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ABSTRACT
Objectives Sedentary behaviour is a modifiable risk 
factor for cardiovascular health. Although long periods 
of sedentary behaviour take place at work, evidence 
of the relationship between such occupational sitting 
and cardiometabolic health risks remains limited. This 
systematic review aimed to update the evidence on the 
associations of occupational sitting with cardiovascular 
outcomes and cardiometabolic risk factors based on 
longitudinal studies.
Design Systematic review.
Setting Workplace.
Population Employees aged 18–65 years.
Primary and secondary outcomes Primary outcomes 
were cardiovascular diseases and cardiometabolic risk 
markers. The secondary outcome was all- cause mortality.
Data sources Ten databases, including PubMed, Web 
of Science and CINAHL (search January 2018, updated 
February 2019).
Data extraction and synthesis Data were screened, 
extracted and appraised by three independent reviewers 
following the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses guidelines.
Results Studies were markedly heterogeneous in terms 
of measurement of occupational sitting, cardiometabolic 
risk factors and cardiovascular morbidity and mortality, 
so that standards were hardly identifiable and limiting 
the value of the evidence. The review included 27 high or 
acceptable quality publications. Of the eight high- quality 
publications from seven cohorts, three cohort studies 
found significant associations of occupational sitting 
with primary outcomes. Additionally, one study described 
an association with the secondary outcome. Another 
high- quality publication found an association between 
occupational sitting and ischaemic heart disease in a 
subgroup already at risk due to hypertension. For sex/
gender analysis, 11 of the 27 high and acceptable quality 
publications reported sex- stratified results. Five of these 
found sex differences.
Conclusions Evidence regarding the association of 
occupational sitting with cardiometabolic health risks was 
limited because of the lack of standardised measurements 
for occupational sitting. Occupational sitting combined 

with an overall sedentary lifestyle was associated with 
an elevated relative risk for several cardiometabolic 
outcomes. There is an urgent need for standardised 
measurements of occupational sitting to facilitate meta- 
analysis. Sex/gender aspects of this relationship require 
further investigation.

INTRODUCTION
Cardiovascular events are a leading cause of 
death worldwide.1 The contribution of seden-
tary behaviour to cardiovascular health risks 
is well- documented.2–4 Sedentary behaviour 
is defined as ‘any waking behaviour charac-
terised by energy expenditure ≤1.5 metabolic 
equivalents, while in a sitting, reclining or 
lying posture.5 Occupational sitting is defined 
as sedentary behaviour in the workplace. 
Prolonged occupational sitting is potentially a 
relevant and modifiable risk factor of cardio-
vascular health, as 50%–60% of individuals’ 
total sitting time is spent at work.6 However, 
the role of occupational sitting in the aeti-
ology of cardiometabolic outcomes remains 
unclear.

Strengths and limitations of this study

 ► This paper updated a previous review on occupa-
tional sitting and health risks based on longitudinal
studies, with a special focus on cardiometabolic out-
comes and sex/gender differences.

 ► Ten databases as well as references of the identified 
studies were included.

 ► Reliability of study selection, data extraction and
risk- of- bias assessment was ensured by three inde-
pendent reviewers.

 ► Findings were limited by the heterogeneity of mea-
surements of occupational sitting and the wide vari-
ety of measured outcomes.

 ► Study heterogeneity precluded a meta- analysis.

http://bmjopen.bmj.com/
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To date, only one systematic review7 has summarised 
studies of the association of occupational sitting with 
body mass index (BMI), cardiovascular disease (CVD), 
diabetes mellitus, cancer and mortality until 2009, but 
found heterogeneous results. There has been no more 
recent update of the literature on the association between 
occupational sitting (as a work- related exposure) and 
cardiometabolic outcomes based on longitudinal studies. 
Yet, this is needed as a basis for recommendations by stake-
holders in the field of occupational safety and health.

The onset and incidence of CVD differs between women 
and men8 due to sex- related biological differences, as well 
as sociocultural differences that impact the risk for CVD. 
Additionally, there are sex differences in the health bene-
fits derived from physical activity,9 and there are gender 
differences in terms of physical inactivity and sedentary 
behaviour in different domains.6 10 11 There is a strong 
horizontal and vertical segregation in the labour market 
between men and women with similar trends across Euro-
pean countries.12 For sedentary work, horizontal segre-
gation results in different sitting demands, for example, 
women mostly sit during computer work, while men often 
sit while driving. A gender- sensitive, comprehensive data 
analysis requires description of the gender bias of the 
studies included in such an analysis, and careful inter-
pretation of sex- stratified analyses based on a general 
framework13–15 with a focus on the workplace.16 As shown 
above, sex- based biological factors and gendered social 
factors are interrelated in this context. Recognising the 
entanglement of the terms ‘sex’ and ‘gender’, herein-
after we use the term ‘sex/gender’ recommended by the 
Cochrane Sex/Gender Methods Group.15

Thus, the aim of the present systematic review was to 
update the evidence7 regarding the association between 
occupational sitting and cardiometabolic outcomes, 
based on longitudinal studies with a sex- sensitive/gender- 
sensitive perspective.

METHODS
The research protocol for this systematic review, including 
the search strategy, was registered in advance (PROS-
PERO registration: CRD42018079219),17 and inclusion 
criteria were defined following the patient, intervention 
(exposure), comparison, outcome and setting (PICO) 
model. The review is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) statement.18

Search strategy
The list of search terms was based on the previous review 
on this topic.7 The search string included terms of seden-
tary behaviour, as an exposure, in combination with 
an approved search string for work- related inquiries19 
(figure 1). We intentionally used a broad and compre-
hensive search string, with no restrictions on diseases or 
cardiometabolic outcomes. The search strategy was devel-
oped by a senior researcher and the project leader (UL, 

E- MB), in consultation with an academic librarian, and
was piloted by one researcher (KR) and calibrated by
another senior medical researcher (FL).

Relevant publications were identified in January 2018 by 
literature searches in 10 databases, namely, the Cochrane 
Central Register of Controlled Trials, CINAHL, Embase, 
LIVIVO, OSH UPDATE, Physiotherapy Evidence Data-
base, PsychINFO, PubMed, SPORTDiscus and Web of 
Science, and included reports published from 2009 to 
2017. After systematic evaluation of the data sources of 
the included publications, the search was updated until 
February 2019 in four databases (PsychINFO, Embase, 
PubMed and Web of Science) in which all of the relevant 
publications were first identified. Reference of included 
publications were cross- checked for potential additional 
records. To manage data screening, abstrac and citation 
tracking, the reference management software package 
EndNote X9 was used.

In this review, we distinguished between the terms 
‘publications’ and ‘studies’. We found multiple full- 
text publications that analysed different outcomes from 
the same longitudinal cohort or case- control study, 
for example, the Whitehall II cohort study,20–22 Danish 
Working Environment cohort study (DWECS)23–25 and 
the INTERHEART case- control study (a large interna-
tional case- control study in different countries).26 27

Inclusion criteria
Based on the PICO scheme for structuring quantitative 
searches, the inclusion criteria were as follows:

Figure 1 Representative search strategy, showing the data 
search strategy used in PubMed.
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► A study population of gainfully employed adults, with
a working age assumed to be 18‒65 years.

► Exposure to sedentary behaviour in the workplace.
► Comparison of working populations with various

amounts of sedentary time, or different physical job
demands in the workplace.

► Outcomes including risk of CVDs, metabolic diseases,
cardiometabolic mortality, or changes in cardiometa-
bolic risk markers.

► A workplace setting.
► Cohort, case- control or interventional study designs.

Original, full- text, peer- reviewed articles published
between April 2009 and February 2019 were included. 
For other reports, for example, congress presentations, 
abstracts or short reports, authors were requested access 
to original publications and study reports by email. 
Articles were restricted to peer- reviewed publications, 
with the intention of including high- quality studies, 
and were restricted to publications in all 24 European 
languages,28 required by the funding bodies due to this 
study.

Following the PRISMA statement,18 three reviewers 
(KR, E- MB, MP) screened the records independently 
and in tandem by title and abstract and identified 
eligible publications. Subsequently, these reviewers 
identified eligible publications by screening the full- 
text reports, using standardised forms. In the case of 
disagreement, consensus was sought by discussion, and 
if necessary, a deciding opinion was obtained from 
another reviewer (UL).

Data from included publications were extracted in 
duplicate. To ensure high accuracy and completeness, 
data extraction was checked and confirmed by three 
evaluators (KR, E- MB, MP).

Interventional studies were included but given the 
considerable differences in terms of study length, the 
measurement of exposure and subclinical outcomes 
(eg, lipids, glucose levels), they were evaluated sepa-
rately. Studies with experimental designs were excluded. 
Additionally, studies investigating adolescents, subjects 
over 65 years of age or adults not gainfully employed 
exclusively were excluded.

Risk-of-bias assessment and methodological assessment
The methodology of publications, including poten-
tial risk- of- bias, was assessed using the methodology 
checklists for cohort and case- control studies of the 
SIGN network.29 Subquestions related to specific expo-
sures, outcomes (including selective reporting) and 
confounders were added. The overall rating of each 
study was determined by consensus between the evalu-
ators (KR, E- MB, MP) and, if necessary, by an indepen-
dent reviewer (UL). The following overall ratings were 
assigned: ‘high quality’ (++), indicating a study with low 
risk for confounding and bias; ‘acceptable quality’ (+) 
and ‘unacceptable/low quality’ (0). Publications with 

low quality were excluded from the narrative summary 
of findings.30–32

Sex-sensitive/gender-sensitive perspective
Findings of sex- stratified analyses and studies with only 
male or female populations were also analysed and 
summarised.

Measures of effect
Depending on the statistical methods employed in the 
included articles, principal risk estimates were propor-
tional hazards, from Cox and Poisson regression models 
in cohort studies and ORs in case- control studies, reported 
with 95% CIs and p values. In cohort studies examining 
BMI, the BMI change (Δ) or obesity, β risk estimate or 
risk estimate for Δ (regression analysis) were reported.

Data synthesis
Included articles were summarised by study designs. 
Publications were grouped according to the method for 
analysing exposure to occupational sitting. After data 
extraction and methodological assessment of included 
publications, the potential for a meta- analysis and pooling 
data was considered. We also performed subgroup anal-
yses by cardiovascular risk groups (eg, participants with 
hypertension, overweight, metabolic syndrome (MS) or 
different BMI levels) in the included publications.

Patient and public involvement statement
We did not directly include patient and public involve-
ment in this study as it is a systematic review with literature- 
based data.

RESULTS
Study selection and systematic review process
Figure 2 presents the identified articles and selected 
publications according to the PRISMA statement.18 The 
30 identified publications included 24 studies (19 cohort 
and 5 case- control studies). Six of these 30 publications 
reported more than one outcome, 5 included subgroup 
analyses on subjects already at risk of CVD and 12 included 
sex- stratified analyses.

Study setting and study characteristics
Characteristics of the 30 included publications are shown in 
tables 1 and 2. There were 17 studies from Europe, 5 from 
North America, 7 from Asia and 1 publication with data 
obtained from 52 countries. The number of participants 
ranged from 22833 to 134 596.34 The mean follow- up dura-
tion varied between 3.335 and 19.2 years.36 Occupational 
groups included healthcare, white collar and mixed cohorts 
of white- collar and blue- collar workers, agriculturists, office 
workers and general working population. Results were to be 
analysed according to the outcomes of the included studies, 
as per the study protocol.17
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Risk of bias
Methodological quality and risk- of- bias rating indicated 
acceptable to high quality of the publications (tables 1 
and 2). The limitations were predominantly related to 
self- reported measurement of exposure. No cohort or 
case- control study used device- measured data (tables 1 
and 2).

The relevant confounders in this context were age, sex, 
leisure time physical activity (LTPA), health behaviour 
(alcohol, smoking, diet) and socioeconomic status 
(SES). These main potential confounders were consid-
ered in nearly all studies, although LTPA was not consid-
ered in four26 27 32 37 and SES was not considered in six 
publications.38–43

Heterogeneous assessments of exposure to occupational 
sitting
Among the included studies, exposure to occupational 
sitting was assessed in three ways: on a continuous scale 
or in categories as self- estimated amounts of time sitting 
at work, or as self- reported sedentary, low occupational 
physical activity (OPA), or by a job exposure matrix, as 
illustrated in table 3.

In 11 of 30 publications, occupational sitting was anal-
ysed on a continuous scale or in categories as self- estimated 
amounts of time sitting at work, mostly based on a single 
question, “How many hours per week do you spent sitting 
at work?” Categories varied, for example, from self- report 
of occupational sitting time using a 5- point Likert scale, 
representing ‘never’ to ‘always’,43 to using different cut- 
off values, for example, <24 hours per week vs ≥24 hours 
per week,23 or short (<1 hour per day), middle 1–3 hours 
per day and longer >3 hours per day.40

In 18 publications, exposure to occupational sitting was 
assessed as the least demanding OPA as compared with 
other categories, and heavy manual work as high OPA. 
Some studies used the ‘Saltin- Grimby Physical Activity 
Level Scale’.44 Self- rated OPA was categorised into four 
classes, with different adaptations, labelling the catego-
ries in terms of walking and lifting, with no standardised 
norm discernible among the included studies. Three 
studies assessed exposure to occupational sitting using 
different types of job exposure matrices.

Six studies used standardised questionnaires, such 
as the Baecke Physical Activity Questionnaire. All stan-
dardised questionnaires contained either self- reported 

Figure 2 Preferred Reporting Items for Systematic Reviews and Meta- Analyses flow chart of the systematic review process.
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occupational sitting time, OPA or job information. Other 
studies used adapted or self- constructed questionnaires 
to measure occupational sitting.

(Online supplemental table 1 demonstrates the hetero-
geneous nature of exposure assessment, exemplified for 
studies examining the association between occupational 
sitting and all- cause mortality. Online supplemental tables 
2–7 describe details of the types of self- reported question-
naires or ‘job exposure matrices’ that were used.)

Study heterogeneity
Studies showed marked heterogeneity. Sources of hetero-
geneity included different populations (eg, only male 
subjects or only female subjects, or major occupational 
groups), exposure measurements, reference catego-
ries and outcomes. The varied reference categories are 
illustrated in online supplemental table 1 for studies 
examining the association between occupational sitting 
and all- cause mortality. Reference categories of those 

studies quantifying occupational sitting time ranged from 
<8 hours per week of occupational sitting21 to <24 hours 
per week of occupational sitting.23 Due to study hetero-
geneity, meta- analysis was impossible. Consequently, we 
have included a narrative summary of findings, from 
which publications with unacceptable quality were 
excluded.30–32

Association between occupational sitting and all-cause 
mortality
Eight cohort studies examined the association between 
occupational sitting and all- cause mortality, including four 
high- quality21 23 35 43 and four acceptable- quality publica-
tions34 40 45 46 (online supplemental table 2). Among the 
former, Chau et al35 reported that participants who self- 
rated their jobs as requiring ‘much walking and lifting’ 
had a 35% lower risk of all- cause mortality than those who 
reported sitting most of the time. Sakaue et al43 reported 
that occupational sitting time was significantly associated 

Table 3 Qualitative summary of findings by measurement of exposure and outcomes

Exposure Occupational sitting time 
(continuously) Occupational physical activity* Job exposure matrixOutcome

Cohort studies Qualitative summary of findings† by study for overall sample/for subgroups

All- cause mortality ⇔Pulsford et al21

⇧Sakaue et al43

⇔van der Ploeg et al23

⇔/⇧Kikuchi et al40

⇔Kim et al34

⇧Chau et al35‡
⇔/⇧Moe et al45

♀⇧; ♂⬄Stamatakis (2013)46‡

Cardiovascular mortality ⇔Kim et al34 ⇔Chau et al35‡
⇔/⇧Hayashi et al36‡
⇔/⇧Moe et al45

⇔Stamatakis et al46‡

Cardiovascular heart diseases¶ ⇔Møller et al 25 (IHD) ⇧Ferrario et al47 (CHD)
⇔/⇧Allesøe et al39 (IHD)
⇧Allesøe et al39 (IHD)
⬄Johnsen et al48(MI)

⇔Smith et al37

Cardiovascular morbidity (CHD 
and stroke)

⇧Ferrario et al47

Transient ischaemic attack and 
stroke

⇔Hall et al42

BMI, BMI change and obesity ⇧Eriksen et al24

⇔Pinto Pereira et al52

⇔Pulsford et al20

⇔Picavet et al51

⇔Saidj et al41

⇔Thompson et al33

⇧/♀⇔; ♂⇧Lin et al50

Other cardiometabolic risk 
markers**

⇔Picavet et al51 (HT, HCL)
⇔Stamatakis et al22 (DM)

⇔/(WC)⇧Saidj et al41

Case- control studies

Cardiovascular heart diseases¶ ⇔/♂⇧Cheng et al27‡ (AMI)
⇧Held et al26‡ (MI)
⇧Ma et al49 (CHD)

♀Female; ♂male.
*Risk- of- bias rating is indicated by lettering: bold for low risk- of- bias (high quality) rated studies, cursive/italic for acceptable risk- of- bias rating.
†Explanation for qualitative summary of findings: ⇧statistical significant positive associations of exposure and outcome reported. ⬄No statistical
significant association reported.
‡Indicated if highest category of occupational sitting or sedentary/low occupational physical activity is reference group for statistical analysis.
¶IHD, CHD, MI, AMI
**WC, HDL- cholesterol, triglycerides, insulin level, blood pressure, HT, HCL, DM.
ACS, acute coronary syndrome; AMI, acute myocardial infarction; BMI, body mass index; CHD, coronary heart disease; DM, diabetes mellitus; HCL, 
hypercholesterolaemia; HDL, high- density lipoprotein; HF, heart failure; HT, hypertension; IHD, ischaemic heart disease; MI, myocardial infarction; 
WC, waist circumference.

https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017


11Reichel K, et al. BMJ Open 2022;12:e048017. doi:10.1136/bmjopen-2020-048017

Open access

with all- cause mortality in male subjects only, Pulsford et 
al21 and van der Ploeg et al23 reported no difference in all- 
cause mortality between participants sitting for different 
durations.

Among the four acceptable- quality studies, Kim et al34 
found no association between occupational sitting and 
all- cause mortality, for either sex. Kikuchi et al40 reported 
a borderline association of longer occupational sitting 
time with all- cause mortality in a subsample of male 
primary industry workers. Moe et al45 found a significant 
association in a subgroup with MS, but not in the overall 
sample. Stamatakis et al46 found that a standing/walking 
occupation among women posed a lower risk of all- cause 
mortality than a sitting occupation.

Association between occupational sitting and cardiovascular 
mortality
Five cohort studies examined the association between 
occupational sitting and cardiovascular mortality, 
including one high- quality35 and four acceptable- quality 
studies34 36 45 46 (online supplemental table 3). The high- 
quality study found no difference in risk for partici-
pants with mostly sitting jobs compared to jobs with 
higher OPA.35 The remaining prospective cohort studies 
reported no associations for overall samples.34 36 45 46 For 
a subsample of overweight individuals, Hayashi et al36 
reported a significantly higher risk for participants with 
MS, as well as Moe et al.45

Association between occupational sitting and cardiovascular 
heart diseases
Eight publications examined the association between 
occupational sitting and CVDs. Of these, three cohort 
studies25 38 39 47 had high and two had acceptable 
quality,37 48 while three case- control studies had accept-
able quality26 27 49 (online supplemental table 4).

Ischaemic heart disease (IHD), myocardial infarction 
(MI), coronary heart disease (CHD) as well as acute coro-
nary syndrome were considered as outcomes. Among 
the three high- quality publications, Møller et al25 showed 
no difference in IHD risk between sedentary and non- 
sedentary employees. Allesøe et al38 showed no significant 
association of sedentary work with increased IHD risk 
in female nurses, but found an association in those who 
were hypertensive.39 Ferrario et al47 compared low and 
moderate OPA in males, and found a significant CHD risk 
starting 3–5 years after baseline. Both acceptable- quality 
cohort studies found no association.37 48 Among the case- 
control studies, Ma et al49 showed significant association 
between sedentary occupations and CHD risk, partic-
ularly for participants working prolonged hours. They 
observed a significant linear relationship between OPA 
and CHD: the lesser the OPA during working, the higher 
the incidence of CHD. Held et al26 showed a significantly 
reduced MI risk for occupations predominantly involving 
walking at one level and walking uphill and lifting objects, 
compared with sedentary work. Cheng et al27 showed that 
associations between OPA levels and acute MI (AMI) risk 

were not linear, and that walking, compared with mostly 
sitting, at work reduced AMI risk in women.

Association between occupational sitting and cardiovascular 
morbidity and stroke
Two studies (one high- quality47 and one acceptable- 
quality42) reported an association between occupational 
sitting and cardiovascular morbidity and stroke (online 
supplemental table 5). Ferrario et al47 reported that low 
OPA posed a higher risk for CHD and stroke than inter-
mediate OPA in working men. Hall et al42 reported no 
associations between sitting/standing OPA and transient 
ischaemic attack (TIA), compared with mostly sitting.

Association of occupational sitting with BMI and obesity
Seven acceptable- quality cohort studies examined the 
association between occupational sitting and BMI, BMI 
change or obesity20 24 33 41 50–52 (online supplemental table 
6). One study found a significant trend for female but not 
for male subjects.24 Lin et al50 showed that more sitting was 
significantly associated with higher BMI in men but not 
in women. Thompson et al33 found a borderline associa-
tion of sitting with BMI increase in women. Four studies 
found no association of occupational sitting with BMI 
and obesity,51 BMI or BMI change,52 incident obesity20 or 
5- year BMI change.41

Association of occupational sitting with other cardiometabolic 
risks and risk markers
Three acceptable- quality publications of cohort studies 
examined the association between occupational sitting 
and different cardiometabolic risk markers22 41 51 (online 
supplemental table 7). Stamatakis et al22 found no signif-
icant association of occupational sitting with incident 
diabetes. Picavet et al51 reported that stable sitting at work 
was not associated with hypertension or hypercholestero-
laemia. Saidj et al41 showed association of increased sitting 
time with waist circumference, but not other cardiometa-
bolic health markers.

Findings regarding sex/gender
All 27 high- quality and acceptable- quality publications 
reported results adjusted for sex, and 12 provided a sex- 
stratified analysis.

Findings of publications with sex-stratified analysis
Twelve of 27 publications reported sex- stratified findings 
concerning all- cause and cardiovascular mortality,34 36 40 43 46 
CHDs,26 27 37 48 BMI change24 and BMI32 50 (online supple-
mental tables 2- 7). One low- quality publication32 was 
excluded from the narrative summary.

Of the 11 included sex- stratified publications, associa-
tions of occupational sitting with mortality43 46 and AMI27 
in females were found in three studies, and with BMI 
alone in males,50 with BMI change in females24 and with 
MI in both sexes,26 in one study each.

Six publications found no differences in risks between 
women and men,26 34 36 37 39 48 five found no associations 
and one found an association in both sexes.

https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
https://dx.doi.org/10.1136/bmjopen-2020-048017
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Female-only publications
In four female- only publications, one study reported 
no association with IHD,38 except for hypertensives.39 
One study42 reported no difference in risk for TIA and 
stroke among females with low- level OPA (mostly sitting, 
compared with those who were sitting and standing or 
mostly standing). One study33 found a borderline signif-
icant association of predominantly sitting, as compared 
with standing/walking at work, with BMI increase in 
women.

Male-only publications
Ferrario et al47 showed associations of low OPA with CHD 
and cardiovascular morbidity (CHD and stroke) in men.

Additional stratified analyses
In 6 of the 27 publications, additional analyses examined 
the combined effect of different levels of OPA (low/
moderate/high) and LTPA or other physical activity levels 
with cardiometabolic outcomes.22 36 38 41 47 48 Four of these 
found an association, and two did not. The combined 
effects of different levels of OPA and LTPA showed 
complex associations, rather than a dose- response rela-
tionship with cardiometabolic health risk for occupa-
tional sitting.

Summary of risk estimates
With regard to the multiple cardiovascular outcomes 
investigated across studies, most publications exam-
ined all- cause or cardiovascular mortality (n=10), CHDs 
(n=5) or BMI (n=8) as an outcome. Of the 27 publica-
tions included in the narrative synthesis, 9 publications 
(n=4 with high- quality, n=5 with acceptable- quality) 
showed that occupational sitting increased cardiometa-
bolic risk (table 3). No study found a lower risk of the 
defined outcomes with sitting. One high- quality study 
reported a risk estimate of 1.28 for occupational sitting 
for cardiometabolic outcomes.43 Another high- quality 
cohort study35 reported a 35% lower risk for employees 
who were walking and lifting weights compared with 
those who were sitting. High- quality studies comparing 
groups with higher OPA to lower levels (sitting) reported 
risk estimates of 1.2238 to 1.61.47

Additionally, five subgroup analyses showed a notice-
able effect on at- risk persons with hypertension,39 MS,45 
overweight36 or working prolonged hours.49

DISCUSSION
In this systematic review of studies considering the effect 
of occupational sitting on cardiometabolic outcomes, we 
identified eight high- quality publications that presented 
results from seven cohort studies. Three cohort 
studies38 39 43 47 found significant associations of occupa-
tional sitting with the primary outcomes. The study by 
Chau et al35 reported no association with the primary 
outcome CVD mortality but with the secondary outcome 
all- cause mortality. In a subanalysis of the study by Allesøe 

et al,39 occupational sitting was associated with IHD in 
the subgroup already at risk due to hypertension.39 The 
strength of the association in the included high- quality 
studies was weak to moderate.

The results based on the high- quality studies are similar 
to the results when additional 19 publications with at least 
acceptable quality are considered. Out of all 27 publica-
tions included, 9 showed associations of occupational 
sitting with cardiometabolic outcomes for the overall 
sample. Furthermore, the 27 publications allow to answer 
questions regarding subgroups. Risk estimates seem to 
be higher in at- risk subgroups (eg, Allesøe et al39). Four 
of six publications that considered occupational sitting 
together with a lack of sufficient LTPA reported a higher 
risk of cardiometabolic outcomes for the combination of 
both exposures.

The informative value of this review seems to be mainly 
restricted by the extreme heterogeneity of both measure-
ments and reference categories of occupational sitting as 
well as the variety of measured outcomes considered in 
the studies included. Furthermore, the spectrum of study 
participants’ work was broad ranging from population 
samples to single occupations, for example, one high- 
quality study included nurses only.38 39

Despite including longitudinal studies from the past 
10 years, and the rapid literature update in PubMed,53–56 
the results remained inconclusive, similar to the earlier 
systematic review.7 A recent comprehensive systematic 
review6 identified differences in physical activity, sedentary 
behaviour and cardiometabolic health and fitness across 
occupational groups (including professional drivers and 
office workers). Cardiometabolic outcomes investigated 
in studies (included in the above- mentioned review) with 
different designs, including cross- sectional and exper-
imental studies, included BMI, waist- to- hip ratio, body 
fat percentage, blood lipids and blood glucose.6 Clinical 
cardiovascular outcomes (such as MI) and mortality were 
not considered. Prince et al6 stated that the relationship 
between occupational sitting time and cardiometabolic 
health, with considerations of the effect of sex and LTPA, 
require investigation. The present review contributes to 
addressing these research needs.

The inconclusive results of occupational sitting are 
in contrast to the conclusive results of the relationship 
between cardiovascular outcomes and overall sedentary 
behaviour (work and leisure time) in the general popu-
lation.57 58 This may be due to the difference between 
occupational sitting and sitting in other domains (eg, 
TV viewing).59 Moreover, the heterogeneity of exposure 
measurements using different concepts and question-
naires, and comparisons with different reference catego-
ries in these studies, differs from the more homogeneous 
exposure assessment for overall sedentary behaviour.

Underestimation of risk due to misclassification of 
exposure remains an issue. The reference category in 
four of the seven high- quality studies (eight publica-
tions) comparing different intensities of OPA was heavy 
or moderate manual work. Four of the seven high- quality 
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studies considering different duration of sitting time also 
used different categories. Description of exposure was 
comparable in the total number of studies. While LTPA 
is well- documented to promote health,60 it is increasingly 
recognised that highly strenuous OPAs are associated with 
CVDs and premature mortality.61 62 Additionally, six of the 
eight high- quality publications (and most of all publica-
tions included) examined the general working popula-
tion, without details on occupational groups or contexts.

Thus, occupational sitting presumably also included 
sitting in forced postures, for example, professional 
driving. Occupations with highly strenuous OPAs and 
sitting in forced postures are related to lower SES, which 
is associated with cardiovascular risk factors.63 64 Thus, 
further risk attenuation may be attributed to confounding 
by SES.

Nonetheless, at least half of the high- quality studies 
suggested an association with the primary or secondary 
outcome. Thus, there is a need for addressing occupa-
tional sitting to prevent cardiometabolic disease. Since 
none of the included studies examined device- measured 
occupational sitting time, quantitative recommendations 
for stakeholders in the field of occupational safety and 
health could not be deduced. To date, examples65–67 for 
interventions addressing occupational sitting have shown 
promising possibilities, based on objective measurements, 
and require further evaluation. Findings on sex/gender 
differences were inconclusive and do not support a more 
pronounced association in men or in women.

Strengths and limitations
This study used a comprehensive search strategy in 10 
databases, with a sophisticated search string for occu-
pational determinants of disease19 and adhered to the 
PRISMA guidelines.18 This review involved independent 
reviewers working in tandem at different stages of the 
review process. Moreover, it was limited to longitudinal 
studies and focused on sex/gender aspects of the associ-
ation, contributing to an important but often neglected 
aspect of occupational health.

It could be disputed whether studies measuring 
occupational sitting as the lowest level of OPA should 
be included. This measurement assesses occupational 
and physical activity, but is not validated as a measure 
of sedentary behaviour in the workplace. Based on van 
Uffelen et al,7 we included studies with self- estimated 
duration of sitting, studies applying a job- exposure 
matrix and objective measurement (although none of 
the included studies used the latter). Considering only 
those studies that quantified occupational sitting time, 
the overall findings of associations between occupational 
sitting and cardiometabolic risk factors remained. Never-
theless, no definition of subgroups (eg, persons already 
at risk, persons with low LTPA) was a priori included in 
the study protocol. Moreover, because of the heteroge-
neity of the included studies, a meta- analysis was not 
reasonable.

CONCLUSION
Given the heterogeneity of exposure measurements in 
studies included in this review, future research should 
focus on using a standardised, valid and reliable measure-
ment of occupational sitting. Combining self- reported 
measures with device- measured data have been recom-
mended for improving the comprehensiveness and 
accuracy of sedentary behaviour measurements,68 69 and 
result reliability. Studies should also include a sex/gender 
perspective.

Subgroup analyses of at- risk individuals (eg, groups 
with existing health issues) might deserve further atten-
tion. Individuals with extended occupational sitting time 
combined with low LTPA may have particularly high risk. 
At least 6 hours per week of physical activity is needed 
to compensate for the risk imposed by sitting >8 hours 
per day.70 WHO recommends about 3 hours per week 
LTPA for adults.71 Doubling this amount is difficult for 
employees with full- time sedentary employment, partic-
ularly those with family responsibilities. Given the low 
adherence to the physical activity recommendations,72 
preventive measures in all settings are needed.

To date, only the effect of sedentary behaviour in 
general, and not specifically of occupational sitting, on 
cardiovascular outcomes is known. Thus, interventions 
reducing prolonged sitting periods during both leisure 
and work time are recommended. From a public health 
perspective, the workplace is an ideal setting for health 
promotion and interventions, particularly for hard- to- 
reach populations, given the amount of sitting time spent 
at work.6 Since this review does not exclude association 
of occupational sitting with cardiometabolic risk, further 
high- quality studies are needed, particularly as seden-
tary work is expected to increase in digital workplaces in 
future.
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