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Abstract

Background: Although it is generally accepted that physical activity reduces the risk for chronic non-communicable
disease and mortality, accumulating evidence suggests that occupational physical activity (OPA) may not confer the
same health benefits as leisure time physical activity (LTPA). It is also unclear if workers in high OPA jobs benefit from
LTPA the same way as those in sedentary jobs. Our objective was to determine whether LTPA and leisure time
sedentary behaviour (LTSB) confer the same health effects across occupations with different levels of OPA.

Methods: Searches were run in Medline, Embase, PsycINFO, ProQuest Public Health and Scopus from inception to
June 9, 2020. Prospective or experimental studies which examined the effects of LTPA or LTSB on all-cause and
cardiovascular mortality and cardiovascular disease, musculoskeletal pain, diabetes, metabolic syndrome, arrhythmias
and depression among adult workers grouped by OPA (low OPA/sitters, standers, moderate OPA/intermittent movers,
high OPA/heavy labourers) were eligible. Results were synthesized using narrative syntheses and harvest plots, and
certainty of evidence assessed with GRADE.

Results: The review includes 38 papers. Across all outcomes, except cardiovascular mortality, metabolic syndrome and
atrial fibrillation, greater LTPA was consistently protective among low OPA, but conferred less protection among
moderate and high OPA. For cardiovascular mortality and metabolic syndrome, higher levels of LTPA were generally
associated with similar risk reductions among all OPA groups. Few studies examined effects in standers and none
examined effects of LTSB across OPA groups.

* Correspondence: stephanie.princeware@canada.ca

'Centre for Surveillance and Applied Research, Public Health Agency of
Canada, 785 Carling Avenue, Ottawa, Ontario K1A 0K9, Canada

?School of Epidemiology and Public Health, Faculty of Medicine, University
of Ottawa, Ottawa, Canada

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-021-01166-z&domain=pdf
http://orcid.org/0000-0001-6729-5649
https://orcid.org/0000-0003-2193-5019
https://orcid.org/0000-0002-0393-6280
https://orcid.org/0000-0003-4825-5697
https://orcid.org/0000-0003-3666-8267
https://orcid.org/0000-0003-1981-7013
https://orcid.org/0000-0002-4034-7063
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:stephanie.princeware@canada.ca

Prince et al. International Journal of Behavioral Nutrition and Physical Activity

(2021) 18:100 Page 2 of 17

Protocol registration: PROSPERO #CRD42020191708.

Conclusions: Evidence suggests that LTPA is beneficial for all workers, but with larger risk reductions among those
with low compared to high OPA jobs. This suggests that, in our attempts to improve the health of workers through
LTPA, tailored interventions for different occupational groups may be required. More high-quality studies are needed to
establish recommended levels of LTPA/LTSB for different OPA groups.

Keywords: Physical activity, Sedentary behaviour, Occupation, Leisure, Cardiovascular disease, Mortality

Background

Physical activity and sedentary behaviour play key
roles in the prevention of non-communicable chronic
conditions and mortality [1-3]. Although generally ac-
cepted that greater physical activity reduces the risk
for ill health, accumulating evidence suggests that oc-
cupational physical activity (OPA) may not confer the
same health benefits as leisure time physical activity
(LTPA) [4]. Higher levels of OPA have been associ-
ated with increased risk for work absence [5, 6], mus-
culoskeletal disorders [7], high blood pressure [8],
cardiovascular disease [9, 10], and all-cause mortality
(among men) [11].

The postulated health sequelae of OPA are attributed
to postures and movement patterns undertaken during
occupational tasks (e.g., working while bending/twisting,
kneeling, lifting, carrying/pulling heavy loads, and exten-
sively walking or standing) [12], that are often performed
for long periods of time with insufficient opportunities
to rest. This is in contrast to LTPA, which is typically
voluntary and performed in shorter bouts [13]. Further-
more, workers in jobs involving high OPA are generally
found to perform less LTPA than workers in sedentary
jobs [14], with a need to recover from the fatigue and
pain of high OPA being commonly cited barriers to en-
gaging in LTPA [15-17]. Because workers with high
OPA often achieve the physical activity guideline of
> 150 min/week of moderate-to-vigorous intensity phys-
ical activity [18] at work alone, it is important to investi-
gate if they receive the same benefit of LTPA as workers
in sedentary jobs.

The primary objective of this systematic review was to
determine whether LTPA confers the same health benefits
among workers with different levels of OPA. The second-
ary objective was to examine the health effects of leisure
time sedentary behaviour (LTSB) across OPA levels.

Methods

This review was prospectively registered with PROS-
PERO (CRD42020191708) and documented on Open
Science Framework (https://osf.io/5angw/), and adheres
to the PRISMA statement [19].

Study inclusion criteria

Participants

Adult workers (mean age: 18—65 years) with adequate
information on OPA, who were generally healthy and
did not report the outcomes of interest at baseline (e.g.,
pre-existing musculoskeletal pain, depression), except if
baseline values were controlled for in the analyses.

Exposures

The primary exposure was LTPA. Physical activity is de-
fined as “any bodily movement produced by skeletal mus-
cles that results in energy expenditure” [20] >1.5
metabolic equivalents and can include time spent in light,
moderate and vigorous intensity [21]. LTPA specifically
refers to physical activity during free time (ie. outside
work hours; e.g. recreational-, travel- and household-
related physical activity), and is based on personal inter-
ests and needs (e.g., walking, gardening, sports, exercising,
dancing) [20, 22]. LTPA can be measured via self-report
(e.g., questionnaire, diary/log) or by device (e.g., acceler-
ometers in combination with self-reported work or leisure
time to differentiate OPA from LTPA).

To meet the second objective studies were required to
provide a quantification of LTSB. Sedentary behaviour
includes non-sleeping activities undertaken at < 1.5
metabolic equivalents while sitting, lying or reclining
[23]. Also, a measure to identify whether sedentary be-
haviour occurred outside of work hours was needed.
LTSB could include total leisure time spent sedentary,
sitting, or in a specific sedentary behaviour (e.g., watch-
ing television, reading, using an electronic device).

Outcomes

All-cause and cardiovascular mortality, diabetes, meta-
bolic syndrome, arrhythmias, cardiovascular disease,
musculoskeletal pain, and depression.

Study designs

Intervention/experimental, retrospective or prospective
cohort studies, and case-control studies. Cross-sectional
studies were excluded as they were unable to assess
some level of causation.
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Publication status and language

Publications in English, French, Danish, Norwegian, or
Dutch were eligible based on authors’ language capacity.
Published studies were eligible provided they included
sufficient information. All literature, regardless of date of
publication, was considered.

Search strategy

The search strategy was created by a research librarian (KM)
in collaboration with other members from the authorship
team. The search was first created in Medline using a com-
bination of index terms/unique subject headings and key-
words related to occupations, physical activity, sedentary
behaviour, study designs, and adult populations. After trial
searches, search strategies were modified to ensure that pre-
identified key papers were captured. Once the strategy was fi-
nalized (Supplemental Table 1), the following electronic bib-
liographic databases were searched: Ovid Medline(R) All;
Ovid Embase; Ovid APA PsycINFO; ProQuest Public Health;
and, Scopus (from database inception to June 9, 2020).

Selection of studies

After removing duplicates, two independent reviewers
screened titles and abstracts to identify potentially rele-
vant articles using Covidence. Full texts of articles that
either met the inclusion criteria or provided insufficient
information in the abstract were obtained. Two inde-
pendent reviewers screened the full texts for inclusion.
Discussion between the reviewers and a possible third
reviewer was conducted to resolve potential conflicts.
Reviewers were not blinded to the authors of the studies,
but they did not screen or extract data from any of their
own papers.

Risk of bias

The risk of bias of studies was assessed using a standard
(interventional studies) [24] and modified version (ob-
servational studies) [25] of the Cochrane Collaboration’s
Tool for Assessing Risk of Bias for consistent compari-
sons across studies of different designs. Potential biases
included selection bias, performance bias, detection bias,
attrition bias, selective reporting bias and, other possible
sources of bias. Risk of bias assessments were carried
out by one independent reviewer and verified by a sec-
ond, and were summarized using summary graphs [26].
Although the tool was not designed to provide a score,
to provide some judgement regarding the overall quality
of each study, studies with < 1 biases (high/unclear)
were rated as ‘high quality’, 2-4 as ‘moderate quality’
and > 5 as ‘low quality’.

Data extraction and analysis
Classification of OPA was based on the study’s descrip-
tion of physical job demands, job title and/or self-
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reported or device-based OPA. OPA for each study was
assigned by one independent reviewer and, once com-
pleted; a second reviewer verified for accuracy. Workers
were grouped, where possible, based on their most fre-
quent occupational tasks and OPA into the following
four groups: (1) low OPA/sitters: tasks largely con-
ducted while sitting with little OPA; (2) standers: tasks
largely conducted while stationary standing; (3) moder-
ate OPA/intermittent movers: tasks largely involving
frequent postural changes (e.g. sitting to standing) with
low-intensity OPA and without heavy laborious tasks;
and, (4) high OPA/heavy labourers: tasks involving
moderate-to-high intensity OPA and may include carry-
ing/lifting/pushing/pulling heavy loads, and extensive
walking. From henceforth, we refer to the four groups as
low OPA, standers, moderate OPA, and high OPA.
Standardized data extraction forms were developed
and completed using Google Forms. One reviewer inde-
pendently extracted data and a second independent re-
viewer verified the accuracy of the extractions. Effect
estimates (e.g., odds ratio, relative risk, hazards ratio) for
the association between LTPA or LTSB and each out-
come were extracted and included results from fully ad-
justed models. A narrative synthesis summarizes and
describes trends in risk associated with lower compared
to higher quantities of LTPA across all outcomes within
each of the OPA groups. Although a meta-analysis was
initially planned in the protocol, it was precluded due to
much heterogeneity between studies resulting from dif-
ferences in populations, measures of LTPA and OPA,
and reference and comparison categories used in ana-
lyses. Harvest plots display the data visually in terms of
risk (higher/lower/no risk) associated with LTPA among
the OPA groups, and are based on statistical significance
(p <0.05) where possible [27]. Within each outcome,
findings from all study designs were combined. For stud-
ies where no direct statistical tests were conducted, a
visual trend of patterns across effect estimates of indirect
comparisons or summaries from article text were used
to determine direction of association (and denoted in
the harvest plots). Studies that did not reach statistical
significance, but had clinically relevant findings (i.e.
> 10% higher or lower risk/odds) were placed under
‘null’, but identified as trending. Risk of bias assessments
were incorporated into the harvest plots by lowering the
study bar height by one unit for each of the six biases
that were identified as unclear/high risk. When multiple
articles described the same study, only one article per
study and outcome was included in the harvest plots.
We chose the one that provided the most direct com-
parison across LTPA and OPA groups, had the greatest
sample size or was the most recent (in this order). Add-
itional articles on that same dataset were retained and
presented in the summary of findings table if findings
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were presented differently (ie. different reference/com-
parison groups) or if they reported on different out-
comes. A priori identified subgroup analyses included an
examination of results by sex, publication year and risk
of bias. In contrast to our protocol, we were unable to
compare self-report vs. device-based LTPA as all studies
relied on self-reported LTPA.

The certainty of the evidence within each health out-
come was assessed as high, moderate, low or very low
using a modified Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach
adapted for narrative syntheses [28, 29]. The GRADE ap-
proach assesses certainty of evidence based on study de-
sign, possible risk of bias, indirectness, imprecision,
inconsistency, and suspicion of publication bias. Within
this approach, for the musculoskeletal pain and depres-
sion outcomes, randomized controlled trials began as
high-quality and non-randomized studies began as low-
quality evidence and then graded down depending on
aforementioned factors. In case of other more distal dis-
ease outcomes (i.e., diabetes, arrhythmias, metabolic syn-
drome, cardiovascular disease, mortality) where
experimental designs would be harder to achieve, pro-
spective cohort studies began as high-quality evidence.

Results
Study characteristics
The search of electronic databases identified 7123 po-
tentially relevant papers (Fig. 1). Of these, 2495 were
identified in Medline, 2392 in Embase, 731 in Psy-
cINFO, 305 in ProQuest Public Health, and 1200 in
Scopus. Author’s knowledge and bibliographies identi-
fied 18 additional papers. Title and abstract review re-
sulted in the retrieval of 333 full text papers for
assessment. Of these, 38 papers representing 34 inde-
pendent studies met the eligibility criteria [10, 30—
66]. A list of excluded full texts and reasons is found
in Supplemental Table 2. Individual study characteris-
tics and findings for LTPA and LTSB are shown in
Supplemental Tables 3-6. Table 1 presents the sum-
mary of findings and the certainty of evidence.
Included papers were published between 1981 and
2020 with the majority (61%) from the past 10 years. Fif-
teen countries were represented, with most papers
reporting on data from Finland (26%) and Denmark
(26%); two studies [33, 64] captured data from North
America. The majority of studies included both men and
women, with eight including only men, and five includ-
ing only women. All studies used self-report methods to
ascertain LTPA and OPA. Only one study examined
LTSB [55]. Low OPA occupations were the most stud-
ied. Only three studies [30, 36, 56] had workers classified
in the standers group. Only one study per outcome was
identified for diabetes [33], metabolic syndrome [52],

(2021) 18:100 Page 4 of 17

depression [32], and arrhythmias [60]. Musculoskeletal
pain included general pain, and pain in specific locations
such as in the neck, lower back, shoulders, and upper
limbs. Cardiovascular disease included ischemic heart
disease, myocardial infarction, stroke, and heart failure.
Prospective cohort studies were the most common study
design, except for musculoskeletal pain, which was
assessed with a mix of randomized controlled trials and
cohorts.

Risk of bias

Risk of bias is summarized in Supplemental Fig. 1 (ran-
domized controlled trials and observational studies sepa-
rated) and captured in the harvest plots. Among
randomized controlled trials, the majority (75%) had a
low risk of performance and selective reporting bias.
Most (75%) had a high or unclear risk of selection bias
due to poor allocation concealment. Loss to follow-up
was an issue in half of the studies.

Among cohort and case-control studies, 20% had a
high risk of selection bias, largely due to convenience
samples limiting generalizability of findings; for an-
other 20% the risk of selection bias was unclear. Ap-
proximately 30% had a high risk of performance bias
due to the use of self-reported LTPA measures that
were non-validated, an additional 25% were unclear.
The majority (80%) had a low risk of detection bias
as most outcomes were assessed objectively using
medical records and registries. Most had a low risk of
attrition bias with <20% loss to follow-up. For half of
the papers, it was unclear if selective reporting bias
was present due to a lack of clarity on whether all
available data were reported. More than half of the
papers had a high risk of ‘other’ biases largely attrib-
uted to a lack of adjustment for the potential for re-
verse causality.

All-cause mortality

Eleven papers (9 studies) of variable quality, examined
the interaction between OPA and LTPA and all-cause
mortality using prospective cohorts (Fig. 2). Among low
OPA and moderate OPA, high vs. low LTPA was gener-
ally associated with a statistically significant reduction in
all-cause mortality risk (especially among higher quality
studies) or trended toward a protective effect. Among
those who engage in high OPA, no studies reported a
statistically significant reduced risk of all-cause mortality
for high vs. low LTPA, though most (5/7 studies) found
a trend toward a protective effect. The overall certainty
in the evidence for all-cause mortality was low.

One study examined the interactive effects of LTSB
and OPA on all-cause mortality. This study only in-
cluded low OPA; therefore, comparisons across OPA
groups could not be made.
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Cardiovascular mortality

Ten papers (7 studies; 9 cohort, 1 case control) of
moderate-to-high quality examined the interaction be-
tween OPA and LTPA and the risk of cardiovascular
mortality (Fig. 3). Regardless of OPA, greater LTPA
was generally associated with a statistically significant
reduced risk of cardiovascular mortality. There were
no clear sex differences in the association between
LTPA and cardiovascular mortality among workers by

OPA, nor any patterns by publication date. The over-
all certainty in the evidence for cardiovascular mortal-
ity was moderate.

Cardiovascular disease

Eleven papers (10 studies; 9 cohorts, 2 case-control), ex-
amined the interaction between OPA and LTPA and
cardiovascular disease (Fig. 4). All studies examined the
effects of LTPA among low OPA workers and were
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Table 1 Summary of findings table for effect of high vs. low LTPA on health outcomes across occupational physical demand

groups.

‘Outcomes #of Effect Certainty in the evidence
participants
(studies*)
Follow-up
All-cause 1165129 Among sitters/low OPA and intermittent
mortality prospective movers/moderate OPA, higher LTPA was generally $ $OO
cohorts) associated with a statistically significant reduced risk
of all-cause mortality (especially among higher X
quality studies) or trended toward a protective effect, | LOW (although there were several studies, they
were of variable quality with the majority
4.5 years - 30 suffering from a risk of selective reporting and
years other biases and serious indirectness)
Among those who engage in heavy labour/high OPA,
no studies reported a statistically significant reduced
tisk of all-cause mortality with higher LTPA, though
most (5/7) found there was a trend toward a
protective effect.
Cardiovascular 204,109 (8 ‘Among all workers, regardless of OPA levels or

®e0e0

cohorts) +
12376 2
case-controls)

Prospective

higher LTPA. A sex difference was observed,
whereby protective effects of LTPA are largely
among men and detrimental cffects largely among
women.

mortality prospective occupational physical demands, higher LTPA was
cohort) + associated with a significantly reduced risk of
2,742 (1 case- | cardiovascular mortality. There does not appear to o
control) be any sex differences. MODERATE (there were several studies
largely of moderate-to-high quality with the
‘majority suffering from a risk of selective
reporting and other biascs and scrious
Prospective inconsistency)
cohorts: 6
years - 30
years, Case-
control: NR
Cardiovascular 205,991 9 Among sitters, findings generally identified a trend
disease prospective | toward reduced risk of cardiovaseular discase with $$ OO

LOW (although there were several studies, they
were of variable quality with the majority
suffering from a risk of selective reporting and
other biases and serious inconsistency)

cohorts: 3.15 | Among intermittent movers/moderate OPA, findings
years - 20 were mixed with a lack of a significant effect and a
years, Case trend toward a protective effect with higher LTPA. A
controls: NR — | sex difference was observed, whereby among
114 years women, higher LTPA was either significantly
associated with a lower risk of cardiovascular disease
or trended toward a lower risk. Among men, higher
LTPA cither not associated or trended toward a
higher risk of cardiovascular disease.
Among heavy labourers/high OPA, majority of
studies found a lack of statistically significant
association with higher LTPA, though most trended
toward a protective effect, some identified a
detrimental effect. Those reporting on women-
specific findings cither showed a statistically
significant protective effect of higher LTPA, or
trended toward a protective effect. Among men,
findings for LTPA were more mixed.
Musculoskeletal | 13043 Findings were mixed, but generally identified a trend
pain randomized toward reduced musculoskeletal pain among sitters, ‘OO O
controlled intermittent movers and heavy labourers with higher
trials) + 6,644
(6 prospective VERY LOW (although there were several
cohorts) + 141 studies, they were largely of low quality with
(1 case- the majority suffering from a risk of selection,
control) Among standers, a single study found a non- performance, detection, attrition, and other
statistically significant increase in sciatic pain with biases and serious indirectness, imprecision and
greater weekly frequency of sport/recreation activity. | inconsistency)
Randomized
controlled
trials: 10
weeks - 1
year,
Prospective
cohorts: 1-3
years, case-
control: NR
Diabetes 7.026 (1 Significant interaction between LTPA and OPA for O
prospective total sample, but not for men and women separately. $ $ O
cohort)
LOW (due to single study with risk of
Greater effect on reduction of risk for diabetes among | performance bias)
Median = 13.7 | sitters compared to intermittent workers.
years
Among heavy labourers, non-statistically significant
increase in risk.
Metabolic 22383 (1 No statistically significant interaction between LTPA ‘OOO
syndrome prospective and OPA.
cohort)
VERY LOW (due to single study with a risk of
Reduced the risk of metabolic syndrome in both performance, attrition and other biases and
Mean=4.1 sitters and heavy labourers (only statistically serious indirectness and inconsistency)
years significant in sitters).
Depression 1401 (1 Interaction between OPA and LTPA not formally ‘ O O O
prospective assessed.
cohort)
VERY LOW (due to single study with a risk of
Reduced the risk of depression among sitters and selection, performance, attrition, selective
~3 years those with non-sedentary jobs (only statistically reporting, and other biases and serious
significant in sitters). indirectness and inconsistency)
‘Arthythmias 17,196 (1 No statistically significant interaction between LTPA O O O
(atrial fibrillation) | prospective and OPA. '
cohort)
VERY LOW (due to single study with risk of
No statistically significant association between LTPA | selective reporting bias and serious
20.3 years and risk of atrial fibrillation. imprecision)

LTPA Leisure time physical activity, NR not reported, OPA occupational physical activity.
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Fig. 2 All-cause mortality risk associated with high vs. low LTPA among (a) low OPA group, (b) moderate OPA and (c) high OPA. Each
bar represents a study/analysis. The height of each bar indicates the study quality; with higher bars assessed as higher quality with fewer
biases. Bars are arranged by publication date moving from oldest to newest. * — Not based on formal statistical testing, but visual trends
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Fig. 3 Cardiovascular mortality risk associated with the high vs. low LTPA among (@) low OPA, (b) moderate OPA and (c) high OPA. Each bar represents a
study/analysis. The height of each bar indicates the study quality; with higher bars assessed as higher quality with fewer biases. Bars are arranged by publication
date moving from oldest to newest. * — Not based on formal statistical testing, but visual trends in the data. ¥ — Findings for (@) and () are for both coronary
heart disease and cardiovascular disease events, for (b) coronary heart disease is trending and cardiovascular disease events are not associated. tAmong
women in active occupations, findings showed protective effects among those with low body mass index, but detrimental effects among those with high

body mass index

%
)
@
o
=
c
o
c
o
T
@

)

Higher mortality

Higher mortality

Higher mortality

B women

Emen

B men & women

Null

Null

Null

Fan, 2019 \NNNNNNNNNNNNNN

Harari, 2015
Fan, 2019¥

Harari, 2015*

Barengo, 2004*
Holtermann, 2009

AL SIS LSS S S S S S S S S A

*
5
S
8
&
9
<)
&
g
©
@

@ women trend higher

@ men trend higher

men & women trend higher

Lower mortality

Holme, 1981*
Salonen 1988*
Barengo, 2004*
Fransson, 2004
Fransson, 2004

Holtermann, 2013
Holtermann, 2013

Lower mortality

Holme, 1981*
Barengo, 2004*
Barengo, 2004*

Holtermann, 2009
Holtermann, 2013
Holtermann, 2013

Lower mortality

ryrar
* 33
FBLggsag
QIXR[INNAN
sest sogic o
S

ELEPRAES
—Scglice
cgoYcctE L
IfdsgoCflaa
EERSS
55

X

i

women trend lower

M men trend lower

B men & women trend lower

Fan, 2019¥




Prince et al. International Journal of Behavioral Nutrition and Physical Activity

largely of moderate-to-high quality. Of the 11 papers,
five reported a statistically significant reduced risk of
cardiovascular disease with higher vs. lower amounts of
LTPA; they included heart failure and stroke outcomes.
Six studies examined a coronary heart disease endpoint
and found no statistically significant effects, but half
trended toward a protective effect, while the others
trended toward a detrimental effect. Four papers exam-
ined the effects among moderate OPA and found no sta-
tistically significant effect of LTPA. In this group of
workers, a sex difference was observed. Among women,
high vs. low LTPA always trended toward a lower risk.
Among men, there was either no association or a trend
toward a higher risk. All eleven papers also examined
the effects of LTPA among high OPA workers. While
most (75%) found a lack of statistical association, four
found it associated with lower cardiovascular disease risk
(3/4 included heart failure and stroke outcomes). Those
reporting on women-specific findings either showed a
statistically significant protective effect of high compared
to low LTPA, or trended toward a protective effect.
Among men, findings were more mixed. The overall cer-
tainty in the evidence for cardiovascular disease was low.

Musculoskeletal pain

Eleven papers (11 studies; 4 randomized controlled tri-
als, 6 cohorts, 1 case-control) examined the interaction
between OPA and LTPA and the risk of musculoskeletal
pain (Fig. 5). Six papers (5 studies) of low-to-moderate
quality explored the effects of LTPA among low OPA
workers. Evidence was mixed, but trended toward a re-
duced risk of musculoskeletal pain across multiple pain
sites with high compared to low levels of LTPA. Two
studies [40, 62] with a high risk of bias examined the ef-
fects of LTPA among moderate OPA. One found that
the odds of a high vs. low trajectory of musculoskeletal
pain was greater with low compared to high LTPA
(OR=23, 95% CI. 1.1-4.7) [40]. The other found a
trend toward lower elbow/wrist/hand symptoms, but no
significant effect on neck/shoulder pain with weekly fre-
quency of sport and recreation [62]. Five studies of vary-
ing quality found no statistical evidence of a protective
effect of higher vs. lower volumes of LTPA among
workers with high OPA. Two higher quality studies [43,
50] reported on effects among women and found a trend
toward a protect effect for global musculoskeletal pain.
Two lower quality studies among men found either no
association with shoulder pain [53] or a trend toward
higher incidence of sciatic pain [56] with greater LTPA.
Only one study explored effects of LTPA among
standers, and found that greater LTPA was associated
with a non-statistically significant increase in sciatic pain
among male machine operators (RR=1.24, 95% CIL
0.86-1.81) [56]. There were no clear trends by
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publication date or study design. The overall certainty in
the evidence for musculoskeletal pain was very low.

Diabetes

One high quality cohort study assessed the association
between LTPA and OPA for diabetes risk [33]. A signifi-
cant interaction was found between LTPA and OPA in
the overall sample, but was not observed among men
and women separately. Higher LTPA had a significant
effect on reducing diabetes risk for workers with low
OPA (HR =0.63, 95% CI: 0.47-0.85), but had a weaker
and non-statistical association among those with moder-
ate OPA (HR =0.92, 95% CI: 0.55-1.55). Those with
high OPA even had an increase (though not statistically
significant) in diabetes risk with high compared to low
levels of LTPA (HR=1.07, 95% CI: 0.73-1.56). The
overall certainty in the evidence for diabetes was low.

Metabolic syndrome

One moderate quality cohort study assessed the interaction
between LTPA and OPA and the risk of metabolic syndrome
[52]. No statistically significant interaction between OPA and
LTPA was found. Higher LTPA was associated with a similar
reduced risk of metabolic syndrome in the low and high
OPA groups, though was only statistically significant in the
low OPA group. The overall certainty in the evidence for
metabolic syndrome was very low.

Depression

One low quality cohort study examined the risk of de-
pression [32]. Among low OPA, compared to those with
low levels of LTPA (less than once per month), higher
LTPA was associated with a statistically significant re-
duced likelihood of approximately 40% for future de-
pression (OR=0.62, 95% CI: 0.43-0.91). While not
statistically significant, those with non-sedentary jobs
observed a reduction of 20% in the odds of future de-
pression with higher compared to lower LTPA (OR =
0.80, 95% CI: 0.53—1.21). The overall certainty in the evi-
dence for depression was very low.

Arrhythmias

One high quality cohort study examined the risk of ar-
rhythmias; specifically atrial fibrillation [60]. There was
no statistically significant interaction between OPA and
LTPA. The overall certainty in the evidence for atrial
fibrillation was very low.

Discussion

Main findings and comparisons with the literature

This systematic review offers insight into whether LTPA
confers the same health benefits for workers with differ-
ent OPA levels. Across various health outcomes (i.e., all-
cause mortality, cardiovascular disease, musculoskeletal
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pain, diabetes, and depression), greater LTPA was con-
sistently protective among low OPA, but conferred less
protection among moderate and high OPA. However, no
clear statements can be drawn due to the relatively few
studies and low-to-very low certainty of evidence. The
most consistent evidence was found for cardiovascular
mortality and metabolic syndrome, showing a protective
effect of LTPA across the OPA groups. No evidence was
available regarding health risks from LTSB across OPA
groups. These findings support the need for more stud-
ies investigating the effects of LTPA and LTSB on health
risk among workers with different OPA levels. More-
over, while there is little doubt that LTPA is beneficial
for workers in sedentary jobs, we still lack high quality
evidence to give recommendations of LTPA among
workers in jobs involving moderate and high OPA levels
or standing.

Previous systematic review findings complement those
observed in the present review, suggesting that LTPA
confers a stronger independent protective effect com-
pared to OPA for type 2 diabetes [67], cardiovascular
disease [68] and all-cause mortality [69]. In fact, evi-
dence suggests that high OPA may have a detrimental
effect on all-cause mortality independent of LTPA [70].
An overview of reviews on OPA and health [71] found
that high vs. low OPA was associated with a greater risk
for all-cause mortality among men, mental ill health (i.e.,
depression, anxiety), osteoarthritis, and sleep quality and
duration, although there was also positive health bene-
fits, including reduced risk of colon and prostate cancer,
ischemic stroke, and coronary heart disease. Addition-
ally, the authors found a greater risk reduction for cor-
onary heart disease, distal colon cancer and type 2
diabetes with higher levels of LTPA among workers with
low OPA compared to workers with high OPA [71]. It is
possible that these findings can be attributed to reduced
levels of LTPA among workers with high OPA [14, 72].
However, among the studies examining cardiovascular
disease, and cardiovascular and all-cause mortality and
reported LTPA levels across OPA groups, most found
that higher OPA groups either showed higher or similar
levels of LTPA compared to lower OPA groups [10, 30,
39, 42, 44, 45, 47]. Additionally, among studies that re-
ported on the effects of OPA after controlling for LTPA,
there was no clear pattern as to whether there was an in-
dependent increased or decreased risk of cardiovascular
disease and cardiovascular or all-cause mortality associ-
ated with high compared to low OPA. A 24-h approach
to assessing the contributions of LTPA and OPA might
better elucidate their contributions to health.

There appeared to be differences between men and
women on the effects of LTPA on cardiovascular disease, es-
pecially among high OPA. Differences may be attributed to a
mix of sex and gender-specific considerations such as:
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differences in the tasks or occupational exposures of men
and women in the same jobs/workplaces; effects and expos-
ure to toxic workplace substances; hormonal and other fac-
tors implicated in the development of cardiovascular disease;
employment status and hours worked; interactions between
tasks undertaken at work and home; or, high OPA represent-
ing different types of occupations with different types of de-
mands for women [73]. It is also possible that our findings
are partially driven by a lower power to detect effects among
women as most combined male/female samples had fewer
women than men in the high compared to low OPA group.
A systematic review and meta-analysis by Coenen et al
found that among men, compared to those with low OPA,
those with high OPA were at an 18% increased risk for all-
cause mortality (HR=1.18, 95% CI: 1.05-1.34). However,
this effect was not observed among women (HR = 0.90, 95%
CI: 0.80-1.01) [74]. Given the potential for sex and gender
differences, future studies should report results for men and
women separately.

Implications for research

Physical inactivity is among the most recognized modifi-
able risk factors for the maintenance of good health and
longevity [3]. Recently, the World Health Organization
launched the new Physical Activity and Sedentary Be-
haviour Guidelines [75] that recommend adults under-
take  150-300 min/week of  moderate-to-vigorous
intensity physical activity or 75—-150 min/week of vigor-
ous intensity physical activity. Due to insufficient evi-
dence to determine whether the health benefits of
physical activity vary by type or domain, the guidelines
suggest that physical activity at work, leisure, home and
during transportation all contribute equally to the rec-
ommended amounts [75]. Although some of the first
studies on physical activity and health explored the ef-
fects of OPA (e.g., London bus driver studies, San Fran-
cisco longshoremen [76, 77]), much of the contemporary
literature has focused on LTPA [3]. The potential differ-
ential health effects of OPA and LTPA, which has been
referred to as the “physical activity health paradox”, have
challenged the assumption that all physical activity is
healthful, suggesting that higher levels of OPA increase
the risk of adverse health outcomes in contrast to the
consistent benefits associated with LTPA [4, 13, 78].
With most workers spending at least half of their day at
work, job demands play an important role in the level of
OPA, but also on the time, resources and ability to en-
gage in LTPA. There remains a need for high quality
studies, using valid and reliable measures of physical ac-
tivity, to disentangle whether the domain of physical ac-
tivity matters for achieving the physical activity
guidelines, and to what extent people with different
levels of physical demands at work benefit from add-
itionally engaging in LTPA.
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We found very few studies examined the health effects
of LTPA on workers with prolonged occupational stand-
ing. Prolonged occupational standing has been associ-
ated with muscle and psychological fatigue [79, 80], low
back pain [81], and vascular symptoms and disease [80,
82]. Future work is needed to explore health outcomes
among workers who spend a large portion of their day
standing, and the role of LTPA in this group. Addition-
ally, there is a need for studies examining whether the
risks of LTSB are consistent across all OPA groups.

Implications for practice

Our findings support that LTPA is essential to the overall
health of workers. One of the ways in which physical activity
promotes better health is through its ability to improve car-
diorespiratory fitness [83]. While LTPA is known to increase
cardiorespiratory fitness [84], there is evidence to suggest that
higher OPA does not necessarily confer the same benefits
[85—-88]. The combination of high OPA and low cardiorespi-
ratory fitness (and thus a worker not fit for the physical job
demands) may pose a greater risk for mortality compared to
individuals with high OPA/high cardiorespiratory fitness [89,
90]. Therefore, improving the fitness of workers via regular
LTPA in order to facilitate a reduced cardiovascular load
when performing occupational tasks is likely an important
strategy for improving worker health [91, 92]. Workplace-
based physical activity interventions have been shown effect-
ive for increasing cardiorespiratory fitness, also among
workers with high OPA [93]. Workplace design including ac-
cess to showers and change rooms and bike facilities have
been shown to be associated with active commuting among
workers [94, 95], which is in turn associated with higher
cardiorespiratory fitness [96, 97]. Workplace interventions,
may therefore, benefit from including built environment
changes that support active commuting to work, but also
organizational changes that support workers to be physically
active during leisure. An additional strategy to promote im-
proved health and fitness could be to redesign and reorganize
the content of jobs characterized by high OPA [98].

Strengths and limitations

The strengths of this review include a very rigorous ap-
proach, an a priori protocol, a comprehensive and peer-
reviewed search strategy, the use of harvest plots that
considered both statistical and clinical significance, and
the use of GRADE to assess the certainty of evidence.
The review was, however, limited to studies where occu-
pations could be categorized into one of the predefined
OPA groups. Secondly, the measures of OPA and LTPA
were all self-reported and varied widely. This led to a
large amount of heterogeneity in the OPA and LTPA
groups and likely misclassified physical activity intensity.
Thirdly, while we did include data from fully adjusted
models, it is possible that residual confounding remains,
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either because of misclassification within considered
confounders, or from other factors that were not consid-
ered. Although our inclusion criteria required a longitu-
dinal or experimental design to assess some degree of
causality, the assessment of OPA and LTPA at one point
in time may not accurately capture lifetime exposure.
We attempted to reduce this bias by including a require-
ment for the analysis to adjust for reverse causality by
removing at least the first 2 years of follow-up data. Un-
fortunately, most prospective studies did not undertake
this approach. Lastly, most of the literature has come
from Scandinavian and Western European countries. A
recent study explored domain-specific physical activity
and found a wide variation in levels of LTPA and OPA
across countries [99]; it is possible that these findings
are not generalizable to workforces in other countries/
settings.

Conclusions

Low certainty evidence from this review suggests that
LTPA is overall beneficial for all workers, though the
magnitude of benefit may depend on OPA levels. Across
most health outcomes (i.e., all-cause mortality, cardio-
vascular disease, musculoskeletal pain, diabetes, and de-
pression), greater LTPA was consistently protective
among low OPA, but conferred less consistent protec-
tion among moderate and high OPA. For cardiovascular
mortality and metabolic syndrome, we generally found
more consistent evidence for a protective effect of LTPA
across all OPA groups. These findings suggest that
LTPA interventions may need to be tailored based on
the OPA level of workers. We still lack high quality evi-
dence to provide specific LTPA recommendations for
workers with different types of occupational physical de-
mands (e.g., higher level OPA or large volumes of sta-
tionary standing).
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