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Occupational Sitting and
Health Risks

A Systematic Review

Jannique G.Z. van Uffelen, PhD, Jason Wong, BAppSc, Josephine Y. Chau, MPH,
Hidde P. van der Ploeg, PhD, Ingrid Riphagen, MSc, Nicholas D. Gilson, PhD,

Nicola W. Burton, PhD, Genevieve N. Healy, PhD, Alicia A. Thorp, PhD,
Bronwyn K. Clark, MPH, Paul A. Gardiner, BSc, David W. Dunstan, PhD,

Adrian Bauman, PhD, Neville Owen, PhD, Wendy J. Brown, PhD

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: Studieswere identifıed inMarch–April 2009by literature searches inPubMed,
PsycINFO, CENTRAL, CINAHL, EMBASE, and PEDro, with subsequent related-article searches in
PubMed and citation searches inWeb of Science. Identifıed studies were categorized by health outcome.
Two independent reviewers assessedmethodologic quality using a 15-itemquality 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: 43papersmet the inclusioncriteria (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.
Therewas somecase–control evidence for apositive associationbetweenoccupational 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 andmortality.

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 How-

ver, the term sedentary behavior has begun to be used to
escribe prolonged sitting, instead of the absence of phys-
cal activity. Sedentary behaviors usually have very low
nergy expenditure (typically less than 1.5 METs; multi-
les of the basal metabolic rate).2 There is a rapidly ex-
anding body of evidence3–9 suggesting that time spent in
edentary behaviors is associated adversely with health
isks, whichmay be independent of the protective contri-
utions of physical activity.
Prior to the 1970s, physical activity epidemiology
tudies focused on occupational activity. For example,

sevier Inc. Am J Prev Med 2010;39(4)379–388 379

mailto:jvanuffelen@hms.uq.edu.au


i
1
v
e
w
c
t
b
i
t
o
m
v
a
i
i
a
m
t
T

a
m
t
l
t
a
t
f
g
h
t
t
s
w
c
d
s
i
w
T
j
c

p
a
s
s
p
s
r
a
o

E
L

I
C
a
s
w
w
a
s
l
s
s
u
t

I

I
(
s
o

D

D
h
P
o
o
m
i
u
o
q
o
p
s
c

T

I
b

net

380 van Uffelen et al / Am J Prev Med 2010;39(4):379–388
n their landmark studies on occupational activity in
953, Morris et al.10 observed higher rates of cardio-
ascular events in sedentary bus drivers and mail sort-
rs than in more active bus conductors and postal
orkers. Since then, as transport and work have be-
ome more automated, the focus of most physical ac-
ivity studies, especially in the large cohort studies, has
een on leisure-time physical activity. However, fınd-
ngs of recent studies have led to a renewed interest in
he health effects of prolonged sitting.11 These have dem-
nstrated associations of sitting time with obesity,4,6,7

etabolic syndrome and diabetes,3,6 markers of cardio-
ascular disease risk,7,9 and premature mortality.5,8 The
ssociations between sitting time and health outcomes
n these studies may be independent of physical activ-
ty participation, as they remained signifıcant after
djustment for physical activity.3–9 These studies have
ainly addressed sitting during leisure time rather

han occupational sitting, with a particular focus on
V-viewing time.
Sitting in an occupational context is

lso likely to be important, given that
any adults in Western, developed coun-

ries are in occupations that require pro-
onged sitting time. For example, in Aus-
ralia and the U.S., about two thirds of
dults are employed, 83% of these in full-
ime work (�35 hours/week).12,13 Data
rom the Netherlands and Australia sug-
est that working adults can spend up to
alf their work day sitting down.14,15 In
he U.S., time-use surveys have shown
hat people in full-time employment
pend an average of 9.2 hours working on
eekdays,16 much of which will involve sitting. In
ontrast, they spend an average of just over 2 hours per
ay watching TV and playing (computer) games.16 A
tudy14 of Australian workers found that those work-
ng full-time sit for an average of 4.2 hours per day at
ork, and spend 2.9 hours in leisure-time sitting.
hus, for full-time employees in physically inactive
obs, occupational sitting is likely to be the largest
ontributor to overall daily sitting time.
In the context of these major contributions of occu-
ational sitting to working adults’ overall sitting time,
nd the high percentages of adults employed in mainly
edentary occupations, there is a need to clarify the
trength of evidence on the potentially deleterious im-
act of prolonged sitting at work. Thus, the aim of this
ystematic review was to critically review and summa-
ize the evidence from studies that have examined
ssociations between occupational sitting and the risk
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vidence Acquisition
iterature Search

n March–April 2009, the databases PubMed, PsycINFO,
ENTRAL (The Cochrane Central Register of Controlled Tri-
ls), CINAHL, EMBASE, and PEDro were searched for relevant
tudies (full search for all databases, except for the EMBASE,
hich was searched from 1980). Groups of thesaurus terms as
ell as free terms were used to search the databases. Terms for
dultswere used in AND-combination with terms forworkplace
etting, sitting, and search terms representing study designs and
anguages. Subsequently, the librarian performed a related-articles
earch in PubMed and a citation search in Web of Science for
elected papers. Further, additional articleswere identifıed byman-
ally checking the reference lists of included papers and searching
he authors’ own literature databases.

nclusion Criteria and Selection Process

n order to be included in the review, studies were required to
1) focus on adults; (2) use a specifıc measure of occupational
itting (categoric or continuous; self-report or objective), or of
ccupational activities below 1.5 METs; (3) examine the associ-

ation between occupational sitting and the
risk of lifestyle diseases, or markers thereof, or
mortality. Only full-text peer-reviewed articles
were considered for inclusion. Papers written in
Chinese, Dutch, English, French, German, Ital-
ian, Norwegian, and Spanish were checked for
eligibility. Titles and abstracts of the identifıed
references were reviewed to exclude articles out
of scope. Subsequently, two reviewers indepen-
dently reviewed the full text of all potentially
relevant references for eligibility. Disagree-
ments between these reviewers were discussed
with two more reviewers and a consensus deci-
sion was made.

ata Extraction and Quality Assessment

ata on the study population, measure of occupational sitting,
ealth risks, analyses, and results were extracted for each paper.
apers describingmultiple health risks6,17–19were included in each
f the relevant tables. The studies describing the associations of
ccupational sitting with all-cause, cardiovascular, and cancer
ortality were clustered in one table. Methodologic quality of the

ncluded studies was independently determined by two reviewers
sing a quality rating list based on checklists for the reporting of
bservational studies and a list used for quality rating.20–22 This
uality rating list consisted of 15 criteria assessing different meth-
dologic aspects (Table 1). Criteria had a yes (1 point); no (0
oints); or unclear (0 points) answer format. All criteria had the
ame weight, and a quality score ranging from 0 to 15 points was
alculated for each study.

erminology Used in the Review

n this review, the term occupational sitting is used as an um-
rella term in the abstract, introduction, and discussion. How-
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f papers used a categoric measure of activity, with sitting or
edentary as the reference category. In contrast, if a paper used
he highest level of occupational activity as the reference cate-
ory (often heavy labor), or compared categories of sitting time,
hen the term occupational sitting is used. For consistency, the
erm occupational sitting is used in the beginning and conclud-
ng sentences for each health risk in the results.

vidence Synthesis

tudy Selection

he literature searches yielded 3202 unique potentially
elevant articles (Figure 1).23 After excluding the records
ut of scope, the full text of 355 records was checked. In
ll, 312 of these articles did notmeet the inclusion criteria;
hemost common reason for exclusionwas that therewas
o measure of occupational sitting (number of studies
n]�232, 70%). Finally, 43 papers examining the associ-
tions between occupational sitting and the following
ealth risks were included in this review: BMI (n�12);
ancer (n�17); CVD (n�8); DM (n�4); and mortality

able 1. Criteria for quality assessment and the number

Item Criterion

1 Objectives Are the objectives or hypothese

2 Study design Is the study design presented?

3a Target population Do the authors describe the tar

3b Sample Was a random sample of the ta
60% or more?

3c Sample Is participant selection describe

3d Sample Is participant recruitment descr

3e Sample Are the inclusion and/or exclus

3f Sample Is the study sample described?
an indicator of SES)

3g Sample Are the numbers of participants
should report at least numbe
baseline, and numbers lost t

4 Variables Are the measures of occupation

5a Data sources and
collection

Do authors describe the source
AND did authors describe how

5b Measurement Was reliability of the measure(s

5c Measurement Was the validity of the measure

6a Statistical methods Were appropriate statistical me
addressing confounders?

6b Statistical methods Were the numbers/percentages
health outcome indicated AN
were missing, were methods

Quality assessment for each paper is shown in Appendix A (availab
n�6). F

ctober 2010
uality Assessment

he criteria for quality assessment and the number and
roportion of studies scoring a point for each quality
riterion are reported in Table 1. The agreement between

f studies scoring a point for each separate itema

Description n (%)

the research described in the paper stated? 43 (100)

43 (100)

opulation they wanted to research? 41 (96)

population taken? AND was the response rate 28 (65)

42 (98)

or referred to? 16 (37)

riteria stated? 36 (84)

imum description�sample size, gender, age and 26 (61)

ach stage of the study reported? (Authors
gible, numbers recruited, numbers with data at
ow-up)

37 (86)

tting and the health outcome described? 42 (98)

heir data (e.g., cancer registry, health survey)
data were collected? (e.g., by mail)

42 (98)

occupational sitting mentioned or referred to? 4 (9)

f occupational sitting mentioned or referred to? 10 (23)

s used and described, including those for 41 (95)

articipants with missing data for sitting and the
ore than 20% of data in the primary analyses
to address missing data?

33 (77)

line at www.ajpm-online.net).
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he quality raters ranged from 10/15 to 15/15, and the
ean percentage agreement was 87 (SD�9). Themedian
uality score for the included papers was 12 (25th–75th
ercentiles�10–12) points of 15. Hypotheses and study
esign were reported for all studies, and more than 90%
f the included studies scored a point for identifying the
arget population, the source of the data, variables in-
luded in the analyses, and for the use of appropriate
tatistical methods. Very few studies reported the validity
ten studies) or reliability (four studies) of the measure
sed for occupational sitting. See Appendix A (available
nline at www.ajpm-online.net) for the quality assess-
ent of each paper included in this review.

eneral Findings

oreachoutcome,anoverviewofstudydesigns, fındings,qual-
ty scores, adjustment for physical activity, and sample sizes is
resented in Figure 2. There were no evident differences in
ualityscoresofstudiesfınding(1)thatoccupationalsittingwas
ssociated with an increased health risk (n�22, of which 12
djusted for physical activity); (2) that therewasno association
n�20,fouradjustedforphysicalactivity);or(3)thatsittingwas
ssociatedwithadecreasedhealth risk (n�5, threeadjusted for

igure 2. General overview of study designs, findings, qua
ordered by increasing quality score, within categories of
nalysis if presented in included papers)
Number adds up to 13, because one study31 reports bo
ark shading � sitting associated with higher risk; light sh
ith lower risk. Bold font � analysis adjusted for physica
, case–control study; CVD, cardiovascular disease; DM,

range 0–15 points, higher score indicates better quality)
hysical activity). a
ssociations of Occupational Sitting with BMI,
aist Circumference, and Waist-to-Hip Ratio

welve studies examined the association between occu-
ational sitting and BMI (Figure 2, details in Appendix B,
vailable online at www.ajpm-online.net). Nine stud-
es19,24–30,32 used a cross-sectional design, two6,17 were
rospective, and one study31 reported both cross-
ectional and prospective data. Participant numbers ranged
rom 158 in one study25 tomore than 250,000.32 All studies
sed self-report measures of occupational sitting. Three
tudies, two26,27 with a cross-sectional design and one6 pro-
pective, used a continuousmeasure foroccupational sitting
ime and then categorized data for the analyses. The other
tudiesuseda categoricmeasureofoccupational sittingwith
escriptive categories (e.g., most of the time versus hardly
ver)25 or a categoric measure of occupational activity
ith sitting or sedentary as one of the response op-
ions.17,19,24,28–32 Six studies used a dichotomized outcome
or BMI with cut-offs of 25 kg/m2,27 30 kg/m2,6,29–31 or 27
g/m2.32 Three studies19,24,28 usedmultiple BMI categories,
nd four17,25,26,30 analyzedBMIasacontinuousoutcome. In
ddition to BMI, one study28 also examined the association
etween occupational sitting and waist circumference and

scores, adjustment for physical activity and sample sizes
stment for physical activity, findings based on adjusted

oss-sectional and prospective findings
g � no association; medium shading � sitting associated
ivity.
etes mellitus; P, prospective study; Quality, quality score
, reference; X, cross-sectional study
lity
adju

th cr
adin
l act
diab
nother study26 examined waist-to-hip ratio.
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Five of the ten cross-sectional studies reported a signif-
cant positive association between occupational sitting
ndBMI; one27 for BMI�25 (inmen, but not inwomen);
ne26 for BMI as a continuous outcome (in men, but not
n women); and one25 in a study including women only.
he other two studies19,24 reported that men with a
igher BMI were more likely to have a sedentary job. The
esults of these fıve cross-sectional studies were adjusted
or at least sociodemographic variables, such as age and
ducation, except for one study25 that reported unad-
usted results only.
One cross-sectional study32 found that Norwegians
ho reported being active at work (walking, walking
nd lifting, or heavy activity in the last year) had higher
dds of having a BMI �27 kg/m2 than participants
ho were mostly sitting during work. Another study30

lso found that a higher level of occupational activity
as associated with higher BMI, and increased odds of
aving a BMI �30 kg/m2 (only in women). However,
his association did not remain signifıcant after adjust-
ent for sociodemographic and lifestyle factors and
ealth. In other cross-sectional studies, occupational
ctivity was not associated with obesity,29,31 or with
aist circumference,28 but sedentary hours per work-
ng day were positively associated with waist-to-hip
atio, although in women only.26

Two of the three prospective studies reported no sig-
ifıcant positive associations between sitting and the
aintenance or development of obesity31 or between sit-

ing and BMI.17 One study6 found a signifıcant trend for
ncreased obesity risk across categories of sitting time;
owever, the difference was only signifıcant for women
ho sat more than 40 hours/week compared with those
ho sat �1 hour/week.
In summary, fıve of the ten cross-sectional studies

howed a positive association between occupational sit-
ing and BMI, but four studies found no association and
ne study found a negative association. Of the three pro-
pective studies, one found a positive association, but the
ther two found no association.

ssociations Between Occupational Sitting
nd Cancer

eventeen studies described the association between oc-
upational sitting and various cancers (Figure 2).33–49

etails of these studies are provided in Appendix C
available online at www.ajpm-online.net); the studies
re arranged according to the type of cancer, including
reast cancer (n�3)33,37,45; endometrial and ovarian can-
er (n�3)35,36,47; colon and rectal cancer (n�4)34,38,42,44;
enal and pancreatic cancer (n�3)39,40,46; prostate and

esticular cancer41; and lung cancer (n�3).43,48,49 o

ctober 2010
Four33–36 of the 17 studies were case–control studies
nd the other 13 were prospective studies. The number of
articipants was less than 1000 in three33–35 of the case–
ontrol studies and 1,198 in the fourth study.36 Partici-
ant numbers in the prospective studies ranged from
6,47738 to 416,227.49 The mean follow-up duration for
he prospective studies was 12.0 (SD�5.0) years, and
anged from 5 to 22.6 years. All studies, except one, used
categoric measure of occupational activity, withmostly
edentary/mainly sitting as one of the response options.
he case–control study that directly assessed sitting time
s a continuous measure (hours/day) then categorized it
or the analyses.35

Three case–control studies33,35,36 and three prospec-
ive studies37,45,47 includedwomen only. These examined
reast cancer,33,37,45 ovarian cancer,35,36 and endometrial
ancer.47 Compared with breast cancer risk in sedentary/
ainly sitting workers, one study45 found no association
etween standing and manual and heavy manual work
nd breast cancer risk, and two33,37 found that more
ccupational activity was associated with lower breast
ancer risk. However, in the Norwegian study37 this was
he case for premenopausal women only. The studies
xamining ovarian cancer found that light, moderate, or
trenuous occupational activity was associated with lower
ancer risk compared with sitting36 and that more sitting
as associated with increased cancer risk.35 There was no
ssociation between occupational sitting for more than
alf of working time and endometrial cancer.47

Three prospective studies38,42,44 and one case–control
tudy34 examined the association between occupational
ctivity and colon and rectal cancer in men and women.
here was no signifıcant association between categories
f occupational activity and risk of cancer in the prospec-
ive studies. However, in the case–control study,34 stand-
ng or tiring occupational activity was associated with a
ower risk of colon or rectal cancer (compared with
ainly sitting).
Two prospective studies, one inmen andwomen40 and
ne in men only,46 found that there was no association
etween occupational activity and risk of renal cell can-
er. Other studies in onlymen found that this was also the
ase for pancreatic cancer39 as well as prostate and testic-
lar cancer.41

The association between occupational sitting and lung
ancer was also examined in three prospective stud-
es.43,48,49 Two of these studies48,49 found a higher lung
ancer risk for standing versus sitting during work/seden-
ary, although in one study49 this was true for men only.
he third study43 concluded that occupational activity
as not associated with lung cancer risk.
In summary, of the 17 studies, only fıve found that

ccupational sitting was associated with higher risk of
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reast cancer,33,37 ovarian cancer35,36 or colorectal can-
er.34 Four of these studies were case–control stud-
es,33–36 with one prospective study.37 Ten prospective
tudies38–47 found no evidence of an association, and two
tudies48,49 observed an increased lung cancer risk in
eople who were more active at work, compared with
hose in sedentary jobs.

ssociations Between Occupational Sitting
nd Cardiovascular Disease

ight papers described the association between occupa-
ional sitting and cardiovascular outcomes (Figure 2,
etails in Appendix D, available online at www.ajpm-
nline.net), of which three50,52,53 examined risk of infarc-
ion, two54,56 examined risk of coronary heart disease,
nd one18 examined both. Six18,52–56 were prospective
ohort studies, and two50,51 were case–control studies.
ll studies used a self-report, categoric measure of occu-
ational activitywith sedentary, ormainly sitting, or phys-
cally very easy sitting offıce work as one of the response
ptions, except for one that used a categoricmeasurewith
ombinations of total occupational sitting time and time
ithout getting up.51

Compared with having a sedentary occupation, more
hysical activity at work was associated with a lower risk
f infarction50,52,53 or CVD54 in four studies. However,
wo of these studies included overlapping data,53,54 and in
nother, a signifıcant association was seen only in the
960s and early 1970s.52 In contrast, other papers re-
orted that beingmore active at workwas associatedwith
igher cardiovascular disease risk56 or that there was no
ssociation.18 The remaining studies concluded that
here was no clear association between prolonged sitting
nd thromboembolism51 and between occupational ac-
ivity and stroke,55 compared with physically very easy
itting offıce work. The latter study, however, observed a
ower risk of stroke in people with high occupational
ctivity in men and women together, but this association
as not present for genders separately.
In summary, the CVD papers showed conflicting re-

ults, with four showing an increased risk of CVD out-
omes with occupational sitting, three showing no asso-
iation, and one showing the opposite effect of increased
VD risk with increasing occupational activity.

ssociations Between Occupational Sitting
nd Diabetes Mellitus

our studies examined the association between occupa-
ional sitting and DM, of which one19 was a cross-
ectional study and three6,17,57 were prospective studies
Figure 2, details in Appendix E, available online at

ww.ajpm-online.net). All studies used self-report mea- t
ures; three17,19,57 used a categoric variable for occupa-
ional activity, with sedentary or physically very easy sit-
ing offıce work as a response option and one6 used a
ontinuous measure of sitting time that was categorized
or the analyses. Two studies6,17 used self-reportedDMas
he outcome, whereas the remainder derived data onDM
rom national registers57 or used DM as diagnosed by a
octor or blood sample.19

The cross-sectional study19 found a decrease in DM
isk across categories of increasing occupational activity,
ompared with sedentary. Two of the prospective studies
lso found a positive association. In one study,6 com-
ared with occupational sitting of less than one hour,
ore sitting was associated with a higher risk of DM. In
nother study,57 more occupational activity was associ-
ted with a lower risk of DM, compared with physically
ery easy sitting offıce work. The third prospective study17

id not fınd a signifıcant association across categories of
ccupational activity and DM. In summary, for DM, two
rospective and one cross-sectional study found that sit-
ing was associated with increased risk of DM, whereas
ne prospective study found no association.

ssociations Between Occupational Sitting
nd Mortality

ix prospective studies18,58–62 examined the association
f occupational sitting with all-cause mortality,18,58,59,62

ardiovascular mortality,18,59–62 and cancer mortality62

Figure 2, details in Appendix F, available online at
ww.ajpm-online.net). Follow-up duration was 10–20
ears, except for two studies with a follow-up of less than
0 years.60,62 All six studies used a categoric measure for
ccupational activity, with mainly/primarily sitting or
edentary work or physically very easy sitting offıce work as
ne of the response options.
Compared with a job that involved mainly physically

ery easy sitting offıce work/primarily sitting, more phys-
cal activity during work was associated with lower all-
ausemortality inmen and women59 or in women only58

nd lower CVDmortality in samples including bothmen
nd women59,61 and in a sample with unknown gender
istribution.60 One study18 in middle-aged men found
hat more occupational activity was associated with a
igher level of all-cause mortality, but there was no asso-
iation with CVD mortality. One study62 found no asso-
iation between prevalent working posture (sitting,
tanding, walking) and cancer, CVD, or all-causemortali-
y.In summary, for mortality, four prospective studies
ound that sitting was associated with an increased mor-
ality risk, one study found no association, and one study
ound that sitting was associated with a decreased mor-

ality risk.
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iscussion
n this systematic review of the relationships between occu-
ational sitting and health risks, 43 papers were identifıed
hat met the inclusion criteria. In those papers, 22 studies
ere found with (1) cross-sectional and prospective evi-
ence for apositive associationbetweenoccupational sitting
nd BMI and DM and (2) case–control and prospective
vidence for a positive association of occupational sitting
ith cancer, CVD, andmortality. However, 20 studies were
dentifıed that did not fınd any association, and fıve studies
ound that sitting was associated with a decreased risk of
arious health conditions.
The World Cancer Research Fund/American Insti-

ute for Cancer Research (WCRF/AICR) uses a contin-
um of fıve grades, ranging from convincing evidence
o substantial effect on risk unlikely, to judge the evi-
ence on causal relationships between behaviors and
ealth risks.63 The fırst two WCRF/AICR criteria that
ust be met for the evidence of a causal relationship to
e “convincing” are that there must be (1) evidence
rom more than one study type and (2) evidence from
t least two independent cohort studies. For the out-
omes included in this review, these two criteria were
et for cancer and CVD only. The third criterion for
onvincing evidence is that there must be no substan-
ial unexplained heterogeneity within or between stud-
es or in different populations relating to the presence
r absence of an association, or direction of effect. As
here was substantial heterogeneity in terms of the
resence or absence of associations, this criterion was
ot met for the cancer and CVD studies.
The next level of evidence (probable evidence) also

equires that there is no unexplained heterogeneity. This
riterion was also not met for the other outcomes in this
eview (BMI, DM, and mortality). Because of the hetero-
eneity in study results, which may reflect major differ-
nces in study designs, explanatory and outcome
ariables, theWCRF/AICR grade of evidence at this stage
s limited–suggestive (mortality) or limited–no conclu-
ion (BMI, cancer, CVD, DM). This does not indicate
hat there is no relationship between occupational sitting
nd these health risks, but that further research is neces-
ary to clarify the evidence.
The WCRF/AICH criteria for convincing evidence

re useful as a guide for future research. In order for
he evidence to be convincing, three additional criteria,
part from the three already described in the previous
aragraphs, must be met: (4) good quality studies to
xclude with confıdence the possibility that the ob-
erved association results from systematic error, and
election bias; (5) the presence of a plausible biological

radient (dose response); and (6) strong and experi- l

ctober 2010
ental evidence either from human studies or relevant
nimal models.63 To provide directions for future re-
earch, the evidence in relation to WCRF/AICH Crite-
ia 4, 5 and 6 is considered below for BMI, cancer,
VD, DM and mortality.

riterion 4

heWCRF/AICHCriterion 4 reads:Are there goodqual-
ty studies to exclude with confıdence the possibility that
he observed association results from random or system-
tic error, including confounding, measurement error,
nd selection bias? In general, the quality of the studies in
his review was good. However, remarkably, few studies
eported on the reliability and validity of the sitting time
easures. There is encouraging evidence of good repro-
ucibility and validity of self-reported measures of occu-
ational activity, including sitting, althoughmost general
ccupational activity measures provide only a rough
uantifıcation of sitting duration.64 It is strongly sug-
ested that the measurement characteristics be reported
n all future studies.
Adjustment for physical activity in these studies

hould be a priority. However, less than half of the
apers that were reviewed adjusted their analyses for
eisure-time physical activity or exercise (n�19, of
hich four were cross-sectional studies). These studies
ere, overall, more likely to show positive associations
etween occupational sitting and health risks than
hose that did not adjust for physical activity; 12/22
tudies that found a positive association adjusted for
hysical activity, whereas only 4/20 in those that found
o relationship did this. Some studies that examined
he relationships between occupational activity and
eisure-time physical activity found that employees in
ore-active jobs weremore likely to be active in leisure

ime65–67; this was especially the case in men.66,67

owever, others found no association between occu-
ational activity and leisure-time physical activity15 or
n inverse association.68 It is therefore recommended
hat future studies include measures of both occupa-
ional and leisure-time sitting and activity, so that the
ndependent relationships of both sitting and physical
ctivity with health risks can be studied. Future studies
hould also adjust for socioeconomic and demo-
raphic variables and other potential confounders of
he relationships between sitting time and health risks,
uch as alcohol and energy intake and smoking. Ad-
ustment for these variables could limit the potential
ias in the relationship between occupational sitting
nd health risks that could be caused by self-selection
i.e., people with certain characteristics could be more

ikely to choose a sedentary occupation).69
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In future studies, consideration should also be given to
ifferentiating between prolonged and “interrupted”
itting at work, as there is cross-sectional evidence that
ncreased breaks in sedentary time are benefıcially as-
ociated with indicators of metabolic risk.70

riterion 5

he WCRF/AICH Criterion 5 reads: Is there a plausible
iological gradient (“dose response”)? Evidence of dose–
esponse relationships plays an important role in gather-
ng evidence for causal relationships. The majority of
tudies in this review used a categoric measure of occu-
ational activity and compared the outcomes in more
ctive workers with the risk in sedentary workers. Only
wo case–control35,51 and one prospective study6 com-
ared the risk across different amounts of occupational
itting. The lack of occupational sitting measures with
uantifıcation of the amount of time spent sitting may
ave contributed to the lack of signifıcant associations
etween occupational sitting and health. A recent
tudy,71 which included a measure of leisure-time sitting
nd ameasure of occupational activity, found that people
ittingmore than 4 hours in leisure had almost double the
isk of metabolic syndrome than those sitting less than 1
our, whereas there was no association between occupa-
ional sitting (sit during the day and do not walk about
ery much) and metabolic syndrome, compared with a
igher level of occupational activity. Future studies
hould consider the inclusion of a sitting measure with a
uantifıcation of sitting duration that allows for the anal-
sis of dose–response relationships; objective measures
ay be the optimal method for doing this.72

riterion 6

he WCRF/AICH Criterion 6 reads: Is there evidence
rom human or animal studies that occupational sitting
an lead to the health outcome of interest? There is
merging animal and human evidence for biological
lausibility of an association between sitting and health
isks. The chronic, unbroken periods of muscular un-
oading associated with prolonged sitting time may have
eleterious biological consequences.73,74 Physiologically,
t has been suggested73,74 that the loss of local contractile
timulation induced through sitting leads to both the
uppression of skeletal muscle lipoprotein lipase activity
which is necessary for triglyceride uptake and high-
ensity lipoprotein cholesterol production), and reduced
lucose uptake through blunted translocation ofGLUT-4
lucose transporters to the skeletal muscle cell surface. A
ore detailed account of these important mechanistic
tudies has been provided in several recent reviews.1,75
rom a behavioral perspective, prolonged sitting can dis- s
lace the opportunity for engagement in light-intensity,
ncidental activities, which can lead to a reduction in
hole-body energy expenditure.76 Sitting may also pro-
ote excess energy consumption (snacking),77 which is

ikely to contribute to a positive daily energy balance and
oor metabolic outcomes.78

This is the fırst systematic review to examine the asso-
iations between occupational sitting and BMI, DM,
VD, cancer, and mortality. The strengths of this review
re the extensive search strategies and the fact that papers
n numerous languages were considered for inclusion. A
imitation of the review is the possibility that relevant
apers may have been missed, as the search was compli-
ated by the lack of standard search terms for occupa-
ional sitting. However, the search in the primary data-
ases was complemented with other search strategies.
nother limitation is that the majority of criteria for the
uality assessment in this review rated whether specifıc
tudy characteristics were reported in the included pa-
ers, rather than rating the study quality on the basis of
hese characteristics.
Although 43 papers have examined the associations
etween occupational sitting and health risks, the wide
eterogeneity of study fındings led us to conclude that,
sing the WCRF/AICH criteria for judging causal rela-
ionships, there is at this time only limited evidence in
upport of a positive relationship between occupational
itting and health risks. Although the quality of most
tudies was good, it will be important to include specifıc
easures of sitting time with demonstrated reliability
nd validity in future studies, as this will enable dose–
esponse issues to be examined. The lack of such mea-
ures of sitting time and failure to account for the effects
f leisure-time sitting and physical activity make it diffı-
ult to draw fırm conclusions at this stage.
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upplementary data

upplementary data associatedwith this article can be found, in the
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