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Context: Emerging evidence suggests that sedentary behavior (i.e., time spent sitting) may be
negatively associated with health. The aim of this study was to systematically review the evidence on
associations between occupational sitting and health risks.

Evidence acquisition: Studies were identifıed in March–April 2009 by literature searches in PubMed,
PsycINFO, CENTRAL, CINAHL, EMBASE, and PEDro, with subsequent related-article searches in
PubMed and citation searches in Web of Science. Identifıed studies were categorized by health outcome.
Two independent reviewers assessed methodologic quality using a 15-item quality rating list (score range
0 –15 points, higher score indicating better quality). Data on study design, study population, measures of
occupational sitting, health risks, analyses, and results were extracted.
Evidence synthesis: 43 papers met the inclusion criteria (21% cross-sectional, 14% case– control, 65%
prospective); they examined the associations between occupational sitting and BMI (n⫽12); cancer
(n⫽17); cardiovascular disease (CVD, n⫽8); diabetes mellitus (DM, n⫽4); and mortality (n⫽6). The
median study-quality score was 12 points. Half the cross-sectional studies showed a positive association
between occupational sitting and BMI, but prospective studies failed to confırm a causal relationship.
There was some case– control evidence for a positive association between occupational sitting and cancer;
however, this was generally not supported by prospective studies. The majority of prospective studies
found that occupational sitting was associated with a higher risk of DM and mortality.

Conclusions: Limited evidence was found to support a positive relationship between occupational
sitting and health risks. The heterogeneity of study designs, measures, and fındings makes it diffıcult
to draw defınitive conclusions at this time.
(Am J Prev Med 2010;39(4):379 –388) © 2010 American Journal of Preventive Medicine
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n epidemiologic studies focusing on the benefıts of
physical activity, those who are physically inactive
have typically been described as sedentary.1 However, the term sedentary behavior has begun to be used to
describe prolonged sitting, instead of the absence of physical activity. Sedentary behaviors usually have very low
energy expenditure (typically less than 1.5 METs; multiples of the basal metabolic rate).2 There is a rapidly expanding body of evidence3–9 suggesting that time spent in
sedentary behaviors is associated adversely with health
risks, which may be independent of the protective contributions of physical activity.
Prior to the 1970s, physical activity epidemiology
studies focused on occupational activity. For example,
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in their landmark studies on occupational activity in
Evidence Acquisition
1953, Morris et al.10 observed higher rates of cardioLiterature Search
vascular events in sedentary bus drivers and mail sortIn March–April 2009, the databases PubMed, PsycINFO,
ers than in more active bus conductors and postal
CENTRAL (The Cochrane Central Register of Controlled Triworkers. Since then, as transport and work have beals), CINAHL, EMBASE, and PEDro were searched for relevant
come more automated, the focus of most physical acstudies (full search for all databases, except for the EMBASE,
tivity studies, especially in the large cohort studies, has
which was searched from 1980). Groups of thesaurus terms as
been on leisure-time physical activity. However, fındwell as free terms were used to search the databases. Terms for
ings of recent studies have led to a renewed interest in
adults were used in AND-combination with terms for workplace
11
setting,
sitting, and search terms representing study designs and
the health effects of prolonged sitting. These have dem4,6,7
languages.
Subsequently, the librarian performed a related-articles
onstrated associations of sitting time with obesity,
search in PubMed and a citation search in Web of Science for
3,6
metabolic syndrome and diabetes, markers of cardioselected papers. Further, additional articles were identifıed by manvascular disease risk,7,9 and premature mortality.5,8 The
ually checking the reference lists of included papers and searching
associations between sitting time and health outcomes
the authors’ own literature databases.
in these studies may be independent of physical activity participation, as they remained signifıcant after
Inclusion Criteria and Selection Process
adjustment for physical activity.3–9 These studies have
In order to be included in the review, studies were required to
mainly addressed sitting during leisure time rather
(1) focus on adults; (2) use a specifıc measure of occupational
than occupational sitting, with a particular focus on
sitting (categoric or continuous; self-report or objective), or of
TV-viewing time.
occupational activities below 1.5 METs; (3) examine the association between occupational sitting and the
Sitting in an occupational context is
risk of lifestyle diseases, or markers thereof, or
also likely to be important, given that
mortality. Only full-text peer-reviewed articles
many adults in Western, developed counSee
were considered for inclusion. Papers written in
tries are in occupations that require prorelated
Chinese, Dutch, English, French, German, Itallonged sitting time. For example, in AusCommentary
ian, Norwegian, and Spanish were checked for
tralia and the U.S., about two thirds of
eligibility. Titles and abstracts of the identifıed
by Marshall in
adults are employed, 83% of these in fullreferences were reviewed to exclude articles out
this
issue
and
of scope. Subsequently, two reviewers indepentime work (⬎35 hours/week).12,13 Data
watch related
dently reviewed the full text of all potentially
from the Netherlands and Australia sugpubcast at
relevant references for eligibility. Disagreegest that working adults can spend up to
www.ajpm-online.
ments between these reviewers were discussed
14,15
half their work day sitting down.
In
net.
with two more reviewers and a consensus decithe U.S., time-use surveys have shown
sion was made.
that people in full-time employment
spend an average of 9.2 hours working on
Data Extraction and Quality Assessment
weekdays,16 much of which will involve sitting. In
contrast, they spend an average of just over 2 hours per
Data on the study population, measure of occupational sitting,
16
health risks, analyses, and results were extracted for each paper.
day watching TV and playing (computer) games. A
14
Papers describing multiple health risks6,17–19 were included in each
study of Australian workers found that those workof the relevant tables. The studies describing the associations of
ing full-time sit for an average of 4.2 hours per day at
occupational sitting with all-cause, cardiovascular, and cancer
work, and spend 2.9 hours in leisure-time sitting.
mortality were clustered in one table. Methodologic quality of the
Thus, for full-time employees in physically inactive
included studies was independently determined by two reviewers
jobs, occupational sitting is likely to be the largest
using a quality rating list based on checklists for the reporting of
contributor to overall daily sitting time.
observational studies and a list used for quality rating.20 –22 This
quality rating list consisted of 15 criteria assessing different methIn the context of these major contributions of occuodologic aspects (Table 1). Criteria had a yes (1 point); no (0
pational sitting to working adults’ overall sitting time,
points); or unclear (0 points) answer format. All criteria had the
and the high percentages of adults employed in mainly
same weight, and a quality score ranging from 0 to 15 points was
sedentary occupations, there is a need to clarify the
calculated for each study.
strength of evidence on the potentially deleterious impact of prolonged sitting at work. Thus, the aim of this
Terminology Used in the Review
systematic review was to critically review and summarize the evidence from studies that have examined
In this review, the term occupational sitting is used as an umassociations between occupational sitting and the risk
brella term in the abstract, introduction, and discussion. Howof lifestyle diseases, or markers thereof.
ever, in the results section, the term occupational activity is used
www.ajpm-online.net
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Table 1. Criteria for quality assessment and the number (%) of studies scoring a point for each separate item
Item

Criterion

Description

n (%)

1

Objectives

Are the objectives or hypotheses of the research described in the paper stated?

43 (100)

2

Study design

Is the study design presented?

43 (100)

3a

Target population

Do the authors describe the target population they wanted to research?

41 (96)

3b

Sample

Was a random sample of the target population taken? AND was the response rate
60% or more?

28 (65)

3c

Sample

Is participant selection described?

42 (98)

3d

Sample

Is participant recruitment described, or referred to?

16 (37)

3e

Sample

Are the inclusion and/or exclusion criteria stated?

36 (84)

3f

Sample

Is the study sample described? (minimum description⫽sample size, gender, age and
an indicator of SES)

26 (61)

3g

Sample

Are the numbers of participants at each stage of the study reported? (Authors
should report at least numbers eligible, numbers recruited, numbers with data at
baseline, and numbers lost to follow-up)

37 (86)

4

Variables

Are the measures of occupational sitting and the health outcome described?

42 (98)

5a

Data sources and
collection

Do authors describe the source of their data (e.g., cancer registry, health survey)
AND did authors describe how the data were collected? (e.g., by mail)

42 (98)

5b

Measurement

Was reliability of the measure(s) of occupational sitting mentioned or referred to?

4 (9)

5c

Measurement

Was the validity of the measure(s) of occupational sitting mentioned or referred to?

10 (23)

6a

Statistical methods

Were appropriate statistical methods used and described, including those for
addressing confounders?

41 (95)

6b

Statistical methods

Were the numbers/percentages of participants with missing data for sitting and the
health outcome indicated AND If more than 20% of data in the primary analyses
were missing, were methods used to address missing data?

33 (77)

a

Quality assessment for each paper is shown in Appendix A (available online at www.ajpm-online.net).

if papers used a categoric measure of activity, with sitting or
sedentary as the reference category. In contrast, if a paper used
the highest level of occupational activity as the reference category (often heavy labor), or compared categories of sitting time,
then the term occupational sitting is used. For consistency, the
term occupational sitting is used in the beginning and concluding sentences for each health risk in the results.

Quality Assessment
The criteria for quality assessment and the number and
proportion of studies scoring a point for each quality
criterion are reported in Table 1. The agreement between

Evidence Synthesis
Study Selection
The literature searches yielded 3202 unique potentially
relevant articles (Figure 1).23 After excluding the records
out of scope, the full text of 355 records was checked. In
all, 312 of these articles did not meet the inclusion criteria;
the most common reason for exclusion was that there was
no measure of occupational sitting (number of studies
[n]⫽232, 70%). Finally, 43 papers examining the associations between occupational sitting and the following
health risks were included in this review: BMI (n⫽12);
cancer (n⫽17); CVD (n⫽8); DM (n⫽4); and mortality
(n⫽6).
October 2010

Figure 1. Information flow through the phases of the review
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Figure 2. General overview of study designs, findings, quality scores, adjustment for physical activity and sample sizes
(ordered by increasing quality score, within categories of adjustment for physical activity, findings based on adjusted
analysis if presented in included papers)
a
Number adds up to 13, because one study31 reports both cross-sectional and prospective findings
Dark shading ⫽ sitting associated with higher risk; light shading ⫽ no association; medium shading ⫽ sitting associated
with lower risk. Bold font ⫽ analysis adjusted for physical activity.
C, case– control study; CVD, cardiovascular disease; DM, diabetes mellitus; P, prospective study; Quality, quality score
(range 0 –15 points, higher score indicates better quality); ref, reference; X, cross-sectional study

the quality raters ranged from 10/15 to 15/15, and the
mean percentage agreement was 87 (SD⫽9). The median
quality score for the included papers was 12 (25th–75th
percentiles⫽10 –12) points of 15. Hypotheses and study
design were reported for all studies, and more than 90%
of the included studies scored a point for identifying the
target population, the source of the data, variables included in the analyses, and for the use of appropriate
statistical methods. Very few studies reported the validity
(ten studies) or reliability (four studies) of the measure
used for occupational sitting. See Appendix A (available
online at www.ajpm-online.net) for the quality assessment of each paper included in this review.

General Findings
For each outcome, an overview of study designs, fındings, quality scores, adjustment for physical activity, and sample sizes is
presented in Figure 2. There were no evident differences in
qualityscoresofstudiesfınding(1)thatoccupationalsittingwas
associated with an increased health risk (n⫽22, of which 12
adjusted for physical activity); (2) that there was no association
(n⫽20,fouradjustedforphysicalactivity);or(3)thatsittingwas
associated with a decreased health risk (n⫽5, three adjusted for
physical activity).

Associations of Occupational Sitting with BMI,
Waist Circumference, and Waist-to-Hip Ratio
Twelve studies examined the association between occupational sitting and BMI (Figure 2, details in Appendix B,
available online at www.ajpm-online.net). Nine studies19,24 –30,32 used a cross-sectional design, two6,17 were
prospective, and one study31 reported both crosssectional and prospective data. Participant numbers ranged
from 158 in one study25 to more than 250,000.32 All studies
used self-report measures of occupational sitting. Three
studies, two26,27 with a cross-sectional design and one6 prospective, used a continuous measure for occupational sitting
time and then categorized data for the analyses. The other
studies used a categoric measure of occupational sitting with
descriptive categories (e.g., most of the time versus hardly
ever)25 or a categoric measure of occupational activity
with sitting or sedentary as one of the response options.17,19,24,28 –32 Six studies used a dichotomized outcome
for BMI with cut-offs of 25 kg/m2,27 30 kg/m2,6,29 –31 or 27
kg/m2.32 Three studies19,24,28 used multiple BMI categories,
and four17,25,26,30 analyzed BMI as a continuous outcome. In
addition to BMI, one study28 also examined the association
between occupational sitting and waist circumference and
another study26 examined waist-to-hip ratio.
www.ajpm-online.net
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Five of the ten cross-sectional studies reported a significant positive association between occupational sitting
and BMI; one27 for BMI ⱖ25 (in men, but not in women);
one26 for BMI as a continuous outcome (in men, but not
in women); and one25 in a study including women only.
The other two studies19,24 reported that men with a
higher BMI were more likely to have a sedentary job. The
results of these fıve cross-sectional studies were adjusted
for at least sociodemographic variables, such as age and
education, except for one study25 that reported unadjusted results only.
One cross-sectional study32 found that Norwegians
who reported being active at work (walking, walking
and lifting, or heavy activity in the last year) had higher
odds of having a BMI ⱖ27 kg/m2 than participants
who were mostly sitting during work. Another study30
also found that a higher level of occupational activity
was associated with higher BMI, and increased odds of
having a BMI ⱖ30 kg/m2 (only in women). However,
this association did not remain signifıcant after adjustment for sociodemographic and lifestyle factors and
health. In other cross-sectional studies, occupational
activity was not associated with obesity,29,31 or with
waist circumference,28 but sedentary hours per working day were positively associated with waist-to-hip
ratio, although in women only.26
Two of the three prospective studies reported no signifıcant positive associations between sitting and the
maintenance or development of obesity31 or between sitting and BMI.17 One study6 found a signifıcant trend for
increased obesity risk across categories of sitting time;
however, the difference was only signifıcant for women
who sat more than 40 hours/week compared with those
who sat ⬍1 hour/week.
In summary, fıve of the ten cross-sectional studies
showed a positive association between occupational sitting and BMI, but four studies found no association and
one study found a negative association. Of the three prospective studies, one found a positive association, but the
other two found no association.

Associations Between Occupational Sitting
and Cancer
Seventeen studies described the association between occupational sitting and various cancers (Figure 2).33– 49
Details of these studies are provided in Appendix C
(available online at www.ajpm-online.net); the studies
are arranged according to the type of cancer, including
breast cancer (n⫽3)33,37,45; endometrial and ovarian cancer (n⫽3)35,36,47; colon and rectal cancer (n⫽4)34,38,42,44;
renal and pancreatic cancer (n⫽3)39,40,46; prostate and
testicular cancer41; and lung cancer (n⫽3).43,48,49
October 2010
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Four
of the 17 studies were case– control studies
and the other 13 were prospective studies. The number of
participants was less than 1000 in three33–35 of the case–
control studies and 1,198 in the fourth study.36 Participant numbers in the prospective studies ranged from
16,47738 to 416,227.49 The mean follow-up duration for
the prospective studies was 12.0 (SD⫽5.0) years, and
ranged from 5 to 22.6 years. All studies, except one, used
a categoric measure of occupational activity, with mostly
sedentary/mainly sitting as one of the response options.
The case– control study that directly assessed sitting time
as a continuous measure (hours/day) then categorized it
for the analyses.35
Three case– control studies33,35,36 and three prospective studies37,45,47 included women only. These examined
breast cancer,33,37,45 ovarian cancer,35,36 and endometrial
cancer.47 Compared with breast cancer risk in sedentary/
mainly sitting workers, one study45 found no association
between standing and manual and heavy manual work
and breast cancer risk, and two33,37 found that more
occupational activity was associated with lower breast
cancer risk. However, in the Norwegian study37 this was
the case for premenopausal women only. The studies
examining ovarian cancer found that light, moderate, or
strenuous occupational activity was associated with lower
cancer risk compared with sitting36 and that more sitting
was associated with increased cancer risk.35 There was no
association between occupational sitting for more than
half of working time and endometrial cancer.47
Three prospective studies38,42,44 and one case– control
study34 examined the association between occupational
activity and colon and rectal cancer in men and women.
There was no signifıcant association between categories
of occupational activity and risk of cancer in the prospective studies. However, in the case– control study,34 standing or tiring occupational activity was associated with a
lower risk of colon or rectal cancer (compared with
mainly sitting).
Two prospective studies, one in men and women40 and
one in men only,46 found that there was no association
between occupational activity and risk of renal cell cancer. Other studies in only men found that this was also the
case for pancreatic cancer39 as well as prostate and testicular cancer.41
The association between occupational sitting and lung
cancer was also examined in three prospective studies.43,48,49 Two of these studies48,49 found a higher lung
cancer risk for standing versus sitting during work/sedentary, although in one study49 this was true for men only.
The third study43 concluded that occupational activity
was not associated with lung cancer risk.
In summary, of the 17 studies, only fıve found that
occupational sitting was associated with higher risk of
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33,37

35,36

breast cancer,
ovarian cancer
or colorectal cancer.34 Four of these studies were case– control studies,33–36 with one prospective study.37 Ten prospective
studies38 – 47 found no evidence of an association, and two
studies48,49 observed an increased lung cancer risk in
people who were more active at work, compared with
those in sedentary jobs.

Associations Between Occupational Sitting
and Cardiovascular Disease
Eight papers described the association between occupational sitting and cardiovascular outcomes (Figure 2,
details in Appendix D, available online at www.ajpmonline.net), of which three50,52,53 examined risk of infarction, two54,56 examined risk of coronary heart disease,
and one18 examined both. Six18,52–56 were prospective
cohort studies, and two50,51 were case– control studies.
All studies used a self-report, categoric measure of occupational activity with sedentary, or mainly sitting, or physically very easy sitting offıce work as one of the response
options, except for one that used a categoric measure with
combinations of total occupational sitting time and time
without getting up.51
Compared with having a sedentary occupation, more
physical activity at work was associated with a lower risk
of infarction50,52,53 or CVD54 in four studies. However,
two of these studies included overlapping data,53,54 and in
another, a signifıcant association was seen only in the
1960s and early 1970s.52 In contrast, other papers reported that being more active at work was associated with
higher cardiovascular disease risk56 or that there was no
association.18 The remaining studies concluded that
there was no clear association between prolonged sitting
and thromboembolism51 and between occupational activity and stroke,55 compared with physically very easy
sitting offıce work. The latter study, however, observed a
lower risk of stroke in people with high occupational
activity in men and women together, but this association
was not present for genders separately.
In summary, the CVD papers showed conflicting results, with four showing an increased risk of CVD outcomes with occupational sitting, three showing no association, and one showing the opposite effect of increased
CVD risk with increasing occupational activity.

Associations Between Occupational Sitting
and Diabetes Mellitus
Four studies examined the association between occupational sitting and DM, of which one19 was a crosssectional study and three6,17,57 were prospective studies
(Figure 2, details in Appendix E, available online at
www.ajpm-online.net). All studies used self-report mea-

sures; three17,19,57 used a categoric variable for occupational activity, with sedentary or physically very easy sitting offıce work as a response option and one6 used a
continuous measure of sitting time that was categorized
for the analyses. Two studies6,17 used self-reported DM as
the outcome, whereas the remainder derived data on DM
from national registers57 or used DM as diagnosed by a
doctor or blood sample.19
The cross-sectional study19 found a decrease in DM
risk across categories of increasing occupational activity,
compared with sedentary. Two of the prospective studies
also found a positive association. In one study,6 compared with occupational sitting of less than one hour,
more sitting was associated with a higher risk of DM. In
another study,57 more occupational activity was associated with a lower risk of DM, compared with physically
very easy sitting offıce work. The third prospective study17
did not fınd a signifıcant association across categories of
occupational activity and DM. In summary, for DM, two
prospective and one cross-sectional study found that sitting was associated with increased risk of DM, whereas
one prospective study found no association.

Associations Between Occupational Sitting
and Mortality
Six prospective studies18,58 – 62 examined the association
of occupational sitting with all-cause mortality,18,58,59,62
cardiovascular mortality,18,59 – 62 and cancer mortality62
(Figure 2, details in Appendix F, available online at
www.ajpm-online.net). Follow-up duration was 10 –20
years, except for two studies with a follow-up of less than
10 years.60,62 All six studies used a categoric measure for
occupational activity, with mainly/primarily sitting or
sedentary work or physically very easy sitting offıce work as
one of the response options.
Compared with a job that involved mainly physically
very easy sitting offıce work/primarily sitting, more physical activity during work was associated with lower allcause mortality in men and women59 or in women only58
and lower CVD mortality in samples including both men
and women59,61 and in a sample with unknown gender
distribution.60 One study18 in middle-aged men found
that more occupational activity was associated with a
higher level of all-cause mortality, but there was no association with CVD mortality. One study62 found no association between prevalent working posture (sitting,
standing, walking) and cancer, CVD, or all-cause mortality.In summary, for mortality, four prospective studies
found that sitting was associated with an increased mortality risk, one study found no association, and one study
found that sitting was associated with a decreased mortality risk.
www.ajpm-online.net
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Discussion
In this systematic review of the relationships between occupational sitting and health risks, 43 papers were identifıed
that met the inclusion criteria. In those papers, 22 studies
were found with (1) cross-sectional and prospective evidence for a positive association between occupational sitting
and BMI and DM and (2) case– control and prospective
evidence for a positive association of occupational sitting
with cancer, CVD, and mortality. However, 20 studies were
identifıed that did not fınd any association, and fıve studies
found that sitting was associated with a decreased risk of
various health conditions.
The World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) uses a continuum of fıve grades, ranging from convincing evidence
to substantial effect on risk unlikely, to judge the evidence on causal relationships between behaviors and
health risks.63 The fırst two WCRF/AICR criteria that
must be met for the evidence of a causal relationship to
be “convincing” are that there must be (1) evidence
from more than one study type and (2) evidence from
at least two independent cohort studies. For the outcomes included in this review, these two criteria were
met for cancer and CVD only. The third criterion for
convincing evidence is that there must be no substantial unexplained heterogeneity within or between studies or in different populations relating to the presence
or absence of an association, or direction of effect. As
there was substantial heterogeneity in terms of the
presence or absence of associations, this criterion was
not met for the cancer and CVD studies.
The next level of evidence (probable evidence) also
requires that there is no unexplained heterogeneity. This
criterion was also not met for the other outcomes in this
review (BMI, DM, and mortality). Because of the heterogeneity in study results, which may reflect major differences in study designs, explanatory and outcome
variables, the WCRF/AICR grade of evidence at this stage
is limited–suggestive (mortality) or limited–no conclusion (BMI, cancer, CVD, DM). This does not indicate
that there is no relationship between occupational sitting
and these health risks, but that further research is necessary to clarify the evidence.
The WCRF/AICH criteria for convincing evidence
are useful as a guide for future research. In order for
the evidence to be convincing, three additional criteria,
apart from the three already described in the previous
paragraphs, must be met: (4) good quality studies to
exclude with confıdence the possibility that the observed association results from systematic error, and
selection bias; (5) the presence of a plausible biological
gradient (dose response); and (6) strong and experiOctober 2010
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mental evidence either from human studies or relevant
animal models.63 To provide directions for future research, the evidence in relation to WCRF/AICH Criteria 4, 5 and 6 is considered below for BMI, cancer,
CVD, DM and mortality.

Criterion 4
The WCRF/AICH Criterion 4 reads: Are there good quality studies to exclude with confıdence the possibility that
the observed association results from random or systematic error, including confounding, measurement error,
and selection bias? In general, the quality of the studies in
this review was good. However, remarkably, few studies
reported on the reliability and validity of the sitting time
measures. There is encouraging evidence of good reproducibility and validity of self-reported measures of occupational activity, including sitting, although most general
occupational activity measures provide only a rough
quantifıcation of sitting duration.64 It is strongly suggested that the measurement characteristics be reported
in all future studies.
Adjustment for physical activity in these studies
should be a priority. However, less than half of the
papers that were reviewed adjusted their analyses for
leisure-time physical activity or exercise (n⫽19, of
which four were cross-sectional studies). These studies
were, overall, more likely to show positive associations
between occupational sitting and health risks than
those that did not adjust for physical activity; 12/22
studies that found a positive association adjusted for
physical activity, whereas only 4/20 in those that found
no relationship did this. Some studies that examined
the relationships between occupational activity and
leisure-time physical activity found that employees in
more-active jobs were more likely to be active in leisure
time65– 67; this was especially the case in men.66,67
However, others found no association between occupational activity and leisure-time physical activity15 or
an inverse association.68 It is therefore recommended
that future studies include measures of both occupational and leisure-time sitting and activity, so that the
independent relationships of both sitting and physical
activity with health risks can be studied. Future studies
should also adjust for socioeconomic and demographic variables and other potential confounders of
the relationships between sitting time and health risks,
such as alcohol and energy intake and smoking. Adjustment for these variables could limit the potential
bias in the relationship between occupational sitting
and health risks that could be caused by self-selection
(i.e., people with certain characteristics could be more
likely to choose a sedentary occupation).69
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In future studies, consideration should also be given to
differentiating between prolonged and “interrupted”
sitting at work, as there is cross-sectional evidence that
increased breaks in sedentary time are benefıcially associated with indicators of metabolic risk.70

Criterion 5
The WCRF/AICH Criterion 5 reads: Is there a plausible
biological gradient (“dose response”)? Evidence of dose–
response relationships plays an important role in gathering evidence for causal relationships. The majority of
studies in this review used a categoric measure of occupational activity and compared the outcomes in more
active workers with the risk in sedentary workers. Only
two case– control35,51 and one prospective study6 compared the risk across different amounts of occupational
sitting. The lack of occupational sitting measures with
quantifıcation of the amount of time spent sitting may
have contributed to the lack of signifıcant associations
between occupational sitting and health. A recent
study,71 which included a measure of leisure-time sitting
and a measure of occupational activity, found that people
sitting more than 4 hours in leisure had almost double the
risk of metabolic syndrome than those sitting less than 1
hour, whereas there was no association between occupational sitting (sit during the day and do not walk about
very much) and metabolic syndrome, compared with a
higher level of occupational activity. Future studies
should consider the inclusion of a sitting measure with a
quantifıcation of sitting duration that allows for the analysis of dose–response relationships; objective measures
may be the optimal method for doing this.72

Criterion 6
The WCRF/AICH Criterion 6 reads: Is there evidence
from human or animal studies that occupational sitting
can lead to the health outcome of interest? There is
emerging animal and human evidence for biological
plausibility of an association between sitting and health
risks. The chronic, unbroken periods of muscular unloading associated with prolonged sitting time may have
deleterious biological consequences.73,74 Physiologically,
it has been suggested73,74 that the loss of local contractile
stimulation induced through sitting leads to both the
suppression of skeletal muscle lipoprotein lipase activity
(which is necessary for triglyceride uptake and highdensity lipoprotein cholesterol production), and reduced
glucose uptake through blunted translocation of GLUT-4
glucose transporters to the skeletal muscle cell surface. A
more detailed account of these important mechanistic
studies has been provided in several recent reviews.1,75
From a behavioral perspective, prolonged sitting can dis-

place the opportunity for engagement in light-intensity,
incidental activities, which can lead to a reduction in
whole-body energy expenditure.76 Sitting may also promote excess energy consumption (snacking),77 which is
likely to contribute to a positive daily energy balance and
poor metabolic outcomes.78
This is the fırst systematic review to examine the associations between occupational sitting and BMI, DM,
CVD, cancer, and mortality. The strengths of this review
are the extensive search strategies and the fact that papers
in numerous languages were considered for inclusion. A
limitation of the review is the possibility that relevant
papers may have been missed, as the search was complicated by the lack of standard search terms for occupational sitting. However, the search in the primary databases was complemented with other search strategies.
Another limitation is that the majority of criteria for the
quality assessment in this review rated whether specifıc
study characteristics were reported in the included papers, rather than rating the study quality on the basis of
these characteristics.
Although 43 papers have examined the associations
between occupational sitting and health risks, the wide
heterogeneity of study fındings led us to conclude that,
using the WCRF/AICH criteria for judging causal relationships, there is at this time only limited evidence in
support of a positive relationship between occupational
sitting and health risks. Although the quality of most
studies was good, it will be important to include specifıc
measures of sitting time with demonstrated reliability
and validity in future studies, as this will enable dose–
response issues to be examined. The lack of such measures of sitting time and failure to account for the effects
of leisure-time sitting and physical activity make it diffıcult to draw fırm conclusions at this stage.
This review was funded by a grant from Health Promotion Queensland (Queensland Health HPQ00.01/021).
JVU, HVDP, JC, and NB: (Australian) National Health
and Medical Research Council (NHMRC) program grant
(Owen, Bauman, Brown, 569663). JW: Australian Postgraduate Award (University of Queensland). NB: Heart
Foundation of Australia postdoctoral fellowship (PH 08B
3904) and NHMRC capacity building grant (ID 252977).
GH: NHMRC (569861) and Heart Foundation of Australia postdoctoral fellowship (PH 08B 3905). BC: Australian
Postgraduate Award and Queensland Health. PG: Heart
Foundation of Australia postgraduate scholarship (PP
06B 2889) and Queensland Health. DD: Victorian Health
Promotion Foundation (VicHealth) Public Health Research Fellowship. NO: Queensland Health Core Research Infrastructure Grant.
www.ajpm-online.net

van Uffelen et al / Am J Prev Med 2010;39(4):379 –388

No other fınancial disclosures were reported by the
authors of this paper.

References
1. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, and
cardiovascular disease. Diabetes 2007;56(11):2655– 67.
2. Pate RR, O’Neill JR, Lobelo F. The evolving defınition of “sedentary.”
Exerc Sport Sci Rev 2008;36(4):173– 8.
3. Bertrais S, Beyeme-Ondoua JP, Czernichow S, Galan P, Hercberg S,
Oppert JM. Sedentary behaviors, physical activity, and metabolic syndrome in middle-aged French subjects. Obes Res 2005;13(5):936 – 44.
4. Blanck HM, McCullough ML, Patel AV, et al. Sedentary behavior,
recreational physical activity, and 7-year weight gain among postmenopausal U.S. women. Obesity (Silver Spring) 2007;15(6):1578 – 88.
5. Dunstan D, Barr E, Healy GN, et al. Television viewing time and
mortality: the AusDiab Study. Circulation 2010;121(3):384 –91.
6. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other sedentary behaviors in relation to risk of obesity and type
2 diabetes mellitus in women. JAMA 2003;289(14):1785–91.
7. Jakes RW, Day NE, Khaw KT, et al. Television viewing and low participation in vigorous recreation are independently associated with
obesity and markers of cardiovascular disease risk: EPIC-Norfolk
population-based study. Eur J Clin Nutr 2003;57(9):1089 –96.
8. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and
mortality from all causes, cardiovascular disease, and cancer. Med Sci
Sports Exerc 2009;41(5):998 –1005.
9. Kronenberg F, Pereira MA, Schmitz MK, et al. Influence of leisure
time physical activity and television watching on atherosclerosis
risk factors in the NHLBI Family Heart Study. Atherosclerosis
2000;153(2):433– 43.
10. Morris JN, Heady JA, Raffle PA, Roberts CG, Parks JW. Coronary heart
disease and physical activity of work (parts 1 and 2). Lancet 1953;265:
1053–7, 1111–20.
11. Brown WJ, Bauman AE, Owen N. Stand up, sit down, keep moving:
turning circles in physical activity research? Br J Sports Med
2009;43(2):86 – 8.
12. www.bls.gov/cps/cpsaat8.pdf.
13. Australian Bureau of Statistics. Labour Force, Australia, October 2009.
Canberra, ACT: Australian Bureau of Statistics.
14. Brown WJ, Miller YD, Miller R. Sitting time and work patterns as
indicators of overweight and obesity in Australian adults. Int J Obes
Relat Metab Disord 2003;27(11):1340 – 6.
15. Jans MP, Proper KI, Hildebrandt VH. Sedentary behavior in Dutch
workers: differences between occupations and business sectors. Am J
Prev Med 2007;33(6):450 – 4.
16. Bureau of Labor Statistics. News. U.S. Department of Labor, 2009, Jun
24.
17. Andersen UO, Jensen G. Decreasing population blood pressure is not
mediated by changes in habitual physical activity. Results from 15 years
of follow-up. Blood Press 2007;16(1):28 –35.
18. Johansson S, Rosengren A, Tsipogianni A, Ulvenstam G, Wiklund I,
Wilhelmsen L. Physical inactivity as a risk factor for primary and
secondary coronary events in Goteborg, Sweden. Eur Heart J 1988;9(S
L):8 –19.
19. Sargeant LA, Wareham NJ, Khaw KT. Family history of diabetes identifıes a group at increased risk for the metabolic consequences of
obesity and physical inactivity in EPIC-Norfolk: a population-based
study. The European Prospective Investigation into Cancer. Int J Obes
Relat Metab Disord 2000;24(10):1333–9.
20. Tooth L, Ware R, Bain C, Purdie DM, Dobson A. Quality of reporting
of observational longitudinal research. Am J Epidemiol 2005;161(3):
280 – 8.

October 2010

387

21. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. STROBE statement: guidelines for reporting observational
studies. J Clin Epidemiol 2008;61(4):344 –9.
22. Fung AE, Palanki R, Bakri SJ, Depperschmidt E, Gibson A. Applying
the CONSORT and STROBE statements to evaluate the reporting
quality of neovascular age-related macular degeneration studies. Ophthalmology 2009;116(2):286 –96.
23. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA Statement. Ann
Intern Med 2009;151(4):264 –9, W64.
24. Larsson I, Lissner L, Naslund I, Lindroos AK. Leisure and occupational
physical activity in relation to body mass index in men and women.
Scand J Nutr 2004;48(4):165–72.
25. Tudor-Locke C, Burton NW, Brown WJ. Leisure-time physical activity
and occupational sitting: associations with steps/day and BMI in 54 –59
year old Australian women. Prev Med 2009;48(1):64 – 8.
26. Ishizaki M, Morikawa Y, Nakagawa H, et al. The influence of work
characteristics on body mass index and waist to hip ratio in Japanese
employees. Ind Health 2004;42(1):41–9.
27. Mummery WK, Schofıeld GM, Steele R, Eakin EG, Brown WJ. Occupational sitting time and overweight and obesity in Australian workers.
Am J Prev Med 2005;29(2):91–7.
28. Chan CB, Spangler E, Valcour J, Tudor-Locke C. Cross-sectional relationship of pedometer-determined ambulatory activity to indicators of
health. Obes Res 2003;11(12):1563–70.
29. Trojani M, Palmieri L, Vanuzzo D, et al. [Occupational and leisure time
physical activity: trend in the Italian population]. G Ital Cardiol (Rome)
2006;7(7):487–97.
30. Gutierrez-Fisac JL, Guallar-Castillon P, ez-Ganan L, Lopez GE, Banegas B Jr, Rodriguez AF. Work-related physical activity is not associated
with body mass index and obesity. Obes Res 2002;10(4):270 – 6.
31. Bak H, Petersen L, Sorensen TI. Physical activity in relation to development and maintenance of obesity in men with and without juvenile
onset obesity. Int J Obes 2004;28(1):99 –104.
32. Graff-Iversen S, Skurtveit S, Sorensen M, Nybo A. Occupational physical activity and overweight: what are the associations? Tidsskr Nor
Laegeforen 2001;22:2579 – 83.
33. Levi F, Pasche C, Lucchini F, La VC. Occupational and leisure time
physical activity and the risk of breast cancer. Eur J Cancer
1999;35(5):775– 8.
34. Levi F, Pasche C, Lucchini F, Tavani A, La VC. Occupational and
leisure-time physical activity and the risk of colorectal cancer. Eur J
Cancer Prev 1999;8(6):487–93.
35. Zhang M, Xie X, Lee AH, Binns CW. Sedentary behaviors and epithelial
ovarian cancer risk. Cancer Causes Control 2004;15(1):83–9.
36. Pan SY, Ugnat AM, Mao Y. Physical activity and the risk of
ovarian cancer: a case– control study in Canada. Int J Cancer
2005;117(2):300 –7.
37. Thune I, Brenn T, Lund E, Gaard M. Physical activity and the risk of
breast cancer. N Engl J Med 1997;336(18):1269 –75.
38. Gerhardsson M, Floderus B, Norell SE. Physical activity and colon
cancer risk. Int J Epidemiol 1988;17(4):743– 6.
39. Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, Virtamo J, Albanes D.
A prospective study of medical conditions, anthropometry, physical
activity, and pancreatic cancer in male smokers (Finland). Cancer
Causes control 2002;13(5):417–26.
40. Bergstrom A, Terry P, Lindblad P, et al. Physical activity and risk of
renal cell cancer. Int J Cancer 2001;92(1):155–7.
41. Thune I, Lund E. Physical activity and the risk of prostate and testicular
cancer: a cohort study of 53,000 Norwegian men. Cancer Causes Control 1994;5(6):549 –56.
42. Thune I, Lund E. Physical activity and risk of colorectal cancer in men
and women. Br J Cancer 1996;73(9):1134 – 40.
43. Thune I, Lund E. The influence of physical activity on lung-cancer risk:
a prospective study of 81,516 men and women. Int J Cancer
1997;70(1):57– 62.

388

van Uffelen et al / Am J Prev Med 2010;39(4):379 –388

44. Friedenreich C, Norat T, Steindorf K, et al. Physical activity and risk of
colon and rectal cancers: the European prospective investigation
into cancer and nutrition. Cancer Epidemiol Biomarkers Prev
2006;15(12):2398 – 407.
45. Lahmann PH, Friedenreich C, Schuit AJ, et al. Physical activity and
breast cancer risk: the European Prospective Investigation into Cancer
and Nutrition. Cancer Epidemiol Biomarkers Prev 2007;16(1):36 – 42.
46. Mahabir S, Leitzmann MF, Pietinen P, Albanes D, Virtamo J, Taylor
PR. Physical activity and renal cell cancer risk in a cohort of male
smokers. Int J Cancer 2004;108(4):600 –5.
47. Friberg E, Mantzoros CS, Wolk A. Physical activity and risk of endometrial cancer: a population-based prospective cohort study. Cancer
Epidemiol Biomarkers Prev 2006;15(11):2136 – 40.
48. Bak H, Christensen J, Thomsen BL, et al. Physical activity and risk for
lung cancer in a Danish cohort. Int J Cancer 2005;116(3):439 – 44.
49. Steindorf K, Friedenreich C, Linseisen J, et al. Physical activity and lung
cancer risk in the European Prospective Investigation into Cancer and
Nutrition Cohort. Int J Cancer 2006;119(10):2389 –97.
50. Altieri A, Tavani A, Gallus S, La VC. Occupational and leisure time
physical activity and the risk of nonfatal acute myocardial infarction in
Italy. Ann Epidemiol 2004;14(7):461– 6.
51. West J, Perrin K, Aldington S, Weatherall M, Beasley R. A case– control
study of seated immobility at work as a risk factor for venous thromboembolism. J R Soc Med 2008;101(5):237– 43.
52. Sjol A, Thomsen KK, Schroll M, Andersen LB. Secular trends in acute
myocardial infarction in relation to physical activity in the general
Danish population. Scand J Med Sci Sports 2003;13(4):224 –30.
53. Hu G, Tuomilehto J, Borodulin K, Jousilahti P. The joint associations of
occupational, commuting, and leisure-time physical activity, and the
Framingham risk score on the 10-year risk of coronary heart disease.
Eur Heart J 2007;28(4):492– 8.
54. Hu G, Jousilahti P, Borodulin K, et al. Occupational, commuting and
leisure-time physical activity in relation to coronary heart disease
among middle-aged Finnish men and women. Atherosclerosis
2007;194(2):490 –7.
55. Hu G, Sarti C, Jousilahti P, Silventoinen K, Barengo NC, Tuomilehto J.
Leisure time, occupational, and commuting physical activity and the
risk of stroke. Stroke 2005;36(9):1994 –9.
56. Rosenman RH, Bawol RD, Oscherwitz M. A 4-year prospective study
of the relationship of different habitual vocational physical activity to
risk and incidence of ischemic heart disease in volunteer male federal
employees. Ann N Y Acad Sci 1977;301:627– 41.
57. Hu G, Qiao Q, Silventoinen K, et al. Occupational, commuting, and
leisure-time physical activity in relation to risk for Type 2 diabetes in
middle-aged Finnish men and women. Diabetologia 2003;46(3):322–9.
58. Andersen LB, Schnohr P, Schroll M, Hein HO. All-cause mortality
associated with physical activity during leisure time, work, sports, and
cycling to work. Arch Intern Med 2000;160(11):1621– 8.
59. Hu G, Eriksson J, Barengo NC, et al. Occupational, commuting, and
leisure-time physical activity in relation to total and cardiovascular
mortality among Finnish subjects with type 2 diabetes. Circulation
2004;110(6):666 –73.
60. Salonen JT, Slater JS, Tuomilehto J, Rauramaa R. Leisure time and
occupational physical activity: risk of death from ischemic heart disease. Am J Epidemiol 1988;127(1):87–94.
61. Hu G, Jousilahti P, Antikainen R, Tuomilehto J. Occupational, commuting, and leisure-time physical activity in relation to cardiovascular
mortality among Finnish subjects with hypertension. Am J Hypertens
2007;20(12):1242–50.

62. Kristal-Boneh E, Harari G, Weinstein Y, Green MS. Factors affecting
differences in supine, sitting, and standing heart rate: the Israeli CORDIS Study. Aviat Space Environ Med 1995;66(8):775–9.
63. World Cancer Research Fund/American Institute for Cancer Research.
Food, nutrition, physical activity, and the prevention of cancer: a global
perspective. Washington DC: AICR, 2007.
64. Stock SR, Fernandes R, Delisle A, Vezina N. Reproducibility and validity of workers’ self-reports of physical work demands. Scand J Work
Environ Health 2005;31(6):409 –37.
65. Kruger J, Yore MM, Ainsworth BE, Macera CA. Is participation in
occupational physical activity associated with lifestyle physical activity
levels? J Occup Environ Med 2006;48(11):1143– 8.
66. Wolin KY, Bennett GG. Interrelations of socioeconomic position
and occupational and leisure-time physical activity in the National
Health and Nutrition Examination Survey. J Phys Act Health
2008;5(2):229 – 41.
67. Gimeno D, Elovainio M, Jokela M, De VR, Marmot MG, Kivimaki M.
Association between passive jobs and low levels of leisure-time physical
activity: the Whitehall II cohort study. Occup Environ Med
2009;66(11):772– 6.
68. Schneider S, Becker S. Prevalence of physical activity among the working population and correlation with work-related factors: results from
the fırst German National Health Survey. J Occup Health
2005;47(5):414 –23.
69. Morris JN. Evidence for the benefıts of exercise from epidemiological
studies. Br J Sports Med 1978;12:220 –2.
70. Healy GN, Dunstan DW, Salmon J, et al. Breaks in sedentary time:
benefıcial associations with metabolic risk. Diabetes Care
2008;31(4):661– 6.
71. Sisson SB, Camhi SM, Church TS, et al. Leisure time sedentary behavior, occupational/domestic physical activity, and metabolic syndrome
in U.S. men and women. Metab Syndr Relat Disord 2009;7(6):529 –36.
72. Bauman A, Phongsavan P, Schoeppe S, Owen N. Physical activity
measurement—a primer for health promotion. Promot Educ
2006;13(2):92–103.
73. Hamilton MT, Hamilton DG, Zderic TW. Exercise physiology versus
inactivity physiology: an essential concept for understanding lipoprotein lipase regulation. Exerc Sport Sci Rev 2004;32(4):161– 6.
74. Bey L, Hamilton MT. Suppression of skeletal muscle lipoprotein lipase
activity during physical inactivity: a molecular reason to maintain daily
low-intensity activity. J Physiol 2003;551(Pt 2):673– 82.
75. Hamilton MT, Healy G, Dunstan D, Zderic T, Owen N. Too little
exercise and too much sitting: Inactivity physiology and the need for
new recommendations on sedentary behavior. Curr Cardiovasc Risk
Rep 2008;2(4):292– 8.
76. Levine JA, Schleusner SJ, Jensen MD. Energy expenditure of nonexercise activity. Am J Clin Nutr 2000;72(6):1451– 4.
77. Cleland VJ, Schmidt MD, Dwyer T, Venn AJ. Television viewing and
abdominal obesity in young adults: is the association mediated by food
and beverage consumption during viewing time or reduced leisuretime physical activity? Am J Clin Nutr 2008;87(5):1148 –55.
78. Hill JO. Preventing excessive weight gain. Obes Res 2005;13(8):1302.

Appendix
Supplementary data
Supplementary data associated with this article can be found, in the
online version, at doi:10.1016/j.amepre.2010.05.024.

www.ajpm-online.net

