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Introduction 
Physical inactivity is an important contributor to the burden of 

many non-communicable diseases, including coronary heart disease 
(CHD) [1]. Increasing physical activity can contribute to reducing 
the risk of morbidity [2]. However, many patients do not achieve 
sufficient levels of physical activity (PA) for health benefits and, even 
after engaging in cardiac rehabilitation (CR), of which PA is a core 
component, maintenance of PA is poor [3].

Recent reviews indicate that interventions which emphasise self-
monitoring, goal setting, identification of barriers to change and 
consideration of relapse prevention are most likely to yield positive 
outcomes for patients [3,4]. The use of pedometers in self-monitoring 
has been reported to be associated with increased levels of PA among 
cardiac patients [5-8] but information about how pedometers are 
actually used in goal setting and self-monitoring is scant. More detail 
would facilitate the translation of previous findings into clinical practice. 
Most studies of interventions which aim to increase participation in 
PA appear to set goals based on time spent being physically active; 
there are few reports to indicate how measurements of step-counts are 
used. However, a systematic review has highlighted the importance 
of step-goals in predicting increases in PA [9]. A cadence of 100 steps 
per minute is considered to represent moderate-intensity activity and, 
based on this estimation, the recommended 30 minutes of moderate 
physical activity on most days per week [2] approximates to a goal of 
taking 3,000 steps in 30 minutes [10].

There has been a call for future studies using rigorous designs 
and reliable measures, to improve understanding of PA behaviour 
change after CR [3], in order to inform strategies to increase and 
sustain patients’ levels of PA. Also, a need has been identified for 
further research using pedometers, to determine ways to improve the 
effectiveness of current strategies to promote PA [11].

This study aimed to explore the feasibility of a randomised controlled 
trial, in the context of real-world clinical practice, to determine the 
effectiveness of a tailored intervention using pedometer step-counts in 
goal setting for patients following a supervised programme of CR. 

Method
We used a cluster randomised controlled trial design. Four 
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consecutive groups of patients, who were completing a supervised 
eight-week, hospital-based out-patient CR programme, were invited 
by clinical staff to participate in this six-week community-based 
study. Prior to their CR programme, they had been assessed and 
risk stratified by clinical staff following the British Association for 
Cardiovascular Prevention and Rehabilitation (BACPR) guidelines 
[12]. No programme participant was excluded from invitation. The 
Office for Research Ethics Committees (Northern Ireland) approved 
the study (REC Ref- 09/NIR/40). The study took place in the Western 
Health and Social Care Trust, Northern Ireland. All participants gave 
written informed consent. 

Following completion of their CR programme patients who 
consented were shown how to wear a validated pedometer (YAMAX 
Digiwalker CW-701) (Yamax Inc, Japan) and asked to wear it during 
waking hours, except for water-based activities, for one week. It 
was taped shut, obscuring step-count records, to provide a ‘blinded’ 
baseline measurement. In accordance with advice given during their 
CR programme, participants were encouraged to aim to achieve 30 
minutes of moderate intensity exercise daily [2]. 

At the end of one week each participant attended for review with 
a clinical facilitator (nurse or physiotherapist) who had been involved 
in supervising the CR programmes and who recorded the previous 7 
days’ step-counts from their pedometer. Following this, their allocation 
to intervention or control treatments was revealed by the facilitator. 
CR programme group allocations were pre-determined at the outset 
of the study using a quasi-random method, alternating the treatment 
for successive groups and allocating two groups to each condition. 
Randomisation was not conducted at the level of individuals in order 
to avoid contamination effects which may have resulted from personal 
interactions between patients who established friendships during their 
CR: all patients in the same CR programme group were allocated to the 
same study group. The intervention groups began the study in May and 
October; the controls began in July and December. 

Intervention groups, based on a previous community-based study 
of rehabilitation for patients with back pain [13] were asked to wear the 
pedometer, record daily step-counts in a diary and meet a facilitator 
weekly to review their progress. At each meeting the facilitator checked 
diary records against pedometer memory values and helped individuals 
to set realistic step-count goals for the following week, encouraging a 
gradual 10% increase in average daily count, aiming for 10,000 steps/
day.

For the control groups, the facilitator recorded baseline pedometer 
data but gave no feedback information regarding their step-counts to 
participants. They continued weekly contact with the facilitator, either 
face-to-face or by telephone, as preferred, to allow them access to 
ongoing clinical support and discuss their progress. 

During week 6 both groups were asked to wear a pedometer again, 
blinded to step-count records. Following this, feedback was given to all 
participants.

At the outset and at their final visit, participants self-completed a 
‘stages of change’ questionnaire for PA [14] and a validated quality of 
life questionnaire (EQ5D) [15]. At the end of the study an independent 
researcher, previously unknown to participants, conducted semi-
structured interviews with all participants, exploring their reasons 
for participating and views on their experience of it. Interviews were 
audio-recorded, transcribed anonymously and analysed using a 
thematic framework. 

Statistical analysis

A valid day of measurement was defined as >300 steps. Any daily 
reading of less than 300 steps was discarded, as this was considered to 
indicate that the device was not worn and its inclusion would lead to 
a significant underestimation of steps per day. Following this, mean 
steps/day was calculated for each week. Using SPSS v19, differences 
between groups were examined using one-way ANOVA for parametric 
data and Kruskal Wallis testing for nonparametric data. Difference in 
mean age was analysed using an independent t-test, after checking 
for normality of distribution. Analysis of covariance was used to test 
differences between groups in changes from baseline, using cohort 
as a covariate to account for possible cluster effects. An intra-cluster 
correlation co-efficient calculation was made for step-count outcomes, 
based on the extent of change within each study group.

Results
Of the 68 patients invited, 45 (66%) participated. Two CR 

programme groups received the intervention; 2 were controls. Reasons 
for non-participation were similar for all groups and included time 
(6), distance (3), work (5), disinterest (5) and co-morbidity (4). Most 
participants completed the study and all outcome measures (90% 
(17/19) intervention; 96% (25/26) control). Three participants failed 
to complete the study (1 control, influenza; 2 intervention: anaemia, 
depression). At baseline, there were no statistically significant 
differences between the groups (Table 1). The majority of participants 
were male (41/45; 91%); the mean age of participants in the intervention 
groups was 61.6 years (SD 11.3) and in the control groups was 59.2 
years (SD 8.9) (p=0.43). Approximately 80% were in the ‘active’ or 
‘maintenance’ stage of change in PA behaviour. Overall, approximately 
one third (35.6%) had been categorised [12] as high risk at the outset of 
their CR programme.

The intervention groups increased their steps/day significantly 
more than controls (Table 2) (mean increase 2,742 (SD 3,164) v -42 
(SD 2,624)). This difference remained significant after taking account 
of baseline data. None of the participants in either group engaged in 
water-based activities during the study measurement periods. For the 
intervention group, the greatest increase in steps occurred in the first 
week of the intervention, with more gradual and sustained increase 
thereafter (Figure 1). They achieved a mean of 8,352 steps/day (SD 
2602; range 2317-12390). No significant differences were observed 
between groups in change in quality of life or stage of behaviour change 

Intervention (N=19)             Control  (N=26)
N (%) N (%) *p-value

Gender 0.17
Male 16 (84.2%) 25 (96.2%)
Female 3 (15.8%) 1 (3.8%)
BACR risk 0.86
Low 1 (5.3%) 1 (4.2%)
Moderate 11 (57.9%) 16 (61.5%)
High  7 (36.8%)  9 (34.6%)
Stage of Change 0.41
Pre-Contemplation 0 (0.0%) 1 (3.8%)
Contemplation  4 (21.1%) 1 (3.8%)
Preparation 0 (0.0%) 1 (3.8%)
Action  8 (42.1%) 11 (42.3%)
Maintenance  7 (36.8%) 12 (46.2%)

*Chi square analysis for gender; Kruskal Wallis testing for differences in other 
variables between groups

Table 1: Comparison of Groups at Baseline.
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(Table 2). Comparing the variation in step-counts recorded in each of 
the 4 groups we found an intra-cluster correlation co-efficient (ICC) of 
0.24, at a significance level of 0.05, with 80% power.

Completion of pedometer measurement recordings was high: of 
a possible total of 35 days, intervention participants recorded valid 
step-counts on a mean of 30 days (SD 6, range 16-35). A measure of 
adherence to the intervention programme was calculated for each 
individual, based on the number of their valid days of measurement on 
which they achieved their weekly step-count goal, and expressed as a 
percentage. Overall, the mean percentage of days on which individuals 
achieved their goal was 62.3% (SD 18.7%; range 28.6% to 91.4%). 

Reasons that prevented adherence to goals included holidays, stent 
insertion, ankle injury, knee and back pain, low mood and inclement 
weather. One participant reported shortness of breath and another, a 
soft tissue knee injury: both completed the study. 

Reasons for participating

All 45 participants took part in a one-to-one semi-structured 
interview. Most stated that reasons for participating in the study related 
to their health and a wish to do whatever was possible to maintain, 

monitor or improve their well-being. One simply said: “I want to be 
healthy” (57 year old male, control). Many wanted to contribute to the 
body of knowledge about how best to treat others who had or were 
at risk of having heart disease. For example, “.... if it can help me, 
then it can help my son too” (54 year old male, intervention). Others 
participated because they wished to show appreciation for the care 
they had received during their recovery from their cardiac event: “....
the people were taking an interest in my health, so to repay them” (39 
year old female, intervention). Participants also valued having ongoing 
contact with clinical staff: “you always felt that there was somebody still 
there worrying about you.......... there was somebody interested” (50 year 
old male, control). They recognised a lack of follow-up opportunities 
to encourage maintenance of healthy lifestyles, including PA: “There is 
no sort of outreach whatever when the (CR) programme is finished” (50 
year old male, intervention).

Impact on physical activity

All intervention group participants perceived that the intervention 
had a positive impact on their physical activity. Some, who previously 
took 30 minutes of PA most days, based on recommendations given to 
them during their formal CR programme, became more aware of their 
actual level of PA. They identified that the step-counts helped them 
increase PA: “It encouraged me to walk every day and I started at 5,000 
(steps) and now I have finished up at 8,500” (40 year old male). Having a 
target step-count encouraged patients to leave the safety of their homes: 
“It’s made me go out because I know I’ve got to do those 10,000 steps, I’m 
not going to do them just sitting round the house” (55 year old female). 
Their experience of taking part in the study also helped increase their 
confidence in doing physical activity: “now I know what I can do 
and what my limitations are” (40 year old female). Some comments 
suggested that participants regarded the pedometer as a companion 
who motivated them to be more active: “It would push me more ......I’m 
aware that you know this (pedometer) is on and I have to get her going 
you know!” (58 year old male) Other comments indicated plans for 
the continued use of a pedometer to maintain their motivation to be 
physically active: “It’s a good guide and .... will give me the incentive and 
keep things ticking over” (51 year old male).

Experience of intervention

Participants’ experiences of pedometers were mainly positive: “no 
problem, just clipped it on my belt and away I went” (74 year old male).
Five reported that their pedometer was under-recording (one stated 
“..... getting a very low reading, even though I knew that I had done a good 
amount of steps” (62 year old male)). Other problems included opening 
the pedometer cover (n=1), re-setting it (n=2), discomfort (n=2) and 
difficulty attaching it to clothing (n=2). Problems were resolved by re-
positioning the pedometer and providing practical advice.

Discussion 

These findings indicate that a randomised controlled trial of a 
tailored intervention, setting step-count goals, is feasible in the context 
of clinical practice and of potential value to help cardiac rehabilitation 
patients to increase their engagement in PA. A majority of patients who 
had completed a supervised hospital-based rehabilitation programme 
agreed to participate; they showed high rates of adherence to the 
intervention and of completion of outcome measures. Participants 
perceived that step-count goals were more effective in promoting 
PA than were time-related targets. Objectively measured goals with 
immediate feedback, such as pedometer step-counts, appear to help 
patients to translate recommendations, based on duration and intensity 

*One-way ANOVA for differences between groups at baseline
** One-way ANCOVA with cohort as a covariate

Table 2: Comparison between groups of mean daily step counts and quality of life 
measures (EQ5D) at baseline and extent of change within groups during study.

Intervention (n=19) Control (n=26)
Mean SD 95% CI Mean SD 95% CI p-value

Baseline Steps/
day 6,123 3,151 4,605-7,642 7,869 4,209 6,169-9,569 0.14*

Baseline EQ5D 
Health Status 
(0-100)

67.11 22.70 56.17-78.05 72.73 16.10 66.23-79.23 0.34*

Baseline EQ5D 
Health index 6.2105 1.84 5.32-7.10 6.46 1.92 5.68-7.24 0.66*

Change in steps/
day 2,742 3,164 1,169-4,316 -42 2,624 -1,102-1,018 0.004**

Change in EQ5D 
Health Status 
(0-100)

6.16 13.24 -0.22-12.54 2.54 12.45 -2.49-7.57 0.65**

Change in EQ5D 
Health index 0.05 0.71 -0.29-0.39 -0.19 1.41 -0.76-0.38 0.75**

Figure 1: Change in weekly physical activity over time (Intervention Group).
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of PA, into practice and clinical staff should be aware of potential 
problems and solutions regarding pedometer use.

The intervention group participants achieved a mean step-count of 
8352 steps/day, with a mean increase of 2,742 steps/day. An increase of 
at least 2,500 steps/day is associated with health benefits for people with 
chronic conditions [10]. The extent of change which we have observed 
is likely to be of clinical significance for patients with heart disease. 
Indeed, it has been shown that accumulating 6,500-8,500 steps/day may 
arrest or reverse coronary artery lesion progression [16]. Whilst 10,000 
steps/day and above have been recommended for the achievement of 
health benefits for healthy adults, adults with chronic illness typically 
accumulate lower levels of PA [10].

The reasons reported by our participants for their inability to meet 
their step-count goals concurred with those of Goodrich et al. [17] 

who reported that 87% of adverse events in a walking programme for 
high risk individuals were issues that were likely to occur among older 
people, even unrelated to walking. Our participants all had completed 
a CR programme in a supervised setting. They included several who 
were categorised as ‘high risk’ but these patients, and others with co-
morbidities that may have affected their ability to be physically active, 
had been appropriately monitored and advised during exercise within 
CR sessions. We consider that this gave them confidence to participate 
in unsupervised PA within the community and contributed to the low 
levels of reported inability to adhere to the walking goals.

Sustaining moderate levels of PA is important in maintaining health 
benefits [3]. Previous reports have indicated that interventions which 
are most effective in promoting PA among cardiac patients include 
prompt self-monitoring and specific goal setting [4], but reports of 
pedometer-based interventions have included little methodological 
detail of how the pedometers were actually used [5-8]. Other work has 
reported that patients who engaged in some form of PA at home were 
more active than those who only engaged in exercise during CR sessions 
[18] but only 8% of that study’s participants reached the recommended 
minimum level of weekly PA. It was concluded that patients should 
be strongly encouraged to increase their volume of PA. Clarke et al. 
[19] reported how little support to maintain the desired levels of PA 
was available for patients in the community after a relatively short 
period of formal CR: peer support groups have the potential to provide 
support but only 35% of patients (79/ 225) participated in these., The 
use of a pedometer, together with a socio-cognitive intervention, was 
considered to be effective in increasing PA for patients with acute 
coronary syndrome for up to a year after their event [20]. Our report 
regarding patients’ use of pedometers and tailored goal-setting provides 
new detail on how pedometers may be used to provide encouragement 
which is acceptable to a majority of patients.

Our results indicate that a definitive randomised controlled trial 
(RCT) is feasible. Using the ICC which we derived from our results and 
the equation of Bennet and Hayes [21] we estimated that, for a fully 
powered cluster RCT, to detect a change of 2742 steps in the intervention 
group, with no change in the control group and with 80% power and a 
significance level of 0.05, a total of 6 clusters (3 intervention; 3 control) 
of 11 participants per cluster would be required. We recognise that 
trial designs in which individuals are randomised, rather than clusters, 
require smaller samples to determine statistically significant differences, 
but consider that a cluster design allows better implementation of the 
intervention to be tested in practice, with less risk of contamination by 
unplanned interactions between study participants. 

Strengths and limitations

Our study’s strengths include the relatively high participation rate 

(66% of invitees) and low drop-out rate: only 3 of our 45 participants 
(6.7%) failed to complete the study. The study groups were well balanced 
regarding their baseline characteristics and the quasi-experimental 
cluster randomised design prevented contamination of intervention 
effect through friendships within established CR programme groups. 
Bias in baseline measurements was minimised by blinding participants 
to their pedometer step-count readings and by only revealing their 
treatment allocation to them after baseline measurements were 
completed. The method used to clean the data, by discarding very low 
step-count readings, is a recognised and validated procedure. 

The interviews identified that adherence to the intervention 
protocol was supported by patients’ appreciation of their opportunity 
to have ongoing clinical contact: integration of hospital staff with 
other clinical staff in the wider community and continuing support 
for patients should be considered when designing interventions to 
sustain PA [19]. However, whilst control group participants also 
appreciated staff contact, their failure to increase PA supports the view 
that objective measures using pedometers, and feedback regarding 
achievements, have value. 

It is acknowledged that the study was undertaken in a single 
setting and that good relationships established previously with the 
clinical staff who conducted the research, may mean that participants 
were more motivated than a wider eligible population and thus limit 
the generalisability of the findings. However, it appears feasible and 
worthwhile to conduct a definitive randomised controlled trial of 
this intervention in a multicentre study and settings where personal 
knowledge may not be a confounding factor. The generalisability of 
findings is also limited as the socio-economic or occupational status of 
participants is not known: more detailed demographic data should be 
recorded in a definitive study. 

Conclusion
A progressive, tailored programme using step-counts as goals is 

feasible in clinical practice for patients who have completed a formal 
CR programme. Staff awareness of practical information about 
the appropriate positioning and use of pedometers is important. A 
randomised controlled trial which includes a range of settings, longer 
follow-up and measures of duration and intensity of PA would be 
valuable in determining the effectiveness and sustainability of this 
intervention for patients in ongoing rehabilitation. 
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