
BioMed CentralBMC Public Health

ss
Open AcceResearch article
The effect of a worksite based walking programme on 
cardiovascular risk in previously sedentary civil servants 
[NCT00284479]
Marie H Murphy*†1, Elaine M Murtagh†1, Colin AG Boreham†1, 
Lesley G Hare†2 and Alan M Nevill†3

Address: 1Sport and Exercise Sciences Research Institute, University of Ulster, Northern Ireland, UK, 2Institute of Clinical Science, Department of 
Medicine, Queen's University, Belfast, Northern Ireland, UK and 3Research Institute of Healthcare Sciences, University of Wolverhampton, 
England, UK

Email: Marie H Murphy* - mh.murphy@ulster.ac.uk; Elaine M Murtagh - e_murtagh@yahoo.ie; Colin AG Boreham - ca.boreham@ulster.ac.uk; 
Lesley G Hare - l.hare@qub.ac.uk; Alan M Nevill - a.m.nevill@wlv.ac.uk

* Corresponding author    †Equal contributors

Abstract
Background: A significant proportion of Europeans do not meet the recommendations for 30
mins of physical activity 5 times per week. Whether lower frequency, moderate intensity exercise
alters cardiovascular disease (CVD) risk has received little attention. This study examined the
effects of 45 minutes self-paced walking, 2 d· wk-1 on aerobic fitness, blood pressure (BP), body
composition, lipids and C-Reactive Protein (CRP) in previously sedentary civil servants.

Methods: 37 subjects (24 women) aged 41.5 ± 9.3 years were randomly assigned to either two
45 minute walks per week (walking group) or no training (control group). Aerobic fitness, body
composition, blood pressure (BP), CRP and lipoprotein variables were measured at baseline and
following 8 weeks. Steps counts were measured at baseline and during weeks 4 and 8 of the
intervention.

Results: Compared to the control group, the walking group showed a significant reduction in
systolic BP and maintained body fat levels (P < 0.05). There were no changes other risk factors.
Subjects took significantly more steps on the days when prescribed walking was performed (9303
± 2665) compared to rest days (5803 ± 2749; P < 0.001).

Conclusion: These findings suggest that walking twice per week for 45 minutes at ~ 62% HRmax,
improves activity levels, reduces systolic BP and prevents an increase in body fat in previously
sedentary adults. This walking prescription, however, failed to induce significant improvements in
other markers of cardiovascular disease risk following eight weeks of training.

Background
It has become increasingly clear that many of the chronic
diseases we face today are associated fundamentally with
the pervasive sedentariness of modern lifestyle. In North-

ern Ireland at least 2000 people die each year due to an
inactive lifestyle and the avoidable cost of inactivity to the
health service is estimated at £0.62 million each year [1].
Despite the proven benefits of regular exercise (Kohl,
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2001) and published activity guidelines [2], the majority
of westernised societies do not undertake enough physical
activity to confer a health protective benefit. It is estimated
that 66% of Europeans are physically active for less than
30 minutes daily [3]. Given the strong association
between physical inactivity and cardiovascular disease[4],
and the prevalence of inactivity in today's population,
increasing levels of physical activity represents great
potential for public health gain.

In the past decade, physical activity research has been
characterised by the development of exercise prescriptions
that are palatable to sedentary populations in the western
world. First advocated by the American College of Sports
Medicine [5] and subsequently adopted by numerous
consensus panels [6,7] the recommendation that "every
adult should accumulate 30 minutes of moderate inten-
sity activity on most, preferably all, days of the week" is
now widely accepted. However, compliance with these
guidelines requires considerable commitment in terms of
time spent exercising per week (≥ 150 minutes) and this
may deter individuals from starting an exercise pro-
gramme. Accordingly, randomised controlled trials are
needed to evaluate the effects of smaller volumes of exer-
cise on health.

Walking is eminently suited to population exercise pre-
scription as it is easy to do, requires no special skills or
facilities, and is achievable by virtually all age groups with
little risk of injury [8]. There is some evidence that a train-
ing frequency of as low as two days per week may elicit
improvements in cardiorespiratory fitness in the lower fit-
ness categories [9]. To the authors' knowledge, only two
studies have examined the effects of a twice-weekly train-
ing intervention using walking as the exercise mode. A
twice-weekly, six-month progressive walking programme
(45 minutes per session) improved indices of aerobic fit-
ness, but failed to alter blood pressure (BP) in 60–70 year
old women [10]. Similarly, walking 25 minutes, 2 d· wk-

1 for six months, improved fitness in 79–91 year old
females [11]. However, the effect of a low frequency walk-
ing prescription on fitness in younger adults remains to be
investigated. Furthermore, the effects of low frequency,
moderate intensity training on other markers of cardio-
vascular disease (CVD) risk have received very little atten-
tion. There is increasing recognition that traditional risk
factors, such as hypercholesterolemia, hypertension and
obesity, do not fully account for the occurrence of CVD.
For example, almost one-half of the 1.3 million individu-
als who develop myocardial infarction in the United
States each year have either normal or only moderately
increased cholesterol concentrations [12]. Recently, C-
Reactive Protein (CRP) has emerged as a novel risk factor
for CVD. It has a strong association with cardiovascular
risk, which is consistent, dose-related and independent.

This is the first study to examine the effects of walking,
without dietary intervention, on CRP in previously seden-
tary adults.

The present study evaluates the efficacy of a workplace
walking intervention on physical activity levels and cardi-
ovascular risk factors. An examination of the effects of self-
paced walking twice per week will reveal whether individ-
uals can achieve health benefits from outdoor walking
performed with minimal investment in time. The purpose
of the present study was to examine the effects of 45 min-
utes walking, 2 d· wk-1 on fitness, BP, body composition,
lipids and CRP.

Methods
Study design
This study was a randomised controlled trial, with sub-
jects assigned to a walking or control group. The Research
Ethics Committee at Queen's University, Belfast approved
the study. Measurements were made at baseline (pre-
intervention) and following eight weeks (post-interven-
tion).

Subjects
Subjects were recruited from staff at the Northern Ireland
Civil Service via internal email. All subjects completed a
Health History questionnaire. Exclusionary criteria were a
physically active lifestyle (defined as compliance with cur-
rent physical activity guidelines (Pate, 1995), age > 65
years, resting BP > 159/99 mm Hg, total cholesterol > 6.2
mmol· L-1, fasting blood glucose > 7.0 mmol· L-1, body
mass index (BMI) > 34.9 kg· m-2, current cigarette smok-
ers, individuals with cardiovascular, pulmonary or meta-
bolic disease, pain or discomfort in the chest, dizziness or
heart murmur. In addition, individuals taking medication
known to interfere with lipid metabolism, and females
who were pregnant or planning to become pregnant in
the following five months were excluded from taking part
in the study. Thirty seven subjects (24 women) aged 41.5
± 9.3 years were randomised to either a walking (n = 23;
16 women) or control group (n = 14; 8 women) on a 3 to
2 basis (3 walkers for every 2 controls). All subjects gave
their written informed consent.

Measures
Height and body mass were recorded using a stadiometer
(Seca model 770, Vogel & Halke; Hamburg, Germany)
and scales (Seca model 707 digital physicians scale; Vogel
& Halke, Hamburg, Germany) respectively. BMI was cal-
culated by dividing body mass (kg) by height (m2). Waist
measurements were made at the level of the trunk where
the girth is minimal, i.e. the location where there was a
noticeable indentation of the trunk. If there was no
noticeable indentation the tape was located at the umbili-
cus. Hip girth was the horizontal circumference at the
Page 2 of 8
(page number not for citation purposes)



BMC Public Health 2006, 6:136 http://www.biomedcentral.com/1471-2458/6/136
broadest part of the lower body, usually at the level of the
trochanters [13]. Body fat percentage was assessed using
bioelectrical impedance analysis following recommended
procedures [14].

Duplicate measurements of BP were taken two minutes
apart using an automated device (Omron 705 CP; Omron
Matsusaka Co. Ltd., Japan) after the subject had rested in
a seated position for five minutes. The average of the read-
ings was used. If the first two readings differed by more
than 5 mm Hg, an additional reading was obtained and
all three readings averaged.

To monitor cardiovascular adaptations to training, a sub-
maximal, graded exercise test was conducted pre- and
post-intervention. In the week prior to the treadmill test,
subjects were familiarised with walking on the treadmill
(Vision Fitness HRC T8600; Lake Mills, U.S.) at various
speeds and slopes. Following a three minute warm-up,
subjects were instructed to walk on the treadmill for four
minutes at each of four gradients selected to elicit 40, 50,
60, and 70% of age-predicted (220 – age) maximum heart
rate (HRmax). They were encouraged to complete all four
stages, but the test was terminated if heart rate (HR)
reached 85% HRmax. HR was measured continually by
short-range telemetry. During the last 30 seconds of each
test stage, a capillary sample of blood was obtained and
immediately analysed for lactate using a Lactate Pro Test
Meter (Arkray Inc.; Kyoto, Japan). Ratings of perceived
exertion (RPE) using the Borg 15-grade scale (Borg, 1982)
were obtained during the last minute of each test stage, in
accordance with scripted instructions [14]

Whole blood glucose and total cholesterol were deter-
mined from a fresh sample of capillary blood using dry
chemistry methods (Reflotron analyser, Boehinger Man-
nheim Ltd.; UK) for the purpose of initial screening crite-
ria. Blood samples were obtained by venepuncture after a
10 hour fast and with subjects in a seated position. Sub-
jects were instructed to refrain from physical activity on
the previous day. Samples were separated, frozen at -
20°C, and analysed within 8 months. Total cholesterol,
HDL and triglycerides were determined by automated
enzyme assay using a Cobas FARA bioanalyser (Roche
Products Ltd; Herts, UK). Commercial enzyme assay kits
were purchased from Randox Laboratories Ltd. (Crumlin,
UK). The concentration of LDL cholesterol was calculated
using the Friedewald formula [15]. CRP was measured
using an automated high sensitivity immunoturbidimet-
ric assay (Randox Laboratories Ltd; Crumlin, UK) on a
Cobas FARA bioanalyser (Roche Products Ltd; Herts, UK).
Where CRP levels were below detectable levels (0.5 mg.L-

1) a value of 0.5 mg.L-1 was recorded. All samples for each
given assay were analysed on the same day in a single

batch at the Institute of Clinical Science at Queen's Uni-
versity, Belfast.

A sample of whole blood was analysed within 12 hours
for haematocrit and haemoglobin. Haematocrit was cor-
rected by 1.5% to account for plasma trapped between
erythrocytes. Haematocrit and haemoglobin values were
subsequently used to correct for changes in plasma vol-
ume [16]. As female hormonal changes throughout the
menstrual cycle may influence lipid profiles [17], pre- and
post-intervention samples were taken during the same
phase of the menstrual cycle. In order that lipid parame-
ters were not influenced by the acute effects of previous
exercise [18], the post-intervention sample was obtained
on day 3 after the last walking session.

Walking programme
It has previously been reported that adults intuitively self-
select a pace concordant with cardiorespiratory benefits
when walking for exercise [19]. Therefore, in the present
study, subjects were allowed to choose their own walking
speed. The progressive walking programme lasted eight
weeks. During week one, subjects completed a 25 minute
walk on two days. During week two, subjects walked for
35 minutes on two days. From week three to week eight,
all walkers completed two 45 minute walks per week. All
walking sessions were performed outdoors. Those
assigned to the walking group were given a training diary
to record their walks and note the day, time of day and
duration of the walk. Subjects were also required to rate
their perceived exertion during the walk on the Borg 15-
grade scale [20]. In addition, subjects noted their HR
immediately following the walk, having previously been
instructed in carotid and radial artery palpation. Nine of
the walkers, who had difficulty with artery palpation, were
given heart rate monitors to monitor their heart rate. Each
of these subjects were trained in the use of the monitor
and given written instructions. All subjects were instructed
regarding the importance of maintaining their usual activ-
ity and dietary habits throughout the study.

Step counts
Twelve walkers and all of the controls wore a pedometer
during weeks 0, 4 and 8 of the intervention (Yamax SW-
200, Yamasa Corporation; Tokyo, Japan). They were
instructed to wear the pedometer during all waking hours
and record the number of steps taken at the end of each
day. In addition, during weeks 4 and 8, those assigned to
the walking group recorded their step count before and
after each walking session in their training diary. Each
subject was trained in the correct use of the pedometer
and given written guidelines to follow.
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Statistical analysis
Physiological differences between groups at baseline were
compared using independent t-tests. Non-parametric
Kruskall-Wallis tests were used to compare the step counts
of groups at baseline. Non-parametric Wilcoxon tests were
used to compare paired step count data of the walking
group (Walk-days vs. Rest-days). Physiological data were
analysed using a 2-way ANOVA with repeated measures,
with one factor between subjects (walkers vs. controls)
and one factor within subjects (pre- vs. post-intervention).

Results
Four individuals dropped out of the study due to: illness
(1 control), moving job (1 control), family circumstances
(1 walker) and lack of interest (1 walker). Due to equip-
ment error at the end of the walking intervention, body fat
measurement was only possible in 12 walkers and 12 con-
trols. Due to problems in blood sampling we were only
able to determine blood lipids (TC, HDL-C, LDL-C, TG)
in 11 walkers and 9 controls. In addition one control sub-
ject, who had CRP values > 10 mg· L-1, was excluded from
the analysis as CRP values of this order may be indicative
of infection or trauma (Ridker, 2003). CRP data is there-
fore presented for 11 walkers and 8 controls. For all other
parameters measured data are presented for the 21 walk-
ers and 12 controls who completed the study. Physiologi-
cal characteristics of the participants at baseline are shown
in Table 1. There were no significant differences between
groups at baseline for any variable (P > 0.05).

During week 0 (i.e. the week prior to commencing the
intervention) daily step counts for the walking and con-
trol groups averaged 6437 ± 2285 and 6831 ± 2727
respectively. There was no significant difference in the
week 0 step counts between groups (P > 0.05). Daily step
counts for the walking group on days when prescribed

walking was performed (Walk-days), on days when no
prescribed walking was performed (Rest-days) and all
days during the programme are shown in Table 2. Walkers
took significantly more steps on Walk-days compared to
Rest-days (P < 0.001). Walkers undertook more voluntary
steps (steps per day not including any accrued from pre-
scribed walking) on Rest-days (5803 ± 2749) than on
Walk-days (4567 ± 2639) (P < 0.05). During the interven-
tion, mean step counts for the control group averaged
6470 ± 1709.

Subjects assigned to the walking group completed a 45
minute walk on two days of the week, at approximately
62.0 ± 7.1% predicted HRmax. The walks elicited a mean
RPE of 12.6 ± 0.9 and consisted of 4736.4 ± 539.2 steps.
Subjects completed 83.9 ± 18.9% of prescribed sessions.

Table 3 shows measurements made at baseline and post-
intervention. There were significant differences in the
change in systolic BP and body fat percentage between
groups from pre- to post-intervention as identified by the
group-by-time interaction (P < 0.05). Systolic BP for the
walking group decreased from 120.4 ± 19.7 mm Hg at
baseline to 115.4 ± 17.7 mm Hg at post intervention.
Body fat percentage of the walking group was 28.0 ± 5.8
and 27.9 ± 5.6 at pre- and post-intervention respectively.
No significant changes were observed in body mass, waist
and hip circumference, diastolic BP or lipid variables.

Mean values for CRP in the walking group at pre- and
post-intervention were 1.9 ± 1.7 and 1.6 ± 1.5 mg· L-1

respectively (n = 11). Corresponding values for controls
were 1.5 ± 1.5 and 1.5 ± 1.3 mg· L-1 at pre- and post-inter-
vention respectively (n = 8). There were no significant
effects observed. One subject, who had CRP values > 10
mg· L-1, was excluded from the analysis as CRP values of

Table 1: Physiological characteristics of subjects at baseline.

Variable Walking group Control group

n 21 12
Age (yr) 41.4 (7.5) 40.8 (10.0)
Height (cm) 166.5 (10.3) 167.1 (11.9)
Mass (kg) 75.3 (21.1) 68.4 (14.9)
BMI (kg· m-2) 26.8 (5.6) 24.4 (3.6)
Body fat (%) 28.0 (5.8) 25.9 (8.3)
Systolic BP (mm Hg) 120.4 (19.7) 116.5 (13.0)
Diastolic BP (mm Hg) 77.2 (9.4) 74.6 (9.0)
Waist circumference (cm) 84.8 (13.9) 83.2 (13.8)
Hip circumference (cm) 101.4 (9.0) 100.4 (6.7)
Total cholesterol (mmol· L-1) 5.7 (1.1) 5.7 (1.3)

Values are mean (SD)
Body fat percentages are based upon data from 12 walkers and 12 controls.
Blood lipids (TC, HDL-C, LDL-C, TG) are based upon data from 11 walkers and 9 controls.
CRP levels are based upon data from 11 walkers and 8 controls
All other variables are based upon data from 21 walkers and 12 controls.
Page 4 of 8
(page number not for citation purposes)



BMC Public Health 2006, 6:136 http://www.biomedcentral.com/1471-2458/6/136
this order may be indicative of infection or trauma (Rid-
ker, 2003).

Mean HR for the walking group during the treadmill test
was 116.5 ± 8.5 beats· min-1 and 112.0 ± 9.3 beats· min-

1 at pre- and post-intervention respectively. Correspond-
ing values for the control group were 121.2 ± 14.7 and
118.1 ± 13.0 beats· min-1 at pre- and post-intervention
respectively. Blood lactate values for walkers at pre-and
post-intervention were 1.6 ± 0.5 and 1.5 ± 0.5 mmol· L-1

respectively. Pre- and post-intervention values for the con-
trol group were 1.5 ± 0.5 and 1.7 ± 0.5 mmol· L-1. Follow-
ing training RPE during the treadmill test reduced from
11.2 ± 1.4 to 10.8 ± 1.4 in the walking group. A similar
reduction was observed in controls, who demonstrated
RPE values of 11.3 ± 2.1 and 10.8 ± 1.8 at pre- and post-
intervention respectively. No significant differences were
observed between groups in HR, blood lactate or RPE.

Discussion
The main finding of the present study is that 45 minutes
self-paced walking, two days per week, decreases systolic

BP, but has no discernable effects on fitness, body mass,
waist/hip circumferences, diastolic BP, CRP or lipopro-
teins, in previously sedentary employees. The novel aspect
of this investigation is that it is the first to use a low fre-
quency walking programme with adults < 60 years of age,
and the first to examine the effects of walking, without
dietary intervention, on CRP levels. The study augments
the limited body of evidence on the efficacy of worksite
physical activity interventions.

A significant effect was observed between groups for the
change in systolic BP from pre- to post-intervention.
Systolic BP was reduced by 5.0 ± 7.9 mm Hg in the walk-
ing group following eight weeks of training. A reduction
of this magnitude is in general agreement with the find-
ings of a meta-analysis on the effect of aerobic exercise on
BP in normotensive adults [21]. In such individuals a
modest reduction in BP confers prophylaxis against CVD
morbidity and mortality as CVD risk is manifest on an
approximately linear continuum with BP [22]. The benefit
of such a reduction is supported by cross-sectional evi-
dence showing that individuals in the normal range (120–

Table 2: Daily step counts for the walking group (n = 12)

Mean SD Range

Walk days 9303* 2665 6220 – 16392
Rest days 5803* 2749 3365 – 11730
All days 6801 2626 4180 – 13062

Values significantly different (P < 0.001)
Walk days, days when prescribed walking was performed; Rest days, days when prescribed walking was not performed.

Table 3: Anthropometric measures, blood pressure, lipid and C-Reactive Protein variables for Walkers and Controls at pre- and post-
intervention.

Variable Walkers Controls

Pre Post Pre Post

Body mass (kg) 75.3 (21.1) 75.7 (22.1) 68.4 (14.9) 69.6 (15.1)
Body fat (%) 28.0 (5.8) 27.9 (5.6) * 25.9 (8.3) 27.7 (7.8) *
Waist girth (cm) 84.8 (13.9) 84.0 (14.4) 83.2 (13.8) 83.4 (13.9)
Hip girth (cm) 101.4 (9.0) 101.0 (8.9) 100.4 (6.7) 100.7 (6.9)
Systolic BP (mm Hg) 120.4 (19.7) 115.4 (17.7) * 116.5 (13.0) 118.5 (9.8) *
Diastolic BP (mm Hg) 77.2 (9.4) 76.0 (10.2) 74.6 (9.0) 73.6 (6.6)
TC (mmol· L-1) 5.7 (1.1) 6.0 (1.3) 5.7 (1.3) 6.1 (1.7)
HDL-C (mmol· L-1) 1.1 (0.3) 1.3 (0.5) 1.1 (0.3) 1.4 (0.5)
LDL-C (mmol· L-1) 4.1 (1.1) 4.0 (1.4) 4.1 (1.2) 4.2 (1.6)
TG (mmol· L-1) 1.4 (1.2) 1.4 (1.1) 1.2 (0.6) 1.3 (0.6)
CRP (mg· L-1) 1.9 (1.7) 1.6 (1.5) 1.5 (1.5) 1.5 (1.3)

* Significant difference between groups from pre- to post-intervention. P < 0.05.
TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; CRP, C-Reactive 
Protein. Values are mean (SD).
Body fat percentages are based upon data from 12 walkers and 12 controls.
Blood lipids (TC, HDL-C, LDL-C, TG) are based upon data from 11 walkers and 9 controls.
CRP levels are based upon data from 11 walkers and 8 controls
All other variables are based upon data from 21 walkers and 12 controls.
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128 systolic BP, and 81–84 diastolic BP) have almost a
three-fold increase in risk over subjects with lower base-
line levels [23]. Reductions in BP of this order on a popu-
lation level may offer significant public health gains. A
downward shift of about 2 mm Hg in the BP distribution
of the general population should result in an annual
reduction in stroke, coronary heart disease and all-cause
mortality of about 6%, 4%, and 3% respectively [24].

Few other studies [25,26] have investigated the BP-lower-
ing effects of walking in adults with mean baseline SBP
values of less than 130 mm Hg. The present study is the
first to show positive changes in SBP in normotensive
adults following regular walking on just two days per
week. Given the findings of the present study, the health
benefits of lowered blood pressure, and the fact that walk-
ing is the most popular form of physical activity in the
European Union [27], it is reasonable to suggest that con-
tinued and increased emphasis should be placed on
increasing the proportion of adults who participate in this
form of activity [21].

A significant effect was observed between groups for
change in body fat percentage from pre- to post-interven-
tion. Relative to an increase in controls, the body fat per-
centage of walkers remained stable. The increases in body
fat percentage of the control group may, however, be the
result of over-cautious control subjects. It is possible that
a desire 'not to be active' may have resulted in marginally
lower than normal physical activity levels thus contribut-
ing to worsened adiposity.

Participants in the present study are classified as being at
moderate risk of future cardiovascular events according to
their baseline CRP levels [28]. In the present investigation,
although not statistically significant, CRP decreased by
15.8% following training in walkers, compared to 6.7% in
controls. Furthermore, CRP values tended to decrease
more notably in those with higher baseline values. Several
cross-sectional studies have observed an inverse associa-
tion between physical activity and CRP levels [29-33].
However, intervention studies examining the effects of
training on CRP levels are less plentiful. There are only
four exercise training interventions identified in the pub-
lished literature [34-37], which reported reductions in
CRP following training of 17, 35, 31 and 45 % respec-
tively. Although the magnitude of CRP reduction
observed in the present study (15.8%) is less than
reported in the other exercise interventions, the exercise
prescribed in the present study was considerably less (90
min· wk-1 vs. 150–420 min· wk-1). Given the varied train-
ing regimes in the aforementioned studies, and the pau-
city of data in the area, comparisons are difficult to draw.
Further research is required to elucidate the relationship
between exercise levels (frequency, intensity, volume) and

changes in CRP, and the effects of training in various pop-
ulation groups. The present study augments the very lim-
ited body of evidence on the effects of training on resting
CRP concentrations.

Heart rate and blood lactate responses to submaximal
workloads were used in the present study to monitor
changes in aerobic fitness. No significant effects were
observed for changes in heart rate or lactate response to
submaximal workloads. The authors know of one other
study in the published literature that has used the same
walking prescription as the present investigation. Eighty
women, aged 60–70 years progressed to walking 45 min-
utes 2 d· wk-1 [10]. Following 26 weeks of training at
approximately 67 – 78% HRmax, heart rate during a sub-
maximal exercise test was reduced. Failure to evoke
changes in aerobic fitness in the present study, despite the
same volume of exercise, may be due to differences in
training intensity (67–78% HRmax vs. ~ 62% HRmax) or
differences in the length of the intervention (26 weeks vs.
8 weeks) [38]. It has been postulated that the minimal
intensity for improving cardiorespiratory fitness is 30%
maximal oxygen uptake reserve/~60% HRmax for lower-fit
subjects [39]. The fact that the subjects in the present
study exercised extremely close to the minimum thresh-
old, or that they exercised for only eight weeks, could
explain the lack of change in indices of aerobic fitness.

A systematic review of 32 cross-sectional, prospective
observational and intervention studies, suggested that for
adults, 7000 – 13,000 steps per day can be expected [40].
Baseline daily step counts from the present study are
below this range (steps for the walking and control groups
averaged 6437 ± 2285 and 6831 ± 2727 respectively), sug-
gesting a comparatively sedentary sample for this age
group. During the intervention, walkers significantly
increased the total number of steps taken on Walk-days
compared to Rest-days, indicating greater amounts of
activity as a result of the walking programme. However, in
the present study, there was a significant difference
between the number of voluntary steps taken on Walk-
days compared to the number of steps taken on Rest-days.
This suggests that employees decreased their non-pro-
gramme activity during Walk-days. A compensatory
decline in both energy expenditure and steps in physical
activity during the reminder of the day, in individuals
who begin an exercise programme has been reported pre-
viously [41,42]. This may be due to a decrease in sponta-
neous physical activity and/or a reduction in voluntary
physical activities [41].

The walking intervention was well tolerated by the
employees in the present study. No injuries were reported
during the programme, most likely due to the mode of
exercise and that fact that low injury rates are associated
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with moderate intensity activity [43]. This finding is
important because fear of sustaining an injury, and stop-
ping activity because of an injury, have both been associ-
ated with failure to start or maintain a physically active
lifestyle [44] Compliance was high with walkers complet-
ing 83.9 ± 18.9% of prescribed sessions, while attrition
was low with only two walkers and two controls dropping
out of the study. In addition, only one subject cited lack
of interest as the reason for discontinued participation.
Allowing people to exercise at their own pace may
enhance comfort and enjoyment during exercise and may
have contributed to the high compliance and low attrition
levels in the present study. Additionally, existing channels
of communication and opportunities for support may
contribute to the use of the workplace as a positive setting
for the promotion of physical activity [45]. These charac-
teristics should be taken into account when public health
professionals are designing programmes and prescribing
physical activity within the workplace.

The limitations of this study need to be considered when
interpreting findings. The CRP assay used in the present
study did not detect CRP in the blood samples of 6 subject
(3 walkers 3 controls) as they were below the detectable
level of < 0.5 mg· L-1. However, apart from one subject,
the same individuals were below detectable limits at both
sampling times, thus limiting the resulting effect on
observed changes over time.

Conclusion
In summary, the findings of the present study suggest that
self-paced walking 45 min, 2 d· wk-1 for eight weeks at ~
62% HRmax, reduces systolic BP and prevents an increase
in body fat, in previously sedentary employees. This walk-
ing prescription, however, failed to induce significant
improvements in fitness, diastolic BP, body mass, serum
lipids and CRP levels. The walking programme was asso-
ciated with high adherence. These findings support the
use of a twice-weekly, self-paced, worksite based, walking
programme, to improve activity levels and systolic BP in
previously sedentary employees. There is little evidence
however to support the use of this exercise prescription for
improvements in other markers of CVD risk. This walking
prescription may therefore be useful as a stepping-stone to
further increase levels of exercise, which may then provide
greater benefits.
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