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ABSTRACT

Background: The health benefit associated with
a daily step-count target within pedometer pro-
grams is unclear. The aim of this study was to
determine if the daily step-count attained during
a four month pedometer-based workplace health
program was associated with change in waist
circumference (WC). Methods: 762 Australian
adults enrolled in a workplace pedometer pro-

gram were recruited from ten workplaces in 2008.

At the end of the program (four months), 436

participants were eligible for the current analysis.

Data included demographics, perceived physical
activity change during the program, measured
WC at baseline and follow-up, and reported daily
pedometer step-counts throughout the program.
The association between daily step count and
change in WC was examined using linear re-
gression. Results: WC improved by an average
of =1.61 cm (95% CI: —2.13, —1.09) by the end of
the program. There was no relationship between

daily step-count and the degree of change in WC.

However, among participants reporting an in-
crease in physical activity during the program a
relationship between daily step count and change
in WC was observed, such that those who un-
dertook on average 10,000 steps or more per day
improved their WC by —-1.38 cm (95% CI: -2.14,
—0.63) more than those who did not achieve an
average of 10,000 steps per day. Similarly, among
individuals not meeting WC guidelines at base-
line a greater daily step count was associated
with a greater decrease in WC. Conclusions:
Within a workplace pedometer program, reported
daily step count was not associated with greater
reductions in WC. However, it was a useful in-
dicator of potential health benefits in those who
increased their level of physical activity during
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the program. Pedometer programs need to com-
municate clearly the importance of both a step
goal and improvement in step count to manage
participant expectations about improvements in
health markers.
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1. INTRODUCTION

With the rise of obesity and its sequelae there has been
an increase in the number of interventions to promote
physical activity. The World Health Organisation has
recognised the important role of the workplace in pro-
moting health and physical activity [1]. The workplace
offers a unique environment for reaching a large number
of individuals at once and has been shown to be an effec-
tive site for the implementation of health promotion ac-
tivities that increase the physical activity of employees
[2].

The use of pedometers to encourage walking presents
a low cost method that enables participants to increase
physical activity by keeping track of the number of steps
accumulated daily [3]. A growing body of evidence sug-
gests that workplace walking interventions using pe-
dometers can positively influence physical activity be-
haviour [4] and improve health outcomes such as adipos-
ity measures and blood pressure [5-9]. Accordingly, the
primary motivation for participating in such programs
appear to be for health reasons [9]. A common goal of
pedometer-based interventions is the achievement of
10,000 steps per day [10,11], yet little evidence under-
pins this benchmark [8]. In order to achieve the maximal
health benefits associated with these workplace pedome-
ter-based programs, and thus meet the expectations of
participating employees, we need to understand whether
achieving 10,000 steps per se is associated with im-
proved health outcomes.
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A before and after analysis of a four month pedome-
ter-based physical activity workplace health program, the
Global Corporate Challenge”, demonstrated significant
improvements in physical activity levels and waist cir-
cumference (WC) associated with the program. The cur-
rent analysis represents a post-hoc analysis of whether
the average number of daily steps reported for individu-
als enrolled in the workplace health program was directly
related to the degree of change in WC at completion of
the four month program. In addition, we hypothesised
that a higher step count is more likely to be associated
with health benefits among those who enter the program
at high risk, and among individuals who increase physic-
cal activity levels during the program. Consequently, we
analysed whether any observed relationship between
daily step count and change in WC differed according to
baseline WC and perceived change in physical activity
during the program.

2. METHODS
2.1. Study Population

Melbourne workplaces were approached to be study
sites for an evaluation of the GCC® workplace health
program. Employees from those workplaces who had al-
ready registered for the GCC® 2008 Event were then
contacted to participate. Voluntary participants were en-
rolled in the GCC® Evaluation Study if they were 18
years of age or over, participating in the 2008 GCC® and
at a participating workplace. 762 eligible participants were
recruited from ten Melbourne workplaces in early 2008
with 79% returning to participate at the four month fol-
low-up data collection (n = 604). Participants who at-
tended the follow-up survey but had missing values for
WC at baseline or follow-up (n = 204), who were preg-
nant at either baseline or follow-up (n = 13), had less
than 100 out of a possible 125 recorded step entries (n =
90), or who were missing information on perceived change
in PA (n = 62) were excluded from the analysis, leaving
436 participants. Additional information about the study
population can be found elsewhere [9,12].

2.2. Description of the Program

The Global Corporate Challenge® (GCC®) is a cor-
porate organisation that undertakes a four month, pedo-
meter-based, physical activity health program in the work-
place. The GCC® occurs worldwide annually with teams
of 7 employees, including a team leader. The aim is to
take at least 10,000 steps per day, with teams combining
their steps to virtually walk around a world map. Emails
are sent to participants on a weekly basis to encourage
continued participation and remind them to use the web-
site for logging their daily steps.
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2.3. Data Collection

Physical measurements were collected by trained health
practitioners during morning scheduled appointments.
Figure Finder Tape Measures (Novel Products Inc 2005
code PE024) were used to measure WC to the nearest
0.1cm with mirrors to ensure the tape was horizontal. To
ensure correct midway measurement of the waist was
recorded, a picture and instructions were used to ask par-
ticipants to point out their lower rib margin and the top
of the hip (iliac crest). WC measurements were dichoto-
mised by guideline recommendations of less than 94 cm
for males and 80 cm for females [13]. A self-reported
survey was collected over the internet to obtain informa-
tion on demographics and behavioural measures. Seven
options were available for education ranging from “No
formal training” to “Post graduate degree”, which were
dichotomised to those with or without tertiary edu-
cation. Due to the lack of baseline step data, and there-
fore the inability to calculate actual change in step count
for each individual, change in physical activity levels
were estimated by a self-reported questionnaire to deter-
mine the change in overall physical activity levels as a
result of the health program. Perceived change in physic-
cal activity was assessed at completion of the workplace
health program by asking participants “During the Global
Corporate Challenge” (the past 4 months) my activity
level was:” with answer options “less than previously”,
“about the same as previously” or “more than previ-
ously”. The pedometers were manufactured by the GCC®,
specifically for the GCC® 2008 Event. The pedometers
were small, light, portable, easy-to-use electronic devices
that counted the number of steps taken by an individual
who was informed to have it clipped to the their clothing
at the hip. An internal validity process was undertaken
where test pedometers were attached to a mechanical ins-
trument imitating a stepping movement.

2.4. Calculation of Daily Step Count

Throughout participation in the workplace health pro-
gram individuals were given pedometers to wear during
waking hours to record the daily number of steps taken.
As part of the GCC" program, participants were asked to
enter the steps taken at the end of each day into an online
step diary. If participants were unable to record their
steps, for reasons such as “sick”, “travel”, “broken” (pe-
dometer), or “forgotten” (pedometer), daily steps were
estimated by the workplace health program as the par-
ticipants current average step count minus 10%.

For each individual, reported daily step count during
the GCC™ was calculated to represent the likely actual
step count achieved per day. In the primary analysis,
reported daily steps was calculated to include all esti-
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mated steps other than those that were due to “sick” rea-
sons and was calculated by dividing the total steps re-
corded over the four month workplace health program
(minus the “sick” estimated steps) by 125 days. The ef-
fect of using alternative step data (including either all
estimated steps or no estimated steps from missing en-
tries) to calculate daily steps was examined.

Daily step count was analysed as a continuous variable,
dichotomised into less than 10,000 steps or equal to or
greater than 10,000 steps, and according to the step-de-
fined physical activity hierarchy described by Tutor-
Locke and Bassett [14] as sedentary (<5000 step/day) or
below active (collapsed into one category due to low
numbers; 5000 - 7499 steps/day), somewhat active (7500
- 9999 steps/day), active (10,000 — 12,499 steps/day) or
highly active (>12,500 steps/day).

2.5. Analysis

Descriptive statistics were carried out to describe the
study population. The main relationship of interest was
between reported daily step count during the program
and four month change in WC. Assessment was first
undertaken with reported daily step count and change in
WC as continuous variables. Secondly, the relationship
between step categories (dichotomised and step-defined
physical activity hierarchy) and change in WC was as-
sessed. Thirdly, the effect of stratifying according to WC
guidelines at baseline on the relationship between re-
ported daily step count and WC change was assessed.
Finally, the effect of stratifying according to perceived
change in physical activity during the workplace health
program on the relationship between reported daily step
count and WC change was assessed. Linear regression
was performed to assess all relationships between re-
ported daily step count and four month change in WC.
Results are reported as co-efficients representing the
mean change in WC and were considered significant at a
p-value of less than 0.05. Unadjusted regression was first
completed followed by adjustment for age, sex and edu-
cation (model 1) and adjustment for age, sex, education
and change in self-reported physical activity during the
workplace health program (model 2, Table 3) or baseline
WC guidelines (model 2, Table 4). All analyses were
clustered by workplace and performed using Stata ver-
sion 10 (Stata Corporation, College Station, TX).

2.6. Ethics

The study, project number CF08/0271-2008000125,
was approved by Monash University Human Research
Ethics through the Standing Committee on Ethics in Re-
search involving Humans and included the process of
informed consent.
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3. RESULTS

Descriptive statistics of the study population are pre-
sented in Table 1. Of the 498 participants included in the
analysis, 326 (65.4%) participants completed on average
more than 10,000 steps per day throughout the four
month health program (overall mean number of steps for
the study population included herein 11,551). There was
no significant difference in baseline age, sex, education,
mean WC, the proportion of participants meeting WC
guidelines, or in the mean change in WC between those
that completed less or more than 10,000 steps. Partici-
pants who completed an average of more than 10,000
steps were more likely to report an increase in physical
activity during the health program.

Change in Waist Circumference

Overall, a significant decrease in WC of —1.61 cm
(95% CI: —2.13, —1.09) was observed between baseline
and completion of the workplace program. No relation-
ship between reported daily step count and change in
WC was observed, regardless of whether reported daily
step count was analysed as a continuous variable, a di-
chotomous variable or according to the step-defined
physical activity hierarchy (Table 2).

Table 3 describes the relationship between reported
daily step count and change in WC, stratified according
to whether participants were meeting guidelines for WC
at baseline. When examining this relationship using re-
ported daily step count as a continuous variable, a rela-
tionship was observed between daily step count and
change in WC in those not meeting WC guidelines at
baseline, with a reduction of —0.15 cm per 1000 steps
(95% CI: —0.25, —0.05). No relationship was observed in
those who met WC guidelines at baseline. This relation-
ship was not appreciably affected by adjustment for per-
ceived change in physical activity. In those not meeting
WC guidelines at baseline, those achieving on average
10,000 steps or more per day improved their WC by
—1.24 cm (95% CI: -2.25, —0.23) more than those not
achieving 10,000 steps. This relationship reduced in
magnitude and lost significance after adjustment for per-
ceived change in physical activity.

Amongst participants who reported doing more
physical activity during the workplace health program, a
greater reported daily step count was associated with a
greater reduction in WC (Table 4). When examining this
relationship using reported daily step count as a con-
tinuous variable, each extra 1000 steps walked was as-
sociated with a —0.22 cm (95% CI: —-0.36, —0.09) greater
reduction in WC. When further dichotomised into step
goal categories, there was a —1.38 cm (95% CI: -2.14,
—0.63) greater reduction in WC among participants who
walked more than 10,000 steps when compared to those
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Table 1. Descriptive characteristics of study participants (mean or percentage and 95% confidence interval).

<10,000 steps >10,000 steps
n 142 294
Age 39.6 (36.6, 42.5) 41.5 (38.4,44.6)
Sex (males) 40.8% (26.0, 54.3) 46.9% (32.7, 59.3)

Tertiary education (degree or higher)

Baseline waist circumference (cm)

Meeting waist circumference guidelines at baseline
Change in waist circumference (cm)

Meeting physical activity guidelines at baseline”
Reported an increase in physical activity during program”

Reported average daily step count”

83.0% (75.0, 91.1)
88.7(87.2,90.1)
44.8% (34.8, 54.7)
~1.6 (-2.2,0.9)

76.0% (71.0, 81.2)
87.6 (85.4, 89.9)
48.2% (41.2,55.1)
~1.6 (-2.9,-0.4)

27.5% (14.6, 34.5) 49.1% (40.8, 54.2)

43.0% (27.9, 58.0) 56.5% (41.1,71.8)

8077 (7828, 8326) 13518 (13150,13886)

"Demonstrated a significant difference between step categories with p < 0.05.

Table 2. Change in waist circumference associated with reported daily step count (mean and 95% confidence interval).

Change in waist

n circumference (cm) Univariate Model 1°
Waist circumference change (cm/1000 steps)
Continuous steps 436 —-0.04 (-0.19, 0.10) -0.03 (-0.19, 0.13)
Waist circumference change (cm)

10,000 step categories
<10,000 steps 172 -1.55 (-2.22,-0.88) reference reference
>10,000 steps 326 —1.64 (-2.89,-0.39) —0.09 (-1.48, 1.29) —0.16 (-1.47,1.16)
Step-defined physical activity
hierarchal categories
::;Ijztggog_s‘;gg;;‘fé’g g;’dygy;’r below 53 225 (-3.52,-0.97) ~1.00 (-2.64, 0.63) ~0.84 (-2.49, 0.82)
(S70 Srg(e)vif};agtgagctsit\;;s day) 119 —1.24 (-2.04,-0.45) reference reference
Active (10,000 — 12,499 steps/day) 162 ~1.52 (-2.92,-0.12) —0.28 (-1.69, 1.14) ~0.35 (-1.74, 1.05)
Highly active (>12,500 steps/day) 164 -1.77 (-2.98, -0.56) -0.53 (-1.72, 0.69) —0.49 (-1.75, 0.77)

"Demonstrated a significant difference between step categories with p < 0.05; "Adjusted for age, sex and education.

who did not achieve the 10,000 daily step goal. The
magnitude of this relationship was increased after ad-
justment for baseline WC guidelines. In those partici-
pants reporting no change or a decrease in physical ac-
tivity levels during the workplace health program no re-
lationship was observed between reported daily step count
and change in WC.

The results did not differ appreciably in sensitivity
analyses when reported daily step count was calculated
to include estimated step counts for missing entries (data
not shown).

Copyright © 2012 SciRes.

4. DISCUSSION

In this evaluation of a four month, pedometer-based,
workplace health program, no overall relationship was
observed between the reported number of daily steps and
change in WC. However, in those not meeting WC
guidelines at baseline a greater reported daily step count
was associated with a greater decrease in WC. Similarly,
amongst individuals who perceived an increase in physi-
cal activity during the program, a greater reported daily
step count was associated with a greater reduction in WC.
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Table 3. Change in waist circumference associated with reported daily step count according to waist circumference guidelines at
baseline (mean and 95% confidence interval).

Change in waist

. Model 2*
circumference (cm)

Univariate Model 1

Waist circumference change (cm/1000 steps)
Continuous steps

Meeting WC guidelines at baseline 234 —0.05 (-0.08, 0.18) —0.05 (-0.12, 0.22) —0.06 (-0.16, 0.27)

Not meeting WC guidelines at baseline 264 —0.13 (-0.24,-0.02)°  —0.15 (-0.25,-0.05)" —0.15 (-0.25,-0.04)"

Waist circumference change (cm)
Meeting WC guidelines at baseline

<10,000 steps 77 -0.79 (-1.89,0.31) reference reference reference

>10,000 steps 157 —0.10 (-1.60, 1.80) 0.89 (-1.01, 2.79) 0.83 (—0.99, 2.65) 1.24 (-1.45,3.94)

Not meeting WC guidelines at baseline

<10,000 steps 95 -2.17 (-3.05,-1.29) reference reference reference

>10,000 steps 169  —3.26(-431,-222) -1.10(-2.22,0.03) -1.24(-2.25,-0.23)"  —0.98 (-2.48, 0.51)

"Demonstrated a significant difference between step categories with p < 0.05; "Adjusted for age, sex and education; “Adjusted for age, sex, education and
change in self-reported physical activity during the health program.

Table 4. Change in waist circumference associated with a change in physical activity during the workplace health program (mean
and 95% confidence interval).

Change in waist

n . Univariate Model 1° Model 2"
circumference (cm)
Waist circumference change (cm/1000 steps)
Continuous steps
Less/same physical activity prior to 209 0.19 (-0.08, 0.47) 0.20 (0.09, 0.50) 0.13 (-0.13, 0.39)
health program
More physical activity than priorto 023 (-0.37,-0.08)" —0.22 (~0.36,-0.09)" —-0.23 (~0.39, -0.07)"
health program
Waist circumference change (cm)
Less/same physical activity than
prior to GCC
<10,000 steps 81 —2.25 (-3.95,-0.55) reference reference reference
>10,000 steps 124 —0.44 (-2.51, 1.62) 1.81 (—1.41,5.03) 1.64 (~1.35, 4.64) 1.28 (-1.33, 3.90)
More physical activity than prior
to GCC
<10,000 steps 61 —1.53 (-2.84,-0.22) reference reference reference
>10,000 steps 165  —2.89(-3.73,-2.06) —1.36(-2.25,-0.47)" —1.38(-2.14,-0.63)" —1.60 (-2.34,-0.87)"

"Demonstrated a significant difference between step categories with p < 0.05; "Adjusted for age, sex and education; *Adjusted for age, sex, education and base-
line waist circumference guidelines.

No relationship was observed between reported daily
step count and change in WC in those meeting WC
guidelines at baseline, nor in those reporting no change
or a decrease in physical activity during the program.

In order to convey the appropriate motivational mes-
sages to participants of these pedometer-based health

Copyright © 2012 SciRes.

programs, it is important to understand the extent to
which the actual reported daily step count versus simply
increasing overall physical activity levels is important for
improving health outcomes. Chan et al. revealed a posi-
tive relationship between the magnitude of increase in
the number of steps per day and change in WC [15]. This
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dependent reduction in WC on an increase in physical
activity levels is supported by the findings of Slentz et al
(2004) who demonstrated a strong dose-response rela-
tionship between increasing amounts of physical activity
and improvements in measures of central obesity [16]. In
our study when examining the target of 10,000 steps per
day, we observed greater reductions in WC amongst par-
ticipants who reported more than 10,000 steps per day,
but this was dependent on a concomitant increase in
self-reported overall physical activity levels. Our results
therefore suggest that an increase in physical activity
levels and the actual level of steps attained may be im-
portant.

The dependency on an increase in physical activity
levels to realise improvements in WC measures is not
surprising if one considers the energy balance required
for weight control. Similarly, it is not surprising that we
did not observe greater reductions in WC amongst par-
ticipants who reported more than 10,000 steps per day
but reported the same or less overall physical activity
levels. This group of individuals are likely to be made up
of already highly active participants for whom a further
increase in physical activity levels may not be needed,
and in whom a decrease in WC is likely to be limited.
Interestingly, we observed a large reduction in WC
amongst participants who did not increase overall physi-
cal activity levels and reported less than 10,000 steps per
day. This indicates that external factors other than
change in overall physical activity levels may have con-
tributed to improvements in WC. It is possible that sim-
ply being involved in the workplace health program in-
creased awareness of other health measures such as diet
composition and total energy intake that contributed to
the reduction in WC observed among this group of par-
ticipants. Additionally, it is possible that this group of
individuals did increase their physical activity levels but
did not perceive the change.

Our study also demonstrated that when analysing the
relationship between reported daily step count and health
outcomes it is important to identify those people with a
higher risk status at baseline to ensure that there is the
capacity to improve the outcome. The observed associa-
tion between change in WC and reported number of steps
among participants who were not meeting WC guidelines
at baseline is encouraging, as a central aim of pedometer
based workplace health programs is to improve risk fac-
tors in those who are at high risk. Although the relation-
ship between continuous reported step count and WC
among those not meeting WC guidelines at baseline was
significant in all adjusted models, this was not the case
when dichotomising steps into more or less than 10,000
steps. In this analysis the magnitude of association be-
tween steps and WC change was reduced and lost sig-
nificance in the final model that additionally adjusted for

Copyright © 2012 SciRes.

perceived change in physical activity levels. It is possible
that change in physical activity levels is more important
than baseline risk when considering the association be-
tween step count and WC change, however due to limita-
tions in the measurement accuracy of our physical activ-
ity change variable, it is difficult to ascertain this in the
current study. Although the health benefits of an inter-
vention are likely to be realised most in a high risk po-
pulation as we demonstrate in our analysis, this does not
preclude the importance of such programs to maintain
good health among participants who are already healthy.
As gradual weight gain is typical amongst middle aged
adults [17] it is essential that pedometer based workplace
interventions are also designed to maintain weight in
already healthy participants. A primary motivation for
participating in such programs are for health reasons [1].
Therefore, in order to manage participant expectations
and prevent de-motivation through a lack of health bene-
fits, health and step goals need to be individually tar-
geted.

In this study we did not have the power to perform a
finer dose response analysis of daily step count once we
had stratified according to baseline risk and perceived
change in physical activity levels. Alternatively, it is
possible that the actual number of steps per se is not im-
portant and the change in physical activity levels, mani-
fested through an increase in the reported daily step
count, is more important. Future studies, with fine meas-
ures of change in physical activity levels, will be impor-
tant to resolve whether there is a threshold number of
steps required to achieve health benefits independent of
the level of increase in physical activity.

The major limitation to this study is the lack of base-
line step data and therefore the inability to objectively
determine the magnitude of change in daily step count,
and overall physical activity levels. An additional limita-
tion is that although the pedometers used in this work-
place health program are internally validated, they are
not externally validated. However, the effect of both
these limitations is likely to be misclassification, and
therefore our observed interaction between change in PA
and daily step count is likely to be an attenuation of any
true effect.

The key strength of this evaluation study is the large
sample size, the collection of objectively measured WC
and the strong response rate at the four month follow-up,
enabling us to undertake this exploratory analysis re-
quiring a number of stratifications.

Increased levels of central adiposity has been found to
be independently associated with an increased risk of
diabetes [18-20], cardiovascular disease [21,22] and all
cause mortality [23]. Thus it is important to understand
the possible mechanisms for maximising the reduction in
WC associated with such workplace health programs.
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Our results highlight that a greater average daily step
count is effective for reducing WC in participants who
are not meeting WC guidelines at baseline. We also
highlight that it is important for workplace pedometer
programs to realise that a step goal of 10,000 steps may
not be associated with health improvement if it does not
represent an increase in overall physical activity levels
for the individual. Thus, the aim of workplace pedome-
ter-based health programs should not only be focused
around achieving a single, common step goal, but should
also consider targeted step goals to encourage partici-
pants to increase overall physical activity levels. How-
ever, to fully disentangle the interaction between step
count and changes in physical activity levels associated
with improvements in WC, it is essential that future
evaluations of pedometer-based workplace programs ob-
tain detailed baseline step count information so that a
change in physical activity levels as a result of the pro-
gram can be determined.

In summary, this evaluation of a four month pedome-
ter-based workplace health program demonstrated that in
a general, working population, step count was not asso-
ciated with change in WC during the program. However,
among those who also increased overall physical activity
levels during the program, and among those with high
risk WC at the start of the program, a greater daily step
count was associated with a greater reduction in WC
during the program. Pedometer programs need to con-
sider setting individual participant health goals and step
goals in order to manage participant expectations about
improvements in health markers.
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