, future
research examining the costs of an activity tracker-based and telephone counselling
intervention without a prior lifestyle intervention would be beneficial.
The current study used the SF-36 which has been shown to be valid in determining health
utility in populations with chronic conditions [299], however some literature suggests that
not all multi-attribute utility instruments are sensitive enough to detect changes in health
utility for people with complex and chronic disease [300]. The selection of a different
instrument such as the AQoL-8D that has been found to be preferentially sensitive for study
populations with complex and chronic disease such as people with severe and morbid obesity
and people with multiple sclerosis may have been more appropriate to detect any changes in
health utility in the current study population. It is also acknowledged that version 2 of the SF6D algorithm is to be released soon and it is possible that this substantially revised algorithm
for the SF-6D multi-attribute utility instrument may be sensitive enough to detect change
from the 12 months post S2S.
5.5 Conclusion
Using a wearable activity tracker-based or telephone counselling intervention to maintain
daily step count in older adults following a structured lifestyle intervention have similar
intervention costs, health service usage and health state utilities. Therefore, individual
preferences of the client should be considered when determining which approach should be
utilised to assist in the maintenance of physical activity. Future research would benefit from
the inclusion of a larger sample size and the direct measurement of productivity, including
time spent in paid work, volunteering roles and the provision of informal care.

243

CHAPTER SIX

Chapter 6: Older adults’ experiences of using a wearable activity tracker with
health professional feedback over a 12-month randomised controlled trial.
This chapter includes the methods, results and discussion relating to the participants
experiences of the wearable activity tracker utilised in the Randomised Controlled Trial as
outlined in Chapter Three 3.5.11.
A version of this chapter has been published in Digital Health and appears in the literature as
(Appendix Nine):
Brickwood, K., Williams, AD., Watson, G., O’Brien, JA. Older adults’ experiences of using a
wearable activity tracker with health professional feedback over a 12-month randomised
controlled trial, Digital Health, 2020; 6:2055207620921678.
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6.1 Introduction
Regular participation in physical activity plays an important role in maintaining health and
functional independence into old age [114, 116, 118]. Paradoxically, however, physical
activity participation tends to decrease with age, leading to an increased risk of chronic
disease, falling, functional decline, and loss of independence [301]. Traditional structured
lifestyle interventions that utilise group or individual education, telephone counselling and
behavioural change techniques can be effective at increasing physical activity levels in older
adults [13, 46, 302, 303]. Unfortunately, physical activity levels tend to decline once
participation in these types of interventions ceases, resulting in the health benefits being lost
[50]. Telephone counselling is an established method of providing ongoing support and can
assist in the maintenance of physical activity levels for up to 24 months. Although effective,
telephone counselling is both labour and resource intensive [136], and has not been widely
adopted in clinical practice [82].
An effective – and potentially more cost-effective [177] method of delivering ongoing
feedback and support is by utilising a wearable activity tracker. Wearable activity trackers
have been shown to increase short-term physical activity participation across a range of
populations, including healthy adults, chronic disease populations and older adults [92, 93,
95, 269].Wearable activity trackers, and their associated mobile apps, are unique in that they
provide users with real-time feedback about their physical activity participation, include a
range of behaviour change techniques (BCTs) and do not require trained health professionals
to deliver it. However, to receive the feedback, users must be able to operate the trackers
and mobile apps, and the feedback provided is generally generic in nature, which may
influence the user’s perceptions and habitual use of the technology [304]. By combining
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feedback delivered by a health professional with the feedback provided by a wearable activity
tracker, participants may feel more engaged [305].
Research has shown wearable activity trackers are well accepted by various populations
ranging from adolescents [306] to older adults [97, 307] as well as chronic disease and cancer
populations [98, 100, 308]. But to fully understand if a wearable activity tracker can support
people, particularly older adults, to be habitually physically active, and to help us best utilise
these devices, we need to fully understand the user’s experiences of wearable activity
trackers over long term use.
Many wearable activity tracker feasibility and acceptability studies include short follow-up
periods of 12-weeks or less [98, 308, 309]. As the main goal of introducing a wearable activity
tracker is to encourage long-term behaviour change, it is difficult to gauge the true
acceptability and perceived useability of a wearable activity tracker when it is only worn for a
short period of time. Longer term wearable activity tracker use has been explored in existing
users [310], however this does not provide insight regarding the initial adoption of a wearable
activity tracker. A longer-term follow up allows for investigation into the way a wearable
activity tracker can provide ongoing support and promote positive habits for the long-term
adoption of physical activity. Additionally, the role that a health professional can play in
providing additional feedback based on the data recorded by the wearable activity tracker
has not been investigated.
Using thematic analysis [311] of focus group data in addition to wear time of the activity
tracker, the current study aims to explore older adults’ experiences of a wearable activity
tracker combined with ongoing health professional support and feedback via text message to
assist them to maintain physical activity levels following a structured lifestyle intervention.
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The specific research questions were; (1) did the participants of the RCT like using the
wearable activity tracker; and, (2) did the wearable activity tracker combined with health
professional feedback, assist participants to achieve their physical activity goals?
6.2 Methods
6.2.1 Participants
Participants who had completed the Activity Tracker (AT) intervention group as part of the
overarching RCT were invited to take part in this study. Full details of the AT intervention are
outlined in Chapter Three (see section 3.4.3.3). All 28 participants who completed the AT
intervention were invited to take part in focus groups with 20 participants agreeing to
participate. Participants provided additional informed consent prior to commencing the focus
groups.
6.2.2 Data collection
Participants who completed the AT intervention were invited to take part in focus groups
related to the use of the Jawbone UP24™ activity tracker. Demographic and health data were
obtained at the start of the RCT and included participants age, BMI, diagnosed chronic
conditions and level of activity. Focus groups were conducted by a researcher (JO) with
experience in facilitating focus groups, who had not previously had any direct contact with
the research participants, to ensure participants felt comfortable expressing their opinions.
Participants provided written and informed consent before engaging in the focus groups. A
questionnaire to obtain information relating to participants use of technology (including
mobile and smart phones, laptops, tablets and desktop computers), any support they
received to use this technology and their level of education was provided prior to the focus
group (Appendix Ten). The candidate (KB) provided the focus group facilitator with semi-

247

CHAPTER SIX
structured questions (Table 0.1). Prompts were utilised as required to encourage participants
to expand on their answers. Focus groups were digitally recorded.
Acceptability data relating to participant’s wear time of the Jawbone UP24™ and any ongoing
support provided to participants was also examined. Non-wear days were defined as days on
which no step data was recorded [246]. The remaining days were considered to be ‘wear days’
and were used to calculate the percentage of days in which the wearable activity tracker was
worn throughout the 12-month intervention.
6.2.3 Data analysis
Digital recordings of the focus groups were transcribed verbatim for further analysis.
Transcripts were coded and thematically analysed in NVivo (NVivo 12, Pro edition, QSR
International) using a qualitative descriptive approach [264]. Coding was completed in two
stages. During the initial stage, two researchers (KB and JO) independently coded the
transcripts inductively to ensure that themes were organically identified without researcher
bias. Stage 2 involved two researchers (KB and JO) generating a preliminary list of themes
which were then discussed and refined to ensure that all themes captured those previously
coded. The two authors independently coded the transcripts to ensure all data was captured
by the identified themes. Key quotes were then selected to highlight the identified themes.
The list of nodes and themes identified during Stages 1 and 2 is outlined in Figure 6.1.
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Figure 6.1 Nodes and Themes identified during NVivo coding

6.3 Results
A total of four focus groups were conducted and digitally recorded. The number of included
participants ranged from 3 to 7 participants per group. Focus groups (mean duration 46.5 min,
SD 8.9 min) were transcribed verbatim, producing 74 pages (Times New Roman, size 12) of
raw transcription data for further analysis.
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6.3.1 Demographics
A total of 20 of the 28 participants who completed the AT intervention consented and took
part in the focus groups (Female n=12, Males n=8, age 73.6 ± 5.5 years, BMI 31.4 ± 6.3 kg/m2).
Participants were completing an average of 7098 ± 3384 steps per day and had a range of
diagnosed chronic conditions including cardiovascular disease, diabetes, osteoarthritis and
pulmonary conditions. All participants had at least one diagnosed chronic condition, with 65%
(13 out of 20) participants having 2 or more diagnosed chronic conditions. Only one
participant reported not using technology. The remaining participants reported using a mix
of devices in their day to day lives, with mobile phone use more prevalent than smartphone
use (50% compared to 30%). For participants who reported receiving support, the majority
(55%) relied on friends or family with only one participant reporting that they sought
professional help. Participant demographics are outlined in
Table 6.1.

Table 6.1 Baseline demographics of focus group participants

Age (years)
BMI (kg/m2)
Daily steps
Activity Tracker wear
- Days
- Percentage of total time
Diagnosed chronic conditions - n (%)
- Cardiovascular disease
- Diabetes
- Osteoarthritis/Osteoporosis
- Pulmonary
Devices regularly used a - n (%)
- Mobile phone
- Smartphone

Mean ± SD
73.6 ± 5.5
31.4 ± 6.3
7098 ± 3384

Range
63.5 – 82.8
21.2 – 43.7
1976 – 14452

316 ± 49
86%

201 - 364
55% - 99%

13 (65%)
4 (20%)
16 (80%)
2 (10%)
10 (50%)
6 (30%)
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- Tablet
- e-Reader
- Laptop / Computer
- None
Support - n (%)
- Family/friends
- Professionals
Highest level of education - n (%)
- Less than year 12
- Year 12 or equivalent
- Vocational
- Associate diploma
- Undergraduate degree
- Postgraduate degree

9 (45%)
4 (20%)
16 (80%)
1 (5%)
11 (55%)
1 (5%)
10 (50%)
4 (20%)
2 (10%)
2 (10%)
1 (5%)
1 (5%)

6.3.2 Activity tracker use and support
Data from the Jawbone UP24™ activity tracker reflected that the Jawbone was worn by
participants for an average of 86% of the available days (316 days out of 365). The number of
non-wear days ranged from 1 day to 164 days. The primary reasons for not wearing the band
included forgetting to put the band on (all participants on at least one occasion), away on
holidays (n=5), damaged/broken band (n=9), poor health/hospitalisation (n=6) and technical
issues requiring researcher support (n=16). Telephone and in-person support were provided
to participants as required over the 12-month intervention. In-person support was provided
on a total of 27 occasions for the following reasons; Jawbone would not synchronise with
smartphone (n=15), Jawbone was damaged or stopped working (n=10) or the smartphone
was damaged or stopped working (n=2). A total of 10 Jawbone UP24 ™ activity trackers were
replaced over the 12-month intervention period. In addition to the provided in-person
support, telephone support was provided on 23 occasions. The primary reasons for telephone
support was that the smartphone had accidentally been switched onto ‘airplane’ mode or
Bluetooth had been switched off.
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6.3.3 Acceptability
The high rate of Jawbone use suggests that the Jawbone UP24™ activity tracker was well
accepted by older adults (Jawbone was worn on an average of 86% (316 out of 365) of
possible days). The majority (80%, n=16) of participants used words such as encouraged, good
and motivating to describe the Jawbone UP24™ activity tracker, indicating an overall positive
experience for most participants.
“It was good, yeah it encouraged you to do it”
Female, 75
“I thought it was good, was fantastic to have it. Since I’ve got the Jawbone it’s made me get
up and do things”
Male, 63
6.3.4 Thematic analysis
Four themes were identified in the thematic analysis of the focus groups and included;
Increased sense of awareness of activity levels is related to motivation; the level of
engagement with the wearable activity tracker influences the user experience; the role of
feedback from a health professional in providing ongoing support, and the role of habits in
supporting long term behaviour change.
6.3.4.1 Increased sense of awareness of activity levels is related to motivation
Most participants (85%, n=17) reported that using the wearable activity tracker, made them
more aware of their physical activity levels and sedentary behaviours. For most of the
participants, this increase in awareness led to increased motivation.
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“I think it’s a really good way of knowing what you’re doing and if you’re doing enough,
because if you’re aware of it and you’re not then you can up it”
Female, 66
“I found that if I didn’t have my steps up, 10,000 a day, when anybody rang me I never sat
down and spoke, I walked around the house. I just kept walking and I got the steps up.”
Female, 74
“No, it’s just as I said, as a reminder all the time, yes. You’re aware of it because it’s there, but
it encourages you to do a little bit more than you probably would have before”
Male, 82
However, there was one participant who felt that the awareness of their activity levels had a
negative impact as it highlighted their reduced capacity.
“It started off my health was reasonable, it wasn’t perfect, but it was reasonable, and I could
get out and walk of a day. And then my health deteriorated, and I can’t walk unless I’ve got
somebody with me. And also, my walking has reduced to very limited, my steps and everything
like that. So I was getting more depressed about that happening to me because I was under
that pressure to try and do what was asked of me. So that sort of made me realise more that
my ability to walk was reducing.”
Female, 73
Despite the negative experience reported by this participant, the same participant made the
following comment;

253

CHAPTER SIX
“But at the same time there was – even though it was negative to me, it was a motivation too.
Because otherwise I wouldn’t be cranky that I hadn’t enough steps up. Just pushed myself a
little bit harder”
Female, 73
6.3.4.2 The level of engagement with the wearable activity tracker influences the user
experience
The way in which participants engaged with the wearable activity tracker differed between
participants and was influences by the following identified subthemes; (i) previous experience
with technology (ii) accuracy of the wearable activity tracker and (iii) and the design of the
wearable activity tracker.
(i) previous experience with technology
Some participants felt more comfortable than others in exploring the device and associated
Jawbone UP™ app.
“Yeah, there was all this other stuff that you could find out, that was... But the actual activity
thing, and what it decided was your sleeping time I found quite fascinating”
Female, 68
“There are features of this thing, active time, longest active time, longest idle time. Longest
active time at the moment is 10 minutes, longest idle is 1 hour, 5 minutes”
Male, 71
Others did not feel comfortable exploring the Jawbone UP™ app and therefore did not engage
with the additional information that was available to them.
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“Unless it was there, I didn’t touch mine, ‘cause I know if I touch anything electrical, you’ve
gotta call someone to come and fix it”
Female, 72
“Perfectly all right as far as the band was concerned, but I was always afraid of pressing the
wrong button in the app, or whatever, and occasionally it would go funny”
Male, 80
(ii) accuracy of the wearable activity tracker
Some participants questioned the accuracy of the device, reporting that not all the activities
they did throughout their day seems to ‘count’ towards their steps. This influenced their
experience with the wearable activity tracker as it resulted in some frustration that their
efforts were not being recognised.
“I would question it, but I must have done much more than that much, ‘cause I was on my feet
for 6 hours”
Male, 75
“And I would go do my exercise class and they would make us work so hard, and I would read
the thing that night and it’d be such a limited number of steps for the amount of effort that
I’d put into it”
Female, 73
“And I did lose interest when it wasn’t working” (band wouldn’t always record steps on
treadmill).
Female, 74
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(iii) design of the wearable activity tracker
In addition to the accuracy of the device, some participants reported not liking the design of
the wearable activity tracker which again caused some frustration.
“I found it wasn’t quite robust enough, it would catch on stuff. I had a couple of panics where
it was gone”
Male, 75
“Yes, it would catch on things, and towards the end it was getting quite lose and it was a pain
‘cause I like my big watch, and it used to get caught underneath it. Mine pulled off in the
garden, a few times. I hauled it out of the compost bin at least once!”
Female, 68

6.3.4.3 The role of feedback from a health professional in providing ongoing support
As previously mentioned, the focus group participants acknowledged an increased level of
awareness of their physical activity behaviours just from wearing the activity tracker itself.
However, they also made repeated references to the support received from the AEP who set
up the Jawbone UP24™ activity trackers and sent the weekly text messages. In addition to the
direct support provided by the AEP, participants referred to feeling as though they were being
‘watched’, which they felt helped to keep them on track. Some participants also appeared to
feel as though they were letting the AEP down if they did not keep up their activity levels.
Having the additional support provided by the AEP appeared to enhance the overall user
experience.
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“It was knowing you were connected up to somebody else. As I said, thinking of someone
watching over me, not mentioning any names. No just thinking how well she’d done, then to
let It go, it’s not fair to the program and it’s not fair to me either.”
Female, 73
“I didn’t want to feel as though I was going backwards. I had to go back to Katie-Jane (AEP)
for another appraisal, so that’s probably why I kept it up. I didn’t want to be going backwards.”
Female, 70
“I felt it was doing me a whole heap of good, like somebody was always looking over my
shoulder and keeping me (on track).”
Male, 71
“Yeah it was great (the text messages), I looked forward to every Monday to see what her
remarks were. See whether I’d done good the week before, or you’d done bad. You know
sometimes if I was a bit down, I’d ring her up and tell her I hadn’t been well the last couple of
days. She’s not pushing anyone to do it, she always explained to you, it’s up to you how you
do it.”
Male, 63
“It encouraged me. I don’t know that it kept me on track, but I was really chuffed when I got
a good, oh well, a very good (report)”
Female, 79
I thought it was great (the text messages). I mean, yeah okay I knew when I didn’t do my steps,
but it sort of prompted me – well I’ll do better tomorrow”
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Female, 69
6.3.4.4 The role of habits in supporting long-term behaviour change
Throughout the 12-month intervention, participants established a number of habits that
helped them to achieve their daily step count. Participants reported that towards the end of
follow-up period, they felt that they had established some effective habits in relation to their
activity levels and no longer felt they ‘needed’ a wearable activity tracker.
“I’d think to myself, Oh God, can’t I have a day off without getting in my face all the time, but
really I know myself, if they hadn’t I’d think oh well, I can just do what I want and it wasn’t any
good for me, because now, that I haven’t got it (the wearable activity tracker) I still do it. Also,
if I don’t, sometimes I get a pain in my lower back and I know then it’s because I’ve been sitting,
when it’s been pouring with rain and you can’t get out. But now, because I know how far I’ve
gotta go every day, I don’t really need a tracker anymore.”
Female, 72
“It’s a good way of knowing what you’re doing. But I wouldn’t wear it like 12 months or two
years. I might wear it for a few months to see how I’m going, and then I think oh, I’m not doing
so good, I’d better walk more or whatever. But I know trackers, people love them, they have
them on whenever they walk, when they ride, when the swim, whatever they’re doing, but I
would like to be able to, well not force myself, but make myself do these activities not because
I’m wearing a tracker. Just because it’s the right thing to do, it’s good more me, it’s health for
me. I don’t want good job, good job, you know? I know it’s good for me, but to do it without
that push now, because I’ve had the push for 12 months, now I’d just like to do it under my
own steam because it’s good for me.”
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Female, 66
One participant reported that using the wearable activity tracker helped her to establish some
habits that allowed her to increase her daily physical activity levels.
“And if I didn’t get my steps up, when I was in the bathroom at night I’d do a few steps or a
few bits of exercise. And when I watched tele at night, every time there was an ad on I’d run
up to the bathroom, I’d clean my teeth that time, go back, watch the next part of the show.
Next ad, I’d go up and put my nightie on. Next time I kept going back to the bathroom in the
ads, so I kept walking.”
Female, 74

6.4 Discussion
To our knowledge, this is the first study to look at the experiences of the Jawbone UP24™
activity tracker in older adults with various chronic conditions during a 12-month RCT. Other
studies have examined the use of wearable activity trackers including the Jawbone UP24™ in
older adults, however wear time of device was less than a week [98]. Other trackers have
been evaluated in older adult populations over longer time periods, with experiences
evaluated via questionnaire [97] or telephone interviews [312].
6.4.1 Acceptability
Similar to previous research, the use of a wearable activity tracker was well accepted by the
study participants [98, 100, 313]. Overall, participants reported that the Jawbone UP24™
activity tracker was easy to use and was helpful in assisting them to increase or maintain their
activity levels. This is supported by the results of the RCT, which demonstrate an initial
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increase in daily step count between baseline and three-months and maintenance of daily
steps between baseline and 12-months (See 4.3.3.2). While the current study required
participants to wear the activity tracker for a 12-month period, the median number of days
the activity tracker was worn is comparable with previous research in older adult populations
(88% compared to between 93% and 95%) [100, 314]. Despite having a wear time of between
four and 12 weeks, the comparable wear time found in the current study infers that the use
of wearable activity trackers can be sustained over prolonged periods of time. Interestingly
this differs from younger populations, in which wear time can be as little as 15% [304].
6.4.2 Thematic analysis
One of the common themes identified in the current literature [98, 100, 308] is an increase in
self-awareness resulting in increased motivation to improve or maintain physical activity
behaviours. While this theme was also identified in the current study, we found that the
increased awareness did not necessarily translate to increased motivation. This was due to
one participant reporting that she found the increased awareness of her reduced activity
levels due to declining health depressing and discouraging. As a result, the theme included in
the current study links awareness to motivation, however no direction (increase or decrease)
is applied to the motivation. While this finding has not previously been reported in older adult
populations, negative feelings associated with the pressure of achieving a daily step target
have been reported in adolescent populations [306]. It is worth noting that the tailored
feedback provided in this instance did not allay the ongoing difficulties of the participant.
Exploring the potential ‘demotivating’ effects of a wearable activity tracker and what
additional support can be provided to reduce the likelihood of this occurring would be
beneficial.
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The level of engagement with the wearable activity tracker has also previously been identified
in the literature [98, 308, 312]. It is well established that if an individual believes that
technology will improve their life or be easy to use, they will be more likely to adopt the
technology [315]. While most participants indicated that they found the Jawbone UP24 ™
activity tracker easy enough to use, the level of engagement differed between participants
depending on several factors. The extent to which the individual felt comfortable exploring
the wearable activity tracker features varied depending on their previous experience with
technology, a finding which has been previously reported [98, 106, 308].
Both the perceived accuracy and design concerns have previously been highlighted in the
literature and are not unique to the Jawbone UP24™ activity tracker [98, 100, 106, 308]. While
the Jawbone UP24™ activity tracker has been validated in older adults [316], wrist worn
activity trackers have been shown to under-estimate steps during lower-intensity activities
[317]. Irrespective of the demonstrated accuracy of a wearable activity tracker, if the
participant perceives that the wearable activity tracker is not accurate, it led to feelings of
frustration and loss of interest and motivation. Although it is not possible to design a wearable
activity tracker that suits all individuals, considerations should be given to the wearable
activity tracker design and demonstrated accuracy within specific populations when using in
research or in clinical practice. Furthermore, it is vital to provide participants with instructions
to suit the individuals level of technology literacy. Interestingly, despite there being a number
of technical issues with the Jawbone UP24™ activity tracker, this was not highlighted during
the focus groups as it has been in previous research into older adults experiences [308].
Participants had access to technical support from the AEP delivering the intervention,
meaning that technical issues such as the band failing or not syncing which may discourage
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participants from using the band [312] were promptly addressed and therefore did not
appear to disrupt the overall experience of the user.
The feedback provided to participants from the AEP appeared to have a significant effect on
the way in which participants engaged with the wearable activity tracker. By knowing that
there was a ‘real’ person monitoring their activity levels, participants reported a feeling of
being watched and were therefore potentially externally motivated to achieve their daily step
goal. External motivation does not generally translate well to long-term behaviour change
[318] so further research is required to determine if this type of health
professional/participant relationship is feasible in the long-term. This theme has not
previously been identified in the literature, most likely as the study designs were purely
focused on evaluating the wearable activity tracker itself and did not include the level of
researcher interaction in the current study. However, previous research indicates that
participants expressed interest in sharing their wearable activity tracker data with health
professionals [98, 99].
The formation of habits can help to predict the adoption of physical activity behaviours [319],
with the integration of daily habits assisting in the long-term usage of a wearable activity
tracker [312]. It is therefore positive to see that participants were able to create habits that
assisted them to achieve their daily step count. Some participants identified that they no
longer felt they ‘needed’ a wearable activity tracker, suggesting a level of intrinsic motivation.
Intrinsic motivation is well recognised as one of the most important aspects of long-term
behaviour change [320] and has been highlighted in previous research as an important aspect
for the long-term adoption of wearable activity trackers [106].
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6.4.3 Strengths and limitations
A key strength of the current study is that included participants had been wearing the
Jawbone UP24™ activity tracker for a 12-month period, therefore reducing the impact of any
novelty effect of wearing the activity tracker. Included participants had a range of chronic
health conditions and had varying mobility limitations. Furthermore, there were no inclusion
criteria relating to previous technology experience, making the findings more transferable to
the general older adult population. The experiences of older adults utilising wearable activity
trackers have been widely explored [321], however the addition of ongoing feedback from a
health professional in addition to the use of wearable activity tracker has not been
investigated. While incorporating the feedback from the wearable activity tracker and the
health professional is a limitation in the sense that it is not possible to separate the effects of
each type of feedback, it is also a strength of the study. The experience of the participants
appears to be enhanced through the inclusion of health professional feedback and may have
contributed to the overall positive experience of participants. Additionally, using a researcher
who had no previous contact with the participants to run the focus groups encouraged open
and honest discussion about their experiences with the wearable activity tracker.
There are however several limitations to the current study. The design of the Jawbone UP24™
activity tracker means that participants were required to view the mobile app in order to view
their step progress, meaning the experience of the wearable activity tracker itself and the
mobile app were intertwined. As most wearable activity trackers are supported by a mobile
app, this is likely to occur across a range of different commercially available wearable activity
trackers. While the Jawbone UP24™ is no longer available for purchase, the themes identified
in the current study, including those relating to the accuracy and design of the Jawbone
UP24™ are not unique to this wearable activity tracker, with similar issues reported in other
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wearable activity tracker brands [98]. Recommendations for research include the use of openended like questions during focus groups, or potentially exploring the use of multiple methods
than can better capture the integration of qualitative research with the setting of RCTs [322].
6.5 Conclusion
This is the first study to examine user perceptions of the long-term use of a wearable activity
tracker combined with health professional feedback in older adults with a range of chronic
health conditions. Although a positive link between awareness of activity and levels of
motivation has previously been identified, we found that in some instances, increased
awareness may contribute to decreased motivation and may not have the positive effects
previously reported. We recommend that where possible, feedback provided to older adults
via wearable activity tracker should be individualised and targeted to accommodate changes
in an individual’s health status or functional capacity. A unique feature of the current study
was the provision of feedback by a health professional, resulting in the identified theme
relating to the role health professionals play in providing ongoing support. While this needs
to be further explored to determine feasibility, it appears that combining technology with
health professional support may improve the user experience and level of engagement of
participants.
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Chapter 7: Thesis summary, future directions and conclusions
7.1 Summary
It was concluded in Chapter Two (the systematic review and meta-analysis) that consumerbased wearable activity trackers are effective at improving physical activity participation, both
as a stand-alone wearable activity tracker intervention and as part of a multi-faceted
intervention (previous literature has reported similar findings in a range of populations
including chronic conditions [95] and overweight and obese adults [93]). Unfortunately, only
one of the studies identified in the review included older adults, so it is unclear if the effects
of wearable activity trackers differ between older and younger adult populations. It is also
unknown if wearable activity trackers can be effective at improving physical activity
participation following a structured lifestyle intervention. It is well documented that physical
activity participation tends to decline with age, placing older adults at greater risk of chronic
health conditions and loss of functional independence associated with low levels of physical
activity. While structured lifestyle programs are effective at improving physical activity
participation, maintenance of improved physical activity is often short-term [48, 49] but can
be lengthened to up to 24 months with the provision of ongoing support, such as telephone
counselling [67]. Telephone counselling is not widely used in clinical practice [82] however,
newer technologies such as wearable activity trackers offer health professionals an objective
and potentially less resource intensive tool for proving ongoing support and feedback on
physical activity levels. Consequently, using a novel RCT protocol (Chapter 3:), the remainder
of this thesis investigated if wearable activity trackers can help older adults remain active in
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the 12-months following completion of a structured lifestyle intervention, and how the
effectiveness of AT compare to TC and UC.
The RCT investigated the effectiveness, costs and acceptability of wearable activity trackers
on maintenance of physical activity levels and associated health risk factors in older adults
(Chapter 4:). The three-armed study compared the effects of wearable activity trackers with
health professional support (AT), telephone counselling (TC) as an established method of
providing ongoing support, and usual care (UC), over 12-months. Results from the RCT
showed that at 12-months, there were no differences in daily step counts between the three
groups. However, between baseline and 12-months, those receiving UC showed a significant
reduction in daily step count, while those receiving AT or TC maintained daily step count.
Maintenance of lean mass was also observed in the AT and TC groups, while those receiving
UC showed a significant reduction in lean mass. This was the first RCT to examine the effects
of a wearable activity tracker on maintenance of physical activity over 12-months following a
lifestyle intervention. A recently published uncontrolled research trial does however support
these findings, suggesting that wearable activity trackers may assist in sustaining physical
activity participation in the 3-months following a lifestyle intervention [270]. In addition to
having similar effects on physical activity participation and lean mass, the TC and AT groups
also had similar delivery and health service usage costs. While not statistically significant, the
costs associated with the TC and AT groups were lower compared to the UC group which
included no direct intervention costs. Utility values were comparable between all three
groups, however the utility values of those in the TC and AT groups showed a favourable
clinically important difference compared to the UC group at all time points (Chapter 5:).
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The Jawbone UP24 activity tracker was found to be well accepted in an older adult population
with four primary themes identified (Chapter 6:); (1) increased sense of awareness of activity
levels is related to motivation, (2) the level of engagement with the activity tracker influenced
the user experience, (3) the role of feedback from a health professional in providing ongoing
support and (4) the role of habits in supporting long-term behaviour change.

7.2 Feedback, Behaviour Change and Engagement
The way in which feedback was provided throughout the TC and AT interventions and the
participants response to the intrinsic and extrinsic motivation provided, potentially influenced
participant engagement with the intervention and their subsequent physical activity
participation. Individuals with higher levels of intrinsic motivation have a natural, inherent
drive to seek out new behaviours, while those who have higher levels of extrinsic motivation
engage in behaviours due to an external demand or possible reward [323]. Higher levels of
intrinsic motivation are favourable as these individuals are more likely to engage in sustained
behaviour change [174]. Participants receiving the TC intervention received minimal external
demands or incentives to continue to be physically active, meaning the success of the
intervention had a high reliance on participants intrinsic motivation. Participants were
required to self-report their activity levels and any barriers that were limiting their ability to
engage in regular physical activity, with feedback provided based on these self-reports. The
suitability of the feedback provided was therefore limited by the accuracy of the information
provided by participants, which has been shown to be problematic in older populations [78].
As the study design aimed to support older adults to maintain rather than increase physical
activity levels, the TC intervention protocol served as more of a ‘check in’ than a behavioural
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change intervention, meaning limited behaviour change techniques were utilised. This is in
contrast to most TC interventions in the existing literature which provide in-depth health
coaching to assist participants to implement changes in lifestyle behaviours rather than
providing support to assist in the maintenance of behaviour change.
Conversely, the activity tracker intervention used techniques that targeted both intrinsic and
extrinsic motivation to help participants maintain physical activity levels. The activity tracker
and associated mobile app allowed participants to self-monitor their physical activity levels
which may provide sufficient motivation to sustain physical activity levels for those who are
predominately intrinsically motivated. The AEP delivering the intervention also provided
feedback based on the objective data obtained from the activity tracker, therefore providing
participants with a level of external motivation. During the focus groups, participants
discussed their experiences of the feedback provided by the AEP delivering the intervention,
describing it as “like somebody was always looking over my shoulder and keeping me on track”
and “it was knowing you were connected up to somebody else…thinking of someone
watching over me”. By including strategies that targeted both intrinsic and extrinsic
motivation pathways, a broader range of participants could be engaged. Behaviour change is
not a one size fits all approach and as such, providing tailored support based on individuals’
preferences will increase the likelihood of optimal engagement [324].
As previously highlighted, both the TC and AT interventions were effective at maintaining
daily step counts. Of note however, was an increase of 1116 ± 6080 steps per day observed
in the AT group at three-months. While this was not a statistically significant increase, the
mean change may be clinically relevant. Studies have shown than an increase of 1,000 steps
per day can reduce the risk of metabolic disease by 10% in younger adults [325] and reduce
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mortality risk by 7% in older adults [326]. Furthermore, an increase of 1,000 steps per day
equates to approximately 10 minutes of moderate intensity walking [327], or 70 minutes per
week, which is half of the recommended 150 minutes per week [15]. As the increase in
physical activity participation was not maintained beyond three months, it suggests a possible
‘novelty effect’ associated with the wearable activity tracker and the feedback provided. In
the context of new technologies, the novelty effect can be defined as the “first response to a
technology, not the pattern of usage that will persist over time as the product ceases to be
new” [328]. Participants also received weekly text message feedback from an AEP consistently
throughout the intervention, suggesting that a novelty effect may have prompted the initial
increase in physical activity levels. It is acknowledged that the text message feedback
provided by the AEP may also have contributed to a novelty factor, particularly for
participants who were not regular users of a mobile device. A novelty effect has previously
been observed with wearable activity trackers, with wear often discontinued within the first
three months of use [329]. While wearable activity tracker use was continued in the current
study, it didn’t appear to have the same level of impact on participants beyond three months.
Interestingly, during the focus groups held after the interventions, eight participants
specifically stated that they would like to continue using a wearable activity tracker, while six
reported that they did not plan to continue using any form of activity tracking device. The
decrease in daily step counts after three-months of use also highlights the limited effects of
relying on extrinsic motivation. The feedback provided via text and the reported feeling of
‘being watched’ is an external demand which may have initially engaged participants with a
preference for extrinsic motivation, however, the effect diminished over time. An example of
the limited effectiveness of strategies that rely on extrinsic motivation techniques is clearly
demonstrated in the literature relating to financial incentives to encourage behaviour change;
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intervention effects are often not sustained once the incentives cease [204]. Despite this,
private health insurance companies are moving towards offering incentives for members who
undertake proactive behaviours that aim to improve their health [287]. However, current
literature suggests that many health apps are not evidence-based [330] and evaluating their
effectiveness is difficult [331]. This prompts the need to explore strategies that encourage the
continued use of and engagement with wearable activity trackers and other digital health
technologies. Booster sessions in the form of repeat interventions, telephone calls and
information mail outs have been shown to improve adherence to physical activity
participation for up to 24-months compared to when no booster strategies are used [70]. The
support in the current RCT was provided using the same approach for the entire 12-month
intervention and it is possible that making regular alterations to the approach and including
novel strategies to improve engagement may enhance intervention outcomes. This could
include the inclusion of mobile app updates to improve the participants’ experience or one
off face-to-face social sessions, facilitated by a health professional. The incorporation of
specific behavioural change techniques that target self-efficacy and intrinsic motivation may
also be beneficial [59].
Another factor that may affect the level of participant engagement is the perceived accuracy
of the activity tracker itself. The Jawbone UP24 has been found to be valid and reliable in
healthy adults [109, 110]. However, in older adults with impaired and non-impaired
ambulation, the Jawbone UP24™ underestimated steps by 8.4% (ICC = 0.50) and 2.9% (ICC =
0.55) respectively [316]. Steps were underestimated by over 11.5% (ICC < 0.05) for individuals
who used a cane or walker when observed under laboratory conditions [316]. In free living
conditions, other consumer-based wrist worn activity trackers have been shown to have
reduced agreement with reference devices in individuals with limited mobility or who use gait
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aids [332]. Furthermore, activity trackers may also under report during low intensity activities
[317]. As older adult populations are more likely to have mobility issues, including using gait
aids [333] and potentially have an increased proportion of low intensity activities [334] it is
important to consider how this may impact on the level of engagement with the activity
tracker. Frustration was expressed by participants in the focus groups when they felt the band
was not accurately recording their daily activities. Additionally, perceived inaccuracies have
been linked to wearable activity tracker abandonment [335].
The degree to which participants engaged with the wearable activity tracker varied greatly
and was often dependent on previous experience with technology. This is an important
consideration when recommending the use of a wearable activity tracker in older adults,
because if they do not feel comfortable using and exploring the features of the wearable
activity tracker, the desired outcome of providing ongoing support may not be achieved.
Previous literature has highlighted the need to provide appropriate training, information and
support to assist older adults in adopting wearable activity trackers [98]. Therefore, if ongoing
physical activity support to assist in the maintenance of physical activity levels was to be
provided via wearable activity tracker in a clinical setting, how such supports would be
provided needs consideration. While the provision of ongoing support primarily benefits the
participant, it also allows health professionals to access objectively measured data, which can
be expanded beyond just physical activity data. During the focus groups, one participant
highlighted that she would prefer a wearable activity tracker that included other health
measures such as blood pressure and heart rate as it would allow her to report back to her
specialist. The desire to share wearable activity tracker data with health professionals has
been highlighted in previous literature [98, 308]. Additionally, older adults have identified a
preference for wearable activity trackers to be available in pharmacies, similar to blood
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pressure or blood glucose monitors, as they would feel more comfortable purchasing from a
pharmacy than an electronics store.
7.3 Wearable activity tracker use within a clinical setting
While this thesis indicates that wearable activity trackers are effective at maintaining activity
levels in older adults, incorporating a wearable activity tracker into standard clinical practice
presents several challenges. Firstly, it is important to consider the individual needs of each
participant. One focus group participant highlighted that for her, using the activity tracker
was a negative experience as it made her increasingly aware of her declining health. While
for the most part, increased awareness of activity levels equates to increased motivation [98],
it is important not to underestimate the potential negative impacts that an increased
awareness can have on an individual. Primarily, the AT group simply received feedback
relating to their activity levels, with only a few participants choosing to reply and engage
further with the AEP providing feedback. Therefore, reasons for a decline in daily steps may
not be fully explored. Offering individually tailored ongoing support options that utilise the
strengths of the wearable activity tracker while also allowing participants to seek additional
health professional support as required, may provide the best solution going forward.
Additionally, specifically tailored mobile apps that flag potential issues such as a noticeable
decrease or an ongoing reduction in daily steps would be useful. Although health state utilities
were maintained in all groups, the feedback provided throughout both the TC and AT
interventions, may have assisted participants to maintain the observed higher health state
utilites throughout the 12-month RCT.
In addition to the considerations outlined above, the other major factor contributing to the
implementation of either telephone counselling or activity tracker-based ongoing support
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within clinical practice is cost. The costs associated with each intervention were calculated,
with similar costs observed for both interventions (Chapter 5:). While the cost of a wearable
activity tracker-based intervention varies with the type of wearable activity tracker utilised,
the individual and healthcare payer perspective analyses suggested that the inclusion of the
cost of the wearable activity tracker itself or the smartphone and associated mobile data plan
did not significantly alter the cost of the AT intervention compared to the TC or UC groups.
However, in relation to the direct costs associated with delivering the intervention,
participants providing their own wearable activity tracker would result in the AT intervention
being cheaper for healthcare providers to implement compared to the TC intervention over
the 12-month intervention period. It is however important to note that due to limited
interoperability between third party mobile apps and healthcare delivery platforms, a level of
data-mining is required by the health professional, potentially limiting uptake within a clinical
setting.
While not directly related to the provision of ongoing support in a clinical setting, it is also
beneficial to understand the impact that telephone counselling and activity tracker-based
interventions have on health service usage and health state utilites. Understanding if
interventions such as these can reduce health service usage, including GP, specialist and allied
health professional visits, pharmaceutical prescription and use, and public hospital
emergency department presentations and admissions, may inform funding decisions based
on the effectiveness of these interventions. Additionally, improvements in health state
utilities and health-related quality of life can have broader impacts on participants perceived
health and ongoing management [262]. Interventions that are effective at improving physical
activity participation and health and therefore potentially reducing health service usage
associated with ongoing treatment of chronic health conditions and improving health state
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utilities are more likely to attract ongoing funding and become ingrained as standard practice.
In the current study, no differences were observed between groups in relation to the amount
of health care service usage in the 12-months following the S2S program or in health state
utilities. Most participants of the S2S program were referred following an acute health event
or to support the management of a chronic health condition. Short-term lifestyle
interventions that include exercise, health education and behaviour change techniques have
been shown to improve a range of health risk factors [25], leading to the expectation that
health care costs would begin to decrease in the 12-months following the intervention and
that health state utilities may improve. However, as no significant improvements in health
risk factors such as body weight, blood pressure and health-related quality of life were
observed, it suggests that 12-months may not be long enough to see sufficient changes in
health to elicit a reduction in the health care and medication costs, and improvements in
health state utilities. It is however important to note that prior to the S2S program, health
state utilities were comparable with those with severe MS and head, neck and breast cancer
[296-298]. Following the 12- week S2S program, participants health state utilities improved,
becoming comparable with populations who have multiple and complex physical and mental
health co-morbidities [295] and approaching population norms in the case of the AT group
[263]. Another factor to consider is that a stand-alone intervention targeting physical activity
participation may not be enough to elicit significant improvements in health. Multidisciplinary
approaches to health care have long been shown to be more effective than traditional siloed
approaches [294, 336]. Therefore, in order to see the health benefits associated with physical
activity translate into health service usage saving and health state utilities improvements, a
multidisciplinary approach encompassing medication reviews, dietary changes and
appropriate allied health support may be required.
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7.4 Strengths and Limitations
The primary strength of this thesis is the comprehensive way in which the use of wearable
activity trackers as a means of providing ongoing support has been assessed. In addition to
evaluating the effectiveness of a wearable activity tracker compared with the established
method of telephone counselling on physical activity and health risk factors, the costs
associated with each intervention and the impacts on health service usage and health state
utilities have been assessed. This is the first study to explore the direct and indirect costs and
health state utilites of a wearable activity tracker based intervention compared with
telephone counselling. Furthermore, the experiences of older adults when using the wearable
activity tracker were explored. By including a holistic approach that considers the effects,
costs and acceptability of using a wearable activity tracker to support older adults to maintain
their physical activity levels, valuable information to inform the development of guidelines
and recommendations on wearable activity tracker use in older adults within a clinical setting
has been collected. The effects, costs and acceptability of the wearable activity tracker were
assessed over a 12-month period. Prior to this work, there were few studies that examined
the longer-term effects of a wearable activity tracker, no studies that examined the costs
associated with delivering a wearable activity tracker-based intervention or their effect on
health service usage and health state utilities, and no qualitative research that examined the
experiences of older adults who used a wearable activity tracker for a 12-month period.
Additionally, the current study was more representative of the wider population of older
adults as it included individuals with chronic conditions as well as those with an altered gait
or who used gait aids. While it is noted that wrist-worn activity trackers may under-estimate
daily steps in these populations [317], understanding the effectiveness and acceptability of
these wearable activity trackers within these populations is important and improves the
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transferability of results. Furthermore, there were no technology based exclusion criteria.
Previous research often stipulates that participants must have their own smartphone, while
some studies include only those who self-report being proficient at using technology. The
current study provided participants with a smartphone to ensure that older adults who did
not own a smartphone were not excluded. Again, this improves the ability to translate the
study findings to the wider older adult community.
As with any research, there are several limitations of the study. The inclusion of health
professional feedback for those in the wearable activity tracker group potentially improved
intervention adherence and the overall user experience, however it makes it difficult to
determine the effect of the wearable activity tracker alone. The results of this study are
therefore not transferable to wearable activity tracker use following an ‘over the counter’
purchase and instead relate to their use as a tool to provide ongoing support in a clinical
setting. Another limitation associated with the AT group is the provision of a smartphone and
mobile data plan. While this allowed for greater inclusion of older adults in the current study,
it does not reflect real world practice. Additionally, as previously highlighted, the protocol
used during the TC intervention did not allow for the provision of behavioural counselling
unless participants specifically raise a concern or barrier, which may have impacted the
engagement of some participants.
Despite the recruitment target being met for the RCT, an initial dropout rate of 19% between
recruitment and randomisation, plus another six participants who were excluded due to being
recruited in error meant that only 117 of the 152 participants recruited commenced the RCT
(23% drop out prior to randomisation). A further dropout of six participants per group,
resulted in a total dropout rate of 35%, meaning the a priori sample size was not met. The
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sample size calculation was based on an expected 25% drop out rate, which is conservative
based on exercise intervention studies in similar populations which had dropout rates of
between 2% and 15% [77, 307, 337]. This therefore has implications on the significance and
broader interpretation of results. Another limitation is the way in which the primary outcome
measure, physical activity was assessed. The ActivPAL™ accelerometer is worn on the midthigh, meaning that some seated or strength based exercises may not be adequately captured.
The primary focus of the S2S program that all participants had completed was functional
strength and balance exercises, which were included in the provided home exercise program.
While, the inclusion of the Active Australia Survey (AAS) should have captured these types of
activities, it was not uncommon for participants to report completing their exercises in
multiple short bouts throughout the day and would therefore most likely be translated as
light intensity activity and as such, not captured by the AAS .
Finally, the protocol used to deliver the TC intervention only allowed for motivational
interviewing techniques to be utilised to overcome barriers raised by the participant or
revised goal setting only when participants advised they were not meeting their current goal.
Future research would benefit from the inclusion of more robust behavioural change
techniques that may influence participant behaviour, irrespective of their reported activity
levels.
7.5 Future studies arising from results
While the studies contained within this thesis have expanded the understanding of the
potential for wearable activity trackers to be incorporated within a clinical setting to assist
older adults to maintain their physical activity levels, it has also led to additional questions.
The practicalities of implementing wearable activity tracker-based health professional
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feedback in a ‘real world’ clinical setting need to be explored further. A comparative study
design would allow for clinicians to investigate the effects of wearable activity tracker use
with and without ongoing health professional support. This could further be expanded to
include non-activity tracker users as concurrent controls. This would allow for greater
understanding of the time, resources and costs associated with delivering ongoing wearable
activity tracker-based feedback. Conducting focus groups with those receiving ongoing health
professional and feedback and those receiving just the wearable activity tracker-based
feedback would aid in gaining further understanding of the acceptability and feasibility of
providing ongoing support based on wearable activity tracker data. Including focus groups
with the control group would also aid in understanding why those not receiving additional
support either maintained or reduced their activity levels, the barriers they face and what
type of ongoing support they feel would be beneficial. The inclusion of a direct measure of
productivity costs would allow for a more rigorous societal analysis and therefore greater
understanding of the direct and indirect costs associated with providing wearable activity
tracker-based interventions. Exploring any differences in the costs and economic impacts of
pairing ongoing health professional support with a wearable activity tracker compared to a
wearable activity tracker alone could expand on the effectiveness and feasibility of lifestyle
improvement mobile apps being utilised by insurance companies [287].
The inclusion of personality and motivational testing prior to delivering any type of ongoing
feedback would also provide additional insight into how an individual may respond to the
feedback being delivered. This would allow clinicians to individually tailor the feedback
provided to suit the individual’s personality and motivational type.
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Finally, an experimental design exploring long term (greater than 2 years) use of wearable
activity trackers in older adults would be beneficial. Current RCTs that explore the effects of
wearable activity trackers do not extend beyond 2 years. Understanding not only the effects
but also the acceptability of long term wearable activity tracker use may help to implement
effective strategies that encourage and support long-term behaviour change. By combining a
long-term study with an understanding of individual personality and motivational types,
researchers and clinicians could gain a greater understanding of how to best target ongoing
support and feedback to promote sustained behaviour change and long term maintenance of
physical activity.
The recent COVid-19 pandemic has highlighted the importance of being able to provide
ongoing support outside face-to-face delivery such as via telephone counselling or the use of
wearable activity trackers. This is particularly important for older adults and those with
chronic health conditions that place them at a greater risk if exposed to such a virus. The
completion of such additional research can assist in a full understanding of the effectiveness
and costs associated with these types of interventions and therefore can inform Government
decisions relating to the provision of subsidies to deliver these services.

7.6 Practical Implications
•

A consumer-based wearable activity tracker is an effective and well accepted
alternative to traditional telephone counselling to assist older adults to maintain daily
step counts over 12-months following a structured lifestyle intervention
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•

Ongoing feedback delivered by either wearable activity tracker with health
professional support or telephone counselling have similar costs and may help to
maintain higher health state utilities.

•

Clinicians should consider the individual needs and previous experiences of patients
to determine if telephone counselling or a wearable activity tracker is better suited to
provide ongoing feedback and support.
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Abstract
Background: The range of benefits associated with regular physical activity participation is irrefutable. Despite the well-known
benefits, physical inactivity remains one of the major contributing factors to ill-health throughout industrialized countries.
Traditional lifestyle interventions such as group education or telephone counseling are effective at increasing physical activity
participation; however, physical activity levels tend to decline over time. Consumer-based wearable activity trackers that allow
users to objectively monitor activity levels are now widely available and may offer an alternative method for assisting individuals
to remain physically active.
Objective: This review aimed to determine the effects of interventions utilizing consumer-based wearable activity trackers on
physical activity participation and sedentary behavior when compared with interventions that do not utilize activity tracker
feedback.
Methods: A systematic review was performed searching the following databases for studies that included the use of a
consumer-based wearable activity tracker to improve physical activity participation: Cochrane Controlled Register of Trials,
MEDLINE, PubMed, Scopus, Web of Science, Cumulative Index of Nursing and Allied Health Literature, SPORTDiscus, and
Health Technology Assessments. Controlled trials of adults comparing the use of a consumer-based wearable activity tracker
with other nonactivity tracker–based interventions were included. The main outcome measures were physical activity participation
and sedentary behavior. All studies were assessed for risk of bias, and the Grades of Recommendation, Assessment, Development,
and Evaluation system was used to rank the quality of evidence. The guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement were followed. A random-effects meta-analysis was completed on the included outcome
measures to estimate the treatment effect of interventions that included an activity tracker compared with a control group.
Results: There was a significant increase in daily step count (standardized mean difference [SMD] 0.24; 95% CI 0.16 to 0.33;
P<.001), moderate and vigorous physical activity (SMD 0.27; 95% CI 0.15 to 0.39; P<.001), and energy expenditure (SMD 0.28;
95% CI 0.03 to 0.54; P=.03) and a nonsignificant decrease in sedentary behavior (SMD −0.20; 95% CI −0.43 to 0.03; P=.08)
following the intervention versus control comparator across all studies in the meta-analyses. In general, included studies were at
low risk of bias, except for performance bias. Heterogeneity varied across the included meta-analyses ranging from low (I2=3%)
for daily step count through to high (I2=67%) for sedentary behavior.
Conclusions: Utilizing a consumer-based wearable activity tracker as either the primary component of an intervention or as
part of a broader physical activity intervention has the potential to increase physical activity participation. As the effects of physical
activity interventions are often short term, the inclusion of a consumer-based wearable activity tracker may provide an effective
tool to assist health professionals to provide ongoing monitoring and support.
(JMIR Mhealth Uhealth 2019;7(4):e11819) doi:10.2196/11819
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Introduction
Physical Activity and Sedentary Behavior
There is significant evidence to support the varied physical and
mental health benefits of participation in regular physical activity
[1-4]. In addition, regular participation in physical activity plays
an important role in maintaining functional independence into
aging and decreases the risk of morbidity and mortality [5].
Despite the well-known benefits of physical activity
participation, 31% of adults worldwide are insufficiently active
as they do not meet the minimum recommendations of at least
30 min of moderate-intensity physical activity on at least 5 days
every week, 20 min of vigorous-intensity physical activity on
at least 3 days every week, or an equivalent combination
achieving 600 metabolic equivalent min per week [6]. In
addition, sedentary behavior, which is defined as any waking
behavior while in a sitting, reclining, or lying position [7], is
independently associated with poor health outcomes, including
all-cause and cardiovascular disease mortality [8,9].

Traditional Interventions to Increase Physical Activity
Participation
The use of structured lifestyle interventions is reported to be
effective in increasing physical activity participation and
reducing the progression of chronic diseases [10-12]. In addition,
lifestyle interventions have shown to be effective in reducing
sedentary behavior [13]. Traditionally, structured lifestyle
interventions utilize group or individual education, behavior
change techniques, self-monitoring, the provision of written
information materials, and/or telephone counseling.
Interventions utilizing these methods have shown to be effective
at increasing physical activity participation in the short term
[12,14]; however, evidence regarding their long-term
effectiveness is limited [15-17]. In addition, these types of
interventions are often labor and resource intensive [18].

Wearable Activity Trackers
Consumer-based wearable activity trackers are now readily
available and can provide individuals with the ability to
objectively monitor their physical activity levels. In addition,
when combined with the use of smartphone and computer apps,
they may assist users through a range of motivational and
tracking tools to better manage their personal health [19]. In
addition to providing real-time feedback relating to daily steps
and energy expenditure, consumer-based wearable activity
trackers have the potential to provide specific, tailored feedback
through specifically designed algorithms or by health
professionals. This type of emerging technology may provide
an alternative means of providing ongoing support and
motivation to individuals both looking to increase their activity
levels or to maintain activity levels following a structured
lifestyle intervention [20]. Moreover, consumer-based wearable
activity trackers may assist in reducing the resource and time
burden associated with traditional methods of providing ongoing
support. Randomized controlled trials have shown that these
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devices have promise in relation to increasing physical activity
participation [21,22]; however, participant numbers in individual
studies tend to be low, making it difficult to adequately assess
the benefits of these devices. Furthermore, there is limited
research relating to their long-term adherence and effectiveness.
This systematic review and meta-analysis aimed to review the
effects of interventions that utilize consumer-based wearable
activity trackers compared with a nonactivity tracker–based
control group on physical activity participation in adults.

Methods
Search Method
The following Web-based databases were searched using a
combination of Medical Subject Headings (MeSH) and free text
terms: CENTRAL, MEDLINE, PubMed, Scopus, Web of
Science, CINHAL, SPORTDiscus, and Health Technology
Assessment. Search strategies were developed relating to the 2
primary concepts of the review: the use of a consumer-based
wearable activity tracker and altering physical activity
participation. To identify studies that included the use of a
consumer-based wearable activity tracker, we used search terms
including Activity Tracker, Wearable device, and Fitness
Tracker (MeSH). Search terms used to identify studies that
focused on altering physical activity participation included
Physical Fitness (MeSH), Sedentary Lifestyle (MeSH), Step
Count, and Behaviour Change. Each database was searched
from inception to March 15, 2017, with no language restrictions.
Search strategies were adapted for each database as necessary.
A full search strategy is available in Multimedia Appendix 1.
Reference lists of retrieved articles were checked, and citation
searches were performed on key articles. Authors were contacted
for additional information where necessary. The search was
limited to human studies.

Inclusion and Exclusion Criteria
Published and unpublished controlled trials of adults (aged over
18 years) that utilized a consumer-based wearable activity
tracker were included in this review. The effect of
consumer-based wearable activity trackers on physical activity
participation and sedentary behavior was assessed. For the
purpose of this review, consumer-based wearable activity
trackers were defined as an electronic device that monitors
physical activity and provides automated real-time feedback
and may also include interactive behavior change tools via a
smartphone or Web-based platform. Consumer-based tracker
refers to an activity tracker that is available for purchase to the
general public and therefore excludes laboratory-based or
research-specific devices. Wearable tracker refers to a device
that is easily worn and removed and does not require specialized
equipment such as a harness or adhesive dressings.
Studies that included the use of a consumer-based wearable
activity tracker as either the basis of the intervention or as a
component of a multifaceted intervention were included. Studies
that included the use of established behavioral change techniques
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11819 | p.2
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such as group or individual counseling or information sessions,
financial incentives, or telephone counseling were classified as
multifaceted interventions. Interventions that included tools
such as regular emails, text messages, online algorithms, or
smartphone apps were classified as wearable-based
interventions.
Studies that compared consumer-based wearable activity trackers
with exercise-based interventions (eg, exercise groups),
nonexercise interventions (eg, group education programs), and
routine (usual) care were included. Control groups that also
utilized a consumer-based wearable activity tracker were
included; provided feedback from the activity tracker was
blinded to the participant. Studies that utilized consumer-based
wearable activity trackers for the entirety of the intervention or
as a follow-up component to a structured lifestyle intervention
were included as were studies examining the effect of
consumer-based wearable activity trackers on sedentary
behavior.
Review articles, validity, reliability studies, and conference
abstracts were excluded. Acceptability and feasibility studies
were included provided data relating to physical activity
participation was included. The authors of identified ongoing
studies were contacted to obtain study progress and request
available results for inclusion in the meta-analysis.

Data Extraction
Titles and abstracts were screened in 4 steps: removal of
duplicates, by title, by abstract, and by full text. Article titles
and abstracts were systematically screened based on the
predetermined exclusion criteria (Multimedia Appendix 2).
Potentially eligible papers were retrieved by the primary author
(KB). All manuscripts identified as requiring full-text review
were reviewed independently by 2 authors (KB and AW)
according to the exclusion criteria. A third reviewer (GW)
resolved any conflicts. The data extraction tool in Covidence
(Veritas Health Innovation Ltd, VIC 3000, Australia) online
software [23] was used with data extraction performed by both
authors (KB and AW) individually and differences resolved by
consensus.

Risk of Bias and Quality Assessment
Two reviewers (KB and AW) assessed each study independently
for risk of bias using Covidence online software [23] across 7
domains [24]. Each domain was scored as low, unclear, or high
risk of bias. Disagreement was resolved by consensus. The
following domains were assessed:
•

•

•

Sequence generation: Was the method used to generate the
allocation sequence appropriate to produce comparable
groups? The risk of bias was rated as unclear if methods
were not accurately described.
Allocation sequence generation: Was the method used to
conceal the allocation sequence appropriate to prevent
allocation being known? The risk of bias was rated as
unclear if methods were not accurately described.
Blinding of participants and personnel: Were participants
and study personnel blinded to the group allocation?
Although this domain was included in the risk of bias
assessment, it is important to note that because of the type
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•

•

•

•

of studies included, blinding of participants is not feasible,
and therefore, all studies were assessed as high risk of bias
for this domain.
Blinding of outcome assessment: Was the outcome measure
objective or subjective? If a subjective measure was used,
the risk of bias was assessed as high. If an objective measure
was used, the risk of bias was assessed as low as objective
measures are less likely to be influenced by a lack of
blinding.
Incomplete outcome data: Were incomplete outcome data
adequately addressed? Was the analysis an intention-to-treat
analysis or were missing data imputed appropriately?
Selective outcome reporting: Were outcomes prespecified
in a study protocol or trial registration and reported as
specified?
Other sources of bias: Were there other sources of bias not
previously mentioned, such as author conflicts of interest?

The Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE) system was used to rank the quality
of evidence for each study using GRADEprofiler Guideline
Development Tool online software [25] in conjunction with
Chapter 12.2 of the Cochrane Handbook for Systematic Reviews
of Interventions [24]. The GRADE approach uses 5
considerations (study limitations, consistency of effect,
imprecision, indirectness, and publication bias) to assess the
quality of evidence for each outcome. The following criteria
are used for assigning a grade of evidence:
•
•

•

•

High: further research is very unlikely to change our
confidence in the estimate of effect.
Moderate: we are moderately confident the true effect is
likely to be close to the estimate of effect, but there is a
possibility that it is substantially different.
Low: our confidence in the effect estimate is limited; the
true effect may be substantially different from the estimate
of the effect.
Very low: we have very little confidence in the effect
estimate; the true effect is likely to be substantially different
from the estimate of the effect.

The grade of evidence was downgraded once if:
•
•
•

•
•

More than 25% (n=7) of included studies were at high risk
of bias in any criteria (study limitations)
Heterogeneity was statistically significant and the I2 value
was more than 40% (inconsistency)
There were differences between included studies in
methodological factors such as intervention types and
length, included age ranges, and included study populations
(indirectness)
Observed confidence intervals were wide because of small
sample sizes (imprecision)
There was direct evidence of publication bias.

Data Synthesis
Due to the variability of the included studies, random-effects
meta-analyses [26] were performed on the following physical
activity outcomes using Review Manager (RevMan) [27]: daily
step count, minutes per week spent in moderate and vigorous
physical activity (MVPA; min/week), energy expenditure
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11819 | p.3
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(kcal/week), and minutes per day spent in sedentary behavior
(min/day). Data presented as minutes of MVPA per day were
multiplied by 7 to calculate minutes of MVPA per week to allow
for greater transferability to current physical activity guidelines.
Where sedentary behavior data were presented as hours per day,
values were divided by 60 to obtain minutes per day. Each
meta-analysis compared the results of the intervention group(s)
with the study-specific control group. Studies that included
multiple intervention groups were entered multiple times, with
each intervention group compared against the control group.
Studies that included interventions that did not utilize a
consumer-based wearable activity tracker were not included in
the meta-analysis. Data presented as least-squares mean, SE, or
95% CI were converted to SD using the RevMan calculator.
Due to the range of data presentation formats of included studies,
all meta-analyses were presented as standardized mean
difference (SMD) to accommodate for adjusted and unadjusted
means [24]. Mean and SD were requested from authors where
data were presented as median and interquartile ranges (IQR)
based on the suggestion that estimated mean and SD can be
used in a meta-analysis [28]. Authors of studies that presented
data in a graphical format were contacted to obtain exact values.
Heterogeneity was assessed using I2 for each meta-analysis.
Where intervention effects were reported using SMD, the
reported values were converted into a meaningful value using
the pooled SD of studies that reported end point values. Studies
that presented mean change data or in which SD was estimated
based on IQR were not included in the pooled SD calculation.

Results
Study Selection
The database search was completed during March 2017, with
article collection and screening conducted in April to June 2017.
A total of 3739 studies were retrieved from the search strategy,
with a further 6 studies identified through reference checks. No
non-English papers were identified. A total of 1148 duplicates
were removed; 2597 studies were screened by title and abstract,
with 2484 studies removed as they did not meet the inclusion
criteria. The remaining 113 studies were assessed for full-text
eligibility, with 89 studies excluded. A total of 28 randomized
controlled trials were included in this systematic review
[21,22,29-54]. Authors of study protocols were contacted to
obtain study progress and results if available. As of December
2017, 3 authors had since published study results [22,36,39]
and 1 author [33] had provided unpublished results, which were
therefore included in the current systematic review and
meta-analysis. Two studies [49,54] were excluded from the
meta-analysis. One study [54] was excluded because of all the
data being presented in a graphical format. The other study [49]
was not included in the meta-analysis as physical activity data
were reported in activity units. One additional study [38] was
excluded from the MVPA meta-analysis because of the graphical
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representation of data but was not excluded from all
meta-analyses as other data were presented in a tabular format.
Figure 1 outlines the screening process, including the status of
ongoing studies.

Study Characteristics
A total of 3646 participants across 9 countries were included,
with a mean age ranging from 17.9 years to 79.5 years. Included
studies were all published between 2007 and 2018. One study
was published only as a protocol paper with unpublished results
provided by the author [33]. Thirteen studies included young
adults (≤39.9 years) [30-34,37,38,42,44,46-48,50], 15 included
middle-aged adults (40-64.9 years) [21,22,29,35,36,39-41,
43,45,51-54], and 1 study included adults aged over 65 years
[49]. Furthermore, 17 studies specified that the participant must
have regular access to the internet, a computer, tablet, and/or
smartphone [21,30,33,35-37,39,41-47,51-53], with 3 studies
requiring participants to be proficient at using the internet and/or
smartphones [21,22,45].
Comparator interventions differed across the studies and ranged
from maintenance of usual lifestyle [31,44,53], waitlist
[30,36,39,40,52], wearing of a consumer-based wearable activity
tracker but blinded to feedback [22,38,41,49,50], use of a
standard pedometer [21], standard behavioral group-based
interventions [29,37,43,45,46,51], telephone counseling [35,37],
use of a smartphone app [33,42], and the provision of education
materials through mixed media (emails, text message, and
written) [21,32,34,47,48,54].
The way in which a consumer-based wearable activity tracker
was incorporated into the interventions of included studies
ranged from forming the basis of the intervention
(wearable-based) [22,31,33,34,38,41,42,44,47,48,54] to being
used as a monitoring tool as part of a broader intervention
(multifaceted)
[21,29,30,32,34-37,39,40,43,45-47,49-54].
Overall, 8 studies included more than 1 intervention group
[34,43,45-47,52-54]. In addition, 4 studies included either an
unstructured follow-up phase [34,42] or additional intervention
phase utilizing a nonblinded activity tracker for all participants
[41,50]. Data from these phases were not included in this review
as they did not meet the eligibility criteria. Moreover, 17 studies
reported activity tracker adherence data [21,22,30,32,34,35,
37,38,40,41,43-45,50-52,54], with 13 of these studies
[21,22,30,34,35,40,41,43,44,50-52,54] reporting activity tracker
wear on at least 50% of the study intervention days.
Furthermore, 4 studies [32,37,38,45] reported low activity
tracker wear time, with 1 study [32] reporting that all
participants had ceased wearing their activity tracker by the end
of the intervention. All studies included some form of behavioral
change techniques ranging from basic techniques such as the
provision of feedback and goal setting to interventions based
on the Coventry, Aberdeen and London-Refined taxonomy [55],
social cognitive theory [56], and social determination theory
[57].
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Figure 1. Flowchart of study selection. Studies with results published and authors that provided unpublished results were included in the systematic
review.

The initial search resulted in 21 protocol publications being
identified [33,58-77]. Of the identified protocol publications, 6
had published results available, which were also identified as
part of the initial search strategy [59,71,72,74,75,77]. Results
from 3 protocol publications [61,65,68] were published after
the initial search and were subsequently included [22,36,39].
One author provided unpublished results [33], 2 protocol authors
did not return contact [66,76], and 9 authors were still collecting
data or preparing manuscripts [58,60,62-64,67,69,70,73].

Accuracy and Reliability of Included Consumer-Based
Wearable Activity Trackers
Included studies utilized a range of consumer-based wearable
activity trackers, including various Fitbit models
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[21,29,33-36,49,50] (Fitbit, San Francisco, CA), Jawbone UP
24 [22,30,40,42] (Jawbone, San Francisco, CA), Gruve [31]
(Gruve Solution MUVE, Inc, USA), LumoBack [32] (Lumo
BodyTech, Inc, Palo Alto, California, USA), various BodyMedia
models [37,43,45,46,51,54] (BodyMedia, Pittsburgh PA), Polar
Active [38] (Polar Electro, Finland), Fitbug [41] (Chicago IL),
Pebble+ [44] (Fitlinxx Inc), Fitmeter [47] (FitLife, Suwon,
Korea), Personal Activity Monitor [48] (PAM BV, Doorwerth,
the Netherlands), and Withings Pulse [52] (Cambridge, MA).
One study did not specify the brand of consumer-based wearable
activity tracker utilized [53]. Fitbit One, Zip and Charge HR,
Jawbone Up, LumoBack, and Withings Pulse have all
demonstrated excellent test-retest reliability for step count
(Intraclass Correlation Coefficient [ICC] >.90) [78-80]; however,
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11819 | p.5
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a recent review into the use of Fitbit activity trackers suggests
that steps are overestimated in free-living conditions [81]. The
Polar Active has shown to correlate (r2=0.74) with the doubly
labeled water technique for assessing energy expenditure during
military training, which related to the study setting [82]. The
Bodymedia Sensewear showed good reliability during outdoor
walking (ICC=0.82); however, poor reliability was observed
during various treadmill walking speeds (ICC=0.18 to 0.27)
[80]. An earlier version of the Pebble+, the ActiPed by FitLinxx
has demonstrated a high level of accuracy for step count
(−1.30%) and good reliability (ICC=0.85) [83]; however,
currently, there are no validity or reliability data for the Pebble+.
The PAM has shown similar validity to the ActiGraph
accelerometer (r2=0.95) and good reliability (ICC=0.80) [84].
There is currently limited reliability and validity data relating
to the Fitmeter; however, it has been reported that the Fitmeter
does correlate with gas analyzer measures for energy expenditure
(r2=0.82) [85]. The Gruve monitor has been shown to be
accurate in measuring sedentary and walking activities when
compared with a gold standard system (r2=0.98) [86] and is
recommended for use in interventions aiming to reduce
sedentary behavior [87]. No validation or reliability data could
be found relating to the Fitbug Orb.

Study Outcomes
Physical activity behavior measures included number of steps
taken per day [21,22,29,30,32,34,40-42,44,50,54], minutes spent
in MVPA per week [21,29,30,33-37,39,48,51,53], and energy
expenditure [43,45-47,52]. Sedentary behavior was reported by
8 studies with data presented as hours per day [31,37,38],
minutes per day [33,39,40], minutes per 16 hours [32], or
percentage of total day spent sitting [29,37]. A summary of
outcome measures for all included studies is included in Table
1. A detailed summary of included studies is available in
Multimedia Appendix 3.

Risk of Bias
Risk of bias judgments for each included study are presented
in Figure 2. One study [53] was assessed as high risk of selection
bias because of the randomization of practices rather than
individuals. All studies were assessed as high risk of bias for
performance bias because of the nature of the intervention and
control conditions making blinding impossible. Blinding of
outcome assessors (detection bias) was assessed as high risk
for 7 studies [31,43,45-48,52] because of the use of subjective
outcome measures. One further study [54] was also assessed as
a high risk of detection bias as participants were provided with
activity level feedback at each assessment with comparisons
with previous results. The management of incomplete outcome
data was assessed as high risk in 2 studies [29,38]. In addition,
3 studies [36,48,54] were assessed as high risk for selective
outcome reporting, and 1 study [22] was judged as high risk for
other sources of bias because of conflicts of interest declared
by the authors. Publication bias was assessed for daily step count
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and MVPA with no bias identified. Publication bias was unable
to be assessed for other outcome measures because of less than
10 included studies.

Meta-Analysis Results
A total of 26 studies were included across all meta-analyses
[21,22,29-48,50-53]. Results were primarily presented as mean
and SD or 95% CI, or as mean change and SD, SE, or 95% CI.
Two studies [48,52] presented data as median and IQRs,
suggesting that the data were not normally distributed. Authors
of both the studies were contacted, and they provided mean and
SD data, and the studies were subsequently included in the
meta-analyses [28]. One study [54] was excluded from the
meta-analyses as all data were presented in a graphical format.
The authors were contacted for results, but no return contact
was received. An additional study was excluded [49] because
of data being presented as activity units.

Physical Activity Participation
Steps
Overall, 12 studies reported changes in the number of steps
taken by participants [21,22,29,30,32,34,40-42,44,50,54]. A
random-effects meta-analysis using SMD was performed on 11
studies as 1 study [54] was excluded because of graphical
presentation of data. Step data were objectively measured using
a range of accelerometers or pedometers. There was a significant
increase in step count following the intervention versus control
comparator (SMD 0.23; 95% CI 0.15 to 0.32; P<.001; Figure
3) across all studies in the meta-analysis, representing an
approximate increase of 627 steps (95% CI 417 to 862 steps)
per day. Heterogeneity was low [88] and nonsignificant (I2=3%;
P=.42). We judged the quality of evidence for consumer-based
wearable activity trackers to increase the daily number of steps
as low. The quality of the evidence was rated as being low based
on being downgraded twice, once because of the high risk of
bias identified in the included studies and once because of the
level of indirectness associated with the broad range of included
interventions, comparators, populations, and settings. The
summary of findings table for all outcome measures is available
in Multimedia Appendix 4.
Further subgroup analysis was completed, separating the
included studies into interventions that were wearable-based
[22,34,41,42,44] and those that were multifaceted
[21,29,30,32,34,40,50]. A significant increase in daily step count
following the intervention versus control comparator was
observed in both wearable-based (SMD 0.20; 95% CI 0.08 to
0.33; P=.002; Figure 3) and multifaceted (SMD 0.26; 95% CI
0.12 to 0.41; P>.001; Figure 3) meta-analyses. This is
representative of an approximate increase of 475 steps (95% CI
190 to 784 steps) per day and 685 steps (95% CI 316 to 1080
steps) per day, respectively. Low and nonsignificant
heterogeneity was observed in both subgroup analyses (I2=0%;
P=.61 and I2=25%; P=.23, respectively).
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Table 1. Outcome measures of physical activity participation and sedentary behavior.
Study

Outcome measures

Outcome measurement instrument

Objective/subjective

Ashe et al, 2015 [29]

Steps/day, MVPAa (min/day), and
sitting time (%)

ActiGraph GT3X accelerometer

Objective

Ashton et al, 2017 [30]

Steps/day and MVPA (min/week)

Yamax Digiwalker SW200 and
Godin Leisure-Time Exercise
Questionnaire

Objective and subjective

Barwais et al, 2013 [31]

Sitting time (hours/day)

7-day Sedentary and Light Intensity Subjective
Physical Activity Log

Brakeridge et al, 2016 [32]

Steps/day and sitting time (min/16
hours)

ActivPal activity monitor

Objective

Cadmus-Bertram et al, 2015 [21]

Steps/day and MVPA (min/week)

ActiGraph GT3X accelerometer

Objective

Duncan et al, 2016 [33]

MVPA (min/week) and sitting time Geneactiv accelerometer
(min/day)

Objective

Finkelstein et al, 2016 [34]

Steps/day and MVPA (min/week)

ActiGraph GT3X accelerometer

Objective

Hartman et al, 2016 [35]

MVPA (min/day)

ActiGraph GT3X accelerometer

Objective

Hartman et al, 2018 [36]

MVPA (min/day)

ActiGraph GT3X accelerometer

Objective

Jakicic et al, 2016 [37]

MVPA (min/week) and sitting time Sensewear Pro Armband
(hours/day)

Jauho et al, 2015 [38]

MVPA (min/day)a and sitting time
(hours/day)

Li et al, 2017 [39]

MVPA ≥3 metabolic equivalents
Sensewear Mini Armband
(min/day) and sitting time (min/day)

Objective

Lyons et al, 2017 [40]

Steps/day and sitting time (min/day) ActivPal activity monitor

Objective

Martin et al, 2015 [41]

Steps/day

Fitbug Orb accelerometer (as used
in intervention)

Objective

Melton et al, 2016 [42]

Steps/day

ActiGraph GT3X accelerometer

Objective

Pellegrini et al, 2012 [43]

Energy expenditure (kcal/week)

PPAQ

Subjective

Poirier et al, 2016 [44]

Steps/day

Pebble+ (as used intervention)

Objective

Polzien et al, 2007 [45]

Energy expenditure (kcal/week)

PPAQ

Subjective

Rogers et al, 2016 [46]

Energy expenditure (kcal/week)

PPAQ

Subjective

Shin et al, 2017 [47]

Energy expenditure (kcal/week)

International Physical Activity
Questionnaire Short-Form

Subjective

Skrepnik et al, 2017 [22]

Steps/day

Jawbone UP 24 (as used in interven- Objective
tion)

Slootmaker et al, 2009 [48]

MVPA (min/week)

The Activity Questionnaire for
Adolescents and Adults

Thompson et alc, 2014 [49]

Activity units

Research-grade triaxial accelerome- Objective
ter

Thorndike et al, 2014 [50]

Steps/day

Fitbit (as used in intervention)

Objective

Unick et al, 2012 [51]

MVPA (min/week)

Sensewear Armband

Objective

Valle et al, 2017 [52]

Energy expenditure (kcal/week)

PPAQ

Subjective

van der Weegen et al, 2015 [53]

MVPA (min/day)

Personal Activity Monitor accelerometer

Objective

Van Hoyec et al, 2015 [54]

Steps/day

Sensewear Armband (as used in in- Objective
tervention)

Objective

Polar Active (as used in intervention)

b

Objective

Subjective

a

MVPA: moderate and vigorous physical activity.

b

PPAQ: Paffenbarger Physical Activity Questionnaire.

c

Study not included in meta-analysis.
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each included study. Green symbols represent a low risk
of bias, yellow symbols represent an unclear risk of bias, and red symbols represent a high risk of bias.
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Figure 3. Forest plot of standardized mean difference of steps per day in studies comparing an intervention that included a consumer-based wearable
activity tracker with a control group that did not utilize a consumer-based wearable activity tracker. Subgroup analysis was completed on studies that
included wearable-based interventions compared with control and multifaceted interventions compared with control. Green square indicates the
standardized mean difference for each individual study. Black square indicates the overall standardized mean difference for all studies.

Moderate and Vigorous Physical Activity
A total of 15 studies measured levels of MVPA
[21,29-31,33-39,48,51,53,54]. Moreover, 2 studies [38,54]
presented data in a graphical format and 1 study [31] presented
results for MVPA, separately. A random-effects meta-analysis
using SMD was performed on the 12 remaining studies
https://mhealth.jmir.org/2019/4/e11819/
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[21,29,30,33-37,39,48,51,53]. Of the included studies, 10
measured MVPA objectively through a range of accelerometers,
and 2 studies [30,48] used subjective self-reported measures of
MVPA. There was a significant increase in minutes per day
spent in MVPA following the intervention versus control
comparator (SMD 0.28; 95% CI 0.14 to 0.41; P<.001; Figure
4) across all studies in the meta-analysis with moderate and
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significant (I2=46%, P=.03) heterogeneity observed. These
findings represent an approximate increase of 75 min (95% CI
42 to 109 min) per day of MVPA. The quality of the evidence
was rated as very low based on being downgraded 3 times, once

Brickwood et al
because of the high risk of bias identified, once because of the
level of inconsistency associated with the observed
heterogeneity, and once because of the level of indirectness
associated with the broad range of included interventions,
comparators, populations, and settings.

Figure 4. Forest plot of standardized mean difference of time spent in moderate and vigorous physical activity per week in studies comparing an
intervention that included a consumer-based wearable activity tracker with a control group that did not utilize a consumer-based wearable activity
tracker. Subgroup analysis was completed on studies that included wearable-based interventions compared with control and multifaceted interventions
compared with control. Green square indicates the standardized mean difference for each individual study. Black square indicates the overall standardized
mean difference for all studies.
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Further subgroup analysis was completed on studies that
included wearable-based interventions [33,34,48] and
multifaceted interventions [21,29,30,34-37,39,51,53]. There
was a nonsignificant increase in minutes per day spent in MVPA
following the intervention versus control comparator (SMD
0.17; 95% CI −0.00 to 0.34; P=.05; Figure 4) across studies
included in the wearable-based meta-analysis, representing an
approximate increase of 40 min (95% CI 0 to 80 min) per day
of MVPA. Nonsignificant and low heterogeneity was observed
(I2=0%; P=.89). A significant increase was observed in minutes
per day spent in MVPA following the intervention versus control
comparator (SMD 0.33; 95% CI 0.16 to 0.51; P<.001; Figure
4) across studies included in the multifaceted meta-analysis.
This represents an approximate increase of 92 min (95% CI 45
to 142 min) per day of MVPA. Observed heterogeneity for
studies included in the multifaceted intervention was high and
significant (I2=58%; P=.009).

Energy Expenditure
Overall, 5 studies [43,45-47,52] reported physical activity levels
in terms of energy expenditure, expressed as kcal per week. The
Paffenbarger Physical Activity Questionnaire or the International
Physical Activity Questionnaire were utilized in the included
studies to obtain self-reported physical activity levels. A random
effects meta-analysis using SMD performed on the five included
studies showed a significant increase in energy expenditure
following the intervention versus control comparator (SMD
0.32; 95%CI 0.05 to 0.58; P=.02; Figure 5) across all studies
in the meta-analysis. Heterogeneity was low and non-significant
(I2=33%, P=.16). These findings represent an approximate
increase of 300 kcal (95% CI 32 to 579) in energy expenditure
per week. The quality of evidence was rated as being low based
on being downgraded twice, once because of the high risk of
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bias identified and once because of the level of indirectness
associated with the broad range of included interventions,
comparators, populations, and settings.

Sedentary Behavior
Overall, 8 studies [29,31-33,37-40] reported changes in
sedentary behavior. Furthermore, 2 studies [29,37] reported
sedentary behavior as percentage of the day spent sitting, and
7 studies [31-33,37-40] reported minutes or hours of sedentary
behavior per day. One study [39] reported sedentary behavior
as bouts of greater than 20 min, and 1 study [32] reported
minutes of sedentary behavior per 16 hours. Sedentary behavior
was objectively measured except for 1 study [38], which utilized
a self-reported questionnaire to obtain daily sitting time. A
random-effects meta-analysis was completed on 7 studies that
reported changes in sedentary behavior using SMD. One study
[29] that reported sedentary behavior as percentage only was
not included in the meta-analysis. For the 1 study [37] that
reported sedentary behavior as percentage and hours per day,
only hours per day were included in the analysis. There was a
nonsignificant decrease in sedentary behavior following the
intervention versus control comparator (SMD −0.21; 95% CI
-0.46 to 0.03; P=.09; Figure 6) across all studies in the
meta-analysis with a moderate and significant level of
heterogeneity (I2=60%, P=.02). This finding represents
approximately 37 min (95% CI −81 to 5 min) less spent in
sedentary behavior. The quality of evidence was rated as very
low based on being downgraded 3 times, once because of the
high risk of bias identified, once because of the level of
inconsistency associated with the observed heterogeneity, and
once because of the level of indirectness associated with the
broad range of included interventions, comparators, populations,
and settings.

Figure 5. Forest plot of standardized mean difference of energy expenditure in studies comparing an intervention that included a consumer-based
wearable activity tracker with a control group that did not utilize a consumer-based wearable activity tracker. Green square indicates the standardized
mean difference for each individual study. Black square indicates the overall standardized mean difference for all studies.
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Figure 6. Forest plot of standardized mean difference of time spent in sedentary behaviors in studies comparing an intervention that included a
consumer-based wearable activity tracker with a control group that did not utilize a consumer-based wearable activity tracker. Subgroup analysis was
completed on studies that included wearable-based interventions compared with control and multifaceted interventions compared with control. Green
square indicates the standardized mean difference for each individual study. Black square indicates the overall standardized mean difference for all
studies.

Further subgroup analysis was completed on studies that
included a wearable-based intervention [31,33,38] compared
with control and multifaceted interventions [32,37,39,40]
compared with control. There was a nonsignificant decrease in
sedentary behavior following both wearable-based and
multifaceted interventions versus control comparator (SMD
−0.60; 95% CI −1.40 to 0.19; P=.14 and SMD −0.08; 95% CI
−0.23 to 0.07; P=.28, respectively; Figure 6) across the
meta-analyses. These findings represent a decrease of
approximately 115 min (95% CI −269 to 36 min) per day spent
in sedentary behaviors for wearable-based interventions and a
https://mhealth.jmir.org/2019/4/e11819/
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decrease of 13 min (95% CI −39 to 12 min) spent in sedentary
behaviors for multifaceted interventions. High and significant
heterogeneity (I2=84%; P=.002) was observed for the
wearable-based analysis and low and nonsignificant (I2=0%;
P=.68) for the multifaceted analysis.
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Discussion
Principal Findings
This systematic review and meta-analysis summarizes the results
of interventions that utilize a consumer-based wearable activity
tracker to assist in the improvement of physical activity
participation [21,22,29-54]. The results show a significant
improvement in all measures of physical activity participation
when compared with control groups, even when interventions
were separated into wearable-based and multifaceted. However,
intervention groups that were multifaceted in nature appeared
to have a greater effect on physical activity participation when
compared with control groups than those that included just the
use of a consumer-based wearable activity tracker compared
with control groups. No real differences in sedentary behavior
were observed for either wearable-based or multifaceted
interventions compared with control groups.

Physical Activity Participation
Participants who received an intervention including a
consumer-based wearable activity tracker demonstrated a
significant improvement in daily steps, MVPA, and energy
expenditure when compared with control groups. The quality
of evidence was low for daily steps and energy expenditure and
very low for MVPA. MVPA was the only physical activity
outcome measure with a significant level of heterogeneity. This
is most likely because of the inclusion of a greater range of
intervention types when compared with other outcome measures
and the method by which MVPA was measured, including 2
studies [30,48] that subjectively measured MVPA and another
study [39] that presented MVPA data in bouts. Despite the low
level of certainty, it is encouraging to see a significant positive
intervention effect across all included measures of physical
activity participation. A recent review [89] into the use of an
electronic activity monitor system as an intervention modality
also concluded that activity monitors have the potential to
increase physical activity levels as did a review into the inclusion
of an activity monitor in addition to a behavioral physical
activity intervention for overweight and obese adults [90]. A
small-to-moderate effect on physical activity participation was
also reported by a review that looked at the effect of wearables
and smartphone apps as an intervention modality [91].
An overall positive effect for consumer-based wearable activity
trackers as an intervention tool was observed, even when
interventions were separated into wearable-based only and
multifaceted interventions. Subgroup analysis determined a
larger effect size for interventions that were multifaceted (vs
control) than for wearable-based (vs control) interventions. This
suggests that consumer-based wearable activity trackers can be
effective on their own, but when combined with other behavior
change techniques, such as telephone counseling or group-based
education, the improvement in physical activity participation is
greater. However, the magnitude of the additive effect of each
individual component of multifaceted interventions cannot be
determined by meta-analysis. Only 3 of the included studies
[34,47,54] directly compared wearable-based and multifaceted
interventions. Two of these studies [34,47] offered financial
incentives, with both studies reporting a significant improvement
https://mhealth.jmir.org/2019/4/e11819/
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in daily step count for those receiving financial incentives
compared with either control groups or those not receiving
incentives. Financial incentives have previously been shown to
be effective at increasing exercise adherence [92]. The third
study [54] reported that adding personalized coaching to the
use of a consumer-based wearable activity tracker resulted in
sustained increases in physical activity behaviors over the
4-week intervention period. For MVPA, the observed
heterogeneity was low and nonsignificant for the wearable-based
analysis but high and significant for the multifaceted analysis.
This indicates that the different types of included interventions
contribute to the observed heterogeneity.
Two of the included studies [34,44] reported a significant
increase in daily steps, 4 studies [30,34,36,53] reported a
significant increase in MVPA, and 2 studies [45,47] reported a
significant increase in energy expenditure for the intervention
group compared with control. Most of the remaining studies
reported a nonsignificant increase in physical activity
participation. One study reported a reduction in daily steps [42],
1 study reported a reduction in MVPA participation [37], and
3 studies reported a reduction in energy expenditure [46,47,52]
in at least one of the included intervention groups. Potential
reasons why other included studies did not find a significant
intervention effect or observed a reduction in physical activity
participation may be because of several of the studies being
pilot studies [29,30,40,47,52], which often have insufficient
power because of small sample sizes [93]; a moderate-to-high
loss to follow-up in some studies [29,32,33,37,42,43,46,48];
the type of intervention provided to the control group; the actual
wear time of the activity tracker; the length of the interventions;
and the use of subjective outcome measures. In addition, 8
studies [29,32,33,37,42,43,46,48] that reported physical activity
outcome measures had greater than 20% loss to follow-up, with
3 of these studies reporting a reduction in physical activity
participation. One study [32] reported a 56% loss to follow-up
in the intervention group and 65% in the control group, and
another study [43] had a large disparity in loss to follow-up
between groups, with 47% loss in the control group compared
with 11.7% loss in the intervention group. Intention-to-treat
analysis was used in the statistical analysis of these studies,
which is a cautious approach and minimizes the influence of
loss to follow-up. Despite this, this style of analysis is less likely
to show a positive treatment effect [94]. A variety of comparator
interventions were utilized within the included studies, ranging
from no contact in the form of usual care or waitlist comparators
to participants being provided with behavioral group-based
interventions or telephone counseling. Previously, both group
behavioral interventions and telephone counseling have been
demonstrated to be effective in increasing physical activity
participation [14,95,96]. Actual wear time of the activity tracker
varied, ranging from over 90% wear time [21,22] to all
participants ceasing to wear the device by the end of the
intervention [32] as the study design allowed self-directed wear
of the activity tracker. The 2 studies that were 12 months or
longer [32,37] reported lower adherence rates compared with
shorter duration studies. Issues with long-term adherence to
lifestyle and behavioral change interventions are well recognized
[16,17,97]. Subjective, self-reported questionnaires were used
to obtain participants’ daily energy expenditure in all included
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studies and MVPA in 2 included studies. Although the use of
these types of questionnaires is widely accepted, self-reported
questionnaires have been shown to be less robust in measuring
energy expenditure and MVPA when compared with objective
measures [98,99].

Sedentary Behavior
Less time was spent in sedentary behavior for those receiving
a consumer-based wearable activity tracker intervention
compared with control groups; however, the finding was not
significant, and the quality of the evidence was graded as very
low [29,31-33,37-40]. Similar to the studies included in the
physical activity participation analyses, a high risk of bias and
serious level of indirectness was identified in the included
studies. In addition, because of the observed level of
heterogeneity, the quality of evidence was further downgraded.
The included studies reported sedentary behavior in a range of
formats, including percentage, minutes per day and per 16 hours,
bouts of sitting time, and objective and subjective measurements,
which could contribute to the observed level of heterogeneity.
Only 1 included study [32] specifically aimed to reduce sitting
time. One other study [40] utilized the idle alert feature of the
consumer-based wearable activity tracker. Although a reduction
of sitting time is often observed in interventions targeting
physical activity promotion, interventions that specifically target
sedentary behaviors are more effective [100-102]. The lack of
specific focus on reducing sedentary behavior in 6 of the 8
included studies may have contributed to the nonsignificant
finding. In contrast to the reported findings relating to physical
activity participation, the subgroup analysis showed that the
wearable-based interventions had a greater effect on reducing
sedentary behaviors compared with control groups than the
multifaceted interventions. This finding may be because none
of the interventions included in the wearable-based
meta-analysis exceeded 12 weeks in duration, whereas the
multifaceted analysis included 2 studies that were 12 months
or more in duration. Interestingly, the wearable-based
interventions had a high and significant level of heterogeneity,
whereas the heterogeneity was nonsignificant and low for the
multifaceted interventions. This result was potentially because
of the inclusion of 1 study [31] in the wearable-based
meta-analysis that reported a 21% reduction in sitting time.

Strengths and Limitations of Review
The current analysis incorporates a wide range of participant
populations, ranging from younger to older adults as well as
individuals that are apparently healthy to individuals with
diagnosed chronic conditions. Previous reviews have focused
on specific chronic condition populations [103] and patient
subgroups such as overweight and obese adults [90]. A thorough
systematic methodology was followed, and the inclusion of a
meta-analysis allows for interpretation of the combined effects
of including a consumer-based wearable activity tracker as part
of a physical activity intervention. A wide range of physical

Brickwood et al
activity interventions that differ in the way in which a
consumer-based wearable activity tracker was utilized were
included in the review. The benefits of using a consumer-based
wearable activity tracker in addition to behavioral interventions
have previously been demonstrated [90], meaning this review
adds further support for the use of consumer-based wearable
activity trackers in a range of different settings. In addition, the
use of a consumer-based wearable activity tracker as a
stand-alone intervention was examined, with the results
indicating that even without supporting behavior change
techniques, the use of a consumer-based wearable activity
tracker could be effective in increasing physical activity
participation. This may have clinical relevance as increased
physical activity participation may lead to improvements in
overall health.
Although the inclusion of a wide range of interventions and
study populations had advantages in terms of general
applications, the heterogeneity of the included study designs
makes the comparison and synthesis of results difficult and
lowers the overall quality of the evidence. The interventions
used as comparators also differ greatly between included studies,
once again making the comparison of results difficult.

Conclusions and Practical Implications
Utilizing a consumer-based wearable activity tracker either as
the primary component of an intervention or as part of a broader
physical activity intervention has the potential to increase
physical activity participation. Although the quality of evidence
is low to very low, the included studies encompass a large age
range and include males and females and a range of healthy and
chronic condition populations. Although findings were not
significant in all studies, short-term interventions utilizing a
consumer-based wearable activity tracker generally resulted in
increased physical activity participation. This suggests that
consumer-based wearable activity trackers may be
complementary to traditional intervention modalities such as
group-based education and telephone counseling. The effects
of physical activity interventions are generally short term, with
ongoing contact from health professionals increasing long-term
adherence to physical activity participation. Therefore,
consumer-based wearable activity trackers have the potential
to be included as an effective tool to assist health professionals
to provide ongoing monitoring and support to patients with
minimal resource expenditure. Further research to determine
the effect of consumer-based wearable activity tracker
independent of other traditional physical activity interventions
would be beneficial as would investigations of the
cost-effectiveness of consumer-based wearable activity tracker
interventions. Given the potential novelty factor associated with
the use of consumer-based wearable activity trackers, further
investigation into their long-term usage and effectiveness would
be useful to guide potential clinical applications and future
recommendations.
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Abstract
Background: Physical inactivity ranks as a major contributing factor in the development and progression of chronic
disease. Lifestyle interventions reduce the progression of chronic disease, however, compliance decreases over time
and health effects only persist as long as the new lifestyle is maintained. Telephone counselling (TC) is an effective
way to provide individuals with ongoing support to maintain lifestyle changes. Remote physical activity monitoring
and feedback (RAMF) via interactive technologies such as activity trackers and smartphones may be a cost-effective
alternative to TC, however, this comparison has not been made. This study, therefore, aims to determine the effect
of ongoing feedback (TC vs. RAMF) on the maintenance of physical activity following a 12-week individualised
lifestyle program, and the effect of this on health risk factors and health services usage.
Methods and design: A randomised controlled trial with a parallel groups design. A total of 150 adults (≥60 years)
who participate in a 12-week face-to-face individualised lifestyle program will be randomised to twelve months of
RAMF (n = 50), TC (n = 50), or usual care (n = 50). Participants randomised to RAMF will use a smartphone activity
tracker app, synced to a wrist worn activity tracker, to provide them with automated feedback regarding compliance to
prescribed activity targets. Telephone counselling involves a follow-up phone call every fortnight for the first three
months and a monthly call for the remaining nine months of the follow-up period.
The primary outcome measures are physical activity compliance (accelerometry and Active Australia survey). Secondary
outcome measures include cardiorespiratory fitness, muscle strength, dynamic balance, quality of life, blood pressure,
body composition, and health services usage. Measures will be made before and after the individualised lifestyle
program, and at three, six and twelve months during the intervention.
Discussion: The results of this study will help to determine the efficacy of RAMF devices on compliance to prescribed
physical activity compared to the current gold standard of TC. If the remote monitoring proves effective, it may
provide a cost efficient alternative method of assisting maintenance of behaviour change from lifestyle interventions.
Trial registration: ACTRN12615001104549. Retrospectively Registered 20/10/2015.
Keywords: Physical activity maintenance, Behaviour change, Remote feedback
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Background

Role of new technologies

Ageing and low physical activity levels

One method for increasing enjoyment and objectively
tracking adherence to exercise programs involves the
use of interactive technologies like physical activity
trackers. Consumer driven forces for new ways to measure physical activity have led to the development of
sophisticated inertial sensing devices for measuring
movement of the human body. Until recently, such technology could only be found in expensive and dedicated
laboratory facilities.
Devices are now at a price point that it is possible to
relatively inexpensively deploy feedback technologies for
use in individualized physical activity programs. The use
of mobile phones/computers, combined with ubiquitous
tracking technologies and management applications, has
enabled individuals to better understand their personal
health. As smart phones have become more common,
two parallel developments have created an easier to use
interface than ever before – the large touch screen; and
significantly more complex functionality in accelerometers, compasses, GPS and other sensing devices.
Additionally, third party creators of specialist sensing devices are now supplying the feedback from these sensors
into these smartphones.
Globally, there has been in increase in apps which are
designed to improve health through better lifestyle
choice, including tracking food intake, tracking activity,
encourage healthy food and activity replacements,
retaining mental flexibility and support for giving up
smoking. Personalised social media-based portals could
facilitate motivation for exercise progression through social support [13], including peer- and professionalsupport [14], and promote health behaviour change [15].
Paired with mobile computing technology, it will be possible to extend current telephone health-coaching concepts to these more automated platforms potentially
resulting in greater ongoing compliance to individualized
lifestyle programs and resultant improved health outcomes. Emerging technologies which include activity
trackers that can provide real time feedback on activity
levels and remote social interaction may provide an
alternative means of continuing to motivate participants
beyond the completion of a formal exercise/lifestyle program. To date however, there is limited research examining the effect of such technologies on the maintenance
of activity levels, particularly in older adults.

There is a substantial body of research which supports
the benefits of regular physical activity for health (eg.
[1]). Participation in physical activity has been shown to
decrease the risk of morbidity and mortality, and loss of
independence in older adults and plays an important
role in maintaining functional capacity [2]. However,
despite the well-known benefits of regular participation
in physical activity, physical inactivity in the industrialised world ranks as a major contributing factor in ill-health. Worldwide 31% of the adult population are not
meeting the minimum recommendations for physical activity to perpetuate and maintain health in order to prevent disease [3]. Australia’s population over the age of 65
has increased from 1.1 M (9%) in 1973 to 3.3 M (14%)
in 2013 [4], and along with this growing population of
elderly citizens the number of cases of degenerative and
lifestyle diseases has also increased [1]. The highest
levels of physical inactivity are also evident in older
adults with 18% of Australians aged 40–65 reporting no
physical activity [1].
Benefits of exercise

Strength and/or endurance training activities have been
shown to prevent and manage heart failure, diabetes, depression, arthritis and many other conditions that effect
older adults [5–7]. However, an issue with much of the
existing research is that it has generally involved
laboratory-based exercise interventions which have been
tightly controlled and attract the most motivated participants. Consequently, while these studies have been helpful in describing many benefits of exercise for a range of
chronic conditions, they do not readily translate to interventions that are achievable in clinical practice.
Lifestyle interventions, issues with ongoing compliance

The use of individualised lifestyle intervention programs
may provide a means of addressing the challenges associated with including exercise as a treatment in chronic
conditions. Research has reported that lifestyle intervention programs are effective in reducing the progression
of chronic disease [8, 9]. While lifestyle interventions are
effective in managing chronic disease, there are still
issues with ongoing compliance to the altered lifestyle
declining over time and health effects only persist as
long as the new lifestyle is maintained [10]. Telephone
counselling has been shown to be a feasible and cost
effective way to provide individuals with ongoing support to maintain lifestyle changes [11, 12]. Review of the
literature has shown that interventions lasting greater
than 6 months and those with a higher number of calls
produce the most favourable outcomes [12].

Objectives
The study aims to:
1. determine the effect of different modalities of
ongoing feedback regarding physical activity on the
maintenance of activity levels post completion of a
12-week individualised lifestyle program and;
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2. The effect of ongoing physical activity levels on a
range of health risk factors and health services usage.
The study will measure and monitor the activity levels
of participants during the community based individualised lifestyle program and for 12 months post completion of the program. Participants will be randomly
assigned to 1) usual care in the form of physical activity
questionnaires plus assessment at 3, 6 and 12 months
post program, 2) provided with ongoing feedback
through a wrist worn activity tracker and smartphone
for the duration of the follow up period and assessment
at 3, 6 and 12 months post program or 3) provided with
fortnightly to monthly telephone calls for the duration
of the follow up period and assessment at 3, 6 and
12 months post program. Follow up assessment at 3, 6
and 12 months will include the collection of physiological
variables, functional testing, physical activity and quality
of life questionnaires, and health services usage data.

Methods
Study protocol

The study involves a parallel group randomised control
design to evaluate the potential for activity trackers
(Jawbone; Jawbone, Inc. 99 Rhode Island Street, San
Francisco, CA 94103) to be used to provide regular feedback to assist with maintenance of new exercise behaviours following a12-week face to face individualised
exercise lifestyle program run by exercise physiologists
(Strength2Strength Tasmania Exercise Treatment Initiative). 150 participants who have been referred to the
individualised lifestyle program will be recruited for this
study. Recruitment will occur through personal invitation
at the time of their initial assessment for the lifestyle program. Participants will undergo a suite of tests for variables associated with physical function and clinical
prognosis and the beginning and end of the face to face
program and at 3, 6 and 12 months of follow-up (Fig. 1).
Participants randomised to the activity tracker group will
be compared to those who receive usual care and to those
who receive telephone counselling, the current best practice for maintenance of lifestyle change.
Ethical considerations

The study has been approved by the Tasmania Health and
Medical Human Research Ethics Committee. Annual progress reports will be made to the ethics committee and
they will be notified of any adverse events promptly. The
trial has been registered with the Australian New Zealand
Clinical trials Registry (ACTRN12615001104549, http://
www.anzctr.org.au/default.aspx). Annual progress reports
will be provided to the ethics committee and any adverse
outcomes will be immediately reported. All data collected
will be stored as paper files in a locked filing cabinet and/
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or electronic files which will be stored on a password protected computer. Only investigators directly associated
with the study will have access to these files. Following the
completion of the study, participants will have access to
their data.
Selection of participants

Inclusion Criteria are individuals referred to the
Strength2Strength (S2S) Tasmania Exercise Treatment
Initiative. The S2S Tasmania Exercise Treatment Initiative is an individually tailored 12-week exercise lifestyle
program that is led by Accredited Exercise Physiologists
and targeted at individuals who are:
 elderly, frail and aged
 are at risk of developing chronic disease
 have a chronic medical condition including

neurodegenerative disease, cardiovascular disease
and conditions, chronic obstructive pulmonary disease
(COPD), type 2 diabetes, muscular and/or skeletal
conditions, mobility or gait issues and those receiving
steroid treatment.
Due to some of the outcome variables from S2S being
utilised in the research, participants will be recruited as
they commence S2S. The proposed research will investigate the ongoing engagement of S2S participants once
they have exited that program. Some of the outcome
variables from the S2S program will be utilised in the
proposed research but only for those participants who
consent to participate in the research study. The reason
for use of these outcome variables is to inform of
changes in health and physical activity status that
occurred during S2S as these changes may impact on
how physical activity levels and health outcomes change
during the follow up (intervention) period. Data will be
collected from S2S site in Launceston, Tasmania,
Australia only.
Exclusion criteria: Individuals who choose not to participate in the S2S program will not be considered.
Anyone presenting with an unstable medical condition
preventing them from participating in regular physical
activity; or individuals with neurological conditions, or
limited understanding of English which prevent them
from meeting the self-reporting requirements of the
study will also be excluded.
Randomisation

Participants who enrol in the study will undergo baseline
testing and the 12 week S2S program before being randomised to one of the three intervention groups. Randomisation of participants to intervention groups will be
performed at the end of the S2S endpoint testing session. Randomisation will be performed using computer
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Fig. 1 Study Design showing time points for data collection, lifestyle intervention and the three methods of feedback

generated blocks of fifteen by a third person not directly involved in the study and will be recorded in sealed opaque
envelopes. Each envelope will be opened sequentially at the
endpoint S2S endpoint testing session to reveal the allocated intervention. In the event that there are multiple participants from the same household they will be randomised
to the same group to maintain the integrity of the intervention. All participants will be requested to avoid the use of
any physical monitoring devices other than those directly
provided by the researchers for the duration of the study.

Interventions
Usual care group

The usual care group (n = 50) will receive the usual care
offered to participants who complete the 12-week
Strength2Strength program. Follow up surveys are sent
to participants at 3, 6 and 12 months’ post program to
determine their current level of self-reported physical
activity and sitting time (Fig. 2). Participants are also
asked if they feel their activity levels have increased,
decreased or stayed the same, reasons for a decrease in
activity levels and how confident and motivated they are
to continue to be physically active. Participants will attend assessments at 3, 6 and 12 months’ post program
completion for collection of physiological variables,
functional testing, physical activity and quality of life
questionnaires, and health services usage data.
Remote physical activity monitoring

Participants randomised to the remote physical activity
monitoring group (n = 50) will receive a Jawbone activity
tracker at the end of the 12 week S2S program. They will
be requested to wear the Jawbone on their wrist, or

ankle if the wrist is not a suitable option, for the duration of the 12 month follow up period. The activity
tracker will be set up to provide feedback, via vibrotactile alert, to participants on their compliance to their individual prescribed activity levels (50 & 100% of
prescribed daily activity). These levels will be prescribed
by the exercise physiologists as part of the S2S program.
In addition to the feedback achieved while wearing the
device, participants will be requested to synchronise
their Jawbone device to the study database at the end of
each day using a mobile internet link they will be provided with as part of the study. The daily synchronisation will also serve to recharge the Jawbone device for
the following day’s use. In the event that a participant
fails to synchronise the device at the end of the day they
will be sent an automated text message reminding them
of the need to recharge their device regularly and the
synchronisation and recharge will occur when they next
connect. As part of the daily synchronisation participants will receive further feedback regarding their overall progress during the intervention. This will include
feedback regarding progress towards daily and weekly
physical activity targets, general health tips and remote
feedback from the Exercise Physiologists regarding ongoing compliance to the individualised exercise program.
Participants will attend assessments at 3, 6 and 12 months
post program completion for collection of physiological
variables, functional testing, physical activity and quality
of life questionnaires, and health services usage data.
Telephone counselling

Following the completion of the 12-week Strength2Strength program, participants (n = 50) will receive a
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Fig. 2 Usual Care Follow Up Questionnaire administered at 3, 6 and 12 months’ post program

follow up phone call once a fortnight for the first
3 months of the follow up period, and once a month for
the remaining 9 months of the follow up period from
the Exercise Physiologists. Participants will be asked to
self-report on how they feel they are going with their activity levels and compliance to the home based program
and if there are any issues that they feel are preventing
them from being more physically active (Fig. 3). Participants will be provided assistance for any specific issues
reported. Participants will attend assessments at 3, 6 and
12 months post program completion for collection of
physiological variables, functional testing, physical activity and quality of life questionnaires, and health services
usage data.
Outcome measures

Outcome data pertaining to physical function, quality of
life, physical activity levels, and markers of clinical

prognosis (BMI, waist circumference, brachial blood
pressure) will be collected at the start and end of the
12 week S2S program and again at 3, 6 and 12 months
of follow up after the participants have been randomised to one of the 3 interventions. All outcome
measures will be collected for all three treatment
groups at all time-points.
Physical activity measurement

Physical activity will be measured using two tools (a
physical activity tracker and a questionnaire). Physical
activity will be measured for a period of seven days at
each time point through the use of ActivPal activity
trackers. These will be fitted and worn day and night for
the entire seven-day period with a minimum of five days’
worth of valid data required for inclusion at each assessment time. These trackers are reliable and valid [16, 17]
for physical activity monitoring. Data obtained from the
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Fig. 3 Telephone consultation recording sheet

ActivPal activity trackers will be the primary measure of
physical activity and expected changes to data obtained
from these trackers form the basis of the sample size
calculation for this study.
The physical activity questionnaire that will be used is
the Active Australia questionnaire [18]. It will be included as a back-up activity monitor and to assess
changes in time spent in different types of activities.
Participants will be requested to include any exercise
performed in the previous week in their response to the
questionnaire. The survey measures frequency, intensity
and duration of incidental and/or intentional physical
activity in the week prior to the time of testing. The total
time spent in each activity will be multiplied by an
intensity value and used to calculate participants’ weekly
physical activity in MET.min−1. This survey is valid and
reliable [19, 20] and has previously been used to

measure changes in physical activity in chronic disease
populations [21].
Motivation for exercise

The self-regulation Questionnaire for exercise (SRQ-E)
is a theoretically derived questionnaire developed for use
in school settings but which has since been validated in
diverse health settings [22]. The SRQ-E gathers information on why a person chooses to exercise regularly and
assesses the degree to which individuals are autonomous
in exercise behaviour.
Self-reported physical function (quality of life)

Self-perceived physical function will be evaluated using
the Medical Outcomes Short-Form 36-Item Health
Survey (SF-36). This survey includes 8 independent
scales and assesses physical and mental dimensions of
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health. It is validated and has been widely used to
measure quality of life in a range of chronic disease
populations [21, 23, 24].
Physical function

The six-minute walk test (6MWT) or Modified Shuttle
Walk Test (MSWT) will be used as the measure of physical function. Both tests require minimal equipment and
are quick and easy to conduct. The 6MWT requires
participants to walk as far as possible along a short measured course during the six minutes. They will be permitted to stop and rest if needed and will receive regular
encouragement throughout the test. The MSWT is an
incremental walk test requiring participants to walk
along a short measured course while keeping pace with
a recording. Both the 6MWT [25] and MSWT [26] are
reliable and valid measures of physical function in
patients with metabolic disease.
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percent body fat. These measures are simple and easy to
attain and have been widely used as indicators of cardiovascular disease (CVD) [29] and mortality [30] risk in
large scale population studies. Body Mass Index (BMI)
will be calculated from height and body weight. Waist
circumference will be measured at the narrowest point
between the base of the rib cage and the iliac crest as
per standard methods. Body fat percent will be assessed
through the use of Bio-Impedance Analysis scales
(Tanita BC-1000; Tanita Corp; Tokyo, Japan). BIA has
previously been shown to be a reliable and reproducible
method for determining body composition [31, 32].
Blood pressure

Brachial blood pressure will be measured by sphygmomanometry using standardised techniques after five
minutes of seated rest.
Health Service Usage

Muscle strength

Strength will be measured using the ten times sit to
stand (TTSTS). TTSTS is a functional lower body
strength measure that relates to ability to perform
activities of daily living and consequently is relevant
to wider health and quality of life outcomes. It is a
reliable and valid measure that is widely used in clinical practice [27].
Dynamic balance and mobility

Dynamic balance and mobility will be measured using
the timed up and go (TUG). This test involves the client
standing up from an armless chair and walking around a
cone placed 2.44 m in front of the chair, returning to the
chair and sitting down. It is a reliable and valid measure of dynamic balance and is widely used in clinical
practice [28].
Body composition

Three indicators of body composition will be measured.
These are body mass index, waist circumference and

Fig. 4 Example Health Service Usage Diary entry

Retrospective (covering before and during the study) information about medications (Medical Benefits Scheme
(MBS) and Pharmaceutical Benefits Scheme (PBS) items
of service from the Australian Department of Human
Services, hospitalisations (Department of Health and
Human Services Clinical Costing Dataset [electronic inpatient separation summary] for costing’s and morbidity)
and mortality (AIHW National Death Register) will be
collected. Out-of-pocket expenses, incidental and nonbillable health professional encounters, and work missed
through ill health will be assessed by health diaries to be
maintained by each patient over the intervention and
follow up periods (Fig. 4).
Adherence to the intervention

Participant adherence to the treatment interventions will
be assessed through records of the proportion of intervention days that participants randomised to the remote
physical activity monitoring group wear their activity
monitor. Records will also be kept and reported regarding the the proportion of telephone calls successfully
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delivered to participants in the telephone counselling
group as well as the length and content of these calls.
Sample size calculation

The 12 week S2S intervention resulted in a mean increase
of 450 MET.min of physical activity per week with a SD of
1.5x the change. Sample size was calculated based on a
predicted maintenance of 100% of additional physical activity in the feedback groups and decrease of 50% of additional physical activity in the usual care group over the
12-month intervention (Mean Difference = 225 Met.min/
week) with a SD of the change of 350 MET.min/week
(1.5x the mean change in line with S2S data). STATA 12
(Statistical data analysis; Stata Corp; College Station;
Texas, USA) was used to calculate the sample size on the
basis of a mean difference of 225 MET.min/week with a
SD of the change of 350 MET.min/week, a power of 80%
and an alpha level of 0.05 using the “sampsi 0 225, sd
(350) p (0.8) a (0.05)” command. The sample size calculation indicated that at least 38 participants were required
per group. To allow for potential withdrawals 50 participants per group will be recruited.

Data analysis
All statistical analyses will be performed using STATA
statistical software (STATA 13; Statistical data analysis;
Stata Corp; College Station; Texas, USA). Baseline and
descriptive data between the groups will be analysed
with one-way ANOVA. Binary categorical data will be
analysed for variability between the groups using logistic
regression. Parametric longitudinal data will be analysed
using mixed effects linear regression with unstructured
covariance, corrected for repeated measures. In the
event that assumptions of linear regression (heteroskedascity, skewness, kurtosis or non-linearity) are violated,
those analyses will be repeated using repeated measures
ordinal logistic regression. P-Values will be corrected
where appropriate for multiple comparisons using the
Holm test. Where participants do not return for follow
up or there is missing data, this will be analysed on a last
case brought forward basis.
Discussion
The objective of this trial is to determine the effect of
different modalities of ongoing feedback regarding physical activity on the maintenance of activity levels post
completion of a 12-week individualised lifestyle program
and; the effect of ongoing physical activity levels on a
range of health risk factors and health services usage.
Due to the ageing and increasingly inactive global population, sustainable and cost effective measures to assist
older adults to maintain an increased level of activity
need to be put in place. The effectiveness of telephone
counselling on behaviour change has been well
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documented [11, 12] however it is time consuming and
expensive when continued over a prolonged period of
time. In contrast the effectiveness of remote feedback
devices on compliance to prescribed physical activity
have not been investigated. The results of this study will
help to determine the efficacy of remote physical activity
monitoring and feedback devices on compliance to prescribed physical activity compared to the current gold
standard of telephone counselling. If the remote monitoring and feedback proves effective, it may provide a
cost efficient alternative method of assisting maintenance of behaviour change from lifestyle interventions.
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Appendix Three
Systematic Review Full Search Strategy

CENTRAL (Including HTA)
#1 Activity Tracker
#2 Activity Trackers
#3 Fitbit
#4 wearable device
#5 wearable devices
#6 wearable technology
#7 fitness tracker
#8 fitness trackers
#9 Lifestyle education
#10 Behavio*r change
#11 Sedentary behavio*r
#12 step count
#13 Physical fitness
#14 Physical activity
#15 MeSH descriptor: [Sedentary Lifestyle] this term only
#16 MeSH descriptor: [Physical Fitness] this term only
#17 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8
#18 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16
#19 #17 and #18

Medline via Ovid
1.
2.
3.
4.
5.
6.
7.

Activity traker.ab,ti.
Activity trackers.ab,ti.
Fitbit.ab,ti.
Wearable device.ab,ti.
Wearable devices.ab,ti.
Wearable technology.ab,ti.
Fitness tracker.ab,ti.
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8. Fitness trackers.ab,ti.
9. *Physical Fitness/
10. Physical fitness.ab,ti.
11. Lifestyle education.ab,ti.
12. Behavio?r change.ab,ti.
13. Sedentary behavio?r.ab,ti.
14. Step count.ab,ti.
15. Physical activity.ab,ti.
16. Sedentary lifestyle.ab,ti.
17. *Sedentary Lifestyle/
18. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8
19. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
20. 18 and 19

Embase via OVID
1. Activity traker.ab,ti.
2. Activity trackers.ab,ti.
3. Fitbit.ab,ti.
4. Wearable device.ab,ti.
5. Wearable devices.ab,ti.
6. Wearable technology.ab,ti.
7. Fitness tracker.ab,ti.
8. Fitness trackers.ab,ti.
9. *Physical Fitness/
10. Physical fitness.ab,ti.
11. Lifestyle education.ab,ti.
12. Behavio?r change.ab,ti.
13. Sedentary behavio?r.ab,ti.
14. Step count.ab,ti.
15. *Physical Activity/
16. physical activity.ab.ti
17. sedentary lifestyle.ab.ti
18. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8
19. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
20. 18 and 19
PsychInfo via OVID
1.
2.
3.
4.
5.
6.
7.

Activity traker.ab,ti.
Activity trackers.ab,ti.
Fitbit.ab,ti.
Wearable device.ab,ti.
Wearable devices.ab,ti.
Wearable technology.ab,ti.
Fitness tracker.ab,ti.
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8. Fitness trackers.ab,ti.
9. *Physical Fitness/
10. Physical fitness.ab,ti.
11. Lifestyle education.ab,ti.
12. Behavio?r change.ab,ti.
13. Sedentary behavio?r.ab,ti.
14. Step count.ab,ti.
15. *Physical Activity/
16. physical activity.ab.ti
17. sedentary lifestyle.ab.ti
18. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8
19. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
20. 18 and 19
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Appendix Four
Meta-Analyses Summary of Findings Table
Summary of findings:

Consumer-based wearable activity tracker compared to Control in the promotion of physical activity and health risk factors
Patient or population: the promotion of physical activity and health risk factors
Setting: Free-living
Intervention: Consumer-based wearable activity tracker
Comparison: Control
Anticipated absolute effects* (95% CI)
Outcomes

Risk with Control

Risk with Consumer-based
wearable activity tracker

Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

Physical Activity (Steps/day)
follow up: range 2 weeks to 12 months

-

SMD 0.23 SD higher
(0.15 higher to 0.32 higher)

-

2246
(12 RCTs)

⨁⨁◯◯

A SMD of 0.23 represents an approximate increase of 627 steps
(417 steps higher to 862 steps higher) per day.

Physical Activity (MVPA min/day)
follow up: range 9 weeks to 24 months

-

SMD 0.28 SD higher
(0.14 higher to 0.41 higher)

-

2348
(11 RCTs)

⨁◯◯◯

A SMD of 0.28 represents an approximate increase of 75 minutes
(42 minutes higher to 709 minutes higher) of MVPA per week

Physical Activity (kcal/wk)
follow up: range 12 weeks to 6 months

-

SMD 0.32 SD higher
(0.05 higher to 0.58 higher)

-

369
(5 RCTs)

⨁⨁◯◯

A SMD of 0.28 represents an approximate increase of 300 kcal
(32 kcal higher to 579 kcal higher) of energy expenditure per
week.

Sedentary Behaviour (min/day)
follow up: range 1 months to 24 months

-

SMD 0.21 SD lower
(0.46 lower to 0.03 higher)

-

977
(7 RCTs)

⨁◯◯◯

A SMD of 0.21 represents an approximate decrease of 37 minutes
(81 minutes lower to 5 minutes higher) in sitting time per day.

Body Weight (kg)
follow up: range 3 months to 24 months

-

SMD 0.19 SD lower
(0.42 lower to 0.03 higher)

-

2976
(17 RCTs)

⨁◯◯◯

A SMD of 0.19 represents an approximate decrease of 2.4kg
(5.3kg lower to 0.4kg higher) in body weight.

LOW a,b

VERY LOW b,c,d

LOW

b,e

VERY LOW b,d,f

VERY LOW b,d,g
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Summary of findings:

Consumer-based wearable activity tracker compared to Control in the promotion of physical activity and health risk factors
Patient or population: the promotion of physical activity and health risk factors
Setting: Free-living
Intervention: Consumer-based wearable activity tracker
Comparison: Control
Anticipated absolute effects* (95% CI)
Outcomes

Risk with Control

Risk with Consumer-based
wearable activity tracker

Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

BMI (kgm2)
follow up: range 3 months to 24 months

-

SMD 0.16 SD lower
(0.32 lower to 0.01 higher)

-

1406
(9 RCTs)

⨁◯◯◯

A SMD of 0.16 represents an approximate BMI decrease of
0.9kg/m2 (1.7kg/m2 lower to 0.1kg/m2 higher).

Waist Circumference (cm)
follow up: range 3 months to 12 months

-

SMD 0.18 SD lower
(0.4 lower to 0.04 higher)

-

930
(9 RCTs)

⨁◯◯◯

A SMD of 0.18 represents an approximate decrease of 2.2cm
(5.0cm lower to 0.5cm higher) in waist circumference.

Body Fat (%)
follow up: range 3 months to 24 months

-

SMD 0.19 SD lower
(0.41 lower to 0.03 higher)

-

1357
(9 RCTs)

⨁◯◯◯

A SMD of 0.19 represents an approximate decrease of 2.1%
(4.5% lower to 031% higher) body fat

Blood Pressure (SBP)
follow up: range 3 months to 12 months

-

SMD 0.21 SD lower
(0.34 lower to 0.08 lower)

-

1492
(6 RCTs)

⨁⨁◯◯

A SMD of 0.21 represents an approximate decrease of 3mmHg
(5mmHg lower to 1mmHg lower) in SBP

Blood Pressure (DBP)
follow up: range 3 months to 12 months

-

SMD 0.48 SD lower
(0.74 lower to 0.21 lower)

-

290
(5 RCTs)

⨁⨁◯◯

A SMD of 0.48 represents an approximate decrease of 4mmHg
(6mmHg lower to 2mmHg lower) in DBP

Vo2Max (ml.min.kg)
follow up: range 3 months to 24 months

-

SMD 0.08 SD higher
(0.06 lower to 0.21 higher)

-

2004
(5 RCTs)

⨁⨁◯◯

A SMD of 0.08 represents an approximate increase of 0.5
ml/min/kg (0.4 ml/min/kg lower to 1.5 ml/min/kg higher) in CRF.

VERY LOW b,d,h

VERY LOW b,d,i

VERY LOW b,d,j

LOW b,k

LOW b,l

LOW b,m

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; SMD: Standardised mean difference
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Summary of findings:

Consumer-based wearable activity tracker compared to Control in the promotion of physical activity and health risk factors
Patient or population: the promotion of physical activity and health risk factors
Setting: Free-living
Intervention: Consumer-based wearable activity tracker
Comparison: Control
Anticipated absolute effects* (95% CI)
Outcomes

Risk with Control

Risk with Consumer-based
wearable activity tracker

Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations
a. Unclear sequence generation in one study, no allocation concealment in one study and unclear allocation concealment in five studies, no blinding of participants in all studies, no blinding of outcome assessors in two studies and unclear blinding in five studies,
greater than 20% loss to follow up in two studies, intention to treat analysis not used in one study and one study did not describe intention to treat analsysis and author conflicts of interest for one study.
b. Large variation in study populations, types of interventions utilised, outcome measures, length of intervention and a broad age range across included studies.
c. Unclear sequence generation in one study, high risk of bias for allocation concealment in one study and unclear allocation concealment in three studies, no blinding of participants in all studies, unclear blinding of outcome assessors in five studies, greater than
20% loss in four studies, intention to treat analysis not used in one study, there was selective outcome reporting in two studies and an unclear reporting bias in one study due to the use of unpublished data.
d. Significant level of heterogeneity observed
e. Unclear sequence generation and allocation concealment in three studies, no blinding of participants in all studies, no blinding of outcome assessors in one study and unclear blinding in four studies, greater than 20% loss to follow up in two studies.
f. Unclear allocation concealment in three studies, no blinding of participants in all studies, no blinding of outcome assessors in two studies and unclear blinding in three studies, greater than 20% loss to follow up in three studies and one study did not use intention to
treat analysis, unclear reporting bias due to the use of unpublished data.
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g. Unclear sequence generation in four studies, unclear allocation concealment in 8 studies, no blinding of participants in all studies, unclear blinding of outcome assessors in 10 studies and no blinding in one study, greater than 20% loss to follow up in five studies,
intention to treat analysis not used in two studies and one study did not describe intention to treat methods, selective reporting in two studies.
h. Unclear sequence generation in 2 studies, unclear allocation concealment in 5 studies, no blinding of participants in all studies, unclear blinding of outcome assessors in six studies and no blinding in one study, greater than 20% loss to follow up in three studies,
intention to treat analysis not used in one study and unclear intention to treat methods in two studies, selective reporting bias in two studies.
i. Unclear sequence generation in 3 studies, unclear allocation in five studies, no blinding of participants in any studies, unclear blinding of outcome assessors in seven studies and no blinding in one study, greater than 20% loss to follow up in three studies, one
study didn't use intention to treat analysis and unclear intention to treat methods in one study, selective reporting in one study.
j. Unclear sequence generation in two studies, unclear allocation concealment in four studies, no blinding of participants in any studies, unclear blinding of outcome assessors in six studies and no blinding in two studies, greater than 20% loss to follow up in three
studies, no intention to treat analysis in one study and unclear intention to treat methods in one study, selective reporting in one study.
k. Unclear allocation concealment in one study, no blinding of participants in all studies, unclear blinding of outcome assessors in two studies and no blinding in one study, greater than 20% loss to follow up in one study, no intention to treat analysis in one study.
l. No blinding of participants in all studies, unclear blinding of outcome assessors in two studies and no blinding in one study, greater than 20% loss to follow up in one study, no intention to treat analysis in one study.
m. Unclear sequence generation in two studies, unclear allocation concealment in four studies, no blinding of participants in all studies, unclear blinding of outcome assessors, greater than 20% loss to follow up in three studies, one study didn't use intention to treat
analysis, selective reporting in one study.
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Appendix Five
The Active Australia Survey

The following questions are about any physical activities that you may have done in the
last week:
1. In the last week, how many times have you walked continuously for at least 10 minutes?
(e.g. Planned walking, exercise or to get from place to place).
_____________________ times/week
2. What do you estimate was the total time that you spent walking in this way in the last
week?

TOTAL_______________ minutes / week

3. In the last week, how many times did you do vigorous gardening or heavy work around
the house which made you breathe harder or puff and pant?

_____________________ times/week
4. What do you estimate was the total time that you spent doing vigorous gardening or
heavy work around the house in the last week?

TOTAL_______________ minutes of vigorous / week
(activities that made you puff or pant, not total time spent)
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The next questions exclude household chores, gardening or yard work;
5. In the last week, how many times did you do any vigorous physical activity which made
you breathe harder or puff and pant? (e.g. Jogging, cycling, competitive sports).

_____________________ times/week

6. What do you estimate was the total time that you spent doing this vigorous physical
activity in the last week?

TOTAL_______________ minutes of vigorous / week

7. In the last week, how many times did you do any other moderate physical activities that
you have not already mentioned?

_____________________ times/week

8. What do you estimate was the total time that you spent doing this moderate physical
activity in the last week?

TOTAL_______________ minutes of moderate / week
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Appendix Six
36-Item Short Form Health Survey (SF-36)
1. In general, would you say your health is:
Excellent

Very good

Good

Fair

Poor

[1]

[2]

[3]

[4]

[5]

2. Compared to one year ago, how would you rate your health in general now?
Much better now
than one year
ago

Somewhat better
now than one
year ago

About the same

Somewhat worse
now than one
year ago

Much worse now
than one year
ago

[1]

[2]

[3]

[4]

[5]

The following items are about activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?
(Circle One Number on Each Line)
Yes,
Limited a
Lot

Yes, Limited
a Little

No, Not
limited at All

3. Vigorous activities, such as running, lifting
heavy objects, participating in strenuous sports

[1]

[2]

[3]

4. Moderate activities, such as moving a table,
pushing a vacuum cleaner, bowling, or playing golf

[1]

[2]

[3]

5. Lifting or carrying groceries

[1]

[2]

[3]

6. Climbing several flights of stairs

[1]

[2]

[3]

7. Climbing one flight of stairs

[1]

[2]

[3]

8. Bending, kneeling, or stooping

[1]

[2]

[3]

9. Walking more than a mile

[1]

[2]

[3]

10. Walking several blocks

[1]

[2]

[3]

346

11. Walking one block

[1]

[2]

[3]

12. Bathing or dressing yourself

[1]

[2]

[3]

During the past 4 weeks, have you had any of the following problems with your work or other regular
daily activities as a result of your physical health?
(Circle One Number on Each Line)
Yes

No

13. Cut down the amount of time you spent on work or other activities

[1]

[2]

14. Accomplished less than you would like

[1]

[2]

15. Were limited in the kind of work or other activities

[1]

[2]

16. Had difficulty performing the work or other activities (for example, it took extra
effort)

[1]

[2]

During the past 4 weeks, have you had any of the following problems with your work or other regular
daily activities as a result of any emotional problems (such as feeling depressed or anxious)?
(Circle One Number on Each Line)
Yes

No

17. Cut down the amount of time you spent on work or other activities

[1]

[2]

18. Accomplished less than you would like

[1]

[2]

19. Didn't do work or other activities as carefully as usual

[1]

[2]

20. During the past 4 weeks, to what extent has your physical health or emotional problems interfered
with your normal social activities with family, friends, neighbours, or groups?
(Circle One Number)
Not at all

Slightly

Moderately

Quite a bit

Extremely

[1]

[2]

[3]

[4]

[5]
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21. How much bodily pain have you had during the past 4 weeks?
(Circle One Number)
None
[1]

Very mild
[2]

Mild
[3]

Moderate
[4]

Severe
[5]

Very severe
[6]

22. During the past 4 weeks, how much did pain interfere with your normal work (including both work
outside the home and housework)?
(Circle One Number)
Not at all

A little bit

Moderately

Quite a bit

Extremely

[1]

[2]

[3]

[4]

[5]

These questions are about how you feel and how things have been with you during the past 4 weeks. For
each question, please give the one answer that comes closest to the way you have been feeling.
How much of the time during the past 4 weeks . . .
(Circle One Number on Each Line)
All of
the
Time

Most of
the
Time

A Good
Bit of the
Time

Some of
the
Time

A Little
of the
Time

None of
the
Time

23. Did you feel full of life?

[1]

[2]

[3]

[4]

[5]

[6]

24. Have you been a very
nervous person?

[1]

[2]

[3]

[4]

[5]

[6]

25. Have you felt so down
in the dumps that nothing
could cheer you up?

[1]

[2]

[3]

[4]

[5]

[6]

26. Have you felt calm and
peaceful?

[1]

[2]

[3]

[4]

[5]

[6]

27. Did you have a lot of
energy?

[1]

[2]

[3]

[4]

[5]

[6]

28. Have you felt
downhearted and blue?

[1]

[2]

[3]

[4]

[5]

[6]

29. Did you feel worn out?

[1]

[2]

[3]

[4]

[5]

[6]

30. Have you been a
happy person?

[1]

[2]

[3]

[4]

[5]

[6]
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31. Did you feel tired?

[1]

[2]

[3]

[4]

[5]

[6]

32. During the past 4 weeks, how much of the time has your physical health or emotional problems
interfered with your social activities (like visiting with friends, relatives, etc.)?
(Circle One Number)
All of the time

Most of the time

Some of the time

[1]

[2]

[3]

A little of the
time
[4]

None of the time
[5]

How TRUE or FALSE is each of the following statements for you.
(Circle One Number on Each Line)
Definitely
True

Mostly
True

Don't
Know

Mostly
False

Definitely
False

33. I seem to get sick a little
easier than other people

[1]

[2]

[3]

[4]

[5]

34. I am as healthy as
anybody I know

[1]

[2]

[3]

[4]

[5]

35. I expect my health to get
worse

[1]

[2]

[3]

[4]

[5]

36. My health is excellent

[1]

[2]

[3]

[4]

[5]
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Appendix Seven
Motivation for Exercise Questionnaire
There are a variety of reasons why people choose to exercise regularly. Please tell us
how true each of these statements are for why you choose to exercise.
Choose a number that most closely matches from the scale below.
1

2

Not at all true

3

4

5

6

Somewhat true

Question
1

Because I would feel bad about myself if I did not.

2

Because others would be angry at me if I did not.

3

Because I enjoy exercising.

4

Because I would feel like a failure if I did not.

5

Because I feel like it’s the best way to help myself.

6

Because people would think I’m a weak person if I did not.

7

Because I feel like I have no choice about exercising; others make me
do it.

8

Because it is a challenge to accomplish my goal.

9

Because I believe exercise helps me to feel better.

7
Very true

Your Answer

10 Because it’s fun.
11 Because I worry that I would get in trouble with others if I did not.
12 Because it feels important to me personally to accomplish this goal.
13 Because I feel guilty if I do not exercise regularly.
14

Because I want others to acknowledge that I am doing what I have been
told I should do.

15 Because it is interesting to see my own improvement.
16 Because feeling healthier is an important value for me.
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Appendix Eight
Included Diagnosis-Related Group Descriptions
DRG
A06B
B69B
B70B
B81A
B81B
C03Z
C15Z
C16Z
E42B
E62B
E63Z
E67B
F04A
F07A
F10B
F11A
F14C
F15B
F41A
F42C
F62B
F65A
F65B
F72A
F73A
F73B
F76A
F76C
G02B
G10A
G46C
G47B
G47C
G48C
G65B
G67A

Description
Ventilation >=96hrs and OR Proc (W/O Tracheostomy or W/O Catastrophic CC)
TIA and Precerebral Occlusion W/O Catastrophic or Severe CC
Stroke & Other Cerebrovascular Disorders W Severe CC
Other Disorders of the Nervous System W Catastrophic or Severe CC
Other Disorders of the Nervous System W/O Catastrophic or Severe CC
Retinal Procedures
Glaucoma and Complex Cataract Procedures
Lens Procedures
Bronchoscopy W/O Catastrophic CC
Respiratory Infections/Inflammations W Severe or Moderate CC
Sleep Apnoea
Respiratory Signs and Symptoms, <2 Days
Cardiac Valve Procs W CPB Pump W/O Invasive Cardiac Inventions W Cat CC
Other Cardiothoracic/Vascular Procedures W CPB Pump W Catastrophic CC
Interventional Coronary Procedures Admitted for AMI W/O Catastrophic CC
Amputation, Except Upper Limb and Toe, for Circulatory Disorders W Catastrophic
CC
Vascular Procs, Except Major Reconstruction, W/O CPB Pump W/O CC
Interventional Coronary Procs, Not Adm for AMI W Stent Implant W/O
Catastrophic/Severe CC
Circulatory Disorders, Adm for AMI W Invasive Cardiac Inventions W Catastrophic
or Severe CC
Circulatory Disorders, Not Adm for AMI W Invasive Cardiac Inventions, Sameday
Heart Failure and Shock W/O Catastrophic CC
Peripheral Vascular Disorders W Catastrophic or Severe CC
Peripheral Vascular Disorders W/O Catastrophic or Severe CC
Unstable Angina W Catastrophic or Severe CC
Syncope and Collapse W Catastrophic or Severe CC
Syncope and Collapse W/O Catastrophic or Severe CC
Arrhythmia, Cardiac Arrest and Conduction Disorders W Catastrophic or Severe CC
Arrhythmia, Cardiac Arrest and Conduction Disorders, Sameday
Major Small and Large Bowel Procedures W/O Catastrophic CC
Hernia Procedures W CC
Complex Endoscopy, Sameday
Gastroscopy W/O Catastrophic CC
Gastroscopy, Sameday
Colonoscopy, Sameday
Gastrointestinal Obstruction W/O Catastrophic or Severe CC
Oesophagitis and Gastroenteritis W Catastrophic or Severe CC
351

G67B
G70B
I03B
I04A
I05B
I20Z
I23Z
I68A
I68B
I69B
I74B
I75A
I77B
J10Z
J63A
J64A
J65A
J65B
L04B
L07A
L41Z
L60A
L63A
L63B
L67A
L67B
M01A
M60B
N09Z
N62Z
T40Z
T60A
T64A
X06A
X60B
X64B
Z01A
Z40Z
Z60Z
Z61A
Z63B
Z64B
960Z

Oesophagitis and Gastroenteritis W/O Catastrophic or Severe CC
Other Digestive System Disorders W/O Catastrophic or Severe CC
Hip Replacement W/O Catastrophic CC
Knee Replacement W Catastrophic or Severe CC
Other Joint Replacement W/O Catastrophic or Severe CC
Other Foot Procedures
Local Excision and Removal of Internal Fixation Devices, Except Hip and Femur
Non-surgical Spinal Disorders W CC
Non-surgical Spinal Disorders W/O CC
Bone Diseases and Arthropathies W/O Catastrophic or Severe CC
Injuries to Forearm, Wrist, Hand and Foot W/O CC
Injuries to Shoulder, Arm, Elbow, Knee, Leg and Ankle W CC
Fractures of Pelvis W/O Catastrophic or Severe CC
Plastic OR Procedures for Skin, Subcutaneous Tissue and Breast Disorders
Non-Malignant Breast Disorders
Cellulitis W Catastrophic or Severe CC
Trauma to Skin, Subcutaneous Tissue and Breast W Catastrophic or Severe CC
Trauma to Skin, Subcutaneous Tissue and Breast W/O Catastrophic or Severe CC
Kidney, Ureter and Major Bladder Procedures for Non-Neoplasm W/O
Catastrophic CC
Other Transurethral Procedures W CC
Cystourethroscopy for Urinary Disorder, Sameday
Kidney Failure W Catastrophic CC
Kidney and Urinary Tract Infections W Catastrophic or Severe CC
Kidney and Urinary Tract Infections W/O Catastrophic or Severe CC
Other Kidney and Urinary Tract Disorders W Catastrophic or Severe CC
Other Kidney and Urinary Tract Disorders W/O Catastrophic or Severe CC
Major Male Pelvic Procedures W Catastrophic or Severe CC
Male Reproductive System Malignancy W/O Catastrophic or Severe CC
Other Vagina, Cervix and Vulva Procedures
Menstrual and Other Female Reproductive System Disorders
Infectious and Parasitic Diseases W Ventilator Support
Septicaemia W Catastrophic CC
Other Infectious and Parasitic Diseases W Catastrophic CC
Other Procedures for Other Injuries W Catastrophic or Severe CC
Other Procedures for Other Injuries W/O Catastrophic or Severe CC
Other Injuries, Poisonings and Toxic Effects W/O Catastrophic or Severe CC
Other Contacts W Health Services W OR Procedures
Other Contacts W Health Services W Endoscopy, Sameday
Rehabilitation
Signs and Symptoms
Other Follow Up After Surgery or Medical Care W/O Catastrophic CC
Other Factors Influencing Health Status, Sameday
Ungroupable

CC = specific complication and/or co-morbidity code, W= with, W/O = without
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Abstract
Objective: Wearable activity trackers can help older adults remain physically active. However, knowledge of the user
experience during long-term use is scarce. Therefore, this study examined older adults’ experiences with, and perceptions
of, wearable activity trackers combined with health professional feedback after a year’s use as part of a randomised
controlled trial.
Methods: Twenty older adults (73.6  5.5 years) who had used a Jawbone UP24 activity tracker for 12 months during a
randomised controlled trial were recruited for this study. All participants had at least one chronic condition. Acceptability
data relating to activity tracker wear time was combined with focus group data to explore participants experiences of longterm activity tracker use. Data was analysed using thematic analysis.
Results: The activity tracker was well-accepted with the device worn on an average of 86% of possible days and participants
reported an overall positive experience. Four themes were identified: (a) increased sense of awareness of activity levels is
related to motivation; (b) the level of engagement with the activity tracker influences the user experience; (c) the role of
feedback from a health professional in providing ongoing support; d) the role of habits in supporting long-term behaviour
change.
Conclusions: The use of an activity tracker combined with health professional support can assist older adults to maintain
their activity levels over 12 months. Consideration should be given to the previous technology experience of users and the
design and accuracy of an activity tracker when recommending their use in a research or clinical setting.
Keywords
Physical activity, wearables, telemedicine, older adults
Submission date: 17 April 2019; Acceptance date: 2 April 2020

Introduction
Regular participation in physical activity plays an
important role in maintaining health and functional
independence into old age.1–3 Paradoxically, however,
physical activity participation tends to decrease with
age, leading to an increased risk of chronic disease,
falling, functional decline and loss of independence.4,5
Traditional structured lifestyle interventions that utilise
group or individual education, telephone counselling
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and behavioural change techniques can be effective at
increasing physical activity levels in older adults.6–8
Unfortunately, physical activity levels tend to decline
once participation in these types of interventions
ceases, resulting in the health benefits being lost.9
Telephone counselling is an established method of providing ongoing support and can assist in the maintenance of physical activity levels for up to 24 months.
Although effective, telephone counselling is both
labour and resource intensive,10 and has not been
widely adopted in clinical practice.11
An effective and, potentially, more cost-effective12
method of delivering ongoing feedback and support is
achieved by utilising a wearable activity tracker.
Wearable activity trackers have been shown to increase
short-term physical activity participation across a
range of populations, including healthy adults, chronic
disease populations and older adults.13–16 Activity
trackers, and their associated mobile applications
(apps), are unique in that they provide users with
real-time feedback about their physical activity participation, including a range of behaviour change techniques (BCTs), and do not require trained health
professionals to deliver it. However, to receive the feedback, users must be able to operate the trackers and
apps, and the feedback provided is generally generic in
nature, which may influence the user’s perceptions and
habitual use of the technology.17 By combining feedback delivered by a health professional with the feedback provided by an activity tracker, participants may
feel more engaged.18
Research has shown that activity trackers are found
to be well-accepted by various populations ranging
from adolescents19 to older adults,20,21 as well as chronic disease and cancer populations.22–24 But to fully
understand whether an activity tracker can support
people, particularly older adults, to be habitually physically active, and to help us best utilise these devices, we
need to fully understand the user’s experiences of activity trackers over long-term use.
Many activity tracker feasibility and acceptability
studies include short follow-up periods of 12 weeks or
less.22,24,25 Longer-term activity tracker use has been
explored in existing users,26 but this does not provide
insight regarding the initial adoption of an activity
tracker. As the main goal of introducing an activity
tracker is to encourage long-term behaviour change,
it is difficult to gauge the true acceptability and perceived useability of an activity tracker when it is only
worn for a short period of time. A longer-term followup allows for investigation into the way an activity
tracker can provide ongoing support and promote positive habits for the long-term adoption of physical
activity. Additionally, the role that a health professional can play in providing additional feedback based on
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the data recorded by the activity tracker has not been
investigated.
Using thematic analysis27 of focus group data in
addition to wear time of the activity tracker, the current study aims to explore older adults’ experiences of a
wearable activity tracker combined with ongoing
health professional support and feedback via text messages to assist them to maintain physical activity levels
following a structured lifestyle intervention. The specific research questions were; (a) did the participants in
the randomised controlled trial (RCT) like using the
activity tracker; and, (b) did the activity tracker combined with health professional feedback, assist participants to achieve their physical activity goals?

Methods
Participants and design
Participants were originally recruited to take part in a
12-month RCT examining the effects of different types
of feedback on physical activity maintenance following
a 12-week structured exercise and lifestyle programme.
The Strength2Strength (S2S) programme was an
accredited exercise physiologist (AEP)-led individually
tailored exercise programme aimed at older adults and
those with chronic conditions. The protocol for the
larger study has been described elsewhere.12 Briefly,
the study compared the use of telephone counselling
(TC), a consumer-based wearable activity tracker
(AT) and usual care (UC) on maintenance of physical
activity levels in older adults. Constructs from social
cognitive theory (SCT)28 were included in both the TC
and activity tracker intervention groups and included
the provision of feedback, self-monitoring and goal setting. To be eligible for the study, participants had to
have been referred to and completed the 12-week S2S
programme. Participants were recruited during the initial S2S assessment and then randomised to one of the
three intervention groups during the final S2S assessment (Figure 1). For the purpose of evaluating the
interventions, data was collected at baseline (end of
S2S) and at three, six and 12-months postintervention commencement. Only the wearable activity tracker group is examined in this study. All intervention groups (including UC) received a home exercise
programme and optional referral to an appropriate
community-based exercise programme at the completion of S2S. The TC group received fortnightly phone
calls for the first 3 months of the intervention from an
AEP and then monthly for the remainder of the intervention. Those in the AT group received a Jawbone
UP24 and a mobile device (Telstra Buzz, ZTE,
China) with the Jawbone UP app downloaded.
Participants also received weekly text message feedback
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Week

3

0

1

12

1

12

26

52

3 month
follow-up

6 month
follow-up

12 month
follow-up

Usual care (n = 42)

Participation
in S2S
exercise
treatment
initiative

Randomisation (Baseline)

Participant recruitment

Telephone counselling (n = 38)

Fortnighrly
telephone
calls

Monthly telephone calls

Physical activity tracker (n = 37)

Daily feedback via UPTM app
Weekly feedback via text message

Outcome measures obtained at these time points

Figure 1. Study design indicating time points for participant recruitment, randomisation, data collection. All intervention groups included
usual care. Note that outcome measures were also obtained at the commencement of Strength2Strength (S2S) but not used in the analysis
of the randomised controlled trial (RCT).

relating to their daily step counts from an AEP. The
study was approved by the Tasmanian Health and
Medical Human Research Ethics Committee
(H0014713). All participants provided written
informed consent for the 12-month intervention, with
additional consent required for participants attending
the focus groups. All individuals who completed the
12-month activity tracker intervention were invited to
take part in the focus groups.

Jawbone UP24 Activity Tracker
The Jawbone UP24 activity tracker and mobile device
(with data plan) was provided to participants randomised to the activity tracker group. The Jawbone UP
app was downloaded to the mobile device, allowing
participants to synchronise and view their daily step
count (Figure 2). Participants were instructed to wear
the activity tracker on their non-dominant wrist. A separate Jawbone account was created for each participant, allowing the AEP to remotely access

participants step data and provide feedback based on
daily step counts. The activity tracker was programmed
to give a vibrotactile alert when the daily step goal was
achieved. The daily step goal was determined based on
the functional capacity and activity level of the participant at time of randomisation. An idle alert was also
programmed to provide participants with a vibrotactile
alert if they had not recorded any steps during a 30minute period. At the time of randomisation, an individual information session was provided to teach the
participant how to use the activity tracker, how to synchronise it with the mobile device and view their daily
steps and how to charge the device. Written instructions were also provided. Participants were asked to
synchronise the activity tracker with the UP app at
the end of each day and to charge the activity tracker
overnight. As there is no display on the Jawbone UP24
activity tracker, participants were required to use the
UP app to view their progress towards their daily step
goal. The UP app provides additional features including insights into length of active or inactive time,
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Figure 2. The Jawbone UP24 activity tracker, an example of the Jawbone UP application (app) user interface showing progress towards
daily step count, and an example text message sent to activity tracker) activity tracker intervention participants.

weekly activity trends and healthy lifestyle hints and
tips. Participants were free to engage with these features as much as they wished. In addition to the feedback provided by the activity tracker and app,
participants received weekly text messages from an
AEP. Text messages contained feedback relating to
average daily step counts, comparison to their daily
step goal and the previous week (Figure 2).
Participants meeting their daily step goal were encouraged to maintain their activity levels, while those who
were not meeting their daily step goal were encouraged
to increase their steps by an achievable amount each
day. Telephone and in-person support were provided
as required. Table 1 shows the feedback provided to
participants throughout the intervention and the related behavioural change constructs. Participants did not
receive any financial incentives for participation in the
study, they were, however, able to keep the activity
tracker at the end of the intervention.

Data collection
Demographic and health data were obtained at the
start of the RCT and included participant age, body
mass index (BMI), diagnosed chronic conditions and
levels of activity. The primary outcome measure of the
RCT was daily steps as measured by an ActivPAL
accelerometer. Acceptability data relating to participants wear time of the Jawbone and any ongoing support provided to the participants was also examined.
Non-wear days were defined as days on which no step

data was recorded.29 The remaining days were considered to be ‘wear days’ and were used to calculate the
percentage of days in which the activity tracker was
worn throughout the 12-month intervention.
Participants were asked to complete a questionnaire
prior to the focus group to obtain information relating
to participants use of technology, any support they
receive to use technology and their level of education
(Supplementary Material Figure 1). Data from the
questionnaire was summed and percentages calculated
for each category.
A total of four focus groups were conducted and
digitally recorded. The number of included participants
ranged from 3–7 participants per group. Focus groups
(mean duration 46.5 min, standard deviation (SD) 8.9
min) were transcribed verbatim, producing 74 pages
(Times New Roman, size 12) of raw transcription
data for further analysis. All focus groups were run
by a researcher (JO) with experience in facilitating
focus groups, who had not previously had any direct
contact with the research participants, to ensure participants felt comfortable expressing their opinions. The
primary researcher (KB) provided the focus group
facilitator with semi-structured questions with prompts
utilised as required. Table 2 contains the guiding questions utilised by the focus group facilitator.

Data analysis
Transcripts were coded and thematically analysed in
NVivo using a qualitative descriptive approach.30
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Table 1. Timing and type of feedback delivered throughout the activity tracker intervention. Text in italics indicate a behaviour change
construct.
Feedback provided to participant

Researcher Tasks

Week 0 (Randomisation)

 Participant provided with activity tracker
 Initial instructions on how to use
activity tracker ad mobile device provided
 Initial step goal established

 Provision of activity tracker and instructions
 Determine appropriate step goal

Weeks 1–52

Daily
 Self-monitoring via UP app
 Feedback from app
Weekly
 Feedback from health professional via text
 Updated goal setting

 Retrieve and consolidate daily step counts
from previous week
 Provide feedback and encouragement via
text message
 Update daily step goal as required

Table 2. Guiding questions utilised during focus groups.
1.

Tell me about your previous experience with technology.

2.

Think back on your experience with the activity tracker – can you describe the experience?
Was the activity tracker easy to use?
If not, what did you find difficult about using the tracker?
What did you like/dislike about the activity tracker?

3.

I’d like to hear more about it you think that activity tracker helped increase your activity levels.
What features helped/didn’t help?
If not a specific feature of the tracker, what was it that motivated you to be more active?
What other features do you think would help to motivate you?

4.

Do you think receiving regular feedback helped keep you on track?
Why did/didn’t this work for you?

5.

What did others think of you using an activity tracker?

6.

Did you continue to use an activity tracker after the study had finished? Why/why not?

7.

Do you have any recommendations for improvement?

8.

Any other comments?

Coding was completed in two stages. During the initial
stage, two researchers (KB and JO) independently
coded the transcripts inductively to ensure that
themes were organically identified without researcher
bias. Stage 2 involved two researchers (KB and JO)
generating a preliminary list of themes which were
then discussed and refined to ensure that all themes
captured those previously coded. The two authors
independently coded the transcripts to ensure all relevant data was captured. Key quotes were then selected
to highlight the identified themes. A list of nodes and
themes identified during Stages 1 and 2 is available in
Supplementary Material Figure 2.

Results
Demographics
A total of 20 of the 28 participants who completed the
activity tracker intervention consented and took part in
the focus groups (females n ¼ 12, males n ¼ 8, age
73.6  5.5 years, BMI 31.4  6.3 kg/m2). Participants
were completing an average of 7098  3384 steps per
day and had a range of diagnosed chronic conditions
including cardiovascular disease, diabetes, osteoarthritis and pulmonary conditions. All participants had at
least one diagnosed chronic condition, with 65%

6
(13 out of 20) participants having two or more diagnosed chronic conditions. Only one participant
reported not using technology. The remaining participants reported using a mix of devices in their day-today lives, with mobile phone use more prevalent than
smartphone use (50% compared to 30%). For participants who reported receiving support, the majority
(55%) relied on friends or family with only one participant reporting that they sought professional help.
Participant demographics are outlined in Table 3.

Activity tracker use and support
Data from the activity tracker reflected that the
Jawbone was worn by participants for an average of
86% of the available days (316 days out of 365). The
number of non-wear days ranged from 1–164 days. The
primary reasons for not wearing the band included forgetting to put the band on (all participants on at least
one occasion), away on holidays (n ¼ 5), damaged/
broken band (n ¼ 9), poor health/hospitalisation
(n ¼ 6) and technical issues requiring researcher support (n ¼ 16). Telephone and in-person support were
provided to participants as required over the 12month intervention. In-person support was provided
on a total of 27 occasions for the following reasons;
Jawbone would not synchronise with mobile device
(n ¼ 15), Jawbone was damaged or stopped working
(n ¼ 10) or the mobile device was damaged or stopped
working (n ¼ 2). A total of 10 activity trackers were
replaced over the 12-month intervention period. In
addition to the provided in-person support, telephone
support was provided on 23 occasions. The primary
reasons for telephone support was that the mobile
device had accidentally been switched onto ‘airplane’
mode or Bluetooth had been switched off.

Acceptability
The high rate of Jawbone use suggests that the
Jawbone activity tracker was well-accepted by older
adults (Jawbone was worn on an average of 86%
(316 out of 365) of possible days). The majority
(80%, n ¼ 16) of participants used words such as
‘encouraged’, ‘good’ and ‘motivating’ to describe the
Jawbone activity tracker, indicating an overall positive
experience for most participants. ‘It was good, yeah it
encouraged you to do it’ (Female, 75 years). ‘I thought
it was good, was fantastic to have it. Since I’ve got
the Jawbone it’s made me get up and do things’
(Male, 63 years).

Thematic analysis
Four themes were identified in the thematic analysis of
the focus groups and included: increased sense of
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awareness of activity levels is related to motivation;
the level of engagement with the activity tracker influences the user experience; the role of feedback from a
health professional in providing ongoing support; and
the role of habits in supporting long term behaviour
change.

Increased sense of awareness of activity levels
is related to motivation
Most participants (85%, n ¼ 17) reported that using the
activity tracker, made them more aware of their physical activity levels and sedentary behaviours. For most
of the participants, this increase in awareness led to
increased motivation.
I think it’s a really good way of knowing what you’re
doing and if you’re doing enough, because if you’re
aware of it and you’re not then you can up it.
(Female, 66 years)
I found that if I didn’t have my steps up, 10,000 a day,
when anybody rang me I never sat down and spoke, I
walked around the house. I just kept walking and I got
the steps up. (Female, 74 years)
No, it’s just as I said, as a reminder all the time, yes.
You’re aware of it because it’s there, but it encourages
you to do a little bit more than you probably would
have before. (Male, 82 years)

However, there was one participant who felt that the
awareness of their activity levels had a negative impact
as it highlighted their reduced capacity.
It started off my health was reasonable, it wasn’t perfect, but it was reasonable, and I could get out and
walk of a day. And then my health deteriorated, and
I can’t walk unless I’ve got somebody with me. And
also, my walking has reduced to very limited, my steps
and everything like that. So I was getting more
depressed about that happening to me because I was
under that pressure to try and do what was asked of
me. So that sort of made me realise more that my ability to walk was reducing. (Female, 73 years)

Despite the negative experience reported by this participant, the same participant made the following
comment;
But at the same time there was – even though it was
negative to me – it was a motivation too. Because otherwise I wouldn’t be cranky that I hadn’t enough steps
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Table 3. Participant baseline demographics.
Mean  SD

Range

Age (years)

73.6  5.5

63.5–82.8

BMI (kg/m2)

31.4  6.3

21.2–43.7

Daily steps

7098  3384

1976–14,452

– Days

316  49

201–364

– Percentage of total time

86%

55–99%

Activity tracker wear

Diagnosed chronic conditions - n (%)
– Cardiovascular disease

13 (65%)

– Diabetes

4 (20%)

– Osteoarthritis/osteoporosis

16 (80%)

– Pulmonary

2 (10%)

Devices regularly useda - n (%)
– Mobile phone

10 (50%)

– Smartphone

6 (30%)

– Tablet

9 (45%)

– e-Reader

4 (20%)

– Laptop/computer

16 (80%)

– None

1 (5%)

Support - n (%)
– Family/friends

11 (55%)

– Professionals

1 (5%)

Highest level of education - n (%)
– Less than year 12

10 (50%)

– Year 12 or equivalent

4 (20%)

– Vocational

2 (10%)

– Associate diploma

2 (10%)

– Undergraduate degree

1 (5%)

– Postgraduate degree

1 (5%)

BMI: body mass index; SD: standard deviation.
a
Regular use refers to devices used at least once a week on an ongoing basis.
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up. Just pushed myself a little bit harder. (Female, 73
years)

The level of engagement with the activity
tracker influences the user experience
The way in which participants engaged with the activity
tracker differed between participants and was influences by the following identified subthemes; (a) previous
experience with technology (b) accuracy of the activity
tracker and (c) and the design of the activity tracker.

Previous experience with technology
Some participants felt more comfortable than others in
exploring the device and associated Jawbone UP app.
Yeah, there was all this other stuff that you could find
out, that was . . . but the actual activity thing, and what
it decided was your sleeping time I found quite fascinating. (Female, 68 years)
There are features of this thing, active time, longest
active time, longest idle time. Longest active time at
the moment is 10 minutes, longest idle is 1 hour,
5 minutes. (Male, 71 years)

Others did not feel comfortable exploring the Jawbone
UP app and therefore did not engage with the additional information that was available to them.
Unless it was there I didn’t touch mine, ‘cause I know if
I touch anything electrical, you’ve gotta call someone
to come and fix it. (Female, 72 years)
Perfectly all right as far as the band was concerned, but
I was always afraid of pressing the wrong button in the
app, or whatever, and occasionally it would go funny.
(Male, 80 years)

Accuracy of the activity tracker

And I would go do my exercise class and they would
make us work so hard, and I would read the thing that
night and it’d be such a limited number of steps for the
amount of effort that I’d put into it. (Female, 73 years)
And I did lose interest when it wasn’t working [band
wouldn’t always record steps on treadmill]. (Female,
74 years)

Design of the activity tracker
In addition to the accuracy of the device, some participants reported not liking the design of the activity
tracker which again caused some frustration.
I found it wasn’t quite robust enough, it would catch
on stuff. I had a couple of panics where it was gone
(Male, 75 years)
Yes, it would catch on things, and towards the end it
was getting quite lose and it was a pain ‘cause I like my
big watch, and it used to get caught underneath it.
Mine pulled off in the garden, a few times. I hauled it
out of the compost bin at least once! (Female, 68 years)

The role of feedback from a health professional
in providing ongoing support
As previously mentioned, the focus group participants
acknowledged an increased level of awareness of their
physical activity behaviours just from wearing the
activity tracker itself. However, they also made repeated references to the support received from the AEP
who set up the activity trackers and sent the weekly
text messages. In addition to the direct support provided by the AEP, participants referred to feeling as
though they were being ‘watched’, which they felt
helped to keep them on track. Some participants also
appeared to feel as though they were letting the AEP
down if they did not keep up their activity levels.
Having the additional support provided by the AEP
appeared to enhance the overall user experience.

Some participants questioned the accuracy of the
device, reporting that not all the activities they did
throughout their day seems to ‘count’ towards their
steps. This influenced their experience with the activity
tracker as it resulted in some frustration that their
efforts were not being recognised.

It was knowing you were connected up to somebody
else. As I said, thinking of someone watching over me,
not mentioning any names. No just thinking how well
she’d done, then to let It go, it’s not fair to the programme and it’s not fair to me either. (Female,
73 years)

I would question it, but I must have done much more
than that much, ‘cause I was on my feet for 6 hours.
(Male, 75 years)

I didn’t want to feel as though I was going backwards. I
had to go back to Katie-Jane (AEP) for another
appraisal, so that’s probably why I kept it up.
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I didn’t want to be going backwards. (Female, 70
years)
I felt it was doing me a whole heap of good, like somebody was always looking over my shoulder and keeping me (on track). (Male, 71 years)
Yeah it was great [the text messages], I looked forward
to every Monday to see what her remarks were. See
whether I’d done good the week before, or you’d
done bad. You know sometimes if I was a bit down,
I’d ring her up and tell her I hadn’t been well the last
couple of days. She’s not pushing anyone to do it, she
always explained to you, it’s up to you how you do it.
(Male, 63 years)
It encouraged me. I don’t know that it kept me on
track, but I was really chuffed when I got a good, oh
well, a very good [report]. (Female, 79 years)
I thought it was great [the text messages]. I mean, yeah
okay I knew when I didn’t do my steps, but it sort of
prompted me – well I’ll do better tomorrow. (Female,
69 years)
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when the swim, whatever they’re doing, but I would
like to be able to, well not force myself, but make
myself do these activities not because I’m wearing a
tracker. Just because it’s the right thing to do, it’s
good more me, it’s health for me. I don’t want good
job, good job, you know? I know it’s good for me, but
to do it without that push now, because I’ve had the
push for 12 months, now I’d just like to do it under my
own steam because it’s good for me. (Female, 66 years)

One participant reported that the activity tracker
helped her to establish some habits that allowed her
to increase her daily physical activity levels.
And if I didn’t get my steps up, when I was in the
bathroom at night I’d do a few steps or a few bits of
exercise. And when I watched tele at night, every time
there was an ad on I’d run up to the bathroom, I’d
clean my teeth that time, go back, watch the next
part of the show. Next ad, I’d go up and put my nightie
on. Next time I kept going back to the bathroom in the
ads, so I kept walking. (Female, 74 years)

Discussion
The role of habits in supporting long-term
behaviour change
Throughout the 12-month intervention, participants
established a number of habits that helped them to
achieve their daily step count. Participants reported
that towards the end of follow-up period, they felt
that they had established some effective habits in relation to their activity levels and no longer felt they
‘needed’ an activity tracker.
I’d think to myself, Oh God, can’t I have a day off
without getting in my face all the time, but really I
know myself, if they hadn’t I’d think oh well, I can
just do what I want and it wasn’t any good for me,
because now, that I haven’t got it [the activity tracker]
I still do it. Also, if I don’t, sometimes I get a pain in
my lower back and I know then it’s because I’ve been
sitting, when it’s been pouring with rain and you can’t
get out. But now, because I know how far I’ve gotta go
every day, I don’t really need a tracker anymore.
(Female, 72 years)
It’s a good way of knowing what you’re doing. But I
wouldn’t wear it like 12 months or two years. I might
wear it for a few months to see how I’m going, and then
I think oh, I’m not doing so good, I’d better walk more
or whatever. But I know trackers, people love them,
they have them on whenever they walk, when they ride,

To our knowledge, this is the first study to look at the
experiences of the Jawbone UP24 activity tracker in
older adults with various chronic conditions during a
12-month RCT. Other studies have examined the use of
activity trackers including the Jawbone UP24 in older
adults, however wear time of device was less than a
week.22 Other trackers have been evaluated in older
adult populations over longer time periods, with experiences evaluated via questionnaire20 or telephone
interviews.31

Acceptability
Similarly to previous research, the use of an activity
tracker was well-accepted by the study participants.22,23,32 Overall, participants reported that the
activity tracker was easy to use and was helpful in
assisting them to increase or maintain their activity
levels. This is supported by the results of the RCT,
which demonstrate an initial increase in daily step
count between baseline and three-months and maintenance of daily steps between baseline and 12-months
(data not yet published). While the current study
required participants to wear the activity tracker for a
12-month period, the median number of days the activity tracker was worn is comparable with previous
research in older adult populations (88% compared
to between 93% and 95%).23,33 Despite having a
wear time of between 4–12 weeks, the comparable
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wear time found in the current study infers that the use
of wearable activity trackers can be sustained over prolonged periods of time. Interestingly this differs from
younger populations, in which wear time can be as little
as 15%.17

Thematic analysis
One of the common themes identified in the current
literature22–24 is an increase in self-awareness resulting
in increased motivation to improve or maintain physical activity behaviours. While this theme was also identified in the current study, we found that the increased
awareness did not necessarily translate to increased
motivation. This was due to one participant reporting
that she found the increased awareness of her reduced
activity levels due to declining health depressing and
discouraging. As a result, the theme included in the
current study links awareness to motivation, however
no direction (increase or decrease) is applied to the
motivation. While this finding has not previously
been reported in older adult populations, negative feelings associated with the pressure of achieving a daily
step target have been reported in adolescent populations.19 It is worth noting that the tailored feedback
provided in this instance did not allay the ongoing difficulties of the participant. As such, exploring the
potential ‘demotivating’ effects of an activity tracker
and what additional support can be provided to
reduce the likelihood of this occurring would be
beneficial.
The level of engagement with the activity tracker has
also previously been identified in the literature.22,24,31 It
is well established that if an individual believes that
technology will improve their life or be easy to use,
they will be more likely to adopt the technology.34
While most participants indicated that they found the
activity tracker easy enough to use, the level of engagement differed between participants depending on several factors. The extent to which the individual felt
comfortable exploring the activity tracker features
varied depending on their previous experience with
technology, a finding which has been previously
reported.22,24,35
Both the perceived accuracy and design concerns have
previously been highlighted in the literature and are not
unique to the Jawbone UP24 activity tracker.22–24,35
While the Jawbone UP24 activity tracker has been validated in older adults,36 wrist worn activity trackers
have been shown to under-estimate steps during
lower-intensity activities.37 Irrespective of the demonstrated accuracy of an activity tracker, if the participant perceives that the activity tracker is not accurate,
it can lead to feelings of frustration and loss of interest
and motivation. Although it is not possible to design an
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activity tracker that suits all individuals, considerations
should be given to the activity tracker design and demonstrated accuracy within specific populations when
using in research or in clinical practice. Furthermore,
it is vital to provide participants with instructions to
suit the individuals level of technology literacy.
Interestingly, despite there being a number of technical
issues with the Jawbone UP24 activity tracker, this was
not highlighted during the focus groups as it has been
in previous research into older adults experiences.24
Participants had access to technical support from the
AEP delivering the intervention, meaning that technical issues such as the band failing or not synchronising
which may discourage participants from using the
band31 were promptly addressed and therefore did
not appear to disrupt the overall experience of the user.
The feedback provided to participants from the
AEP appeared to have a significant effect on the way
in which participants engaged with the activity tracker.
By knowing that there was a ‘real’ person monitoring
their activity levels, participants reported a feeling of
being watched and were therefore potentially externally
motivated to achieve their daily step goal. External
motivation does not generally translate well to longterm behaviour change,38 so further research is
required to determine if this type of health professional/participant relationship is feasible in the long-term.
This theme has not previously been identified in the
literature, most likely as the study designs were
purely focused on evaluating the activity tracker itself
and did not include the level of researcher interaction in
the current study. However, previous research indicates
that participants expressed interest in sharing their
activity tracker data with healthcare professionals.22,39
The formation of habits can help to predict the
adoption of physical activity behaviours,40 with the
integration of daily habits assisting in the long-term
usage of an activity tracker.31 It is therefore positive
to see that participants were able to create habits that
assisted them to achieve their daily step count. Some
participants identified that they no longer felt they
‘needed’ an activity tracker, suggesting a level of intrinsic motivation. Intrinsic motivation is well recognised
as one of the most important aspects of long-term
behaviour change41 and has been highlighted in previous research as an important aspect for the long-term
adoption of activity trackers.35

Strengths and limitations
A key strength of the current study is that included
participants had been wearing the activity tracker for
a 12-month period, therefore reducing the impact of
any novelty effect of wearing the activity tracker.
Included participants had a range of chronic health
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conditions and had varying mobility limitations.
Furthermore, there were no inclusion criteria relating
to previous technology experience, making the findings
more transferable to the general older adult population. The experiences of older adults utilising activity
trackers have been widely explored,42 however the
addition of ongoing feedback from a health professional in addition to the use of activity tracker has not been
investigated. While incorporating the feedback from
the activity tracker and the health professional is a limitation in the sense that it is not possible to separate the
effects of each type of feedback, it is also a strength of
the study. The experience of the participants appears to
be enhanced through the inclusion of health professional feedback and may have contributed to the overall positive experience of participants. Additionally,
using a researcher who had no previous contact with
the participants to run the focus groups encouraged
open and honest discussion about their experiences
with the activity tracker.
There are however several limitations to the current
study. The design of the Jawbone UP24 activity tracker
means that participants were required to view the app
in order to view their step progress. As such, the experience of the activity tracker itself and the app are
intertwined. As most activity trackers are supported
by an app, this is likely to occur across a range of different commercially available activity trackers. While
the Jawbone UP24 is no longer available for purchase,
the themes identified in the current study, including
those relating to the accuracy and design of the
Jawbone UP24 are not unique to this activity tracker,
with similar issues reported in other activity tracker
brands.22 Recommendations for research include the
use of open-ended questions during focus groups, or
potentially exploring the use of multiple methods
than can better capture the integration of qualitative
research with the setting of RCTs.43
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theme relating to the role health professionals play in
providing ongoing support. While this needs to be further explored to determine feasibility, it appears that
combining technology with health professional support
may improve the user experience and level of engagement of participants.
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Conclusion
This is the first study to examine the long-term use of
an activity tracker combined with health professional
feedback in older adults with a range of chronic health
conditions. Although the link between awareness and
motivation has previously been identified, we found
that in some instances, increased awareness may contribute to decreased motivation and may not have the
positive effects previously reported. As such, we recommend that where possible, feedback provided to older
adults via the activity tracker should be individualised
and targeted to accommodate changes in an individual’s health status or functional capacity. A unique feature of the current study was the provision of feedback
by a health professional, resulting in the identified
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Appendix Ten

Strength2Strength Physical Activity Tracker
Focus Group Questionnaire
Please complete the following questions to the best of your knowledge. These questions will
provide us with some background information which will help us to interpret and
understand the information collected during the focus group.
Please circle the most appropriate answer(s).

1. Do you regularly use technology?
If yes, what do you use?
Mobile Phone

Smartphone

Tablet

e-Reader

Laptop

Computer

2. If you do use technology, do any have any support to do so?
Family

Friends

Professionals

Other (please specify) ___________

3. What is your current living situation?
Live alone

with spouse/partner

with children/grandchildren

with friend/s

Other (please specify) _______________________

4. What is your highest level of education?
Less than year 12

Bachelor’s Degree

Year 12 or equivalent

Postgraduate Degree

Vocational qualification

Master’s degree

Associate diploma

Doctorate

Undergraduate diploma
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Appendix Eleven
Results from the Strength2Strength Exercise Treatment program
The results presented below compare outcome measures obtained during the initial and final
assessments of the 12- week Strength2Strength program (S2S) for the 117 participants who
consented to participate in and were subsequently randomised as part of the overarching
randomised controlled trial. Analysis includes all 117 participants as participants were not
randomised until the end of S2S. The 6 participants who were excluded from the RCT due to
a diagnosed neurological condition were not included in this analysis. These results are
presented to provide context of how the S2S program fits within the broader RCT design. Due
to the nature of the government funding associated with the S2S program and ethical
considerations, data for all individuals who completed the S2S program is not available.

Data Analysis
All data were analysed using STATA (Stata, v.13.1, StanCorp, TX, USA) and graphically
represented using GraphPad Prism (version 7.00 for Windows, GraphPad Software, La Jolla
California USA). Comparisons between pre and post S2S were tested using mixed effects
repeated measures linear regression and replicated with ordered logistic regression (based
on a single unit change) adjusted for repeated measures because the assumptions of linear
regression were not met for most of variables. Significance level was set at 0.05.
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Physical activity participation
No significant change in daily step count or sitting time was observed between the initial and
final assessment of the S2S program (p = 0.20 and p = 0.07respectively). A significant increase
in the number of minutes of self-reported physical activity was however observed (MD; 101.7
mins, 95% CI; 38.5 mins to 164.9 mins, p = 0.002).

Body composition and blood pressure
No significant changes in body weight, BMI, body fat percentage or lean mass were observed
during the S2S program (p ≥ 0.23). Additionally, no significant change in either systolic or
diastolic blood pressure was observed (p ≥ 0.57).

Functional capacity
A significant decrease in the time taken to perform a TTSTS and TUAG was observed between
the initial and final assessments for the S2S program (MD; -3.08 sec, 95%CI -4.40 sec to -1.76
sec, p = <0.001 and MD; -0.95, 95% CI; -1.43 sec to -0.47 sec, p = <0.001 respectively). Of the
117 participants included, 59 completed a SMWT and 58 completed a MSWT. A significant
increase in the distance walked during both the SMWT and MSWT was also observed between
the initial and final assessments for the S2S program (MD; 37.4m, 95% CI; 15.9m to 58.8,
p=0.00 and MD; 50.4m, 95% CI; 9.8m to 90.9m, p = 0.01 respectively).
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Self-reported quality of life
A significant improvement in overall quality of life SF-36 scores (MD; 3.8, 95% CI; 0.5 to 7.2, p
= 0.006) as well as significant improvements in physical and mental health scores were
observed between the initial and final assessments of the S2S program (MD; 3.7, 95% CI; 0.3
to 7.2, p=0.032 and MD; 2.7, 95% CI; -0.5 to 5.9, p = 0.030 respectively).

Motivation for exercise
Scores from the SRQ-E relating to external, introjected and identified regulation, intrinsic
motivation and the relative autonomy index did not differ between the initial and final
assessments of the S2S program.

Health Utility
A significant increase in health state utilities were observed during the S2S program (MD;
0.08, 95% CI; 0.04 to 0.12, p = 0.000). A mean difference of 0.08 is double the minimum
clinically important difference.
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Mean ± SD
Physical Activity Participation
Steps per day
Sitting time (min/day)#
Self-reported activity (min/week)
Body Composition
Weight (kg)
2

BMI (kg/m )
Body fat (kg)
Lean Mass (kg)
Blood Pressure
SBP (mmHg)
DBP (mmHg)
Physical Function
TTSTS (sec.)
TUAG (sec.)
6MWT (meters)
MSWT (meters)
Quality of Life
SF-36 physical health summary
SF-36 mental health summary
Health Utility
Utility (mean ± SD)
Utility (Median (IQR))

Pre S2S

Post S2S

p value

6120 ± 2631
1071 ± 126
184 ± 241

6136 ± 2985
1088 ± 118
276 ± 315

0.20
0.07
0.00

84.2 ± 21.4

84.2 ± 21.5

0.92

30.9 ± 7.3
32.9 ± 14.6
49.7 ± 10.1

30.9 ± 7.4
31.8 ± 14.3
48.6 ± 10.3

0.92
0.85
0.23

130 ± 15
77 ± 12

130 ± 17
76 ± 9

0.98
0.57

25.2 ± 8.8
8.4 ± 4.1
333 ± 116
443 ± 159

2.2 ± 7.4
7.5 ± 2.9
357 ± 132
481 ± 163

0.00
0.00
0.00
0.01

51 ± 18
64 ± 18

54 ± 21
67 ± 18

0.03
0.03

0.38 ± 0.21
0.43 (0.22 to 0.53)

0.51 ± 0.24
0.55 (0.37 to 0.70)

0.00

# minutes of sitting and lying per 24-hour period. BMI – body mass index, SBP – systolic blood pressure, DBP,
diastolic blood pressure, TTSTS – ten times sit to stand, TUAG – timed up and go, 6MWT – six minute walk test,
MSWT – modified shuttle walk test, SF-36 – Short-Form 36-Item quality of life questionnaire.

Table 11.1 Summary of S2S program results. Significant p values highlighted in bold.
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