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Abstract

Problem: Only 13% of older adultsreachthe Canadian Physical Activity Guidelines
(CPAG) aerobicactivity recommendationsWalking cadence (steps per minutes) a
strategy proposed to increase walkinghatintengy recommended by the CPAG.
Methods: Inactive older adult§N = 51) wereinstructedto walk 150 minutes per week at
no specified intensityduring phasel (6 weeks) In phase2 (6 weeks) duration was
maintainedbut the groupone (N = 23) receiwed instructions on how to reach moderate
intensity using a pedometeand individualizedwvalking cadencewhile grouptwo (N =
22) did not.

Results During phase 1, MVPA time antVPA in 10-minute bouts increaseg O
0.05) and in phase g@rouponecontinued to increase MVPA time atithe in MVPA in
10-minute bout{p O 0 , whiile Jhegrouptwo significanty decreasgé(pO 0. 0 1)
Discussion Previously inactive older adults can improve time in MVPA inniGute
bouts as recommended by the CPAY, usingprescribed walking cadencapedometer

to trackmoderate intensity, and practicinglking atthis cadence
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Abbreviations

ACSM1i American College of Sports Medicine
BMI 1 body mass index

BPM1 beats per minute

CEPI Certified Exercise Specialist

CPAGT Canadian Physical Activity Guidelines
CRFT cardiorespiratory fitness

CSEPI Canadian Society for Exercise Physiology
HR' heart rate

HR maxi maximum heart rate

HRR heart rate reserve

MET i metabolic equivalent of tasks

MVPA i moderate to vigorous physical activity
RERT respiratory exchange ratio

RPET rate of perceived exgéon

VO, volume of oxygen

VO, maxi maximum oxygen consumption
VO, peaki peak oxygen consumption

VO,R 1 volume of oxygen reserve

WHO1 World HealthOrganization
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CHAPTER 1: INTRODUCTION

Multiple chronic conditionssuch ascardiovasculardisease, diabetes, certain cancers,
hypertensionand simplyoverall health are negatively impacted by physical inact\ity

2]. The World Health OrganizatiolWWHO) recognizephysicalinactivity asthe fourth
leading causef death[3]. Although many older adults are aware of the health benefits
related to physical activity, theyilsfail to exercise regularly. This statement is supported
by the mat recentnational data, using objective measures of physical activityich
shows that only 13% of older adults are reaching the Canadian PhysicaltyActivi
Guidelines (CPAG]J4]. The primary goal of the CPAG for older adults is to improwe
maintain their physical capacity [5]. Having the physical capacity to fely and
independently carry out daily living activities, known as functional fitness, or physical
capacity[6], allows individuals to maintain their independenég and has aositive
impact on healthcare system cd&k The CPAG outline the mount of physical activity
required to optimize physical capacity, and therefore increasing the likelihood of
maintaining functional independence. The most recent recommendation for aerobic
activity is to cumulate a minimum of 150 minutes per week of naideto vigorous
intensity aerobic physical activity in bouts of 10 minutemore[9].

In order to consciouslyachieve the recommendation for aerobic activity, the
knowledge of how to identify exercise intensity is required. This seems to be an important
problem for many Canadians, including older adults, because they report themselves as
being active, but very ¥ are successfullyeaching the CPAG10]. In fact, kasedon
selfreported analysis, 65% of older adults in Canada would rdeciCPAG[11, 12]

when really only 3% are achieving itwhen based on an objea measurd4]. In



addition, nany older adults overestimate the amioaf physical activity they do arate
unable to accurately identify exercise inten$it@], potentially leading to the observed
differene between selfeported and objectively measured physical activity levels in the
literature Although the CPAGareone of the most popular documedtsynloadedrom
the Health Canadavebsite[10], only one older adult out of sevdmows the specific
recommendationsuch as time, intensity or mode of exercise recommefiigd One
way to help older adults to consciously reap the benefits of meeting the CPAG is to be
made awaref the information, understand how to achieve the recommendations, and
increase their ability to identify exercise intensity.

Older adults are a stdroup of the population that need particular attention because
they represent the lowest proportion ofiinduals being regularly activigl]. In addition,
this subgroup could benefit enormously from any increase in time spent in moderate to
vigorous intensity; not only physiologically, but alsocially [15], and psychologically
[16-19]. As age increasethere ae higheroccurrence of low cardiorespiratory fitness
(CRF), low functional capacity and increased chronic conditiof0]. These factors
impact health care costs because older adults use the health care system more frequently
than younger adult®1]. Fortunately, reaching the CPASy accumulatindl50 minutes
of moderate intensity aerobphysical activity per weekan help reduethe impact of
aging. It is also known that its feasible for older adults to reach moderate to vigorous
intensity as the average time spent at this intensity was about 119 minuteseqiefor
older men, and 84 minutes per week for older women in the last national evaluation of
physical activity level§4]. However, even if the total time spent at moderate to vigorous
intensity is reaching a minimum of 79% and 56% of the weekly recommendatioren

and women respectively, the challenge seems to be to maintain that intenisaytof



10 minutes or moréAs mentioned earliemost older adults6(i 79 years of agegre not
reaching the CPAG witlonly 13.7% of men and 12.6% of womeachieving the
minimum requirementsof 150 minutesof moderate to vigorous intensitgerobic
activities in 18minute bouts per wedH].

Walking cadence is usually measured as the number of steps taken per minute and
can be used to identify intensity when walking. Moatigs to date have determined that
the general public recommendation for walking cadence to reach moderate intensity in
adults aged 55 or lower is 100 steps per mif22e25]. Studies done more recently with
older adults show that cadences higher than 100 steps per minute are commonly chosen
as a comfortable walking cadence in clinical sett{2§s28], suggesting that older adults
are able to ehieve the cadence necessary to reach moderate intensity or that they need
more steps per minute to achieve moderate intensity. Although it has been found that
older adults can walk at cadend@00 steps per minute and achieve moderate intensity
[26-28], TudorLocke et al[28] recently reported, based on accelerometer wear for one
week, this cadence was only achieved for an average of eight minutes per day, and this
was mostly done in bouts shorter than 10 minutes. Since walkiing ismbst common
form of exercisdor older adultd29], it is imperative to deterime how fast they need to
walk in order to reach moderate intensity, and identify strategies to teach them how to
walk at that cadence and hopefully reach the CPAG in order to gain optimal health and
functional benefits.

Currently, we are aware of onlwo studies that have aimed to increase time spent
doing moderate to vigorous intensity while using a pedonjéter30] The study done
by Bouchard et al[13] did not result in significant increases in time nroderate to

vigorous physical activity(MVPA), but did provide positive information about the



pedometer being an appropriate tool for older aditatshall et al.[30] also used a
pedometer as the intervention tool aiodind that among three groups with different
interventions (seikelected pace, 10,000 steps per day, or 100 stepmipete), the
group that was prescribed a walking cadence (i.e., 100 steps /minute) had the greatest
increase in moderate to vigorous time spent imili@ute bouts. This study is encouraging
in trying to identify a strategy to help older adults know hast fto walk, but also to
encourage a duration of at least 10 minutes to have them reach the CPAG and obtain the
optimal health and functional benefits. However, the literature is suggesting that cadences
greater than 100 steps per minotight be more desableolder adultd26, 27]

The proposedstudy will implement a l&veek walking intervention where
participants will be randomly assigneddgmup one or group twat week six. Fifty older
adults O 65 years) who seffeport doing less then 150 minutes of physical activity per
week will be recruited for this study. In order to be eligible they had to be willing to use
walking as their primary form of exercise, able to walk without assistance, agditabl
the 12 consecutive weeks and able to come to the University of Manitoba ¥isit$0
during this time.After collecting one week of baseline data for participants with the
pedometer and accelerometer, those who were surpassing the A ®xcludedrom
the study.The aim for the first six weeks of the study is to have all participants gradually
increase the time thegpend walking, and during the last six weeks both groups will be
directed to continue accumulating this walking time at a moderatgdoous intensity in
bouts of 10 minutes or more, but the intervention group will also be receiving an
individualized cadence (steps per minute) to inform them how fast they need to walk in
order to reach moderate intensity. All participants will be mgaa pedometer for the

entire duration of the study, but at week pirticipants in group two will have their



pedometers locked shut so that they cannot receive any visual feedback, while
participants ingroup one will be shown how the pedometer can hdipm achieve the
appropriate walking cadence as it is able to display time spé&fivPA and the number

of 10-minute bouts accumulated moderate to vigorous intensigach day based on
walking [31].

The information gathered in this study could lead to a novel way to help older
adults increase their time in MVPA in 4finute luts and their total time in MVPA,
helping them to potentially reach the CPAG. The main objectives of this study are to have
all participants increase total time in MVPA andrhihute bouts in MVPA from baseline
to week six (phase 1), and most importatlgee an increase in the intervention group in
10-minute bouts of MVPA and total MVPA based on using the pedometer and
individualized cadence prescription, from week six to twelve (phaséh2)hypothess
that accompany the main objectiges that all paticipants will see an increase in total
MVPA and 10minute bouts of MVPA from baseline toeek six (phase 1), and that
grouponewill see a significant increase in -bdinute bouts of MVPA and total MVPA
based on using the pedometer and individualizednzadprescription, from week six to

twelve (phase 2), argroup twowill not.

Defining Terms

Physical Activity

Physical activity is body movement that is produced by the skeletal muscles which causes
an increase in energy expendit@&2]. There are many different levels physical
activity but according to the CPAG, in order to be adequately aerobically physically

active, adults need to partake in at least 150 minutes of moderate to vigorous intensity



aerobic activity in bouts of 10 minutes or longer each WeeR3]. The prpose of these
guidelines is to provide information on the minimum amount of physical activity required

in order to gain optimal physical capacity and independence in older Eg8]}lts

Physicallylnactive

It is important to distinguish the difference between being physically inactive and being
sedentary. Physicahactivity is defined & participatingin less then 150minutes of
aerobic MVPA per week which directly reflects the CPA@, 33], while sedentary
activity canbe defined by activities done in a rested state such as sleeping, sitting, and
watching televisionand the metabolic equivalent of these tasks (MET) is equal to about

1-1.5 METs [34].

Older Adults
There are different cygoints to determine what is defines an older adult. In Canada,
when it comes to physical activity level, older adults are usually classified as being 65

years of age or oldgin accordancavith the CPAG9, 33]

Certified ExercisePhysiologist(CEP)

A CEPis the highest Canadiaertificationin the health and fitness industry. A feygar
University degree in the field of exercise science is the starting requirement, and once
certified these individuals are able to work with a dangortion of the population
including healthy individuals, and those witfedical conditions, functional limitations or
disabilities. These specialistare certified through the Canadian Society for Exerci

Physiology(CSEP)[35].

AerobicModerate Intensity

Moderate intensity is the minimum intensity recommended by many international and



national agencies in order to optimize health and functional benefits when achieving
regular aerobic physical activif9, 33, 36, 37] The CSEP defines moderate intensity as
breathing a bit harder and sweating a littleg®jt Brisk walking is used as an example for

a moderate intensity activit)9]. Exercise intensity can be nsemed both subg@ively

(e.g., rate of perceivedertion scale), and objectively (e.g., heart rate). There are many
different methods that can be used to evaluate exercise intensity, but according to the
American College of Sports Medicine (ACSM), the most accurate waaltulate an
individual 6s moderate intensity is by wusin

considering baseline values, commonly called,¥&3erve (VGR) [38].

Oxygen Consumption (V&

Oxygen consumption is the volume of oxygen a person is able to consume while
performing a task. Maximal oxygen consumption @#fax) is the product of cardiac
output, which is how muchlood the heart pumps in a minute, and arteriovenous oxygen
difference, which is the difference i, @etween arterial and venous blood at exhaustion
[39]. Maximal oxygen consumption is an objective way to assess cardiorespiratory
endurance anfunctional aerobic capacitj40] by measuring the rate at which oxygen
can be transported during aerobic actijdst]. The most accurate measure of oxygen
consumption is done through gas analysis during the completion of a maximal CRF test
[40], but it can als be predicted without using gas analysis and relying on equations and
a submaximal CRF test$40]. Oxygen consumptionan be represented as either an
absolute or relative value. Absoll®,is measured in L/min and does not factor in body
size, therefore these values cannot be used for comparison among individuals of different

body weighff40]. RelativeVO,is more commonly used as tligsmeasured in mL/min/kg



accounting for differences in body weidgh0].

Walking Cadence

Walking cadence is defined as the number of steps taken in a fixed period of time (e.qg.,
minute). Walking cadence has been suggested as a method to identify walking intensity,
and the recommendation for adults is to reach at least 100 steps per minuteritoo
achieve moderate intensif22-25]. In older adults, preliminary research suggests that
older adults are capable of reaching a cadence higher than 100 steps per minute which
result in them reaching moderate intensi{26-28], however no specified

reconmendation for older adults exists.



CHAPTER 2: REVIEW OF LITERATURE

Prevalence of physical inactivity

Physical inactivity has become a growing concern in North Amdgg&¢a Common
methods of transportation and communication, while providing convenience, have
contributed to increasing inactivif¢#2]. Physical inactivity has been recognized as the
fourth leading cause of dedtB], and according to data from Statistics Canada only about
15% of Canadian adults are etig the new physical activity guidelines, and that
proportion is even lower in older adulf43]. In addition to not meeting the CPAG,
almost half of Canadians (47%) cumulate less than 30 minutes of MVPA per week, and
the average time that Canadian adults spend in a sedentary sjatesiteéng) while
awake is 9.7 hours per di).

Physical inactivity has a negative impact on many different chronic conditions and
on overall healt1]. It can lead to an increased risk of heart disease, diabetes, and
different types of cancdB], and it contributes tpoor CRFwhich is linked to mortality
[44-48]. Aging is associated withoor balance and less muscle strength, leading to an
increased risk for fall§49, 50] therefore reducing the chances of regular physical
activity. There is a linear relationship between health status and volume of ex&igjse
therefore any increase in physical activity isasated with health improvemerj#il],
but the main focus of the current CPAG are on reaching moderate to vigorous intensity
for different reasons. It has been proven that higher intensity activities elicit greater health
benefits including greater increases in CJBE54] and increases in functional capacity
[55]. Although research supports that vigorous or high intensity activity has the greatest

effect on increasing CRP54], this intensity can be intimidating, and it has been shown
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that moderate intensity activity is better tolerated, especially in older adults or obese
population[56]. Moderate intensity is a preferable recommendation as this intensity has a
lower chance of injury when compared to higher intensities for older g&iltsand
moderate intensity has beatentified as the preferred exercise intensity for older adults

compared to vigorous intensity8].

Barriers to physical activity
There are a variety of barriers that people face when it comes to getting or staying active.
Having the knowledge of barriers that people face prior to engagement in physical
activity is ideal in order to help them overcome these barriers and more sultgessf
adhere to a physically active lifestyle. One barrier that many older adults face is believing
that they already get enough physical activity in their daily I[86&$ by overestimating
the amount of physical activity they dd]. They also struggle to properly identify
exercise intensityf13], which may help explain why only 13% of older adults are
reaching the CPAG when objectively measuf#dand why they tend to overestimate
their physical activity levels. Another possible reason for the small percentage of older
adults reaching the CPAG could be based on the evidence that many are not aware of the
CPAG[14]. In 2011 Plotnikéf et al.[14] found that only 27% of Canadians were aware
of the CPAG, and only 16% knew the specific recommendations. Without knowledge of
the specific recommendations of the CPAG and knowing what types of activity can
achieve the intensity required by the CPAG, it is no ssepthat so many older
Canadians are not achieving the CPAG.

Weather has also been shown as a barrier to being physically active and reaching

the optimal intensity. For example, it has been reported that warm temperatures affect
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walking pace[27] and many studies have found that weather has been reported as a
perceived barrier to phystactivity[60-63]. Tu et al.[63] found in a population of older
women, that nomttendance to group fitness svassociated with multiple weather factors
including temperatures above °3elsius, windchill below minus 8 Celsius, overcast
skies, and snowfall. In a systematic review by Tucker €i6dl, 73% of the reviewed
articles reported weather having a sigrficimpact on physical activity participation.

As summarized by Humpel et 465], many studies have shown that access to
nearby walkng paths or accessible facilities, otherwise known as the walkability of a
neighborhood, is associated with the likelihood of being physically a¢@g@es9].
Increased walkability of neighborhoods decreases the use of vehicles for transportation
and increases the number of people walking or biking for transportgt@n The
association between a walkable environment is not only associated with walking more for
transportation71], but also with more total physical activity time when compared to
suburban neighborhood designs which aesighated as being less walkapl®, 73]

This relatonship also carries over to health outcomes because many studies have shown
that there is an increased chance of being overweight or obese when living in a less
walkable neighborhoof¥1, 7477].

Lack of selfefficacy, which refers to the perception of being capable of doing a
task, is another common barrier, st Grembowski et a[78] explains, increased self
efficacy is associated with better health in older adults. Therefore improvirgffsedicy
could improve the likelihood of being active and have an impact on health status. Based
onthe socic ogni ti ve t he o rlfyefficay oan infuehcevtheid helzaliad s s e
based on the four sourge¥ mastery experiences, ii) vicarious experiences, iii) verbal

persuasion and iv) physiological and affective stff®j, therefore it is important to
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structure physical activity programs to encompass these factors with the intention to
increase seléfficacy andtherefore adherence to physical activity and overall h¢agh

80].

Benefits of physical activity

Regular physical activity has been proven to pteva wide range of health benefits
including being able to prevent and treat many chronic diseasgs €ardiovascular
diseases, diabetes, cancer, hypertension, depression and ostepffyrddis Reaching

the CPAG has been proven as enough activity to optiheaéthandfunctionalbenefits,

but even if the guidelines are not being met, ampunt ofphysical activity is better t#m

none as there igot onlya positive linear relationship between physical activity level and
health status However, the greatest improvent®im health are seen in the initial stages
when inactive individuals become actij&l, 82] Although light to moderate intensity
activity provides benefits to those just starting [83], as an individual becomes nedfit

an increase in exercise intensity may be required in order to provide additional health
benefits, and higher intensities are associated with lower mortality [Bstps Regular
aerobic physical activity can provide many benefits including decreasing risks associated
with cardiovasculadisease (e.g., high blood pressure, obesity, type 2 dialjp@e§5

88]. Although increasing maximal oxygen consumption is beneficial, some studies have
shown that the decrease in risk factassociated with increasing physical activity levels
will take place even if the maximal oxygen comgiion level is not increasg85-87].
Regular aerobic activity helpsminimize the age related decrease in maximal oxygen
consumption that inadvertently occurs with 488]. It can also helpn controlling or

maintaining bodyweight, and decreasing the accumulation of adipose [@§§ughich
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reduces the likelihood of metabolic disordgsZ]. This is important because in adults
between 30 and 74 years plibdy mass index (BMI) and body fat have been associated
with an increased risk for atlause mortality and cardiovascular disease, and
unfortunately both bodyweight and fat tend to increase witl{%lje Another factothat
can be impactebly regular physical activity is n e 6 sprofile, whick can be a major
risk factor for coronary heart diseaf#?2]. Adults can improve their lipid profile by
increasing high density lipoproteaholesterol levels through incomaing regular
physical activity into their lifestyl¢86, 93] Arterial blood pressure increases with age
and this increase contributes to a larger risk for many cardiovascular disf@dprs
Research has shown that not only can arterial blocgspre be controlled with regular
exercise[95], but that resting blood pressure can also be deedem individuals with
initially high rates through regular aerobic activigb-97]. Specifically in older adults,
physical activity can help to decrease the age related decline in maximal aerobic capacity
[89] which is associated with maintainipgysicalcapacity[{55], preserve bone maf0],
and improve mobility and balance resulting in increased confidence to eXféfljise

Aside from the physical benefits that physical activity can provide, there are also
psychologecal and social benefits. Both physical activity and social interaction have been
shown to slow the decline in functional capacity in an older populf@®nWhen self
reporting physical activity items such as high physical activity compared to peers, high
physical activity compared to one year ago and frequency of walking one mile, they were
significantly associated (p < 0.0005) with slower functional ded@®. As for social
factors, seeing friends in the past two weeks, social events ipateewo weeks, and
church/temple attendance were also associated (p < 0.05) with slower functional decline

in these older adultf98]. Studies have shown that mild to moderate depression and
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anxiety can be prevented or improved with physical actiMi#%19, 99] Other factors
that are impacted by regular physical activity are perceived $fréssenhanced quality

of life [100], improvements in total webbeing (e.g., mood, stressvkls, ability to cope)
[101], decreased depressifit6], and life satisfaction when activities were perceived as
being enjoyablg102]. McAuley et al.[15] found that regular physical activity was
associated with life satisfaction and social suppdhe samestudy found thatboth
aerobic and anaerobic activities rediideneliness[15]. Another social factor that can
influence physical activity level is having a supportive spouse, familfriendas this is
associated with higher levels of physical actiy8$, 103] A study concluded that social
support i nfl ue n c-effcacyawhichiimtun has ath impdctéos phgsiedl f
behavior as adherence to physical activ@tyhigher with increased support and self
efficacy[104].

Studies have shown that batleep quality and quality of life can be impacted by
physical activity.With regards to sleep quality, Edinger et [4l05] explored whether
health status (fit or sedentary), in generallyltigaolder men with no sleep complaints,
impacted their sleeping continuity and depth. After monitoring participants sleep for two
nights it was found that the aerobically fit men had deeper sleeps, less wake time and
more continuous sleeps, compared ®dkhdentary mefl05]. A randomized control trial
on sedentary older adults with moderate sleep complaints explorédewkiep quality
could be impacted through exercidé6]. After a 16 week intervention that gradually
increased exercise intensity to 60 to 7béaurt rate reservédRR), and pomoted aerobic
exercise for 30 td0 minutes four times per week, participants in the group that received
the exercise intervention had significant improvements (P < 0.001) in their sleep quality

compared to the control gro{p06].
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Quality of life when measured with a questionnaire developed by the World Health
Organization encompassed physical and psychological health, along with social
relationships and environmental issud®7]. As a whole qudaly of life addresses
physical, mental and social wdiking[108], and physical activity has been proven to
impact these factors, particularly in older adylt99]. Some of the more specific
psychological and social factors that are positively influenced by physical acety
summarized by FoX{110] and includeimproved mood, more resilience to stress,
improved seHesteem, and decreased anxiety. There are rmgaestionnaires that have
been developed to measure quality of life, but one that has been validated as a good

measure for older adults in the[llQ]l der Peop

Canadian Physical Activity Guidelines for older adults

The CPAGprovide recommended guidelines for Canadians on the minimum amount of
exercise required inrder to optimize health and functional bendf®s These guidelines

are developed through a systematic review and synthesis of all of the relevant literature to
date, and then translatedanterms and messages that are accessible for all Canadians
[112]. These guidelines have been accessible since 1996, but were most recently revised
in 2011[33]. The process to develop these guidelines is riggrbl®]. The CSEP and
Public Health Agency of Canada methodically evaluated the current literature regarding
the CPAG and developed five systematic reviews, which were then reviewed
indepenently by an international panel of experts. Once consensus was reached among
the panel another document containing the updated recommendations along with
rationalization for each one was creatfldl2]. The current recommendation is a

minimum of 150 minutes of aerobic physical activity perekeat moderate to vigorous
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intensity, in bouts of 10 minutes or more, and at least two days per week of resistance
training. The primary goal of the CPAG for older adults is to identify the minimum dose
of aerobic activity required in order to improve or ammtain physical capacity and
functional independend®]. For older adults, in addition to the aerobic exercise hed t
resistance training recommendations, it is recommended to do exercises to improve
flexibility and mobility if needed9]. Physical capacity is the ability to carry out daily
living activities, in turn favoring independence, sdétcomes increasingly important to
improve this as age incread@$. Having the physical capacity to belalio accomplish
activities of daily living without undue fatigue or struggle is important for older adults in
order to maintain their independence as having challenges with these is a factor related to
nursing home admissiofil3, 114] Emphasis on the oldgvopulation is important
because 15.3% of Canadians are already 65 years or older, and the number of older adults
in the coming years is expected to continue groirdg]. In Canada this population is
expected to continue growing until 2025 based on the fact that Canada had such a strong
baby boomer popul at i o[2al]. This oldehpepuldtionSroGasadaa n d
is expected to increase by about 10% over the span of 33 yédgh,is/faster than most
other countries, excluding Japan, this increase is expected to take 50 years in the United
States of America and even longer in most other counjtigsBased on this increase, it
is hypothesized that the cost of the health care system wittdse until 202%21]. If
simple strategies like becoming regularly active can help to improve older adults health
and functional capacity, this may help to minimize the health care system costs that are
expected based on older population growth.

Both aerobic and regance training guidelines are included in the CPAG, but the

aerobic guidelines are more specific with information on duration and intensity. The
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reason that the aera@bguidelines receive more focaempared to resistance training in
the media is becausgerobic activity is strongly associated with decreasingalke
mortality and cardiovascular disease mortd, 8588, 116118]and it isanaccessible
form of activity for everyone. Training aerobically also increases aerobic capacity, and it
has been proven in men with and without cardiovascular disease, that peak aerobic
capacity is the strongest predictor of mortagg§].

The CPAG emphasizactivity duration, errcising in bouts of at least ten minutes,
and intensity, reaching at least moderate intensity for aerobic activity because these two
factors provide optimal functional benef{&l, 119] These guidelines weredated in
2011, and one of the modifications made was on frequency. The number of days per week
someone should be active is no longer emphasized, instead the focus is on accumulating
150 minutes in at least 4@inute bouts throughout the wefg. The duration of a single
bout, frequency and mode of physical activity have become less important as the focus
has shifted tdhe total amount of activitgumulated per weefs7, 120] This flexibility
may be beneficial because people have the opportunity to incorporate shorter bouts into

daily life instead okettingaside large periods of time for physical activity.

Mode of Exercise

Of all aerobic activities, walking is the preferred activity as 71% of Canadians 12 years of
age and older report walking as their most common leisure ad@gty When reported

by older adults, walking remains the most common form of act{jligl, 122] One
important fact is that the majority of older adults are able to achieve moderate intensity
while walking, which can result in optimizing both physiological and psychological

benefits[53, 122125]. It has been provethat greater health benefits ocauith greaer
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intensiy [45, 126, 127] and that most older adults can reach moderate intensity by
walking [26-28, 122] Walking is an ideal aerobic activity as it requires movement of
large muscles, elicits cardiorespiratory benefits, can increase functional capacity which
leads to increased independence iteoladults, and has a low risk for adverse effects
[121]. In addition, walking is an inexpensive and accessible form of physical activity
[121].

Besides, physiological benefits, walking is associated with the psychological
benefits including the prevention and improvement of milantmerate depression and
anxiety,[16-19, 99] decreases in tension and anxidi®8], decreases in perceived stress
[16], enhanced quality of lif§100], and improvements in total wedkeing[101]. With
walking being the most favored mode of exer¢d® 121,122], life satisfaction can be
expected to increase since it has been proven to increase when activities are perceived as
being enjoyabl¢102]. Social wellbeing can be positively influeed by both aerobic and
anaerobic activity15], and physical activity interventions can decreasefeleéing of
loneliness which is a main factor that effects social-eihg[15]. Having a supportive
social network has been associated with higher levels of physical af8it03] and
having a partner to walk with has also been shown to increase the chances of reaching the

physical activity guidelinegL29].

Adherence to physical activity

Although there is some controversy on whether group based programs or home based
prograns are more beneficial for adherence, both types of interventions lead to increased
physical activity in the short terfd30, 131]. However, some studies have shown that

long-term adherence to the program was better among the-baseel groups programs
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[58, 130, 132] In women 40 years or older, 64% of them preferred to exercise on their
own compared to an instructor led group progfa88]. Evenf some programs start in a
group based setting, it has been recognized that the integration into abasede
program is a necessary step in order to develop skills and habits that will be maintained
when the intervention is ov§t30].

Self-efficacy level can also play a role in adherence to physical activity as it has
been shown that low sedffficacy leads to decreased attendancgroup sessions, but
self-efficacy can be increased through individual contact during the intervg@@brin a
walking study doa by Lombard et al[134] there were a variety of groups comparing
different levels of contact and structures; high contact/high structure, high contact/low
structure, low contact/high structure, low contact/low structure, and control. High contact
was chssified as being contacted via telephone three times per week, low contact was
only once a week, high structure received supportive feedback on the walking completed
and plans for future walking including frequency, time and duration, and low structure
received a simple check with no specific feedbf@d]. An interesting finding from this
study was that the two groups that received the high contact portion of the intervention,
regardless of high or low structure, saw the greatest effect in partiapatizvalking
[134]. This study supports the notion that some contact with participants leighb a
greater adherence piysical activity.

Previously, it has been found that only about 50% that started an exercise program
continued with it after thie monthg135], but as recognized by King et §.30] when
reviewing interventions with older atls, participation rates were about 75%, implying
that older adults may be more inclined @dhereto a physical activity intervention

compare with younger adults. Another factor that can influence adherence is the type of
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program. For example, two sied that implemented a 42eek high intensity resistance
training program had dropout rates of 1PP86] and 18%4137], but two 12week studies
that implemented a walking intervention had only a 5% dropout rate in both dt8@jes

138].

Importance of moderateintensity and 10-minute bouts

Even though some activity is better than nphE], studies show that reaching at least
moderate intensity while being active is associated with greater health and functional
benefits[45, 126, 127] For example, Schnolat al.[126] showed that exercise intensity

had a greater impact on mality risk than the total duration of walking, which is most
likely due to increases in CRF, which is strongly associated with morfdj
Reaching at least moderate intensity is emphasized in the current CPAG, and it is
recommended that each activity shobaccumulated in bouts of at least hihutes for

a minimum of 150 minutes per wegN. The reason that #finute boutsare encouraged

is because it has been proven that many of the factors that influence cardiovascular fitness
can be effectively improved with these shorter bouts as compared to the former longer
durations suggestefl28, 139141] The accumulation of Xfhinute bouts has been
proven just as effective at influencing risk factors sashCRF[128, 139141], lipid
profiles[128, 139] blood pressurfl41l], fasting plasma insulifiL39] and weight control

[140] as the longer durations. Although there is a greater increase inv@RMRigher
intensities[54], Perri et al[142] found that adherence to moderate intensity activity was
significantly better than adherence to vigorous intensity (p = 0.02), and that incribasing
frequency of moderate activity did not decrease adherence, but an increase in intensity

resulted in a decrease in adherence, therefore leading to less total physical activity. The
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CPAG provide the opportunity to find ways to incorporate short bouexeicise into
daily living, instead of having to set aside a prolonged period for exercise, potentially

making the guidelines more achievabile.

Methods to assesexerciseintensity

Exercise intensity can be measured in a varietgifiérent ways, but theneasure is

either subjective (e.g., rate of perceived exertion) or objective (e.g., heart rate monitor).
Objective measures are favorable because they are not influenced by personal bias or
assumptions, but they are often accompanied by a subjective rmdhatli provides
another layer of information. The benefit to objective measures is they are based on
reliable and valid measures, they can detect small changes, and norms are usually
available [143]. Objective measures use instruments to measure outcomes, and are
expressed witmumberg144]. However limitationsto objective measures include high
costs associated with the equipment needed, increased time, possibility of being limited to
small groups, and increased resources to take the mefitgRepresented below are

some of the most common methods used to assess exercise intensity. These methods
include a couple of subjective measures, fmetdominantly different objective measures

and some of the advantages and disadvantages associated with them.
Subjective Measures

Talk Test

This test provides a subjective measure of exercise intensity while walking. The talk test
is measured by the ability to carry on a conversation while exercising and when an
increase in breathing is noticed, it indicates moderate intensity has been rdaidjed

Even if this measure is subjective, it was validated in the past apamstrate IR) and
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VO, [145-147]

Borg Scale

The Rate of Perceived Exertion (RPE) scale, ottmvwknown as the Borg Scale,
categorizes different intensities into a numeric scale (6 to 20 or 0 to 10), the higher the
number the more intense the activity is perceived as bgiag]. This scale also
incorporates some key words that correlate with the numeric values in order to help
people understand the scale. For example, moderate intensity can be identified as a value

of 12 to 13 and the corresponding definition of this intensigomewhat harfd49].

Objective Measures

Metabolic Equivalent oTasks (MET

METs are a commonly used measurement for exercise intd@2H35, 150152], this
method estimates the energy cost required to perform different actifibg$ It is
assumed that one MET is the amount of oxygen consumed at rest, which is by convention
is 3.5 mL Q/kg/min [153]. If an activitywerereported as requiring 3 METSs, the default
oxygen consumption would be .50mL Oy/kg/min (3.5 mL Oxkg/minx 3 METs = 10.5

mL Oy/kg/min). The common measure of METs for achieving moderate intensity is
between 3 and 6 METS, leaving anything over 6 METSs as vigorous intE3&jityf he use

of METs as a general public message is useful, but when usfog an individual
reference for exercise intensity no consideration is given to individual differences in
fitness level or age. Since these vary from person to peesam, if two people are
achieving 3 METs they might be working out at two different percestafjeheir
maximal aerobic capacity, and this would be even mpaveninentin young adults where

the range of fitness levels varies more than in older adults.
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Heart Rate Monitors

HR provides an objective and a practical measure of exercise intgrijityiR monitors
usually consist ofa chest strap and a watch that displays the current HR in beats per
minute (bpm). Different intensities or goals can be achieved by prescribing different HR
zones. First, a measure or estimation of either HR max or HRR must be done, and then
HR can be precribed based on different percentages of these. In order to reach moderate
intensity either 64 to 76% of HR max or 40 to 60% of HRR is recommei3@dEven

though HR monitors can provide an accurate and valid measure of exercise intensity
[154], they are sometimes impractical, especially for older adults because of cost and
operational difficultieg13]. In addition, using HR as a prescription for intensity becomes
more challenging and less accurate when older adults are taking medications that affect
their HR, such as betalockers which cause the HR to be loj&55], or when it is taken

into cansideration that factors such as emotional stress can impddi5aR

Oxygen Consumption

Maximum oxygen consumption can be measured through a maximal CHEOediut
predictions can also be made using amaximal CRRest[40]. When equations based

on performing a suimaximal test, suchsathe ACSM equation, are used to estimate VO
max in older adults, it can lead to an overestimation of aerobic capacity and this results in
prescribing an intensity that may be too high7]. If the equipment and qualified
personnel are available it is preferable to do a maximal CRF test as it is considered to be
the most valid measure of CREO]. Criteria used determine whether a person has
reached theiphysiologicalmaximum includebut is not limited tpi) reaching a plateau

in oxygen consumption, this means that even when the workload is increased the
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consumption of oxygen does rintrease by more than 158/min [40], ii) failure of the
HR to increase as ¢hworkload increasdd0], iii) venoudactate concentrein exceeding
8mmol/L[40], iv) respiratoryexchange ratio (RER)1.15[40], v) RPE > 17 when using
the Borg scale (6 t@0) [40]. The two most common criteria for determining if M@ax
has been reached are criteria 1 and 4; when these criteria anetahe highest value
achieved during the test is referred to as a p&ak{40]. Although reaching a maximum
is ideal, obtaining a peak isore common for older adults asddentary individualg!0],
and the pek value when attained from a maximal effd@RFtest has been proven as a
valid index ofmaximal aerobicapacity{158] and thus preferable to a submaximal sest
submaximal testing can present large variation and when an accurate assessment of VO
max is requred, this method is not recommend&89]. Themaximum value in V@max
expressed in ml/kg/minute can hesed to determin&/O.R, which isthe difference
betweenmaximal oxygen consumption and oxygen consumption at[#€§t When
oxygen consmnption at rest is not measured, 3.5 ml/kg/min is usedefault[22]. With
this information moderate exercise intensity d¢snprescribed based on 40 to 60% of

VOR [38, 51] which translateto the same proportion of HRR

Pedometers

Pedometers are a great t@d they are simple to use, inexpensive, and provide instant
visual feedback on either the total amount of steps, or more recently, the steps per minute,
which is easy to understanftl60]. Using pedometers to increase physical activity time

has been proven as an effective method to increase phasiiséty levels, but longerm
behavior change requires more than just the pedometer alone, as greater improvements

are seen when education and goals are included in the intervgd@ipri6l, 162]
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Previously, pedometers have only been able to quantify total stemlaypecreating a
reliance on setting step goals (e.g., 10,000 steps per day), and although step goals are a
good starting point they are unable to address exercise intdhbiag. beemeported that

having the goal of walking at least 10,000 steps pgrcdald increase physical activjty

but this was not necessarily associated with health bend@#3]. This prescription was

based on reaching the gelines at the time, which were to accumulate 30 minutes of
moderate intensity &gity on most days of the week.was believed that walking 10,000
steps was equivalent to doing 30 minutes of aerobic exercise pgLG&&]yconsidering

that most people do about 6000 steps per day in their daily living actiyit&s166].
Unfortunately reaching 10,000 steps per day may not be the best measure of physical
activity as no minimal intesity is associated with this prescription, and bout length is left
unaddressefil67]. There is also no guarantee that if 10,000 steps are achieved that the
physical activity guidelines will be successfully reacli#@l, 168, 169] Although Le
Masurier[168] found that participants who were walking more than 10,000 steps per day
were spending more time in moderate intensity compared to the group not reaching
10,000 steps (62.2 27.7 minutes vs. 38.8 18.9; p < 0.05), , only 51% of papants

that walked more than 10,000 steps met the GRPA\terms of aerobic activityAnother
argument regarding whether reaching a step count is a good measure of physical activity
level can be found in a systematic review by Tuldocke [170] which emphasizes the

issue with pescribing 10,000 steps as a universal goal because there is variation among
age groups and health statusdé. The main is
that it does not provide the same effect for all individuals, it may be too high @woo

[161], and the way that this recommendation has been advertised to the public has

neglected to include intensity and bout length requirements which are critical components



26

in order toreach the physical activity guidelings68]. Walking cadence still relies on
step countbut places the emphasis on the speed of the steps, therefore influencing the
intensity.

Recently, pedometers that can tratikne at differen intensities have been
developed based on walking cadence, allowing a better chance to re&ihABGeThe
Steps Couni Step Rxis a new pedometer that has recently been rel@3édThis
pedometer is able to record not osbgps, but also time speait amoderate to vigorous
intensity[31] based on steps per minute. It has a walking cadence sensor to determine if
o0 n e 6 sng at thé tkresholdoir moderate to vigorous intensity00 steps per minute by
default. However, that threshold can be manually adjusitd five stepsper minute
intervals. It is preferable to individualize walkiegdence because different factors can
influence walking adenceat least in adults aged 55 years old or younggch as age
[26, 27] height[24], leg length[24, 152] and stride lengtf24]. While using theSteps
Counti Step Rxpedometer, individuals can see how many minutes of walking were
completed at moderate intensity based on their individual walking cadence or the cadence

set by default.

Walking Cadence

In 2005, Tudor Locke et aJ25] were the first to explore if walking cadence could be
used to prescribe moderate intensity in apparently healthy adults. Since then the general
public message has been to reach at least 100 steps per minute in order to achieve
moderate intensity22-25]. All these studies to date have u&WMETs as the threshold

for moderate intensity to be achieved, and have identified the cadence associated with this

[22-25, 30] Although 100 steps per minute is known as the standard walking cadence to
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reach moderate intensity, there are some studies that support a more individualized
approach to prescribing walking cadence for adults. For pkearRowe et al[24] found

that height can impact walking cadence by more tP@rsteps per minute, and other
measures such as stride length and leg length can also affect walking d2derié2]
Although some factors have evidence to support individualization, one factor that does
not seem to be individualidenhen prescribing walking cadence is resting metabolic rate
[22]. Most of the studies done to determine walking cadence have been on a young,
relatively healthy populatiofi22-25, 152] and current public health recommendations
may need to be modified for older adyR$§] because there are unique factors that affect
their walking cadence such as shorter sfgp&] and slower walking spedd72].

Recentlya few studies have investigated walking cadence in older adults and have
found that older adults are capable of walking at a cadence more than 19@etep
minute [26-28] and their preferred pace is often higher than this threqR6ld27] In
2010, Taylor et al[27] conducted a study on fréiwing walking pace in ten older adults
aged 54+ 8 years. There were two components to this study, a 150 tmatat trial at
three speeds; §lower than normal, ii) normal, iifaster than normal, and a one kilometer
premeasured outdoor walk tracked by a global positioning system (GPS) where
participants were asked to walk at their normal pace. To determine if participants were
reaching mod&ate intensity, speed was measured, if they were walking at a speed
between 1.34 and 1.79 meters/second they were classified as reaching moderate intensity
as this corresponds with reachinigg3VIETs[173]. All participants achieved a speed of
1.34 meters/second while walking at their normal pace for thentdiér trail, and the

mean speed during the ekibometer GPS walk was 1.520.2 metergsecond
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Another study supports the notion that older adults arabtapof walking at
cadence®100 steps per minute, and seéflect this speed in a clinical environmfaa].
This study reruited 29 healthy older womeged 71t 12 years and had them walk on a
treadmill d three seHselected speeds; i) slow, ii) medium, i@st, while HR, oxygen
consumption, RPE, and stride rate where recorded. The results of this study show that
energy expenditure exceeded 3 METSs at allselécted speeds, and the mean stride rates
associated with the sedkelected speeds were; slow: 112 steps per minute, medium:
118+ 11 steps per minute, fast: 12412 steps per minu{6].

Tudor-Locke et al[28] found older participants could walk at a p&2#00 steps
per minute, but it was also determined from a week of accelerometer and pedometer data
that the likelihood of this walking cadence occurring during daily living was quiée rar
The normal walking cadenahosen at testinfpr men was 104+ 9 steps per minute, and
they spent an average of 7.5%8.01 minutes per day at a speed greater than or equal to
this. Women chose a normal walking cadence ofA @1steps per minute, spding only
1.44+ 1.96 minutes per day at this spd28]. It is clear that more research needs to be
done with this population in order to determine an accurate and achievable walking
cadence goal. Developing an appropriate strategy to help older adults undenmstand t
necessary walking cadence and duration needed in order toar@aotierate to vigorous
intensity is also important, and some studies have started to explore interventions
targeting this.

Recently, two studies have carried out physical activity inteti@ns with an

outcome of increased time in MVPA3, 30] Bouchard et al[13] evaluated whether
different intensity monitoring devices would impaati@l adults time spent in MVPA and

their ability to accurately identify moderate intensity. The different methods used to
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evaluate moderate intensity were, 40% HRR using manual pulse, 40% HRR bihg a
monitor, or 100 steps per minute using total stepm ftbhe pedometer. Although no
significant increases in time in MVPA were shown in this study, the two groups that used
monitoring tools, not the manual pulse group, showed improvements in total activity time
and increased daily step counts when compardzaseline. In this study the pedometer
group had more success accurately identifying moderate intensity at the end of the
intervention as compared to all other groups, suggesting that further research with this
tool and walking cadence is need&a]. Marshall et al[30] also explored the effect

of a walking intervention but used only pedometer basepl goals to increase time in
MVPA. In this studythree groups with different dgistep goals were compared;sgl-
selected steps goal (control), ii) 10,000 steps, 3000 steps in 30 minuteResults
showed that participants in both intervention gr@wspent significantly more time in
MVPA compared to the control group, but only the walking cadence prescription group
(3000 steps in 30 minutesjgnificantly increased time in MVPA in bouts of at least 10
minutes [30]. Accumulating MVPA time in 1dninute bouts is outlined in North
American physical activity guidiees[9, 99] because accumulating activity in bouts of at
least 10 minutes results in similar improvements in fithess as exercising at the same
intensity for longer durations, as long as the total accumulated time is the[4&me

Both of these studig43, 30} and an upcoming study by Tueloocke et al[174], assign

a walking cadence of 100 steps per minute in order to reach moderate intensity, but to
determine their cadence participants have to track total steps and time spent walking, and
then perform the calculation to determine walking cadence. There ar@edmneters
capable of trackingVPA time using walking cadence as a threshold, making data

collection more objective and less tedious participants[31]. Another limitaton to
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some of these studies is that walking cadence prescriptions were made with the
pedometer, but outcome measures of MVPA time were based on acceleroméig®d,data
174], and limited research has been done to compare pedometer and accelerometer

intensities.

Accelerometers
Accelerometers are nanvasive, lightweight, portabldevices that provide an objective
assessment of physical activity, but they do not provide any instant fed@&tkBy
measuring traxial accelerationsatised by movements of the body, accelerometers are
able to eliminate some bias that is associated withreptirted measurgd76], and
pedometers that only measure ambulatory activilibe.values are represented as counts,
and time as epochs, and these measures allow forrietiipnof physical activity levels
[177]. Currently, no standardized method has been developed to quantify accelerometer
data, therefore the thresholds used to determine time spent in sedentary, light, moderate,
and vigorous intensities can greatly impact the results, and with little cowyisten
thresholds used, comparison of results is challenffii@, 179] Loprinzi et al.[179]
showed that the threshold used can greatly influence estimates of time spent at different
physical activity intensities, and therefore present controversial data on whether physical
activity guidelines are being met (i.e., 4.5% to 99%). In additery few cutoff have
been developed specifically with older ad(iitg5, 180]

Although all accelerometer models report counts per minute, it isrlatraay
measure because making direct comparison between devices is practically impossible. In
Canada, the Actical (Biolynx, Montreal) accelerometers have been popularized since the

Canadian Health Measures Surviegs validated and used [4, 177] Based on the
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literaturethat has used thesecelerometersthree different cut points have been used
with older adultd175, 177] Hooker et al[175] looked at MVPA thresholds to use with

an older population and determined that in a populddi6b years of age, 431 counts per
minute was an accurate cut point, and 1065,toper minute for a populatidd45 years

of age. The third cut point is based on data from age$9 years, but when classified as
looking at O 18 years, a MVPA threshold of 1535 counts per minute was determined
[177]. This cut point has also been used on a popul&@® yeard4]. For acceleromter

data to be considered valid the minimum number of valid days is at least foydHdays
valid day requires a minimum of 10 hours of wear tidewhere noAwearing time is

considered as any consecutive 60 minutes with no movd#jent

Summary of the review of the literatue

It is obvious thata great deal of research has been done to show the importance of
physical activity for health and functional capacity in older adults. However, where the
literature lacks is in interventions that test strategies to increase thg #bildentify
moderate intensity to not only increase physical activity levels, but also physical activity
at a moderate to vigorous intensity to optimize health benefits. Marshall[80fand
Bouchard et al[13] have started to explore the possibility of this but have some
limitations in their study designs. To name a few, one was done on raigielewomen

with very low socieeconomic statuf30] and the other study only included contact with
the research staff on one occagjip8]. The majority of the research on walking cadence
has used an absolute aserre of intensity to evaluate the walking cadence necessary to
reach moderate intensity (e.g., 3 METSs), which has been translated into 100 steps per

minute, but this method may also have room for improvement in order to individualize
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walking cadence. Theork that has been done on walking cadence in an older population

suggests that they are capable of reaching moderate intensity through walking, but that it

is not common during daily livinf28]. Expanding the knowledge on walking cadence by

using a pedometer thadrovides instant visual feedback about the exercise intensity

represents an opportunity that could help increase the amount of time spent at moderate to

vigorous intensity in 1@ninute bouts, and consequently help individuals reach the

aerobic component difie CPAG.

Table 1. Assessing Moderate Intensity

Method

Moderate Intensity

MET

Heart Rate
Oxygen Consumption

Pedometers

Actical Accelerometer(counts per
minute)

RPE (scale from &20)

3 to 6[38]

64 to 76% HR maf38]
40 to 60% HRR38]

46 to 64%VQ max[38]
40 to 60% VQR [38]

100 steps/minutf22, 23, 25]

O 1535 (18 to 59 year§) 77]
O 1065 (45 to 84 year$) 75]
O 431 © 65years)[175]
12 or 13[148]

MET: Metabolic Equivalent of TasksACSM: American College of Sports Medicine
RPE: Rate D Perceived ExertionHRR: Heart Rite Reserve VO,max: Maximum
Oxygen @nsumptionVVO2R: Volume of Oxygen Rserve
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CHAPTER 3: METHODS

Research methodology

This study used aandomized balance design, @ participants experienced the same
intervention during the first phase (@eeks) of the study antthen theywere randomly
allocated taccomparison groups one and tafter that time period. The goal for thkase

1 was to walk a minimum of 150 minuteg no specific intensityFor phase 2all
participants aimed to walk at least 150 minutes per week, with the instruction of doing
this in 10minute bouts at moderate to vigorous intensity. This is all the information that
group two received, but groumne also received an individualized walking cadence
prescription using a pedometer that provided instant visual feedback about whether their

walking cadence was achieving moderate to vigorous intensitymidite bouts.

Objectives:
Primary objectives

1. To study if only encouragement to be more active, in order to reach the CPAG in
terms of aerobic exercise, significantly increased total time in MVPA and 10
minute bouts in MVPA in six weeks (phase 1).

2. To study if using a pedometer and an individualizedenad prescription to reach
MVPA (O 150 mi nut egforwieweeks (phvasei2d veekt@a | k i n
week 12) increased total time in MVPA and-rhihute bouts in MVPA, once
adjusted for confounders, compared with a grolg@t did not receiving any

specifiation on how to identify walking intensity.
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Secondary objectives

1. Determine if there was a difference in baseline characteristics between the
completers and necompleters in the study.

2. Evaluate if there was a significant change in clinical variables asidhQ, peak,
prescribed cadence, BMI, and physical capdoityveen week six and twelve.

3. See what covariates are most strongly associated with chatajaliMVPA time
andMVPA in 10-minute bouts between weeks six and twelve.

4. Comparethe results from th@edometelandthe accelerometer from baseline to

week twelve.

Hypotheses:
Primary hypotheses

1. Participants will sigificantly increase totaMVPA time, but not time spent in 10
minute bouts of MVPA from baseline to week six (phase 1).

2. Compared withgroup two, goup one will significantly increase total time in
MVPA and time spent in Xtinute bouts of MVPA using a pedometer and an
individualized cadence prescription to reach MVPA, from week six to twelve
(phase 2).

Secondary hypotheses

1. There will beno significant differences in baseline characteristics of completers
and norcompleters.

2. Group onewill seesignificant changes itheir clinical variables such as YO
peak, prescribed cadence, BMI, and physical capdmtyeen weeks six and

twelve compeed togroup two
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3. Some baseline characteristics will fignificantly associated with change in-10
minute bouts MVPA from week six to twelve.

4. No significant difference will be measured between MVPA ton®&VPA time
spent in 1@minute bouts between the pedometer and accelerometer from baseline

to week twelvevhen using the individualized cut points for the accelerometer

Conceptual Framework

Adherence is a key factor to observe any expected outcomesntearention. Using a
framework such as the sadfficacy theory may help increase adherence to the
intervention [181, 182] P e o elief endtiseir dbility to engage in particular tasks
necessary to create an outcome is referred to asfielicy[79]. This theory is based on

t he idea t hat -efficacyismdkey\udetaminanit 6f vehavier] and it has
practical application in preventing disease and promoting health in older fRilts
Bandur[79], identifies bur sources of sekfficacy; i) mastery experiences, ii) vicarious
experiences, iiiyerbal persuasion and iv) physiological and affective states. One goal of
this intervention is to positively impact these sources, which should increaséisaly,

and therefore encourage adherence to physical activity and the intervention.

Mastery experience is knowing that you can achieve sometfii8f This was
addressd through the intervention by gradually increasing walking duration, and after six
weeks of adjusting to increased physical activity, only then was the focus turned to
increasing intensity. This twphase intervention aimed to be less intimidating andemor
achievable for participants. They also had one on one time spent walking with research
staff in the first and second phase, which allowed research staff the opportunity to

encourage participants and acknowledge the improvementsattididen made. Foreh
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entire 12week intervention, participants were asked to-magibrt their physical activity

in an activity tracker, this provided the opportunity for them to reflect on total activity
time completed compared to the CPAG, and to see the previous athieityhave
completed which couldid in keeping them motivate@he second source of selfficacy

theory is vicarious experience, this is when someone sees another person, similar to
themselves, succeed at the task, the individual can draw confidence from this and can feel
more inclined to do the task as wiglB]. In this study participants are all in the same age
category and starting froan inactive state (seteport < 150 minutes of physical activity

per week), so seeing similar people stick with the intervention may have encouraged
others to do the same. Verbal persuasion is simply sharing the message that the task they
are being asketb do is feasiblg79]. In order to administer this, research staff were
postive and encouraging to the participants during their testing, walking appointments,
and during any contact throughout the intervention. It was important to listen to the
participants and help them address barriers they were facing in order to encourage
adherence to the intervention. The final source ofasfii€acy is physiological/affective
stateq[79]. Since participants started from an inactive state, it is understandable that the
changes the body goes through during MVPA may be overwhelming and potentially
misunderstood. It was important to explain to participants whaels flike to exercise at

this intensity, and what some of the normal physiological symptoms will be, such as an
increase in body temperature, sweating, and an increase in breathing. Broadening their
knowledge on this topic helped to decrease their anxieout the exercise, had them

gain a better understanding of what to expect and how to manage it, and made them less
likely to take these physical symptoms as a sign that they cannot do the level of physical

activity they are being asked to do.
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Participants

Fity men and women 65 years and older were recruited through newspaper
advertisement (i.e., Lifestyle 55, Winnipeg Free Press, Senior Scope) and the Centre on
Aging contact list. The Centre on Aging contact includes people who have agreed to be
contacted for future studies at the University of Manitoba. In order to gain access to this
list a copy of the study proposal and ethics approval had to be sent to the Centre on Aging.
At this time the Centre on Aging determined that the list could be teemd in
recruitment. The list containe€sl’ names, out of which2 were eligible. The inclusion
criteria for this study werei) Health screening to do physical activity based on the
Physical Activity Readiness Questionnaire (PAR(BH], ii) Willingness and capacity to
increase their walking level torminimum of 150 minutes per week, iBvailable for a

period oftwelve consecutive weeks, iccept walking as the primary mode of aleic
exercise during the intervention, Qurrently inactive (< 150 minutes of sedported
physical activity per week confirmed with the use of an accelerometer for seven days
before starting the intervention).he exclusion criteria @re i) Previous prticipation in
training on exerise intensity using a HRonitor (e.g., cardiac rehabilitatiomggram),

i) Using a walking aidPotential participantsithercontaced us by email or phone after
seeing our advertiseme(ppendix A, or were contactetly research staff from their
information on the Centre on Aging contact lisigure 1 outlines the timeline used to
recruit participants.

Figure 1. Recruitment Timeline

June June 11, August 8, November 10,

Started First Finished Last
recruitment  participant recruitment & last participants
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Intervention

Theintervention consistd of a twelve week waking program divided into two siweek
phases. The first phase (6 weeks) was identical for all participants. The goal was to
progressively walk at least 150 minutes per week with no indication for walking intensity.
During this phase all participants were asked to wear a pedof8&tps Count StepRX,
Ontario, Canadaat all times, aside from when they were slagpor showering. For
phase Iparticipants were able to look at the pedometer if they wanted to as it was left
unlocked. Thepedometer waset on the screen that shows total stepsraatated each

day, but no information regarding the pedometer was given other than asking them to
wear it. Afterphase 1participants were randomly assignedgroup one (N=23) who
received the intensity interventioor, group two (N=22who did not recee the intensity
intervention. Randomization was based on total MVPA time at baseline from
accelerometer data. Time spent inrihute bouts was not criteria for randomization
because many participants had 0 minute spent at moderate to vigorous irdénsity
baselinePrior to the week six testing visit participants werey were randomized with a

2:2 allocation into one of the two groups. For example if four participantsa haihl

MVPA time of 55, 70, 75 and 95 minutes at baseline during the weekabfaton, the
participants with the lowest two values would be randomly assigned to either the control
or intervention, and the same would be done for the participants with the highest two
values. The goal of phase 2 (6 weeksyiauponewas to walk 150minutes per week,
reaching at least moderate intensity, in bouts of at least 10 minutes, using the pedometer
indicating the walking cadence needed to reach such intensity. Every time a participate
was doing one bout of at least 10 minute at the minimuminex intensity, a star was

showing on the pedometer display. The intensity was individually determined upon
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completion of theCRF test at the end of phaseRarticipants maximal aerobic capacity
achieved was used to determine moderate intensity bast?oof VOR [38]. The goal

of phase 2 (6 weeks) igroup 2was also to walk 150 minutes per week, irnMidute
bouts, at theiperceived moderate intensity. However, they had no information regarding
the appropriate cadence to do so. Participangranp twowere asked to continue to
wear their pedometer in order to quantify their walking times, but the pedometer was
locked shutso this group did not receive any visual feedbdaking phase 2but the
pedometer was set using the individualized cadence just like the intervention group.

Al | participants attended a total of 10
Garry camps. During weeks 0, 6, and 12, the visits were for measurements. The
additional visits (three walking sessions for the first week of each phase) were to
complete their walking osite to ensure participants understood the task and had the
opportunity to askhe research staff questions. The final visit was to have a final walk
with the research staff to talk about future plans for continuing their walking behavior. At
this time participant irgroup twowere also given their individualized walking cadence
andshown how to use the pedometer to reach moderate intensity in the future. Finally,
participants received persorfaedback (Appendix Bregarding their testing throughout
the study within two weeks of completing their final visit. In addition, a summary of the
study findings will be sent to them once all data has been analyzed and interpreted.

During visits 2 to 4 and visits 6 8, participants were asked to walk with orie o
our research staff, either outside or on the flat indoor tracks at the University of Manitoba,
in order to answer any questions and help participants understand the task. One of the
first three visits was completed on a treadmill for familiarizationhsd participants felt

more comfortable and confident at the week six visit when they performed the CRF test
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on the treadmill. During thievelveweeks of the study, all participants were asked te self
report the time thegpend walking (Appendix C, D,)E Participants ingroup onewere
asked to record their time in MVPA each day along with the total number-wiirie
bouts accumulated (Appendix).B-or visits 6 to 8, all participants were wearing their
pedometers with their individualized cadence, butdmup twothe pedometers were
locked shut. Participants grouponewereshown how to reach moderate intensity based
on their prescribed walking cadendauring these walksthe pedometer was checked
after ten minutes of consecutive walking to ensuré tha walking cadence was fast

enough.

Prescribing moderate intensity

After the completion of the maxim@lRFtestparticipants completea walking teston a
flat surfaceto determine their individualized walking cadence4@o0 of their VOR,
which is the minimum prescriptiorequired to reach moderate intensagcording to the
ACSM when individualizing the prescriptidi88]. The first step waso calculate their
40% VOR based on theimaximal CRF test resultand the standard resting metabolic
rate of 3.5ml /kg/min [153]. For example if the maximal aerobic capacity was 25
ml/kg/min the calculation for 40% VA was [(25 ml/kg/miri 3.5 ml/kg/min) x 0.4] +
3.5 ml/kg/min = 12.1 ml/kg/minThe second step was to identify the walking cadence
needed to reach 40% V\R. Participants data (weight, height, and agey enterednto

the validated portable metabolic cart (K4Bosmed, Chicago, USA)L83] which was
calibrated before each visit. Tdetermine the individualizegrescrption of walking
cadenceat moderate intensityparticipants wore a mask attached to the portable

metabolic cartThey were also asked to weawatch andoot pod(Garmin FR60, Rome,
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Italy) in order to gather walking cadence simultaneously with gas analysis. Participants
walked on level terrain at a salélected speed, the research staff asked them to adjust
their gpeed accordingly in order to reach 40% RO Once the intensity had been
reached, the research staff had participants maintain this speed for two minutes and
recorded the cadence from the foot pod, displayed on a watch. The cadence reached at
moderate irgnsity, based on 40% of MR, was identified as the individual walking
cadence to reach moderate intensity. This individualized cadence is what was used to set
the pedometers to the appropriate moderate intensity for each participant. Because the
pedometec an only be set in increments of five
cadence was rounded to the nearest value. For example if the individualized cadence was
100 to 102 steps per minute it was set at 100 steps per minute, and if the cadel@® was

to 105 steps per minute it was set at 105 steps.

Data collection

Before acquiring any informatiorthe parameters of the study were explained and then
the informedconsent Appendix F) was signedafter making sure that the participant
understood the ecient Next, the PARQ+ [35] form that wasfilled out via phonewvas
confirmed and signedf participantshadether a resting blood pressurel#4/94mmHg

or a resting HR > 98pm theyweresent to their physician to gelearancebefore being
able toparticipatein the study.Throughout the duration of the dfeek intervention a
variety of tests took placdable 2 outlinesll of the measures that weaken and it also

displays a summary of the visits participants had at the University of Manitoba.
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Table 2. Data Collection Schedule

PHASE 1 (weeks 16) PHASE 2 (weeks 712)
1 2to4 5 6to8 9 10
Visits Baseline Walk at Midpoint Walk at Final Final
testing Uof M testing Uof M testing
Physical activity level X X X
(pedometer &accelerometer)
Consent form X
NEWS score X
Anthropometric measures X X X
Leg length X
Stride length X
Normal walking cadence X X
Moderate intensity X X
identification
CRF test X X
Individualized cadence X X
Physical capacity X X X

NEWS: Neighborhood Environment Walkability Scale, CRF: Cardiorespiratory Fitness,
U of M; University of Manitoba
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Anthropometric Measures

These measures were taken in accordance to the CSEP protocols, as they are the
Canadian referenci5]. Height was measured using a stadiometer. Participants were
asked to stand tall withheir feet together, arms by their side, and looking straight
forward. The measurement was recorded during inhalation as recomnjdbfieBody
weight was measured using a digital sc&@MRON HBF5186, lllinois, USA)
Participants were asked to wear light clothing with no footwear when measuring weight.
To measure waist circumference participants were asked to remove clothing at the
abdominal area, stand with feet shoulder width apartptawd the arms across the chest.
This measuremenivastaken twice at the superior edge of the iliac crest at the ead of
naturalexpiration; measurementgere rounded to the nearest @rh, as recommendak

[35]. If the difference between the two readirvgags more than 0.5 cm, a third reading
wastaken and the mean of the two closestdings was used. Leg length was measured
as outlined by Hoyle et aJ184]. Participants were asked to lie tireir back with their

feet hip width apart. Measurements were taken from the anterior superior iliac spine to
the medial malleolus, on the left side. This measurement was taken two times for

accuracy and the mean of the two measurements was used.

RestingHeart Rate and Blood Pressure

Resting HR and blood pressure were measured using an automatic blood pressure cuff
(OMRON HEM-432C, lllinois, USA). The CSEP protocol walllowed [35].
Partcipants sat in a chair, with back support, for five minutes prior to taking the first

reading. The cuff was wrapped around the upper portion of the left arm and lined up with
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the brachial artery. After the first reading, five minutes rest were givenhandatsecond

reading was takej5].

Physical Capacity

The Senior Fitness TediSFT)wasused t o measure participant:
protocol consists of manyalidated [185] tests, which assess agility, flexibility,
endurance andtrength[6]. Six of the SFT were el along withan additional test to

assess balance from the CSEP prot¢@8pl The balance test (unipedal stance test¥

added because a decreased ability to stand on one limb, with the eyes opened or closed, is
associated with increased afj&6], and the ability to balance on one limb 0r30

seconds decreases the risk of falling in an older popul1i8#).

8 foot up and go

Participants started seated in a chair with their feet planted on the ground. Without using
their hands to push them out of the chair they stood and walk as quickly as they could
around a pylon positioned eight feet awlagm them and then returned to a seated
position. This test assesses agility and dynamic balance and time to complete the task was

recorded in seconds.

30 second chair stand

Starting in a seated position with feet on the ground, participants were astadd@and

sit as many times as they could on a chair without arm rests in 30 seconds with their arms
across their chest. This test assesses lower body strength, and the number of completed

repetitions was recorded.



45

Arm curl

This test was done from a sehgosition and begins with the arm fully extended towards

to ground. Participants had 30 seconds to complete as many bicep curls as they could,
men used an eight pound weight while women used a five pound weight. This tests upper

body strength, and the nib@r of completed repetitions in 30 seconds was recorded.

6 minute walk
This test had participants try to cover as much distance as they could during six minutes.
They walked on a 2fneter course, and at the end of six minutes they were asked to stop

so that the final measurement could be taken. This test aims to assess aerobic endurance.

Chair sit and reach

Sitting near the edge of the seat participants were asked to extend one leg and reach with
both hands towards the toes, without bending their knke.rileasurement was taken

from the end of the fingers to the tip of the toe in centimeters. If the toes were not
reached, the score was a negative value, and if the toes were passed it was a positive

value. This assesses lower body flexibility.

Back scrath

From a standing position one hand reaches over the shoulder while the other reaches up
the middle of the back, trying to move the middle fingers towards each other. The
distance between the middle fingers was recorded as a negative value, or if there was

overlap, it was a positive value. This assesses upper body flexibility.

Unipedal sancetest(eyes opened and eyes closed)
This test was done a total of faimes. The first two timeweredone withthe eyes open,

and the last twawith the eyes closed?articipants stood on one foot with their arms
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across their chest and tried to hold their balance for up to 45 seconds. If the participant
lost balance their time was stopped. For participants safety they were positioned close to a
wall on one side, andall the back of a chair in front of them, creating the opportunity to

grab something to prevent them from falling if they lost their balance.

Scoring of physical capacity

Instead of presenting all tests individually, we decided to combine all of them together
using norms for each participd®{. If the participants score was equal to or greater than
the norm for their gender ardje category they were given a value of one, if they did not
meet the norm their value was zero. There were eight different physical capacity tests,
and the final score was the sum of all the values whether the norm was met or not. The
total score can ramgfrom zero to eight, and the higher the score is the best their physical

capacity is, as this indicates that they reakthe norms for more of the tests.

Cardiorespiratory Fitness Level

CRFlevel wasmeasured atveek sixand week twelve visits through the completion of a
CRF testby walking on a treadmill. This testasnot performed at baselinmtensitywas

not addressed in the first phase of the intervention, so theseo need to prescribe
intensity based orCRF level. The aim of the test was talentify the peak aerobic
capacity of each participant in order to individualize a moderate intensity exercise
prescription by using 40% &fO.R [38]. A maximal CRF test was used in order to elicit
maximal exertion fronparticipants knowing based on the literate0, 188] that only a
proportion of participants would reach maximal capacity based on the traditional criteria
[40]. Participants were contacted the week priotheir week sixesting visit (visit #5) to

remind them otheir appointment, and also to inform them of thetpsting procedure
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for the CRF test Theywere asked to wear comfortable clothing and athletic footwear,
avoid alcohol, caffeine, and food three hours before the test, and avoid strenuous activity
the day of the teg88]. Resting HR and blood presswreremeasured before the tdet
ensure that blood pressure was not too elevated for exerciseeadimgs were taken,

with a fiveminute break in betweg5]. If blood pressure remained too high,144/94

mm Hg, or the resting HRas > 99 bpm, the CEgetermined whether the CRF test was
safe to perfornj189], if the CEP did not consent for the individual to complete the test,
the participant was referred to their physician for clearance.

The modified Bruce protocol was used for the CRF tesf40]. Although the
modified Bruce protocol is suitable for older individufd®], because we had a wide
variety in participants health status, this protocol was too easgofoe which would
have led to a very long duration for the tdataccordance with the ACSM guidelines
[38], the maximal CRF & should run between eight and twelve minutesriter to
increase the odds eferting a maximal effortAs a result, the modified Bruce protocol
was individualy adjusted for participants with the judgement of the CAPparticipants
stared at 1.7 mies per hour (mph) at a 0% grade fotwab minute warm up After,
participants had eithéhe sped or the grade increase every twmutes until tley quit or
reached maximal exertioDuring the test the HR, walking cadence, and RPE on a scale
from 6 to 20[148] were recorded every minute. The test was stopped waeitipars
felt they could not do any more or for safety reasons (eygtolg or diastolic blood
pressure too highY.he testing procedure uséat each individuaht theweek sixtestwas
replicated at theveek twelve testAs recommended, after ea€iRFtest, blood pressure
and restingHR weremeasured to ensutkat theyreturned to préesting value$40]. We

also calculated what the estimated M@ax for participants in this study would have
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been using dwo-point estimation based on heart rate and,\ffleak. This calculation
allowed us to see if there were significant differences between the two methods and what

the corresponding prescribed cadences would have been.

Measuring time spent at moderate intensity

Physical activity level was collected andaated with the pedometer data, which was

also the main intervention tool. Data from the pedometers was collected for the first seven
days (evaluation week), the 14 days prior to the week six visit, and the final 14 days of
the intervention. The participés also wore an accelerometer during the evaluation week,
and the last seven days of the intervention. This data was used as supplementary data to

see if it aligns with the pedometer data.

Pedometer
Based on walking cadence data, the pedometer reportsaoy variables, but only total
time spent in moderate to vigorous intensity and the total amount of time in MVPA in 10
minute bouts was kept for analysis.

The Step Rx pedometéBteps Count StepRx, Ontario, Canadajas used in this
study. It collects and stores data for either the past 14 days, or the past 33 days,
depending on the model. In our study we used the past 14 days for all participants.
Cadence to reach moderate and vigorous intensity can be manually set in increments of
five steps per minet (e.g., 95, 100, 105), which allowed us to individualize walking
cadence according to the CRF result. At baseline, because individual cadence was not
established, all pedometers were set at 100 steps per minute for moderate, and 120 steps
per minute for igorous, in accordance with current literature with adults and the

apparatus default settifg5]. At week six, all pedometers were set to their individualized
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modera¢ intensitycadence based on 40% »R) and vigorous intensity was set 20%
higher than the determined moderate cadenid@s allowed participants in the
intervention group to receive instant visual feedback on if they were walking at the
correct cadence toeach moderate intensity. The pedometer shows the number of 10
minute bouts done at MVPA by displaying stars. The pedometers counnand@ bout

when the cadence for moderate intensity has been achieved for eight out of the ten
continuous minutes; thdmge to calculate time in MVPA in Xfhinute bouts we
multiplied the total number of bouts by nine minutes. Since the moderate and vigorous
thresholds were not individualized at baseline, baseline data had to be adjusted to reflect
an appropriate cadencer feach individual in order to compare the data frumase 1To

do this, equations (Table 3) were used. At baseline, the pedometers were set at 100 steps
per minute for moderate intensity and 120 steps per minute for vigorous intensity. Once
the individua cadence was determined at wesk we were able to adjust the baseline
pedometer information. For example, if one participant had an individualized walking
cadence set at 115 steps per minute for moderate intensity, the number of minutes spent at

MVPA for baseline was moderate intensity time X.25 + time spent at vigoraunsity.

Table 3.MVPA Adjustments for Baseline Threshold

Adjustment for Time at Baseline Cadence equivalent to 40% of VGR
(Moderate x 1.5) + Vigorous 90
(Moderate x 1.25) ¥igorous 95
Moderate + Vigorous 100
(Moderate x 0.75) + Vigorous 105
(Moderate x 0.5) + Vigorous 110
(Moderate x 0.25) + Vigorous 115
Vigorous 0120

VO2R: Volume of Oxygen Reserve
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Accelerometer
The accelerometer was not the main tool used to measure exercise time and intensity for
this study, but in order to validate the findings measured with the pedometer and
compared our results to the literature, we added this measuremBmt. Actical
acceleometer (Phillips i Respironics, Oregon, USAyas used in this studyand it
providesextensiveinformation. However, for the purpose of the study we kept the valid
days, total time spent in MVPA and total time spent in MVPA iamiifute bouts or
more
Paticipants were asked to wear the accelerometer for seven days during the

evaluation week, and another seven days at the end of the study during. This data was
used to assess whether the changes in total MVPA and time in MVPA in Gdts
minutes from baaine to endpoint correlates with the pedometer data. Based on the
literature the spefic cut points to determine moderate to vigorous intenisitplder
adults is not clear for the Actical accelerometer as it vary from 431 counts per minute
[175] to 1535 counts per minufd@77]. We decided to use oawn individualizedcut
point based on 40% VAR for data analysis.

The way this was done was by identifying the valid days worn for the accelerometer,
only accelerometers worn for laast ten hours per day, witlonwear time considered as
any consecutive 60 minutes with no movement, were considered4jal@nly the valid
days from theActical were used to compare with the pedometer data. From the
pedometer data we measured the total remalb minutes spent in MVPA based on their
individualized threshold at 40% V. Based on this information, the raw accelerometer
data was analyzed to see wiaativity countwas associated with the same number of

minutesin MVPA asthe pedometer informatin. For example, if the participant had 20
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minutes of time in MVPA based on the pedometer data, when analyzing the
accelerometer data it was organized from highest to lowest activity counts, and then 20
minutes was counted, and the activity count at teerfanute in MVPA was used as the

cut point for reaching moderate intensity. In order to get the most accurate measure
possible, all valid days of accelerometer wear were matched with the pedometer time and
then the average cut point for all the valid deags used for each participant. With these
individualized cut points the analysis was done separately for each participant, each time
modifying the cupointin order to determine the time they spent in MVPA based on the
accelerometer. Theediancut-point for MVPA based orihe individualized cadence was

1679 (10462940) ounts per minute.

Potential confounders

Data regarding neighborhood walkability and weather (i.e., temperature, humidity,
humidex, and precipitation), and baseline characteristics (ge,,s&x, education level,
MVPA, BMI, and physical capacitywere considered as potential coniders to
compare the two groups, during phaser2the change in time spent in-rfinute bouts

of MVPA. Besides neighborhood walkability, weather, and educé#iozi, the method to

measure the variables is presented above.

Neighborhood Walkability

Participants neighborhood walkability was evaluated with the Neighborhood
Environment Walkability Scalgl90]. This questionriee measured nine different topics
regarding the participants neighborhood; types of residences, stores and facilities, access
to services, types of streets, neighborhood surroundings, safety from traffic, safety from

crime, and neighborhood satisfacti&ll questions were asked onL#kert scalefrom 1
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to 5 and the total score for this questionnaire was calculated. A high score means a

greater walkability in the neighborhood. The score range from 82 to 905.

Weather

Data regarding weather during theiemintervention was collected daily to determine if
there was a significant difference between the control and intervention groups with
regards to weather conditions, and if a difference was detected, if it had an impact on
MVPA time in 10-minute bouts. fie weather information collected was temperature,
humidity, precipitation, and humidex values. High and low temperatures and humidity
values, along with daily precipitation were recorded from the Winnipeg Weather website
[191], and humidex values were calculated based on the Environment Canada humidex
chart[192]. This data was analyzed separatelyploase 1 and phaseofthe interverbn.

Mean temperature, humidity, and humidex were calculated and total precipitation was

recorded for each of the two phases for every participant.

Education level

At baseline, all participants were asked their highest level of education. This data was
coded based on whether participants did or did not have a college or university education.
Those who did not have this level of education were coded with a zero aathéhose

who did have college or university education received a value of one.

Statistical Analysis

The first statistical analysithat was performed was normality test to determine if the
datawasnormally distributed. Based on a small sample sfZe0pthe ShapiréWilk test

was used[193]. The imein dVWPA @ 1dMi nut e bout sd was

distributed and it was not possible to normalize it. Therefore-parametric tests were
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used. The ChiBquare (e.g., sex) or the Mamwhitney (e.g., BMI) tests were used to
determine the differences between characteristics of two groups and the Wilcoxon tests
were sed to test the change within the same groapglne vs. week six or week seven
VS. week twelve). Spearmanés correlations
variables were significantly associated with the change in MVPA time compietids
minute bouts from week sevénm week twelve.

Linear regression could not be used because the main outcome (change in MVPA
time completedn 10-minute bouts from week sevéna week twelve), and the residuals
were not normally distributed. In order to detéme the variables that were most
associated with a change in time in MVPA in-bfhute bouts, a logistic regression
model was used. A bivariate variable used as a dependent variable was created based on
the 6medi an of ceguinagorgiatefttam raedigne= 1changed less than
median = 0) The median percent change was a reduction of 17% in time in MVPA in 10
minute bouts.

The ManAWhitney or Chisquare tests were used to comptre characteristics of

the participants in each graugnce thee two groups had been computed
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CHAPTER 4: RESULTS

Phase 1 (week 1 to week 6)

Table 4 shows the main characteristics of participants at baseline, and differences in these
variables from baseline to week six (Phase 1). The median age was 70 years old, the
majority of participants were women, highly educated, and mostly overweigbt. Th
baseline information also indicates fairly low neighborhood walkability among
participants, and how little timeras spent in MVPA in 18minte bouts at baseline. The

only measured variables that incrahsggnificantly over this period of timeeretime

spent inMVPA in 10-minute bouts (p= 0.01)and the total time in MVPA (p 0.03).

Table 4. Characteristicsfor Completers ofthe Study (N=42) Baseline and Week 6

Characteristic (unit or range) Baseline Week 6
Age (years) 70 (6677)

Sex (male) 12 (29)

Education (O university level) 26 (62)

NEWS score(82-905) 233 (198477)

MVPA in 10-min bouts (minutes) 10 (032) 19 (853)**
Total MVPA (minutes) 100 + 61 117 + 64*
Total steps(daily) 6471 + 2698 6791 + 2810
BMI (kg/n) 28+ 4 28+ 4
Physical Capacity(0-8) 4+2 5 (4-6)

Data represented in meanSD, median (28-75" percentile)or N (%)

*(pO 0 bedw®dn baseline and week 6

*mPO 0.01)

NEWS: Neighborhood Environment Walkabilitg&e,BMI: Body Mass hdex MVPA:
Moderate tdvigorous Physical Ativity
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Phase 2 (week 7 to week 12)
Table 5 shows # data of interest from week sevienweek twelve by groups. Some of
the additional measurements that were taken during this time inclug@aéR, as well
as an individualized presced walking cadence based on 40% RO Besides a
significant difference at baseline for the proportion of people per group having a
university degree (greater in the intervention groug; @04) no significant difference
between the two groups was obserf@dany tested variables. Howeverileen week
sevenand week twelvegroup one significantly increased their time in MVPA in 10
minute bouts, as well asdin total time in MVPA, whereasrgup two significantly
decreased thetime in both of theseneaures By the end of the interventipgroup one
had an average of 88 (52143) minutes of time in MVPA in Xfinute bouts, and 10 of
the 42 participants were achievirdlOO minutes of MVPA in 1@minute bouts and nine
of these participants were in group okée also observed a sidicant increase igroup
one during phase,an VO, peak (p= 0.02).Significant differencesn the changes from
week severio week twelve wheiwomparing the two groups were seen in MVPA in 10
minute bouts, total MVPA, prescribed walking cadence, and Yéak (p O 0.05)
Another significant difference waseen in the total steps for group t@O 0.05) and
this also resulted in a significant difence in percent change between the two grqups (
= 0.03. Four different weather retead measurements were collectasd significant
differences wereseen in these variablésiring phase ,2as the seasons started to change,
but no significandifferences were seen when comparing these changes between the two
groups.

CRF was assessed at week six, and these tests resulted in predominaipiak/O

results from the maximal CRF tests, as depidietbw in Table6. Only 26% of the



56

participants redted a VQ maxbasedon anoxygen consumptioplateauof less than 150
ml/minute when workload was increadd@], and/or reaching a respiratory quotient of at
least 1.1540]. Although this maximal CRF test resulted in the majority of participants
reaching a V@peak and not a V£max, when VQ max was estimatedsing a twepoint
estimation based dmeart rate and VOpeak 41 out the 42 participants were reaching
75% of theirestimated V@ max, and 79% were reachirg90% of their estimated VO
max.

To understand what baseline characteristics were associated with change in
MVPA in 10-minute bouts between six and twelweeks, corretions were performed
with continuous variables collected at baseline andp&ak measured at week six (Table
7). The analysis shows that the total physical capacity score at baseline apdak@t
week six were associated with the deparidrariable.

In order to determindgf using a pedometer and an individualized cadence
prescription to reach moderate to vigorous
for six weeks (phase 2: week 7 to week 12) was increasing total time in M\WPAGan
minute bouts in MVPA, once adjusted for confounders, compared with group two who
did not receive any specification of how to identify walking intensagistic regression
was used. The median percent change for MVPA imiute bouts between week's
and week twelve was used to create two groups, those who were below the median (0),
and those who reached or surpassed the median (1). The median percent change was a
reduction of 17%.Using the forward conditional methodhet potential confounders
variables were includeid the analysisncluding group of interventiorage, sex, baseline
education level, baseline MVPA, baseline BMI, and baseline physical capacity score

Only the group (Odds ratio = 0.16; p = 0.001), and thesighi/capacity score at baseline
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(Odds ratio = 2.47; p = 0.02) remained in the final model. The restdaled that being
in the intervention groumcreased the odds of reaching or surpassing the median change

for time spent at MVPA in Hininutebouts by84%.
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Table 5. Pertinent Information Collected from Week 6 to Week 12

Characteristic

(unit or range) Control (N = 22)

Intervention (N = 20)

Week 6 Week 12
MVPA in 10 min 17 (641) 9 (0-23)*
bouts (min)
Total MVPA (min) 106+ 59 88+ 71*

Total steps(daily) 7234+ 2414 6358+ 2154*

Week 6 Week 12
88 (52143)**
31 (1155) .
129+ 67 203N 9 1°

6305+3182 6714 N

Prescribed cadence 116 + 12 113+ 12* 112 +9 113 K
(steps/min)

BMI (kg/n) 28+ 4 28+5 28+ 4 27+3
Physical capacity(0-8) 5 (56) 5 (4-6) 5(36) 5(36)
VO, peak (kg/ml/min) 26+ 7 26+ 6 22+ 4 24N 4 *
Temperature (Celsius) 16 (1319) 8 (5-11)** 17 (1519) 8 (7-13)**
Humidity (%) 73 (7077) 67 (BZ70)** 74 (7078) 71 (7075)
Humidex 24+ 10 2 (2-5)** 23+ 10 2 (212)**
Precipitation (mm) 3 (1-4) 0 (0-1)** 3 (1-4) 0 (0-1)**
Data represented in mearSD or median (2575" percentile)

“(p O 0 beéwegn week 6 and week 12

PO 0.01)

ApO 0.05) between % change between the

MVPA: Moderate to Vigorous Physical Activity, \peak:Peak Oxygen Consumption,

BMI: Body Mass Index, min: Minute

gr o
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Table 6. Proportion of Participants Reaching Common Criteria for VO, max

N =42
Plateau (<150ml/min increase with increased work) 11 (26)
RER (01.15) 16 (38)
Borg Scale(> 17 RPE) 20 (48)
Predicted HR max(220-age) 25 (60)

Data represented M (%)
RER: Respiratory Exchange Ratio, RPE: Rate of Perceived Exertion, HR: Heart Rate

Table 7. Associations Betwee@hange in MVPA in 10-minute Bouts from week 6 to
12 and Baseline Characteristics

Age (years) -0.03
BMI (kg/n) 0.18
Education( O uni ver 0.13
NEWS score(182-905) 0.01
Physical capacity(0-8) -0.54**
VO, peak( ml / k g/ mi -0.48**
10 min bouts MVPA (minutes) 0.07
Total MVPA (minutes) 0.18
Total steps(daily) -0.23

*(p O 0 bewkdn week 6 and week 12

A Ypeak was measured at week 6

BMI:. Body Mass Index, NEWS: Neighborhood Environment Walkability Scale; VO
peak Peak Oxygen ConsumptioMVPA: Moderate to Vigorous Physical Activity
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Table 8.Characteristics of Median Groups for Change in MVPA in 10-minute Bouts
Between Week 6 and Week 12

Below median(N=20) Above median(N=21)

Age (years) 72 (6977) 69 (6676)
Sex(male) 7 (35) 5 (24)
Group (group ong 3 (15) 17 (81)**
Education( O uni versi-t 10 (50) 16 (76)
NEWS score(182-905) 219 (199488) 232 (192428)
BMI (kg/n) 27+ 4 28+ 4
Physical @apacity (0-8) 6 (4-6) 4 (2-5)**
VO, peak (ml/kg/min) A 27+6 21+ 4**
10 min bouts MVPA (minutes) 10 (221) 16 (067)
Total MVPA (minutes) 94+ 69 114+ 68
Total steps(daily) 6994+ 2567 6063+ 2846

Data represented in mearSD or median (25.75" percentile)

* significant difference (© 0 bedwedrgroups

** gignificant difference (O 0. 0 1)

A ypeak was measured at week 6

NEWS: Neighborhood Environment Walkabilityc®e BMI: Body Mass hdex VO
peak:Peak Oxygen GhsumptionMVPA: Moderate to Vigorous Physicalcfivity

Table 8 shows the characteristics and differences between the two groups based
on median change in time spent at MVPA inrilhtue bouts The group changing their
proportion of time spent at MVPA in 1fintue boutsequal or above the median has
significanty more participants from the group oe@ 0), tfislgroup also had a lower
score on the physical capacity tests, at baseline, compared to the below medigp Group
0.0]). Lastly, the participants in the same group had a significantly lowerpeek at

week six(pO 0). 01
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Completers vs. NonrCompleters

A total of 63 older adults contacted us to potentially take part in the study.-oR#ty
participants attended the first visit. Figure 2 depicts when participants withdrew from the
study and th reason for doing so. As presented in Figure 2, 4&pamts completed the
study, 20in groupone, and 22n group two With the exception of a greater number of
median (2575" percentile) minutes of MVPA in tfinute bouts at baseline, 10 minutes
(0-32) vs. 0 minutes (@7); (p = 0.05) for participants who completed the study=A2),

no other significant difference was observed when compared to participants who did not

complete the study @ 9).
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Figure 2. Flow Diagram ofParticipants
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(n=45) T Too busy (n=2)
([ Group one [ Group two
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Accelerometer data

The pedometer was the main tool used to implement the intervention and was used to
measure the main outcome, butelecometer data was also collected for seven days at
baseline and week twelte complimentthe pedometer informatiofrigure 3 shows the
difference between the grasipt baseline and week twelwegarding the total amount of
MVPA in 10-minute boutsompleted over seven consecutive d&milarly to what was
observed for the pedometet,kmsdine there was no significaulifference, but by week
twelve groupone accumulatedsignificantly moreMVPA in 10-minute, compared to
grouptwo (p O 0.01).

Because the pedometer used in the studyneasalidated previously, correlation
between the pedometer and accelerometer was evaluated. When comparing the time spent
in MVPA and MVPA in 18minute bouts there was a significant correlation for both total
MVPA (r = 0.65, p < 0.01) and time in MVPA t0-minute bouts (r = 0.73, p < 0.01). A
comparison between the pedometer data and a validated cut point for the accelerometer
data to identify MVPA in 1@minute bouts was also performgd 7] even though this cut
point was not validated in an older population. The correlation showed that &lttubal
MVPA was not significantly correlated, the time in MVPA in-dfnute bouts was (r =

0.60; p < 0.01).



Figure 3. Accelerometer 10minute Bouts in MVPA (individualized cut points)
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CHAPTER 5: DISCUSSION

The primary bjectives of this study were: gtudy if only encouragements to be more
active (no specific indication of how to measure intensity) in order to reach the CPAG in
terms of aerobic exercise, by walking a minimum of 150 minutes at moderate to vigorous
intensity will increase significantligave all participants increase total time in MVPA and
10-minute bouts in MVPA frm baseline to week six (phasg i) To study if using a
pedometer and an individualized cadence
minutes/week) while walkip for six weeks (pase 2: week 7o week 12) will increase
total time in MVPA and 1dninute bouts in MVPA, once adjusted for confounders,
compared withgroup two who did not receivany specification of howo identify
walking intensity.The results of this study show that,the short term, it is possible to
increase physical activity levels at moderate to vigorous intensity by simply encouraging
older inactiveadultsto walk more. The hypothesis thall participants would see an
increase in total MVPA but not in Ifinute bouts of MVPA during this stage was
proven wrong as both of these variables did have a significant increlaseever, after
six weeks, the results of this study suggest that an intervention is needed to keep
increasing time walking at moderate to vigorous intensity in order to eventually reach the
CPAG. In our case, the intervention was to provide a pedonfeemtould display
walking intensity based on walking cadence.

Four secondary objectives were targeted in this study. First, we wanted to
determine if thergvasa difference in baseline characteristics between the completers and
nonrcompleters in thestudy. Our results show thdhe only significant difference at

baseine was MVPA in 16minute bouts (p= 0.05. Second, we wanted to evaluate if
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there was a significant change in clinical variables such ap¥&X, prescribed cadence,
BMI, and physical cagcity between weeks sand twelve. Our findings were thBMI
andphysical capacity had no significant change in either group from week six to twelve,
but VO, peak significantly increased in grogme (p O 0), abidb prescribed cadence
significantly decrased grougwo (p O  0). Thirsl, we wanted to study what covariates
were most strongly associated with change-nibiute bouts between weeks six and
twelve resulting in significant correlations in both Y@eak at week siand physical
capacity at basele Finally, we wanted to validate the physical activity levels recorded
from the pedometer by recording the accelerometer from baselveetotwelve, and the

results show similar findings in terms of significant changes.

Phase 1

The goal of the first pdise was to have participants gradually increase their activity time,

at no particular intensity. This was the aim in order to ease participants into activity as
they were starting from an inactive state to eventually focus on the intensity. Although the
intervention required no designated intensity at this titmee in MVPA was still
measured, as this was the main outcome throughout the sttigbecauseeaching at

least moderate intensity is associated with greater health and functional dbefit26,

127], andhigher intensities are associated with lower mortality rg8é% This gradual
increase in activity is supported by other studies that have found this approach to be less
overwhelming for older adult$13, 194] During this first portion of each phase,
participants had a lot of contact with the research staff as this has been shown to lead to

greater adherence and adoption of physactlity [134, 195]
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At baselineparticipants were not randomized into groups yet, as this took place at
week six, but analysis was run to determine if there were any significant differences at
baseline between thievo groups.Therewere not many differences between tin®
groups, therefore factors such as age, NEWS score, and d#hot play a significant
role in this intervention. This may be due to the fact that the participants in this study
were fairly homogeneous with regards to these varialege age range was only
between 65 and 87 yeaokl, the similar NEWS scores inthite that the participants may
live in similar types of neighborhoods and therefore have little variation in their
walkability scores, an8MI in this studywas normally distributed with an average score
of 28 + 4 kg/n? at baseline, which means that mokthe participants in this study were
classified as beingverweight basean their BMI [196]. If there were a wider age
variaion it is likely that age may have had a more significant influenceghssical
activity levels tend to decrease as age incrg28e4.97]

During phase 1 participants were asked to gradually work up to walking 150
minutes per week. At baseline theedian (2575™") amount of walking done at moderate
to vigorousintensityin 10-minute boutsvasonly 10 (0-32) minutes per week, and the
average total timat this intensitywas 100+ 61 minutes per weekBy the end ophase
1, MVPA time spent in 1@ninute bouts almost douldereaching 19 (&3) minutes per
week and total MVPA increased by 17% 117 £ 64 minutes per weelBoth of these
improvements were cortgred statistically significant. Other studies have completed
similar interventions and have shown significanprovements in total MVPA30, 151]
but studies have shown that accumulating MMRALO-minute bouts is rarfl51, 198]

There are three studies that have sinovlatcomes for their interventions in older adults,

but at this point the results have not yet been published, and only the study designs are
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available[174, 194, 199] All of these studies are implementinghmeemonth walking
intervention in older adults so it will be interesting to see how our results compare to
theirs[174, 194, 199] These statistically significant improvements seen during the first
six weeksmay be attributed to an initial increase in activity based on use of the
pedometer, which has been seen in previous st{iie$80, 161, 162, 20Q02. Another
potential reason for this increase could be due to the flexible scheduling that was
implemented with high contact during the first week of the study and then the freedom to
complete walking on their own schedule in a locatiothefr choice. Thdiigh contact at

the start has been proven to aid participants in becoming more ffivdé34] and
combining this with completingnost of the walking on their own schedule can lead to
better adherencgb8, 130, 132] At this time all participants were receiving the same
intervention, and had not been randomized to gameor group twget. Even if MVPA

time spent in 1Oninute bouts increased significanthg participantswere reachingl50
minutesin 10-minute boutsasrecommended by thePAG[9]. Even though reaching the
CPAG brings optimal health benefifgloore et al.[45] has proven thaanyincrease in
physical activity can lead to health benefits as achieving 0.1 to 3.74 METs/hour/week,
which was associated with brisk walking less than 75 minutes per whek, compared

to no activity,was associated with an increase in life expectancy.8fykars (95% CI
1.6-2.0). Because the second phase of the study was including a group of participants
keeping the same intervention, it was interesting to see if that increase in total-and 10
minute bouts would keep increasing at least remain the sangiven the small
investment to get these older adults to walk more. These findings lead into phase two of
the intervention where the CPAG were emphasized for all participants, addressing

intensity and 1dninute bouts.
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Phase 2
The objective of phase 2 was to introduce intensity of exercise while walking, with two
different interventions. During this time the participants were randomly assiggeouio
one whowere providedwith information regarding the cadence necessary tchrea
moderate intensity, and a pedometer and guidance on how to use it to determine if this
cadence is being met in-0inute boutsor to group two who received the CPAG but had
to identify moderate intensity on their own and had their pedometer lo€kedbenefits
that come along with reaching at least moderate intensitwatedlocumented45, 126,
127], and the CPAG identifies 1finute bouts at this intensity as the minimum in order
to obtain optimhhealth benefitd128, 139141]. This phase of the intervention led to
significant increases in MVPA in 3fiinute bouts (80.01) and total MVPA (g0.01) for
groupone Although the increase fagrouponewas not enough to have the majority of
participants reaching the CPAG, they have increased their MVPA -midite bouts
from a median of 31 (11 to 55) minutés,88 (52 to143) minutes per week; 2.8 times
more than asix weeks. This is especially important when caneg to thegroup two
who saw a significant reductian their median time in MVPA in Hinute from week
six to week twelveThis decrease may be associated with the fact that they had no visual
feedbackrom the pedometer during this time, while the intervention did, and this type of
feedback has been associated with increased activity [@&I30, 161, 162, 20R202].

There are many factors that influencgebup onesincrease inMVPA in 10
minute bouts and total MVPA such as the use of the pedometer and its visual feedback,
flexible scheduling, practice and guidance on how to walk at the right cadence to reach
modera¢ intensity, and individualizedalking cadenceprescriptions These factors are

supported by the current literature, but to our knowledge this study is the first to
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incorporate them all into a walking intervention with the goal of increasing M#RA

in 10-minute bouts for inactive adults.

Pedometer

The pedometerds been proven in multiple studies as an effective device for increasing
physical activity level§13, 30, 161, 162, 20RQ02]. The majority of these studies had a
main outcome of increasing the total number of steps taken which is a measure of
increasing physical activity levels but does not take into consideration the intensity at
which the steps are takeor a purchase prcof about $30, the pedometer used in this
study was capable of recording much more than just the number of steps taken, most
importantly for this study itwas able to record time spent imoderate to vigorous
intensity based on walking cadence, the numbérlO-minute bouts accumulated in
moderate to vigorous intensity each diayan be individually programmed for cadences
needed to reach moderate and vigorous intensity, and it has a memory of at least 14 days
[31].

Plenty of studies that have used other pedometers as intervention tools, and these
studies support that using thedometers and receiving the instant visual feedback from
them can lead to an increase in physical actieityels and motivatiofil3, 30, 161, 162,
200-202). Some of these studies indicate that the effects of the pedometer mayeonl
influential during the short term and that in order to see greater improvements goal setting
should be include@30, 161, 162] This might explain why we observed an increase in
total MVPA andMVPA in 10-min bouts during the first phase on the study but not in the

second phase for the grotwpo.
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These findingsare similar to those of Clemes et B01], and Marshal[202],
who both found that when comparing groups who received feedback to those that did not
receive the instant visual feedback from the pedometer, the feedback groups in both
studies significathy increased their physical activity levels based on total step gounts
suggesting that instant feedback has a positive influemcghysical activity levels
Although the outcomeneasures from these studies ao¢ exactlythe same as our main
outcome,they all support the use of pedometers as a tool to increase physical activity.
Interestingly, when total step count was looked at in our study, although this was not a
main outcomegroup twosaw a significant decrease from week six to week twehv@ (
0.06) which aligns with the decreases seen in total MVPA and time in MVPA-n 10
minute bouts, butgroup one did not see a significant change in total stephis means
that althoughgroup one increased both total MVPA and MVPA in -tfinute boutsin
phase 2 othe interventionthey did this without significantly increasing the total steps
taken. These findings are similar to a recent studBdaoyeira et al[203] that that aimed
to increase steps per day. In this sttlilgrewereno significant difference in the change
in total steps per day when comparing the control and intervention group, but similar to

our findings, the intervention group accumulated more steps at higher cafffitjes

Flexible schedule

Providinga gudy that had some contaatd some freedom to do the activity on your own
may have provided a good balance to increase total MVPA and MVPA-miriiie

bouts. Previous studies have shown that having contact with participants can lead to
greater adherende the physicahctivity intervention[134], and it can alsincrease self

efficacy, and low seléfficacy has been associated with decreasd#iterencd80]. All
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participants in oustudy, regardless of the groupceived the same amount of contact;
three teshg visits, six walking visitsand one final walking visit. Even though there were

10 visits required in this study, the majp of the activity was not completed with the
research staff, and participants had the flexibility to do their walking whenever and
wherever they wanted to throughout the week. By doing this we hoped to have the
benefits provided through high contact mentioned previously{80, 134] but also
wanted to use predominantly a hotresed program as thegges of program$ave

been shown to have better adheref&® 130, 132] Homebased programs have also
been identified as a necessary component to any intervention in order to have lasting

effects[130], which should be the goal of any intervention.

Guidance on how to achieve moderate intensity

As is shown in some of the recent studiesmatking cadence in older adults athgraup

of peopleare able to achieve cadend®@s 1 00 st e p[86-28] éout wharn theirt e
activity levels are monitored during free living, these cademcesot achieved very
often[28]. In our study it wadound that the average cademegured to reach moderate
intensityfor grouptwo was 112 + 9 steps per minute, and byehd of the intervention
they were spending median 088 (52143) minutes peat this cadece in 10-minute
bouts which was a significant improvemefiom week six(p O 0 . Thes@ findings
indicate that adkving these higher cadences is possiBlarticipants in groupnewere

not only told what cadence they needed to walk to reach moderate intensityybaisth
walked at this cadenagith research staff at three different visits and learnt how to use
the pedometer, which provided instant visual feedback on whether this cadence was being

achieved every ten consecutive minutes. The idea of practicing the apyroyi&ing



73

cadence has been proven effective at being able to walk at this speed again as was shown
in a study done by Rice et §204]. Participants in this study werandomly assigned to

two different groups, one only received information regarding physical activity
recommendations, whereas the other group also had one practice session walking at
moderate intensity based &5 to 70% of predicted HR mafor ten minuts [204].
Interestingly enough, when panippants returned one month later and were asked to walk

at moderate intensity, measured by research staff based on achieving and maintaining 55
to 70% of their predicted HRhax those who had the one practice session were more
successful at achieving andamh nt ai ni ng this intensity for

[204].

Benefits of individualizing walking cadence prescriptions

METs are a common absolute measurement of exercise intensity that are frequently used
in the literature with a threshold of reaching 3 METs being equivalent to adiievin
moderate intensitj22-25, 150152]. By default oneMET is equal to 3.5 ml/kg/mifiL53].

Thus, reachig 3 METs is equal t&0.5mL O,/kg/min [153] by default. Although METs

are a commonly used measurement, they provide no adaptation for individuahddtere

in CRF levels. It is well known that CRF will reduce with 488] and the number of
METSs to reach moderate intensity should be adjusted as recommended by thd38,SM
but studies n walking cadence are ignoring that fact when usihgE3's for all[22-25].
Therefore, prescribing 3 METs to eyene, regardless of their maximal CRF level and
age does not offer the most valid prescription. For example, if two different people with
different CRF levels perform the same task, the individual who has a lower CRF level

will be working at a higher peentage of their CRF level in comparison to a person with
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a higher CRF level. This will result in different intensities being achieved, and potentially
create a difference in the health benefits being achieved with the same exercise. Using a
relative measwr of CRF, such as 40% VR [38], to prescribe intensity may be more
favorable since this takes into consideration the indivedaharacteristics and maximal

CREF level.

The literature on walking cadence to date has used reaching 3 METs as a
threshold for reaching moderate intend@2-25, 30] and this has resulted in general
prescription of walking 100 steps per minute to achieve moderate intg@#&s&%]. In our
study a relative prescription method based onR/@as used, and a greater cadence was
identified to reach moderate intensifylé + 11 steps per minuteven if the sample was
older than most previous studidshe walking cadence prescribeéa this study to reach
moderate intensity was based on the cadence required while walkingiodoan flat
surface when reaching 40% W®, determined based on the ¥f@eak measured during
the maximal CRF test. With this information we were able to determine the equivalent
METs being used for each individual when they reached 404RM@l/kg/min+ 3.5),
and based on theadence needed to reach 40%,ROwe were able to calculate the
cadence that would be equivalent to reaching 3 METs for each particiydoen
converting our median cadence to reach moderate intensity to a cadence equivalent to
reachig 3 METs, 105+ 17 steps per minute was the averdges. also interesting to note
that if the prescription of 100 steps per minute would have been used in this population
only 14% of the participantswould have reached moderate intensity, when the
presciption was based on 40% \(R. When the cadence prescribed at 40%,R@as
compared to the estimated cadence based on reaching 3 METs using a Wilcoxon test,

there was a significant difference @9.01), indicating that prescribing a relative measure
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of mocerate intensity will lead to the need to achieve a higher cadence to reach moderate
intensity while walking.Our analysis shows us that moderate intensity based on 40%
VO.R has patrticipants achieving about 3.4 METs compared to the typical 3 METs that
are dten prescribed22-25, 30] It is important to note that even the difference is @y
METSs, itwas significantly different and is likely that the discrepancy between 3 METs
and the METs required to reach 40% )ROwould be larger in younger samples because
CRF levels decrease with a§9]. Studies on older adults support that a cadence of
approximately 100 steps per minute it equivalent to reaching 3 NEGF28], which is
similar to our findings were when average cadence at 3 METs was calculated it was 105
steps per minute, but whether this is truly reaching moderate intensity is debatable as
these same studies have found that older adultselelft cadences highéren this, even
when asked to walk at a slow pd26é-28].

Both the estimated VOmax and the estimated cadence basetherestimated
VO, max weresignificantly higher (p< 0.01) tha the measured V{peak (24 £ 6; 25 +
6) and prescribed walking cadence (114 + 11; 121 +Ti&refore it can be interpreted
that if these older adults were to be prescribed a walking cadence based drugheir
maximum aerobic capacity, it likely would have to be evemdrghan the cadence that
was prescribed in this study, and much higher than the commonly prescribed 100 steps

per minute.
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Changes in clinical variables

In our study, clinical variables such as M#2ak, prescribed cadence, BMI, and sibal
capacity were measured. In phase 1, only BMI and physical capacity were measured and
no significant improvement was observed. In phase 2, no difference was obsenasd in

of the variables, but VOpeak increased imgroup two Although it is proventhat
endurance exercise training in older adults can lead to similar increases maxCas
younger adult$205], ard an increase is seen in group one during the second phase of this
study, it is important to recognize that this may be duédtors other than simply
increased aerobic capacitifamiliarizationwith exerciseprotocol has been proven to
impactresults[206], althoughin this studyboth groups hathe same number of tests and
familiarization sesions on the treadmilThis difference could also be attributed to the
fact that groumpnelikely worked at a higher intensity during phasefahe intervention

and therefore felt more confident pushing harder in their final CRFésn VQ peak
values were compared at week 12 between the two groups using awhamey test no
significant differencavas observd but because this test does not take into consideration
the VO, peak values at week 6 it is still important to recognize the differencasthat
presented based on the percent change over this six week period.

In a systematic review on interventions done with pedometers to increase physical
activity levels, an average significant decrease in BM¥ (203) was observed among
these studiefl62], which is interesting when compared to our studyewe significant
difference was found. Some of the main differences between the studies in this review
and our study were the main goal, theirs was to increase total step count whereas ours was

focused on time and intensity, the average interventionHemgs 18 weeks, compared to
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our which was onlyl2 weeks and the average age in these studies was about 20 years
younger tlan ours[162]. Physical capacity scores were the total scores of whether the
norm, based on age and gender, was met for eight different tests. The issue with this
method is that some of thtests are more strongly related to walking then others, for
example the chair stand is to measure lower body strength andrhi@® walk is for
aerobic endurandé], both closely associated with the goalrgfiig to increase walking,
whereas tests that were included such as the arm curl for upper body strength and the
back scratch for upper body flexibilif$y] may not be as significant in influencing the
main outcone of this studylt has been shown that increasing the distance of a 6 minute
walk test by as little as 20 meters can lead to a meaningful change in physical
performance measurg207], therefore inan attempt to display an overall picture of the
par t i ohygscalcapasity by combining all the scores, this may hameimizedthe
association between certain tests and our main outcome.

The positive health outcome that was seen in this studymwap onesmproved
VO, peak scores from week six to week twelve (p.62), indicating an increase in CRF
levels. This is impressive to find after only six weeks of an intensity intervention because
these results in the older population prove that regular aerobic physical azivityelp
to decrease the age related decimenaximal aerobic capacif$9] which in turn helps
to sustain functional capacif$5], preserve bone maf20], and lead to a decreased risk
for the many chronic diseases that are associated with physical ina{3ivit\i]. A
decrease of about 10% of maximal aerobic capacity per decade happens with age if an
individual is sedentarj89], but if an active lifestyle is maintained this decreasegmn
down to only a 5% decrease per deci8#. These findigs are supported by some of

the eercise interventiosithat havebeen done onreolderpopulationas theyhave shown
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increases iNVO, peakof 8.5%[208], and 8.4%[209], compared to the 9% increase we
saw. It has also beeshown that longer interventions on this population align with these
results, and even more substantial improvements ip pgak are possibl210]. Even
with the significant increase seen WD, peakin phase 2n group onethe presribed
cadence did not incregssuggesting that more than 2ml/kg/min is needed to change the
prescribe cadence to reach moderate intensity when estalidedeabn 40%o0f VO,R.

The increase in VPpeak values seen in groopefrom week six to ek twelve
(p = 0.02), are consistent with the findings of Posner ef28B] where a significant
increase§ O  @).inOVO, peak was also seen in the intervention group afté wekek
low to moderate intensity exercise program when compared to thexeotise control
group. The metanalysis done by Huang et §11] also supports that it is oomon to
see a significant increase in Y@eak in previously sedentary older adults in the
intervention group, and not in the control group after an exercise intervention. It is
believed that a V@max of about 20 ml/kg/min is the minimum in order to liaed
independent lifestyl§211], therefore finding simple ways to increase an individuals VO
peak is important in order to be able to support functional ability angendence.
Based on the V®&max norms that are based on age and gender, prawdea Physical
Fitness Specialist Manu§212], 43% of the participants at week six were reaching or
surpassing the facategory, showing that the majority of the participants in this study
could use an improvement. Wh&O, peak scores at week six are compared to the
minimum requirement for maintaining an independent lifes{@#l], 24% of the
participantswere below this thresholdbut by the end of the study this percentage
dropped to 14% which is representative of the clinical significance this intervention had

on VO, peak and therefe CRF. Thignformation is quite representative of the type of
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participants that we tried to recruit for this study because they had to be in fairly good
health in order to pass the PAR questionnaire which explains why most have g VO
peak equal to ogreater then that associated with being able to function independently
[211], but they were also required to be inactive at the start of the study, so seeing low

VO, peakvalues was not surprising.

Completers vs. norcompleters

Most of the baracteristics at baselinage, sex, education, NEW&8ore total MVPA,

total steps, BMI and physical capacityhen comparing participants who completed the
study and those who dict) did not have a significant difference. The only variable that
was significantly different (p= 0.05) between these two groups was the number of
minutes of MVPA in 16minute bouts at baseline. At baseline the completers had a
median time of 10 minute§32) per week, while the necompleters had a median of 0
minutes (627) per week. The study started with 51 participants, who all completed their
first visit and were eligible to continue, 42 participants completed the erftiveeek
intervention which means there was approximately an 18% drop out rate. Previous studies
that implemented &2-week walking intervention saw dropout rates of only abou{3%p
138], which is lower thanhe rate that we saw in our studyhese studies were both done
on a younger populatiof80, 138] which is interesting because it has been shown that
adherence to exercise prescriptions in older adults idlydugher than in a younger
population[213]. Gendemay have played a role in dropout rates becaltbeugh there

was a smaller number afen that participateth the studythey had a 246 decrease from
baseline to week twelve whilgarticipation by womerlecreasedy 136. Some other

factors that can influence older adults adherence to an exercise prescription are the level
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of fitness at baseline, history of having a physically aclifestyle, and the level of
exercise selefficacy[213]. The last two points were not measured during our study, but
thelevel of fithness was measured for all participants at week six,hédiay gve some
insight into why there was more drop out in the intervention group. Higher fitness levels
are associated with better adherencexercise prescriptiong213], and inthis gudy

when CRF was measured at week six it is evident that grmeagad asignificantly
higher (p=0.05) VG, peak thargroup oneand this could be a reason that no participants
droppedout from grouptwo during phase 2andthere was d43% drop out ratén group
oneduring the same time period.

During the entire intervention there was only one participant that dropped out due
to an injury from walking. This participant was in groape and sustained a sprained
ankle during the second phase of the igation, when the intensity target was
implemented It could be hypothesized that the intensity prescribed was too high and that
this may have led to the injury, but the walking cadence prescribed at week six was based
on 40% VQR and wasl05 steps peminute. This cadence is dhe lower endof the
prescriptionsgiven, as the averagecadence to achieve this intensity based on all
participantswas 114+ 11 steps per minutén addition, the chosen normal cadence was
measuredt baselingeand thistypical walking cadence was 102 steps per minutasdz®l
on these facts, the walking cadence prescribed appears to be accurate and achievable, and
the injury, although unfortunate, is not an uncommon form of injury for this population
[214]. In fact, Statistics Canadreports that 55% of the injuries that occur in seniors take
place during walking or household chores, and strains or sprains are the most common

type of injury despite age classificatifi4].
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Who is more likely to increase MVPA in 10minute bouts?

An influential variablefor determiningwhether participants were reaching the
median change in MVPA in iMinute bouts from weekevento week twelve was the
group (p = 0.04), with a higher proportion pérticipants in group onesaching the
median. Theséndings support that the intervention was making a significant difference
and this intervention should be tested on a longer term and add measures ddirigbalth
function This is also supported based on the results that 9 of the 10 petyeing>
100 minutes of MVPA in 16minute boutsat the end of the study were from group one.
This result is encouraging because although the CPAG are not being fully met, this
amount of activity for these participantereased fron75 + 63 minuteper week to 142
(131-177) minutes per weekvhich is a significant increase §0.01). Any increase in
activity is beneficial and is associated with health benefits, especially when starting from
an inactive leve[81, 82] The CPAG recommends reaching 150 minutes of moderate to
vigorous physical activity peweek, but they also state clearly that every little bit of
activity counts, but more is bettf83]. In addition,research has shown that as little as
one hour of walking per weelat as little as a lightot moderate intensitycan be
associated with lowering cardiovascular disease mort@B®y. This supports thaan
increase INMVPA in this interventioncan be seen as significant accomplishment for
these participats, and these improvements were achieved over a period of only twelve
weeks, with only six of those weeks focusing on intensityerefore with a longer
intervention these results have the potential to increase even fantkdemight be
sustainable becaesof the nature of the activityDuring this intervention it is also
possible that any increase in walking time could hayeroved p ar t healthmprednt s 6

decreased risk of alause mortality215].
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Someof the advantages to Hintervention are that it was fairly low cost, and did
not require substantial resources. The use of pedometers as the main tool for the
intervention is a cost effective stratedie only costly component to this study was the
maximal test, as these regpiinot only the metabolic cart, but also a CEP to administer
the test.Although both groups received the same information regarding the CPAG, and
both had the same number of testing and walking visits, the data shows that the extra
information regarding # cadence needed to reach moderate intensity, and having the
pedometer as a tool to help them achieve the correct speed, agtedpnonesbility to
increase MVPA in l1Oninute bouts. These findings are similar to those found by
Marshall et al.[30]. In this study there were three different groups who all received
different step goals; the first group was a-seliected goal, the second was a goal of
acamulating 10,000 steps per day, and the third group was a goal of walking 3000 steps
in 30 minuteqd30]. This was also a 1®eek intervention that resuttén the group who
was prescribed walking 3000 steps in 30 minutes, which is equivalent to walking 100
steps per minutesignificantly increasing theiMVVPA in 10-minute bouts as compared to
both of the other two groups (» 0.01)[30].

One of the limitations to this study is thhe intervention tool was a pedometer,
but the tool used to measure the outcome was an accelerometer at baseline and at week
twelve[30]. To address this iae we used the pedometer as the main tool for intervention
and analysis. Although we did collected accelerometer data at the beginning and end of
the study, the pedometer was used for the main outcome because this pedomeger has th
ability to record time gent in moderate to vigorous intensig, well as the number of 110
minute bouts accumulated this intensityeach day31], which is more information than

many other pedometers provide. The accelerometer data was used to verify that the
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similar changes occurred between the two devices, but based on being able to set the
pedometerto the individualized cadence necessary to reach moderate intensity, this
information was more reliable for measuring the outcome we were lofikinghese two
devices were evaluated for their correlation to see how accuratelypettiemeter
measured MVPAN 10-minute boutsThe correlation fodO-minute bouts in MVPAwvas

fairly strong,but not as great for total MVPAhis suggests that both devices detect 10
mintue bouts fairly consistently, but the pedometer may not pick upuah of the
movement as th accelermeter for the total MVPA value§his could bebecausehe
pedometer most accurateljeasuresonly ambulatory movemenf31] whereasthe
accelerometeis more sensitive to other movements as widtlese results will have to be
confirmed with a validity study in the future.

Similar to Marshall et al[30], Ayabe et al[151] also prescribed a cadence of
either 1000 steps in 10 minutes or 3000 steps in 30 minutes, both equivalent to 100 steps
per minute, and found that thgseescriptionsncreased total MVPAIme, but did not see
the same increase MVPA in 10-minute bous that were seen in our intervention. Both
of these studies align with our results in finding thsing apedometer as a tqahlong
with a walking cadence to reach moderate intensésuled in increasingMVPA time
[30, 151] The results of the study by Ayabe et[ab1] show that bouts of Xfhinutes
are na being achieved, and based on our baseline data this is found to be true, even in
grouptwo at the end this is still evident, which emphasizes that the interventionrused
our studyhad an important impact on increasing MVPA inrilhute bouts because
group one saw a medianncrease from7 (0i39) minutes at baseline ®8 (52143)
minutes at the end of the intervemtidBouchard et al[13] also carried out a walking

intervention in an inactive older population, in this study different tools were used by the
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participants, and although the difference in tigpent at moderate to vigorous intensity
was not significant betaen the groups at the end, the pedometer was the favored tool,
supporting that this tool is a good choice for this particular population.

Another factor that was significantly different between the groups waspeak
values. This data shows that peoplgh a lower VQ peak when starting phase 2 were
more likely to see a change in MVPA in-bfinute bouts. This is interesting because, it
could have been hypothesized that older adults with a bettep®#k at start would have
respond positively to the iatvention. Howevelit is well documented that those starting
from a lower fitness level are likely to see more significant improvements from increasing
activity levels as it is proven that the greatest improvements in health are seen in the
initial stages when sedentary individuals become ac{®&, 82] The difference that
becomes evident between greupne and twaould be attributed to more successfully
reaching moderate intensity because with the extra guidance on how to achieve this
intensity grouponewas more successful athievirg moderate to vigorous intensiity
10-minute bouts, and reaching this intensisy associated with improved health and
functional capacity45, 126, 127]and this intensity influences mortality risk based on its
strong association with CRE5, 126, 127]

Physical capacityvas significantly different between the two risdgroups (O
0.01) and remained significant in the logistic regression magtedwing that the group
with a greatemedian percent change in MVPA in-bfinute bouts héa lower physical
capacity levelt baselineThis implies that the intervention istaevable for individuals
with a lower physical capacity level which is an important population to target with this
type of intervention because increasesCRF are associated wiiinproved physical

capacity[55].
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Onefactor that was not controlled for when randomizing participants into groups
was education level, and there was a significant difference between the two graups (
0.06), with group one having more participants with a college or univer&tiucation.
Thisisimportanbecause education | evel i's associ at
status[216] and knowledge about healf@17], which has the potential to influence
motivation, understanding, and compliance to the intervention. However, the education
level did not play a role in the proportion of change in MMRAO-minute bouts.

Four weather conditions were tracked throughout iRewveek intervention,
temperaturehumidity, humidex, and precipitation. Out of all of these factors only one
that had any significance on the main outcome of increasing MVPA-mid0te bouts
was the humidity measured atek twelve. Table 5 showtke changes in wéaer that
occurred betwen week six and week twelve of the interventioomparing thewo
groups. During this time both groups saw significant decregs€s 0 in@lllaspects, as
the seasons started to change, the only variable that did not see signiftcaateevas
the humidity forgroupone These findings may help to explain why humidity at week
twelve was the only weather factor that had a significant correlatior®@7; p= 0.02)
with change in MVPA in 18ninute bouts from week six to week twelvdth®ugh this
correlation does not remain significant when compagraup one and group twahen
comparing the median groups higher humidity is associated with being in the above the
median group (B 0.001).Previous research has shown that weatherropadt physical
activity levels, and that poor weather can be seen as a barrier to being physically active
[64]. It is also shown that due to this seasons can impact activity levels, with peak activity
usually taking place during the spring and summer sedgqmg to August)[64]. These

findings could help to explain why the higher humidity at week twelve was associated



86

with being in the group above the median for percent chang4VPA in 10-minute
bouts, because the intervention went to the end of Octobesofoe, therefore higher
humidity during this time may have been associated with warmer and more enjoyable

conditions to walk in.

Limitations

One of the |l imitations for this study is
effects, whether positiver negative, may appear more significant than they are because
every individualhas a larger impact when there are fewer participants. This is also the
reason that neparametric tests for statistical analysis had to be used, because the sample
was not lage enough to have the data normally distributed. Based on this it is important
to recognize that the results should only be generalized to a similar population.

A power calculation was not done in order to determine the number of participants
for this intervention. This is a limitation to our study, but this would have been
challenging because there are no studies done previously that implemented this type of
interventionin older adults50 participants as the recruitment goal was the largest sample
thatwould be possible based on budget and available resources. With a final number of
42 participants completing the study, tkigl represents the largest sample of older adults
recruited to identify if an intervention based on walking cadence, usingdodl cut
points can help increasing the weekly total time andhirfute bouts spent weekly.

Not measuringmaximal aerobic capacitat the beginning of the studys a
limitation. The reason thisvas not done idecause aerobic intensityas not being
addessed until week six of the intervention, and to save on cost. However, this provides

some challenges because there will not be a comparative individualized cadence for
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participants from baseline. Pedometer MVR#e at baseline was adjusted using the
equation related to their prescribed cadence at week six. Fortunately the accelerometer
data thatvas collected at baseline was able to support the trend in physical activity levels
between the two devices. Even thoulglh mminutes in MVPA in 10ninute bouts were not
identical betweernhe accelerometer and pedometbey weresignificantly correlatedt
was also shown that time in MVPA in-bBinute bouts was significantly correlatedth
an accelerometer when usingvalid cut point[177], helping to support thvalidity of
this measure.

Because the prescription for moderate intensity in this study was based off of the
VO, peak from the CRF test at week six, a concern could be that participants may not
have reached a true maximum and therefore their walkidgnca prescription would not
truly have them reaching moderate intensity. This can be disputed by the data presented
regarding the average walking cadence and METs achieved based on prescribing 40%
VO.R. The average prescribed walking cadence Wlab+ 11 steps per minute which
was equivalent to reaching 3.4 METs, and both of these values surpass the standard 100
steps per minute and 3 MET guidelines that are currently in the litef@2u25, 30]
This argues that not only did the CRF tests give a good indication of aerobic capacity, but
also prescribing moderate intensity based on the relative measure of 46%i%/@n
effective way tdhave individuals reaching an appropriate intensity to gain optieelth
benefits It is also important to recognize that when fpaint estimation was used to see
what the estimated VOmax would have been, and the corresponding cadence, both of
the esimations were significantly higher than the data based onpé@k. The VO2 peak
compared to the estimated VO2 max was about one ml/kg/min higher which was

statistically significant (< 0.05), and the walking cadence that was prescribed tvas
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11 stepper minute compared to the estimated valuézif+ 16 (p< 0.01). This shows

that if participants would have reached closer to their maximum aerobic capacity the
prescribed walking cadence would have been significantly higher then what was
prescribed, bueven more so it would have been about 20% higher than the typically
recommended 100 steps per minute. It shbelshoted that thisalking prescription was

not based on cadence on treadmill, it was prescribed using a portable metabolic cart so
that wdking took place on an indoor flaurface, in hopes of prescribing the most
accurate cadence possible.

Thecadence othe pedometeran only be set by every five steps which caused us
to round the walking cadence prescriptions, therefore they were not as accurate as they
could have been, but they are still the first relative walking cadence to be prescribed.
Pedometers also do not acat for differences in terrain which can impact the difficulty
and cadence of walking, and they are not able to adjust for different loads, for example if
someone is carrying a heavy bag this will impact their walking but will not be reflected in
pedometedata.Lastly, pedometer data was used from all days that it was supposed to be
worn; unlike the accelerometer there is no measure ofwear time or a standardized
threshold for valid days.

Accelerometerdata was not used as the main outcome becaltiseugh the
accelerometer is more validated in the literature than the Piezo Step pedmibier
177], the accelerometer was only used to measure physical activity Evieaseline and
week twelveThis is a problem because the randomization into different groups, and the
true intervention startedfter week six, so the acaometer data does not give a true
representation of the interventions effects from week six to twelve. Based on the literature

it is also known that the use of different cut points on the accelerometer can make a large
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difference in the outcome of the datnd therefore how it is interpretfi@8, 179] In

orde to try and determine the most accurate cut point for the accelerometer on this
population, the cut point at 40% ¥R was used to determine time spent innii@ute

bouts of MVPA, and total time in MVPA. Once the individualized cut points were
determined bsed off of the walking cadence at 40% JYRDa correlation between the
individualized cut points for each participant and their,\fi2ak, as well as their
prescribed walking cadence was run. Both of these tests resulted in significant
correlations with th& O, peak at week six having a correlation of r = 0.7®@01), and

the prescribed walking cadence r = 0.680.01) demonstrating that this individualized
approach may be a good strategy when using the accelerometers.

Physical capacity was measured based on the SFT and the unipedal stance tests
from the CSEP protocol, and whether the norms, based on age and gender, for each test
were met was scored for each participant. These scores were then totaled and used as
comparson of physical capacity. It is possible that some of these tests may be more
strongly correlated with increasing MVPA in-b@inute bouts, and that combining all the
tests may take away some of the significant effect these tests could have had. The reason
for doing this was because all of these tests give an overall representation of physical
capacity, which encompasses more than just being able to walk, so utilizing them all
seemed the most logical.

It also must be taken into consideration that typicaliyivity increases in the
summer months, so although participants are inactive when starting the intervention we
do not have information regarding their activity levels the previous summer, so there is a
chance that they would have become more active theersummer even without the

walking intervention.
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Another limitation that should be addressed is the education level difference
between the two groups. Group one had a higher education level in comparison to group
two, and this has the potential to iagh the study because education level is associated
with an individualssocioeconomic statj216] and knowledge about heal@l7]. These
factors have the potential tofiuence the participants motivation for the physical activity
intervention and therefore potentially their compliance as well. Howexam statistical
analysis was performedjthough there was a significant difference between the groups
based on edudan level,this did not play a role in the proportion of change in MVPA in
10-minute bouts.

Finally, all participants were volunteers and this is a limitation because they are
likely more motivated thama nonvolunteer populatiorf195]. It has been shown that
women are more likely to volunteer than m@i8], which may be a reason for the
gender difference in our study. Although this could be seen as a limitation as 71% of the
participants were women, when running the analyses, gender was controlled for and did
not present itself as being a significant facretated to walking in MVPA or

accumulating time in MVPA in Hninute bouts.

Impact of Research

This researchis novel based on the fact that it was a randomibkathnce design
intervention, participants received an individualized cadence based offeiof awn
maximal CRF test, not a standard prggmn, and participants igroup one received
instant visual feedback from the pedometers on their ability to readerate to vigorous
intensity,which has never been done before. This research has tiigddte impact the

large number of older adults who are currently not reaching the CRAIG an
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intervention that does notrequire extensivaesources. This study shows that this
intervention, using a simple tool such as a pedometer, can help oldsrtadatrease the
proportion of time they spend walking in moderate intensity imiffute bouts, and this

increases theopportunity for achieving the aerobic component of the CPAG.

Conclusion

This intervention shows that the use of a prescribed wglkadence along with the
knowledge of how to achieve this cadence and being able to track time at this intensity
with a pedometer can lead to an increase in physical activity levels. This intervention
shows that the impact of having practice walking atatsect cadence, along with the
ability to receive instant visual feedback regarding whether this cadence is being
accurately achieved makedaage impact on whethdotal MVPA time, MVPA in 10
minute boutsand VQ peak increaseThese findings were maapparentased on the
difference that was shown between tlve groupsfrom week six to week twelve, as well

as by the fact that the group wassignificant variable in having a change in time in
MVPA in 10-minute bouts. Another important finding is thadople with a lower V@

peak and lower physical capaciyere more likely to improvetheir time spent doing
MVPA in 10-minute bouts following this intervention.

The next steps for this area of research would be to validate the pedometers
providing feedback on moderate to vigorous intensityolder adults and developan
algorithm to predict the needed walking cadence to reach moderate intensity to avoid
having to use a metabolic cart to individualize the walking cadence needed to reach

moderate irgnsity.
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Research Study

_ Are you walking fast enough to f)i’?m"h’

H o) & ]]_;:isurc
UNIVERSITY optimize your health* 7 Perforiuman
or MANITOBA

RESEARCH INSTITUTE

Are you older than 65 years old and interested in taking part in a
walking program as part of a research study?

We want to help you get active and successfully reach the
Canadian Physical Activity Guidelines

Meet with exercise professionals for free
Get a fitness and health assessment for free
Increase your physical activity level

You are eligible if:
65 years or older
Agree to increase physical activity
Doing less than 150 minutes of organized exercise per week

Interested?

Contact Jana Slaght
204-474-7878 or slaghtj@myumanitoba.ca

The Education/Nursing Research Ethics Board, University of Manitoba, has approved this
research. If you have any concerns or complaints about this project you may contact the

Human Ethics Coordinator (HEC), Margaret Bowman at 204-474-7122, or
margaret.noowman@umanitoba.ca.
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Appendix B: Personal Feedback



’
Health,
; [eisure
UNIVERSITY A Y &Human
o MANITOBA " Performance

RESEARCH INSTITUTE

Personal M easur es

Canadian Physical Activity Guidelinesi Walking Intervention
Summary of Results

Hello ,

Thank you again for participaing in our study! Your contribution is greatly appreciated
and highly valuable to the overall findings You will receive information on the results on the
study & soon & they are available. Thefollowing document conssts of your pesond results.

Onthefollowing page you will find the current Canadian Physical Activity Guiddines as
set out by the Canadian Sodiety of Exercise Physiology. You will notice tha they encourege
people to paticipae in aerobic exercise at a dnodeate to vigorou® level of intensty, to
determine your moderate intensty we measured your maxima oxygen consumption during the
treadmill test. After measuring your maximal oxygen consumption we were able to calculate
40% of this and determine the number of steps per minute (cadence) you need to take in orde to
reach modeate intensty.

Based on your raults, in orde to reach:

Modeate intensty when youwalk, your cadence should be

Vigorousintensty when youwalk, yourcadence should be

On behdf of everyoneinvolved in the sudy, | would like to thank you one again for
choosng to paticipae. Hopeully you ae able to take the following information and continue
reaching the Canadian Physical Activity Guiddines. If you have any concernswith your
persond measures, please contact your family dodor. For any questionsdirectly involved with
the study, mntact myself a (204) 4747878, orslaghi @myumanitobaca.

Sincerely,
Jana Slaght
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Height (m):
Weight (kg):

Start: Rd:

Body Mass Index (kg/m?):

Start: Rd:

Theopimal BMI isbeween 18.5 ad 25.0 0
avoid health rdated conditions

Waist circumference (cm):

Start: End:

To maintain alow risk of poor helth, your
waist circumference should belower than 88
cm for women and lower than 102 an for
men.

Body Fat Percentage
Start: Bd:

A rangeof 10-22% for men and 26:32% for
women is congdered as satisfactory for hedlth.

Blood Pressure (mmHg):

Optimal blood pressureis beow 12080 mmHg to avoid
heart diseases. It6 Bmportant to note tha we only measured
your blood prasureat onepointin time. You mightwant to
take it severa timesin aweek to see amore accurae,
congstent pattern.

Heart Rate at Rest (bpm):

Thelower is the beter as the heart will need to punp fewer
times in aminute to ddiver the required blood The average
for an adult is 73 bpm

Maximum VO,:

Week 6: Week 12:

Maximum VO; reflects the capacity of the heart, lungsand
blood @n ddiver oxygen to theworking muscles during
exercise. A good VO, max score for women is 27-31 while
men 6is31-38.

** Should you hare any concernsregarding any of the
information, please conault your dodor.

Per sonal results throughout the study compared to the norm within agerange

Norms (age

BaslineData | 6 Wek Data | 12 Wek Data

6 min Walk (m)

30 ®c Chdr stand (rep9)

30sec Arm curl (reps)

Char gt & reach (om)

Back scratch (om)

8 footup and go (&c)

Single leg bdance: eyes open (sc)

Single leg bdance: eyes closed ()
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Appendix C: Phase 1 activitytracker
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Appendix D: Phase 2 activity tracker (Goup two)
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Appendix E: Phase 2activity tracker (G roup one
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Appendix F: Informed Consert
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RESEARCH INSTITUTE
Informed Consent

TITLE: Walking Cadence: A Novd Str ategy to Improvethe
Proportion of Inactive Older Adults who Reach the
Canadian Physical Activity Guidelines

Principal Investigator: Danielle Bouchard, PhD.

Faculty of Kinesiology and Recreation Management. Health, Leisure and Human Performance
Research Inditute. 318 Max Bell Centre, University of Manitoba Winnipeg, Manitobg Canada
Phone (204) 474-8627 Email: danielle_bouhard@umanitobaca

This congent form, a copy of which will be left with you for your recordsand reference, is only
pat of the process of informed consent. It should give you the basic idea of wha theresearch is
about and wha your participation will involve. If you would like more detail about something
mentioned here, or information not induded here, you should fedl free to ask. Please take the
time to read this carefully and to undestand any accompanying information.

You are being asked to participae in a research study because currently, you are not sufficiently
active enough(<100 minutes of aerobic exercise per week) to optimize health benfits associated
with exercise, and because you have shown interest in participaing. The research team indudes
Dr. Bouchad as the primary investigaor, a graduae student (Jana Slaght) as well as summer
students that will hdp, dl from the Faculty of Kinesiology and Reereation Management.

You may take some time to carefully condder whether you want to take pat in this sudy, and
you ae welcome to discuss the matter with friends family, or aphyscian before making any
decision. This coneent form might contain wordsor information that you may find diffi cult to
undestand, please ask the research team to answer any questionsrelated to the study tha you
may have.

Purpose of the study: Asageincreases, phydcal activity level tendsto decrease. Currently, only
about 13% of the Canadian popuktion over 65 years of age are accumulating enough physcal
activity to reach the Canadian Physcal Activity Guiddines (CPAG) for older adults. These
guiddines recommend the minimum amount of exercise required to optimize health bendfits,
with a focus on sustaining indegpendence for older adults. The CPAG recommends at least 150
minutes of moderate to vigorousintensty aerobic activity per week. This study will implement a
two phase intervention tha will first focus on increasing the durdion of exercise, and then in the
second phase exercise intendgty will be addressed. Themain god of this study is to increase the
nunmber of older adults able to accurately identify modeate intendty, and therefore successfully
reach the CFAG.

Study procedures: 50 men and women who currently are not sufficiently active (<100 minutes
of aerobic exercise per week) and 65 years or older will berecruited. If you choos to participae
in this study you will be asked to come and meet the research staff at the University of Manitoba
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