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Context:Whether physical activity attenuates the association of total daily sitting time with cardio-
vascular disease and diabetes incidence is unclear. This systematic review and meta-analysis exam-
ined the association of total daily sitting time with cardiovascular disease and diabetes with and
without adjustment for physical activity.

Evidence acquisition: PubMed, Web of Science, BASE, MEDLINE, Academic Search Elite,
and ScienceDirect were searched for prospective studies, published between January 1, 1989, and
February 15, 2019, examining the association of total daily sitting time with cardiovascular disease
or diabetes outcomes. Data extraction and study quality assessments were conducted by 2 indepen-
dent reviewers. Pooled hazard ratios (HRs) were calculated using a fixed-effects model. The quality
assessment and meta-analysis procedures were completed in 2018.

Evidence synthesis: Nine studies with 448,285 participants were included. A higher total daily
sitting time was associated with a significantly increased risk of cardiovascular disease
(HR=1.29, 95% CI=1.27, 1.30, p<0.001) and diabetes (HR=1.13, 95% CI=1.04, 1.22, p<0.001)
incidence when not adjusted for physical activity. The increased risk for diabetes was unaffected
when adjusting for physical activity (HR=1.11, 95% CI=1.01, 1.19, p<0.001). For cardiovascular
disease, the increased risk was attenuated but remained significant (HR=1.14, 95% CI=1.04,
1.23, p<0.001).

Conclusions: Higher levels of total daily sitting time are associated with an increased risk of car-
diovascular disease and diabetes, independent of physical activity. Reductions in total daily sitting
may be recommended in public health guidelines.
Am J Prev Med 2019;57(3):408−416. © 2019 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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At the population level, sedentary behaviors
occupy most of adults’ waking hours. Based on
accelerometry, adults may spend 50%−60% of

their day engaged in sedentary behaviors with an average
daily sedentary time of 8.4 hours.1 Sedentary behavior
includes a range of activities that involve sitting or lying
down with minimal energy expenditure of ≤1.5 METs
during waking time.2 Such activities include watching
TV, sitting in a car, and office work. Sedentary behavior
is distinct from physical inactivity, which refers to insuf-
ficient levels of moderate-to-vigorous physical activity.
A number of systematic reviews and meta-analyses have
explored the association of sedentary behavior with
cardiovascular disease (CVD) and Type 2 diabetes. One
meta-analysis reported that TV viewing was associated
with an increased risk of CVD and Type 2 diabetes.3

However, TV viewing time is a poor indicator of total
entive Medicine. Published by Elsevier Inc. All rights
reserved.
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sedentary time and thus may misclassify the true effect
of this exposure on CVD and diabetes risk.4 Another
meta-analysis reported that individuals who engaged in
the highest amount of sedentary time had an increased
risk of diabetes (112%) and cardiovascular events
(147%) compared with those who engaged in the lowest
amount of sedentary time.4 However, the meta-analysis
conducted by Wilmot et al.4 included both cross-sec-
tional and prospective studies that varied considerably
with regard to sedentary behavior exposure (e.g., TV
viewing, leisure-time sedentary behavior, and total sit-
ting), which were combined in the same analysis. There-
fore, it was not possible to make conclusions regarding
the prospective associations of total daily sitting time
with CVD and diabetes, which could be important for
public health guidelines.
The World Health Organization physical activity

guidelines recommend that adults accumulate ≥150
minutes per week of moderate-intensity physical activ-
ity or ≥75 minutes per week of vigorous-intensity
physical activity.5 However, there is no recommenda-
tion with respect to sitting time, and it remains unclear
if increasing physical activity alone is sufficient for
health or whether reductions in daily sitting are also
required. Ekelund and colleagues6 reported in a meta-
analysis of more than 1 million adults that engaging in
high levels (60−75 minutes per day) of moderate-
intensity physical activity attenuated the increased
mortality risk associated with high total daily sitting
time. However, this level of daily physical activity may
not be achievable for large amounts of the population
and guidelines may need to recommend both increases
in physical activity and reductions in sitting time. The
meta-analysis by Wilmot et al.4 demonstrated that the
increased risk of CVD and diabetes with high amounts
of sedentary behavior (including measures of TV
viewing, leisure-time sedentary behavior, and total
daily sitting) remained, although somewhat attenuated,
after adjustment for physical activity.4 Two other
meta-analyses showed that higher total daily sitting7

and higher sedentary time (including studies with total
daily sitting and TV viewing as the exposure)8 were
associated with increased incidence of CVD and Type
2 diabetes. However, they did not report whether
adjustment for physical activity affected these associa-
tions. Thus, whether physical activity attenuates any
potential associations of higher amounts of total daily
sitting time with CVD and diabetes has not been evalu-
ated and is required to inform public health guidelines.
The aim of this study is to quantitatively synthesize
prospective evidence relating total daily sitting time to
incident CVD and diabetes with and without adjust-
ment for physical activity.
September 2019
EVIDENCE ACQUISITION
This review was conducted following the PRISMA guidelines9 and
the protocol was registered with PROSPERO: International Pro-
spective Register of Systematic Review Protocols (registration
number CRD42017054222). Ethical approval for the protocol was
obtained from the Institute for Sport and Physical Activity
Research Ethics Committee at the University of Bedfordshire
(2018ISPAR004).

Study Selection
A systematic search was conducted to identify relevant studies
within the following databases: PubMed, Web of Science,
BASE, MEDLINE, Academic Search Elite, and ScienceDirect.
The search terms used were as follows: (sitting time OR seden-
tary behavior OR sedentary behaviour OR sedentary lifestyle)
AND (cardiometabolic disease OR cardiovascular disease OR
diabetes OR heart disease OR stroke OR myocardial infarction
OR angina OR heart failure OR heart attack OR coronary dis-
ease) AND (risk OR Cox OR hazard OR survival analysis OR
odds). Titles and abstracts were independently reviewed by
RBC and DPB and the full text was obtained for articles that
were potentially eligible for inclusion and reviewed by the
same authors. The reference lists of included articles and the
authors’ personal collections were then checked to identify
any additional articles for potential inclusion and were
screened using the process described above.

Eligibility Criteria
Studies published in English between January 1, 1989, and Febru-
ary 15, 2019, were included if they met the following criteria:

1. included male and female adults aged ≥18 years, healthy, and
disease free at baseline;

2. were observational prospective/follow-up studies that included
a measure of total daily sitting time as an exposure variable,
collected subjectively by self-report or objectively by inclinom-
eters;

3. reported associations of different levels of total daily sitting
time with objectively determined or self-reported CVD or dia-
betes incidence; and

4. had an outcome of CVD or diabetes.
Data Extraction and Synthesis
Data were independently extracted from identified articles by 2
reviewers (DPB and SMS), which were compared for consistency.
The reviewers settled any discrepancies through discussion. The
extracted data included the following: author(s); study design;
sample size; mean follow-up duration; CVD or diabetes outcome;
number of outcome cases; total sitting time measure; hazard ratio
(HR), RR, or OR estimates with 95% CIs; and confounding varia-
bles adjusted for in the analysis. The measurement of total daily
sitting time varied between studies with respect to grouping par-
ticipants into different sitting categories using either quantile
splits or arbitrarily determined groups that were not consistent
across studies. Therefore, the CVD and diabetes outcomes associ-
ated with the highest amount of total daily sitting were compared
with the lowest amount of total daily sitting time for the purpose
of this review to overcome these discrepancies in reporting.4
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Corresponding authors were contacted by e-mail to clarify or
retrieve missing data, and the responses were incorporated into
the analysis.
Study Appraisal
The methodologic quality of the selected articles was indepen-
dently assessed by DPB and SMS. Disagreements were
resolved with scores from a third reviewer (RBC). A checklist
developed from Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) and STROBE was used to assess the
methodologic quality of the studies.10,11 The total score avail-
able was 9 points: 1 point for a prospective study design; 1
point for reported reliability and 1 point for reported validity
if sitting time was self-reported; 2 points if sitting time was
objectively measured; 1 point if 2 or more confounders were
controlled for in the analysis; 1 point if the analysis controlled
for physical activity; 1 point if an objective measure of the
health outcome was used; and 1 point for an adequate
description of the population. A score of ≥7 was considered
high quality, 4−6 moderate quality, and ≤3 poor quality.
Analysis
The HR or RR and 95% CIs comparing the highest level of total
daily sitting with the lowest level were extracted from each study.
RRs were considered equal to HRs in this study. Data were
extracted from the most adjusted model without physical activity
adjustment and the least adjusted model with adjustment for
physical activity.12 Where sitting time was reported in hours per
week, the result was divided by 7 to provide sitting time in hours
per day. If a study did not present HR or RR, the RR was calcu-
lated from the raw data.

Heterogeneity was calculated using the I2 statistic and
interpreted based on Higgins and colleagues,13 where 25%,
50%, and 75% represented low, moderate, and high heteroge-
neity, respectively. Four fixed-effects meta-analyses were per-
formed following Cochrane guidelines14: 1 for CVD outcomes
without adjustment for physical activity; 1 for CVD outcomes
with adjustment for physical activity; 1 for diabetes outcomes
without adjustment for physical activity; and 1 for diabetes
outcomes with adjustment for physical activity. Natural loga-
rithm HRs were pooled across studies and weighted based on
the inverse of variance for each study. Fixed effects models
were used, as there was no evidence of high heterogeneity
across studies. Data were reported as mean effect HR (95%
CI) and statistical significance accepted as p<0.05.
EVIDENCE SYNTHESIS

Article Selection
The PRISMA flow diagram of the article selection pro-
cess is shown in Figure 1. The literature search resulted
in 4,304 articles, which were reduced to 2,690 after
removing duplicates. Titles and abstracts were then
screened and 2,670 were excluded because they did not
meet the eligibility criteria for this review. This resulted
in retrieval of 20 articles for full-text screening. Of these
20 articles, 11 were excluded as they did not satisfy the
inclusion criteria, resulting in a total of 9 articles being
included for analysis.

Study Characteristics
The characteristics and main outcomes for each study
can be seen in Appendix Table 1 (available online). Data
from 224,414 participants were included in the CVD
meta-analysis with 4,575 incidences during follow-up,
and 223,871 participants were included for diabetes with
11,472 incidences during follow-up. Five studies had dia-
betes as an outcome,15−19 3 studies had CVD as an out-
come,20−23 and 1 study reported outcomes separately for
myocardial infarction and coronary heart disease.24

Thus, data for 10 outcomes (CVD, n=5; diabetes, n=5)
from these 9 studies were included in the meta-analysis.
The cohorts were from a range of countries including
Norway, Denmark, Finland, U.S., Australia, and Britain.
The mean age of the samples in these studies ranged
from 44 to 64 years. Six studies included male and
female participants in their sample,15,17−21,24 and 3 stud-
ies included only female participants.16,22,23 The mean
follow-up period ranged from 2.7 to 13.0 years. All stud-
ies used a single-item self-report measure of total daily
sitting time (Appendix Table 2, available online) and
divided sitting time into categories for analysis. The cut
points for these categories were not consistent across
studies with the threshold for being in the highest sitting
group ranging from ≥7.1 hours to ≥16 hours per day
and the threshold for being in the lowest sitting group
ranging from <4 hours to <8 hours per day. One study
did not report the threshold for being in the highest and
lowest daily sitting categories and instead reported the
mean total daily sitting for these categories, which were
8.4§1.8 hours per day versus 2.7§0.8 hours per day,
respectively. Physical activity was self-reported in all
studies using a range of different questions and categori-
zation approaches (Appendix Table 2, available online)
to measure leisure-time physical activity, MET minutes
or MET hours per week, or moderate-to-vigorous physi-
cal activity. All studies, other than Borodulin et al.,21

reported data for risk associations of total daily sitting
time with CVD and diabetes with and without adjust-
ment for physical activity.

Study Quality
The overall quality of the studies included in this review
was moderate to high (Table 1). All included studies
reported a prospective association.20 All studies used a self-
report measure of sitting time. Four studies reported the
validity and reliability of the self-report tool used,16,17,21,24

1 study reported the validity only,19 and 4 studies did not
report the validity or reliability of the tool used.15,18,22,23

The quality of the studies varied from 4/9 to 7/9.
www.ajpmonline.org



Figure 1. PRISMA flow chart of study selection.
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Associations of Total Daily Sitting Time With
Cardiovascular Disease and Diabetes Incidence
Higher total daily sitting time was associated with a sig-
nificantly increased risk of CVD when physical activity
was not adjusted for (HR=1.29, 95% CI=1.27, 1.30,
p<0.001); this risk was attenuated but remained signifi-
cant with adjustment for physical activity (HR=1.14,
95% CI=1.04, 1.23, p<0.001). There was a significantly
increased risk of diabetes associated with higher total
daily sitting time without adjustment for physical activ-
ity (HR=1.13, 95% CI=1.04, 1.22, p<0.001) and this
association was not attenuated with adjustment for
physical activity (HR=1.11, 95% CI=1.01, 1.19,
p<0.001). The forest plot of the hazards for higher
September 2019
amounts of total daily sitting can be seen in Figure 2
(without adjustment for physical activity) and Figure 3
(adjusted for physical activity).

Publication Bias and Heterogeneity
Publication bias was not assessed for either CVD or diabe-
tes, as there was a small number of published studies for
each of these outcomes. However, visual inspection of the
forest plot (Figures 2 and 3) would suggest that publication
bias was likely not present for CVD or diabetes because
there was no consistent pattern in studies with regard to
the size of effect reported for smaller or larger sample sizes.
Heterogeneity was low for CVD outcomes with and with-
out adjustment for physical activity (I2=4%, p=0.37,



Table 1. Study Quality Appraisal Criteria and Scores for Each Study

Criterion
Asvold
et al.15

Bjork
Petersen
et al.24

Borodulin
et al.21

Chomistek
et al.22

Herber-Gast
et al.23

Manini
et al.16

Nguyen
et al.18

Petersen
et al.17

Stamatakis
et al.19

Studies
meeting
criteria, n

1. Does the study report a
prospective association?

1 1 1 1 1 1 1 1 1 9/9

2. If sitting time was self-
reported, was reliability and
validity reported?a

0 2 2 0 0 2 0 2 1 9/18

3. Was an objective measure of
sitting used?

0 0 0 0 0 0 0 0 0 0/18

4. Were 2 or more confounders
controlled for in the analysis?

1 1 1 1 1 1 1 1 1 9/9

5. Did the analysis control for
physical activity?

1 1 1 1 1 1 1 1 1 9/9

6. Was an objective measure of
the health outcome used?

0 1 1 1 1 0 0 1 1 6/9

7. Was there an adequate
description of the study
population including age, sex,
and country of residence?

1 1 1 1 1 0 1 1 1 8/9

Score 4 7 7 5 5 5 4 7 6

Note: 0=no, 1=yes. Two points are available for criterions 2 and 3 and the total score is thus out of 18.
aFor criterion 2, 1 point was assigned for reporting reliability and 1 point was assigned for reporting validity.
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Figure 2. The association between higher total daily sitting time and health outcomes without adjustment for physical activity.
HR, hazard ratio.
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Q=3.122 and I2=14%, p=0.33, Q=4.647, respectively) and
moderate for diabetes outcomes both with and without
adjustment for physical activity (I2=38%, p=0.16, Q=6.503
and I2=53%, p=0.07, Q=8.538, respectively).
DISCUSSION

This meta-analysis of prospective studies, incorporating
448,285 participants, demonstrates an increased risk for
the incidence of CVD and diabetes in individuals who
engage in higher levels of total daily sitting time. The
increased risk of diabetes was not attenuated after
adjustment for physical activity, whereas the increased
risk of CVD was attenuated, but remained significant,
after adjustment for physical activity. This suggests that
the risk of CVD and diabetes outcomes associated with
higher levels of sitting time are independent of physical
activity levels.
The findings of the present study agree with previous

meta-analyses demonstrating an increased risk of CVD
and diabetes in individuals who engage in higher levels
of sedentary time.4,8 However, pooled HRs for incident
September 2019
diabetes associated with the higher levels of sedentary
time were greater in magnitude than the present study:
HR=1.918 and 2.47 (without adjustment for physical
activity).4 For CVD incidence, Wilmot and colleagues4

reported a greater effect than the present study
(HR=2.47), although in the study by Biswas et al.,8 the
effect was similar (HR=1.14). The disparity in effects
could be due to the type of sedentary behavior exposures
that were included (e.g., TV viewing, leisure-time seden-
tary behavior, and total daily sitting time). For instance,
in a previous meta-analysis, the association of high daily
sitting with all-cause mortality was attenuated with high
physical activity levels, whereas the association with TV
viewing time was not.6 The domain of sitting may thus
affect the associations with observed health outcomes,
meaning it is not appropriate to combine different sit-
ting time exposures in the same analysis. The findings of
this study address these limitations by including
only total daily sitting time as the sedentary behavior
exposure.
The increased risk of CVD and diabetes associated

with higher amounts of total daily sitting in the present



Figure 3. The association between higher total daily sitting time and health outcomes with adjustment for physical activity.
HR, hazard ratio.
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study remained after adjustment for physical activity.
This has also been documented in a previous meta-
analysis comparing the highest with the lowest group
of sedentary time (including a mix of sedentary behav-
ior exposures) for these health outcomes.4 Two other
meta-analyses showed that incident CVD and Type 2
diabetes risk were positively associated with signifi-
cantly higher levels of sedentary time when adjusting
for physical activity.7,8 However, these studies did not
present data for models without physical activity
adjustment; thus, whether physical activity attenuated
this risk was unknown.7,8 Ekelund et al.6 reported in
their meta-analysis that the mortality risk associated
with high amounts of total daily sitting was attenuated
in individuals who engaged in high amounts (60−75
minutes per day) of moderate-intensity physical activ-
ity. It was not feasible to use an approach similar
to that of Ekelund and colleagues6 in the present study,
as the included articles did not report on associations
of sitting time with CVD and diabetes for separate
physical activity categories. Future research should
address this gap to inform CVD and diabetes preven-
tion guidelines.
The independent associations of total daily sitting
time with CVD and diabetes may be explained by several
potential biological mechanisms. A number of experi-
mental studies have shown that prolonged sitting results
in higher levels of lipids, glucose, and insulin,25−27 and
that regularly interrupting sitting or substituting sitting
with light-, moderate-, or high-intensity physical activity
attenuates these responses.28−33 Prolonged sitting is the-
orized to negatively affect carbohydrate metabolism
through changes in muscle glucose transporter protein
content and activity.27 Interrupting sitting with regular
short bouts of physical activity upregulates glucose
uptake pathways34 and alters gene expression that mod-
ulates lipid and glucose metabolism.35 In animal models,
prolonged periods of muscular inactivity lead to
decreased lipoprotein lipase activity (essential in the reg-
ulation of lipid levels) through cellular pathways
uniquely different to exercise responses,36 although this
requires confirmation in humans. Prolonged sitting can
also cause vascular dysfunction through changes in
blood flow and shear stress within blood vessels, thus
promoting inflammation and atherosclerosis.37 How-
ever, it is not clear whether these suggested mechanisms
www.ajpmonline.org
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can be applied to the current findings, as the analysis was
unable to examine the pattern of sitting time.

Limitations
The major strength of this study is the meta-analysis for
associations of total daily sitting time with CVD and dia-
betes outcomes with and without adjustment for physi-
cal activity. Inclusion of large population-based
prospective cohort studies is also a strength. However,
the included studies were limited to the use of self-report
questionnaires to measure exposure. This is problematic,
as self-report measures underestimate total daily sitting
time,38 which may lead to underestimations of health
outcome risks associated with sitting time. Furthermore,
only 4 studies reported the reliability and validity of the
questions used.16,17,21,24 How questions are phrased, the
time period they consider, and whether assessed by a
single question or multiple domains can all affect the
validity of total daily sitting measures.39 Thus, there is a
need for studies to employ objective measures of sitting
time to address these limitations. Furthermore, the cut
points used to categorize high and low levels of daily sit-
ting varied across studies. Although this may affect the
associations reported in the individual studies and in
this meta-analysis, there was low heterogeneity across
studies for all subgroup analyses, suggesting that this
may not have affected this study’s findings. Moreover,
physical activity was self-reported in all studies and the
physical activity outcomes (e.g., leisure-time physical
activity, moderate-to-vigorous physical activity, and
MET hours per week) were not consistent across studies.
This could have affected the observed associations of sit-
ting time with CVD and diabetes when adjusting for
physical activity. Measuring total daily sitting and physi-
cal activity using devices would help to overcome some
of these limitations in future research. There is also a
need for further research to examine the joint associa-
tions of total daily sitting and physical activity with
CVD and diabetes incidence to better determine if
higher levels of physical activity attenuate the negative
cardiometabolic health outcomes associated with higher
total daily sitting. Other limitations include the small
number of prospective studies reporting on the associa-
tion of total daily sitting with CVD and diabetes inci-
dence and the use of only studies published in English.
CONCLUSIONS

This study suggests that higher levels of total daily sitting
time are associated with an increased risk of CVD and
diabetes, even after adjustment for physical activity. The
findings support a focus on reducing total daily sitting
time in public health guidelines and the need for
September 2019
experimental studies investigating the effectiveness of
reducing daily sitting on cardiometabolic health.
ACKNOWLEDGMENTS
No sources of funding supported this study.

DPB and SMS conceived the study and designed the experi-
ments. DPB, DJH, RBC, and SMS performed the experiments
and wrote the paper.

No financial disclosures were reported by the authors of this
paper.
SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2019.04.015.
REFERENCES
1. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary

time and cardio-metabolic biomarkers in U.S. adults: NHANES 2003−06.
Eur Heart J. 2011;32(5):590‒597. https://doi.org/10.1093/eurheartj/ehq451.

2. Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior Research
Network (SBRN). Terminology Consensus Project process and out-
come. Int J Behav Nutr Phys Act. 2017;14:75. https://doi.org/10.1186/
s12966-017-0525-8.

3. Grontved A, Hu FB. Television viewing and risk of type 2 diabetes, car-
diovascular disease, and all-cause mortality: a meta-analysis. JAMA.
2011;305(23):2448‒2455. https://doi.org/10.1001/jama.2011.812.

4. Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in
adults and the association with diabetes, cardiovascular disease and
death: systematic review and meta-analysis. Diabetologia. 2012;55
(11):2895‒2905. https://doi.org/10.1007/s00125-012-2677-z.

5. WHO. Global strategy of diet, physical activity and health. http://
whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf. Pub-
lished 2010. Accessed February 19, 2019.

6. Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does physical
activity attenuate, or even eliminate, the detrimental association of sit-
ting time with mortality? A harmonised meta-analysis of data from
more than 1 million men and women. Lancet. 2016;388(10051):1302‒
1310. https://doi.org/10.1016/s0140-6736(16)30370-1.

7. Patterson R, McNamara E, Tainio M, et al. Sedentary behaviour and
risk of all-cause, cardiovascular and cancer mortality, and incident
type 2 diabetes: a systematic review and dose response meta-analysis.
Eur J Epidemiol. 2018;33(9):811‒829. https://doi.org/10.1007/s10654-
018-0380-1.

8. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its association
with risk for disease incidence, mortality, and hospitalization in adults:
a systematic review and meta-analysis. Ann Intern Med. 2015;162
(2):123‒132. https://doi.org/10.7326/m14-1651.

9. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the
PRISMA statement. BMJ. 2009;339:b2535. https://doi.org/10.1136/bmj.
b2535.

10. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. JAMA. 2000;283
(15):2008‒2012. https://doi.org/10.1001/jama.283.15.2008.

11. von Elm E, Altman DG, Egger M, et al. The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol.
2008;61(4):344‒349. https://doi.org/10.1016/j.jclinepi.2007.11.008.

https://doi.org/10.1016/j.amepre.2019.04.015
https://doi.org/10.1016/j.amepre.2019.04.015
https://doi.org/10.1093/eurheartj/ehq451
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1001/jama.2011.812
https://doi.org/10.1007/s00125-012-2677-z
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
https://doi.org/10.1016/s0140-6736(16)30370-1
https://doi.org/10.1007/s10654-018-0380-1
https://doi.org/10.1007/s10654-018-0380-1
https://doi.org/10.7326/m14-1651
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1016/j.jclinepi.2007.11.008


416 Bailey et al / Am J Prev Med 2019;57(3):408−416
12. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Tri-
als. 1986;7(3):177‒188. https://doi.org/10.1016/0197-2456(86)90046-2.

13. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsis-
tency in meta-analyses. BMJ. 2003;327(7414):557‒560. https://doi.org/
10.1136/bmj.327.7414.557.

14. Deeks J, Higgins J, Altman D. Analysing data and undertaking
meta-analyses. In: Higgins JP, Green S, eds. Cochrane Handbook for
Systematic Reviews of Interventions. Published 2008. https://doi.org/
10.1002/9780470712184.ch9.

15. Asvold BO, Midthjell K, Krokstad S, Rangul V, Bauman A. Prolonged
sitting may increase diabetes risk in physically inactive individuals: an
11 year follow-up of the HUNT Study, Norway. Diabetologia. 2017;60
(5):830‒835. https://doi.org/10.1007/s00125-016-4193-z.

16. Manini TM, Lamonte MJ, Seguin RA, et al. Modifying effect of obesity
on the association between sitting and incident diabetes in post-meno-
pausal women. Obesity (Silver Spring). 2014;22(4):1133‒1141. https://
doi.org/10.1002/oby.20620.

17. Petersen CB, Bauman A, Tolstrup JS. Total sitting time and the risk of
incident diabetes in Danish adults (the DANHES cohort) over 5 years:
a prospective study. Br J Sports Med. 2016;50(22):1382‒1387. https://
doi.org/10.1136/bjsports-2015-095648.

18. Nguyen B, Bauman A, Ding D. Incident type 2 diabetes in a large Aus-
tralian cohort study: does physical activity or sitting time alter the risk
associated with body mass index? J Phys Act Health. 2017;14(1):13‒
19. https://doi.org/10.1123/jpah.2016-0184.

19. Stamatakis E, Pulsford RM, Brunner EJ, et al. Sitting behaviour is not
associated with incident diabetes over 13 years: the Whitehall II
cohort study. Br J Sports Med. 2017;51(10):818‒823. https://doi.org/
10.1136/bjsports-2016-096723.

20. Jefferis BJ, Parsons TJ, Sartini C, et al. Does total volume of physical
activity matter more than pattern for onset of CVD? A prospective
cohort study of older British men. Int J Cardiol. 2019;278:267‒272.
https://doi.org/10.1016/j.ijcard.2018.12.024.

21. Borodulin K, Karki A, Laatikainen T, Peltonen M, Luoto R. Daily sed-
entary time and risk of cardiovascular disease: the National FINRISK
2002 study. J Phys Act Health. 2015;12(7):904‒908. https://doi.org/
10.1123/jpah.2013-0364.

22. Chomistek AK, Manson JE, Stefanick ML, et al. Relationship of seden-
tary behavior and physical activity to incident cardiovascular disease:
results from the Women’s Health Initiative. J Am Coll Cardiol.
2013;61(23):2346‒2354. https://doi.org/10.1016/j.jacc.2013.03.031.

23. Herber-Gast GC, Jackson CA, Mishra GD, Brown WJ. Self-
reported sitting time is not associated with incidence of cardiovas-
cular disease in a population-based cohort of mid-aged women.
Int J Behav Nutr Phys Act. 2013;10:55. https://doi.org/10.1186/
1479-5868-10-55.

24. Bjork Petersen C, Bauman A, Gronbaek M, et al. Total sitting time
and risk of myocardial infarction, coronary heart disease and all-cause
mortality in a prospective cohort of Danish adults. Int J Behav Nutr
Phys Act. 2014;11:13. https://doi.org/10.1186/1479-5868-11-13.

25. Stephens BR, Granados K, Zderic TW, Hamilton MT, Braun B. Effects
of 1 day of inactivity on insulin action in healthy men and women:
interaction with energy intake. Metabolism. 2011;60(7):941‒949.
https://doi.org/10.1016/j.metabol.2010.08.014.
26. Lyden K, Keadle SK, Staudenmayer J, Braun B, Freedson PS. Discrete
features of sedentary behavior impact cardiometabolic risk factors.
Med Sci Sports Exerc. 2015;47(5):1079‒1086. https://doi.org/10.1249/
mss.0000000000000499.

27. Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Phys-
iological and health implications of a sedentary lifestyle. Appl
Physiol Nutr Metab. 2010;35(6):725‒740. https://doi.org/10.1139/
h10-079.

28. Duvivier BMFM, Schaper NC, Koster A, et al. Benefits of substituting
sitting with standing and walking in free-living conditions for cardio-
metabolic risk markers, cognition and mood in overweight adults.
Front Physiol. 2017;8:353. https://doi.org/10.3389/fphys.2017.00353.

29. Bailey DP, Locke CD. Breaking up prolonged sitting with light-inten-
sity walking improves postprandial glycemia, but breaking up sitting
with standing does not. J Sci Med Sport. 2015;18(3):294‒298. https://
doi.org/10.1016/j.jsams.2014.03.008.

30. Maylor BD, Zakrzewski-Fruer JK, Orton CJ, Bailey DP. Beneficial post-
prandial lipaemic effects of interrupting sedentary time with high-inten-
sity physical activity versus a continuous moderate-intensity physical
activity bout: a randomised crossover trial. J Sci Med Sport. 2018;21
(12):1250‒1255. https://doi.org/10.1016/j.jsams.2018.05.022.

31. Dunstan DW, Kingwell BA, Larsen R, et al. Breaking up prolonged sit-
ting reduces postprandial glucose and insulin responses. Diabetes
Care. 2012;35(5):976‒983. https://doi.org/10.2337/dc11-1931.

32. Henson J, Davies MJ, Bodicoat DH, et al. Breaking up prolonged
sitting with standing or walking attenuates the postprandial
metabolic response in postmenopausal women: a randomized
acute study. Diabetes Care. 2016;39(1):130‒138. https://doi.org/
10.2337/dc15-1240.

33. Miyashita M, Edamoto K, Kidokoro T, et al. Interrupting sitting time
with regular walks attenuates postprandial triglycerides. Int J Sports
Med. 2016;37(2):97‒103. https://doi.org/10.1055/s-0035-1559791.

34. Bergouignan A, Latouche C, Heywood S, et al. Frequent interruptions of
sedentary time modulates contraction- and insulin-stimulated glucose
uptake pathways in muscle: ancillary analysis from randomized clinical
trials. Sci Rep. 2016;6:32044. https://doi.org/10.1038/srep32044.

35. Latouche C, Jowett JB, Carey AL, et al. Effects of breaking up prolonged
sitting on skeletal muscle gene expression. J Appl Physiol 1985. 2013;114
(4):453‒460. https://doi.org/10.1152/japplphysiol.00978.2012.

36. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expendi-
ture and sitting in obesity, metabolic syndrome, type 2 diabetes, and
cardiovascular disease. Diabetes. 2007;56(11):2655‒2667. https://doi.
org/10.2337/db07-0882.

37. Carter S, Hartman Y, Holder S, Thijssen DH, Hopkins ND. Sedentary
behavior and cardiovascular disease risk: mediating mechanisms.
Exerc Sport Sci Rev. 2017;45(2):80‒86. https://doi.org/10.1249/
jes.0000000000000106.

38. Chastin SF, Culhane B, Dall PM. Comparison of self-reported mea-
sure of sitting time (IPAQ) with objective measurement (activPAL).
Physiol Meas. 2014;35(11):2319‒2328. https://doi.org/10.1088/0967-
3334/35/11/2319.

39. Healy GN, Clark BK, Winkler EAH, et al. Measurement of adults’ sed-
entary time in population-based studies. Am J Prev Med. 2011;41
(2):216‒227. https://doi.org/10.1016/j.amepre.2011.05.005.
www.ajpmonline.org

https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/9780470712184.ch9
https://doi.org/10.1002/9780470712184.ch9
https://doi.org/10.1007/s00125-016-4193-z
https://doi.org/10.1002/oby.20620
https://doi.org/10.1002/oby.20620
https://doi.org/10.1136/bjsports-2015-095648
https://doi.org/10.1136/bjsports-2015-095648
https://doi.org/10.1123/jpah.2016-0184
https://doi.org/10.1136/bjsports-2016-096723
https://doi.org/10.1136/bjsports-2016-096723
https://doi.org/10.1016/j.ijcard.2018.12.024
https://doi.org/10.1123/jpah.2013-0364
https://doi.org/10.1123/jpah.2013-0364
https://doi.org/10.1016/j.jacc.2013.03.031
https://doi.org/10.1186/1479-5868-10-55
https://doi.org/10.1186/1479-5868-10-55
https://doi.org/10.1186/1479-5868-11-13
https://doi.org/10.1016/j.metabol.2010.08.014
https://doi.org/10.1249/mss.0000000000000499
https://doi.org/10.1249/mss.0000000000000499
https://doi.org/10.1139/h10-079
https://doi.org/10.1139/h10-079
https://doi.org/10.3389/fphys.2017.00353
https://doi.org/10.1016/j.jsams.2014.03.008
https://doi.org/10.1016/j.jsams.2014.03.008
https://doi.org/10.1016/j.jsams.2018.05.022
https://doi.org/10.2337/dc11-1931
https://doi.org/10.2337/dc15-1240
https://doi.org/10.2337/dc15-1240
https://doi.org/10.1055/s-0035-1559791
https://doi.org/10.1038/srep32044
https://doi.org/10.1152/japplphysiol.00978.2012
https://doi.org/10.2337/db07-0882
https://doi.org/10.2337/db07-0882
https://doi.org/10.1249/jes.0000000000000106
https://doi.org/10.1249/jes.0000000000000106
https://doi.org/10.1088/0967-3334/35/11/2319
https://doi.org/10.1088/0967-3334/35/11/2319
https://doi.org/10.1016/j.amepre.2011.05.005

	Sitting Time and Risk of Cardiovascular Disease and Diabetes: A Systematic Review and Meta-Analysis
	CONTEXT
	EVIDENCE ACQUISITION
	Study Selection
	Eligibility Criteria
	Data Extraction and Synthesis
	Study Appraisal
	Analysis

	EVIDENCE SYNTHESIS
	Article Selection
	Study Characteristics
	Study Quality
	Associations of Total Daily Sitting Time With Cardiovascular Disease and Diabetes Incidence
	Publication Bias and Heterogeneity

	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	SUPPLEMENTAL MATERIAL
	REFERENCES



