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IMPORTANCE High amounts of sitting time are associated with increased risks of
cardiovascular disease (CVD) and mortality in high-income countries, but it is
unknown whether risks also increase in low- and middle-income countries.

OBJECTIVE To investigate the association of sitting time with mortality and major CVD
in countries at different economic levels using data from the Prospective Urban Rural
Epidemiology study.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study included
participants aged 35 to 70 years recruited from January 1, 2003, and followed up
until August 31, 2021, in 21 high-income, middle-income, and low-income countries with a
median follow-up of 11.1 years.

EXPOSURES Daily sitting time measured using the International Physical Activity
Questionnaire.

MAIN OUTCOMES AND MEASURES The composite of all-cause mortality and major CVD
(defined as cardiovascular death, myocardial infarction, stroke, or heart failure).

RESULTS Of 105 677 participants, 61 925 (58.6%) were women, and the mean (SD) age was
50.4 (9.6) years. During a median follow-up of 11.1 (IQR, 8.6-12.2) years, 6233 deaths and
5696 major cardiovascular events (2349 myocardial infarctions, 2966 strokes, 671 heart
failure, and 1792 cardiovascular deaths) were documented. Compared with the reference
group (<4 hours per day of sitting), higher sitting time (�8 hours per day) was associated
with an increased risk of the composite outcome (hazard ratio [HR], 1.19; 95% CI, 1.11-1.28;
P for trend < .001), all-cause mortality (HR, 1.20; 95% CI, 1.10-1.31; P for trend < .001),
and major CVD (HR, 1.21; 95% CI, 1.10-1.34; P for trend < .001). When stratified by country
income levels, the association of sitting time with the composite outcome was stronger in
low-income and lower-middle–income countries (�8 hours per day: HR, 1.29; 95% CI,
1.16-1.44) compared with high-income and upper-middle–income countries (HR, 1.08;
95% CI, 0.98-1.19; P for interaction = .02). Compared with those who reported sitting time
less than 4 hours per day and high physical activity level, participants who sat for 8 or more
hours per day experienced a 17% to 50% higher associated risk of the composite outcome
across physical activity levels; and the risk was attenuated along with increased physical
activity levels.

CONCLUSIONS AND RELEVANCE High amounts of sitting time were associated with increased
risk of all-cause mortality and CVD in economically diverse settings, especially in low-income
and lower-middle–income countries. Reducing sedentary time along with increasing physical
activity might be an important strategy for easing the global burden of premature deaths
and CVD.

JAMA Cardiol. 2022;7(8):796-807. doi:10.1001/jamacardio.2022.1581
Published online June 15, 2022.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Wei Li, PhD,
National Center for Cardiovascular
Diseases, Fuwai Hospital, Chinese
Academy of Medical Sciences and
Peking Union Medical College,
Feng Cun Xi Li, Mentougou District,
Beijing 102300, China (liwei@
mrbc-nccd.com); Scott A. Lear, PhD,
Faculty of Health Sciences,
Simon Fraser University, c/o Healthy
Heart Program, St Paul’s Hospital,
180-1081 Burrard St, Vancouver, BC
V6Z 1Y6, Canada (slear@
providencehealth.bc.ca).

Research

JAMA Cardiology | Original Investigation

796 (Reprinted) jamacardiology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita Degli Studi di Roma La Sapienza User  on 10/02/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/car/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
mailto:liwei@mrbc-nccd.com
mailto:liwei@mrbc-nccd.com
mailto:slear@providencehealth.bc.ca
mailto:slear@providencehealth.bc.ca
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581


I ncreased sitting time has become common in modern so-
ciety owing to the popularization of electronic products,
an increase in sedentary occupations, and changing pat-

terns of transportation. Serial analyses reported total sitting
time has substantially increased by nearly 1 hour per day among
adults over the past decade in the US.1,2 The recent World
Health Organization (WHO) 2020 global physical activity guide-
line now recommends limiting sedentary time and engaging
in high levels of physical activity to reduce the detrimental
effects of sitting time.3

Thus far, current evidence has been almost exclusively in
high-income countries (HICs)4,5 and China.6-8 Previous stud-
ies suggested that the contextual patterns in which seden-
tary behavior occurs might vary substantially by socioeco-
nomic status and social class.9,10 The health effects of sedentary
behavior are not well documented for populations from low-
and middle-income countries (LICs and MICs), where the pat-
terns of activity are much different from HICs and the preva-
lence of a sedentary lifestyle has increased dramatically along
with rapid urbanization.11-13 It is in these same countries where
most of the global CVD burden exists.14 Therefore, the asso-
ciations between sitting time and clinical outcomes based on
studies predominately conducted in HICs cannot be directly
extrapolated into populations residing in LICs and MICs.

In the present analysis, we aimed to determine the asso-
ciations of self-reported sitting time with all-cause mortality
and major CVD in countries at varying income levels using data
from the Prospective Urban Rural Epidemiology (PURE) study.
In addition, we also evaluated the joint association of sitting
time and physical activity with clinical outcomes.

Methods
Study Design and Participants
The details about study design and participant enrollment have
been previously published (eAppendix in the Supplement).15

The PURE study is a large-scale, prospective, cohort study re-
cruiting participants aged 35 to 70 years across regions of Africa,
Asia, Europe, the Middle East, and North and South America.
This analysis includes information from 21 countries in which
participants had completed at least 1 cycle of follow-up visits
(4 HICs: Canada, Saudi Arabia, Sweden, and United Arab Emir-
ates; 7 upper-middle–income countries [UMICs]: Argentina,
Brazil, Chile, Malaysia, Poland, South Africa, Turkey; 5 lower-
middle–income countries [LMICs]: China, Colombia, Iran,
Palestine, the Philippines; and 5 LICs: Bangladesh, India, Paki-
stan, Tanzania, and Zimbabwe). Countries were categorized
based on the 2006 World Bank classification at the time of in-
clusion. In participating countries, urban and rural commu-
nities were selected based on prespecified criteria to achieve
a geographically and socioeconomically diverse population.
Households and individuals aged 35 to 70 years within each
community were approached using sampling strategies based
on both representativeness and feasibility of long-term follow-
up. We reported information by geographical regions (Africa,
South Asia, Southeast Asia/China, Middle East, North America
and Europe, South America) but not by race and ethnicity be-

cause there are more than 30 categories of ethnicity (col-
lected by self-reported) within this multinational study. The
baseline characteristics and mortality profiles were compa-
rable with national statistics in participating countries.16 All
participants provided written informed consent. This prospec-
tive cohort study was coordinated by the Population Health
Research Institute (Hamilton, Canada), and local ethics ap-
proval was obtained by all collaborating sites. This study fol-
lowed the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines.

Exposure
Information on sitting time and total physical activity was col-
lected using the long-form International Physical Activity
Questionnaire (IPAQ), which has been validated in multi-
ple countries17-20 and is widely used in the international
population-level surveillance studies21 and previous large-
scale etiological studies.22-24 The total number of hours spent
sitting per day was assessed using 2 questions: “During the last
7 days, how much time did you usually spend sitting on a usual
(1) weekday and (2) weekend day?” Daily sitting time was cal-
culated as a mean average sitting time per day ([5 × weekday
+2 × weekend hours] / 7). According to recent literature,24,25

we categorized daily sitting time into the following groups: less
than 4 hours per day, 4 to 6 hours per day, 6 to 8 hours per day,
and 8 hours or more per day, with the lowest group used as
the reference. Physical activity was reported in minutes per
day of moderate to vigorous activity (MVPA) in 10-minute bouts
as metabolic equivalents (METs) × minutes of MVPA and cat-
egorized as low (<600 METs), moderate (600-3000 METs), and
high (>3000 METs) levels, corresponding to less than 150 min-
utes per week, 150 to 750 minutes per week, and more than
750 minutes per week of MVPA.26 Other covariates included
age, sex, urban/rural residence, education, household wealth
index (a validated index of household assets),27 marital sta-
tus, occupational class, INTERHEART risk score (a composite
index measuring cardiovascular risk burdens),28 smoking sta-
tus, alcohol use, diet quality (PURE diet score),29 body mass
index (BMI; calculated as weight in kilograms divided by height
in meters squared), hypertension, diabetes, baseline chronic
conditions, physical impairments, and symptoms of

Key Points
Question Is daily sitting time associated with mortality and
cardiovascular disease (CVD) in countries of different economic
levels?

Findings In this cohort study including 105 677 participants from
21 countries, higher sitting time was associated with an increased
risk of all-cause mortality and major CVD, and the association
was more pronounced in low-income and lower-middle–income
countries. Meeting the World Health Organization
recommendations for physical activity could effectively
attenuate the risk of high sitting time.

Meaning Reducing sedentary time along with increasing physical
activity may be an important strategy for easing the global burden
of premature deaths and CVD.
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depression.30 Details of covariates are provided in the
eAppendix in the Supplement.

Outcomes
The primary outcome was the composite of all-cause mortal-
ity and major cardiovascular events (cardiovascular mortal-
ity, nonfatal myocardial infarction, stroke, or heart failure).
Secondary outcomes included individual components of the
composite outcome. Details about outcome definitions and
adjudication process are described in the eAppendix in the
Supplement. For this analysis, we included all adjudicated
events until August 31, 2021.

Statistical Analysis
Baseline characteristics were described for the overall popu-
lation and stratified by different sitting groups. The associa-
tion between daily sitting time and clinical outcomes was as-
sessed using Cox proportional hazards frailty models with a
random intercept of center-level clustering. The proportional
hazard assumptions were assessed with log-log plots, and no
variables violated the assumption. Covariates were identi-
fied a priori based on previous literature and proposed mecha-
nisms underlying the associations between sitting time and
clinical outcomes (eAppendix in the Supplement).31,32 Model
1 included age, sex, urban/rural residence, and a center ran-
dom intercept. Model 2 additionally included country in-
come levels, education, household wealth index, smoking sta-
tus, physical activity, depression, physical impairments,
and baseline chronic conditions. Restricted cubic splines
were calculated using 3 knots at the 10th, 50th, and 90th per-
centiles to assess the dose-response association. Adjusted
population attributable fractions (PAFs) were calculated to es-
timate the potential effect of risk factor reduction from a pub-
lic health perspective.33 To study the consistency of associa-
tions between sitting time and the composite outcome, we
conducted subgroup analyses by geographical regions, coun-
try income levels, urban/rural location, age, sex, education,
household wealth index, BMI, hypertension, diabetes, and
INTERHEART risk score. We also used tests of interaction to
compare the associations between HICs and UMICs vs LMICs
and LICs, and we conducted stratified and joint analyses to
assess the association between sitting time and physical ac-
tivity. In addition, isotemporal substitution models were built
to assess the effect of replacing sitting time with physical
activities.34 Further details of the statistical analyses are
provided in the eAppendix in the Supplement. P values were
2-sided, and statistical significance was set at P < .05. All sta-
tistical analyses were conducted using SAS software, version
9.4 (SAS Institute).

Results
Between January 1, 2003, and December 4, 2016, 167 082 par-
ticipants aged 35 to 70 years were enrolled in the first 2 phases
of the PURE study. Information on vital status was available
among 162 326 participants (97.2%), of which 117 170 had com-
plete and plausible information on sitting time and physical

activity. After excluding participants having preexisting CVD,
cancer, or HIV (n = 11 493), a total of 105 677 participants were
included in this analysis (eFigure 1 in the Supplement).
The mean (SD) age was 50.4 (9.6) years; there were a total of
61 925 women (58.6%) and 43 752 men (41.4%).

The median sitting time at baseline was 4.0 (IQR, 2.6-
6.0) hours per day, ranging from 2.6 hours per day in Poland
and Chile to 7.3 hours per day in Saudi Arabia (eTable 1 in the
Supplement). Participants with higher sitting time were more
likely to be from urban areas and UMICs and HICs (HICs: ≥8
hours per day, 3220 of 11 965 [26.9%] vs <4 hours per day, 4428
of 48 091 [9.2%]; UMICs: ≥8 hours per day, 4365 of 11 965
[36.5%] vs <4 hours per day, 13890 of 48 091 [28.9%]). They
had higher education (trade college/university: ≥8 hours per
day, 3341 of 11 965 [27.9%] vs <4 hours per day, 8246 of 48 091
[17.2%]), higher INTERHEART risk scores (mean [SD] score: ≥8
hours per day, 11.7 [6.1] vs <4 hours per day, 10.0 [5.6]), and
lower levels of physical activity (low [<600 MET]: ≥8 hours
per day, 3591 of 11 965 [30.0%] vs <4 hours per day, of 7207 of
48 091 [15.0%]), and they were also more likely to have dia-
betes (≥8 hours per day, 1597 of 11 965 [13.3%] vs <4 hours per
day, 4081 of 48 091 [8.5%]), depression (≥8 hours per day, 1660
of 11 965 [13.9%] vs <4 hours per day, 4691 of 48 091 [9.8%]),
physical impairments (≥8 hours per day, 2298 of 11 965 [19.2%]
vs <4 hours per day, 8072 of 48 091 [16.8%]), and chronic dis-
eases at baseline (≥8 hours per day, 1249 of 11 965 [10.4%] vs
<4 hours per day, 3196 of 48 091 [6.7%]) (Table 1).

During the median follow-up of 11.1 (IQR, 8.6-12.2) years,
we recorded 6233 deaths and 5696 major cardiovascular events
(2349 myocardial infarctions, 2966 strokes, 671 heart failure,
and 1792 cardiovascular deaths) (eTable 2 in the Supple-
ment). Table 2 shows the hazard ratios (HRs) of daily sitting
time with clinical outcomes. In the multivariable-adjusted
models, the risk of the composite outcome associated with sit-
ting time was significantly increased above 6 hours per day (HR,
1.13; 95% CI, 1.06-1.21 for 6-8 hours per day; HR, 1.19; 95% CI,
1.11-1.28 for ≥8 hours per day; P for trend < .001). For indi-
vidual outcomes, sitting more than 8 hours per day was asso-
ciated with an HR of 1.20 (95% CI, 1.10-1.31) for all-cause mor-
tality, 1.29 (95% CI, 1.10-1.51) for cardiovascular mortality,
1.17 (95% CI, 1.05-1.29) for noncardiovascular mortality, 1.21
(95% CI, 1.10-1.34) for major CVD, 1.20 (95% CI, 1.04-1.38) for
myocardial infarction, 1.20 (95% CI, 1.03-1.40) for stroke, and
1.49 (95% CI, 1.16-1.90) for heart failure. The associations af-
ter categorizing participants into country-specific quintiles
were also consistent (eTable 3 in the Supplement). In sensi-
tivity analysis, we further adjusted for potential mediators (hy-
pertension, diabetes, and BMI) or diet quality and found the
HRs were not materially changed (eTable 4 in the Supple-
ment). No appreciable differences were observed when ex-
cluding events within the first 5 years or participants with poor
health conditions at baseline (eTable 5 in the Supplement). To
address the specificity of the association, we selected injury
as a negative control outcome and found a negative associa-
tion for sitting time, which suggested that there was minimal
potential for residual confounding and bias from other sources
(eTable 6 in the Supplement). The E-value analysis showed that
only a confounder with a risk factor of 1.62 to 2.34 above and

Research Original Investigation Sitting Time and Mortality and Cardiovascular Events in High-Income, Middle-Income, and Low-Income Countries

798 JAMA Cardiology August 2022 Volume 7, Number 8 (Reprinted) jamacardiology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita Degli Studi di Roma La Sapienza User  on 10/02/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2022.1581?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2022.1581


Table 1. Baseline Characteristics of the Total Population and Stratified by Groups of Daily Sitting Time

Variables

No. (%)

Total (N = 105 677) <4 h (n = 48 091) 4-6 h (n = 30 037) 6-8 h (n = 15 584) ≥8 h (n = 11 965)

Daily sitting time, median (IQR), h/d 4.0 (2.6-6.0) 2.4 (1.7-3.0) 4.8 (4.3-5.1) 6.6 (6.0-7.0) 9.4 (8.3-11.0)

Urban residence 59 125 (55.9) 23 763 (49.4) 18 204 (60.6) 9620 (61.7) 7538 (63.0)

Age, mean (SD), y 50.4 (9.6) 50.2 (9.5) 50.6 (9.6) 50.5 (9.7) 50.8 (9.5)

Women 61 925 (58.6) 28 692 (59.7) 17 647 (58.8) 9123 (58.5) 6463 (54.0)

Men 43 752 (41.4) 19 399 (40.3) 12 390 (41.2) 6461 (41.5) 5502 (46.0)

Country income levela

HIC 14 511 (13.7) 4428 (9.2) 3989 (13.3) 2874 (18.4) 3220 (26.9)

UMIC 30 907 (29.2) 13 890 (28.9) 8310 (27.7) 4342 (27.9) 4365 (36.5)

LMIC 49 926 (47.2) 24 275 (50.5) 14 531 (48.4) 7190 (46.1) 3930 (32.8)

LIC 10 333 (9.8) 5498 (11.4) 3207 (10.7) 1178 (7.6) 450 (3.8)

Geographical regionb

Africa 3386 (3.2) 2156 (4.5) 803 (2.7) 235 (1.5) 192 (1.6)

South Asia 8395 (7.9) 4274 (8.9) 2789 (9.3) 1020 (6.5) 312 (2.6)

Southeast Asia/China 48 379 (45.8) 24 962 (51.9) 13 139 (43.7) 6151 (39.5) 4127 (34.5)

Middle East 9818 (9.3) 2151 (4.5) 3127 (10.4) 2494 (16.0) 2046 (17.1)

North America and Europe 16 056 (15.2) 5311 (11.0) 4584 (15.3) 3136 (20.1) 3025 (25.3)

South America 19 643 (18.6) 9237 (19.2) 5595 (18.6) 2548 (16.4) 2263 (18.9)

Education

None, primary, or unknown 41 193 (39.0) 19 757 (41.2) 10 947 (36.5) 5889 (37.8) 4600 (38.5)

Secondary/high/higher secondary 41 124 (39.0) 20 006 (41.7) 11 690 (39.0) 5412 (34.8) 4016 (33.6)

Trade or college/university 23 206 (22.0) 8246 (17.2) 7358 (24.5) 4261 (27.4) 3341 (27.9)

Global wealth index, tertilec

Low 24 272 (23.2) 14 129 (29.7) 5743 (19.3) 2611 (16.9) 1789 (15.0)

Middle 38 481 (36.8) 18 109 (38.1) 11 521 (38.7) 5415 (35.0) 3436 (28.8)

High 41 937 (40.1) 15 291 (32.2) 12 504 (42.0) 7446 (48.1) 6696 (56.2)

Married, common law, or living with partner 90 405 (85.7) 41 519 (86.5) 25 747 (85.9) 13 231 (85.0) 9908 (82.9)

Occupation

Professional/managers 18 439 (17.7) 6664 (14.0) 5810 (19.7) 3339 (21.9) 2626 (22.4)

Skilled workers 33 610 (32.3) 14 761 (31.0) 10 211 (34.7) 4895 (32.1) 3743 (32.0)

Unskilled workers 22 699 (21.8) 13 291 (27.9) 5204 (17.7) 2464 (16.1) 1740 (14.9)

Homemaker 29 288 (28.2) 12 889 (27.1) 8235 (28.0) 4564 (29.9) 3600 (30.7)

INTERHEART score, mean (SD)d 10.5 (5.8) 10.0 (5.6) 10.6 (5.8) 11.0 (5.8) 11.7 (6.1)

Smoking

Former 12 912 (12.3) 5165 (10.8) 3692 (12.4) 2055 (13.2) 2000 (16.8)

Current 20 376 (19.4) 9572 (20.1) 5770 (19.3) 2866 (18.5) 2168 (18.2)

Never 71 726 (68.3) 32 953 (69.1) 20 413 (68.3) 10 601 (68.3) 7759 (65.1)

Alcohol use

Former 4445 (4.3) 1914 (4.0) 1211 (4.1) 650 (4.2) 670 (5.7)

Current 29 434 (28.3) 12 828 (27.1) 8680 (29.3) 4348 (28.3) 3578 (30.5)

Never 70 150 (67.4) 32 565 (68.8) 19 714 (66.6) 10 388 (67.5) 7483 (63.8)

Physical activity, median (IQR), MET × min/wk 2607.0
(956.0-5880.0)

3006.0
(1125.0-6930.0)

2796.0
(1128.0-5916.0)

2119.5
(792.0-4473.0)

1533.0
(414.0-3780.0)

Low (<600) 18 469 (17.5) 7207 (15.0) 4471 (14.9) 3200 (20.5) 3591 (30.0)

Middle (600-3000) 39 129 (37.0) 16 775 (34.9) 11 246 (37.4) 6465 (41.5) 4643 (38.8)

High (>3000) 48 079 (45.5) 24 109 (50.1) 14 320 (47.7) 5919 (38.0) 3731 (31.2)

BMI, mean (SD)e 26.3 (5.2) 25.8 (4.9) 26.3 (5.0) 26.9 (5.4) 27.7 (5.8)

PURE diet score, mean (SD)f 3.7 (1.7) 3.6 (1.7) 3.7 (1.7) 3.8 (1.7) 4.0 (1.7)

Hypertensiong 40 778 (40.7) 18 777 (41.1) 11 580 (40.3) 5981 (39.8) 4440 (41.3)

(continued)
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beyond the measured confounders could alter the observed
association, suggesting that weak unmeasured confounding
could not explain the observed HRs (eTable 7 in the Supple-
ment). Furthermore, the results were consistent for sitting time
on weekdays or weekend days (eTable 8 in the Supplement).
Multiple imputation for missing data on sitting time also
yielded similar results (eTable 9 in the Supplement).

The dose-response analysis shows the risk of the compos-
ite outcome increased linearly, and the results were also ro-
bust after excluding events within the first 5 years and par-
ticipants with poor health conditions at baseline (eFigures 2
and 3 in the Supplement). For per-hour increase in sitting time,
the HR for the composite outcome was 1.03 (95% CI, 1.02-
1.04). When analyzed as a meta-analysis of country-specific
estimates, the overall association between per-hour increase
in sitting time and clinical outcomes remained statistically
significant (HR, 1.02; 95% CI, 1.01-1.03) for the composite
outcome (eFigure 4 in the Supplement).

When stratified by country income level, there was a sig-
nificant interaction between country income level and daily
sitting time for the composite outcome and all-cause mortal-
ity. The association of sitting time with the composite out-
come was stronger in LICs and LMICs (≥8 hours per day: HR,
1.29; 95% CI, 1.16-1.44) compared with HICs and UMICs (HR,
1.08; 95% CI, 0.98-1.19; P for interaction = .02) (Figure 1). For
the composite outcome, we found a positive significant asso-
ciation in LMICs and LICs, but not in HICs and UMICs (eTable 10
in the Supplement). When stratified by geographical region,
we found that higher levels of sitting time were associated with
the composite outcome in all regions except for North America
and Europe (≥8 hours per day: HR, 1.06; 95% CI, 0.89-1.26),
with the largest association observed in South Asia (≥8 hours

per day: HR, 1.82; 95% CI, 1.41-2.34; P for interaction = .004).
The association was more pronounced among participants with
BMI less than 25 (≥8 hours per day: HR, 1.25; 95% CI, 1.11-1.41
for those with BMI < 25; HR, 1.12; 95% CI, 1.02-1.23 for those
with BMI ≥ 25; P for interaction < .001), probable depression
(≥8 hours per day: HR, 1.37; 95% CI, 1.12-1.67 for those with de-
pression; HR, 1.16; 95% CI, 1.07-1.25 for those without depres-
sion; P for interaction = .046), and 2 or more physical impair-
ments (≥8 hours per day: HR, 1.48; 95% CI, 1.29-1.69 for those
with ≥2 physical impairments; HR, 1.09; 95% CI, 1.00-1.19 for
those with 0-1 physical impairments; P for interaction = .001).

When stratified by physical activity levels, we found di-
rectionally consistent results for the composite outcome across
different physical activity stratums (low physical activity:
HR, 1.23; 95% CI, 1.07-1.40 for ≥8 hours per day of sitting time;
P for trend = .004; moderate physical activity: HR, 1.09;
95% CI, 0.96-1.23; P for trend = .04; high physical activity: HR,
1.20; 95% CI, 1.06-1.36; P for trend = .002) and no statistical
evidence of heterogeneity (P for interaction = 0.58) (Figure 2A;
eTable 11 in the Supplement). The results for mortality and ma-
jor CVD showed slight disparities across different stratums, but
higher sitting time was consistently associated with in-
creased risk among the least physically active participants. In
the joint analysis, the combination of higher sitting time and
lower physical activity was associated with an increased risk
of mortality and CVD (Figure 2B). Among those sitting for 8
hours per day or more, the hazard of the composite outcome
was increased by between 17% and 50% across physical activ-
ity levels. However, participants who reported sitting 8 hours
per day or more but had moderate to high physical activity had
a similar risk (HR, 1.17; 95% CI, 1.04-1.32 for high physical ac-
tivity; HR, 1.19; 95% CI, 1.06-1.34 for moderate physical activ-

Table 1. Baseline Characteristics of the Total Population and Stratified by Groups of Daily Sitting Time (continued)

Variables

No. (%)

Total (N = 105 677) <4 h (n = 48 091) 4-6 h (n = 30 037) 6-8 h (n = 15 584) ≥8 h (n = 11 965)

Diabetesh 10 219 (9.7) 4081 (8.5) 2841 (9.5) 1700 (10.9) 1597 (13.3)

Depressioni 11 268 (10.7) 4691 (9.8) 3065 (10.2) 1852 (11.9) 1660 (13.9)

Having ≥2 physical impairmentsj 17 486 (16.6) 8072 (16.8) 4524 (15.1) 2592 (16.7) 2298 (19.2)

Baseline chronic diseasesk 8129 (7.7) 3196 (6.7) 2318 (7.7) 1366 (8.8) 1249 (10.4)

Abbreviations: BMI, body mass index; HIC, high-income country;
LIC, low-income country; LMIC, lower-middle–income country;
METs, metabolic equivalents; PURE, Prospective Urban Rural Epidemiology;
UMIC, upper-middle–income country.
a Defined according to 2006 World Bank classification at time of study entry.
b North America and Europe includes Canada, Poland, Sweden, and Turkey.

South America includes Argentina, Brazil, Chile, and Colombia. Middle East
includes Iran, occupied Palestinian territory, Saudi Arabia, and United Arab
Emirates. South Asia includes India and Pakistan. Southeast Asia includes
Malaysia and the Philippines. Africa includes South Africa, Tanzania, and
Zimbabwe.

c Household wealth was defined by an index based on ownership of assets and
housing characteristics and grouped into country-stratified tertiles.

d The INTERHEART Risk Score is a validated score for quantifying risk factor
burden that includes data on age, sex, status with respect to smoking,
diabetes, high blood pressure, and family history of heart disease, waist-to-hip
ratio, psychosocial factors, diet, and physical activity. Scores range from 0
to 48, with higher scores indicating greater risk factor burden.

e Calculated as weight in kilograms divided by height in meters squared.

f The PURE diet score was a composite diet score based on eight food types
associated with a lower risk of cardiovascular disease or mortality in PURE:
fruits, vegetables, legumes, nuts, fish, dairy, unprocessed red meat, and
poultry; with each classified into high consumption (1 point) or low
consumption (0 points) based on the median amount consumed in PURE
(in grams per day).

g Defined as blood pressure of 140/90 mm Hg or greater, self-reported
hypertension, or use of antihypertensive medications.

h Defined as fasting blood glucose level of 7 mmol/L or greater, self-reported
diabetes, or taking hypoglycemic agents regularly.

i Defined as a score of at least 4 on a 7-symptom depression score using an
adapted version of the Short-Form Composite International Diagnostic
Interview for major depressive disorders.

j Having 0, 1, or 2 or more difficulties in grasping, walking, bending,
reading, seeing people, speaking, hearing, and using walking aids.

k Defined as having been diagnosed with hepatitis (or jaundice), chronic
obstructive pulmonary disease, asthma, tuberculosis, malaria, or chagas.
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ity) compared with those who sat the least (<4 hours per day)
and also had low physical activity (HR, 1.16; 95% CI, 1.06-
1.26). The results were similar when participants were cross-
classified using a more detailed categorization for physical
activity or stratified by country income levels (eFigures 5 and
6 in the Supplement).

Figure 3 shows the isotemporal replacement (per 30 min-
utes) effect of sitting with physical activities stratified by sit-
ting levels. Among sedentary participants (sitting ≥4 hours per
day), replacing 30 minutes of sitting time with total physical
activity was associated with a 2% lower risk of the composite
outcome (HR, 0.98; 95% CI, 0.97-0.99), with the effect being
consistent across physical activity of different intensity.
Substituting sitting time with recreational physical activity
was associated with a more pronounced effect (HR, 0.95;
95% CI, 0.92-0.97) compared with that for nonrecreational
physical activity (HR, 0.98; 95% CI, 0.97-0.99).

The 10-year adjusted PAF of excessive sitting time (more
than 6 hours per day) was 3.7% for the composite outcome, 4.6%

for mortality, and 3.5% for major CVD (eFigure 7 in the Supple-
ment). The estimation is comparable with the PAFs for other
lifestyle risk factors in PURE, such as physical inactivity, poor
diet, and alcohol use (eTable 12 in the Supplement). The joint
PAF of excessive sitting time and physical inactivity was 8.8%
for mortality and 5.8% for CVD, which was nearly the same as
the joint PAF of smoking (10.6% and 6.6%, respectively).

Discussion
In this large, international, prospective cohort study, we found
daily sitting time was significantly associated with all-cause
mortality and major CVD. By including diverse populations
from countries at varying income levels, our study adds to the
accumulating evidence on the risk of sitting time. Our data pro-
vide information from MICs and LICs, where the risk of in-
creased sitting time is even more marked. Our findings sup-
port the WHO 2020 global guidelines for sedentary behavior

Table 2. Associations Between Daily Sitting Time and Clinical Outcomes

Variable

Sitting time, HR (95% CI)
P value
for trend

<4 h/d
(n = 48 091)

4-6 h/d
(n = 30 037)

6-8 h/d
(n = 15 584)

≥8 h/d
(n = 11 965)

Composite outcome

Incidence ratea 9.74 (9.47-10.02) 8.93 (8.59-9.28) 9.80 (9.31-10.32) 10.25 (9.67-10.87) NA

Model 1b 1 [Reference] 0.98 (0.93-1.03) 1.13 (1.06-1.20) 1.20 (1.12-1.29) <.001

Model 2c 1 [Reference] 1.00 (0.95-1.05) 1.13 (1.06-1.21) 1.19 (1.11-1.28) <.001

All-cause mortality

Incidence rate 5.87 (5.66-6.09) 5.51 (5.25-5.78) 6.13 (5.75-6.55) 7.02 (6.55-7.53) NA

Model 1 1 [Reference] 0.99 (0.93-1.05) 1.13 (1.04-1.22) 1.22 (1.12-1.33) <.001

Model 2 1 [Reference] 1.01 (0.95-1.08) 1.12 (1.03-1.21) 1.20 (1.10-1.31) <.001

CVD mortality

Incidence rate 1.66 (1.55-1.78) 1.53 (1.39-1.67) 1.91 (1.70-2.14) 2.10 (1.85-2.39) NA

Model 1 1 [Reference] 0.95 (0.85-1.07) 1.17 (1.01-1.35) 1.33 (1.14-1.56) <.001

Model 2 1 [Reference] 0.97 (0.86-1.10) 1.14 (0.98-1.32) 1.29 (1.10-1.51) .002

Non-CVD mortality

Incidence rate 4.21 (4.04-4.40) 3.98 (3.76-4.21) 4.23 (3.91-4.57) 4.92 (4.52-5.35) NA

Model 1 1 [Reference] 1.00 (0.93-1.08) 1.10 (1.01-1.21) 1.18 (1.06-1.30) <.001

Model 2 1 [Reference] 1.03 (0.95-1.11) 1.11 (1.01-1.22) 1.17 (1.05-1.29) .001

Major CVD

Incidence rate 5.69 (5.48-5.90) 5.08 (4.82-5.34) 5.65 (5.28-6.05) 5.58 (5.15-6.04) NA

Model 1 1 [Reference] 0.96 (0.90-1.03) 1.13 (1.04-1.23) 1.22 (1.11-1.34) <.001

Model 2 1 [Reference] 0.97 (0.91-1.04) 1.13 (1.04-1.23) 1.21 (1.10-1.34) <.001

Myocardial infarction

Incidence rate 2.10 (1.98-2.23) 2.04 (1.88-2.21) 2.61 (2.37-2.89) 2.96 (2.66-3.30) NA

Model 1 1 [Reference] 0.94 (0.84-1.04) 1.18 (1.04-1.34) 1.22 (1.07-1.40) <.001

Model 2 1 [Reference] 0.95 (0.86-1.06) 1.19 (1.05-1.35) 1.20 (1.04-1.38) .002

Stroke

Incidence rate 3.21 (3.05-3.37) 2.65 (2.47-2.85) 2.65 (2.40-2.93) 2.02 (1.77-2.30) NA

Model 1 1 [Reference] 0.96 (0.88-1.05) 1.08 (0.96-1.21) 1.17 (1.01-1.36) .05

Model 2 1 [Reference] 0.97 (0.89-1.06) 1.08 (0.96-1.22) 1.20 (1.03-1.40) .03

Heart failure

Incidence rate 0.59 (0.53-0.66) 0.59 (0.51-0.68) 0.66 (0.54-0.80) 0.97 (0.81-1.18) NA

Model 1 1 [Reference] 1.10 (0.90-1.33) 1.25 (0.98-1.59) 1.56 (1.23-1.99) <.001

Model 2 1 [Reference] 1.10 (0.90-1.33) 1.22 (0.96-1.56) 1.49 (1.16-1.90) .002

Abbreviations: CVD, cardiovascular
disease; NA, not applicable.
a Incidence rate and its 95% CI was

per 1000 person-years.
b Minimally adjusted models were

adjusted for age, sex, urban and
rural location, and a random
intercept for clustering of centers.

c Multivariable adjusted models were
additionally adjusted for country
income level, education level,
household wealth index, smoking
status, physical activity, depression,
baseline chronic diseases,
and physical impairments.
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and indicate that physical activity above the recommended
level could attenuate the increased risk owing to sedentari-
ness, and sedentary individuals may benefit from replacing
sitting time with physical activity.

Overall, our study demonstrates a positive association of
self-reported sitting time with all-cause mortality and major
CVD, which is in line with previous meta-analyses (including
studies using self-reported measurements from HICs)4,5,35,36

and recent prospective cohorts from China.6-8 Moreover, we
found that the risk of composite outcome associated with
sitting time increased in a linear manner, which was similar
to a prospective cohort among 5638 older women from the US,
demonstrating a linear relationship between objectively mea-
sured sedentary time and CVD.32 However, some previous
meta-analyses using either subjective or objective measure-
ments have suggested a nonlinear association with a poten-
tial threshold of sitting time, but the cutoff values were
inconsistent.5,35,37-39 Previous meta-analyses using self-
reported measurements generally estimated the threshold was
10 hours per day for incident CVD35 and 6 to 8 hours per day
for mortality,5,37,38 whereas a large meta-analysis incorporat-
ing device-measured data reported the mortality risk signifi-
cantly increased at levels higher than 9.5 hours per day.39 This
difference may relate to variability in measurement meth-
ods. Accelerometer, which was generally used in existing
studies, could provide a more accurate estimation of seden-
tary time than self-reported questionnaires, but it cannot dif-
ferentiate between sitting and standing posture, and there-
fore, overestimates the time being sedentary.39,40 Therefore,
although recommendations on limiting sitting time have
emerged in recent public health guidelines, the specific quan-
titative threshold for sitting time still warrants further study.41

When stratified by country income levels, we observed a
more pronounced association in LMICs and LICs compared
with HICs and UMICs. The difference in the association might
be partly explained by the different domains and patterns of
sitting behaviors across different income levels; that is, televi-
sion viewing time is more common among people with
lower socioeconomic positions9 and showed a stronger asso-
ciation with outcomes compared with other sitting behaviors
perhaps owing to coincident poor nutrition habits and pro-
longed and uninterrupted sedentary patterns.5,42 By contrast,
spending more time in occupational sitting is often accompa-
nied by higher socioeconomic status and healthier lifestyles,
which might modify the excess mortality risk related to sitting
time.42,43 Therefore, the association of total sitting time might
be less pronounced in those with high socioeconomic levels.
For example, the Whitehall II study, an occupational cohort
of white-collar workers with high physical activity levels, re-
ported a null association between total sitting time and
mortality.44 This hypothesis was supported by subgroup analy-
ses that sitting time showed a modest association among people
with higher levels of education, household wealth, and occu-
pation, but this requires further investigation of comparing
associations between different types/domains of sedentary
behavior in participants from a diverse context.

An important question of public health relevance in this
area is the joint association of sitting time and physical activ-

Figure 1. Comparison of Daily Sitting Time With the Composite
of All-Cause Mortality and Major Cardiovascular Diseases
Stratified by Country Income Level
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A, Composite outcome, B, all-cause mortality, and C, major cardiovascular
disease (CVD) adjusted for age, sex, urban or rural residence, country
income level, education level, household wealth index, smoking status,
physical activity, depression, baseline chronic diseases, physical impairments,
and a random intercept for clustering of centers. HIC indicates high-income
country; HR, hazard ratio; LMIC, lower-middle–income country;
LIC, low-income country; UMIC, upper-middle–income country.
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ity. Similar to previous studies of recreational physical activ-
ity in HICs,24,25 we found that the association of sitting time

with mortality plus major CVD was attenuated among those
with higher levels of physical activity. Among those physi-

Figure 2. Joint and Stratified Associations of Daily Sitting Time and Physical Activity With Clinical Outcomes
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A and B, Stratified and joint association for composite outcome, respectively; C and D, stratified and joint association for all-cause mortality, respectively;
and E and F, stratified and joint association for major cardiovascular disease (CVD), respectively. Adjusted for age, sex, urban or rural residence, country income
level, education level, household wealth index, smoking status, depression, baseline chronic diseases, physical impairments, and a random intercept for clustering
of centers. Data are listed in eTable 5 in the Supplement. MET indicates metabolic equivalent; HR, hazard ratio.
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cally inactive participants, lowering sitting time was associ-
ated with a reduced risk of the composite outcome substan-

tially, but the hazard in the low-sitting group (<4 hours per day)
remained significantly higher compared with the reference

Figure 3. Estimated Risk for All-Cause Mortality and Major Cardiovascular Diseases (CVDs)
With Substitution of 30 Minutes per Day of Daily Sitting Time With an Equal Amount of Time Spent
in Physical Activity Among Participants With Low and High Levels of Sitting Time

Composite outcomeA

0.85 0.95 1.051.00
HR (95% CI)

Physical activity type
Sitting time, <4h/d

HR (95% CI)

Sitting time, ≥4 h/d

Total 0.99 (0.98-1.01)
Recreational 
Nonrecreational 
Walking
Moderate 
Vigorous

Total
Recreational 
Nonrecreational
Walking
Moderate
Vigorous 

P value

.28

.93

.34

.64

.16

.53

<.001
<.001
<.001
<.001
.002
.002

All-cause mortalityB

0.85 0.95 1.051.00
HR (95% CI)

Physical activity type
Sitting time, <4h/d

HR (95% CI)

Sitting time, ≥4 h/d

Total 0.98 (0.96-1.00)
Recreational 
Nonrecreational 
Walking
Moderate
Vigorous

Total 
Recreational
Nonrecreational 
Walking
Moderate 
Vigorous

P value

.09

.77

.10

.68

.05

.09

<.001
<.001
<.001
<.001
.02
<.001

Major CVDC

0.85

0.90

0.90

0.90 0.95 1.051.00
HR (95% CI)

Physical activity type
Sitting time, <4h/d

HR (95% CI)

Sitting time, ≥4 h/d

Total 1.00 (0.98-1.02)
Recreational 
Nonrecreational
Walking
Moderate 
Vigorous

Total
Recreational
Nonrecreational 
Walking
Moderate
Vigorous 

P value

.71

.69

.83

.58

.53

.53

<.001
<.001
.001
<.001
.02
.05

1.00 (0.97-1.03) 
0.99 (0.98-1.01)
1.00 (0.98-1.01)
0.99 (0.97-1.00)
0.99 (0.97-1.01)

0.98 (0.97-0.99)
0.95 (0.92-0.97)
0.98 (0.97-0.99)
0.97 (0.96-0.99)
0.98 (0.97-0.99)
0.97 (0.95-0.99)

0.99 (0.96-1.03)
0.98 (0.97-1.00)
1.00 (0.97-1.02)
0.98 (0.96-1.00)
0.98 (0.95-1.00)

0.97 (0.96-0.98)
0.94 (0.91-0.98)
0.97 (0.96-0.98)
0.96 (0.94-0.98)
0.98 (0.97-1.00)
0.95 (0.92-0.97)

1.01 (0.97-1.05)
1.00 (0.98-1.02)
0.99 (0.97-1.02)
0.99 (0.97-1.02)
1.01 (0.98-1.03)

0.97 (0.96-0.99)
0.93 (0.89-0.96)
0.98 (0.97-0.99)
0.96 (0.94-0.98)
0.98 (0.97-1.00)
0.97 (0.94-1.00)

Adjusted for age, sex, urban or rural
residence, country income level,
education level, household wealth
index, smoking status, depression,
baseline chronic diseases, physical
impairments, mutually adjusted for all
activity classes, total time in all
activity classes, and a random
intercept for clustering of centers.
HR indicates hazard ratio.
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group. This suggests that reducing sitting time alone is un-
likely to achieve optimal health benefits without increasing
physical activity. Our findings offer support for current guide-
lines that encourage “sit less and move more” for better
health.3,45,46 Furthermore, prior findings also suggested that
the mortality risk of a sedentary lifestyle was largely attenu-
ated in the most physically active group (60-75 minutes per
day in a meta-analysis harmonizing 13 prospective cohorts25;
300 minutes per week in a prospective cohort from Australia24).
The current analysis differs in that some residual risk of the
composite outcome and all-cause mortality owing to a seden-
tary lifestyle remained even among participants who re-
ported greater than 750 minutes per week of MVPA. This dif-
ference could be explained by different domains of physical
activity and sedentary behaviors and their varied health ef-
fects across different economic levels.26 Previous studies used
recreational physical activity as the variable of interest, whereas
most participants in PURE achieved high levels of physical ac-
tivity through nonrecreational physical activity. Correspond-
ingly, our isotemporal analysis showed that substituting sit-
ting time with recreational physical activity could impart larger
health benefits than nonrecreational physical activity, which
corroborates with a large prospective cohort involving 154 614
older adults in the US, indicating that purposeful exercise could
confer additional mortality protection against sedentariness
than nonexercise activities.47

Our study showed that excessive sitting time (≥6 hours per
day) accounted for 3.7% of the PAFs for the composite out-
come, 4.6% for all-cause mortality, and 3.5% for major CVD.
Of note, if reducing sitting time and increasing physical activ-
ity could be simultaneously achieved, the proportion of dis-
ease burden prevented is almost comparable with smoking.29,48

The recent WHO guideline states that adults should limit
sedentary time and engage in 150 to 300 minutes per week
of MVPA to reduce the detrimental effects of sedentary
behaviors.3 Considering it might be challenging to achieve high
levels of MVPA for physically inactive people, especially for
older adults and those with chronic conditions or disabilities,
reducing sitting time might be an important first step toward
improving cardiovascular health.46

Strengths and Limitations
This study had several strengths, which included using data
from 21 countries across 5 continents, high follow-up rates,
rigorous approaches to measuring baseline variables, exten-
sive covariates for adjustment, prospectively collected fatal
and nonfatal events, and standardized adjudication of clini-
cal events. However, our study also had some potential limi-
tations. First, measurement error in self-reported variables is
inevitable. We acknowledge that IPAQ may have compro-
mised accuracy in capturing the absolute volumes of sitting
time because it generally underestimates sitting time (2.5

hours per day) and only had fair to moderate agreement
(correlation coefficient, 0.35; 95% CI, 0.32-0.39) against
objective measurements.19,49 Unfortunately, device-based
objective measurement of physical activity is likely too
costly to be used in a large cohort study, especially in those
resource-limited settings like some LICs and MICs in PURE.
Self-report measurement could still be useful for grouping
participants by their relative levels,40,50 but this would
attenuate the associations toward the null because the infor-
mation on sitting time was collected prospectively, and the
measurement error of exposure would most likely be nondif-
ferential with respect to disease status. Similarly, consider-
ing that the self-reported IPAQ tends to overestimate the
physical activity levels, the real protective effect of physical
activity against the risk associated with high sitting levels
could be more pronounced and occur at a lower level than
that reported in this study. Moreover, although the IPAQ has
been validated in a wide range of countries, the self-report
assessment might be culture-dependent, and cross-country
differences in reporting sitting time are possible.17-20 How-
ever, our sensitivity analysis using country-specific quintiles
and pooling country-specific estimates using a random-
effects meta-analysis yielded similar findings to our primary
analysis. A portion of the participants from India and Ban-
gladesh were excluded from our primary analysis because
IPAQ-measured sitting time was not administrated in the
baseline questionnaire in these two countries. Our sensitiv-
ity analyses showed consistent findings after retaining par-
ticipants from Bangladesh (using weekday sitting time as
exposure) or conducting multiple imputation for those with
missing exposure data. In addition, a causal relationship
cannot be established owing to the possibility of reverse cau-
sality and residual confounding inherent in observational
studies. However, a wide range of sensitivity analyses was
conducted to test the robustness of our findings. In addition,
the associations in our isotemporal modeling approaches
were only derived from the statistical replacement but not
from the actual changes in these behaviors.34

Conclusions
The results of our cohort study suggest that high sitting time
was significantly associated with an increased risk of all-
cause mortality and CVD in economically diverse settings,
especially in LMICs and LICs. Moreover, the increased risks
of high sitting time could be effectively offset by engaging in
physical activity above currently recommended levels by the
WHO. Our findings emphasize that reducing sedentary time
along with increasing physical activity may be an important
strategy for easing the global burden of premature deaths
and CVD.
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