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Scientific summary
Background
From meta-analyses of randomised trials, there is evidence that primary care exercise referral schemes
result in a modest increase in the proportion of participants achieving 90–150 minutes of self-reported
moderate and vigorous physical activity at least 6 months after randomisation, compared with usual care.
Rigorous research is needed to assess the clinical effectiveness and cost-effectiveness of new approaches to
increase exercise referral scheme uptake, adherence and change in long-term objectively assessed moderate
and vigorous physical activity among inactive patients with chronic conditions.
E-health interventions for promoting physical activity have become popular because they offer an
opportunity to target a wide range of people at a low cost, but to our knowledge no studies have
explored their use alongside exercise referral schemes that offer face-to-face support. We developed a
bespoke support system, using the LifeGuide© (LifeGuide version 1.0.7.30, University of Southampton,
Southampton, UK) platform, to empower exercise referral scheme patients with physical and mental
health conditions to become more physically active and remain motivated to do so. Building on selfdetermination theory as a framework, we incorporated evidence-based components into a ‘seven steps
to health’ web-based programme called e-coachER, with support available for up to 12 months. At the
same time as an exercise referral, participants were mailed a free pedometer, a fridge magnet with
attached tear-off strips to record daily steps or minutes of moderate and vigorous physical activity, and
a user guide with instructions on how to access the web-based support. The e-coachER ‘seven steps to
health’ programme aimed to increase favourable beliefs in the importance of being physically active,
confidence in being regularly physically active, being autonomous in choosing what, where and when to
be active, and finding and using support to be physically active, whether that be face to face in the
exercise referral schemes, with friends and family or online. We defined getting to step 5 (setting a goal
and reviewing a goal online) as a sufficient ‘dose’ of the intervention to have an impact on minutes of
moderate and vigorous physical activity, although we recognised that mailing a pedometer could be
an effective intervention alone.

Objectives
The overall aim of the study was to determine whether or not adding the e-coachER intervention to
usual exercise referral schemes was more effective and cost-effective in increasing physical activity
after 1 year, compared with usual exercise referral schemes alone.

Research questions
The specific research questions were:
l

Does the e-coachER intervention, when added to usual exercise referral schemes, compared with
usual exercise referral schemes alone, increase the total minutes of accelerometer-assessed
moderate and vigorous physical activity (in bouts of at least 10 minutes) per week at 12 months
post randomisation?
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l

Does the e-coachER intervention, when added to usual exercise referral schemes, compared with
usual exercise referral schemes alone, improve:
¢
¢
¢
¢

l
l
l

exercise referral scheme attendance?
other accelerometer- and self-reported measures of moderate and vigorous physical activity?
quality of life and mental health?
process outcomes (e.g. confidence to do and importance of doing physical activity, a sense of
autonomy in deciding what physical activity to do and when, a sense of relatedness to others in
doing physical activity, and use of self-monitoring and goal-setting)?

Is the e-coachER intervention, when added to usual exercise referral schemes, compared with usual
exercise referral schemes alone, cost-effective?
Is the effect of the intervention moderated by participant and exercise referral scheme characteristics?
What are the mechanisms through which the intervention has an impact on the outcomes?

Methods
The study involved an individually randomised, pragmatic, multicentre, two-arm randomised controlled
trial with follow-up at 4 and 12 months, with an embedded mixed-methods process evaluation and
health economic analysis. Patients were referred to a local exercise referral scheme in the UK cities
of Plymouth, Birmingham and Glasgow, and invited to join the study by primary care or exercise
practitioners. To maximise the generalisability of the findings, recruitment sites were chosen to
reflect a range of cultural and contextual factors, including the way in which exercise referral
schemes operated.
Participants were aged 16–74 years with a body mass index of 30–40 kg/m2 and had one or more of
the following conditions: hypertension, prediabetes, type 2 diabetes, lower limb osteoarthritis and a
current or recent history of treatment for depression. Participants were eligible if they were inactive or
moderately inactive (using the General Practice Physical Activity Questionnaire) and were an internet
user contactable via e-mail.
The primary outcome was minutes of moderate and vigorous physical activity in ≥ 10-minute bouts
measured by accelerometer over 1 week at 12 months, worn ≥ 16 hours per day for ≥ 4 days including
≥ 1 weekend day. Other accelerometer-derived physical activity measures (e.g. not in ≥ 10-minute
bouts), self-reported physical activity (7-day recall of physical activity), exercise referral scheme
attendance (at initial session with exercise referral scheme practitioner), non-validated process
measure survey items and EuroQol-5 Dimensions, five-level version, and Hospital Anxiety and
Depression Scale scores were collected at baseline, and then at 4 and 12 months.

Results
The sample (n = 450) had a mean body mass index of 32.6 kg/m2 (standard deviation 4.4 kg/m2), and
the primary participant-reported reasons for referral to the exercise referral schemes were weight
loss (50%), low mood (19%), osteoarthritis (12%), type 2 diabetes (10%) and high blood pressure (8%).
Participants identified additional reasons for referral, which were weight loss (81%), low mood (54%),
osteoarthritis (24%), type 2 diabetes (26%) and high blood pressure (33%), which indicated the high
degree of comorbidity in the sample. At baseline, only 4% of the sample achieved ≥ 150 minutes
of moderate and vigorous physical activity (accumulated in bouts of ≥ 10 minutes) for 1 week at
12 months post randomisation.
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Primary analysis
Loss to follow-up and incomplete data reduced the sample size to 232 participants for the primary
analysis (intervention, n = 108; control, n = 124). Intention-to-treat, complete-case-adjusted comparison
of groups at 12 months showed a weak indicative effect in favour of the intervention group (n = 232;
mean difference 11.8 minutes per week, 95% confidence interval –2.1 to 26.0 minutes; p = 0.10).
Because of the large proportion of participants who had zero values for the primary outcome, five
different statistical models were run in the primary analysis and only one showed a significant (p < 0.01)
effect in favour of the intervention. A secondary analysis showed that with only those with complete
data at baseline and 4 and 12 months, there was also no significant effect. In further sensitivity analyses
of the primary outcome, with less rigorous criteria applied to including participants with four different
wear-time completion thresholds (i.e. ≥ 4 days regardless of whether weekday or weekend day for
≥ 16 hours per day; ≥ 4 days regardless of weekend or weekday for ≥ 10 hours per day; ≥ 4 days
including 1 weekend day for ≥ 10 hours per day; ≥ 4 days including 1 weekend day for ≥ 10 hours
per day and weighted by number of days of valid wear), there remained no significant between-group
differences. A complier-average causal effect analysis, with consideration of whether or not participants
had completed an a priori definition of adequate intervention dose (i.e. step 5: completed at least one
goal review in e-coachER), also revealed no intervention effect.
The results of the primary analysis were not influenced by age, gender, trial site, participants’ reported
main chronic condition for referral or information technology literacy level.
In exploratory analysis of ≥ 10-minute bouts of accelerometer data, with only participants who
were included in the intention-to-treat, complete-case-adjusted analysis, the control group showed
a significant mean (standard deviation) increase of 8.2 (32.1) minutes of moderate and vigorous
physical activity from baseline to 4 months, but a non-significant decline from baseline to 12 months.
The intervention group did not change from baseline to either 4- or 12-month assessment.

Secondary analysis
Applying the same approach as in the primary analysis, there were no between-group differences at
12 months in any of the other accelerometer-derived or self-reported moderate and vigorous physical
activity outcomes, with one exception. In an intention-to-treat imputed comparison at 12 months
participants in the intervention group were more likely than the control group to self-report that
they had achieved 150 minutes of weekly moderate and vigorous physical activity (odds ratio 1.55,
95% confidence interval 0.99 to 2.42; p = 0.05). The intervention had no effect on exercise referral
scheme attendance: in the control group, 78% of the 223 participants for whom we had exercise
referral scheme attendance data attended the exercise referral scheme at least once, compared
with 167 (75%) of 223 in the intervention group. The intervention also had no effect on EuroQol-5
Dimensions, five-level version, or Hospital Anxiety and Depression Scale scores at 12 months
compared with the control group. In an intention-to-treat imputed comparison at 12 months, the
intervention group had lower Hospital Anxiety and Depression Scale depression and anxiety scores
than the control group.

Intervention engagement
Among the intervention participants, 64% logged onto the online support at least once, with generally
positive feedback on its value. The mean (standard deviation) number of goal reviews was 2.5 (4.5)
with a range of 0–24 reviews. The 144 participants who registered logged onto the online support
for a mean (standard deviation) and median number of times of 14.1 (16.7) and 6, respectively,
with a range of 1–101.
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Of the 81 (36%) participants who completed a goal review, the mean (standard deviation) and median
number of reviews was 14.4 (13.8) and 4.5, respectively, with a range of 1–52. Overall, participants
who registered online spent a mean (standard deviation) of 6.47 (7.45) minutes and a median of 4.08
minutes each time they logged into the e-coachER website. The engagement data from the LifeGuide
platform indicate that reasonable levels of engagement were achieved. The analysis of qualitative data
from 38 interviews with 26 participants suggests a generally positive assessment of the content and
functionality of e-coachER as a valuable resource, although some people identified limitations and
made recommendations for improvements.

Process outcomes
Our logic model predicted that e-coachER engagement would strengthen various beliefs that would, in
turn, translate into increases in moderate and vigorous physical activity, compared with usual exercise
referral scheme support. Among the participants included in only the primary analysis, the intervention
did increase the following up to 4 months, but not 12 months, compared with the control group:
perceived importance of doing at least 30 minutes of moderate-intensity physical activity (e.g. brisk
walk) on at least 5 days per week; confidence in achieving at least 30 minutes of moderate-intensity
physical activity on at least 5 days per week; and perceived competence in being regularly physically
active. Changes (from baseline to 4 months) in these process outcomes did not mediate changes in the
primary outcome at 12 months.

Health economics
The e-coachER intervention incurred an additional mean cost of £439 (95% confidence interval –£182
to £1060) (from additional service use and intervention delivery) and, compared with exercise referral
schemes alone, generated a small increase in quality-adjusted life-years (mean 0.026, 95% confidence
interval 0.013 to 0.040) over 12 months, with an incremental cost-effectiveness ratio of £16,885 per
quality-adjusted life-year.

Conclusion
We believe this to be the most rigorous study to date on the clinical effectiveness and costeffectiveness of adding web-based behavioural support to usual exercise referral schemes. Adding
the e-coachER intervention to usual exercise referral schemes led to only a weak indicative effect on
objectively assessed moderate and vigorous physical activity at 1 year post randomisation. Given this
result and the small numbers analysed, the findings must be interpreted with caution. The e-coachER
intervention had little or no benefit on other physical activity measures of moderate and vigorous
physical activity, health-related quality of life or mental health. We explored a number of ways of
analysing the data, and the findings were consistent. However, the cost of the e-coachER intervention
and the gains (albeit small) in quality-adjusted life-years indicate that e-coachER has a probability
of 63% to be a cost-effective intervention at the National Institute for Health and Care Excellence’s
willingness-to-pay threshold of £30,000 per quality-adjusted life-year. The intervention did improve
some process outcomes as specified in our logic model, but changes in perceived importance, confidence
and competence associated with being physically active from baseline to 4 months did not mediate
intervention effects on the primary outcome.
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Implications for health care
Our findings suggest that clinically meaningful increases in physical activity may not be derived from
the e-coachER intervention, but given its additional cost and associated small gains in quality-adjusted
life-years (main outcome for the economic evaluation), that such an intervention could still be a
cost-effective addition to usual exercise referral schemes (offered in different ways) for increasing
physical activity for up to 12 months. In other words, sending patients a pedometer and a fridge
magnet with tear-off physical activity self-monitoring strips, and providing access to a website that
requires virtually no human support could be a cost-effective way to improve quality of life in inactive
patients with certain chronic conditions. The process evaluation interviews identified a number of ways
in which e-coachER could be improved, such as giving patients more information about their specific
health conditions. Alternatively, improvements could be made by providing more structured guidance
in the user guide on the overall aim and content of web-based e-coachER support, including where to
find links to more information about exercise and medical conditions.

Recommendations for research
The modest engagement in the online e-coachER support suggests that work is needed to understand
what factors influenced intervention engagement and how best to further develop low-cost and
scalable support to increase exercise referral scheme uptake and maintenance of physical activity.
Once this has been done, further research could examine the effects of a modified e-coachER-type
intervention for participants with chronic conditions involved in the present study and others
(e.g. with cancer, back pain and in cardiac rehabilitation).
The e-coachER study has provided a rich data set that offers the chance to explore additional
questions including the following:
l
l
l
l

What were the characteristics of participants that predicted changes in 4- and 12-month
physical activity?
How did different measures of moderate and vigorous physical activity (self-report and
accelerometer derived) influence the findings, beyond what we present here?
What other aspects of intervention engagement (derived from the LifeGuide platform) were used,
and did any influence changes in process and behavioural outcomes?
Among subsets of the sample (e.g. those with low mood), what changes in quality of life, depression
and anxiety occurred as a result of the intervention versus usual exercise referral schemes?

Trial registration
This trial is registered as ISRCTN15644451.

Funding
This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 24, No. 63.
See the NIHR Journals Library website for further project information.
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