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Effect of workplace physical activity interventions on cardiorespiratory fitness

Abstract

Background: Cardiorespiratory fitness (CRF) is a strong predictor of all-cause mortality. Physical activity (PA)
of at least moderate intensity can improve CRF. Workplaces may provide a relatively controlled setting in which

to improve CRF through PA. Limited work has been conducted to quantify the impact of delivering PA in the

workplace on CRF.

Aim: To quantify the effects of workplace PA interventions on VO2peax and explore study and participant

characteristics as putative moderators.

CEINNT3

Methods: Seven databases were searched up to September 2018. Search terms included “workplace”, “physical
activity” and “intervention”. Inclusion criteria were controlled trials where PA of at least moderate intensity was
delivered in the workplace and compared to controls or non-active comparators; and CRF measured by actual or
predicted VOopeak- Risk of bias was assessed using the PEDro scale. A random effects meta-analysis was
conducted with between study variation quantified and then explored for putative predictors with meta-
regression. Pooled estimate uncertainty was expressed as 90% confidence intervals (CI) and assessed against our

threshold value for clinical relevance of 1 mL-kg™'-min™.

Results: The final dataset consisted of 25 estimates of VOypeax from 12 trials. The pooled mean differences
between intervention and control arms was a beneficial improvement of 2.7 mL-kg™!-min™! (90% CI: 1.6 to 3.8
mL-kg!-min"). The 95% prediction interval ranged from a reduction in VOspeax 0f -1.1 to an improvement of
6.5 mL-kg'-min”'. Between-study heterogeneity (tau) was +1.6 mL-kg'-min"'. Meta regression showed longer
interventions (3.2 mL kg min™'; 90% CI: 1.6 to 3.8 mL-kg'-min™) to have an additive effect and studies with
low risk of bias (-2.5 mL-kg™-min™'; 90% CI -4.0 to -1.0 mL-kg™!-min™!), and participants of greater baseline
VOzpeak (-1.6 mL-kg!-min'; 90% CI -3.6 to 0.4 mL-kg"'-min™), and age (-1.4 mL-kg"'-min!; 90% CI -3.2 to 0.3
mL-kg!'min") having a lesser effect. Participant sex (% female) had an additive effect on VOypeax (0.4 mL-kg
'min"'; 90% CI: -1.6 to 2.4 mL-kg™'-min™").

Conclusion:

Workplace-based PA interventions consisting of at least moderate intensity activity improve CRF. At the
present time, we surmise that no single group of employees (e.g. older employees or less fit individuals) can be

definitively identified as standing to benefit more from workplace PA interventions than others. This
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demonstrates the potential utility of workplace PA interventions for improving CRF in a broad range of healthy
employees.

Protocol registration: PROSPERO (registration number: 42017057498).

Key points

e  When compared to control, workplace physical activity (PA) interventions consisting of at least moderate
intensity activity resulted in a beneficial improvement in cardiorespiratory fitness (as measured by peak
oxygen consumption (VOapeak))-

e Meta-regression showed longer interventions and studies with higher risk of bias to have additive effects on
VOopeak. Further work is needed to quantify the effects of participant characteristics on the impact of
workplace PA interventions on cardiorespiratory fitness.

e  Currently, it appears that no single group of employees (e.g. older or less fit individuals) stands to benefit
more from workplace PA than others. These types of interventions may therefore be useful for improving

cardiorespiratory fitness in a broad range of healthy employees.



Effect of workplace physical activity interventions on cardiorespiratory fitness

1. Introduction

Cardiorespiratory fitness (CRF) is an important component of health-related physical fitness and is defined as
“the ability of the circulatory, respiratory, and muscular systems to supply oxygen during sustained physical
activity” (PA) [1]. CRF is associated with cardiovascular disease (CVD) and all-cause mortality [2] and is
perhaps a stronger correlate than total PA [3], hypertension, diabetes mellitus, smoking and obesity [1]. Recent
analyses of population-based longitudinal datasets have emphasised the importance of maintaining good CRF,
such that a 1 mL-kg"'-min™! increase in CRF (as measured by peak oxygen uptake [VOapea]), is associated with
a 9% relative risk reduction in all-cause mortality [4]. Nevertheless, it has also been reported that CRF levels
have declined by 1.6% per decade internationally since 1967 [5]. Lee et al. [1] maintained that CRF is often
overlooked as an outcome measure for intervention strategies aiming to promote or deliver PA compared with

other risk factors such as total PA and other cardiometabolic health outcomes.

Evidence from randomised controlled trials (RCT) suggests that activity of at least moderate intensity can
maintain or improve CRF [6]. Current guidelines recommend the accumulation of 150 minutes of moderate or
75 minutes of vigorous intensity PA, or a combination thereof per week [7, 8] to promote health. Nevertheless,
objectively measured compliance with PA guidelines in adults remains low (5%—47%) [9-11]. One setting in
which increasing the compliance with PA guidelines could be targeted is the workplace. Because the workplace
provides access to a considerable proportion of the adult population, it has been established as a priority setting
for health promotion [12, 13]. Given that lack of time, facilities or social support are longstanding and often
cited barriers to PA participation in adults [14-16], delivering PA in the workplace may have the potential to

reduce some of these barriers by providing convenient access to PA opportunities.

Although there has been debate surrounding the utility of workplace health promotion strategies [17], a desire to
reduce healthcare and absenteeism costs and enhance employee health and productivity may present a strong
rationale for organisations to implement such strategies [18], particularly since a physically active workforce has
been associated with increased productivity and reduced absenteeism [19, 20]. Recent cross-sectional analyses
from both the United States [21] and United Kingdom [22] have found that the onsite provision of facilities to
support PA, such as structured exercise programmes, are associated with a greater likelihood of achieving PA
guidelines. The relationship between CRF and important workplace outcomes has recently been explored, albeit

cross-sectionally in a limited number of studies. Although higher CRF has been associated with higher
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productivity [23], subsequent studies have found no significant relationships between CRF and productivity or
sickness absence [24] and sickness presenteeism [25]. Despite these conflicting outcomes, higher levels of CRF
have been linked to higher health-related quality of life [26] and lower risk of depressive symptoms [27],

burnout and stress [28] which may be important outcomes from an organisational perspective.

Although previous systematic reviews support the use of workplace PA interventions to increase PA levels [29-
34], whether this consistently translates into improvements in CRF is unclear. The last meta-analysis examining
the impact of workplace PA programmes on CRF reported an increase of 3.5 mL-kg'-min™ in VOypeak following
workplace PA programmes conducted up to late 2007 [35]. Though encouraging, this finding must be treated
with caution due to the inclusion of both controlled and non-controlled trials in their analysis. Due to a lack of
comparison group, non-controlled trials can be susceptible to confounding or regression to the mean [36].
Moreover, very broad eligibility criteria led to the inclusion of various intervention designs, including those
where increasing PA was the primary outcome (e.g. behaviour change interventions such as the provision of
leaflets on the benefits of PA), those where the effect of PA on a primary outcome was examined (e.g. where PA
is delivered in the workplace to impact on a health outcome) and those where PA was part of a multicomponent
intervention. As these designs and subsequent intervention outcomes are distinctly different, it is questionable
whether the effects of such different strategies should be grouped and meta-analysed together [37]. Lastly as the
meta-analysis by Conn et al. [35] was conducted a decade ago, new relevant literature is likely to be available
[38] therefore an update on the effectiveness of workplace PA programmes on CRF is needed. Accordingly, we
aimed to use random effects meta-analysis to quantify the effect of workplace-based PA interventions consisting
of at least moderate intensity activity on CRF, and explore the modifying effects of study and participant

characteristics.

2. Methods

This review was carried out in accordance with the ‘Preferred Reporting Items for Systematic Reviews and
Meta-Analyses’ (PRISMA) guidelines [39]. The review methodology was prospectively registered with

PROSPERO (registration number: 42017057498).

2.1 Eligibility criteria



Effect of workplace physical activity interventions on cardiorespiratory fitness

We sought to identify peer reviewed journal articles describing workplace PA interventions; defined as
interventions where PA is both prescribed and delivered to employees at (or commencing from) their workplace.
The inclusion criteria were as follows:
A. Population: working adults (aged 16+ years).
B. Intervention: interventions where PA of at least moderate intensity (e.g. >64% of maximum heart
rate (HRmax) or >43% VOzpeak, as defined by Garber et al. [40]) was prescribed and delivered to
employees in the workplace (e.g. group exercise classes held at the workplace) or commenced from the
workplace (i.e. in the case of walking interventions).
C. Comparator: non-treatment control groups (e.g., usual activity), or non-active comparators (e.g.
leaflets on the health benefits of PA).
D. Outcome: CRF (as measured by actual or predicted VOapeak (mL kg™ min™)).
E. Study design: randomised and non-randomised controlled trials.
Exclusion criteria were as follows:
F. Studies including patient groups, retirees or unemployed persons.
G. General PA promotion or environmental change interventions where PA was not specifically
delivered in the workplace.
H. Interventions designed solely to decrease sedentary behaviour.
I. Multicomponent interventions (e.g. interventions with concurrent PA and dietary components),
unless one group received only the PA intervention and data could be extracted for only this group.
J. Articles not in English.
K. Articles were excluded if each of the FITT components (frequency of PA, target intensity, time

spent performing PA and type of PA) [41] were not adequately described.

2.2 Deviations from the pre-registered review protocol

During the systematic review process, it was necessary to deviate from the protocol initially registered on
PROSPERO on several occasions. Justification for these deviations is provided herein. Following initial
protocol registration, it became apparent that we did not have the facilities or funding to translate non-English
language papers. As such, ‘Articles not in English’ was added to the exclusion criteria (criteria J). Due to the
substantial biases that can arise in uncontrolled study designs [42], we elected to include only controlled trials in

our review (reflected in criteria C and E), thus excluding single arm studies. During early phases of the review
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screening process, we became acutely aware that the terms ‘physical activity’ and ‘exercise’ are operationalised
in very different ways across sport and exercise medicine literature. Accordingly, it was necessary to provide a
clear definition of what PA constituted for inclusion in our review (e.g. the definition from Garber et al.,[40],
described in criteria B). Due to poor reporting of what workplace-based PA interventions actually comprised,
we updated our exclusion criteria such that articles which did not adequately describe the frequency of PA
sessions, target intensity, time spent performing PA and type of PA (e.g. FITT components [41]) would not be
included in our review (criteria K). On initial protocol registration, we intended to meta-analyse a range of
physical fitness, cardiometabolic health and wellbeing outcomes. Due to an insufficient number of studies
reporting each of the other outcomes and significant heterogeneity in the assessment methods used across
different outcomes which precluded meta-analysis [43], we elected to reduce outcome variable selection to CRF
only (criteria D). Lastly, although our protocol specified that risk of bias would be assessed, we did not specify

a priori that the PEDro risk of bias tool [44] would be used.

2.3 Information Sources

An electronic search of seven databases was conducted from the beginning of coverage dates for each individual
database (exact coverage detailed below) to 3™ September 2018; MEDLINE (1966 to September 2018),
PubMed (1997 to September 2018), PsycINFO (1597 to September 2018), SPORTDiscus (1892 to September
2018), CINAHL (1937 to September 2018), EMBASE (1947 to September 2018) and Scopus (1970 to

September 2018).

2.4 Literature Search
The complete search strategy is presented in Table 1 and the strategy was modified according to the indexing
systems of each database. Reference lists of all included papers were hand searched for relevant papers by one

reviewer (NB).

2.5 Study Selection

Search results were imported from individual databases to reference management software (Mendeley Desktop
v1.17.10) and duplicates deleted. The details of each study (authors, date of publication, title, journal title,
volume, issue, page numbers and reference type) were then imported into a spreadsheet. Search results were

screened for relevance by one reviewer (NB) and all irrelevant articles were removed at this stage. Title and
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abstracts were retrieved and independently screened against inclusion criteria by two reviewers (NB, NM). Full
text articles were independently screened for inclusion by two reviewers (NB, NM). Any disputes were settled

by a third reviewer (KW).

2.6 Data extraction

One reviewer (NB) extracted data from all included studies using a specifically developed spreadsheet.
Accuracy of all data extraction was confirmed via intra- and inter-individual reassessments of data extraction
(NB, NM). The reviewers were not blinded to the authors or journals during data extraction. Details of the PA
intervention extracted included the PA modality, session frequency, duration, intensity, intervention length and
location. The age, sex, job role and sample sizes for intervention and control groups were also recorded. The
primary outcome data taken and used in the analyses included the intervention effect (intervention minus
control) on CRF as measured by relative VOopeak (ML kg™ min™). In the case where a study included two
intervention groups and one control group, the outcome data from the two intervention groups were combined to

create a single pair-wise comparison [36].

2.7 Risk of bias assessment of individual studies

Two reviewers (NB, NM) independently assessed risk of bias using the PEDro scale [44]. In case of
disagreement, consensus was achieved by discussion and disputes settled by a third reviewer (KW). Items in
the PEDro scale include; specified eligibility criteria (external validity); demonstrated random allocation;
allocation concealment; similar groups at baseline, blinding of participants, facilitators and assessors; follow up
of >85% of participants; intervention received as intended or intention to treat analysis and reporting of
between-group statistical comparisons, point measures and measure of variability. The maximum score for the
PEDro scale is 10 points (low scores indicate higher risk of bias), because item 1 (specified eligibility criteria)
is not included in the calculation of the total score. Supplementary file 1 details the location (page/ table or

figure number) in each of the included studies for each PEDro assessment criteria.

2.8 Small Study Bias
Small study bias was assessed using visual inspection of the funnel plot and Egger’s test to evaluate asymmetry

[45].
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2.9 Data synthesis

A random effects meta-analysis was conducted using the Comprehensive Meta-analysis Software Package,
Version 3 for Windows (Biostat Company, Englewood, NJ, USA). The primary statistic for extraction was the
intervention effect (mean change in intervention minus mean change in control). Confidence intervals, for the
mean intervention effect were calculated. Between-study heterogeneity was quantified using tau and the

prediction interval approach.

2.10 Outcome statistics
We expressed the uncertainty in the estimates of effects on VOopeak as 90% confidence intervals (CI) and then in
relation to our threshold value for clinical relevance. The smallest clinically relevant effect on VOapeax Was taken

from recent work suggesting a 1 mL-kg™!-min"!

increase in VOzpeax is associated with a 9% relative risk
reduction in all-cause mortality [4]. This criterion was applied post-registration of the initial protocol on

PROSPERO. Between study heterogeneity was indicated by tau [46-48].

Meta-regression analyses were conducted to explore the influence of putative moderator variables on the
intervention effect. Here, we selected study (intervention length and PEDro risk of bias score) and participant
characteristics (baseline VOzpeak, age and sex (percentage female participants)) that could reasonably influence
the overall effect of PA on VO2peak. The modifying effects of these five variables were calculated as the effect of
two SDs (i.e. the difference between a typically low and a typically high value) [49]. Meta-regression was
performed only when there were >10 data sets [36]. We derived a 95% prediction interval [50], providing a
plausible range for the expected pooled mean effect (intervention minus control) on VOopeax in a future

workplace PA intervention conducted in similar settings.

3. Results

3.1 Study Selection

Figure 1 is the PRISMA diagram representing the flow of studies through the review and reasons for exclusion.
Two studies were excluded during data extraction, one because insufficient data was presented in the paper to
allow for inclusion, and no response was received from study authors upon request for further information and

one because it presented follow up data from another included study.
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3.2 Study and Participant Characteristics

The final dataset for changes in VOzpeak consisted of 25 estimates from 12 studies [51-62]. Study and participant
characteristics from the eligible studies are shown in Table 2. VOypeak estimates from a total of 733 participants
were included in the meta-analysis. Participants in the individual studies were aged 25 to 67 years (mean: 41
years) and from a range of both sedentary office based and manual labour intensive occupations including
office workers (n=3), “insurance company workers” (n=2), “Westinghouse corporation workers” (n=1), “Ford
Motor Company workers” (n=1), pharmaceutical company workers (n=1), construction workers (n=1), care
workers (n=1), cleaners (n=1), and poultry processing workers (n=1). Studies were conducted in Denmark
(n=4), United Kingdom (n=2), Sweden, (n=1), Norway (n=1), Netherlands (n=1), Turkey (n=1), Canada (n=1)
and the United States of America (n=1). The length of interventions ranged from 8 to 52 weeks (median: 12
weeks). Four studies prescribed PA twice per week, six studies prescribed PA thrice weekly and two studies
prescribed PA five times per week. PA session length was variable and ranged from ~4 minutes to up to 60
minutes. The majority of PA interventions involved aerobic activity (n=8), however some studies incorporated
resistance training (n=2) and multi-component exercise training (e.g. combination of aerobic and resistance

training in one intervention group) (n=2).

3.3 Risk of bias assessment
Risk of bias assessments of all included studies is presented in Table 3. The highest risks of bias were for

blinding of participants, facilitators and assessors.

3.4 Effect of workplace PA interventions on VOzpeak

In our meta-analysis, we found a beneficial effect on VO2peax following workplace PA interventions when
compared to controls (2.7 mL-kg!-min'; 90% CI 1.6 to 3.8 mL-kg™!-min™'; 733 participants, 12 studies, Figure
2). Between-study heterogeneity (t) was +1.6 mL-kg™!-min™ (90% CI 1.1 to 2.7 mL-kg™!-min™). The 95%
prediction interval was -1.1 to 6.5 mL-kg™!-min'. Egger’s coefficient was 1.51 (95% CI -1.40 to 4.41; p = 0.28).
The non-significant Eggers test coupled with the balanced nature of the funnel plot presented in Figure 3,

suggest there is no evidence of small study bias.

Meta-regressions were undertaken with PEDro risk of bias score, intervention length, mean age, mean baseline
VOopeax and sex (percentage female) as selected predictors (Table 4). The relevant scatter plots with fitted meta-

10
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regression slopes are shown in Figures 4-8. Meta-regression analysis revealed an additional effect for typically
longer interventions (3.2 mL-kg!-min™'; 1.3 to 5.1 mL-kg!-min™), and lesser effects for studies with lower risk
of bias (-2.5 mL kg min™'; -4.0 to -1.0 mL-kg"-min), greater baseline VOapeax (-1.6 mL-kg!-min’'; -3.6 to 0.4
mL-kg!-min"") and older participants (-1.4 mL-kg"'-min’'; -3.2 to 0.3 mL-kg"'-min™"). Percentage female (sex)

had an additive effect on VOopeak (0.4 mL-kg!-min’'; 90% CI: -1.6 to 2.4 mL-kg™!-min).

4. Discussion

This study presents a quantitative evaluation of the impact of workplace-based PA interventions on CRF in
healthy employees. Establishing the effectiveness of workplace PA programmes on CRF is particularly timely in
light of recent evidence suggesting that CRF levels have declined by 10.8% (-4.2 mL-kg'-min™) in working
populations in the last two decades [63]. The results of our random effects meta-analysis showed that when
compared to control, workplace PA interventions result in a beneficial improvement in VO2peax of 2.7 mL-kg
"min’!. Given that a 1 mL-kg"-min™ increase in VOxpcak has been associated with a 9% relative risk reduction in
all-cause mortality [4]; we surmise that the magnitude and precision of improvements in VO2peak induced by
workplace-based PA interventions are clinically meaningful. The prediction interval, which describes a
plausible range of mean treatment effects in a hypothetical future workplace PA intervention in similar settings,
ranged from a reduction in VOzpeak 0f -1.1 to an improvement of 6.5 mL-kg™-min™'. It is possible that this range
in plausible effects is explained by the broad range of PA prescriptions included in our review (Table 2). Further
work is required to elucidate the optimum prescription of PA for workplace interventions aimed at improving
CREF levels.

The results of our meta-analysis are lower than those reported in a previous meta-analysis [35] where an
increase of 3.5 mL-kg!'-min™ was found following more broadly defined workplace PA interventions (including
the promotion of general PA). However their results should be interpreted with caution due to the inclusion of
non-controlled trials and a broad range of intervention formats in the meta-analysis. Despite observing an
improvement in VOapeak in our meta-analysis, there was also heterogeneity in the effect (t = 1.6 mL kg™ min™),
indicating variation in the intervention effect between studies. To explore this variation further, meta-regression
was conducted using intervention (intervention length and PEDro risk of bias) and participant (baseline VOapeak,
age and sex) characteristics. Study characteristics (intervention length and PEDro risk of bias) explained some
of the heterogeneity of the effect (1?= 26% and 28%, respectively, Table 4). Although there was an additional

improvement in VOapeax for typically longer interventions, one study with a long intervention length and large
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intervention effect (Figure 4) was an outlier and may have impacted on the slope of the meta-regression.
Therefore, this result should be interpreted with caution. There was a lesser effect for studies with lower risk of
bias. This result was not unexpected given that methodological characteristics of studies are thought to have a
substantial impact on treatment effect estimates in meta-analysis [64]. Given that the modifying effect of
participant characteristics explained only a very limited proportion of the heterogeneity of the effect (r>= 0% for
baseline VOzpeak, 14% for age and 0% for sex) a conservative approach has been taken in the interpretation of
this result. We surmise that given the data available from our included studies, no single group (e.g. older
employees or less fit individuals) can be definitively identified as standing to benefit more from workplace PA
interventions at this stage. Further work is needed to quantify the effects of participant characteristics on the
impact of workplace PA interventions on CRF. One other possible explanation for the heterogeneity in the effect
could be the measurement error associated with submaximal prediction of VOapeak. All but two [54, 60] of the
included studies used submaximal estimates of VOopeax (€ither via step tests, submaximal cycle ergometer tests,
or treadmill walking tests, Table 2). This is unsurprising given the limited feasibility of performing maximal
oxygen consumption tests in the workplace. Alternatively, the heterogeneity may be attributed to the range of
PA prescriptions used and/ or the extent to which the fidelity of the intervention was upheld (e.g. whether the
intervention was implemented as intended across all participants [65,66]. However, these variables could not be
included in a meta-regression due to inconsistencies in reporting practices in the individual studies. Another
possible explanation for the heterogeneity in the effect could be the various study designs used in the included
studies (e.g. controlled trials vs. RCTs vs. cluster RCTs). In a cluster RCT randomisation is likely to occur at the
workplace rather than individual level whereby one workplace would act as an intervention group and a separate
workplace would act as the comparator. A cluster RCT design may avoid contamination in the control group,
which can be an issue in PA trials when control participants modify their behaviour despite requests to maintain
their usual activity pattern [67]. The issue of contamination was discussed by the authors of one of our included
studies [51] who employed a traditional RCT design. Here, although participants were blinded to their group
allocation at baseline, all were recruited from the same workplace and may therefore have established their

group allocation through informal discussions with colleagues.

As demonstrated in Table 2, a range of occupations were targeted in our included studies. Although five of the
twelve included studies targeted desk-based employees, the remaining studies included a range of manual labour

intensive occupations such as construction workers and cleaners. This suggests that workplace PA interventions

12
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could be implemented in a range of occupational environments. All of the studies included in this meta-analysis
were from high or upper-middle income countries with the majority of the included studies from European
countries and the remaining from North America. It is likely that the implementation of such programmes are
highly context dependent [68] due to a variety of factors such as workplace cultural norms or climate. Therefore
the generalisability of individual workplace based PA interventions to diverse geographical locations may be

limited at this time.

It is important to acknowledge that our study is not without limitations. Although the review protocol was
prospectively registered with PROSPERO, it was deemed necessary to deviate from the protocol on occasion.
While all deviations are available in the public domain of PROSPERO and the justification and ramifications
transparently described in our methods section, this nonetheless could have introduced bias into the review
process. Our initial intention was to meta-analyse a broad range of physical fitness, cardiometabolic health and
wellbeing outcomes. However due to significant heterogeneity in outcome measures reported in individual
studies and low numbers of studies reporting some outcomes, inclusion of such a wide range of outcome
variables was not possible. Given that such heterogeneity could violate the assumptions of a meta-analysis [43]
a cautious approach was taken in outcome variable selection. A more comprehensive assessment of health,
fitness and wellbeing variables in future intervention studies would assist in evidence-based programming
decisions. It has also been suggested that a standardised approach to outcome variable selection for health-
related effectiveness interventions [69] could aid the selection of pertinent outcomes for workplace PA
interventions. Although this approach has merit and could aid future systematic reviews and meta-analyses in
the area, in the case of workplace PA interventions it is sometimes necessary that a more pragmatic approach is
taken when selecting outcome variables. Indeed, Bauman & Nutbeam [70] recommend that during intervention
development, key stakeholders (e.g. employees or management representatives) should be consulted to
maximise the reach, uptake and usefulness of such interventions. Relying solely on a core set of outcome
variables may therefore be counterproductive as this could neglect the needs of key stakeholders. To be eligible
for inclusion in our meta-analysis PA sessions had to be delivered, or at least begin, from the participants
workplace (i.e. in the case of walking interventions). This led to the exclusion of studies where participants were
recruited from their workplace but PA was conducted elsewhere. The decision was made to exclude such studies
because one rationale for delivering PA in the workplace is that there is potential to reduce commonly cited

barriers to PA participation, such as lack of time and access to facilities [71]. If participants are required to
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travel to an external location in order to participate in “workplace” PA, it was deemed that this was no longer a
workplace PA intervention because this could result in further exacerbation of such barriers. Only interventions
prescribing PA of at least moderate intensity were included in our meta-analysis; which led to the exclusion of
studies delivering PA of lower intensities. There is evidence to suggest that PA or exercise training of at least
moderate intensity can elicit adaptations in various markers of physical fitness, including CRF [6]. Therefore PA
prescriptions of less than moderate intensity may not be expected to have an impact on CRF in healthy
populations. The use of the PEDro scale to assess the risk of bias in the included studies could also be
considered a limitation of our study. The use of summary scales to assess risk of bias have previously been
described as misleading because not all scale elements may be relevant in all contexts, but are still weighted
equally [72]. Nonetheless, we believe that the PEDro scale is a useful tool which allows the exploration of the

linear negative association between risk of bias and size of treatment effect [73].

We have several recommendations for future workplace-based PA interventions, which in turn will aid further
systematic reviews and meta-analyses on the topic. As previously mentioned, a cautious approach was taken in
outcome variable selection due to significant heterogeneity in outcome assessment and reporting methods in
individual studies. In future intervention studies we suggest that a wide range of physical fitness,
cardiometabolic health and wellbeing outcomes are assessed, with consideration of pertinent outcomes for
participating organisations. For this to be possible, we suggest that employees and senior management teams are
involved in the design and implementation of workplace-based PA interventions (e.g. via a formative evaluation
pre-intervention) [70]. Further, a detailed description of the PA prescription (frequency, intensity, time and type)
had to be presented for studies to be included in our review. Poor reporting of the PA prescription resulted in the
exclusion of a number of studies. This was possibly not surprising, given that inadequate reporting of
intervention trials remains commonplace in PA and exercise trials [66]. As such, we support calls for
standardised reporting of PA and exercise intervention protocols and intervention fidelity quantification [66, 74-
77]. This should include the presentation of PA and exercise training programming variables (e.g. frequency,
intensity, time and type of PA) as well as information about the extent to which the fidelity of the intervention
was upheld. Adherence to reporting checklists such as the Template for Intervention Description and
Replication (TIDieR) checklist [76] or Consensus on Exercise Reporting Template (CERT) guidelines [78] are
also recommended. From a practical standpoint, thorough intervention reporting is particularly important when

recruiting organisations to workplace PA programmes. Senior management teams will require in depth
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information regarding the PA prescription involved in a programme, before they can allow their employees to
participate. Lastly, the average weekly PA time in the included studies was ~80 minutes. “Lack of time” has
been reported as a barrier to workplace PA participation [71], therefore more time efficient PA prescriptions
may be well received by organisations and employees alike.

5. Conclusion

Our meta-analysis shows that PA that is delivered in the workplace can result in beneficial improvements in
CRF of 2.7 mL-kg!-min"', when compared to controls. The prediction interval, which describes a plausible
range of effects in a hypothetical future workplace PA intervention in similar settings ranged from a reduction in
VOspeak 0f -1.1 to an improvement of 6.5 mL-kg™!-min™!. The effect was moderated by risk of bias score and
intervention length such that studies with higher risk of bias and longer interventions demonstrated larger
intervention effects. However the impact of intervention length should be interpreted with caution due to the
presence of an outlier. At this time the effects of age, sex and baseline fitness of participants are not definitive,
and further work in the area is needed to fully clarify the impact of these characteristics. Presently therefore, we
conclude that no specific group of employees (e.g. older or less fit) stand to gain more, or indeed less, from
workplace PA interventions aimed at improving CRF. Future research should explore the effect of workplace
PA on outcomes beyond simply CRF, whilst also ensuring that precise and in-depth reporting of the PA

prescription and implementation is provided.
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8. Tables and Figures

Table 1: Search Strategy

1. Workplace terms

TI ABS KEY (workplace OR worksite OR
“work place” OR “work site” OR “working
place” OR “work setting” OR “working
environment” OR worker OR workforce OR

employe* OR industr* OR corporate)

2. Physical activity terms

TI ABS KEY (exercise OR “physical
activity” OR fitness OR sport OR “aerobic
training” OR “stair climbing” OR “stair use”
OR “resistance training” OR “strength

training” OR walk*)

3. Intervention terms

TI ABS KEY (intervention OR program* OR
evaluation OR trial OR randomi* OR

promotion OR effect*)

1 AND 2 AND 3
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Table 2: Study and subject characteristics for VO €stimates included in the meta-analysis

Author, Study | Location | Population, | Grou | Dyrati | Frequen | Sessio | Physical Physical Attendan | Dose VO2peax Baseli | % A
date desig sample size | p on cy(per |n activity activity ce Quantificati | measurem | ne VO2pea
n (n), % (weeks | week) length | mode intensity on ent VO2pea | k
female, age ) (mins) technique | « (mL-k
(year) (mean (mL-k | g
unless g min” | -min’
otherwise D) D)
stated)
Brownetal. | RCT | United Office I1 8 2 20 Aerobic 2km walk in | Twice Average Chester 39.0 +0.8
[51] Kingdom | workers (walking- 20 mins weekly increase in | step test™®
n=32 nature walk) session steps/ day:
(15.6% attendanc | 745 steps/
female, 46y) e (target step
achieved | increase:
by 42% 600 steps/
of day)
participa
nts
Office 12 8 2 20 Aerobic 2km walk in | Twice Average Chester 39.8 0.0
workers (walking- 20 mins weekly increase in | step test™®
n=33 built session steps/ day:
27.3% environment attendanc | 374 steps
female, 39y) walk) e (target step
achieved | increase:
by 43% 600 steps/
of day)
participa
nts
Office C Wait list Chester 39.6 +5.3
workers control step test™®
n=29
(20.6%
female, 40y)
Jay et al. RCT | Denmark | Pharmaceuti | I 8 3 20 Resistance Four 70% Average Submaxim | 37.0 +7.8
[52] cal company (kettle bells) | increasingly | average two-handed | al cycle
workers difficult session kettle bell ergometer
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n=20 (85% kettlebell attendanc | swing Astrand
female, 44y) exercises. e weight and | protocol*
Progression number of
when each sets
exercise increase
could be from 8.3kg
completed at for 23.2
the highest sets in
level of week 1-2 to
intensity. 12.4kg for
22.1 sets in
week 7 and
8.
Pharmaceuti Inactive Submaxim | 39.0 +12.3
cal company control al cycle
workers ergometer
n=20 (85% Astrand
female, 43y) protocol*
Mullaetal. | RCT | Canada Ford motor 12 45 Resistance RPE=5-7 on | Mean Not Ebbeling 34.9 +2.9
[53] company (lower body 10 point session reported Single
workers strengthening | RPE scale attendanc stage
n=21 (57% ) e: 2.3 per treadmill
female, 44y) week walking
test™
Ford motor Wait list Ebbeling 34.6 +0.3
company control Single
workers stage
n=21 (68% treadmill
female, 43y) walking
test™®
Andersen et | RCT | Denmark | Office 10 10 Aerobic 90% HRR Mean Mean heart | Maximal 36.0 +6.4
al. [54] workers (Stair (measured session rate cycle
n=106 climbing) retrospective | attendanc | recorded ergometer
(79.2% ly) e: 3.3/ during one
female, 42y) week. session:
90% HRR
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Office C Inactive Maximal 38.0 +2.3
workers control cycle
n=54 ergometer
(75.9%
female, 43y)
Korshgj et Clust | Denmark | Cleaners I 16 30 Aerobic >60% Mean Mean heart | Step test* | 24.8 +7.1
al. [55] er n=57(75.4 exercise VO2peak session rate
RCT % female, (more attendanc | recorded
45y) specific e:51% every
details not fourth
reported) week: 67%
HRR
Cleaners C Health Step test* | 25.0 -1.0
n=59 lectures
(76.3%
female, 50y)
Kennedy et | RCT | United Office I 8 1-3 Aerobic (stair | 8 flights of Mean Not Submaxim | 27.8 +9.4
al. [56] Kingdom | workers n= climbs | climbing) stairs at 75 session reported al cycle
35 (43% / steps/ min attendanc ergometer
female, 44y) session e: 88% YMCA
s (4 protocol*
mins
averag
e)
Office C Inactive Submaxim | 27.1 +1.9
workers control al cycle
n=17 (65% ergometer
female, 39y) YMCA
protocol*
Sertelet al. | RCT | Turkey Poultry I1 8 30 Resistance 50-85% Session Not Queens 38.5 +6.8
[57] processing (theraband MVC attendanc | reported college
workers exercises) e not step test™
n=31 (100% reported
female, 31y)
Poultry 12 8 30 Aerobic 40-80% Session Not Queens 383 +9.4
processing (walking/ VO2peak attendanc | reported college
workers running) e not step test*
n=30 (100% reported
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female, 33y)

Control Inactive Queens 35.5 0.0
n=30 (100% control college
female, 35y) step test™®
Grametal. | RCT | Denmark | Construction 12 20 Multicompon | >70% Mean Not Submaxim | 27.1 +14.4
[58] workers ent cycling/ VOzpeak OF session reported al cycle
n=35 (100% rowing and 60% 1IRM attendanc ergometer
male, 44y) resistance e: 68% Astrand
training protocol*
Construction Health Submaxim | 26.5 +1.1
workers n= lectures al cycle
32 (100% ergometer
male, 43y) Astrand
protocol*
Grenningse | RCT | Norway Insurance 10 55 Aerobic 70-80% Mean Not Submaxim | 39.8 +7.0
ter et al. company (rhythmic HRMmax session reported al cycle
[59] workers aerobics) attendanc ergometer
n=30 (43% e: 76% Astrand
female, 25- (men), protocol*
67y [range 80%
as mean age (women)
not
provided])
Insurance Waitlist Submaxim | 37.8 -3.3
company control al cycle
workers ergometer
n=31 (48% Astrand
female, 25- protocol*
67y)
Oden et al. RCT | USA Westinghou 24 30 Aerobic 60-80% Not Not Maximal 30.0 +17.9
[60] se (walking, HRR reported | reported treadmill
corporation jogging, Bruce
workers cycling) protocol
n=23 (80%
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female,
29y,)
Westinghou Inactive Maximal 29.9 +0.6
se control treadmill
corporation Bruce
workers protocol
n=22 (80%
female, 29y)
von Thiele CT Sweden Care 52 60 Aerobic “Middle to Not Not Submaxim | 35.8 +11.5
Schwarz & workers (aerobics, high reported | reported al cycle
Lindfors n=15 (100% Nordic intensity” ergometer
[61] female, 42y) walking, Astrand
Cross protocol*
training)
Care Inactive Submaxim | 29.5 9.5
workers control al cycle
n=13 ergometer
(100% Astrand
female, 44y) protocol*
de Zeeuw et | RCT | Netherlan | Insurance 10 40-60 | Aerobic 80% HRmax | Mean Not Submaxim | 29.7 +24.9
al. [62] ds company (cycling, session reported al cycle
workers n= jogging, stair attendanc ergometer
15 (40% stepping) e: 85.6% Astrand
female, 41y) protocol*
Insurance Inactive Submaxim | 32.3 -1.9
company control al cycle
workers ergometer
n=15 (53% Astrand
female, 41y) protocol*

Studies are sorted from the smallest to largest effects on VOapcak.

Key: CT: controlled trial, RCT: randomised controlled trial, y: years, I: intervention group, C: control group, HR max: maximum heart rate, HRR: heart rate

reserve, VOapeak: peak aerobic capacity, MVC: maximum voluntary contraction, 1RM: one repetition maximum, RPE: Rating of Perceived Exertion,

*submaximal prediction of VOapeak.
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Table 3: PEDro Risk of Bias Assessment for studies included in the meta-analysis

Reference = -
=
= | & 5 g |82 5 3 2E
g | <3 2 B|lE |2 |3 |8 £ 5 22 o
= 28 3 s | = | E o S - & = ==
°S | = < ° £l |5 |2 | ck 2F 9o =5 5
BEZ | ZS |28 |20 |2 E |2 |2 |23 5525 5 2
=% |85 | 8% ES£ |2 |5 |3 |2 |E3 22%5 4 ES 8
52 g .8 9 o =7 3 = 2 S 0 o 5 8.2 g o - 8 ) o
o8 | §E E2 |E2 |5 |5 |2 |% | 554 62s=-& | E£5_§8 =
ws | AE O% |ws |3 |3 |4 |x | 2225 X gexg g 228 o =
n o < A s =g = © g = % - 8 =@ 2
= Q = = a | | | | &8E8 =®38e 3 — 8828 =
Brown et al.[51] Y 5
Jay et al. [52] Y 8
Mulla et al. [53] Y 8
Andersen et Y 8
al.[54]
Korshgj et al.[55] Y 7
Kennedy et al. Y 4
[56]
Sertel et al. [57] Y 4
Gram et al. [58] Y 7
Grenningseter et Y 4
al.[59]
Oden et al. [60] N 4
von Thiele N 3
Schwarz &
Lindfors [61]
de Zeeuw et al. Y I I I I I I I I I I 6
[62]
Total/ 11 7 10 0 0 4 8 5 11 12
12

Key: Y= yes, N=no. += demonstrated evidence, - = no demonstrated evidence. Scores of >6 considered of low risk of bias, scores of <6 considered high risk

of bias.
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Table 4: Meta-regression for the modifying effects for study and partici
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ant characteristics

Model Coefficient (90% 12 R? r p-value
(8))]

Intervention length | 0.17 (1.3 to 5.1) 1.79 26% 73% 0.01

(weeks)

Pedro risk of bias -0.66 (-4.0to -1.0) 1.74 28% 78% 0.01

score

Baseline VO2jcak -0.16 (-3.6 t0 0.4) 2.49 0% 78% 0.18

(mL-kg'-min)

Age (years) -0.15 (-3.2t0 0.3) 2.42 14% 74% 0.16

Sex (% female) 0.01 (-1.6t02.4) 2.77 0% 80% 0.73

Figure 1: PRISMA Flow Diagram of study selection
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Key: Inclusion/ exclusion criteria:

Inclusion: A. population: working adults (aged 16+ years), B. intervention: exercise of >moderate intensity 1s
prescribed and delivered i the workplace, C. comparator: no mfervention control groups, or non-active
comparators, D. outcome: Cardiorespiratory fitness (actual or predicted VO,,.5), E. study design: RCTs or
controlled trials. Exclusion: F. Population: specific patient groups, disabled populations, retirees or unemployed, G
PA promotion/ environmental change/ sedentary behavior interventions when exercise was not specifically
prescribed and delivered in the workplace, H. multi-component interventions (e.g. interventions with concurrent
exercise and dietary components). I: Not in English J: All FITT (frequency, intensity, time and type of exercise)
principles adequately reported.
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 2: Forest Plot for the effect of workplace PA interventions on VOapeak

Study name Statistics for each study Mean and 90% CI

Standard Lower Upper
Mean error limit limit p-Value

Brown et al. [51] =2.0 20 -52 1.3 0.3 —{—

Jay et al. [52] -1.0 1.7 -4.7 0.9 0.3 —{

Mulla et al. [53] 0.9 06 -0.1 1.9 0.1 L}

Andersen et al, [54] 1.5 04 08 21 0.0 []

Korshej et al. [55] 2.0 1.0 04 36 0.0 |

Kennedy et al. [56] 2.1 0.6 1.1 3.1 0.0 {7t

Sertel et al. [57] 3.1 06 22 41 00 {1

Gram et al. [58] 3.6 1.1 1.8 54 0.0 —{+

Gronningsater et al. [59] 4.0 1.2 2.1 6.0 0.0 —{

Oden et al. [60] 5.2 1.0 36 68 0.0 El

von Thiele Schwarz & Lindfors [61] 6.9 1.8 40 08 0.0 —_t—

de Zeeuw et al. [62] 8.0 20 47 113 0.0 —1—
2.7 06 18 36 0.0 L 2

-12.00 -6.00 0.00 6.00 12.00

Favours Contrel Favours Workplace PA

Legend: The size of the boxes represents the weight given to each individual study in the meta-analysis. Larger boxes indicate a higher weighting.
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Figure 3: Funnel Plot

Funnel Plot of Standard Error by Mean
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 4: Scatter plot of meta-regression of intervention length.

Regression of Mean on Intervention Length

16.00

14.00
12.00 —+

10.00 —

4.00

2.00 H

7 ©

-4.00 T T

Mean change in VO2peak (mL-kg-1-min-1)
3
|

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Intervention Length (weeks)

Legend: The size of the circles represents the weight given to each individual study in the meta-analysis.
Larger circles indicate a higher weighting.

31



Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 5: Scatter plot of meta-regression of PEDro risk of bias assessment score..

Regression of Mean on PEDro risk of bias score

10.00

6.00

4.00

200 H

0.00

Mean change in VO2peak (mL-kg-1-min-1)

-2.00

O O

-4.00 T T T T

Lo 20 30 4.0 5.0 6.0 7.0 8.0 9.0 10.0

PEDro Score

Legend: The size of the circles represents the weight given to each individual study in the meta-analysis.
Larger circles indicate a higher weighting.
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 6: Scatter plot of meta-regression of baseline VO2peax.

Regression of Mean on Baseline VO2peak

10.00
8.00 Q

6.00 — Q O
4.00

2.00 Q

0.00

OO

-4.00 T T T T T

Mean change in VO2peak (mL-kg-1-min-1)

220 24.0 26.0 28.0 30.0 320 34.0 36.0 380 40.0 42.0

Baseline VO2peak (mL-kg-1-min-1)

Legend: The size of the circles represents the weight given to each individual study in the meta-analysis.
Larger circles indicate a higher weighting.
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 7: Scatter plot of meta-regression of mean age.

Regression of Mean on Mean Age

10.00

2.00

0.00

0 @

-4.00 T T T T

Mean change in VO2peak (mL-kg-1-min-1)

25.0 275 30.0 325 350 375 40.0 425 45.0 47.5 50.0

Mean Age (years)

Legend: The size of the circles represents the weight given to each individual study in the meta-analysis.
Larger circles indicate a higher weighting.
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Effect of workplace physical activity interventions on cardiorespiratory fitness

Figure 8: Scatter plot of meta-regression of percentage of female participants.
Regression of Mean on Percentage of Female Participants
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-20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0
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Legend: The size of the circles represents the weight given to each individual study in the meta-analysis.
Larger circles indicate a higher weighting.
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