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the fact that volunteers are generally highly motivated. The baseline mean score of 3.8
falls between the preparation stage (3) and the action stage (4). At baseline ten
participants had already been exercising for at least 3 months (maintenance stage), while
eight were in the preparation stage, three were contemplators, and three were in the action
stage. On average, participants increased their stage of change by almost 1 stage by the
end of the study. This was a major finding (p=0.001), demonstrating that the intervention
was effective in increasing participants’ readiness for physical activity. Participants who
were in the maintenance stage at baseline remained there (experienced no change), while
those in the contemplation, preparation, and action stages progressed at least one stage, if
not two. The results also showed that nobody relapsed into a previous stage of change.
According to Prochaska & DiClemente (1982) relapse-prevention is a key focus of the
maintenance stage, though it can happen (and often does) at any stage. Most participants
(23/24) were in the action or maintenance stage at the end of two months, indicating that
the intervention was successful in improving participants’ readiness to be physically
active. This is supported by the participants’ significant increase in steps/day and
cardiorespiratory fitness during the study.

Previous physical activity trials have showed good short-term results regarding
stage of change progression in sedentary adults. Calfas et al. (1996) showed that a
Transtheoretical Model approach to increasing physical activity can be effective in
facilitating increased physical activity readiness. In their 6-week randomized trial, 52% of
participants in the intervention group became regularly physically active by the end of the
trial compared to 12% of the control group. A review by Hutchinson et al. (2008) also
reports positive changes in stage of change in 18/24 short-term (< 6 months) physical

activity interventions based on the Transtheoretical Model.
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To date few studies have applied a Transtheoretical Model-based exercise
intervention to a metabolic syndrome population. The SNAC study used the STEPrMtest
exercise prescription in a sample of high-risk adults with pre-diabetes and/or pre-
hypertension but did not report data for stage of change as it was not the primary focus of
the study (Aizawa, Shoemaker, Overend, & Petrella, 2009). The current study shows that
an intervention pairing the STEPIMtest exercise prescription with self-monitoring and
Blackberry™ smart phone technology results in stage progression in metabolic syndrome
adults in rural Ontario. The results also suggest that the intervention may be helpful in
preventing stage regression (relapse).

5.3.2 Physical activity & cardiorespiratory fitness

Physical activity increased significantly from baseline to V3 (2 months) in the
current study. Mean steps per day increased from 5579 + 1964 steps/day during the first
week of the study to 7818 + 4235 steps/day during week 8, (p = 0.02). These findings
align with those from other studies. In a systematic review of the literature pedometer use
was found to increase physical activity by an average of 2491 steps/day compared to non-
pedometer control (Bravata et al., 2007).

Although significant increases in steps/day were achieved by the participants in
this study they were well under the 10,000 steps/day recommended (Government of
Ontario, 2010; Tudor-Locke & Bassett, 2004). 10,000 steps is equivalent to about 8 km (5
miles) and public health documents insist that it should be easy to achieve with an active
lifestyle (City of Ottawa, 2004; Government of Ontario, 2010). A systematic review by
Bravata et al. highlights the effectiveness of pedometers and having a goal of 10,000
step/day for helping people increase their daily physical activity despite the reality that

few people actually achieve that many steps (Bravata et al., 2007). Furthermore changes



63

in steps/day in the current study had a moderate effect size, despite not meeting the goal
of 10,000 steps/day.

The DaTA intervention improved participants’ pedometer-measured physical
activity. Mean daily steps increased by 41% from week 1to week 8. This is well above
the mean 26% increase in steps/day found by Bravata et al. (2007). Some participants in
our study did achieve the goal of 10,000 steps/day though this may not reflect the typical
response of metabolic syndrome patients since volunteers are generally more motivated
than non-volunteers. Nevertheless, the intervention successfully helped patients increase
their walking behaviour in the short-term.

Individual exercise prescriptions were tailored to include other activities along
with walking. Several participants took part in other physical activities that are not
conducive to pedometer monitoring. Activities such as cycling, swimming, resistance
training, and even vibration machine exercise were performed by some of our
participants. Walking was the most accessible and preferred mode of physical activity
and the pedometer captured that data in a cost-effective and reliable manner. In
retrospect, an exercise journal or accelerometer may have been an effective way to
capture non-walking data which may have had an impact on study outcomes.

Although pedometer data is self-reported, the literature supports the use of
pedometers as a reliable and valid measurement of physical activity (Tudor-Locke,
Williams, Reis, & Pluto, 2002). Improvements in predicted V02max also suggest that
physical activity increased over the course of the study. For example, aerobic fitness
increased significantly despite an insignificant change in weight. This is also important

because V02max can be improved simply by losing weight. Since our participants did not
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lose a significant amount of weight, the improvements in fitness are not caused by weight
loss but rather by increased physical activity.

Aerobic fitness is an important indicator of cardiovascular health and has been
associated with decreased risk of cardiovascular disease and all-cause mortality (Myers,
Prakash, & Froelicher, 2002). Metabolic syndrome is associated with poor aerobic fitness
(Brien, Janssen, & Katzmarzyk, 2007). Aerobic fitness declines with age, largely due to
disuse. Generally as people age they become more sedentary, but there is also
physiological decline of the cardiovascular system with age regardless of physical activity
levels (Hawkins & Wiswell, 2003). Endurance capacity generally decreases by 10% per
decade after age 30 (Heath, Hagberg, Ehsani, & Holloszy, 1981). There is a great deal of
variability in aerobic capacity due to genetics, physical activity levels, gender, age, and
lean body mass. Typically untrained sedentary adults have a maximal aerobic capacity
ranging anywhere from 15.0 mL/kg/min'lto 32 mL/kg/min'l(Huang, Gibson, Tran, &
Osness, 2005). This agrees with the findings from our study which show baseline mean
V02max values of 29.5 +5.6 mL/kg/min'lfor middle-aged adults. Aerobic training can
improve aerobic fitness regardless of age. Improving aerobic fitness can reduce age-
associated declines in aerobic capacity. Studies show that aging athletes lose aerobic
fitness at a rate of 5-7% per decade as opposed to 10% experienced by the average healthy
individual (Hawkins & Wiswell, 2003). The training effect of exercise slows the
structural and functional changes of the heart and vascular system that occur with aging,
and help preserve cardiac output. Work capacity declines with age because of reduced
oxygen delivery to the tissues and working muscles (Astrand, 1956).

The STEP1Mtest results show that aerobic fitness improved significantly over the

2 month study. As shown in Figure 7 predicted VC"max increased 17.2% over 2 months,
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from 29.5 + 5.6 mL/kg/min'lat baseline to 34.6 + 7.0 mL/kg/min"1at 2 months, (p<0.05).

Short term exercise training studies have been shown to improve aerobic fitness in at-risk

populations. Baynard at al. (2009) studied obese individuals performing 10 days of

treadmill walking at 70-75% of maximal aerobic capacity. This brief intervention

resulted in a modest increase of 5% in mean aerobic capacity from 24.6 £1.2 mL/kg/min"

1to 26.0 £1.1 mL/kg/min'l

Improvements in aerobic fitness happen as a result of physiological adaptations to

exercise. Short-term exercise training improves insulin sensitivity and glucose
metabolism. Toledo et al., 2008 demonstrated that an improvement in VO2max by 12 +

1.6% (p < 0.05) over 4 months of moderate-intensity exercise in type 2 diabetics was

accompanied by significant increases in mitochondrial density within skeletal muscle (67

+ 17%, p < 0.01). Insulin sensitivity also improved by 59 + 21% (p <0.05). A recent
study showed that 7 days of 60 min of aerobic exercise training at -70% of V 0 2vax
produces significant improvements in insulin action with no change in fasting glucose
levels in obese type 2 diabetics (Kirwan, Soloman, Wojita, Staten, & Holloszy, 2009).
This suggests that although we did not see significant changes in blood glucose levels
during our intervention, it is possible that improvements in insulin action occurred but
were not measured.

Measurement error may also be a factor. One limitation of the procedure is that
V 02rex is dependent on exercise heart rate which is calculated from a 15 s palpation of
the radial artery rather than by an electronic heart rate monitor. There may also be a

learning effect resulting from repeated performance of the test.
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5.3.3 Cardiovascular risk factors

A significant reduction in BMI occurred despite no changes in self-monitored
weight and waist circumference. No other changes in cardiovascular risk factors occurred
from baseline to 2 months. This is contrary to our initial hypothesis that there would be
moderate changes in cardiovascular risk factors from participation in the DaTA study.
5.3.3.1 Abdominal Adiposity

Waist circumference is an acceptable surrogate marker of abdominal obesity and
one criterion for diagnosing metabolic syndrome. While waist circumference decreased
from 112 + 9 cm to 108 + 8 cm this was not a statistically significant finding. These
values are still above the cut-off values for metabolic syndrome. A waist circumference >
102 cm in women or > 88 cm in men is considered high-risk (National Heart, Lung, and
Blood Institute, 2001). To lose another 6-20 cm around the midsection, participants
might need more than two months of physically active living. There is a dose-response
relationship between aerobic exercise volume and decreases in abdominal fat (Ohkawara,
Tanaka, Miyachi, Ishikawa-Takata, & Tabata, 2007). This suggests that the participants
in our study may have seen better results with further increases in physical activity
volume.

Although visceral fat is a risk factor for cardiovascular disease, there is evidence
that improving fitness levels improves cardiovascular risk factors such as triglycerides,
HDL cholesterol, and blood pressure, irrespective of visceral fat levels. Lee and
colleagues (2008) performed a systematic review, finding that for a given waist
circumference individuals with high aerobic fitness had lower triglycerides and higher

HDL cholesterol levels than those with lower aerobic fitness, (p < 0.05). Blood pressure
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was also higher in less fit individuals than more fit individuals with the same amount of
abdominal fat.

Self-monitored weight did not change significantly during the 2 month
intervention. This may be due to the short duration of the intervention. In a meta-analysis
of physical activity interventions using pedometers (with no concurrent dietary
interventions), there was a strong linear relationship between intervention duration and
weight change. Meta-regression results showed a mean weight loss of 0.05 kg/week, or 1
Ib every 10 weeks (Richardson et al., 2008). While this is a very slow rate of weight loss,
there are still health benefits to be gained from increased physical activity regardless of
changes in weight.

Physiological benefits can be seen from moderate-intensity training interventions
lasting only 7 days in length (Kirwan, Soloman, Wojita, Staten, & Holloszy, 2009).
Though patients with high waist circumference are still at cardiovascular risk, being
physically active improves their overall risk profile. Individuals are not always aware of
the physiological improvements in their bodies and may get frustrated from lack of
visible progress. While weight loss and changes in body composition are important, they
take longer to accomplish. Thus physiological monitoring, fitness testing, and
progressive exercise prescription with goal setting can be helpful catalysts of long-term
behaviour changes with respect to physical activity since they emphasize positive changes
other than weight loss.

5.4 Limitations

The primary limitation of the current study is the lack of statistical power due to a

small sample size. However since the overall purpose of this pilot study was to assess the

feasibility and effectiveness of the intervention for a larger randomized controlled trial,
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sufficient power was not expected. Another limitation to the study is the short duration. It
was proposed that 2 months was the minimum amount of time necessary to see changes
in physical activity, aerobic fitness, and several cardiovascular risk factors. Evidence
suggests that short-term exercise interventions have higher adherence rates than long-term
interventions so potentially the results of the current study are not applicable to a longer-
term intervention. Another limitation is that the DaTA Study Technology Experience
Survey was created for this study and lacks the methodological rigour of a validated
questionnaire. However, as a feasibility study, we were interested in collecting feedback.
Physical activity other than pedometer-measured walking was not collected during the
study. Although steps/day increased significantly it is likely that additional exercise
contributed to the increases in aerobic fitness that resulted from the 2 month intervention.
In the future capturing total energy expenditure and physical activity should be
considered. Having another device such as an accelerometer would be beneficial in
capturing non-walking/running type activity in future studies. Although our patients met
inclusion criteria the low subject number and self-selection of volunteers may have
resulted in a sample characteristic of the lower end of the high cardiovascular risk
continuum. That being said, this is a pilot study to assess the feasibility and effectiveness
of this intervention in preparation for a larger trial. No participant was in the pre-
contemplation stage at baseline. Unfortunately it is extremely difficult to recruit people
who are not even considering becoming physically active for a physical activity
intervention. This reduces the generalizability of the study, as it is unknown if those in
the pre-contemplation stage will respond the same way to the intervention as those who

are contemplating or preparing for changes in their physical activity behaviour.
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Patient ID

STEP TEST

Blood Pressure (BP-TRU™):

Resting Heart Rate:

Able to complete?

I1=Yes Q 2=No

Heart Rate (after test):

Time:

Borg Score:

VO: tj,

Training Heart Rate

Training Heart Rate

Patient Initials Date of Visit (day/month/year)

Take 3 [setting is for every 2 minutes] TIME COLLECTED:

bpm

If NO, number of steps completed: | | |
Reasons for stopping

I 1 1= Fatigue

0 2 = Musculoskeletal (i.e joint pain)
1 |13 = Cardiovascular (i.e. chest pain)
Q 4 = Muscle Pain

[ 1 5= Other, specify:

min sec 1/100 sec
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DaTA Study

Technology Experience Survey a6

Patient Initials: Visit:
Dae: O o O

First Mid. Last S= screen, V1 or V2 DD/MM/YY

Technology Usage: What technology do you currently use? Please check boxes all that apply:
oo 1 Personal computer
CzZl 2 Internet
dH 3. Cell phone

— 1 4 PDA

I | 5 Mp3 player

I | 6 Game system
| 17 Television
| a Radio

Previous experience: Please check the box that applies and rate your previous experience with
the DaTA study technology. On a scale of 1to 4 with: 1 = never, 2 = rarely, 3 = sometimes, 4 =
frequently.

9. Have you previously used a PDA, Blackberry or similar device?

lizz 2=z 3 ca 4zz

10. Have you previously used a blood pressure cuff to monitor your own blood pressure?

1 HZO 2.2Z 3 1ZZ 4 [ZZI

11. Have you previously used a blood glucose monitor to measure your own blood glucose level?
11 I 2.1 I 3 1 I 4. | I

12. Have you previously used a pedometer (step counter) to monitor your own daily activity level?

1. 1Z2Z7] 21271 3 ZZ7I 4 zz

Comfort level: Please check the box that applies and rate the following statements by adding the
number to the box. On a scale of 1to 4 where: 1 = strongly disagree, 2 = disagree, 3 = agree,
and 4 = strongly agree.

13. I am comfortable using a Blackberry to complete the study.

1 727 27271 3 ZZH 4727

14. 1 am comfortable using a blood glucose monitor to complete the study.

1 727 2727 3727 4727

15. | am comfortable using a blood pressure monitor to complete the study.

1 727 27271 3727 4727

16. lam comfortable using a pedometer to complete the study.

1 2722.27 3727 4. 27

Page 10f2



DaTA Study
Technology Experience Survey

Patient Initials: Visit:

oate:D D D

First Mid. Last S= screen, V1 or V2 DD/MM/YY

17. 1 am comfortable using a heart rate monitor to complete the study.
1 [ZU 2-[=D 3. CM 4. [2Z1

Ease of use: Please check the box that applies and rate the following statements. On a scale of
1to 4 where 1 = strongly disagree, 2 = disagree, 3 = agree, and 4 ~strongly agree.

18. The display screen on the Blackberry was easy to read.

1 \zz\' 2cm 3 CM 2 CM
19. The instructions were easy to understand.
1 p—1 2. b—-1 3 p—1 4, |}——1

20. The use of the devices in the DaTA study did not cause me any physical discomfort. (Provide
list below).

1 cm *cm 3Cz\ 4.

21. The self-monitoring events were easily scheduled into my daily activities.

1 CM 2cm Bizzi 4 \cz\

22. When | had technical problems with the devices, the problem was resolved within 24 hours.
1. CU 2.CIm 3[zzi 4 Cn

Perception: Please check the box that applies and rate the following statements. On a scale of 1
to 4 where: 1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree.

23. Participation in this self-monitoring program gave me a sense of security.

1. Cn 2.CzlI 3Cn 4,

24. Use of the self-monitoring technology helped me adopt new practices that improved my well
being.

1 CmM  2cm 3.dZI 2 CM

Burden: Please check the box that applies and rate the following statements. On a scale from 1
to 4 where: 1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree.

25. Managing the technology used in the DaTA study took too much time in my day.

1 cm  2\cu Rizzi 4 Ccm
26. Managing the technology used in the DaTA study interfered with other activities of daily living.
1 cnh 2.cm 3.\cz\ 4 i

27. How much time did using the DaTA study technologies require per day? Please check one
box.
1.<20mins.| | 2. 20 to 40 mins. | | 3.40 to 60 mins.| | 4. >60 mins. | |

28. Provide a list of discomfort (s):

Page 2 0 f2



APPENDIX IV
STAGES OF CHANGE FOR

PHYSICAL ACTIVITY QUESTIONNAIRE

88



89

Patient ID Patient Initils Date of Msit (day/month/year)
STAGE QF CHANGE; Physical Activity

Physical activity or exercise =  walking bri , digging inthe garden, dinti
stalrsrgr aryddydfer physical ac‘uvny\% rgﬁeggenrgtlm issimilarto theserg

Regular physical activity orexercise = accurulating 30 minutes or more inthe above activities most (5 or
nore) days of the week

For exarmple, you could:

1 Take one 30-minute walk R
2 Take tHree 10-minutewalks CR
3 Do 10 minutes of heavy housework + 10 minutes of walking + 10 minutes of digging in the garden.

For each question below please mark YES or NO

1 lamnat currently physically active and no plans to change D 1=VYes |:| 9=No
(ie. no walking briskly, heavy housework, jogging, digging in the garden, climbing stairs or any other
physical activity where the exertion is similar to these).
If yes. Give PA Step 1

2 lintend to become more physically active inthe next month O |I=Yes |:| 2=Np
If yes, Give PA Step 2
3 1intend to become more physically active in the next week O 1=VYes O 2-Nb

If yes, Give PA Step 3

4 Thave been regularly physically active but only less than 3 months |:| 5 Voo O 2-No

If yes, Give PA Step 4

5 1have been regularly physically active in the past for a period at least 3 months O 1=Yes 0O 2=No

If yes, Give PA Step 5

Physical Adtivity Stage:

Physical Activity Stage: 1 2 3 4 5

To be completed by study office ONLY
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ACTIVITIES FOR PEOPLE WHO ARE THINKING ABOUT
BECOMING PHYSICALLY ACTIVE

Your doctor has asked you to complete this set of activities based on the
guestionnaire you completed regarding your intention to become physically
active OR you have completed the STEP ONE activities and are ready to
move on to STEP TWO.

We know that people go through different ‘STEPS’ in the process of
changing their behaviour. While many people think about becoming
physically active, it is not always easy to get started, so we suggest that you
do it in STEPS.

There are FIVE STEPS in the behaviour change process and you are
currently at STEP TWO for Physical Activity. The following activities are
designed to make it easier for you to move from STEP TWO to STEP
THREE.

At the moment some or all of the following probably apply to you:
* You are considering trying to become physically active
* You are not sure you can do it but are slowly feeling more confident
» Temptations not to become physically active are still high
* The ‘Pros’ of changing are about the same as the ‘Cons’

Complete the Activities on the following pages and if you are ready to move
on to STEP THREE then ask the Study Coordinator or your doctor for the

STEP THREE activities at your next visit.
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ACTIVITY ONE

PROS AND CONS OF BECOMING PHYSICALLY ACTIVE

This activity will help you decide whether or not you want to start becoming
physically active.

On the next page, write down your reasons for (PROS) choosing to become
physically active and reasons against (CONS) choosing to become
physically active.

Spend some time thinking about these reasons and try to be as honest as
possible with yourself. Think about things like:

* Your energy level

* Your health

* Your social life]

* Your time commitments

* What your friends and family think

» How you feel about yourself

» How you cope with stress and frustration

» What problems/barriers you may have to overcome
* Your weight

Once you have written down your Pros and Cons give them a ‘weighting;
between 1and 3 where:

1= not very important to me
2 = important to me
3 = very important to me

At the end of the activity think about whether or not you want to become
physically active.
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PROS for becoming Physically Active Weighting

CONS for becoming Physically Active Weighting

Ifyou have more Pros and/or you have weighted most of them 2 or 3 then
you are ready to move on to STEP 3. Ifyou more Cons and/or you have
weighted most of them 2 or 3 go on to the next activity.
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ACTIVITY TWO

PHYSICAL ACTIVITY BARRIERS

What keeps you from being more physically active? Maybe you’re too busy at work. Or
perhaps your kids or other loved ones need you and they come first.

Brainstorm all the reasons you are not more physically active. Nothin is too big or too
small. Just write down all the things that come to mind. Some examples are given below
to help you get started.

My Barriers to Becoming Physically Active

Not enough time
Too out of shape
Don’t like to sweat

Now, review your physical activity barriers. Which one is the biggest obstacle? List it on
the first line below. Prioritize the rest of your barriers from biggest to smallest.

1 6.
2. 7.
3 8.
4, 9
5 10.

Pick one barrier and come up with ways to get around it. Be creative! List your ideas
below.

Now pick one of your ideas and try it for a week. If after a week it didn’t work, try
another strategy. Keep trying new ideas until you find some that help you overcome your
barriers.
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ACTIVITY THREE

PERSONAL TIME STUDY

Do you really know how you spend your time every day? This page will help you find
where you might be able to fit in more physical activity. Write in all your activities for
each four hour block of time in the chart below. In each four hour block, add up the
minutes you were active and put this in the “active” column. Subtract you ‘active’
minutes from 240 minutes (the total amount of minutes in four hours) to get your
‘inactive’ time. At the end of the day, total the number of minutes that you were active
and inactive. Keep this sheet with you, in an easy to use place, and write things down as
you go. Record your activities for one week day and one weekend day to see how
differently you spend your time. Use a separate sheet for each day.

WEEK DAIr
Time Slot Tasks/Activities Active Inactive
(minutes)  (minutes)
Example: Washed dishes, 10 min; watched TV, 90
12:01-4pm min; walked to mall, 15 min; met friend for 30 min 210 min

coffee, 35 min; walked home, 15 min;
napped, 60 min; talked on phone, 15 min
Midnight -
4am
4:01lam-8am

8™ lam -
noon

12:01pm-
4pm

4:01pm-8pm

8:01pm -
midnight

TOTAL TIME
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WEEKEND DAY

Time Slot

Example:
12:01-4pm

Midnight -
4am
4:01am-8am

8™ lam -
noon

12:01pm-
4pm

4:01pm-8pm

8:01pm -
midnight

Tasks/Activities Active Inactive
(minutes)  (minutes)
Washed dishes, 10 min; watched TV, 90
min; walked to mall, 15 min; met friend for 30 min 210 min
coffee, 35 min; walked home, 15 min;
napped, 60 min; talked on phone, 15 min

TOTAL TIME

Now go back and find time within your day when you can fit in more physical activity.
Write the times below:
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ACTIVITY FOUR
KEEPING TRACK OF THOUGHTS

Use this worksheet to record the number of times you think about doing
some physical activity. Simply place a check mark in a box in the right hand
column in Section 1 Ifyou actually carried out your thoughts and did some
physical activity, place a checkmark in the right column in Section 2.

Keeping track of your thoughts can help you start moving toward a
physically active lifestyle.

Section 1

You thought about doing some DooDoOoO0OO0O0O0O0Oa

physical activity D0O000O0000O000a
(TTITTTTTTTITT]a
(TT T T T TTTTITTIT]
(TTITTTTTTTITI]a
[(TTITTTTTTTITI]a

Section 2

You actually did some DoOooOoo0OO0O0O00Oa

physical activity DooDoOoO0OO0O0O00Oa

DOoODO0DOO0OO0O0O0O0Oa
LITTTITTITITITITT &

oboboooobooooona

LLLEL TRl Ja

How do you feel?

Are you ready to start making changes to your physical activity habits? If so,
ask your doctor or the study coordinator for the STEP 3 activities at your
next visit. 1fnot, discuss the above activities with your doctor at your next
Visit.



