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p
in
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w
o
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te
m
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stra

ct

B
a
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u
n
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D
u
rin

g
a
24-h

d
ay,each

g
iven

p
erio

d
is
sp
en

t
in

eith
er

sed
en

tary
b
eh

avio
u
r,sleep

in
g
,lig

h
t
p
h
ysical

activity
(LPA

),
o
r
m
o
d
erate-to

-vig
o
ro
u
s
p
h
ysical

activity
(M

VPA
).
In

ep
id
em

io
lo
g
ical

research
m
o
st

stu
d
ies

h
ave

trad
itio

n
ally

an
alysed

th
e
asso

ciatio
n
s
o
f
th
ese

b
eh

avio
u
rs

in
iso

latio
n
fro

m
each

o
th
er;

th
at

is,
w
ith

o
u
t
takin

g
in
to

acco
u
n
t
th
e
d
isp

lacem
en

t
o
f
tim

e
sp
en

t
in

th
e
rem

ain
in
g
b
eh

avio
u
rs.

In
recen

t
years,

th
ere

h
as

b
een

a
g
ro
w
in
g
in
terest

in
exp

lo
rin

g
h
o
w

all
th
e
b
eh

avio
u
rs

acro
ss

th
e
en

erg
y
exp

en
d
itu

re
sp
ectru

m
in
flu

en
ce

h
ealth

o
utco

m
es.A

statisticalm
o
d
elu

sed
to

investig
ate

th
ese

asso
ciatio

n
s
is
term

ed
an

iso
tem

p
oralsu

b
stitu

tio
n
m
o
d
el(ISM

).
C
o
n
sid

erin
g
th
e
in
creasing

n
um

b
er

o
fISM

-b
ased

stu
d
ies

co
n
d
u
cted

in
allag

e
g
ro
up

s,th
e
p
resent

p
ap
er

aim
ed

to
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an
d
su
m
m
arise

fin
d
in
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fro

m
stu

d
ies

th
at
em
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yed
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sleep

,sed
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tary

b
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avio

ur,an
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p
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ysicalactivity

research
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p
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th
e
m
eth

o
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g
icalq

uality
o
fth

e
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d
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d
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su
g
g
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future
research
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is
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inclu

d
ed

stu
d
ies.

(C
o
n
tin

u
ed

o
n
n
ext

p
ag
e)

*
C
o
rresp

o
n
d
en

ce:zeljko
.p
ed

isic@
live.vu

.ed
u
.au

;zeljko
.p
ed

isic@
vu
.ed

u
.au

1In
stitu

te
fo
r
H
ealth

an
d
Sp
o
rt
(IH

ES),Victo
ria

U
n
iversity,M

elb
o
u
rn
e,A

u
stralia

Fu
ll
list

o
f
au
th
o
r
in
fo
rm

atio
n
is
availab

le
at

th
e
en

d
o
f
th
e
article

©
The

A
uthor(s).2018

O
p
e
n
A
cce

ss
This

article
is
d
istrib

uted
und

er
the

term
s
of

the
C
reative

C
om

m
ons

A
ttrib

ution
4.0

InternationalLicense
(http

://creativecom
m
ons.org

/licenses/b
y/4.0/),w

hich
p
erm

its
unrestricted

use,d
istrib

ution
,and

rep
rod

uction
in

any
m
ed

ium
,p

rovid
ed

you
g
ive

ap
p
rop

riate
cred

it
to

the
orig

inalauthor(s)
and

the
source,p

rovid
e
a
link

to
the

C
reative

C
om

m
ons

license,and
ind

icate
if
chang

es
w
ere

m
ad
e.The

C
reative

C
om

m
ons

Pub
lic

D
om

ain
D
ed

ication
w
aiver

( http
://creativecom

m
on

s.org
/p
ub

licd
om

ain/zero/1.0/)
ap
p
lies

to
the

d
ata

m
ad
e
availab

le
in

this
article,unless

otherw
ise

stated
.

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
9

 

h
ttp

s://d
o
i.o
rg
/1
0
.1
1
8
6
/s1

2
9
6
6
-0
1
8
-0
6
9
1
-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-018-0691-3&domain=pdf
mailto:zeljko.pedisic@live.vu.edu.au
mailto:zeljko.pedisic@vu.edu.au
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


(C
o
n
tin

u
ed

fro
m

p
revio

u
s
p
ag
e)

R
e
su
lts:Fifty-six

stud
ies

m
et

the
inclusion

criteria,allb
eing

ofm
od

erate
or

hig
h
m
ethod

olog
icalq

uality.A
ssociations

w
ere

rep
orted

for
exchang

ed
tim

e
varying

from
one

m
inute

to
120

m
in/d

ay
across

the
stud

ies,w
ith

30
m
in/d

ay
b
eing

the
m
ost

com
m
on

am
ount

oftim
e
reallocated

.In
total,three

d
ifferent

ISM
m
ethod

olog
ies

w
ere

used
.The

m
ost

com
m
only

stud
ied

health
outcom

es
in
relation

to
isotem

p
oralsub

stitutions
w
ere

m
o
rtality,g

eneralhealth,m
entalhealth,ad

ip
osity,fitness,and

card
iom

etab
olic

b
iom

arkers.It
seem

s
that

reallocations
ofsed

entary
tim

e
to

LPA
or

M
VPA

are
associated

w
ith

sig
nificant

red
uction

in
m
ortality

risk.C
urrent

evid
ence

ap
p
ears

to
consistently

sug
g
est

that
red

uctions
in
m
ortality

risk
are

g
reater

w
hen

tim
e
sp
ent

sed
entary

is
rep

laced
w
ith

hig
her

intensities
ofp

hysicalactivity.For
ad
ip
osity,it

seem
s
that

reallocating
sed

entary
tim

e
to

p
hysicalactivity

m
ay

b
e
associated

w
ith

red
uced

b
od

y
m
ass

ind
ex,b

od
y
fat

p
ercentag

e,and
w
aist

circum
ference

in
allag

e
g
roup

s,w
ith

the
m
ag
nitud

e
ofassociations

b
eing

g
reater

for
hig

her
intensities

ofp
hysicalactivity.

W
hile

there
is
a
relatively

larg
e
b
od

y
ofevid

ence
rep

orting
b
eneficialassociations

b
etw

een
the

reallocation
oftim

e
from

sed
entary

b
ehaviour

to
LPA

or
M
VPA

and
card

iom
etab

olic
b
iom

arkers
am

ong
ad
ults,there

is
a
lack

ofstud
ies

am
ong

child
ren,ad

olescents,and
old

er
ad
ults.A

lthoug
h
som

e
stud

ies
investig

ated
g
eneralhealth,m

entalhealth,and
fitness

outcom
es,further

investig
ation

ofthese
top

ics
is
w
arranted

.In
g
eneral,it

seem
s
that

the
strong

est
association

w
ith

health
outcom

es
is
ob

served
w
hen

tim
e
is
reallocated

from
sed

entary
b
ehaviour

to
M
VPA

.M
ost

stud
ies

d
id
not

account
for

sleep
tim

e,w
hich

is
a
m
ajor

lim
itation

ofthe
current

evid
ence.

C
o
n
clu

sio
n
s:The

current
evid

ence
ind

icates
that

tim
e
reallocation

b
etw

een
sleep

,sed
entary

b
ehaviour,LPA

,and
M
VPA

m
ay

b
e
associated

w
ith

a
num

b
er
ofhealth

outcom
es.Future

stud
ies

should
em

p
loy

long
itud

inald
esig

ns,take
into

acco
u
n
t
all

m
o
vem

en
t
b
eh

avio
u
rs,an

d
exam

in
e
a
w
id
er

ran
g
e
o
f
h
ealth

,p
sych

o
lo
g
ical,so

cial,eco
n
o
m
ic,an

d
en

viro
n
m
en

tal
o
u
tco

m
es.

B
a
ck
g
ro
u
n
d

D
u
rin

g
a
2
4
-h

d
ay,

each
given

p
erio

d
is

sp
en
t
in

eith
er

sed
en
tary

b
eh
avio

u
r,
sleep

in
g
,
lig

h
t-in

ten
sity

p
h
ysical

ac-

tivity
(L
P
A
),

o
r
m
o
d
erate-to

-vigo
ro
u
s
p
h
ysical

activity

(M
V
P
A
)
[1
,
2
].
It

h
as

b
een

w
ell

d
o
cu
m
en

ted
th
at

all
o
f

th
ese

tim
e-u

se
co
m
p
o
n
en
ts

acro
ss

a
2
4
h
sp
ectru

m
m
ay

b
e
sign

ifican
tly

asso
ciated

w
ith

h
ealth

.
F
o
r
in
stan

ce,
an

in
creased

risk
o
f
all-cau

se
m
o
rtality,

card
io
vascu

lar
d
is-

ease,
m
etab

o
lic

syn
d
ro
m
e,

typ
e

2
d
iab

etes
m
ellitu

s

(T
2
D
),
an

d
certain

typ
es

o
f
can

cer
is
asso

ciated
w
ith

lo
w

levels
o
f
M
V
P
A
,
large

am
o
u
n
ts

o
f
tim

e
sp
en

t
in

sed
en

-

tary
b
eh
avio

u
r
an
d
in
ap
p
ro
p
riate

sleep
d
u
ratio

n
[1
–
1
0
].

A
s
th
e
d
u
ratio

n
o
f
a
d
ay

is
fix

ed
an
d
fin

ite,
a
ch
an

ge
in

o
n
e
o
f
th
ese

m
o
vem

en
t-related

b
eh
avio

u
rs

w
ill

resu
lt
in

a
n
et

eq
u
al

an
d

o
p
p
o
site

ch
an

ge
in

o
th
er

b
eh
avio

u
rs.

D
esp

ite
th
is

fact,
m
o
st

p
revio

u
s
ep
id
em

io
lo
g
ical

stu
d
ies

h
ave

an
alysed

th
e
asso

ciatio
n
s
o
f
each

b
eh
avio

u
r
in

iso
-

latio
n
;
th
at

is,
w
ith

o
u
t
tak

in
g
in
to

acco
u
n
t
th
e
d
isp

lace-

m
en
t
o
f
th
e
rem

ain
in
g
co
-d
ep
en
d
en

t
b
eh
avio

u
rs.

In
recen

t
years,

th
ere

h
as

b
een

gro
w
in
g
in
terest

in
ex-

p
lo
rin

g
h
o
w

all
th
e
b
eh
avio

u
rs

acro
ss

th
e
en
ergy

exp
en
d
-

itu
re

sp
ectru

m
in
flu

en
ce

h
ealth

o
u
tco

m
es

[ 1
,
2
,
1
1
–
1
5].In

th
e
sem

in
al

w
o
rk

b
y
M
ek
ary

et
al.

[1
2],

th
e
iso

tem
p
o
ral

su
b
stitu

tio
n
m
o
d
el

(IS
M
)
w
as

p
ro
p
o
sed

as
a
m
eth

o
d
fo
r

evalu
atin

g
th
e
d
isp

lacem
en
t
o
f
o
n
e
m
o
vem

en
t-related

b
e-

h
avio

u
r
tim

e-u
se

co
m
p
o
n
en
t
w
ith

an
o
th
er,

w
h
ile

allo
w
in
g

ad
ju
stm

en
t
fo
r
th
e
co
n
fo
u
n
d
in
g
effect

o
f
th
e
rem

ain
in
g

tim
e-u

se
co
m
p
o
n
en

ts
[1
2
].
In

ad
d
itio

n
to

th
e
IS
M

p
ro
-

p
o
sed

b
y
M
ek
ary

et
al.

[1
2
],

C
h
astin

et
al.

[1
3
]
an

d

D
u
m
u
id

et
al.

[ 1
4
]
recen

tly
in
tro

d
u
ced

tw
o

d
ifferen

t

co
m
p
o
sitio

n
al

iso
tem

p
o
ral

su
b
stitu

tio
n

m
o
d
els

th
at

acco
u
n
t
fo
r
th
e
co
m
p
o
sitio

n
al

p
ro
p
erties

o
f
tim

e-u
se

d
ata

[1
,
2
,
1
5
].
T
h
e
fin

d
in
g
s
o
f
stu

d
ies

em
p
lo
yin

g
IS
M

m
ay

im
p
ro
ve

o
u
r
u
n
d
erstan

d
in
g

o
f
th
e
in
terrelatio

n
-

sh
ip
s
b
etw

een
d
ifferen

t
m
o
vem

en
t-related

b
eh

avio
u
rs

an
d
th
eir

relatio
n
sh
ip
s
to

h
ealth

an
d
m
ay

also
h
elp

in

sh
ap
in
g
p
u
b
lic

h
ealth

g
u
id
elin

es
an

d
p
ro
m
o
tio

n
strat-

eg
ies

[ 1
1
].

W
h
ilst,

fo
r

ex
am

p
le,

m
o
st

p
u
b
lic

h
ealth

g
u
id
elin

es
o
n

p
h
ysical

activity
reco

m
m
en

d
p
eo
p
le

to

en
g
ag
e
in

a
certain

am
o
u
n
t
o
f
M
V
P
A
,
th
ey

lack
an

in
-

stru
ctio

n
o
n
w
h
ich

m
o
vem

en
t/n

o
n
-m

o
vem

en
t
b
eh
avio

u
r

sh
o
u
ld

p
referab

ly
b
e
d
isp

laced
b
y
M
V
P
A

[ 16,
17].

S
tu
d
ies

u
sin

g
IS
M

m
ay

en
ab
le
creatin

g
sp
ecific,evid

en
ce-b

ased
rec-

o
m
m
en
d
atio

n
s
o
n
favo

u
rab

le
reallo

catio
n
s
o
f
tim

e
b
etw

een

sleep
,
sed

en
tary

b
eh
avio

u
r,
an
d
p
h
ysical

activity,
w
h
ich

h
as

th
e
p
o
ten

tial
to

im
p
ro
ve

th
e
tran

slatio
n
o
f
research

fin
d
in
gs

o
n

th
ese

b
eh
avio

u
rs

in
to

p
ractice,

an
d
,
co
n
seq

u
en
tly,

in
-

crease
th
e
u
p
take

o
f
p
u
b
lic

h
ealth

m
essages.

A
recen

t
m
eta-an

alysis
o
f
five

stu
d
ies

u
sin

g
IS
M

co
n
-

clu
d
ed

th
at

reallo
catin

g
sed

en
tary

tim
e
to

M
V
P
A

w
as

sign
ifican

tly
asso

ciated
w
ith

a
red

u
ctio

n
in

p
ercen

tage
o
f

b
o
d
y
fat

[1
8
].
H
o
w
ever,

th
e
review

fo
cu
sed

o
n
ly

o
n
stu

d
-

ies
co
n
d
u
cted

am
o
n
g
ch
ild

ren
,
w
ith

m
ark

ers
o
f
ad
ip
o
sity

b
ein

g
th
e
o
n
ly

o
u
tco

m
e
o
f
in
terest.

A
n
in
creasin

g
n
u
m
-

b
er

o
f
IS
M
-b
ased

stu
d
ies

co
n
d
u
cted

in
all

age
gro

u
p
s

h
ave

recen
tly

b
een

p
u
b
lish

ed
,
in
vestigatin

g
o
u
tco

m
es

su
ch

as
ad
ip
o
sity,

m
etab

o
lic

b
io
m
ark

ers,
m
en
tal

h
ealth

,

ch
ro
n
ic

m
u
scu

lo
sk
eletal

p
ain

,
fitn

ess,
m
o
rtality,

an
d

h
ealth

-related
q
u
ality

o
f
life

[ 1
9
–
3
9
].

A
co
m
p
reh

en
sive

review
o
n
th
e
to
p
ic

o
f
tim

e
reallo

ca-

tio
n
an
d
its

asso
ciatio

n
s
o
n
h
ealth

o
u
tco

m
es

seem
s
w
ar-

ran
ted

,
to

su
m
m
arise

th
e
cu
rren

t
state

o
f
k
n
o
w
led

ge
in

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8
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th
is
gro

w
in
g
field

an
d
p
ro
vid

e
d
irectio

n
s
fo
r
its

fu
tu
re

d
e-

velo
p
m
en
t.
T
h
erefo

re,
th
e
aim

o
f
th
is
p
ap
er

w
as

th
reefo

ld
:

(i)
to

review
an
d

su
m
m
arise

fin
d
in
gs

fro
m

stu
d
ies

th
at

em
p
lo
yed

IS
M

in
sleep

,
sed

en
tary

b
eh
avio

u
r,
an
d
p
h
ysical

activity
research

;
(ii)

ap
p
raise

th
e
m
eth

o
d
o
lo
gical

q
u
ality

o
f
th
e
stu

d
ies;an

d
(iii)

su
ggest

fu
tu
re

research
d
irectio

n
s.

M
e
th
o
d
s

P
ro
to
co

l

T
h
e
m
eth

o
d
s
em

p
lo
yed

in
th
is
review

w
ere

registered
in

ad
van

ce
in

th
e
P
R
O
S
P
E
R
O

register
o
f
system

atic
review

s

(ref:
C
R
D
4
2
0
1
7
0
7
1
6
0
6
).
T
h
e
P
referred

R
ep
o
rtin

g
Item

s

fo
r
S
ystem

atic
R
eview

s
an

d
M
eta-A

n
alyses

gu
id
elin

es

w
ere

fo
llo

w
ed

in
th
is
system

atic
sco

p
in
g
review

[ 4
0
].

S
e
a
rch

stra
te
g
y

A
system

atic
search

o
f
th
e
fo
llo
w
in
g
d
atab

ases
w
as

p
er-

fo
rm

ed
in

Ju
ly

2017:
A
cad

em
ic

S
earch

P
rem

ier,
C
IN

A
H
L
,

H
ealth

So
u
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Table 1 Summary of the findings from the studies assessing mortality outcomes

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Chomistek et al. [50] Men (n = 44,551) from
The Health Professionals
Follow-up Study, USA;
prospective cohort

LPA, MPA, VPA – self report;
sleep, SB – not assessed

Sum of total CVD
risk factors, total
cancer, or other
nontraumatic death.

Mekary et al. [12]/10
MET h-wk− 1

Smoking, aspirin use, vitamin
E supplement use, parental
history of myocardial infarction
or cancer, alcohol consumption,
energy-adjusted intake of
polyunsaturated fat, trans fatty
acids, omega-3 fatty acids, fiber,
diabetes, hypertension, and
hypercholesterolemia.

HR (95% CI)
MPA→ VPA: 0.96 (0.93, 0.99)

Fishman et al. [54] Adults (n = 3029) from the
2003–2004 and 2005–2006
waves of the National Health
and Nutrition Examination
Survey, USA; prospective
cohort

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Mortality risk Mekary et al. [12]/10,
30 and 60 min

Age, sex, race/ethnicity,
education, and minutes of
device wear time (model 1).
Model 2 includes BMI,
smoking, the presence of
diabetes, coronary heart
disease, congestive heart
failure, stroke, cancer, and
mobility limitation. In model
3 those with prevalent chronic
illnesses (diabetes, coronary
heart disease, congestive heart
failure, stroke, and cancer) or
mobility limitations at baseline
were excluded.

HR (95% CI)
10 min reallocation
Model 1
SB→ LPA: 0.90 (0.88, 0.93)
SB→MVPA: 0.73 (0.57, 0.94)
MVPA → LPA: 1.23 (0.96, 1.58)
MVPA → SB: 1.36 (1.06, 1.75)
Model 2
SB→ LPA: 0.92 (0.89, 0.94)
SB→MVPA: 0.79 (0.63, 0.99)
MVPA → LPA: 1.15 (0.92, 1.44)
MVPA → SB: 1.26 (1.01, 1.58)
Model 3
SB→ LPA: 0.91 (0.86, 0.96)
SB→MVPA: 0.70 (0.57, 0.85)
MVPA → LPA: 1.30 (1.06, 1.59)
MVPA → SB: 1.43 (1.17, 1.74)
Reallocating 30 or 60 min from SB
to LPA or MVPA was associated
with a reduction in mortality risk
after 5 years of follow-up.

Lee [62] Adults (n = 7006) from the
National Health and
Nutrition Examination
Survey, USA; prospective
cohort

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

All-cause mortality Mekary et al. [12]/
1 min and a dose-
response analysis

Age, sex, education level,
income, BMI, binge drinking,
smoking status, energy intake
by 24-h dietary recall, self-
reported general health
condition, high blood pressure,
high cholesterol, type 2 diabetes,
history of heart attack, stroke,
and cancer.

Reallocating 1 min of SB to LPA or
MPA demonstrated a J-shaped
association with mortality, with the
turning point at about
400 min and 15 min per day,
respectively.
Reallocating time from SB to VPA
decreased all-cause mortality in a
linear manner.

Loprinzi et al. [65] Adults (n = 5377) from the
2003–2006 National Health
and Nutrition Examination
Survey, USA; prospective
cohort

SB, LPA, MVPA – waist-
worn accelerometers;
sleep – not assessed

Mortality Mekary et al. [12]/
30 min

Age, sex, race–ethnicity, BMI,
smoking status and education

HR (95% CI)
SB→ LPA: 0.87 (0.80, 0.95)
SB→MVPA: 0.19 (0.06, 0.60)
LPA→ SB: 1.14 (1.04, 1.24)
LPA→MVPA: 0.22 (0.07, 0.69)
MVPA → SB: 5.03 (1.64, 15.40)
MVPA → LPA: 4.40 (1.42, 13.56)
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Table 1 Summary of the findings from the studies assessing mortality outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Matthews et al. [66] Less active (n = 69,606) and
more active (n = 85,008)
individuals from the
NIH-AARP Diet and Health
Study, USA; prospective
cohort

Sleep, SB, exercise and
non-exercise activities, LPA,
MVPA – self report

All-cause and
cardiovascular
mortality

Mekary et al. [12]/
60 min

Age, education, smoking
history, sleep duration, overall
health, BMI, overall sitting,
each type of physical activity,
and the sum of overall sitting
and physical activity time

HR (95% CI)
All-cause mortality
Less active individuals
SB→ exercise: 0.58 (0.54, 0.63)
SB→ non-exercise: 0.70 (0.66, 0.74)
SB→ household chores: 0.80
(0.74, 0.86)
SB→ lawn and garden: 0.49
(0.43, 0.56)
SB→ daily walking: 0.66 (0.57, 0.78)
SB→ LPA: 0.81 (0.75, 0.88)
SB→MVPA: 0.58 (0.54, 0.62)
More active individuals
SB→ exercise: 0.91 (0.88, 0.94)
SB→ non-exercise: 1.00 (0.98, 1.02)
SB→ household chores: 1.02
(0.99, 1.05)
SB→ lawn and garden: 0.97
(0.93, 1.01)
SB→ daily walking: 0.99 (0.94, 1.05)
SB→ LPA: 1.04 (1.01, 1.08)
SB→MVPA: 0.96 (0.94, 0.98)
The time reallocations for
cardiovascular mortality were
weaker and non-significant among
less active men for household
chores, daily walking, and LPA
compared to women.
An increase in the risk was noted
when reallocating SB with household
and LPA in more active men.
A significant inverse association for
replacing SB with lawn and garden
activities in more active men was
noted (the same was not observed
among women).

Matthews et al. [67] Adults (n = 4840) from the
2003–2006 National Health
and Nutrition Examination
Survey, USA; prospective
cohort

SB, LPA, MVPA – waist-
worn accelerometers;
sleep – not assessed

Mortality risk Mekary et al. [12]/
60 min

Age, sex, race-ethnicity,
alcohol consumption, smoking
status, BMI, self-reported
diabetes, coronary artery
disease, stroke, cancer, and
mobility limitation.

HR (95% CI)
Overall
SB→ LPA: 0.82 (0.73, 0.92)
SB→MVPA: 0.58 (0.44, 0.77)
Less active individuals
SB→ LPA: 0.80 (0.69, 0.92)
SB→MVPA: 0.37 (0.26, 0.54)
More active individuals
SB→ LPA: 1.29 (0.95, 1.74)
SB→MVPA: 0.92 (0.60, 1.43)
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Table 1 Summary of the findings from the studies assessing mortality outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Schmid et al. [71] Adults (n = 3702) from the
National Health and
Nutrition Examination Survey
2003–2004 and 2005–2006
cycles, USA; prospective
cohort

SB, LPA, MVPA –

accelerometers (location is
not presented); sleep –

not assessed

All-cause mortality,
CVD mortality,
cancer mortality

Mekary et al. [12]/
30 min

Age, sex, total accelerometer
wear time (model 1). Model
2 is additionally adjusted for
education, ethnicity, height,
smoking, alcohol consumption,
total dietary fat intake, total
dietary fibre intake, mobility
limitations, history of diabetes,
history of coronary heart
disease, history of congestive
heart failure, history of stroke,
history of cancer. Model 3 is
the same as model 2 plus
waist circumference.

HR (95% CI)
All-Cause Mortality
Model 1
SB→ LPA: 0.85 (0.81, 0.88)
SB→MVPA: 0.38 (0.22, 0.63)
SB→ LPA and MVPA: 0.82
(0.79, 0.85)
LPA→MVPA: 0.45 (0.26, 0.75)
Model 2
SB→ LPA: 0.86 (0.83, 0.90)
SB→MVPA: 0.50 (0.31, 0.80)
SB→ LPA and MVPA: 0.85
(0.81, 0.88)
LPA→MVPA: 0.58 (0.36, 0.93)
Model 3
SB→ LPA: 0.88 (0.84, 0.92)
SB→MVPA: 0.51 (0.32, 0.83)
SB→ LPA and MVPA: 0.86
(0.82, 0.90)
LPA→MVPA: 0.58 (0.36, 0.95)
CVD Mortality
Model 1
SB→ LPA: 0.84 (0.77, 0.90)
SB→MVPA: 0.25 (0.09, 0.71)
SB→ LPA and MVPA: 0.80
(0.74, 0.86)
LPA→MVPA: 0.30 (0.11, 0.86)
Model 2
SB→ LPA: 0.86 (0.79, 0.93)
SB→MVPA: 0.35 (0.14, 0.92)
SB→ LPA and MVPA: 0.83
(0.77, 0.90)
LPA→MVPA: 0.41 (0.16, 1.08)
Model 3
SB→ LPA: 0.88 (0.81, 0.95)
SB→MVPA: 0.36 (0.13, 0.95)
SB→ LPA and MVPA: 0.85
(0.78, 0.92)
LPA→MVPA: 0.41 (0.15, 1.11)
Cancer mortality
Model 1
SB→ LPA: 0.91 (0.85, 0.98)
SB→MVPA: 0.53 (0.22, 1.31)
SB→ LPA and MVPA: 0.88
(0.82, 0.96)
LPA→MVPA: 0.58 (0.24, 1.44)
Model 2
SB→ LPA: 0.92 (0.85, 0.99)
SB→MVPA: 0.69 (0.32, 1.50)
SB→ LPA and MVPA: 0.90
(0.83, 0.98)
LPA→MVPA: 0.75 (0.34, 1.63)
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Table 1 Summary of the findings from the studies assessing mortality outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Model 3
SB→ LPA: 0.93 (0.86, 1.01)
SB→MVPA: 0.79 (0.39, 1.62)
SB→ LPA and MVPA: 0.92
(0.85, 1.00)
LPA→MVPA: 0.85 (0.41, 1.73)

Stamatakis et al. [72] Adults (n = 201,129) from the 45 and
Up study from New South Wales,
Australia; prospective cohort

Sleep, SB, LPA, MVPA – self
report

All-cause mortality Mekary et al. [12]/
60 min

Age, sex, educational level,
marital status, residence, BMI,
smoking status, self-rated
health, receiving help with
daily tasks for a long-term
illness or disability, prevalent
disease at baseline,
psychological distress,
mutually adjusted for all
activity classes, and total
time in all activity classes.

HR (95% CI)
Sleeping (≤7 h)→ screen-time: 1.01
(0.98, 1.05)
Sleeping (≤7 h)→ sitting: 1.03
(0.99, 1.07)
Sleeping (≤7 h)→ standing: 0.98
(0.94, 1.02)
Sleeping (≤7 h)→walking: 0.93
(0.84, 1.03)
Sleeping (≤7 h)→MVPA: 0.90
(0.85, 0.96)
Sleeping (≤7 h)→ total activity: 1.01
(0.98, 1.04)
Sleeping (> 7 h)→ screen-time: 0.95
(0.93, 0.97)
Sleeping (> 7 h)→ sitting: 0.96
(0.94, 0.98)
Sleeping (> 7 h)→ standing: 0.92
(0.9, 0.94)
Sleeping (> 7 h)→walking: 0.80
(0.75, 0.86)
Sleeping (> 7 h)→MVPA: 0.84
(0.81, 0.87)
Sleeping (> 7 h)→ total activity:
1.06 (1.04, 1.07)
Screen-time → sleeping (≤7 h):
0.95 (0.91, 0.99)
Screen-time → sleeping (> 7 h):
1.06 (1.04, 1.09)
Screen-time → sitting: 1.01
(1.00, 1.03)
Screen-time → standing: 0.97
(0.95, 0.98)
Screen-time → walking: 0.87
(0.82, 0.92)
Screen-time → MVPA: 0.89
(0.86, 0.91)
Screen-time → total activity: 1.01
(1.00, 1.02)
Sitting→ sleeping (≤7 h): 0.94
(0.90, 0.98)
Sitting→ sleeping (> 7 h): 1.05
(1.03, 1.07)
Sitting→ screen-time: 0.99
(0.97, 1.00)
Sitting→ standing: 0.95 (0.94, 0.96)
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Table 1 Summary of the findings from the studies assessing mortality outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Sitting→ walking: 0.86 (0.81, 0.90)
Sitting→ MVPA: 0.88 (0.85, 0.90)
Sitting→ total activity: 1.02
(1.01, 1.03)
Standing → sleeping (≤7 h): 0.99
(0.95, 1.03)
Standing → sleeping (> 7 h): 1.10
(1.08, 1.13)
Standing → screen-time: 1.04
(1.02, 1.05)
Standing → sitting: 1.05 (1.04, 1.06)
Standing → walking: 0.90
(0.85, 0.95)
Standing → MVPA: 0.92 (0.89, 0.95)
Standing → total activity: 0.98
(0.97, 0.99)
Walking → sleeping (≤7 h): 1.10
(1.03, 1.18)
Walking → sleeping (> 7 h): 1.17
(1.12, 1.21)
Walking → screen-time: 1.15
(1.09, 1.22)
Walking → sitting: 1.17 (1.11, 1.23)
Walking→ standing: 1.11 (1.05, 1.18)
Walking → MVPA: 1.02 (0.96, 1.09)
Walking → total activity: 0.88
(0.83, 0.93)
MVPA → sleeping (≤7 h): 1.07
(1.02, 1.13)
MVPA → sleeping (> 7 h): 1.18
(1.14, 1.22)
MVPA → screen-time: 1.13
(1.09, 1.16)
MVPA → sitting: 1.14 (1.11, 1.18)
MVPA → standing: 1.09 (1.06, 1.12)
MVPA → walking: 0.98 (0.92, 1.04)
MVPA → total activity: 0.90
(0.87, 0.92)

Wijndaele et al. [39] Middle-aged adults (n = 423,659) from
the UK Biobank cohort study, UK;
prospective cohort

SB (leisure screen time, TV
viewing, computer usage)
and leisure/home activities
(walking for pleasure, light
and heavy do-it-yourself),
structured exercise, sleep –

self reported

Mortality risk Mekary et al. [12]/
30 min

Townsend deprivation index,
alcohol intake, smoking status,
salt adding behaviour, oily fish
consumption, fruit and
vegetable intake, processed
and sleep duration, chronic
disease status, parental history of
cardiovascular disease or diabetes

HR (95% CI)
Screen time → leisure/home
activities: 0.95 (0.94, 0.97)
Screen time → structured exercise:
0.87 (0.84, 0.90)
Screen time → walking for
pleasure: 0.95 (0.92, 0.98)
Screen time→ light do-it-yourself:
0.97 (0.94, 1.00)
Screen time → heavy do-it-yourself:
0.93 (0.90, 0.96)
Screen time → strenuous sports:
0.87 (0.79, 0.95)
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Table 1 Summary of the findings from the studies assessing mortality outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Screen time → other exercises:
0.88 (084, 0.91)
TV viewing → leisure/home
activities: 0.94 (0.93, 0.96)
TV viewing → structured exercise:
0.87 (0.84, 0.90)
TV viewing → walking for pleasure:
0.94 (0.92, 0.97)
TV viewing → light do-it-yourself:
0.96 (0.94, 0.99)
TV viewing → heavy do-it-yourself:
0.91 (0.89, 0.95)
TV viewing → strenuous sports: 0.86
(0.79, 0.95)
TV viewing → other exercises: 0.87
(0.83, 0.91)
Men
Computer usage → leisure/home
activities: 0.98 (0.96, 1.00)
Computer usage → structured
exercise: 0.89 (0.85, 0.93)
Computer usage → walking for
pleasure: 0.98 (0.95, 1.01)
Computer usage→ light do-it-yourself:
0.99 (0.96, 1.02)
Computer usage → heavy do-it-
yourself: 0.97 (0.93, 1.00)
Computer usage → strenuous
sports: 0.90 (0.81, 0.99)
Computer usage → other exercises:
0.88 (0.84, 0.93)
Women
Computer usage → leisure/home
activities: 0.94 (0.91, 0.97)
Computer usage → structured
exercise: 0.90 (0.84, 0.96)
Computer usage → walking for
pleasure: 0.93 (0.89, 0.98)
Computer usage→ light do-it-yourself:
0.99 (0.94, 1.04)
Computer usage → heavy do-it-
yourself: 0.84 (0.76, 0.94)
Computer usage → strenuous
sports: 0.88 (0.73, 1.06)
Computer usage → other exercises:
0.90 (0.84, 0.97)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous intensity physical activity,
CVD cardiovascular disease, BMI body mass index, MET metabolic equivalent of task, HR hazard ratio, CI confidence interval
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Table 2 Summary of the findings from the studies assessing perceived/general health status

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

Balboa-Castillo et al. [45] Older adults (n = 1097),
Spain; prospective
cohort

Sleep, SB, housework,
leisure-time physical activity
(LPA, MVPA) – self-report

HRQoL Mekary et al. [12]/
60 min

Age, sex, educational level,
size of municipality of
residence, consumption of
tobacco, consumption of
alcohol, self-reported diseases
diagnosed by a physician,
score on appropriate SF-36
scale in 2003, number of
hours lying or sleeping, and
total number of hours spent
in all types of physical activity.

β (95% CI)
Physical functioning
SB↔ LPA: 3.41 (0.81, 6.00)
SB↔ MVPA: 4.14 (1.92, 6.37)
SB↔ housework: 1.04 (0.25, 1.85)
Physical role
SB↔ LPA: 10.61 (6.08, 15.13)
SB↔ MVPA: 1.19 (− 2.71, 5.10)
SB↔ housework: 1.68 (0.27, 3.01)
Bodily pain
SB↔ LPA: 4.22 (1.19, 7.26)
SB↔ MVPA: 2.93 (0.31, 5.56)
SB↔ housework: 1.05 (0.10, 1.99)
General health
SB↔ LPA: 2.44 (0.66, 4.23)
SB↔ MVPA: − 0.06 (− 1.61, 1.50)
SB↔ housework: 0.31 (− 0.24, 0.87)
Vitality
SB↔ LPA: 4.14 (1.58, 6.71)
SB↔ MVPA: 2.51 (0.29, 4.73)
SB↔ housework: 0.67 (− 0.13, 1.47)
Social functioning
SB↔ LPA: 4.80 (1.84, 7.77)
SB↔ MVPA: 2.06 (− 0.47, 4.61)
SB↔ housework: 1.08 (0.14, 2.00)
Emotional role
SB↔ LPA: 4.93 (0.98, 8.87)
SB↔ MVPA: 1.03 (− 2.40, 4.46)
SB↔ housework: 1.21 (− 0.03, 2.45)
Mental health
SB↔ LPA: 2.51 (0.17, 4.86)
SB↔ MVPA: 0.53 (− 1.51, 2.57)
SB↔ housework: 0.83 (0.09, 1.57)

Buman et al. [47] Older adults (n= 862)
from the 2005–2007
Senior Neighborhood
Quality of Life Study,
USA; prospective cohort

SB, MVPA (“high-light”
physical activity and
“low-light” physical activity) –
waist-worn accelerometers;
sleep – not assessed

Physical health and
psychosocial well-
being factors

Mekary et al. [12]/

30 min

Age, sex, race, educational
status, marital status, senior
housing status, current
smoking status and
walkability index.

β (95% CI)
Physical health
SB→ “low-light” physical activity: 0.07
(0.04, 0.09)
SB→ “high-light” physical activity: 0.30
(0.19, 0.42)
SB→MVPA: 0.34 (0.23, 0.44)
“Low-light” physical activity → SB: − 0.07
(− 0.09, − 0.04)
“Low-light” physical activity → “high-light”
physical activity: 0.24 (0.11, 0.36)
“Low-light” physical activity → MVPA: 0.21
(0.10, 0.32)
“High-light” physical activity → SB: − 0.30
(− 0.42, − 0.19)
“High-light” physical activity → “low-light”
physical activity: − 0.24 (− 0.36, − 0.11)
“High-light” physical activity → MVPA: − 0.27
(− 0.55, 0.01)
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Table 2 Summary of the findings from the studies assessing perceived/general health status (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

MVPA → SB: − 0.17 (− 0.22, − 0.12)
MVPA → “low-light” physical activity: − 0.10
(− 0.16, − 0.05)
MVPA → “high-light” physical activity: 0.14
(− 0.06, 0.27)
Psychosocial well-being
SB→ “low-light” physical activity: 0.01
(− 0.02, 0.04)
SB→ “high-light” physical activity: 0.24
(0.12, 0.36)
SB→MVPA: − 0.02 (− 0.13, 0.10)
“Low-light” physical activity → SB: − 0.01
(− 0.04, 0.02)
“Low-light” physical activity → “high-light”
physical activity: 0.24 (0.10, 0.37)
“Low-light” physical activity → MVPA: − 0.03
(− 0.15, 0.08)
“High-light” physical activity → SB: − 0.24
(− 0.36, − 0.12)
“High-light” physical activity → “low-light”
physical activity: − 0.24 (− 0.37, − 0.10)
“High-light” physical activity → MVPA: − 0.50
(− 0.81, − 0.19)
MVPA → SB: 0.01 (− 0.05, 0.07)
MVPA → “low-light” physical activity: 0.02
(− 0.04, 0.08)
MVPA → “high-light” physical activity: 0.25
(0.10, 0.41)

Fanning et al. [26] Low-active healthy older
adults (n = 247), USA;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep –

self report

Self-regulation,
spatial working
memory, task-
switching

Mekary et al. [12]/
30 min

Age, sex, race. β (standard error)
Self-regulation – total score
SB→ LPA: 0.60 (0.38)
SB→MVPA: 1.81 (0.80)
SB→ sleep: 1.29 (0.39)
Self-regulation – self-monitoring
SB→ LPA: 0.15 (0.09)
SB→MVPA: 0.27 (0.19)
SB→ sleep: 0.23 (0.09)
Self-regulation – goal setting
SB→ LPA: 0.11 (0.08)
SB→MVPA: 0.27 (0.18)
SB→ sleep: 0.32 (0.09)
Self-regulation – social support
SB→ LPA: 0.09 (0.06)
SB→MVPA: 0.08 (0.13)
SB→ sleep: 0.18 (0.07)
Spatial working memory – item 2 reaction time
SB→ LPA: − 0.16 (6.20)
SB→MVPA: − 4.46 (13.09)
SB→ sleep: 1.13 (6.50)
Spatial working memory – item 3 reaction time
SB→ LPA: − 0.19 (6.18)
SB→MVPA: − 5.60 (13.06)
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Table 2 Summary of the findings from the studies assessing perceived/general health status (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

SB→ sleep: − 1.11 (6.49)
Spatial working memory – item 4 reaction time
SB→ LPA: − 5.87 (6.57)
SB→MVPA: − 4.61 (13.88)
SB→ sleep: − 0.21 (6.89)
Spatial working memory – item 2 accuracy
SB→ LPA: − 0.01 (0.00)
SB→MVPA: 0.03 (0.01)
SB→ sleep: − 0.00 (0.01)
Spatial working memory – item 3 accuracy
SB→ LPA: − 0.01 (0.01)
SB→MVPA: 0.02 (0.01)
SB→ sleep: − 0.00 (0.01)
Spatial working memory – item 4 accuracy
SB→ LPA: − 0.00 (0.01)
SB→MVPA: 0.01 (0.01)
SB→ sleep: − 0.00 (0.01)
Task-switching – single reaction time
SB→ LPA: 7.45 (5.01)
SB→MVPA: − 23.12 (10.63)
SB→ sleep: 4.12 (5.31)
Task-switching – mixed-repeat reaction time
SB→ LPA: 5.00 (6.24)
SB→MVPA: − 27.06 (13.24)
SB→ sleep: − 12.2 (6.61)
Task-switching – mixed-switch reaction time
SB→ LPA: 1.04 (8.23)
SB→MVPA: − 28.24 (17.45)
SB→ sleep: − 17.21 (8.71)
Task-switching – local switch cost reaction
time
SB→ LPA: − 3.93 (5.98)
SB→MVPA: − 0.40 (12.67)
SB→ sleep: − 5.19 (6.33)
Task-switching – global switch cost reaction
time
SB→ LPA: − 2.84 (6.39)
SB→MVPA: − 1.54 (13.55)
SB→ sleep: − 16.86 (6.77)
Task-switching – single accuracy
SB→ LPA: − 0.00 (0.00)
SB→MVPA: 0.01 (0.01)
SB→ sleep: − 0.01 (0.00)
Task-switching – mixed-repeat accuracy
SB→ LPA: − 0.01 (0.01)
SB→MVPA: 0.01 (0.01)
SB→ sleep: − 0.01 (0.01)
Task-switching – mixed-switch accuracy
SB→ LPA: − 0.01 (0.01)
SB→MVPA: 0.01 (0.01)
SB→ sleep: − 0.01 (0.01)
Task-switching – local switch accuracy
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Table 2 Summary of the findings from the studies assessing perceived/general health status (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

SB→ LPA: 0.00 (0.00)
SB→MVPA: 0.00 (0.01)
SB→ sleep: − 0.00 (0.00)
Task-switching – global switch accuracy
SB→ LPA: 0.00 (0.01)
SB→MVPA: − 0.00 (0.01)
SB→ sleep: 0.01 (0.01)

Loprinzi et al. [65] Adults (n = 5377) from
the 2003–2006 National
Health and Nutrition
Examination Survey, USA;
prospective cohort

SB, LPA, MVPA – waist-worn
accelerometers; sleep –

not assessed

HRQoL Mekary et al. [12]/
30 min

Age, sex, race–ethnicity, BMI,
smoking status and education

β (95% CI)
HRQoL
SB→ LPA: 0.92 (0.85, 1.01)
SB→MVPA: 0.28 (0.13, 0.58)
LPA→ SB: 1.07 (0.98, 1.17)
LPA→MVPA: 0.30 (0.14, 0.65)
MVPA→ SB: 3.54 (1.70, 7.40)
MVPA → LPA: 3.3 (1.54, 7.02)

Vallance et al. [34] Non-Hodgkin lymphoma
survivors (n = 149) from
the Western Australian
Cancer Registry, Australia;
cross-sectional

SB bouts and non-bouts,
standing, LPA, MVPA bouts
and non-bouts – waist-
worn accelerometers;
sleep – self report

Fatigue and HRQoL Mekary et al. [12]/
30 min

Sex, non-Hodgkin lymphoma
type and time since diagnosis,
country of birth, highest level
of education, working status,
comorbidity and non-Hodgkin
lymphoma treatment

β (95% CI)
Fatigue
Sleep↔ SB bouts: 0.1 (− 1.0, 1.1)
Sleep↔ SB non-bouts: 0.6 (− 0.5, 1.8)
Sleep↔ LPA: 0.3 (− 0.8, 1.4)
Sleep↔ MVPA non-bouts: 1.2 (− 2.4, 4.8)
Sleep↔ MVPA bouts: 5.7 (1.8, 9.7)
SB bouts ↔ SB non-bouts: 0.5 (− 0.3, 1.4)
SB bouts ↔ LPA: 0.2 (− 0.5, 0.9)
SB bouts ↔ MVPA non-bouts: 1.1 (− 2.3, 4.5)
SB bouts ↔ MVPA bouts: 5.7 (1.6, 9.7)
SB non-bouts ↔ LPA: − 0.3 (− 1.5, 0.8)
SB non-bouts ↔ MVPA non-bouts: 0.6
(− 2.6, 3.9)
SB non-bouts ↔ MVPA bouts: 5.1 (1.0, 9.3)
LPA↔ MVPA non-bouts: 0.9 (− 2.9, 4.8)
LPA↔ MVPA bouts: 5.5 (1.5, 9.5)
MVPA non-bouts ↔ MVPA bouts: 4.5
(− 1.4, 10.5)
HRQoL
Sleep↔ SB bouts: − 0.6 (− 1.9, 0.8)
Sleep↔ SB non-bouts: − 0.2 (− 1.7, 1.3)
Sleep↔ LPA: − 0.6 (− 2.1, 0.9)
Sleep↔ MVPA non-bouts: 0.0 (− 4.7, 4.8)
Sleep↔ MVPA bouts: 4.5 (− 0.8, 9.7)
SB bouts ↔ SB non-bouts: 0.4 (− 0.8, 1.5)
SB bouts ↔ LPA: − 0.1 (− 0.9, 0.8)
SB bouts ↔ MVPA non-bouts: 0.6 (− 3.9, 5.1)
SB bouts ↔ MVPA bouts: 5.0 (− 0.4, 10.4)
SB non-bouts ↔ LPA: − 0.4 (− 1.9, 1.1)
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Table 2 Summary of the findings from the studies assessing perceived/general health status (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method/
reallocated time

Adjustments for confounding Results

SB non-bouts ↔ MVPA non-bouts: 0.2
(− 4.1, 4.5)
SB non-bouts ↔ MVPA bouts: 4.6
(− 0.8, 10.1)
LPA↔ MVPA non-bouts: 0.6 (− 4.4, 5.7)
LPA↔ MVPA bouts: 5.1 (− 0.2, 10.4)
MVPA non-bouts ↔ MVPA bouts: 4.4
(− 3.5, 12.3)

Van Roekel et al. [73] Colorectal cancer survivors
(n = 145) from the Energy
for life after ColoRectal
cancer study, Netherlands;
cross-sectional

Sleep, SB, standing,
physical activity (defined
as > 1.5 METs) – triaxial
MOX activity monitor

HRQoL Mekary et al. [12]/
60 min

Age, sex, number of
comorbidities, smoking status,
time since diagnosis, cancer
stage, BMI, perceived deficiency
in social support score,
chemotherapy received, stoma,
tumor subsite, education level
and having a partner.

β (95% CI)
Global quality of life
SB→ standing: 1.0 (0.7, 1.5)
SB→ physical activity: 1.2 (0.6, 2.5)
Standing → physical activity: 1.2 (0.5, 3.1)
Physical functioning
SB→ standing: 1.1 (0.7, 1.7)
SB→ physical activity: 1.7 (0.8, 3.7)
Standing → physical activity: 1.5 (0.5, 4.3)
Role functioning
SB→ standing: 1.2 (0.8, 1.8)
SB→ physical activity: 0.7 (0.3, 1.5)
Standing → physical activity: 0.6 (0.2, 1.6)
Social functioning
SB→ standing: 1.2 (0.8, 1.8)
SB→ physical activity: 0.6 (0.3, 1.3)
Standing → physical activity: 0.5 (0.2, 1.4)
Disability
SB→ standing: 0.6 (0.4, 0.9)
SB→ physical activity: 0.9 (0.4, 1.9)
Standing → physical activity: 1.6 (0.6, 4.2)
Fatigue
SB→ standing: 1.0 (0.6, 1.4)
SB→ physical activity: 0.6 (0.3, 1.3)
Standing → physical activity: 0.7 (0.3, 1.7)
Depression
SB→ standing: 1.1 (0.7, 1.6)
SB→ physical activity: 0.8 (0.4, 1.6)
Standing → physical activity: 0.8 (0.3, 1.9)
Anxiety
SB→ standing: 1.1 (0.7, 1.5)
SB→ physical activity: 0.7 (0.4, 1.5)
Standing → physical activity: 0.7 (0.3, 1.7)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, HRQoL health-related quality of life,
MET metabolic equivalent of task, CI confidence interval
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Table 3 Summary of the findings from the studies assessing mental health outcomes

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis
method/reallocated
time

Adjustments for confounding Results

Janssen [60] Children (n = 20,122)
from the Canadian
Health Behavior in
School-aged Children
study, Canada; cross-
sectional

Sedentary video games,
active outdoor play, active
video games – self report;
sleep – not assessed

Mental health outcomes Mekary et al. [12]/
60 min

Sex, school grade, household
structure, race, immigration
status, socioeconomic status,
smoking, frequency of
drunkenness, active travel to
school, participation in sport,
and a diet composition factor
score.

PR (95% CI)
High emotional problems
Sedentary video games→ active
outdoor play: 0.94 (0.91, 0.97)
Active outdoor play→ active video
games: 1.07 (1.03, 1.11)
Active video games→ sedentary video
games: 1.07 (1.03, 1.10)
Active video games→ active outdoor
play: 0.93 (0.90, 0.97)
Sedentary video games→ active
outdoor play: 0.88 (0.85, 0.90)
Active outdoor play→ sedentary video
games: 1.14 (1.11, 1.17)
High life satisfaction
Sedentary video games→ active outdoor
play: 1.04 (1.02, 1.07)
Active outdoor play→ active video
games: 0.97 (0.95, 0.99)
Active video games→ sedentary video
games: 0.96 (0.94, 0.98)
Active video games→ active outdoor
play: 1.04 (1.01, 1.06)
Sedentary video games→ active
outdoor play: 1.08 (1.06, 1.10)
Active outdoor play→ sedentary video
games: 0.92 (0.91, 0.94)
High prosocial behaviour
Sedentary video games→ active
outdoor play: 1.13 (1.09, 1.16)
Active outdoor play→ active video
games: 0.94(0.91, 0.98)
Active video games→ sedentary video
games: 0.89 (0.86, 0.92)
Active video games→ active outdoor
play: 1.06 (1.02, 1.10)
Sedentary video games→ active
outdoor play: 1.19 (1.16, 1.22)
Active outdoor play→ sedentary video
games: 0.84 (0.82, 0.86)

Mekary et al. [69] Adult women (n = 32,900)
from the Nurses’ Health
Study, USA; prospective
cohort

Television watching, easy
walking pace, average
walking pace, brisk/very
brisk walking pace,
jogging/running, other
physical activities, total
discretionary time – self
report; sleep – not assessed

Risk of depression Mekary et al. [12]/
60 min

Age, weight, smoking,
menopausal status, use of
postmenopausal hormone
therapy, previously diagnosed
medical conditions, marital
status, osteoarthritis, social or
community group involvement,
wealth and income, education,

RR (95% CI)
TV watching → easy walking: 1.32
(0.73, 2.38)
TV watching → average walking: 0.88
(0.77, 1.00)
TV watching → brisk walking: 0.76
(0.68, 0.85)
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Table 3 Summary of the findings from the studies assessing mental health outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis
method/reallocated
time

Adjustments for confounding Results

occupation, working status and
educational level.

TV watching → running: 0.76
(0.45, 1.29)
TV watching → other activities: 0.93
(0.85, 1.01)
TV watching → total discretionary time:
1.03 (1.02, 1.05)
Easy walking→ TV watching: 0.73
(0.42, 1.26)
Easy walking→ average walking: 0.65
(0.37, 1.12)
Easy walking→ brisk walking: 0.56
(0.32, 0.96)
Easy walking→ running: 0.56 (0.26, 1.19)
Easy walking→ other activities: 0.68
(0.39, 1.18)
Easy walking→ total discretionary time:
1.42 (0.82, 2.45)
Average walking→ TV watching: 1.13
(0.99, 1.29)
Average walking→ easy walking: 1.49
(0.82, 2.71)
Average walking→ brisk walking: 0.86
(0.74, 0.99)
Average walking→ running: 0.86
(0.50, 1.48)
Average walking→ other activities: 1.05
(0.89, 1.24)
Average walking→ total discretionary
time: 0.91 (0.80, 1.04)
Brisk walking → TV watching: 1.32
(1.18, 1.47)
Brisk walking → easy walking: 1.73
(0.96, 3.13)
Brisk walking → average walking: 1.16
(1.00, 1.34)
Brisk walking → running: 1.00
(0.58, 1.72)
Brisk walking → other activities: 1.22
(1.05, 1.42)
Brisk walking → total activity: 0.79
(0.70, 0.88)
Running → TV watching: 1.19
(0.74, 1.91)
Running → easy walking: 1.56
(0.74, 3.32)
Running → average walking: 1.05
(0.64, 1.70)
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Table 3 Summary of the findings from the studies assessing mental health outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis
method/reallocated
time

Adjustments for confounding Results

Running → brisk walking: 0.90
(0.55, 1.46)
Running → other activities: 1.10
(0.68, 1.80)
Running → total discretionary
time: 0.87
(0.54, 1.40)
Other activities→ TV Watching: 1.08
(0.99, 1.17)
Other activities→ easy walking: 1.42
(0.78, 2.56)
Other activities→ average walking:
0.95 (0.80, 1.11)
Other activities→ brisk walking:
0.81 (0.70, 0.95)
Other activities→ running: 0.82
(0.48, 1.40)
Other activities→ total
discretionary
time: 0.96 (0.88, 1.05)

Rethorst et al. [31] Adults (n = 11,116) from
the Hispanic Community
Health Study/Study of
Latinos, USA; cross-sectional

SB, LPA, MPA, VPA –

waist-worn accelerometers;
sleep – not assessed

Depressive symptoms Mekary et al. [12]/
60 min

Age, sex, Hispanic background
group, BMI, household
income level, and education
level, recruitment site, physical
health and acculturation.

β (95% CI)
SB↔ LPA: − 0.003 (− 0.113, 0.107)
SB↔ MPA: 0.285 (− 0.264, 0.834)
SB↔ VPA: − 1.215 (− 2.250, − 0.180)
LPA↔ MPA: 0.288 (− 0.304, 0.880)
LPA↔ VPA: − 1.212 (− 2.244, − 0.179)
MPA↔ VPA: − 1.5 (− 2.883, − 0.116)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous physical activity, BMI body mass index,

PR prevalence ratio, RR relative risk, CI confidence interval
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Table 4 Summary of the findings from the studies assessing adiposity

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Aggio et al. [44] Children and youth (n =
353) from the Camden
Active Spaces project, UK;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Body fat Mekary et al. [12] /
60 min

Age, sex, ethnicity, height
and school deprivation.

β (95% CI)
Body fat
SB↔ LPA: − 0.774 (−
1.714, 0.167)
SB↔ MVPA: 4.187
(1.142, 7.233)
LPA↔ MVPA: − 4.961
(− 8.212, − 1.710)

Boyle et al. [19] Adult breast cancer
survivors (n = 256) from the
ACCEL-Breast study,
Australia; cross-sectional

SB (prolonged SB and non-
prolonged SB), LPA, MVPA –

waist-worn accelerometers;
sleep – self report

Waist circumference, BMI Mekary et al. [12] /
30 min

Age, socioeconomic status,
comorbidity, and smoking
status

β (95% CI)
Waist circumference
Sleep↔ prolonged SB:
0.00 (− 0.85, 0.85)
Sleep ↔ non-prolonged
SB: − 0.94 (− 1.80, − 0.08)
Sleep ↔ LPA: 0.20
(− 0.68, 1.09)
Sleep↔MVPA: − 2.50
(− 4.45, − 0.56)
Prolonged SB ↔ non-prolonged
SB: − 0.94
(− 1.79, − 0.10)
Prolonged SB ↔ LPA:
0.20 (− 0.34, 0.74)
Prolonged SB ↔ MVPA:
− 2.51 (− 4.38, − 0.64)
Non-prolonged SB↔
LPA: 1.14 (0.18, 2.10)
Non-prolonged SB↔
MVPA: − 1.56 (− 3.40,
0.27)
LPA↔ MVPA: − 2.71
(− 4.72, − 0.69)
BMI
Sleep↔ prolonged SB:
0.17 (− 0.20, 0.55)
Sleep ↔ non-prolonged
SB: − 0.23 (− 0.62, 0.15)
Sleep ↔ LPA: 0.10
(− 0.30, 0.49)
Sleep ↔ MVPA: − 0.75
(− 1.61, 0.11)
Prolonged SB↔ non-prolonged
SB: − 0.41
(− 0.79, − 0.03)
Prolonged SB ↔ LPA:
− 0.08 (− 0.32, 0.16)
Prolonged SB ↔ MVPA:
− 0.93 (− 1.75, − 0.10)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Non-prolonged SB↔
LPA: 0.33 (− 0.10, 0.77)
Non-prolonged SB↔
MVPA: − 0.52 (− 1.34,
0.30)
LPA↔ MVPA: − 0.85
(− 1.75, 0.05)

Buman et al.
[48]

Adults (n = 2185 – full
sample; n = 923 – fasting
sub-sample) from the
2005–2006 US National
Health and Nutrition Exam
ination Survey, USA; cross-
sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

Waist circumference Mekary et al. [12] /
30 min

Sex, race, marital status,
education, work status,
income, smoking,
depressive symptoms, 24-h
dietary recalls estimating
intakes of total energy,
saturated fat, caffeine, and
alcohol, a general health
rating, diagnosis of cancer,
malignancy, CVD, or
diabetes, and current use of
diabetic, antihypertensive,
lipidemic, or other CVD
medication.

RR (95% CI)
Waist circumference
Sleep → MVPA: 0.976
(0.966, 0.985)
SB→MVPA: 0.973
(0.965, 0.981)
LPA→MVPA: 0.974
(0.966, 0.983)
Sleep → LPA: 1.001
(0.998, 1.005)
SB→ LPA: 0.999 (0.996,
1.001)
SB→ sleep: 0.997 (0.993,
1.001)

Carson et al.
[49]

Children and youth aged
6–17 years (n = 4169 – full
sample; n = 1242 – fasting
sub-sample) from the
Canadian Health Measures
Survey, Canada; cross-
sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

BMI, waist circumference,
blood pressure, behavioural
strengths and difficulties,
CRF – full sample.
Triglycerides, HDL, C-
reactive protein, and insulin
– fasting subsample.

Chastin et al. [13] /
10 min

Age, sex, and highest
household education.

Reallocating 10 min of
MVPA to SB, LPA or
sleep, resulted in a 5.1,
1.2, and 1.1% increase in
BMI z score, respectively.
Reallocating 10 min of
SB, LPA or sleep, to
MVPA resulted in a less
than 1% decrease in BMI
z score.
Similar effects were
noted across all health
indicators.

Chastin et al.
[13]

Adults (n = 1937) from the
National Health and
Nutrition Examination
Survey 2005–2006 cycle,
USA; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

BMI Chastin et al. [13] /
10 min

Age, sex, ethnicity/race,
self-reported health,
diagnosis of health
conditions, educational
level, social economic
status, smoking status,
alcohol consumption,
calorie intake, caffeine and
fat, medications for
diabetes and/or high blood
pressure.

Reallocating 10 min of
MVPA to SB resulted in a
1.2% change in BMI.

Collings et al.
[20]

Children (n = 410) from the
Physical Activity and

BMI, body composition
(FMI, TFMI, FFMI),

Mekary et al. [12] /
10 min

Age, sex, monitor wear
characteristics, income,

β (95% CI)
FMI
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Nutrition in Children study,
Finland; cross-sectional

Sleep, SB, LPA, MPA, VPA –

heart rate and movement
sensor

sleep duration, energy
intake, frequency of
breakfast consumption,
number of meals per day,
snacking, birth weight,
maternal and paternal BMI.
When FMI, TFMI and FFMI
were outcomes further
adjustment for CRF was
made. CRF was adjusted for
FMI.

SB→ LPA: − 1.2 (− 1.8, −
0.64)
SB→MPA: − 1.7 (− 2.7,
− 0.78)
SB→ VPA: − 11.8 (− 17.4,
− 5.8)
LPA→MPA: − 0.51
(− 1.7, 0.73)
LPA→ VPA: − 10.7
(− 16.2, − 4.8)
MPA→ VPA: − 10.2
(− 16.4, − 3.5)
TFMI
SB→ LPA: − 1.5 (− 2.1,
− 0.82)
SB→MPA: − 2.0 (− 3.2,
− 0.83)
SB→ VPA: − 13.1 (− 20.1,
− 5.5)
LPA→MPA: − 0.58
(− 2.0, 0.86)
LPA→ VPA: − 11.8
(− 18.8, − 4.3)
MPA→ VPA: − 11.3
(− 19.0, − 2.9)
FFMI
SB→ LPA: − 0.0026
(− 0.013, 0.0079)
SB→MPA: 0.016
(− 0.0002, 0.031)
SB→ VPA: − 0.042
(− 0.12, 0.033)
LPA→MPA: 0.018
(− 0.0042, 0.041)
LPA→ VPA: -0.039
(− 0.11, 0.034)
MPA→ VPA: − 0.057
(− 0.14, 0.024)

Collings et al.
[21]

Children (n = 333) from the
Born in Bradford birth
cohort study, UK; cross-
sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report or estimated from
accelerometers

BMI, waist circumference,
sum of skinfolds

Mekary et al. [12] /
20 min

Age, sex, ethnicity, index of
multiple deprivation,
monitor wear time, season
of assessment and height.

β (95% CI)
BMI
SB→ LPA: − 0.0096
(− 0.055, 0.036)
SB→MVPA: 0.052
(− 0.039, 0.14)
LPA→MVPA: 0.061
(− 0.054, 0.18)
Waist circumference
SB→ LPA: − 0.034
(− 0.21, 0.15)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

SB→MVPA: − 0.11
(− 0.46, 0.24)
LPA→MVPA: − 0.077
(− 0.53, 0.37)
Sum of skinfolds
SB→ LPA: 0.048 (− 0.37,
0.47)
SB→MVPA: − 0.77
(− 1.46, − 0.084)
LPA→MVPA: − 0.82
(− 1.71, 0.062)

Dahl-Petersen
et al. [22]

Adults (n = 1497) from the
Inuit Health in Transition
study (2005–2010),
Greenland; cross-sectional

SB, LPA, MPA, VPA –combined
accelerometer and heart rate
monitor; sleep – not assessed

BMI, waist circumference,
visceral fat and
subcutaneous abdominal
adipose tissue

Mekary et al. [12] /
60 min

Age, sex, smoking and
fraction of weekend wear
time (model 1) and BMI
(model 2).

β (95% CI)
Model 1
BMI
SB→ LPA: − 0.21 (− 0.37,
− 0.04)
SB→MPA: − 0.47
(− 0.81, − 0.14)
LPA→MPA: − 0.27
(− 0.67, 0.14)
LPA→ VPA: − 1.68
(− 2.89, − 0.46)
Waist circumference
SB→ LPA: 0.57 (− 1.00,
− 1.13)
SB→MPA: − 1.13
(− 2.01, − 0.26)
LPA→MPA: − 0.56
(− 1.63, 0.50)
LPA→ VPA: − 6.05
(− 9.20, − 2.30)
Visceral fat
SB→ LPA: − 0.04 (− 0.11,
0.04)
SB→MPA: − 0.23
(− 0.39, − 0.08)
LPA→MPA: − 20
(− 0.38, − 0.02)
LPA→ VPA: − 0.66
(− 1.21, − 0.11)
Sub-cutaneous fat
SB→ LPA: − 0.08 (− 0.12,
− 0.03)
SB→MPA: − 0.05 (−
0,15, 0.04)
LPA→MPA: 0.02 (− 0.09,
0.14)
LPA→ VPA: − 0.67 (−
1.01, − 0.34)

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
9

 
P
a
g
e
2
2
o
f
6
8



Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Model 2
Waist circumference
SB→ LPA: − 0.007
(− 0.16, 0.14)
SB→MPA: − 0.01
(− 0.32, 0.30)
LPA→MPA: − 0.002
(− 0.37, 0.37)
LPA→ VPA: − 1.9(− 3.0,
− 0.80)
Visceral fat
SB→ LPA: 0.03 (− 0.02,
0.09)
SB→MPA: − 0.10
(− 0.21, 0.02)
LPA→MPA: − 0.13
(− 0.27, 0.007)
LPA→ VPA: − 0.17
(− 0.58,0.25)
Sub-cutaneous fat
SB→ LPA: − 0.03 (− 0.06,
0.005)
SB→MPA: 0.04 (− 0.02,
0.10)
LPA→MPA: 0.07 (− 0.01,
0.15)
LPA→ VPA: − 0.33 (−
0.56, − 0.10)

Dalene et al.
[23]

Samples of 6-year-olds
(girls, n = 495–512; boys,
n = 475–494) 9 (girls,
n = 1198–1219; boys,
n = 1225-1253) and 15-year-
olds (girls, n = 778–850;
boys, n = 766–824) from
the Physical Activity among
Norwegian Children Study,
Norway; cross-sectional

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

BMI, waist circumference Mekary et al. [12] /
10 min

Age at baseline, sex, follow-
up time, BMI and waist
circumference at baseline.

β (95% CI)
Cross-sectional analyses
BMI
6-year-old girls
SB→ LPA: 0.10 (0.04,
0.17)
SB→MPA: − 0.18
(− 0.35, − 0.01)
SB→ VPA: − 0.21 (− 0.58,
0.16)
6-year-old boys
SB→ LPA: 0.08 (0.02,
0.15)
SB→MPA: 0.03 (− 0.05,
0.12)
SB→ VPA: − 0.32 (− 0.71,
0.06)
9-year-olds
SB→ LPA: − 0.32 (− 0.71,
0.06)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

SB→MPA: − 0.08
(− 0.15, − 0.02)
SB→ VPA: − 0.83 (1.04,
− 0.63)
15-year-olds
SB→ LPA: 0.03 (− 0.02,
0.07)
SB→MPA: 0.06 (− 0.02,
0.15)
SB→ VPA: − 0.56 (− 0.87,
− 0.25)
Prospective analyses
SB→ LPA: 0.05 (− 0.00,
0.11)
SB→MPA: − 0.05
(− 0.14, 0.04)
SB→ VPA: 0.16 (− 0.17,
0.49)
Waist circumference
6-year-old girls
SB→ LPA: 0.29 (0.13,
0.45)
SB→MPA: − 0.47
(− 0.85, − 0.10)
SB→ VPA: − 0.15 (− 1.20,
0.90)
6-year-old boys
SB→ LPA: 0.15 (− 0.02,
0.33)
SB→MPA: 0.06 (− 0.16,
0.29)
SB→ VPA: − 0.79 (− 1.68,
0.10)
9-year-olds
SB→ LPA: 0.17 (0.10,
0.25)
SB→MPA: − 0.32
(− 0.46, − 0.18)
SB→ VPA: − 1.79 (− 2.36,
− 1.23)
15-year-olds
SB→ LPA: 0.17 (0.06,
0.28)
SB→MPA: 0.02

(− 0.20,
0.24)
SB→ VPA: − 1.08
(− 1.94, − 0.21)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Prospective analyses
SB→ LPA: 0.07
(− 0.08, 0.23)
SB→MPA: − 0.09
(− 0.37, 0.20)
SB→ VPA: − 0.43
(− 1.29, 0.42)

Ekblom-Bak et
al. [51]

Adults (n = 836) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

Waist circumference Mekary et al. [12] / 1, 5,
10, 15, 20, 25, 30, 60, 90
and 120 min

Age, sex, education level,
smoking habits, perceived
psychological stress, energy
intake and wear time.

OR (95% CI)
10-min reallocation
High waist circumference
SB→ LPA: 0.97 (0.95, 0.98)
SB→MPA: 0.94 (0.88, 0.99)
SB→ VPA: 0.62 (0.48, 0.79)

Ekblom-Bak et
al. [52]

Adults (n = 654) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Waist circumference Mekary et al. [12] / 1, 5,
10, 15, 20, 25, 30, 60, 90
and 120 min

Sex, age, education,
smoking, perceived
psychosocial stress.

RR (95% CI)
30 min reallocation
Waist circumference (women
< 88 and men < 102)
SB→ LPA: 0.982 (0.962, 1.003)
SB→MVPA: 0.931 (0.878, 0.987)
Waist circumference (women
≥88 and men ≥102)
SB→ LPA: 0.981 (0.954, 1.009)
SB→MVPA: 0.880 (0.816, 0.950)

Fairclough et al.
[25]

Children (n = 169) from
the Active Schools
Skelmersdale study, UK;
cross-sectional

SB, LPA, MVPA – wrist-worn
accelerometers; sleep –

estimated from the ActiGraph
raw accelerations

BMI, waist circumference Dumuid et al. [14] /
15 min

IMD decile, age, sex, and
BMI.

Reallocating 15 min from
MVPA to sleep, SB or LPA
predicted higher adiposity.
Reallocating time to MVPA
from sleep, SB or LPA
increased the magnitude of
estimated detriments for
adiposity. Furthermore, the
detriments were larger in
magnitude than the estimated
benefits of time reallocation
from MVPA to sleep, SB or LPA.

Falconer et al.
[53]

Adults with type 2 diabetes
(n = 519) from the Early
Activity in Diabetes study,
UK; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

BMI, waist circumference Mekary et al. [12] /
30 min

Age, sex, ethnic group, IMD
score, accelerometer wear
time, relevant diabetes or
lipid-lowering drugs.

β (95% CI)
BMI
SB bouts → SB nonbouts: − 0.60
(− 1.0, − 0.21)
SB bouts → LPA: − 0.26
(− 0.47, − 0.05)
SB bouts →MVPA: − 2.19
(− 2.89, − 1.49)
SB nonbouts→LPA: − 0.01
(− 0.38, 0.36)
SB nonbouts→MVPA: − 1.87
(− 2.59, − 1.14)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

LPA→MVPA: − 2.00
(− 2.74, − 1.26)
Waist circumference
SB bouts → SB nonbouts: − 1.16
(− 2.08, − 0.25)
SB bouts →LPA: − 0.87
(− 1.35, − 0.39)
SB bouts →MVPA: − 4.56
(− 6.19, − 2.93)
SB nonbouts→LPA: − 0.44
(− 1.30, 0.41)
SB nonbouts→MVPA: − 3.97
(− 5.65, − 2.28)
LPA→MVPA: − 3.93
(− 5.65, − 2.21)

Gupta et al.
[55]

Blue-Collar Workers
(n = 692) from the PHysical
ACTivity cohort, Denmark;
cross-sectional

SB, standing time, MVPA –

thigh-worn accelerometers;
sleep – self report

BMI, waist circumference
and body fat percentage

Mekary et al. [12] /
30 min

Age, sex, smoking status,
alcohol intake, dietary
patterns, and total
measured time.

β (95% CI)
Whole day
Waist circumference
Total SB→standing: − 0.50
(− 0.81, − 0.18)
Total SB→walking: 0.40
(− 0.53, 1.33)
Total SB→MVPA: − 4.21
(− 6.94, − 1.47)
Long SB bouts →standing: − 0.86
(− 1.22, − 0.5)
Long SB bouts →walking: 0.57
(− 0.35, 1.5)
Long SB bouts →MVPA: − 3.93
(− 6.62, − 1.23)
Long SB bouts →moderate SB
bouts: − 0.36
(− 0.89, 0.16)
Long SB bouts →brief SB bouts:
− 2.60
(− 3.55, − 1.65)
Body fat percentage
Total SB→standing: − 0.29
(− 0.45, − 0.13)
Total SB→walking: 0.19
(− 0.26, 0.65)
Total SB→MVPA: − 2.70
(− 4.03, − 1.37)
Long SB bouts →standing: − 0.46
(− 0.65, − 0.27)
Long SB bouts →walking: 0.27
(− 0.19, 0.72)
Long SB bouts →MVPA: − 2.38
(− 3.7, − 1.06)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Long SB bouts →moderate SB
bouts: − 0.10 (− 0.38, 0.17)
Long SB bouts →brief SB bouts:
−1.43 (− 1.92, − 0.94)
BMI
Total SB→standing: − 0.17
(− 0.28, − 0.06)
Total SB→walking:0.17
(− 0.15, 0.48)
Total SB→MVPA: − 1.37
(− 2.29, − 0.44)
Long SB bouts →standing: − 0.31
(− 0.44, − 0.17)
Long SB bouts →walking: 0.18
(− 0.14, 0.5)
Long SB bouts →MVPA: − 1.28
(− 2.2, − 0.35)
Long SB bouts →moderate
SBbouts: − 0.16 (− 0.35, 0.03)
Long SB bouts →brief SB bouts:
−0.82 (− 1.17, − 0.48)
Work time
Waist circumference
Total SB→standing:− 0.24
(− 0.6, 0.11)
Total SB→walking:0.55
(− 0.38, 1.48)
Total SB→MVPA: − 3.43
(− 6.25, − 0.61)
Long SB bouts →standing: − 0.59
(− 1.16, − 0.03)
Long SB bouts →walking: 0.67
(− 0.36, 1.7)
Long SB bouts →MVPA: − 3.42
(− 6.3, − 0.55)
Long SB bouts →moderate SB
bouts:− 0.08 (− 0.81, 0.66)
Long SB bouts →brief SB bouts:
−2.40 (− 3.43, − 1.36)
Body fat percentage
Total SB→ standing:− 0.14
(− 0.32, 0.04)
Total SB→walking:0.27
(− 0.19, 0.74)
Total SB→MVPA: − 1.91
(− 3.29, − 0.52)
Long SB bouts →standing: − 0.17
(− 0.48, 0.13)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Long SB bouts →walking: 0.47
(− 0.06, 0.99)
Long SB bouts →MVPA: − 1.50
(− 2.9, − 0.11)
Long SB bouts →moderate SB
bouts:0.20 (− 0.19, 0.6)
Long SB bouts →brief SB bouts:
−1.22 (− 1.76, − 0.68)
BMI
Total SB→standing: − 0.08
(− 0.2, 0.05)
Total SB→walking:0.25
(− 0.07, 0.57)
Total SB→MVPA: − 1.03
(− 1.97, − 0.09)
Long SB bouts →standing: − 0.17
(− 0.38, 0.04)
Long SB bouts →walking: 0.28
(− 0.08, 0.64)
Long SB bouts →MVPA: − 0.96
(− 1.92, 0.00)
Long SB bouts →moderate SB
bouts:− 0.02 (− 0.29, 0.26)
Long SB bouts →brief SB bouts:
−0.72 (− 1.1, − 0.35)
Non-work time
Waist circumference
Total SB→ standing:− 0.82
(− 1.26, − 0.37)
Total SB→walking:− 0.02
(− 1.01, 0.97)
Total SB→MVPA: −4.00
(− 6.75, − 1.26)
Long SB bouts →standing: − 0.94
(− 1.39, − 0.49)
Long SB bouts →walking: 0.33
(− 0.62, 1.28)
Long SB bouts →MVPA: − 3.77
(− 6.51, − 1.03)
Long SB bouts →moderate SB
bouts: − 0.42 (− 0.97, 0.14)
Long SB bouts → brief SB bouts:
− 2.74 (− 3.77, − 1.72)
Body fat percentage
Total SB→ standing: − 0.42
(− 0.65, − 0.19)
Total SB→walking: 0.00
(− 0.49, 0.49)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Total SB→MVPA: − 2.18
(− 3.53, − 0.84)
Long SB bouts → standing: − 0.55
(− 0.78, − 0.32)
Long SB bouts → walking: 0.09
(− 0.38, 0.55)
Long SB bouts → MVPA: − 1.88
(− 3.22, − 0.55)
Long SB bouts → moderate SB
bouts: − 0.18 (− 0.46, 0.1)
Long SB bouts → brief SB bouts:
− 1.60 (− 2.11, − 1.09)
BMI
Total SB→ standing: − 0.24
(− 0.4, − 0.08)
Total SB→walking: 0.08
(− 0.25, 0.41)
Total SB→MVPA: − 1.20
(− 2.12, − 0.28)
Long SB bouts → standing: − 0.32
(− 0.48, − 0.16)
Long SB bouts → walking: 0.13
(− 0.19, 0.45)
Long SB bouts → MVPA: − 1.10
(− 2.02, − 0.18)
Long SB bouts → moderate SB
bouts: − 0.16 (− 0.36, 0.03)
Long SB bouts → brief SB bouts:
− 0.87 (− 1.22, − 0.52)

Hamer et al.
[56]

Adults (n = 445) from the
Whitehall II epidemiological
cohort, UK; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

BMI Mekary et al. [12] /
10 min

Age, sex, smoking,
employment grade, and
current statin use.

β (95% CI)
BMI
SB↔ LPA: − 0.002
(− 0.059, 0.056)
SB↔ MVPA: − 0.39
(− 0.54, − 0.24)
LPA↔ MVPA: − 0.39
(− 0.55, − 0.22)

Healy et al. [58] A general population-based
sample (n = 698) from the
2011/12 Australian Dia
betes, Obesity, and Lifestyle
Study, Australia; cross-
sectional

SB, standing, stepping – thigh-
worn accelerometers; sleep –

self report

BMI, waist circumference Mekary et al. [12] /
120 min

Age, sex, contraceptive pill
use, blood pressure tablets,
cholesterol tablets, diabetes
medication, ethnicity,
occupation and
employment status,
income, fibre intake, energy
intake, energy-adjusted
fibre intake, alcohol intake,
sodium intake, potassium

RR (95% CI)
BMI
Sitting→ standing: 0.99 (0.97, 1.02)
Sitting→ stepping: 0.90 (0.86, 0.95)
Standing→ stepping: 0.91
(0.86, 0.96)
β (95% CI)
Waist circumference
Sitting→ standing: − 0.53
(− 3.08, 2.05)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

intake, fruit and vegetable
serves.

Sitting→ stepping: − 7.48
(− 10.80, − 4.17)
Standing→ stepping: − 6.97
(− 11.05, − 2.89)

Healy et al. [57] Individuals with diagnosed
type 2 diabetes (n = 279)
from the Living Well with
Diabetes intervention,
Australia; cross-sectional

SB (prolonged SB and non-
prolonged SB), LPA, MVPA –

waist-worn accelerometers;
sleep – not assessed

Waist circumference, BMI Mekary et al. [12] /
30 min

Age, sex, BMI, waist
circumference, log HbA1c,
insulin use, oral
hypoglycaemic use, use of
glucagon-like-peptide-1
agents, diabetes duration,
income, education, weight
loss aids in last 6 months,
smoking status, CVD-related
condition, musculoskeletal
condition, depression and/
or anxiety, employment,
place of birth, Caucasian,
energy intake, diet quality
score.

β (95% CI)
Waist circumference
Prolonged SB→ non-prolonged
SB: − 0.69 (− 1.46, 0.08)
Prolonged SB→ LPA: − 0.77
(− 1.33, − 0.22)
Prolonged SB→MVPA: 0.64
(− 1.96, 3.24)
Non-prolonged SB→ LPA: − 0.08
(− 0.93, 0.76)
Non-prolonged SB→MVPA: 1.33
(− 1.31, 3.96)
LPA→MVPA: 1.41
(− 1.37, 4.19)
BMI
Prolonged SB→ non-prolonged
SB: − 0.35 (− 0.70, − 0.01)
Prolonged SB→ LPA: − 0.36
(− 0.61, − 0.11)
Prolonged SB→MVPA: 0.20
(− 0.93, 1.32)
Non-prolonged SB→ LPA: − 0.01
(− 0.38, 0.37)
Non-prolonged SB→MVPA: 0.55
(− 0.58, 1.68)
LPA→MVPA: 0.56
(− 0.64, 1.76)

Huang et al.
[59]

Children (n = 672) from the
Understanding Children’s
Activity and Nutrition
cohort study, China;
prospective cohort

SB (screen time, academic-
related activities, other
sedentary behaviours) and
sleep – self report; LPA and
MVPA – waist-worn
accelerometers

BMI Mekary et al. [12] /
30 min

Age, sex, snacking habit of
the child, parental
education, parental BMI,
and marital status.

β (95% CI)
Screen time↔ academic-related
activities: − 0.00 (− 0.06, 0.06)
Screen time↔ other SBs: − 0.12
(− 0.20, − 0.04)
Screen time↔ sleep: − 0.03
(− 0.13, 0.06)
Screen time↔ LPA: − 0.05
(− 0.12, 0.02)
Screen time↔ MVPA: − 0.42
(− 0.59, − 0.24)
Academic-related activities↔
other SBs: − 0.13 (− 0.21, − 0.04)
Academic-related activities↔
sleep: − 0.04 (− 0.14, 0.06)
Academic-related activities↔
LPA: − 0.05 (− 0.12, 0.02)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Academic-related activities↔
MVPA: − 0.42 (− 0.60, − 0.24)
Other SBs ↔ academic-related
activities: 0.13 (0.04, 0.21)
Other SBs ↔ sleep: 0.09
(− 0.03, 0.20)
Other SBs ↔ LPA: 0.07
(− 0.02, 0.16)
Other SBs ↔ MVPA: − 0.30
(− 0.49, − 0.10)
Sleep ↔ academic-related
activities: 0.04 (− 0.06, 0.14)
Sleep ↔ other SBs: − 0.09
(− 0.20, 0.03)
Sleep ↔ LPA: − 0.01
(− 0.12, 0.10)
Sleep ↔ MVPA: − 0.38
(− 0.59, − 0.18)
LPA↔ academic-related
activities: 0.05 (− 0.02, 0.12)
LPA↔ other SBs: − 0.07
(− 0.16. 0.02)
LPA↔ sleep: 0.01
(− 0.10 to 0.12)
LPA↔ MVPA: − 0.37
(− 0.57, − 0.16)
MVPA↔ academic-related
activities: 0.42 (0.24, 0.60)
MVPA↔ other SBs: 0.30 (0.10, 0.49)
MVPA↔ sleep: 0.38 (0.18, 0.59)
MVPA↔ LPA: 0.37 (0.16, 0.57)

Leppänen et al.
[63]

Four year old children
(n = 307) from the
MINISTOP trial, Sweden;
cross-sectional

Sleep, SB, LPA, MPA, VPA –

wrist-worn accelerometers
FFMI Mekary et al. [12] /

5 min
Maternal BMI and
educational attainment,
paternal BMI and
educational attainment,
child’s age and sex at the
measurement and awake
wearing time of the
ActiGraph. Waist
circumference was adjusted
for height.

β (95% CI)
FFMI
SB↔ LPA: − 0.01
(− 0.04, 0.02)
SB↔ MPA: 0.01
(− 0.02, 0.04)
SB↔ VPA: 0.17 (0.04, 0.30)
LPA↔ MPA: 0.02
(− 0.03, 0.08)
LPA↔ VPA: 0.18 (0.05, 0.30)
MPA ↔ VPA: 0.16 (0.01, 0.31)

Leppänen et al.
[27]

Four year old children
(n = 138) from the
MINISTOP trial, Sweden;
prospective cohort

Sleep, SB, LPA, MPA, VPA –

wrist-worn accelerometers
BMI, FMI, FFMI, body fat
percentage, waist
circumference

Mekary et al. [12] /
5 min

Child’s age, sex at
measurement, awake
wearing time, models with
SB or MPA as exposures
were adjusted for VPA,

Reallocating 5 min from
SB to LPA or MPA to VPA
at baseline was associated
with an increase in FFMI
and BMI.
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

while models with VPA or
MVPA were adjusted for SB.

Loprinzi et al.
[65]

Children (n = 1036) and
adolescents (n = 1608) from
the 2003–2006 National
Health and Nutrition
Examination Survey, USA;
prospective cohort

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

BMI, waist circumference,
triceps and subscapularis
skinfold, sex specific
android body fat percent,
gynoid body fat percent,
total body fat percent

Mekary et al. [12] /
60 min

Age, sex, race-ethnicity, en
ergy intake, poverty-to-
income ratio, cotinine, and
accelerometer wear time.

β (95% CI)
BMI
SB↔ LPA: − 0.18
(− 0.53, 0.16)
SB↔ MVPA: − 1.20
(− 1.60, − 0.79)
LPA↔ MVPA: − 1.01
(− 1.57, − 0.45)
BMI Percentile
SB↔ LPA: 0.17
(− 2.60, 2.95)
SB↔ MVPA: − 7.33
(− 11.88, − 2.78)
LPA↔ MVPA: − 7.50
(− 12.53, − 2.47)
Waist circumference
SB↔ LPA: − 0.55
(− 1.50, 0.38)
SB↔ MVPA: − 3.81
(− 5.09, − 2.54)
LPA↔ MVPA: − 3.25
(− 4.91, − 1.59)
Triceps skinfold
SB↔ LPA: − 0.13
(− 0.70, 0.43)
SB↔ MVPA: − 2.54
(− 3.30, − 1.78)
LPA↔ MVPA: − 2.40
(− 3.31, − 1.49)
Subscapularis skinfold
SB↔ LPA: − 0.36
(− 0.80, 0.08)
SB↔ MVPA: − 1.66
(− 2.37, − 0.95)
LPA↔ MVPA: − 1.30
(− 1.97, − 0.63)
Android body fat percent
SB↔ LPA: − 0.28
(− 1.59, 1.02)
SB↔ MVPA: − 6.62
(− 8.80, − 4.45)
LPA↔ MVPA: − 6.34
(− 9.40, − 3.27)
Gynoid body fat percent
SB↔ LPA: − 0.07
(− 0.87, 0.71)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

SB↔ MVPA: − 4.40
(− 5.74, − 3.07
LPA↔ MVPA: − 4.32
(− 6.11, − 2.54)
Total body fat percent
(standard error)
SB↔ LPA: − 0.27 (0.58)
SB↔ MVPA: − 4.62 (0.77)
LPA↔ MVPA: − 4.34 (0.89)

Mekary et al.
[12]

Adult women (n = 4558)
from the Nurses’ Health
Study II, USA; prospective
cohort

TV watching, easy walking,
average walking, brisk walking,
running, other activities, total
activity – self report; sleep –

not assessed

Weight change Mekary et al. [12] /
30 min

Baseline age, weight,
height, alcohol intake,
sugar-sweetened beverage
intake, energy-adjusted
trans-fat intake, energy-
adjusted fibre intake, oral
contraceptive use, parity
and antidepressant use.

β (95% CI)
TV watching↔ slow walking:
− 1.02 (− 1.55, − 0.48)
TV watching↔ brisk walking:
− 2.16 (− 2.64, − 1.68)
TV watching↔ running: − 3.73
(− 4.89, _2.57)
TV watching↔ other activities:
− 1.73 (− 2.13, − 1.33)
TV watching↔ total activity:
0.47 (0.36, 0.59)
Slow walking↔ brisk walking:
− 1.14 (− 1.75, − 0.53)
Slow walking↔ running: − 2.71
(− 3.97, − 1.45)
Slow walking↔ other activities:
− 0.72 (− 1.39, − 0.04)
Slow walking↔ total activity:
− 0.54 (− 1.07, − 0.02)
Brisk walking ↔ running: − 1.57
(− 2.82, − 0.33)
Brisk walking ↔ other activities:
0.43 (− 0.22, 1.07)
Brisk walking ↔ total activity:
− 1.69 (− 2.15, − 1.22)
Running↔ other activities: 2.00
(0.77, 3.22)
Running↔ total activity: − 3.26
(− 4.41, − 2.10)
Other activities ↔ total activity: −
1.26 (− 1.65, − 0.87)

Mekary et al.
[68]

Adult men (n = 10,500)
from the Health
Professionals Follow-Up
Study, USA; prospective
cohort

TV watching, MVPA (aerobic
activity), weight training, other
activities; sleep – self report

Waist circumference Mekary et al. [12] /
20 min

Baseline age and waist
circumference total average
alcohol intake, sugar-
sweetened beverage intake,
percent energy of trans-fat,
energy-adjusted fibres,
energy-adjusted glycemic
load, smoking,

β (95% CI)
TV watching↔ MVPA (aerobic
activity): −0.42
(− 0.50, − 0.34)
TV watching↔ weight training:
− 0.76 (− 1.02, − 0.50)
TV watching↔ other activities:
− 0.24 (− 0.37, − 0.11)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

antidepressant Intake,
percent energy of protein
intake, sleep duration, slow
walking in addition to TV
watching, MVPA, weight
training, and other
activities.

TV watching↔ total discretionary
time: 0.08 (0.05, 0.12)
MVPA (aerobic activity) ↔ weight
training: − 0.34 (− 0.62, − 0.07)
MVPA (aerobic activity) ↔ other
activities: 0.17 (0.03, 0.31)
MVPA (aerobic activity) ↔ total
discretionary time: − 0.33
(− 0.39, − 0.26)
Weight training↔ other
activities: 0.52 (0.23, 0.80)
Weight training↔ total
discretionary time: − 0.67
(− 0.93, − 0.41)
Other activities ↔ total
discretionary time: − 0.15
(− 0.28, − 0.03)

Moore et al.
[28]

Youth (n = 11,588) from the
International Children’s
Accelerometry Database,
Brazil, Europe, and USA;
cross-sectional

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

Waist circumference Mekary et al. [12] / not
presented

Accelerometer cut points. Reallocating LPA with VPA was
associated with a 0.67 to 7.30 cm
smaller waist circumference at the
50th to 90th percentiles

Nilsson et al.
[29]

Older woman (n = 113)
recruited from an
newspaper ad, Sweden;
cross-sectional

SB (accumulated, continuous),
LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Waist circumference Mekary et al. [12] /
10 min

Medical history, self-rated
health status, total energy
intake, fat intake, and
alcohol consumption.

β (95% CI)
Waist circumference
MVPA→ LPA: 2.19 (1.45, 2.93)
MVPA→ accumulated SB: 1.78
(1.04, 2.57)
MVPA→ continuous SB: 2.08
(1.35, 2.8)

Rosique-
Esteban et al.
[32]

Adults (n = 5776) from the
PREDIMED-PLUS trial, Spain;
cross-sectional

Sleep, SB, LPA, MVPA – self
report

Prevalence of obesity,
abdominal obesity

Mekary et al. [12] /
60 min

Age, sex, education, marital
and employment status,
smoking habits, personal
and family history of illness,
medical conditions,
medication use, and
adherence to an energy-
restricted Mediterranean
diet.

RR (95% CI)
Obesity
MVPA→ sleep: 0.95 (0.93, 0.97)
MVPA→ TV-viewing: 0.92 (0.90,
0.94)
MVPA→ LPA: 0.96 (0.93, 0.99)
LPA→ sleep: 0.98 (0.95, 1.01)
LPA→ TV-viewing: 0.95 (0.92, 0.98)
Sleep → TV-viewing: 0.97 (0.96,
0.98)
Abdominal obesity
MVPA→ sleep: 0.97 (0.96, 0.98)
MVPA→ TV-viewing: 0.97 (0.96,
0.98)
MVPA→ LPA: 0.97 (0.96, 0.98)
LPA→ sleep: 1.01 (0.99, 1.03)
LPA→ TV-viewing: 0.99 (0.98,
1.00)
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

Sleep → TV-viewing: 0.99 (0.98,
1.00)

Sardinha et al.
[70]

Children (n = 386) from the
Lisbon Metropolitan area,
Portugal; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

BMI, waist circumference,
TFMI, total body fat mass

Mekary et al. [12] / 15,
30 min

Age, sex, accelerometer
wear time and in the
prospective analysis results
were further adjusted for
baseline body composition.

β (95% CI)
30 min reallocation
Cross-sectional analysis
BMI
SB→ LPA: 0.03
(− 0.09, 0.12)
SB→MVPA: − 0.21
(− 0.39, − 0.03)
Waist circumference
SB→ LPA: 0.21
(− 0.81, 1.23)
SB→MVPA: − 1.32
(− 3.06, 0.42)
TFMI
SB→ LPA: − 0.09
(− 0.36, 0.15)
SB→MVPA: − 0.81
(− 12.60, − 0.36)
Total body fat mass
SB→ LPA: − 0.27
(− 0.78, 0.27)
SB→MVPA: -1.62
(− 2.52, − 0.69)
Prospective analyses
BMI
SB→ LPA: 0.03
(− 0.06, 0.09)
SB→MVPA: − 0.06
(− 0.18, 0.06)
Waist circumference
SB→ LPA: − 0.21
(− 0.87, 0.45)
SB→MVPA: − 1.11
(− 2.16, − 0.06)
TFMI
SB→ LPA: 0.03
(− 0.09, 0.15)
SB→MVPA: − 0.21
(− 0.39, 0.00)
Total body fat mass
SB→ LPA: 0.09
(− 0.15, 0.33)
SB→MVPA: − 0.48
(− 0.87, − 0.06)
15 min reallocation
Cross-sectional analysis
BMI
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

SB→ LPA: 0.02
(− 0.05, 0.06)
SB→MVPA: − 0.11
(− 0.20, − 0.02)
Waist circumference
SB→ LPA: 0.11
(− 0.41, 0.62)
SB→MVPA: − 0.66
(− 1.53, 0.21)
TFMI
SB→ LPA: − 0.05
(− 0.18, 0.08)
SB→MVPA: − 0.41
(− 6.30, − 0.18)
Total body fat mass
SB→ LPA: − 0.14
(− 0.39, 0.14)
SB→MVPA: − 0.81
(− 1.26, − 0.35)
Prospective analyses
BMI
SB→ LPA: 0.02
(− 0.03, 0.05)
SB→MVPA: − 0.03
(− 0.09, 0.03)
Waist circumference
SB→ LPA: − 0.11
(− 0.44, 0.23)
SB→MVPA: − 0.56
(− 1.08, − 0.03)
TFMI
SB→ LPA: 0.02
(− 0.05, 0.08)
SB→MVPA: − 0.11
(− 0.20, 0.00)
Total body fat mass
SB→ LPA: 0.05
(− 0.08, 0.17)
SB→MVPA: − 0.24
(− 0.44, − 0.03)

Van der Berg et
al. [35]

Adults (n = 2213) from
The Maastricht Study,
Netherlands; cross-sectional

SB, standing, stepping – thigh-
worn accelerometers; sleep –

not assessed

Waist circumference, BMI Mekary et al. [12] /
30 min

Age, sex, level of education,
smoking status, alcohol
consumption, energy
intake, mobility limitation,
and prevalent
cardiovascular disease

OR (95% CI)
Waist circumference
SB→ standing: − 0.405
(− 0.60, − 0.21)
SB→ stepping: − 1.422
(− 1.78, − 1.06)
Standing→ stepping: − 1.017
(− 1.47, − 0.56)
BMI
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Table 4 Summary of the findings from the studies assessing adiposity (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for
confounding

Results

SB→ standing: − 0.038
(− 0.11, 0.03)
SB→ stepping: − 0.480
(− 0.62, − 0.35)
Standing→ stepping: − 0.443
(− 0.61, − 0.27)

Varela-Mato et
al. [37]

Adult male heavy goods
vehicle drivers (n = 87),
from a transport company
from the East Midlands, UK;
cross-sectional

SB, standing and stepping
(LPA, MVPA) – thigh-worn
accelerometers; sleep –

estimated from the
accelerometers and matched
with the participants’ daily log

Waist circumference, BMI Mekary et al. [12] /
30 min

Age, ethnicity, education
levels, shift pattern,
smoking, alcohol intake,
fruit and vegetable
consumption and BMI.

β (95% CI)
Workdays
Waist Circumference
SB→ standing: − 0.1
(− 1.4, 1.2)
SB→ LPA: − 0.6
(− 3.9, 2.7)
SB→MVPA: − 6.5
(− 11.0, − 1.9)
SB→ sleep: 0.1
(− 0.3, 0.5)
BMI
SB→ standing: 0.07
(− 0.4, 0.6)
SB→ LPA: − 0.7
(− 1.9, 0.5)
SB→MVPA: − 1.5
(− 3.2, 0.2)
SB→ sleep: − 0.0
(− 0.2, 0.1)
Non-workdays
Waist Circumference
SB→ standing: − 0.4
(− 1.2, 2.1)
SB→ LPA: 0.4
(− 1.3, 2.1)
SB→MVPA: − 0.8
(− 4.8, 3.2)
SB→ sleep: − 0.4
(− 1.1, 0.5)
BMI
SB→ standing: 0.1
(− 0.5, 0.2)
SB→ LPA: − 0.2
(− 0.8, 0.4)
SB→MVPA: 0.2
(− 1.2, 1.7)
SB→ sleep: − 0.3
(− 0.5,–0.05)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous intensity physical activity; BMI body mass

index, HDL high-density lipoprotein, CVD cardiovascular disease, FFM fat-free mass, TFMI trunk fat mass index, FFMI fat-free mass index, FMI fat mass index, CRF cardiorespiratory fitness, IMD indices of multiple

deprivation, CI confidence interval, RR relative risk, OR odds ratio
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Table 5 Summary of the findings from the studies assessing fitness outcomes

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

Aggio et al.
[44]

Children and youth
(n = 353) from the Camden
Active Spaces project, UK;
cross-sectional

SB, LPA, MVPA – waist-
worn accelerometers; sleep
– not assessed

Hand grip strength,
horizontal jump
distance, flexibility,
peak expiratory flow

Mekary et al.
[12] / 60 min

Age, sex, ethnicity, height
and
school deprivation.

β (95% CI)
Hand grip strength
SB↔ LPA: 0.509
(0.000, 1.019)
SB↔ MVPA: 0.511
(− 1.139, 2.161)
LPA↔ MVPA: 0.002
(− 1.760, 1.763)
Horizontal jump distance
SB↔ LPA: 0.409
(− 2.252, 3.070)
SB↔ MVPA: 16.093
(7.476, 24.710)
LPA↔ MVPA: 15.684
(6.484, 24.885)
Peak expiratory flow
SB↔ LPA: − 0.149
(− 7.569, 7.298)
SB↔ MVPA: 5.389
(− 18.728, 29.506)
LPA↔ MVPA: 5.538
(− 20.210, 31.287)
Flexibility
SB↔ LPA: − 0.048
(− 0.935, 0.839)
SB↔ MVPA: 4.783
(1.910, 7.656)
LPA↔ MVPA: 4.831
(1.764, 7.899)

Collings et al.
[20]

Children (n = 410) from the
Physical Activity and
Nutrition in Children study,
Finland; cross-sectional

Sleep, SB, LPA, MPA, VPA –

heart rate and movement
sensor

CRF Mekary et al.
[12] / 10 min

Age, sex, monitor wear
characteristics, income, sleep
duration, energy intake,
frequency of breakfast
consumption, number of
meals per day, snacking,
birth weight, maternal and
paternal BMI. When FMI, TFMI
and FFMI were outcomes
further adjustment for CRF
was made. CRF was adjusted
for FMI.

β (95% CI)
SB→ LPA: − 0.0038
(− 0.010, 0.0027)
SB→MPA: 0.014
(0.0064, 0.022)
SB→ VPA: 0.098
(0.040, 0.16)
LPA→MPA: 0.018
(0.0054, 0.031)
LPA→ VPA: 0.10
(0.046, 0.16)
MPA→ VPA: 0.083
(0.024, 0.14)

Ekblom-Bak
et al. [52]

Adults (n = 654) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MVPA – waist-
worn accelerometers; sleep
– not assessed

VO2max Mekary et al.
[12] / 1, 5, 10,
15, 20, 25, 30,
60, 90 and 120 min

Sex, age, education, smoking,
perceived psychosocial stress.

OR (95% CI)
30 min reallocation
VO2max (women
< 32 and men
< 35 ml·min-1·kg-1)
SB→ LPA: 0.953 (0.926, 0.982)

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
9

 
P
a
g
e
3
8
o
f
6
8



Table 5 Summary of the findings from the studies assessing fitness outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

SB→MVPA: 0.870 (0.794,
0.953)
VO2max (women ≥32 and
men ≥35 ml·min-1·kg-1)
SB→ LPA: 0.989 (0.966, 1.013)
SB→MVPA: 0.904 (0.851,
0.960)

Fairclough
et al. [25]

Children (n = 169) from the
Active Schools
Skelmersdale study, UK;
cross-sectional

SB, LPA, MVPA – wrist-worn
accelerometers; sleep –

estimated from the
ActiGraph raw accelerations

CRF Dumuid et al. [14] /
15 min

IMD decile, age, sex, and BMI. Reallocating 15 min from
MVPA to sleep, SB or LPA
predicted higher adiposity and
lower CRF.
Reallocating time to MVPA
from sleep, SB or LPA
increased the magnitude of
estimated detriments for
fitness and adiposity.
Furthermore, the detriments
were larger in magnitude than
the estimated benefits of time
reallocation from MVPA to
sleep, SB or LPA.

Kim [61] Older woman (n = 101),
from the Itabashi ward,
metropolitan Tokyo, Japan;
cross-sectional

SB (prolonged SB and non-
prolonged SB), LPA, MVPA
– wrist-worn
accelerometers; sleep –

not assessed

Usual gait speed, maximum
gait speed, 5-chair sit-to-stand,
and timed up-and-go tests

Mekary et al. [12] /
30 min

Age, BMI, education, living
conditions, smoking, alcohol
consumption, number of
medical conditions, and
Tokyo metropolitan institute
of gerontology score.

β (95% CI)
Usual walking speed
Prolonged SB→ non-prolonged
SB: 0.013 (− 0.017,
0.043)
Prolonged SB→ LPA: − 0.032
(− 0.076, 0.013)
Prolonged SB→MVPA: 0.240
(0.133, 0.346)
Non-prolonged SB→ LPA: −
0.045 (− 0.090, 0.000)
Non-prolonged SB→MVPA:
0.226 (0.120, 0.332)
LPA→MVPA: 0.271 (0.137,
0.405)
Maximum walking speed
Prolonged SB→ non-
prolonged SB: − 0.010 (− 0.049,
0.030)
Prolonged SB→ LPA: − 0.052
(− 0.108, 0.004)
Prolonged SB→MVPA: 0.240
(0.0105, 0.375)
Non-prolonged SB→ LPA: −
0.043 (− 0.099, 0.013)
Non-prolonged SB→MVPA:
0.250 (0.116, 0.383)
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Table 5 Summary of the findings from the studies assessing fitness outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

LPA→MVPA: 0.292 (0.124,
0.460)
5 chair sit-to-stand
Prolonged SB→ non-
prolonged SB: 0.298 (− 0.031,
0626)
Prolonged SB→ LPA: − 0.024
(− 0.496, 0.447)
Prolonged SB→MVPA: − 0.960
(− 2.130, 0.209)
Non-prolonged SB→ LPA:
− 0.322 (− 0.802, 0.158)
Non-prolonged SB→MVPA:
− 1.258 (− 2.417, − 0.098)
LPA→MVPA: − 0.937 (− 2.397,
0.522)
Timed Up and Go
Prolonged SB→ non-
prolonged SB: − 0.468 (− 0.824,
− 0.112)
Prolonged SB→ LPA: − 0.065
(− 0.591, 0.461)
Prolonged SB→MVPA: − 2.264
(− 3.557, − 0.970)
Non-prolonged SB→ LPA:
0.404 (− 0.128, 0.935)
Non-prolonged SB→MVPA: −
1.796 (− 3.082, − 0.510)
LPA→MVPA: − 2.199 (− 3.816,
− 0.581)

Leppänen et al.
[63]

Four year old children
(n = 307) from the
MINISTOP trial, Sweden;
cross-sectional

Sleep, SB, LPA, MPA, VPA –

wrist-worn accelerometers
20-m shuttle run test, handgrip
strength, standing long jump
test and a 4 × 10-m shuttle run
test

Mekary et al. [12] /
5 min

Maternal BMI and educational
attainment, paternal BMI and
educational attainment, child’s
age and sex at the
measurement and awake
wearing time of the ActiGraph.

β (95% CI)
20-m shuttle run test
SB↔ LPA: − 0.05 (− 0.12,
0.03)
SB↔ MPA: 0.01 (− 0.08, 0.10)
SB↔ VPA: 0.87 (0.53, 1.22)
LPA↔ MPA: 0.06 (− 0.08, 0.20)
LPA↔ VPA: 0.92 (0.59, 1.25)
MPA ↔ VPA: 0.86 (0.47, 1.26)
Handgrip strength
SB↔ LPA: − 0.00 (− 0.05, 0.04)
SB↔ MPA: 0.03 (− 0.02, 0.09)
SB↔ VPA: 0.17 (− 0.04, 0.38)
LPA↔ MPA: 0.04 (− 0.05, 0.12)
LPA↔ VPA: 0.17 (− 0.03, 0.38)
MPA ↔ VPA: 0.14 (− 0.10, 0.38)
Standing long jump
SB↔ LPA: − 0.46 (− 0.90,
− 0.02)
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Table 5 Summary of the findings from the studies assessing fitness outcomes (Continued)

Study Sample and study design Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

SB↔ MPA: 0.40 (− 0.14, 0.94)
SB↔ VPA: 2.09 (0.01, 4.17)
LPA↔ MPA: 0.86 (0.00, 1.71)
LPA↔ VPA: 2.55 (0.53, 4.56)
MPA ↔ VPA: 1.68 (− 0.74, 4.10)
4 × 10 m-shuttle run
SB↔ LPA: 0.03 (− 0.03, 0.08)
SB↔ MPA: − 0.00 (− 0.07,
0.07)
SB↔ VPA: − 0.62 (− 0.88, −
0.36)
LPA↔ MPA: − 0.03 (− 0.13,
0.08)
LPA↔ VPA: − 0.65 (− 0.90, −
0.40)
MPA ↔ VPA: − 0.62 (− 0.92, −
0.32)

Leppänen et al.
[27]

Four year old children (n =
138) from the MINISTOP
trial, Sweden; prospective
cohort

Sleep, SB, LPA, MPA, VPA –

wrist-worn accelerometers
20-m shuttle run test, handgrip
strength, standing long jump
test and a 4 × 10-m shuttle run
test

Mekary et al. [12] /
5 min

Child’s age, sex at
measurement, awake wearing
time, models with SB or MPA
as exposures were adjusted for
VPA, while models with VPA or
MVPA were adjusted for SB.

Reallocating 5 min from SB to
LPA or MPA to VPA at baseline
was associated with a better
handgrip strength and with
longer jumps at 12-month
follow-up.

Van der Velde
et al. [36]

Adults (n = 2024) from The
Maastricht Study,
Netherlands; cross-sectional

SB, standing, LPA, MVPA –

thigh-worn accelerometers;
sleep – not assessed

CRF Mekary et al. [12] /
60 min

Age, education level, type 2
diabetes, BMI, alcohol use,
smoking status, cardio vascular
disease, beta-blocker use,
energy intake and mobility
limitations

β (95% CI)
Men
SB→ standing: 0.01 (− 0.02,
0.04)
SB→ LPA: 0.08 (0.03, 0.14)
SB→MVPA: 0.49 (0.39, 0.59)
Women
SB→ standing: − 0.00 (− 0.02,
0.02)
SB→ LPA: 0.10 (0.05, 0.16)
SB→MVPA: 0.28 (0.19, 0.36)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous intensity physical activity, BMI body mass

index, CRF cardiorespiratory fitness, VO2max maximal oxygen consumption, IMD indices of multiple deprivation, CI confidence interval, OR odds ratio
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Table 6 Summary of the findings from the studies assessing biomarkers

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Buman et al. [48] Adults (n = 2185 – full sample;
n = 923 – fasting sub-sample)
from the 2005–2006 US
National Health and Nutrition
Examination Survey, USA;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

Systolic and diastolic
blood pressure, HDL,
C-reactive protein, LDL,
plasma glucose, insulin,
triglycerides, HOMA-S,
HOMA-β

Mekary et al. [12] /
30 min

Sex, race, marital status,
education, work status,
income, smoking,
depressive symptoms, 24-h
dietary recalls estimating
intakes of total energy,
saturated fat, caffeine, and
alcohol, a general health
rating, diagnosis of cancer,
malignancy, CVD, or
diabetes, and current use of
diabetic, antihypertensive,
lipidemic, or other CVD
medication.

RR (95% CI)
HDL cholesterol
Sleep→ MVPA: 1.044
(1.019, 1.070)
SB→MVPA: 1.046 (1.028,
1.065)
LPA→MVPA: 1.043 (1.023,
1.064)
Sleep→ LPA: 1.001 (0.994,
1.008)
SB→ LPA: 1.003 (0.998,
1.008)
SB→ sleep: 1.002 (0.994,
1.011)
Triglycerides
Sleep→ MVPA: 0.915
(0.851, 0.983)
SB→MVPA: 0.914 (0.855,
0.977)
LPA→MVPA: 0.931 (0.869,
0.998)
Sleep→ LPA: 0.983 (0.964,
1.002)
SB→ LPA: 0.981 (0.972,
0.991)
SB→ sleep: 0.999 (0.982,
1.016)
Insulin
Sleep→ MVPA: 0.893
(0.803, 0.994)
SB→MVPA: 0.874 (0.786,
0.970)
LPA→MVPA: 0.895 (0.801,
1.000)
Sleep→ LPA: 0.998 (0.969,
1.029)
SB→ LPA: 0.976 (0.962,
0.991)
SB→ sleep: 0.978 (0.957,
1.000)

Carson et al. [49] Children and youth aged
6–17 years (n = 4169 – full
sample; n = 1242 – fasting
sub-sample) from the
Canadian Health Measures
Survey, Canada; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

BMI, waist
circumference, blood
pressure, behavioural
strengths and
difficulties, CRF – full
sample. Triglycerides,
HDL, C-reactive protein,
and insulin – fasting
subsample.

Chastin et al. [13] /
10 min

Age, sex, and highest
household education.

Reallocating 10 min of
MVPA to SB, LPA or sleep,
resulted in a 5.1, 1.2, and
1.1% increase in BMI z
score, respectively.
Reallocating 10 min of SB,
LPA or sleep, to MVPA
resulted in a less than 1%
decrease in BMI z score.
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Similar effects were noted
across all health indicators.

Chastin et al. [13] Adults (n = 1937) from the
National Health and Nutrition
Examination Survey 2005–
2006 cycle, USA; cross-
sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – self
report

Blood pressure, plasma
glucose and insulin,
HDL, C-reactive protein,
LDL, triglycerides

Mekary et al. [12] /
10 min

Age, sex, ethnicity/race,
self-reported health,
diagnosis of health
conditions, educational
level, social economic
status, smoking status,
alcohol consumption,
calorie intake, caffeine and
fat, medications for
diabetes and/or high blood
pressure.

Reallocating 10 min of LPA
or MVPA to sleep was
associated with positive
effects on systolic and
diastolic blood pressure.
Reallocating 10 min of
sleep to MVPA was
associated with positive
effects on HDL.
Reallocating 10 min of
MVPA with sleep was
associated with positive
effects on C-reactive
protein.
Reallocating 10 min of
MVPA with sleep or SB was
associated with detrimental
effects on LDL, triglycerides,
glucose and insulin level
and HOMA. Similar, but
smaller effects were noted
when 10 min of SB was
reallocated to LPA or sleep.
Reallocating 10 min of
MVPA to sleep or LPA had
a detrimental effect on
both obesity markers, with
stronger magnitude when
LPA replaced MVPA.
Reallocating 10 min of SB
or sleep to LPA was
associated with more
favourable effects on LDL,
triglycerides, glucose,
insulin, and HOMA. The
effects were more
pronounced when 10 min
of LPA replaced sleep
than SB.

Edwardson et al. [24] Adults identified as being at
high risk of impaired glucose
regulation (n = 435) from the
Walking Away from Diabetes
randomized controlled trial,
UK; cross-sectional

SB, standing, stepping –

thigh-worn accelerometers;
sleep – not assessed

Fasting glucose, 2-h
glucose, fasting insulin,
2-h insulin, HOMA-IS,
Matsuda-ISI

Mekary et al. [12] /
30 min

Age, sex, smoking status,
family history of type 2
diabetes, ethnicity, β-
blockers, lipid-lowering
medication and activPAL
waking wear time (model

β (95% CI)
Model 1
Fasting glucose
Prolonged SB→ short SB:
1.00 (0.99, 1.00)
Prolonged SB→ standing:
1.00 (0.99, 1.01)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

1), and waist circumference
(model 2).

Prolonged SB→ stepping:
0.98 (0.97, 0.99)
Short SB→ standing: 1.00
(0.99, 1.01)
Short SB→ stepping: 0.99
(0.98, 1.00)
2-h glucose
Prolonged SB→ short SB:
0.99 (0.97, 1.01)
Prolonged SB→ standing:
1.00 (0.98, 1.01)
Prolonged SB→ stepping:
0.94 (0.92, 0.97)
Short SB→ standing: 1.00
(0.99, 1.00)
Short SB→ stepping: 0.95
(0.92, 0.97)
Fasting insulin
Prolonged SB→ short SB:
0.96 (0.93, 0.99)
Prolonged SB→ standing:
0.95 (0.92, 0.98)
Prolonged SB→ stepping:
0.89 (0.84, 0.95)
Short SB→ standing: 0.98
(0.95, 1.01)
Short SB→ stepping: 0.93
(0.88, 0.98)
2-h insulin
Prolonged SB→ short SB:
0.97 (0.92, 1.02)
Prolonged SB→ standing:
0.94 (0.90, 0.99)
Prolonged SB→ stepping:
0.85 (0.78, 0.92)
Short SB→ standing: 0.98
(0.94, 1.02)
Short SB→ stepping: 0.87
(0.81, 0.93)
HOMA-IS
Prolonged SB→ short SB:
1.04 (1.01, 1.07)
Prolonged SB→ standing:
1.06 (1.02, 1.10)
Prolonged SB→ stepping:
1.15 (1.06, 1.26)
Short SB→ standing: 1.02
(0.99, 1.05)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Short SB→ stepping: 1.10
(1.03, 1.17)
Matsuda-ISI
Prolonged SB→ short SB:
1.03 (0.99, 1.07)
Prolonged SB→ standing:
1.06 (1.01, 1.11)
Prolonged SB→ stepping:
1.22 (1.09, 1.35)
Short SB→ standing: 1.02
(0.99, 1.06)
Short SB→ stepping: 1.17
(1.07, 1.27)
Model 2
Fasting glucose
Prolonged SB→ short SB:
1.00 (0.99, 1.01)
Prolonged SB→ standing:
1.00 (0.99, 1.01)
Prolonged SB→ stepping:
0.99 (0.98, 1.00)
Short SB→ standing: 1.00
(0.99, 1.01)
Short SB→ stepping: 1.00
(0.98, 1.01)
2-h glucose
Prolonged SB→ short SB:
0.99 (0.97, 1.01)
Prolonged SB→ standing:
1.00 (0.98, 1.02)
Prolonged SB→ stepping:
0.95 (0.92, 0.98)
Short SB→ standing: 1.00
(0.99, 1.00)
Short SB→ stepping: 0.95
(0.93, 0.98)
Fasting insulin
Prolonged SB→ short SB:
0.96 (0.94, 0.98)
Prolonged SB→ standing:
0.96 (0.93, 0.99)
Prolonged SB→ stepping:
0.93 (0.88, 0.98)
Short SB→ standing: 0.99
(0.96, 1.02)
Short SB→ stepping: 0.96
(0.92, 1.00)
2-h insulin
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Prolonged SB→ short SB:
0.97 (0.92, 1.02)
Prolonged SB→ standing:
0.95 (0.91, 1.00)
Prolonged SB→ stepping:
0.87 (0.80, 0.94)
Short SB→ standing: 0.99
(0.95, 1.03)
Short SB→ stepping: 0.90
(0.83, 0.98)
HOMA-IS
Prolonged SB→ short SB:
1.04 (1.01, 1.07)
Prolonged SB→ standing:
1.04 (1.01, 1.07)
Prolonged SB→ stepping:
1.09 (1.01, 1.17)
Short SB→ standing: 1.00
(0.97, 1.03)
Short SB→ stepping: 1.05
(0.99, 1.11)
Matsuda-ISI
Prolonged SB→ short SB:
1.03 (0.98, 1.08)
Prolonged SB→ standing:
1.05 (1.01, 1.09)
Prolonged SB→ stepping:
1.16 (1.05, 1.28)
Short SB→ standing: 1.01
(0.96, 1.05)
Short SB→ stepping: 1.12
(1.03, 1.22)

Ekblom-Bak et al. [51] Adults (n = 836) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

Triglyceride levels, HDL,
blood pressure and
glucose levels.

Mekary et al. [12] / 1,
5, 10, 15, 20, 25, 30,
60, 90 and 120 min

Age, sex, education level,
smoking habits, perceived
psychological stress, energy
intake and wear time.

OR (95% CI)
10-min reallocation
High triglyceride levels
SB→ LPA: 0.97 (0.94, 0.99)
SB→MPA: 0.91 (0.83, 0.99)
SB→ VPA: 0.51 (0.33, 0.79)
Low HDL
SB→ LPA: 0.95 (0.92, 0.98)
SB→MPA: 0.91 (0.82, 1.01)
SB→ VPA: 0.34 (0.18, 0.65)
High blood pressure
SB→ LPA: 1.00 (0.97, 1.02)
SB→MPA: 0.92 (0.85, 0.99)
SB→ VPA: 0.77 (0.58, 1.04)
High glucose
SB→ LPA: 0.99 (0.97, 1.01)
SB→MPA: 0.97 (0.91, 1.03)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

SB→ VPA: 0.88 (0.73, 1.07)

Ekblom-Bak et al. [52] Adults (n = 654) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Systolic and diastolic
blood pressure, glucose,
triglycerides, HDL

Mekary et al. [12] / 1,
5, 10, 15, 20, 25, 30,
60, 90 and 120 min

Sex, age, education,
smoking, perceived
psychosocial stress.

RR (95% CI)
30 min reallocation
Fasting glucose
SB→ LPA: 0.998 (0.995,
1.001)
SB→MVPA: 0.991 (0.983,
0.999)
Fasting insulin
SB→ LPA: 0.970 (0.954,
0.987)
SB→MVPA: 0.884 (0.844,
0.927)
HOMA-IR
SB→ LPA: 0.969 (0.951,
0.987)
SB→MVPA: 0.876 (0.832,
0.923)
Fasting glucose (< 6.0
mmol·l-1)
SB→ LPA: 0.980 (0.961,
0.999)
SB→MVPA: 0.894 (0.846,
0.945)
Fasting glucose (≥ 6.0
mmol·l-1)
SB→ LPA: 0.937 (0.906,
0.969)
SB→MVPA: 0.889 (0.818,
0.967)
Reallocating 5 to 120 min
from SB to MVPA was
associated with positive
effects
HOMA-IR (for participants
with lower waist
circumferences) and
across all time lengths for
participants with higher
waist circumferences.
Reallocating 1 to 120 min
from SB to LPA or MVPA
was associated with
positive effects on HOMA-
IR levels (for participants
with low fitness).
Reallocating 1 to 120 min
from SB to MVPA was
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

associated with positive
effects
HOMA-IR levels (for
participants with high
levels of fitness).
Reallocating 1 to 120 min
from SB to LPA or MVPA
was associated with
positive effects on
HOMA-IR levels (for
participants with high
glucose levels).
Reallocating 1 to 120 min
from SB to MVPA was
associated with positive
effects
HOMA-IR levels (for
participants with normal
glucose levels).

Falconer et al. [53] Adults with type 2 diabetes
(n = 519) from the Early
Activity in Diabetes study,
UK; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

HDL Mekary et al. [12] /
30 min

Age, sex, ethnic group,
IMD score, accelerometer
wear time, relevant
diabetes or lipid-lowering
drugs.

β (95% CI)
HDL
SB bouts → SB nonbouts:
0.01 (− 0.02, 0.03)
SB bouts → LPA: 0.02 (0.01,
0.03)
SB bouts → MVPA: 0.03
(− 0.01, 0.08)
SB nonbouts → LPA: 0.01
(− 0.01, 0.04)
SB nonbouts → MVPA: 0.03
(− 0.02, 0.07)
LPA→MVPA: 0.02 (− 0.03,
0.06)

Hamer et al. [56] Adults (n = 445) from the
Whitehall II epidemiological
cohort, UK; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

HDL-C, triglycerides,
HbA1c

Mekary et al. 2009 /
10 min

Age, sex, smoking,
employment grade, and
current statin use.

β (95% CI)
HbA1c
SB↔ LPA: 0.001 (0.006, −
0.009)
SB↔ MVPA: − 0.023
(− 0.043, − 0.002)
LPA↔ MVPA: − 0.024
(− 0.047, − 0.001)
HDL-C
SB↔ LPA: 0.005 (− 0.001,
0.01)
SB↔ MVPA: 0.037 (0.021,
0.054)
LPA↔ MVPA: 0.032 (0.014,
0.050)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Triglycerides
SB↔ LPA: − 0.004 (− 0.014,
0.006)
SB↔ MVPA: − 0.035
(− 0.061, − 0.009)
LPA↔ MVPA: − 0.031
(− 0.060, − 0.002)

Healy et al. [58] A general population-based
sample (n = 698) from the
2011/12 Australian Diabetes,
Obesity, and Lifestyle Study,
Australia; cross-sectional

SB, standing, stepping – thigh-
worn accelerometers; sleep –

self report

Fasting glucose, HDL,
LDL, total/HDL-
cholesterol ratio,
triglycerides and 2-h
plasma glucose.

Mekary et al. [12] /
120 min

Age, sex, contraceptive pill
use, blood pressure tablets,
cholesterol tablets, diabetes
medication, ethnicity,
occupation and
employment status,
income, fibre intake, energy
intake, energy-adjusted
fibre intake, alcohol intake,
sodium intake, potassium
intake, fruit and vegetable
serves.

RR (95% CI)
Fasting glucose
Sitting→ standing: 0.98
(0.97, 1.00)
Sitting→ stepping: 0.98
(0.95, 1.02)
Standing → stepping: 1.00
(0.97, 1.04)
β (95% CI)
HDL
Sitting→ standing: 0.06
(0.02, 0.09)
Sitting→ stepping: 0.10
(0.02, 0.18)
Standing → stepping: 0.04
(− 0.05, 0.14)
RR (95% CI)
Total/HDL-cholesterol ratio
Sitting→ standing: 0.94
(0.92, 0.97)
Sitting→ stepping: 0.97
(0.92, 1.03)
Standing → stepping: 1.04
(0.97, 1.11)
RR (95% CI)
Triglycerides
Sitting→ standing: 0.90
(0.87, 0.94)
Sitting→ stepping: 0.88
(0.78, 0.98)
Standing → stepping: 0.98
(0.86, 1.11)
RR (95% CI)
2-h plasma glucose
Sitting→ standing: 0.99
(0.96, 1.02)
Sitting→ stepping: 0.89
(0.84, 0.94)
Standing → stepping: 0.90
(0.84, 0.97)

Healy et al. [57] Fasting plasma glucose RR (95% CI)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Individuals with diagnosed
type 2 diabetes (n = 279) from
the Living Well with Diabetes
intervention, Australia; cross-
sectional

SB (prolonged SB and non-
prolonged SB), LPA, MVPA –

waist-worn accelerometers;
sleep – not assessed

Mekary et al. [12] /
30 min

Age, sex, BMI, waist
circumference, log HbA1c,
insulin use, oral
hypoglycaemic use, use of
glucagon-like-peptide-1
agents, diabetes duration,
income, education, weight
loss aids in last 6 months,
smoking status, CVD-related
condition, musculoskeletal
condition, depression and/
or anxiety, employment,
place of birth, Caucasian,
energy intake, diet quality
score.

Fasting blood glucose
Prolonged SB→ non-
prolonged SB: 1.01 (0.99,
1.03)
Prolonged SB→ LPA: 0.99
(0.97, 1.00)
Prolonged SB→MVPA: 0.96
(0.90, 1.03)
Non-prolonged SB→ LPA:
0.98 (0.96, 1.00)
Non-prolonged SB→
MVPA: 0.96 (0.89, 1.02)
LPA→MVPA: 0.98 (0.91,
1.05)

Moore et al. [28] Youth (n = 11,588) from the
International Children’s
Accelerometry Database, Brazil,
Europe, and USA; cross-
sectional

SB, LPA, MPA, VPA – waist-
worn accelerometers; sleep –

not assessed

Diastolic blood pressure,
systolic blood pressure,
HDL, LDL, glucose,
insulin, triglycerides

Mekary et al. [12] /
not presented

Accelerometer cut points. Reallocating LPA with VPA
was inconsistently related
to blood pressure, fasting
triglycerides, HDL, or LDL
with only 32 of a possible
360 associations statistically
significant.
Reallocating LPA with VPA
was associated with 12.6 to
27.0 pmol/l lower insulin
values at the 75th to 90th
percentiles.

Nilsson et al. [29] Older woman (n = 113)
recruited from an newspaper
ad, Sweden; cross-sectional

SB (accumulated, continuous),
LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Triglycerides, HDL,
plasma glucose, and
blood pressure

Mekary et al. [12] /
10 min

Medical history, self-rated
health status, total energy
intake, fat intake, and
alcohol consumption.

β (95% CI)
Clustered metabolic risk
score
MVPA→ LPA: 0.06 (0.01,
0.10)
MVPA→ accumulated SB:
0.07 (0.02, 0.11)
MVPA→ continuous SB:
0.08 (0.04, 0.13)
Clustered metabolic risk
score adjusted for waist
circumference
MVPA→ LPA: 0.02 (− 0.02,
0.07)
MVPA→ accumulated SB:
0.04 (− 0.01, 0.09)
MVPA→ continuous SB:
0.05 (0.01, 0.10)

Rosique Esteban
et al. [32]

Adults (n = 5776) from the
PREDIMED-PLUS trial, Spain;
cross-sectional

Sleep, SB, LPA, MVPA – self
report

Blood pressure,
hyperglycaemia,

Mekary et al. [12] /
60 min

Age, sex, education, marital
and employment status,
smoking habits, personal

RR (95% CI)
Blood pressure
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

hypertriglyceridemia,
HDL

and family history of illness,
medical conditions,
medication use, and
adherence to an energy-
restricted Mediterranean
diet.

MVPA→ sleep: 0.99 (0.98,
1.00)
MVPA→ TV-viewing: 1.01
(0.99, 1.03)
MVPA→ LPA: 0.99 (0.98,
1.00)
LPA→ sleep: 1.00 (0.99,
1.01)
LPA→ TV-viewing: 1.00
(0.99, 1.01)
Sleep→ TV-viewing: 0.99
(0.97, 1.01)
Hyperglycaemia
MVPA→ sleep: 0.98 (0.95,
1.01)
MVPA→ TV-viewing: 0.98
(0.96, 1.00)
MVPA→ LPA: 0.96 (0.93,
0.99)
LPA→ sleep: 1.02 (0.99,
1.05)
LPA→ TV-viewing: 1.02
(0.99, 1.05)
Sleep→ TV-viewing: 1.00
(0.98, 1.02)
Hypertriglyceridemia
MVPA→ sleep: 0.94 (0.89,
0.99)
MVPA→ TV-viewing: 0.94
(0.90, 0.98)
MVPA→ LPA: 0.95 (0.88,
1.02)
LPA→ sleep: 0.99 (0.93,
1.05)
LPA→ TV-viewing: 0.97
(0.91, 1.03)
Sleep→ TV-viewing: 0.98
(0.95, 1.01)
Low HDL
MVPA→ sleep: 0.92 (0.87,
0.97)
MVPA→ TV-viewing: 0.94
(0.90, 0.98)
MVPA→ LPA: 0.92 (0.86,
0.98)
LPA→ sleep: 0.97 (0.90,
1.04)
LPA→ TV-viewing: 0.99
(0.93, 1.05)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Sleep→ TV-viewing: 1.03
(1.00, 1.06)

Van der Berg et al.
[35]

Adults (n = 2213) from The
Maastricht Study, Netherlands;
cross-sectional

SB, standing, stepping – thigh-
worn accelerometers; sleep –

not assessed

HDL, total-to-HDL
cholesterol ratio,
triacylglycerol, 2 h
post-load glucose,
fasting insulin

Mekary et al. [12] /
30 min

Age, sex, level of education,
smoking status, alcohol
consumption, energy
intake, mobility limitation,
and prevalent
cardiovascular disease

OR (95% CI)
HDL
SB→ standing: 0.005 (0.00,
0.01)
SB→ stepping: 0.041 (0.03,
0.05)
Standing → stepping: 0.036
(0.02, 0.05)
Total-to-HDL cholesterol
ratio
SB→ standing: 0.993 (0.99,
1.00)
SB→ stepping: 0.981 (0.97,
0.99)
Standing → stepping:
0.988 (0.98, 1.00)
Triacylglycerol
SB→ standing: 0.991 (0.98,
1.00)
SB→ stepping: 0.975 (0.96,
0.99)
Standing → stepping: 0.984
(0.97, 1.00)
2 h post-load glucose
SB→ standing: 0.999 (1.00,
1.00)
SB→ stepping: 0.981 (0.97,
0.99)
Standing → stepping: 0.982
(0.97, 0.99)
Fasting insulin
SB→ standing: 0.987 (0.98,
1.00)
SB→ stepping: 0.970 (0.95,
0.99)
Standing → stepping: 0.983
(0.96, 1.01)

Varela-Mato et al. [37] Adult male heavy goods
vehicle drivers (n = 87), from
a transport company from
the East Midlands, UK; cross-
sectional

SB, standing and stepping
(LPA, MVPA) – thigh-worn
accelerometers; sleep –

estimated from the
accelerometers and matched
with the participants’ daily
log

Systolic blood pressure,
Diastolic blood pressure,
fasting glucose,
triglycerides, HDL, LDL,
total cholesterol

Mekary et al. [12] /
30 min

Age, ethnicity, education
levels, shift pattern,
smoking, alcohol intake,
fruit and vegetable
consumption and BMI.

β (95% CI)
Workdays
Systolic blood pressure
SB→ standing: 0.6
(− 0.6, 1.9)
SB→ LPA: − 1.9 (− 5.1, 1.3)
SB→MVPA: − 1.1
(− 5.5, 3.3)
SB→ sleep: − 0.3 (− 0.4, 0.4)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Diastolic blood pressure
SB→ standing: 0.6 (− 0.5,
1.7)
SB→ LPA: − 1.8 (− 4.7, 0.9)
SB→MVPA: 0.1 (− 3.8, 4.0)
SB→ sleep: − 0.2 (− 0.5, 0.2)
Fasting glucose
SB→ standing: − 0.01
(− 0.1, 0.1)
SB→ LPA: − 0.04 (− 0.3, 0.2)
SB→MVPA: − 0.3
(− 0.6, 0.1)
SB→ sleep: − 0.04 (− 0.1,
0.02)
Triglycerides
SB→ standing: 0.00
(− 0.1, 0.1)
SB→ LPA: 0.06 (− 0.2, 0.3)
SB→MVPA: − 0.4 (− 0.8,
0.01)
SB→ sleep: 0.02 (− 0.01,
0.05)
HDL
SB→ standing: − 0.02
(− 0.06, 0.01)
SB→ LPA: − 0.1 (− 0.2, −
0.01)
SB→MVPA: 0.3 (0.1, 0.4)
SB→ sleep: − 0.01 (− 0.02,
0.01)
LDL
SB→ standing: − 0.04
(− 0.2, 0.1)
SB→ LPA: 0.2 (− 0.1, 0.6)
SB→MVPA: − 0.1 (− 0.6,
0.5)
SB→ sleep: − 0.02 (− 0.07,
0.02)
Total cholesterol
SB→ standing: − 0.6
(− 0.07, 0.02)
SB→ LPA: 0.1 (− 0.2, 0.5)
SB→MVPA: 0.05 (− 0.4, 0.6)
SB→ sleep: − 0.2 (− 0.07,
0.02)
Non-workdays
Systolic blood pressure
SB→ standing: − 0.3
(− 1.1, 0.5)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

SB→ LPA: 0.3 (− 1.3, 1.9)
SB→MVPA: − 0.01
(− 3.7,3.7)
SB→ sleep: − 0.6 (− 1.2, 0.1)
Diastolic blood pressure
SB→ standing: − 0.5
(− 1.2, 0.2)
SB→ LPA: − 0.5 (− 1.9, 0.9)
SB→MVPA: 0.3 (− 2.9, 3.6)
SB→ sleep: − 0.3 (− 0.9, 0.2)
Fasting glucose
SB→ standing: 0.01
(− 0.07, 0.1)
SB→ LPA: 0.03 (− 0.1, 0.2)
SB→MVPA: − 0.3 (− 0.7,
0.05)
SB→ sleep: − 0.00 (− 0.06,
0.06)
Triglycerides
SB→ standing: − 0.03
(− 0.1,0.04)
SB→ LPA: 0.07 (− 0.07, 0.2)
SB→MVPA: − 0.2 (− 0.5,
1.0)
SB→ sleep: − 0.02 (− 0.08,
0.04)
HDL
SB→ standing: 0.02
(− 0.01,0.05)
SB→ LPA: − 0.05
(− 0.1, 0.01)
SB→MVPA: 0.07 (− 1.0, 0.2)
SB→ sleep: 0.0 (− 0.02,
0.03)
LDL
SB→ standing: − 0.08
(− 0.2,0.01)
SB→ LPA: 0.0 (− 0.2, 0.2)
SB→MVPA: − 0.01 (− 0.5,
0.4)
SB→ sleep: − 0.04 (− 0.2,
0.04)
Total cholesterol
SB→ standing: − 0.08
(− 0.2,0.02)
SB→ LPA: − 0.03 (− 0.2, 0.1)
SB→MVPA: 0.03 (− 0.4, 0.5)
SB→ sleep: − 0.03 (− 0.1,
0.04)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Wang et al. [74] Individuals (n = 1699) with
diabetes mellitus from the
Hispanic Community Health
Study/Study of Latinos (2008–
2011), USA; cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Blood pressure,
HbA1c, LDL, HDL,
and triglycerides.

Mekary et al. [12] /
30, 60 min

Age, sex, annual household
income, education,
employment status,
Hispanic/Latino
background, field centre,
smoking, alcohol
consumption, duration of
Diabetes mellitus, health
insurance status, alternative
health eating index-2010,
self-reported physical health
score, and use
of antidiabetic,
antihypertensive, and lipid-
lowering medications.

OR (95% CI)30 min
HbA1c
SB→MVPA: 1.06 (0.89, 1.25)
Blood pressure
SB→MVPA: 1.27 (1.04, 1.55)
LDL
SB→MVPA: 0.94 (0.79, 1.12)
HDL
SB→MVPA: 0.95 (0.81, 1.13)
Triglycerides
SB→MVPA: 0.91 (0.76, 1.09)
60 min
HbA1c
SB→ LPA: 1.18 (1.04, 1.35)
Blood pressure
SB→ LPA: 1.03 (0.91, 1.18)
LDL
SB→ LPA: 1.04 (0.89, 1.22)
HDL
SB→ LPA: 1.17 (1.04, 1.32)
Triglycerides
SB→ LPA: 1.20 (1.05, 1.36)

Whitaker et al. [38] Adults (n = 3211) from the
CARDIA study, USA; cross-
sectional

SB including [i] TV viewing, [ii]
using the computer for non-
work activities or playing
video games, [iii] doing non-
computer office work or
paperwork, [iv] listening to
music, reading a book or
magazine, or doing arts and
crafts, [v] talking on the
phone or texting, and [vi]
sitting in a car, bus, train or
other mode of transportation,
MVPA – self reports; LPA, sleep
– not assessed

Composite cardio
metabolic risk score

Mekary et al. [12] /
120 min

Age, sex, centre, race,
education, unemployment,
health insurance, smoking,
alcohol, total physical
activity, fast food and sugar
sweetened beverage
consumption, depressive
symptoms and BMI.

β (95% CI)
Composite cardio metabolic
risk score
TV viewing ↔ computer
usage: − 0.07 (− 0.11, −
0.03)
TV viewing ↔ paperwork:
− 0.07 (− 0.12, − 0.02)
TV viewing ↔ reading: 0.06
(− 0.11, − 0.02)
TV viewing ↔ talking on
the phone: − 0.07 (− 0.12,
− 0.02)
TV viewing ↔ sitting in a
car: − 0.09 (− 0.13, − 0.05)
Computer usage↔
paperwork: − 0.00 (− 0.06,
0.06)
Computer usage↔
reading: 0.01 (− 0.04, 0.05)
Computer usage↔ talking
on the phone: − 0.00
(− 0.06, 0.05)
Computer usage↔ sitting
in a car: − 0.02 (− 0.06, 0.02)
Paperwork↔ reading: 0.01
(− 0.05, 0.06)
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Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

Paperwork↔ talking on
the phone: − 0.00 (− 0.06,
0.06)
Paperwork↔ sitting in a
car: − 0.02 (− 0.07, 0.04)
Reading ↔ talking on the
phone: − 0.01 (− 0.07, 0.05)
Reading ↔ sitting in a car:
− 0.03 (− 0.07, 0.02)
Talking on the phone ↔
sitting in a car: − 0.02 (−
0.07, 0.04)

Yates et al. [76] Adults at increased risk of
type 2 diabetes (n = 508)
from the Walking Away from
Type 2 Diabetes Study, UK;
cross-sectional

SB, LPA, MVPA – waist-worn
accelerometers; sleep – not
assessed

Fasting and 2-h post-
challenge insulin and
glucose, HOMA-IS and
Matsuda-ISI

Mekary et al. [12] /
30 min

Age, sex, smoking status,
beta-blocker and statin
medication status, IMD
score (model 1) and BMI
(model 2).

OR (95% CI)
Model 1
Fasting glucose
SB→ LPA: 1.00 (0.99, 1.01)
SB→MVPA: 1.00 (0.98, 1.01)
Fasting insulin
SB→ LPA: 0.98 (0.95, 1.01)
SB→MVPA: 0.87 (0.81, 0.93)
2-h glucose
SB→ LPA: 0.97 (0.95, 0.99)
SB→MVPA: 0.98 (0.95, 1.02)
2-h insulin
SB→ LPA: 0.96 (0.92, 1.00)
SB→MVPA: 0.84 (0.76, 0.92)
HOMA-IS
SB→ LPA: 1.02 (0.98, 1.05)
SB→MVPA: 1.15 (1.07, 1.25)
Matsuda-ISI
SB→ LPA: 1.05 (1.01, 1.09)
SB→MVPA: 1.18 (1.08, 1.29)
Model 2
Fasting glucose
SB→ LPA: 1.00 (0.99, 1.01)
SB→MVPA: 1.00 (0.98, 1.02)
Fasting insulin
SB→ LPA: 0.99 (0.96, 1.02)
SB→MVPA: 0.92 (0.86, 0.99)
2-h glucose
SB→ LPA: 0.97 (0.95, 0.99)
SB→MVPA: 0.98 (0.94, 1.02)
2-h insulin
SB→ LPA: 0.96 (0.91, 1.00)
SB→MVPA: 0.85 (0.77, 0.94)
HOMA-IS
SB→ LPA: 1.01 (0.97, 1.04)
SB→MVPA: 1.08 (1.01, 1.16)
Matsuda-ISI

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
9

 
P
a
g
e
5
6
o
f
6
8



Table 6 Summary of the findings from the studies assessing biomarkers (Continued)

Study Sample Measures of sleep, SB, LPA,
MVPA

Outcome measures Data analysis method
/ reallocated time

Adjustments for
confounding

Results

SB→ LPA: 1.04 (1.00, 1.08)
SB→MVPA: 1.14 (1.04, 1.25)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous intensity physical activity, BMI body mass

index, HDL high-density lipoproteins, LDL low-density lipoproteins, HOMA-S homeostasis model assessment of insulin sensitivity, HOMA-β homeostasis model assessment of β-cell function, CVD cardiovascular disease,

Mastuda-ISI matsuda-insulin sensitivity index, HbA1c glycated haemoglobin, RR relative risk, CI confidence interval, OR odds ratio
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Table 7 Summary of the findings from studies that assessed chronic diseases and conditions

Study Sample Measures of sleep, SB,
LPA, MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

Boeke et al. [46] Women (n = 75,669) from
the Nurses’ Health Study II,
USA; prospective cohort

LPA, MPA, VPA – self-
report; sleep, SB – not
assessed

Breast cancer Mekary et al. [12] / not
presented

Age, height, age at menarche,
oral contraceptive history,
reproductive history, alcohol
intake, body size at ages 10 and
20 years, weight, new
pregnancies, breastfeeding
duration, oral contraceptive and
postmenopausal hormone use,
menopausal status, age at
menopause, and benign breast
disease diagnosis.

No individual values were
reported.

Ekblom-Bak et al.
[51]

Adults (n = 836) from the
Swedish Cardio Pulmonary
bioImage Study, Sweden;
cross-sectional

SB, LPA, MPA, VPA –

waist-worn
accelerometers; sleep –

not assessed

Metabolic syndrome
prevalence

Mekary et al. [12] / 1, 5,
10, 15, 20, 25, 30, 60, 90
and 120 min

Age, sex, education level,
smoking habits, perceived
psychological stress, energy
intake and wear time.

OR (95% CI)
10-min reallocation
Metabolic syndrome
SB→ LPA: 0.96 (0.93, 0.98)
SB→MPA: 0.89 (0.82, 0.97)
SB→ VPA: 0.42 (0.26, 0.67)
Reallocating 1 to 120 min from
SB to LPA or MPA was associated
with a decrease in metabolic
syndrome prevalence.
Reallocating 1 to 60 min from SB
to VPA was associated with a
decrease in metabolic syndrome
prevalence.

Pinto et al. [30] Adults with an increased
risk for developing knee
osteoarthritis (n = 1794)
from the sub-cohort of the
Osteoarthritis Initiative, USA;
prospective cohort

SB, LPA, MVPA – waist-
worn accelerometers;
sleep – not assessed

Quality-adjusted life year Mekary et al. [12] /
60 min

Age, sex, race/ethnicity,
education, marriage status,
income and BMI.

Reallocating 60 min from SB to
MVPA was associated with an
improvement in the
quality-adjusted life year.
Reallocating 60 min from SB to
LPA did not result in any
significant changes.

Rosique-Esteban
et al. [32]

Adults (n = 5776) from the
PREDIMED-PLUS trial, Spain;
prospective cohort

Sleep, SB, LPA, MVPA –

self report
Prevalence of type 2
diabetes

Mekary et al. [12] /
60 min

Age, sex, education, marital and
employment status, smoking
habits, personal and family history
of illness, medical conditions,
medication use, and adherence
to an energy-restricted
Mediterranean diet.

RR (95% CI)
Type 2 diabetes
MVPA→ sleep: 0.95 (0.89, 1.01)
MVPA→ TV-viewing: 0.91 (0.86,
0.96)
MVPA→ LPA: 0.92 (0.85, 0.99)
LPA→ sleep: 1.03 (0.96, 1.10)
LPA→ TV-viewing: 1.00 (0.93,
1.07)
Sleep → TV-viewing: 0.96 (0.93,
0.99)

Ryan et al. [33] Adults (n = 2313) from the
2008 Health Survey for
England, UK; prospective
cohort

SB, LPA, MVPA – waist-
worn accelerometers;
sleep – not assessed

Chronic musculoskeletal
pain

Mekary et al. [12] / 10,
30 min

Age, sex, BMI, socioeconomic
status, diet, smoking history,
alcohol intake, anxiety/depression,
and presence of a non-

PR (95% CI)
SB→ LPA: 1.01 (0.99, 1.02)
SB→MVPA: 0.90 (0.82, 0.98)
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Table 7 Summary of the findings from studies that assessed chronic diseases and conditions (Continued)

Study Sample Measures of sleep, SB,
LPA, MVPA

Outcome measures Data analysis method /
reallocated time

Adjustments for confounding Results

musculoskeletal long-standing
illness.

In the secondary analysis
reallocating 30 min of SB to
MVPA resulted in relative risk
reduction of 29%.

Wellburn et al.
[75]

Adults (n = 1327) from the
2008 Health Survey for
England, UK; prospective
cohort

SB, LPA, MVPA – waist-
worn accelerometers;
sleep – not assessed

Prevalence of
cardiovascular disease

Mekary et al. [12] / 10,
20 min

Age, sex, smoking status,
socioeconomic status, diet,
alcohol intake, anxiety/depression,
musculoskeletal medication.
Model 1 was adjusted for age
alone, model 2 for age and sex
and model 3 for all covariates.

RR (95% CI)
10 min
Model 1
SB→ LPA: 0.97 (0.95, 0.98)
SB→MVPA: 0.89 (0.82, 0.96)
Model 2
SB→ LPA: 0.97 (0.96, 0.99)
SB→MVPA: 0.87 (0.81, 0.94)
Model 3
SB→ LPA: 0.97 (0.96, 0.99)
SB→MVPA: 0.88 (0.81, 0.96)
20 min
SB→ LPA: 0.95 (0.92, 0.98)

SB sedentary behaviour, LPA light intensity physical activity, MVPA moderate-to-vigorous intensity physical activity, MPA moderate intensity physical activity, VPA vigorous intensity physical activity, BMI body mass

index, OR odds ratio, CI confidence interval, RI relative risk, PR prevalence ratio

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
9

 
P
a
g
e
5
9
o
f
6
8



M
e
th
o
d
o
lo
g
ica

l
q
u
a
lity

T
h
e
average

sco
re

o
n

th
e
N
ew

castle-O
ttaw

a
scale

fo
r

cro
ss-sectio

n
al

stu
d
ies

w
as

6
,
w
h
ile

th
e
in
d
ivid

u
al

sco
res

ran
ged

fro
m

5
to

8
p
o
in
ts.

N
in
e
o
f
th
e
cro

ss-sectio
n
al

stu
d
ies

w
ere

classified
as

b
ein

g
o
f
h
igh

q
u
ality,

w
h
ile

2
9

w
ere

ap
p
raised

as
b
ein

g
o
f
m
o
d
erate

q
u
ality.

T
h
e
aver-

age
sco

re
fo
r
p
ro
sp
ective

co
h
o
rt

stu
d
ies

w
as

also
6
,
w
ith

th
e
in
d
ivid

u
al

sco
res

ran
gin

g
fro

m
4
to

8
p
o
in
ts.

T
en

o
f

th
e
stu

d
ies

w
ere

classified
as

b
ein

g
o
f
h
igh

q
u
ality,

an
d

th
e
rem

ain
in
g

ten
w
ere

classified
as

b
ein

g
o
f
m
o
d
erate

m
eth

o
d
o
lo
gical

q
u
ality.

T
h
e

m
eth

o
d
o
lo
gical

q
u
ality

ap
-

p
raisal

resu
lt

fo
r
cro

ss-sectio
n
al

an
d

p
ro
sp
ective

co
h
o
rt

stu
d
ies

can
b
e
fo
u
n
d
in

A
d
d
itio

n
al
files

2
an
d
3,resp

ectively.

D
iscu

ssio
n

T
h
is

is
th
e
first

review
o
f
h
ealth

o
u
tco

m
es

asso
ciated

w
ith

reallo
catio

n
s
o
f
tim

e
b
etw

een
m
o
vem

en
t-related

b
eh
avio

u
rs,

co
m
p
ilin

g
availab

le
evid

en
ce

fo
r
all

p
revi-

o
u
sly

stu
d
ied

h
ealth

o
u
tco

m
es

acro
ss

all
age

gro
u
p
s.
T
h
e

n
u
m
b
er

o
f
p
u
b
licatio

n
s
u
sin

g
IS
M

fo
r
h
ealth

o
u
tco

m
es

is
in
creasin

g
each

year.
M
o
st

co
m
m
o
n
ly

stu
d
ied

h
ealth

o
u
tco

m
es

in
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b
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lacin

g
sed

en
tary

tim
e
w
ith

eq
u
al

am
o
u
n
ts

o
f
L
P
A

o
r

M
V
P
A

w
as

asso
ciated

w
ith

b
etter

self-rep
o
rted

p
h
ysical

h
ealth

.

C
lin

ica
l
p
o
p
u
la
tio

n
s

A
m
o
n
g
clin

ical
p
o
p
u
latio

n
s,

V
an

R
o
ek
el

et
al.

[7
3
]
re-

p
o
rted

im
p
ro
vem

en
ts

in
so
m
e
asp

ects
o
f
H
R
Q
o
L
to

b
e

asso
ciated

w
ith

th
e
rep

lacem
en
t
o
f
sed

en
tary

tim
e
w
ith

stan
d
in
g
,
L
P
A

o
r
M
V
P
A

in
a
gro

u
p
o
f
co
lo
rectal

can
cer

su
rvivo

rs.
V
allan

ce
et

al.
[3
4
]
in
vestigated

th
ese

relatio
n
-

sh
ip
s
in

a
gro

u
p
o
f
n
o
n
-H

o
d
g
k
in
s
lym

p
h
o
m
a
su
rvivo

rs

an
d

fo
u
n
d

th
at

reallo
catin

g
sed

en
tary

tim
e,

sleep
,
o
r

L
P
A

to
M
V
P
A

w
as

asso
ciated

w
ith

lo
w
er

levels
o
f

fatigu
e,
b
u
t
n
o
t
w
ith

im
p
ro
ved

q
u
ality

o
f
life.

S
tu
d
ies

lik
e

th
e
o
n
e
p
erfo

rm
ed

b
y
V
allan

ce
et

al.
[ 3
4
]
are

n
eed

ed
as

n
o
n
-H

o
d
gk
in

lym
p
h
o
m
a

su
rvivo

rs
an
d

m
an
y

o
th
er

clin
ical

p
o
p
u
latio

n
s
ex
h
ib
it

h
igh

er
levels

o
f
fatigu

e
an
d

p
o
o
rer

gen
eral

h
ealth

co
m
p
ared

to
n
o
n
-clin

ical
p
o
p
u
la-

tio
n
s
[ 7
8
],
an
d
p
articip

atin
g
in

p
h
ysical

activity
ap
p
ears

to
im

p
ro
ve

th
ese

h
ealth

asp
ects

[ 7
9
].

W
h
ile

th
ere

are
several

stu
d
ies

ex
p
lo
rin

g
asp

ects
o
f

p
erceived

gen
eral

h
ealth

u
sin

g
IS
M
,
m
o
re

evid
en
ce

is

n
eed

ed
o
n

th
is

to
p
ic.

T
h
is

lack
o
f
em

p
irical

evid
en

ce

o
p
en
s
u
p
an

aven
u
e
fo
r
fu
tu
re

stu
d
ies,

sp
ecifically

stu
d
-

ies
in
clu

d
in
g
o
ld
er

ad
u
lts

an
d
clin

ical
p
o
p
u
latio

n
s.
O
n
ly

tw
o
o
f
th
e
in
clu

d
ed

stu
d
ies

th
at

assessed
p
erceived

gen
-

eral
h
ealth

in
clu

d
ed

sleep
in

th
eir

IS
M
s,

w
h
ich

is
a
k
ey

lim
itatio

n
o
f
th
e
cu
rren

t
b
o
d
y
o
f
evid

en
ce.

M
e
n
ta
l
h
e
a
lth

S
tu
d
ies

th
at

assessed
m
en

tal
h
ealth

w
ere

co
n
d
u
cted

am
o
n
g
yo
u
th
,
ad
u
lts,

an
d
o
ld
er

ad
u
lts.

N
o
stu

d
ies

w
ere

co
n
d
u
cted

am
o
n
g
clin

ical
p
o
p
u
latio

n
s.

Y
o
u
th

Jan
ssen

[ 6
0
]
in
vestigated

th
e
asso

ciatio
n
s
o
f
reallo

catin
g

tim
e
b
etw

een
p
layin

g
sed

en
tary

vid
eo

gam
es,

p
layin

g
ac-

tive
vid

eo
gam

es,
an
d
en

gagin
g
in

o
u
td
o
o
r
activities

w
ith

m
en
tal

h
ealth

in
d
icato

rs
am

o
n
g

yo
u
th

(m
ean

age:

1
4
.1

years;
ran

ge
1
3
.9
–
1
4
.4

years).
T
h
e
resu

lts
in
d
icated

th
at

rep
lacin

g
tim

e
sp
en
t
p
layin

g
sed

en
tary

vid
eo

gam
es

w
ith

p
layin

g
active

vid
eo

gam
es

m
ay

b
e
asso

ciated
w
ith

m
o
re

p
o
sitive

p
sych

o
lo
gical

o
u
tco

m
es,

in
clu

d
in
g
in
d
ica-

to
rs

su
ch

as
em

o
tio

n
al

p
ro
b
lem

s,
life

satisfactio
n
,
an
d

p
ro
so
cial

b
eh
avio

u
rs

[6
0
].

It
sh
o
u
ld

b
e
n
o
ted

th
at

re-

p
lacin

g
active

o
u
td
o
o
r
p
lay

w
ith

active
vid

eo
gam

es
w
as

asso
ciated

w
ith

th
e
p
ro
b
ab
ility

o
f
h
igh

em
o
tio

n
al

p
ro
b
-

lem
s,

a
red

u
ced

p
ro
b
ab
ility

o
f
h
igh

p
ro
so
cial

b
eh
avio

u
r

an
d
h
igh

life
satisfactio

n
.
T
h
e
stu

d
y
su
p
p
o
rts

active
vid

eo

gam
es

o
ver

sed
en
tary

vid
eo

gam
es;

h
o
w
ever,

fo
r
th
e
m
o
st

p
o
sitive

m
en
tal

h
ealth

resu
lts,

tim
e
sp
en
t
o
n
vid

eo
gam

es

sh
o
u
ld

b
e
rep

laced
w
ith

active
o
u
td
o
o
r
p
lay

[ 6
0].

A
d
u
lts/o

ld
e
r
a
d
u
lts

D
ep
ressive

d
iso

rd
ers

are
o
n
e
o
f
th
e
m
o
st

co
m
m
o
n
m
en

-

tal
h
ealth

issu
es

an
d

affect
aro

u
n
d

1
0
%

o
f
th
e

ad
u
lt

p
o
p
u
latio

n
in

th
e
U
S
A

[8
0
].
P
revio

u
s
stu

d
ies

h
ave

su
g-

gested
th
at

p
h
ysical

in
activity

m
ay

b
e
a
risk

facto
r
fo
r

d
ep
ressive

sym
p
to
m
s
[ 8
1
].

M
ek
ary

et
al.

[6
9
]
rep

o
rted

th
at

reallo
catin

g
tim

e
sp
en
t
w
atch

in
g
T
V

to
w
alk

in
g
at

a

fast
p
ace

m
ay

b
e
p
ro
tective

again
st

d
ep
ressio

n
.
H
o
w
ever,

th
is

w
as

n
o
t
fo
u
n
d
fo
r
reallo

catin
g
tim

e
to

w
alk

in
g
at

a

slo
w
er

p
ace,

rein
fo
rcin

g
th
e

p
o
ten

tial
im

p
o
rtan

ce
o
f

h
igh

er
in
ten

sities
o
f
p
h
ysical

activity.
R
eth

o
rst

et
al.’s

[3
1
]
stu

d
y
su
p
p
o
rts

th
e
im

p
o
rtan

ce
o
f
p
h
ysical

activity

in
ten

sity
as

th
ey

n
o
ted

th
at

rep
lacin

g
sed

en
tary

tim
e

w
ith

V
P
A

w
as

asso
ciated

w
ith

a
sign

ifican
t
d
ecrease

in

d
ep
ressive

sym
p
to
m
s.

H
o
w
ever,

th
e
sam

e
w
as

n
o
t
o
b
-

served
fo
r
rep

lacin
g
sed

en
tary

tim
e
w
ith

L
P
A

o
r
M
P
A
.

D
u
e
to

th
e
scarcity

o
f
stu

d
ies

u
sin

g
IS
M
s
w
h
ile

assessin
g

m
en
tal

h
ealth

o
u
tco

m
es,

fu
rth

er
evid

en
ce

o
n
th
e
to
p
ic

is

w
arran

ted
.

A
d
ip
o
sity

S
tu
d
ies

assessin
g

ad
ip
o
sity

w
ere

co
n
d
u
cted

am
o
n
g

yo
u
th
,
ad
u
lts,

o
ld
er

ad
u
lts,

an
d
clin

ical
in
d
ivid

u
als.

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
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P
a
g
e
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1
o
f
6
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Y
o
u
th

A
d
ip
o
sity

w
as

th
e
m
o
st

co
m
m
o
n

o
u
tco

m
e
assessed

in

th
e

stu
d
ies

in
clu

d
ed

in
th
is

review
.
A
ggio

et
al.

[4
4
]

fo
u
n
d

th
at

reallo
catin

g
sed

en
tary

tim
e

w
ith

M
V
P
A

w
as

asso
ciated

w
ith

a
sig

n
ifican

t
red

u
ctio

n
in

b
o
d
y
fat

p
ercen

tag
e
in

ch
ild

ren
an

d
ad

o
lescen

ts
(ag

e
ran

g
e:

5
–

1
5
years).

F
u
rth

er
evid

en
ce

am
o
n
g
ch

ild
ren

w
as

p
re-

sen
ted

b
y
C
o
llin

g
s
et

al.
[2
1
]
w
h
o
fo
u
n
d
th
at

su
b
stitu

t-

in
g
sed

en
tary

tim
e
w
ith

L
P
A

o
r
M
V
P
A

w
as

in
versely

asso
ciated

w
ith

fat
m
ass

in
d
ex

an
d

tru
n
k

fat
m
ass

in
d
ex
.
M
o
reo

ver,
th
is
stu

d
y
rep

o
rted

th
at

th
e
asso

ciatio
n

w
as

stro
n
ger

w
h
en

sed
en
tary

tim
e
w
as

su
b
stitu

ted
w
ith

vigo
ro
u
s
p
h
ysical

activity
(V

P
A
)
th
an

w
ith

M
V
P
A
.
S
im

ilar

fin
d
in
gs

w
ere

o
b
tain

ed
am

o
n
g
ch
ild

ren
in

N
o
rw

ay
[ 2
3],

S
w
ed
en

[ 2
7,

6
3],

P
o
rtu

gal
[7
0],

an
d
th
e
U
K
[2
5].

C
o
u
p
led

w
ith

th
e
co
n
clu

sio
n
s
p
resen

ted
in

a
recen

t
m
eta-an

alysis

[ 1
8],

th
is

evid
en
ce

h
igh

ligh
ts

th
e
p
o
ten

tial
im

p
o
rtan

ce
o
f

su
b
stitu

tin
g
sed

en
tary

tim
e
w
ith

p
h
ysical

activity,
in

p
ar-

ticu
lar

p
h
ysical

activity
at

vigo
ro
u
s
in
ten

sities,
to

o
ffset

u
n
h
ealth

y
fat

gain
in

ch
ild

ren
.

A
d
u
lts/o

ld
e
r
a
d
u
lts

T
h
e
asso

ciatio
n
s
o
f
IS
M

w
ith

ad
ip
o
sity

w
ere

also
ex
-

p
lo
red

in
h
ealth

y
ad
u
lt

p
o
p
u
latio

n
s.

B
u
m
an

et
al.

[4
8
]

rep
o
rted

a
2
.4
%

lo
w
er

w
aist

circu
m
feren

ce
ex
p
ected

w
h
en

3
0
m
in
/d
ay

o
f
sed

en
tary

tim
e
w
ere

rep
laced

w
ith

M
V
P
A
.
S
im

ilar
o
b
servatio

n
s
w
ere

m
ad

e
b
y
G
u
p
ta

et
al.

[5
5
],

w
h
o

rep
o
rted

sig
n
ifican

t
red

u
ctio

n
s
in

m
u
ltip

le

o
b
esity

in
d
icato

rs,
in
clu

d
in
g
w
aist

circu
m
feren

ce,
b
o
d
y

fat
p
ercen

tag
e
an

d
b
o
d
y
m
ass

in
d
ex

(B
M
I),

asso
ciated

w
ith

reallo
catin

g
tim

e
fro

m
sed

en
tary

b
eh

avio
u
r

to

stan
d
in
g

tim
e
o
r
M
V
P
A
,
w
ith

th
e
asso

ciatio
n
s
b
ein

g

g
reater

fo
r

su
b
stitu

tio
n
s

w
ith

M
V
P
A
.
T
h
e

stro
n
g
er

asso
ciatio

n
s

o
b
served

fo
r

su
b
stitu

tio
n

o
f

sed
en

tary

b
eh

avio
u
r
w
ith

M
V
P
A

th
an

w
ith

stan
d
in
g
are

lik
ely

b
e-

cau
se

th
ere

is
n
o
t
a
larg

e
d
ifferen

ce
in

en
erg

y
ex
p
en

d
-

itu
re

b
etw

een
sed

en
tary

b
eh

avio
u
r
an

d
stan

d
in
g
,
u
n
lik

e

b
etw

een
sed

en
tary

b
eh

avio
u
r
an

d
M
V
P
A

[ 8
2
].

B
en

efi-

cial
asso

ciatio
n
s
b
etw

een
B
M
I
an

d
th
e
reallo

catio
n

o
f

sed
en

tary
tim

e
to

M
V
P
A

w
ere

also
o
b
served

b
y
C
h
astin

et
al.

[1
3
],
w
h
o
u
sed

a
co
m
p
o
sitio

n
al

m
o
d
el

o
f
iso

tem
-

p
o
ral

su
b
stitu

tio
n

b
ased

o
n

th
e

ch
an

g
e-p

red
ictio

n

m
atrix

.
R
eallo

catin
g
tim

e
fro

m
T
V

w
atch

in
g
to

M
V
P
A

w
as

asso
ciated

w
ith

a
lo
w
er

p
revalen

ce
o
f
o
b
esity

in

R
o
siq

u
e-E

steb
an

et
al.

[3
2
].

C
lin

ica
l
p
o
p
u
la
tio

n
s

IS
M

h
as

also
b
een

u
sed

to
in
vestigate

h
o
w

reallo
catio

n
s

o
f
tim

e
are

asso
ciated

w
ith

m
easu

res
o
f
ad
ip
o
sity

am
o
n
g

clin
ical

p
o
p
u
latio

n
s.

B
o
yle

et
al.

[1
9
]
o
b
served

th
at

re-

allo
catin

g
tim

e
fro

m
eith

er
sleep

,
sed

en
tary

b
eh
avio

u
r,
o
r

L
P
A

to
M
V
P
A

w
as

asso
ciated

w
ith

lo
w
er

w
aist

circu
m
-

feren
ce

an
d
B
M
I
in

a
gro

u
p
o
f
b
reast

can
cer

su
rvivo

rs.

It
is

w
ell

estab
lish

ed
th
at

M
V
P
A

is
b
en
eficial

in
th
e

p
reven

tio
n
an
d
m
an

agem
en
t
o
f
T
2
D

[ 8
3
].
S
tu
d
ies

u
sin

g

accelero
m
etry-d

erived
b
eh
avio

u
rs

fo
u
n
d
th
at

th
e
m
ajo

r-

ity
o
f
in
d
ivid

u
als

w
ith

T
2
D

sp
en

t
a
sign

ifican
t
p
o
rtio

n
o
f

th
e
d
ay

(6
3
%

o
f
th
e
d
ay)

in
sed

en
tary

p
u
rsu

its,
w
ith

o
n
ly

2
%

o
f
th
e
d
ay

sp
en
t
in

M
V
P
A

[8
4
].
A
s
rep

o
rted

b
y
H
ealy

et
al.

[ 5
7
],

red
u
cin

g
p
ro
lo
n
g
ed

sed
en
tary

tim
e
an
d

re-

p
lacin

g
it

w
ith

M
V
P
A

w
as

asso
ciated

w
ith

lo
w
er

w
aist

circu
m
feren

ce
an
d

B
M
I
in

in
d
ivid

u
als

w
ith

T
2
D
.
F
al-

co
n
er

et
al.

[5
3
]
fo
u
n
d

th
at

even
rep

lacin
g
p
ro
lo
n
ged

b
o
u
ts

o
f
sed

en
tary

tim
e
w
ith

sh
o
rter

b
o
u
ts

o
f
sed

en
tary

tim
e
w
as

asso
ciated

w
ith

lo
w
er

B
M
I
an
d
w
aist

circu
m
-

feren
ce

in
ad
u
lts

w
ith

a
recen

t
d
iagn

o
sis

o
f
T
2
D
.
W

h
ile

th
ese

fin
d
in
g
s
w
o
u
ld

su
gg
est

th
at

rep
lacin

g
sittin

g
tim

e

w
ith

m
o
re

‘active
’
b
eh
avio

u
rs

m
igh

t
h
ave

sign
ifican

t

h
ealth

b
en

efits
in

clin
ical

p
o
p
u
latio

n
s,

d
u
e

to
th
e

cro
ss-sectio

n
al

n
atu

re
o
f
th
e
stu

d
ies,

th
e
cau

sality
o
f
th
is

relatio
n
sh
ip

rem
ain

s
u
n
clear.

In
su
m
m
ary,

it
seem

s
th
at

reallo
catin

g
sed

en
tary

tim
e

to
p
h
ysical

activity
m
ay

b
e
asso

ciated
w
ith

red
u
ced

B
M
I,

b
o
d
y
fat

p
ercen

tage
an
d
w
aist

circu
m
feren

ce
in

all
p
o
p
u
-

latio
n
s,
w
ith

th
e
m
agn

itu
d
e
o
f
asso

ciatio
n
s
b
ein

g
greater

fo
r

h
igh

er
in
ten

sity
activities.

H
o
w
ever,

m
o
st

stu
d
ies

h
ave

n
o
t
acco

u
n
ted

fo
r
sleep

tim
e,

w
h
ich

rem
ain

s
a

m
ajo

r
lim

itatio
n
in

th
e
cu
rren

t
b
o
d
y
o
f
evid

en
ce.

It
is
es-

tim
ated

th
at

~
4
0
%

o
f
th
e
p
o
p
u
latio

n
rep

o
rts

sleep
in
g

less
th
an

th
e
reco

m
m
en

d
ed

m
in
im

u
m

o
f
seven

h
o
u
rs

p
er

n
igh

t
[ 8
5
]
w
h
ich

m
ay

n
egatively

affect
h
ealth

[8
6
].

S
tu
d
ies

h
ave

in
d
icated

th
at

sh
o
rt

sleep
d
u
ratio

n
is

asso
-

ciated
w
ith

in
creased

risk
o
f
o
b
esity

am
o
n
g
ch
ild

ren
an
d

ad
u
lts

[ 6
].
G
iven

its
co
-d
ep
en
d
en

ce
w
ith

sed
en

tary
b
e-

h
avio

u
r,
L
P
A
,
an
d
M
V
P
A
,
sleep

sh
o
u
ld
,
w
h
en

p
o
ssib

le,

b
e
in
clu

d
ed

in
iso

tem
p
o
ral

su
b
stitu

tio
n
m
o
d
els.

F
u
rth

er

research
sh
o
u
ld

track
sleep

d
u
ratio

n
in

ad
d
itio

n
to

sed
-

en
tary

tim
e
an
d
p
h
ysical

activity,
to

in
crease

th
e
ro
b
u
st-

n
ess

o
f
th
e
fin

d
in
g
s.

F
itn

e
ss

S
tu
d
ies

assessin
g
fitn

ess
w
ere

co
n
d
u
cted

am
o
n
g
yo
u
th
,

ad
u
lts,

an
d

o
ld
er

ad
u
lts.

N
o

su
ch

stu
d
ies

w
ere

co
n
-

d
u
cted

am
o
n
g
clin

ical
p
o
p
u
latio

n
s.
H
igh

er
levels

o
f
m
u
s-

cu
lar

stren
gth

,
as

w
ell

as
gen

eral
an

d
card

io
resp

irato
ry

fitn
ess,

are
co
n
sid

ered
im

p
o
rtan

t
h
ealth

m
ark

ers
in

ch
il-

d
ren

an
d
ad
o
lescen

ts
[ 8
7
,
8
8
].
H
igh

er
card

io
resp

irato
ry

fitn
ess

is
asso

ciated
w
ith

a
lo
w
er

risk
o
f
b
ein

g
o
ver-

w
eigh

t
o
r
o
b
ese

in
p
u
b
erty

[ 8
8
].
In

ad
o
lescen

ts,
h
igh

er

m
u
scu

lar
stren

g
th

is
asso

ciated
w
ith

a
lo
w
er

risk
o
f
p
re-

m
atu

re
m
o
rtality

[ 8
9
],

an
d

p
articip

atio
n

in
resistan

ce

train
in
g
is

asso
ciated

w
ith

m
o
re

favo
u
rab

le
b
o
d
y
co
m
-

p
o
sitio

n
in

o
verw

eigh
t
an
d

o
b
ese

ch
ild

ren
an
d

ad
o
les-

cen
ts

[9
0
].

Y
o
u
th

W
h
en

ex
p
lo
rin

g
fitn

ess
levels

am
o
n
g
ch
ild

ren
,
L
ep
p
än
en

et
al.

[6
3
]

fo
u
n
d

th
at

th
e

reallo
catio

n
o
f
sed

en
tary

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity
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b
eh
avio

u
r
to

L
P
A

o
r
M
V
P
A

w
as

asso
ciated

w
ith

greater

card
io
resp

irato
ry

fitn
ess,

as
assessed

b
y
th
e
2
0
-m

sh
u
ttle

ru
n

test.
T
h
e
m
agn

itu
d
e
o
f
th
e
asso

ciatio
n
s
w
as

larger

w
h
en

sed
en
tary

b
eh
avio

u
r
w
as

rep
laced

w
ith

M
V
P
A
,
ra-

th
er

th
an

L
P
A
.
In

a
co
h
o
rt

o
f
1
0
-year-o

ld
ch
ild

ren
,
re-

p
lacin

g
M
V
P
A

w
ith

an
y
o
th
er

m
o
vem

en
t
b
eh
avio

u
r
(i.e.,

sleep
,
sed

en
tary

tim
e,

an
d

L
P
A
)
w
as

asso
ciated

w
ith

lo
w
er

levels
o
f
card

io
resp

irato
ry

fitn
ess

[2
5
].
T
h
erefo

re,

it
seem

s
th
at

reallo
catin

g
sed

en
tary

tim
e

to
L
P
A

o
r

M
V
P
A

sh
o
u
ld

b
e
p
ro
m
o
ted

am
o
n
g
ch
ild

ren
.

A
d
u
lts/o

ld
e
r
a
d
u
lts

A
t
th
e
o
th
er

en
d

o
f
th
e
age

sp
ectru

m
,
in

a
co
h
o
rt

o
f

aged
Jap

an
ese

w
o
m
an

(age
ran

ge:
7
6
–
8
9
years),

K
im

[6
1
]

co
n
clu

d
ed

th
at

reallo
catin

g
sed

en
tary

tim
e

to
M
V
P
A

m
ay

im
p
ro
ve

p
erfo

rm
an
ce

in
several

m
easu

res
o
f
fitn

ess,

in
clu

d
in
g

u
su
al

an
d

m
ax
im

u
m

gait
sp
eed

,
5
-ch

air

sit-to
-stan

d
tests,

an
d
tim

ed
u
p
-an

d
-go

test.
In

th
eir

an
a-

lysis
o
f
d
ata

fro
m

th
e
M
aastrich

t
S
tu
d
y,
van

d
er

V
eld

e
et

al.
[3
6
]
fo
u
n
d

th
at

rep
lacin

g
sed

en
tary

tim
e
w
ith

L
P
A

w
as

asso
ciated

w
ith

h
igh

er
card

io
-resp

irato
ry

fitn
ess.

T
h
e
fin

d
in
gs

seem
en

co
u
ragin

g
an
d
o
f
p
o
ten

tially
great

im
p
o
rtan

ce
fo
r
in
d
ivid

u
als

w
h
o
m
ay

h
ave

d
ifficu

lties
en
-

gagin
g
in

M
V
P
A
.
W

h
ile

reallo
catin

g
sed

en
tary

tim
e
to

L
P
A

w
as

rep
o
rted

to
b
e
b
en

eficial
fo
r
card

io
-resp

irato
ry

fitn
ess,

reallo
catin

g
th
e
sam

e
d
u
ratio

n
s
o
f
tim

e
to

M
V
P
A

w
as

asso
ciated

w
ith

so
m
ew

h
at

greater
asso

ciatio
n
s
[3
2
].

O
verall,

stu
d
ies

su
gg
est

lik
ely

im
p
ro
vem

en
ts

in
fitn

ess

w
h
en

tim
e
is

reallo
cated

fro
m

sed
en
tary

b
eh
avio

u
r
to

p
h
ysical

activity.
H
o
w
ever,

an
ad
d
itio

n
al

evid
en

ce
is

n
eed

ed
to

fo
rm

firm
co
n
clu

sio
n
s,

p
articu

larly
am

o
n
g

ad
u
lt
an
d
clin

ical
p
o
p
u
latio

n
s.

C
a
rd
io
m
e
ta
b
o
lic

b
io
m
a
rk
e
rs

S
tu
d
ies

assessin
g
card

io
m
etab

o
lic

b
io
m
ark

ers
w
ere

co
n
-

d
u
cted

am
o
n
g
yo
u
th
,
ad
u
lts,

an
d
o
ld
er

ad
u
lts.

T
h
ere

w
as

n
o
availab

le
evid

en
ce

fo
r
clin

ical
p
o
p
u
latio

n
s.

Y
o
u
th

O
n
ly

tw
o
stu

d
ies

th
u
s
far

h
ave

u
sed

th
e
IS
M

w
ith

card
io
-

m
etab

o
lic

b
io
m
ark

ers
as

o
u
tco

m
e
variab

les
[ 2
8,4

9].T
h
ese

stu
d
ies

u
sed

tw
o
d
ifferen

t
IS
M
s,
an
d
th
erefo

re,
th
e
co
m
-

p
arab

ility
o
f
th
eir

fin
d
in
gs

m
ay

b
e
lim

ited
.
A

recen
t
stu

d
y

co
m
p
ared

th
e
IS
M
s
b
y
M
ek
ary

et
al.

[1
2]

an
d
b
y
D
u
m
u
id

et
al.

[1
4]

u
sin

g
th
e
sam

e
d
ataset

an
d
rep

o
rted

d
ifferen

ces

in
estim

ates
b
etw

een
th
e
m
o
d
els

[ 9
1].

U
sin

g
th
e
m
o
d
el
b
y

M
ek
ary

et
al.

[1
2],

M
o
o
re

an
d
co
lleagu

es
[2
8]

rep
o
rted

a

b
en
eficial

asso
ciatio

n
s
o
f
reallo

catin
g
tim

e
fro

m
L
P
A

to

V
P
A

w
ith

in
su
lin

levels.
T
h
e
asso

ciatio
n
seem

ed
stro

n
ger

in
in
d
ivid

u
als

w
ith

h
ig
h
er

b
aselin

e
in
su
lin

levels.

C
arso

n
et

al.
[ 4
9
]
em

p
lo
yed

th
e

co
m
p
o
sitio

n
al

IS
M

d
escrib

ed
b
y
C
h
astin

et
al.

[1
3
]
u
sin

g
d
ata

fro
m

th
e

C
an

ad
ian

H
ealth

M
easu

res
S
u
rvey,

w
ith

sleep
,
sed

en
-

tary
b
eh

avio
u
r,

L
P
A
,

an
d

M
P
A

as
ex
p
lan

ato
ry

variab
les

an
d

systo
lic

an
d

d
iasto

lic
b
lo
o
d

p
ressu

re,

C
-reactive

p
ro
tein

,
H
D
L
-ch

o
lestero

l,
trig

lycerid
es,

an
d

in
su
lin

level.
T
h
e

estab
lish

ed
asso

ciatio
n
s
w
ere

eith
er

u
n
clear

o
r

p
ractically

in
sig

n
ifican

t.
T
h
e

cro
ss-sectio

n
al

d
esig

n
o
f

b
o
th

stu
d
ies

p
reven

ted

d
raw

in
g

co
n
clu

sio
n
s

ab
o
u
t

cau
sality

o
f

th
e

estab
-

lish
ed

relatio
n
sh
ip
s.

F
u
tu
re

research
is

n
eed

ed
to

stren
g
th
en

th
e
evid

en
ce

b
ase

o
n

th
e
asso

ciatio
n

b
e-

tw
een

iso
tem

p
o
ral

su
b
stitu

tio
n
s
an

d
card

io
m
etab

o
lic

m
ark

ers
in

ch
ild

ren
an

d
ad

o
lescen

ts.

A
d
u
lts/o

ld
e
r
a
d
u
lts

In
th
eir

stu
d
y

u
sin

g
th
e

2
00
5
–
2
00
6

N
H
A
N
E
S

d
ata,

B
u
m
an

et
al.

[4
8]

in
vestigated

h
o
w

reallo
catin

g
tim

e
b
e-

tw
een

sed
en
tary

b
eh
avio

u
r,sleep

,L
P
A
,an

d
M
V
P
A
w
as

as-

so
ciated

w
ith

w
aist

circu
m
feren

ce,
systo

lic
an
d
d
iasto

lic

b
lo
o
d
p
ressu

re,
h
igh

-d
en
sity

lip
o
p
ro
tein

,
C
-reactive

p
ro
-

tein
,
lo
w
-d
en
sity

lip
o
p
ro
tein

,
p
lasm

a
glu

co
se,

in
su
lin

,
tri-

glycerid
es,

h
o
m
eo
stasis

m
o
d
el

assessm
en
t

o
f

in
su
lin

sen
sitivity

(H
O
M
A
-S
),
an
d
h
o
m
eo
stasis

m
o
d
el
assessm

en
t

o
f
β
-cell

fu
n
ctio

n
(H

O
M
A
-β
).
T
h
ey

fo
u
n
d
th
at

reallo
ca-

tio
n
o
f
sed

en
tary

b
eh
avio

u
r
to

M
V
P
A

w
as

asso
ciated

w
ith

in
creased

levels
o
f
h
igh

-d
en
sity

lip
o
p
ro
tein

ch
o
lestero

l,

an
d
w
ith

a
d
ecrease

in
w
aist

circu
m
feren

ce,
triglycerid

es,

glu
co
se,

in
su
lin

,
an
d

H
O
M
A
-S

[ 4
8].

R
eallo

catin
g

tim
e

fro
m

sed
en
tary

b
eh
avio

u
r
to

L
P
A

w
as

b
en
eficial

fo
r
tri-

glycerid
es,

in
su
lin

sen
sitivity,

an
d

H
O
M
A
-β

[4
8].

T
h
e

stu
d
y
also

co
n
sid

ered
sleep

d
u
ratio

n
an
d
rep

o
rted

th
at

re-

allo
catin

g
tim

e
fro

m
sed

en
tary

b
eh
avio

u
r
to

sleep
w
as

b
en
eficially

asso
ciated

w
ith

in
su
lin

,
H
O
M
A
-S
,
H
O
M
A
-β
.

T
h
e
sam

e
asso

ciatio
n
w
as

fo
u
n
d
fo
r
L
D
L
,
alb

eit
o
n
ly

in

lo
n
g
sleep

ers
(
≥
8
h
o
f
sleep

p
er

n
igh

t).
C
o
n
sisten

t
w
ith

stu
d
ies

o
n
o
th
er

h
ealth

o
u
tco

m
es,

B
u
m
an

et
al.

[ 4
8]

in
-

ferred
th
at

th
e
greatest

b
en
efits

m
igh

t
b
e
exp

ected
fro

m

in
creasin

g
M
V
P
A

at
th
e

exp
en
se

o
f
o
th
er

m
o
vem

en
t

b
eh
avio

u
rs.

E
d
w
ard

so
n
et

al.
[ 2
4
]
rep

o
rted

th
at

reallo
catio

n
o
f
p
ro
-

lo
n
ged

sittin
g
to

stan
d
in
g
o
r
step

p
in
g
im

p
ro
ved

2
-h

glu
-

co
se

levels,
fastin

g
an
d

2
-h

in
su
lin

levels,
an
d

in
su
lin

sen
sitivity

in
in
d
ivid

u
als

at
h
igh

risk
o
f
im

p
aired

glu
co
se

regu
latio

n
o
r
T
2
D
.
W

h
ile

m
o
d
est

in
term

s
o
f
m
agn

i-

tu
d
es

o
f
asso

ciatio
n
s,
th
e
resu

lts
seem

p
ro
m
isin

g
fo
r
th
is

p
o
p
u
latio

n
.
In
creasin

g
h
ab
itu

al
M
V
P
A

levels
m
ay

b
e
d
if-

ficu
lt

fo
r
so
m
e
in
d
ivid

u
als

an
d

p
o
p
u
latio

n
su
b
-gro

u
p
s.

E
vid

en
ce

fro
m

o
th
er

stu
d
ies

fu
rth

er
su
p
p
o
rts

th
e
fin

d
-

in
gs

th
at

reallo
catin

g
sed

en
tary

tim
e
to

L
P
A

(stan
d
in
g

an
d

step
p
in
g)

is
asso

ciated
w
ith

m
o
re

favo
u
rab

le

M
atsu

d
a-In

su
lin

sen
sitivity

in
d
ex
,
levels

o
f
h
igh

-d
en
sity

lip
o
p
ro
tein

[ 4
8],

an
d
glyco

sylated
h
em

o
glo

b
in

[5
3].

O
ver-

all,
stu

d
ies

in
d
icated

th
at

reallo
catin

g
sed

en
tary

tim
e
to

L
P
A
o
r
M
V
P
A
w
as

asso
ciated

w
ith

favo
u
rab

le
card

io
m
eta-

b
o
lic

o
u
tco

m
es.

W
h
ile

th
ere

is
a
relatively

large
b
o
d
y
o
f

evid
en
ce

regard
in
g
asso

ciatio
n
s
b
etw

een
tim

e
reallo

catio
n

an
d

card
io
m
etab

o
lic

b
io
m
arkers

am
o
n
g

ad
u
lts,

few

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity
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stu
d
ies

h
ave

b
een

co
n
d
u
cted

am
o
n
g
ch
ild

ren
,
ad
o
lescen

ts,

an
d

o
ld
er

ad
u
lts.

In
ad
d
itio

n
,
th
e
stu

d
ies

am
o
n
g
o
ld
er

ad
u
lts

w
ere

co
n
d
u
cted

o
n
sm

all
sam

p
le

sizes
[2
9].

F
u
tu
re

stu
d
ies

sh
o
u
ld

em
p
lo
y
lo
n
gitu

d
in
al

stu
d
y
d
esign

s
to

fu
r-

th
er

in
vestigate

asso
ciatio

n
s
o
f
iso

tem
p
o
ral

su
b
stitu

tio
n

w
ith

fitn
ess-related

o
u
tco

m
es.

C
h
ro
n
ic
d
ise

a
se
s
a
n
d
co

n
d
itio

n
s

S
tu
d
ies

assessin
g
ch
ro
n
ic

d
iseases

an
d
co
n
d
itio

n
s
w
ere

co
n
d
u
cted

am
o
n
g
ad
u
lts

an
d
o
ld
er

ad
u
lts.

T
h
ere

w
as

n
o

availab
le

evid
en

ce
fo
r
clin

ical
p
o
p
u
latio

n
s.

A
d
u
lts/o

ld
e
r
a
d
u
lts

In
to
tal,

six
eligib

le
stu

d
ies

w
ere

id
en
tified

.
T
h
e
assessed

o
u
tco

m
es

in
clu

d
ed
:
card

io
vascu

lar
d
isease,

T
2
D
,
m
eta-

b
o
lic

syn
d
ro
m
e,

b
reast

can
cer,

ch
ro
n
ic

m
u
scu

lo
sk
eletal

p
ain

,
an
d
q
u
ality-ad

ju
sted

life
years.

S
ign

ifican
t
asso

cia-

tio
n
s
w
ere

fo
u
n
d
b
etw

een
reallo

catin
g
tim

e
sp
en
t
in

sed
-

en
tary

b
eh
avio

u
r
to

L
P
A

o
r
M
V
P
A

an
d
a
red

u
ced

risk
o
f

card
io
vascu

lar
d
isease

[7
5
].
F
u
rth

erm
o
re,

reallo
catio

n
o
f

tim
e
fro

m
T
V
-view

in
g
to

M
V
P
A

w
as

asso
ciated

w
ith

a

sign
ifican

tly
lo
w
er

risk
o
f
T
2
D

[ 3
2
].

E
k
b
lo
m
-B
ak

et
al.

[ 5
1
]
n
o
ted

th
at

reallo
catin

g
tim

e
fro

m
S
B

to
L
P
A

o
r

M
P
A

w
as

asso
ciated

w
ith

a
d
ecrease

in
th
e
risk

o
f
m
eta-

b
o
lic

syn
d
ro
m
e.

F
o
r
b
reast

can
cer,

B
o
ek
e

et
al.

[4
6
]

fo
u
n
d
n
o
evid

en
ce

th
at

su
b
stitu

tin
g
M
V
P
A

fo
r
w
alk

in
g

w
as

asso
ciated

w
ith

b
reast

can
cer

risk
.
R
yan

et
al.

[ 3
3
],

rep
o
rted

a
2
9
%

relative
risk

red
u
ctio

n
in

ch
ro
n
ic

m
u
scu

-

lo
sk
eletal

p
ain

w
h
en

reallo
catin

g
1
0
m
in

o
f
sed

en
tary

b
e-

h
avio

u
r
to

M
V
P
A
.
E
vid

en
ce

o
n

vario
u
s
o
th
er

ch
ro
n
ic

d
isease

an
d
co
n
d
itio

n
s
is

scarce.
A

stu
d
y
b
y
P
in
to

an
d

co
lleagu

es
[ 3
0
]
assessin

g
q
u
ality-ad

ju
sted

life
years

in
d
i-

cated
th
at

reallo
catin

g
6
0
m
in

fro
m

S
B
to

M
V
P
A

w
as

as-

so
ciated

w
ith

a
sign

ifican
t
im

p
ro
vem

en
t
in

th
is
o
u
tco

m
e.

T
h
e
stu

d
y
d
id

n
o
t
fin

d
an

y
evid

en
ce

th
at

reallo
catin

g
S
B

to
L
P
A

w
as

asso
ciated

w
ith

q
u
ality-ad

ju
sted

life
years.

M
o
re

research
is
n
eed

ed
ab
o
u
t
th
e
effects

o
f
iso

tem
p
o
ral

su
b
stitu

tio
n
s
o
n
ch
ro
n
ic

d
iseases

an
d
co
n
d
itio

n
s.

S
ta
tistica

l
co

n
sid

e
ra
tio

n
s
a
n
d
m
e
th
o
d
o
lo
g
ica

l
q
u
a
lity

T
h
e
IS
M

in
tro

d
u
ced

b
y
M
ek
ary

et
al.

[1
2
]
rep

resen
ts

th
e

first
attem

p
t
w
ith

in
p
h
ysical

activity
an
d
sed

en
tary

b
e-

h
avio

u
r
research

to
d
eal

w
ith

th
e
co
n
strain

ed
n
atu

re
o
f

tim
e-u

se
variab

les
(i.e.,

th
e
d
ay

o
n
ly

ever
h
as

2
4
h
fo
r

every
p
articip

an
t),

an
d
to

acco
u
n
t
fo
r
th
e
fact

th
at

o
n
e

tim
e-u

se
d
o
m
ain

can
n
o
t
b
e
altered

w
ith

o
u
t
co
m
p
en

sa-

to
ry

ch
an

ges
in

o
th
er

tim
e-u

se
d
o
m
ain

s.

S
u
b
seq

u
en
tly,

so
m
e

research
ers

h
ave

su
gg
ested

th
at

tim
e-u

se
d
ata

are
co
m
p
o
sitio

n
al

d
ata

th
at

o
ccu

p
y
a
co
n
-

strain
ed

sam
p
le

sp
ace

an
d

co
n
vey

relative
in
fo
rm

atio
n

[ 1
,
2
,
1
3
,
1
4
].
A
cco

rd
in
gly,

statistical
m
eth

o
d
s
d
esign

ed

fo
r
vecto

rs
in

real
sp
ace

(in
clu

d
in
g
th
e
iso

tem
p
o
ral

su
b
-

stitu
tio

n
m
o
d
el

p
ro
p
o
sed

b
y
M
ek
ary

et
al.

[1
2
],

w
h
ich

m
ay,

th
erefo

re,
n
o
t
b
e

ap
p
ro
p
riate

fo
r
tim

e-u
se

d
ata

w
h
ich

d
o
n
o
t
o
ccu

p
y
real

sp
ace

[1
,
2
,
1
3
,
1
4
].
T
h
e
co
m
-

p
o
sitio

n
al

iso
tem

p
o
ral

su
b
stitu

tio
n

(b
ased

o
n

th
e

ch
an

ge-p
red

ictio
n

m
atrix

)
p
resen

ted
in

C
h
astin

et
al.

[ 1
3
]
an
d
later

u
sed

in
C
arso

n
et

al.
[4
7
]
w
as

th
e
first

at-

tem
p
t
to

ap
p
ly

th
e
lo
gic

o
f
th
e
M
ek
ary

et
al.

[ 1
2
]
IS
M

m
eth

o
d
in

a
co
m
p
o
sitio

n
al

d
ata

an
alysis

fram
ew

o
rk
.
T
h
e

co
m
p
o
sitio

n
al

iso
tem

p
o
ral

ap
p
ro
ach

w
as

su
b
seq

u
en
tly

sim
p
lified

b
y
D
u
m
u
id

et
al.

[1
4
].

T
h
ere

is
an

o
n
go
in
g

d
iscu

ssio
n

am
o
n
g

research
ers

in
th
e
field

o
f
ep
id
em

i-

o
lo
gy

ab
o
u
t
w
h
ich

o
f
th
ese

m
eth

o
d
s
sh
o
u
ld

p
referab

ly

b
e
u
sed

[ 2
,
1
4
].
In
terested

read
ers

can
fin

d
d
etailed

stat-

istical
reaso

n
in
g

ab
o
u
t

th
e

p
o
ten

tial
im

p
licatio

n
s

o
f

u
sin

g
each

o
f
th
e
th
ree

m
eth

o
d
s
elsew

h
ere

[1
4
,
1
5
].

It
is
im

p
o
rtan

t
to

h
igh

lig
h
t
th
at

fro
m

a
m
eth

o
d
o
lo
gical

stan
d
p
o
in
t,
all

o
f
th
e
in
clu

d
ed

stu
d
ies

w
ere

classified
as

b
ein

g
o
f
h
igh

o
r
m
o
d
erate

q
u
ality.

T
h
e
fin

d
in
gs

seem
to

b
e
gen

erally
co
n
sisten

t
acro

ss
th
e
stu

d
ies,

in
d
icatin

g
th
at

th
ey

w
ere

n
o
t
sign

ifican
tly

in
flu

en
ced

b
y
d
ifferen

ces
in

stu
d
y
d
esign

s.
A

stren
gth

o
f
m
o
st

in
clu

d
ed

stu
d
ies

is
th
e

u
se

o
f
d
evice-b

ased
m
easu

res
fo
r
assessin

g
tim

e
sp
en
t
in

m
o
vem

en
t
b
eh
avio

u
rs.

S
elf-rep

o
rts

w
ere

u
sed

in
so
m
e

large-scale
stu

d
ies,

w
h
ich

seem
s
reaso

n
ab
le

given
accel-

ero
m
etry

m
ay

sign
ifican

tly
ad
d

to
th
e

ad
m
in
istrative

b
u
rd
en

fo
r
research

ers
[ 9
2
].
H
o
w
ever,

n
o
system

atic
d
if-

feren
ces

co
u
ld

b
e
o
b
served

in
th
e
fin

d
in
g
s
fro

m
stu

d
ies

relyin
g
o
n
self-rep

o
rts

an
d
d
evice-b

ased
m
easu

res.
T
h
e

m
ajo

rity
o
f
th
e
IS
M

stu
d
ies

u
sed

th
e
lin

ear
regressio

n

m
o
d
el

[ 2
1
,
2
4
,
2
7
,
2
9
,
3
5
,
3
6
,
3
9
,
4
4
–
4
6
,
4
8
,
5
4
,
5
6
,
5
7
,

6
3
,
7
0
,
7
2
,
7
6
].
M
o
st

o
f
th
em

[2
1
,
2
4
,
2
7
,
2
9
,
3
5
,
3
6
,
3
9
,

4
4
–
4
6
,
4
8
,
5
4
,
5
6
,
5
7
,
6
3
,
7
0
,
7
2
,
7
6
]
assessed

th
e
lin

ear-

ity
o
f
th
e
relatio

n
sh
ip
s
p
rio

r
to

ru
n
n
in
g
th
e
IS
M

an
alysis

an
d
in
d
icated

th
at

th
ey

w
ere

lin
ear.

U
sin

g
co
m
p
o
sitio

n
al

d
ata

an
alysis,

D
u
m
u
id

et
al.

[1
4
]
h
ave

sh
o
w
n
th
at

asso
ci-

atio
n
s
o
f
iso

tem
p
o
ral

su
b
stitu

tio
n
s
w
ith

h
ealth

o
u
tco

m
es

m
ay

b
e
n
o
n
-lin

ear
an
d

m
ay

d
ep
en

d
o
n

th
e
referen

ce

co
m
p
o
sitio

n
.

F
u
tu
re

stu
d
ies

sh
o
u
ld

co
n
sid

er
th
ese

p
o
ssib

ilities.

F
u
rth

erm
o
re,

statistical
tech

n
iq
u
es

u
n
d
erp

in
n
in
g
M
ek-

ary
et

al.
[1
2
]
IS
M
,
C
h
astin

et
al.

[1
3
]
IS
M
,
an
d
D
u
m
u
id

et
al.

[ 1
4
]
IS
M

are
d
ifferen

t;
h
en
ce

th
e
fin

d
in
g
s
o
f
stu

d
ies

u
sin

g
d
ifferen

t
IS
M

m
o
d
els

m
ay

n
o
t
n
ecessarily

b
e
d
ir-

ectly
co
m
p
arab

le.
M
o
reo

ver,
a
recen

t
stu

d
y
[9
1
]
in
d
i-

cated
th
ere

m
ay

b
e
su
b
stan

tial
d
ifferen

ces
in

estim
ates

o
b
tain

ed
fro

m
IS
M
s
p
ro
p
o
sed

b
y
M
ek
ary

et
al.

[ 1
2
]
an
d

D
u
m
u
id

et
al.

[1
4
].
It

is,
th
erefo

re,
im

p
o
rtan

t
fo
r
fu
tu
re

stu
d
ies

to
clearly

sp
ecify

w
h
ich

IS
M

m
o
d
el

w
as

u
sed

.
It

is
im

p
o
rtan

t
to

n
o
te,

h
o
w
ever,

th
at

n
o
n
e
o
f
th
e
th
ree

IS
M
s
can

m
itigate

stan
d
ard

lim
itatio

n
s
o
f
stu

d
ies

in
th
is

area,
su
ch

as
p
o
o
r
m
easu

rem
en
t
o
f
th
e
ex
p
o
su
re,

p
o
ten

-

tial
reverse

cau
sality,

an
d

u
n
m
easu

red
o
r
p
o
o
rly

m
ea-

su
red

p
o
ten

tial
co
n
fo
u
n
d
in
g
variab

les.

T
h
e
m
ain

lim
itatio

n
o
f
th
e
cu
rren

t
b
o
d
y
o
f
evid

en
ce

p
er-

tain
s
to

th
e
lo
w

n
u
m
b
er

o
f
stu

d
ies

th
at

in
clu

d
ed

all
d
aily

m
o
vem

en
t-related

b
eh
avio

u
rs

(e.g.,
sed

en
tary

b
eh
avio

u
r,

G
rg
ic
et

a
l.
In
tern

a
tio

n
a
l
Jo
u
rn
a
l
o
f
B
eh
a
vio

ra
l
N
u
tritio

n
a
n
d
P
h
ysica

l
A
ctivity

 (2
0

1
8

) 1
5

:6
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a
g
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6
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6
8



sleep
,
L
P
A
,
an
d
M
V
P
A
)
in

th
e
IS
M
s.
W
h
ile

stu
d
ies

d
id

ad
-

ju
st

fo
r

m
an
y

co
n
fo
u
n
d
in
g

variab
les,

o
n
ly

th
o
se

th
at

in
clu

d
ed

all
o
f
th
e
b
eh
avio

u
rs

received
a
p
o
in
t
o
n
th
e
item

regard
in
g

ad
ju
stm

en
ts

fo
r

co
n
fo
u
n
d
in
g

o
n

th
e

N
ew

castle-O
ttaw

a
scale,

as
o
th
erw

ise
th
e

ad
ju
stm

en
ts

w
o
u
ld

b
e
co
n
sid

ered
in
su
fficien

t
[2].

F
u
tu
re

stu
d
ies

sh
o
u
ld

en
d
eavo

u
r
to

in
clu

d
e
sed

en
tary

b
eh
avio

u
r,
sleep

,
L
P
A
,
an
d

M
V
P
A

in
th
eir

m
o
d
els.

M
o
st

o
f

th
e

stu
d
ies

w
ere

cro
ss-sectio

n
al,

w
h
ich

is
a
m
ajo

r
lim

itatio
n
o
f
th
e
cu
rren

t

b
o
d
y
o
f
evid

en
ce

o
n
iso

tem
p
o
ral

su
b
stitu

tio
n
effects.

W
h
ile

th
ere

w
ere

18
p
ro
sp
ective

co
h
o
rt

stu
d
ies

in
clu

d
ed

in
th
is

review
,
th
ey

co
ver

o
n
ly

a
lim

ited
ran

ge
o
f
o
u
tco

m
es.

M
o
re

lo
n
gitu

d
in
al
stu

d
ies

are
n
eed

ed
to

co
verin

g
a
w
id
e
ran

ge
o
f

h
ealth

o
u
tco

m
es

th
at

are
p
o
ten

tially
asso

ciated
w
ith

iso
-

tem
p
o
ral

su
b
stitu

tio
n
s.

C
o
n
clu

sio
n
s

T
h
ere

is
a
n
o
tab

le
in
crease

in
in
terest

in
th
e
asso

ciatio
n
s

b
etw

een
tim

e
reallo

catio
n
am

o
n
g
m
o
vem

en
t-related

b
e-

h
avio

u
rs

an
d

th
eir

relatio
n
sh
ip

to
h
ealth

o
u
tco

m
es.

W
h
ile

m
u
ch

m
ed
ia

co
verage

h
as

fo
cu
sed

o
n
th
e
ad
verse

effects
o
f
p
ro
lo
n
g
ed

sed
en
tary

b
eh
avio

u
r
[ 9
3
],
evid

en
ce

in
th
is

review
su
gg
ests

it
w
o
u
ld

b
e
m
o
re

ap
p
ro
p
riate

to

sh
ift

th
e
fo
cu
s
o
n

th
e
im

p
o
rtan

ce
o
f
reallo

catin
g
tim

e

sp
en
t
in

sed
en
tary

b
eh
avio

u
r
to

tim
e
sp
en
t
in

p
h
ysical

activity.
T
h
e
ap
p
ro
ach

tak
en

in
th
is
review

b
ro
ad
en
s
th
e

p
h
ysical

activity
b
eh
avio

u
ral

aren
a,

fo
r
b
o
th

research
ers

an
d

p
o
licym

ak
ers.

W
h
ile

th
e
cu
rren

t
b
o
d
y
o
f
evid

en
ce

in
d
icates

th
at

tim
e
reallo

catio
n
b
etw

een
sleep

,
sed

en
tary

b
eh
avio

u
r,

L
P
A
,
an
d

M
V
P
A

m
ay

b
e
asso

ciated
w
ith

a

n
u
m
b
er

o
f
h
ealth

o
u
tco

m
es,

th
ere

is
a
n
eed

fo
r
fu
tu
re

stu
d
ies

em
p
lo
yin

g
lo
n
gitu

d
in
al

stu
d
y
d
esign

s,
tak

in
g
in
to

acco
u
n
t

all
m
o
vem

en
t

b
eh
avio

u
rs,

an
d

ex
am

in
in
g

a

w
id
er

ran
ge

o
f
h
ealth

,
p
sych

o
lo
gical,

so
cial,

eco
n
o
m
ic,

an
d

en
viro

n
m
en

tal
o
u
tco

m
es.

F
u
tu
re

IS
M

stu
d
ies

o
n

o
u
tco

m
es

su
ch

as
stro

k
e,

m
yo
card

ial
in
farctio

n
,
an
d
car-

d
io
vascu

lar
d
isease

d
eath

en
d
p
o
in
ts

are
w
arran

ted
,
given

th
e
cu
rren

t
lack

o
f
evid

en
ce

in
th
is
area.

A
d
d
itio

n
a
l
file

s

A
d
d
itio

n
a
l
file

1
:
Search

syn
tax.(D

O
C
X
11

kb
)

A
d
d
itio

n
a
l
file

2
:
M
eth

o
d
o
lo
g
icalq

u
ality

ap
p
raisal

o
f
cro

ss-sectio
n
al

stu
d
ies.(D

O
C
X
18

kb
)

A
d
d
itio

n
a
l
file

3
:
M
eth

o
d
o
lo
g
icalq

u
ality

ap
p
raisal

o
f
p
ro
sp
ective

co
h
o
rt
stu

d
ies.(D

O
C
15

kb
)

A
u
th
o
rs

’
co

n
trib

u
tio

n
s

Z
P
co
n
ceived

th
e
id
ea

fo
r
th
e
review

.JG
an
d
Z
P
co
n
cep

tu
alised

th
e
review

.
Z
P
d
esig

n
ed

th
e
system

atic
search

strateg
ies.JG

an
d
EG

B
co
n
d
u
cted

th
e

stu
d
y
selectio

n
.JG

an
d
N
S
d
id

th
e
d
ata

extractio
n
.JG

an
d
N
G
B
d
id

th
e

q
u
ality

assessm
en

t.JG
d
rafted

th
e
in
itial

m
an
u
scrip

t.Z
P,D

D
,EG

B,N
S,A

B,
and

TO
con

trib
uted

to
w
ritin

g
the

m
an
u
scrip

t.A
llautho

rs
read

and
ap
p
ro
ved

the
fin
alm

an
u
scrip

t.

E
th
ics

a
p
p
ro
v
a
l
a
n
d
co

n
se
n
t
to

p
a
rticip

a
te

N
o
t
ap
p
licab

le.

C
o
n
se
n
t
fo
r
p
u
b
lica

tio
n

N
o
t
ap
p
licab

le.

C
o
m
p
e
tin

g
in
te
re
sts

A
llau

th
o
rs
d
eclare

th
at

th
ey

h
ave

n
o
co
m
p
etin

g
in
terests.

P
u
b
lish

e
r
’s
N
o
te

Sp
rin

g
er

N
atu

re
rem

ains
n
eu
tralw

ith
reg

ard
to

jurisd
ictio

nalclaim
s
in
p
ub

lish
ed

m
ap
s
and

institu
tion

alaffiliatio
ns.

A
u
th
o
r
d
e
ta
ils

1In
stitu

te
fo
r
H
ealth

an
d
Sp
o
rt
(IH

ES),Victo
ria

U
n
iversity,M

elb
o
u
rn
e,A

u
stralia.

2D
ep

artm
en

t
o
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