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Abstract 

Background: Epidemiological studies assessing the association between sedentary time and cardiovascular diseases 
(CVD) risks have been published at a rapid pace in recent years, which makes the periodic review of knowledge essen-
tial. Furthermore, much of the early and ongoing work used screen time as a marker of total sedentary time, which 
may weaken the association between sedentary time and CVD risks.

Objective: To update evidence on CVD risks associated with different types of sedentary time, especially total sed-
entary time and screen time, and to explore as a marker of total sedentary time, whether screen time had similar CVD 
risks with total sedentary time.

Methods: PRISMA guideline was followed for the performing and reporting of this systematic review and meta-anal-
ysis. Three independent researchers searched eight electronic databases and two clinical trial registries for all studies 
published between January 2015 and December 2021 that assessed the association between sedentary time and 
CVD risks in adults. A standardized form was used for data extraction and collection. Wilmot and colleagues’ modified 
tool was used for quality assessment. The categorical association was assessed by comparing the pooled effect sizes 
for CVD risks associated with the highest and the lowest sedentary time categories across included studies. Stata 16.0 
and Review Manager 5.3 were used for all statistical analyses, P ≤ 0.05 was considered as statistically significant.

Results: Seventeen prospective cohort studies and two cross-sectional studies with 145,1730 participants and over 
48,668 CVD cases and deaths were included. Two included studies measured sedentary time with the accelerometer, 
16 studies with self-reported questions, and one study with both the accelerometer and self-reported questions. CVD 
outcomes were self-reported in two included studies and objectively adjudicated through medical records or death 
certifications in 17 studies. Compared with the lowest total sedentary time category (median duration, 2.75 h/d), par-
ticipants in the highest category (median duration, 10.5 h/d) had an increased risk of CVD morbidity (pooled RR, 1.24; 
95% CI, 1.21–1.27). Compared with the lowest total sedentary time category (median duration, 2.98 h/d), participants 
in the highest category (median duration, 10.2 h/d) had an increased risk of CVD mortality (pooled HR, 1.29; 95% CI, 
1.13–1.47). The association between screen time and CVD risks was similar to total sedentary time with the cut-off 
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Introduction
Cardiovascular diseases (CVD) are the leading cause of 
death globally, taking an estimated 17.9 million lives each 
year [1, 2]. Physical inactivity is a well-known and modi-
fiable risk factor for CVD. Insufficient moderate-to-vig-
orous physical activity and prolonged sedentary behavior 
are two independent facets of physical inactivity. Current 
guidelines regard exercise as a cornerstone in maintain-
ing and improving cardiovascular health and recommend 
at least 150 min of moderate physical activity or 75 min 
of vigorous physical activity per week to reduce the CVD 
risks [3, 4]. Despite these recommendations, more than 
half of adults do not meet the minimum volume of physi-
cal activity based on the data from the Chinese National 
Center for Cardiovascular Diseases and the American 
College of Cardiology [2, 3]. For older people and people 
with physical disabilities, meeting these recommenda-
tions can be particularly burdensome or even impossible. 
Thus, as another facet of physical inactivity, more atten-
tion should be paid to sedentary behavior and its preven-
tive interventions, especially for people who spend most 
of their waking time sedentarily and cannot meet the rec-
ommended level of physical activity.

Sedentary behavior is defined as any waking behav-
ior characterized by an energy expenditure≤1.5 meta-
bolic equivalents (METs) while in a sitting, reclining or, 
lying posture [5], and sedentary time is the time spent 
in sedentary behavior. A dose-response meta-analysis 
published in 2016, including 72,0425 participants and 
25,769 CVD cases and deaths, found a nonlinear asso-
ciation between total sedentary time and risk of CVD 
in continuous analysis, with a statistically significant 
increased risk observed only at a total sedentary time of 
more than 10.04 h/d [6]. In recent years, epidemiological 
studies assessing the association between sedentary time 
and CVD risks have been published at a rapid pace, espe-
cially prospective cohort studies with large sample sizes 
and long follow-up durations, which makes the periodic 
review of knowledge essential. Furthermore, much of the 
early and ongoing work in this area used screen time as a 
marker of total sedentary time [7]. Since sitting in front 
of electronic screens is one of the sedentary behavior 
types, representing screen time as a marker of total sed-
entary time may weaken the association between total 

sedentary time and CVD risks. However, to the best of 
our knowledge, there is no previous study exploring 
whether screen time is a real marker of total sedentary 
time, which means having similar CVD risks. To fill these 
gaps, the primary objective of this study was to update 
CVD risks associated with different types of sedentary 
time, especially total sedentary time and screen time. The 
second objective was to explore as a marker of total sed-
entary time, whether screen time had similar CVD risks 
to total sedentary time.

Methods
Literature Search Strategy
The Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) guidelines was followed 
for the performing and reporting of this present system-
atic review and meta-analysis (Supplementary File 1) [8, 
10]. We searched for all observational studies includ-
ing prospective cohort studies, retrospective case-con-
trol studies, and cross-sectional studies, that assessed 
the association between sedentary time and CVD risks 
among adults (over 18 years old at baseline). Systematic 
searches through eight electronic databases including 
PubMed, Embase, Cochrane Library, Web of Science, 
China National Knowledge Infrastructure, Wanfang, 
Weipu, and SinoMed, and two clinical trial registries 
including Clinical trials and China Clinical Trial Registry, 
were performed with the limitation of publication date 
between January 2015 and December 2021. We used var-
ious combinations of the following keywords and MeSH 
terms: sedentary behavior, sedentary lifestyle, screen 
time, television, computers, video games, occupational 
sitting, cardiovascular diseases, coronary disease, stroke, 
mortality, morbidity, risk factors, et  al. Detailed search 
terms are shown in Supplementary File 2 (Table S1). Ref-
erence lists of the included studies and relevant reviews 
were also manually searched.

Study Selection
The primary exposure indicator of interest in this study 
was total sedentary time, defined as total waking hours 
per day that have low energy expenditure and are often 
performed in a sitting or reclining posture. The second-
ary exposure indicator was screen time, defined as total 

point of 5–6 h/d. The associations between occupational sitting time, leisure sedentary time, and CVD risks stayed 
inconclusive.

Conclusion: Total sedentary time and screen time are both associated with cardiovascular health. As a marker of 
total sedentary time, screen time over 5–6 h/d had similar CVD risks with total sedentary time over 10–11 h/d.

Keywords: Sedentary time, Screen time, Cardiovascular diseases, Morbidity, Mortality, Systematic review, Meta-
analysis
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waking hours per day that are in front of an electronic 
screen, such as watching TV, using personal computers 
in leisure time, or playing video games, considering that 
as a marker of total sedentary time, it has been demon-
strated to be associated with CVD risks in population 
cohort studies [7, 9, 11]. Additional exposure indicators 
such as occupational sitting time and leisure sedentary 
time were considered tertiary. The primary outcome 
in this study was CVD risks (morbidity or mortality), 
including ischemic heart diseases (IHD), coronary heart 
diseases (CHD), stroke, heart failure and CVD-related 
death. Because several original studies’ outcome was 
CVD morbidity and mortality, it was considered as the 
second outcome.

Observational studies that assessed CVD risks asso-
ciated with all types of sedentary time were included in 
the initial study selection process, but only studies that 
reported total sedentary time or screen time as the main 
exposure indicator were included in the meta-analysis. 
Three independent reviewers (JJW, LLR & JY) performed 
the initial screening of all titles and abstracts and then 
evaluated all potentially relevant articles based on the 
full-text reviews. Studies were excluded if they failed to 
meet all the criteria mentioned above. Any discrepancies 
regarding study inclusion were adjudicated by discussion, 
and if needed, in consultation with the senior author 
(LLY). If multiple studies used the data of the same 
sample source, studies with longer follow-up durations, 
larger sample sizes, and/or more detailed reports of sed-
entary behavior and physical activity were included.

Quality Assessment
The study quality was assessed using the methods created 
by Wilmot and colleagues [10], which had similar ele-
ments with Newcastle-Ottawa Scale but were modified to 
assess studies that explore sedentary time with associated 
risks for health problems. The total score of this quality 
assessment tool was 6 (1 for a prospective study design; if 
sedentary time was self-reported, 1 for reported reliabil-
ity, 1 for reported validity, 2 if an objective measurement 
of sedentary time was used; 1 if two or more covariates 
were adjusted for; 1 if physical activity was adjusted for; 
1 for an objective measurement of CVD outcomes, such 
as medical records and death certifications). A score of 5 
or 6 was considered as high quality, 3 or 4 moderate qual-
ity, and 0 or 2 poor quality. Studies attaining poor quality 
were excluded from this study.

Data Collection
Three independent reviewers (JJW, LLR & JY) inde-
pendently performed the data collection using a stand-
ardized form including publication information (first 
author’s family name and publication year), country, 

sample source, study design, follow-up duration, sample 
characteristics (size, age, and proportion of male), types, 
definitions and measurements of sedentary time, physical 
activity and CVD outcomes, the number of cases, odds 
ratio (OR), hazard risk (HR), relative risk (RR) and con-
fidence interval (CI) extracted from the most adjusted 
models and covariates that entered the most adjusted 
models. Any discrepancies regarding extracted data were 
resolved by discussion, and if needed, in consultation 
with the senior author (LLY).

Statistical analysis
Exposure Assessment
For studies that assessed categorical associations between 
sedentary time and risk of CVD, all of them reported 
quantitative estimates as average duration or time range. 
The average duration for each category was used to define 
the median sedentary time for that category. If a time 
range was reported for a sedentary time category with-
out the average duration, we estimated the approximate 
median sedentary time using the midpoints of the lower 
and upper boundaries. For studies with an open-ended 
highest sedentary time category, we assumed that this 
category had the same amplitude as the closet category. 
For studies with an open-ended lowest sedentary time 
category, we assumed that the lower boundaries of this 
category were 0 h/d. As for studies that assessed the con-
tinuous association between sedentary time and risk of 
CVD, and reported effect size as each additional hour of 
sedentary time, we assumed that the reference category 
was 1 h/d, and the other category was 2 h/d. The reported 
time and estimated median of each sedentary time cat-
egory are detailed in Supplementary File 2 (Table S2).

Outcome Assessment
We extracted HRs and 95% CIs from the Cox propor-
tional hazard regression models and extracted RRs and 
95% CIs from the logistic regression models. All these 
models had the most complete adjustment for other 
CVD risk factors. Where RR and 95% CI were not given, 
a formula from Zhang and Yu was used to correct the 
most adjusted OR ( RR =

OR

(1−P0)+(P0×OR), P0 indicates the 
incidence of the outcome in the non-exposed group) [12]. 
We considered HRs to be closely equal to RRs and used 
RRs to assess the association between sedentary time and 
CVD risks.

Categorical Analysis
Because most of the included studies had two or more 
sedentary time categories, we used a previously described 
approach to pool data across studies and generated two 
pooled categories of sedentary time (the highest and the 
lowest) as described in Table 2 [6]. The pooled RRs and 
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95% CIs for CVD risks associated with different types 
and categories of sedentary time were calculated by com-
paring the highest with the lowest categories. Hetero-
geneity of RRs and 95% CIs across studies was tested by 
using the I2 statistics at the P<0.10 level of significance, 
when I2 ≤ 50% and P>0.10, Inverse-Variance fixed-effect 
model was used to pool the RRs and 95% CIs, whereas 
DerSimonian and Laird random-effect model was used. 
Sensitivity analysis was further performed to examine 
the influence of various exclusion criteria on the overall 
risk estimate. Publication bias was assessed by Egger’s 
and Begg’s tests. Sensitivity analysis and part of publica-
tion bias were performed using Stata 16.0. Other analyses 
were performed using Review Manager version 5.3. Sta-
tistical analyses were declared significant for a two-sided 
P ≤ 0.05.

Results
Search Results and Study Characteristics
The study selection process and results are shown in 
Supplementary File 2 (Fig. S1). Briefly, 6813 studies 
were identified through searching the electronic data-
bases and clinical trial registries, and two studies were 
added through hand-searching from reference lists of 
the included studies. A study reporting an inappropriate 
OR value of 176.62 (95% CI: 43.33–719.90) was identi-
fied as an outlier and excluded after discussion. Finally, 
inclusion criteria were met in 19 studies [7, 9, 11, 13–28], 
including 17 prospective studies and two cross-sectional 
studies with 145,1730 unique participants and over 
48,668 unique CVD cases and deaths. Baseline charac-
teristics of the included studies are shown in Table 1. Of 
the 19 included studies, six were from America, five were 
from Europe, and four each from Asia and Australia. One 
study included only women and 18 studies included men 
and women. Nine studies’ exposure indicator was total 
sedentary time (or total sitting time), nine studies were 
screen time including time spent in television watching, 
computer using in leisure time and video gaming, two 
studies were occupational sitting time, and one study 
was leisure sedentary time. Seven studies’ outcome was 
CVD morbidity, nine was CVD mortality, and four was 
CVD morbidity and mortality. Total sedentary time was 
assessed with self-reported questions in five studies and 
assessed with the accelerometer in three studies. Screen 
time, occupational sitting time, and leisure sedentary 
time were all assessed with self-reported questions. CVD 
outcomes were adjudicated by self-report in two stud-
ies, and by medical records or death certifications came 
from the administrative database and/or national mortal-
ity index in 17 studies (Supplementary File 2, Table S4). 
Most studies adjusted for covariates such as age (n = 17), 
sex (n  = 17), physical activity (n  = 17) and smoking 

(n  = 17) in the most adjusted model (Supplementary 
File 2, Table S3a, S3b, S3c). Assessment of study quality 
yielded an average score of 4.79, and a median score of 
5 (Supplementary File 2, Table S5). The main reasons for 
not scoring were as follows: (i) the self-reported ques-
tions used to measure sedentary time without a reliability 
or validity test; (ii) the study design was a cross-sectional 
study; (iii) physical activity was not included in the most 
adjusted models as a covariate; and (iv) CVD outcomes 
were self-reported.

Association Between Total Sedentary Time and CVD risks
Because Engelen’s study (OR, 1.28; 95% CI, 1.02–1.60) 
lacked the data needed to correct the most adjusted OR, 
this cross-sectional study was not included in the meta-
analysis. Table 2 showed that there were one prospective 
study, and one cross-sectional study entered the meta-
analysis to assess the association between total sedentary 
time and CVD morbidity. Compared with the lowest total 
sedentary time category (median duration, 2.75 h/d), 
participants in the highest total sedentary time category 
(median duration, 10.5 h/d) had an increased risk of CVD 
morbidity (pooled RR, 1.24; 95% CI, 1.21–1.27). No sig-
nificant heterogeneity was observed in the pooled anal-
ysis across studies (I2 = 0%, P = 0.42). Because only two 
studies were included in this subgroup of meta-analysis, 
publication bias tests and sensitivity analysis were not 
suitable.

There were four prospective studies entered in the 
meta-analysis to assess the association between total 
sedentary time and CVD mortality. Participants in the 
highest total sedentary time category (median duration, 
10.2 h/d) had an increased risk of CVD-related death 
(pooled HR, 1.29; 95% CI, 1.13–1.47) when compared 
with the lowest total sedentary time category (median 
duration, 2.98 h/d). No significant heterogeneity or sig-
nificant publication bias was observed in the pooled 
analysis across studies (I2 = 35%, P = 0.20; P for Egger 
line regression test = 0.144; P for Begg rank correlation 
test = 0.308). For sensitivity analysis, the exclusion of any 
single study did not materially change the overall risk 
estimates.

There were also three prospective studies that assessed 
total sedentary time with CVD morbidity and mortality. 
Compared with the lowest total sedentary time category 
(median duration, 1 h/d), participants in the highest total 
sedentary time category (median duration, 5 h/d) had an 
increased risk of CVD morbidity and mortality (pooled 
HR, 1.29; 95% CI, 0.93–1.80). However, this associa-
tion was not statistically significant (P  = 0.13). Moder-
ate heterogeneity was observed in the pooled analysis 
across studies (I2 = 69%, P = 0.04). No significant pub-
lication bias was observed (P for Egger line regression 



Page 5 of 9Jingjie et al. BMC Public Health          (2022) 22:286  

Ta
bl

e 
1 

Ba
se

lin
e 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
St

ud
ie

s 
In

cl
ud

ed
 in

 th
e 

Sy
st

em
at

ic
 R

ev
ie

w
 a

nd
 M

et
a-

an
al

ys
is

a  B
as

el
in

e 
ye

ar
s 

of
 th

e 
da

ta
 c

ol
le

ct
io

n

Ab
br

ev
ia

tio
ns

: C
VD

 C
ar

di
ov

as
cu

la
r D

is
ea

se
s, 

KN
H

AN
ES

 th
e 

Ko
re

an
 N

at
io

na
l H

ea
lth

 A
nd

 N
ut

rit
io

n 
Ev

al
ua

tio
n 

St
ud

y,
 U

K 
th

e 
U

ni
te

d 
Ki

ng
do

m
, U

S 
th

e 
U

ni
te

d 
St

at
es

, C
hi

na
-P

AR
 th

e 
Pr

ed
ic

tio
n 

fo
r A

th
er

os
cl

er
ot

ic
 C

ar
di

ov
as

cu
la

r 
D

is
ea

se
 R

is
k 

in
 C

hi
na

 p
ro

je
ct

, O
PA

CH
 th

e 
O

bj
ec

tiv
e 

Ph
ys

ic
al

 A
ct

iv
ity

 a
nd

 C
ar

di
ov

as
cu

la
r H

ea
lth

 S
ur

ve
y,

 N
A 

N
on

-a
va

ila
bl

e,
 JH

S 
Th

e 
Ja

ck
so

n 
H

ea
rt

 S
ur

ve
y,

 C
PS

-II
 C

an
ce

r P
re

ve
nt

io
n 

St
ud

y 
II,

 A
BC

 st
ud

y 
th

e 
Sw

ed
en

 A
tt

itu
de

 
Be

ha
vi

or
 a

nd
 C

ha
ng

e 
st

ud
y,

 A
N

N
PA

S 
Au

st
ra

lia
 N

ut
rit

io
n 

an
d 

Ph
ys

ic
al

 A
ct

iv
ity

 S
ur

ve
y,

 A
us

D
ia

b 
Au

st
ra

lia
n 

D
ia

be
te

s, 
O

be
si

ty
 a

nd
 L

ife
st

yl
e 

St
ud

y,
 N

H
AN

ES
 T

he
 N

at
io

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
Ex

am
in

at
io

n 
Su

rv
ey

, R
EG

AR
D

S 
Th

e 
RE

as
on

s 
fo

r G
eo

gr
ap

hi
c 

an
d 

Ra
ci

al
 D

iff
er

en
ce

s 
in

 S
tr

ok
e,

 D
EW

CS
 D

an
is

h 
W

or
k 

En
vi

ro
nm

en
t C

oh
or

t S
tu

dy
, J

AC
C  

Th
e 

Ja
pa

n 
Co

lla
bo

ra
tiv

e 
Co

ho
rt

 S
tu

dy
 fo

r E
va

lu
at

io
n 

of
 C

an
ce

r R
is

k,
 N

IH
-A

AR
P 

Th
e 

N
at

io
na

l I
ns

tit
ut

es
 o

f 
H

ea
lth

-A
m

er
ic

an
 A

ss
oc

ia
tio

n 
of

 R
et

ire
d 

Pe
rs

on
s 

D
ie

t a
nd

 H
ea

lth
 S

tu
dy

Pu
bl

ic
at

io
n

Co
un

tr
y

Sa
m

pl
e 

So
ur

ce
St

ud
y 

D
es

ig
n

Fo
llo

w
-u

p 
D

ur
at

io
n,

 
ye

ar
s

Sa
m

pl
e 

Si
ze

A
ge

, y
ea

rs
M

al
e,

 %
Ex

po
su

re
 in

di
ca

to
r

CV
D

 O
ut

co
m

es

A
ss

es
se

d
Ca

se
s

Pa
rk

, 2
02

1 
[1

4]
So

ut
h 

Ko
re

an
KN

H
A

N
ES

 (2
01

4–
20

18
)a

C
ro

ss
-s

ec
tio

na
l s

tu
dy

0
67

85
≥

65
44

.5
7

To
ta

l s
ed

en
ta

ry
 ti

m
e

C
VD

 m
or

bi
di

ty
91

4

H
am

er
, 2

02
0 

[1
1]

U
K

U
K 

Bi
ob

an
k 

(2
00

6–
20

10
)a

Pr
os

pe
ct

iv
e 

st
ud

y
10

.4
47

9,
65

8
56

.5
 ±

 8
.0

45
.7

Sc
re

en
 ti

m
e

C
VD

 m
or

ta
lit

y
14

37

Li
u,

 2
02

0 
[1

3]
C

hi
na

C
hi

na
-P

A
R 

(1
99

8,
 2

00
0–

20
01

, 2
00

7–
20

08
)a

Pr
os

pe
ct

iv
e 

st
ud

y
5.

8
93

,1
10

52
.8

 ±
 1

2.
3

39
.4

To
ta

l s
ed

en
ta

ry
 ti

m
e

C
VD

 m
or

bi
di

ty
 o

r C
VD

 
m

or
ta

lit
y

37
99

Tu
, 2

02
0 

[1
8]

C
hi

na
Se

lf-
sa

m
pl

in
g

Pr
os

pe
ct

iv
e 

st
ud

y
5.

9
30

19
≥

18
42

.9
To

ta
l s

ed
en

ta
ry

 ti
m

e
C

VD
 m

or
bi

di
ty

 a
nd

 
m

or
ta

lit
y

14
3

Be
lle

tt
ie

re
, 2

01
9 

[1
9]

U
S

O
PA

C
H

 (2
01

2–
20

14
)a

Pr
os

pe
ct

iv
e 

st
ud

y
4.

9
56

38
79

.0
 ±

 7
.0

0
To

ta
l s

ed
en

ta
ry

 ti
m

e
C

VD
 m

or
bi

di
ty

 a
nd

 
m

or
ta

lit
y

N
A

G
ar

ci
a,

 2
01

9 
[2

1]
U

S
JH

S 
(2

00
0–

20
04

)a
Pr

os
pe

ct
iv

e 
st

ud
y

8.
4

35
92

≥
21

36
.7

–4
0.

8
Sc

re
en

 ti
m

e 
& 

O
cc

up
a-

tio
na

l s
itt

in
g 

tim
e

C
VD

 m
or

bi
di

ty
16

8

St
am

at
ak

is
, 2

01
9 

[1
5]

A
us

tr
al

ia
Th

e 
45

 a
nd

 U
p 

st
ud

y 
(2

00
6–

20
09

)a
Pr

os
pe

ct
iv

e 
st

ud
y

7.
4

14
8,

83
6

≥
45

44
.5

To
ta

l s
itt

in
g 

tim
e

C
VD

 m
or

ta
lit

y
14

03

Pa
te

l, 
20

18
 [2

6]
U

S
C

PS
-II

 N
ut

rit
io

n 
st

ud
y 

(1
99

2)
a

Pr
os

pe
ct

iv
e 

st
ud

y
20

.3
12

7,
55

4
50

–7
4

44
.3

8
Le

is
ur

e 
se

de
nt

ar
y 

tim
e

C
VD

 m
or

ta
lit

y
16

,0
83

M
or

al
es

, 2
01

8 
[9

]U
K

U
K 

Bi
ob

an
k 

(2
00

7–
20

10
)a

Pr
os

pe
ct

iv
e 

st
ud

y
4.

1
20

5,
33

8
40

–6
9

N
A

Sc
re

en
 ti

m
e

C
VD

 m
or

bi
di

ty
96

60

D
oh

rn
, 2

01
7 

[1
6]

Sw
ed

en
A

BC
 s

tu
dy

 (2
00

1–
20

02
)a

Pr
os

pe
ct

iv
e 

st
ud

y
14

.2
85

1
66

.7
 ±

 1
0.

2
44

To
ta

l s
ed

en
ta

ry
 ti

m
e

C
VD

 m
or

ta
lit

y
24

En
ge

le
n,

 2
01

7 
[2

7]
A

us
tr

al
ia

A
N

N
PA

S 
(2

01
1–

20
12

)a
C

ro
ss

-s
ec

tio
na

l s
tu

dy
0

94
35

≥
18

N
A

To
ta

l s
itt

in
g 

tim
e

C
VD

 m
or

bi
di

ty
N

A

Cu
m

m
in

g,
 2

01
6 

[2
2]

A
us

tr
al

ia
A

us
D

ia
b 

(1
99

9–
20

00
)a

Pr
os

pe
ct

iv
e 

st
ud

y
12

91
04

50
.7

 ±
 1

3.
4 

to
 

67
.4

 ±
 1

3.
0

44
.3

3
Sc

re
en

 ti
m

e
C

VD
 m

or
bi

di
ty

12
6

Ev
en

so
n,

 2
01

6 
[1

7]
U

S
N

H
A

N
ES

 (2
00

3–
20

06
)a

Pr
os

pe
ct

iv
e 

st
ud

y
6.

7
38

09
55

.3
45

.4
To

ta
l s

ed
en

ta
ry

 ti
m

e,
 

sc
re

en
 ti

m
e

C
VD

 m
or

ta
lit

y
10

7

G
ra

ce
, 2

01
6 

[2
4]

A
us

tr
al

ia
A

us
D

ia
b 

(1
99

9–
20

00
)a

Pr
os

pe
ct

iv
e 

st
ud

y
13

.6
89

07
≥

18
44

.3
Sc

re
en

 ti
m

e
C

VD
 m

or
ta

lit
y

20
9

M
cD

on
ne

ll,
 2

01
6 

[2
3]

U
S

RE
G

A
RD

S 
(2

00
3–

20
07

)a
Pr

os
pe

ct
iv

e 
st

ud
y

7.
1

22
,2

57
≥

45
44

.5
Sc

re
en

 ti
m

e
C

VD
 m

or
bi

di
ty

72
7

M
ol

le
r, 

20
16

 [2
8]

D
en

m
ar

k
D

W
EC

S 
(1

99
0)

a
Pr

os
pe

ct
iv

e 
st

ud
y

12
.2

11
,9

96
18

–5
9

N
A

O
cc

up
at

io
na

l s
itt

in
g 

tim
e

C
VD

 m
or

bi
di

ty
 a

nd
 

m
or

ta
lit

y
51

0

Bo
ro

du
lin

, 2
01

5 
[2

0]
Fi

nl
an

d
N

at
io

na
l F

IN
RI

SK
 2

00
2 

st
ud

y 
(2

00
2)

a
Pr

os
pe

ct
iv

e 
st

ud
y

8.
6

45
16

47
.0

 ±
 1

3.
0

44
.5

To
ta

l s
ed

en
ta

ry
 ti

m
e

C
VD

 m
or

bi
di

ty
 a

nd
 

m
or

ta
lit

y
18

3

Ik
eh

ar
a,

 2
01

5 
[2

5]
Ja

pa
n

JA
CC

 s
tu

dy
 (1

98
8–

19
90

)a
Pr

os
pe

ct
iv

e 
st

ud
y

19
.2

85
,8

99
40

–7
9

41
.9

Sc
re

en
 ti

m
e

C
VD

 m
or

ta
lit

y
58

35

Ke
ad

le
, 2

01
5 

[7
]U

S
N

IH
-A

A
RP

 H
ea

lth
 S

tu
dy

 
(1

99
5–

19
96

)a
Pr

os
pe

ct
iv

e 
st

ud
y

14
.1

22
1,

42
6

50
–7

1
57

Sc
re

en
 ti

m
e

C
VD

 m
or

ta
lit

y
73

40



Page 6 of 9Jingjie et al. BMC Public Health          (2022) 22:286 

test = 0.182; P for Begg rank correlation test = 0.296). For 
sensitivity analysis, the exclusion of any single study did 
not materially change the overall risk estimates. The for-
est plots and results of sensitivity analysis are shown in 
Supplementary File 2 (Fig. S2-S6).

Association Between Screen Time and CVD risks
Table  2 showed that there were four prospective stud-
ies entered the meta-analysis to assess the association 
between screen time and CVD morbidity. Compared 
with the lowest screen time category (median dura-
tion, 1 h/d), participants in the highest screen time cat-
egory (median duration, 3.75 h/d) had an increased risk 
of CVD (pooled HR, 1.03; 95% CI, 0.99–1.07). However, 
this association had no significant difference (P = 0.21). 
High heterogeneity was observed in the pooled analysis 
across studies (I2  = 95%, P<0.001). No significant pub-
lication bias was observed (P for Egger line regression 
test = 0.345; P for Begg rank correlation test = 0.734). 
For sensitivity analysis, exclusion of Cumming 2017 
and Morales 2018 did materially change the overall risk 
estimates (pooled HR, 1.22; 95% CI: 0.98–1.52; I2 = 0%, 
P = 0.35). This association also had no significant differ-
ence (P = 0.07).

As for the association between screen time and CVD 
mortality, there were four prospective studies and one 
cross-sectional study entered in the meta-analysis. 

Participants in the highest screen time category (median 
duration, 5 h/d) had an increased risk of CVD-related 
death (pooled RR, 1.27; 95% CI, 1.05–1.52) when com-
pared with the lowest screen time (median duration, 
1 h/d). High heterogeneity was observed in the pooled 
analysis across studies (I2 = 87%, P<0.001). No significant 
publication bias was observed (P for Egger line regression 
test = 0.267; P for Begg rank correlation test = 0.462). For 
sensitivity analysis, the exclusion of any single study did 
not materially change the overall risk estimates.

These associations were further strengthened when 
two studies did not include any physical activity intensity 
in the most adjusted models as a covariate were excluded 
(Table 2). The forest plots and results of sensitivity analy-
sis are shown in Supplementary File 2 (Fig. S8-S13).

Association Between Other Types of Sedentary Time 
and CVD risks
There were two prospective studies that assessed occu-
pational sitting time with the associated risk of CVD. 
Garcia found that comparing participants who never 
or seldom sat during working time, participants often 
or always sat during the working time had an increased 
risk of CVD morbidity (HR, 1.06; 95%CI, 0.73–1.55). 
Adversely, Moller found that comparing participants who 
had more than 25 h/week being seated at work, partici-
pants who had less than 25 h/week being seated at work 

Table 2 Pooled Association Between Highest versus Lowest Sedentary Time Duration and CVD Risks

a Results of sensitivity analysis
b In these meta-analysis, studies which did not include any physical activity intensity in the most adjusted models as a covariate were excluded

Type of Sedentary Time Median duration of 
sedentary time, h/d

CVD outcomes Pooled HR/
RR [95% CI], P 
value

Heterogeneity 
test (I2 and P 
value)

Included Studies

Total sedentary time Highest: 10.5
Lowest: 2.75

CVD morbidity 1.24 [1.21, 1.27]
P<0.05

I2 = 0%, P = 0.42 Liu, 2020 [13]; Park 2021 [14]

Highest: 10.2
Lowest: 2.98

CVD mortality 1.29 [1.13, 1.47]
P<0.05

I2 = 35%, P = 0.20 Liu, 2020 [13]; Stamatakis, 
2019 [15]; Dohrn, 2017 [16]; 
Evenson, 2016 [17]

Highest: 5
Lowest: 1

CVD morbidity and mortal-
ity

1.29 [0.93, 1.80]
P = 0.13

I2 = 69%, P = 0.04 Tu, 2020 [18]; Bellettiere, 2019 
[19]; Borodulin, 2015 [20]

Screen time Highest: 3.75
Lowest: 1

CVD morbidity 1.03 [0.99, 1.07]
P = 0.21

I2 = 95%, P<0.001 Garcia, 2019 [21]; Morales, 
2018 [9]; Cumming, 2017 [22]; 
McDonnell, 2016 [23]

Highest: 5
Lowest: 1

CVD  morbiditya 1.22 [0.98, 1.52]
P = 0.07

I2 = 0%, P = 0.35 Garcia, 2019 [21]; McDonnell, 
2016 [23]

Highest: 5
Lowest: 1

CVD  morbidityb 1.04 [1.03, 1.05]
P<0.05

I2 = 32%, P = 0.23 Garcia, 2019 [21]; Morales, 
2018 [9]; McDonnell, 2016 [23]

Highest: 5
Lowest: 1

CVD mortality 1.27 [1.05, 1.52]
P = 0.01

I2 = 87%, P<0.001 Hamer, 2020 [11]; Evenson, 
2016 [17]; Grace, 2016 [24]; 
Ikehara, 2015 [25]; Keadle, 
2015 [7]

Highest: 6
Lowest: 1

CVD  mortalityb 1.36 [1.03, 1.78]
P<0.05

I2 = 80%, P = 0.002 Evenson, 2016 [17]; Grace, 
2016 [24]; Ikehara, 2015 [25]; 
Keadle, 2015 [7]
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had a decreased risk of CVD morbidity and mortality 
(HR, 0.94; 95%CI, 0.71–1.27). Both associations had no 
significant difference. There was one study that assessed 
leisure sedentary time with the associated risk of CVD 
mortality. Patel found that comparing participants who 
had less than three hours per day being seated during 
leisure time, participants who had more than six hours 
per day being seated during leisure time had an increased 
risk of CHD (HR, 1.26; 95% CI, 1.17–1.35), stroke (HR, 
1.15; 95%CI, 1.03–1.28) and all CVD (HR, 1.19; 95%CI, 
1.13–1.25).

Discussion
The findings from this systematic review and meta-
analysis, based on 14,51,730 participants from 17 pro-
spective studies and two cross-sectional studies and 
including over 48,668 unique CVD cases and deaths, 
demonstrated that CVD was significantly associated with 
more than 10–11 h/d of total sedentary time (morbidity, 
RR, 1.24; 95% CI, 1.21–1.27; mortality, HR, 1.29; 95% CI, 
1.13–1.47) which is similar with Pandey’s dose-response 
meta-analysis, and significantly associated with more 
than 5–6 h/d of screen time (morbidity, HR, 1.04; 95% 
CI, 1.03–1.05; mortality, HR, 1.36; 95% CI, 1.03–1.78) 
after adjustment for physical activity and other CVD 
risks. The differences between the highest and the low-
est screen time categories in Cumming’s (2 vs 1.64 h/d) 
and Morales’s (2.5 vs 1 h/d) study were small, which 
potentially influenced the effect sizes. Thus, in sensitivity 
analysis, these two studies were excluded when assessing 
the association between screen time and CVD morbidity, 
and the association was further strengthened but became 
insignificant (HR, 1.22; 95% CI, 0.98–1.52; P = 0.07). The 
associations between occupational sitting time, leisure 
sedentary time, and CVD risks stayed inconclusive due 
to the small number or conflicting results of the included 
studies, which need more epidemiology studies to further 
confirm.

With the technological advances, we spend most of 
our leisure time being in front of electronic screens, 
such as television, computer, video, and smartphone. 
This study found that as a marker of total sedentary 
time, screen time had similar CVD risks with total 
sedentary time. Given that not all the included stud-
ies adjusted for total sedentary time or other types of 
sedentary time when assessing the association between 
screen time and CVD risks except for Garcia’s study, 
the results should be interpreted carefully. The exact 
mechanisms that explained the pathogenesis between 
sedentary time and CVD are still unclear and warrant 
further research, but several possible hypotheses have 
been proposed by clinical trials and epidemiological 

studies. The most persuasive hypothesis is that seden-
tary time increased the production and accumulation 
of reactive oxygen species, which is correlated with 
the increased cytokine release and other inflammatory 
markers, eventually leading to endothelial dysfunction 
[29–31]. There is evidence that the consumption of 
energy-dense, nutrient-poor snack foods increases dur-
ing screen time, and a cross-sectional study from Aus-
tralia in 2013 demonstrated that screen time and snack 
food consumption were jointly associated with the met-
abolic syndrome and its components, this may lead to a 
higher cardiovascular risk [32].

Our findings have important public health implica-
tions. Current guidelines emphasized the cardiopro-
tective role of physical activity, in contrast, there is 
no guideline targeting sedentary behavior. Thus, it is 
unclear for adults how many hours per day of sedentary 
behavior is harmful and how to attenuate, even elimi-
nate the risk caused by prolonged and uninterpreted 
sedentary behavior. Since adults spend most of their 
waking hours doing sedentary activities [13, 16], the 
lack of relevant guidelines is an important gap in the 
public health area. For adults who cannot tolerate more 
than 150 min of moderate physical activity or 75 min 
of vigorous physical activity per week, avoiding a high 
volume of sedentary time has particular importance. 
Sit-stand, treadmill, and bicycle workstations have 
been designed to interrupt prolonged occupational sit-
ting time and proved as effective and beneficial inter-
ventions [33, 34]. However, interventions for adults 
with prolonged screen time out of work are limited 
and there is a need for evidence-based interventions 
to reduce leisure screen time, since that over 5–6 h/d 
of screen time may have similar CVD risks with over 
10 h/d of total sedentary time.

This systematic review and meta-analysis have several 
limitations. First, the study protocol was not registered 
previously. Second, we only included English or Chi-
nese language studies when literature screening, which 
may lead to publication bias and limit the generalizabil-
ity of the study. Third, since other CVD risk factors are 
likely to influence the association between sedentary 
time and risk of CVD, the discrepancy of covariates 
included in the most adjusted models may potentially 
produce bias. Lastly, only three of the included studies 
measured sedentary time with the objective accelerom-
eter, and many other included studies measured seden-
tary time with self-reported questions without reported 
reliability or validity, which may limit the objectivity of 
the results. However, the large sample sizes and long 
follow-up durations of our included studies may offset 
some of these limitations.
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Conclusion
This systematic review and meta-analysis demonstrated 
that a total sedentary time of more than 10–11 h/d and a 
screen time of more than 5–6 h/d had similar CVD risks 
after adjustment for physical activity and other CVD risk 
factors. Future studies are needed to explore the mecha-
nism under sedentary time and CVD risks, and conduct 
evidence-based interventions to reduce sedentary time, 
especially screen time.
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