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Abstract
Background: Increasing physical activity (PA) effectively in those who are inactive is challenging. For those who
have subjective memory complaints (SMC) or mild cognitive impairment (MCI) this is a greater challenge necessitating
the need for more engaging and innovative approaches. The primary aim of this trial is to determine whether a homebased 6-month PA intervention with individual goal-setting and peer mentors (GM-PA) can significantly increase PA
levels in insufficiently active older adults at increased risk of developing Alzheimer’s disease (AD).
Methods: Community living 60–80 year olds with SMC or MCI who do not engage in more than 60 min per week of
moderate intensity PA will be recruited from memory clinics and the community via media advertisements to
participate in this randomized, single-blind controlled trial. All participants will receive an individually tailored
home-based PA program of 150 min of moderate intensity walking/week for 6 months. The intervention group
will undertake individual goal-setting and behavioral education workshops with mentor support via telephone
(GM-PA). Those randomized to the control group will have standard education workshops and Physical Activity
Liaison (PAL) contact via telephone (CO-PA).
Increase in PA is the primary outcome, fitness, cognitive, personality, demographic and clinical parameters will be
measured and a health economic analysis performed. A saliva sample will be collected for APOE e4 genotyping.
All participants will have a goal-setting interview to determine their PA goals.
Active volunteers aged 50–85 years will be recruited from the community randomized and trained to provide
peer support as mentors (intervention group) or PALS (control group) for the 6-month intervention. Mentors and
PALS will have PA, exercise self-efficacy and mentoring self-efficacy measured.
Participants in both groups are asked to attend 3 workshops in 6 months. At the first workshop, they will meet
their allocated Mentor or PAL who will deliver their respective programs and support via 6 telephone calls during
the intervention.
(Continued on next page)
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Discussion: If the GM-PA program is successful in increasing the PA levels of the target group it will potentially
provide another strategy and community resource that can be translated into practice.
Trial registration: Australia New Zealand Clinical Trials Registry ACTRN12613001181796. (29/10/2013) retrospectively
registered.
Keywords: Physical activity, Goal-orientated behaviour change, Older adults, Mild cognitive impairment, Peer-mentoring

Background
In 2015, it was estimated that 46.8 million people worldwide were living with dementia and that this will almost
double over the next 20 years [1]. This will impose a significant economic burden on the community. For example, by 2060 in Australia spending on dementia is
predicted to overtake any other health condition [2].
Groups at risk for cognitive decline include older adults
free of dementia but with Subjective Memory Complaints
(SMC) or with Mild Cognitive Impairment (MCI). The
prevalence of MCI and SMC increases with age and we
have previously shown that it affects 10.6% and 46% of
community-dwelling women 70 years and older, respectively [3].
Regular physical activity appears to be one of the
strongest factors to delay or prevent cognitive decline
[4]. For optimal health benefits, older adults need to perform at least 30 min of moderate-intensity aerobic activity on five days each week [5, 6]. However, unfortunately
levels of PA decline with age. For example in Australia
only one in three men and one in five women aged
75 years or over undertake sufficient physical activity [7].
Changing sedentary behavior is difficult, with 50% of
those starting an exercise program giving up by six
months [8, 9]. Groups with health problems face an even
greater challenge than healthy individuals [10]. Few
studies have investigated strategies that change behavior
to initiate the uptake of PA and enhance long-term
maintenance in people with SMC and MCI who have an
increased risk of AD.
Older adults prefer home-based over center-based
physical activity [11]. We have previously shown that a
6-month individualized home-based PA intervention
based on the stages of change and social cognitive
models increases PA and improves the cognitive function of older adults with SMC and MCI in the short and
long-term [12, 13].
In behaviour change research, goal-setting has been
used as a method of intervention as well as a measurement tool to assess the efficacy of interventions. Goalbased approaches have been used successively in frail
older people [14], people with dementia [15], and healthy
older people [16]. The Bangor Goal-Setting Interview
(BGSI) [17] allows researchers to select an area of behaviour that is relevant to a study and provides a structure to

elicit individual goals and standardise the method of rating
the individual’s attainment in relation to the identified
goals.
Mentoring has been used in other activities and settings as well as the PA setting to develop skills and
change behavior [18–20]. For programs to be successful,
older adults need informed advice, and using peer volunteers to deliver programs may improve the translation
of evidence-based PA programs [21]. Peer mentors, that
is, non-professional individuals who have appropriate
training, provide a unique resource to motivate same-age
adults [22]. In a study that compared peer-mentoring with
counselling by young trained professionals in a structured
exercise setting, improvements in perceived physical,
mental and social functioning were observed in the peermentored group but not with younger mentors [18]. A
peer-delivered theory-based advice and support program
reported no difference in moderate and vigorous PA after
16 weeks compared to an intervention similar to that offered in the community but after 18 months follow-up,
the group with the peer-delivered program had significantly greater increases in moderate and vigorous PA [21].
Further, a telephone-based physical activity intervention
delivered by professional staff and peer mentors resulted
in similar improvements in physical activity but the
peer delivered program was shown to have more versatility and comprehensiveness in the quality of intervention content [23].
Thus peer mentoring has the potential to provide a
novel delivery model for PA promotion programs and
the dissemination of PA information in the community.
There are several questions that need investigation. First,
can peer mentors be adequately trained to delivered a
theory based intervention in people at increased risk of
AD; second, can this be effectively delivered by telephone;
third, can peer mentoring be successful in a home-based
setting; fourth, will the program lead to greater PA adherence than programs without peer mentoring; and fifth, is
the program cost effective?
In addition, little is known about the effect of mentoring on the mentor’s self-efficacy to mentor, their own
subsequent PA behavior and well-being. Is the mentoring process beneficial to mentors? Studies on volunteers
and counselling have reported improvements in well-being,
mental health and self-esteem for counsellors [24, 25].
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Furthermore, providing a valued service can lead to an increase in well-being [26]. A novel aspect of this study is that
we will evaluate the mentor’s self-efficacy, skills and PA
behavior.
The primary aim of this randomized controlled trial
(RCT) among insufficiently active older adults at increased risk of developing AD is to determine whether a
6-month home-based physical activity (PA) intervention
with individual goal-setting and peer mentors (GM-PA)
leads to a significantly greater increase in PA compared
to a the same PA program delivered with standard education and peer contact only (CO-PA). We hypothesize
that participants randomized to the GM-PA intervention
with peer mentors will show a significantly greater increase in their PA at the end of the intervention compared to participants randomized to the control group

(CO-PA). A secondary aim is to determine if the GMPA programs leads to better health outcomes compared
to controls. Another secondary aim is to evaluate the
health outcomes of peer volunteers.
The Melbourne Health Human Research Ethics Committee approved the study, the participants gave written
consent to participate and the project complies with the
Declaration of Helsinki.

Methods/design
Study design

This is a single blind RCT, which is based on CONSORT
guidelines (Fig. 1) and includes a health economics analysis. The study has 2 components; (1) the mentoring/
peer contact component; (2) the physical activity
component.

Recruitment of Mentors / Peer Contact volunteer
Baseline Mentors / Peer Contact
Randomisation of Mentors & Peer Contact (PALS)

Recruitment and
Screening of
Participants

Training: Goal
Orientation Mentors

Training: of PALS

Post-Course
Evaluation

Post-Course
Evaluation

Baseline Participants
Assessment

Assignment to
Mentee

Randomisation
WS

WS
WK 8

Goal Orientation
Mentors Telecalls:

WS

Weeks: 2, 6, 10, 14,
18, 22.

WK 16

Physical
Activity
and Goal
Orientation
(GM-PA)

Physical
Activity
and
Control
(CO-PA)

Mentoring
of Goal
Orientation
cohorts

WK 8

WS
WK 16

PALS
Telecalls
Weeks: 2, 6, 10,.14,
18, 22.

WS

WS

6-Month
Assessment

Assignment to
Control
Participant

6-Month
Assessment

Continue
Physical
Activity (no
intervention)

Continue
Physical
Activity (no
intervention)

(new cohorts)

6-Month
Assessment

PALS
Physical
Activity
only
cohorts
(new
cohorts)

12-Month
Assessment*

12-Month Assessment

12-Month
Assessment*

Fig. 1 Study Design showing participant flow for the peer mentoring/PALS and study participants (shaded area). WS = Group Workshop.
*Mentors and PALs having more than 1 participant will have an additional post intervention assessment at the end of their counselling period
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Mentoring and peer contact component

Recruitment of peer volunteers Adults aged 50–
85 years meeting the PA guidelines of at least 150 min/
week of moderate intensity PA [27] will be recruited
from the community via volunteer support groups for
seniors and the media in the Melbourne Metropolitan
area, We have estimated that we will need to recruit up
to 80 peer-age volunteers to provide support for the calculated sample size of study participants. Some peer volunteers may have more than 1 participant over the
course of the study. These volunteers will be screened
over the telephone with those eligible invited to attend a
baseline visit during which written informed consent will
be obtained and assessments completed. After baseline
assessment volunteers will be randomly allocated to be
trained as mentors or peer contacts the latter will be
known as physical activity liaisons or PALS.
Mentor/PALS outcomes Volunteers for the mentoring/
PALS program will attend a baseline visit during which
demographic and lifestyle information will be collected
and assessments made of: height; body composition via
bio impedance using the Tanita Body Composition
Analyzer (Tanita TBF-300, Japan); Body Mass Index (BMI);
physical activity assessed with a 7-day pedometer recording;
the CHAMPS PA questionnaire [28] and the Stages of
Change questionnaire (SOC) [29]; barrier self-efficacy questionnaire (SEQ) [30]; and physical activity specific selfefficacy developed for the INDIGO program (PASSE) using
the approach of Ewart and Taylor (1985) [31] (Table 1).
These assessments will be repeated at 6 and 12 months for
each mentoring/PALS period. Mentoring self-efficacy
(MSE) will be assessed from a questionnaire using the
same approach as the exercise specific self-efficacy

questionnaire [31] but developed around specific mentoring tasks. Both the mentors and PALS will have MSE
assessed prior to the training, post training, at the end
of their mentee’s/participant’s 6-month intervention
period and at 12 months. For mentors or PALS having
more than 1 participant they will have an additional
post intervention assessment at the end of their counselling period.
Mentor and PAL randomization After the Mentor/
PALS baseline visit volunteers will be randomized to be
either a Mentor or PAL using a computer generated list
of random numbers with varying block-sizes of 6,8,10
and 12 using the “ralloc” command implemented in
Stata 12 statistical [32]. The assignment will be concealed and drawn by a person not directly associated
with the conduct of the study.
Mentor and physical activity liaison (PALS) training
A training manual, training courses and resources will
be developed for the mentors and PALS. The content
and conduct of the course, the training manual and the
mentoring/PALS processes will be evaluated. Training
courses will be ongoing for the first 3 years.
Mentor training course We developed, implemented
and evaluated a training program for volunteer older peer
mentors in a previous study [33]. This will be used as the
basis for the INDIGO study. The 8-h course will cover
topics such as roles and responsibilities of the mentor, safe
exercise, communication, giving feedback, developing goal
setting skills, managing the processes of change and advocacy. Mentors will be given some training and skills (the

Table 1 Outcomes and assessment tools for the Mentors and PALs for the INDIGO Study
Assessment Tool

Baseline (0 weeks)

Post-Intervention (24 weeks)

Follow-upa (48 weeks)

Demographic & lifestyle questionnaire

x

x

x

Height, weight, body composition, BMI, girths

x

x

x

Community Healthy Activities Model Program for
Seniors (CHAMPS) questionnaire

x

x

x

7-day pedometer records

x

x

x

Stage of Change questionnaire

x

x

x

Barrier Self-Efficacy questionnaire

x

x

x

Physical activity specific Self-Efficacy questionnaire

x

x

x

Mentoring self-efficacy questionnaire
(pre & post training course)

xx

x

x

NEO Five-Factor Inventory (NEO-FFI):

x
x

x

x

x

Attitudes to Ageing Questionnaire

x

Training course content evaluation questionnaire

x

Process evaluation questionnaire

The X indicates at which point of the trial the respective assessments took place. Follow-up times relate to baseline testing
a
Mentors and PALs having more than 1 participant will have an additional post intervention assessment at the end of their counselling period
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use of questions and reflective listening) to develop a motivational interviewing style of counseling.
PALS training course Volunteers randomized to the
role of PALS will attend a 3-h training course on how to
deliver the standard telephone contact to the CO-PA
group and their reporting responsibilities. They will have
a script to follow and will only ask participants to report
the PA program they have been given. PALS will be directed not to engage the participants in any motivational
talk about their PA.
Allocation of mentors and PALS to participants Mentors and PALS will be assigned to their respective intervention/control participants using a systematic approach
based on sequenced (by identification number) lists of
mentor/PALs as well as intervention/control participants.
Mentor’s Telephone contact protocol Mentors will
meet their participants at the initial group workshop and
arrange mutually convenient telephone contact times
with the roles and responsibilities of each of the parties
discussed. Over the 6-month intervention period, mentors will make 6 calls at 4-week intervals starting at week
2 then weeks 6, 10, 14, 18 and 22. They will ask participants about their program and how they are going,
prompt them to complete and return their PA diaries,
engage them in discussion about their relevant goals,
give feedback and discuss strategies to keep them on
track. There will be a semi-structured script for the
mentors focusing on reflective listening, standardization
of the mentoring content and format and spontaneous
discussion.
PALS telephone contact protocol The PALS will meet
with their participants at a workshop and have the same
telephone call schedule as described above for the Mentors. These calls will differ in that they will only ask the
participants direct questions about their PA program
and what they have done and prompt them to complete
and return their PA diaries.
Mentor and PAL support Support mechanisms for
older volunteers are essential [34]. Both groups will have
a senior support person (member of the research team)
assigned who will be available for consultation when
needed. The senior support person will contact them post
workshops and mid-intervention to ensure they stay “on
message”.
Physical activity component

Participants Insufficiently active (<60 min/week of
moderate or vigorous intensity leisure activity), independentliving older participants with memory concerns but without
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diagnosed dementia will be recruited in the metropolitan
area of Melbourne through wide promotion of the project
via web sites and newsletters, in clinical settings, via seniors
groups and media. The trial will be housed at the National
Ageing Research Institute (NARI). Recruitment will be staggered across the first 2 years. Participants defined as having
subjective memory complaints (SMC) will need to answer
“Yes” to the question “Do you have any difficulty with your
memory” and score in the range of normal control group
scores for their age and sex on the Cognitive Battery of the
Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) [35]. MCI will be defined according to the criteria
of Winblad et al. (2004) [36]: (a) memory complaint, (b) evidence of impairment on objective cognitive tasks (measured
with a score on the CERAD lower than −1.5 SD or more
compared to the norm on any of the CERAD subtest); (c)
preserved basic activities of daily living (ADL) and no or only
minimal impairment in complex instrumental functions
(IADL); (d) does not fulfill DSM-IV criteria for the diagnosis
of dementia [37].
Screening

Volunteers will be screened via telephone by research
staff using a screening protocol which worked well for a
previous study that recruited similar participants [12]. It
will include the Telephone Interview for Cognitive Status – Modified (TICS-M) [38]. Those scoring lower than
19 (out of 50) will be excluded due to the likely presence
of dementia. Likewise, individuals with a Geriatric Depression Scale 15 (GDS-15) [39] score of 6 or higher will
be excluded due to the presence of clinically relevant
symptoms of depression. The Revised Physical Activity
Readiness Questionnaire (PAR-Q) [40] which provides
information regarding a person’s medical history and
any contraindications to exercise will be used to assess
whether the participant is eligible to participate in the
PA intervention. Those passing the telephone screening
will be sent the “Participant Information and Consent
Form” and will be required to agree that the research
team contact their regular doctor to assure that he/she
is happy for the participant to engage in physical activity.
Their primary care doctor will be sent a letter describing
the study and a form to indicate whether or not their patient should participate - once approved the person will
be invited to a baseline visit.
During the screening and the baseline visit participants
will be included if they are: aged 60 years or older; community dwelling; and fulfill the study criteria for SMC or
MCI (described above). Exclusion criteria include: TICSM score < 19 [38]; baseline Mini-Mental State Examination score (MMSE) < 24 [41]; diagnosis of dementia;
GDS-15 score > 6 [39]; unstable or life threatening medical condition; medical condition that contra-indicates
moderate PA; non-sedentary lifestyle (defined as doing
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more than 60 min/week or more of intentional moderate
or higher intensity activity [42]; Body Mass Index
(BMI) > 35; severe visual or hearing impairment; history
of chronic alcohol abuse within the past five years; and
unable to attend the follow-up visits.
Baseline visit

Participants will sign a written consent form at the baseline
assessment. They will also complete a health assessment;
provide demographic health and lifestyle information;
complete a cognitive and clinical battery, a goal-setting
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interview and a physical activity and fitness assessment;
have a pedometer fitted and give a saliva sample for APOE
genotyping (Table 2).
Health assessmenzts

Height will be measured using a fixed stadiometer. Body
weight will be measured and body composition will be
analyzed with bio impedance using the Tanita Body
Composition Analyzer (Tanita TBF-300, Japan). BMI will
be calculated in kg/m2. Three girths measurements will
be taken at the waist and hip using a steel tape (Lufkin,

Table 2 Outcomes and assessment tools for the participants in the INDIGO Study
Assessment Tool

Baseline (0 weeks) Post-Intervention (24 weeks) Follow-up (48 weeks)

Demographic & lifestyle questionnaire

X

X

X

Resting seated blood pressure

X

X

X

Height, weight, body composition, girths

X

X

X

7-day pedometer recording

X

X

X

CHAMPS physical activity questionnaire

X

X

X

Stage of Change questionnaire

X

X

X

Barrier Self-Efficacy questionnaire

X

X

X

Physical Activity Specific Self-Efficacy questionnaire

X

X

X

Balance Step test

X

X

X

Sit-to-stand test

X

X

X

Grip strength test

X

X

X

Timed Up and Go test

X

X

X

Six-minute walk test

X

X

X

X

X

Physical activity adherence (monthly diaries)
Bangor Goal-Setting Interview (BGSI)
Modified for INDIGO

X

X

X

Standardized Mini-Mental State Examination (SMME)

X

X

X

Consortium to establish a Registry for Alzheimer’s disease battery (CERAD)

X

X

X

Alzheimer’s disease Assessment Scale 13 – Cognitive section (ADAS-cog 13) X

X

X

Clinical Dementia Rating Scale (CDR)

X

X

X

Delis-Kaplan Executive Function System (D-KEFS)

X

X

X

Behaviour Rating Inventory of Executive Function – Adult Version (BRIEF-A)

X

X

X

Stroop Task

X

X

X

Digit Symbol Coding

X

X

X

Digit Span (forward and backwards):

X

X

X

Cambridge Contextual Reading Test (CCRT)

X

X

X

Memory Complaint Questionnaire (MAC-Q)

X

X

X

Hospital Anxiety and Depression Scale (HADS)

X

X

X

Short Form-36 version 2 (SF-36v2)

X

X

X

NEO Five-Factor Inventory (NEO-FFI):

X

Attitudes to Ageing Questionnaire

X

X

X

DNA sample collection

X

Health Economics questionnaire

X

Physical Activity Program Evaluation questionnaire

X

X

X

X

The X indicates at which point of the trial the respective assessments took place. Follow-up times relate to baseline testing
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W606 PM Cooper industries SC, USA) and the median
measure determined. Resting blood pressure will be measured while sitting after 5 min rest with an automatic
blood pressure monitor (A&D UA-767PC (A&D Medical,
Thebarton, Australia) 5 times at 2-min intervals. Participants will also be asked to keep a record of illness,
medications, injury and any falls.
Cognitive and clinical assessment

The cognitive and clinical battery will comprise wellvalidated psychometric and neuropsychological tests, including tasks sensitive to the presence of mild cognitive
impairment and cognitive decline. It will be administered by a trained research assistant at baseline, 6 and
12 months. The research assistant will be blinded to the
participant’s group allocation.
Standardized mini-mental state examination (SMMSE)
The Mini-Mental State Examination (SMMSE) is a short,
commonly used screening instrument of global cognitive
function (orientation, attention, memory, language and
praxis) with scores ranging from 0 to 30 [41]. The standardized MMSE (SMMSE) [43] applies standardized administration and scoring procedures to the MMSE to
improve reliability, and will be used in this study to exclude
participants with more severe cognitive impairment and to
monitor the cognitive change follow-up.
The Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) The neuropsychological assessment
battery from the CERAD [35] is sensitive to early cognitive impairment. The individual tests are: verbal fluency,
Boston Naming Test, MMSE, word list and constructional praxis. It will be used to help determine whether
participants have MCI at baseline.
Alzheimer’s Disease assessment scale 13 – Cognitive
section (ADAS-cog 13) The ADAS-cog [44] widely
used to monitor the progression of cognitive deficits in
clinical trials consists of a 13-item cognitive battery of
short neuropsychological tests. Delayed word recall and
number cancellation have been added to the 11-item
ADAS-Cog in an effort to boost sensitivity for detecting
early cognitive change.
Clinical dementia rating scale (CDR) The CDR is a
widely used clinical staging instrument for dementia,
useful for globally staging the level of impairment:
0 = No impairment, 0.5, 1, 2, and 3 indicate Very Mild,
Mild, Moderate and Severe Dementia, based on a semistructured interview [45].
Behavior rating inventory of executive function – Adult
version (BRIEF-A) The BRIEF-A is a standardized
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measure that captures views of an adult’s executive functions or self-regulation in his or her everyday environment [46]. The BRIEF-A is composed of 75 self-report
items within nine non-overlapping theoretically and empirically derived clinical scales that measure various aspects of executive functioning. These scales include
abilities to inhibit, self-monitor, plan/organize, shift, initiate, task monitor, emotional control, working memory,
and organization of materials. The BRIEF-A can be completed by a participant outside the testing environment.
Short form 36 version 2 (SF-36v2) The SF-36v2 [47] is
a widely used health status questionnaire comprising 36
items which are organized into 8 subscales (Physical
Functioning, Role Physical, Bodily Pain, General Health,
Vitality, Social Functioning, Role Emotion and Mental
Health) from which the Physical and Mental component
scales are derived.
Memory complaint questionnaire (MAC-Q) The
MAC-Q is a six-item scale of self-reported memory decline in which participants compare current memory
ability with past performance for given situations [48].
Scores range from 7 to 35 with higher scores considered
to reflect perceived cognitive decline.
Hospital anxiety and depression scale (HADS) The
HADS is a 14-item self-rating instrument designed to
assess the presence and severity of anxiety and depressive
symptoms in medical patients within hospital out-patient,
primary-care, and community settings for all age groups
[49]. The scale consists of separate seven-item subscales
for depression and anxiety.
Delis-Kaplan executive function system (D-KEFS) verbal fluency The D-KEFS verbal fluency task assesses
the participant’s ability to produce verbal responses in
accordance with set rules in the time period of 1-min
[50]. Letter fluency taps into task initiation, simultaneous processing, systematic retrieval of responses and
processing speed. Category fluency requires the same
skills as letter fluency, but uses an over learned semantic
category as the singular rule (verbal administration only).
Stroop task This test measures cognitive flexibility,
gauged by the participant’s effectiveness in processing stimuli as task demands increase over 3 successive trials [51].
Digit symbol coding This subtest of the Wechsler
Adult Intelligence Scale (3rd edition) (WAIS–III) [52]
measures attention, visual scanning, working memory
and speed of information processing.
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Digit span (forward and backwards) This WAIS–III
subtest [52] will be used to measure attention and working memory.
Cambridge contextual reading test (CCRT) The CCRT
[53] sets the National Adult Reading Test (NART) words
within semantic and syntactic context, and provides a
predicted measure of verbal intelligence.
NEO five-factor inventory (NEO-FFI) This is a 60-item
version of the NEO-personality inventory (version 3) that
provides a quick, reliable, and accurate measure of the five
domains of personality (Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness) [54].
Attitudes to ageing questionnaire This is a 24-item
cross-cultural attitudes to ageing questionnaire which
asks about psychological growth, psychosocial loss and
physical changes [55].
Physical activity assessment

Physical activity measurement 7-Day Pedometer Recording: Pedometers will be used to provide an objective
measure of PA. Change in steps per day is the primary
outcome measure of this study. Participants will be provided with a pedometer (Yamax CW-700/701 Digiwalker, Yamax Co., Japan), and asked to keep to their
usual activities and to wear it for five weekdays and the
weekend, during the week following the baseline visit.
Participants will be instructed on how and when to wear
the device, how to record their steps and how much
time they spent sitting each day in a 7-day diary. Any
time the pedometer is not worn will be recorded and all
activities done during this time recorded. The pedometer
and diary are posted back to the research team after the
measurement period. This measurement will be repeated
at follow-up visits.
Physical activity questionnaires CHAMPS physical activity questionnaire for older adults: This PA questionnaire, designed for older adults, collects information on
various PA, their frequency and duration [28].
Stage of Change Instrument (SOC): The participant’s
current stage of PA behavior will be assessed using the
SOC [29]. Amount and frequency per week of moderate
and vigorous intensity leisure activity will be recorded
and used as a measure of moderate and vigorous physical activity (MVPA).
Self-efficacy Questionnaires: PA self-efficacy under adverse events (SEQ) will be assessed with a 5-item questionnaire [30]. Program specific PA self-efficacy (PASSE) will
be measured using the approach of Ewart and Taylor
(1985) [31] where participants rate on a scale of 0–
100% their confidence to complete a specific PA task.
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Functional fitness assessment

Functional fitness will be assessed with a battery of tests
briefly outlined below and previously described [56, 57].
Grip strength: Measured on both hands with a Smedleys hand dynamometer [58].
Step Test: This test assesses dynamic balance. The participant will step one foot on then off a 7.5 cm high step
as many times as possible in 15 s without using hand
support [59].
Sit-to-Stand Test: A test of functional lower limb
strength. The participant is seated in a standard chair
and stands up and down 5 times as quickly as possible
while being timed [60].
Timed Up and Go Test (TUG): TUG assesses agility
and leg strength. The participant is timed whilst standing up from a standard chair, walking three meters and
then returning to sit again in the chair [61].
6-min Walk Test: The participant walks as far as possible around a standardized course in 6 min to assess
cardiovascular fitness [62]. Heart rate is recorded every
minute, peak heart rate determined (Polar FS3c Heart
Rate Monitor, Polar Electro Oy, Kempele, Finland) and
rate of perceived exertion (RPE) measured at the end of
the test [63].
Goal identification interview

The Bangor Goal-Setting Interview (BGSI) was developed by Clare & Nelis (2012) [17] to identify goals for
goal oriented programs for behavior change in PA and
cognitive activity and was based on the Canadian Occupational Performance Measure (COPM) [64]. The interview was adapted for use in the INDIGO study to
specifically focus on goals for physical activity. The BGSI
will be used to identify PA goals and as an outcome
measure of performance and level of satisfaction with
current performance. Participants will be asked to discuss the four areas of physical health (PH), physical activity (PA), physical function (PF) and every day function
(EDF) and identify any issues that might form the basis
of goals. They will rate the importance of and readiness
to change in the 2 areas of PF and PA on a scale of 1–
10. They will be asked to identify 3–5 goals in the
area of PF (e.g., strength, agility, fitness etc.) and PA
(type, frequency, duration etc.). The participant will
rate the performance and satisfaction for each goal on
a scale of 1–10. These goals will be assessed again at
the follow-up visits. The use of this new interview will
enable us to focus the goal orientation around PA as a
motivation for increasing PA in this population.
Apolipoprotein (APOE) genotyping

As we and others have shown that the APOE genotype
can interact with PA outcomes [12, 65] the APOE genotype will be adjusted for in the final analysis. A saliva
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sample for DNA will be collected at baseline using a
Oragene DNA Self-Collection kit (Oragene DNA (OG-500)
DNA Genotek Inc., Ontario, Canada). Determination of
APOE genotype will be performed centrally at the Biochemistry Department at Royal Perth Hospital, Western
Australia, using the method of Hixon and Vrernier
(1990) [66]. All samples will be batched and processed
once the final baseline assessment has been completed.
Follow-up assessments

Participants will be contacted 6 and 12 months after
baseline. All the cognitive and physical assessments from
baseline will be repeated except for the collection of
saliva for APOE.
Program and process evaluation

After 6 and 12 months, participants will be asked to
complete questionnaires to give feedback on the program.
All participants will receive feedback on their results after
their 12 months assessment.
Randomization and blinding of participants

After the baseline visit participants will be randomised
to a goal setting and mentoring intervention group
(GM-PA) or control group (CO-PA) according to a list
of computer-generated random numbers in varying block
sizes using the “ralloc” user-written command implemented in Stata 12 statistical software [32]. This will be
done by an investigator not involved with the data collection or intervention and concealed from the study
personnel. The research assistants responsible for the cognitive and clinical assessment will be blinded to treatment
allocation (single blind). Participants in the intervention
group and the control group will have the same number
of face-to-face and telephone contacts. The RCT will be a
6 month intervention followed by a further 6-months of
continued PA but without further structured encouragement. We have selected this timeframe as we have previously demonstrated that cognitive and health benefits
from this level of PA are evident after 6 months [12, 67].
Follow-up after a further 6 months will allow us to examine long term effects of the intervention.
The physical activity intervention

Given that PA has been found to be beneficial [12] and
that everyone should be encouraged to engage in regular
PA both groups (GM-PA, CO-PA) will receive the same
PA program, an additional 150 min of moderate intensity PA/week. The program is progressive in duration
and intensity taking 8 weeks to reach moderate intensity
(55–65% heart rate reserve) for each individual. Participants will be asked to complete the PA as 3 × 50-min
sessions a week or 5 × 30-min sessions a week. Intensity
will be monitored using the Borg Perceived Rate of
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Exertion scale (RPE 10–12) [63]. They will be encouraged to (although not limited to) complete this as walking to maximise the opportunities for each person to be
able to participate within their physical ability, at no financial cost and to reach the target of moderate
intensity.
Participants will receive a manual including the same
information about progressive walking, water walking,
swimming and cycling programs and exercise safety [13].
The PA program will be outlined by a trained facilitator
as part of a baseline workshop. They will explain the
activities, their frequency, intensity and how to record
details in standardised PA diaries. PA diaries will be
returned monthly in prepaid envelopes. Participants
will receive a report on their PA and fitness at 6 months.
They will be asked to continue PA for another 6 months
without any contact.
PA adherence

Adherence to the prescribed PA will be assessed from
self-reported PA diaries: type, frequency, duration and
intensity of the PA will be determined from these records. Adherence will be calculated as the number of
minutes of moderate activity completed relative to the
prescribed 150 min/week expressed as a percentage.
Goal orientation intervention group (GM-PA)

The objective of Goal Orientation program (GO) is to
the enhance PA self-efficacy and increase PA. It will be
developed from 2 sources. The first is a behavioural
intervention package which we previously developed
based on the Stages of Change Model and Bandura’s
Social Cognitive theory [68]. The package matched to
the PA stage of change of the participant focused on
the development of self-efficacy using amongst other
strategies identification of PA goals and setting short
and long-term goals. This approach will be modified to
focus on goal orientation and the goal setting techniques
described below. Secondly, the goal orientation approach
developed by Clare and colleagues [15, 69, 70] and used to
improve everyday functioning in early stage AD will be
modified for participants with SMC and MCI and used as
the basis for the proposed GO intervention. This program
will incorporate individual goal identification, goal setting
and the development of strategies, practical aids and action plans for goal attainment. The participant’s 5 individual goals will be identified at baseline using the PA and PF
information from the BGSI. Participants will be asked to
select 3 personal goals from these areas. Examples of these
goals could include: increasing PA; getting fitter; improving strength, mobility or balance; or feeling better. These
3 goals will be operationalised and worked on during the
intervention period and will be the focus of the GO
program.
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Participants will receive a resource manual the content
of which will be delivered via workshops facilitated by
trained research staff and supported by the mentoring
program.
Control group (CO-PA)

In addition to the PA program participants in this group
will receive a standard education program including
healthy ageing, dealing with stress and depression and
enjoying retirement delivered via a resource manual and
workshops. They will also receive the standard telephone
contact support (described above) during which the volunteer peer-contact (PAL) will follow a script and record
progress but not give any feedback or motivational
advice.
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incremental cost-effectiveness ratios in terms of net
costs per unit of health gain. Net costs will comprise the
costs of GM-PA minus costs saved from the reduction
in downstream health services utilization. Health gains
will be measured in a variety of ways. Years of life gained
and quality-adjusted life years (QALYs) gained will be estimated, both enabled by the collection of time-to-outcome
data and quality of life data, as described above. All health
economic analyses will be undertaken in accordance with
recommended approaches, such as 5% discounting of estimated future costs and health gains. To account for any
uncertainty in the data inputs for health economic modeling, sensitivity and uncertainty analyses will be undertaken
via Monte Carlo simulation [75].
Statistical analysis

Workshop content and delivery

In the first 6 months 3 group-workshops will be conducted for both groups. The first will have a duration of
two hours: the first hour will be the same for both
groups outlining the PA program, safety, the use of the
educational materials, how to record the frequency and
intensity of their PA, and the workshop and telephone
call schedules and will include a walk session. The GMPA second hour will focus on identifying specific PA
goals, operational goals and strategies that will be
employed to attain these goals. For CO-PA the content
will be a general health/education topic. The remaining
workshops will be of 1-h duration at 8-weekly intervals.
GM-PA workshop topics will include: setting SMART
goals; evaluating progress; feedback; getting the most
out of mentoring; identifying barriers to goal attainment;
developing practical aids to overcome specific barriers;
reassessment of goals; identification of effective and ineffective strategies and review of the action plan. Participants will be asked to work on the goals, utilise
strategies and implement the action plan individually as
well as with their mentor in between the workshop sessions. These strategies meet the recommendations for
best practice for the maintenance of PA in the long-term
[71]. Workshop topics for the CO-PA group include;
healthy ageing, stress anxiety and depression, and enjoying retirement. The workshops for the two groups will
be held at different times to avoid contamination between the two groups.
Health economic analysis

Health economic modeling will be employed to estimate
the potential cost-effectiveness of GM-PA. Decision analysis [72] will be used to compare the downstream consequences of GM-PA versus CO-PA. The incorporation
of Markov [73] and life-tabling [74] techniques will allow
for the modelling of outcomes beyond the 12-month
duration of the study. The main output of interest is

Participants who withdraw during the trial will be invited to return for the follow-up assessments to allow
for an intention-to-treat analysis (primary analysis).
Sample size calculation

The primary outcome will be the change in PA at
follow-up as measured by the pedometer in steps/day.
We have shown that a mean difference of 1200 steps between experimental and control groups would have clinical implications [12]. A study sample size of 53 per
group was estimated to give 80% power at α = 0.05 to
detect a difference of 1200 steps/day between the groups.
Given our previous experience with PA interventions in
sedentary older adults we have accounted for a potential
25% attrition rate and also adjusted for the intra-class correlation generated by having one mentor with more than
one participant. We calculated the inflation factor 1 + r
(c-1), in which, on average, each mentor will have 2 participants (c), and we have assumed an intraclass correlation
of 0.15 (r), which is considered of medium size with an estimate of 76 participants per group. For the secondary
outcome, quality of life this size sample will also allow us
to detect a mean difference between groups of 4.5 standardized units, as measured by the SF-36. We also estimate that this would detect an improvement of 20% in the
mentoring self-efficacy scale in mentors with 80% of
power at α = 0.05.
Data analysis

Continuous variables with normal distribution will be described using means and standard deviations; median and
inter-quartile range will be used for those without a normal distribution. Categorical variables will be described
using frequency tables. The efficacy of the intervention
will be primarily assessed with an intention-to-treat (ITT)
analysis at the end of the intervention with secondary analysis for the 12-month time point. This effect will be tested
as the interaction between the allocation group
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(intervention and control) and time, on the primary and
secondary outcomes. We will apply multilevel regression
models (mixed models) with baseline value of each outcome included in the model as a covariate. In a complementary analysis, we will apply imputation by chained
equations to perform an ITT analysis of primary and secondary outcome measures. Alpha will be set at 5% and all
statistical tests reported will be two-tailed.

Discussion
If this study is able to demonstrate that a PA program
utilising individual goal-setting and peer mentors leads
to a significantly greater increase in PA compared to a
the same PA program with standard education and peer
contact it will provide evidence that the use of peer
mentors to promote the uptake and maintenance of PA
in previously insufficiently active older adults at risk of
Alzheimer’s disease is both effective and acceptable. Further, it will support the use of the BGSI as both a measurement tool and intervention strategy. Our modified
version of the BGSI with a focus on physical activity behavior used in this study will also provide information
on the feasibility of its use in a home-based setting with
individuals with SMC or MCI who may have additional
challenges in initiating the uptake of PA and maintaining
the change in PA behavior in the long-term. In addition
to the usual barriers to initiating or reaching recommendations for PA for older adults this target group may
also experience difficulty in articulating goals, organizing
priorities, planning, remembering and carrying out action plans. The structure of the interview around the 4
areas of physical health, physical activity, physical function and every day function with more detailed attention
to specific areas of physical activity, physical function
and the processes involved as well the reinforcement
and support of the mentors on a regular basis will potentially provide a potent strategy for behavior change.
We will also be able to determine whether this change
in PA behavior has an effect on other physical, health
and cognitive measures. These findings would be highly
significant as it has been estimated that 13% of all cases
of Alzheimer’s disease are potentially attributable to physical inactivity and that a 10–25% reduction of physical inactivity would prevent between 380,000 to 1 million AD
cases worldwide [76]. Currently there are no effective
pharmacological strategies to reduce the risk of cognitive
decline and AD, resulting in an increasing call to focus on
reducing modifiable risk factors such as midlife hypertension, diabetes mellitus, midlife obesity, depression,
smoking, cognitive and physical inactivity. It has been
estimated that worldwide about one-third of the AD
cases might be attributable to potentially modifiable
risk factors [77]. The authors also proposed that with a
10% reduction in each of these risk factors per decade
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by 2050 there would be a reduction in the prevalence
of AD by an estimated 8.3%. Targeted, effective and
economically viable PA education and intervention
strategies will be needed to achieve these reductions.
The current intervention has the potential to be such a
program.
Attrition rates for PA interventions in older adults of
up to 12 months have ranged from 27% to 50% with
most of the attrition occurring in the first 3 months
[78]. In a 16-week group-based peer mentor delivered
PA intervention 17% attrition was reported at 16 weeks
but at 18 months this had increased to 62% [21]. This
study demonstrated a significant increase in moderate to
vigorous intensity increase in the peer- delivered compared to the community program after 18 months.
Our study differs from these earlier studies using peer
mentors in that it is home-based, has peer support via
telephone and employs a PA focused individualized
goal-setting measurement tool and behavior change
program. Effective strategies for increasing the PA
levels of older adults or indeed preventing the increase
in sedentary behavior by active older adults [79] that
are cost effective and able to be translated into the
community are long overdue [21]. Potentially using
the resources within the community that are already
health or PA focused such as physically active peer
mentors is an attractive approach that will improve
the cost effectiveness and make this intervention more
translatable into community or clinical settings.
To our knowledge this is the first trial to investigate
the effects of a goal-orientated home-based PA program
with peer mentoring on PA levels in previously inactive
older adults with SMC or MCI. Should the main hypothesis be confirmed, we will contribute new knowledge on
how to successfully motivate insufficiently active individuals at increased risk of AD to increase their PA. Further
this study has been designed to provide training and resources for peer mentors as well as a ready tool for the
measurement of PA goals and the implementation of a
PA and goal-setting program that could be translated
into the community. If the GM-PA program is successful
in increasing the PA levels of this target group this program delivered via peer mentors has the potential to
provide a cost effective strategy and community resource
that can be readily translated into practice.
Abbreviations
ACTR: Australia New Zealand Clinical Trials Registry ACTR; AD: Alzheimer’s
disease; ADAS-cog 13: Alzheimer’s Disease Assessment Scale 13 – cognitive
section; ADL: Activities of Daily Living; APOE: Apolipoprotein E Genotyping;
BGSI: Bangor Goal-Setting Interview; BMI: Body Mass Index BMI;
BRIEF-A: Behavior Rating Inventory of Executive Function – Adult Version;
CCRT: Cambridge Contextual Reading Test; CDR: Clinical Dementia Rating
Scale; CERAD: Consortium to Establish a Registry for Alzheimer’s Disease;
CHAMPS: Community Healthy Activities Model Program for Seniors;
CONSORT: Consolidated Standards of reporting trials; CO-PA: control
counselling and physical activity program; COPM: Canadian Occupational

Cox et al. BMC Geriatrics (2017) 17:215

Performance Measure; D-KEFS: Delis-Kaplan Executive Function System verbal fluency; DNA: Deoxyribonucleic Acid; DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders-IV; EDF: Every Day Function;
GDS-15: Geriatric Depression Scale-15; GM-PA: individual goal-setting and
peer mentors physical activity program; GO: Goal Orientation; HADS: Hospital
Anxiety and Depression Scale; IADL: Instrumental Activities of Daily Living;
INDIGO: Individual Goal-setting study; ITT: Intention -To-Treat;
MAC-Q: Memory Complaint Questionnaire; MCI: or mild cognitive
impairment; MMSE: Mini-Mental State Examination; MSE: Mentoring selfefficacy MSE; MVPA: Moderate and Vigorous Physical Activity; NARI: National
Ageing Research Institute; NART: National Adult Reading Test; NEO-FFI: NEO
Five-Factor Inventory; PA: physical activity; PAL: Physical Activity Liaison;
PAR-Q: Physical Activity Readiness Questionnaire; PASSE: Physical Activity
Specific Self-Efficacy questionnaire; PF: Physical Function; PH: Physical Health;
RCT: Randomized Controlled Trial; RPE: Rate of Perceived Exertion; SEQ: barrier
Self-Efficacy questionnaire; SF-36v2: Short Form 36 Version 2 SF-36v2;
SMC: subjective memory complaints; SMMSE: Standardized Mini-Mental State
Examination; SOC: Stages of Change questionnaire; TICS-M: Telephone Interview
for Cognitive Status – Modified; TUG: Timed Up and Go Test; WAIS–III: Wechsler
Adult Intelligence Scale (3rd edition)
Acknowledgements
We are most grateful to all volunteers and participants taking part in the study
and to our research staff, Dr. Anita Goh, Ellen Gaffy, Jenny Southam and
Stephanie Perin for their contributions to the coordination, data collection and
conduct of the study.
Funding
This trial is supported by a project grant from the Australian National Health
and Medical Research Council (1045530) to NL, KC, CB, KE, EC, HA, LC, DL, DA,
LF, OPA and DL. The funding body has had no role in the design of the study
or collection, analysis, or interpretation of data or in writing the manuscript.
Availability of data and materials
Not applicable.
Authors’ contributions
All authors are members of the INDIGO research team and participated in
the implementation of the study. KC developed the physical activity
program and the mentor training program and drafted the manuscript. The
goal-setting program was based on the work of LC. NL, KC, CB, KE, EC, HA,
LC, DL, DA, LF, OPA and DL conceived of the study, participated in its design
and coordination, contributed to critical review of the manuscript. They will
have access to the final dataset. HA developed the randomization and
statistical analysis protocol and DL the health economic analysis. All authors
read and approved the final manuscript.
Ethics approval and consent to participate
The Melbourne Health Human Research Ethics Committee approved the
study, the participants gave written consent to participate and the project
complies with the Declaration of Helsinki. (Project Number MH:2013.020).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
School of Medicine, University of Western Australia, Perth, Australia.
2
National Ageing Research Institute, Melbourne, Australia. 3Royal District
Nursing Service (RDNS) Institute, Melbourne, Australia. 4Academic Unit for
Psychiatry of Old Age, Department of Psychiatry, The University of
Melbourne, Melbourne, Australia. 5Western Australian Centre for Health and
Ageing, Centre for Medical Research, University of Western Australia, Perth,
Australia. 6Curtin University, Perth, Australia. 7Centre for Research in Ageing
and Cognitive Health, Exeter University, Exeter, UK. 8School of Public Health

Page 12 of 14

and Preventive Medicine, Monash University, Melbourne, Australia. 9School of
Psychiatry and Neurosciences University of Western Australia, Perth, Australia.
10
Melbourne Health, Melbourne, Australia. 11North Western Mental Health,
Melbourne Health, Melbourne, Australia.
Received: 15 March 2017 Accepted: 8 September 2017

References
1. Alzheimer’s Disease International. World Alzheimer Report 2015. The Global
Impact of Dementia. An analysis of the prevalence, incidence, costs and
trends. London: Alzheimer’s Disease International; 2015.
2. Access Economics. Keeping dementia front of mind: incidence and
prevalence. Canberra, 2009.
3. Lautenschlager NT, Flicker L, Vasikaran S, et al. Subjective memory
complaints with and without objective memory impairment. Am J Geriatr
Psychiatry. 2005;13(8):731–4.
4. Thierry P. Preventive effects of regular physical exercise against cognitive
decline and the risk of dementia with age advancement. Sports Medicine –
Open. 2015;1:20.
5. Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public health in
older adults: recommendation from the American College of Sports Medicine
and the American Heart Association. Med Sci Sports Exerc. 2007;39(8):1435–45.
6. Sims J, Hill K, Hunt S. Physical activity recommendations for older Australians.
Australas J Ageing. 2009;28:139–43.
7. Australian Bureau of Statistics 2013. 4364.0.55.004 - Australian Health Survey:
Physical Activity, 2011–12.
8. Dishman R. The problem of exercise adherence: fighting sloth in nations
with market economies. Quest. 2001;53(3):279–94.
9. Ecclestone NA, Meyers AM, Paterson DH. Tracking older participants of
twelve physical activity classes over a three-year period. J Aging Physical
activity. 1998;6(1):70–82.
10. Forkan R, Pumper B, Smyth N, Wirkkala H, Ciol MA, Shumway-Cook A.
Exercise adherence following physical therapy intervention in older adults
with impaired balance. Phys Ther. 2006;86:401–10.
11. Ashworth NL, Chad KE, Harrison EL et al. Home versus center based physical
activity programs in older adults. Cochrane Database Syst Rev 2005, Issue 1.
Art.No.:CD004017.doi:10.1002/14651858.CD004017.pub2.
12. Lautenschlager NT, Cox KL, Flicker L, et al. Effects of physical activity on
cognitive function in older adults at risk for Alzheimer’s disease. JAMA.
2008;300(9):1027–37.
13. Cox Kay L. Flicker Leon, Almeida Osvaldo P., Xiao Jianguo, Greenop
Kathryn R., Hendriks Jacqueline, Phillips Michael, Lautenschlager Nicola T.
The FABS trial: a randomized control trial of the effects of a 6-month
physical activity intervention on adherence and long-term physical
activity and self-efficacy in older adults with memory complaints. Prev Med.
2013;57:824–30.
14. Rockwood K, Howlett S, Stadnyk K, Carver D, Powell C, Stolee P.
Responsiveness of goal attainment scaling in a randomized controlled trial
of comprehensive geriatric assessment. J Clin Epidemiol. 2003;56:736–43.
15. Clare L, Linden DEJ, Woods RT, Whitaker R, Evans SJ, Parkinson CH, van
Paasschen J, Nelis SM, Hoare Z, Yuen KSL, RUGG MD. Goal-oriented
cognitive rehabilitation for people with early-stage Alzheimer’s disease: a
single-blind randomized controlled trial of clinical efficacy. Am J Geriatr
Psychiatry. 2010;18:928–39. doi:10.1097/JGP.0b013e3181d5792a.
16. Clare L, Nelis SM, Jones IR, Hindle JV, Thom JM, Nixon JA, et al. The Agewell
trial: a pilot randomised controlled trial of a behaviour change intervention
to promote healthy ageing and reduce risk of dementia in later life. BMC
Psychiatry. 2015;15(1):25. doi:10.1186/s12888-015-0402-4.
17. Clare L, Hindle JV, Jones IR, Thom JM, Nelis SM, Hounsome B, Whitaker CJ.
The AgeWell study of behaviour change to promote health and well-being
in later life: study protocol for a randomized controlled trial. Trials. 2012;13(115)
doi:10.1186/1745-6215-13-115.
18. Dorgo S, Robinson KM, Bader J. The effectiveness of peer-mentored older
adult fitness program on perceived physical, mental and social function. J
Am Academy of Nurse Practitioners. 2009;1:116–22.
19. Coull AJ, Taylor VH, Elton R, Murdoch PS, Hargreaves AD. A randomized
controlled trial of senior lay health mentoring in older people with
ischemic heart disease: The Braveheart Project. Age and Aging.
2004;May;10:1–7.

Cox et al. BMC Geriatrics (2017) 17:215

20. Peel NM, Warburton J. Using seniors as peer educators: what is the evidence of
effectiveness in falls prevention? Australian Journal on Ageing. 2009;28(1):7–11.
21. Buman MP, Giacobbi PR Jr, Dzierzewski JM, Morgan AA, McCrae CS, Roberts BL,
Marsiske M. Peer Volunteers Improve Long-Term Maintenance of Physical
Activity With Older Adults: A Randomized Controlled Trial. J Phys Act Health.
2011; September;8(Suppl 2):S257–66.
22. Medvene L. Self –help groups, peer helping and social comparison. In S
Spacapan & S Oskamp (Eds) Helping and being helped: Naturalistic studies,
Newbury Park CA: Sage Publications. 1992:p49–81.
23. Castro CM, Pruitt L, Buman MP, King AC. Older adults peer mentors to
promote physical activity: results of the TEAM randomized controlled
clinical trial. Health Psychol. 2011;30(3):285–94.
24. Garcia YE, Metha A, Perfect MC. McWhirter JJ. A senior peer counseling
program: evaluation of training and benefits to counselors. Educ Gerontol,
1997;23:329–344.
25. Black W, Livin R. Volunteerism as an occupation and its relationship to
health and wellbeing. Br J Occup Therapy, 2004; 67(12).
26. Warburton J. Volunteering in later life: is it good for your health? Voluntary
Action. 2006;8:3–15.
27. World Health Organization. Global recommendations on physical activity for
health. WHO, 2010.
28. Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS
physical activity questionnaire for older adults: outcomes for interventions.
Med Sci Sports Exerc. 2001;33:1126–41.
29. Marcus BH, Banspach SW, Lefebvre RC, Rossi JS, Carleton RA, Abrams DB.
Using the stages of change model to increase the adoption of physical
activity among community participants. Am J Health Promot 1992(a),6:424–429.
30. Marcus BH, Selby VC, Niaura RS, Rossi JS: Self-efficacy and the stages of
exercise behavior change. Res Q Exerc Sport 1992(b), 63:60–66.
31. Ewart C, Taylor C. The effects of early postmyocardial infarction exercise
testing on subsequent quality of life. Quality of Life and Cardiovascular Care.
1985;1:162–75.
32. Ryan P 2000. Random allocation of treatments balanced in blocks: update.
Stata Technical Bulletin 54: 49-53).
33. Stewart A. Self-determination theory in motivation to adopt Physical activity
in older adults: a community based approach. PhD thesis. Edith Cowan
University, Faculty of Computing, Health, and Science; 2009.
34. Schneider EC, Altpeter M, Whitelaw N. Innovative approach for building
health promotion program capacity: a generic volunteer training curriculum.
Gerontologist. 2007;47:398–403.
35. Welsh KA, et al. The consortium to establish a registry for Alzheimer’s
disease (CERAD). Part V. A normative study of the neuropsychological
battery Neurology. 1994;44:609–14.
36. Winblad B, Palmer K, Kivipelto M, et al. Mild cognitive impairment-beyond
controversies, towards a consensus: report of the international working
group on mild cognitive impairment. J Intern Med. 2004;256:240–6.
37. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, 4th edn., text revised. Washington, DC; 2000.
38. Lines CR, McCarroll KA, Lipton RB, Block GA. Telephone screening for
amnestic mild cognitive impairment. Neurology. 2003;60(2):261–6.
39. Yesavage J, et al. Development and validation of a geriatric depression
screening scale: a preliminary report. J Psychiatr Res. 1983;17:37–49.
40. Cardinal BJ, Cardinal MK. Screening efficiency of the revised physical activity
readiness questionnaire in older adults. J Aging Phys Act. 1995;3:299–308.
41. Folstein MF. Folstein SE, & McHugh PR 'Mini-mental state': a practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.
42. Cox KL, Burke V, Beilin LJ, Grove JR, Blanksby BA, Puddey IB. Blood pressure
rise with swimming versus walking in older women: the sedentary women
exercise adherence trial 2 - SWEAT2. J Hypertens. 2006;24:307–14.
43. Molloy DW, Alemayehu E, Roberts R. Reliability of a standardized minimental state examination compared with the traditional mini-mental state
examination. Am J Psychiatr. 1991;14:102–5.
44. Rosen WG, Mohs RC, Davis KL. A new rating scale for Alzheimer's disease.
Am J Psychiatr. 1984;11:1356–64.
45. Morris J. The CDR: current version and scoring rules. Neurology.
1993;43(11):2412–3.
46. Rabin LA, Roth RM, Isquith PK, Wishart HA, Nutter-Upham KE, Pare N, et al.
(2006). Self- and informant reports of executive function on the BRIEF-A in
MCI and older adults with cognitive complaints. Arch Clin Neuropsychol.
2006;21:721–32.

Page 13 of 14

47. Hawthorn G, Osborne RH, Taylor A, et al. The SF36 version 2: critical
analyses of population weights, scoring algorithms and population norms.
Qual Life Res. 2007;16:661–73.
48. Crook TH, Feher EP, Larrabee JL. Assessment of memory complaint in ageassociated memory impairment: the MAC-Q. Int Psychogeriatr. 1992;4(2):165–76.
49. Zigmond AS. & Snaith, RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361–70.
50. Delis DC, Kaplan E, Kramer JH. The delis-Kaplan executive function system
(D-KEFS). San Antonio TX: Psychological Corporation; 2001.
51. Strauss E. Sherman & Spreen O. Compendium of neuropsychological tests:
administration, norms, and commentary (3rd edn). New York: Oxford
University Press; 2006.
52. Wechsler D. Wechsler Adult Intelligence Scale, 3rd Edn (WAIS-III). San
Antonio, TX: Psychological Corporation; 1997.
53. Beardsall L, Huppert FA. Improvement in NART word reading in demented
and normal older persons using the Cambridge contextual reading test. J
Clin Exp Neuropsychol. 1994;16(2):232–42.
54. Costa PT Jr, McCrae RR. The NEO-PI/NEO-FFI manual supplement. Odessa,
FL: Psychological Assessment Resources; 1989.
55. Laidlaw, K., Power, M.J., Schmidt s., & the WHOQOL-OLD Group. The
attitudes to ageing questionnaire (AAQ): development and psychometric
properties. International Journal of Geriatric Psychiatry, 2007; 22:367–379.
56. Cyarto EV, Cox KL, Almeida OP, Flicker L, Ames A, Byrne G, Hill KD, Beer CD,
LoGiudice D, Appadurai K, Irish M, Renehan E, Lautenschlager NT. The
fitness for the ageing brain study II (FABSII): protocol for a randomized
controlled clinical trial evaluating the effect of physical activity on cognitive
function in patients with Alzheimer's disease. Trials. 2010;11:120.
57. Cyarto EV, Lautenschlager NT, Desmond PM, Ames D, Szoeke C, Salvado O,
Sharman MJ, Ellis Kathryn A, Phal PM, Masters CM, Rowe CC, Martins Ralph
N, Cox KL. Protocol for a randomized controlled trial evaluating the effect of
physical activity on delaying the progression of white matter changes on
MRI in older adults with memory complaints and mild cognitive
impairment: The AIBL Active trial. BMC Psychiatry. 2012;12:167.
58. Gore CJ & Edwards DA: Australian fitness norms: a manual for fitness
assessors: the health development foundation; 1992.
59. Hill K, Bernhardt J, McGann A, et al. A new test of dynamic standing
balance for stroke patients: reliability, validity, and comparison with healthy
elderly. Physiother Can. 1996;48:257–62.
60. McCarthy EK, Horvat MA, Holtsberg PA, Wisenbaker JM. Repeated chair
stands as a measure of lower limb strength in sexagenarian women. J
Gerontol A Biol Sci Med Sci. 2004;59(11):1207–12.
61. Podsiadlo D, Richardson S. The timed "up and go": a test of basic functional
mobility for frail elderly persons. JAGS. 1991;39:142–8.
62. Rikli RE &Jones CJ. The reliability and validity of a 6-minute walk test as a measure
of physical endurance in older adults. J Aging Phys Activ 1998;6:363–375.
63. Borg GAV. Psychological bases of physical exertion. Med Sci Sports Exec.
1982;14:377–81.
64. Law M, Baptiste S, Carswell A, McColl MA, Polatajko H, Pollock N. The
Canadian occupational performance measure. 4th ed. Ottawa, ON: CAOT
Publications ACE; 2005.
65. Obisesan TO, Umar N, Paluvoi N, Gillum RF. Association of leisure-time
physical activity with cognition by apolipoprotein-E-genotype in persons
aged 60 years and over: the National Health and nutrition examination
survey (NHANES-III). Clin Interven in Ageing. 2012;7:35–43.
66. Hixon JE, Vrenier DT. Restriction isotyping of human apoliporpotein E by
gene amplification and cleavage with Hhal. J Lipid Res. 1990;31:545–8.
67. Cox KL, Burke V, Beilin LJ, Puddey IB. A comparison of the effects of
swimming and walking on body weight, fat distribution, lipids, glucose and
insulin in older women - the sedentary women exercise adherence trial
(S.W.E.A.T. 2). Metabolism Clinical and Experimental. 2010;59:1562–73.
68. Cox KL, Burke V, Gorely TJ, Beilin LJ, Puddey IB. Determinants of retention
and adherence in a stage-matched exercise intervention in women aged
40–65 years: The S.W.E.A.T. Study (The Sedentary Womens’ Exercise
Adherence Trial). Prev Med. 2003;36:17–29.
69. Clare L. Neuropsychological rehabilitation and people with dementia. Hove,
United Kingdom: Psychology Press; 2008.
70. Clare L, Evans S, Parkinson C, Woods R. Goal-setting in cognitive rehabilitation
for people with early-stage Alzheimer’s disease. Clin Gerontol. 2011;34:220–36.
71. Cress ME, Buchner DM, Prohaska T, Rimmer J, Brown M, Macera C, DePietro L,
Chodzko-Zajko W. Best practices for physical activity programs and behavior
counseling in older adult populations. Eur Rev Aging Phys Act. 2006;3:34–42.

Cox et al. BMC Geriatrics (2017) 17:215

Page 14 of 14

72. Lilford RJ, Pauker SG, Braunholtz DA, Chard J. Decision analysis and the
implementation of research findings. BMJ. 1998 Aug 8;317(7155):405–9.
73. Briggs A, Sculpher M. An introduction to Markov modelling for economic
evaluation. PharmacoEconomics. 1998 Apr;13(4):397–409.
74. Wesley D. Life table analysis. J Insur Med. 1998;30(4):247–54.
75. Briggs AH. Handling uncertainty in cost-effectiveness models. PharmacoEconomics.
2000 May;17(5):479–500.
76. Barnes DE, Yaffe K. The projected effect of risk factor reduction on
Alzheimer’s disease prevalence. Lancet Neurol. 2011;10:819–28.
77. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer’s disease:an analysis of population-based data.
Lancet Neurol. 2014;13:788–94.
78. Jancey J, Lee A, Howat P, Clarke A, Wang K, Shilton T. Reducing attrition in
physical activity programs for older adults. J Aging Phys Act. 2007;15:152–65.
79. Martinson BC, Sherwood NE, Crain AL, Hayes MG, King AC, Pronk NP,
O’Connor PJ. Maintaining physical activity among older adults:24-month
outcomes of the Keep Active Minnesota randomized controlled trial. Prev
Med. 2010;51:37–44.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

