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ABSTRACT

The association between physical inactivity and the increased risk of many clinical
conditions has been well documented and is currently a major global public health
challenge. Walking has been reported as the most common and easily accessible
form of physical activity and therefore an important activity to prescribe and assess.
Pedometers have been demonstrated as a practical tool for measurement and
motivation of ambulatory physical activity, typically providing information on volume
of steps/day. Recent developments in steps/day research have, however,
emphasised the importance of intensity-based steps as part of steps/day
recommendations. Such steps/day recommendations are also directed towards
current physical activity guidelines, so as to provide further options for achieving
guidelines. To complement these developments in steps/day recommendations,
technological advancements in pedometry afford the opportunity to provide
information on intensity-based steps/day. We therefore use this application to
provide further insight into the association between pedometer-based physical
activity and fitness and health outcomes. Particular reference is made to intensity-

based steps/day, through a series of studies.

An explorative study (Chapter 2) provides information on pedometer-determined
physical activity patterns, with reference to clinical, anthropometric and fithess
measures, in a convenience sample of adults (N=70; 35 men, 35 women;
32+8years). The study highlights the importance of intensity-based steps/day and
raises pertinent questions around intensity-based steps/day recommendations and
the relationship between these recommendations and current physical activity

guidelines. This informed a subsequent study (Chapter 3) which aimed to address
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some of these issues. In this study, a convenience sample of men and women
(N=58; 34 men, 24 women; 31.7+7.7years) underwent a series of metronome-
regulated walking trials (ranging from 60 steps/minute-120 steps/minute). Using
steps/minute and heart rate data, during these walking trials, a steps/minute rate for
moderate intensity physical activity was predicted. The analysis of self-paced brisk
walking, in terms of steps/minute, was compared to that of moderate intensity
physical activity. Findings showed that the average steps/minute rate for self-paced
brisk walking was 118%9steps/minute (men-116+9 steps/minute; women-121+8
steps/minute; P=0.022). The predicted steps/minute rate for moderate intensity
physical activity was calculated to be 122+37 steps/minute (men-127+36
steps/minute; women-116+39 steps/minute; P<0.99). We found similarity between
the predicted steps/minute rate for moderate intensity physical activity and that of
self-paced brisk walking (P=0.452), even after adjusting for age, gender and aerobic
fitness. A further outcome of this study therefore supports current messages that use

the term “brisk” walking as a reference for moderate intensity physical activity.

Chapter 4 presents cross-sectional pedometer-based data of a South African,
employed adult population (N=312, 147 men, 165 women; 37+£9yrs). In our analyses,
a steps/minute rate 2100steps/minute and for a minimum duration of 10 consecutive
minutes was applied as a minimum reference for moderate intensity physical activity.
In so doing, our analysis made reference to documented literature (such as
steps/minute) as well as alignment to current physical activity guidelines (i.e.
minimum duration of moderate intensity physical activity bouts). The study
additionally provides information on ambulatory physical activity patterns in an
employed South African, adult population group, presenting for health risk

assessment. Findings of the study showed that the average steps/day accumulated
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were 6,574+3,541 steps/day (men-6,476+4,076; women-5,769+2759; P<0.003).
Further findings indicated that total steps/day and average daily aerobic time were
inversely associated with clinical measures such as percentage body fat, body mass
index, waist circumference and systolic blood pressure (P<0.05) in the expected
direction. An analysis of covariance (adjusted for age, gender and total steps/day)

showed a similar relationship between aerobic time categories and health outcomes.

A further analysis, in this study (Chapter 4), compared the mediation effect of
percentage body fat, body mass index and waist circumference independently on the
association between steps and health outcomes. Of the 3 measures used to
estimate body fat, percentage body fat emerged as the strongest mediator in the
relationship between steps and health outcomes, in all of the associations evaluated.

Body mass index appeared to be the weakest mediator.

In keeping with the central theme of intensity-based steps, and its relation to current
guidelines, Chapter 5 describes the association between self-reported physical
activity and pedometer-measured ambulatory physical activity. In this study,
pedometer-data was grouped into different steps/day and aerobic time categories
and particular reference to current guidelines was made. This allowed for
comparisons between self-reported and pedometer-determined ambulatory physical
activity to be made, in relation to estimates of current guidelines. Findings showed
that of a total of 312 participants’ self-reported data, those meeting guidelines (n=63)
accumulated significantly more steps/day than those not meeting guidelines
(875314251 steps/day versus 602213114 steps/day, respectively; P<0.001). A
similar finding was noted when comparing moderate intensity steps/day with those

meeting/not meeting guidelines (1,772+2,020 steps/day versus 421+1,140

xiii



steps/day, respectively; P<0.0001). Our analyses also identified that more than half
of the group meeting guidelines on the basis of self-reported, did not meet
guidelines, based on pedometer-measured ambulatory data. It is important to note
that the self-report measure includes all types of activity, in different domains,
whereas pedometer-based measures relate specifically to ambulation. Implications
of comparisons between self-reported physical activity and pedometer-measured

ambulatory physical activity are further discussed in Chapter 8.

As an application of some of our previous findings, a 10-week work-site pedometer-
based study (N=22), Steps that count!, (Chapter 6) was conducted as a pilot (i.e.
feasibility) intervention to inform the development and design of a future randomised
controlled trial to be administered in an employed, adult population.

A guestionnaire on participants’ perception of the intervention was completed as part
of the intervention follow-up measures. The value of the pedometer serving as a
useful motivational aid, and a reminder to increase steps/day, was a factor
highlighted by most participants. Additionally, the participants expressed an
increased awareness of the need for engaging in physical activity, and supported
pedometer-based interventions as a strategy to motivate for increased ambulatory
physical activity. Our findings also showed that the steps/day increase was greater in
the intervention group than the control group (996+1,748 steps/day versus 97+750
steps/day; P=0.06). Similarly, modest but non-significant improvements were noted
in all clinical measures. The findings of the pilot intervention have been applied to the
development of a protocol for a large-scale randomised controlled trial.

Based on a minimum improvement of 1,000 steps/day, as obtained in the pilot study,
a sample size of approximately 85 participants in the intervention and control groups,

respectively, was established as the required number to be included in this future
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trial. This would ensure 80% statistical power, with a P-value set at <0.05. In order to
account for the loss to follow up, as well as the possibility of performing sub-group
analyses, we recommend a minimum of 150 participants in both the intervention and

control groups, respectively.

Chapter 7 outlines the rationale behind, and the development of, a randomised
controlled trial protocol aimed at improving ambulatory physical activity through
pedometer use. The study combines the use of pedometers with regular,

individualised, email-based feedback.

Through this series of formative studies, we focused on intensity-based steps, and
not just on step volume, such that the outcomes of this research can be used to
supplement and improve physical activity and exercise prescription. The research
has additionally provided more objective insight into the ambulatory physical activity

patterns of the South African employed population in relation to fitness and health.
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CHAPTER 1

General Introduction

This chapter presents a background on the use of pedometers for objective
measurement of ambulatory physical activity, and for self-monitoring of, and
motivation for, physical activity.

Particular reference is made to consider intensity-based recommendations for
walking, within the context of current physical activity guidelines and technological
advancements in pedometry.

The chapter ends with an overview of the outline of the dissertation.



INTRODUCTION

Physical activity, defined as “any bodily movement produced by contraction of
skeletal muscle that increases energy expenditure” *, has been shown to provide
significant protective effects against several chronic diseases®®. These diseases
include clinical conditions such as coronary heart disease, hypertension, non-insulin-

dependent diabetes mellitus, osteoporosis, and among others colonic cancer %2,

Most studies suggest that there is a dose-response relationship between physical
activity and associated health benefits *3°. This dose-response effect refers to the
relationship between higher levels of physical activity or a relative increase in the
levels of physical activity (dose) and the improvements in the levels of a defined
health parameter (response) *. The dose of physical activity is prescribed as mode
(type of activity), intensity, duration and frequency (sessions per week) . The
response to physical activity relates to the improved health outcomes and overall

well-being achieved through regular physical activity *.

The World Health Organisation (WHO) physical activity guidelines recommend that
individuals accumulate at last 150 minutes of moderate intensity physical activity per
week (or equivalent), in bouts of at least 10 consecutive minutes in duration 2. Such

a recommendation is identified to result in a reduction in risk for all-cause mortality

and disease-specific morbidity and mortality ®. This dose-response effect

encompasses components of physical activity including: mode, intensity, duration

and frequency and the expected response of improved health and well-being *>**.



Walking has been reported as the most common mode of physical activity in both
developed and developing countries %2 This is, in part, due to the fact that

walking is an inexpensive and easily accessible activity for a large proportion of the
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general population and across age groups . Furthermore, there are fewer
physical, social and psychological barriers associated with walking than other more

traditional forms of exercise *°.

By collecting objective data on patterns of ambulatory physical activity, researchers
and practitioners can develop strategies to advise the public on how best to improve
physical activity levels as well as their health *’. This is important for surveillance,
screening, programme evaluation and intervention in order to develop appropriate
and feasible approaches to facilitate improved physical activity *'°. Such
approaches can be directed towards producing different options for improving

ambulatory physical activity, whilst simultaneously relating to current guidelines.

MEASUREMENT OF PHYSICAL ACTIVITY

Physical activity levels are often measured and monitored in order to assess health
behaviours and their association with morbidity and mortality rates *°. The accurate
measurement of physical activity is also required to establish current levels and
changes within a population, and to assess the effectiveness of interventions

designed to increase physical activity %°.

Different measurement techniques available can be grouped in different categories.
These categories include direct observation, self-report (questionnaires and activity

diaries/logs), physiological markers (heart rate, body temperature, ventilation),



motion sensors (pedometers, accelerometers), and indirect calorimetry (doubly

labelled water) %2,

Self-reported (indirect) measures of physical activity using interviews, surveys,
guestionnaires and diaries/logs have been used to collect physical activity data in
populations or sub-groups. These measures are used more frequently because of
their practicality, including the low cost, low participant burden and general

acceptance 2.

Although self-reported data can provide useful insights into the physical activity
levels of populations or sub-groups, this data has the tendency to overestimate or
underestimate true physical activity energy expenditure and rates of inactivity *°.

Furthermore, issues around recall and differential interpretations of terms, present an
evident bias ?*. For example light, moderate and vigorous activity, floor effects (the
lowest score available is too high for some respondents), and a lack of sensitivity to

ambulatory activity or walking are often apparent %*.

Self-reported measures are also usually unable to capture the absolute level of
physical activity 2* and are therefore typically considered a subjective measure.

Self-reported measures, such as time use surveys, have the ability to provide
detailed information on physical activity *°. Such information can accordingly be used
to estimate levels of energy expenditure %. Issues around recall may, nevertheless

still pose a threat to its accuracy.



As self-reported methods possess several limitations in terms of their reliability and

validity %, objective or direct measures of physical activity are commonly used in
addition to, or in place of self-reported measures ?’. Objective measures have the
potential to provide more precise estimates of energy expenditure and may
reduce/eliminate many of the limitations of recall and response bias evident in

indirect measures %°.

There is a particularly increasing interest in the objective monitoring of daily physical
activity using electronic motion sensors, which includes accelerometers and
pedometers ?*. Both motion sensors are small, light-weight, unobtrusive instruments
that are typically worn comfortably at the waist and detect and quantify movement.
The accelerometer records “activity counts” (raw or pure movement data) that are
the product of frequency and intensity (inferred from velocity) of movement sampled
at set intervals or epochs (e.g. over one minute) ?*. The results are then either
displayed as an accumulated total or, more often, uploaded for computerised
display/feedback. In contrast, the pedometer is much simpler in design and often

24

requires minimal additional software or expertise to access or interpret data <",

particularly valuable in ambulatory activity and research.

Despite the advantages of using direct methods, these types of measures are
time and cost intensive and often limited in their ability to be applied to large
settings ?*. Such measures may also require specialised training and the physical

proximity of the participant for data collection 2.

Furthermore, pedometers
typically cannot extrapolate information on energy expenditure. More modern

pedometers may, however, provide estimates of energy expenditure, by factoring



in aspects such as age and gender to volume, duration and intensity of

ambulation 2.

Using pedometers to measure and quantify ambulatory physical activity have,
nonetheless, been validated by several studies as a reliable and accurate
measurement instrument of ambulatory physical activity ***. In terms of practicality,
pedometers therefore, offer a good solution for a low cost, objective monitoring tool

of ambulatory physical activity 23,

CURRENT PHYSICAL ACTIVITY GUIDELINES IN RELATION TO PEDOMETER-

BASED STEPS PER DAY RECOMMENDATIONS FOR HEALTHY ADULTS

Current physical activity recommendations incorporate elements of frequency,
duration and intensity of physical activity. For example, the United States (US)
Surgeon General's recommendation prescribes 30 minutes of moderate-vigorous
physical activity on at least five days per week *°. Similarly, the World Health
Organisation’s global recommendations on physical activity for health suggests at
least 150 minutes of moderate intensity physical activity per week, in minimum bouts

of 10 minutes .

Researchers have complemented physical activity guidelines by providing further
options for achieving recommended guidelines. Murphy, et al have shown that
accumulating 30 minutes of activity in bouts of 10 minutes does lead to a significant
improvement in aerobic fitness **. The study further demonstrated that a reduction in
skin-fold measures for body fat was evident **. Similarly, Coleman, et al showed that

accumulating the 30 minutes of physical activity in bouts of 5 minutes may be



enough to show some improvements in cardiovascular health and body composition
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Global physical activity trends, nevertheless, show that less than 40 percent (%) of
adults are physically active. For example, Hansen et al found approximately one in

% In a recent

five people meeting current physical activity guidelines (N=3267)
report of current physical activity levels in 122 countries, that provided an estimate of
88.9% of the world’s population, only 31.4% (95% Confidence Interval: 31.2-31.4)
were classified as active *’. A slightly higher value of 38.0% (95% Confidence

Interval: 37.6-38.4) was found in the African continent *. This, however, related to

vigorous intensity physical activity on at least 3 or more days per week *’.

Researchers have attempted establishing the association between current physical
activity guidelines and steps per day (steps/day) recommendations. For example,
Miller and Brown demonstrated the association between the 10,000 steps/day
recommendation and the 30 minutes of moderate intensity physical activity per day,
in an adult Australian population *’. The study involved a total of 185 adults that
completed a 7-day pedometer wear and a survey on patterns of physical activity,
thereafter ?’. A mean amount of approximately 10,000 steps/day for women and
about 9,000 for men were reported in those meeting guidelines®’. Similarly, Strycker
et al compared steps/day with self-reported physical activity data, in a population-
based youth sample (N=367) and post-menopausal women with type 2 diabetes
(N=270) *. The study found low, but significant associations between steps/day

counts and self-reported data in both sample groups *.



Research has, more recently been directed towards incorporating other elements of
current recommendations, such as intensity and duration of physical activity, into
steps/day messages °*°*. For example, in 2005, Tudor-Locke and colleagues
reported a study involving participants (N=50, ages 18-39 years) that performed
three 6-minute bouts of walking at different treadmill speeds “°. In this study, the
relationship between steps and metabolic equivalents (METSs), calculated using
steady-state oxygen uptake), across all speeds, were quantified “°. The study
concluded that 96-107 steps per minute (steps/minute) represents a minimum

threshold for moderate-intensity walking (“aerobic steps”) “°.

Marshall et al corroborated the findings of Tudor-Locke et al by performing a similar
study involving four 6-minute walking bouts on a level treadmill (N=97; mean
age=32) **. The study determined that a range of 100-110 steps/minute equates to

moderate intensity physical activity in healthy adults *2.

More recently, Abel and colleagues performed a study on 19 participants of a mean
age of 29 years **. Oxygen consumption was measured at rest and during 10
minutes of treadmill walking at 6 standardised running speeds **. The study found
that men and women walking at a moderate intensity had a step rate of 94

steps/minute and 99 steps/minute, respectively **.

Recent studies have also shown that 30 minutes of moderate-vigorous walking
corresponds to a total of between 3,000 and 4,000 steps *2°*! This translates to
approximately 100-133 steps/minute. Welk et al, in the earliest of such findings

performed a pedometer-based study on 31 adults of a mean age of 31 years and 26



years in men (n=17) and women (n=14), respectively *. In the study, participants
completed three 1-mile trials of walking/jogging under both track and treadmill
conditions *. The study concluded that approximately 3,800-4,000 steps is sufficient
to meet current guidelines of 30 minutes of moderate intensity physical activity *°.

This translates to an approximate step rate of 127-133 steps/minute.

Most of these findings incorporate elements of volume, duration and intensity of
step/day so as to provide some congruency with current guidelines **.

In general, most of these studies were, however limited to treadmill-based walking
and the estimation of energy expenditure. The application of alternative
methodological approaches, combined with those in the literature can offer a strong

body of evidence to support the development of a step rate recommendation.

THE APPLICATION OF PEDOMETRY IN PUBLIC HEALTH

The emergence of pedometers in physical activity health promotion initiatives is
believed to be of Japanese origin and dating back to the 1960’s *“**®. During this
time, pedometers entered the commercial market under the name “manpo-kei” which

translates to “10,000 steps meter” %°

. Local walking clubs promoted the use of
pedometers and encouraged their members to walk at least 10,000 steps/day “°. It is
therefore assumed that the “10,000 steps/day” recommendation and the emergence
of pedometers originated at the same time, to assess physical activity and increase

walking behaviours *°°.



According to Hatano, 10,000 steps/day is approximately equal to an energy
expenditure of 300-400 kilocalories per day (kcal/day) . This is double the energy
expenditure of 150 kcal/day as commonly estimated in public health
recommendations **’. The discrepancy between the two is presumed to be due to
the fact that the former is a daily recommendation that includes all activity, and the

latter to be “over and above an undisclosed minimal level of daily activity” *.

The changing societal trends, with particular reference to baseline levels of physical
activity, typically low intensity physical activity, recognises the need to revisit
traditional steps/day guidelines “*. As described, the 10,000 steps/day
recommendation, for example, has largely been based on a baseline level physical
activity, which evidently may have changed over the years. It is, therefore important
that steps/day recommendations consider such changes so as to ensure harmony
with existing physical activity guidelines *. In so doing, such recommendations will

complement guidelines rather than create further confusion and disagreement **.

Whilst a value of 10,000 steps/day has been a reasonable estimate for healthy
adults to attain *?, there are conflicting views as to whether people who accumulate
10,000 steps/day meet the guideline of 30 minutes of moderate-vigorous intensity
physical activity. Similarly, it is questionable as to whether those who meet the 30

minutes guideline achieve a minimum of 10,000 steps/day.

Welk and colleagues demonstrated that people who recall achieving a minimum of
30 minutes of moderate intensity physical activity on any specific day, generally

accumulated at least 10,000 steps/day *°. The study, however, mainly included
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young individuals (an approximate average age of 29 years) who were recruited from

a physical activity research centre, which maybe likely to have influenced the results.

Miller and Brown demonstrated the association between the 10,000 steps/day
recommendation and the 30 minutes of moderate intensity physical activity guideline
in an adult Australian population, ?’ described earlier.

Wilde et al in their study (described earlier) further reported that less than 50% of
women did not achieve the 10,000 steps/day target, even when prescribed 30-
minutes of walking **. Steps/day did, however, increase by approximately 3,000
steps/day, to reach 10,000 steps/day, when a 30-minute, self-timed walk was

included **.

Although these studies generally imply some association between the 10,000
steps/day guideline and 30 minutes of moderate intensity physical activity, there are
implications that intensity-based steps is a contributing factor towards achieving the

10,000 steps/day target.

Despite the evidence of studies described, that indicate an association between
10,000 steps/day and current guidelines, studies have also shown contrasting
results. For example, Strycker et al found low, but significant associations between
steps/day and self-reported data *, as described earlier. Miller and Brown, however
demonstrated that only approximately 10% of those achieving 10,000 steps/day did
not achieve physical activity guidelines . The study also showed that nearly 40% of

men that met guidelines did not achieve 10,000 steps/day '.
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The conflicting findings around 10,000 steps/day and current physical activity
guidelines suggest that steps/day recommendations be revisited, in the context of
current guidelines and, more importantly intensity-based ambulatory physical activity.
This is particularly relevant in view of the notion that current levels of baseline

physical activity (low intensity physical activity) may have changed, over time **.

Additionally, the recent release of the Unites States Physical Activity Guidelines “®
which suggest that “some physical activity is better than none”, makes particular
reference towards an emphasis on moderate-vigorous physical activity “®. This
creates a platform for an expanded, yet still compatible, step-based goal that

considers recommendations for moderate intensity physical activity **.

CHARACTERISTICS OF PEDOMETERS

There is a wide variety of available commercial pedometers. Most pedometers are
small, inexpensive and unobtrusive (in terms of their attachment on the body)

devices that offer an easily understandable output to the user 3%,

As walking is the most commonly encouraged form of physical activity, the use of
pedometers in capturing information on walking behaviour, in terms of steps taken, is
widely accepted *°. The ability of pedometers to provide information on patterns of
physical activity, particularly intensity and duration of intensity-based steps, is an

area of increasing development *°.
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Reliability and validity of pedometers for predicting daily steps

Accurate and reliable measurement and monitoring of physical activity behaviours
and their attributes is considered an important part of health promotion and practice
0 validity refers to an instrument assessing what it is intended to assess, typically
against some “gold standard” criterion, which may better represent or measure the

aspect of interest *°.

Pedometers have been recognised and accepted as instruments with a high validity
in measuring ambulatory physical activity, typically volume-based steps/day >*. They
are, however not as reliable at classifying some common physical activities such as
swimming and cycling *°. Caution is therefore warranted when making comparisons
of pedometer-based physical activity data to other measurement tools that consider
modes of physical activity other than ambulation. Furthermore, pedometers are
usually unable to measure total energy expenditure, which typically forms the basis

for defining physical activity intensity °.

Reliability refers to the consistency of a measure, which would classify people’s
physical activity levels in the same way, if repeated 2. Tudor-Locke and colleagues
reported that several statistical technigues may be appropriate in identifying the
minimum number of days of pedometer-wear required to reliably predict weekly
physical activity >*. These statistical techniques include co-efficient of variance,

%3 For

analysis of variance, intra-class correlations and regression analyses
example, in their study of 90 participants, wearing a pedometer for 7 days, a 32%
mean co-efficient of variance was noted 3. Analysis of variance confirmed that

differences in the week were significant, but primarily limited to Sunday 3. The

regression analysis and intra-class correlation similarly showed Sunday to be the
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weakest predictor of daily steps 3. Similar studies of this nature, have since been
performed and, in general, seem to support the viewpoint that at least 3 days of
pedometer wear can provide a reliable average estimate of daily steps, although

54-56

additional days increase reliability Most studies further concur with the

viewpoint that steps accumulated on a Sunday are significantly different from all

other days of the week >*°°.

Measurement mechanism of pedometers

Traditionally, a horizontal spring-suspended pendulum within the pedometer is
displaced with hip vertical motion. The up and down movement translates to an
electrical signal, which records as step. Usually, a force sensitivity threshold is
established in the design, such that a step is recorded only upon reaching the
manufacture-determined threshold and consequently deflecting the lever arm

sufficiently to complete the electronic circuit *°.

The pedometer is designed to tally steps accumulated and display this information
on a digital screen. However, the sensitivity thresholds used may vary between
instruments (brands and models), resulting in varying levels of accuracy of steps
data *°. For example, a pre-set threshold may capture certain hip movements as
steps when they are not *°. Similarly, structural characteristics of the hip area may
result in steps not reaching the desired threshold to be classified as a step *°. These
structural characteristics include factors related to obesity of individuals, unstable

positioning of the pedometer at the hip area or even a very slow walking speed *°.
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Structural characteristics, as described earlier, limit the consistency of defining a
step and can reduce the ability to compare studies using different pedometer brands
and models “°. Most comparisons between study groups/populations are, however,
based on a pre-determined reliability of the respective brand (usually an 80%

minimum reliability) “°.

To compensate for some of the limitations identified, recent advancements in
technology have produced pedometers that include a piezoelectric accelerometer
mechanism to detect acceleration by way of generating a sine wave corresponding
to vertical accelerations of the hip. A count of the sine waves is recorded as steps
taken. The magnitude of bending of the piezoelectric element is more sensitive than
the pendulum mechanism that requires sufficient displacement of the pendulum in

order to record a step °’.

Crouter et al examined the appropriateness of spring-levered versus piezoelectric
pedometers in a group of overweight and obese adults *®. It was reported in their
study that higher levels of accuracy were obtained using the piezoelectric pedometer
compared with the spring-levered model 8. Similarly, Melanson et al demonstrated
that piezoelectric pedometers more accurately counted steps at slower walking

speeds than spring-levered pedometers °°.

More recent advances in pedometers include devices that have two piezoelectric
senses that use multiple-position sensing technology °’. This advancement allows for
alternate mounting positions to the hip area, such as the pants pocket, the chest shirt

pocket, mid-back, around the neck and at various waist-mounted positions *’. Such
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advancements have been indicated to improve the accuracy of measuring steps, for

example in obese individuals °’.

To support the technological mechanical advancements in pedometry, studies have
demonstrated the level of reliability of pedometer data using certain brands and
models of pedometer in various mounting positions, walking conditions and speeds
373850 For example, Holbrook et al, in a study on 47 young healthy and overweight
adults (24+4.4 years), examined the reliability and validity of two brands of the
Omron pedometers . Different mounting positions, through a range of prescribed
walking conditions, were used in this study . With the exception of the backpack
position, the pedometers indicated accurate step counts at various positions
(including different waist-mounted and pocket positions) and at different speeds

(including slow, moderate and very brisk walking) .

Hasson et al performed a similar study, to validate the Omron HJ-111 pedometer,
on 92 participants, of different body mass index categories °’. The study similarly
showed that, in general, pedometer placement and body mass index groups had

little effect on validity of this brand and model of pedometers >’

Further to this, pedometers may also provide information on intensity of steps 2%, As

this is a fairly recent innovation within pedometry, studies evaluating the accuracy

and reliability in this regard, to our knowledge, have not been conducted.
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The Omron HJ720ITC pedometer

The Omron HJ720 ITC (Omron Corp., Kyoto, Japan) is an example of a piezoelectric
pedometer that provides information on intensity of steps taken as well as a memory
function that recalls previous data. The validity and reliability of this brand and model
of pedometers has been studied at various mounting positions under prescribed and
self-paced walking conditions with both healthy and overweight adults **°°. Such

studies have promoted it's application as an accurate measure of step counts **.

A valuable feature of the pedometer is that the information captured by the
pedometer can be uploaded, electronically. The electronic display presents
information as a visual display (bar graph) and further includes a 43 day recall with
the ability to summarise information by weekly and monthly categories. A further
benefit of this brand of pedometers is its’ ability to provide an hourly representation

of steps data.

Information provided on the pedometer display, for immediate viewing, includes daily
steps information such as the total number of steps accumulated %. Additionally, the
number of “manufacturer-defined aerobic steps”, duration (in minutes) of these
steps, distance (in kilometres) completed and calories (kilocalories) expended are

28

displayed These “manufacturer-defined aerobic steps” (>60steps/minute,
minimum duration of 1-minute) within the total steps/day record is therefore provided
8 Consequently, total time spent accumulating such steps (in minutes per day

(minutes/day)) are provided as aerobic time %.
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Whilst the validity and reliability of this brand and model of pedometers have been
studied, the outcomes relate more specifically in terms of the pedometer’s ability to
accurately measure steps, and at various mounting positions **%°. The
appropriateness of cut-offs used for classifying the “manufacturer-defined aerobic
steps, however, raises concern when contextualised with recent steps/minute

recommendations for moderate intensity physical activity *>*443,

The added features of pedometers (such as the piezoelectric mechanisms, ability to
capture intensity-based steps) are, nevertheless, useful to researchers *°. Evaluating
the impact of such additional features on individual behaviour may, therefore
enhance current literature. This will contribute towards facilitating maximum benefits
of such advancements in pedometry. Such research can contribute towards ensuring
optimal use of the more modern pedometers in physical activity programmes, for
increased public health impact. Additionally, the application of more recent steps-
based recommendations that consider intensity of steps/day may be appropriately

applied, within the context of pedometry.

THE USE OF PEDOMETERS AS AN OBJECTIVE ALTERNATIVE TO SELF-

REPORTED PHYSICAL ACTIVITY DATA

Studies on the extent of agreement between indirect and more objective measures
of physical activity have become an aspect of interest in recent years. A systematic
review, conducted in 2008, compared self-reported and objective measures for
assessing physical activity levels in observational and experimental studies of adult
populations %°. The review reported on studies, primarily accelerometer-based, from

1984-2007 and only used studies with units of measurement that were the same for
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both the self-reported and direct measures %°. Percentage mean difference was used
as the main outcomes of this analysis ?°. The review summarised that overall, there
were no clear trends in the over-reporting, nor under-reporting, of physical activity by
self-reported methods when compared to direct methods %°. Some of the results,
however, suggest that the agreement between self-report and objective measures of
physical activity are likely to differ depending on the type of method used and, often,
the gender of the population studied ?°. As the studies in this review used different
measurement units (e.g. kilocalories, METs/day, MET-minutes/day), pooled

estimates and confidence intervals could not be determined %°.

Most studies that have compared self-reported physical activity to objective
measures have been largely accelerometer-based %. This is essentially due to the
fact that accelerometers not only provide information on ambulatory physical activity,
but information on intensity, frequency and duration of movements related to
physical activity ®*. Information obtained from accelerometers, additionally have the

potential to be translated to estimates of energy expenditure .

Studies have attempted examining the specific relationships and agreement between
accelerometers and pedometers, in free-living conditions. Tudor-Locke and
colleagues, in 2002, reported one of the first studies in this regard °®. Using the
ActiGraph accelerometer and the Yamax pedometer, steps/day values were
compared, in a convenience sample of adults (N=52; mean age=38; mean body
mass index=26kg/m?) . These participants were recruited to examine the validity of
the International Physical Activity Questionnaire in South Carolina ®. A mean

difference of 1,845+2,116 steps/day was noted (accelerometer>pedometer; t=6.29,
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P<0.0001) ®. The study reported, that although there were significant differences
noted, these may be due to differences in sensitivity thresholds and/or placement of

the instrument &3,

More recently, Behrens and Dinger reported results from similar comparisons in two
free-living sample groups ®. The ActiGraph accelerometer and the Accusplit Eagle
120 pedometer, reported in the study to be amongst the most accurate pedometers
available to assess steps, were used for these comparison ®*. The first sample, that
included participants between the ages of 18 and 30 years (N=99), showed a mean
difference of 1,643 steps/day over the 7-day wear ®*. The second sample, that
included participants between the ages of 25 and 60 years (N=74), showed a mean
difference of 2,199 steps/day over the 7-day wear ®*. There were strong correlations
noted in both the first sample (r=0.85, P<0.01) and the second sample (r=0.87,
P<0.01) **. The results additionally indicated that the accelerometer consistently
recorded more steps than the pedometer, and reported this differences to be
associated with sensitivity thresholds between the devices ®*. The study

nevertheless concluded agreement in steps/day values between the two devices ®*.

Few studies 2" have attempted demonstrating the association between pedometer-
measured ambulatory physical activity and self-reported physical activity. Miller and
Brown demonstrated the association by using the 10,000 steps/day recommendation
and the 30 minutes of moderate intensity physical activity per day guideline, for

comparisons®’. Further details have been presented earlier.
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In a similar study, Strycker et al compared steps/day with self-reported physical
activity data *°, as described earlier. These studies were, however limited to volume-
based steps/day information for comparisons and were unable draw associations

between intensity-based steps/day and current guidelines.

Recent advancements in pedometry create the opportunity for its use in providing
more detailed information on physical activity patterns, than simply record a tally of
steps/day, albeit that it is limited to ambulatory physical activity. For example, their
added ability to provide information on intensity-based steps % may provide a more
objective alternative to, or complement, self-reported approaches that typically rely
on recall. Using pedometers for such a purpose would also be less costly than
instruments such as accelerometers, used for providing more objective measures of

ambulatory physical activity.

THE USE OF PEDOMETERS AS A MEASUREMENT TOOL, IN DETERMINING
THE ASSOCIATION BETWEEN AMBULATORY PHYSICAL ACTIVITY AND

HEALTH MEASURES

Studies that have used pedometers as an instrument of measure in determining the
association between ambulatory physical activity and various clinical and health

measures date as far back as the early 90’s 17:6> €667,

Tyon et al, in 1992, was one of the first researchers that compared pedometer data
to a clinical measures, such as body mass index and percentage body fat ®’. The
study, however, demonstrated pedometer output in terms of distance travelled per

hour, implying that all steps taken were of the same stride length °’.
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McClung, in 2000, reported the association between pedometer-measured steps/day
and body mass index in a sample of 209 participants, primarily with knee or hip
replacements ®. In this study, it was reported that a higher body mass index was

associated with lower steps/day values °°.

One of the earliest reporting on the association between steps/day and more than
one body composition variable was documented by Tudor-Locke et al, in 2001 ®,
The study described the association between steps/day, and body mass index and
percentage body fat among a group of 109 (41 men and 68 women) healthy adults
living in South Carolina ®°. Using steps/day as a continuous variable, the study
showed an inverse correlation between steps/day and both body mass index and
percentage body fat ®°. Tertiles for steps/day, as a measure of ambulatory physical
activity, showed that nearly half (41%) the participants in the lowest (below the 25"
percentile of distribution) physical activity tertile (<5,267 steps/day) were also
classified as obese %. Only 11% of those in the highest (above the 75™ percentile of
distribution) physical activity tertile (29,357 steps/day) were shown to be obese °°.
Similarly, 57% of participants in the highest tertile of physical activity were classified

as normal weight compared with 30% in the lowest tertile of physical activity ®.

Chan et al, in 2003, performed a cross-sectional study on the relationship between

pedometer-determined ambulatory physical activity and components of the metabolic

17

syndrome (through self-reported measures) The study also compared

pedometer-determined ambulatory physical activity to general health indicators such
as body mass index, waist circumference and blood pressure, in a Canadian working

17

population of 182 participants . The results of the study showed that fewer
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steps/day were associated with increased body mass index, waist circumference,
diastolic blood pressure and components of the metabolic syndrome (hypertension,

hypercholesterolemia, heart disease, or type 2 diabetes) *'.

“Colorado on the move”, the first-ever population-based survey of walking reported in
2005, was conducted with 1098 individuals in the US state of Colorado °®. The study
reported an average of 6,804 steps/day and also showed that obese individuals
(body mass index=30 kg.m?) walked about 2,000 fewer steps/day than normal-

weight individuals ©.

In general, pedometer-based cross-sectional studies have shown that people who
walk more tend to have a lower body mass than those who walk less %72,
Nevertheless, the decrease in steps/day population estimates, in more recent years
(discussed previously), warrants the need for exploring further options for improving

ambulatory physical activity.

The evolution of pedometry affords the potential to explore its ability to obtain
information on patterns of ambulatory physical activity. For example, information on
intensity of sustained ambulatory physical activity that can be extrapolated from
pedometer data may be correlated to clinical and health measures. In so doing,
associations between clinical measures can be correlated with volume, duration and
intensity of steps/day. Such advancements, in the context of pedometry, may provide
useful information to support current guidelines through pedometer-based

recommendations.
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THE USE OF PEDOMETERS FOR SELF-MONITORING AND MOTIVATING FOR

CHANGING PHYSICAL ACTIVITY BEHAVIOUR

Over the last few decades, there has been a public health shift from a focus on
exercise intended to develop physical fithess to an emphasis on promoting moderate
intensity lifestyle physical activity “*. Consequently, ambulatory physical activity
intended to improve health outcomes ", has promoted the emergence of

pedometers as a useful self-monitoring tool and a potential motivational aid for

increasing physical activity.

As discussed earlier, the concurrent use of pedometers and the 10,000 steps/day
message has, over the years, been used as a motivating tool and a steps/day goal,
respectively. The application of the 10,000 steps/day message has, consequently
been adopted and evaluated in several health promotion initiatives. For example,
“Canada on the Move”, a 12-month health promotion initiative promoting the 10,000
steps/day goal ° reported a 2.3% (95% confidence interval: 1.9-2.9%) higher
prevalence of sufficient walking in those that were aware of the campaign (32.4%)

than those that were not aware of the campaign (30.0%).

The“10, 000 Steps Rockhampton Project” ’°, a health promotion initiative, evaluated
the effect of the 10,000 steps/day goal in Rockhampton, Australia. The study
subsequently compared pedometer-determined ambulatory physical activity levels to
a comparable community (Mackay) that had limited exposure to this message. An
interesting finding was that, although ambulatory physical activity levels did not

significantly increase in the project, the downward trend in physical activity seen in
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the comparison community (48.3% to 41.9% active) was not evident in Rockhampton

76

The European-based 10,000 steps Ghent” community intervention for nearly
230,000 residents in Ghent, Belgium, reported an increase in daily steps by an
average of 896 steps/day (P<0.001) in a sub-sample of 440 adults, after one year of
the intervention ”’. However, only 8% of participants achieved the 10,000 steps/day

goal, compared with no increase in the comparison community *’.

Whilst pedometer-based interventions have traditionally supported and encouraged
the 10,000 steps/day goal *°, several interventions that have promoted the 10,000
steps/day goal have had limited success in reaching this goal . It must be noted,
however, that most of these interventions provided minimal or no additional support,
over and above providing pedometers to complement the 10,000 steps/day goal.
These studies, nevertheless, demonstrated a significant increase in physical activity
8 and therefore imply that pedometer-based programmes are useful predictors for

change in ambulatory physical activity.

Researchers have since suggested that the 10,000 steps/day goal may be
unrealistically high “°. Consequently, more recent research has been directed
towards providing alternate options such as 3,000 steps in 30 minutes or 1,000 steps
in 10 minutes, at least three times a day 3***". These studies have largely been
methodological studies to contextualise steps/day information with current physical
activity guidelines. Information on interventions that have adopted such messages is,

however, limited due to the recent emergence of such messages.
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Evaluating the effects of pedometer-based programmes that incorporate intensity-
based steps recommendations will therefore provide a useful addition to current

literature.

THE ASSOCIATION BETWEEN PEDOMETER-BASED INTERVENTIONS AND

HEALTH OUTCOMES

A systematic review on pedometer-based interventions between 1966 and 2006,
evaluated the association between changes in ambulatory physical activity and
health outcomes amongst outpatient adults ‘2. The studies documented in the review
included randomised controlled trials, in which the intervention group was provided
with a pedometer and a diverse range of support measures ‘2. These included
physical activity goals (steps-based and non-step-based) and, in some cases,
rehabilitation supervision "®. Control groups generally did not receive a pedometer
but were provided with all other support offered to the intervention group ®. In some
studies, a pedometer was also provided to the control group but were requested to

maintain their usual physical activity levels .

Analysing a total of 18 studies (mean intervention duration of 18 weeks), the review
reported that participants decreased their body mass index by 0.38 from baseline
(P=0.03) "®. The decrease was associated with factors such as older age (P=0.001),
having a step goal (P=0.04) and interventions of longer duration (P=0.07) "®. No
significant associations were established between baseline steps/day, change in
steps/day, gender, diet counselling or body mass index at the beginning of the

intervention '8,
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Similarly, intervention participants from 12 of the studies presented in the review
significantly decreased their systolic blood pressure by an average of 3.8mmHg
(P<0.001) " This decrease was associated with a higher systolic blood pressure at
baseline (P=0.009) and change in steps/day (P=0.08) "®. No significant associations
were found with factors such as age, change in body mass index, setting a step goal

or the duration of intervention 8.

Using a total of 7 studies from the review, no significant improvements in serum lipid
levels or fasting serum glucose concentrations was found . The serum lipid and
glucose levels were, however, reported to be fairly normal at baseline and was
implied to be the reason for a lack of significance established .

The review provided the first published synthesis of documented studies on the
effectiveness of pedometer. In general, the review indicated that the use of
pedometers were associated with significant increases in physical activity and

improvements in clinical measures "®.

Richardson and colleagues, similarly performed a meta-analysis of pedometer-based
interventions and their effects on weight loss 2. The review included a total of 9
randomised controlled trials and prospective cohort studies ranging from 15-106
participants, 73% of whom were women and 27%, men . The duration of the
intervention ranged from 4 weeks to 1 year, with a median duration of 16 weeks .
Most of the studies included some behavioural counselling, usually in relation to step

goals %.
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The pooled estimate of mean weight change was reported as -1.27kg (95%
confidence interval: -1.85kg to -0.70kg) and an average loss of 0.05kg per week
during the intervention 2°. The review demonstrated that, although pedometer-based
interventions result in modest weight loss, the increased step counts, ranging from
less than 2,000 steps/day to more than 4,000 steps per day, confer health benefits

0

associated with the increase in physical activity %, as similarly concluded in the

studies, described above.

A growing amount of physical activity research has been directed towards
comparisons in outcomes (such as clinical measures) between interventions
prescribing the 10,000 steps/day versus alternative goal-settings to the 10,000
steps/day recommendation or not setting a goal all . Studies show that very small
and insignificant improvements are achieved in pedometer-based interventions that

do not provide steps/day targets/goals.

For example, Bravata et al, through a systematic review reported in 2007,
demonstrated the modest improvement in steps/day through minimal contact
pedometer-based interventions "®. Analysing the outcomes of four studies meeting
the criteria for inclusion in the review, a mean increase of 686 steps/day (95%
confidence interval: -1,621 steps/day -2,994 steps/day; P=0.60) was noted ®.

The review further showed that setting a step goal resulted in higher increases in
ambulatory physical activity over baseline, than not setting a step goal "®. Analysing
a total of 8 studies, a mean increase of 2,998 steps/day (95% confidence interval:
1,646 steps/day - 4,350 steps/day; P<0.001) was noted when a 10,000 steps/day

goal was set ®. Similarly, analysing the data of 16 studies, a mean increase of 2,363
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steps/day (95% confidence interval: 1,789 steps/day - 2,936 steps/day; P<0.001)

was noted when an alternative step goal was used 8.

The type of goal set may, therefore, be an area of increasing importance. Sidman et
el showed little difference between participants given a target of 10,000 steps/day
and those given alternative goals ®. The intervention involved inactive women
between the ages of 20 and 65 years and found that despite the fact that most
participants given a target of 10,000 steps/day did not achieve this goal, their
steps/day increase was similar to those given more modest, alternative goals such

as progressive steps goals or time-based goals 5.

Given the similar increases in ambulatory physical activity among those given a
10,000 steps/day goal and those given alternate goals, research establishing the
relative benefits of setting alternate goals, within the context of pedometry, will
enhance current literature. Directing us to such alternatives, recent methodological
studies have provided intensity-based thresholds for moderate intensity physical

n 30, 42

activity, such as “3000 steps in 30 minutes or 1,000 steps in 10 minute bouts at

least three times a day *.

The application and evaluation of pedometer-based programmes that incorporate

such messages, will therefore support current methodological findings and create a

platform for further application enhancement in practice.
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EXTENT OF ADDITIONAL SUPPORT STRATEGIES WITHIN PEDOMETER-

BASED INTERVENTIONS

Pedometer-based interventions have historically involved minimal contact and
focused primarily on outcomes #. As a consequence of this, many interventions
have been shown to produce modest improvements in physical activity 3. Studies
that provide information concerning process evaluation (i.e. why and how
pedometers work to motivate physical activity) have become increasingly valuable in

identifying factors that may contribute to the success of such interventions .

Heesch et al, in 2005, were among the first researchers that have reported on
participant experiences in a 6-week, minimal contact, pedometer-based intervention
programme for women striving to achieve self-selected step goals ®’. In this study,
contact with researchers was limited to data collection sessions at pre-intervention
and post-intervention, and receipt of weekly e-mails containing strategies for
increasing ambulatory physical activity. Focus group findings indicated that
pedometers provided a motivating tool for increasing awareness of individual
physical activity and thereby providing an opportunity for goal-setting. Suggested
programme improvements included assistance with goal-setting, strategies for
overcoming barriers, feedback on progress relative to other participants and shared

experiences/walking partnerships with other participants ®’.

Lauzon et al, in 2008, contributed further by providing a pedometer-based
intervention, called the “Prince Edward Island First Step Program (PEI-FSP)” in

82

Canada "“. The study incorporated on-site group meetings into a workplace

pedometer programme and demonstrated both physical and attitudinal
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improvements . The major themes that emerged from this investigation concurred
with many of those reported by Heesch et al ®’. Most notably, themes related to

increased awareness of, and motivation for, physical activity emerged 2.

The evaluation of pedometer-based interventions, that provide varying levels and
extent of support, can contribute towards establishing a balance between support
required during interventions and physical activity improvements. Such an outcome
would have implications on determining the minimum resources required to support

a successful intervention.

AIMS OF THE THESIS

The studies described in this thesis attempt to provide insight into the association
between ambulatory physical activity, and fithess and health outcomes in the adult
population, from a dose-response perspective. In so doing, the thesis will also
provide information on ambulatory physical activity patterns in a South African
population group and relate these results to self-reported measures and current
international trends, respectively. In addition, the thesis will administer and evaluate
a 10-week pedometer-based feasibility study aimed at increasing ambulatory
physical activity amongst employed adults, through individualised email-based

pedometer feedback.

The outcomes of the studies described in this thesis can be used to supplement and
improve physical activity and exercise prescription such as steps/day

recommendations, with a strong emphasis on intensity of steps. These outcomes will
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contribute towards providing clearer insight into pedometer-based ambulatory

physical activity so that more sustainable health programmes can be implemented.

Finally, using the outcomes of a feasibility study conducted, a work-site, pedometer-
based intervention protocol will be developed to be administered as a future

randomised controlled trial, in an adult, employed population.

STRUCTURE OF THE THESIS

The introductory chapter provides an overview of physical activity within the context
of current guidelines. This chapter further presents information around the
emergence of pedometers and the role of pedometers in health promotion in terms
of its use as a measurement, self-monitoring and motivational tool with reference to
current physical activity guidelines and intensity-based ambulatory physical activity,

in particular.

Chapter 2 determines the association between pedometer-determined ambulatory
physical activity and fithess and health measures in a convenience sample of adults.
We hypothesise a linear relationship between the number and intensity of steps

accumulated per day and fitness and health measures.

In Chapter 3, we determine, using heart rate monitors and regulated timing, the
appropriate steps/minute rate that corresponds to moderate intensity physical
activity. We further compare the steps/minute rate of moderate intensity physical
activity to that of self-paced brisk walking. There are two hypotheses to the study

described in this chapter:
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Hypothesis 1: A steps/minute rate of approximately 100 steps/minute, relates

closely to moderate intensity physical activity;

Hypothesis 2: The steps/minute rate for moderate intensity physical activity relates

closely to the steps/minute rate of self-paced brisk walking.

Chapter 4 presents the results of a cross-sectional, pedometer-based study
establishing the association between objectively measured ambulatory physical
activity and health measures in an adult, employed South African population. A linear
relationship between total steps/day and improved health outcomes is hypothesised.
We further hypothesise a linear relationship between aerobic steps and improved
health outcomes.

A further analysis, in this study (Chapter 4), compares the mediation effect of
percentage body fat, body mass index and waist circumference independently on the
association between steps and health outcomes. We hypothesise a significant
mediation effect of percentage body fat, body mass index and waist circumference in
the association between steps (total steps/day and aerobic steps/day) and clinical

measures (blood pressure, blood cholesterol and blood glucose).

The potential use of pedometers to provide a more direct measure of physical
activity patterns than self-reported approaches is evaluated in Chapter 5. We aim to
demonstrate the association between self-reported physical activity and pedometer-
measured ambulatory physical activity in a South African, employed adult population
group.

We hypothesise that self-reported physical activity over-reports physical activity.
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Chapter 6 presents the analysis and evaluation of a pedometer-based pilot feasibility
study, conducted in an employed adult group. The study informs the development,
design and recommended sample size (i.e. the protocol) of a future pedometer-
based intervention (randomised controlled trial) aimed at improving ambulatory

physical activity in the employed adult population.

Hypothesis: The addition of a pedometer, supplemented by regular, emailed
feedback and general motivational messages is an effective strategy for increasing

steps/day in an employed, adult group.

The protocol design of the randomised controlled trail, Steps that count!, is
presented in chapter 7, as an outcome of our overall findings and a recommendation
for a future intervention programme.

The main findings of the studies, followed by a reflection on the methodological
considerations concerning the results of each study are discussed in chapter 8. This
chapter also discusses the implications for public health and directions for future

research and practice.
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CHAPTER 2

The association between the number and
Intensity of steps accumulated and fithess and

health measures

Accepted in part: Journal of Physical Activity and Health (June 2012) [in press]

Authors: Julian D Pillay, Tracy L Kolbe-Alexander, Willem van Mechelen, Estelle V

Lambert

(Elements of the original paper have been condensed in certain areas to avoid

duplication from the previous chapter and referenced accordingly.)
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INTRODUCTION

Walking is an accessible mode of activity and therefore may be easily translated into
physical activity recommendations, especially for adoption by inactive adults *:888°
The benefits of walking have been demonstrated by many studies 289 Despite
the significant health benefits of walking, the overall prevalence of walking for health

is only 8%-15% in adults %.

Pedometer-based studies have shown that 30 minutes of moderate-vigorous walking

394142 even when considering factors

equates to between 3,100 and 4,000 steps
such as stride length and body mass index as a potential confounder **°*. Studies
on the extent to which walking contributes to meeting current guidelines, however,
largely describe the volume of physical activity, typically steps/day . Little

consideration has been placed on intensity-based steps/day. the health benefits of

which have been reported to be substantively dependent on ¥’.

The impact of intensity-based walking recommendations is therefore an emerging
area of research. Further information on volume and intensity of physical activity
patterns, within the context of steps/day, will add to the current understanding of the
dose-response effects of walking. This can provide the basis for current and future

steps/day recommendations to complement current physical activity guidelines.

We therefore aim to determine the relationship between the volume and intensity of

steps/day and aerobic fitness and health status.
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METHODS

A convenience sample of 70 adults (35 men and 35 women), between the ages of 21
and 49 years, completed the study. The participants were recruited through
advertisements placed at a tertiary academic institution, as well as via word of

mouth.

Ethical considerations

Ethics approval for the study was obtained from the Human Research Ethics
Committee of the Faculty of Health Sciences, University of Cape Town, Republic of
South Africa (REC REF: 172/2005) (Appendix A). Prior to the study the participants
were provided with a Participant’s Information Sheet detailing purpose, aims,
procedures, requirements and potential risks of the study (Appendix B). An Informed

Consent Form was thereafter signed (Appendix C).

Inclusion and exclusion criteria;

All individuals willing to participate in the study were considered for participation.
Other inclusion criteria included: being between the age of 21 years (inclusive) and
50 years (exclusive) and; willingness to wear a blinded pedometer, during wakeful

hours, for the duration of the study.

Employees were excluded for the following reasons: pregnancy; diagnosis or
treatment of cancer; any other condition that could impact on physical activity; non-
compliance to the pedometer wear and; participating in non-ambulatory physical
activity (such as swimming and cycling) that may not be captured or be inaccurate

through the pedometer reading.
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Pre-participation screening:

The Physical Activity Readiness Questionnaire *® (Appendix D) was administered to
all participants prior to participation. This conforms to the recommendations for

cardiovascular screening, staffing and emergency policies at health/fithess facilities

99

Measures
The following measures were taken prior to commencement of the study:
Anthropometry:

Anthropometric measures were completed (upon return of the pedometer and prior
to the commencement of the aerobic fitness assessment) in an indoor setting.
Participants, during their initial visit (during which information on the study was
provided and the Physical Activity Readiness Questionnaire completed) were
requested to abstain from eating/drinking within 4 hours of the subsequent visit. They
were requested to avoid exercising within 12 hours of the visit. Additionally,
participants were requested to void (urinate) completely prior to the visit and abstain
from any alcoholic drinks within 48 hours of the visit. They were also requested to

avoid taking any diuretics prior to the visit, unless instructed by a physician.

Body height was measured in centimetres, using a height chart as the vertical
distance from the floor to the vertex of the head. The participant stood barefoot with

heels, buttocks and head in contact with the wall and arms at their side.

Waist circumference was measured (in centimetres) using a tape measure around
the skin.
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Body weight was measured using an electronic scale (Beurer® PS 06), allowing only

a single layer of clothing. The values were rounded to the nearest 100g.

Body mass index was computed as weight (in kg)/height (in meters) squared.

The Futrex 6 100 (Futrex Inc., Gaithersburg, MD, USA) method of near-infrared
reactance was used to measure percentage body fat. This measure is based on the
principles of light absorption and reflection, where body fat absorbs the light and

100

muscle reflects it . The pre-programmed equation takes into account the

participant’'s age, body height and gender, and then calculates the individual's

percentage body fat *°.

Blood Pressure

Blood pressure was recorded (in mmHg) using a sphygmomanometer after the
participant remained relaxed for 5 minutes. Two readings were taken, approximately
5 minutes apart. An average of the two readings was recorded. If the two readings
obtained were markedly different from each other (>5mmHg), a third reading was

taken. The average of the two nearest readings was used.

Estimated maximal oxygen uptake

Aerobic fitness was derived from the heart rate response (recorded by a Suunto™
heart rate monitor) based on a 12-minute intermittent step test. This test comprised
four incremental workloads for 2 minutes at a time on a stationary, 25cm high step,
separated by a one-minute rest period between each bout. The intensity of each
workload was regulated by an audible metronome (80, 96, 112 and 120

steps/minute, respectively). The final rest period lasted 1-minute and the heart rate
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response to exercise was regressed to predict peak METs at age-predicted

maximum heart rate.

Maximal oxygen uptake (ml/kg/min) was, thereafter, estimated using the following
equation: 44.891 — (age * 0.262)- (gender * 0.855) + (peak METS * 0.994) +
(maximum reported MET hours/week of activity * 0.163) '°*. This test has been
shown to explain 76% of the variance in actual measured maximal oxygen

consumption %,

The test was conducted after the participants had worn the pedometer for five
consecutive days (minimum of 10 waking hours per day), so that the outcome of the
test did not play a role in altering ambulatory physical activity during pedometer

wear.

Figure 2.1 illustrates the 12-minute step test.

Step Test Protocol- (Virgin Life Care™) Peak
predicted
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Figure 2.1: Step Test Protocol- Virgin Life Care™
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Pedometer wear

Participants were requested to wear the Omron HJ 750 ITC pedometer for 5

consecutive days, attached to the left or right hip, as worn in most studies %,

The pedometer screen was covered to reduce the likelihood of participants
observing their daily steps, which may have influenced habitual levels of physical
activity and subsequently daily steps accumulation during the study. Participants
were asked to wear the pedometer throughout the day and to follow their usual

routine of daily activities and remove the pedometer only when bathing or showering.

Participants were also informed that their daily results would be made available to

them at the end of the study.

Data recording

The pedometer data was uploaded electronically by the researcher according to the
Omron Health Management Manager software protocol ?°. Details of the type of

information provided by the pedometer output have been described in chapter 1.

Statistical analyses

The data were analysed using STATISTICA version 8 (StatSoft Inc., Tulsa, OK,
USA) and statistical significance was set at P<0.05. The relationship between
average number of steps/day and blood pressure, percentage body fat, body mass
index, waist circumference and estimated maximal oxygen uptake was assessed

using Pearson-Product-Moment Correlation analysis.
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To differentiate between total steps/day, and the intensity on health and fitness
outcomes, participants were grouped according to the number and intensity of steps:
LOW (<5,000 steps/day, irrespective of intensity), HIGH-LOW (>5,000 steps/day with

no aerobic activity) and HIGH-HIGH (>5,000 steps/day with aerobic activity).

The 5,000 steps/day cut-off is based on current physical activity classifications that

categorise those accumulating less than 5,000 steps/day as inactive **%,

Analyses of co-variance (ANCOVA), adjusting for age, gender and total steps/day,
were used to compare groups, with Bonferonni post-hoc analyses, to determine the
between group effect of these categories for blood pressure, percentage body fat,

body mass index, waist circumference and estimated maximal oxygen uptake.

RESULTS

Of the 78 participants that volunteered to participate in the study, 77 participants
returned the pedometer and completed the fitness test. After uploading pedometer
data, 7 of the participants (3 men and 5 women) were identified as not having worn
the pedometer for at least three consecutive days or for a minimum of 10 hours per

day and were excluded from the analysis.

The final analysis sample therefore included 70 participants (35 men and 35 women,

32+8yrs). Table 1.1 illustrates the clinical and ambulatory characteristics of the study

group.
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Table 2.1 Fitness, health and ambulatory characteristics of participants (N=70)

Variable Men Women Total

Age (years) 33.1+7.9 31.6x7.7 32.3+7.8
Body mass index (kg/m?) 25.3+3.2 23.9+4.5 24.6+3.9
Percentage body fat (%) 20.948.1 23.319.6 22.1+8.9
Waist circumference (cm) 86.7+9.6 75.9+9.8 81.3+11.1*
Systolic blood pressure (mmHg) 125.8+12.6 120.1+7.3 122.9+10.6*
Diastolic blood pressure (mmHg) 83.318.8 81.7+8.6 82.5+8.7
Estimated VO, max (ml/kg/min) 41.917.6 35.8+8.8 38.8+8.7**
Pedometer data (steps/day) 6,424+2,208 6,616+2,427 6,520+2,306
Daily aerobic time (minutes/day) 14.4+7.4 17.4+10.7 16.2+9.6

(n=42, participants who accumulated any aerobic

steps)

Note: Values are means + standard deviation
*indicates statistical significance (P<0.05), ** (P < 0.003) between men and women
The mean daily steps accumulated was 6,520+2,306 steps/day for the total sample

(N=70). The intra-individual co-efficient of variation of steps/day, was 39.2+17.3%.

Fourty-two participants accumulated steps classified by the pedometer as “aerobic”
(>60 steps/minute for 1-minute or more). Of the participants accumulating “aerobic”
steps (n=42), the mean daily aerobic steps accumulated averaged to 1,816+938
steps/day and the average intensity and duration of these steps were 118+9

steps/minute and 16.2+9.5 minutes, respectively.

Table 2.2 illustrates the association between health measures and total volume of
steps (i.e. both aerobic and non-aerobic combined), aerobic steps only, aerobic

intensity and aerobic time accumulated daily.
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Table 2.2 Correlation (rho) between health measures and total steps, aerobic

steps, intensity and time per day (N=70)

Variable Total steps  Aerobic Aerobic time  Aerobic
(steps/day)  steps (minutes/day) intensity
(steps/day) (steps/min)

Percentage Body Fat (%) -0.38** -0.45** -0.37** -0.48**
Body mass index (kg/mz) -0.28* -0.31* -0.24* -0.32*
Waist circumference (cm) -0.41** -0.38** -0.31** -0.44**
Systolic blood pressure (mmHg) -0.25* -0.31* -0.31* -0.28*
Diastolic blood pressure (mmHg) -0.10 -0.15 -0.20 -0.16
Estimated maximal oxygen (ml/kg/min)  0.27* 0.23 0.17 0.29*

Note: Values indicate rho values; asterisk indicates statistical significance (* P<0.05, *P < 0.01)

Total steps/day, aerobic intensity and aerobic time were significantly negatively
correlated to percentage body fat (P<0.003), body mass index (P<0.03), waist
circumference (P<0.005) and systolic blood pressure (P<0.01) respectively, for the
overall group. Similarly, a positive correlation was found between total steps/day and
aerobic intensity and estimated maximal oxygen uptake (P<0.03 and P<0.02,
respectively).

Diastolic blood pressure was not significantly correlated to any measure of steps.

In the groups accumulating 25,000 steps/day (HIGH-HIGH and HIGH-LOW groups),
statistically significant differences in the total steps/day were observed (7,839+1,952

in HIGH-HIGH group and 6,353+£949 in HIGH-LOW group respectively; P<0.001).

In the subsequent analyses of between-group differences for fithess and health
outcomes, adjustments were therefore made for age and gender, as well as total
steps/day.
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Table 2.3 illustrates between group effects of health measures (age and gender-

adjusted).

Table 2.3: Fitness, health and ambulatory characteristics of participants by

group (means adjusted for age and gender, + standard deviations).

Low High-Low High-High
Variable

(N=18) (N=13) (N=39)
Percentage Body Fat (%) 30.1+6.7° 23.56.8° 17.9+6.8°
Body mass index (kg/m?) 26.8+3.5° 24.4+3 5% 23.6+3.5"
Waist circumference (cm) 87.2+8.7% 84.5+8.9% 77.5+8.9°
Systolic blood pressure (mmHg) 127.1+10.2% 125.7+10.3% 120.1+10.3"
Diastolic blood pressure (mmHg) 82.8+8.8 86.1+8.9 81.2+8.9
Estimated maximal oxygen uptake(ml/kg/min)  35.4+6.8% 36.2+7.0% 41.3+7.0°

Pedometer data (steps/day)

3,705+1,540%

6,176+1,540"

7,935+1,564°

Note: Values represent mean + standard deviation

percentage body fat 3ys®, P<0.03, percentage body fat and waist circumference, “vs°®, P<0.002

There were significant differences in percentage body fat between all three groups,

after adjusting for age and gender (P<0.001), irrespective of whether or not results

were adjusted for total steps/day. Percentage body fat was lowest in those in the

HIGH-HIGH group, followed by the HIGH-LOW group and then, the LOW group.

Waist circumference was, similarly, significantly lower in the HIGH-HIGH group,

compared to the other groups (P<0.001). This effect remained even after adjusting

for differences in total steps/day.
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Estimated maximal oxygen uptake was only significantly different between the LOW
group and the HIGH-HIGH group (P<0.01). After adjusting for total steps/day, these
results were, however, no longer significant. This indicates that estimated maximal
oxygen uptake is not independent of total steps/day, despite differences in intensity.
The between-group differences for estimated maximal oxygen uptake may,
therefore, relate more to the total volume than intensity of steps/day. Comparable

results were found for blood pressure and body mass index.

DISCUSSION

The results of this study support the existing evidence linking steps/day to fithess
and health outcomes. The study additionally provides evidence that body
composition may be influenced by not only total steps/day, but also by the intensity
at which they are accumulated. Intensity of steps may, therefore, be a factor directly
contributing to the attainment of better fithess and health outcomes, or indirectly by

increasing the total volume of steps/day.

Exercise prescription and/or steps/day recommendations may benefit from being
framed within the context of intensity, thus corroborating recent accelerometer-based

studies %3193,

The mean steps/day of 6,520+2,306 suggest that our sample group fell slightly below
the lower end of the range of steps/day data in healthy, younger adults (7,000-
13,000 steps/day) “°. Limitations of our study may have contributed to the low
steps/day data obtained, which we have highlighted under the limitations of this

study (Chapter 2, page 51). Our data was, however consistent with the observation
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that individuals accumulating <5,000 steps/day are more likely to be classified as

inactive %2 and obese .

Additional findings showed that the mean number of aerobic steps/day in the HIGH-
HIGH group was 1,816+938 steps/day (accumulated over 16.2+9.5 minutes/day) at
an approximate average intensity of 118+9 steps/minute. Our findings were higher
than the steps/minute ranges identified for moderate-intensity walking in recent
studies under controlled settings “%***. The steps/minute rate obtained, however,
provides useful information on the intensity of ambulatory physical activity

accumulated by individuals under free-living conditions.

Participants accumulating 5,000 steps/day or more, which included some sustained
walking, showed lower percentage body fat, waist circumference and a higher
estimated maximal oxygen uptake when compared to those who walked less than
5,000 steps/day. Similar findings were shown when those accumulating 5,000
steps/day or more, with some sustained walking, were compared to those who
walked more than 5,000 steps/day but at low intensities and/or short bouts. The
association between intensity of steps/day and health and fithess parameters

persisted even after adjusting for differences in total steps/day.

In a recent literature review, Choi et al *** alluded to the viewpoint that there is a
daily deficit of approximately 4,000 steps/day which must be gained from more
sustained, intensity-based activities. The result of the current study, which

demonstrates the possible benefit of intensity-based walking, supports the viewpoint
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that the addition of intensity-based steps to daily physical activity does contribute to

improved clinical outcomes.

The intra-individual co-efficient of variation (represented as a percentage) in
steps/day was 39.2+17.3. An intra-individual co-efficient of variation less than or
equal to 10% has been recommended as an indication of adequate repeatability
105196 However, Schonhofer et al reported an intra-individual co-efficient of variation
of steps/day of 17-18% in patients with chronic obstructive pulmonary disease
and Tudor-Locke et al reported an intra-individual co-efficient of variation of
steps/day of 32.7% in adult participants *°. Tudor-Locke et al also reported that the
individual with the lowest co-efficient of variation (6.3%) took 1,466+92 steps/day
and the individual with the highest co-efficient of variation (87.9%) took 695+610

steps/day *.

Most pedometer-based studies support the contention around day-to-day
consistency of walking behaviour 3% The results obtained in our study support
the viewpoint that daily walking behaviour is often not consistent "33 The
implications of this may infer that average daily steps be viewed with caution and,
more importantly, within the context of daily variability. Several studies have,
nonetheless, provided guidelines on the minimum number of days required to predict

reliable average daily steps/day estimates, as discussed in Chapter 1.

Association between steps per day and body measures

Studies have shown that people meeting the 10,000 steps/day target are more

frequently classified as normal weight and those individuals with values less than
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5,000 steps/day are more frequently classified as obese ®°. Studies have also shown
a distinct relationship between pedometer data and body composition variables in

the expected direction 17:0>66:108

Tudor-Locke et al ®°, for example, through an accelerometer-based study measured
time spent in various intensity categories, showed a decreasing gradient across all
body mass index categories. Our study, in establishing a mean percentage body fat
of 17.9%, 23.5% and 30.1% in the HIGH-HIGH, HIGH-LOW and LOW groups,
respectively, confirms the linear, and positive, relationship between physical activity

and percentage body fat.

The results we report on waist circumference (mean waist circumference of 77.5cm,
84.5cm and 87.2cm noted in the HIGH-HIGH, HIGH-LOW and LOW groups,
respectively) demonstrate a significant association between physical activity and
waist circumference. Our results further demonstrate the benefit of the accumulation
of volume and intensity of steps in maintaining a waist circumference within the

accepted range, as suggested by the National Institutes of Health 1.

A lower mean systolic blood pressure observed in the HIGH-HIGH group when
compared to the HIGH-LOW and LOW groups, respectively demonstrates the value
of ambulatory physical activity that is at least of moderate intensity. The mean values
obtained in all of the three groups were, however, within the accepted clinical range
of 110-140mmHg *’. Similarly, no clinical significance was noted for diastolic blood
pressure between the groups as the mean values were within the accepted 70-

90mmHg range *’ for all 3 groups.
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Chan et al *’ reported a comparable finding in 2003, where a low inverse correlation
between diastolic blood pressure and steps/day was detected *’. A stronger inverse
correlation between systolic blood pressure and steps/day that was nearly significant
(P=0.0648), was, however, noted *’. The result obtained in this (Chan et al) study,
however, only demonstrated the association between volume of steps/day and blood

pressure and did not consider intensity of steps accumulated.

Totsika et al **° demonstrated a similar effect, in a 9 month diet and physical activity
modification intervention in patients at risk of type 2 diabetes, where systolic blood
pressure improved (P<0.006) but diastolic blood pressure did not change

significantly (P=0.06).

Association between steps per day and estimated maximal oxygen uptake

It is widely accepted that physical activity contributes to improved aerobic fithess and
longevity 2. Such evidence points to the fact that aerobic fitness is an important
predictor of longevity. There is, however, limited evidence on the association

between steps/day and aerobic fithess.

The results of this study show a positive relationship between estimated maximal
oxygen uptake and steps accumulated, with the HIGH-HIGH group attaining the

highest estimated maximal oxygen uptake and the LOW group, the lowest.
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Steps per day versus the 30-minute recommendation of moderate intensity

physical activity

The improved clinical ranges seen in the HIGH-HIGH group of our study supports
current literature on the importance of volume and intensity of ambulatory physical
activity >**. This outcome points toward a similar direction as that documented by
Wilde et al * in establishing that the addition of intensity based steps/day contributed
towards achieving the 10,000 steps/day recommendation and the consequent

improvement in clinical measures.

In relation to current guidelines that recommend 30 minutes moderate-vigorous
physical activity at least five times a week %, Wilde et al reported that women
increased their average physical activity from 7,220 steps/day to 10,030 steps/day
when they included a 30-minute, self-timed walk **. Such findings direct us further to
the value of incorporating intensity based steps, into daily physical activity. Not only
will such recommendations contribute towards achieving the 10,000 steps/day

recommendation, but also relates closely to current physical activity guidelines.

Notwithstanding this viewpoint, a recent accelerometer-based study by Cook et al
124 "in an adult population of rural black South African women, showed the health
benefits of a high number of low intensity steps accumulated (mean>9,000
steps/day). In the study, a reduced risk of obesity by 34% at 7,500 steps/day, 52% at
10,000 steps/day and 62% at 12,500 steps/day were observed, when compared with

achieving <5,000 steps/day '**. The ambulatory levels seen in this study are very

different from our study, which observed a mean value of 6,520 steps/day.
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The pronounced risk reduction (more acceptable clinical and anthropometric ranges)
in the 25,000 steps/day categories in both studies, nonetheless, remains a notable

observation.

Categorisation of aerobic steps

Omron has proprietary software which categorises “aerobic” steps as >60
steps/minute for a minimum duration of 1 minute, as described in Chapter 1. This
categorisation is substantially different from the recommended steps/minute rates for
moderate intensity physical activity, by recent studies conducted. (Information on
these studies has been provided in Chapter 1). The Omron classification of “aerobic
steps” has, however, allowed for the differentiation of steps based on some level of

intensity and duration.

By no means do we suggest or assume that 60 steps/minute is an equivalent proxy
for moderate intensity physical activity. Rather, this categorisation has allowed us to
extrapolate more refined intensity and duration-based steps data typically not

available through traditional pedometers.

Previous studies on intensity of physical activity have been limited to accelerometry
2863103 The sub-categorisation of steps/day, according to a base-line level of
intensity and duration, is therefore a useful addition to pedometry. Appropriate
intensity-based steps/day and/or steps/minute recommendations in relation to

moderate intensity physical activity may be a valuable enhancement to pedometry,

and current documented literature.
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Strengths of the study

The research undertaken adds to the relatively limited pedometer-based research
that differentiates walking according to a baseline level of intensity and duration. In a
sample of people accumulating an approximate average of 6,500 steps/day, this
categorisation has helped identify more sustained daily steps. Further information on
intensity and volume specific to these bouts of physical activity were extrapolated,

thereafter.

Such findings are useful in establishing associations between sustained ambulatory
physical activity and health and fithess measures. It must be noted however, that in
the sub-analysis of the HIGH-HIGH group, the intensity of steps was 118+9
steps/minute accumulated for an average duration of 16.2+9.5 minutes/day. The
results obtained therefore support the recommendations made by Marshall and

colleagues *?

that concluded comparable, but slightly lower steps/minute rate
findings for aerobic ambulation. The demonstration of this effect under free-living

conditions provides a useful addition to current literature.

This is also among the first pedometer-based studies to be conducted in the
Republic of South Africa within an urban context. This, therefore, provides useful
information on physical activity patterns and a starting point to further pedometer-

based research studies.
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Limitations

The relatively small sample size and the potential selection bias, inherent in any
convenience sample, limit the external validity of the study. As the study is presented
as a pilot study, no power calculation has been carried out. Thus the results cannot
be generalised to the entire population. This necessitates the need for similar but
larger studies to confirm present findings. The outcomes of the study can also be
used to perform an appropriate power calculation for future studies of this nature

which can be carried out in a similar context.

The use of a near infrared reactive device as a measure of percentage body fat may
be viewed as a limitation. Furthermore, most published percentage body fat ranges
have been based on empirically set limits, population percentiles and z-scores and
subject to potential limitations **. Percentage body fat was, however, used as an
additional measure to body mass index and the results of both measures were

analysed and reported separately.

The categorisation of aerobic steps as >60 steps/minute by this pedometer is
substantively lower than those recommended by recent studies “*****. Furthermore,
the pedometer does not reflect any moderate-high intensity steps as aerobic steps if
sustained for anything less than 1-minute in duration. This (>60 steps/minute; 1-
minute or more) classification does provide some level of differentiation in the type

and duration of steps accumulated throughout the day.

The low steps/day volume noted in our study (6,520+2,306) may be related to the

paucity of the data obtained (i.e. 3-consecutive days of pedometer-wear, minimum
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wear-time of 10 hours) and to the sensitivity of the Omron pedometer is categorising
appropriate movement as steps. This, is however in keeping with the literature
alluded to in Chapter 1 on studies that make reference to such cut-offs being
appropriately used to reasonably estimate daily ambulatory physical activity >*>° and
the reliability of the Omron pedometer at reliably categorising and calculating steps

accumulated 6117

CONCLUSIONS AND RECOMMENDATIONS

Our findings highlight the association between the volume and intensity of steps/day
and health and fithess measures. Such findings support the viewpoint that
pedometer-determined ambulatory physical activity is of practical importance in
establishing more precise, population-specific indices. The association between
specific health outcomes and both the number and intensity of steps/day study is

also demonstrated.

The possibility of expanding and modifying the current study into a large-scale study

is recommended and can be explored further.

As part of our conclusion and recommendations, we performed a power calculation
to provide an estimated sample size for a study of this nature. The estimated sample
size established was a minimum of 176 men and women, respectively. The
calculation was based on an expected negative association between pedometer-
derived steps/day and measures such as blood pressure, blood cholesterol and
blood glucose, of a magnitude of r = -0.21, with confidence intervals between -0.29

and 0.00 118,
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The limitation around the cut-off used for moderate intensity physical activity (as per
the pedometer) raises the issue around the recommended steps/minute rate for
moderate intensity physical activity. Our finding of 118+9 steps/minute, accumulated
for an average duration of 16.2+9.5 minutes/day, in the group that accumulated
intensity-based steps, further raises the question around intensity-based step goals.
Future research in this regard, using alternative methodological approaches to the

39,42,43

previous studies would contribute further towards enhancing current

documented research.
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CHAPTER 3

Physical activity recommendations, brisk
walking and steps per minute- how do they

relate?

Accepted in part: Journal of Physical Activity and Health (October 2012) [in press]

Authors: Julian D Pillay, Tracy L Kolbe-Alexander, Karin | Proper, Willem van

Mechelen, Estelle V Lambert

(Elements of the original paper have been condensed in certain areas to avoid
duplication from previous chapters and referred to/referenced accordingly. Some
aspects included in the introduction and discussion of this chapter may, however, be

repeated from previous chapters so as to maintain the integrity of the original paper)
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INTRODUCTION

Walking for fitness has been promoted, in part, by the growing popularity of
pedometers and several pedometer-linked health promotion initiatives 198 7677

(discussed in Chapter 1).

Traditionally, steps/day messages have recommended the accumulation of 10,000
steps/day in healthy adults (discussed in Chapter 1). A systematic review of 32
empirical studies suggests that relatively healthy adults take between 7,000-13,000
steps/day ®. Tudor-Locke and Myers ° have suggested that 10,000 steps/day is
unrealistically high for low-active or inactive adults and may contribute to low
programme adherence. Furthermore, messages to the population promoting 10,000

steps/day have paid little emphasis on the importance of intensity.

Findings from Chapter 2 indicated that the approximate intensity of steps, in those
participants’ accumulating aerobic activity, were at an average intensity of 118+9
steps/minute. We acknowledge the limitations around the accuracy of this estimate,
based on the manner in which these estimates were obtained (discussed in Chapter
2).

The question of intensity of steps has, nevertheless, been identified as a pertinent

aspect emerging from the study (Chapter 2).

In keeping with research within the context of intensity-based steps, Tudor-Locke &

Bassett *° suggest that when prescribing a 30-minute walk as a way to meet physical

activity guidelines, it is important to recommend walking at a “brisk” pace.
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To date, few studies have empirically validated a steps/minute rate associated with

moderate intensity physical activity and/or self-paced brisk walking.

Tudor-Locke and colleagues determined that 96-107 steps/minute represent a
minimum threshold for moderate-intensity walking “°. This has been corroborated by

42
|

Marshall et al ** who found a range of between 100-110 steps/minute *? for healthy

| ©, who found that men and women walking at a moderate

adults, and Abel et a
intensity had a step rate of 94 steps/minute and 99 steps/minute, respectively.

Further details on these studies have been described in Chapter 1.

Studies have also shown that 30 minutes of moderate-vigorous walking corresponds

to a total of between 3,100 and 4,000 steps 303941120,

In relation to current advancements in step recommendations, that pay particular
attention to intensity of steps accumulated, further investigation around this aspect is
relevant. Moreover, guidelines for physical activity have traditionally been duration
and intensity-based (such as 30 minutes/day of moderate-to-vigorous physical
activity at least five times a week *’. A steps/minute and/or an intensity-based
steps/day recommendation may, therefore provide further options for meeting
current guidelines.

The aims of the present study were, therefore, to determine the steps/minute rate
corresponding to self-paced brisk walking; to predict a steps/minute rate for

moderate intensity physical activity and; to compare these findings.
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METHODS

A convenience sample of 61 adults (35 men and 26 women) between the ages of 21
and 49 years volunteered to participate in the study. The participants were recruited
through advertisements placed at 2 tertiary academic institutions as well as by word

of mouth.

The study was approved by the Faculty of Health Sciences Research Ethics
Committee (REC REF: 172/2005) (Appendix A) of the University of Cape Town and

all participants signed an Informed Consent Form before participation (Appendix C).

Pre-participation screening:

The Physical Activity Readiness Questionnaire *® (Appendix D), described in Chapter

2 (Methods), was administered to all participants at the initial visit.

Inclusion and exclusion criteria:

The inclusion and exclusion criteria were the same, as described in Chapter 2.

Clinical measurements:

Clinical measures such as body height, body weight, waist circumference and body

mass index were measured as described in Chapter 2 (Methods section).

The Omron Body Composition Monitor (BF500) was used to measure percentage

body fat and is based on the principles of bioelectrical impedance ***.
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Blood pressure was recorded (in mmHg) using a digital blood pressure monitor
(Medactive™ UA-631) after the participant remained relaxed for 5 minutes.
Maximal oxygen uptake was estimated using a sub-maximal test, described in the

methods section of Chapter 2.

Walking trials

On a separate day, participants were requested to wear a pedometer (Omron™ HJ
720 ITC) on the left and/or right hip and a Suunto™ T6 heart rate monitor around the

lower chest area to record heart rate data during six walking trials.

In the first walking session, each participant was required to walk for 10 minutes at a
self-paced “brisk” pace on an indoor track, timed by the researcher. Participants
were requested to walk at a pace that they considered “brisk” and would be able to

maintain for 30 minutes.

For the subsequent walks, the participant's pace was externally regulated by a
clearly audible metronome which was set at 60, 80, 100, 110 and 120 steps/minute
(in random order). The electronic monitoring of the heart rate ensured that each
participant reached a steady state heart rate (that was maintained for at least 2
minutes) before terminating the respective trial. The electronic monitoring also
ensured that the participant recovered completely (i.e. returned to resting heart rate

or within 10% of resting heart rate, thereof) before the subsequent trial.
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Pedometer readings were recorded at the start and end of each session to
determine the total steps taken during the trial. This information was used to

determine the precise steps/minute rate of each trial undertaken by the participant.

A sub-sample of participants (n=29), during the trials, wore the pedometer on both
the left and right hips to validate the reliability of this brand and model of
pedometers, based on typical mounting positions.

The intra-individual co-efficient of variation in steps/minute in each trial ranged from

96.6% to 99.2%.

Statistical Analyses

The data were analysed using STATISTICA version 8 (StatSoft Inc., Tulsa, OK,
USA) and statistical significance was set at P<0.05. Repeated measures analysis of
variance (ANOVA) was used to compare heart rate data in each of the walking trials,

as a percentage of age-predicted maximum heart rate (%oHRM).

Regression analysis was used to predict a steps/minute rate for moderate intensity
physical activity using the various trials conducted. The prediction was based on the
use of heart rate data, i.e. the steps/minute rate at which the participant would reach

60% of their maximum age-predicated heart rate.

In the regression analysis, fithess emerged as a primary factor contributing to a
difference in results. The data was therefore subsequently grouped by aerobic
fitness (using the estimated maximum oxygen uptake established from the fithess

test) and stratified into upper, middle and lower tertiles.
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A multivariate analysis was subsequently used to determine factors which
contributed to the variance in the stepping rate corresponding to moderate intensity
physical activity.

A post hoc Tukey HSD test was used to determine the trial/s that was/were similar to

the self-paced brisk walk (based on percentage of maximum heart rate).

RESULTS

Of the 61 participants that volunteered to participate in the study, 2 could not
complete the fitness test (due to exceeding their age-predicted maximum heart rate)

and 1 did not return for the walking trials. The final analysis sample, therefore,

included 58 patrticipants (34 men and 24 women, mean age 31.7+7.7 years).

Table 3.1 provides descriptive statistics of the study group.

Table 3.1: Clinical and ambulatory characteristics of participants (N=58)

Variable Men Women Total
(n=34) (n=24) (N=58)

Age (years) 30.4+7.9 33.7£7.1 31.7+7.68
Body mass index (kg/m®) 27.4+3.9 25.4+6.2 26.5+5.04
Percentage body fat (%) 23.3+7.6 28.4+12.7 25.4+10.2*
Waist circumference (cm) 91.3+11.0 81.5+15.8 87.2+13.9
Systolic blood pressure (mmHg) 126.3+12.6 114.0+16.2 121.2+15.3
Diastolic blood pressure (mmHg) 82.6+9.4 79.7+13.2 81.4+11.1*
Estimated maximal oxygen uptake (ml/kg/min) 49.1+11.4 36.5+9.5 43.9+£13.4*

Note: Values are means + standard deviation

*indicates statistical significance (P<0.01) between men and women
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Other than percentage body fat (P=0.002) and diastolic blood pressure (P<0.04),
there was no statistically significant difference in clinical measures between men and

women.

Walking trials

Repeated measures analysis of variance showed a significant difference (P<0.0001)
in age-predicted maximum heart rate across the different trials. A post hoc Tukey
HSD test revealed that the intensity of the self-paced brisk walk (based on
percentage of maximum age-predicted heart rate was similar to that of the 120
steps/minute trial (P=0.08). Furthermore, the self-paced “brisk” walk and the 120
steps/minute trial were the only two trials in which the mean percentage of maximum
heart rate was 260% of maximum age-predicted heart rate, indicating that the
walking pace of these two trials correlated closely with moderate intensity physical

activity.

Figure 3.1a illustrates the overall relative heart rate response for each of the trials.

Figure 3.1b illustrates the mean steps/minute rate of each trial.
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Figure 3.1 a) Percentage of maximum age-predicted heart rate of each trial

b) Steps per minute rate of each trial

Analysis of self-paced brisk walk

The mean steps/minute rate of the self-paced brisk walk was 118+9 steps/minute.
When categorised by gender, the mean steps/minute rate was 116+9 steps/minute

and 12118 steps/minute for men and women, respectively (P=0.022).

We subsequently analysed the stepping rates of the self-paced brisk walk by tertiles

of fitness (using estimated maximal oxygen uptake). The results obtained showed no
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statistical difference in the stepping rate of self-paced brisk walking between the

fithess groups, even after adjusting for differences in age and gender.

Figure 3:2 illustrates the steps/min rate and the heart rate response of the self-paced

brisk walk in relation to aerobic fitness (tertile stratification).

Analysis of the relative heart rate response during self-paced brisk walking showed a

statistically significant difference between fitness tertiles. Those participants in the

highest tertile walked at a significantly lower relative intensity compared to those in

the lowest fitness tertile (P=0.008). However, after adjusting for differences in age

and gender, these between-group effects were no longer significant.
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walk
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Steps per minute rate corresponding to moderate physical activity

The predicted stepping rate (using the steps/minute rates and the heart rate data of
the different walking trials) that corresponded to 60% of the maximum age-predicted
heart rate was 122+37 steps/minute. When categorised by gender, the mean
steps/minute rate was 127+36 steps/minute and 116+39 steps/minute for men and
women, respectively (P=0.99). The subsequent analysis by tertiles of fitness showed
the predicted stepping rate for moderate intensity physical activity. The stepping rate
for those persons in the highest fitness tertile was significantly higher than both the

middle and lowest tertiles (P<0.003), even after adjusting for age and gender.

Comparison of self-paced brisk walk to predicted steps/minute rate for

moderate physical activity

The stepping rate for the self-paced brisk walk was similar to that of the predicted
stepping rate corresponding to moderate intensity physical activity (P=0.452), even
at different levels of aerobic fitness. A multivariate analysis identifying determinants
of the predicted steps/minute for moderate intensity physical activity showed that
age, gender and aerobic fitness (estimated maximal oxygen uptake) contributes to

the variance in predicted steps/minute rate for moderate intensity physical activity.
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DISCUSSION

Our findings confirm that self-paced brisk walking relates closely to moderate
intensity physical activity and is similar to the predicted steps/minute rate for

moderate intensity physical activity.

The term “brisk” walking, has often been used in directing public health messages to
describe moderate intensity physical activity, ranging between 60-70% of the age-
predicted maximum heart rate *?. The confirmation that self-paced brisk walking
relates closely to moderate intensity physical activity is important for exercise
prescription. Over-estimation or under-estimation of moderate intensity physical
activity may affect adherence to physical activity regimens and potentially impact

negatively on the effect gained from participation in physical activity *2°.

Those walking much faster than the recommended rate for moderate intensity
physical activity, for example, might perceive brisk walking to be too intense. They
may, therefore not maintain their pace, or more importantly the recommended
duration of such bouts of physical activity. Consequently, those who fall below the
recommended stepping rate for moderate intensity physical activity may not benefit
from the positive effects of walking. The value of brisk walking may, accordingly, be

less effective.

A steps/minute rate relevant to moderate intensity physical activity may, therefore,
be a useful starting point and the basis on which to improve walking speed steadily.
Studies continue to emerge in this regard, using different methodologies and
measurement tools %%, These studies have been described in greater detail in

Chapter 1.
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Similar studies have also attempted establishing steps/minute rates for moderate
intensity physical activity, taking into account anthropometric measures, such as

stride length %34,

As conducted in previous studies, our study involved walking trials at different
walking speeds. A less laboratory-based method of performing the walking trials,
through metronome-regulated walking trials on an indoor track was applied, as an
alternate methodology. We were, however, unable to determine an absolute
measure of oxygen uptake to predict energy expenditure corresponding to moderate

intensity physical activity (as used in the Abel et al study *?, recently published).

Freedson and Miller provide some limitations to the use of heart rate measures as an
estimate of physical activity intensity, and particularly relate these limitations to age,
gender and aerobic fitness 3.

Whilst our findings report age, gender and aerobic fitness in the study group, the
estimation of energy expenditure corresponding to moderate intensity physical
activity, using a relative measure of heart rate intensity is identified as a primary

limitation of this study.

The steps/minute rate obtained in our study (122+37 steps/minute), notwithstanding
the large standard deviation, was however, higher than the steps/minute rates
recommended by recent studies ****1%°, These studies have, in general, established
that moderate intensity physical activity translates to approximately 100-110

steps/minute 40,42,43,120
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Further to this, Marshall et al ** suggested that the guide of 3,000 steps in 30
minutes or accumulated in three bouts of 10 minutes, which similarly can be
translated to 1,000 steps in 10 minutes, may be an “easy-to-remember” and “an-
easy-to-measure” recommendation that can be used as a physical activity promotion

heuristic rather than a precise criterion *.

The inclination of convenience sampling attracting those that are more physically
active and who might be assumed to have a higher level of aerobic fitness is
apparent. Consequently such participants would require a higher steps/minute rate

to reach the heart rate threshold for moderate intensity physical activity.

We attempted to address this issue in our results by analysing and reporting
according to tertiles of aerobic fithess. Nonetheless, the steps/minute rate identified
for moderate intensity physical activity is an overall estimate for the study group and

may be evidently increased by a large aerobically fit proportion of the group.

Our findings show no significant difference in both the heart rate response and the
stepping rate of self-paced brisk walking between the fitness tertiles, even after
adjusting for differences in age and gender. This suggests that individuals walk,
during self-paced brisk walking, at an appropriate steps/minute rate for moderate

intensity physical activity, independent of aerobic fitness.

A significant difference in the predicted stepping rate for moderate intensity physical
activity in those persons within the highest fitness tertile, when compared to both the
middle and lowest tertiles was, however, found. This is an expected finding, as

people with higher estimated maximal oxygen uptake scores would consequently
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need to engage in more vigorous activity, such as a higher steps/minute walking
rate, in order to reach the targeted heart rate for moderate intensity physical activity.
It is, however, interesting to note that no differences in stepping rates, or heart rate
intensities were observed during self-paced brisk walking, across the tertiles of

aerobic fitness.

A further factor that often plays a role in the association between physical activity
intensity and oxygen uptake is gender *?%. Due to the limited number of participants,
it was not possible to present data stratified according to both aerobic fitness and
gender. We therefore presented our results according to tertiles of aerobic fitness,
but covaried for gender, so that the effect of gender is accounted for. The equation to
estimate maximal oxygen uptake as an estimate of aerobic fitness used in this study

includes gender and age in the calculation (described in the methodology).

Further to identifying the stepping rate of self-paced brisk walking in an adult group
and predicting a steps/minute rate for moderate intensity physical activity, a further
interesting finding was noted. There was a close similarity observed between the
steps/minute rate of the self-paced brisk walk and the predicted steps/minute rate for
moderate intensity physical activity. This supports current physical activity messages
that use the term “brisk walking” as a reference for engaging in moderate intensity

physical activity *.

Strengths of the study

This is one of the first studies to determine the approximate steps/minute rate of self-

paced brisk walking in a healthy adult group. A recent study has demonstrated
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patterns of physical activity during free-living conditions using accelerometer data *%°.

No study, to our knowledge has analysed self-paced brisk walking measured in
steps/minute.

The use of an external regulating device (audible metronome) to regulate walking
intensity, has allowed us to analyse walking behaviour under more free-living
conditions. Previous studies determining steps/minute rates for moderate intensity
physical activity have usually involved participants walking on a treadmill at speeds
that were steadily increased “°*2. Other studies have engaged participants in specific
intensity-based walking trials ** and correlating the heart rate data obtained to the

relevant steps/minute rates.

From a practical perspective, the methodology of our study may be easily applied
(and modified to overcome some of the limitations) in future studies as a less
controlled proxy for free-living walking. In particular, the use of an absolute measure
of moderate intensity physical activity rather than a relative measure may provide
more accurate heart rate estimates for moderate intensity physical activity rather

than an age-predicted targeted heart rate.

The study additionally demonstrates the relationship between the steps/minute rate
of self-paced brisk walking and a predicted steps/minute rate for moderate intensity

physical activity.

Our results consequently support the adoption of the term “brisk walking” as an
estimate for moderate intensity physical activity in public health messages and

guidelines, based on steps/minute data.
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Limitations

The trials were carried out on a flat surface and as such, no distinction could be
made between walking at different gradients and walking surfaces, which may not
always represent actual conditions of exercise. In addition, using an estimated
targeted heart rate instead of a more direct measure during the various trials was a

further limitation.

The relatively small sample size (N=58) obtained in this study necessitates future
research aimed at a larger, more representative study sample, particularly in terms

of age, gender and aerobic fitness.

The potential selection bias inherent in any convenience sample, particularly if
related to physical activity, is noted. As such, convenience sampling may attract
those that are more physically active and therefore have better aerobic fitness than
the general population. We attempted addressing this issue in our results by
separating our analysis into aerobically fit and un-fit groups alike. We could not
further stratify according to gender due to the limited size of the study group. This
limitation does necessitate similar studies in other groups, and more importantly in a

more representative sample group.
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CONCLUSION AND RECOMMENDATIONS

The study provides a useful alternative method of determining the steps/minute rate
for moderate intensity physical activity and self-paced brisk walking, respectively. We
add a further dimension to current literature in determining the average steps/minute
rate obtained for self-paced brisk walking in healthy adults. The relationship between
self-paced brisk walking and moderate intensity physical activity is also
demonstrates, that can be adopted to complement current physical activity

guidelines ***7.

Due to the limitations identified around some methodological issues, we recommend
that our findings be evaluated in the light of recent studies of a similar objective
40,42,43,120 . . -

. Consequently, aspects of the methodologies can be applied and modified

to provide more accurate estimates in future studies.

Additionally, the application of a steps/minute rate for moderate intensity physical
activity in larger cross-sectional studies may provide more direct estimates of
physical activity. This will be particularly relevant in the context of moderate intensity
physical activity as well as current guidelines. Such an application may be useful in
supporting intensity-based steps/day recommendations as an additional

strategy/option for achieving current physical activity guidelines.
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INTRODUCTION

In the context of walking and steps/day recommendations, recent studies have been
directed towards the application of intensity-based steps, such as a steps/minute
rate, for moderate intensity physical activity. For example, studies have shown that
30 minutes of moderate-vigorous walking equates to between 3,100 and 4,000 steps

414293 "aven when considering factors such as stride length and body mass index in

their recommendations %%,
Such studies have accordingly emphasised the significance of intensity-based
steps/day recommendations as an emerging area of research. Further to this,

Chapters 2 and 3 make reference to intensity-based step recommendations and in

particular, an appropriate steps/minute rate for moderate intensity physical activity.

Information on ambulatory physical activity patterns, in the context of steps/day and
in particular intensity-based steps, will therefore add to the current understanding of
the dose-response effects of walking. Studies of this nature, conducted in large
population groups, may provide useful estimates of ambulatory physical activity. This
application may be valuable in supporting intensity-based steps/day
recommendations as an additional strategy/option for attaining current physical

activity guidelines.

The aim of this study was, therefore to determine the association between the
volume and intensity of daily steps accumulated, and health measures (such as body
mass index, blood pressure, blood glucose, blood cholesterol) in a South African
employed adult group. The study also explores the extent to which differences in

body composition (percentage body fat, body mass index and waist circumference)
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may mediate the association between steps/day and clinical outcomes (blood

pressure, blood cholesterol and blood glucose).

METHODS

The study was a cross-sectional study, among South African employed adults.

Participant recruitment

A convenience sample of participants was recruited through an invitation email sent
out to employees, or following the completion of a health risk screening hosted at the
corporate organisation. The corporate organisations mainly comprised health
insured, white-collared workers. The range of work performed by the employees
varied considerably (from secretarial/administrative to senior management roles).
The physical activity levels required by, and performed in most of these jobs were
however, low in general. This information was provided by the relevant questionnaire
responses (Appendix E: Section 4-Physical activity assessment).

Upon completion of the informed consent form (Appendix C), participants were
provided with a blinded pedometer to wear, as described in the methods section of

Chapter 2.

Inclusion and exclusion criteria:

Employees attending the health screening event and/or willing to participate in the
study were eligible for inclusion. Other inclusion and exclusion criteria have been

described in Chapter 2 (Methods).
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Ethical considerations and informed consent

The study was approved by the Faculty of Health Sciences Research Ethics
Committee (REC REF: 348/2008) (Appendix A) of the University of Cape Town.
Permission was also obtained from the corporate organisation to provide an on-site
health screening event and invite employees to participate in the study. Employees
were, at the health screening event, provided with a Participant Information Sheet
(Appendix B) detailing the purpose, aims, procedures, requirements and potential
risks of the study. They were thereafter required to sign an Informed Consent Form

(Appendix C).

Clinical measures:

The clinical measures recorded, including body height, body weight, waist
circumference, percentage body fat and blood pressure, have been described in
Chapter 2 (methods section). Finger prick blood cholesterol and blood glucose were

also taken.

Pedometer

Participants were requested to wear the Omron HJ 750 ITC pedometer, according to
the protocol described in Chapter 2 (methods sections). A 5-consecutive-day
protocol was decided as the number of days the participants will be requested wear
the pedometer to provide a good indication of weekly physical activity. This would
increase probability of obtaining at least 3 consecutive days of pedometer data, as a

minimum criterion for inclusion in the data analyses.
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Data recording

The pedometer data was uploaded electronically by the researcher according to the
Omron Health Management Manager software protocol . Feedback on pedometer
data was communicated to the participant when the pedometer was being returned.
Information relating to the feedback provided to participants has been described in
Chapter 2 (Methods section).

With particular reference to intensity-based steps, recently documented literature on

intensity-based steps/day 442

suggests a minimum of 100 steps/minute to be a
reliable estimate of, and target for, moderate intensity physical activity. The findings
of the studies described in Chapters 2 and 3, respectively, further make reference to

this estimate, as a reliable indicator of moderate intensity physical activity.

The 100 steps/minute rate for moderate intensity physical activity, consequently,
informed the refinement of “aerobic” steps by the pedometer’s classification, to an
estimate more relevant to current literature, in our subsequent analysis. Current
literature also suggests that the accumulation of moderate intensity physical activity
in bouts of at least 10 minutes to be acceptable in contributing towards meeting
current physical activity guidelines 2.

We thus limited our intensity-based analysis to bouts of 10 consecutive minutes or
more and at a minimum average intensity of 100 steps/minute using the graphical
display of pedometer results. “Manufacturer-defined aerobic steps” were used as a
basis for separating sustained steps (260 steps/minute; duration = 1 minute) and this
category of steps were further stratified according to whether these steps were
sustained for at least 10 minutes. We then determined the average intensity of these

bouts (using the total number of steps and duration information). Only if the steps
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accumulated were at a minimum average intensity of 100 steps/minute was this bout

categorised as “aerobic steps”

The data was further sub-grouped according to intensity-based categories i.e. “no
aerobic activity”, “low aerobic activity” (1-21 minutes/day of aerobic activity) and
“high aerobic activity” (221 minutes/day of aerobic activity). The 21 minutes/day of
aerobic activity sub-group relates to current physical activity guidelines of 150
minutes of moderate intensity physical activity per week . The guideline of
accumulating a minimum of 150 minutes per week of moderate intensity physical

8,10,11

activity was translated to an average daily approximation of 21 minutes,

thereby still relating to current physical activity guidelines.

Statistical analyses

The data were analysed using STATISTICA version 8 (StatSoft Inc., Tulsa, OK,
USA) and statistical significance was set at P<0.05. General characteristics of the
study group were summarised using descriptive statistics and additionally

categorised by gender, with the P-value determined.

The data was subsequently grouped according to steps/day and aerobic time
categories, respectively. An analysis of co-variance (ANCOVA), adjusting for age,
gender and total steps/day was used to compare groups based on volume and
intensity-based steps categories. A post-hoc Bonferroni test was used to determine

between group effects, where relevant.
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The mediation effect of percentage body fat, body mass index and waist
circumference on the association between both steps/day and aerobic time on
clinical outcomes (systolic blood pressure, diastolic blood pressure, blood cholesterol
and blood glucose) was examined. Our mediation analysis was informed by the
product-of-coefficient test, which essentially consists of four steps *?*. As a first step,
we determined the total effect (c path) of the independent variable (e.g. steps/day)
on the outcome variable (e.g. systolic blood pressure). We thereafter determined the
association between the independent variable (e.g. steps/day) and the potential
mediator (e.g. percentage body fat), calculated as the “a-coefficient”. Thirdly, the
association between the potential mediator and the outcome variable was assessed
(b-coefficient), controlled for the independent variable (¢’ coefficient). The c-prime
(c) path is the direct effect of the independent variable on the outcome variable,
adjusted for the mediator. Finally, the mediated effects of the independent variable
on the outcome variable through the proposed mediator was determined by
multiplying the a- and b coefficient (a*b coefficient). We also calculated the
percentage mediation of the potential mediator (a*b/c) to assess the percentage of
the effect of the independent variable on the outcome variable that could be

explained by the mediator.

The bootstrapping statistical approach using 1,000 bootstrap re-samples was used,

125

with the SPSS script of Preacher, Rucker and Hayes to calculate the bias

corrected confidence intervals around the mediated and direct associations 1%°.
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RESULTS

Participant characteristics

Of the 366 participants who volunteered to participate in the study, 312 participants

(247 men and 165 women, 37+9yrs) completed the pedometer wear for a minimum

of 3 consecutive days, with at least 10 hours per day of wear, and were included in

the analysis. Seventy-two participants had completed pedometer wear for 3

consecutive days, 109 for 4 consecutive days and 131 for 5 or more consecutive

days. Eighty-nine participants had worn the pedometer for at least one weekend day

and 40 participants for both weekend days.

The mean steps/day accumulated in men and women were 7,476+4,076 steps/day

and 5,769+2,759 steps/day, respectively.

Table 4.1 presents characteristics of the study group.

Table 4.1: General Characteristics of participants

Variable Total N Men n Women n

Age (years) 37.4+9.3 312 38.1+9.9 147 36.8+8.8 165
Height (m) 1.68+0.1" 311 1.7+0.1 146 1.6+0.1 165
Weight (kg) 76.4+16.8 312 81.1+15.2 144 72.2+17.1 165
Body mass index (kg/m®) 26.9+5.7° 304 27.0+4.9 139 26.8+6.4 165
% body fat (%) 30.0+10.7" 244 26.8+8.8 121 33.2+115 123
Waist circumference (cm) 85.8+13.3 302 88.7+12.1 137 83.4+13.8 165
Systolic blood pressure (mmHg) 120.9+14.5 296 125.5+13.3 131 117.3t14.4 165
Diastolic blood pressure (mmHg) 79.6+£11.7 296 81.1+12.0 131 78.4+11.3 165
Blood cholesterol (mmol/L) 3.9+1.1 250 3.8+0.9 106 4.0+1.2 144
Blood glucose (mmol/L) 4.9+1.8 243 4.9+1.4 100 4.9+2.1 143
Pedometer data (total steps/day) 6574+3541" 312 7476+4076 147 5769+2759 165
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Average daily aerobic steps (steps/day)  694+1465 312 947+1771 147 468+1081 165

Average daily aerobic time (minutes/day) 5.7+12.0" 312 7.8+14.6 147 3.8+8.7 165

Note: Values are means + standard deviation

*indicates statistical significance (P<0.05), ** (P<0.003) between men and women

The data were subsequently grouped according to four volume-based categories
based on current steps/day classifications ®%: “<5,000 steps/day”; “5,000-7,499

steps/day”; “7,500-9,999 steps/day” and “= 10,000 steps/day” (Table 4.2).

Table 4.2: Biometric and clinical measures by step per day categories

Variable N <5,000 n 5,000-7,499 n 7,500-9,999 n 210,000 n

Weight (kg) 309 78.9+19.0 112  75.4+155 99 74.7£17.2 60 73.8+11.1 38

BMI (kg/m?) 304 28.1+7.1 110  26.5#5.1 98 25.7+4.6 59 26.1+3.6 37
% BF (%) 244 34.7+125° 97 28.7+8.3" 80 24.4+72% 38 256x7.7% 29
WC (cm) 302 89.9+153% 111 84.8+12.8° 99 81.3+10.4" 56 83.0+8.6" 36

SBP(mmHg) 296 122.2+155 111 122.1+15.0 99 117.9+#126 55 117.8+11.1 31
DBP (mmHg) 296 81.9+10.1 111  80.0%13.1 99 76.1+11.0 55 76.4+115 31
BC (mmol/L) 250 4.1#1.1 99 3.9+1.2 75 3.7+0.8 47 3.6x0.8 29

BG(mmol/lL) 243 5.4+2.5° 98 45+1.1" 71 4.4+1.0" 45 4.8+1.0° 29

Note: Values represent mean + standard deviation, adjusted for age, gender and average daily aerobic steps

Means with a different letter superscript indicate statistical significance between groups (P<0.05)

BMI- body mass index

%BF- percentage body fat
WC- waist circumference
SBP- systolic blood pressure
DBP- diastolic blood pressure
BC- blood cholesterol

BG- blood glucose

A total of 112 participants (35.9%) accumulated an average of <5,000 steps/day,
typically classified as inactive *°. Only 41 participants (13.1%) achieved an average

of 210,000 steps/day, typically classified as “moderately active” “°. Within the
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“moderately active” group, most of the participants (73%) also accumulated aerobic

steps.

Significant differences were evident between some biometric and clinical outcomes
in those participants in the <5,000 steps/day category, when compared to the other
steps/day categories, as indicated in Table 4.2. For example, when adjusted for age
and gender, no statistically significant differences were noted between the groups in
body weight, body mass index, systolic blood pressure, diastolic blood pressure and
blood cholesterol (P<0.05).

The <5,000 steps/day group was, however significantly different from all other
groups (P<0.05) in percentage body fat, waist circumference and blood glucose,
only.

The same effects persisted when adjusting for age, gender and daily aerobic steps

(so as to establish the independent effect of volume of steps/day).
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Table 4.3 presents our data according to intensity-based categories, i.e. “no aerobic

activity”; “low aerobic activity” and “high aerobic activity”.

Table 4.3: Biometric and clinical measures based on daily aerobic step time
categories

Variable N No aerobic time N 1-21 minutes/day n 221 minutes/day n
Weight (kg) 309 76.7+17.5 209 76.8+15.4 66 73.6+15.2 34
BMI (kg/m?) 304 27.1+6.1 207 26.95.1 63 25.6+4.6 34
% BF (%) 244 32.2+11.6° 168 26.2+6.6" 49 23.7+5.7% 27
WC (cm) 302 86.9+14.0 207 84.0+11.9 63 82.5+10.6 32
SBP(mmHg) 296 121.8+15.0 204 119.4+12.7 60 118.4+13.9 32
DBP (mmHg) 296 80.9+11.4° 204 77.4+10.9" 60 75.2+13.3" 32
BC (mmol/L) 250 4.0+1.1 183 3.8+0.9 42 3.7+0.8 25
BG(mmol/L) 243 5.0+2.1 180 4.5+0.9 39 4.7+1.8 24

Note: Values represent mean + standard deviation, adjusted for age and gender and total steps/day
Means with a different letter superscript indicate statistical significance between groups (P<0.05)

BMI- body mass index

%BF- percentage body fat
WC- waist circumference
SBP- systolic blood pressure
DBP- diastolic blood pressure
BC- blood cholesterol

BG- blood glucose

Of the total sample, 102 participants (32.7%) accumulated aerobic steps. However,
only 35 patrticipants (11.2%) of the total study group accumulated aerobic steps for a
minimum duration of 21 minutes/day.

No statistically significant differences were noted in body weight, body mass index,
waist circumference, systolic blood pressure, blood glucose and blood cholesterol
across the categories (P<0.05). With regards to percentage body fat and diastolic
blood pressure, however, the “no aerobic activity” group was significantly different

from the other 2 groups (P<0.05), as indicated in Table 4.3.
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When adjusted for age, gender and total steps/day, none of the measures emerged

as statistically significant between the groups (P<0.05).

A subsequent analysis investigated the mediation effect of variables related to body
fat measures, i.e. percentage body fat, body mass index and waist circumference,
on the association between volume and intensity-based steps/day and clinical
outcomes (systolic blood pressure, diastolic blood pressure, blood cholesterol and

blood glucose).

Table 4.4 presents a summary of the results.
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Table 4.4: Mediation effect of percentage body fat, body mass index and

total daily steps/aerobic time and clinical measures

waist circumference on the association between

Mediator Independent  Outcome c path (SE) apath (SE) b path(SE) c’' path (SE) ab path (95% CI) %
variable Variable mediation
Total steps
(steps/day)
= SBP (mmHg)(n=233) -2,70(0,94) -3,61(0,67) 0,33(0,94) -1,50(0,98) -1,19(-2,46;-0,53) 44
< DBP(mmHg)(n=233) -2,75(0,78) -3,61(0,67) 0,28(0,08) -1,76(0,81) -0,99(-1,63;-0,49) 36
S BC (mmol/L)(n=195) -0,18(0,08) -3,44(0,74) 0,02(0,01) -0,11(0,08) -0,07(-0,16;-0,0006) 38
e BG (mmol/L)(n=189) -0,31(0,14) -3,37(0,74) 0,04(0,01) -0,19(0,15) -0,13(-0,35;-0,,24) 42
S Aerobic time
g (minutes/day)
3 SBP (mmHg)(n=233) -3,71(1,37) -4,39(0,98) 0,34(0,09) -2,22(1,39) -1,48(-2,72;-0,70) 60
E DBP (mmHg)(n=233) -4,34(1,12) -4,39(0,98) 0,27(0,07) -3,14(1,14) -1,19(-1,98;-0,67) 27
BC (mmol/L)(n=195) -0,18(0,13) -4,00(1,17) 0,02(0,01) -0,09(0,13) -0,08(-0,19;-0,01) 44
BG (mmol/L)(n=189) -0,30(0,23) -4,13(1,20) 0,04(0,01) -0,13(0,23) 0,17(-0,46;-0,04) 57
Total steps
(steps/day)
SBP (mmHg)(n=290) -2,38(0,84) -1,04(0,34) 0,60(0,14) -1,75(0,82) -0,63(-1,31;-0,20) 26
= DBP(mmHg)(n=290) -2,61(0,69) -1,04(0,34) 0,51(0,11) -2,08(0,68) -0,53(-0,95;-0,20) 20
= BC (mmol/L)(n=247) -0,16(0,07) -0,71(0,38) 0,01(0,01) -0,15(0,07) -0,009(-0,05;0,005) 06
‘» BG (mmol/L)(n=240) -0,27(0,12) -0,77(0,38) 0,07(0,02) -0,27(0,12) -0,05(-0,17;-0,007) 19
@ Aerobic time
E, (minutes/day)
S SBP (mmHg)(n=290) -2,81(1,17) -0,67(0,50) 0,63(0,14) -2,38(1,17) -0,43(-1,18;0,10) 15
o} DBP (mmHg)(n=290) -3,40(0,10) -0,67(0,50) 0,54(0,11) -3,03(0,96) -0,36(-0,87;0,09) 11
BC (mmol/L)(n=247) -0,12(0,11) -0,38(0,57) 0,02(0,01) -0,12(0,11) -0,01(-0,05;0,01) 08
BG (mmol/L)(n=240) -0,25(-0,18) -0,37(0,60) 0,07(0,02) -0,22(0,18) -0,03(-0,14;0,04) 12

87



Table 4.4/continued

Mediator Independent  Outcome c path (SE) apath (SE) b path (SE) ¢’ path (SE) ab path (95% CI) %
variable Variable mediation
Total steps
(steps/day)
o SBP (mmHg)(n=292) -2,60(0,83) -3,91(0,76) 0,34(0,06) -1,26(0,82) -1,34(-2,21;-0,76) 52
e DBP(mmHg)(n=292) -2,90(0,67) -3,91(0,76) 0,27(0,05) -1,83(0,67) -1,05(-1,65;-0,60) 36
g BC (mmol/L)(n=243) -0,15(0,07) -3,43(0,83) 0,01(0,01) -0,12(0,07) -0,03(-0,09;0,001) 20
€ BG (mmol/L)(n=236) -0,30(0,12) -3,34(0,84) 0,03(0,01) -0,20(0,12) -0,10(-0,19;-0,05) 33
3 Aerobic time
5 (minutes/day)
B SBP (mmHg)(n=292) -3,30(1,21) -3,24(1,14) 0,35(0,06) -2,15(1,16) -1,14(-2,07;-0,46) 35
g DBP (mmHg)(n=292) -3,91(0,99) -3,24(1,14) 0,28(0,05) -2,99(0,95) -0,91(-1,62;-0,36) 23
BC (mmol/L)(n=243) -0,12(0,11) -3,01(1,31) 0,01(0,01) -0,01(0,11) -0,03(-0,10;-0,0002) 25
BG (mmol/L)(n=236) -0,25(0,19) -3,31(1,33) 0,03(0,01) -0,14(0,19) -0,11(-0,24;-0,03) 44

c= total effect of the independent variables (i.e. steps/day and aerobic time) on the outcome variable (i.e SBP, DBP, BC, BG),

a= association between the independent variable (e.g. steps/day) and the potential mediator (e.g. percentage body fat)

b= association between the potential mediator and the outcome variable was assessed, controlled for the independent variable

c'= direct effect of the independent variable on the outcome variable was determined

ab= indirect effects of the independent variable on the outcome variable through the proposed mediator

% mediation= percentage mediation of the potential mediator (a*b/c)
SE: Standard error

values represented in bold indicate significant associations

SBP- systolic blood pressure

DBP- diastolic blood pressure
BC- blood cholesterol

BG- blood glucose
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Total steps/day was associated with all clinical outcomes, i.e. systolic blood
pressure, diastolic blood pressure, blood cholesterol and blood glucose. Aerobic
steps/day appeared to be associated with systolic blood pressure and diastolic blood
pressure. Total steps/day and aerobic steps/day were negatively associated with
percentage body fat and waist circumference. With regards to body mass index, only
total steps/day was negatively associated it. No association was evident between

aerobic steps/day and body mass index.

Our results show that the mediators (percentage body fat, waist circumference and
body mass index) were all associated with the clinical measures (systolic blood

pressure, diastolic blood pressure, blood cholesterol and blood glucose).

Percentage body fat was the strongest mediator (27-60% mediation, in associations
of statistical significance) in the association between steps (steps/day and aerobic
activity) and clinical measures. Waist circumference also mediated most of the
associations between steps and clinical measures, although providing a less strong
extent of mediation (23-52% mediation, in associations of statistical significance)
than percentage body fat. Body mass index was evidently a less convincing mediator
in the associations presented (19-26% mediation, in association where statistical

significance was found).
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DISCUSSION

The findings of this study support the existing evidence linking volume and intensity
of steps/day to fithess and health outcomes °*>"®%°. Exercise prescription and/or
steps/day recommendations may be enhanced if framed within the context of
volume, intensity and duration of intensity-based steps, as corroborated by our

earlier findings (Chapters 2 and 3).

In support of our findings, reference to 3,000 steps in 30 minutes was made as an
overall guideline that incorporates volume, duration and intensity of steps/day.
Recent studies have also shown that 30 minutes of moderate-vigorous walking
corresponds to a total of between 3,000 and 4,000 steps *2°*!. The use of 3,000
steps in 30 minutes is, however suggested as a heuristic value and taken over and

above habitual activity levels.

The mean steps/day of 6,574+3,541 suggest that our sample group fell below the
lower end of 7,000-13,000 steps/day for healthy, younger adults . Our data was,
nevertheless, consistent with the observation that individuals accumulating <5,000
steps/day are more likely to be classified as obese . Significant differences were
also found between most biometric and clinical outcomes in those participants in the
<5,000 steps/day category, when compared to the other steps/day categories. As
recently confirmed **, total daily values less than 5,000 steps/day may be an
appropriate index for inactivity and its associated risk with health consequences,

such as obesity.
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Additional findings were that 102 participants (32.7%) accumulated aerobic steps
(=100 steps/min for a minimum duration of 10-minutes/day). Only 35 participants
(11.2%), however, accumulated aerobic steps for an average of at least 21
minutes/day, as a proxy for current guidelines that make reference to moderate
intensity physical activity. This suggests that only approximately one-third of our
study group accumulated some moderate intensity physical activity relevant to
current guidelines 8, with respect to ambulatory physical activity °.

Our findings are similar to recent studies reported. For example, in a report on
current physical activity levels in 122 countries, that provided an estimate of 88.9%
of the world’s population, 31.4% (95% Confidence Interval: 31.2-31.4) were
classified as active *’. A higher value of 38.0% (95% Confidence Interval: 37.6—38.4)
was found on the African continent . This related to vigorous intensity physical
activity on at least 3 or more days per week, seen as a more reliable and valid
estimate from standardised self-reported instruments than moderate intensity

physical activity *’.

Whilst our study group may not be truly representative of the South African adult
population, the results do support the viewpoint that globally, most adults are

currently not meeting physical activity guidelines *’.

Association between steps per day and anthropometric measures

Research has shown that people meeting the 10,000 steps/day target are more
frequently classified as normal weight and those individuals with values less than

5,000 steps/day are more frequently classified as obese ®. In addition, a distinct
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relationship between steps/day and body composition variables in the expected

direction 748:6566.108 has heen previously reported, as discussed in Chapter 1.

In general, we did not find significant associations in clinical outcomes between
participants accumulating more than 10,000 steps/day versus those accumulating
7,500-9,999 steps/day or even 5,000-7,499 steps/day. There was, however,
significance between the <5,000 steps/day group and the other 3 groups in most of
the clinical outcomes. Even after adjusting for age, gender and aerobic steps (so as
to establish the true effect of volume of steps/day), this effect still prevailed. This
points towards the conclusion that steps/day recommendations may need to

consider intensity-based steps.

Steps per day in relation to moderate intensity physical activity and current

physical activity guidelines

The categorisation of our pedometer data into intensity-based categories, described
in the methodology, so as to relate to current physical activity guidelines, showed
conflicting findings. After adjusting for age and gender, only percentage body fat and
diastolic blood pressure were significantly different between the “no aerobic activity”
and the “low aerobic activity” groups. A similar finding was observed when
comparisons between the “no aerobic activity” and the “high aerobic activity” groups
were made. No other between-group effects were noted. This may direct us to the
notion that “some physical activity is better than none” *®. However, when adjusted
for age, gender and total steps/day (to establish the independent effect of intensity),

none of the variables emerged as significantly different between the three groups.
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The interplay between volume and intensity of daily steps may imply an integrated
effect of volume and intensity of steps/day on health outcomes. As such, applying
volume and intensity steps/day targets may be crucial in future pedometer-based
messages than volume or intensity-based messages alone. This suggests that the
addition of intensity based steps/day may contribute towards achieving the 10,000

steps/day recommendation 33,

Furthermore, the implication that even in the
absence of meeting the 10,000 steps/day recommendation, the impact of moderate
intensity physical activity is significantly greater than volume alone, is apparent, as
similarly documented by Wilde et al*’.

Mediation effect of waist circumference, percentage body fat and body mass

index in the association between steps per day and clinical outcomes

Mediation analysis has emerged as a statistical technique for providing insights into
the mechanisms of change, particularly in behavioural interventions. As such, in the
area of physical activity and health, mediation analysis has been used to determine
which behaviours contribute to weight loss. For example, Lubans et al showed, in an
intervention promoting fathers and children increasing their physical activity, that
fathers spending more time being physically active with their children resulted in their
weight loss ?°. This indicated that their child’s physical activity mediated their
(father's) weight loss *?°. More recently van Stralen et al explored potential mediators
of the long-term effect of a school-based multi-component intervention on sports
participation, outdoor play and screen time in Dutch primary schoolchildren (35%

overweight) %’

. Potential mediators were self-reported psychological, social and
physical environmental factors whilst outcome behaviours were self-reported sport

participation, outdoor play, television viewing and computer use **’.
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In general, studies of this nature have been intervention-based, studying the extent

of social/environmental factors as mediators of physical activity or weight loss.

The notion that regular physical activity is associated with lower adiposity (body
mass index, percentage body fat and waist circumference) and improved clinical
measures is well documented. Resting Energy Expenditure, and the variation thereof
is, however, largely due to differences in the extent of lean body mass and fat mass
of an individual #>. Consequently, all associations between body size and other
outcomes (such as cardiovascular risk factors) are partially confounded by the
association with resting energy expenditure %°. Increased levels of physical activity
are seen to increase energy expenditure and improve clinical measures, such as

reducing blood pressure %,

After accounting for physical activity, the positive correlation between increased
resting energy expenditure and blood pressure, for example **® may direct us to the
viewpoint that the association between physical activity and clinical outcomes might

be mediated by factors relating to body fat.

From our mediation analysis, it is evident that the relationship between steps/day
(both total steps/day and aerobic time) and clinical outcomes (blood pressure, blood
cholesterol and blood glucose) are influenced (mediated) by body fat estimates. In
our study, percentage body fat emerged as the strongest and significant mediator in
this association, and may, therefore be a useful consideration when studying the

associations between physical activity measures and clinical outcomes.
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Strengths of the study

The research undertaken is among the first pedometer-based studies conducted in
the Republic of South Africa, within an urban context, that establishes the
association between ambulatory physical activity and health measures in an adult,

employed population group.

The study was useful in establishing associations between volume, intensity (in
terms of aerobic steps/day accumulated) and duration (total time spent in aerobic

activity) of ambulatory physical activity and health measures.

Limitations

The cross-sectional nature of the study provided information on the association
between ambulatory physical activity and clinical outcomes. No causal inference

could, however be drawn due to the cross-sectional nature of the study.

The study was limited to those employees attending the health screening event
and/or willing to participate in the study. This presents a selection bias, as the group
agreeing to participate may be different from the non-participating employees.

Pedometers measure ambulatory physical activity. Our study was, therefore, limited
to participants performing activities more specific to ambulation and did not include

activities such as swimming, cycling and weight training.

The low steps/day volume noted in our study (6,574+3,5416) may be related to the
paucity of the data obtained (i.e. 3-consecutive days of pedometer-wear, minimum

wear-time of 10 hours) and to the sensitivity of the Omron pedometer is categorising
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appropriate movement as steps. This is, however in keeping with the literature
alluded to in Chapters 1 and 2 on studies that make reference to such cut-offs being
appropriately used to reasonably estimate daily ambulatory physical activity >*>° and
the reliability of the Omron pedometer at reliably categorising and calculating steps

accumulated 6117,

The 100 steps/minute criterion, used as a baseline criterion for moderate intensity
physical activity, may not always be a true indication of moderate intensity physical
activity at an individual level. For example, this estimate may likely be affected by
factors such as aerobic fithess and the heart rate response to physical activity.

A number of studies that have directly measured moderate intensity as 3 METs
have, however, concluded that 100 steps/minute is a reasonable heuristic value

indicative of moderate intensity physical activity 04344129,

The sub-grouping of data according to intensity-based categories using 21
minutes/day of aerobic activity, as a proxy for current physical activity guidelines,
may be viewed as a further limitation. However, due to the small number of
participants accumulating any aerobic activity, the World Health Organisation’s
guideline of 150 minutes per week ® was averaged over 7 days and translated to a
21 minute approximation.

This criterion has allowed us to provide some level of differentiation of physical

activity according to intensity and duration.
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CONCLUSION AND RECOMMENDATIONS

The findings of this research highlights the association between an objective
measure of ambulatory physical activity (using pedometers) and health measures
(i.e. body weight, waist circumference, body mass index, percentage body fat, blood
pressure, blood glucose and blood cholesterol). The mediation effect of typical
measures of body fat (waist circumference, body mass index and percentage body

fat) on the association between daily steps and health outcomes is also described.

Further studies using a similar but broader approach can be adopted so as to
provide prevalence data rather than data through convenience sampling.

The study adds to current documented literature in providing some information on
intensity-based steps/day with an attempt to relate such steps to current physical

activity guidelines.

We demonstrate the use of pedometers, as an alternative to less direct measures of
physical activity such as self-reported approaches, to determine ambulatory physical
activity patterns of a population group. In doing this, particular reference has been
made to volume, duration and intensity of physical activity, in the context of
steps/day so as to relate to current guidelines that make reference to volume,

duration and intensity of physical activity.

Further insights on the level of agreement between pedometer-measured ambulatory
physical activity and self-reported physical activity may provide valuable knowledge

in supporting this application.
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Pedometer-measured and self-reported
physical activity, in relation to current

guidelines and ambulatory physical activity

In submission: Journal of Physical Activity and Health

Julian D Pillay, Hidde van der Ploeg, Tracy L Kolbe-Alexander, Simone Tomaz,

Willem van Mechelen, Estelle V Lambert
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INTRODUCTION

Studies on physical activity behaviours and their association with morbidity and
mortality rates ?°, have been measured through indirect means ?%. These measures
are frequently used due to their practicality, including the low cost, low participant

burden and general acceptance #.

Self-reported data can provide useful insights into the physical activity levels of
populations or sub-groups 23. Such data, is however often limited in their ability to
accurately estimate physical activity energy expenditure and rates of inactivity or an

absolute level of physical activity %°, as discussed in Chapter 1.

Objective or direct measures of physical activity are commonly used to increase
precision and accuracy and, more recently, to compare with self-report measures **°.
Despite the advantages of direct methods, the cost-intensive approach to most of

these measures often limits their ability to be applied in large settings .

Most studies comparing self-reported measures to objective measures have,
typically used accelerometers or doubly labelled water as the primary measurement
tool. A review of such studies have been presented by Prince et al in 2008 %°. The
findings of this review have been described in more detail in Chapter 1. In general,
the review showed no clear trends in the over-reporting, nor under-reporting, of
physical activity by self-reported methods when compared to direct methods °.

Patterns of agreement that may exist, were more likely to differ depending on the

type of direct method used and, often, the gender of the population studied .
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Few studies "*® have attempted to measure the level of agreement between self-
reported measures and steps/day data °***%'32. Furthermore, such studies have
been accelerometer-based.

This is largely due to the fact that pedometers traditionally presented volume-based
information, with little or no reference to intensity or duration of intensity-based
physical activity. Furthermore, traditional pedometers can only provide information
on ambulatory physical activity, whilst self-reported measures can incorporate
information related to all types of physical activity.

27,38

Consequently, few pedometer-based studies report the extent to which

steps/day relate to self-reported physical activity data.

Miller and Brown provide information on physical activity, in terms of pedometer-
determined steps/day, in relation to current guidelines ?’. Details of the study have
been presented in Chapter 1. In summary, this study categorised pedometer data
according to the widely used 10,000 steps/day message and compared total
steps/day between those reporting to meet guidelines and those not ?’. The study
demonstrated that the accumulation of 10,000 steps/day did not always correlate
with meeting physical activity guidelines?’. The study reported that nearly 40% of
participants who met guidelines, self-reported, did not reach the 10,000 steps/day
target. The study did, however show that only approximately 10% of participants,
who did achieve the 10,000 steps/day target, did not meet physical activity

guidelines ’.

Similarly, Strycker et al, in 2007, compared steps/day with self-reported physical

activity data, in a population-based youth sample and post-menopausal women =2
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(described in Chapter 1). The study found low, but significant associations between

steps/day counts and self-reported data in both sample groups *.

Current steps/day guidelines make particular reference to intensity-defined steps

303941 For example, recent studies have shown that 30 minutes of moderate-

vigorous walking corresponds to a total of between 3,000 and 4,000 steps %34,
The use of this message, i.e. 3,000 steps in 30 minutes, as a general physical
activity promotion heuristic has, thus been recommended. Such messages have

been directed towards complementing current physical activity guidelines by

providing further options for meeting guidelines **.

The need to incorporate elements of current guidelines, including volume, intensity,
duration and frequency of physical activity, into pedometer-based messages have,
therefore become an area of increased research. Such research continues to
strengthen so as to ensure congruency between pedometer-based

recommendations and physical activity guidelines.

The modern innovations in pedometry, complemented by intensity-based steps
recommendations, provide the opportunity for the use of pedometers for further
applications. The application of intensity-based steps/day recommendations and its
association with current guidelines can, for example, be explored from this
perspective. This may provide more accurate cross-sectional data on ambulatory
physical activity levels than most self-reported approaches, within the context of
current guidelines. The application of such features may also promote the use of

pedometers as a less-costly alternative than other direct measurement instruments
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used for such comparisons. This creates the opportunity to evaluate the relationship
between pedometer-determined physical activity patterns and self-reported

ambulatory physical activity.

The aim of our study was, therefore to compare pedometer-measured physical
activity to self-reported data in those meeting or not meeting current physical activity
guidelines. A further aim was to establish the level of agreement between
pedometer-measured and self-reported physical activity, in relation to current

guidelines and ambulatory physical activity.

METHODS

Study design

This chapter presents information from the data obtained during the cross-sectional
study presented in Chapter 4. Details on study design, testing protocol, ethical
considerations and pedometer-wear have therefore been presented in the methods

section of Chapter 4.

Data recording

Data recording was performed, as indicated in Chapter 4.

Further to this, we re-classified bouts of ambulatory physical activity (pedometer-
determined and self-reported) so as to relate to current guidelines.

Activity sustained for at least 10 consecutive minutes and at a minimum intensity of
100 steps/minute was considered as moderate intensity physical activity. The criteria

used for this classification has been described in Chapter 4.
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By this categorisation, elements of intensity and duration of steps/day that relate to
current step recommendations for moderate intensity physical activity were

incorporated.

We further summarised our pedometer data into 2 intensity-based categories i.e.
“<21 minutes/day of aerobic activity” and “221 minutes/day of aerobic activity” as per
the duration and intensity-based cut-offs described in Chapter 4. The “no aerobic
activity” and “1-21 minutes/day of aerobic activity” categories were, however
combined as a “<21 minutes/day of aerobic activity” category, as both these
categories translate to “not meeting guidelines”. The self-reported physical activity
data (Appendix E) was similarly grouped so as to provide a proxy to current

guidelines.

In so doing, our steps/day data could be related to current physical activity

guidelines.

Statistical analyses

General characteristics of the study group have been analysed, as described in
Chapter 4.

A correlation analysis was performed to determine the extent of agreement between
self-reported and pedometer-measured physical activity. In this analysis, we
compared those meeting and not meeting current guidelines in both pedometer-

determined and self-reported data, respectively.
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RESULTS

Participant characteristics have been presented in the results section of Chapter 4.

Analysis of self-reported and pedometer data

Figure 5.1 presents the data according to those meeting current guidelines and

those not meeting guidelines- self-reported (A) and pedometer-determined (B).
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Figure 5.1: Steps per day in relation to physical activity guidelines- self-

reported (A) and pedometer-determined (B)
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Those patrticipants reporting to meet guidelines (n=63) accumulated significantly
more steps/day than those not meeting guidelines (8,753%4,251 steps/day versus
6,022+3,114 steps/day, respectively; P<0.0001).

A similar finding was observed for aerobic steps (1,772+2,020 steps/day versus
421+1,140 steps/day, respectively; P<0.0001). Even after adjusting for age, gender
and total steps/day, significance was still noted in the volume of aerobic steps/day

between the two groups (P<0.0001).

Analysis of pedometer data

Only 35 participants (11.2%) of the total study group accumulated aerobic steps for
an average of at least 21 minutes/day according to the pedometer output, and could
therefore be classified as meeting current guidelines. These participants
accumulated significantly more total steps/day than those not meeting guidelines
(10,092+3,445 steps/day versus 6,129+3,302 steps/day, respectively; P<0.0001).
Similarly, these participants’ accumulated significantly more aerobic steps/day than
those not meeting guidelines (3,951+2,092 steps/day versus 282+603 steps/day,
respectively; P<0.0001). Even after adjusting for age, gender and total steps/day,
significance was still noted in the difference between average aerobic steps/day

accumulated in the two groups (P<0.001).
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Association between pedometer-determined and self-reported ambulatory

physical activity

A correlation between self-reported and pedometer-measured ambulatory physical

activity, using the categories: “meeting guidelines” and “not meeting guidelines”, is

presented in Table 5.1.

TABLE 5.2: The association between pedometer and self-reported data in

relation to physical activity guidelines

Current guidelines
(self-reported)

Meeting guidelines

(pedometer-determined)

0 1 Total
Count 231 18 249
% within Meeting guidelines (self-reported) 92.8% 7.2% 100.0%
0 % within meeting guidelines (pedometer-determined) 83.4% 51.4%  79.8%
% of Total 74.0% 5.8% 79.8%
Count 46 17 63
1 % within Meeting guidelines (self-reported) 73.0%  27.0 100.0%
% within meeting guidelines (pedometer-determined) 16.6% 48.6 20.2%
% of Total 14.7% 5.4 20.2%
Count 277 35 312
% within Meeting guidelines (self-reported) 88.8%  11.2%  100.0%
Total % within meeting guidelines (pedometer-determined) 100.0% 100.0% 100.0%
% of Total 88.8% 11.2%  100.0%

NB: 0: Not meeting guidelines; 1: meeting guidelines

Approximately 80% (n=249) of the total group did not meet guidelines, according to

self-reported data.

The pedometer analysis showed that nearly 90% (n=277) did not meet guidelines.
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Of the 63 participants’ (20.2%; N=312) meeting guidelines, self-reported, only 27%
(n=17) met guidelines according to pedometer data.

Thirty-five participants were classified as meeting guidelines, pedometer-determined,
but more than half of these participants (51.4%) did not meet guidelines according to

the self-reported data.

Participants reporting to meet guidelines were, however, more likely to meet
guidelines, pedometer-measured (40%), than those who reported as not meeting

guidelines (8%).

DISCUSSION

Our findings show that, in general, those participants who met guidelines (self-
reported) accumulated 2,731 more steps/day than those who did not meet guidelines
(P<0.001). This difference was more marked in women (2,781 steps/day; P<0.001)

than men (2,247 steps/day; P<0.005).

In a study ? by Miller and Brown in 2004, a comparable outcome was noted.
Participants (N=185) who met guidelines took 1,357 steps/day more than those who
did not meet guidelines. Similarly, the difference was more marked among women

(1,684 steps/day) than men (1,019 steps/day) 2’

Categories of volume-based steps/day have identified 10,000 steps/day or more as a

good indication of acceptable physical activity levels. A steps/day value <5,000

steps/day has, generally been classified as inactive “°.
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A popular public health message relating to pedometry is the 10,000 steps/day
message. Several studies that have taken this message into consideration have
shown positive health outcomes in those achieving this target compared to those not

achieving the 10,000 steps/day target *"4669:88,

Within the context of the 10,000 steps/day guideline, Miller and Brown demonstrated
that the accumulation of 10,000 steps/day did not always correlate with meeting

guidelines

, as discussed earlier (Introduction section of this chapter) and in
Chapter 1. The study reported that nearly 40% of participants who met guidelines did
not reach the 10,000 steps/day target. The study also reported that only
approximately 10% of participants who did achieve the 10,000 steps/day target did

not meet guidelines ?’.

Tudor-Locke and Meyers supported the viewpoint that 10,000 steps/day may be
unrealistic and difficult to achieve "°. More recent studies have presented intensity-
based steps/day guidelines %% |t is also emphasised in recent literature that
intensity based steps/day may contribute towards achieving the 10,000 steps/day
recommendation *'*°. Documented literature further exemplifies that even in the
absence of meeting the 10,000 steps/day recommendation, the impact of intensity-
based steps (moderate intensity physical activity) is significantly greater than
volume alone *.

Our findings show that 56.1% of participants who reached the 10,000 steps/day
target (n=41) still did not meet physical activity guidelines, self-reported. An
additional finding was that 71.4% of participants who met guidelines (n=63), self-

reported, did not achieve the 10,000 steps/day target.
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In further providing comparisons by using pedometer data, and categorisations
thereof, related to estimates of current guidelines, we show a similar pattern. Only
37.1% of participants who met guidelines (n=35) according to pedometer data,
achieved the 10,000 steps/day target. Consequently, 68.3% of participants who did

achieve the 10,000 steps/day target (n=41) did not meet guidelines, self-reported.

It was also shown that a large proportion of those individuals achieving 10,000
steps/day were still not accumulating sufficient steps at a moderate intensity.
Furthermore, many of those meeting physical activity guidelines still did not
accumulate 10,000 steps/day. The implication of this finding, therefore emphasises

the importance of intensity-based steps

Strengths of the study

The research undertaken is among the first pedometer-based studies conducted in
the Republic of South Africa, within an urban context, that establishes the
association between pedometer-measured ambulatory physical activity and self-

reported information.

Our study has, therefore specifically related self-reported physical activity and
pedometer-determined steps/day, with consideration of both volume and intensity of
daily steps accumulated, and current guidelines. The intensity-based output (from
pedometer data) additionally included steps accumulated over a minimum duration
and intensity. This allowed us to determine steps/minute rates, so as to closely relate

to moderate intensity physical activity and current guidelines 104042133.134
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In so doing, we provide some estimate of the level of agreement between self-

reported and pedometer-determined physical activity.

Limitations

Limitations around the sampling approach, inability of pedometers to capture non-
ambulatory modes of physical activity and the steps/day estimates used for

moderate intensity activity, have been discussed in limitations section of Chapter 4.

The sub-grouping of data according to intensity-based categories, using 21
minutes/day of aerobic activity, as a proxy for current physical activity
recommendations, may be viewed as a further Ilimitation. However, this
categorisation has provided some level of differentiation of ambulatory physical
activity according to intensity and duration of steps/day. This has allowed us to relate
volume and intensity-based pedometer data to self-reported data, with particular

reference to current guidelines, as a unique application to pedometry.

Pedometers are typically used to measure volume of steps/day. The reliability of
information on intensity-based steps and/or the refinement of intensity-based steps
through pedometry, and the application thereof to current guidelines may raise
concern. This does, however, provide some level of determining a more direct
measure of intensity-based ambulatory physical activity than self-reported means,

and particularly valuable as a less costly alternative to other direct measures.
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CONCLUSION AND RECOMMENDATIONS

Our study highlights the association between self-reported physical activity patterns
and objectively measured ambulatory physical activity, with particular reference to

both volume and intensity of steps/day, and current guidelines.

In view of our results showing a very small percentage of participants meeting
current guidelines (from both pedometer data and self-reported data), further studies
using a similar but broader approach can be adopted to enhance the reliability of our

findings.

The importance of intensity-defined step/day recommendations is highlighted. The
application of such (intensity-based steps/day) recommendations in pedometer-
based interventions may provide useful insights on its effects in improving fitness

and health.
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INTRODUCTION

Despite the awareness of physical inactivity, solutions to the problem are complex as
behavioural change is often difficult to achieve and, more importantly to sustain **°.
Small behavioural changes may, however, be more feasible to achieve and to
maintain, the impact of which may be significantly beneficial towards improved

clinical outcomes, as well as overall well-being **°.

The use of pedometers as a motivational aid for increasing ambulatory physical
activity " has complemented strategies to increase physical activity. Pedometers
have been shown to offer a good solution for a low cost, objective monitoring and
behavioural modification tool and a practical aid for physical activity interventions
24,314080.137 'padometers have therefore gained popularity for use in physical activity

interventions in various settings '® to facilitate behavioural change.

Providing individualised feedback has been promoted as a useful adjunct to many
health and well-being interventions and has often been used as an additional support
measure to pedometer-based interventions . A systematic review, conducted by
Ogilvie et al in 2007 '*, examined the effectiveness of interventions aimed at
increasing walking. According to the review, the strongest evidence that exists
support interventions targeted at individuals motivated to change **. A further finding
was that the interventions which involved strategies such as brief advice and the use

of pedometers, showed promising results *3.

There is, however, a large gap between the development of effective interventions

and their feasibility for use in public health practice **°***, A primary limitation is the
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high cost and large time demands on both staff and participants ***. Using more
cost-effective intervention strategies, such as pedometer-based approaches

supplemented by email-based feedback, may possibly overcome the cost limitation.

The work-site is an appropriate setting to initiate health promotion intervention
programmes where social and cultural disparities can often be overcome through the
shared interest of well-being **?. Therefore, the aim of this pilot study was to evaluate
the feasibility of a pedometer-based intervention complemented by individualised,
email-based feedback promoting physical activity in an employed population. A
second aim of this pilot study was to get an impression of the effects of the
intervention on a number of clinical outcomes. Using the outcomes of this study, a
work-site, pedometer-based intervention protocol will be developed to be
administered as a future full-scale randomised controlled trial, in an adult, employed

population.

METHODS

This pilot intervention was developed from the findings of Chapters 2-5 that have
identified and highlighted the importance of the intensity of steps accumulated. This
(intensity-based steps) outcome has complemented other recent pedometer-based
studies that have promoted the use of steps per minute messages as a guideline for
moderate intensity physical activity *****3'%° The term “Steps that count!”, and the
pilot intervention presented has therefore been adopted as a term and a strategy for
engaging people into accumulating intensity-based steps, and forms a key element

of the intervention.
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Study setting and study population

The pilot study was conducted at a tertiary academic institution based in the province
of KwaZulu-Natal, Republic of South Africa. An advertisement was emailed to all
staff members within a selected faculty of the institution inviting participants into the

study subject to meeting the inclusion criteria.

Inclusion and exclusion criteria:

All employees willing to participate and between the age of 21 years and 49 years

were eligible to participate.

Employees were excluded for the following reasons: pregnancy, diagnosis or
treatment of cancer, any other condition that made physical activity
difficult/impossible; contract workers whose employ with the company would end
before the 12 week follow-up measurement; non-compliance to a minimum of 5 days

of blinded pedometer wear, at the start and end of the intervention.

Ethical considerations and pre-participation screening

This pilot study was conducted in accordance with the Declaration of Helsinki, Good
Clinical Practice as well as the ethical laws of South Africa. Ethical approval for the
study was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (reference number: 044/2009) (Appendix

A).
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Following agreement to participate in the study, the Physical Activity Readiness

98

Questionnaire (Appendix D) was administered, and an informed consent form

(Appendix C) completed, as described in the methods section of Chapter 2.

Measurements

Clinical measures such as body height, body weight, waist circumference,
percentage body fat, and blood pressure were measured, as described in Chapter 2
(Methods section).

Following the 10 week intervention, both the intervention and control groups were
required to complete follow-up measures, as in week 1. Participants’ of the
intervention group were invited to complete a questionnaire relating to their
perceptions and viewpoints of the intervention (Appendix I). A section on general

comments and/suggestions for improvement of the intervention was included.

Baseline pedometer wear

All participants were requested to wear an Omron HJ 750 ITC pedometer, attached

to the hip area, for 5 consecutive days.

The protocol for pedometer wear has been described in the methods section of

Chapter 2.

Pedometer feedback

Pedometer feedback was provided to participants after the 5-day blinded pedometer
wear, as described in the methods section of Chapter 2. Simple messages to

improve physical activity levels were discussed by the researcher, as part of the
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pedometer feedback session. Information discussed was in keeping with the current
guidelines of 30 minutes of moderate intensity physical activity at least five times a
week . Participants were also encouraged to improve their physical activity levels
steadily (for example, by 10% per week until 30 minutes of moderate intensity

physical activity was achieved) during the subsequent 10 weeks.

Allocation of participants to intervention and control groups

Following the feedback on participants’ physical activity levels from the pedometer
data, participants’ were randomly allocated to an intervention group or a wait-listed
control group. The allocation of participants into intervention and control groups was
achieved by a random selection of all participants from a composite participant list on
a Microsoft excel spread-sheet.

Participants in the intervention group were provided with an un-blinded pedometer
for the subsequent 10 weeks. They were informed by demonstration on how to
upload their pedometer data and its interpretation and advised to upload data

whenever convenient (Appendix F).

Figure 6.1 provides a flow of the study design.
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Intervention

The intervention group continued with un-blinded pedometer wear for the

subsequent 10 weeks.

Pedometer data was requested (via e-mail) from participants in the intervention
group at bi-weekly intervals. Following the bi-weekly receipt of pedometer data from
the intervention group participants, they were provided with individualised, emailed
feedback (Appendix G) and a generalised information sheet (Appendix H) on some
strategies to increase ambulatory physical activity.

The individualised feedback included information in the form of a personalised email
on the average daily steps/day accumulated; the highest number of steps/day
accumulated over the past two weeks; the number of days (if any) that aerobic

steps/day, i.e. Steps that count, were accumulated and; and the volume thereof.

The general supportive/motivational messages included a key message (such as “be
active everyday” or “walk tall’) and a few strategies to achieve this. For example,
“Use the stairs instead of the lift/escalator”; “Walk fast enough so as to increase your

breathing rate yet not feel out of breath”.

The purpose of the bi-weekly email was to provide a summation of pedometer-based
physical activity patterns and to provide some strategies and/or options for “adding

steps” to your day.

The intervention attempted to motivate an increase in ambulatory physical activity by

requesting commitment to small achievable goals, such as “adding 10 minutes of
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‘steps that count’ to your day” or “increasing daily steps by 10% per week until 30
minutes of ‘steps that count’ are achieved”. Through providing basic information on
current physical activity, ambulatory patterns were summarised, current guidelines
were reinforced and options on how to increase ambulatory physical activity were
provided.

The control group were similarly provided with a generalised information sheet, as in
the intervention group at bi-weekly intervals, but were not provided with a pedometer

over the 10 weeks.

Outcome measures

Participants’ perceptions and viewpoints on the value of the intervention, in terms of
the appeal, support and benefits of the intervention were identified (Appendix I).
Adherence to the goals, that were identified and agreed upon at the beginning of the
study, was also established. This information served as a primary outcome measure

in determining the feasibility of the intervention.

A section on general comments and/suggestions for improvement of the intervention
was included. This information provided insights into strengths and areas for
improvement so that a more effective intervention may be developed and applied,

subsequently.

The secondary outcome measures (daily physical activity levels in terms of
steps/day and biometric) were assessed at baseline (week 1) and follow-up (week
12) for both the intervention group and control group. This allowed for us to detect

changes in daily ambulatory physical activity and biometric measures over time as a
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function of the intervention. Data was derived from the pedometer and expressed as
steps/day. More importantly, information on the volume of sustained and moderate-
vigorous intensity steps (“Steps that count”) were assessed at baseline (week 1) and
follow-up (week 12) for both the intervention group and the control group. The
change in steps/day at the end if the intervention directed us towards establishing an

adequate sample size for a future intervention of this nature.

Statistical analyses

From the questionnaire feedback, themes that emerged were identified and
facilitating factors as well as barriers/limitations towards improving physical activity
were established. Participants’ perceptions and viewpoints on the value of the

intervention were also identified so as to determine the feasibility of the intervention.

General characteristics of the study group were summarised using descriptive
statistics. An independent t-test was used to determine if any differences were
present between the intervention group and control group at baseline (week 1) for
each of the variables measured. The difference between baseline and follow-up
measures for each variable was subsequently determined and similarly compared

between the intervention group and control group using an independent t-test.

All analyses were performed with STATISTICA version 8 (StataSoft Inc., Tulsa, OK,

USA) and the significance level was set at a P<0.05.

A descriptive analysis was performed on the information gathered from the

guestionnaire.
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RESULTS

Of the 25 participants that indicated interest in participating in the study, 22
participants completed the baseline measures and pedometer wear and were

randomly allocated to control or intervention groups.

Two control group participants, upon being allocated to the control group, declined
further participation in the study and 1 control group participant did not complete the

pedometer wear and follow-up measures at week 12.

A total of 11 intervention group (2 Men; 9 Women) and 8 control group (1 Man; 7
Women) participants, respectively (P=0.74) completed follow-up measures and were

included in the final analysis.

Table 6.1 presents a description of the study group.

Table 6.1: Descriptive baseline characteristics of participants (N=19)

Variable Control (N=8) Intervention (N=11) P-value
Age (years) 38.3+7.7 37.618.6 0.75
Body height (cm) 168.91£5.0 165.1+8.3 0.47
Body waist (cm) 84.6+9.9 91.9+13.7 0.21
Body fat (%) 36.0£9.5 42.848.9 0.88
Body mass index (kg/m?) 26.0+4.5 31.1+6.6 0.20
Body weight (kg) 74.4+£14.0 84.41£17.4 0.57
Systolic blood pressure (mmHg) 118.1+15.6 117.8+13.2 0.75
Diastolic blood pressure (mmHg) 80.4+10.9 84.8+14.1 0.61
Daily steps (steps/day) 4,600+2,041  5,370+1,739 0.98
Aerobic steps (steps/day) 0 331+646 0.004*
Aerobic time (minutes/day) 0 19.3£39.3 0.008*

Note: Values are means + standard deviation
*indicates statistical significance (P<0.05) between control and intervention group

No statistical significance was noted at baseline between the intervention group and

control group for all of the variables other than those associated with “aerobic steps”.
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The data indicated that of the 11 intervention group participants, 3 participants
accumulated some “aerobic steps”. None of the participants in the control group

accumulated “aerobic steps”.

Questionnaire evaluation on perceptions of the intervention

Themes that emerged from the questionnaire feedback were categorised as

facilitating factors and barriers, particularly in terms of adherence to the intervention.

In general, most participants expressed that the pedometer intervention was “catchy”
and that the pedometer, provided during the intervention, served as a useful
motivational aid and a reminder of the need to increase steps/day. Participants also
found the individualised feedback to be valuable in summarising their physical
activity over the two-week period and therefore became more aware of the need to

increase their steps/day.

The barriers identified by participants related to adherence to the intervention and
the inability to increase daily ambulatory physical activity, in some participants. This
was expressed to be largely due to being inactive at work and experiencing time
limitations in incorporating physical activity into daily routine. Some participants also
found it very difficult to achieve and/or increase “aerobic steps”, despite an overall
increase in the total volume of steps/day. A few participants indicated that their
interest in the intervention decreased as the intervention continued, whilst some
participants felt that a longer intervention might assist them in further increasing their

steps/day.
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In order to establish the effect of the intervention on clinical measures, the difference
between baseline and follow-up measures was determined and comparisons were
made between the intervention group and control group.

Results of this analysis are presented in table 6.2.

Table 6.2: Net change of participants characteristics at follow-up (N=19)

Variable Control (N=8) Intervention (N=11) P
Waist circumference (cm) -0.38+2.0 +0.73£2.7 0.47
Body fat (%) +0.26+1.3 +1.34+1.9 0.31
Body mass index (kg/m) +0.13+0.5 +0.26+0.58 0.72
Body weight (kg) +0.3+1.3 +0.67+1.6 0.88
Systolic blood pressure (mmHgQ) -0.8+£8.0 +0.3+8.9 0.81
Diastolic blood pressure (mmHg) -3.1+£3.7 -2.5+7.6 0.16
Daily steps (steps/day) +97+750 +996+1,748 0.06
Daily aerobic steps (steps/day) 0 -54+2,746 0.01*
Daily aerobic time (minutes/day) 0 +0.9+23. 0.02*

Note: Values represent means * standard deviation;

+ indicates an increase in the desired direction;

- indicates a decrease in the desired direction;

* indicates statistical significance (p<0.05) between control and intervention group

No statistical significance was noted at follow-up between the intervention group and
control group in mean change for any of the variables other than those associated
with “aerobic steps”. An interesting observation was that the average “aerobic
steps/day” decreased at follow-up in the intervention group, notwithstanding the
small number of steps and the very large standard deviation. The aerobic time in the
intervention group, however, increased slightly. No “aerobic steps” were

accumulated at baseline and follow-up in the control group.
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Power calculation and sample size estimation for a full-scale randomised

controlled Trial

Based on a minimum improvement of 1,000 steps/day (as established from this pilot
study) a future trial would require a sample size of approximately 85 participants
each in the intervention and control group. This will ensure 80% statistical power,
with a P-value set at P<0.05. Considering this possibility, and the likelihood of
performing sub-group analyses, as well as loss to follow-up, we estimate an
appropriate target sample of 150 participants in the intervention group and control

group, respectively.

DISCUSSION

The purpose of this paper was to evaluate the feasibility of a pilot intervention aimed
at improving the daily ambulatory physical activity in a South African employed adult
population. A further objective was to use the outcomes of the study to inform the
development, and recommended sample size, of a pedometer-based intervention

protocol, to be administered as a future randomised controlled trial.

Questionnaire evaluation on perceptions of the intervention

Adherence to physical activity emerged as a limitation to improving steps/day during
the intervention. This was expressed to be largely due to being inactive at work and
experiencing time limitations in incorporating physical activity into daily routine.

143
,

Several studies, as reported by Fox et a show similar findings and a growing

body of research supports the need to build physical activity into daily routine 2.
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Interventions may also need to focus on institutional-level efforts to support building
activity into daily routines. Such support measures can include creating walk-paths
around the work environment or incorporating a physical activity programme into the
work-day '*3. Additional measures can include using motivational prompts
encouraging/reminding people to be more active during work-time or foot-markers

directing people to the stairwell instead of the lifts 3.

In view of the aforementioned constraints experienced by participants (particularly
work sedentarism and time limitations), engaging participants in worksite physical
activity sessions might be a useful initiative to overcome these barriers. This may
additionally ensure the accumulation of “aerobic steps” or Steps that count, as a way
of aligning steps/day recommendations to current physical activity guidelines, as

discussed in Chapters 2 and 3.

A few participants indicated that their interest in the intervention decreased as the
intervention continued, whilst some participants felt that a longer intervention might
have assisted them in further increasing their steps/day. To this effect, an on-going,
low-key work-site physical activity programme, such as a 30 minute brisk walk, may
provide a simple solution to this barrier. Additionally, this may improve adherence to
physical activity by providing a practical option for engaging in moderate intensity
physical activity. The feasibility of providing such options in a worksite setting may be
a useful area of research as a second phase project to a pedometer intervention or

alternatively independent of pedometry.
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We further support the reporting of Heesch et al ® which suggested the need for
future minimal-contact pedometer interventions. These include guidance for goal
settings, regular submission of steps/day information, regular e-mail contact
containing steps/day progress, and strategies to overcome barriers to physical

activity %’
Pedometer outcomes

Due to the small sample size, it is inappropriate to draw conclusions based on
statistical significance from the pedometer results observed. A useful finding,
nevertheless, is the overall increase in total steps/day in the intervention group by

approximately 1,000 steps/day.

Recently published papers and systematic reviews of pedometer-based interventions
conducted from 1966-2007 3143144 showed an average improvement of between
1,500 and 3,000 steps/day. These studies, however, generally showed a higher
baseline steps/day volume than our study group (7,500 steps/day compared to 5,000
steps/day in our study). No reference has been made on intensity-based steps in any
of these previous interventions. Our study, therefore, provides some uniqueness in

suggesting the effect of intensity-based steps towards improved health outcomes.

With regards to clinical measures, there appeared to be change in the expected
direction in both the intervention group and control group. An exception appeared to
be waist circumference, which increased slightly in the control group at follow-up.
Systolic blood pressure also increased slightly in the control group whilst diastolic

blood pressure increased slightly in both groups. None of the differences observed,
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however, emerged as being statistically significant, most likely due to the low number

of participants associated with the pilot nature of this study.

Bravata et al, in 2007, analysing a total of 18 studies (mean intervention duration of
18 weeks), reported that participants decreased their body mass index by 0.38 from
baseline (P=0.03) ®. In this review, intervention participants from 12 studies
significantly decreased their systolic blood pressure by an average of 3.8mmHg
(P<0.001) 8. Using a total of 7 studies, the review found no significant improvements
in serum lipid levels or fasting serum glucose concentrations '®. However, the serum
lipid and glucose levels were reported to be fairly normal at baseline, which was
implied to be the reason for a lack of significance established .

Further details of this review have been highlighted in Chapter 1.

Emphasis must be placed on the value of such an intervention extending beyond
simply assessing the extent of clinical/physical activity improvements to increasing
awareness of physical activity and thereby creating a platform for improvements
thereof. Heesch et al ® reported a similar finding from participant feedback on a
pedometer-based intervention. The concepts of awareness and motivation were
often discussed by participants, during feedback. Tudor-Locke **° reported a similar
finding via focus group (n=38) and exit questionnaires (n=68) in a pedometer-based

physical activity programme.

Modifications of the pilot intervention for application in future randomised

controlled trial

The allocation of participants to a future trial should be based on a theoretical model

for behavioral change. For example, the intervention should be targeted towards
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participants at a specific stage of behavioral change. This may ensure that
participants are mentored similarly to ensure improved uptake, compliance and
overall impact of the intervention in terms of increased physical activity. As such, the
intervention can be targeted specifically at individuals not meeting current guidelines
and in the contemplation stage of behavioral change, as per the transtheoretical
model of behavioural change *°.

The emailed messages providing feedback to participants should provide more
information than just a summation of pedometer results. Typically, the information
provided to participants should also indicate how their results relate to current
guidelines or intensity-based steps/day targets. This will contribute towards the
reinforcement of public health recommendations which may prompt individuals to
self-reflect on their current physical activity levels, in keeping with pre-determined

goals.

The importance of intensity-based steps, i.e. Steps that count, should be further
reinforced during the bi-weekly feedback emails, with particular emphasis on current
guidelines. This will include a combination of duration and intensity-based steps data
rather than on volume-based information alone. This may require some revision of
the current “aerobic” classification used by the pedometer to a more appropriate one,

as determined by recent studies #0:424243.133.134

The general information provided to both the intervention group and control group
was the same irrespective of individual progress toward improved ambulatory
physical activity. Depending on the extent of resources available, more tailored

feedback can be provided at an individual level based on the level of progress. In a
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similar manner, barriers towards progress can be identified with improvement

strategies provided on a more individual basis.

Strengths of the study

The study is among the first pedometer-based interventions that consider the
importance of intensity of steps/day within the total volume of steps/day

accumulated.

This is among the first pedometer-based interventions conducted in South Africa.

More importantly, this pilot intervention informs the further development and
refinement of such a pedometer-based intervention that can be applied on a larger

scale and in a wider context.

Limitations

The small sample size and the element of selection bias (as the study involved

selection from a convenience sample of persons) was a primary limitation.

The control group received the same general motivational messages as the
intervention group, bi-weekly, which may have led to increased physical activity in

the control group and a resulting weakened effect of the intervention.

No theoretical model for behavioral change was applied. This implied that, using a
convenience sample approach, participants were at various stages of change
towards improving ambulatory physical activity. The study may have, therefore, also
included participants who were already meeting current guidelines and were
interested in further improving this through the intervention.
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The emailed messages that were provided to participants only provided a summation
of pedometer results but did not indicate how this related to current guidelines or

intensity-based steps/day targets as a method of reinforcement.

CONCLUSION AND RECOMMENDATIONS

This study provides useful information on the potential for physical activity
improvements through pedometry in an employed, adult group. In so doing, the
study provides a basis to further pedometer-based intervention initiatives that can be

applied in other contexts and settings and on a larger scale.

Consequently, this pilot intervention informs the development of a large scale

intervention to be applied as a future randomised controlled trial.
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CHAPTER 7

Study protocol

Steps that count! : The development of a
pedometer-based health promotion
intervention in an employed, health insured

South African population

Published: BMC: Public Health 2012, 12:880

Authors: Julian D Pillay, Tracy L Kolbe-Alexander, Karin | Proper, Willem van

Mechelen, Estelle V Lambert

(Elements of the original paper have been condensed in certain areas to avoid
duplication from previous chapters, and referred to/referenced accordingly. Some
aspects included in this chapter may, however, be repeated from previous chapters

SO as to maintain the integrity of the original paper)
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INTRODUCTION

The work-site is an appropriate setting to initiate health promotion intervention
programmes where social and cultural disparities can often be overcome through the

shared interest of well-being **°. For example, a critical review #°

identifying the
effectiveness of work-site physical activity programmes on physical activity, physical
fitness, and health showed support towards the implementation of worksite physical
activity programmes. The review (4 randomised controlled studies and 4 controlled

studies) made particular reference to an increase in the habitual levels of physical

activity among employees through the interventions 4°.

In South Africa, a large proportion of the working population can be reached through
health risk appraisals, conducted by health insurers **’. This voluntary screening
typically consists of anthropometric measures (such as body mass index and waist
circumference) and clinical measures (such as blood glucose and blood cholesterol
concentrations, blood pressure). Information related to health risk behaviour,

including physical activity and readiness for change are also obtained.

Similar health risk appraisals are administered in other countries such as the
Netherlands **® and Denmark *°. More recent studies have adopted this approach as
part of an intervention to evaluate the effectiveness of health risk appraisals and

follow-up support 24210,

The emergence of pedometers have been identified as a useful self-monitoring and
feedback tool and therefore a useful motivational aid for increasing ambulatory

physical activity **"*. Consequently pedometers have complemented behavioural
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change strategies with the objective of increasing ambulatory physical activity.
Researchers have acknowledged that in terms of practicality, pedometers offer a
good solution for a low cost, objective monitoring and behavioural modification tool
and a practical aid for physical activity interventions 3498337 pedometers have
therefore gained popularity for use in physical activity interventions in various

settings ® to facilitate behavioural change.

Providing individualised feedback has been promoted as a useful adjunct to many
health and well-being interventions and has often been used as an additional support
measure to pedometer-based interventions **. A number of on-site and face-to-face
programmes have been found to be effective **°**!, There is, however, a large gap
between the development of effective interventions and their feasibility for use in
public health practice **®**!. A primary limitation is the high cost and large time
demands on both staff and participants ***. Using lower cost intervention strategies,
such as pedometer-based approaches supplemented by email-based feedback, may
have the potential to overcome this limitation. An attempt at evaluating the benefits
of short-term interventions may, additionally, be useful in identifying whether
significant changes in physical activity behaviour can be achieved within this time-

frame.
This study provides an opportunity to evaluate the effect of a pedometer-based

intervention complemented by individualised, email-based feedback in improving

ambulatory physical activity in an employed adult population.
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The aim of this study was, therefore, to develop a 10-week, pedometer intervention-
“Steps that count!”- which examines the effectiveness of pedometer use
complemented by individualised, email-based feedback on daily ambulatory physical

activity levels, in an employed South African population.

METHODS

The proposed study is a randomised controlled trial on the effectiveness of “Steps
that count!” in a worksite setting, primarily using pedometers and feedback

messages through regular, bi-weekly emails.

The concept of “Steps that count!” is developed from the findings of previous
chapters that identify and highlight the importance of intensity of steps accumulated
133134 " This (intensity-based steps/day) outcome complements other recent
pedometer-based studies that have identified and recommended steps/minute rates

for moderate physical activity “**#*1%,

A feasibility study conducted, and presented in Chapter 5, using a similar
methodology, has further informed the development of this intervention and sample
size calculation. The term “Steps that count!”, and the intervention presented, has
therefore been adopted as a term and a strategy for engaging people into
accumulating intensity-based steps. This message forms a key element of the

intervention.

The behavioural strategies underlying “Steps that count!” include certain principles

from several behavioural theories. These include the theory of planned behaviour
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152,153

and reasoned action , which proposes that a person’s intention to perform a

behaviour is the central determinant of performing that behaviour. In addition, the
transtheoretical model ***, provides an explanatory framework for intentional
behavioural change. The theory is based on the observation that people tend to
move through a series of stages (pre-contemplation, contemplation, preparation,
action and maintenance) in their attempt to change a certain behaviour **°. This
intervention is specifically targeted at individuals in the contemplation phase of the

transtheoretical model, i.e. individuals considering change even though they may be

ambivalent about changing.

The intervention is not designed to test any particular theoretical model, but rather to
incorporate elements from these models to initiate and sustain behavioural change.
These behavioural strategies will be applied in a basic structure to improve
ambulatory physical activity by providing cues and repetition that help make the new

behaviours habitual.

Following the baseline pedometer wear, “Steps that count!” promotes and reinforces
the intention to change physical activity behaviour. This is emphasised through
feedback on physical activity from the pedometer data, a brief discussion around

current guidelines, and identifying possible strategies to improve steps/day.

The intervention attempts to motivate an increase in physical activity by requesting
commitment to small achievable goals, such as “adding 10 minutes of ‘steps that
count’ to your day” or “increasing daily steps by 10% per week until 30 minutes of

“steps that count” are achieved.
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Individual ambulatory physical activity patterns are summarised and presented,
current guidelines reinforced and some options as to how to increase physical

activity levels are provided in the emailed feedback.

Study setting and study population

The study will be conducted at selected worksite settings that are based in the
province of KwaZulu-Natal, Republic of South Africa. The organisation will offer and
conduct a health risk appraisal to employees attending a work-site health screening
event. The health risk appraisal will identify cardiovascular risk factors (including:
family history, dietary intake behaviour, smoking and stress). Biometric measures
recorded will include body mass index, percentage body fat, blood pressure, blood
glucose and blood cholesterol concentrations. In addition, self-reported physical
activity as well as intention for change towards improved physical activity will be

assessed.

Upon completion of the health risk appraisal, employees will be invited by the
researcher and/or assistant to participate in the study (subject to meeting the
relevant inclusion criteria).

All employees eligible to participate in the study will be requested to wear a blinded
pedometer for 5 consecutive days as a baseline measure of ambulatory physical

activity.
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Sample size, recruitment and randomisation

We estimated a sample size on the basis of aiming to show an improvement of 2,500
steps/day (and a baseline value of 7,500 steps/day) with an approximate standard
deviation of +3,000 steps/day. This estimate was established through recently
published papers and systematic reviews of pedometer-based interventions
conducted from 1966-2007 3144156 \we also considered the findings of Chapter 6

in our estimation.

A sample size of 30 participants each in the intervention and control groups of the
study is required to ensure 80% statistical power and with a P-value set at P<0.05.
However, if a modest improvement of 1,500 steps/day (as established in Chapter 6)
is considered, a sample size of approximately 85 participants in each group is
required. Considering this possibility and the likelihood of performing sub-group
analyses of the data based on factors such as age and gender, a sample size of 150
participants in the intervention and control groups respectively would be an

appropriate estimate to account for these factors.

In order to achieve this, 1400 employees attending wellness events will be targeted.
Of these, a minimum of 560 employees (40%) will be identified to be in the

contemplation stage of transtheoretical model **°

and agree to participate. Of the 560
individuals, we assume that at least 90% (n=450) will complete a minimum 3 day
blinded pedometer wear 3. Two hundred participants will, therefore, be randomly
assigned to the intervention group and wait-listed control group, respectively. An

expected 15-20% loss to follow-up %%

and non-compliance to the follow-up
blinded pedometer wear will result in a final minimum number of approximately 150

in the intervention and control groups, respectively for analyses.
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Inclusion and exclusion criteria:

Employees attending the wellness event and willing to be included in the study will
be eligible to participate. Other inclusion criteria include: being between the age of
21 years (inclusive) and 50 years (exclusive); being identified as in the contemplation
stage of transtheoretical model towards improved physical activity and, having a

contract with employer until end of the 12-week measurement period.

Employees will be excluded for the following reasons: pregnancy; diagnosis or
treatment of cancer; any other condition that makes physical activity
difficult/impossible; contract workers whose employ with the company will end before
the follow up measurement at week 12 and; non-compliance of a minimum of 3 days

blinded pedometer wear.

Ethical considerations and pre-participation screening

This study will be conducted in accordance with the Declaration of Helsinki, Good

Clinical Practice as well as the ethical laws of South Africa.

Ethical approval for the study was obtained from the Human Research Ethics
Committee of the Faculty of Health Sciences, University of Cape Town, South Africa
(reference number: 044/2009) (Appendix A) and the study has been registered by

the South Africa, Department of Health (DOH-27-0112-3951).

Following agreement to participate in the study, completion of the Physical Activity
Readiness Questionnaire ® (Appendix D) as described in Chapter 2, is required.
Employees who agree to participate in the study will be asked to sign an informed

consent form (Appendix C) prior to participating in the study.
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Participants will be assured that their participation in the study is voluntary and that
they may withdraw at any time. They will also be reassured that their withdrawal will
not have any negative impact on their employment, and that they will continue to
receive all usual care health insurance benefits and/or programmes. The
participants’ will also be assured that their employer will not have access to any of
the information collected for the research study, and that all information will be

treated as strictly confidential.

Testing protocol

All eligible employees who sign the informed consent will be requested to wear a
blinded pedometer (Omron HJ 720 ITC) for 5 consecutive days during week 1 and
week 12 of the study.

Upon return of the pedometer (after week 1), steps/day data will be electronically
uploaded by the researcher according to the Omron Health Management Manager
software protocol 2%, Feedback, in terms of average total steps/day and information
relating to moderate intensity steps (“steps that count”), will be provided to each

participant.

Simple strategies to improve ambulatory physical activity levels will be discussed in
keeping with the recommendation of 30 minutes of moderate intensity physical
activity at least five times a week °. Participants will be encouraged to improve their
physical activity levels steadily (for example by 10% per week until 30 minutes of
(“steps that count”) during the subsequent 10 weeks. They will then be randomly

allocated to an intervention or wait-listed control group.
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Participants in the intervention group will be provided with an un-blinded pedometer
for the subsequent 10 weeks. Those included in the intervention group will be guided
as to how to upload their pedometer data and its interpretation. A one-pager step by
step guideline will be provided and participants will be advised to contact the
researcher for assistance, if need be (Appendix F). Participants will be advised to
upload data whenever suitable. This would provide the researcher with information

as to how often the uploading feature was accessed.

Following the blinded pedometer wear at week 12 (intervention and control groups),
a health risk appraisal, similar to the initial screening, will be conducted. The results
obtained (health risk appraisal and pedometer data) will then be compared with the
information obtained in week 1 to establish the intervention effect. Participants in the
control group will be offered the pedometer intervention after the health screening

event, conducted at week 12.

Figure 7.1 provides a flow diagram of the randomised controlled trial intervention

plan.
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Figure 7.1: Flow of the study design (randomised controlled trial)
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Health Risk Appraisal

Aspects of the health risk appraisal, relevant to our study, include demographic
factors (i.e. age and gender), self-reported volume and intensity of physical activity.
Information relating to intention and readiness for change toward improving physical
activity is also determined, as part of the assessment. Additionally, blood pressure,
body height and body weight, percentage body, body mass index and waist

circumference will be measured, as described in Chapter 2.

The health risk appraisal will be conducted by qualified, trained staff and will form

part of the health screening event conducted.

Pedometer wear and data recording

Details regarding pedometer-wear and data recording have been described in

Chapter 6.

Details on the features as well as the validity and reliability of the pedometer have

been described in Chapter 1.

After baseline measurement (week 1), only the intervention group will continue with

subsequent un-blinded pedometer wear.

Intervention content

Pedometer data will be requested, and feedback provided, as described in Chapter
6.

Based on the outcomes of the feasibility study conducted (Chapter 6), some of the
information provided has been modified according to participant feedback.
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The individualised feedback (provided only to the intervention group) will include
information on the average daily steps/day accumulated, the number of days (if any)
that aerobic steps were accumulated, and the volume thereof, in the form of a
personalised email (Appendix J). The feedback will also include information such as
the highest number of steps/day accumulated over the past two weeks and the
category within which the average steps/day fall, as per current steps/day

categorisations %,

Participants will be encouraged to steadily increase their steps until the target of at
least 30 minutes of steps that count is achieved and/or maintained by the end of the

intervention.

The general supportive/motivational messages have been described in Chapter 6.

(Appendix H).

Outcome measures

The primary outcome measure (daily physical activity levels, in terms of steps/day)
will be assessed at baseline (week 1) and end (week 12) for both the intervention
and control groups, in order to detect changes in daily ambulatory physical activity

over time, as a function of the intervention.

Data will be derived from the pedometer and expressed as steps/day. More
importantly, information on the volume of sustained and moderate-vigorous intensity
steps (“Steps that count”) will be assessed at baseline (week 1) and at the end of the

intervention (week 12) for both the intervention group and the control group.
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Secondary outcomes such as systolic blood pressure and diastolic blood pressure,
body mass index and percentage body fat (as per clinical measures of the health risk

appraisal) will be assessed at week 1 and week 12 in both groups.

Statistical analyses

Statistical analyses, to determine effectiveness of the intervention, will be based on
group allocation, regardless of the actual intervention received or of adherence to the

intervention, i.e. intention to treat analysis.

Linear regression analyses will be performed with the follow-up value of the outcome
measure as the dependent variable and adjusted for the baseline value.

Assumptions of linear regression analyses will be verified with residual analysis.

To assess whether the differences in the primary outcome between the groups are
affected by random differences between them, an analysis of covariance (ANCOVA)

will also be undertaken.

For the process evaluation, descriptive analyses will be conducted among the

intervention only.

All analyses will be performed with STATISTICA version 8 (StataSoft Inc., Tulsa, OK,

USA) and the significance level will be set at P<0.05.
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DISCUSSION

This chapter outlines the rationale behind, and the development of, an intervention
aimed at improving the daily ambulatory physical activity in a South African
employed adult population. This chapter describes the study protocol evaluating its

effect.

Limitations

There is an element of selection bias, as the study will involve selection from a
convenience sample of persons who are recruited as a result of attending a

corporate health risk appraisal.

The general information provided to both the intervention group and control group is
the same irrespective of individual progress toward improved physical activity. Also,
the control group receives the same general motivational messages as the
intervention group, bi-weekly. This may lead to increased ambulatory physical

activity in the control group and a resultant weakened effect of the intervention.

A further limitation is that the pedometer will be used as a measurement tool (albeit
blinded for measurement at weeks 1 and 12, respectively) as well as during the 10

week intervention.

Strengths

To our knowledge, this will be among the first pedometer-based intervention

conducted in South Africa (other than the feasibility study, described in Chapter 6).
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The study will provide useful information regarding potential for physical activity

improvements through pedometry, in an adult working group.

This is the first pedometer-based intervention, to our knowledge, that takes into
account intensity and duration of ambulatory physical activity during free-living wear.
The intervention will further provide information on patterns of ambulatory physical
activity in an employed, adult population. The study will, therefore be useful for
further pedometer-based intervention initiatives that can be applied in other contexts

and settings on a larger scale.

With a focus on daily ambulatory physical activity using individualised, brief feedback
and self-monitored, pedometer-measured physical activity, the success of such an
intervention will have widespread public health implications. This will be particularly
valuable, if shown to produce successful outcomes, in the limited extent of external

support.
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CHAPTER 8

General Discussion

This chapter presents the main findings of the studies, followed by a reflection on the
methodological considerations concerning the results of each study. We also discuss

the implications for public health and directions for future research and practice.
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MAIN FINDINGS

It is widely accepted that physical activity contributes to improved aerobic fithess and
longevity 2. Evidence points to the viewpoint that aerobic fitness is an important
predictor of longevity to which volume and intensity of physical activity are typically
contributors of. There is, however, limited evidence on the association between

steps/day, as an indicator of physical activity, and aerobic fitness.

The results of our first study (Chapter 2) show a positive relationship between
estimated maximal oxygen uptake and steps accumulated. Further to this, the
outcomes of our first study (Chapter 2) and the cross-sectional study (Chapter 4)
support the existing evidence linking steps/day to health outcomes (including waist
circumference, body mass index, percentage body fat, blood pressure, blood
glucose and blood cholesterol). As such these outcomes are consistent with the
observation that individuals accumulating <5,000 steps/day are more likely to be

classified as obese and at high risk for cardiovascular disease °°.

Evidence that body composition may be influenced by both volume and intensity of
physical activity is well documented. However, in the field of pedometry, attention
has been primarily directed towards volume of steps/day, and its association with
body composition variables, independent of intensity. Although more recent research

has been directed towards intensity-based steps **%3

, the unigueness of our
research findings (Chapters 2, 4 and 5) is the application of volume, intensity and
duration of sustained ambulatory physical activity , i.e. Steps that count!, within the

field of pedometry.
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A further contribution has been the application of pedometer-measured steps
(including aspects around volume and intensity of steps) to current guidelines
(Chapters 4 and 5). We were unable to demonstrate, in Chapter 5, an independent
effect of intensity as a contributor to improved fithess or improved health measures
(i.e. waist circumference, body mass index, percentage body fat, blood pressure,
blood glucose and blood cholesterol). We noted, however, a direct increase in total

steps/day in those accumulating intensity-based steps.

Chapter 2 reported that even after adjusting for total steps/day, differences in fitness
and health measures (including aerobic fithess, waist circumference and systolic
blood pressure) between volume and intensity-based group categories were noted.
We therefore emphasise the strong interplay between volume and intensity of steps

accumulated.

Exercise prescription and/or steps/day recommendations may therefore, benefit from
being framed within the context of volume, intensity and duration of intensity-based
steps, as suggested by recent accelerometer/pedometer-based studies *4'%. Such
recommendations can be used to complement current guidelines and provide further

options for improving physical activity.

In keeping with the main theme of this thesis- Steps that count!-, the term “brisk™
walking, often used in directing public health messages as a proxy for moderate
intensity physical activity, was translated into a steps/minute rate. The confirmation
that self-paced brisk walking translates well to moderate intensity physical activity

(Chapter 3) is important for exercise prescription. Over-estimation or under-
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estimation of moderate intensity physical activity may affect the compliance to
physical activity regimens and potentially impact negatively on the effect gained from
participation in physical activity *%.

Further to this, a predicted steps/minute rate for moderate intensity physical activity,

using a novel methodology, was established (Chapter 3) and related closely to the

steps/minute rate of self-paced brisk walking.

Our findings suggest a step/minute rate of 122 steps/min (127 steps/minute and 116
steps/minute for men and women, respectively) as an estimate of moderate intensity
physical activity.

Based on previous studies related to steps/day guidelines %4243

, We present our
findings with caution, largely due to recruitment and measurement limitations. We
nevertheless emphasise the novel methodological approach that can be applied,

subject to overcoming the limitations described (Chapter 3).

Additional findings (Chapters 4 and 5) showed that only 11.2% of the total study
group accumulated aerobic steps for an average of at least 21 minutes/day, as a
proxy for current recommendations for moderate intensity physical activity. This
value was lower than previous studies using comparable methodological approaches
2137 This further directs us to the need for a more representative study of the South
African population and future pedometer-based physical activity interventions that

can motivate for increased physical activity %'

The pilot intervention (Chapter 6) provides useful information on the potential for

physical activity improvements through pedometry in an employed, adult group.
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Modest, but non-significant improvements were noted in all health measures (i.e
body weight, waist circumference, body mass index, percentage body fat, blood

pressure, blood glucose and blood cholesterol).

Small improvements are typically noted in short-term pedometer-based interventions
139,143,144 . . . .

. The value of the pedometer serving as a useful motivational aid and a
reminder to increase steps/day is, however, commonly identified from participant

feedback in pedometer-based interventions **2.

In our pilot study (Chapter 6), the feedback received on perceptions of the
intervention similarly identified the motivational effect of the pedometer as a
facilitating factor towards increasing ambulatory physical activity. The study provides
a basis for further pedometer-based intervention initiatives that can be applied in

other contexts and settings and on a larger scale.

Consequently, the pilot intervention informs the protocol of a large scale randomised

controlled trial (Chapter 7).

METHODOLOGICAL CONSIDERATIONS

The findings described above should be viewed in the light of several methodological
limitations. These limitations pertain to issues regarding study design, assessment

and analyses of data. These issues are outlined in greater detail, below.
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Internal validity
Participants’

The Physical Activity Readiness Questionnaire *® (Appendix D) was completed by all
participants, to ensure that participants were not at any health risk in performing
moderate-to-vigorous exercise, particularly for the 12-minute step test performed at

the initial visit (Chapters 2 and 3).

Our studies were therefore limited to healthy adults, between the ages of 21-49.
Whilst this is assumed to consider most of the adult population, this selection
criterion excludes individuals with clinical conditions that might affect or be affected

by physical activity.

Sample size

Due to limitations in access to corporate organisations, the results presented in all of

our studies identify the sample size as a potential limitation.

Despite this limitation, current literature on studies of a similar design (relevant to the
respective study), demonstrate significant variance in sample size. For example,
methodological studies published, comparable in design to the studies presented in
Chapters 2 and 3, have acquired sample sizes ranging from 19 ** to 96 *2. Sample
sizes in recent pedometer-based cross-sectional studies of comparable design and
outcomes measures to Chapters 4 and 5, however, typically include over 2500

participants and provide prevalence data *°*¢*,
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Cross-sectional designs

As is common in the social sciences *?, most of the studies reported in this thesis
used cross-sectional data. No matter how advanced the statistical methods used to
analyse cross-sectional data may be, arguments for causality cannot be drawn.
Caution is, therefore, warranted when interpreting some of the findings reported in

previous chapters.

We demonstrate the association between clinical outcomes (i.e. body weight, waist
circumference, body mass index, percentage body fat, blood pressure, blood
glucose and blood cholesterol) and physical activity (in terms of steps/day and
aerobic steps/day). Whether there is a causal relationship between the associated
factors, cannot however, be determined from our studies, due to the cross-sectional

nature of our studies.

Selection bias

The potential selection bias inherent in any convenience sample, particularly if
related to physical activity, is noted. Such a selection methodology may attract those
who are more physically active and therefore have expectedly better aerobic fitness

than the general population.

We attempted addressing this issue in our results by separating our analysis into
aerobically fit and un-fit groups alike (Chapters 2 and 3). However, we could not
stratify our groups further, according to gender or any other sub-categories, due to

the limited size of the study group. This limitation does necessitate further studies in
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other groups, and more importantly in a sample group more representative of the

South African adult population, to confirm present findings.

The cross-sectional studies (Chapters 4 and 5) were limited to the adult, employed
population group, as decided on prior to commencement of the study. Recruitment
was, however, limited to employees attending a corporate health and wellness event
and willing to participate in the study. These employees might be different from non-

participating employees, particularly in relation to physical activity levels.

The study group was also more representative of white-collared workers, including
administrative staff, managers, office staff and laboratory staff and scientists. The
results we report, therefore, cannot be generalised to the entire employed adult

population of South Africa.

Information bias

The categorisation of ‘aerobic’ steps as >60 steps/min by the Omron HJ750 ITC
pedometer is substantively lower than those recommended by recent studies “**%.
Furthermore, the pedometer does not reflect any moderate-high intensity steps as
aerobic steps if sustained for anything less than 1-minute in duration. This (>60
steps/min; 1-minute or more) classification does provide some level of differentiation
in the type and duration of steps accumulated throughout the day and has provided

an intensity and duration component to typical pedometer data, as discussed in

Chapter 2.

We recognise this added information provided through the enhanced features of the

pedometer that was used and attempted applying this data to extrapolate further
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information related to intensity of steps/day. We nevertheless, present information on
“aerobic” steps/day (Chapter 2) with caution. This information bias has, however
informed the consideration of the following two pertinent questions attempted to be
answered in Chapter 3:
1. What is an approximate steps/minute rate for moderate intensity physical
activity?
2. How does the steps/minute rate for moderate intensity physical activity relate

to that of self-paced brisk walking?

Consequently the information obtained, with reference to similar published studies,

informed the modifications of intensity-based steps in subsequent chapters.

Reporting bias

The categorisation of moderate intensity physical activity, as a minimum intensity of
100 steps/minute and over a minimum duration of 10 consecutive minutes,
attempted to relate to the context of current guidelines (Chapters 4 and 5). There
are, however, limitations, which we identify as a possible reporting bias. These,
particularly include the manual tallying of the data, according to the modified
classification and the manner in which the data were re-classified according to the

criteria established.

The pedometer analyses in Chapter 5, presents some information on intensity-based
steps as a proxy for current guidelines. The results presented, as an indication of
current guidelines, must be considered with caution, due to limitations mentioned

earlier. We nonetheless, report this as a non-differential bias between the two groups
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(i.e. those meeting guidelines and those not meeting guidelines), as the possibility of

misclassifying individuals is the same in all participants.

Compliance

The request to wear the pedometer for a minimum of 5 consecutive days (Chapters
2, 4 and 5) was often not complied with. We therefore relied on a minimum of 3 days
of pedometer wear as a reasonable estimate of daily ambulatory physical activity
34 This also limited the ability for comparisons between weekend and week-day
wear to be determined, as envisaged prior to the commencement of the studies,
although several studies report similar steps/day data on all days of the week other

than a Sunday >*°*°°.

Adherence

The use of pedometers as a self-motivational tool to improve ambulatory physical
activity is well documented #*"%7*® Consequently, the extent of adherence to daily
pedometer-wear in any pedometer-based intervention would, therefore, implicitly

have an impact on the extent of improvements in ambulatory physical activity.

Whilst the pilot intervention primarily reported baseline and follow-up physical activity
levels, adherence to pedometer wear during the 10-weeks intervention might have
been inconsistent and hence impacted on follow-up results. The level of adherence
to pedometer-wear during an intervention is therefore an area that needs to be

considered, in conjunction with follow-up measures.
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Measurement instruments/methods

The validity and reliability of the Omron HJ720-ITC brand and model of pedometers
has been studied at various mounting positions under prescribed and self-paced
walking conditions ****2, Comparisons have been additionally been made between
both healthy and overweight adults and is suggested as an accurate measure of step

counts %0163,

Participants were requested to wear the pedometer, attached to the left or right hip
as worn in most studies %4, despite the ability of the pedometer to tally step counts at

various mounting positions .

Pedometers cannot be worn during swimming and under-report physical activity
during cycling ?**®*. Our studies were therefore limited to analysing participants who
did not participate in these activities. Walking is nevertheless regarded as the most
important activity to accurately assess, particularly in the majority of people who do

not regularly participate in any exercise *21%°,

The use of the pedometer as a measurement tool for baseline information prior to an
intervention may present an information bias, as alluded to by Spence and
colleagues in 2009 '®. Efforts can be made to attempt overcoming/reducing this
limitation, for example, the blinding of pedometers and further emphasis to
participants to maintain “usual” physical activity levels during the baseline measure.
An information bias on baseline data may still, however be apparent, and must be
identified as a limitation. Such a limitation can, nevertheless be justified by ensuring
the same measurement technique for obtaining baseline data in the control group, so

that both the intervention and control groups are exposed to the same potential bias.
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One has to, however, be cognizant of the fact that the baseline measure might not
be an accurate level of regular ambulatory physical activity, as is a general
phenomenon when using pedometers as a measurement instrument for baseline

data, and discussed in Chapter 1.

Pedometers are typically used to measure volume of steps/day and the reliability of
information on intensity-based steps may be questionable, particularly when relating
intensity-based steps to current guidelines. This does, however, provide some level
of determining a more reliable estimate of intensity-based physical activity than self-
reported means, although limited to ambulatory physical activity. Such an estimate
has allowed us to relate pedometer data to self-reported data, with particular

reference to current guidelines.

A subgroup of accelerometers can be used to determine the level of agreement
between pedometer and accelerometer data. Studies have demonstrated agreement
between steps/day using accelerometers and pedometers *!. This was, however,
with reference to volume-based steps. More recent advancements in pedometry
provide an opportunity for further research on the level of agreement between
accelerometers and pedometers, with reference to intensity-based steps. Such an
application may have widespread implications in providing a reliable and affordable
instrument for the measurement of steps, in relation to volume, intensity, duration
and frequency of ambulatory physical activity. This would be of particular value in
settings of limited resources that currently rely on indirect measures of physical

activity and inferences thereof, with respect to current guidelines.

The use of pedometers may also provide a less costly alternative, to other direct

instruments of physical activity measurement. Individuals may additionally benefit

159



from self-monitoring and directing their own physical activity, in relation to volume,

intensity and duration of intensity-based steps/day.

The use of near infrared measuring (Chapter 2) to determine percentage body fat
may be viewed as a limitation, as described in Chapter 2. Percentage body fat was,
however used as an additional measure to body mass index and the results of both
measures were analysed and reported separately. Subsequent studies (Chapters 3-
6) measured percentage body fat using an instrument that estimates percentage

body fat on the basis on bioelectrical impedance ***, as a more reliable estimate.

We were limited to using the percentage of age-predicted maximal heart rate to
estimate the relative intensity of individual physical activity in the various trials
(Chapter 3) as opposed to an absolute measure of oxygen uptake, to determine

energy expenditure corresponding to moderate intensity physical activity.

Freedson and Miller provide some limitations to the use of heart rate measures as an
estimate of physical activity intensity, particularly related to age, gender and aerobic
fitness !, Studies have also shown that calibration may be required to create a curve

31,167,168

between the subject's heart rate and estimated energy expenditure , typically

involving a submaximal test at moderate intensity physical activity levels 3199170,

Heart rate monitors may also confound factors such as emotional stress, caffeine

intake, ambient temperature, or certain illness’ **°*"*

which may have a particular
impact on low-intensity activities. Whilst our findings report age, gender and aerobic
fitness in the study group, the estimation of energy expenditure corresponding to

moderate intensity physical activity, using a relative measure of heart rate intensity,

is identified as a primary limitation in this study (Chapter 3).
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Furthermore, aerobic fithess was derived from the heart rate response based on a
12-minute intermittent step test (Chapters 2 and 3), as described in the relevant
chapters. Whilst the information provided on aerobic fitness is a relative value, this
test has been shown to explain 76% of the variance in actual measured maximal

oxygen consumption 14172,

External validity

As mentioned previously, the results presented in this thesis have been as a result of
a selected group of volunteer participants/individuals. We therefore believe that the
associations observed in our study should not be generalised to the entire
population. We have adjusted most of our results to consider factors such as age,
gender and aerobic fitness as potential covariates, but extrapolation of results to the

adult population or even the current South African population, is not recommended.

PUBLIC HEALTH IMPLICATIONS AND RECOMMENDATIONS FOR FUTURE

RESEARCH

The research undertaken is the first pedometer-based study to our knowledge that
differentiates walking according to a baseline level of intensity and duration. In a
sample of people accumulating an average of approximately 6,500 steps/day, this
categorisation has helped identify “steps that count” (i.e. >10 minutes of walking at a
minimum intensity of 100 steps/min). This may be a useful way of establishing
associations between “steps that count” and clinical and fithess measures, using
pedometers. Such findings can be applied in other contexts and using larger

population groups.
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The possibility of expanding and modifying the current study (Chapter 4) into a large-
scale prevalence study is recommended. Such a recommendation can be explored
further, using a comparable approach, to provide more generalisable data, within the

context administered.

The application of our cross-sectional data to current guidelines (Chapter 5) provides
the potential to explore the use of pedometers as an alternative or complementary
tool to self-reported measures. This may contribute towards determining patterns of
physical activity, with particular reference to ambulatory physical activity and current
guidelines. Such an alternative can be applied in a variety of settings (including both
occupational and non-occupational) as a less costly alternative and a more free-
living measure than other direct measures. Such studies can be conducted on a
larger scale so as to provide information that can be generalised to the entire

population.

Chapter 3 presented a novel method to determine approximate steps/minute rates
for moderate intensity physical activity and self-paced brisk walking. The results
obtained may not be generalisable, due to significant limitations. The novelty of
aspects in the methodology can, however, be applied and modified for future
research to enhance documented literature in support of intensity-based step

recommendations.

The application of the theme “steps that count” may be validated by a large-scale

methodological study that confirms a minimum steps/minute rate for moderate

intensity physical activity. Such an outcome can subsequently be applied as a public

162



health message towards motivating and engaging people to increase moderate
intensity physical activity, through pedometer-based steps.

The commercial application of the theme “steps that count” to pedometry may also
provide a strategy towards improving the uptake of pedometry as a public health

initiative.

More importantly, the outcomes of the pilot intervention (Chapter 6), aimed at
improving the daily ambulatory physical activity in a South African employed adult
group, has informed a protocol for a future pedometer-based randomised controlled

trial. An appropriate sample size for this trial has also been recommended.

Emphasis must be placed on the value of such an intervention extending beyond
simply assessing the extent of clinical/ physical activity improvements. Interventions
of this nature can further serve towards increasing awareness of physical activity and

thereby creating a platform for improvements, thereof.
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CONCLUSIONS

This thesis concerns the association between pedometer-measured steps/day and
health measures (i.e. body weight, waist circumference, body mass index,
percentage body fat, blood pressure, blood glucose and blood cholesterol). The
results of this thesis, presented as a series of studies, support the existing evidence
linking volume and intensity of steps/day to fitness and health outcomes, as

indicated below.

e Technological advancements in pedometry provide the opportunity to use
pedometers as a less costly approach, to more expensive direct measures of
physical activity, although limited to ambulation. Such advancements can
provide information on ambulatory physical activity, with particular reference
to volume and intensity of steps.

e Exercise prescription and/or steps/day recommendations may be enhanced if
framed within the context of volume, intensity and duration of intensity-based
steps, as supported by recent findings.

e The study adds to current documented literature in providing data on intensity-
based steps/day with an attempt to relate these findings to current physical
activity guidelines.

e Our study also provides some information on current ambulatory physical
activity patterns in a South African adult, employed group.

e The pilot intervention has informed the protocol for a large scale intervention

to be applied as a randomised controlled trial.
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In summary, pedometers are being used more frequently in epidemiological research
to provide objective estimates of ambulatory physical activity. Guidelines for
consistent collection and interpretation have facilitated the widespread use of

pedometers in physical activity health promotion initiatives.

The advancements in pedometry and the growing interest in intensity-based
steps/day guidelines, however, warrants the need for further methodological and

interpretation guidelines to be considered.

The study provides a basis for further pedometer-based intervention initiatives that

can be applied in other contexts and settings and on a larger scale.
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appraisais at their worksite. These employees will be invited to participate in the email-basaed
intervention. The rest of the methodology will remain the same as the original propesal, UCT REC
Q4472009

O Full commitee

7 Ociober 20110 Page 4ofd FHRSO06
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Appendix B: Participant Information Sheet

Title: The association between aerobic fitness and steps accumulated (Chapters 2 &

3)

Thank you for your interest in participating in the above research study to be performed in
part at the UCT/MRC Research Unit for Exercise Science and Sports Medicine within the
Department of Human Biology, University of Cape Town and the Department of Basic

Medical Sciences, Durban University of Technology.

Background to study

Evidence continues to accumulate that walking is the most easily accessible mode of
accumulating daily physical activity. The accumulation of additional evidence regarding the
frequency (how often), amount (how long) and intensity (how fast) of walking will enhance
current recommendations for physical activity.

A study has been developed by the researchers in the above departments, in which a
pedometer (small device clipped at waist/hip to measure the number of steps accumulated)
and a heart rate monitor (strap positioned underneath clothes in chest area) are worn
concurrently whilst walking on an indoor track. Participants will be required to walk at a self-
regulated “brisk” pace and subsequent externally regulated walking paces. By this, a steps
per minute rate for “brisk” walking will be determined based on the estimated energy
expenditure and heart rate data.

Steps/day information will also be determined through the use of a pedometer worn by each

participant for 5 days.

The aim of this study is therefore:

To determine, using pedometers, the association between aerobic fithess and ambulatory

activity and to determine, using heart rate monitors and regulated timing, an appropriate

steps per minute rate for physical activity.

Who will qualify to participate in this study?

e Healthy men and women of all fithess levels, 21-49 years of age.
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A person will NOT be included in the study if they currently have an injury, illness or
chronic disease (particularly cardiovascular) that may prevent them from completing

the study.

e A person will NOT be included in the study if they perform non-ambulatory aerobic

physical activity, such as running, swimming and cycling that cannot be measured by
a pedometer.

A Physical Activity Readiness Questionnaire will be administered to all subjects prior
to their enrollment to ensure that they are not at any health risk from performing the

required exercises.

As a participant you will be asked to:

Maintain your current exercise regimen for the duration of this study.

On Day 1 you will be asked to sign an Informed Consent Form and to complete a
Physical Activity Readiness Questionnaire.

Your height, body weight, resting heart rate and blood pressure will be determined
and percentage body fat, body mass index and waist circumference measured. A
12-minute step test (outlined below) will be completed as an indication of fithess
level. You will then be required to wear a pedometer for the following 5 consecutive
days. Upon return, you will be required to wear a pedometer and a heart rate
monitor whilst walking on an indoor track at a self-regulated “brisk” pace and five 6-
minute walks at externally regulated walking paces (by means of an audible
metronome). During this time measures of step per minute counts and energy

expenditure will be measured.

Outline of tests:

A step test will be conducted using a 25cm high step. You will be required to step in

accordance with different walking intensities (regulated by a metronome) for a total of 4

two-minute bouts with a one minute resting period after each bout. The frequency of

stepping in each bout will increase steadily as dictated by an audible metronome. A

heart rate monitor will be worn around the chest during the entire test so that heart rate

fluctuations can be recorded. This monitoring will also be used to estimate maximal

oxygen uptake and generate an overall aerobic fithess score. Furthermore, monitoring of

the heart rate will ensure that your heart rate remains within an acceptable range (not

exceeding 90% of age-predicted maximal heart rate).
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You may decide to terminate the test, and the test must be stopped if there are any
feelings of dizziness or other abnormal discomfort. This is a walking test and it is

therefore unusual for major discomfort to result.

Benefits and risks to the participant

As a participant of this study you will receive comprehensive feedback on the
anthropometrical and physiological measurements taken. The study’s results may contribute

practical advice to your individual training programs.

Participating in this study is entirely voluntary and as such you may refuse to participate or
stop participating at any time without penalty. Your personal details will remain confidential
and your anonymity ensured on publication of the results. Any questions concerning the

equipment used and procedures of the study are encouraged.

Should you have any queries or wish to obtain further details regarding this study, please do

not hesitate to contact the researcher:

Researcher:
Julian Pillay mobile: 082 603 9111 plljul004@uct.ac.za

Supervisors:
Prof V.E Lambert; Dr T Kolbe-Alexander
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Title: A cross sectional study of ambulatory activity in South African adult employees
(Chapters 4 & 5)

Thank you for your interest in participating in the above research study to be performed in
part at the UCT/MRC Research Unit for Exercise Science and Sports Medicine within the
Department of Human Biology, University of Cape Town and the Department of Basic

Medical Sciences, Durban University of Technology.

Background to study

Several studies have suggested that there is a linear relationship between physical activity
and the health benefits derived from physical activity.

For example, epidemiological studies have shown protective effect of regular physical
activity for several chronic diseases including coronary heart disease, hypertension, non-
insulin-dependent diabetes mellitus, osteoporosis, and among others colonic cancer.
However, more research is needed in determining the association between physical activity
(in terms of the number of steps accumulated per day) and clinical outcomes (such as blood
glucose, blood cholesterol, blood pressure and body fat measures).

A study has been developed by the researchers in the above institutions, in which
participants are invited to wear a pedometer for a period of 5 consecutive days so that data
regarding physical activity patterns can be determined and compared with health measures

and self-reported information.

The aim of this study is therefore:

To determine the association between clinical measures (such as such as blood
glucose, blood cholesterol, blood pressure and body fat measures) and steps per
day, measured using commercially available pedometers in an employed South
African, adult group.

Who will qualify to participate in this study?

¢ Healthy men and women of all fitness levels, 21-49 years of age.
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o A person will NOT be included in the study if they currently have an injury, illness or
chronic disease (particularly cardiovascular) that may prevent them from completing
the study.

e A person will NOT be included in the study if they perform non-ambulatory aerobic
physical activity, such as running, swimming and cycling that cannot be measured by
a pedometer.

e A Physical Activity Readiness Questionnaire will be administered to all subjects prior
to their enrollment to ensure that they are not at any health risk from performing the

required exercises.

As a participant you will be asked to:

¢ Sign an Informed Consent Form and to complete a questionnaire regarding your

current physical activity and health.

o After having undergone voluntary screening (demographics and body measures) you

will be invited to subsequently wear a pedometer for 5 consecutive days.

Benefits and risks to the participant

The study’s results may contribute practical advice to your individual physical activity
programs.

Participating in this study is entirely voluntary and as such you may refuse to participate or
stop participating at any time without penalty. Your personal details will remain confidential
and your anonymity ensured on publication of the results. Any questions concerning the
equipment used and procedures of the study are encouraged.

Should you have any queries or wish to obtain further details regarding this study, please do
not hesitate to contact me:

Researcher:
Julian Pillay —082 603 9111 or pilljulo04@uct.ac.za

Supervisors:
Prof VE Lambert

Dr T Kolbe-Alexander
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Title: A pedometer-based health promotion intervention in an employed adult group
(Chapters 6 & 7)

Thank you for your interest in participating in the above research study to be performed in
part at the UCT/MRC Research Unit for Exercise Science and Sports Medicine within the
Department of Human Biology, University of Cape Town and the Department of Basic

Medical Sciences, Durban University of Technology.

Background to study

Several studies have suggested that there is a linear relationship between physical activity
and the health benefits derived from physical activity.

For example, epidemiological studies have shown protective effect of regular physical
activity for several chronic diseases including coronary heart disease, hypertension, non-
insulin-dependent diabetes mellitus, osteoporosis, and among others colonic cancer.
However, research continues on the effects of physical activity programs using alternative
strategies to improve physical activity.

A study has been developed by the researchers in the above institutions, in which
participants are invited to participate in a 10-week pedometer-based program aimed at
improving physical activity and health.

The aim of this study is therefore:

The aim of this study is to evaluate the effectiveness of a pedometer-based intervention

complemented by individualised, email-based feedback promoting physical activity.

Who will qualify to participate in this study?

e Healthy men and women of all fitness levels, 21-49 years of age.

o A person will NOT be included in the study if they currently have an injury, illness or
chronic disease (particularly cardiovascular) that may prevent them from completing
the study.

o A person will NOT be included in the study if they perform non-ambulatory aerobic
physical activity, such as running, swimming and cycling that cannot be measured by

a pedometer.
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¢ A Physical Activity Readiness Questionnaire will be administered to all subjects prior
to their enrollment to ensure that they are not at any health risk from improving their

current physical activity levels.

As a participant you will be asked to:

e Sign an Informed Consent Form and to complete a questionnaire regarding your

current physical activity and health.

e After having undergone voluntary screening (demographics and body measures) you
will be invited to subsequently wear a blinded pedometer for at least 5 consecutive

days.

e Pedometer feedback will be provided upon returning the pedometer, and strategies

to improve physical activity levels will be discussed.

¢ You will then be randomly allocated to an intervention group or a wait-listed control

group.

e The intervention group will be required to wear an un-blinded pedometer for 10
consecutive weeks as a motivational tool to improve ambulatory physical activity.
Intervention group participants will also be required to forward (via email) bi-weekly
pedometer data to the researcher. Feedback on pedometer data will be provided to

all intervention group participants.

e Control and intervention group participants will receive general motivational

messages on strategies to improve physical activity levels.

o After the 10 week intervention (week 12) all participants will be required to wear a
blinded pedometer for at least 5 consecutive days and screening measurements (as

conducted on Day 1) will be performed upon return.

e Control group participants will be subsequently offered the intervention.

Benefits and risks to the participant
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The study’s results may contribute practical advice to your individual physical activity
programs.

Participating in this study is entirely voluntary and as such you may refuse to participate or
stop participating at any time without penalty. Your personal details will remain confidential
and your anonymity ensured on publication of the results. Any questions concerning the

equipment used and procedures of the study are encouraged.

Should you have any queries or wish to obtain further details regarding this study, please do

not hesitate to contact me:

Researcher:
Julian Pillay —082 603 9111 or pilljulo04@uct.ac.za

Supervisors:
Prof VE Lambert

Dr T Kolbe-Alexander
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Appendix C: Informed consent

Title: The association between aerobic fitness and steps accumulated (Chapters 2 &

3)

I, hereby volunteer to participate in

the research study on “Comparing exercise dose-response to steps per day, measured
using commercially available pedometers”, to be performed at the UCT/MRC Research Unit
for Exercise Science and Sports Medicine within the Department of Human Biology,
University of Cape Town and Department of Basic Medical Sciences, Durban University of

Technology.

| understand the procedures of this study, which have been described in detail in the
Participant’s Information Sheet provided. Briefly, | have been asked to maintain my current

exercise regimen for the duration of this study;

I will complete a Physical Activity Readiness Questionnaire regarding my current ability to
perform physical activity. | will have my body measurements such as height, body weight,
blood pressure and body fat measures and | will perform an aerobic fitness test (12-minute
step test).

During this test, | will be required to walk on a stepper at regulated walking intensities for
four 2-minute bouts with a 1-minute rest period between each bout and at the end of the last
bout.

| will then be required to wear a blinded pedometer for the subsequent 5 consecutive days.
Upon return, | will be required to wear a pedometer and a heart rate monitor whilst walking
on an indoor track at a self-regulated “brisk” pace for 10 minutes and five subsequent 6-

minute walks at externally regulated walking paces (by means of an audible metronome).

| am aware that the fitness test may result in exhaustion. | am thus aware that the risks of
this test may be similar to that of vigorous exercise. | acknowledge that, although remote, the
possibility does exist that | may lose my balance. | have also been informed that my
personal details will remain confidential and my anonymity ensured on publication of the
results of this study.

I acknowledge that | am participating in this study of my own free will. | understand that |
may refuse to participate or stop participating at any time without penalty. If | wish, | will be
given a copy of this consent form. | have been informed that | may ask any questions about

the procedures and results of the study, and that, upon completion of the study, | will be
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provided with comprehensive feedback on my personal results and the results and

interpretations of the study.

Participant’s name:

Signature: Date:

Investigator’'s name:

Signature: Date:

Witness’s name:

Signature: Date:
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Title: A cross sectional study of ambulatory activity and health claims costs in South

African health insured employees
(Chapters 4&5)

[, hereby volunteer to

participate in the research study on “The association between health claims costs
and physical activity, measured using commercially available pedometers in an
employed South African health insured population”, to be performed by the
UCT/MRC Research Unit for Exercise Science and Sports Medicine within the

Department of Human Biology, University of Cape Town.

I understand the procedures of this study, which have been described in detail in the
Participant’s Information Sheet provided. Briefly, | have been asked to maintain my current
exercise regimen for the duration of this study; on Day 1, after having undergone voluntary
screening (demographics, height, body mass index, waist circumference, cholesterol,
glucose, blood pressure) | will be required to complete a questionnaire regarding my current

health and physical activity and to wear a blinded pedometer for the subsequent 5 days.

| have also been informed that my personal details will remain confidential and my

anonymity ensured on publication of the results of this study.

| acknowledge that | am participating in this study of my own free will. | understand that |
may refuse to participate or stop participating at any time without penalty. If | wish, | will be
given a copy of this consent form. | have been informed that | may ask any questions about
the procedures and results of the study, and that, upon completion of the study, | will be
provided with comprehensive feedback on my personal results and the results and

interpretations of the study.

Participant’s name:

Signature: Date:

Investigator’'s name:

189



Signature: Date:

Witness’s name:

Signature: Date:
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Title: A pedometer-based health promotion intervention in an employed adult group

(Chapters 6 & 7)

hereby volunteer to

participate in the research study on “The association between health claims costs

and physical activity, measured using commercially available pedometers in an

employed South African health insured population”, to be performed by the

UCT/MRC Research Unit for Exercise Science and Sports Medicine within the

Department of Human Biology, University of Cape Town.

I understand the procedures of this study, which have been described in detail in the

Participant’s Information Sheet provided.

On Day 1, after having undergone voluntary screening (demographics, height, body
mass index, waist circumference, cholesterol, glucose, blood pressure) | will be
required to complete a questionnaire regarding my current health and physical
activity.

| will be thereafter required to wear a blinded pedometer for the subsequent 5 days.

Pedometer feedback will be provided to me, upon returning the pedometer, and

strategies to improve physical activity levels will be discussed.

I will then be randomly allocated to an intervention group or a wait-listed control

group.

If allocated to the intervention group, | will be required to wear an un-blinded
pedometer for 10 consecutive weeks as a motivational tool to improve ambulatory
physical activity. | will also be required to forward (via email) bi-weekly pedometer
data to the researcher. Feedback on pedometer data will be provided to me and a
general motivational messages on strategies to improve physical activity levels will

accompany this feedback information.

Should | be allocated to the control, | will receive general motivational messages on
strategies to improve physical activity levels, bi-weekly. | will not, however, be
provided with a pedometer during the 10 weeks.
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o After the 10 week intervention (week 12) | will be required to wear a blinded
pedometer for at least 5 consecutive days and screening measurements (as

conducted on Day 1, will be performed upon return.

e As a control group participant, | will be offered the intervention.

| have also been informed that my personal details will remain confidential and my

anonymity ensured on publication of the results of this study.

| acknowledge that | am participating in this study of my own free will. | understand that |
may refuse to participate or stop participating at any time without penalty. If | wish, | will be
given a copy of this consent form. | have been informed that | may ask any questions about
the procedures and results of the study, and that, upon completion of the study, | will be
provided with comprehensive feedback on my personal results and the results and

interpretations of the study.

Participant’s name:

Signature: Date:

Investigator’'s name:

Signature: Date:

Witness’s name:

Signature: Date:
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Appendix D:  Modified Physical Activity Readiness Questionnaire
Name Date
DOB Age Home Phone Work Phone

Regular exercise is associated with many health benefits, yet any change in activity may
increase the risk of injury. Completion of this questionnaire is a first step when planning to
increase the amount of physical activity in your life. Please read each question carefully and
answer every guestion honestly:

Yes No 1) Has a physician ever said you have a heart condition and you

should only do physical activity recommended by a physician?
Yes No 2) When you do physical activity, do you feel pain in your chest?

3) When you were not doing physical activity, have you had chest
Yes No o

pain in the past month?

4) Do you ever lose consciousness or do you lose your balance
Yes No .

because of dizziness?

5) Do you have a joint or bone problem that may be made worse by
Yes No : : g

a change in your physical activity?

6) Is a physician currently prescribing medications for your blood
Yes No "

pressure or heart condition?
Yes No 7) Are you pregnant?
Yes No 8) Do you have insulin dependent diabetes?
Yes No 9) Are you 69 years of age or older?

10) Do you know of any other reason you should not exercise or
Yes No . . ..

increase your physical activity?

If you answered yes to any of the above questions, talk with your doctor BEFORE you
become more physically active. Tell your doctor of your intent to exercise and to which
questions you answered yes. If you answered no to all questions, you can be reasonably
positive that you can safely increase your physical activity gradually. If your health changes
so you then answer yes to any of the above questions, seek guidance from a physician.

Participant Signature Date
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Appendix E:  Self-reported Physical Activity
TN NN

Health and Fitness Assessment
Questionnaire

secTion 1. Demographics
1.1 Personal Details: Please print in capital letters using black ink and fick the relevant bax{es).

N A o 0 o o O B
suname | | | | [ | | [ | (001 T T I
| [ 1 ]
[ [ ]

onmber [ T 1T 1 1 1 1] 1] ™[ T 1T girth pate (0101 / ] / T [ 7]
medicalaid [ [ [ [ [ [ [ | [ [ ] Medecalmamomborshipmumber [ [ [ [ [ [ [ [ [ [ [ [ [ ]
Virgintie Casmembershipmumber [ | | | [ [T T T T T T T 11

wosomeer ([ [ | [ |) -[ [ [ [-[ [ [ [somemmeer (CTTTJ)-[TT1-[TTT]
cotpronarmmbor ([ | [ [) -[ [ [ |-[ [ [ [ ]| rwewwwer ([TTT)-[CTTI-[TTT]
et | [ [T TITTINl@LITTTTTTTITIITTTIIT T

secTion 2. Medical History
2.1 Family History: Do you have a family history (parents or siblings) of any of the following medical conditions?

Fir=t nama [ |

Hearl Disease [J Yes [] Bofore or at the age of 50 High Cholesterol [1¥es [] Befom or at the age of 50
Insulin Dependant Diabetes [] Yes [] Bafore or at the age of 50 High Blood Pressure [ ¥es [ Before or atthe age of 50
Non Insufin Dependant Diabeies [ Yes [] Bafore or at the ags of 50 Stroke [] Yes [] Betore or at the age of 50
Peripheral Vascular Disease ] Yes [] Bsfore or at the age of 50 Cancer [] Yes [] Before or at the age of 50
| T T T T T T T T TTT1
2.2. Personal Medical History:Have you suffered, or do you suffer from any of these medical conditions?
High Cholestorol O ves Haoart Disoass 1 vas Exarcise Induced Asthma [ Yes
st [ Yes Asthma [ ves High Biood Pressurs [ ¥es
Paripheral Vascular Disease I Yes Cancar O Yes Stroke [ Yes
wee: [ [ [ T T T T T T T T T]
Diagnosed by? [ cardiologist [0 specialist physician [0 medical practitioner [ blood test
Diagnosed when? [ inthe pastyear [ 1-5yearsago [0 >5years ago
Specific Intervention? [ hhgb'al:isly dietary [0 medication [1 regular activity

2.3. Medication
Are you currently on medication for heart disease, peripheral vascular disease, cholestero! and/or blood pressure? [ ] Yes [1 Mo

It yes, please write your medical condition, name of medication and dosages, below:
Condition: eg. Cholesierol Meadication: eg. Lipitor Dosage: g.10myg 1 / day

[(TT T T T TT T T |
HNEEEEEEEEENEEEEEEEEEEEN
HENEENEREEERINE |

2.4. Preclusions
Presont Symptoms: Do you sufier from any of these medical condiions?

Chest pains while sxercising [IYes [JMo Froquent fainting andior dizzy spelis [ Yes [ Mo
Any flu-like symptoms (fever andior muscle pains) [ Yes [] No Paipitafions [dYes [dNo
Frequent wheezing /coughing [d¥es [JMNo

Physical Injury: Do you currently sufiar from any physical aliment that would preciude you from parforming this asssssment?

Neuromuscular Dissase [ 1 Yes [ No Ligament [ ]Yes []No

Bone [ Yes= [ Mo Muscle [ ves [ Na

Joint 1 Yes [ Mo Other [ Yes [ Na

Assessor's comment

In your professional opinion, is the member fit to continue with this assessment? [ ] Yes [ Ne
2.5. Pregnancy

Are you curmently pregrant? COves [JNeo

If yes, how many months pregnant are you? (e.g. 5) l:l miontihs

Do you have clearance from your gynaecologist to perform this assessment? [ ¥Yes [ Mo

sectiona. Health Habits
3.1.Smoking Status: Please tick the appropriate box relating to your smoking history.
Neversmoked [

Ex smokar [0 Howlong have you been an ex smokar? I:lyea.rs D months
Cument smoker []
[] < 10 per day [] 10 - 20 par day [] 21 - 30 par day [ = 30 par day
[ Cigarstias [ cigar [1 Pipe [ Chewing Tobacco
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For Smokers only: Please tick only one of the options that best describe your cument smoking situation
[ 1 have no intention of becoming tobacco free in the next 6 months.

[ lintand to become tobacco frea in tha next 6 months.
O 1am trying to become tobacco frea, but | am not always succassful.

[ although | am currently using tobacco again, in the past | have been fobacco frea for more than 3 months.

Non Smoking Declaration
1 eenfirm that | am a non-smoker and that:
1. | do not smoke and have not smoked any tobacco products, regularly or occasionally, within the last 3 months.

2. | agree to inform my insurers within 3 months of commencing smoking. | also agree to the reversal of any points that may have been awarded for being a
non-smoker, if they are awarded within the same calendar year in which | commenced smoking.

3. | agree to undergo an u-cotine test to prove my non-smoker status should my insurer request one. | understand that such requests are made randomly.

Please sign here to accept this declaration.

3.2. Alcohol Use: Please make the appropriate selection relating io your weekly alcohol consumption.
[ 1dont have any alcoholic drinks
[] Maver mare than 1 - 2 drinks par occasion or per day.
[] 3- 4 drinks in a day, only 2 - 3 per month.
[ 3- 4 drinks in a day, 4 times par month

[] 3 or more drinks in a day, mora than once a week and / or mora than 4 drinks at a time.

3.3. Sleep: Please make the appropriate selection relating to your sleeping pattern.
[ undisturbed sleep [] Disturbed sleeping pattern, 3-4 nights par weak
[0 pisturbed slaeping patiam, 1-2 nights per week [0 pisturbed sleaping pattemn, 5-7 nights per waek
In general, | wake up:
[0 Refrashed [ Unmafreshed

3.4 Stress Management:
Are you coping with your daily stress?
[] Mo, and | have no inienfion o implement coping stralegies in the next 6 months.
[ Mo, but | intend to learm how to cope with my daily stress in the rext 6 months.
[11 am trying to cope but | do not always cope succassfully.
[] ¥es, | have been coping with my daily stress, but for LESS than 6 months.
[] Yes, | have been coping with my daily stress for MORE than & months.
[] Atthough | am not coping well with my daily siress, in the past | have coped well for more than 3 months.

3.5 Dietary Assessment

Think gbout your eating habits ower the past year or so. Approximaisly how cfien do you eat each of the following foods? Tick one box for each
food.

Never/Once or  2-3 times 1-2times  3-4 times S+times per
Meat/Snack less than once  per month perweek  perweek week
per month

Hamburgars or cheeseburgers

[]

Red meat, e.g. beef and mution

Friad chicken {with skin)

Hoi dogs, frankfurtors, salami, Russians, sausages
Cold meats, a.g. polony, cheese / ofive loaf, boaf (+ fat), etc.
Salad dressing, mayonnaise

Margarine or butter

Eggs

Bacon or pork sausage

Cheesa or cheese spread

Full-cream milk

Potato crisps, corn chips, popcom, etc

Potato chips ("slap chips”)

Ica cream

OOooO0oOooooooog

OU0O0Oooobodoooao
OO0O000dooodogodn
OOoUoOooooooooond

Doughnuts, caka, cockies, puddings, efc

OoOOoOoooodoooood
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Terms and conditions

| confirm that all detaiis provided by me to Virgin Life Care (Piy) Limited ("Virgin Life Care®) are true, accurate and complete. | acknowledge that the informaton which | supgply
to Virgin Life Care will be mlied upon by the biokineticist conducting this fiiness assessment (“he biokineticist®), and Virgin Lile Came in connection with the filness assessment
and for research, statisical and related purposes. | hersby authorise Virgin Lie Care to use my personal data for msearch, siatistical and relsied pumposes once i has been
depersonalised.

| undarstand that | will eceive a personalised repor and that my health insurer, fife nswer, medical insurer, medical id scheme, hezlth care manzgement company andior
any loyalty'reward programme associzied with any of the sforegoing (“the comporaie™) may slso moeive & report. Virgin Life Care will not wilfully dizcloss personally entifiable
information to amy party ofher than the corporate, and only if there is an agreement betwesn Vrgin Life Care and the corporats allowing this. You hereby authorise Vingin Lie
Care fo: ) make your personal data availabde in terms of this clause; b} collect collale and process your personal data; c) use your personal data for staistical, research and
related purposes; and d) provide third parties with your data, once it has besn depersonalised so that it is not inked to you, for statisbeal, research and related purposes.

| ackmowiedpe that | shall have no claim agsnst the biokineficist, Vingin Like Care, its directors, employess, subcontraciors, agents, representzlives, consuliants, foencees
and/or licensors ("Virgin Life Care associates®) for any boss, damages, hamm, injury, death andor expenss which may be suflered by me or by any third party from any cause
whatsnever, howsver ariging, in connecBion with my finess asesssment, including any claim for discioswre of my pereonal information. Damages shall include direct, indirect,
general, special, modental, punitve and conssguental.

| also acknowledge and accept that Virgin Life Care and the Virgin Lile Care associates have made no representation o me in regard io any of is compeiencies or n regard o
the safety end'or quiaily of any of the equipment andior software supplied or used in connection with my filness assessment.

| indemnify Virgin Life Care and’or the Virgin Life Care associzies and hold them harmiees against any claims which may ariss from any loes, desth, harm, sxpenss, lizbility,
damages and’or mjury o person or property which may be suffered by me, my spouse, deperdant (s} and'or any oiher fhird party whatsosver as a consequence of any act or
omigsion of Wingin L#= Care andor the Vingin Lile Gare associzies, whether negligent or not, aising out of my fiiness assessment, or from any other cause whatsoever,
however anising. If Virgin Life Care and’or the Vingin Lile Care assosciates are found liable , such Gzbility will never exceed the amount which has besn paid for my fitness
Bseessment

Thess provisions are binding on my estaie, heire, exscutors, administrators, parents and’or guardians.

DATE| | |'| | “‘ || |

Client Signature

Section 5: Health measurements

HEALTH MEASUREMENTS (OFFICE USE ONLY)
BLOOD PRESSURE g oiq)ie |:|:|:| mmHg Diastalic Djj mmHg

BODY COMPOSITION

S g [T Jom v [ Jom stein[ ] oo [ ] om

CHOLESTEROCLIif kmown) GLUCOSE (if known)
Total C:hulastemll:l:l:l mmal/'L Total Blumm mmal'L
MUSCLE ENDURANCE

Push-ups Dj:l Crunches D:l
sFlﬂ-Exagn:]tLEa; Raise  Left Dj]degrees Right |:|:|:|degneas Sit & Iha:hljj cm

AERCEBIC TEST
Step Test [ | 25 om

Bike Test [] stage 1 stage 2 stage 3 stage 4
Work (watts) | | | | | | | |

Haset vala (hper) | | | | | |

1 min recovery heart rate: |:|:|:|
Duration of test: [ [ |

Assassor's Signature

pactooteme | | | [ | [ [ I I T I T TP T I T I T T ITT]
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Appendix F: Uploading pedometer data

Step 1
Download CD and save on desktop. This is only carried out to download the Omron programme
onto your PC and need not be done thereafter.

Step 2
Open Omron health manager programme

Step 3
Connect pedometer to computer via USB cable. The letters “PC” will appear on your pedometer. It
is now ready to download pedometer data.

Step 4
Click on the “add user “option on top of page and click “ok”

Step 5

Under the “user name” option on left hand side of page, type in your name with a number 1 next to
it. (for example JD1). Thereafter, each time you download pedometer data, use the subsequent
numeric eg JD2, JD3 etc).

Step 6
Click the “graphs screen” option on top of page. Now click on the “walking style step counter”
option.

Step 7
Click the “download data” option on top of page and click “yes” on the 2 subsequent pop-up boxes
that appear in the middle of the page.

Step 8

Once the “completed” box appears, click “ok”.

Your download is now complete and you can view your latest results. Should you wish to look at
previous results downloaded, click on “file” and choose the “back to user management” option. This
will provide you with the list of downloads recorded for you to choose the relevant download for
viewing.

Enjoy using your pedometer
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Appendix G: Feedback information provided to participants

(Feasibility study)

ﬂ __q g 3 _ﬁ j I;J%l% % ‘ ﬁ‘* B Hpetink  ElTetBor  ASowepcapr T Equation -

AbBookmark | 5 Quick Parts = ) Date & Time | (] Symbol +
tach Cutlook Busimess Calendar Signature  Table  Ficlure Chp ‘Shapes Smatdt Chatt Sceenshol 2
Fie  hem  Cwde . : oo . Aviorsut - Mgokied | 4 Horontal Line

Inclade Tables Niui®raticns Linky Tet Symbeals

o

Dear Particigant

Thank you fer providing us with your pedometer dlata and well done on completing
The last 2 weeks of pedometer wear,

Below is & summary of your awerage steps/day information:-
Average dafly steps: 5476 steps

Highest number of steps/d: 12 453 steps &

Number of days that oerobic steps/d (steps that count) were accumulated: 03
Average membic steps/d: 1582 {12 minutes]

Attached are some further suggestions to incraase your steps/d.

Steps that count!
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Appendix H: Motivational messages

Steps that count: Be physically
active every day.

Physical activity need not be strenuous to be beneficial. A start of
just 10 minutes of brisk walking a day can produce immediate
benefits such as improved cardiovascular fitness, muscular
strength, mood-enhancement and improved self-confidence.

There are many ways to increase your daily steps. Use your

Imagination and come up with your own list. As a start, here are
four useful suggestions:-

1. Take a walk with your spouse, child, friend or pet
2. Use the stairs instead of the lift/escalator

3. Park farther from your destination

4. Window shop @
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Steps that count: Walk faster

Walk at a moderate-vigorous walking pace. A good
indication of having reached this pace is an evident
increase in breathing rate.

A useful way of reaching and maintaining a brisk
pace is to find a walking buddy to help “keep the

pace” and make a date, each day for a walk towards
wellness.
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Steps that count: Walk longer

30 minutes of moderate intensity physical activity at least 5
days a week is the recommended physical activity
guideline. This can also be accumulated in bouts of 10
minutes.

The best way to attain such a goal is to time-table this
target into your day.

Log Physical Activities

Mote: Your usual daily activies are already accounted by Fitness Assistant. Please, log only activities
that contribute to ADDITIOMAL calories burned compared to your ordinary activities

E% Save Changes &7 Log Activity Welete oo aatmt

[d  May. 2008 [p] Logged Activities 31 May 2008 Duration  Bumed  Added
S M T W T F S| 0737 PM Bicwcling, 10-11.9 mph, leisure, sl 20 min 149cal 113cal
i ' i

4 5 B 7 8 9 10
11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 3k 27 028 49 30

Activity  Bicpcling, 10-11.9 mph, leizure, slow, light Bakem, general, moderate effort -
Bakem, light effort

MET Walue B Duration 20 minukes | Bicecling, 10-11.3 mph, leizure, slow, light effort

Bicycling, 12-13.9 mph, leizure, moderate effart

Bicycling, 14-15.9 mph, racing or leizure, fast, vigorous effort

Time of Day 0737 PM =
Bicycling, 16-19 mph, ey fast, racing general

Bummed 149 Additional 119 Bicycling, <10 mph, leizure

| ] (a1 s

0k || cancel || Help
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Steps that count: A recap

Here’s a recap of all of the ideas presented over the
past weeks:-

Be physically active every day.

Increase your daily steps. Use your imagination and come up with your own list.

Walk tall

Maintain a good posture while walking to maximise the benefits of physical activity.

Walk faster

Walk at a moderate-vigorous walking pace. A good indication of having reached this pace is
an evident increase in breathing rate

Walk longer

Time-table physical activity into your day.

Copyright 2003 by Randy Glasbergean.
wrwasLglasbre ngen.com

& GLASBEROES

What suits you better- walking for 30 minutes a day or being dead 24 hours a day?
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Appendix I: Pedometer Intervention feedback Questionnaire

Name:

Thank you for taking the time to complete this questionnaire. This will take approximately 10
minutes and will really help us to improve the programme. Thank you very much.

C (Evaluation)

Please circle the number that best describes how you think about the following questions:

1. Did the intervention catch your 1 2 3 4 5 6 7
attention? (not at all) (Very)
2. How informative was the health 1 2 3 4 5 6 7
information from the clinical (not at all) (Very)

measures and tests?

3. How beneficial was the health 1 2 3 4 5 6 7
information provided to you? (not at all) (Very)
4. How encouraging/motivating was 1 2 3 4 5 6 7
the information provided to you in (not at all) (Very)

the intervention?

5. How useful was the intervention 1 2 3 4 5 6 7
in helping you reach your goal? (not at all) (Very)

6. How trustworthy was the 1 2 3 4 5 6 7
information, in your opinion? (not at all) (Very)

8. How likely is it that you will, in 1 2 3 4 5 6 7
the future, use a pedometer? (not at all) (Very)

9. How likely is it that you will 1 2 3 4 5 6 7
encourage others to wear a (not at all) (Very)
pedometer?

10. How likely is it that you will 1 2 3 4 5 6 7
make changes in your behavior or (not at all) (Very)

lifestyle based on the pedometer

information?
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D (Adherence)

How were your physical activity patterns during the intervention?

1. | followed the recommendation 1 2 3 4 5 6 7
of steadily increasing steps/day
until at least 30 minutes of aerobic (not atall) (very)
steps were attained at least 5 days a
week.
2. My physical activity patterns 1 2 3 4 5 6 7
were consistent throughout the 10

(not at all) (Very)
weeks.
3. I stuck to my goals for improving 1 2 3 4 5 6 7
physnc.al actnvntY throughout the 10 (not at all) (Very)
week intervention.
4. | was physically active during the 1 2 3 4 5 6 7
intervention (e.g. taking stairs,
walking instead of driving etc.) (not at all) (Very)
5. | exercised regularly 1 2 3 4 5 6 7

(not at all) (Very)
6. Overall, | became more physically | 1 2 3 4 5 6 7
active during the intervention. (not at all (Very)

E (self-efficacy exercise)
A number of situations are described below that can make it hard to stick to an exercise routine. We
would like to know how confident you are that you can get yourself to perform you exercise routine

regularly.

Circle the number that best describes your feeling of confidence to perform exercise in each
situation according to the following scale:

0 1 2 3 4 5 6 7 8 9 10
Not confident very confident

1. Ican perform my exercise routine when | am feeling tired

0 1 2 3 4 5 6 7 8 9 10

2. |can perform my exercise routine when | am feeling under pressure from work
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3. | can perform my exercise routine during bad weather

0 1 2 3 4 5 6 7 8 9 10

4. | can perform my exercise routine after recovering from an injury that caused me to stop
exercising

0 1 2 3 4 5 6 7 8 9 10

5. Ican perform my exercise routine during or after experiencing personal problems

0 1 2 3 4 5 6 7 8 9 10

6. |can perform my exercise routine when | am feeling depressed

0 1 2 3 4 5 6 7 8 9 10

7. |can perform my exercise routine when | am feeling anxious

0 1 2 3 4 5 6 7 8 9 10
8. | can perform my exercise routine after recovering from an iliness that caused me to stop
exercising

0 1 2 3 4 5 6 7 8 9 10

9. I can perform my exercise routine when | feel physical discomfort when | exercise

0 1 2 3 4 5 6 7 8 9 10

10. | can perform my exercise routine | can perform my exercise routine after a vacation

0 1 2 3 4 5 6 7 8 9 10

11. | can perform my exercise routine when | have too much work to do at home

0 1 2 3 4 5 6 7 8 9 10

12. | can perform my exercise routine when visitors are present

0 1 2 3 4 5 6 7 8 9 10
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13. | can perform my exercise routine when there are other interesting things to do

0 1 2 3

14. | can perform my exercise routine if | don’t reach my exercise goals

0 1 2 3

15. | can perform my exercise routine without support from my family or friends

0 1 2 3

16. | can perform my exercise routine during a vacation

0 1 2 3

17. | can perform my exercise routine when | have other time commitments

0 1 2 3

18. | can perform my exercise routine after experiencing family problems

0 1 2 3

Aspects | likes about the intervention

4

4

4

4

4

4

5

5

5

5

5

5

6

6

6

6

6

6

7

7

7

7

7

8

8

8

8

8

9

9

10

10

10

10

10

10

Aspects that | did not like/could be improved in the intervention
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Appendix J: Feedback information provided to participants

(Randomised controlled trial)

Send ’
Subject: |Stepsthat count!: How did [ do over the past 2 weeks?

Attached: | @)riqure 3,000 119 81
Dear Participant.
Thank you for providing us with your pedometer data and well done on completing the last 2 weeks of pedometer wear.
Below is a summary of your average steps/day information -
Average daily steps/d accumulated: 5476 steps
Number of days that aerobic steps were accumulated: 03
Average aerobic steps/d (steps that count): 1582 (12 minutes)
Remember, the current public health recommendation for physical activity is a minimum of 30 minutes
of moderate intensity physical activity (or steps that count!) at least 5 days a week so keep going.
The suggestion to increase your steps by approximately 10% per week until the target of at least 30 minutes
of steps that countis achieved and maintained is a steady way to ensure improvement towards reaching this target

Attached are|some further ideas to increase your steps per day.

| Steps that count!
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