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Abstract
Background: Physical activity interventions that are targeted at individuals can be effective in encouraging
people to be more physically active. However, most such interventions are too long or complex and not
scalable to the general population. This trial will test the effectiveness and cost-effectiveness of a very brief
physical activity intervention when delivered as part of preventative health checks in primary care (National
Health Service (NHS) Health Check).
Methods/design: The Very Brief Intervention (VBI) Trial is a two parallel-group, randomised, controlled trial
with 1:1 individual allocation and follow-up at 3 months. A total of 1,140 participants will be recruited from
23 primary care practices in the east of England. Participants eligible for an NHS Health Check and who are
considered suitable to take part by their doctor and able to provide written informed consent are eligible
for the trial. Participants are randomly assigned at the beginning of the NHS Health Check to either 1) the
control arm, in which they receive only the NHS Health Check, or 2) the intervention arm, in which they
receive the NHS Health Check plus ‘Step It Up’ (a very brief intervention that can be delivered in 5 minutes
by nurses and/or healthcare assistants at the end of the Health Check). ‘Step It Up’ includes (1) a face-to-face
discussion, including feedback on current activity level, recommendations for physical activity, and information
on how to use a pedometer, set step goals, and monitor progress; (2) written material supporting the
discussion and tips and links to further resources to help increase physical activity; and (3) a pedometer
to wear and a step chart for monitoring progress.
The primary outcome is accelerometer counts per minute at 3-month follow-up. Secondary outcomes include
the time spent in the different levels of physical activity, self-reported physical activity and economic
measures.
Trial recruitment is underway.
(Continued on next page)
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Discussion: The VBI trial will provide evidence on the effectiveness and cost-effectiveness of the Step It Up
intervention delivered during NHS Health Checks and will inform policy decisions about introducing very brief
interventions into routine primary care practice.
Trial registration: ISRCTN Registry, ISRCTN72691150. Registered on 17 July 2014.
Keywords: Accelerometry, Cost-effectiveness analysis, Pedometer, Physical activity, Primary health care,
Randomised controlled trial, Very brief intervention

Background
Vascular disease, which includes coronary heart disease,
stroke, type 2 diabetes and kidney disease, affects more
than four million people and causes one out of three
deaths and one out of five hospital admissions in
England [1]. Physical inactivity is an important risk factor, not only for these diseases but for some cancers
too, and is the fourth leading cause of death worldwide
[2, 3]. Physical inactivity has been estimated to cause
9 % of premature mortality worldwide. However, if
physical activity (PA) interventions increased PA by just
10 %, more than 533,000 deaths could be averted each
year [3]. The financial burden from physical inactivity
to the National Health Service (NHS) has been estimated at £1.06 billion annually [1], although these costs
increase significantly when the wider economic costs
are considered [4].The chief medical officer (CMO) for
England [1] recommends that adults should take 30 minutes of moderate intensity PA, e.g. brisk walking,
on at least 5 days per week. However, the majority of
adults in the UK do not meet this recommendation [5],
and globally, physical inactivity is on the rise [3].
The National Institute for Health and Care Excellence
(NICE) public health guidance endorses brief PA interventions in primary care [4]. When brief advice is compared with usual care, the incremental cost-effectiveness
ratio (ICER) of moving one person from an inactive to
active state has been estimated at £1730 [4], although
this figure is dependent on the setting, content of the PA
advice given and the healthcare practitioner delivering
the PA intervention [6]. Therefore, brief advice on PA
promotion can be cost-effective when the longer-term
health benefits and costs are considered [4, 6–8]. In
recent years, emphasis has been placed on promoting
PA interventions along the continuum of individuallevel and population-based interventions. However, time
and cost are still significant constraints on their implementation [4].
Very brief interventions (VBIs), defined as interventions delivered in a single session of no more than 5 minutes, could be delivered in primary care consultations
such as NHS health checks and annual disease reviews
[9, 10]. Very few VBIs that promote PA have been

reported in the literature, but where they have, their
content is poorly characterised [9–11]. Few studies
provide a definition of ‘brief ’ or report the duration
of the intervention [8, 11]. Furthermore, many ‘brief ’
interventions are too long or complex to be costeffective [6–8, 11–13].
The heterogeneity in methodology and economic
modelling further limits the generalisability of results
and estimates of cost-effectiveness of PA interventions;
usual care is not always the comparator, and relevant
costs are often excluded (e.g. out of pocket expenses
may be significant in the adoption and maintenance of
PA [6]). Measures of effectiveness also vary considerably
between studies and are often based on self-reports
[5, 12, 13]. Self-report PA questionnaires provide useful
information about the types of activities that participants
engage in and can be regarded as complementary to
objective measures such as those derived from accelerometry. However, self-reports are subject to recall and
social desirability biases, which may lead to overreporting of PA levels [12]. For example, in the 2008
report of the Health Survey for England, the proportions of men and women, respectively, who met the
current recommendations for PA were 39 % and 29 %
when measured by self-report and 6 % and 4 % when
measured by accelerometer [14].
More intensive interventions may be effective at
increasing PA, but the most cost-effective interventions
at the population level are still likely to be those that
require minimal contact [13]. Therefore, an urgent need
exists for more clearly specified PA interventions that
are scalable, effective and cost-effective.
Our 5-year research programme aims to develop and
evaluate very brief interventions that are feasible for primary care consultations such as NHS Health Checks,
which are available to adults in England between 40 and
74 years of age. The Health Check includes measurement of cholesterol, blood pressure and BMI to assess a
person’s risk of developing vascular disease over 10 years.
Therefore, as their primary purpose is to assess and
manage risk, Health Checks provide an ideal platform
from which to deliver a very brief PA intervention to a
large population of adults.
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We have developed, piloted and evaluated a number
of VBIs [10], and a randomised controlled trial
(ISRCTN02863077) of three promising VBIs has been
undertaken to determine which intervention to take
forward for further testing (Pears S, Bijker M, Morton K,
Vasconcelos J, Parker RA, Westgate K, et al.: A randomised controlled trial of three very brief interventions for
physical activity in primary care, submitted). Consistent
with systematic reviews and meta-analyses of pedometerbased interventions [15], the pedometer-plus VBI was
considered to be the most practical and feasible and
had the greatest potential to promote change in PA.
The pedometer-plus intervention evaluated in the
previous trial involved a face-to-face discussion on the PA
recommendations and how to use a pedometer and to
set goals and monitor progress. The written material
supported the discussion, and it also provided tips to help
increase PA. However, although participants and practitioners felt that the length of the intervention was about
right, participants thought that the intervention was
too generic and would like to have seen a more tailored
approach. We therefore refined the intervention, without
increasing its duration, to make it more tailored to individuals by emphasising in practitioner training the importance
of (1) providing feedback on participants’ current PA and
(2) emphasising that any increase in steps per day would
be beneficial. The booklet used in the previous trial was refined to include (1) written feedback on the participant’s
current PA level; (2) emphasis that any increase in steps
per day is beneficial; and (3) information on where to find
out about local walking groups and activities and how to
download a pedometer application for smartphones.
The pedometer-plus VBI (Step It Up), delivered at the
end of the NHS Health Check, is to be tested in this randomised controlled trial against the NHS Health Check alone.
Aims

The aims of this trial are as follows:
1. To estimate the effectiveness of a very brief
pedometer-based intervention (Step it Up) in
increasing objectively-measured PA in adults 40–74
years of age attending NHS Health Checks in primary
care compared with the Health Check alone
2. To estimate the cost-effectiveness of this intervention
compared with the Health Check alone from the
perspectives of the NHS and society
3. To assess the mechanisms underlying any
intervention effects and the fidelity of delivery

Methods/design
Design of the study

The VBI Trial is a two parallel-group, randomised,
controlled trial with a 1:1 individual allocation,
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comparing the Step It Up intervention delivered in an
NHS Health Check (intervention arm) with the NHS
Health Check alone (usual care control arm). Followup is at 3 months. The design of the study and the
flow of participants are shown in Fig. 1.
Eligibility criteria

Inclusion criteria for the trial map onto those for the
NHS Health Check. Patients aged between 40 and
74 years, who have not been diagnosed with a vascular disease and are not currently being treated for
relevant risk factors (e.g. raised blood pressure) are
eligible for an NHS Health Check [2] and, therefore,
eligible for inclusion in the trial. However, patients
unable to provide written informed consent (e.g. have
an insufficient grasp of the English language to
understand study procedures) will be excluded, as will
those patients whose GP considers them to be unsuitable for inclusion (e.g. because of severe mental impairment or terminal illness).
Practice recruitment and training

Twenty-three primary care practices in urban and
rural areas across the East of England are recruiting
1,140 participants (12 GP practices in Cambridgeshire,
eight in Hertfordshire and Bedfordshire and three in
Norfolk). Initial contact with the practices is through the
regional research network, CRN Eastern. Healthcare practitioners (nurses and/or healthcare assistants) already
trained to deliver NHS Health Checks attend a single
3-hour study training session.
Health practitioners receive a training manual as part of
the training process, and this, along with the face-to-face
session, covers the following: (1) information about the
study aims; (2) information about the importance of promoting PA among adults attending NHS Health Checks;
(3) study documentation, written materials for the participant, and information on obtaining written informed consent and completing the case report form (CRF) following
Good Clinical Practice guidelines; (4) how to access and
use the web-based randomisation tool to randomly allocate participants to intervention arm ; (5) a detailed procedure on the Step It Up intervention that describes how
each component of the intervention should be delivered, a
shortened version of the procedure that practitioners can
use as a prompt during the NHS Health Check, and a
script which gives an example of intervention delivery; (6)
a demonstration and practise of patient-centred communication skills to facilitate behaviour change; (7) role play
by the research team using the script in the training manual to demonstrate the NHS Health Check when all study
and intervention procedures are incorporated; and (8)
practise of the NHS Health Check including all procedures by the healthcare practitioners to consolidate their
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Invited to participate
(n = 5,750)

Randomised
(n =1,140)

HC only (Control)
(n = 570)

HC + VBI (Intervention)
(n = 570)

Completed 3-month follow-up
(n = 394)

Completed 3-month follow-up
(n = 394)

Analysed for primary outcome
(n = 394)

Analysed for primary outcome
(n = 394)

Fig. 1 Flow diagram for the VBI Trial. With target or estimated numbers. HC, Health Check; VBI, Very Brief Intervention

learning and for the research team to provide feedback on
their performance.
To promote fidelity of delivery of the Step It Up
intervention, practitioners are trained to use the brief
procedure, the CRF and the Step It Up intervention
booklet to guide them through the NHS Health
Check and intervention delivery.
Participant recruitment

Recruitment is through the NHS HealthCheck
programme [16]. In order to reduce selection bias, a
subsample of eligible patients is randomly selected
from each participating GP practice. Evidence from
our previous trial suggests a likely 20 % response;
therefore, 250 invitations are expected to yield 50
participants. Where the response is lower than expected, further subsamples will be generated.

sheet, an invitation letter and a sample consent form is
sent through the mail to patients. Patients are encouraged
to make an appointment for the NHS Health Check with
their practice, mentioning at the time their interest in taking part in the trial. If, after 2 weeks, no response has been
received from the patient, a reminder letter is sent.
Mailing information packs through the post with the
NHS Health Check invitation is the preferred method of
recruitment. However, based on procedures used in our
previous trial, GP practices will have the option to use an
alternative method of recruitment as follows: either (1)
mail the study information once a patient has made an appointment for the NHS Health Check or (2) provided that
patients are given sufficient time to read the information,
hand it to patients in the waiting room as they arrive for
their NHS Health Checks.

Participant invitation

Study interventions
Control arm

In addition to the invitation for the NHS Health Check,
an invitation pack that includes the trial information

Participants in the control arm receive only the usual
NHS Health Check. The NHS Health Check is a
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series of tests and questions designed to assess the individual's risk of developing heart disease, stroke, diabetes and kidney disease.
Intervention arm

Participants in the intervention arm receive the Step
It Up intervention in addition to the NHS Health
Check. Step It Up is a single-contact intervention that
is delivered by nurses and/or healthcare assistants in
5 minutes at the end of the NHS Health Check. It
consists of the following three components:
1. Face-to-face discussion: The practitioner (a) gives
the patient feedback on their current activity; (b)
gives information about the current PA
recommendations, as advised by the CMO
(30 minutes of moderate-intensity activity on 5
or more days a week or 10,000 steps per day);
(c) shows the patient how to wear and use the
pedometer and encourages them to use it to
monitor the number of steps walked each day;
(d) shows the patient the Step Chart and
encourages them to use it to set a step goal and
record daily steps to monitor whether they
reached that goal; and (e) explains that the
Pedometer Booklet gives tips for how to increase
daily steps by making small changes.
2. Pedometer and Step Chart: A Yamax Digiwalker
SW200 and a printed Step Chart are given to
the patient to use as self-monitoring tools.
3. Step It Up Booklet: The booklet (a) states the UK
government PA recommendations; (b) includes
instructions on how to use the pedometer; (c)
mentions the health benefits of being more active;
(d) provides a graph to show that small changes in
PA can lead to significant health benefits; (e) provides
tips for achieving more steps; and (f) provides links
to other PA resources.
The key behaviour change techniques (BCT) in the
Step It Up intervention, identified from the Behaviour Change Technique Taxonomy version 1 [17],
include goal setting, action planning, feedback and
self-monitoring of behaviour. Table 1 provides a full
list and description of the BCTs identified.
Procedure
Randomisation

Randomisation is stratified by primary care practice using
a web-based tool (www.sealedenvelope.com) designed
specifically for the trial. The random allocation ratio
is 1:1 with randomly permuted blocks of sizes 2, 4
and 6 to ensure even randomisation and low predictability of assignment within each stratum.
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The nurse or healthcare assistant uses the web-based
program to randomly allocate the patient to either the
control arm (the usual NHS Health Check) or the intervention arm (the usual NHS Health Check with the Step
It Up intervention). Up until this point, the practitioner
and participant are blind to allocation. However, once allocation is known, practitioners are encouraged to convey
the information positively by describing allocation in
terms of ‘you have been selected to receive the health
check today’ (control arm) or ‘you have been selected to
receive the Step It Up intervention, which we will do at
the end of the health check’ (intervention arm).
The NHS Health Check

Healthcare assistants and nurses conducting the NHS
Health Checks obtain informed consent from participants
following Good Clinical Practice guidelines [18]. Once
consent has been given, participants are asked to complete
a short questionnaire. The information provided in this
questionnaire will be used to characterise the sample and
check baseline comparability between arms. The healthcare practitioner accesses the web-based randomisation
tool at this time to determine to which intervention arm
the participant has been assigned. The rest of the consultation proceeds following the usual NHS Health Check
procedures, and the Step It Up intervention is delivered at
the end to participants in the intervention arm.
Healthcare practitioners also complete a CRF, which
is a written record of the consultation. It is intended
as a guide and provides prompts for each stage of the
consultation. One additional piece of information is
collected: the baseline PA level. This measure is
derived during the NHS Health Check using the GP
PA Questionnaire (GPPAQ) [19] and is used as the
basis for individual feedback at the start of the Step it
Up intervention as well as providing a baseline measure of PA. The questionnaire asks about the patient’s
PA at work and leisure time in the past week.
Audio-recording of consultations

A random sample of five NHS Health Checks (10 %) will
be selected from each practice for audio-recording and
will include both intervention and control consultations.
This should provide a total of 115 audio-recordings. Participants will be asked to confirm their consent verbally
at the start of each audio-recording. Neither the practitioner nor the study team will know in advance which
consultations are to be audio-recorded (this is determined at the same time as allocation to intervention
arm).
Follow-up

All participants are followed up 3 months after the Health
Check. Participants are asked to wear an accelerometer
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Table 1 Content and behaviour change techniques (BCT) of the Step It Up very brief intervention
Content of the face-to-face discussion

BCTsa included in the face-to-face discussion

Practitioner

Target behaviour: physical activity

• Gives verbal feedback on current PA and informs the participant of whether they are meeting the
PA recommendations

1.1 Goal setting (behaviour)

• Asks the participant if they are aware of the Chief Medical Officer’s PA recommendations and
informs them that the recommendations are for a minimum of 30 minutes of moderate-intensity
activity on 5 or more days of the week, and emphasises that moderate PA is any activity that
raises heart rate, breathing or sweating and includes the activities of daily living

1.4 Action Planning

• Explains the 10,000 steps per day recommendation

2.2 Feedback on behaviour

• Shows the participant how to use the pedometer, and encourages them to use it to monitor
daily steps

2.3 Self-monitoring of behaviour

• Shows the participant the Step Chart and encourages them to use it to set a daily step goal
(starting with a smaller goal) and record daily steps

8.7 Graded tasks

• Explains that the Step It Up Booklet contains information about the health, social, environmental
and emotional benefits of PA; tips for how to increase daily steps by making small changes; and
information about other helpful resources.

12.5 Adding objects to the environment
Target behaviour: Self-monitoring
4.1 Instruction on how to perform the
behaviour

Content of participant materials

BCTsa included in the participant materials

Step It Up Booklet containing

Target behaviour: physical activity

• Written feedback on current PA.

1.1 Goal setting (behaviour)

• Information on PA recommendations (30 minutes of moderate-intensity activity on 5 or more days
a week; 10,000 steps per day).

1.4 Action Planning

• Instructions on how to use the pedometer and how to self-monitor daily steps.

2.2 Feedback on behaviour

• Information about the health, social, environmental and emotional benefits of PA.

2.3 Self-monitoring of behaviour

• Advice about setting a smaller step goal at first and gradually increasing the goal over time.

5.1 Information about health
consequences

• Tips for how to increase daily steps by making small changes.

5.3 Information about social and
environmental consequences

• Information about other helpful online resources (e.g. where to download a pedometer app, a
website to find a local walking group).

5.6 Information about emotional
consequences

Step Chart
• Chart for setting step goals and monitoring daily steps.

8.7 Graded tasks
Target behaviour: Self-monitoring

Pedometer
• A Yamax Digiwalker SW200.

4.1 Instruction on how to perform the
behaviour

a
Numbering refers to the Behaviour Change Technique Taxonomy v1 [17]
PA physical activity

(Actigraph GT3X+ or Actigraph w-GT3X-BT) 1 around
their waist for a period of 7 consecutive days, putting it on
in the morning and taking it off before going to bed. Participants are encouraged to go about their activities as
normal during this time but are asked to log the times of
wear during the day (i.e. the time the monitor was put on
and taken off) on the log sheet provided. At the end of the
7 days, participants return the accelerometer in the replypaid envelope provided along with the log sheet and a
completed questionnaire. Based on daily variability findings from the previous trial (Pears S, Bijker M, Morton K,
Vasconcelos J, Parker RA, Westgate K, et al.: A randomised controlled trial of three very brief interventions for
physical activity in primary care, submitted), a minimum

of 3 days of activity data each with a minimum of 10 hours
of wear-time data are required to count as a valid recording regardless of how many of the provided days are weekend days or weekdays. Participants are asked to re-wear
the accelerometer if the returned data fail to reach this
minimum. Non-wear time is determined by 90 minutes or
more of zero counts.
Participants will also be asked to complete a questionnaire once they have finished wearing the accelerometer. The questionnaire consists of three parts:
 Recent physical activity questionnaire (RPAQ).

Self-reported PA over the previous 4 weeks is
measured across four domains (home, work,
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travel and recreation). Section A on home
activities asks questions on the frequency of
television viewing, computer use and stair
climbing. Section B asks questions about the
type of work and the time spent there, as well as
assessing the mode of travel to and from place
of work. The final section asks about the
frequency and duration of frequently performed
recreational activities. When tested against two
gold standard methods of obtaining PA energy
expenditure (PAEE) (doubly labelled water and
combined heartrate and movement sensing), the
RPAQ has been shown to be a valid tool for
ranking individuals according to PAEE [20].
 NHS use, workplace productivity and expenditure
on PA questionnaire. A bespoke questionnaire on
primary and secondary care contacts and
expenditure on health, sports clubs or other
physical activities was developed and piloted
prior to the trial. Work place productivity is
based on an adapted version of the validated
Work Productivity and Activity Impairment
(WPAI) Questionnaire [21].
 Process evaluation. (1) For mechanisms of
impact, a series of questions is used to assess
whether the intervention and materials were
received by participants during the NHS Health
Check and subsequently used, and (2) for
contamination, participants are asked if they
know anyone else who has taken part in the
study, and if yes, whether they were in the
intervention or control group.
Maximising retention

To maximise the response rate, everyone who returns
the accelerometer with valid data and a completed
questionnaire will be entered in a prize draw to receive
one of twenty £20 gift vouchers. Participants are also
given a study ID card and pen at baseline to remind
them of their involvement in the study. To ensure that
timing is convenient to receive the accelerometer, participants are contacted (by text, telephone or email) 1 week
before the accelerometer and questionnaire are mailed.
Data management/quality assurance

The randomisation sequence for the web-based randomisation tool has been generated independently of the
study team. Electronic randomisation records will be
checked against the CRF for fidelity.
The administrative database is managed in-house.
The database has been designed to allow easy entry
of CRF data and the short baseline questionnaire.
Random checks are performed on the entered data
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against paper records, and all errors are logged and
corrected.
Double data entry of the follow-up questionnaire
will be done by an experienced independent agency.
The resulting spreadsheets will be interrogated for
invalid values and corrected. In addition, random
checks will be applied as above.
The objective PA data is checked weekly for completeness, and participants are asked to wear the Actigraph monitor for extra days if the minimum wear
time of 10 hours a day over a 3-day period has not
been achieved.
The audio-recordings will be submitted to an independent transcription agency and stored on a secure
drive on a University server.
We are promoting walking as a means of increasing
PA, and the duration of the trial for participants is
3 months. Evidence from our previous trial suggested
that the risk of harm or injury to a patient associated
with our trial is low. We do not foresee any events or
circumstances in which we would need to stop the trial
prematurely. No interim analysis or stopping guidelines
have been made prior to the study. However, a trial steering committee made up of an independent chair, three
independent members, including members of the Public
and Patient Involvement (PPI) panel, representatives from
the funder and the sponsor, and three members of the
research team will oversee all aspects of the trial.
Data analysis will be undertaken on completion of
data collection, database lock and data cleaning.
Confidentiality

The research team will have no access to identifiable
data prior to consent. Study invitations are sent directly
from GP practices. The storage and movement of
identifiable and sensitive data between GP practices
and the research team will be undertaken following the
guidelines and principles of Good Clinical Practice, the
Data Protection Act 1998 and the NHS England confidentiality policy. The chief investigator will be the
custodian of the trial data set, and only authorised
personnel will have access to the (anonymous) data.
Study outcomes

Data are collected by nurses and
during the NHS Health Check
naires and accelerometer wear at
Health Check. See Table 2 for a
measures.

healthcare assistants
and from question3 months post-NHS
full list of outcome

Primary outcome

The primary outcome is PA (total body movement)
measured by tri-axial accelerometry (Actigraph GT3X+ or
Actigraph w-GT3X-BT, ActiGraph, Pensacola, Florida,
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Table 2 Study measures
0 months 3 months
Accelerometer measures
Activity counts per minute

X

Step counts per day

X

Time (minutes/day) in light/sedentary activity

X

Time (minutes/day) in moderate activity

X

Time (minutes/day) in vigorous activity

X

Time (minutes/day) in moderate or vigorous
activity

X

Questionnaire measures
Physical activity energy expenditure (PAEE)
(kj/kg/day)

X

Home-based PAEE (kj/kg/day)

X

Work-based PAEE (kj/kg/day)

X

Leisure-based PAEE (kj/kg/day)

X

Commuting PAEE (kj/kg/day)

X

Screen/TV time (hours per day)
Gender

X
X

Age (calculated from date of birth)

X

Ethnicity

X

Education

X

Employment status

X

Household income

X

Marital status

X

Home ownership

X

Vehicle ownership

X

Dependents

X

Individual deprivation score

X

Area deprivation score (Index of Multiple
Deprivation, IMD, based on home postcode)

X

Recall of physical activity (PA) advice

X

PA awareness

X

Use of intervention materials

X

Enactment of behaviour change techniques

X

Contamination of sample

X

Primary care visits

X

Hospital visits

X

Out of pocket expenditure

X

Work productivity

X

National Health Service (NHS) Health Checks
10-year cardiovascular risk score (QRisk2)

X

Activity level (Derived from GPPAQ)

X

Duration of health check

X

Nurse/Healthcare assistant delivery

X

Physical activity referrals

X

USA) expressed as average vector magnitude acceleration (counts per minute). Data collected at 60Hz will
be integrated into 10-second epochs. Non-wear time,
defined as strings of 90 minutes of consecutive zeros
(on the vertical axis), will be excluded, and the
remaining vector magnitude data will be summarised
into average acceleration (counts per minute (cpm)).
Secondary outcomes

Secondary outcomes derived from the accelerometer
data are step counts (average step counts per day)
and the average number of minutes per day spent in
sedentary/light activity (<2,690 cpm); moderate activity (2,690–6,166 cpm); vigorous activity (≥6,167 cpm);
and moderate or vigorous activity (≥2,690 cpm) [22].
Self-reported PA outcome measures will be obtained
using the validated Recent PA Questionnaire (RPAQ)
[20]. Total Physical Activity Energy Expenditure (PAEE),
domain-specific PAEE (home, work, leisure-time and
commuting) and screen/TV viewing time over the past
4 weeks will be calculated using reported frequency and
duration for each activity, together with estimated
activity-specific metabolic cost [23].
The cost analysis will inform an economic evaluation
and will comprise costs to participants, the NHS (including the cost of the intervention itself ), and lost
productivity. Costs to participants will be calculated
from out-of-pocket expenditure reported in questionnaires, adjusted to the price year of the analysis using
the consumer price index (CPI). The value of lost
productivity will be calculated from the WPAI [21].
This estimates reduced productivity whilst at work
(‘presenteeism’) as a self-assessed proportion of maximum productivity, as well as days absent from work.
The cost will be calculated as the sum of whole-day
equivalents of work lost multiplied by the median
daily wage in England rate for the price year of the
analysis. The cost to the NHS will be calculated as
the sum of self-reported primary and secondary care
contacts multiplied by representative unit costs pertaining to the price year of the analysis (e.g. NHS
Reference Costs [24] and Curtis [25]). Finally, the
cost to the NHS of providing the intervention will
be calculated from study records of expenditure on
pedometers, materials and training and the time
required to deliver the VBI.
Process measures

The process evaluation is informed by recent Medical
Research Council guidance [26] and will focus on the
mechanisms underlying any intervention effects and
the implementation (fidelity of delivery) of intervention and control consultations.
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Mechanisms of impact Variables hypothesised to be
on the causal pathway of any effects include (1) recall
of any PA advice received during the NHS Health
Check consultation (two items); (2) awareness of PA
recommendations and own PA levels (two items); (3)
the use of any materials handed out (e.g. booklet;
three items); and (4) enactment of key behaviour
change techniques included in the intervention (e.g.
goal setting (behaviour) and self-monitoring (behaviour);
four items).
Fidelity of delivery A reliable coding frame will be
developed and piloted for inter-rater reliability to
assess the following variables: (1) duration of the
NHS Health Check and the intervention (if applicable); (2) delivery of the standard NHS Health Check
(e.g. taking a blood sample or measuring blood
pressure); (3) delivery of the intervention (e.g. feedback on PA levels, mention PA recommendations,
explain the pedometer, prompt goal setting and
self-monitoring, and give a booklet); and (4) contamination, by coding of any intervention-related components in the control consultations.
Sample size

A trial of 394 participants per arm followed up is sufficient to detect a 0.2 sd (‘small’) difference in mean
activity between arms (40 accelerometer cpm) based on
the standard deviation of 200 cpm estimated in the
previous trial) with 80 % power. However, allowing for
attrition of 30 % at follow-up (i.e. 30 % of participants
not providing sufficient accelerometer data), an initial
sample size of 570 per arm would give 80 % power to
detect an effect of this size between the two conditions
(alpha = 0.05, two-sided test).
Recruitment and attrition will be monitored. If attrition is lower than 30 % and we anticipate achieving
follow-up of 394 participants per arm with sufficient
accelerometer data from randomising fewer than 570
per arm, participant recruitment will be closed.
Statistical analyses

Full details of the statistical methods are provided in
the statistical analysis plan. The following is a summary of the main analyses proposed.
We will use analysis of covariance to test for intervention effects on continuous outcomes and quantify
these with differences in means and 95 % confidence
intervals, adjusting for primary care practice, gender
and age. Logistic regression will be used for binary
outcomes. An intention-to-treat approach will be used,
supported by a per protocol analysis for the primary
outcome analysis. All significance tests will be twosided and assessed at the 5 % level of significance.
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Missing data in the primary outcome will be handled within a sensitivity analysis considering optimistic and pessimistic scenarios for the intervention
effect size in those with missing data and incorporating baseline predictors of primary outcome missing
status that are differential by group. This analysis will
be undertaken to examine the robustness of the main
analysis result to the ‘missing at random’ (MAR)
assumption. The aim is to adequately explore the
impact of departures from the MAR assumption on
the primary outcome results [27].
Pre-specified subgroup variables will be examined in
relation to the primary outcome and will involve an
initial test of differential intervention effect across the
subgroup variable before summarising the intervention effect within the subgroup categories. These
subgroup variables will include baseline cardiovascular
risk, gender, age (40–59; 60–74 years), ethnic group,
educational qualifications, employment status, household income, marital status, home ownership, vehicle
ownership, and deprivation score (Index of Multiple
Deprivation (IMD) 2007, derived from the participant’s
home postcode [28]). For a continuous moderator such
as CVD risk, the intervention effect observed in the
highest tertile of the moderator will be estimated with a
95 % confidence interval having an informative width
of +/- 25 thousand activity counts per day.
Incremental effectiveness will also be formally
integrated with incremental cost data forming a
within-trial economic evaluation. This will estimate
the incremental cost per incremental MET(Metabolic
Equivalent of Task)-hour of physical activity gained
(estimated from accelerometer counts). The analysis
will be reported from the perspectives of the NHS
and society. Current guidelines on the conduct and
reporting of economic evaluations will be followed
[29–31]. Analysis of uncertainty will comprise the
estimation of 95 % confidence intervals around incremental costs and outcomes and construction of the
cost-effectiveness acceptability curves.
In addition to the within-trial analysis, results will
be combined with prior data on the costs and effects
of the intervention, and a previously developed model
will be updated with the new evidence to predict the
longer-term costs and outcomes associated with the
intervention and control. This will yield a revised
estimate of the incremental cost per QALY gained.
The revised decision uncertainty will be reported as
an updated cost-effectiveness acceptability curve.
Questionnaire measures relating to the proposed
mechanisms of impact of the intervention (recall of
PA advice, awareness of PA, use of intervention materials, and enactment of behaviour change techniques)
will be analysed descriptively. Variables that assess
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fidelity of the intervention and control consultations,
derived from coding the audio-recordings, will also be
analysed descriptively. Two overall fidelity scores will
be calculated, expressed as the number of components delivered out of those that should be delivered
for (1) the NHS Health Check (intervention and control consultations) and (2) the intervention (intervention consultations only).

Discussion
The main aims of the VBI trial are to estimate the
effectiveness and the cost-effectiveness of the Step It
Up intervention delivered at the end of an NHS Health
Check compared with the Health Check alone. The
findings of this trial will extend the evidence base on
very brief interventions for PA and will inform policy
decisions about the introduction of very brief PA interventions into primary care consultations.
The trial has been designed to maximise both internal
and external validity. The participant is randomised by
a web-based program during the consultation. At point
of entry into the trial (i.e. as informed consent is
obtained), neither the participant nor the practitioner is
aware of the group allocation. Once the participant is
allocated, the practitioner tells them which group they
are in. In a trial such as this, practitioners and participants cannot be blinded to the group allocation.
With individual randomisation of participants (as opposed to cluster randomisation of practitioners or practices), the risk that some of the content of the very brief
intervention may be incorporated into the Health Check
and that participants in the control arm may therefore receive some intervention content does exist. However, this
did not occur in our trial of a practice nurse-delivered
intervention for medication adherence [32]. The CRF and
the written Step It Up intervention material have been
designed to act as a prompt and guide to the consultation,
thus minimising the risk of contamination. Audiorecording a sample of consultations will enable fidelity of
delivery to be checked.
The primary outcome measure for this trial is PA objectively measured using an accelerometer at 3-month
follow-up and expressed in activity counts per minute.
Analysis of accelerometer data will be blinded. Secondary outcomes include self-report measures of PA,
which provide information on the type and pattern of
activity not otherwise obtainable from accelerometry.
After careful consideration, we decided not to measure
the primary outcome at baseline. A baseline measure
would have a number of advantages: sample size could be
reduced, and an analysis of individual change scores
would be possible. However, pilot work undertaken in
preparation for this trial identified two potential problems
arising from objective measurement of PA at baseline.
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First, baseline measurement is logistically difficult and
may compromise uptake of the NHS Health Check and
the flow of participants through the trial. Second, baseline
accelerometry could act as an intervention; that is, some
participants may increase their activity as a result of wearing the device, leaving less scope for our very brief intervention to have an effect [33].
The Step It Up intervention was chosen after a rigorous
selection process [10] and evaluation in a previous trial
(Pears S, Bijker M, Morton K, Vasconcelos J, Parker RA,
Westgate K, et al.: A randomised controlled trial of three
very brief interventions for physical activity in primary
care, submitted) (ISRCTN02863077). The intervention is
well characterised in terms of the component BCTs, is
feasible to deliver in practice with limited training and is
acceptable to both practitioners and participants. External
validity is further increased by using nurses and healthcare
assistants already trained to carry out NHS Health Checks.
The trial team brings together expertise in behavioural
science, intervention development and evaluation, measurement of PA, medical statistics, health economics, and
the design, conduct and analysis of primary care trials. In
designing this trial, we have drawn on our previous work
and on the guidelines and principles of trial reporting laid
out in SPIRIT [34] and CONSORT [35]. See Additional
file 1 for the SPIRIT Checklist.

Trial status
Participant recruitment for this trial is underway.
Endnote
1
Two models of Actigraph accelerometers (GT3X+
and w-GT3X+) were used in this trial. Unfortunately,
during the previous trial a number of accelerometers
were ‘lost’ (either in transit or were never returned), and
as a result more accelerometers were purchased to make
up the deficit. By this time, a new generation of Actigraph accelerometers had been produced. The manufactures claim the data provided by the GT3X+ and wGT3X+, when subjected to the same acceleration environment, will exhibit outputs within 5 % of each other,
and with randomisation, these are expected to be represented in the same proportions in the two randomised
groups.
Additional file
Additional file 1: SPIRIT Checklist. (PDF 130 kb)
Abbreviations
BCT, behaviour change technique; CMO, chief medical officer; CRF, case
report form; GP, general practice or general practitioner; GPPAQ, GP PA
questionnaire; ICER, incremental cost-effectiveness ratio; IMD, Index of
Multiple Deprivation; MAR, missing at random; NHS, National Health Service;
NICE, National Institute for Health and Care Excellence; PA, physical activity;

Mitchell et al. Trials (2016) 17:303

PAEE, physical activity energy expenditure; PPI, patient and public involvement;
RPAQ, Recent Physical Activity Questionnaire; VBI, very brief intervention;
WPAI, Work Productivity and Activity Impairment

Page 11 of 12

3.

4.
Acknowledgements
This study is being conducted on behalf of the Very Brief Interventions
Programme team (see www.phpc.cam.ac.uk/pcu/research/research-projects-list/
vbi/vbi-research-team for team members).
We are grateful to the patients, nurses, healthcare assistants and general
practitioners in: Alconbury and Brampton Surgery; Aspland’s Surgery,
Woburn Sands; Bayfield Surgery, Docking; Bridge Street Medical Centre,
Cambridge; Bridge Street Surgery, Downham Market; Church Street Surgery,
Ware; Comberton and Eversden Surgery; De Parys Medical Centre, Bedford;
Hanscombe House Surgery, Hertford; Lensfield Road Medical Practice,
Cambridge; North Street Medical Practice, Peterborough; Parsonage Surgery,
Bishop's Stortford; Pemberley Surgery, Bedford; Salisbury House Surgery,
Leighton Buzzard; St John's Surgery, Terrington St John; The Acorn Surgery,
Huntingdon; The Cornerstone Practice, March; The Old Exchange @ East
Street, St. Ives; The Over Surgery, Over; The Riverside Practice, March; The
Spinney Surgery, St. Ives; Wallace House Surgery, Hertford; York St Medical
Practice, Cambridge.
This paper presents independent research funded by the National Institute
for Health Research (NIHR) under its Programme Grants for Applied Research
Programme (Grant Reference Number RP-PG-0608-10079). The views
expressed are those of the author(s) and not necessarily those of the NHS,
the NIHR or the Department of Health. The funder had no role in study
design, data collection, data analysis, data interpretation, the writing of the
manuscript, and decision to submit the manuscript for publication.

5.

6.

7.

8.

9.

10.

11.

12.
Authors’ contributions
SS is the chief investigator and programme director. WH is a principal
investigator and deputy director. JM is the trial coordinator and drafted the
manuscript. WH and SP developed the intervention and process evaluation.
ATP and JV provided statistical support, and EW provided health economics
expertise. All authors contributed to the study design and critically reviewed
and revised the manuscript for important intellectual content. All authors
read and approved the final manuscript.

13.
14.

15.

Competing interests
Authors JM, SP, ATP, JCV, EW and SS declare they have no competing
interests. WH has done consultancy work for AbbieVie Ltd.

16.
17.

Ethics approval and consent to participate
Ethical approval for the trial has been obtained from the East of
England—Cambridge East Research Ethics Committee (14/EE/1004).

18.

Author details
1
Behavioural Science Group, Department of Public Health and Primary Care,
Institute of Public Health, Forvie Site, University of Cambridge School of
Clinical Medicine, Box 113Cambridge Biomedical Campus, Cambridge CB2
0SR, UK. 2School of Health Sciences, University of East Anglia, Norwich
Research Park, Norwich NR4 7TJ, UK. 3Imperial Clinical Trials Unit, Imperial
College London, Stadium House, 68 Wood Lane, London W12 7RH, UK.
4
Department of Public Health and Primary Care, Institute of Public Health,
Forvie Site, University of Cambridge School of Clinical Medicine, Box
113Cambridge Biomedical Campus, Cambridge CB2 0SR, UK.
Received: 19 December 2015 Accepted: 25 May 2016

19.

20.

21.

22.
23.

References
1. Department Of Health. Start Active, Stay Active: A report on physical activity
for health from the four home countries’ Chief Medical Officers.
Publications—GOV.UK. 2011. https://www.gov.uk/government/publications/
start-active-stay-active-a-report-on-physical-activity-from-the-four-homecountries-chief-medical-officers. Accessed 14 Dec 2015.
2. Public Health England. NHS health check implementation review and action
plan. 2013. http://www.healthcheck.nhs.uk/latest_news/nhs_health_check_
implementation_review_and_action_plan1.Accessed 30 July 2015.

24.

25.
26.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of
physical inactivity on major non-communicable diseases worldwide: an
analysis of burden of disease and life expectancy. Lancet. 2012;380:219–29.
National Institute for Health and Care Excellence. Physical activity: brief
advice for adults in primary care. NICE Public Health Guidance 44. 2013.
https://www.nice.org.uk/guidance/ph44. Accessed 30 July 2015.
Scholes S, Mendelli J. Physical activity in adults. Health and Social Care
Information Centre. 2012. http://www.hscic.gov.uk/catalogue/PUB13218/
HSE2012-Ch2-Phys-act-adults.pdf. Accessed 30 July 2015.
GC Vijay, Wilson E, Suhrcke M, Hardeman W, Sutton S. Are brief
interventions to increase physical activity cost-effective? A systematic
review. Br J Sports Med. 2015; doi:10.1136/bjsports-2015-094655.
Foster C, Hillsdon M, Thorogood M, Kaur A, Wedatilake T. Interventions for
promoting physical activity. Cochrane Database Syst Rev. 2005;1:CD003180.
doi:10.1002/14651858.CD003180.pub2.
Eakin EG, Glasgow RE, Riley KM. Review of primary-care based physical
activity intervention studies: effectiveness and implications for practice and
future research. J Fam Pract. 2000;49:158–68.
Campbell F, Blank L, Messina J, Day M, Woods HB, Payne N, et al. Physical
activity: Brief advice for adults in primary care. 2012. https://www.nice.org.
uk/guidance/ph44/evidence/review-of-effectiveness-and-barriers-andfacilitators-69102685. Accessed 10 Aug 2015.
Pears S, Morton K, Bijker M, Sutton S, Hardeman W, on behalf of the VBI
Programme Team. Development and feasibility study of very brief
interventions for physical activity in primary care. BMC Public Health.
2015;15:333.
Lamming L, Mason D, Wilson E, GC V, Sutton S, Hardeman W. EHPS 2012
abstracts: Very brief interventions to increase physical activity: a systematic
review of reviews. Psychol Health. 2012;27(sup1):1–357.
Orrow G, Kinmonth AL, Sanderson S, Sutton S. Effectiveness of physical
activity promotion based in primary care: systematic review and metaanalysis of randomised controlled trials. BMJ. 2012;344:e1389.
Wu S, Cohen D, Shi Y, Pearson M, Sturm R. Economic analysis of physical
activity interventions. Am J Prev Med. 2011;40:149–58.
Health & Social Care Information Centre. Health survey for England—2008:
Physical activity and fitness. Health & Social Care Information Centre. 2009.
http://www.hscic.gov.uk/pubs/hse08physicalactivity. Accessed 30 July 2015.
Kang M, Marshall SJ, Barreira TV, Lee J-O. Effect of pedometer-based
physical activity interventions: A meta-analysis. Res Q Exerc Sport. 2009;80:
648-55.
NHS health check. http://www.healthcheck.nhs.uk/. Accessed 26 Nov 2015.
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al.
The behavior change technique taxonomy (v1) of 93 hierarchically clustered
techniques: building an international consensus for the reporting of behavior
change interventions. Ann Behav Med. 2013;46:81–95.
Medical Research Council. MRC guidelines for good clinical practice in
clinical trials. MRC Clinical Trials Unit. 1998. http://www.mrc.ac.uk/
documents/pdf/good-clinical-practice-in-clinical-trials/. Accessed 30
July 2015.
Department of Health. General practice physical activity questionnaire
(GPPAQ). GOV.UK. 2013. https://www.gov.uk/government/publications/generalpractice-physical-activity-questionnaire-gppaq. Accessed 11 Aug 2015.
Besson H, Brage S, Jakes RW, Ekelund U, Wareham NJ. Estimating physical
activity energy expenditure, sedentary time, and physical activity intensity
by self-report in adults. Am J Clin Nutr. 2010;91:106–14.
Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of a work
productivity and activity impairment instrument. Pharmacoeconomics.
1993;4:353–65.
Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph
activity monitors. J Sci Med Sport. 2011;14:411–6.
Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32(Suppl):S498–504.
Department of Health. Reference Costs 2013-14. GOV.UK. https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/380322/01_Final_
2013-14_Reference_Costs_publication_v2.pdf. Accessed 26 Nov 2015.
Curtis L. Unit costs of health & social care 2013. Canterbury: University
of Kent; 2013.
Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions: Medical Research Council guidance.
BMJ. 2015;350:h1258.

Mitchell et al. Trials (2016) 17:303

Page 12 of 12

27. White IR, Carpenter J, Horton NJ. Including all individuals is not enough:
lessons for intention-to-treat analysis. Clinl Trials. 2012;9:396–407.
28. Noble M, McLennan D, Wilkinson K, Whitworth A, Exley S, Barnes H, et al.
The English indices of deprivation 2007. London: Communities and Local
Government; 2007.
29. National Institute for Health and Care Excellence. NICE: Guide to the
methods of technology appraisal 2013. National Institute for Health and
Care Excellence. 2013. http://www.nice.org.uk/article/pmg9. Accessed 30 Jul
2015.
30. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al.
Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
statement. BMJ. 2013;346:f1049.
31. Drummond MF, Sculpher MJ, Klaxton K, Stoddart G, Toppance GW. Methods
for the economic evaluation of health care programmes. 4th ed. Oxford:
Oxford University Press; 2015.
32. Farmer A, Hardeman W, Hughes D, Prevost A, Kim Y, Craven A, et al. An
explanatory randomised controlled trial of a nurse-led, consultation-based
intervention to support patients with adherence to taking glucose lowering
medication for type 2 diabetes. BMC Fam Pract. 2012;13:30.
33. French DP, Sutton S. Reactivity of measurement in health psychology: How
much of a problem is it? What can be done about it? Br J Health Psychol.
2010;15:453–68.
34. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ. 2013;346:e7586.
35. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, et al.
CONSORT 2010 explanation and elaboration: updated guidelines for reporting
parallel group randomised trials. Int J Surg. 2012;10:28–55.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

