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Abstract

Background: The prevalence of overweight and obesity is high amongst healthcare professionals and there is
growing interest in delivering weight loss interventions in the workplace. We conducted a systematic review to (i)
examine the effectiveness of workplace-based diet and/or physical activity interventions aimed at healthcare
professionals and to (ii) identify and describe key components of effective interventions. Seven electronic databases
were systematically searched.

Results: Thirteen randomised controlled trials met the inclusion criteria, of which seven had data available for
meta-analysis. Where meta-analysis was possible, studies were grouped according to length of follow-up (<12 months
and ≥12 months) and behavioural target (diet only, physical activity only or diet and physical activity), with outcome
data pooled using a weighted random effects model. Nine studies reported statistically significant (between-group)
differences. Four studies reported being informed by a behaviour change theory. Meta-analysis of all trials reporting
weight data demonstrated healthcare professionals allocated to dietary and physical activity interventions lost
significantly more body weight (−3.95 Kg, [95% CI −4.96 to- 2.95 Kg]) than controls up to 12 months follow up.

Conclusions: Workplace diet and/or physical activity interventions targeting healthcare professionals are limited in
number and are heterogeneous. To improve the evidence base, we recommend additional evaluations of theory-based
interventions and adequate reporting of intervention content.
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Background
There is increasing recognition that healthcare professionals
are role models for the public through their promotion of
healthy lifestyle choices [1-4]. Despite this, evidence suggests
that 58%-65% of healthcare professionals are overweight or
obese [3,5-8], and that many healthcare professionals display
poor dietary habits [9] and/or fail to achieve sufficient levels
of physical activity [10].
The impact of overweight and obesity in healthcare

professionals is significant and wide ranging negatively
affecting not only the individual’s own health but also
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healthcare provider resources, service delivery and patient
care [3]. For instance, associations between overweight and
obesity and diminished work productivity and occupational
injury have been established, with a significantly higher
incidence of these issues in the healthcare sector than in
other occupations [11,12]. Obesity and concomitant health
problems are an important determinant of sickness absence
among employees in general [13,14] and healthcare profes-
sionals in particular [15]. Amongst healthcare professionals,
sickness absence rates are high and reportedly higher than
those of employees in the private sector [3,16]. Absenteeism
in healthcare professionals may create overload among the
healthcare staff that remain, which in turn can adversely
affect the delivery of quality care to patients [17]. In
addition to the effects on illness and sickness absence
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outcomes, a systematic review by Zhu et al. [18] suggested
that overweight healthcare professionals are less confident
delivering weight management advice to patients, perceive
more barriers to weight management for their patients,
and have fewer positive expectations for patient health
outcomes than their healthy weight colleagues.
Considering the high prevalence of overweight and obesity

in healthcare professionals and the associated direct and in-
direct costs, there is a need for effective weight management
interventions in this population group. In recent years, inter-
est in using the workplace to deliver such interventions has
grown [19]. Several aspects of the workplace are advanta-
geous. For instance, workplaces enable repeated access to a
relatively fixed population of workers over extended periods
of time [20]. In addition, the workplace allows healthcare
providers to demonstrate exemplary practice in supporting
the health of their employees while also setting a good
example for the patients under their care.
To our knowledge, only one published systematic review

has evaluated the possible effects of lifestyle interventions
(defined for the purposes of this review as interventions that
promote change in lifestyle behaviours such as dietary and
physical activity) delivered to healthcare professionals in the
workplace [21]. However, the review investigated only inter-
ventions targeting nurses. It was also unable to draw defini-
tive conclusions because of the small number of studies
identified (n = 3) and the quality of the included studies
(none were randomised controlled trials (RCTs) – the
acknowledged gold standard design for evaluating healthcare
interventions).
As the healthcare workforce is a heterogeneous mix of

professions it cannot be assumed that weight problems are
confined to nurses. We, therefore, sought to undertake a
formal systematic review of published RCTs which evalu-
ated the effectiveness of workplace-based dietary and/or
physical activity interventions targeting any healthcare pro-
fessional group. In addition, our review sought to examine
the theoretical underpinning and component parts of the
identified interventions to facilitate an understanding of
what works and why [22-24].
The formal aims of the systematic review were to: 1)

investigate the effectiveness of workplace-based dietary and/
or physical activity interventions targeting any healthcare
professional groups; 2) identify and describe key components
of successful interventions, 3) identify theoretical models of
behaviour change involved in effective interventions and 4)
investigate whether intervention effectiveness is improved by
the extent to which interventions are explicitly developed
based on theory.

Methods
Study design
The study was a systematic literature review of published
studies. We considered ‘published’ studies to be manuscripts
that appeared in peer-reviewed journals, dissertations, policy
documents or reports. A formal protocol (available on
request) was developed prior to undertaking the review and
the conduct and reporting of this systematic review adhered
to the criteria of the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) Statement [25].

Inclusion criteria
Articles were eligible for inclusion if they described a ran-
domised controlled trial (RCT) comparing a workplace-
based diet and/or physical activity intervention with a
comparator group and targeted healthcare professionals.
Comparator groups could include no intervention, usual
care, active control or a waiting list group. Studies were
required to report at least one diet, physical activity or
weight-related outcome. There were no restrictions on
intervention content, intervention duration or follow-up
period. No language restrictions were applied.

Data sources and search strategy
Seven electronic databases were searched from database
inception (through to July 2012); Medline, Embase, DARE,
PsycINFO, CINAHL, SPORTDiscus and the Cochrane
Central Register of Controlled Trials (CENTRAL). The elec-
tronic search strategy (Additional file 1) was developed in
Medline by combining a string of relevant Medical Subject
Headings (MeSH) terms and text words. This was adapted
between databases to allow for differences in accepted search
terms and limits. Reference lists from retrieved primary
studies and review articles were also searched.

Study selection
To retrieve relevant studies, two reviewers independently
screened all titles and abstracts generated from the
searches. Studies identified as relevant or possibly relevant
were obtained as full-text reports for further evaluation.
Full texts were then examined by the same two reviewers
for inclusion status. Reference lists of eligible studies and rele-
vant review articles were also checked to identify additional
applicable studies. Any disagreements on inclusion status
were resolved through discussion with a third reviewer.

Data extraction and quality assessment
For each study, data were extracted and study quality
assessed by two reviewers using a structured proforma
and cross-checked. Where any discrepancies were identi-
fied, they were resolved through discussion. The Effective
Public Health Practice Project Quality Assessment Tool
for Quantitative Studies was used to appraise the meth-
odological rigour of all studies that met inclusion criteria.
This tool has been determined suitable for use in system-
atic reviews of effectiveness [26] and has satisfactory
content and construct validity [27,28].
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Intervention and control group components of each
study were also coded by two reviewers using guidance rec-
ommendations developed by NICE [29]. The components
were coded as: behavioural, environmental, health check(s),
incentive(s), active and continuous promotion of healthy
choices, working practices and policies, supportive physical
environment, recreational opportunities, informational and
no intervention. If the intervention or control group com-
ponents of a study could not be coded with any of these
specified codes, they were coded as “other” with details
provided. Discrepancies in coding were resolved by con-
sensus or consultation with a third reviewer. In line with
Taylor et al. [30], interventions were also coded based on
the extent to which they were theory-based. Each study
that utilised a theory to develop an intervention was also
cross-tabulated with study quality and intervention effects
on weight, dietary and physical activity related out-
comes. This allowed the investigation of whether theory
use in intervention development was associated with
study quality and intervention effectiveness.
Data were extracted on diet-related, physical activity-

related and weight-related outcome measures (where
available). Where relevant data was not available in the
published reports, efforts were made to contact study
authors, or to calculate them directly from other data
available in the paper e.g. from confidence intervals or
p-values. Remaining missing standard deviations from in-
dividual studies that could not be retrieved from the study
authors or calculated were imputed according to the
methods described in the Cochrane Handbook for Sys-
tematic Reviews of Interventions [31,32]. Where data was
imputed, this has been identified in the text. Any differ-
ences of opinion in data extraction or quality assessment
of eligible studies were resolved by discussion, with refer-
ence to a third reviewer if no consensus could be reached.

Data synthesis
As per our pre-specified protocol, studies were grouped ac-
cording to length of follow-up (<12 months and ≥12 months)
as we postulated a priori that the effects of the intervention
would likely be different over the shorter and longer term.
We had further proposed a priori to investigate the effect, if
any, within timeframes of behavioural target (i.e. diet only,
physical activity only or diet and physical activity combined).
A narrative synthesis was used to analyse the key findings
and meta-analysis undertaken where data allowed – in this
case, meta-analysis could be undertaken for body weight data.
Study results of body weight outcomes were combined

for meta-analysis using Review Manager (RevMan) V 5.2
software [33]. Two studies [34-36] included in the meta-
analysis were cluster RCTs – neither of which had
adjusted for clustering in their original analysis. In line
with recommended methods [32], we calculated “effect-
ive sample sizes” for each study. This required the
estimation of an intracluster correlation coefficient (ICC)
for each study. As neither study had reported an ICC, we
attempted to identify an appropriate ICC from other
sources. Two previous estimates of ICC (0.007 and 0.00)
for weight loss outcomes were identified [37,38]. As these
estimates were very small we used a more conservative
estimate of ICC (0.01) in our calculations, in line with
wider published estimates of ICC for outcome measures
[39]. Analysis was based on mean difference in body
weight change between intervention and control groups.
The meta-analysis adopted a random effects approach
(most suitable when studies may be heterogeneous). For
body weight data a weighted mean difference (WMD) was
calculated (weighted by the inverse of the variance).
Significance was set at P <0.05. For the test of heterogen-
eity, we used Higgins I2. Values >50% were taken to indi-
cate that there was substantial statistical heterogeneity
across studies [40].

Sensitivity analysis
A sensitivity analysis was also carried out to evaluate the
effect of RCT quality on intervention effect size.

Assessment of publication bias
Publication bias was investigated using funnel plots [41].
We assessed funnel plot asymmetry visually with the Mean
difference (MD) plotted against the MD standard error.

Results
The search identified 5665 potentially relevant articles. On
further inspection, a total of 34 articles were retrieved for
full text assessment. Overall, 13 studies met the inclusion
criteria [34-36,42-57], of which seven (all those reporting
body weight data) included data suitable for meta-analysis.
The results of the literature search and the selection
process are presented in Figure 1. Additional file 2 also
provides a separate reference list of included and excluded
studies.

Study characteristics
Of the 13 studies which met the inclusion criteria, four were
undertaken in the United Kingdom [42-45], two in Sweden
[46,47], three in the United States of America (45, 46, 48);
and one each in Australia [48], Norway [49], The Netherlands
[55] and Denmark [36]. Nine studies were individually rando-
mised controlled designs [34,42-46,52,53,55] and four used
cluster randomised controlled designs [36,47,48,50]. A total of
3751 participants (1888 intervention, 1863 control) were re-
cruited to the 13 studies. Intervention duration was less than
12 months in eight studies [34,42-45,52,53,55], and greater
than or equal to 12 months in five studies [36,46-48,50]. Eight
interventions assessed outcomes immediately after cessation
of the intervention [43,45-48,53,55,57]. Only two studies were
rated as ‘strong’ in methodological quality [36,45] with six of



5665 potentially relevant articles identified 
through database searching

2 further articles identified through other 
sources

3424 articles after duplicates removed

3390 articles excluded based on title / abstract

34 full- text articles assessed for eligibility

21 full-text articles excluded:

10 not targeted to a healthcare professional 

population 

6 not an RCT

1 no identifiable control group 

2 outcome data for healthcare setting not 

reported 

2 outcome data for intervention or control 

groups not reported

13 studies (18 articles)
included in narrative 
synthesis (n=4115)

7 RCTs (8 articles) included 
in meta-analysis 
(n= 610)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for randomised controlled trials.
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the studies scoring ‘moderate’ in quality [34,42,44,47,50,55]
and the other five ‘weak’ [43,46,48,52,53]. Further intervention
characteristics can be found in Additional file 3. Additional
file 4 also provides detailed information about the quality
assessment of each study.

Results of individual studies
A summary of the reported effects of the 13 individual in-
terventions included in this systematic review is presented
in Table 1. Six interventions reported statistically significant
effects on weight related outcomes, four interventions on
dietary outcomes and six on physical activity outcomes. For
BMI, body fat percentage, waist circumference, waist-hip
ratio or diet and physical activity related outcomes suffi-
cient data was not available for a pooled analysis. For in-
stance, important data (e.g. confidence intervals, standard
deviations) were not provided from primary papers and we
were unable to obtain further information which precluded
pooling of these outcomes.

Pooled estimate of body weight change
Data was available (or calculable) from all seven studies
measuring change in body weight for inclusion in a meta-
analysis. Data from these studies is presented in Table 2
with additional notes on calculations and imputations also
included.
Pooling results across the five studies which had follow-

up under 12 months showed that there was a significantly
greater reduction in body weight (−2.03 Kg, [95% CI −3.92
to - 0.15 Kg]) in participants allocated to some form of
active intervention (diet only, physical activity only or
dietary and physical activity combined interventions)
compared with controls (Figure 2). However, there was
evidence of significant heterogeneity across studies, and
visual inspection of the forest plots indicates that inter-
ventions combining diet and physical activity achieved the
largest reduction in body weight (−3.95 Kg, [95% CI −4.96
to −2.95 Kg]).
There was no statistically significant difference in body

weight change (−2.60 Kg, [95% CI – 5.37 to 0.17 Kg])
between intervention and control groups across the three
studies with follow-up ≧12 months (Figure 3). Again,
however, there was evidence of significant heterogeneity
across studies, with diet and physical interventions again
showing the largest effects.

Sensitivity analysis
One of the five studies which had follow-up <12 months
was rated as weak in methodological quality. Removing
this study resulted in a pooled effect size of −2.55 Kg
(4 studies – 2 Strong quality, 2 Moderate quality; [95% CI –
4.51 to – 0.60 Kg] in 271 healthcare professionals) (Figure 4).
Results suggest that excluding the weak quality study had no
statistical effects on pooled effect sizes. There were insuffi-
cient studies to allow sensitivity analysis of studies with a
follow up ≧12 months.



Table 1 Intervention effects, listed by behavioural target

Study Behavioural
target

Follow-up
from
baseline

Body
weight

BMI Body
fat%

Waist
circumference

Waist-
hip
ratio

Total
energy
intake

Total
fat
intake

Saturated
fat intake

%
Energy
fat

Fruit
intake

Vegetable
intake

Fibre
intake

Diet
score

MPA VPA Total
steps

Self-
reported
PA

Barratt
1994 [52]

Diet 3 months ↓

6 months ↑ ↑ ↓ ↓ ↑

Armitage
2001 [44]

Diet 5 months ↑ ↑ ↓

Gamble
1993 [42]

Physical
activity

11 weeks ↓ ↓

Gerdle
1995 [46]

Physical
activity

12 months ↓

Brox
2005 [53]

Physical
activity

6 months ↑

Hewitt
2008 [45]

Physical
activity

4 weeks ↓ ↓

8 weeks ↓ ↓

12 weeks ↓ ↓

Von Thiel
2008 [47]

Physical
activity

6 months ↑

12 months ↑ ↑

Cockroft
1994 [43]

Diet and
Physical
activity

6 months ↑ ↓ ↑

Aldana
2005 [34]

Diet and
Physical
activity

6 weeks ↑ ↑ ↑ ↓ ↑ ↑ ↑ ↑ ↑ ↑ ↑

6 months ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↓

Racette
2009 [48]

Diet and
Physical
activity

6 months ↓ ↓ ↑ ↑ ↑ ↑

12 months ↑ ↑ ↑ ↑ ↑ ↑

Lemon
2010 [50]

Diet and
Physical
activity

12 months ↓

24 months ↓

Strijk 2012
[56]

Diet and
Physical
activity

6 months ↑ ↓ ↓ ↑

Christensen
2011 [36]

Diet and
Physical
activity

3 months ↑ ↑ ↑ ↑ ↓

12 months ↑ ↑ ↑ ↑

Abbreviations: ↑ = Indicates a statistically significant effect in favour of the intervention; ↓ = Indicates a non-significant effect of intervention.
BMI = body mass index, MPA =Moderate physical activity, VPA = Vigorous physical activity, PA = Physical activity.
Blank cells = the outcome was not reported.
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Table 2 Body weight data from studies in meta-analysis and imputations of standard deviations for changes from baseline

Study Follow-up
time
point (s)

Baseline
weight (Kg)
Intervention

Baseline
weight
(Kg)
Control

Follow-up
weight (Kg)
Intervention

Follow-up
weight
(Kg)
Control

Change
weight (Kg)
Intervention

Change
weight (Kg)
Control

Difference
change body
weight (Kg)
intervention Vs
control*

Quality
ScoreBehavioural target

n n n n

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SDa) Mean (SDa) Mean (95% CI)

Barratt 1994 [52] 6 months 71.0(NR) 70.4(NR) 70.6(NR) 70.5(NR) −0.40(2.40a b) +0.60(3.20ab) −1.0 (−1.84, −0.16) Weak

Dietary 56 130 56 130

Gamble 1993 [42] 11 weeks 76.30(13.01) 78.90(5.14) 76.50(12.44) 79.10(5.38) +0.20(4.80c) +0.20(2.0c) 0 (−3.69, 3.69) Moderate

Physical activity 8 6 8 6

Hewitt 2008 [45] 8 weeks 68.5 (12.1) 66.4 (13.2) 69.4 (12.7b) 66.5 (13.0b) +0.9 (4.68c) +0.1 (4.90c) 0.8 (−3.51, 5.11) Strong

Physical activity 12 8 12 8

Gerdle 1995 [46] 12 months 67.0(11.6) 65.0(12.0) 66.0(10.9) 65.0(10.4) −1.0(4.30c) 0.0(4.50c) −1.0 (−2.99, 0.99) Weak

Physical activity 32 45 32 45

Aldana 2005 [34] 6 months 89.3(NR) 85.9(NR) 84.9(NR) 84.9(NR) −4.4(5.05d) −1.0(5.05d) −3.4 (−5.06, −1.74) Moderate

Dietary and Physical activity 64 79 64 79

Racette 2009 [48]

Dietary and Physical activity 12 months 92.4(24.9) 84.5(20.9) 91.6(25.5) 85.1(23.2) −0.80(5.0a) +0.60(5.0a) −1.4 (−3.18, 0.38) Weak

42 34 42 34

Christensen 2011 [36] 3 months 84.30(16.0) 83.0(14.4) 80.71(16.0) 83.68(14.4) −3.59(3.80) +0.68(2.37) −4.27 (−5.53, −3.01) Strong

Dietary and Physical activity 52 42 52 42

12 months 84.20(16.0) 83.0(14.4) 78.4(15.8) 82.7(14.6) −5.80(5.90) −0.30(5.40) −5.50 (−7.79, −3.21)

52 42 52 42
aSDs calculated directly from the reported confidence intervals; bAdditional unpublished data provided; cWhere change SDs were not explicitly reported, they were calculated from the reported baseline and final SDs
using the correlation method advocated in the Cochrane handbook [32,33] – correlation coefficient calculated directly from the empirical data presented in Christensen [55]; dSDs calculated directly from the reported
p-value; NR = Not reported; *A minus figure indicates mean difference in body weight change in favour of intervention.
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Figure 2 Dietary, physical activity and dietary and physical activity interventions vs. control at <12 months follow-up. Outcome: Body
weight change (Kg).
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Analysis of publication bias
Visual inspection of the funnel plot across the five stud-
ies which had follow-up <12 months (Figure 5) suggests
some asymmetry, indicating potential publication bias.
However, there were too few studies available to formally
assess this. The funnel plot across the three studies with
follow-up ≧12 months was inconclusive due to a small
number of studies available (Figure 6).

Intervention effects by intervention components
All interventions included multiple distinguishable com-
ponents (e.g. information provision, structured exercise,
diet diaries, etc.) but there were no consistent differ-
ences apparent in the components of effective and non-
effective interventions.

Intervention effects by theoretical basis of intervention
Four studies reported using theory to guide workplace
intervention development [44,48,50,55]. Of these, three
studies broadly described how theory was used to inform
Figure 3 Physical activity and dietary and physical activity interventio
change (Kg).
intervention design but it was unclear how theory was
operationalised in any of these interventions. Two of these
studies named the theory used as The Trans Theoretical
Model of Behavioural Change [44,48]. The third study
named and utilised several different theories including
Diffusion of Innovation Theory, the Ecologic Conceptual
Framework, the Health Belief Model, Organizational
Development Theory, Social Cognitive Theory and the
Theory of Reasoned Action [50]. One further study
described how theoretical constructs were used to inform
the design of each specific component of the intervention
but did not reference any specific theory used [55]. Table 3
outlines the reported theoretical basis of these interven-
tions along with their methodological quality and effects
on weight, dietary and physical activity outcomes. Of the
seven studies evaluating intervention effects on a weight
related outcome, 50% of the interventions reporting a
theoretical basis were effective, compared with 57% of
interventions not reporting a theory base. For physical
activity related outcomes, we found no difference in
ns vs. control at > = 12 months follow-up. Outcome: Body weight



Figure 4 Sensitivity analysis interventions vs. control at <12 months follow-up. Outcome: Body weight change (Kg).

Power et al. BMC Obesity 2014, 1:23 Page 8 of 15
http://www.biomedcentral.com/2052-9538/1/1/23
effectiveness for theory-based interventions compared
with interventions not reporting a theory base (100%
effective versus 100% effective). For dietary related out-
comes, 100% of the theory-based interventions were
effective, compared with 50% of interventions not report-
ing a theory base. The two studies rated as ‘strong’ in
methodological quality [36,45] were of interventions not
reported to be based on theory. Of the six studies scoring
‘moderate’ in quality [34,42,44,47,50,55], three evaluated a
theory-based intervention and three were of interventions
not reported to be based on theory. Four of the five studies
rated as ‘weak’ were of interventions not reporting a theory
base [43,46,48,52,53].

Discussion
This systematic review and meta-analysis synthesised the
best available RCT evidence of workplace-based dietary
and physical activity interventions specifically targeted
Figure 5 Funnel plot of dietary, physical activity and dietary and phy
Outcome: Body weight change (Kg).
to healthcare professionals. Thirteen RCT studies were
identified; nine of these reporting statistically significant
(between-group) differences in either dietary, physical
activity or weight-related outcomes.
The results of the meta-analysis showed that workplace

interventions which targeted both diet and physical activ-
ity resulted in the largest observed differences in weight
reduction (2 studies – 1 Strong quality, 1 Moderate qual-
ity; −3.95 Kg, [95% CI – 4.96 to – 2.95] in 237 healthcare
professionals up to 12 months of follow-up). This effect is
larger than those reported in previous meta-analyses of
workplace-based interventions (those reviews had not how-
ever focused on healthcare professionals). For instance,
Anderson et al. pooled data from RCTs with 6–12 months
of follow-up and reported effect estimates of −1.3 kg (nine
studies; [95% CI −2.1 to −0.45]) [58]. Further, Ver Weij et al.
demonstrated that combined dietary and physical activity in-
terventions over 8 weeks-18 months of follow-up resulted in
sical activity interventions vs. control at <12 months follow-up.



Figure 6 Funnel plot of physical activity and dietary and physical activity interventions vs. control at > = 12 months follow-up.
Outcome: Body weight change (Kg).
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modest weight loss of −1.19 kg (nine studies; [95% CI −1.64
to −0.74]) [59].
There are a number of possible explanations for these dif-

ferences. One possible reason for the larger effect size ob-
served in our meta-analysis is that healthcare professionals
may be more amenable to behaviour change than the gen-
eral population samples included in previous meta-analyses
resulting in greater weight loss. For instance, Anderson et al.
included studies focusing on varied occupational groups
such as policemen and male employees working for a build-
ing maintenance company [58]. Further, it has been reported
that small studies included in a meta-analysis tend to pro-
duce larger intervention effect sizes than larger studies [60].
Therefore, the small sample sizes of studies included in our
meta-analysis may be a potential reason for the differences
in findings observed. As Ver Weij et al. excluded interven-
tions aimed solely at overweight subjects as well as weight
loss interventions a possible explanation could be that inter-
ventions aimed specifically at weight loss and/or where the
targeted participants are overweight/obese may be more
effective compared with interventions without a specific
weight-related aim. Future research should investigate
whether studies with specific weight-related aims produce
greater weight loss than those without specific weight-
related aims. Notwithstanding this, conclusions regarding
the effectiveness of dietary and physical activity combined
interventions on healthcare professional body weight are
limited because of the small number of studies and small
sample sizes. Therefore, these preliminary findings require
confirmation by further RCTs with larger sample sizes.
The findings of individual trials not included in the

meta-analysis also merit mention. These trials demon-
strated significant effects on a range of dietary intake
outcomes such as reducing total fat and saturated fat intake
and increasing fibre and fruit intake. Significant effects on
physical activity outcomes were also reported. However, a
variety of different methods were used across studies to
measure dietary and physical activity behaviours, preclud-
ing cumulative analysis. For example, of the two studies
measuring fruit intake [34,48], one study used a Block 98
full-length dietary questionnaire [34] while the other study
used the National Institutes of Health Fruit and Vegetable
Screener [48]. The methods used in the included studies to
measure physical activity outcomes also varied and in-
cluded the use of the International Physical Activity Ques-
tionnaire (IPAQ) [48], a 7-day self-reported pedometer log
[34] and an accelerometer [56]. In addition, units of meas-
ure were heterogeneous thus precluding pooling of this
data from individual studies. For instance, effects on satu-
rated fat intake were reported as mean grams per day [44],
% total energy [34], and intake of saturated fat, fatty meats,
and fried foods [48]. Similarly, physical activity was re-
ported as exercise frequency per month [43], self-rated
physical activity (aerobics, running, and swimming) hours
per week [47], total steps per week [34] and moderate-
vigorous physical activity minutes per week [54].
Two studies also conducted process evaluations [34,53].

Reasons why an effective intervention works/could be im-
proved or why interventions are ineffective/ have unex-
pected consequences can be better understood through the
undertaking of a process evaluation [61,62]. For instance, in
their process evaluation Lemon and colleagues revealed a
dose–response relationship between BMI reduction and
intervention participation, with effectiveness proportional
to the extent of active participation [34]. The authors also
report that the planned placement of healthy eating options



Table 3 Intervention effects, listed by theoretical basis

Study Behaviour change theory/theories used
todevelop intervention*

Study quality score Follow-up from baseline Body
weight

BMI Body
fat%

Waist
circumference

Armitage 2001 [44] The Trans Theoretical Model of Behavioural
Change

Moderate 5 months

Racette 2009 [48] The Trans Theoretical Model of Behavioural
Change

Moderate 6 months ↓ ↓

12 months ↑ ↑

Lemon 2010 [50] Diffusion of Innovation Theory, the Ecologic
Conceptual Framework, the Health Belief
Model, Organizational Development Theory,
Social Cognitive Theory and the Theory of
Reasoned Action

Moderate 12 months ↓

24 months ↓

Strijk 2012 [56] Study used theoretical constructs to inform
the design of each specific component of the
intervention but did not reference any specific
theory used

Weak 6 months

Gamble 1993 [42] No theory reported Moderate 11 weeks ↓ ↓

Barratt 1994 [52] No theory reported Weak 3 months ↓

6 months ↑

Cockroft 1994 [43] No theory reported Weak 6 months ↑

Gerdle 1995 [46] No theory reported Weak 12 months ↓

Aldana 2005 [34] No theory reported Moderate 6 weeks ↑ ↑ ↑

6 months ↑ ↑ ↑

Brox 2005 [53] No theory reported Weak 6 months

Von Thiel Schwarz 2008 [47] No theory reported Moderate 6 months

12 months

Hewitt 2008 [45] No theory reported Strong 4 weeks ↓ ↓

8 weeks ↓ ↓

12 weeks ↓ ↓

Christensen 2011 [36] No theory reported
Strong 3 months ↑ ↑ ↑ ↑

12 months ↑ ↑ ↑ ↑
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Table 3 Intervention effects, listed by theoretical basis (Continued)

Study Waist-hip
ratio

Total energy
intake

Total fat
intake

Saturated fat
intake

% Energy
fat

Fruit
intake

Vegetable
intake

Fibre
intake

Diet
score

MPA VPA Total
steps

Self-reported PA

Armitage 2001 [44] ↑ ↑ ↓

Racette 2009 [48] ↑ ↑ ↑ ↑

↑ ↑ ↑ ↑

Lemon 2010 [50]

Strijk 2012 [56] ↑ ↓ ↓ ↑

Gamble 1993 [42]

Barratt 1994 [52]

↑ ↓ ↓ ↑

Cockroft 1994 [43] ↓ ↑

Gerdle 1995 [46]

Aldana 2005 [34] ↓ ↑ ↑ ↑ ↑ ↑ ↑ ↑

↑ ↑ ↑ ↑ ↑ ↑ ↑ ↓

Brox 2005 [53] ↑

Von Thiel Schwarz 2008 [47] ↑

↑ ↑

Hewitt 2008 [45]

Christensen 2011 [36]
↓

*Reported by study authors; ↑ = Indicates a statistically significant effect in favour of the intervention; ↓ = Indicates a non-significant effect of intervention; BMI = body mass index, MPA =Moderate physical activity,
VPA = Vigorous physical activity, PA = Physical activity; Blank cells = the outcome was not reported.
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in cafeterias was not fully implemented as intended and
that vending machine modifications were not implemented
at all [34]. Given this, researchers developing future work-
place interventions targeted to healthcare professionals
should consider including a process evaluation nested
within an intervention in order to delineate causal mecha-
nisms, identify contextual factors related to variations in
outcomes, and to determine the fidelity and quality of inter-
vention implementation [63].
A key finding of this systematic review is that the

majority of workplace dietary and physical interventions
targeting healthcare professionals did not report their
theoretical development. The use of theory to develop
interventions, and adequate reporting of this, facilitates
investigators in measuring and describing causal path-
ways through which targeted behaviour change occurs.
Therefore, failure to report the theoretical underpinning
of interventions hampers our understanding of the
mechanisms involved in behaviour change [59]. Only
four studies reported the theoretical basis of their inter-
vention, precluding formal comparison of theoretically
derived interventions with others. A qualitative compari-
son suggested that interventions based on theory were
not different in terms of effectiveness, than those inter-
ventions that were not based on theory. These findings
are inconsistent with evidence from earlier reviews that
argued that theoretically underpinning interventions
enhances intervention effectiveness [64,65]. However, as
study heterogeneity (in terms of theories and outcomes
used) precluded a formal comparison of theoretically de-
rived interventions with others, firm conclusions about
the utility of underpinning interventions with theory in
this context cannot be drawn.
Most of the interventions in this review were not

reported in sufficient detail to allow analysis of specific
individual intervention components. In other words, it
was not possible to identify the ‘active ingredients’ in
successful interventions as it was unclear what behav-
ioural strategies or combination of behavioural strategies
produced the most consistent effects for dietary and
physical activity behaviour change and weight loss in
healthcare professionals. Moreover, details of interven-
tion characteristics such as intervention delivery source,
delivery mode (group, individual or both), and interven-
tion contact time were not reported in detail, limiting
this review’s capacity to elucidate their role in interven-
tion effectiveness. There is emerging evidence that the
active content of a control group can explain an inter-
vention’s effects [66]. For example, a recent systematic
review and meta-regression of behavioural weight loss
interventions found control groups receiving active con-
tent such as education sessions or advice to maintain
usual behaviour patterns lost significantly more weight
than no intervention control groups (1.23 Kg weight loss
compared to no weight change respectively) [67]. There-
fore, it is worth noting that six of the thirteen included
trials in this review contained an active control group.
However, similar to intervention group descriptions the
information provided on control group conditions lacked
detail.
Workplace dietary and physical activity interventions

are complex and their implementation involves a num-
ber of detailed steps. It is possible that the complexity of
these interventions coupled with journal word limit
requirements could account for studies not being able to
provide sufficient details on intervention and control
group content. In order to address this, trial authors
should consider reporting interventions in line with the
recommendations to Improve Reporting of the Content of
Behaviour Change Interventions set out by the Work-
group for Intervention Development and Evaluation
Research (WIDER) [68] and the Consolidated Standards
of Reporting Trials (CONSORT) guidance for non-
pharmacological interventions [69]. Trial authors should
also report the trial register number and refer to the
published study protocol where possible when publish-
ing findings. In addition, systematic review authors
should endeavour to consult trial register entries and/or
obtain the study protocol publication where more space
is available to report details on intervention and control
group content. Freedland and colleagues also suggest
developing an evidence-based scientific consensus state-
ment or guideline on control groups in behavioural
RCTs [70]. Moreover, future studies may benefit from
exploring ways in which each component can be given
sufficient attention and focus, perhaps by implementing
them in a phased manner. To identify ‘active ingredients’,
clear specification of the behaviour change techniques
(BCTs) used in interventions has also been advocated
[71]. This in turn may permit more rigorous evaluation
of future interventions through the application of a reli-
able healthy eating and physical activity BCT coding
scheme such as the 40 item taxonomy of behaviour
change techniques developed by Michie et al. [72].
It is important to emphasise that, although the evi-

dence regarding the effectiveness of dietary and/or phys-
ical activity interventions for changing weight, dietary
and physical activity outcomes in healthcare profes-
sionals is currently limited, it does not mean that there is
evidence of no effect from the interventions. Additionally,
these interventions are unlikely to cause any harm. We
therefore tentatively recommend such interventions may
be beneficial in practice and should be offered to health-
care professionals. The potential number of healthcare
professionals who may benefit from participation lends
further support for this recommendation. Until further
robust evidence is available, practitioners and decision-
makers should continue to use current clinical practice
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guidelines, which outline various workplace intervention
options and approaches.

Strengths of systematic review
To our knowledge, this is the first review to examine the
effects of workplace-based dietary and/or physical activity
interventions in the wider healthcare professional popula-
tion. As such, this review makes a valuable contribution to
this area of research. We used explicit methods to code all
intervention and control group components and reviewer
errors and bias were minimised at the title and abstract
screening, quality assessment and data extraction stages
due to a minimum of two reviewers performing these
tasks. Efforts were made to retrieve missing data through
direct contact with authors. This review extends the
evidence from a recent meta-analysis of interventions con-
ducted across heterogeneous workplaces [59] and one
recent systematic review [21] of non-RCTs of workplace-
based interventions for the nursing workforce. Seven of
the studies in our review were not included in these previ-
ous reviews.

Limitations of systematic review
Direct comparison between intervention components
across studies and specific outcomes was difficult due to
the disparate nature of interventions and the limited num-
ber of interventions reporting similar outcomes. It should
be considered that publication bias may have impacted on
the reporting of studies as relevant studies may not be
published [73]. The funnel plot of interventions with
follow up <12 months indicates the possible absence of
studies. However, publication bias assessed through visual
inspection of a funnel plot for asymmetry is subject to
inconsistency, with ≥10 studies being required to differen-
tiate real from spurious asymmetry [32]. Although a vali-
dated quality assessment tool was used in duplicate to
assess RCT quality, other available tools may have reached
different conclusions on the overall quality of the same
RCTs. In addition, our meta-analysis findings are based on
a limited number of primary RCTs. Whilst not unusual -
the median number of RCTs included in formal meta-
analyses in reviews within the Cochrane library is three
[74] – the limitations of meta-analysis based on limited
numbers of RCTs and limited sample sizes should not be
ignored.

Conclusions
Our review suggests workplace-based dietary and physical
interventions may be potentially effective in reducing
weight and changing the dietary and physical activity
behaviours of healthcare professionals. However the avail-
able evidence base is limited with several important gaps
identified which cause uncertainty in establishing what
intervention content and characteristics contribute most
to intervention effectiveness. As part of a research agenda
to improve the interpretation of future interventions, fur-
ther studies are required that: (i) publish comprehensive
descriptive information on intervention content (ii) code
effective intervention and control group components in
workplace dietary and physical activity interventions tar-
geted to healthcare professionals using a standardised tax-
onomy of BCTs and (iii) contain a minimum follow-up of
12 months in order to clarify the sustainability of interven-
tion effects. Future interventions underpinned by psycho-
logical theory and providing details of how the selected
theory is proposed to function within the intervention are
also needed to enhance our understanding of the mecha-
nisms behind intervention effects.
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