(2022) 20:195
Clemes et al. BMC Medicine
https://doi.org/10.1186/s12916-022-02372-7

RESEARCH ARTICLE

Open Access

The effectiveness of the Structured Health
Intervention For Truckers (SHIFT): a cluster
randomised controlled trial (RCT)
Stacy A. Clemes1,2* , Veronica Varela‑Mato1,2, Danielle H. Bodicoat3, Cassandra L. Brookes4, Yu‑Ling Chen1,2,
Charlotte L. Edwardson2,5, Laura J. Gray6, Amber J. Guest1, Vicki Johnson7, Fehmidah Munir1,2, Nicola J. Paine1,2,
Gerry Richardson8, Katharina Ruettger1, Mohsen Sayyah1, Aron Sherry1,2, Ana Suazo Di Paola4,
Jacqui Troughton7, Thomas Yates2,5 and James A. King1,2

Abstract
Background: Long distance heavy goods vehicle (HGV) drivers exhibit higher than nationally representative rates of
obesity, and obesity-related co-morbidities, and are underserved in terms of health promotion initiatives. The purpose
of this study was to evaluate the effectiveness of the multicomponent ‘Structured Health Intervention For Truckers’
(SHIFT), compared to usual care, at 6- and 16–18-month follow-up.
Methods: We conducted a two-arm cluster RCT in transport sites throughout the Midlands, UK. Outcome measures
were assessed at baseline, at 6- and 16–18-month follow-up. Clusters were randomised (1:1) following baseline meas‑
urements to either the SHIFT arm or usual practice control arm. The 6-month SHIFT programme included a groupbased interactive 6-h education and behaviour change session, health coach support and equipment provision
(Fitbit® and resistance bands/balls to facilitate a ‘cab workout’). The primary outcome was device-assessed physical
activity (mean steps/day) at 6 months. Secondary outcomes included the following: device-assessed sitting, physical
activity intensity and sleep; cardiometabolic health, diet, mental wellbeing and work-related psychosocial variables.
Data were analysed using mixed-effect linear regression models using a complete-case population.
Results: Three hundred eighty-two HGV drivers (mean ± SD age: 48.4 ± 9.4 years, BMI: 30.4 ± 5.1 kg/m2, 99% male)
were recruited across 25 clusters (sites) and randomised into either the SHIFT (12 clusters, n = 183) or control (13
clusters, n = 199) arms. At 6 months, 209 (55%) participants provided primary outcome data. Significant differences in
mean daily steps were found between groups, in favour of the SHIFT arm (adjusted mean difference: 1008 steps/day,
95% CI: 145–1871, p = 0.022). Favourable differences were also seen in the SHIFT group, relative to the control group,
in time spent sitting (− 24 mins/day, 95% CI: − 43 to − 6), and moderate-to-vigorous physical activity (6 mins/day,
95% CI: 0.3–11). Differences were not maintained at 16–18 months. No differences were observed between groups in
the other secondary outcomes at either follow-up.
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Conclusions: The SHIFT programme led to a potentially clinically meaningful difference in daily steps, between trial
arms, at 6 months. Whilst the longer-term impact is unclear, the programme offers potential to be incorporated into
driver training courses to promote activity in this at-risk, underserved and hard-to-reach essential occupational group.
Trial registration: ISRCTN10483894 (date registered: 01/03/2017)
Keywords: Physical activity, Sedentary behaviour, Occupational drivers, Diet, Obesity, Workplace

Background
The UK Logistics sector contributes over £13 billion to
the UK economy and employs approximately 300,000
heavy goods vehicle (HGV) drivers [1]. Due to the nature
of their occupation, long-distance HGV drivers are
exposed to a multitude of health-related risk factors and
have been identified as working within one of the most
hazardous professions in terms of health risks [2–4].
Their working environment and job demands present
barriers to adopting a healthy lifestyle, leaving drivers
vulnerable to a myriad of physical health conditions [5].
A systematic review has shown that HGV drivers globally
exhibit high levels of physical inactivity, accumulate large
volumes of sedentary (sitting) behaviour and are exposed
to poor dietary choices [5]. Long, variable working hours,
including shift work, contributes to sleep deprivation [6]
and metabolic disturbances, further promoting uptake
of unhealthy behavioural choices [3, 6]. This poor health
profile is linked with high rates of obesity and cardiometabolic risk [5, 7, 8]. The incidence of obesity-related
co-morbidities in HGV drivers is increasing, suggesting
the trajectory of HGV driver health is declining [2, 3,
9–11]. Overall, this can culminate in HGV drivers having
an increased risk of accidents, alongside higher rates of
chronic diseases and reduced life expectancies compared
to other occupational groups [2, 4, 12, 13].
To compound the high-risk health profile of HGV
drivers [5, 7, 8], UK HGV drivers are an ageing workforce [14]. An All Party Parliamentary Group report
highlighted the “demographic time bomb” the logistics
industry is facing and the health impact of an ageing, atrisk, workforce “driving a vehicle often referred to as ‘a
40-tonne missile’” [15]. The UK Logistics sector is experiencing a serious short-fall in HGV drivers, described
as reaching “a crisis point”, with the shortage rising from
60,000 in 2015 [16] to 100,000 in 2021 [17]. Reported
barriers to driver recruitment include the lack of roadside
facilities, medical concerns (e.g. perceived increased risk
of obesity and diabetes due to the nature of the job), long
and anti-social working hours [15]. There is an urgent
need to address working conditions and the poor health
profile of this ageing workforce to attract employees to
the role. To date, HGV drivers have been underserved in
terms of health promotion efforts [5, 18].

The lack of high-quality interventions in the HGV
driver population [18] led us to develop the ‘Structured Health Intervention For Truckers’ (the SHIFT
programme), a multicomponent, theory-driven, health
behaviour intervention designed to promote physical
activity and positive lifestyle changes in HGV drivers
[19]. Initial piloting of our intervention, over a 3-month
period, revealed increases in daily step counts (by an
average of 1646 (SD 2156) steps/day) and fruit and vegetable intake, along with favourable changes in markers
of cardiometabolic health [20]. The current study extends
this work by evaluating the SHIFT programme within a
cluster randomised controlled trial (RCT). The primary
objective was to evaluate the effectiveness of the SHIFT
programme, compared to usual care, on device-assessed
physical activity (expressed as steps/day) at 6-month follow-up in a sample of HGV drivers. Secondary objectives
were to explore the impact of the programme at 6- and
16–18-month follow-up on a range of activity and healthrelated secondary outcomes.

Methods
Study design

This study was a cluster RCT incorporating an internal
pilot and included mixed-methods process and economic
evaluations (which will be reported separately). Transport sites, located throughout the Midlands, UK, were
the study setting. These consisted of independent companies whose logistics operations were subcontracted
to an international logistics company. Individual transport depots were randomised to reduce contamination.
The full trial protocol has been published [19]. The trial
was approved by the Loughborough University Ethics
Approvals (Human Participants) Sub-Committee (Reference: R17-P063). Loughborough University sponsored
the study.
Recruitment

Sites were eligible if they employed at least 20 long-distance HGV drivers (i.e. drivers who cover long distances
with few delivery stops) and located within a 2-h drive of
Loughborough University. Depots containing short-haul
drivers who made frequent stops were excluded. Sites
were identified by the company. Posters were displayed
advertising the study, and drivers were provided with a
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participant information sheet for consideration. All drivers at each depot were eligible to participate (confirmed
by completion of a health screening questionnaire in the
presence of a researcher) irrespective of their current
levels of physical activity, except for those with clinically diagnosed heart disease, haemophilia, blood-borne
viruses or significant mobility limitation (which would
prevent individuals from increasing physical activity levels). All participants provided written informed consent
before undertaking any study procedures.
Randomisation and masking

After baseline data collection, an independent statistician
(blinded to cluster features) randomised depots (1:1).
Randomisation was stratified by cluster size (< 40 vs. ≥ 40
drivers). Randomisation occurred in two phases, initially
as part of the internal pilot, and secondly as part of the
main trial. Given the nature of the intervention, participants were unable to be blinded to their group allocation.
Participants and researchers were blinded to primary
outcome data (device-measured physical activity), with
participants’ group concealed during the processing of
these data.
Intervention

The Structured Health Intervention For Truckers
(SHIFT) programme is a multi-component lifestylebehaviour intervention designed to target behaviour
changes in physical activity, diet and sitting in HGV drivers. Full details of the programme are described elsewhere [19]. In brief, the 6-month intervention, grounded
within the Social Cognitive Theory for behaviour change
[21], began with a group-based (4–6 participants) 6-h
structured education session. The education session was
delivered by two trained facilitators, utilising a written
curriculum, and designed to support drivers to acquire
knowledge about the links between physical activity (the
primary focus), diet and sitting and type 2 diabetes and
cardiovascular disease risk. The educational component
is founded on the approach used in the award-winning
suite of DESMOND programmes [22], used throughout the NHS, whilst being tailored for HGV drivers [23].
Within the education session, participants were supported to gain knowledge and develop skills relating to
healthy lifestyle choices through group discussions and
activities. For example, participants were encouraged to
discuss feasible strategies to increase their physical activity, improve their diet and reduce their sitting time (when
not driving) during working and non-working hours.
Group-based activities were also undertaken to help
drivers gain knowledge relating to the energy and sugar
content of different foods and drinks. During the education session, participants were encouraged to develop
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individual goals and action plans, based on detailed individual feedback received during their baseline measurements, to achieve over the 6-month intervention. The
education session was supported by specially developed
resources and support materials.
During the education session, participants were provided with a Fitbit® Charge 2 (Fitbit, Inc., San Francisco,
CA, USA) self-monitoring device to provide real-time
feedback on activity levels. They were encouraged to
use this to set goals (agreed at the session) to gradually
increase their physical activity predominately through
walking-based activity. Participants were provided with
instructions on how to link their Fitbit account to an
online monitoring system (Fitabase, Small Steps Labs
LLC, San Diego, CA, USA). Participants’ data on the Fitabase website was only accessible to two members of the
research team who used the step count data to provide
participants with individually tailored step count challenges, at 6-weekly intervals, via a text messaging service
(TextMagic, TextMagic Ltd. Cambridge, UK).
A ‘cab workout’ was introduced and practised at the
education session, and participants were provided with
resistance bands and balls and grip strength dynamometers to take away. Participants were encouraged to undertake the cab workout during breaks when not permitted
to leave their vehicle. Participants were able to keep the
intervention tools beyond the 6-month intervention;
however, the step count challenges and supportive text
messages (see below) sent by members of the research
team ended after the 6-month intervention period. A
Logic Model detailing the underlying theory behind the
intervention components has been published elsewhere
[19].
Trained facilitators delivering the structured education
session were members of the research team in collaboration with personnel from the partnering logistics company. Individuals from the company who co-delivered
the education sessions were predominantly HGV drivers
who also acted as driver trainers within each depot. The
‘driver trainers’ were trained by specialist educators from
the Leicester Diabetes Centre and mentored by trained
members of the research team. The education sessions
took place within the intervention depots. Personnel codelivering the education sessions were also trained to act
as a local champion providing ongoing health coach support (i.e. providing social support and encouragement to
help drivers increase their steps and improve diet quality) to intervention participants during the first 6 months
with additional text messaging support provided by the
research team.
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Control arm

Depots assigned to the usual practice control arm were
asked to continue with their usual care conditions. Participants received an educational leaflet at the outset detailing the importance of healthy lifestyle behaviours (i.e.
undertaking regular physical activity, breaking up periods
of prolonged sitting, and consuming a healthy diet) for
the promotion of health and well-being. Control participants completed the same study measurements as those
in the intervention worksites, at the same time points and
received the same health feedback as intervention participants immediately following their measurements.
Outcome measures

Baseline measurements took place prior to randomisation, with follow-up assessments originally intended
to take place at 6 and 12 months. Due to government
restrictions related to the COVID-19 pandemic, follow-up at 12 months were rescheduled and completed
between 16 and 18 months after randomisation. Moreover, outcomes at this assessment were limited to the primary outcome (device-assessed physical activity) and
self-reported data, due to restrictions imposed on faceto-face data collection. Commensurately, the independent Trial Steering Committee advised that the primary
outcome assessment should be changed from 12- to
6-month follow-up. Baseline and follow-up assessments
were conducted either at the beginning or end of drivers’
shifts, by trained researchers. Drivers were required to
not consume any food or drink (other than water) for at
least 4-h before assessments.
Primary outcome measure

The primary outcome was physical activity, expressed as
average steps per day, at 6 months, measured using the
activPAL micro accelerometer (PAL Technologies Ltd,
Glasgow, Scotland, UK), which provides a valid measure
of walking and posture (i.e. sitting and standing) in adults
[24]. Steps per day was chosen as the primary physical
activity outcome variable because the intervention predominantly focused on the promotion of walking-based
activity.
Devices were worn continuously (24 h/day) for 8 days.
Devices were waterproofed and attached to the midline anterior aspect of participants’ non-dominant thigh
using hyperfix transparent dressing (BSN Medical, Hull,
UK). Participants were provided with a daily logbook
and were required to record the times when they got into
bed, went to sleep, woke-up and got out of bed. Participants also recorded whether each day was a workday or
non-workday and whether the device had been removed
at any times. On completion, devices and logbooks were
returned to depots. Data were subsequently downloaded
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by a member of the research team and visually checked
for adequate wear time. If an insufficient number of valid
days were obtained, participants were contacted and
asked to re-wear the device.
activPALs were initialised at 20 Hz and downloaded
using manufacturer proprietary software (activPAL Professional v.7.2.38, PAL Technologies Ltd, Glasgow, UK).
Event files were generated and processed using the freely
available Processing PAL software (https://github.com/
UOL-COLS/ProcessingPAL, version 1.3, University of
Leicester, Leicester, UK) [25]. Once data were processed,
heat maps were created showing valid waking wear data
and invalid data and visually checked independently by
two researchers. Suspected misclassifications were queried against participants self-reported logbook wake and
sleep times. Where a misclassification was confirmed,
data were corrected [26]. Summary variables were then
calculated (listed under the “Secondary outcomes” section). A valid activPAL wear day was defined as having
≥ 10 h wear time per day, ≥ 1000 steps per day and < 95%
of the day spent in any one behaviour (e.g. sitting, standing, or stepping). Participants were included in the primary outcome analysis if they provided at least one valid
wear day at both baseline and 6 months. One valid day
was chosen to maximise our sample and is in-line with
previous studies [27, 28]
Secondary outcomes

Secondary outcomes, described in detail elsewhere [19],
included activPAL-assessed time spent sitting, standing,
stepping, time in moderate-vigorous physical activity
(MVPA) (stepping cadence ≥ 100 steps/min for ≥ 1 min)
and time in light intensity physical activity (LPA) (calculated by subtracting sitting, standing and MVPA time
from valid waking wear time). For each variable, daily
averages were calculated across all valid days, as well as
for workdays and non-workdays.
Sleep duration and efficiency were assessed using a
GENEActiv tri-axial accelerometer (ActivInsights Ltd.,
Huntingdon, UK), worn (concurrently with the activPAL)
on the non-dominant wrist continuously for 8 days. Sleep
duration was calculated using a validated sleep detection
algorithm [29]. A device wear time of ≥ 16 h per 24-h
period was required to determine a valid night of sleep
data, and participants were required to have provided at
least one valid wear period at both baseline and 6 months
to be included in the analyses. Sleep duration and efficiency data were summarised across all monitored days,
for workdays and non-workdays. Full details of this measure are described elsewhere [30].
Height was measured, without shoes, using a portable
stadiometer (Seca 206, Birmingham, UK). Body mass
and body fat percentage were assessed via bio-electrical
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impedance analysis using portable scales (DC-360S,
Tanita Corporation, Tokyo, Japan). Waist, hip, and neck
circumferences were measured using standard anthropometric measuring tape (Seca, Birmingham, UK), and
waist-to-hip ratio was calculated.
Capillary blood samples were collected via finger-prick
blood sampling and analysed using validated pointof-care analysers for glycated haemoglobin (HbA1c)
(A1CNow®+, PTS Diagnostics, Indianapolis, USA),
triacylglycerol, total cholesterol and HDL-cholesterol
(Cardiocheck®, PTS Diagnostics, Indianapolis, USA).
LDL-cholesterol was calculated using the Friedewald
formula [31]. Resting blood pressure and heart rate was
measured using an automated sphygmomanometer
(HEM-907, Omron Corporation, Japan); three measurements were taken at 5-min intervals and mean values
calculated from the second and third readings. Blood
pressure and heart rate were also measured under a
simulated stress task, involving completion of the Stroop
Test (also providing a measure of cognitive function [32])
and the Mirror Tracing task [33]. This was designed to
provide a measure of psychophysiological reactivity,
described elsewhere [34]. Grip strength (kg) was assessed
from both hands using the Takei Hand-Grip dynamometer (Takei Scientific Instruments Co., Ltd; Japan).
At each assessment, participants completed a questionnaire booklet where they provided self-reported
information on dietary intake, musculoskeletal symptoms, mental wellbeing, work-related psychosocial variables, medication use, smoking status and alcohol intake
[19]. Demographic information, including date-of-birth,
sex, ethnicity, highest level of education, marital status,
medication use, postcode (to determine Index of Multiple Deprivation [IMD] as an indicator of neighbourhood
socioeconomic status), working hours, years worked
as an HGV driver, shift pattern and years worked at the
logistics company was also collected at baseline [19]. Participants and transport managers were asked to report
any adverse events or serious adverse events to the
research team, either via the trial’s text messaging service, or via telephone (using a phone number provided).
Sample size

Our earlier exploratory pre-post study revealed that, on
average, HGV drivers accumulated 8786 steps per day
across both workdays and non-workdays with a standard deviation of 2919 steps [20]. This trial was powered
to look for a difference in step counts (the primary outcome) of 1500 steps per day (equivalent to approximately
15 min of moderately paced walking) between the intervention and control group, given evidence demonstrating
a linear association between step counts and a range of
morbidity-related outcomes [35–37].
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Based on a cluster size of 10, a conservative intra-class
correlation coefficient (ICC) of 0.05 (as there were no
previous data to inform this, we were guided by recommendations of Campbell et al. [38]), an alpha of 0.05,
power of 80% and a coefficient of variation to allow for
variation in cluster size of 0.51 (based on information
provided by the company), we required 110 participants
from 11 clusters per arm. The sample size was inflated by
30% to allow for drop-out. The number of clusters was
also inflated by 2 to allow for whole cluster drop-out. We
therefore aimed to recruit 24 clusters (transport sites)
with an average of 14 participants per cluster, providing
a total target sample size of 336 drivers. Due to one pilot
site not allowing participants to wear accelerometers
during working hours for health and safety reasons, thus
limiting the collection of the primary outcome measure
(activPAL-determined steps/day) to non-working hours
only, the Trial Steering Committee approved the recruitment of an additional site in the main trial phase (in
November 2018).
Statistical analysis

A detailed statistical analysis plan was agreed before
the data were released. Due to the number of clusters
[39], the primary analysis was performed using a mixed
effects linear regression model with each participant’s
daily average number of steps (measured using the activPAL, across any valid day(s)) at 6 months as the outcome,
adjusting for their daily average number of steps at baseline and for the average waking wear time at baseline and
6 months. The model also included a categorical variable for randomisation group (control as reference) and
a term for the stratification factor (cluster size; small < 40
or large ≥ 40). Depot was included as a random effect.
The primary analysis examined the effect of the intervention using a complete case population. All clusters randomised and the recruited participants in these clusters,
excluding those with missing outcome data (i.e. without at least 1 valid day of activPAL data at baseline and
follow-up), were included in the primary analysis with
participants analysed in the arm to which they were randomised. The estimate of the adjusted difference between
the SHIFT arm and the control arm for daily average
number of steps at 6 months and the corresponding 95%
confidence intervals and p-values were presented. The
cluster ICC was estimated to assess the strength of the
clustering effect.
Sensitivity analyses were performed to assess the
impact of missing data on the primary results and to
account for uncertainty associated with imputing data
(full intention-to-treat (ITT) analysis). Missing data from
variables included in the primary analysis model (average daily steps at baseline and 6 months) were imputed
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using multiple imputation. The following variables were
included in the imputation model: baseline BMI, sex, ethnicity, age, cluster size category, years worked as HGV
driver and average waking wear time across baseline and
6 months. Missing values for these predictor variables
were also imputed if needed. Twenty imputations were
made and combined using Rubin’s rules [40]. Additional
worst- and best-case scenario ITT analyses using basic
imputation methods were also carried out. In the worstcase scenario, missing outcome data in the final analysis
model (at baseline and 6 months) were replaced using
the mean for the usual care arm, whilst in the best-case
scenario data were replaced using the mean from the
respective arm. We carried out further sensitivity analyses by assessing the effect of the number of valid activPAL days on the primary outcome analysis. This analysis
was performed by including participants who provided
valid activPAL data on at least 2, 3 and 4 valid days at
baseline and 6 months.
Secondary outcomes were analysed using similar
methodology to the primary outcome. Due to the volume of secondary outcomes assessed, formal statistical
testing of secondary outcome variables was restricted
to the following key secondary outcomes: steps/day
(16–18 months follow-up), activPAL-determined time
spent sitting, standing and stepping, and time in LPA
and MVPA daily, across workdays and non-workdays (at
6- and 16–18 months). The models for each of these secondary outcomes were adjusted for their respective variable at baseline and for the respective average wear time
period (i.e. daily, workdays or non-workdays) at baseline
and follow-up.
Fruit and vegetable intake (grams/day) and dietary
quality score were also analysed at 6- and 16–18 months.
Furthermore, the following markers of cardiometabolic
health were compared statistically at 6 months: weight,
BMI, % body fat, waist circumference, glycated haemoglobin (mmol/mol), triglycerides (mmol/l), HDL cholesterol (mmol/l), LDL cholesterol (mmol/l) and total
cholesterol (mmol/l). All models included a categorical
variable for intervention group (control as reference) and
the stratification factor (cluster size). No corrections for
multiple testing were made. In all models, estimates of
the difference between the SHIFT arm and the control
arm for the variables examined are presented, along with
corresponding 95% confidence intervals and p-values.
For the other secondary outcomes, continuous data
that were approximately normally distributed were summarised in terms of the mean and standard deviation.
Skewed data are presented in terms of the medians and
inter-quartile range (IQR). Ordinal and categorical data
are summarised in terms of frequency counts and percentages. All analyses were conducted using Stata version
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16 (StataCorp LP, College Station, TX, USA). Statistical
significance was set at 5%. All reported statistical tests
are two sided.

Results
Recruitment for the internal pilot began in August 2017
with baseline data collection occurring between January
and August 2018 and follow-up data collection occurring
between September 2018 and November 2019. Recruitment for the main trial phase began in January 2019
with baseline data collection occurring between February and July 2019 and follow-up data collection occurring between September 2019 and December 2020. The
progression criteria for the internal pilot are detailed
in Additional file 1: Table S1. Pilot trial outcomes relating to these criteria were reviewed by the Trial Steering
Committee in December 2018, and the trial approved for
continuation.
Figure 1 shows the flow of participants through the
study, combining data from the internal pilot and main
trial phases. Overall, 386 participants across 25 clusters
were recruited and consented into the study. The 25 sites
(1502 drivers were employed across these sites) operated within the transport, retail, hospitality, healthcare,
pharmaceutical, construction, oil and gas and automotive
industries. The included sites were a similar size and had
a similar variation in size, to the company’s national-level
data. There were 13 sites (clusters) randomised to the
control arm (199 participants) and 12 sites (clusters) randomised to the SHIFT arm (183 participants); 4 participants withdrew prior to cluster randomisation. Median
cluster size was 14 with an inter-quartile range (IQR)
of 13 to 17. Between baseline and 6-month follow-up, 2
sites dropped out of the trial (1 intervention, 1 control)
due to site closures. 31.4% and 46.3% of participants did
not attend the 6-month and 16–18-month follow-up
assessments, respectively. Within the intervention sites,
79.2% (n = 145) of participants attended the structured
education session.
Characteristics of clusters and participants within each
trial arm, and overall, are shown in Table 1. Descriptive
comparisons between baseline characteristics of participants with complete primary outcome data (n = 209;
54.7%) are shown in Additional file 1: Table S2. There
were no noticeable differences between completers (i.e.
participants who provided valid activPAL data at baseline and 6 months) and non-completers in terms of cluster size, age, BMI, number of years as a HGV driver and
number of steps/day at baseline.
Primary outcome

Table 2 shows mean daily step counts measured across
any valid day(s) at baseline and at 6 months, along with
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Fig. 1 CONSORT diagram of participant flow through the study (IQR, inter-quartile range)

the changes in daily steps for the SHIFT and control
groups. The primary complete-case analysis revealed
a statistically significant difference in mean daily step
counts at 6 months, in favour of the SHIFT group
(adjusted mean difference: 1008 steps/day; 95% confidence interval (CI): 145 to 1871, p = 0.022). The ICC
for the model was 0.112. No significant effects were
seen in the ITT analyses, with the exception of the
best-case scenario. Sensitivity analyses showed similar

results to the primary analysis, with significant differences observed between groups in terms of daily step
counts at 6 months, when including participants with
≥ 2, 3 and 4 valid days of activPAL data (Table 2).
Secondary outcomes

At 6 months, across any valid day(s), we also observed
that sitting time was lower in the SHIFT arm compared
to the control arm, whilst times spent standing, stepping
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Table 1 Cluster and participant characteristics per trial arm and overall, at baseline. Data are summarised as the median and interquartile range (IQR), unless otherwise stated
Control
Clusters = 13
Participants = 199

SHIFT
Clusters = 12
Participants = 183

Overall
Clusters = 25
Participants = 382

Small (< 40 drivers)

81 (40.7%)

93 (50.8%)

174 (45.6%)

Large (≥ 40 drivers)

118 (59.3%)

90 (49.2%)

208 (54.4%)

14 (12, 17)

14 (13, 17)

14 (13, 17)

Missing values

Cluster level
Cluster size category, n (%)

0

Participant level
Cluster size
Median (IQR)
Min, max

0
9, 24

11, 25

9, 25

Age, Mean (SD)

48.3 (9.7)

48.6 (9.1)

48.4 (9.4)

2

Sex, n (%) male

196 (98.5%)

182 (99.5%)

378 (99.0%)

0

White British

154 (77.4%)

152 (83.1%)

306 (80.1%)

Other ethnicity

45 (22.6%)

30 (16.4%)

75 (19.6%)

146 (73.4%)

124 (67.8%)

270 (70.7%)

Ethnicity, n (%)

1

Shift patterna, n (%)
Morning

0

Afternoon

29 (14.6%)

31 (16.9%)

60 (15.7%)

Night

35 (17.6%)

45 (24.6%)

80 (20.9%)

Duration working at company (years)

6.17 (3.67, 11.50)

9.30 (4.06, 14.27)

7.75 (3.88, 13.42)

0

Duration working as a HGV driver (years)

15.00 (6.00, 26.00)

17.00 (10.00, 25.02)

16.00 (9.00, 25.17)

0

Average hours worked per week

48 (45, 50)

48 (45, 50)

48 (45, 50)

0

IMD rank

16779 (8500, 22904)

16040 (7934, 22171)

16591 (8165, 22544)

30

133 (66.8%)

113 (61.8%)

246 (64.4%)

Marital status, n (%)
Married
Living with partner

0
34 (17.1%)

31 (16.9%)

65 (17.0%)

Other (separated/divorced, single, widowed)

32 (16.1%)

39 (21.4%)

71 (18.6%)

Level of education, n (%), degree or above

16 (8.0%)

10 (5.5%)

26 (6.8%)

8

Diabetes history, n (%), yesb

15 (7.5%)

9 (4.9%)

24 (6.3%)

1

73 (36.7%)

77 (42.1%)

150 (39.3%)

Smoking status, n (%)
Never smoked

1

Ex-smoker

84 (42.2%)

73 (39.9%)

157 (41.1%)

Current smoker

42 (21.1%)

32 (17.5%)

74 (19.4%)

Anthropometric measures and markers of adiposity
Weight (kg)

94.0 (84.2, 106.9)

95.7 (84.0, 106.4)

94.8 (84.1, 106.5)

2

Body fat (%), mean (SD)

26.8 (5.8)

27.3 (6.0)

27.0 (5.9)

11

Fat mass (kg)

25.3 (19.6, 32.3)

25.6 (19.9, 32.7)

25.5 (19.6, 32.4)

11

Fat Free mass (kg), mean (SD)

69.3 (8.6)

69.6 (7.8)

69.5 (8.2)

12

Body mass index (kg/m2)

29.6 (27.0, 32.8)

29.9 (26.9, 33.7)

29.8 (26.9, 33.2)

2

Waist circumference (cm)

104.4 (94.6, 113.1)

103.0 (95.0, 113.5)

103.7 (95.0, 113.4)

2

Hip circumference (cm)

106.5 (101.0, 111.8)

107.5 (103.0, 114.0)

107.0 (102.0, 112.5)

2

Waist-hip ratio (cm), mean (SD)

0.97 (0.07)

0.97 (0.07)

0.97 (0.07)

2

Neck circumference (cm)

40.2 (38.9, 42.5)

41.0 (38.3, 42.5)

40.5 (38.4, 42.5)

2

Resting blood pressure (BP) and heart rate
Systolic BP (mmHg)

130 (122, 140)

130 (122, 138)

130 (122, 139)

2

Diastolic BP (mmHg)

82 (76, 90)

81 (76, 88)

82 (76, 88)

2

Heart rate (bpm), mean (SD)

68 (10)

68 (10)

68 (10)

4

35 (32, 38)

34 (31, 38)

35 (31, 38)

14

Biochemical assessments
Glycated haemoglobin (mmol/mol)

Clemes et al. BMC Medicine

(2022) 20:195

Page 9 of 17

Table 1 (continued)
Control
Clusters = 13
Participants = 199

SHIFT
Clusters = 12
Participants = 183

Overall
Clusters = 25
Participants = 382

Missing values

Glycated haemoglobin (%)

5.4 (5.1, 5.6)

5.3 (5.0, 5.6)

5.4 (5.0, 5.6)

14

Triglycerides (mmol/l)

1.3 (1.0, 2.1)

1.3 (0.9, 2.1)

1.3 (0.9, 2.1)

5

HDL cholesterol (mmol/l)

1.1 (1.0, 1.4)

1.1 (1.0, 1.4)

1.1 (1.0, 1.4)

5

LDL cholesterol (mmol/l)

2.8 (2.3, 3.5)

2.8 (2.4, 3.5)

2.8 (2.3, 3.5)

6

Total cholesterol (mmol/l)

4.4 (3.8, 5.1)

4.4 (3.8, 5.1)

4.4 (3.8, 5.1)

5

8471 (6774, 10160)

8725 (7033, 11298)

8583 (6922, 10696)

Physical activity and sitting time
Steps/day

41

Sitting (mins/day), mean (SD)

678 (91)

651 (97)

665 (95)

Standing (mins/day)

195 (165, 238)

213 (180, 244)

203 (169, 243)

Stepping (mins/day)

112 (90, 134)

116 (93, 149)

114 (92, 139)

MVPA (mins/day)

10 (6, 18)

11 (6, 21)

10 (6, 19)

LPA (mins/day)

97 (81, 114)

102 (83, 129)

99 (82, 123)

Number of valid days

8 (6, 8)

7 (5, 8)

7 (6, 8)

Waking wear time (mins/day)

993 (955, 1033)

989 (950, 1022)

990 (953, 1032)

Sleep

36

Sleep window duration (mins/day)

426 (393, 465)

424 (387, 459)

425 (390, 460)

Sleep duration (mins/day)

371 (336, 405)

371 (340, 407)

371 (337, 406)

Sleep efficiency (%)

88.5 (84.2, 91.3)

88.9 (84.6, 92.0)

88.6 (84.3, 91.5)

Number of valid nights

6 (6, 6)

6 (5, 6)

6 (6, 6)

101 (122)

135 (158)

117 (141)

Fruit and vegetable intake and dietary quality
Fruit intake (grams/day), mean (SD)

111

Vegetable intake (grams/day), Mean (SD)

110 (135)

128 (166)

118 (150)

Dietary quality score, mean (SD)

11.1 (2.0)

11.1 (2.1)

11.1 (2.0)

a
Approximately 90% of the sample were shift workers, where working hours did not fit entirely within the conventional 8 am–6 pm window. The categories applied
(morning, afternoon, night) refer to the predominant period of the day (or night) that participants spend working
b

In the control group, 14 of the 15 have type 2 diabetes; 1 did not report type. Eleven of the 15 controlled their diabetes with medical treatment, 3 with lifestyle only
and 1 did not report control type. In the SHIFT group, all 9 had type 2 diabetes, 7 controlled their diabetes with medical treatment, 2 with diet only

and time in MVPA were higher (Table 3). There were no
differences between groups in activPAL variables measured at 16–18 months (Table 3). There were no differences observed between groups in any activPAL variables
measured across workdays at 6 or 16–18 months (Additional file 1: Table S3). At 6 months across non-workdays,
differences in favour of the SHIFT arm were observed
between groups in daily step counts, sitting time, time
spent stepping, time in LPA and MVPA. There were no
differences observed between groups in activPAL variables measured at 16–18 months across non-workdays
(Additional file 1: Table S4).
There were no differences observed between groups
in anthropometric measures, markers of cardiometabolic health or psychophysiological reactivity at
6 months (Table 4 and Additional file 1: Table S5). No
differences between groups in reported fruit and vegetable intake or overall dietary quality were seen at 6 and
16–18 months (Table 4). No noticeable changes in grip
strength were observed between baseline and 6 months
in the control group, whereas modest improvements in

grip strength for both hands were observed at 6 months
in the SHIFT arm (Additional file 1: Table S6). Both
groups exhibited a decrease in sleep duration between
baseline and 6 months on workdays, whilst sleep duration increased for both groups at 6 months on nonworkdays. There were no noticeable between group
differences in changes in sleep duration or efficiency
at 6 months (Additional file 1: Table S7). No noticeable between group differences in changes in cognitive
function were observed at 6 months (Additional file 1:
Table S8). There was a tendency for the prevalence of
musculoskeletal discomfort across the majority of body
sites to decrease at 6 and 16–18 months in both groups,
with similar changes in prevalence and overall discomfort scores occurring between groups (Additional file 1:
Table S9). Similarly, there were no noticeable between
group differences in changes in reported mental wellbeing or work-related psychosocial variables at either
follow-up (Additional file 1: Tables S10-12). No serious
adverse events were reported throughout the trial.

Primary analysis (complete case)b 13

13

13

Worst case scenario d

Best case scenario e
12

12

12

12

199

199

199

119

183

183

183

90

12

12

12
113

116

118
79

87

88

SHIFT

–

–

–

335 (− 471, 1141)

− 647 (2015) − 4 (2963)

− 722 (2117) − 16 (2949)

973 (76, 1870)

906 (27, 1784)

981 (102, 1860)

− 543 (2499) − 120 (2985) 868 (398, 1338)

–

1008 (145, 1871)

Means (SDs) cannot be calculated for intention to treat population because multiple imputation methodology was used

≥ 1 valid day at baseline and 6 months

Missing outcome data in the final analysis model (at baseline and 6 months) was replaced using the mean for the standard care arm

Missing outcome data in the final analysis model (at baseline and 6 months) was replaced using the mean from the respective arm

c

d

e

0.034

0.043

0.029

< 0.001

0.139

0.414

0.022

Adjusted mean
p-value
difference (95% CI)a

− 544 (2499) − 548 (3056) 399 (− 129, 927)

–

8832 (2877) 9385 (3290) 8179 (2710) 9480.69 (3509) − 653 (2020) 96 (3028)

8925 (2921) 9459 (3296) 8278 (2770) 9456 (3484)

8960 (2919) 9427 (3291) 8238 (2768) 9411 (3488)

8788 (2843) 9464 (3127) 8244 (2270) 9344 (2466)

8788 (2843) 9394 (3134) 8244 (2270) 8846 (2527)

–

SHIFT

− 716 (2109) 32 (2939)

Control

Mean change from
SHIFT vs. control at 6 months
baseline to 6 months (SD)

Adjusted for steps per day at baseline, average waking wear time across baseline and 6 months, and cluster size category (small < 40; large ≥ 40) with a random effect for cluster (depot).

13

13

13

Control

8932 (2922) 9355 (3305) 8216 (2767) 9387 (3455)

SHIFT

6-month follow-up
Mean (SD)

b

a

≥ 4 days

≥ 3 days

≥ 2 days

Baseline
Mean (SD)
SHIFT Control

Sensitivity analyses—effect of number of valid activPAL days (complete-case):

13

Multiple imputation c

Intention to treatb

Number of
participants

Control SHIFT Control

Number of
clusters

Table 2 Changes in mean daily steps per day across any valid day/s at 6-month follow-up
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b

a

10

12

10

12

10

12

10

12

10

12

10

90

119

90

119

90

119

90

119

90

119

90

74

90

74

90

74

90

74

90

74

90

74

14 (15)

15 (15)

102 (29)

101 (29)

117 (36)

116 (34)

200 (54)

204 (55)

676 (97)

675 (92)

8978 (3226)

Control

Baseline
Mean (SD)

16 (14)

15 (14)

109 (34)

107 (34)

125 (38)

122 (40)

216 (61)

209 (53)

651 (87)

664 (92)

9663 (3122)

SHIFT

14 (13)

13 (10)

100 (32)

94 (28)

114 (37)

107 (32)

197 (58)

194 (56)

679 (98)

696 (87)

8789 (3148)

Control

Follow-up
Mean (SD)

16 (16)

18 (18)

104 (32)

104 (33)

120 (36)

122 (40)

211 (64)

210 (61)

647 (77)

655 (93)

9259 (3105)

SHIFT

− 2 (14)
− 1 (15)

− 6 (19)
− 2 (18)

− 8 (23)
− 2 (22)

− 10 (37)
− 3 (45)

4 (82)

21 (79)

− 189 (2169)

Control

− 0.1 (16)

3 (19)

− 3 (25)
− 5 (26)

− 0.4 (32)
− 5 (31)

− 5 (77)

1 (48)

− 9 (77)
− 4 (90)

− 404 (2688)

SHIFT

Mean change from baseline
to follow-up (SD)

2 (− 3, 7)

6 (0.3, 11)

− 1 (− 8, 7)

5 (− 2, 12)

1 (− 9, 11)

11 (1, 21)

11 (− 5, 27)

14 (2, 26)

− 24 (− 43, − 6)
− 12 (− 34, 9)

94 (− 878, 1066)

Adjusted mean
difference (95%
CI) a

SHIFT vs. control

Adjusted for variable at baseline, average waking wear time across baseline and 6 (or 12) months, and cluster size category (small < 40; large ≥40) with a random effect for cluster (depot)

≥ 1 valid day at baseline and 6 (or 16–18) months

13

12

6 months

16–18 months

Time MVPA b

13

12

6 months

16–18 months

Time LPA b

13

12

6 months

16–18 months

Time stepping b

13

12

6 months

16–18 months

Time standing b

13

12

6 months

12

SHIFT

Control

Control

SHIFT

Number of
participants

Number of
clusters

16–18 months

Time sitting b

16–18 months

Steps per day b

Daily variables (min/day)

Table 3 Changes in key daily activPAL variables across any valid day/s at 6- and 16–18-month follow-up

0.539

0.038

0.863

0.152

0.818

0.024

0.183

0.024

0.268

0.011

0.849

p-value
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12

12

16–18 months

102

124

11.1 (1.8)

11.1 (2.0)

95.1 (98.1)

110.5 (135.3)

92.2 (109.4)

100.8 (122.2)

4.4 (0.9)

2.9 (0.8)

1.2 (0.4)

1.7 (1.1)

36.8 (9.4)

103.7 (13.7)

26.3 (5.9)

29.9 (5.2)

94.9 (17.5)

11.0 (2.0)

11.1 (2.1)

127.3 (167.8)

127.7 (165.8)

127.4 (152.7)

135.4 (158.1)

4.4 (0.9)

2.8 (0.8)

1.2 (0.3)

1.6 (0.9)

35.6 (10.3)

104.9 (12.7)

27.3 (5.9)

30.7 (5.0)

96.9 (16.0)

11.3 (1.6)

11.4 (1.7)

100.2 (145)

106.1 (142.1)

89.6 (111.8)

123.9 (142.3)

4.5 (1.0)

2.9 (0.9)

1.3 (0.3)

1.7 (1.1)

37.1 (10.4)

103.8 (13.9)

26.4 (6.0)

29.9 (5.1)

94.8 (17.4)

11.3 (1.8)

11.1 (2.0)

90.0 (101.0)

131.9 (184.6)

112.1 (148.0)

120.6 (153.6)

4.4 (1.0)

2.8 (0.9)

1.3 (0.3)

1.7 (1.1)

35.0 (9.0)

103.6 (12.7)

27.1 (5.8)

30.3 (5.1)

95.5 (16.2)

SHIFT

0.1 (2.0)

0.3 (2.2)

5.1 (148.5)

− 4.4 (167.3)

− 2.7 (105.3)

23.1 (128.1)

0.02 (0.9)

− 0.01 (0.9)

0.02 (0.2)

0.1 (1.0)

0.2 (6.0)

0.1 (5.1)

0.1 (1.7)

− 0.0 (1.4)

− 0.1 (4.48)

Control

0.3 (2.3)

− 0.01 (2.4)

− 37.2 (157.4)

4.1 (207.0)

− 15.2 (162.8)

− 14.8 (159.5)

0.1 (0.9)

− 0.03 (0.8)

0.1 (0.2)

0.04 (0.9)

− 0.6 (6.9)

− 1.3 (6.7)

− 0.2 (2.0)

− 0.4 (1.6)

− 1.4 (5.2)

SHIFT

Dietary quality score ranges from 5–15, with higher scores indicating higher dietary quality based on consumption of fruit, vegetables, oily fish, fats and non-milk extrinsic sugars

112

147

102

124

102

124

98

98

98

98

89

103

96

112

112

Control

0.07 (− 0.4, 0.5)

− 0.2 (− 0.7, 0.2)

− 25.3 (− 68.5, 17.9)

27.3 (− 24.8, 79.4)

7.4 (− 30.3, 45.2)

− 20.6 (− 64.5, 23.3)

0.02 (− 0.2, 0.2)

0.0 (− 0.2, 0.2)

0.04 (− 0.02, 0.1)

− 0.08 (− 0.3, 0.2)

− 1.9 (− 4.9, 1.2)

− 1.1 (− 2.7, 0.5)

− 0.2 (− 0.7, 0.3)

− 0.4 (− 0.8, 0.1)

− 1.2 (− 2.6, 0.1)

Adjusted mean
difference (95%
CI)a

Mean change from baseline SHIFT vs. control
to follow-up (SD)a

Adjusted for variable at baseline

11

12

112

147

112

147

143

143

143

143

139

143

141

143

143

SHIFT

Follow-up
Mean (SD)

b

12

16–18 months

10

12

10

12

10

10

10

10

10

11

10

12

12

Control

Baseline
Mean (SD)

0.778

0.241

0.251

0.305

0.700

0.359

0.868

0.973

0.241

0.530

0.229

0.195

0.435

0.086

0.078

p-value

(2022) 20:195

a

13

6 months

Dietary quality score b

13

6 months

Vegetables (grams/day)

13

16–18 months

13

13

13

13

13

13

13

13

13

SHIFT

Control

Control

SHIFT

Number of
participants

Number of
clusters

6 months

Fruit (grams/day)

6 months

Total cholesterol, mmol/l

6 months

LDL cholesterol, mmol/l

6 months

HDL cholesterol, mmol/l

6 months

Triglycerides, mmol/l

6 months

HbA1c, mmol/mol

6 months

Waist circumference, cm

6 months

% Body fat

6 months

BMI, kg/m2

6 months

Weight, kg

Anthropometric measures

Table 4 Changes in adiposity, biochemical, and dietary-related secondary outcomes at 6- and 16–18-month (dietary variables only) follow-up
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Discussion
This trial evaluated the effectiveness of the multicomponent SHIFT programme in a sample of long-distance
HGV drivers. Our primary analysis revealed that the
SHIFT group accumulated 1008 more steps/day relative
to the control group at 6 months. The programme also
led to differences at 6 months between groups, in favour
of the SHIFT arm, in drivers’ time spent sitting, standing, stepping and time in MVPA, with these differences
particularly pronounced on non-workdays. However,
differences between trial arms were not maintained at
16–18 months.
Whilst the difference in the primary outcome measure
between the SHIFT and control arms at 6 months (1008
steps/day) was lower than 1500 steps/day which formed
the basis of our sample size calculation, it has recently
been reported that 500 steps/day is the minimum clinically important difference for inactive individuals, applying equally to men and women [41]. Therefore, the
difference observed in the intervention group relative to
the control group is potentially clinically meaningful and
of a sufficient magnitude to impact longer-term health
and mortality risk [41]. Whilst differences observed
between groups at 6 months were largely driven by maintenance of baseline physical activity levels in the SHIFT
arm and a decline in physical activity in the control arm,
these differences remain potentially clinically important
given physical inactivity is widely associated with an
increased risk of many adverse health conditions [42].
Whilst reasons for the decline in physical activity levels
observed in the control arm are unclear, preventing such
a decline in habitual activity in any population/individual is important when considering longer-term health
outcomes.
Although the significant differences between groups
in activity levels did not persist into the longer-term,
it is hard to draw conclusions given that the measurements were taken in the middle of a pandemic that had
an impact on people’s working practices and behaviour. Aside from the pandemic, the lack of differences
between groups at 16–18 months follow-up is consistent with that seen in other physical activity interventions
with longer-term follow-up measures (> 12 months) [43].
Within HGV drivers, environmental, organisational and
policy-level changes (e.g. provision of secure rest stops
which facilitate engagement in physical activity, modifications of driving hour regulations) will likely be required
in addition to programmes such as SHIFT to promote
longer-term behavioural changes. Indeed, the absence
of any significant differences in physical activity and
sedentary behaviour on workdays between trial arms at
6 months suggests that due to the constraints of their job,
participants in the SHIFT arm were more likely to adopt
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positive activity-related behaviours on non-workdays.
For example, on non-workdays, relative to controls at
6 months, participants in the SHIFT arm accumulated
2012 more steps/day, an additional 10 min/day of light
physical activity and 11 min/day of MVPA and 40 min/
day less sitting.
Despite the high-risk health profile of HGV drivers
globally [5], limited health promotion interventions have
been conducted in this occupational group. A systematic review of health promotion interventions in HGV
drivers (including only 8 studies) observed that interventions generally led to improvements in health and
health behaviours; however, the review cautioned that
the strength of the evidence was limited due to poor
study designs, with no control groups, small samples and
no or limited follow-up periods [18]. The present study
addresses these limitations, being the first to formally
evaluate a health promotion intervention within this atrisk occupational group, employing a cluster RCT design
with an extended follow-up period.
Of the limited available literature, only one other study
within HGV drivers has examined the potential impact
of a wrist-worn device to help monitor and self-regulate physical activity levels and dietary choices [44]. In a
sample of 26 Australian HGV drivers, Gilson et al. [44]
observed that participants’ daily step counts remained
constant across the 20-week intervention, averaging
between 8743 and 8944 steps/day across study weeks.
From this Australian study, it was observed that step
counts were more successfully self-monitored than dietary choices. Similarly, in the present study, participants
reported that the Fitbit was a favoured component of the
SHIFT programme. Fitbits, along with similar commercially available wearable activity devices, and their associated apps facilitate several behaviour change techniques
[45] and have been shown to have a favourable impact on
activity levels from meta-analyses of controlled trials in
adults (not specifically HGV drivers) over the short-term
(3–6 months), leading to differences of + 951 steps/day
between intervention and control groups [46].
No differences were observed between groups in
anthropometric measures or markers of cardiometabolic health at 6 months. Interventions predominantly
focusing on physical activity have been shown to have
small to no effects on weight loss [47]. To have a bigger impact on weight, and measures of cardiometabolic
risk, the SHIFT programme could be revised to include
a greater emphasis on, and include ongoing support
relating to, diet. Indeed, improved dietary quality was
associated with weight loss in a lifestyle intervention
with Finnish bus and truck drivers [48]. Furthermore,
as highlighted by the Socioecological Model of Health
[49], a wider intervention focus at multiple levels
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beyond the individual (for example, targeting dietary
quality of foods available at rest stops) may improve the
effectiveness of SHIFT.
A strength of this study was the implementation of
a lifestyle health behaviour intervention within the
workplace environment of an at-risk, underserved and
hard-to-reach occupational group. The study involved
25 different transport sites operating within subcontracts across eight different industries. The range of
industries represented by these sites, together with the
demographic characteristics of our sample (mean age at
baseline 48 years, 99% male, which matches exactly the
characteristics of UK HGV drivers [14]), suggests that
the included sample likely represents the 278,700 HGV
drivers currently in employment [50]. Our intervention
was evaluated through a fully powered, cluster RCT. The
trial incorporated immediate (6 months) and longer-term
(16–18 months) follow-up periods, and our primary outcome was a device-based measure, reducing the risk of
bias associated with self-reported measures.
The COVID-19 pandemic had a large impact on the
overall running of this trial. Whilst a strength of this
study is the fact that we were able to follow-up participants at approximately 16–18 months following randomisation, once restrictions eased, the pandemic presents
a major confounding factor which limits our ability to
draw firm conclusions regarding the sustainability of
the SHIFT programme. A further limitation was the
high loss to follow-up experienced, which was beyond
that initially predicted. We experienced a 31.4% loss-tofollow-up at the 6-month assessments, with the sample
included in the primary outcome analysis reduced further (54.7% of the initial randomised sample) after taking into account activPAL compliance. Further losses to
follow-up were experienced at the final follow-up, with
54% of the original sample attending this assessment.
Multiple imputation to replace missing data suggested
that the intervention effect in the complete case cohort
may not be generalizable to the full cohort. We also lost 2
sites/clusters during the trial due to the collapse of their
contracting companies. Transport managers highlighted
high staff turnover rates within the industry during our
process evaluation; indeed, the primary reason for noncompletion of the trial was participants leaving their role.
Future trials with this, or similar occupational groups,
will need to account for potentially high loss-to-followup rates within sample size calculations, along with consideration of compliance rates to device-based measures,
if appropriate. A final consideration within this trial is
that although HGV drivers in the UK undergo a medical
evaluation at 5-year intervals, the format of assessment
and associated feedback may differ to that received in
SHIFT. It is therefore possible that baseline assessments
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may have influenced the behaviour of drivers allocated to
the control arm.
The high prevalence of drivers with obesity, along with
the poor cardiometabolic health profile and sleep deprivation seen in our sample, highlight substantial health
inequalities in this occupational group. Given the current, and increasing, shortfall of HGV drivers in the UK
[17], the government and sector urgently need to address
working conditions and the poor health profile of this
ageing workforce. The already challenging working conditions are likely to be only exacerbated, as the low number of drivers have to compensate for driver shortages
by expanding their own working hours, as relaxations in
drivers’ hours rules have been re-introduced as a result
of driver shortages, COVID-19 and Brexit [51]. Driver
recruitment and a prioritisation on driver health is essential to combat the current challenges seen in maintaining
critical supply chains and to support the UK’s economic
recovery from the COVID-19 pandemic. Improving drivers’ health has significant implications, not only for the
individual or their employer (through reductions in sickness absence and staff turnover), but also for the wider
public through improving road safety for all users. Whilst
all HGV drivers undertake compulsory Certificate of Professional Competence (CPC) training, this does not cover
lifestyle health behaviours. The SHIFT programme, with
ongoing development, has the potential to fill this void.
Therefore, further work involving driver and stakeholder
engagement is now needed to refine and translate SHIFT
into a scalable CPC module, which should be evaluated
over the longer-term to assess its impact in a real-world
setting. Additionally, given the male dominated nature of
HGV driving, the potential relevance of gender sensitivity within SHIFT should be explored further as part of
this process. As obesity and sleep deprivation were highly
prevalent in our sample, future research is also needed
to better understand dietary eating practices and sleep
management in this occupational group.

Conclusions
The SHIFT programme led to a potentially clinically
meaningful difference in daily steps, between trial arms,
at 6 months. Whilst the longer-term impact is unclear,
the programme offers potential to be incorporated into
driver training courses to promote activity in this at-risk,
underserved and hard-to-reach essential occupational
group.
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