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Abstract: Physical inactivity and obesity are widely prevalent in Heavy Goods Vehicle (HGV) drivers.
We analysed whether obesity classification influenced the effectiveness of a bespoke structured
lifestyle intervention (‘SHIFT’) for HGV drivers. The SHIFT programme was evaluated within a clus-
ter randomised controlled trial, across 25 transport depots in the UK. After baseline assessments, par-
ticipants within intervention sites received a 6-month multi-component health behaviour change in-
tervention. Intervention responses (verses control) were stratified by obesity status (BMI < 30 kg/m2,
n = 131; BMI ≥ 30 kg/m2, n = 113) and compared using generalised estimating equations. At 6-
months, favourable differences were found in daily steps (adjusted mean difference 1827 steps/day,
p < 0.001) and sedentary time (adjusted mean difference −57 min/day, p < 0.001) in drivers with
obesity undertaking the intervention, relative to controls with obesity. Similarly, in drivers with
obesity, the intervention reduced body weight (adjusted mean difference −2.37 kg, p = 0.002) and
led to other favourable anthropometric outcomes, verses controls with obesity. Intervention effects
were absent for drivers without obesity, and for all drivers at 16–18-months follow-up. Obesity
classification influenced HGV drivers’ behavioural responses to a multi-component health-behaviour
change intervention. Therefore, the most at-risk commercial drivers appear receptive to a health
promotion programme.

Keywords: body weight; occupational health; occupational drivers; physical activity; sedentary
behaviour; workplace

1. Introduction

Heavy goods vehicle (HGV) drivers face many barriers to adopting healthy lifestyles [1].
Within their working environment, drivers often experience long and variable working
hours, pressurised delivery schedules and enforced sedentarism [1]. These barriers to
adopting a healthy lifestyle have been exacerbated by the COVID-19 pandemic which has
disrupted international supply chains. A notable shortfall in HGV drivers, particularly
within the UK (~100,000), has added to the pressures experienced by this occupational
group [2].

Previous data have shown that HGV drivers have high levels of physical inactivity
and sedentary time [3,4], contributing to high levels of overweight and obesity [4–7]. In
many, this phenotype overlaps with sleep deprivation [8] and poor dietary choices, which
collectively augment the risk of chronic metabolic disease, a reduced life expectancy, and
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heighten the risk of road traffic accidents [9–13]. Despite these issues, HGV drivers remain
an underserved population with regards to health promotion interventions.

We therefore designed the Structured Health Intervention for Truckers (SHIFT), a
multi-component, theory-driven, health behaviour change intervention seeking to increase
physical activity, reduce sitting time and enhance cardiometabolic health in this occupa-
tional group [14]. SHIFT has recently been evaluated using a cluster randomised controlled
trial (RCT), with 25 transport depots in the UK [15]. Baseline data from the RCT showed
that 88% of drivers had overweight or obesity, a prevalence higher than that seen in Eu-
ropean drivers [4,16,17] and within the general UK (age-matched) population [18]. At
6-months, a favourable difference in physical activity was apparent between study groups,
but this was primarily driven by a decrease in physical activity within the control group.
The intervention had no impact on cardiometabolic or anthropometric outcomes [15].

Within the SHIFT cluster RCT, responses in the intervention group were compared
to controls without any stratification of study sub-groups. However, previous behaviour
change interventions have demonstrated that obesity classification may influence interven-
tion responses [19,20]. Notably, the Health Belief Model suggests that behaviour change
is influenced by an individual’s feelings about the seriousness of contracting an illness or
disease, and its medical consequences [21–23]. In the SHIFT trial, all participants received a
detailed health assessment at baseline and were provided with feedback, including informa-
tion about their future health risk. Based on this information, we hypothesised that obesity
may influence physical activity, anthropometric and cardiometabolic health responses to
the SHIFT programme. Specifically, we anticipated that more potent intervention responses
would be seen in drivers living with obesity due to them having a more extensive behaviour
change, after having recognised that their body mass index (BMI) places them at a greater
risk of several long-term health conditions and premature mortality.

Therefore, this secondary data analysis investigated whether BMI influenced the
effectiveness of responses to the SHIFT programme. With 47% of our sample possessing a
BMI of ≥30 kg/m2 at baseline, we were able to re-analyse data after segregating responses
to intervention and control arms based on obesity classification. Our primary analyses
were based on responses at 6-months follow-up; however, the potential longer-term impact
of the intervention was assessed for some outcome measures at 16–18-months follow-up.

2. Materials and Methods
2.1. Study Design, Setting and Participants

This study used data collected from participants taking part in the wider SHIFT
RCT [15]. The full protocol of this cluster RCT, and the main findings of the effectiveness
trial, have been published elsewhere [14,15]. Measurements and procedures relevant to the
present analyses are described below.

Participants were full-time long-distance HGV drivers (drivers who cover long dis-
tances with few delivery stops), recruited from an international logistics company across
25 participating depots throughout the Midlands region in the UK. Drivers were eligible
to participate if they had no clinically diagnosed cardiovascular disease, haemophilia,
blood-borne viruses or mobility limitations. Institutional ethical committee approval was
obtained before study procedures commenced. All participants provided written informed
consent before baseline assessments and were re-consented before follow-up measures.

2.2. Measurements

Baseline data were collected between January 2018 and July 2019 within a 2-h as-
sessment. Follow-up data were collected 6-months after the baseline assessment and
included the same measurements. Due to the COVID-19 pandemic, measures at 16–18
months follow-up were limited to device-assessed physical activity and self-reported data,
as face-to-face data collection was not permitted.

The assessments took place within the worksite setting and were undertaken by
research staff trained in the study’s Standard Operating Procedures. Participants fasted



Int. J. Environ. Res. Public Health 2022, 19, 15546 3 of 12

for at least 4-h before assessments, which occurred at the beginning or end of drivers’
shifts. Participants reported basic demographic information via questionnaires. Drivers
also provided information about their current health status, use of medication and smoking
status. Diet was measured using a short form food frequency questionnaire [24]. A dietary
quality score (DQS) was then calculated based on fruit, vegetable, oily fish, fat, and non-
milk extrinsic sugar intake. Scores between one to three were given for each category, with
a score of three indicating that the UK recommendations were met for that component. The
maximum achievable DQS was 15 [24].

Bio-electrical-impedance scales (DC-360S, Tanita Corporation, Tokyo, Japan) were
used to measure body mass and body fat percentage. Height was assessed using a portable
stadiometer (Seca 206, Oxford, UK). Circumferences (waist, hip, neck) were measured ac-
cording to World Health Organisation (WHO) guidelines [25]. Resting blood pressure (BP)
and heart rate were measured using an automated sphygmomanometer (Omron HEM-907,
Omron Corporation, Kyoto, Japan) according to the European Society of Hypertension
guidelines [26]. Normotensive BP, pre-hypertension and hypertension were classified as
recommended by Williams et al. [27]. A Takei Hand-Grip dynamometer (Takei Scientific
Instruments Co., Ltd., Niigata City, Japan) was used to measure grip strength from both
hands. Glycated haemoglobin (A1CNow®+, PTS Diagnostics, Indianapolis, USA), tria-
cylglycerol, high-density lipoproteins (HDL), and total cholesterol (Cardiocheck®®+, PTS
Diagnostics, Indianapolis, USA) were measured from finger-prick blood samples. The
Friedewald formula [28] was used to calculate low-density lipoprotein cholesterol (LDL).
The risk of having a cardiovascular event within the next 10 years was calculated using the
QRISK2 algorithm [29].

2.3. Physical Activity and Sitting Time

activPAL3 micro accelerometers (PAL Technologies Ltd., Glasgow, UK) were used
to measure daily step counts, sitting time, and time spent in light physical activity (LPA,
for example, slow walking) and moderate-to-vigorous physical activity (MVPA, for ex-
ample, brisk walking through running, or any activity which increases heart rate, respi-
ration and body temperature). The monitor was placed on participants’ non-dominant
side on the midline anterior aspect of the upper thigh. The device was waterproofed
to enable participants to wear it continuously for eight consecutive days after each as-
sessment. Additionally, participants were asked to record their waking, sleep, work-
ing and non-wear times via daily logs. Data from the activPAL were downloaded us-
ing manufacturer proprietary software (activPAL Professional v.7.2.38, Glasgow, Scot-
land, UK). The generated event files were processed using the Processing PAL software
(https://github.com/UOL-COLS/ProcessingPAL, version 1.3, University of Leicester, (Le-
icester, UK)). The full protocol for the data processing has been described elsewhere [15,30].
Participants had to provide at least one valid day of data at both time points to be included
in the physical activity analysis of this study. Participants were included in this sub-analysis
for work and non-workdays if they provided valid data on at least one working day and
one non-working day at both time points. A valid day was defined as: >10 h of valid
waking wear time, >500 single leg steps (i.e., >1000 steps/day), and <95% of time spent
in any one behaviour (e.g., sitting, standing or stepping) [31]. Key variables that were
extracted from the data were number of steps per day, time spent standing, stepping and
sitting (total and long sitting bouts (>30 min)), the number of sitting-to-upright transitions
and the amount of time spent in LPA and MVPA. MVPA was defined as a step cadence
of ≥100 steps per minute which was accumulated in bouts of at least one minute. LPA
was calculated by subtracting MVPA, sitting and standing time from the valid waking
wear time.

2.4. The Structured Health Intervention for Truckers (SHIFT)

After the baseline assessment, participating sites were randomised (1:1) into in-
tervention or control groups. The 6-month intervention consisted of a group-based

https://github.com/UOL-COLS/ProcessingPAL
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(4–6 participants) 6-h structured education session tailored for HGV drivers, underpinned
by the Social Cognitive Theory [32]. The session was delivered by 2 trained Educators (a
member of the research team in collaboration with personnel from the logistics organi-
sation) and took place within appropriate training rooms within the intervention depots.
Participants were supported to work out knowledge through group discussions instead of
being taught in a didactic way. The discussions and interactive activities included strategies
for participants to increase their physical activity, improve their diet and reduce their
sitting time in and outside of work [14]. Risk factors for type 2 diabetes and cardiovascular
disease were also discussed. Participants received a Fitbit® Charge 2 (Fitbit, Inc., San
Francisco, CA, USA) activity tracker within the session which provides feedback on their
daily step count during their weekly routines. The drivers were encouraged to use this
device to set goals to gradually increase their physical activity through walking-based
activity [14]. Additionally, participants were able to share their daily activity with two
members of the research team via an online monitoring system (Fitabase, Small Steps
Labs LLC, San Diego, CA, USA, https://fitabase.com/). These data were used to provide
individually tailored step count challenges every 6-weeks for each participant throughout
the intervention period. Participants received exercise equipment (resistance bands, a
ball, and a grip strength dynamometer) for use in their cab, when not permitted to leave
the vehicle or whilst taking a break. The Educators introduced and practised the “cab
workout” with drivers within the education session involving light-intensity resistance
exercises. Personnel from the company co-delivering the education sessions also acted as
local champions and provided ongoing health coach support, along with members of the
research team via a text messaging service [15].

All participants from the control and intervention arms undertook the same measure-
ments and received feedback immediately following their assessments at baseline and
6-months follow-up. Participants randomised into the control arm received a leaflet con-
taining basic general guidance on physical activity, sleep and diet, but otherwise continued
with their usual practice throughout the 6-month intervention period.

2.5. Data Analyses

All variables were checked for normality using Kolmogorov Smirnov tests along with
histograms. Normally distributed data at baseline were reported as means (standard devia-
tion [SD]), non-normally distributed data reported as medians (interquartile range [IQR]),
and frequencies and proportions (%) were reported for categorical variables. Changes from
baseline are presented as mean (SD). In separate analyses, participants were divided into
two groups based on their BMI (<30 kg/m2 and ≥30 kg/m2).

Outcome variables were analysed using generalised estimating equations (GEE), tak-
ing account of clustering by depot centres. Given the focus of the paper was specifically on
obesity, the models were run separately a priori for drivers with obesity and drivers without
obesity, with outcomes compared between the intervention and control arms. Models were
adjusted for each variable at baseline and the cluster size category (small < 40 drivers/site;
large ≥ 40 drivers/site). Physical activity outcomes were additionally adjusted for change
in valid waking wear time from baseline to 6-months follow-up. The intervention effect
is presented as beta coefficients (95% CI), showing the adjusted difference between inter-
vention and control groups. p values of <0.05 were considered as significant. Adjustment
for multiple testing was not undertaken, therefore results are interpreted with caution in
relation to the overall pattern of findings. The above analyses were repeated using waist
circumference (<102 cm and ≥102 cm for men and <88 cm and ≥88 cm for women) and
body fat percentage (≤25% and ≥25% for men and <35% and ≥35% for women) categories
as sensitivity analysis to show if the results could be confirmed classifying obesity with
different measurements. Statistical analyses were conducted using IBM SPSS V.27 (IBM,
Armonk, NY, USA).

https://fitabase.com/
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3. Results

A total of 382 participants (98.7% male) from 25 sites were recruited into the main
trial. Two hundred and forty-four participants provided cardiometabolic health data at
baseline and 6-months follow-up, and were included in the analyses reported herein.
Thirteen sites were randomly assigned to the control arm (142 participants), and 12 sites
to the intervention arm (102 participants). A CONSORT diagram describing participant
numbers throughout the study has been reported elsewhere [15]. Table 1 shows the
sociodemographic information, medical data, cardiometabolic biomarker and lifestyle
behaviours within trial arms for participants with (N = 113) and without obesity (N = 131)
at baseline categorised by BMI (≤30 or ≥30 kg/m2).

Table 1. Baseline characteristics for participants with versus without obesity based on BMI.

Participants without Obesity Based on Baseline BMI
(BMI < 30 kg/m2)

Median (IQR), Mean (SD) or %
N = 131

Participants with Obesity Based on Baseline BMI
(BMI ≥ 30 kg/m2)

Median (IQR), Mean (SD) or %
N = 113

Demographics Intervention
N = 51

Control
N = 80

Intervention
N = 51

Control
N = 62

Age (years) * 50 (55, 43) 49 (55, 39) 48 (54, 39) 47 (55, 41)
Average working hours/week * 48 (50, 43) 48 (50, 45) 48 (50, 45) 48 (50, 45)

Ethnicity (%)
White European

Other
96.2
3.8

91.4
8.6

96.1
3.9

95.1
4.9

Highest level of education (%)
GCSEs

A-Level
University Other

54.9
13.7
7.9
23.5

56.3
8.8

10.0
24.9

68.6
7.8
5.9

17.7

59.7
8.1
8.1

24.1
Medical information (%)

Cholesterol medication 9.8 2.5 9.8 12.9
Blood pressure medication 9.8 8.8 13.7 14.5

Diabetes medication 2.0 2.5 3.9 8.1
Other medication 15.7 22.5 29.4 22.6

Q-Risk (%)
Less than 10%
10% or over
20% or over

80.4
19.6

80.0
13.8
6.3

72.5
23.5
3.9

72.6
24.2
3.2

Anthropometric measures
Body fat % 23.6 (4.3) 22.8 (4.6) 30.7 (4.3) 31.0 (4.1)

Weight (kg) * 85.1 (90.1, 80.2) 84.6 (92.6, 76.2) 105.0 (117.7, 97.8) 108.3 (117.2, 98.7)
BMI (kg/m2) * 27.0 (28.5, 26.1) 27.2 (28.6, 24.9) 33.2 (35.8, 31.1) 33.3 (36.0, 31.1)

Waist Circumference (cm) * 96.0 (101.0, 92.0) 95.4 (100.9, 90.2) 112.0 (120.0, 104.0) 113.7 (122.0, 106.9)
Hip Circumference (cm) * 104.0 (107.0, 101.0) 101.6 (105.8, 97.6) 113.0 (118.5, 108.5) 112.0 (118.1, 107.2)

Neck Circumference (cm) * 39.0 (41.0, 37.0) 39.2 (40.1, 37.4) 42.0 (44.1, 40.3) 42.0 (44.0, 40.2)
Grip strength (kg) * 50.5 (54.5, 44.3) 50.0 (55.9, 43.4) 52.0 (58.5, 46.5) 52.0 (57.8, 46.4)

Blood pressure
Systolic Blood pressure (mm Hg) * 130.0 (137.5, 118.5) 125.3 (134.3, 118.8) 130.0 (138.5, 122.0) 133.0 (144.5, 124.8)
Diastolic Blood pressure (mm Hg) 80.8 (9.1) 79.5 (10.6) 83.3 (8.7) 85.4 (9.5)

Resting heart rate (beats/min) 64.9 (10.1) 65.7 (9.9) 69.7 (11.3) 69.0 (9.3)
Blood markers

HbA1c (mmol/mol) * 33 (36, 30) 35 (37, 32) 35 (38, 32) 37 (39, 34)
Triglycerides (mmol/L) * 1.23 (1.78, 0.94) 1.13 (1.80, 0.81) 1.56 (2.40, 1.03) 1.41 (2.25, 1.08)

HDL Cholesterol (mmol/L) * 1.20 (1.53, 1.05) 1.21 (1.41, 1.00) 1.07 (1.27, 0.93) 1.11 (1.35, 0.90)
LDL Cholesterol (mmol/L) 2.80 (0.86) 2.89 (0.91) 2.80 (0.72) 2.84 (0.75)
Total Cholesterol (mmol/L) 4.38 (0.96) 4.42 (0.97) 4.29 (0.88) 4.41 (0.90)

Lifestyle behaviours
Alcohol units/week * 9.0 (20.0, 2.0) 4.0 (9.8, 1.5) 5.5 (10.0, 1.5) 6.8 (14.0, 1.5)
Current Smoker (%) 3.8 9.9 7.1 11.5

Fruit intake (grams/day) * 56.8 (280.0, 28.8) 56.8 (120.0, 28.8) 56.8 (120.0, 11.2) 56.8 (120.0, 24.4)
Vegetable intake (grams/day) * 85.6 (176.8, 57.6) 68.0 (113.6, 40.0) 68.0 (113.6, 57.6) 60.8 (113.6, 40.0)

Dietary Quality Score * 11.0 (13.0, 10.0) 12.0 (13.0, 10.0) 11.0 (13.0, 9.0) 11.0 (12.0, 10.0)
Physical activity and sitting behaviours

Waking wear time (min/day) * 995.3 (962.6, 1039.5) 985.1 (950.3, 1027.6) 995.7 (960.86, 1033.37) 1009.4 (961.19, 1036.47)
Steps/day * 10,070 (7661, 12,664) 8527 (6474, 10,510) 7751 (6554, 9800) 8770 (7028, 10,138)

Time spent sitting (min/day) 648.65 (13.29) 664.7 (12.25) 680.2 (14.16) 688.6 (11.35)
Sitting bouts > 30 min (min/day) * 400.2 (269.1, 456.9) 434.05 (376.5, 498.5) 421.8 (324.5, 500.3) 435.6 (385.5, 510.5)
Time spent standing (min/day) * 215.8 (185.7, 248.9) 194.7 (165.6, 249.7) 197.1 (169.4, 232.0) 197.4 (166.6, 232.0)
Time spent stepping (min/day) * 128.0 (104.2, 154.7) 112.5 (86.2, 140.0) 100.9 (87.2, 131.3) 117.1 (90.7, 133.8)

Sit to upright transitions (n) * 51.3 (43.4, 64.1) 49.7 (40.5, 57.8) 45.9 (39.2, 53.3) 44.1 (37.3, 55.3)
Time spent in MVPA (min/day) * 14.6 (6.9, 25.5) 10.5 (7.1, 18.3) 8.9 (4.5, 13.0) 9.3 (6.9, 15.9)

Time spent in LPA (min/day) * 105.3 (87.4, 137.3) 95.9 (78.7, 116.4) 93.2 (77.6, 119.1) 99.3 (81.4, 113.3)

Note: * Data are presented using the median and inter-quartile range. Abbreviations: BMI = Body Mass Index;
GSCE = General Certificate of Secondary education; HbA1c = Haemoglobin A1c; HDL = High-density lipoprotein;
IQR = Interquartile Range; LDL = Low-density lipoprotein; LPA = Light physical activity; MVPA = Moderate-to-
vigorous physical activity; SD = Standard deviation.
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3.1. Physical Activity

Table 2 details physical activity and sedentary time data recorded across all valid
days (N = 207). At 6-months, participants with obesity (based on BMI) from the inter-
vention arm accumulated more daily steps (1827 steps/day) and had a lower sitting time
(−57 min/day), than those with obesity in the control arm. There were no significant
intervention effects in the group without obesity. Supplementary Tables S1 and S2 present
physical activity and sedentary time data measured on workdays and non-workdays
(N = 171). On workdays, in participants with obesity, there was an intervention effect for
all outcomes besides sit-to-stand transitions and time spent in MVPA, relative to controls
with obesity. Conversely, in the intervention group without obesity, no intervention effects
were apparent on workdays. On non-workdays, improvements in all movement-related
outcomes except sit-to-stand transitions were observed for participants with obesity from
the intervention group, relative to controls. In the intervention group without obesity,
the only effect identified was a reduction in MVPA to a lower magnitude than that seen
in the control group without obesity. These results were mirrored in sensitivity analy-
ses when obesity status was additionally defined based on body fat percentage or waist
circumference (Supplementary Tables S3 and S4).

Table 2. Physical activity and sitting behaviours measured across all valid days for participants with
and without obesity based on BMI.

Participants without Obesity
Based on Baseline BMI (BMI < 30 kg/m2)

N = 112

Participants with Obesity
Based on Baseline BMI (BMI ≥ 30 kg/m2)

N = 95
Physical Activity
Marker Overall

Change from Baseline
(Mean (SD))

Intervention Effect *
(95% CI) p-Value Change from Baseline

(Mean (SD))

Intervention
Effect *

(95% CI)
p-Value

Intervention
N = 45

Control
N = 67

Intervention
N = 44

Control
N = 51

Steps/day −570 (2768) −416 (2130) 132.69 (−721.95,
987.32) 0.761 774 (2893) −1129 (2048)

1827.01
(967.77,
2686.24)

<0.001

Time spent sitting
(min/day) 6.16 (63.73) 14.31 (84.31) 4.71 (−13.32, 22.74) 0.609 −26.58 (85.67) 30.05 (70.78)

−57.04
(−80.25,
−33.83)

<0.001

Sitting bouts > 30 min
(min/day) 16.05 (81.11) 15.55 (100.70) 1.45 (−26.37, 29.28) 0.918 −23.93 (92.93) 38.53 (78.71)

−69.03
(−97.11,
−40.95)

<0.001

Time spent standing
(min/day)

−5.33
(29.71) −0.45 (36.09) −3.57 (−16.40, 9.27) 0.585 8.73 (60.66) −22.68

(34.24)
32.75 (14.36,

51.13) <0.001

Time spent stepping
(min/day)

−8.18
(29.38) −4.89 (21.73) −0.20 (−9.47, 9.07) 0.966 8.99 (30.48) −13.29

(23.72)
22.10 (12.48,

31.72) <0.001

Sitting–to–being
upright transitions (n)

−1.38
(14.87) −0.58 (11.25) −0.09 (−5.16, 4.97) 0.971 0.36 (12.03) −2.85 (13.15) 3.72 (−0.96,

8.39) 0.119

Time spent in MVPA
(min/day) 1.23 (19.73) −1.67 (14.88) 4.12 (−1.49, 9.74) 0.150 3.98 (18.26) −3.37 (13.36) 6.65 (1.61,

11.69) 0.010

Time spent in LPA
(min/day)

−9.43
(24.25) −3.22 (17.02) −3.34 (−11.21, 4.52) 0.405 5.01 (21.78) −9.92 (20.43) 15.26 (7.47,

23.05) <0.001

Note: * Change in intervention relative to control adjusted for variables at baseline, and change in valid waking
wear time from baseline to 6-month follow-up and cluster size category (Small < 40; Large ≥ 40). Abbrevia-
tions: CI = Confidence Interval; LPA = Light physical activity; MVPA = Moderate-to-vigorous physical activity;
SD = Standard Deviation.

3.2. Cardiometabolic and Lifestyle Outcomes

In participants with obesity, the SHIFT programme improved several cardiometabolic
biomarkers, anthropometric and lifestyle outcomes, relative to controls with obesity, which
were not observed in the SHIFT intervention group without obesity (Table 3). Specifically,
in comparison to the control group with obesity, body weight, BMI, waist circumference
and neck circumference were reduced in the intervention group with obesity; whilst HDL
was increased. Conversely, a reduction in resting heart rate was the only intervention
effect in participants without obesity (verses the non-obese control group). These results
are consistent when obesity stratification is additionally made based on either body fat
percentage or waist circumference (Supplementary Tables S5 and S6).
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Table 3. Cardiometabolic and lifestyle secondary outcome changes from baseline to 6-month follow-
up in participants with and without obesity (based on BMI).

Participants without Obesity Based on Baseline BMI
(BMI < 30 kg/m2)

N = 131

Participants with Obesity Based on Baseline BMI (BMI ≥ 30 kg/m2)
N = 113

Anthropometric
Measures

Change from Baseline
(Mean (SD))

Intervention
Effect *

(95% CI)
p-Value Change from Baseline

(Mean (SD))
Intervention Effect *

(95% CI) p-Value

Intervention
N = 51

Control
N = 80

Intervention
N = 51

Control
N = 62

Body fat (%) 0.09 (2.22) −0.03 (2.29) 0.26 (−0.45, 0.97) 0.476 −0.61 (2.22) 0.02 (1.57) −0.66 (−1.39, 0.06) 0.071

Weight (kg) −0.50 (4.11) −0.08 (4.10) −0.41 (−1.71,
0.89) 0.535 −2.51 (5.95) −0.29 (5.26) −2.37 (−4.39, −0.34) 0.022

BMI (kg/m2) −0.04 (1.19) −0.01 (1.11) −0.02 (−0.39,
0.35) 0.933 −0.71 (1.85) −0.04 (1.70) −0.70 (−1.35, −0.06) 0.032

Waist
Circumference

(cm)
−0.61 (5.64) −0.31 (4.92) −0.31 (−2.11,

1.49) 0.735 −2.09 (7.30) 0.38 (5.81) −2.47 (−4.88, −0.05) 0.045

Hip Circumference
(cm) −0.50 (3.22) 0.13 (3.76) −0.35 (−1.49,

0.79) 0.545 −1.39 (4.25) −0.26 (5.31) −1.25 (−2.89, 0.39) 0.134

Neck
Circumference

(cm)
−0.15 (1.55) 0.34 (1.74) −0.40 (−0.96,

0.16) 0.164 −0.32 (2.15) 0.58 (1.84) −0.89 (−1.59, −0.20) 0.011

Grip strength (kg) 0.64 (6.11) 0.53 (5.61) 0.01 (−2.03, 2.05) 0.992 0.86 (4.78) −0.46 (5.72) 1.34 (−0.51, 3.19) 0.155
Blood pressure
Systolic Blood

pressure (mm Hg)
−2.54
(11.01)

−2.80
(10.95) 1.10 (−2.44, 4.64) 0.543 −2.60 (10.21) −1.41 (14.89) −2.14 (−6.55, 2.28) 0.343

Diastolic Blood
pressure (mm Hg) −0.39 (8.90) −0.76 (8.16) 0.68 (−1.93, 3.28) 0.61 −1.81 (7.16) −0.72 (9.22) −1.52 (−4.41, 1.37) 0.303

Resting heart rate
(beats/min) −1.73 (9.99) 1.09 (9.53) −3.04 (−5.89,

−0.19) 0.037 −2.27 (10.08) −2.25 (8.17) 0.29 (−2.71, 3.29) 0.851

Blood markers
HbA1c

(mmol/mol) 0.31 (4.91) 0.54 (5.51) −1.20 (−2.72,
0.31) 0.119 −1.14 (8.15) 0.34 (6.74) −1.62 (−4.28, 1.04) 0.233

Triglycerides
(mmol/L) 0.03 (0.72) 0.05 (1.12) −0.06 (−0.322,

0.199) 0.643 0.06 (1.04) 0.05 (0.79) −0.017 (−0.342,
0.309) 0.920

HDL Cholesterol
(mmol/L) 0.05 (0.25) 0.04 (0.25) 0.04 (−0.03, 0.12) 0.237 0.10 (0.25) −0.01 (0.25) 0.08 (0.01, 0.15) 0.020

LDL Cholesterol
(mmol/L) −0.06 (0.77) −0.09 (0.94) −0.11 (−0.39,

0.16) 0.416 0.06 (0.82) 0.11 (0.73) −0.06 (−0.03, 0.21) 0.648

Total Cholesterol
(mmol/L) 0.01 (0.86) 0.01 (0.98) −0.09 (−0.39,

0.20) 0.546 0.15 (0.92) 0.10 (0.83) 0.01 (−0.28, 0.30) 0.954

Lifestyle
behaviours
Fruit intake
grams/day

10.16
(134.37)

24.58
(135.73)

6.47 (−40.05,
52.98) 0.785 4.45 (157.81) 25.37 (122.68) −11.57 (−58.59,

35.46) 0.630

Vegetable intake
grams/day 2.02 (293.56) 10.45

(168.53)
41.09 (−17.65,

99.83) 0.170 34.29 (186.50) −17.88
(170.20) 51.97 (−5.63, 109.57) 0.077

Dietary Quality
Score 0.18 (2.65) 0.11 (2.07) −0.18 (−0.92,

0.55) 0.627 0.10 (2.37) 0.44 (2.39) −0.37 (−1.05, 0.30) 0.277

Note: * Change in intervention relative to control adjusted for variable at baseline and cluster size category (Small
< 40; Large ≥ 40). Abbreviations: BMI = Body Mass Index; CI = Confidence Interval; HbA1c = Haemoglobin A1c;
HDL = High density lipoprotein; LDL = Low density lipoprotein; SD = Standard deviation.

3.3. Extended Follow-Up

Supplementary Tables S7 and S8 show physical activity and dietary outcomes 16–18 months
post-randomisation. Two hundred and twelve participants provided self-reported data,
and 163 participants additionally provided valid physical activity data. No significant
differences between intervention and control groups were apparent in participants with or
without obesity.

4. Discussion

This secondary analysis investigated whether obesity classification at baseline influ-
enced the effectiveness of the SHIFT programme. With regards to physical activity, sitting
time and anthropometric outcomes, this secondary analysis has shown that favourable
responses to the SHIFT programme were only seen in drivers with obesity, suggesting
different engagement and response in this group. These data have important implications
concerning the implementation of the SHIFT programme within the transport and logistics
sector and highlight the necessity of the specific needs and characteristics of HGV drivers.

When specifically examining drivers with obesity, our analyses showed that the inter-
vention effect at 6-months equated to a difference in physical activity of 1827 steps/day,
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relative to controls with obesity. This was generated by an increase in steps (774 steps/day)
in the intervention group and a decrease in the control group (−1129 steps/day). This phys-
ical activity response was superior to that observed in the SHIFT main outcomes trial, where
data from participants with and without obesity were reported collectively [15]. Specifically,
in the RCT, the difference reported between intervention and control arms at 6-months was
driven primarily by a reduction in steps in the control group (−716 steps/day), rather than
an increase in the intervention group (+32 steps/day). Importantly, in the present analyses,
the SHIFT programme did not alter physical activity levels in the intervention group with-
out obesity. As outlined within behaviour change theory [21–23], this divergent response
may reflect greater receptiveness to the health messages within the SHIFT intervention,
as those with obesity recognise their elevated health risk. This scenario may have been
particularly likely in the present study, as all participants (irrespective of group assignment)
were provided with detailed feedback about their health status, immediately after baseline
assessments. This impact of obesity classification on physical activity responses to a health
intervention has been reported previously [19].

The increase in daily steps in drivers with obesity from the intervention group was
4-fold greater on non-workdays in comparison to workdays. This finding likely reflects
the enforced sedentariness imposed by drivers’ working days [1] and the greater ease of
changing behaviour during leisure time. However, it was encouraging that drivers with
obesity from the intervention arm still managed to reduce their sitting time on workdays
by 33 min/day. Previous research has shown that reallocating 30 min of sedentary time per
day to LPA is associated with subtle improvements in cardiometabolic health markers [33].
Once more, however, the intervention did not elicit this response in drivers without obesity;
in fact, their sitting time was higher at 6-months on workdays and non-workdays, whilst
their daily steps were reduced. Collectively, this improved ‘movement profile’, catalysed by
the SHIFT programme in drivers with obesity, is likely to benefit their health and wellness.
Indeed, recent research indicates that an increase in daily steps of 500 per day is the
minimum necessary to improve long-term health and mortality risk in inactive populations,
with greater benefits achievable for those able to do more [34].

The longevity of responses elicited by health interventions is always crucial. Unfor-
tunately, after the 6-month assessments, the SHIFT RCT was impacted by the COVID-19
pandemic. Whilst we were able to deploy accelerometers at 16–18 months follow-up, data
were only available for a sub-sample of participants, and it is likely that the pandemic
will have impacted drivers’ behaviour. Our present analyses identified no differences in
physical activity or sitting time in any group at this extended follow-up; implying that
the improvements seen at 6-months in the intervention group with obesity had not been
maintained. Additional work is needed to develop strategies which ensure that positive
behaviour change is supported over the longer term.

The present analyses also identified a more potent intervention effect on body weight
in participants with obesity, compared with the overall effect in the SHIFT RCT [15].
Intervention participants with obesity lost 2.5 kg (2.4%) of body weight at 6-months, which
was eight-fold greater than that seen in the control group with obesity. The increase in
steps observed in drivers with obesity at 6 months is unlikely to fully explain the weight
loss observed in this group alone, suggesting that some changes in dietary behaviours may
have also occurred. Whilst dietary changes were reported by intervention participants
within our process evaluation [35], the sensitivity of our Food Frequency Questionnaire
was not sufficient however to detect changes in dietary behaviours [15].

Notably, the SHIFT intervention did not impact body weight in the intervention group
without obesity. This divergent response, between participants with and without obesity,
may have been partially expected, given the former group had greater adiposity at baseline.
However, it should be recognised that the group without obesity still possessed a mean BMI
in the overweight range, with mildly elevated body fat. The intervention findings in drivers
with obesity are encouraging given the high prevalence of obesity in HGV drivers [5–7,36],
particularly as obesity has been linked to an increase in road traffic accident risk in previous
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studies [9]. Additionally, from an individual health perspective, the concomitant reduction
in waist and neck circumference in the intervention group with obesity, is particularly
notable given the link between adiposity in these locations and cardiometabolic health
risk [37,38]. Relatedly, a subtle increase in HDL was apparent in the intervention group with
obesity in our analyses; however, the limited sensitivity of point-of-care blood biomarker
analysis used in the present study, may have constrained our ability to detect additional
biomarker improvements.

Several weight-loss interventions have previously been conducted on truck drivers [39].
However, before the SHIFT cluster RCT, just two RCTs had been undertaken [5,40] with
only one non-RCT demonstrating long-term effectiveness for reducing body weight [41].
One of the RCTs showed similar weight loss outcomes to the present study (−3.31 kg
weight reduction at 6-months) [5]. However, weight loss was the primary outcome in this
previous study and the intervention components were more intensive. Within this context,
the weight-related findings outlined in the present study are encouraging and suggest that
the SHIFT programme may facilitate initial weight loss efforts in HGV drivers with obesity.
It should be noted, however, that 5–10% weight loss is recommended to provide therapeutic
benefits for many obesity-related conditions [42,43]. Therefore, further refinement of the
SHIFT programme is needed to support more clinically relevant weight loss.

The secondary analyses reported within this study were enabled by the large and
diverse sample recruited within the SHIFT cluster RCT [15]. Although the detailed as-
sessments conducted at baseline and 6-months are a key strength of the SHIFT RCT, it
should be recognised that the use of point-of-care blood biomarker analysers may have
constrained the ability to detect intervention effects on cardiometabolic biomarkers. The
lack of long-term follow-up data must also be considered when interpreting these analyses.
As we were not powered for these sub-group analyses, the findings should be interpreted
as preliminary.

5. Conclusions

In conclusion, this secondary analysis of the SHIFT cluster RCT has demonstrated
that obesity classification influencedintervention effectiveness. Specifically, in drivers with
obesity, the SHIFT programme beneficially changed daily physical activity, sitting time and
body weight. These intervention effects were not mirrored in drivers without obesity. These
data highlight the importance of personalising health interventions within this occupational
group. Additional research is now needed to further develop the SHIFT intervention into
an industry accredited Continued Professional Competency (CPC) module which can be
accessible across the UK.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph192315546/s1, Table S1. Physical activity and sitting be-
haviours on workdays for participants with and without obesity based on BMI. Table S2. Physical
activity and sitting behaviours on non-workdays for participants with and without obesity based on
BMI. Table S3. Physical activity and sitting behaviours measured across all valid days for participants
with and without obesity based on Bodyfat %. Table S4. Physical activity and sitting behaviours mea-
sured across all valid days for participants with and without obesity based on waist circumference.
Table S5. Cardiometabolic and lifestyle secondary outcome changes from baseline to 6 months follow
up in participants with and without obesity (based on bodyfat %). Table S6. Cardiometabolic and
lifestyle secondary outcome changes from baseline to 6 months follow up in participants with and
without obesity (based on waist circumference). Table S7. Physical activity and sitting behaviour
changes from baseline to 16–18 months follow-up for participants with and without obesity based
on BMI. Table S8. Lifestyle secondary outcome changes from baseline to 16–18 months follow-up in
participants with and without obesity (based on BMI).

https://www.mdpi.com/article/10.3390/ijerph192315546/s1
https://www.mdpi.com/article/10.3390/ijerph192315546/s1


Int. J. Environ. Res. Public Health 2022, 19, 15546 10 of 12

Author Contributions: S.A.C., V.V.-M., C.L.E., L.J.G., J.T., V.J., T.Y. and J.A.K. obtained funding for
the research. All authors contributed to the design of the study. K.R. performed the statistical analysis,
with oversight from T.Y., V.V.-M., Y.-L.C., M.S., A.P.S., A.G. and K.R. were involved in the data
collection and study coordination, supervised by S.A.C., J.A.K. and N.J.P. Data were processed and
prepared for analyses by K.R., Y.-L.C., A.P.S. and M.S. The first draft of the manuscript was produced
by K.R. and all authors have reviewed, edited, and approved the final version. All authors have read
and agreed to the published version of the manuscript.

Funding: This project was funded by the National Institute for Health Research (NIHR) Public
Health Research programme (reference: NIHR PHR 15/190/42). The study was also supported by
the NIHR Leicester Biomedical Research Centre which is a partnership between University Hospitals
of Leicester NHS Trust, Loughborough University and the University of Leicester. Laura Gray is
supported by the National Institute for Health Research (NIHR) Applied Research Collaboration East
Midlands (ARC EM). The views expressed are those of the authors and not necessarily those of the
NHS, the NIHR or the Department of Health and Social Care. Funding to cover the intervention costs
(Fitbits and cab workout equipment) was provided by the Higher Education Innovation Fund, via
the Loughborough University Enterprise Projects Group. The Colt Foundation provided funding
for a PhD Studentship, awarded to Amber Guest (reference: JD/618), which covered Amber’s time
and contributions to this project. The funders played no role in study design, data collection, data
analysis, data interpretation or in the preparation of this manuscript.

Institutional Review Board Statement: The trial was approved by the Loughborough University
Ethics Approvals (Human Participants) Sub-Committee (Reference: R17-P063). Trial registration:
ISRCTN10483894 (date registered: 01/03/2017).

Data Availability Statement: The datasets generated during and/or analysed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare that they have no conflicting interests.

References
1. Caddick, N.; Varela-Mato, V.; Nimmo, M.A.; Clemes, S.; Yates, T.; King, J.A. Understanding the health of lorry drivers in context:

A critical discourse analysis. Health 2017, 21, 38–56. [CrossRef]
2. Road Haulage Association. A Report on the Driver Shortage. 2021. Available online: https://www.rha.uk.net/LinkClick.aspx?

fileticket=ICI0C-FWmVo%3D&portalid=0&timestamp=1627564639720 (accessed on 30 July 2021).
3. Gilson, N.D.; Pavey, T.G.; Vandelanotte, C.; Duncan, M.J.; Gomersall, S.R.; Trost, S.G.; Brown, W.J. Chronic disease risks and use

of a smartphone application during a physical activity and dietary intervention in Australian truck drivers. Aust. N. Z. J. Public
Health 2016, 40, 91–93. [CrossRef] [PubMed]

4. Varela-Mato, V.; O’Shea, O.; King, J.A.; Yates, T.; Stensel, D.J.; Biddle, S.J.; Nimmo, M.A.; Clemes, S.A. Cross-sectional surveillance
study to phenotype lorry drivers’ sedentary behaviours, physical activity and cardio-metabolic health. BMJ Open 2017, 7, e013162.
[CrossRef] [PubMed]

5. Olson, R.; Wipfli, B.; Thompson, S.V.; Elliot, D.L.; Anger, W.K.; Bodner, T.; Hammer, L.B.; Perrin, N.A. Weight control intervention
for truck drivers: The SHIFT Randomized controlled trial, United States. Am. J. Public Health 2016, 106, 1698–1706. [CrossRef]
[PubMed]

6. Thiese, M.S.; Moffitt, G.; Hanowski, R.J.; Kales, S.N.; Porter, R.J.; Hegmann, K.T. Commercial driver medical 519 examinations:
Prevalence of obesity, comorbidities, and certification outcomes. J. Occup. Environ. Med. 2015, 57, 659–665. [CrossRef]

7. Apostolopoulos, Y.; Lemke, M.K.; Hege, A.; Sönmez, S.; Sang, H.; Oberlin, D.J.; Wideman, L. Work and chronic disease:
Comparison of cardiometabolic risk markers between truck drivers and the general US population. J. Occup. Environ. Med. 2016,
58, 1098–1105. [CrossRef] [PubMed]

8. Sherry, A.P.; Clemes, S.A.; Chen, Y.L.; Edwardson, C.; Gray, L.J.; Guest, A.; King, J.; Rowlands, A.V.; Ruettger, K.; Sayyah, M.; et al.
Sleep duration and sleep efficiency in UK long-distance heavy goods vehicle drivers. Occup. Environ. Med. 2022, 79, 109–115.
[CrossRef] [PubMed]

9. Anderson, J.E.; Govada, M.; Steffen, T.K.; Thorne, C.P.; Varvarigou, V.; Kales, S.N.; Burks, S.V. Obesity is associated with the
future risk of heavy truck crashes among newly recruited commercial drivers. Accident Anal. Prev. 2012, 49, 378–384. [CrossRef]

10. Apostolopoulos, Y.; Sönmez, S.; Shattell, M.M.; Belzer, M. Worksite-induced morbidities among truck drivers in the United States.
AAOHN J. 2010, 58, 285–296. [CrossRef]

11. Crizzle, A.M.; Bigelow, P.; Adams, D.; Gooderham, S.; Myers, A.M.; Thiffault, P. Health and wellness of long-haul truck and bus
drivers: A systematic literature review and directions for future research. J. Transp. Health 2017, 7, 90–109. [CrossRef]

http://doi.org/10.1177/1363459316644492
https://www.rha.uk.net/LinkClick.aspx?fileticket=ICI0C-FWmVo%3D&portalid=0&timestamp=1627564639720
https://www.rha.uk.net/LinkClick.aspx?fileticket=ICI0C-FWmVo%3D&portalid=0&timestamp=1627564639720
http://doi.org/10.1111/1753-6405.12501
http://www.ncbi.nlm.nih.gov/pubmed/26713400
http://doi.org/10.1136/bmjopen-2016-013162
http://www.ncbi.nlm.nih.gov/pubmed/28637722
http://doi.org/10.2105/AJPH.2016.303262
http://www.ncbi.nlm.nih.gov/pubmed/27463067
http://doi.org/10.1097/JOM.0000000000000422
http://doi.org/10.1097/JOM.0000000000000867
http://www.ncbi.nlm.nih.gov/pubmed/27820759
http://doi.org/10.1136/oemed-2021-107643
http://www.ncbi.nlm.nih.gov/pubmed/34413157
http://doi.org/10.1016/j.aap.2012.02.018
http://doi.org/10.3928/08910162-20100625-01
http://doi.org/10.1016/j.jth.2017.05.359


Int. J. Environ. Res. Public Health 2022, 19, 15546 11 of 12

12. Office for National Statistics. Trend in Life Expectancy at Birth and at Age 65 by Socio-Economic Position Based on
the National Statistics Socio-Economic Classification, England and Wales: 1982–1986 to 2007–2011. Available online:
https://www.gov.uk/government/statistics/trend-in-life-expectancy-at-birth-and-at-age-65-by-socioeconomic-position-
based-on-ns-sec-1982-86-to-2007-11 (accessed on 21 October 2015).

13. Thiese, M.S.; Hanowski, R.J.; Moffitt, G.; Kales, S.N.; Porter, R.J.; Ronna, B.; Hartenbaum, N.; Hegmann, K.T. A retrospective
analysis of cardiometabolic health in a large cohort of truck drivers compared to the American working population. Am. J. Ind.
Med. 2018, 61, 103–110. [CrossRef] [PubMed]

14. Clemes, S.A.; Varela-Mato, V.; Munir, F.; Edwardson, C.L.; Chen, Y.-L.; Hamer, M.; Gray, L.J.; Jaicim, N.B.; Richardson, G.;
Johnson, V.; et al. Cluster randomised controlled trial to investigate the effectiveness and cost-effectiveness of a Structured Health
Intervention for Truckers (The SHIFT Study): Study Protocol. BMJ Open 2019, 9, e030175.

15. Clemes, S.A.; Varela-Mato, V.; Bodicoat, D.H.; Brookes, C.L.; Chen, Y.-L.; Edwardson, C.L.; Gray, L.J.; Guest, A.J.; Johnson, V.;
Munir, F.; et al. The effectiveness of the Structured Health Intervention for Truckers (SHIFT): A cluster randomised controlled
trial (RCT). BMC Med. 2022, 20, 1–17. [CrossRef] [PubMed]

16. Guglielmi, O.; Magnavita, N.; Garbarino, S. Sleep quality, obstructive sleep apnea, and psychological distress in truck drivers: A
cross-sectional study. Soc. Psych. Psych. Epid. 2018, 53, 531–536. [CrossRef] [PubMed]

17. Ohlendorf, D.; Troebs, P.; Lenk, A.; Wanke, E.; Natrup, J.; Groneberg, D. Postural sway, working years and BMI in healthy truck
drivers: An observational study. BMJ Open. 2017, 1, e013281. [CrossRef]

18. Health Survey for England, 2019: Data Tables. NHS Digital. Available online: https://digital.nhs.uk/data-and-information/
publications/statistical/health-survey-for-england/2019/health-survey-for-england-2019-data-tables (accessed on 29 July 2021).

19. Azar, K.M.J.; Xiao, L.; Ma, J. Baseline obesity status modifies effectiveness of adapted diabetes prevention program lifestyle
interventions for weight management in primary care. Biomed Res. Int. 2013, 2013, 191209. [CrossRef]

20. Hartman, S.J.; Dunsiger, S.I.; Pekmezi, D.W.; Barbera, B.; Neighbors, C.J.; Marquez, B.; Marcus, B.H. Impact of baseline BMI upon
the success of Latina participants enrolled in a 6-month physical activity intervention. J. Obes. 2011, 2011, 921916. [CrossRef]

21. Hochbaum, G.M. Public Participation in Medical Screening Programs; A Socio-Psychological Study; U.S. Department of Health,
Education, and Welfare: Washington, DC, USA, 1958.

22. Rosenstock, I.M. What research in motivation suggests for public health. Am. J. Public Health 1960, 50, 295–302. [CrossRef]
23. Rosenstock, I.M. The Health Belief Model and Preventive Health Behavior. Health Educ. Behav. 1977, 2, 354–386. [CrossRef]
24. Cleghorn, C.L.; Harrison, R.A.; Ransley, J.K.; Wilkinson, S.; Thomas, J.; Cade, J.E. Can a dietary quality score derived from a

short-form FFQ assess dietary quality in UK adult population surveys? Public Health Nutr. 2016, 19, 2915–2923. [CrossRef]
25. World Health Organization. Waist Circumference and Waist–Hip Ratio. In WHO Expert (Vol. 64, Issue 1). Available online:

https://apps.who.int/iris/bitstream/handle/10665/44583/?sequence=1 (accessed on 11 December 2008).
26. O’Brien, E.; Atkins, N.; Stergiou, G.; Karpettas, N.; Parati, G.; Asmar, R.; Imai, Y.; Wang, J.; Mengden, T.; Shennan, A. European

Society of Hypertension International Protocol revision 2010 for the validation of blood pressure measuring devices in adults.
Blood Press. Monit. 2010, 15, 23–38. [CrossRef] [PubMed]

27. Williams, B.; Mancia, G.; Spiering, W.; Rosei, E.A.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.;
Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur. Heart J. 2018, 39, 3021–3104.
[CrossRef] [PubMed]

28. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef] [PubMed]

29. Hippisley-Cox, J.; Coupland, C.; Vinogradova, Y.; Robson, J.; Minhas, R.; Sheikh, A.; Brindle, P. Predicting cardiovascular risk in
England and Wales: Prospective derivation and validation of QRISK2. BMJ 2008, 336, 1475–1482. [CrossRef] [PubMed]

30. Ruettger, K.; Varela-Mato, V.; Chen, Y.; Edwardson, C.; Guest, A.; Gilson, N.; Gray, L.; Paine, N.; Sherry, A.; Sayyah, M.; et al.
Physical Activity, Sedentary Time and Cardiometabolic Health in Heavy Goods Vehicle Drivers: A Cross-Sectional Analysis. J.
Occup. Environ. Med. 2022, 64, e217–e223. [CrossRef] [PubMed]

31. Winkler, E.A.H.; Bodicoat, D.H.; Healy, G.N.; Bakrania, K.; Yates, T.; Owen, N.; Dunstan, D.W.; Edwardson, C.L. Identifying
adults’ valid waking wear time by automated estimation in activPAL data collected with a 24 h wear protocol. Physiol. Meas.
2016, 37, 1653. [CrossRef]

32. Bandura, A. Social foundations of thought and action: A social cognitive view. Acad. Manag. Rev. 1986, 12, 1. [CrossRef]
33. Buman, M.P.; Winkler, E.A.H.; Kurka, J.M.; Hekler, E.B.; Baldwin, C.M.; Owen, N.; Ainsworth, B.E.; Healy, G.N.; Gardiner, P.A.

Reallocating time to sleep, sedentary behaviors, or active behaviors: Associations with cardiovascular disease risk biomarkers,
NHANES 2005–2006. Am. J. Epidemiol. 2014, 179, 323–334. [CrossRef]

34. Ekelund, U.; Tarp, J.; Steene-Johannessen, J.; Hansen, B.H.; Jefferis, B.; Fagerland, M.W.; Whincup, P.; Diaz, K.M.; Hooker, S.P.;
Chernofsky, A.; et al. Dose-response associations between accelerometry measured physical activity and sedentary time and all
cause mortality: Systematic review and harmonised meta-analysis. BMJ 2019, 366, 14570. [CrossRef]

35. Guest, A.J.; Paine, N.J.; Chen, Y.-L.; Chalkley, A.; Munir, F.; Edwardson, C.L.; Gray, L.J.; Johnson, V.; Ruettger, K.; Sayyah, M.; et al.
The structured health intervention for truckers (SHIFT) cluster randomised controlled trial: A mixed methods process evaluation.
Int. J. Behav. Nutr. Phys. 2022, 19, 79. [CrossRef]

36. Guest, A.J.; Chen, Y.L.; Pearson, N.; King, J.A.; Paine, N.J.; Clemes, S.A. Cardiometabolic risk factors and mental health status
among truck drivers: A systematic review. BMJ Open 2020, 10, e038993. [CrossRef] [PubMed]

https://www.gov.uk/government/statistics/trend-in-life-expectancy-at-birth-and-at-age-65-by-socioeconomic-position-based-on-ns-sec-1982-86-to-2007-11
https://www.gov.uk/government/statistics/trend-in-life-expectancy-at-birth-and-at-age-65-by-socioeconomic-position-based-on-ns-sec-1982-86-to-2007-11
http://doi.org/10.1002/ajim.22795
http://www.ncbi.nlm.nih.gov/pubmed/29114913
http://doi.org/10.1186/s12916-022-02372-7
http://www.ncbi.nlm.nih.gov/pubmed/35606763
http://doi.org/10.1007/s00127-017-1474-x
http://www.ncbi.nlm.nih.gov/pubmed/29285594
http://doi.org/10.1136/bmjopen-2016-013281
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2019/health-survey-for-england-2019-data-tables
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2019/health-survey-for-england-2019-data-tables
http://doi.org/10.1155/2013/191209
http://doi.org/10.1155/2011/921916
http://doi.org/10.2105/AJPH.50.3_Pt_1.295
http://doi.org/10.1177/109019817400200405
http://doi.org/10.1017/S1368980016001099
https://apps.who.int/iris/bitstream/handle/10665/44583/?sequence=1
http://doi.org/10.1097/MBP.0b013e3283360e98
http://www.ncbi.nlm.nih.gov/pubmed/20110786
http://doi.org/10.1093/eurheartj/ehy339
http://www.ncbi.nlm.nih.gov/pubmed/30165516
http://doi.org/10.1093/clinchem/18.6.499
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://doi.org/10.1136/bmj.39609.449676.25
http://www.ncbi.nlm.nih.gov/pubmed/18573856
http://doi.org/10.1097/JOM.0000000000002484
http://www.ncbi.nlm.nih.gov/pubmed/35051962
http://doi.org/10.1088/0967-3334/37/10/1653
http://doi.org/10.5465/amr.1987.4306538
http://doi.org/10.1093/aje/kwt292
http://doi.org/10.1136/bmj.l4570
http://doi.org/10.1186/s12966-022-01316-x
http://doi.org/10.1136/bmjopen-2020-038993
http://www.ncbi.nlm.nih.gov/pubmed/33099498


Int. J. Environ. Res. Public Health 2022, 19, 15546 12 of 12

37. Després, J.P.; Lemieux, I. Abdominal obesity and metabolic syndrome. Nature 2006, 444, 881–887. [CrossRef] [PubMed]
38. Namazi, N.; Larijani, B.; Surkan, P.J.; Azadbakht, L. The association of neck circumference with risk of metabolic syndrome and its

components in adults: A systematic review and meta-analysis. Nutr. Metab. Cardiovasc. 2018, 28, 657–674. [CrossRef] [PubMed]
39. Pritchard, E.K.; Kim, H.C.; Nguyen, N.; van Vreden, C.; Xia, T.; Iles, R. The effect of weight loss interventions in truck drivers:

Systematic review. PLoS ONE 2022, 17, e0262893. [CrossRef]
40. Puhkala, J.; Kukkonen-Harjula, K.; Mansikkamäki, K.; Aittasalo, M.; Hublin, C.; Kärmeniemi, P.; Olkkonen, S.; Partinen, M.;

Sallinen, M.; Tokola, K.; et al. Lifestyle counseling to reduce body weight and cardiometabolic risk factors among truck and bus
drivers—A randomized controlled trial. Scand. J. Work. Environ. Health 2015, 41, 54–64. [CrossRef]

41. Olson, R.; Anger, W.K.; Elliot, D.L.; Wipfli, B.; Gray, M. A new health promotion model for lone workers: Results of the safety
health involvement for truckers (SHIFT) pilot study. J. Occup. Environ. Med. 2009, 51, 1233–1246. [CrossRef]

42. Magkos, F.; Fraterrigo, G.; Yoshino, J.; Luecking, C.; Kirbach, K.; Kelly, S.C.; de Las Fuentes, L.; He, S.; Okunade, A.L.;
Patterson, B.W.; et al. Effects of Moderate and Subsequent Progressive Weight Loss on Metabolic Function and Adipose Tissue
Biology in Humans with Obesity. Cell Metab. 2016, 23, 591–601. [CrossRef]

43. Tahrani, A.A.; Morton, J. Benefits of weight loss of 10% or more in patients with overweight or obesity: A review. Obesity 2022, 30,
802–840. [CrossRef]

http://doi.org/10.1038/nature05488
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://doi.org/10.1016/j.numecd.2018.03.006
http://www.ncbi.nlm.nih.gov/pubmed/29779782
http://doi.org/10.1371/journal.pone.0262893
http://doi.org/10.5271/sjweh.3463
http://doi.org/10.1097/JOM.0b013e3181c1dc7a
http://doi.org/10.1016/j.cmet.2016.02.005
http://doi.org/10.1002/oby.23371

	Introduction 
	Materials and Methods 
	Study Design, Setting and Participants 
	Measurements 
	Physical Activity and Sitting Time 
	The Structured Health Intervention for Truckers (SHIFT) 
	Data Analyses 

	Results 
	Physical Activity 
	Cardiometabolic and Lifestyle Outcomes 
	Extended Follow-Up 

	Discussion 
	Conclusions 
	References

