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Abstract
Background: Policing is a highly stressful and increasingly sedentary occupation. The study aim was to
assess the acceptability and impact of a mobile health (mHealth) technology intervention (Fitbit® activity
monitor and ‘Bupa Boost’ smartphone app) to promote physical activity (PA) and reduce sedentary time
in the police force.
Methods: Single-group, pre-post, mixed methods pilot study. Police officers and staff (n=180) were
recruited from two police forces in South West England. Participants used the technology for 12 weeks
(an ‘individual’ then ‘social’ phase) followed by five months of optional use. Data sources included Fitbit®recorded objective step count, questionnaire surveys and semi-structured interviews (n=32). Outcome
assessment points were baseline (week 0), mid-intervention (week 6), post-intervention (week 12) and
follow-up (month 8). Paired t-tests were used to investigate changes in quantitative outcomes. Qualitative
analysis involved framework and thematic analysis.
Results: Changes in mean daily step count were non-significant (p>0.05), but self-reported PA increased in
the short term (e.g. +465.4 MET-minutes/week total PA baseline to week 12, p=0.011) and longer term
(e.g. +420.5 MET-minutes/week moderate-to-vigorous PA baseline to month 8, p=0.024). The greatest
impact on behaviour was perceived by less active officers and staff. There were no significant changes in
sedentary time; the qualitative findings highlighted the importance of context and external influences on
behaviour. There were no statistically significant changes (all p-values >0.05) in any secondary outcomes
(physical and mental health-related quality of life, perceived stress and perceived productivity), with the
exception of an improvement in mental health-related quality of life (SF-12 mental component score
+1.75 points, p=0.020) from baseline to month 8. Engagement with and perceived acceptability of the
intervention was high overall, but a small number of participants reported negative physical (skin
irritation) and psychological (feelings of guilt and anxiety) consequences of technology use. Individual
app features (such as goal-setting and self-monitoring) were generally preferred to social components
(social comparison, competitions and support).
Conclusions: mHealth technology is an acceptable and potentially impactful intervention for increasing
PA in the police force. The intervention was less useful for reducing sedentary time and the impact on
secondary outcomes is unclear.

Background
Policing is an increasingly sedentary occupation (1), due in part to the changing nature of policing, with
increasing rates of white collar and cybercrime relative to street crime (2). Police officers have been
shown to be more active on their off-duty days than when they are at work (1). Policing is also a highly
stressful occupation; police officers (and also staff) are exposed to a range of acute and chronic
stressors as part of their role, in addition to organisational pressures (3). Additional lifestyle issues
associated with the policing occupation include shift work, poor sleep and unhealthy diets (4).
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Studies in various countries have indicated that the police force has a high prevalence of cardiovascular
risk factors and health conditions, including high body mass index (BMI) and obesity (5, 6), metabolic
syndrome (7, 8) and cardiovascular disease (9-11). Evidence suggests that the prevalence of these
conditions is higher than in the general population (10-12), with lifestyle factors such as physical
inactivity, stress and shift work thought to be contributing factors (9, 11).
A physically active lifestyle may potentially mitigate the health risks associated with the policing
occupation (6, 8). In addition to enhancing the wellbeing of individuals, there may be potential
organisational benefits such as improved productivity and reduced absenteeism (13, 14). Furthermore,
police officers need to meet professional standards of fitness in order to pass the annual fitness test and
deal with situations that necessitate fitness, endurance or the use of physical force.
The need for novel interventions to promote physical activity (PA) and reduce sedentary behaviour (SB) in
the police force has been emphasised (1, 8, 15). Mobile health (mHealth) technology, including wearable
PA monitors or trackers and smartphone applications or apps, is increasingly popular and potentially of
high value in health promotion due to its widespread appeal, accessibility, scalability and costeffectiveness (16). Technology typically contains behaviour change techniques (BCTs), which may
incorporate evidence-based behaviour change principles (17).
Despite its considerable potential, there are many gaps in our understanding of how mHealth technology
may be utilised to change behaviour and its potential impact on health outcomes. Systematic reviews
have found mHealth studies to be characterised by short-term interventions and follow-up (18-21), with
follow-up typically six months or less (22-25) and often only a few weeks (26-30) in duration. Aspects
such as feasibility, acceptability and engagement are of vital importance, but remain understudied in
mHealth research (31). The longer-term impact and acceptability for promoting PA, the impact on SB,
and the impact on wider outcomes such as health, wellbeing and productivity, are unclear (21).
Furthermore, reviews have found that many mHealth interventions are neither theory-based nor evidenceinformed (18, 19, 32, 33). As a result, it is unclear which components (e.g. app features) may be most
impactful for changing behaviour. For example, studies that have explored the relative impact of
‘individual’ and ‘social’ app features for increasing PA have reached opposing findings (34, 35).
To address the gaps in evidence, the aim of the Physical Activity Wearables in the Police Force (PAWForce) study was to explore the feasibility, acceptability and impact of an mHealth intervention
(consisting of a Fitbit® activity monitor and ‘Bupa Boost’ smartphone app) to promote PA and reduce SB
in the police force, in the short and longer term. The objectives of this mixed methods study were: to
assess the impact on PA, sedentary time and secondary outcomes (health and wellbeing, perceived
stress, perceived productivity and sickness absence); to explore acceptability and engagement with the
intervention; and to identify preferred and impactful intervention components.

Methods
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Overview of study design and context
The study used a single group, pre-post and follow-up, mixed methods pilot design. Participants received
a 12-week mHealth intervention with eight months to follow-up (June 2017 to February 2018). The study
was part of a three-year wellness programme (January 2017 to January 2020) within the Devon and
Cornwall Police and Dorset Police forces (‘ActivAte 2020’). The programme included a number of
initiatives to target PA, diet and nutrition, and sleep quality. These included written information and
screensaver campaigns on health and wellbeing, deployment of health and wellbeing champions,
‘healthy weight’ diagnostic sessions and taster sessions with sports clubs. These initiatives
complemented the mHealth intervention (the Fitbit® and Bupa Boost app) which was the main initiative
that specifically aimed to increase PA. The mHealth intervention was not designed by the research team,
but was pre-determined and provided by the police forces involved.
Ethical approval was granted by the University of Exeter Medical School Research Ethics Committee prior
to study commencement (Ref. 17/02/116). The study protocol was registered with ClincalTrials.gov (Ref.
NCT03169179).

Participants
Police officers and staff were recruited from two sites in South West England - Plymouth Basic Command
Unit (Devon and Cornwall Police) and North Dorset territorial area (Dorset Police). The target sample size
(n = 180) was based on a power calculation for the primary quantitative outcome variable (mean daily
step count), expected attrition and feasibility of resources.
All participants were volunteers, recruited using a combination of initial convenience sampling and later
purposive maximal variation sampling to ensure sufficient representation of different occupational
groups and work streams (including local investigation, local/neighbourhood policing, response policing,
intelligence, communications and administration). The study was advertised using posters in the
workplace, police force intranets, staff bulletins and e-mails throughout the organisations. As an
inclusive wellness programme, officers in a range of ranks (constable, sergeant, inspector and higher level
officers), Police Community Support Officers (PCSOs), special constables, and police staff (mostly officebased) were all invited to participate.
Interested participants were provided with an information sheet and completed online screening and
consent forms. Inclusion criteria were officers and staff who expected to be employed within the police
force for the duration of the study, and who owned (or had access to) a smartphone or tablet that was
compatible with the Bupa Boost app (Apple or Android 4.0.3 or higher), with Bluetooth and internet
access. The only exclusion criterion was severe limited mobility, i.e. those who would be physically
unable to increase their step count over the duration of the study.

Intervention and study process
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All participants were provided with a Fitbit® Charge 2 activity monitor, which they were able to use free of
charge as long as they remained employed by the police forces involved in the study. The Bupa Boost
app, which is run by the private health insurer Bupa and specifically designed to promote health and
wellbeing in the workplace, was also provided free of charge. The Fitbit® was able to synchronise with
the Bupa Boost app. The intervention was coded using the CALO-RE (Coventry, Aberdeen and London –
Refined) taxonomy, a standardised classification system of evidence-based BCTs for PA and healthy
eating behaviours (36). Together, the Fitbit® and Bupa Boost app contained 20 of a possible 40 BCTs,
which are detailed in Additional File 1.The study process is illustrated in Figure 1. Officers and staff were
instructed to wear the Fitbit® on their wrist for seven consecutive days at baseline (week 0) while
maintaining their usual activity levels. The screen was covered by a sticker during this baseline week,
and participants were asked not to log in to the Fitbit® app during this time; this helped to ensure a valid
pre-intervention measure of the primary quantitative outcome (daily step count). Following completion of
the baseline questionnaire, participants entered the intervention phase, where they began to use the
Fitbit® (with the screen uncovered) together with the Bupa Boost app. All participants were instructed to
increase their daily step count from their baseline level, in addition to increasing their participation in any
other physical activities that were of interest to them.
The 12-week intervention was divided into an ‘individual’ and a ‘social’ phase. The purpose of this was to
assess the relative impact and acceptability of the different features in a way that was feasible within the
apps. During weeks 1 to 6, participants were instructed to only use the ‘individual’ features of the Fitbit®
and Bupa Boost app. These included:
individual (personal) goal-setting;
self-monitoring;
feedback on progress via the app;
earning virtual rewards for achievements (wellness points and badges); and
access to the ‘Bupa library’ within Bupa Boost, for self-help information on maintaining a healthy
lifestyle.
During weeks 7 to 12 (the ‘social’ phase), participants were encouraged to link up with their colleagues
within the Bupa Boost app. In addition to the ‘individual’ features, they were able to:
compare themselves with their colleagues via a social feed;
compete with their colleagues (in individual challenges and/or working as part of a team in company
challenges); and
give and receive social support through virtual ‘likes’ and messages.
While participants were also able to use the Fitbit® app in the intervention phase, they were they were
instructed to use the Bupa Boost app instead of the Fitbit® app for the social features. At the end of the
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12 weeks, there was a five month ‘maintenance phase’ during which participants continued to use the
Fitbit® and Bupa Boost app as and when they desired.
The study was managed remotely, with regular generic written instructions sent via e-mail by the
researcher. These included details of how to register, wear and charge the Fitbit® (week 0), how to obtain
and upload step count data (week 1), how to use the Bupa Boost app and connect it to the Fitbit® (week
1), which additional features were available during the ‘social’ phase (week 6-7), and where to find further
information or support with technical issues. In week 1, participants also received written guidance on
setting ‘SMART’ goals (Specific, Measurable, Achievable, Relevant and Time-bound). The intervention
was self-directed, delivered with minimal in-person input, as this was the least resource-intensive and
most practical approach.
[Figure 1 Overview of the study process]
Note: All images are the authors’ own.

Outcome measures
The quantitative outcomes were assessed at baseline (week 0), mid-intervention (week 6), postintervention (week 12) and follow-up (month 8) using objectively recorded data and online questionnaire
surveys. The primary outcome measure was mean daily step count, as recorded by the Fitbit®, with the
average calculated from the seven days prior to data collection. Systematic review evidence has
demonstrated high validity and inter-device reliability for the outcome of step count for Fitbit® activity
monitors when compared with research-grade accelerometers in both laboratory and ‘free-living’
situations (37, 38). The specific model used in this study has been validated for step count (39). Step
data were downloaded by participants and uploaded to the survey or e-mailed to the researcher. Similar
to the approach employed by previous researchers (27, 40) a minimum wear criterion was applied so that
mean daily steps were only calculated for participants who had worn the Fitbit® for five or more of the
previous seven days including at least one weekend day, and where more than 500 steps per day were
recorded.
The questionnaire surveys included the following secondary outcomes:
Self-reported PA (total weekly PA and weekly moderate-to-vigorous PA or MVPA) and weekday
sedentary time as assessed by the International Physical Activity Questionnaire (IPAQ) short version
(41)
Physical and mental health-related quality of life as assessed by the 12-item Short Form Survey (SF12) (42)
Perceived stress as assessed by the 4-item Perceived Stress Scale (PSS-4) (43)
Self-perceived productivity from the absenteeism and presenteeism questions of the World Health
Organisation (WHO) Health and Work Performance Questionnaire (HPQ) (44)
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Quantitative and qualitative measures of engagement and acceptability of the intervention were also
captured in the surveys. These included self-reported usage of the Fitbit® and Bupa Boost app
(wear/usage time, goals set and features used), perceived usability and usefulness (assessed by Likert
scale responses on perceived ease of use and perceived usefulness for increasing PA), and reasons for
disengagement.
A pre- and post-intervention analysis of sickness absence data (total days lost, duty days lost and
reasons for absence) was also specified in the study protocol.

Interviews
Semi-structured interviews were conducted with a sub-sample of study participants, selected from those
who had indicated on the initial consent form that they agreed to be approached for this purpose.
Participants were purposively selected for maximal variation according to age, gender and occupation.
Purposeful sampling is a widely used method to efficiently select information-rich cases in qualitative
research (45). Where possible, the same participants were interviewed at each time point, but some
additional interviewees were selected due to reasons of availability, and a need to ensure representation
of those with a range of activity levels and who had shown various levels of engagement with the
intervention and behaviour change. Interviews took place at three time points - prior to the intervention
(week 0), at post-intervention (week 12), and follow-up (month 8). The purpose of the interviews was to
gain in-depth information on participants’ experiences, including perceived impact, engagement with and
acceptability of the intervention. The topics covered in the interviews are given in Table 1. In total, 32
interviews were conducted with 16 participants. With the exception of one face-to-face interview, all
interviews were conducted via telephone. The interviews were audio-recorded and transcribed verbatim.
Field notes were taken during or immediately after each interview and used to guide analysis.
Table 1 Overview of topic guide for interviews
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Interview
Pre-intervention
(week 0)
Post-intervention
(week 12)

Topics
Prior experiences and expectations of mHealth / fitness technology
Short-term engagement with the intervention
Experiences and short-term behaviour change

Follow-up
(month 8)

Longer-term engagement and experiences
Maintenance of PA levels
Experience of study participation

All interviews

Wider context of PA and SB in the police force (including workplace PA
initiatives, use, barriers and suggestions)
Barriers and facilitators for PA
Barriers and facilitators for technology use

Statistical analysis
Descriptive and inferential statistics were calculated for the quantitative data. After checking for normal
distributions, paired t-tests were used to assess changes in primary and secondary variables between
baseline and week 6, week 12 and month 8. To assess differences in the relative impact of the individual
and social phase, the change in PA outcomes (mean daily step count and self-reported PA) and sedentary
time between week 0 and week 6 was compared with the change in these outcomes between week 0 and
week 12 using paired t-tests. Subgroup analyses were performed for key variables including gender, age
group, baseline activity level (<10,000 steps/day vs. ≥10,000 steps/day) and occupation
(officers/staff/PCSOs and special constables). A p-value <0.05 was considered statistically significant
and all tests were two-tailed. Quantitative analysis was performed using Stata version 15.0 (46). With
reference to missing data, a combination of complete case analysis and pairwise deletion was used to
maximise the amount of data for inclusion.

Qualitative and mixed methods analysis
Qualitative data were analysed thematically; this process was influenced by theory (deductive) and
concepts generated from the data (inductive). The Framework Method (47) was used to systematically
organise and analyse interview data. Each code formed a separate column, and each participant formed
a separate row of the framework matrix. The cells of the matrix were filled with summaries of the data
(including interview content and field notes) and key quotations, allowing comparisons to be made
between participants by theme, and within participants over time. Analysis was carried out in NVivo
version 11 (48). While a single researcher performed the coding due to resource limitations, the
framework matrices and themes generated were checked by an independent researcher (Dr. C. Guell) to
improve rigour.
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As a mixed methods study, quantitative and qualitative data were integrated at both the analysis phase
and interpretation phase of the study. First, integration took place at an individual participant level within
the framework matrix (for example, the inclusion of PA data enabled differences in perceived impact to be
explored according to baseline activity levels), and later quantitative and qualitative findings were
triangulated at the level of the dataset according to the overall research questions.

Results
Participant characteristics
The number of participants enrolled in the study and participant flow from initial consent to completion
of the final follow-up questionnaire are summarised in Figure 2. In brief, 190 police officers and staff
completed the online screening and consent form; eight of these were ineligible and excluded for reasons
shown in Figure 2. Of the 182 participants beginning the study, 180 provided baseline data. Seven
participants officially withdrew through the eight-month study period, and an additional proportion did not
complete the questionnaires at each data collection point, i.e. 19/178 (11%) at week 6, 25/176 (14%) at
week 12, and 30/173 (17%) at month 8. The overall participant retention rate from beginning the study to
8-month follow-up was 143/182 (79%).
[Figure 2 Participant enrolment and retention]
The socio-demographic and occupational characteristics of the 180 participants that provided baseline
data are shown in Table 2. Of the total sample, 71% (n = 128) were based within the urban Plymouth
Basic Command Unit (BCU) and 29% (n = 52) were at the more rural North Dorset sites. The age of
participants ranged from 19 to 64 years, with a mean age of 39.3±9.6 years. The majority of participants
were male, police officers, of White ethnicity, and were shift workers. The sample was diverse in terms of
marital status and education. The majority of participants (58%, n = 105) reported their role as mainly
sedentary compared with only 17% (n = 30) who reported being mainly active while on duty, affirming the
need for the intervention. Baseline activity levels of officers and staff are shown in Table 3. While the
mean daily step count was moderately high at 10,555 steps, there was a large range of activity levels for
steps and self-reported PA outcomes. Mean self-reported sedentary time on a typical weekday was
6.41±2.94 hours.
Approximately 10% (128/1268) of officers and staff from Plymouth BCU and 71% (52/73) of North
Dorset officers and staff participated in the study. Overall, the study participants were representative of
the wider police force populations in terms of occupation, gender and ethnicity (see Additional File 2).
The characteristics of interviewees are given in Additional File 3.
Table 2 Participant characteristics: socio-demographic and occupational
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Study variables
Age in years, mean (SD)
Male, n (%)
Ethnicity, n (%)
White
Marital status, n (%)
Single (never married or civil partnered)
Married or civil partnership
Divorced, separated or widowed
Prefer not to say
Main residence, n (%)
Urban (city or town)
Suburban
Rural (including rural village, hamlet or isolated dwelling)
Highest level of education, n (%)
Lower secondary school (GCSE, CSE, O-level, Standard Grade, Intermediates)
Upper secondary school (AS or A-level, Scottish Highers)
Professional or technical qualification (below degree)
University / college degree
Postgraduate (masters / PhD)
Police force, n (%)
Devon & Cornwall Police (Plymouth Basic Command Unit)
Dorset Police (North Dorset)
Occupation, n (%)
Police officer
Police community support officer (PCSO) or special constable
Police staff
Rank, n (%) (officers only, n = 114)
Constable
Sergeant
Inspector, chief inspector or superintendent
Years of police force service, mean (SD)
Working 30 or more hours per week, n (%)
Shift work, n (%)
Type of shifta (shift workers only, n = 144)
Morning (early)
Afternoon (late)
Night
Rotating
How active is your role? n (%)
Mainly sedentary
Mainly active
Equally active and sedentary
a

Participated in study
(n = 180)
39.3 (9.6)
107 (59 %)
177 (98 %)
40 (22 %)
112 (62 %)
26 (14 %)
2 (1 %)
96 (54 %)
43 (24 %)
41 (23 %)
38 (21 %)
44 (24 %)
41 (23 %)
48 (27 %)
9 (5 %)
128 (71 %)
52 (29 %)
114 (63 %)
30 (17 %)
36 (20 %)
87 (76 %)
23 (20 %)
4 (4 %)
12.1 (8.0)
167 (93 %)
144 (80 %)
95 (66 %)
96 (67 %)
30 (21 %)
59 (41 %)
105 (58 %)
30 (17 %)
45 (25 %)

Note: Some participants worked more than one type of shift. SD = Standard Deviation

Table 3 Baseline steps (Fitbit® data), self-reported physical activity (PA) and sedentary time (IPAQ-assessed)
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Outcome

n

Mean (SD)

95% CI

Range

Step count
(mean steps/day) 1

167

10,555 (3,259)

10,057 to 11,053

3,797 to 20,819

Total PA (minutes/week)

180

170.4 (106.2)

154.8 to 186.0

10.0 to 540.0

Total PA
(MET-minutes/week)

180

3,182.1 (2,527.8)

2,810.3 to 3,553.9

66.0 to 16,398.0

180

1,718.6 (1,829.5)

1,449.5 to 1,987.6

0.0 to 12,240.0

180

6.41 (2.94)

5.98 to 6.85

1.00 to 15.00

derate-to-vigorous PA (MVPA)
(MET-minutes/week)
Sedentary time
(hours on a typical weekday)

Note: n = number of observations; SD = Standard Deviation; 95% CI = 95% Confidence Interval
1
Mean daily steps were calculated for participants who had worn the Fitbit on ≥5 of the previous 7 days including at
least one weekend day.

Impact on physical activity and sedentary time
As shown in Table 6, there were no significant changes in mean daily step count from baseline to midintervention (week 6) or post-intervention (week 12). There was an apparent significant reduction in
mean daily step count from baseline to 8-month follow-up (mean decrease 888 steps/day, 95% CI: -1,518
to -258; p = 0.006). However, with a sensitivity analysis including only participants who had reported no
events affecting their PA level (such as illness or annual leave) in the previous seven days, this change
became non-significant (mean decrease 765 steps/day, 95% CI: -1,755 to 225; p = 0.126) (see Additional
File 4).
There were significant increases in the self-reported PA outcomes in the short term (see Table 6). From
baseline to week 6, total PA increased by a mean of 27.8 minutes/week (95% CI: 10.9 to 44.7; p = 0.001)
or 460.3 MET-minutes/week (95% CI: 71.3 to 849.3; p = 0.021). Moderate-to-vigorous physical activity
(MVPA) increased by a mean of 271.9 MET-minutes/week (95% CI: 6.3 to 537.6; p = 0.045) during this
period. From baseline to week 12, the mean increase in total PA was 22.7 minutes/week (95% CI: 4.8 to
40.6; p = 0.013) or 465.4 MET-minutes/week (95% CI: 106.7 to 824.1; p = 0.011). MVPA increased by a
mean of 402.9 MET-minutes/week (95% CI: 129.9 to 676.0; p = 0.004). These increases were largely
maintained at month 8; at this time point there was a near significant increase in total PA (mean increase
18.6 minutes/week, 95% CI: -0.1 to 37.2; p = 0.052) and a significant increase in MVPA (mean increase
420.5 MET-minutes/week, 95% CI: 56.4 to 784.6; p = 0.024).
The interviews helped to explain why self-reported PA increased but there were no significant changes in
steps. Many participants reported making changes to their usual activity type, which would not have
been reflected in step count data. For example, some individuals had begun boxing or water-based
activities (where it was not practical to wear the Fitbit®), and others reported more gym activity and
strength training:
Page 11/29

“One of the complaints that people say is, look, I go in the gym, I work really hard, but it doesn’t record that
as a step. I can see that; you’re not really stepping. But it almost looks like you’re not doing any exercise.
Some people are doing 5,000 steps a day, but they go in the gym for two hours and that’s not recorded.”
P6 (Police Community Support Officer, male, age 40+)
The interview findings also explained how the intervention worked, and revealed differences in its impact
according to baseline activity levels. The main behaviour change mechanisms that were apparent from
the interviews included goal-setting, self-monitoring, awareness, feedback and self-regulation. For
example:

"The goal-setting, I think it made me think about what I wanted to do each week. I would often look at it
and go, "I need to run one more time this week."
P13 (Police sergeant, female, age 18-39)

"I think the Fitbit raises my awareness to the fact that on certain parts of my shift, I don't do very much. I
can have days where I'm only doing 4,000 steps, 4,500 steps."
P4 (Police inspector, male, age 40+)

"I liked that it all went green when you hit your target. It sounds really silly, but it does make you want to
do it because you want to hit it to go green, and it also - when you hit your 10,000 steps, it says,
“Congratulations” or “Wow”. It’s just a little message to say well done. I thought that was good.”
P14 (Police staff, female, age 18-39)
These mechanisms were most pronounced for participants who were less active at baseline (i.e. baseline
steps <10,000/day and IPAQ classification ‘low’ or ‘moderate’). This group perceived the greatest impact
of the intervention on their motivation and behaviour. For example:

"It really has made me think about my lifestyle, my activity or lack of, being conscious of, if I've had a
really lazy day, I need to do something. I'm not going to get active sat in an armchair or at my desk."
P9 (Police staff, female, age 40+, ‘low activity level’* at baseline)

*according to IPAQ classification, equating to less than 600 MET-minutes/week
In contrast, officers and staff who were highly active and intrinsically motivated at baseline perceived that
the technology helped them to maintain, rather than significantly increase, their activity:

“I’ve always done physical activity. So for me, it’s been a good recording tool but it’s not really made me
do any more because I do it anyway and I’ll probably always do it.”
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P6 (Police Community Support Officer, male, age 40+, ‘high activity level’* at baseline) *according to IPAQ
classification, equating to approximately 1500-3000 MET-minutes/week
Longer-term behaviour change was also apparent, particularly for the less active officers and staff. Some
participants reported changes in mind set regarding PA, and others showed improved confidence and
self-efficacy:

“It certainly helped in getting me motivated and getting back into being fit again. I’ve got back into that
mind set now.”
P13 (Police sergeant, female, age 18-39)

“Because of the goals that I’ve achieved since I’ve worn it [the Fitbit], I do feel more confident.”
P3 (Police sergeant, male, age 18-39)
There was also evidence of habit formation including both wearing the Fitbit® and adopting and
maintaining new PA routines:

“I see no reason why I would not wear it [the Fitbit]. It’s just a bit of a habit now to always check and see
how much I’ve slept and I like to know what my heart rate is when I’m out running and so on.”
P2 (Police constable, male, age 18-39)
While there was a slight reduction in sedentary time during the study, the changes were not statistically
significant (see Table 6). The interviews explained that this was mainly due to perceived pressure of work
and organisational culture or social norms where breaks were not perceived as appropriate. Officers and
staff wished for more opportunities to take breaks during the working day, in addition to encouragement
from managers or supervisors:

“Well, because of the job I’ve got, it’s quite difficult to-, if I said to my supervisor, “My Fitbit tells me I’ve got
to get up and do 250 paces”, I don’t know how well that would go down.”
P9 (Police staff, female, age 40+)
Subgroup analysis revealed no significant differences in changes in PA or sedentary time according to
age, gender or occupation (all p-values >0.05).
Table 6 Changes in mean daily step count (Fitbit® data) and self-reported physical activity (PA) and sedentary
time (IPAQ-assessed) – all participants
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Mean change from baseline (week 0)
Mid-intervention
(end of individual phase,
week 6)

Post-intervention
(end of social phase, week
12)

Follow-up (month 8)

Outcome

Mean daily
steps

Mean
change
(SD)
n = number
of
observations
-214 (2,830)
n = 118

95%
CI

pvalue

-730
to
302
10.9
to
44.7

0.413

0.001

Mean
change
(SD)
n = number
of
observations
78 (2,599)
n = 114

95%
CI

pvalue

0.748

22.7 (111.2)
n = 151

-404
to
561
4.8 to
40.6

Total PA
(minutes/week)

27.8 (107.1)
n = 157

0.013

18.6 (113.0)
n = 143

Total PA
(METminutes/week)

460.3
(2,467.5)
n = 157

71.3
to
849.3

0.021

465.4
(2,230.9)
n = 151

106.7
to
824.1

0.011

317.7
(2,522.0)
n = 143

-99.2
to
734.6

0.134

MVPA
(METminutes/week)

271.9
(1,685.1)
n = 157

6.3 to
537.6

0.045

402.9
(1,698.0)
n = 151

129.9
to
676.0

0.004

420.5
(2,202.6)
n = 143

56.4
to
784.6

0.024

Sedentary time
(hours on a
typical
weekday)

-0.12 (3.36)
n = 157

-0.65
to
0.41

0.651

-0.03 (3.45)
n = 151

-0.59
to
0.52

0.906

-0.24 (2.99)
n = 143

-0.73
to
0.26

0.344

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.
p-values where significant (i.e. <0.05) are highlighted in bold.

Mean
change
(SD)
n = number
of
observations
-888 (2,956)
n = 87

95%
CI

pvalue

-1,518
to
-258
-0.1
to
37.2

0.006*

0.052

Pairwise deletion used.

* The change became non-significant (p = 0.126) with a sensitivity analysis controlling for self-reported events
affecting PA level (e.g. illness, annual leave) – see Additional File 4

Impact on secondary outcomes
Overall, there were no statistically significant changes in physical or mental health-related quality of life,
perceived stress, or any of the HPQ outcomes (absenteeism, presenteeism and combined productivity
score) from baseline to week 6 (mid-intervention) or baseline to week 12 (post-intervention). From
baseline to 8-month follow-up, there was a significant improvement in mental health-related quality of life
(mean increase in SF-12 Mental Component Score or MCS 1.75 points, 95% CI: 0.28 to 3.23; p = 0.020).
Changes in physical health-related quality of life, perceived stress and the HPQ outcomes were nonsignificant (all p-values >0.05).
However, the majority of interviewees reported that they perceived wider benefits of using the Fitbit® and
Bupa Boost app and/or increasing their PA level, in both the short and longer term. These included
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weight loss, improved sleep, feeling fitter (including reduced resting heart rate), feeling healthier and
having more energy, improved mood, feeling less stressed, and improved resilience.
Some interviewees noticed improved morale and a sense of camaraderie within the organisation, which
was reported to result from the social aspects of the intervention (e.g. social support and competitions).
For example:

“I feel there are benefits to having them [Fitbits]... that camaraderie and competitiveness between the
team, to outstep each other, do that actual run, or do that extra time of physical activity. I think it’s all
useful and increases morale.”
P2 (Police constable, male, age 18-39)
The analysis of sickness absence data was infeasible due to a lack of complete and accurate data from
staff records.

Engagement and acceptability
Usage data showed that engagement with the Fitbit® was high in both the short and longer term,
compared with lower engagement with the Bupa Boost app which declined more rapidly over time. As
shown in Table 4, 83% of participants reported wearing the Fitbit® at month 8 compared with only 27%
who were still using Bupa Boost at the same time point. The mean wear time for the Fitbit® was 6.6±1.0
days per week for 22.0±3.7 hours per day at week 12, and 6.5±1.1 hours per week for 21.4±4.1 hours per
day at month 8. Of the Bupa Boost app users, the majority logged in for one to five minutes per day.
Table 4 Self-reported Fitbit® wear and Bupa Boost use
Time
point

Number of
respondents

Number (%) of participants reporting
using the Bupa Boost app

159

Number (%) of participants reporting
wearing the Fitbit®
156 (98%)

Week
6
Week
12
Month
8

151

146 (97%)

91 (60%)

143

119 (83%)

39 (27%)

104 (65%)

Note: Participants who reported wearing the Fitbit® or using the Bupa Boost app for any amount of time are included.
®

Usability and usefulness ratings indicated that the Fitbit was perceived as more user friendly and useful
in promoting PA than the Bupa Boost app. Ratings at week 12 are shown in Table 5.
Table 5 Perceived usability and usefulness of the Fitbit® and Bupa Boost app at week 12 (post-intervention)
Intervention component
Fitbit® activity monitor
Bupa Boost app

Usability rating
n
Mean (SD) Range
147
4.7 (0.5)
3 to 5

Usefulness rating
n
Mean (SD) Range
147
3.9 (1.0)
1 to 5

118

117

3.6 (1.2)
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1 to 5

3.2 (1.3)

1 to 5

Note: SD = Standard Deviation; n = number of responses
Participants were asked: “On a scale of 1 to 5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 =
strongly disagree, how much do you agree that the Fitbit / Bupa Boost was easy to use [usability] / helped you to be
more physically active [usefulness]?”

In accordance with the quantitative results, all of the interviewees stated that the Fitbit® was easy to use
and navigate, and that the device had met or exceeded their expectations. In comparison, the Bupa Boost
app was seen as more difficult to use and less useful in helping officers and staff to be more active.
Participants reported problems linking the app to the Fitbit® and finding colleagues, and perceived that
there were too many meaningless notifications and not enough automated tracking of activity within
Bupa Boost. Rewards and competitions were also perceived as unfair, for example, points could be
earned for goals that were perceived as meaningless:
“The competition of people trying to accumulate points is ridiculous when someone's ticking a box to say,
‘Be grateful’ or ‘Declutter’. What does that even mean?”
P4 (Police inspector, male, age 40+)
Participants who did not find the Bupa Boost app easy to use or useful tended to use it less frequently or
stopped using it altogether. For example:

"The Bupa Boost app, I used very occasionally because I didn’t particularly find it a very user friendly or
useful app."
P14 (Police staff, female, age 18-39)

“I don’t tend to use the Bupa Boost app. I don’t find it very helpful.”
P3 (Police sergeant, male, age 18-39)
Many participants felt that there was duplication in function between the Fitbit® (and the Fitbit® app) and
the Bupa Boost app:

“It almost became like doing the same thing twice.”
P12 (Police constable, male, age 40+)
Regarding practicality of the Fitbit®, the device was seen as practical to wear with the police uniform as it
was small and lightweight, but also durable. The most frequently suggested improvement was
waterproofing:

"I don't like the fact that it's not waterproof. I go to the beach a few days in the summer, surfing, and
playing on the beach and in the sea. I'm in the sea for maybe four or five hours. It seems ironic that
you've got to take off an activity tracker. It seems like it's almost not fit for purpose.”
P4 (Police inspector, male, age 40+)
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It was also suggested that the algorithm for capturing activity data could be adapted for night shift
workers. As the current cut-off for measuring daily steps is midnight to midnight, this is designed for
those with a typical 9 to 5 work pattern. This may be an important consideration for tailoring of mHealth
technologies:

"Sometimes… my body clock isn't midnight to midnight. My body is seven in the morning until seven in
the morning. If I do a night shift, I might sleep most of the day, then do a night shift, it will read for that
day only 3,000 steps. Of course, I'm going to be awake another 12 hours yet. If you're a night worker, the
data gives you a midnight cut-off, even though you're going to be awake for another 10 hours.”
P4 (Police inspector, male, age 40+)
There were large individual differences in levels of engagement with the intervention over time. For many,
engagement was consistently high through the eight months of the study, while others reported
fluctuations in their engagement over time. For example, one police officer stopped using the Bupa Boost
app but then experienced a motivational pull to use it again:

“I really missed not going on the app, updating and getting my points up. I find it quite a good
motivational tool. So I went back to it about two weeks after stopping.”
P15 (Police constable, male, age 18-39)
Another officer had stopped wearing the Fitbit® as she felt that it had already helped her to be more active
and so was no longer needed, but reported that she would use the device again in the event of a relapse
in behaviour:

"If I slip again, I'd probably put [the Fitbit] on and wear it every day again."
P13 (Police sergeant, female, age 18-39)
Although experiences of the intervention were positive overall, the qualitative data highlighted some
potential negative consequences of mHealth and fitness technology use for a small number of
individuals. Adverse physical effects included skin irritation as a result of Fitbit® wear, which was
reported by five participants (approximately 3%). Negative psychological consequences were also
reported by a small number of participants, and led two to withdraw from the study. These included
feelings of failure and guilt when not meeting goals, and anxiety and cognitive rumination resulting from
tracking activity and sleep. For example:

“The trouble is you look at it and then you get overly anxious about how bad your sleep is. And then that
actually can have quite a negative effect because then you’re thinking, ‘Oh, God, I’m not going to get
much sleep tonight.’ Or you look at it and go, ‘Oh, I haven’t got much sleep, so therefore, I feel tired.’ I
think fitness watches are great, but sometimes it can have quite, I think, a negative impact when you look
at your results because you’re overthinking it.”
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P8 (Police constable, female, age 18-39)

Preferred and impactful intervention components
The study found no differential impact of the ‘individual’ and ‘social’ phases on steps, self-reported PA or
sedentary time, in either the short or longer term (see Additional File 5). No significant subgroup
differences were observed between the two phases of the intervention by gender, age group, baseline
activity level or occupation. According to the post-intervention survey, the majority of participants
preferred the ‘individual’ (56%) phase of the study to the ‘social’ (7%) phase. The remaining 37% reported
having no preference.
The interviews confirmed that the individual components (including goal-setting, self-monitoring and
awareness) were generally perceived as more acceptable and most impactful for increasing motivation
and changing behaviour. Some participants reported having concerns regarding privacy and sharing of
their PA and health data with their colleagues within the social phase. Others stated that they would
prefer to compare and compete with those of a similar age and activity level to themselves:

“I think a lot of them that do the fitness stuff, they’re lot younger than me and are probably a lot more
competitive. It’s probably a bit of an age thing. I couldn’t really be bothered with competing with
somebody who’s 25, who’s done 30,000 steps and you know, who thinks it’s really exciting. It just doesn’t
do anything for me.”
P10 (Police constable, female, age 40+)
However, there were large individual differences in preferences and perceived impact of the individual and
social components. These appeared to be due to personal preferences and personality differences, rather
than associated with any identifiable characteristics such as occupation or baseline activity level:

“I am not into the social aspect of it. It suits certain people... it certainly doesn’t really suit me that much.”
P12 (Police constable, male, age 40+)

“That’s my nature. I’m very competitive. When I’m at work, I get very competitive [laughs]. When it came
to the competing against each other... there was that stage where I pushed myself.”
P7 (Police Community Support Officer, female, age 18-39)

Discussion
The findings of this mixed methods pilot study indicated that an mHealth intervention consisting of a
Fitbit® activity monitor and a smartphone app (Bupa Boost) was acceptable and potentially impactful for
increasing the PA levels of police officers and staff. There was some evidence that the intervention
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resulted in behaviour change in both the short and longer term. According to the qualitative findings, this
was more pronounced for officers and staff who were less active at the beginning of the study, and
lacking in intrinsic motivation. Similar findings have been reported in previous mHealth studies, where
less active subgroups have shown the largest increases in PA (49, 50). This finding is encouraging in that
less active individuals are likely to realise the greatest health gains from increasing their PA levels (51).
The quantitative and qualitative findings indicated a lack of an impact of the intervention on sedentary
time. The interviews revealed the important influence of contextual factors on sedentary time in the
workplace. Perceived pressure of work and organisational culture appeared to be the most prominent
barriers to reducing sedentary time; these issues are common amongst desk-based workers (52). Officers
and staff expressed a need for more opportunities to take breaks, and further encouragement from
managers or supervisors.
There was a lack of evidence of a difference in impact of the individual and social phases of the study.
This is in contrast to previous studies that have reported a larger impact of social app features on PA
levels in comparison with other app features (34, 53). Although the majority of officers and staff
preferred the individual intervention components, there were large individual differences in preferences
and perceived impact, suggesting the importance of personalisation and tailoring. Tailoring is recognised
as a major advantage of mHealth interventions (54) and the need for tailoring of such interventions for
specific occupational groups has previously been identified (55).
Engagement with the intervention was moderately high overall, but the Bupa Boost app was associated
with lower and more rapidly declining use compared with the Fitbit®. There were clear links between
engagement (as defined by use) and perceived usability and usefulness. Levels of engagement
throughout the intervention varied greatly between individuals and fluctuated over time. This should not
necessarily be seen negatively; ‘effective engagement’ (sufficient engagement to achieve desired
outcomes) may be more important than continued high use in digital behaviour change interventions
(56). The present study affirmed this; in a small number of cases, participants perceived that continued
use of the Fitbit® and the Bupa Boost app was not necessary to sustain behaviour change.
While the experience of activity tracking was positive for the majority of officers and staff, the study
highlighted the potential negative consequences of technology use. This included both physical adverse
effects (such as skin irritation due to Fitbit® wear) and psychological consequences (including feelings of
failure and guilt when goals were not met, and anxiety and cognitive rumination resulting from activity
and sleep tracking). This study is one of only a few to explore these qualitatively. A previous study of
activity tracker use in young adults with depression and anxiety reported feelings of guilt and increased
anxiety (57). Another qualitative study found evidence of ‘unhealthy preoccupation’ and ‘obsession’
relating to health and fitness app use in college students (58). It is important to consider and prepare for
such outcomes in future mHealth trials in different populations.
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Evidence relating to the impact of digital interventions on wider health and wellbeing outcomes and
productivity in a workplace setting is extremely limited (21, 59). Although the present study found a lack
of quantitative evidence for an impact on such outcomes (with the exception of a small improvement in
mental health-related quality of life), the interviews were informative in that they elucidated a number of
potential benefits that should be explored in future studies. It was not feasible to include sickness
absence as an outcome due to issues with data quality and completeness. It is not known whether this
was unique to the police forces involved in this study or if this is a more widespread issue, but this will
need to be resolved for future studies.

Strengths and Limitations
The study had several strengths, including the use of mixed methods. This produced a more
comprehensive and valid picture in relation to not only impact, but also the important aspects of
engagement and acceptability, which have been understudied in digital health and mHealth (31, 54).
Additional strengths were the inclusion of multiple outcomes (including both objective and self-reported
measures of PA) and the capture of data at multiple time points, which enabled a more detailed
exploration of impact and acceptability of the intervention. Furthermore, the study was of relatively long
duration with follow-up at eight months; previous studies of mHealth interventions for PA in other
workplace settings have been characterised by short-term interventions and follow-up, generally less than
six months (22-30). The high ecological validity of this study, conducted in a real-world setting, and the
relatively large, diverse and representative sample of officers and staff (including both urban and rural
sites) should also be recognised.
The main limitation of the study was the use of an uncontrolled pre-post design. This was the only
feasible design for practical reasons (for example, the Bupa Boost app was being widely promoted
across the police forces at the time of the study). The potential confounding of changes in PA levels by
temporal and seasonal factors should not be ignored, as there is good evidence that individuals tend to
be most active in spring and summer (60). However, the fact that activity levels increased in the present
study despite the baseline measures being taken in summer, the 12-week follow-up in autumn and the 8month follow-up in winter adds support to suggest a positive impact of the intervention. The potential for
a reactivity effect should be considered, i.e. participants might have consciously or subconsciously
increased their PA level at baseline in response to wearing the Fitbit®. However, studies have found little
evidence for this effect when ‘sealed’ devices with no visual feedback are used (69, 70) as was used in
this study. Additional measures taken to improve the rigour of the study included the capture of potential
confounders (self-reported data on factors influencing PA levels), the incorporation of qualitative data,
and use of multiple outcomes and time points (61, 62).
The decision to use the Fitbit® device itself rather than scientific accelerometers to capture the primary PA
outcome may be questioned. Consultations with the Devon and Cornwall Police Health and Wellbeing
Board indicated that wearing an accelerometer in addition to the Fitbit® would be considered
burdensome, particularly for officers who already have to wear a uniform and carry weighty equipment.
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Fitbit® data on step count is known to be valid and reliable compared with research-grade
accelerometers across different settings (37, 38).
Finally, it is recognised that the setting of the study (police forces in South West England) is specific,
therefore the findings may not be generalisable to other police forces in the UK or internationally.
Nevertheless, this study provides important and novel contributions to the literature on mHealth and
workplace wellness, and the findings have been used to inform the health and wellbeing strategy and
practice in the participating police forces. Future studies should focus on a wider range of workplace
settings and populations, such as metropolitan police forces or other emergency services.

Conclusions
This study of an mHealth intervention to promote PA and reduce SB in the police force adds to the limited
evidence base on the use of mHealth technology in workplace settings. The findings suggest that a
Fitbit® activity monitor and smartphone app are generally acceptable and useful for promoting PA
amongst officers and staff, but are less useful in reducing SB. It is recommended that future intervention
studies should take a similar mixed methods approach, focus on the long-term impact and acceptability
of mHealth in a wider range of workplace settings, and further explore the relative impact of standalone
mHealth versus multi-component interventions. Studies should aim to elucidate the wider impact of
mHealth interventions on health, wellbeing, productivity and sickness absence. Finally, the use of tailored
interventions with different features for specific groups of workers or individuals should be explored. It is
anticipated that the findings will provide a valuable guide for designers of activity monitors and apps,
those who are involved in the implementation of workplace activity programmes, and future researchers.
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Figure 1
Overview of the study process
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Figure 2
Participant enrolment and retention
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