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a.  The com
m

ittee evaluated the effect of physical activity on the follow
ing causal 

risk factors: systolic blood pressure, LD
L cholesterol, body w

eight (adults) and 

body m
ass index (children), and insulin sensitivity; the interm

ediary factors: blood 

JOXFRVH��IDW�P
DVV��DEGRP

LQDO�IDW��Z
DLVW�FLUFXP

IHUHQFH��IDW�IUHH�P
DVV��ERQH�

density, cognitive decline, depressive sym
ptom

s, and A
D

H
D

 sym
ptom

s; 

LQGLFDWRUV�RI�¿WQHVV��FDUGLRUHVSLUDWRU\�¿WQHVV��IXQFWLRQDO�SHUIRUP
DQFH��DQG�

m
uscle strength; and m

usculoskeletal injuries.

b. �7KH��FRP
P
LWWHH�HYDOXDWHG�WKH�DVVRFLDWLRQ�RI�SK\VLFDO�DFWLYLW\�Z

LWK�DOO�FDXVH�

m
ortality and the follow

ing diseases: coronary heart disease, stroke, heart failure, 

breast cancer, colorectal cancer, lung cancer, chronic obstructive pulm
onary 

disease, type 2 diabetes m
ellitus, disability, fractures, osteoarthritis, dem

entia 

and cognitive decline, and depression. 

c. �7KH�FRP
P
LWWHH�SULP

DULO\�VWXGLHG�SRROHG�DQDO\VHV��P
HWD�DQDO\VHV��DQG�V\VWHP

DWLF�

review
s.

d.  R
C

Ts (R
andom

ised C
ontrolled Trials) on the effect on disease outcom

es are 

scarce. In view
 of the im

portance of these studies for conclusions on causality, 

WKHVH�5
&
7V�DUH�GHVFULEHG�LUUHVSHFWLYH�RI�WKH�DYDLODELOLW\�RI�P

HWD�DQDO\VHV�RU�

system
atic review

s.

e.  The term
 cohort studies is used for all types of prospective observational 

research.

C
onclusions in the background docum

ent are based on the am
ount of research, indications of heterogeneity, strength of the association, study 

SDUWLFLSDQWV¶�FKDUDFWHULVWLFV��DQG�VSHFL¿F�FRQVLGHUDWLRQV�Z
KLFK�DUH�GHVFULEHG�LQ�WKH�H[SODQDWLRQ��7KH�RSWLRQV�IRU�FRQFOXVLRQV�DUH��VWURQJ�RU�Z

HDN�OHYHO�RI�

evidence, an effect or association is unlikely, the level of evidence is am
biguous, or there is too little research to draw

 a conclusion.

The background docum
ent ‘M

ethodology for the evaluation of the evidence’ provides an extensive description and explanation of the m
ethodology.

P
hysical activity

C
ausal risk factors 

Interm
ediary factors

Indicators of fitness
a

A
ll�cause m

ortality 
D

iseases
b

R
C

Ts
c

R
C

Ts
d

C
ohort studies

c,e
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In this background docum
ent, the D

utch physical activity guidelines 2017 

com
m

ittee describes the evidence it has collated on the effect that 

physical activity has on interm
ediary factors and diseases, and its 

association w
ith the risk of m

ortality and chronic disease.

Search strategy
C

onclusions draw
n in the A

ustralian evidence reports for adults and 

children
1,2 w

ere used as a starting point for the literature search. These 

covered publications up to 2012. The com
m

ittee used conclusions taken 

from
 the A

m
erican evidence report 3 to exam

ine topics w
hich w

ere not 

covered by the A
ustralian reports. These resulting conclusions w

ere 

VXSSOHP
HQWHG�Z

LWK�P
RUH�UHFHQW�P

HWD�DQDO\VHV�DQG�V\VWHP
DWLF�UHYLHZ

V�RI�

R
C

Ts and prospective cohort studies. In addition, cohort studies w
ith 

objectively m
easured sedentary behaviour w

ere described separately. 

)RU�WKLV�SXUSRVH��OLWHUDWXUH�Z
DV�VHDUFKHG�LQ�3

XE0
HG��IURP

������RU�����
a 

WR���2
FWREHU��������3

XEOLFDWLRQV�Z
HUH�VHDUFKHG�XVLQJ�WKH�0

H6
+
�WHUP

V��

m
otor activity, exercise, leisure activity, physical activity, physical inactivity, 

energy expenditure, vigorous activity resistance training, strength training, 

locom
otor activity�DQG�D�QXP

EHU�RI�QRQ�LQGH[HG�WHUP
V��physical exercise, 

aerobic exercise, w
eight-bearing, w

alking, running, tai chi, ¿WQHVV��

m
oderate vigorous physical activity, circuit training. 

These term
s w

ere com
bined w

ith the respective outcom
e m

easures (e.g. 

a 2012 if the A
ustralian evidence reports could be used as a starting point and 2008 if the A

m
erican evidence report 

had to be used. 

GLDEHWHV�P
HOOLWXV��W\SH�����6

HYHUDO�UHVWULFWLRQV�Z
HUH�DSSOLHG��µ0

HWD�

$
QDO\VLV¶�DQG�µ6

\VWHP
DWLF�5

HYLHZ
V¶�Z

LWKLQ�WKH�¿OWHU�µ$
UWLFOHV�W\SH¶��

µ+
XP

DQV¶�Z
LWKLQ�WKH�¿OWHU�µ6

SHFLHV¶��DQG�µ(
QJOLVK¶�Z

LWKLQ�WKH�¿OWHU�

‘Languages’. 
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B
elow

, the com
m

ittee describes the effect of physical activity on the risk of 

developing type 2 diabetes m
ellitus; cardiom

etabolic risk factors: systolic 

blood pressure, LD
L cholesterol, and insulin sensitivity; cardiorespiratory 

¿WQHVV��ERG\�Z
HLJKW�DQG�ERG\�P

DVV�LQGH[��ERG\�FRP
SRVLWLRQ��IDW�P

DVV��

DEGRP
LQDO�IDW��Z

DLVW�FLUFXP
IHUHQFH��DQG�IDW�IUHH�P

DVV��P
XVFOH�VWUHQJWK�

(children and adolescents, and older adults); functional perform
ance in 

WHUP
V�RI�JDLW�VSHHG��WKH�WLP

H�XS�DQG�JR�WHVW��DQG�VKRUW�SK\VLFDO�

perform
ance battery (older adults); bone health: fractures (older adults) 

and bone density (children and adolescents); m
usculoskeletal injuries; 

cognitive decline (older adults); and depressive sym
ptom

s. 

7KH�FRP
P
LWWHH�GLG�QRW�¿QG�DQ\�5

&
7V�RQ�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�

the incidence of cardiovascular diseases, breast, colorectal or lung 

cancer, chronic obstructive lung disease, disability, fractures, 

osteoarthritis, dem
entia (as distinct from

 cognitive decline), depression (as 

distinct from
 depressive sym

ptom
s), or on the incidence of A

D
H

D
 

sym
ptom

s in children.

2.1 
D

iabetes

C
onclusion: 150 m

inutes of physical activity per w
eek low

ers the risk 
of diabetes in subjects w

ith im
paired glucose tolerance. 

Level of evidence: W
eak.

E
xplanation

R
esearch into the prevention of diabetes by perform

ing physical activity 

m
ainly pertains to individuals w

ith ‘prediabetes’, that is im
paired fasting 

glucose levels or im
paired glucose tolerance w

hich does not m
eet the 

threshold for diabetes, or those at a very high risk of developing diabetes 

as evaluated on the basis of screening instrum
ents. A

ccording to the 

A
ustralian guidelines, 2 there is strong evidence for the effectiveness of 

physical activity in reducing diabetes incidence in such populations from
 

VHYHUDO�ODUJH�VFDOH�UDQGRP
LVHG�WULDOV�FRQGXFWHG�LQ�WKH�8

6
$
��)LQODQG��

C
hina and India, and sm

aller ones in Japan and S
w

eden. H
ow

ever, in the 

YDVW�P
DMRULW\�RI�FDVHV��WKH�LQWHUYHQWLRQV�Z

HUH�OLIHVW\OH�FKDQJH�

interventions w
hich included other com

ponents besides physical activity, 

in particular dietary elem
ents. A

s far as physical activity is concerned, the 

WDUJHW�Z
DV�P

RVWO\�����P
LQXWHV�RI�SK\VLFDO�DFWLYLW\�SHU�Z

HHN��2
QO\�RQH�

study, the C
hinese D

a Q
ing study, 4 carried out in subjects w

ith im
paired 

glucose tolerance, included a group in w
hich the intervention consisted of 

exercise only (Table 1). N
ext to the control group, there w

ere also groups 

w
ith a dietary intervention only, or a com

bination of exercise and diet. The 

H[HUFLVH�JURXS�Z
HUH�WDXJKW�DQG�HQFRXUDJHG�WR�LQFUHDVH�WKHLU�OHLVXUH�WLP

H�

exercise by at least one unit per day and by tw
o units per day if possible 

IRU�WKRVH������\HDUV�Z
LWK�QR�HYLGHQFH�RI�FDUGLRYDVFXODU�GLVHDVH�RU�

DUWKULWLV��8
QLWV�Z

HUH�GH¿QHG�LQ�WHUP
V�RI�LQWHQVLW\�DQG�GXUDWLRQ��RQH�XQLW�

w
as equal to 30 m

inutes of m
ild activity, 20 m

inutes of m
oderate activity, 

���P
LQXWHV�RI�VWUHQXRXV�DFWLYLW\��RU���P

LQXWHV�RI�YHU\�VWUHQXRXV�DFWLYLW\�

H
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Table 1. R
C

Ts into the effect of physical activity on the risk of developing diabetes in 
subjects w

ith im
paired glucose tolerance

N
um

ber of 
participants

Study 
duration 
(m

onths); 
design

Intervention 
(intensity, 
frequency, 
duration)

C
ontrol

N
um

ber of 
cases 
interven-
tion vs. 
control

R
R

 of 
diabetes 
(p-value) 

R
C

Ts
D

a Q
inq 

1997
4

����
prediabetics

73; R
C

T
����XQLWV�G�RI���¶�
m

ild; 20’ 
m

oderate; 10’ 
VWUHQXRXV��RU��¶�
very strenuous 
exercise

D
iet or 

general 
health 
education

����YV�������
per 
100,000 
person 
years

�����
�3
��������

C
om

pared to the control group, the relative risk of developing diabetes 

Z
DV������LQ�WKH�H[HUFLVH�JURXS�������LQ�WKH�H[HUFLVH�SOXV�GLHW�JURXS�DQG�

0.69 in the diet group. 4 In a few
 other studies, ��� the independent effects of 

SK\VLFDO�DFWLYLW\�FRXOG�EH�HVWLP
DWHG��)URP

�WKHVH�DQDO\VHV��WKH�$
XVWUDOLDQ�

HYLGHQFH�UHSRUW�FRQFOXGHG�WKDW�FKDQJHV�LQ�SK\VLFDO�DFWLYLW\�DORQH������

m
inutes per w

eek) had an independent effect on the risk of developing 

diabetes. 2

O
verall, the num

ber of R
C

Ts designed to test the effectiveness of physical 

activity in the prevention of diabetes is very lim
ited. O

nly 1 system
atic 

UHYLHZ
��VWHP

P
LQJ�IURP

�������Z
DV�LGHQWL¿HG�LQ�Z

KLFK���5
&
7V�DQG���

QRQ�UDQGRP
LVHG�&

7�LQFOXGHG�LQFLGHQFH�RI�GLDEHWHV�DV�DQ�RXWFRP
H� 7 A 

UHFHQW�P
HWD�DQDO\VLV�E\�*

RQJ�HW�DO�� 8 w
hich included 9 R

C
Ts conducted in 

individuals w
ith im

paired glucose tolerance, only used insulin sensitivity as 

an endpoint, and therefore is outside the scope of this sum
m

ary.

B
ecause no new

 R
C

Ts have been published since 2011, the com
m

ittee 

has based its conclusion on the description in the A
ustralian evidence 

report. 2�,Q�FRQFOXVLRQ������P
LQXWHV�SHU�Z

HHN�RI�SK\VLFDO�DFWLYLW\�ORZ
HUV�WKH�

risk of developing diabetes in subjects w
ith im

paired glucose tolerance. A
s 

there is only one R
C

T in w
hich an independent effect of physical activity 

w
as studied, w

hile a few
 subgroup analyses in other R

C
Ts show

ed effects 

in the sam
e direction, the level of evidence is w

eak. 

2.2 
C

ardiom
etabolic risk factors

The A
ustralian evidence report on adults does not describe any effects of 

SK\VLFDO�DFWLYLW\�RQ�FDUGLRP
HWDEROLF�ULVN�IDFWRUV��DV�LW�IRFXVHG�SUHGRP

L�

nantly on prospective cohort studies w
ith disease outcom

es. 2 

The A
ustralian evidence report on children does not describe the evidence 

for blood pressure, LD
L cholesterol, blood glucose, and insulin sensitivity 

separately, but com
bines data on various cardiom

etabolic health 

indicators. In the report it is concluded that the accum
ulation of evidence 

IURP
����VWXGLHV�WKDW�UHSRUW�VLJQL¿FDQW�FKDQJHV�LQ�FDUGLRP

HWDEROLF�ULVN�

VKRZ
�WKDW��LQ�RUGHU�IRU�EHQH¿WV�WR�EH�REWDLQHG��SK\VLFDO�DFWLYLW\�VKRXOG�EH�

RI�WKH�HQGXUDQFH�W\SH��SUDFWLVHG�DW�P
RGHUDWH�WR�YLJRURXV�LQWHQVLW\��RFFXU�

RQ�D�P
LQLP

XP
�RI�WKUHH�GD\V�SHU�Z

HHN�DQG�ODVW�D�P
LQLP

XP
�RI�������

m
inutes duration on each occasion. C

onsistent w
ith previous review

s, 

there w
as no evidence that has considered the im

pact of the dose of 

physical activity in term
s of frequency, duration, or intensity, or age and 

sex effects w
hen considering cardiom

etabolic risk. The report does not 
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SURYLGH�D�FRQFOXVLRQ�RQ�WKH�HIIHFW�RI�Z
HLJKW�EHDULQJ�H[HUFLVHV�RQ�

cardiom
etabolic risk. 1 B

ecause the A
ustralian report does not provide a 

GHWDLOHG�GHVFULSWLRQ�RI�WKH�HIIHFWV�RI�SK\VLFDO�DFWLYLW\�RQ�VSHFL¿F�

cardiom
etabolic risk factors, the com

m
ittee describes below

 the 

conclusions of the A
m

erican evidence report 3 and review
s publications 

released since 2008 (the year of publication of the A
m

erican evidence 

report), or, if no conclusion is available, earlier publications too. The 

FRP
P
LWWHH�GLG�QRW�¿QG�DQ\�P

HWD�DQDO\VHV�RU�V\VWHP
DWLF�UHYLHZ

V�RI�5
&
7V�

on the effect of physical activity on blood glucose levels. The effect on 

body w
eight and body m

ass index is reported in C
hapter 2.4.

2.2.1 
Systolic blood pressure 

The A
m

erican evidence report 3 concludes that both endurance and 

progressive resistance training
a yield im

portant reductions in systolic blood 

pressure in adult hum
ans, although the evidence for endurance training is 

m
ore convincing. Traditional endurance training program

m
es of 40 

P
LQXWHV�RI�P

RGHUDWH�WR�KLJK�LQWHQVLW\�H[HUFLVH�WUDLQLQJ���WR���WLP
HV�SHU�

Z
HHN�DQG�LQYROYLQJ�P

RUH�WKDQ�����0
(
7�P

LQXWHV�RI�HQGXUDQFH�WUDLQLQJ�SHU�

w
eek appear to have reproducible effects on blood pressure reduction. 

a A m
ethod of increasing the strength of a m

uscle by gradually increasing the resistance against w
hich the m

uscle 
w

orks, such as by using graduated w
eights.

6
LQFH����������P

HWD�DQDO\VHV�DQG�WZ
R�V\VWHP

DWLF�UHYLHZ
V�RI�WKH�HIIHFW�RI�

physical activity on systolic blood pressure in adults
���� have been 

SXEOLVKHG�DQG�RQH�P
HWD�DQDO\VLV�DQG�WKUHH�V\VWHP

DWLF�UHYLHZ
V�LQ�

children. ������7KH�¿QGLQJV�LQ�&
RUQHOLVVHQ�HW�DO�� 11 M

urtagh et al., 13 B
atacan 

et al., 17 R
am

os et al. 18 and Inder et al. 19 in adults, and C
esa et al., 21 

D
obbins et al., 24 K

elley et al. 22 and Janssen et al. 23 in children and 

adolescents are described below
 (Table 2). The com

m
ittee excluded 

UHIHUHQFHV�������DQG�����DV�WKHVH�P
HWD�DQDO\VHV�Z

HUH�XSGDWHG�E\�

C
ornelissen in 2013; 11 C

arlson et al. 20 as it sum
m

arised 10 R
C

Ts that w
ere 

also sum
m

arised by Inder et al. 19 in com
bination w

ith one other R
C

T; 

C
ornelissen et al. 9 as it focused on differences betw

een day and night 

tim
e blood pressure; H

uang et al. �� as it sum
m

arised R
C

Ts published up 

to 2001; K
elley and K

elley
14�DV�WKH\�VXP

P
DULVHG�P

HWD�DQDO\VHV�Z
KLFK�

had been published before 2008; and P
attyn et al. 12 as they studied 

patients w
ith m

etabolic syndrom
e and com

bined C
Ts and R

C
Ts. 

Tw
elve studies w

ere sum
m

arised by both C
ornelissen et al. and M

urtagh 

et al. 11,13 In the studies sum
m

arised by C
ornelissen et al. the control 

JURXSV�Z
HUH�GHVFULEHG�DV�VHGHQWDU\�DQG�E\�0

XUWDJK�HW�DO��DV�QR�H[HUFLVH��

7KH�P
HWD�DQDO\VHV�GLG�QRW�LQFOXGH�D�GHVFULSWLRQ�RI�Z

KHWKHU�WKH�

intervention also resulted in a change in total physical activity in the 

intervention and/or control group.
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E
ndurance training and systolic blood pressure in adults

Sum
m

ary of evidence for the effect of endurance training on systolic blood pressure

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���
11 and 16 R

C
Ts

13

H
eterogeneity

<HV��LQ�RQH�P
HWD�DQDO\VLV��H[SODLQHG�E\�GLIIHUHQFHV�LQ�EDVHOLQH�

blood pressure and training intensity
S

trength of the effect/association
�����������WR�������P

P
+
J�RYHUDOO�IRU�P

RGHUDWH�DQG�KLJK�LQWHQVLW\�
physical activity of at least 30 m

inutes per session
�����������WR�������P

P
+
J�LQ�QRUP

RWHQVLYHV
�����������WR�������P

P
+
J�LQ�SUHK\SHUWHQVLYHV

������������WR�����P
P
+
J�LQ�K\SHUWHQVLYHV

S
tudy population 

1
RUP

R��SUH��DQG�K\SHUWHQVLYH�DGXOWV

C
onclusion 1: M

oderate- to high-intensity endurance training (2 to 7 
tim

es per w
eek, 20 to 60 m

inutes per session, for 1 to 12 m
onths) 

versus no exercise, low
ers systolic blood pressure by about 3 m

m
H

g 
in adults, especially in people w

ith (pre-) hypertension.
Level of evidence: Strong.

&
RQFOXVLRQ����$

Q�HIIHFW�RI�OLJKW�LQWHQVLW\�HQGXUDQFH�DQG�ÀH[LELOLW\�
training on systolic blood pressure in healthy adults is unlikely.

E
xplanation

C
ornelissen et al. 11 sum

m
arised the effect of endurance training on blood 

pressure in adults (Table 2) and found that this type of exercise reduced 

blood pressure. There w
as m

oderate heterogeneity in the analysis of 

endurance training. There w
as no forest plot available for visual 

inspection. In sensitivity analyses C
ornelissen et al. 11 found the largest 

effects in persons w
ith hypertension in com

parison to prehypertensives 

DQG�QRUP
RWHQVLYHV��(

[HUFLVH�IUHTXHQF\�GLG�QRW�DIIHFW�EORRG�SUHVVXUH�

ORZ
HULQJ��Z

KHUHDV�VHVVLRQ�GXUDWLRQ�RI����WR����P
LQXWHV�WHQGHG�WR�VKRZ

�

ODUJHU�UHGXFWLRQV�LQ�EORRG�SUHVVXUH��QRW�VLJQL¿FDQW���7KH�DQDO\VLV�RI�WKH�

effect of session duration w
as lim

ited by the sm
all num

ber of subjects in 

the group w
ith a session duration of less than 30 m

inutes (N
=9). A w

eekly 

exercise tim
e of less than 210 m

inutes w
as associated w

ith a larger blood 

SUHVVXUH�ORZ
HULQJ��7KH�DXWKRUV�H[SODLQHG�WKLV�¿QGLQJ�E\�WKH�IDFW�WKDW�

program
m

es of m
ore than 120 m

inutes are usually perform
ed at low

er 

LQWHQVLW\��Z
KHUHDV�EORRG�SUHVVXUH�ORZ

HULQJ�Z
DV�RQO\�IRXQG�DW�P

RGHUDWH��

DQG�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ��EXW�QRW�DW�OLJKW�LQWHQVLW\�HQGXUDQFH�

training. 

M
urtagh et al. 13�IRFXVHG�VSHFL¿FDOO\�RQ�WKH�HIIHFW�RI�Z

DONLQJ�LQ�FRP
SDULVRQ�

to no exercise on blood pressure. The duration ranged from
 20 to 60 

m
inutes w

alking per session on tw
o to seven days per w

eek for 1 to 12 

P
RQWKV��P

RVW�VWXGLHV�LQFOXGHG�D�P
RGHUDWH�LQWHQVLW\�Z

DONLQJ�JURXS��

M
urtagh et al. 13 found a sim

ilar blood pressure low
ering as C

ornelissen  

et al., 11�Z
LWKRXW�VLJQL¿FDQW�KHWHURJHQHLW\��7KH\�IRXQG�QR�HIIHFW�RI�

intervention duration (m
onths) and did not look into the effect of session 

duration. 11,13 

,Q�WZ
R�RWKHU�V\VWHP

DWLF�UHYLHZ
V��WKH�HIIHFW�RI�OLJKW�LQWHQVLW\�SK\VLFDO�

DFWLYLW\�DQG�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�Z
HUH�VXP

P
DULVHG�QDUUDWLYHO\��

B
atacan et al. 17�V\VWHP

DWLFDOO\�UHYLHZ
HG�WKH�HIIHFW�RI�OLJKW�LQWHQVLW\�

HQGXUDQFH�DQG�ÀH[LELOLW\�WUDLQLQJ�RQ�EORRG�SUHVVXUH��7KUHH�RI�QLQH�VWXGLHV�
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UHSRUWHG�VLJQL¿FDQW�GHFUHDVHV�LQ�V\VWROLF�EORRG�SUHVVXUH��7KHVH�Z
HUH�

FRQ¿QHG�WR�SK\VLFDOO\�LQDFWLYH�SRSXODWLRQV�Z
LWK�D�P

HGLFDO�FRQGLWLRQ��7KH�

DXWKRUV�IRXQG�QR�HIIHFW�RI�OLJKW�LQWHQVLW\�HQGXUDQFH�DQG�ÀH[LELOLW\�WUDLQLQJ�

on systolic blood pressure in healthy adults, w
hich is in line w

ith the 

¿QGLQJV�E\�&
RUQHOLVVHQ�HW�DO� 11 described above. 

R
am

os et al. 18�V\VWHP
DWLFDOO\�UHYLHZ

HG�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�

WUDLQLQJ�RQ�EORRG�SUHVVXUH�LQ�FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�

training.
a The tw

o types of training w
ere isocaloric in six of the seven 

R
C

Ts. O
ut of seven R

C
Ts incorporating 182 participants,

b tw
o reported 

WKDW�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�GHFUHDVHG�V\VWROLF�EORRG�SUHVVXUH�LQ�

FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ��Z
KHUHDV�WKH�RWKHU�

¿YH�IRXQG�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�HIIHFW��$
V�IRXU�RI�WKH�VHYHQ�VWXGLHV�

Z
HUH�FDUULHG�RXW�E\�WKH�VDP

H�UHVHDUFK�JURXS��UHVXOWV�RI�WKLV�P
HWD�DQDO\VLV�

should be interpreted w
ith caution.

7KXV��WKH�¿QGLQJV�DERYH�DUH�LQ�FRQFRUGDQFH�Z
LWK�WKH�FRQFOXVLRQV�LQ�WKH�

A
m

erican evidence report, 3 w
hich states that traditional endurance training 

SURJUDP
P
HV�RI����P

LQXWHV�RI�P
RGHUDWH��WR�KLJK�LQWHQVLW\�H[HUFLVH�WUDLQLQJ�

��WR���WLP
HV�SHU�Z

HHN�DQG�LQYROYLQJ�P
RUH�WKDQ�����0

(
7�P

LQXWHV�RI�

endurance training per w
eek appear to have reproducible effects on blood 

SUHVVXUH�UHGXFWLRQ��7KH�P
HWD�DQDO\VHV�GHVFULEHG�DERYH�SURYLGH�HYLGHQFH�

WKDW�P
RGHUDWH�WR�KLJK�LQWHQVLW\�SK\VLFDO�DFWLYLW\�DW�D�Z

LGHU�UDQJH�RI�VHVVLRQ�

frequencies and durations low
ers systolic blood pressure.

a A
ny training w

ithout rest intervals. 
b P

ostm
enopausal w

om
en, patients w

ith cardiovascular diseases, obesity, hypertension, and m
etabolic syndrom

e.

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ��VXFK�DV�

brisk w
alking (2 to 7 tim

es per w
eek, 20 to 60 m

inutes per session, for 1 to 

12 m
onths) versus no exercise low

ers systolic blood pressure by about 3 

P
P
+
J�LQ�DGXOWV��HVSHFLDOO\�LQ�SHRSOH�Z

LWK��SUH���K\SHUWHQVLRQ��7KH�OHYHO�RI�

HYLGHQFH�IRU�WKLV�HIIHFW�LV�VWURQJ��$
Q�HIIHFW�RI�OLJKW�LQWHQVLW\�HQGXUDQFH�DQG�

ÀH[LELOLW\�WUDLQLQJ�RQ�V\VWROLF�EORRG�SUHVVXUH�LQ�KHDOWK\�DGXOWV�LV�XQOLNHO\�

D
ynam

ic resistance training and systolic blood pressure in adults

Sum
m

ary of evidence for the effect of dynam
ic resistance training on systolic blood 

pressure in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

11

H
eterogeneity

N
o

S
trength of the effect/association

�����������WR��������P
P
+
J

S
tudy population 

1
RUP

R��SUH��DQG�K\SHUWHQVLYH�DGXOWV

C
onclusion 3: D

ynam
ic resistance training versus no training low

ers 
systolic blood pressure in adults. 
Level of evidence: W

eak.

E
xplanation

C
ornelissen et al. 11 sum

m
arised the effect of dynam

ic resistance training
c 

on blood pressure in adults (Table 2). They found that dynam
ic resistance 

training reduced blood pressure. H
ow

ever, the upper lim
it of the 

c Involves concentric and/or eccentric contractions of m
uscles w

hile both the length and the tension of the m
uscles 

change.
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FRQ¿GHQFH�LQWHUYDO�IRU�WKH�HIIHFW�HVWLP
DWH�RI�G\QDP

LF�UHVLVWDQFH�WUDLQLQJ�

w
as close to zero, despite the large num

ber of studies. There w
as little 

KHWHURJHQHLW\��7KH�¿QGLQJV�DUH�LQ�FRQFRUGDQFH�Z
LWK�WKH�FRQFOXVLRQ�LQ�WKH�

A
m

erican evidence report 3 w
hich describes progressive resistance 

training yielding im
portant reductions in systolic blood pressure in adult 

hum
ans, although the evidence for endurance training is m

ore convincing.

In conclusion, dynam
ic resistance training versus no training low

ers 

V\VWROLF�EORRG�SUHVVXUH�LQ�DGXOWV��$
V�WKH�XSSHU�OLP

LW�RI�WKH�FRQ¿GHQFH�

interval is close to zero despite the large num
ber of studies, the level of 

evidence is w
eak. 

Isom
etric resistance training and systolic blood pressure in adults

Sum
m

ary of evidence for the effect of isom
etric resistance training on systolic blood 

pressure in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

19

H
eterogeneity

Yes in size of effect, partly explained
S

trength of the effect/association
�����������WR�������P

P
+
J

S
tudy population 

1
RUP

R��SUH��DQG�K\SHUWHQVLYH�DGXOWV

C
onclusion 4: Isom

etric resistance training (10-40%
 m

axim
um

 
voluntary contraction 3 to 5 days per w

eek, 4 x 2 m
inutes isom

etric 
contractions per session, for 1 to 2.5 m

onths) versus no training 

low
ers systolic blood pressure in adults.

Level of evidence: Strong.

E
xplanation

Inder et al. 19 a sum
m

arised the effect of isom
etric resistance training

b on 

blood pressure in adults (Table 2) and found that isom
etric resistance 

WUDLQLQJ�UHGXFHG�EORRG�SUHVVXUH�E\���P
P
+
J��7KHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity in the size of the effect. S
ubgroup analyses partly explained 

the heterogeneity: they show
ed that the effect w

as larger w
hen training 

program
m

es lasted m
ore than 8 w

eeks, w
ere unilateral instead of 

bilateral, and w
ere perform

ed w
ith arm

s instead of low
er lim

bs. 

,Q�FRQFOXVLRQ��LVRP
HWULF�UHVLVWDQFH�WUDLQLQJ��������

�P
D[LP

XP
�YROXQWDU\�

FRQWUDFWLRQ���WR���GD\V�SHU�Z
HHN����[���P

LQXWHV�LVRP
HWULF�FRQWUDFWLRQV�SHU�

VHVVLRQ��IRU���WR�����P
RQWKV��YHUVXV�QR�WUDLQLQJ�ORZ

HUV�V\VWROLF�EORRG�

pressure in adults. In view
 of the heterogeneity in the size of the effect, the 

FRP
P
LWWHH�GLG�QRW�TXDQWLI\�LW��,Q�YLHZ

�RI�WKH�FRQVLVWHQW�¿QGLQJV�RQ�WKH�

direction of the effect, the level of evidence is strong. 

a $
V�WKH�IRXU�5

&
7V�RQ�LVRP

HWULF�UHVLVWDQFH�WUDLQLQJ�LQ�WKH�P
HWD�DQDO\VLV�E\�&

RUQHOLVVHQ�HW�DO� 11 w
ere also described 

LQ�WKH�P
HWD�DQDO\VLV�E\�,QGHU�HW�DO�� 19 the com

m
ittee has based its conclusions on the latter.

b Involves sustained contraction against an im
m

ovable load or resistance w
ith no or m

inim
al change in length of 

the involved m
uscle group.
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C
om

bination of endurance and dynam
ic resistance training and systolic 

blood pressure in adults

Sum
m

ary of evidence for the effect of the com
bination of endurance and dynam

ic 
resistance training on systolic blood pressure in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

11

H
eterogeneity

N
o

S
trength of the effect/association

�����������WR��������P
P
+
J

S
tudy population 

1
RUP

R��SUH��DQG�K\SHUWHQVLYH�DGXOWV

C
onclusion 5: There is too little research to draw

 a conclusion on the 
effect of the com

bination of endurance and dynam
ic resistance 

training versus no training on systolic blood pressure in adults.

E
xplanation

C
ornelissen et al. 11 also sum

m
arised the effect of the com

bination of 

endurance and dynam
ic resistance training on blood pressure in adults 

�7DEOH�����7KH\�IRXQG�QR�VLJQL¿FDQW�HIIHFW��+
RZ

HYHU��WKH�QXP
EHU�RI�VWXGLHV�

w
as relatively sm

all (N
=4). 

In conclusion, there is too little research to draw
 a conclusion on the effect 

of the com
bination of endurance and dynam

ic resistance training versus 

no training on systolic blood pressure.

P
hysical activity and systolic blood pressure in children and adolescents

Sum
m

ary of evidence for the effect of physical activity on systolic blood pressure in 
children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��� 21 6
26 and 12

22 R
C

Ts
H

eterogeneity
<HV��LQ�ERWK�WKH�GLUHFWLRQ�DQG�VL]H�RI�WKH�HIIHFW��LQ�RQH�P

HWD�
analysis unexplained

S
trength of the effect/association

9DULHV�IURP
������������WR��������P

P
+
J�WR������������WR�������P

P
+
J

S
tudy population 

1
RUP

RWHQVLYH�FKLOGUHQ�DQG�DGROHVFHQWV��������\HDUV�

C
onclusion 6: A

n effect of m
oderate- to high-intensity physical 

activity (2 to 5 tim
es per w

eek, 45 to 245 m
ins per session for 2 

m
onths to 4 years) on systolic blood pressure in school children and 

adolescents is unlikely.

E
xplanation

7KHUH�DUH�WKUHH�P
HWD�DQDO\VHV

21,22,26 and tw
o system

atic review
s

23,24 into 

the effect of physical activity on systolic blood pressure in school children. 

$
V�'

REELQV�HW�DO��IRFXVHG�RQ�WKH�HIIHFW�RI�VFKRRO�EDVHG�SXEOLF�KHDOWK�

interventions, and not exclusively on physical activity, it has not been 

included in this review
. 24

C
esa et al. 21�VKRZ

HG�WKDW�ORQJ�WHUP
��DW�OHDVW���P

RQWKV��SK\VLFDO�DFWLYLW\�RI�

DW�OHDVW�����P
LQXWHV�SHU�Z

HHN�LP
SURYHG�EORRG�SUHVVXUH�LQ������\HDU�ROG�

children in com
parison to less intensive or no physical activity (Table 2). 

The num
ber of studies w

as lim
ited (N

=3) and the interventions consisted 

of additional classroom
 sessions, additional physical education lessons or 
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DGGLWLRQDO�VSRUW�H[HUFLVH��7KH�XSSHU�OHYHO�RI�WKH�FRQ¿GHQFH�LQWHUYDO�Z
DV�

close to zero. There w
as no indication of heterogeneity, w

hich could partly 

be explained by the sm
all num

ber of studies (N
=3). 

*
XHUUD�HW�DO� 26�VXP

P
DULVHG�WZ

R�RI�WKH�WKUHH�5
&
7V�LQ�WKH�P

HWD�DQDO\VLV�E\�

C
esa et al. 21�LQ�FRP

ELQDWLRQ�Z
LWK�IRXU�RWKHU�5

&
7V�RQ�VFKRRO�EDVHG�

interventions. The interventions ranged from
 circuits, dance and gam

es to 

recreational athletics and endurance training. In one of the four R
C

Ts the 

difference in the w
eekly am

ount of physical activity betw
een intervention 

and control group w
as 120 m

inutes, w
hereas the other three did not 

SURYLGH�LQIRUP
DWLRQ�RQ�WKH�GLIIHUHQFH��*

XHUUD�HW�DO��IRXQG�QR�LQGLFDWLRQV�RI�

DQ�HIIHFW�RI�VFKRRO�EDVHG�H[HUFLVH�SURJUDP
P
HV�RQ�V\VWROLF�EORRG�SUHVVXUH�

������P
P
+
J�������WR������P

P
+
J���7KHUH�Z

DV�FRQVLGHUDEOH�KHWHURJHQHLW\��

w
hich w

as not explained by study quality. The authors did not provide a 

forest plot and ascribed the heterogeneity to large variations in the nature 

DQG�REMHFWLYH�RI�VWXG\�SURWRFROV��DJH�UDQJHV�DQG�IROORZ
�XS�WLP

HV�EHWZ
HHQ�

studies. A
lthough R

C
Ts w

ith nutritional interventions w
ere excluded, three 

R
C

Ts com
bined the intervention w

ith health education and in one R
C

T 

IDP
LO\�VXSSRUW�Z

DV�LQFOXGHG��)URP
�WKH�WH[W��LW�LV�XQFOHDU�Z

KHWKHU�WKH�

FRQWURO�JURXS�DOVR�UHFHLYHG�WKHVH�FR�LQWHUYHQWLRQV��,I�QRW��D�ODUJHU�HIIHFW�LV�

to be expected. 26

K
elley et al. 22 sum

m
arised the effect of exercise in 12 R

C
Ts in children 

and adolescents under 21 years. The interventions ranged from
 organised 

JDP
HV��J\P

QDVWLFV�DQG�RWKHU�H[HUFLVHV�WR�¿WQHVV��HQGXUDQFH�DQG�RU�

UHVLVWDQFH�WUDLQLQJ��7KH\�IRXQG�WKDW�VKRUW�WHUP
�WUDLQLQJ����WR���P

RQWKV��GLG�

QRW�KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�EORRG�SUHVVXUH���������WR���P
P
+
J��

com
pared to the control. The control treatm

ent consisted of standard 

SK\VLFDO�HGXFDWLRQ��QR�LQWHUYHQWLRQ��RU�Z
DV�QRW�VSHFL¿HG��7KH�DXWKRUV�GLG�

not provide a heterogeneity estim
ate. Visual inspection of the forest plot 

indicated that there w
as both heterogeneity in the size and the direction of 

the effect estim
ate. H

ow
ever, subgroup analyses only found an effect on 

body m
ass index. There w

as no difference in the effect of endurance 

versus resistance training. 

Janssen et al. 23 narratively sum
m

arised nine clinical trials in children and 

DGROHVFHQWV�EHWZ
HHQ������\HDUV��+

RZ
HYHU��RQO\�IRXU�RI�WKH�WULDOV�Z

HUH�

UDQGRP
LVHG��DQG�WZ

R�RI�WKH�5
&
7V�FRP

SULVHG�¿YH�RU�VL[�SDUWLFLSDQWV�

UHVSHFWLYHO\��(
DFK�RI�WKH�IRXU�5

&
7V�IRXQG�D�QRQ�VLJQL¿FDQW�EORRG�SUHVVXUH�

low
ering effect of exercise (endurance or resistance). 

In conclusion, C
esa et al. 21�IRXQG�D�VP

DOO�EORRG�SUHVVXUH�ORZ
HULQJ�HIIHFW�RI�

DW�OHDVW�����P
LQXWHV�RI�SK\VLFDO�DFWLYLW\�SHU�Z

HHN�EDVHG�RQ���5
&
7V��Z

KLFK�

Z
DV�QRW�FRQ¿UP

HG�E\�*
XHUUD�HW�DO� 26 or K

elley et al., 22 w
ho sum

m
arised 

ODUJHU�QXP
EHUV�RI�5

&
7V��,Q�WKH�P

HWD�DQDO\VHV�E\�*
XHUUD�HW�DO� 26 and 

K
elley et al. 22 there w

as considerable heterogeneity, w
hich w

as not or only 

partially explained. A
s all effect estim

ates w
ere close to zero, the 

FRP
P
LWWHH�FRQFOXGHV�WKDW�DQ�HIIHFW�RI�P

RGHUDWH��WR�KLJK�LQWHQVLW\�SK\VLFDO�

DFWLYLW\��WZ
R�WR�¿YH�WLP

HV�SHU�Z
HHN�DQG����WR�����P

LQV�SHU�VHVVLRQ�IRU���

m
onths to four years) on systolic blood pressure in school children and 

adolescents is unlikely. 
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Table 2. R
C

Ts into the effect of physical activity, endurance training, and resistance training on blood pressure

N
um

ber of studies and 
num

ber of participants
Study duration 
(m

onths)
Intervention (intensity, frequency,  
duration)

C
ontrol

C
hange in blood pressure (m

m
H

g) 
com

pared to control (95%
-C

.I. a)
H

eterogeneity 
(I 2 %

)
M

eta-analysis
C

ornelissen 2013
11

��
b; 3,839 adults

29
b in norm

otensives
��

b in prehypertensives
26

b in hypertensives
13

b; 391

4
b; 172 adults

����

������

���

'
\QDP

LF�HQGXUDQFH�DW�������
�9
2

2 m
ax 

RQ�����GD\V�Z
N�������¶��VHVVLRQ

'
\QDP

LF�UHVLVWDQFH��������
�RI���5

0
c, 

����WLP
HV�Z

N
C

om
bination of dynam

ic endurance and 
dynam

ic resistance

S
edentary

S
edentary

S
edentary

�����������WR������

�����������WR������
�����������WR������
������������WR����
�����������WR�������

�����������WR�������

48424

0
XUWDJK�����

13
16; 816 adults

�����
W

alking, predom
inantly at m

oderate 
LQWHQVLW\������GD\V�Z

N�������¶�VHVVLRQ
N

o exercise sedentary
�����������WR������

39

Inder 2016
19

11; 278 adults
�����

,VRP
HWULF�UHVLVWDQFH�������

�P
D[LP

XP
�

YROXQWDU\�FRQWUDFWLRQ������GD\V�Z
N����[��¶�

isom
etric contractions/ session

N
o exercise; sedentary

�����������WR������
71

K
elley 2003

22
12; 1,266 children and 
adolescents < 21 years

����
P

hysical activity
S

tandard physical 
education, no intervention, 
or control

�������WR���
n.r. d

*
XHUUD�����

26
���������FKLOGUHQ�DQG�
DGROHVFHQWV������\HDUV

���
e���

(
QGXUDQFH�DQG�RU�UHVLVWDQFH�WUDLQLQJ�

P
RGHUDWH�LQWHQVLW\������WLP

HV�Z
N��

������¶�VHVVLRQ

S
edentary behaviour

�����������WR������
70

C
esa 2014

21 
���������FKLOGUHQ������
years

������
3
K\VLFDO�DFWLYLW\�RI�DW�OHDVW����¶�Z

N�
P
RGHUDWH��WR�KLJK�LQWHQVLW\

Less intensive or standard 
physical education classes

�����������WR�������
0

a &
RQ¿GHQFH�LQWHUYDO�

b N
um

ber of study groups.
c ��UHSHWLWLRQ�P

D[LP
XP

��7KH�P
D[LP

XP
�DP

RXQW�RI�IRUFH�WKDW�FDQ�EH�JHQHUDWHG�LQ�RQH�P
D[LP

XP
�FRQWUDFWLRQ�

d N
ot reported.

e '
DWD�RI���P

RQWK�IROORZ
�XS�VWXG\�
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2.2.2 
LD

L cholesterol
The A

m
erican evidence report concludes that som

e inconsistent evidence 

VXJJHVWV�WKDW�/'
/�FKROHVWHURO�OHYHOV�P

D\�UHVSRQG�IDYRXUDEO\�WR�H[HUFLVH�

training under som
e conditions, i.e. w

hen it is at a volum
e threshold of 600 

WR�����0
(
7�P

LQ�SHU�Z
HHN� 3,27 

E
ndurance training and LD

L-cholesterol levels in adults

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�HQGXUDQFH�WUDLQLQJ�RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�

adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��� 28 14
13 and 21

29�5
&
7V�RU����FRP

SDULVRQV
30

H
eterogeneity

N
o 

S
trength of the effect/association

5
DQJHG�IURP

��������������WR��������WR��������������WR��������
m

m
ol/l

S
tudy population 

$
GXOWV������VHGHQWDU\�EXW�RWKHUZ

LVH�KHDOWK\�DGXOWV

C
onclusion 1: A

n effect of m
oderate-intensity endurance training (2 

to 5 tim
es per w

eek, 15 to 90 m
inutes per session, for at least 2 

m
onths) versus control, on LD

L-cholesterol levels in healthy adults 
is unlikely.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�¿YH�P

HWD�DQDO\VHV
��������

a on the effect of endurance 

WUDLQLQJ�RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�DGXOWV��7DEOH�����7KH�P

HWD�DQDO\VLV�E\�

a 7KH�P
HWD�DQDO\VLV�E\�.

XKOH�HW�DO� 32 of four R
C

Ts in older adults has not been included as three R
C

Ts com
bined 

endurance training w
ith resistance training.

Tran et al. 31 w
as excluded because it also com

prised studies w
ith a 

�QRQ�UDQGRP
LVHG��EHIRUH�DQG�DIWHU�GHVLJQ��/LQ�HW�DO� 30 had 1 R

C
T w

hich 

overlapped w
ith H

espanhol et al., 28 6 w
ith Kelley et al., 29 and 8 w

ith M
urtagh 

et al. 13 The overlap betw
een Kelley et al. 29 and M

urtagh et al. 13 w
as 2 R

C
Ts, 

w
hereas the tw

o did not show
 any overlap w

ith H
espanhol et al. 28

Lin et al. sum
m

arised the effect of predom
inantly endurance training on 

/'
/�FKROHVWHURO�OHYHOV�LQ�DGXOWV��7KH\�IRXQG�QR�VLJQL¿FDQW�HIIHFW��������

P
P
RO�O���WKH�XSSHU�OHYHO�RI�WKH�FRQ¿GHQFH�LQWHUYDO�Z

DV�������P
P
RO�O��

There w
as no inform

ation on heterogeneity or a forest plot. In subgroup 

analyses, there w
as no effect of exercise intensity (m

oderate vs. 

vigorous), age, sex, lifestyle, obesity or intervention duration on the 

RXWFRP
H��+

RZ
HYHU��HQGXUDQFH�WUDLQLQJ�UHGXFHG�/'

/�FKROHVWHURO�E\�������

�������WR��������P
P
RO�O�LQ�SDWLHQWV�Z

LWK�W\SH���GLDEHWHV��K\SHUWHQVLRQ��

hyperlipidem
ia, and/or m

etabolic syndrom
e in com

parison to the control 

JURXS��Z
KHUHDV�WKHUH�Z

DV�QR�VLJQL¿FDQW�FKDQJH�LQ�KHDOWK\�VXEMHFWV���������

������WR�������P
P
RO�O�� 30

K
elley et al. 29 sum

m
arised the effect of endurance training in adults aged 

���\HDUV�DQG�ROGHU��,Q�WKH�RYHUDOO�DQDO\VLV�WKH\�IRXQG�WKDW�H[HUFLVH�DW�D�

predom
inantly m

oderate intensity low
ered LD

L cholesterol by 0.10 m
m

ol/l 

LQ�DGXOWV�DJHG����DQG�RYHU��+
RZ

HYHU��DIWHU�DGMXVWP
HQW�IRU�SXEOLFDWLRQ�ELDV��

WKH�HIIHFW�Z
DV�VP

DOOHU�DQG�QR�ORQJHU�VLJQL¿FDQW��7KH�VWXG\�TXDOLW\�UDQJHG�

IURP
���WR����P

HGLDQ����RQ�D�¿YH�SRLQW�VFDOH��Z
LWK�KLJKHU�QXP

EHUV�

representing greater study quality. The authors did not provide inform
ation 

on heterogeneity. 
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0
HWD�DQDO\VHV�RQ�WKH�HIIHFWV�RI�Z

DONLQJ
13 and/or running

28 at m
oderate 

LQWHQVLW\�LQ�VHGHQWDU\�EXW�RWKHUZ
LVH�KHDOWK\�DGXOWV�FRQ¿UP

HG�WKH�¿QGLQJV�

of K
elley et al. 29 M

urtagh et al. 13 em
phasized that m

ost R
C

Ts did not 

SURYLGH�VXI¿FLHQW�LQIRUP
DWLRQ�WR�P

DNH�¿UP
�MXGJHP

HQWV�DERXW�ELDV�

In a narrative review
 B

atacan et al. 17 system
atically described the effect of 

OLJKW�LQWHQVLW\�HQGXUDQFH�DQG�ÀH[LELOLW\�WUDLQLQJ�RQ�/'
/�FKROHVWHURO��1

RQH�

of the six studies found an effect on LD
L cholesterol. H

ow
ever, B

atacan et 

al. did not provide any num
bers or a quantitative estim

ate, w
hich ham

pers 

WKH�LQWHUSUHWDWLRQ�RI�WKLV�¿QGLQJ� 17 

7KH�¿YH�P
HWD�DQDO\VHV�GLG�QRW�LQFOXGH�DQ�DFFRXQW�RI�Z

KHWKHU�WKH�

intervention also resulted in a change in total physical activity in the 

intervention and/or control group. 

5
HFHQW�HYLGHQFH�GRHV�QRW�FRQ¿UP

�D�SRWHQWLDO�EHQH¿W�RI�SK\VLFDO�DFWLYLW\�

RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�KHDOWK\�DGXOWV�DV�GHVFULEHG�LQ�WKH�$

P
HULFDQ�

HYLGHQFH�UHSRUW��DOWKRXJK�WKHUH�P
LJKW�EH�D�EHQH¿FLDO�HIIHFW�LQ�VSHFL¿F�

patient groups. 3

,Q�FRQFOXVLRQ��DQ�HIIHFW�RI�P
RGHUDWH�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���

WLP
HV�SHU�Z

HHN�����WR����P
LQXWHV�SHU�VHVVLRQ��IRU�DW�OHDVW���P

RQWKV��YV��D�

no exercise control group on LD
L cholesterol in healthy adults is unlikely.

P
rogressive resistance training and LD

L-cholesterol levels in adults

Sum
m

ary of evidence for the effect of progressive resistance training on 
/'

/�FKROHVWHURO�OHYHOV�LQ�DGXOWV

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

33

H
eterogeneity

Yes, in both the direction and size of the effect, unexplained
S

trength of the effect/association
�������������WR��������P

P
RO�O

S
tudy population 

1
RUP

R��DQG�K\SHUOLSLGHP
LF�DGXOWV��REHVH��GLDEHWLFV��KLVWRU\�RI�&

9
'

C
onclusion 2: The evidence for an effect of progressive resistance 

training versus control, on LD
L-cholesterol levels in adults is  

am
biguous.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�RQH�P

HWD�DQDO\VLV�LQWR�WKH�HIIHFWV�RI�SURJUHVVLYH�

resistance training on LD
L cholesterol (Table 3). 33 K

elley et al. found that 

SURJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�ORZ
HUHG�/'

/�FKROHVWHURO�E\������P
P
RO�O��

'
HFUHDVHV�Z

HUH�ODUJHU�LQ�VWXGLHV�FRQGXFWHG�LQ�WKH�8
6
��Z

LWK�KLJKHU�

intensity training program
m

es and greater com
pliance. H

ow
ever, 

KHWHURJHQHLW\�Z
DV�FRQVLGHUDEOH�����

��DQG�SHUWDLQHG�ERWK�WR�WKH�GLUHFWLRQ�

and the size of the effect estim
ate. A

dditional sensitivity analyses did not 

explain the heterogeneity, according to the authors. 

In conclusion, evidence for the effect of progressive resistance training 

YHUVXV�FRQWURO�RQ�/'
/�FKROHVWHURO�OHYHOV�LV�DP

ELJXRXV��LQ�YLHZ
�RI�

considerable heterogeneity in the direction and size of the effect estim
ate. 
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P
hysical activity and LD

L-cholesterol levels in children and adolescents

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�

children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

34 and a system
atic review

 of 6 R
C

Ts
23

H
eterogeneity

Yes, in both the direction and size of the effect, unexplained
S

trength of the effect/association
�������������WR��������P

P
RO�O

S
tudy population 

&
KLOGUHQ�DJHG������\HDUV

C
onclusion 3: A

n effect of physical activity on LD
L-cholesterol levels 

in children and adolescents is unlikely.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�D�P

HWD�DQDO\VLV
34 and a system

atic review
23 on the 

HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�FKLOGUHQ��.

HOOH\�DQG�

K
elley

34�GLG�QRW�¿QG�DQ\�LQGLFDWLRQV�RI�DQ�HIIHFW�RI�HQGXUDQFH�WUDLQLQJ�RQ�

OHYHOV�RI�/'
/�FKROHVWHURO�LQ�FKLOGUHQ�DJHG���WR����\HDUV��7DEOH�����9LVXDO�

inspection of the forest plot suggested heterogeneity in both the size and 

WKH�GLUHFWLRQ�RI�WKH�HIIHFW��7KH�DXWKRUV�LQGLFDWHG�WKDW�FRP
SOLDQFH��GH¿QHG�

as the percentage of exercise sessions attended, ranged from
 80 to 

����
�

Janssen and LeB
lanc

23 narratively review
ed the effect of endurance 

Table 3.�5
&
7V�LQWR�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\��HQGXUDQFH�WUDLQLQJ��DQG�UHVLVWDQFH�WUDLQLQJ�RQ�/'

/�FKROHVWHURO�OHYHOV

N
um

ber of studies and num
ber of 

participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange in LD

L cholesterol (m
m

ol/l) 
com

pared to control (95%
-C

.I. a)
H

etero-
geneity (I 2 %

)
M

eta-analysis
.
HOOH\�����

29
��������DGXOWV����

����
(
QGXUDQFH�WUDLQLQJ�DW�������

�0
+
5

b�RU�������
�

V
O

2 P
D[�RU�������

�0
+
5
5

c������G�Z
N�������¶�SHU�

session

C
ontrol

�������������WR������� d
n.r. e

K
elley 2009

33
23; adults (num

ber n.r.)
����

3
URJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�������

�RI���5
0

f, 
����G�Z

N�������¶�VHVVLRQ�
C

ontrol
�������������WR�������

��

H
espanhol Junior 

����
28

��������DGXOWV
���DYHUDJH�

5
XQQLQJ�������

�0
+
5
������G�Z

N������K�Z
N��DYHUDJH�

P
hysically inactive

0
HQ���������������WR�������

:
RP

HQ���������������WR�������
00

/LQ�����
30

����������DGXOWV�
n.r.

M
ostly endurance exercise

C
ontrol

�������������WR�������
n.r.

0
XUWDJK�����

13
14; 664 adults

�����
:
DONLQJ��������

�0
+
5

b������G�Z
N�������¶�VHVVLRQ�

N
o exercise control

�������������WR�������
0

K
elley 2007

34
����FKLOGUHQ������\HDUV��QXP

EHU�Q�U���
���

(
QGXUDQFH�WUDLQLQJ

C
ontrol

�������������WR�������
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b M
axim

al heart rate.
c H

eart rate reserve.
d A

fter adjustm
ent for bias.

e N
ot reported.

f 
��UHSHWLWLRQ�P

D[LP
XP

�
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training (4 R
C

Ts), resistance training (1 R
C

T) and a com
bination (1 R

C
T) 

RQ�/'
/�FKROHVWHURO�LQ�FKLOGUHQ�DJHG������\HDUV��)RU�WKH�P

RVW�SDUW��WKHVH�

studies w
ere lim

ited to children w
ith high cholesterol or obesity. The effect

RQ�/'
/�FKROHVWHURO�YDULHG�IURP

�������WR�������P
P
RO�O�DFURVV�5

&
7V��7KH�

authors em
phasized that som

e of the studies w
ere likely to be 

underpow
ered.

The tw
o publications did not provide inform

ation on w
hether the 

intervention resulted in changes in total physical activity in the intervention 

and/or control group.

,Q�FRQFOXVLRQ��DQ�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�/'
/�FKROHVWHURO�OHYHOV�LQ�

children is unlikely.

2.2.3 
Insulin sensitivity

The A
m

erican evidence report 3 states that R
C

Ts show
 that physical 

activity im
proves insulin sensitivity in obese youth. In addition, acute bouts 

of physical activity im
prove insulin sensitivity and increase glucose uptake 

by skeletal m
uscle for up to 12 hours, and chronic exercise training results 

in prolonged im
provem

ents in insulin sensitivity. A
lthough body 

FRP
SRVLWLRQ�KDV�EHHQ�VWURQJO\�DVVRFLDWHG�Z

LWK�LQVXOLQ�VHQVLWLYLW\��H[HUFLVH�

induced changes in insulin sensitivity can occur from
 physical activity, 

independent of changes in w
eight or body com

position.

7KH�FRP
P
LWWHH�IRXQG�WKUHH�P

HWD�DQDO\VHV
�������� and tw

o system
atic review

s
17,18 

on the effect of physical activity on insulin sensitivity
a�LQ�DGXOWV�DQG�RQH�P

HWD�

analysis
37 and tw

o system
atic review

s in children (Table 4). 23,38

Lin et al. 30 sum
m

arised the effect of physical activity on hom
eostatic m

odel 

assessm
ent (H

O
M

A
) insulin sensitivity. The physical activity ranged from

 

endurance training to resistance training or a com
bination of both, but w

as 

endurance training in m
ost studies.

M
ann et al. 36 sum

m
arised the effect of endurance training (16 R

C
Ts), 

resistance training (10 R
C

Ts) and both com
bined (8 R

C
Ts) on insulin 

sensitivity in healthy individuals and type 2 diabetics. In the R
C

Ts insulin 

sensitivity w
as m

easured as fasting blood or plasm
a glucose, glycated 

KHP
RJORELQ��+

E$
�F���KRP

HRVWDWLF�P
RGHO�DVVHVVP

HQW��+
2
0
$
���LQVXOLQ�

P
HGLDWHG�JOXFRVH�GLVSRVDO��RUDO�JOXFRVH�WROHUDQFH�WHVW��RU���KRXU�JOXFRVH�

ORDG�WHVW��%
HFDXVH�RI�WKH�GLIIHUHQW�RXWFRP

H�P
HDVXUHV��WKH�DXWKRUV�¿UVW�

calculated C
ohen’s d for each study and then sum

m
arised the effect 

HVWLP
DWHV��7KH�RYHUODS�EHWZ

HHQ�WKH�WZ
R�P

HWD�DQDO\VHV�LV�WZ
R�5

&
7V�

Jelleym
an et al. ���FRP

SDUHG�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�

Z
LWK�D�FRQWURO�JURXS�DQG�Z

LWK�P
RGHUDWH�LQWHQVLW\�FRQWLQXRXV�H[HUFLVH�LQ�

healthy adults.

7KH�P
HWD�DQDO\VHV�GLG�QRW�LQFOXGH�D�GHVFULSWLRQ�RI�Z

KHWKHU�WKH�

intervention also resulted in a change in total physical activity in the 

intervention and/or control group.

a The term
 insulin sensitivity also covers insulin resistance.
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E
ndurance training and insulin sensitivity in adults

Sum
m

ary of evidence for the effect of endurance training on insulin sensitivity in 
adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI����5
&
7V

36 and of 14 com
parisons

30

H
eterogeneity

Yes, in the size of the effect, unexplained.
S

trength of the effect/association
&
RKHQ¶V�G��������������WR��������DQG�������������WR��������

�EHQH¿FLDO�
S

tudy population 
H

ealthy and type 2 diabetics

C
onclusion 1: M

oderate and high-intensity endurance training (3 to 6 
tim

es per w
eek, 24 to 90 m

inutes per session or high-intensity 
interval training for 0.5 to 6 m

onths) versus control im
proves insulin 

sensitivity.
Level of evidence: Strong.

E
xplanation

,Q�WKH�P
HWD�DQDO\VLV�RI�/LQ�HW�DO� 30 interventions ranged from

 endurance 

training to resistance training or a com
bination of both, w

ith endurance 

training occurring the m
ost frequently (Table 4). The authors found that 

WKLV�LP
SURYHG�LQVXOLQ�VHQVLWLYLW\�VLJQL¿FDQWO\��7KHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity, but no forest plot w
as provided. In subgroup analyses, the 

DXWKRUV�IRXQG�D�VRP
HZ

KDW�VWURQJHU�LP
SURYHP

HQW�IRU�YLJRURXV�LQWHQVLW\�

H[HUFLVH���������������WR�������WKDQ�P
RGHUDWH�LQWHQVLW\�H[HUFLVH���������

������WR���������EXW�WKLV�Z
DV�QRW�VLJQL¿FDQW��

M
ann et al. 36 concluded that endurance training im

proved insulin 

sensitivity at a variety of exercise intensities. Visual inspection of the 

scatter plot suggests heterogeneity in the size of the effect, as all effect 

estim
ates w

ere larger than zero. The heterogeneity w
as not exam

ined 

further, but is possibly related to the w
ide range of exercise program

m
es 

and outcom
e m

easures. The authors stated that studies in healthy and/or 

VHGHQWDU\�LQGLYLGXDOV�VKRZ
HG�VLJQL¿FDQW�LP

SURYHP
HQWV�LQ�LQVXOLQ�

VHQVLWLYLW\�E\�LQWHUYDO�WUDLQLQJ��KLJK�LQWHQVLW\�H[HUFLVH�VHSDUDWHG�E\�UHVW�

intervals) as w
ell as continuous endurance training. 

$�V\VWHP
DWLF�UHYLHZ

�FRP
SDULQJ�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�Z

LWK�

P
RGHUDWH�LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ�LQ�REHVH�LQGLYLGXDOV�DQG�SDWLHQWV�

w
ith type 2 diabetes or m

etabolic syndrom
e show

ed no consistent effects: 

one R
C

T found no change in insulin sensitivity on either training protocol, 

one R
C

T found a sim
ilar decrease betw

een protocols and one a decrease 

RI�JUHDWHU�P
DJQLWXGH�RQ�WKH�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�SURWRFRO� 18 

$
QRWKHU�V\VWHP

DWLF�UHYLHZ
�FRQFOXGHG�WKDW�OLJKW�LQWHQVLW\�DFWLYLW\�KDG�QR�

effect on glucose in healthy adults w
ho w

ere either physically active or 

LQDFWLYH��2
QH�RI����VWXGLHV�UHSRUWHG�D�VLJQL¿FDQW�GHFUHDVH�LQ�JOXFRVH��

H
ow

ever, the fact that the effects w
ere not sum

m
arised quantitatively, 

OLP
LWV�WKH�LQWHUSUHWDWLRQ�RI�WKLV�¿QGLQJ� 17 

7KH�¿QGLQJV�DUH�LQ�OLQH�Z
LWK�WKH�FRQFOXVLRQ�LQ�WKH�$

P
HULFDQ�HYLGHQFH�

report described above. 3

,Q�FRQFOXVLRQ��P
RGHUDWH��DQG�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���

WLP
HV�SHU�Z

HHN�����WR����P
LQXWHV�SHU�VHVVLRQ�RU�KLJK�LQWHQVLW\�LQWHUYDO�

WUDLQLQJ�IRU�����WR���P
RQWKV��YHUVXV�FRQWURO�LP

SURYHV�LQVXOLQ�VHQVLWLYLW\��
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B
ecause of the unexplained heterogeneity in the size of the effect, the 

HIIHFW�FDQQRW�EH�TXDQWL¿HG��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�LQ�WKH�

direction of the effect, the level of evidence is strong.

R
esistance training and insulin sensitivity in adults

Sum
m

ary of evidence for the effect of resistance training on insulin sensitivity in 
adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

36

H
eterogeneity

Yes, in the size of the effect, unexplained.
S

trength of the effect/association
&
RKHQ¶V�G���������������WR���������EHQH¿FLDO�

S
tudy population 

H
ealthy and type 2 diabetics

C
onclusion 2: R

esistance training (50%
 of 1-R

M
 or m

ore, 2 to 3 tim
es 

per w
eek for 2 to 6 m

onths) versus control im
proves insulin 

sensitivity.
Level of evidence: Strong.

E
xplanation

M
ann et al. 36�IRXQG�WKDW�UHVLVWDQFH�WUDLQLQJ�DW��RU�DERYH�����

�RI�

��UHSHWLWLRQ�P
D[LP

XP
a im

proved insulin sensitivity (Table 4). In one study 

UHVLVWDQFH�WUDLQLQJ�DW�������
���UHSHWLWLRQ�P

D[LP
XP

�Z
DV�VWXGLHG��7KLV�

VWXG\�GLG�QRW�¿QG�DQ\�HIIHFW�RQ�LQVXOLQ�VHQVLWLYLW\�DW�D�ORZ
�OHYHO�RI�LQWHQVLW\��

EXW�GLG�¿QG�HIIHFWV�DW�KLJKHU�LQWHQVLW\�OHYHOV�

a ��UHSHWLWLRQ�P
D[LP

XP
�LV�WKH�P

D[LP
XP

�DP
RXQW�RI�IRUFH�WKDW�FDQ�EH�JHQHUDWHG�LQ�RQH�P

D[LP
XP

�FRQWUDFWLRQ�

Visual inspection of the scatter plot suggests heterogeneity in the size of 

the effect of resistance training; all effect estim
ates w

ere larger than zero. 

7KH�KHWHURJHQHLW\�Z
DV�QRW�H[DP

LQHG�IXUWKHU��7KH�¿QGLQJV�DUH�LQ�OLQH�Z
LWK�

the conclusion in the A
m

erican evidence report. 3

,Q�FRQFOXVLRQ��UHVLVWDQFH�WUDLQLQJ�RI����
���UHSHWLWLRQ�P

D[LP
XP

�RU�P
RUH��

tw
o to three tim

es per w
eek im

proves insulin sensitivity. B
ecause of the 

unexplained heterogeneity in the size of the effect, the effect cannot be 

TXDQWL¿HG��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�LQ�WKH�GLUHFWLRQ�RI�WKH�HIIHFW��

the level of evidence is strong.

E
ndurance training and resistance training com

bined and insulin 

sensitivity in adults

Sum
m

ary of evidence for the effect of endurance training and resistance training 
com

bined on insulin sensitivity in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

36

H
eterogeneity

Yes in the size of the effect, unexplained.
S

trength of the effect/association
&
RKHQ¶V�G���������������WR���������EHQH¿FLDO�

S
tudy population 

H
ealthy and type 2 diabetics

C
onclusion 3: The com

bination of m
oderate- or high-intensity 

endurance training (3 to 6 tim
es per w

eek, 24 to 90 m
inutes per 

session or high-intensity interval training) and resistance training 
(50%

 1-R
M

 or m
ore, 2 to 3 tim

es per w
eek, for 3-12 m

onths) versus 
the control group im

proves insulin sensitivity.
Level of evidence: Strong.
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E
xplanation

M
ann et al. 36 concluded that the com

bination of endurance training and 

resistance training im
proved insulin sensitivity in both healthy subjects and 

type 2 diabetics (Table 4). Three studies com
paring three types of 

exercise regim
ens found a larger im

provem
ent in the group that com

bined 

endurance and resistance training than those in the endurance training 

and the resistance training group. H
ow

ever the com
bined group received 

the full endurance training and resistance training program
m

es, thus 

increasing the total volum
e of exercise. The studies differed in the w

ays 

exercise sessions w
ere structured; for instance, in som

e cases endurance 

training and resistance training w
ere com

bined in one session, w
hereas in 

others they w
ere given in different sessions; a sim

ilar problem
 is evident in 

relation to the order of the different exercises w
hen com

bined.

Visual inspection of the scatter plot suggests heterogeneity in the size of 

the effect of resistance training and the com
bination; all effect estim

ates 

w
ere larger than zero. The heterogeneity w

as not exam
ined further. 

7KH�¿QGLQJV�DUH�LQ�OLQH�Z
LWK�WKH�FRQFOXVLRQ�LQ�WKH�$

P
HULFDQ�HYLGHQFH�

report. 3 

,Q�FRQFOXVLRQ��WKH�FRP
ELQDWLRQ�RI�P

RGHUDWH�RU�KLJK�LQWHQVLW\�HQGXUDQFH�

WUDLQLQJ����WR���WLP
HV�SHU�Z

HHN�����WR����P
LQXWHV�SHU�VHVVLRQ�RU�KLJK�

LQWHQVLW\�LQWHUYDO�WUDLQLQJ��DQG�UHVLVWDQFH�WUDLQLQJ�����
���5

0
�RU�P

RUH����WR�

��WLP
HV�SHU�Z

HHN�IRU������P
RQWKV��YHUVXV�FRQWURO��LP

SURYHV�LQVXOLQ�

sensitivity. B
ecause of unexplained heterogeneity in the size of the effect, 

WKH�HIIHFW�FDQQRW�EH�TXDQWL¿HG��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�LQ�WKH�

direction of the effect, the level of evidence is strong.

H
igh-intensity interval training and insulin sensitivity in healthy adults

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�LQVXOLQ�
sensitivity in healthy adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V�DQG���5

&
7V

��

H
eterogeneity

Yes, in size and direction of effect, unexplained.
S

trength of the effect/association
H

ealthy adults
�������������WR���������EHQH¿FLDO��LQ�FRP

SDULVRQ�WR�FRQWURO
�������������WR���������EHQH¿FLDO��LQ�FRP

SDULVRQ�WR�P
RGHUDWH�

intensity continuous training
A

dults at increased risk of cardiovascular disease
�������������WR��������LQ�FRP

SDULVRQ�WR�FRQWURO�
�������������WR��������LQ�FRP

SDULVRQ�WR�P
RGHUDWH�LQWHQVLW\�

continuous training
S

tudy population 
H

ealthy adults, adults at increased risk of cardiovascular disease 

C
onclusion 4: The evidence for an effect of high-intensity interval 

training on insulin sensitivity in healthy adults in com
parison to a 

control treatm
ent is am

biguous.

C
onclusion 5: There is too little research to draw

 a conclusion on the 
effect of high-intensity interval training on insulin sensitivity in 
healthy adults in com

parison to m
oderate-intensity continuous 

training.

C
onclusion 6: H

igh-intensity interval training im
proves insulin 

sensitivity in com
parison to m

oderate-intensity continuous training 
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in adults at increased risk of, or w
ith, cardiovascular diseases.

Level of evidence: W
eak.

E
xplanation

Jelleym
an et al. ���VXP

P
DULVHG�¿YH�5

&
7V�RQ�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�

training (H
IIT) on insulin sensitivity in com

parison to a control and six 

5
&
7V�LQ�FRP

SDULVRQ�WR�P
RGHUDWH�LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ

a in healthy 

DGXOWV��7DEOH�����7KH\�IRXQG�QR�VLJQL¿FDQW�GLIIHUHQFHV�LQ�HIIHFWV�RQ�LQVXOLQ�

sensitivity. There w
as considerable heterogeneity, both in the size and the 

direction of the effect in the tw
o analyses. 

In analyses w
hich also included subjects w

ith obesity, m
etabolic 

V\QGURP
H��W\SH���GLDEHWHV�RU�FDUGLRYDVFXODU�GLVHDVHV��1

�!�������KRZ
HYHU��

GLIIHUHQFHV�Z
HUH�REVHUYHG�WKDW�UHDFKHG�VLJQL¿FDQFH���������������WR�

������+
,,7�YHUVXV�FRQWURO�DQG��������������WR�������+

,,7�YHUVXV�

continuous training). 

+
RZ

HYHU��WKH�WRWDO�YROXP
H�RI�H[HUFLVH�Z

DV�RQO\�VLP
LODU�EHWZ

HHQ�WKH�KLJK�

LQWHQVLW\�LQWHUYDO�WUDLQLQJ�JURXS�DQG�WKH�P
RGHUDWH�LQWHQVLW\�FRQWLQXRXV�

WUDLQLQJ�JURXS�LQ�D�SURSRUWLRQ�RI�WKH�5
&
7V��)RU�WKLV�UHDVRQ��WKH�¿QGLQJV�RI�

WKLV�P
HWD�DQDO\VLV�QHHG�WR�EH�WUHDWHG�Z

LWK�FDXWLRQ��

In sensitivity analyses of 29 controlled and uncontrolled studies in healthy 

subjects and patients, heterogeneity w
as explained to som

e extent by the 

m
ethod used for assessing insulin sensitivity and the tim

e betw
een the 

a C
ontinous training involves activity w

ithout rest intervals.

¿QDO�H[HUFLVH�VHVVLRQ�DQG�SRVW�WHVW�EORRG�VDP
SOH��7KHUH�Z

DV��KRZ
HYHU��

no clear explanation for the heterogeneity observed in the subgroup  

analyses. 

In conclusion, in view
 of the unexplained heterogeneity, the evidence for 

DQ�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�LQVXOLQ�VHQVLWLYLW\�LQ�KHDOWK\�

adults is am
biguous in com

parison to a control treatm
ent.

,Q�WKH�FRP
SDULVRQ�EHWZ

HHQ�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�P
RGHUDWH�

intensity continuous training, there w
as heterogeneity in the size of the 

effect, w
hich m

eans that there is little certainty about the size of the effect. 

$
V�WKH�HVWLP

DWH�LV�QRQ�VLJQL¿FDQW�DQG�IDU�IURP
�]HUR�DQG�WKH�QXP

EHU�RI�

subjects w
as sm

all (N
=126), the com

m
ittee concludes that there is too 

OLWWOH�UHVHDUFK�WR�GUDZ
�D�FRQFOXVLRQ�RQ�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�

WUDLQLQJ�LQ�FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ�RQ�LQVXOLQ�

sensitivity in healthy adults. 

,Q�DGXOWV�DW�LQFUHDVHG�ULVN�RI��RU�Z
LWK��FDUGLRYDVFXODU�GLVHDVHV��KLJK�

intensity interval training im
proves insulin sensitivity in com

parison to 

continuous training. A
s the total volum

e of exercise w
as only sim

ilar in the 

KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�JURXS�DQG�WKH�P
RGHUDWH�LQWHQVLW\�

continuous training group in a proportion of the R
C

Ts, the level of 

evidence is w
eak.
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E
ndurance training and resistance training com

bined and insulin 

sensitivity in children and adolescents

Sum
m

ary of evidence for the effect of endurance training and resistance training 
com

bined on insulin sensitivity in children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

37

H
eterogeneity

Yes, in the size of the effect, unexplained.
S

trength of the effect/association
+
HGJHV¶�J���������������WR���������EHQH¿FLDO�

S
tudy population 

H
ealthy, norm

al w
eight, overw

eight and obese children 
�����\HDUV

C
onclusion 7: The com

bination of endurance training and resistance 
training (2 to 4 tim

es per w
eek, 40 to 90 m

inutes per session, for 2 to 
6 m

onths) versus control, im
proves insulin sensitivity in children 

and adolescents.
Level of evidence: Strong.

E
xplanation

)HGHZ
D�HW�DO� 37 sum

m
arised 12 R

C
Ts on the effect of physical activity on 

insulin sensitivity in children (2 R
C

Ts) and adolescents (10 R
C

Ts) (Table 4). 

The 12 R
C

Ts include the tw
o that w

ere narratively sum
m

arised by 

Janssen and LeB
lanc

23 and tw
o of the three that w

ere narratively 

VXP
P
DULVHG�E\�*

XLQKRX\D�HW�DO� 38 The com
m

ittee, therefore, discusses 

WKH�¿QGLQJV�E\�)HGHZ
D�HW�DO� 37 here. 

Insulin sensitivity w
as calculated in each R

C
T from

 fasting levels of insulin 

and glucose by using the hom
eostasis m

odel assessm
ent (H

O
M

A) 

technique. Physical activity im
proved insulin sensitivity by 0.31 (H

edges’ g). 

There w
as considerable heterogeneity. In sensitivity analyses three 

outliers w
ere rem

oved from
 the analysis, resulting in a larger effect 

HVWLP
DWH�RI�������������������7KH�DXWKRUV�IRXQG�QR�GLIIHUHQFHV�LQ�HIIHFW�RQ�

insulin sensitivity betw
een endurance and resistance training protocols or 

EHWZ
HHQ�VKRUW�WHUP

�DQG�ORQJ�WHUP
�LQWHUYHQWLRQV��7KH�¿QGLQJV�DUH�LQ�OLQH�

w
ith the conclusion in the A

m
erican evidence report. 3

In conclusion, the com
bination of endurance training and resistance 

training (2 to 4 tim
es per w

eek, 40 to 90 m
inutes per session for 2 to 6 

m
onths) versus control, im

proves insulin sensitivity in children and 

adolescents. B
ecause of unexplained heterogeneity in the size of the 

effect, the com
m

ittee did not quantify the effect. In view
 of the consistent 

¿QGLQJV�LQ�WKH�GLUHFWLRQ�RI�WKH�HIIHFW��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ�

2.3 
&
DUGLRUHVSLUDWRU\�¿WQHVV�

2.3.1 
&
DUGLRUHVSLUDWRU\�¿WQHVV�LQ�FKLOGUHQ

C
onclusion: A com

bination of m
oderate- and vigorous-intensity 

SK\VLFDO�DFWLYLW\�LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FKLOGUHQ�DQG�

adolescents.
Level of evidence: Strong.
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Table 4. R
C

Ts into the effect of endurance training and resistance training on insulin sensitivity

N
um

ber of studies and num
ber of 

participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange in insulin sensitivity 

com
pared to control (95%

-C
.I. a)

H
eterogeneity 

(I 2 %
)

M
eta-analysis

M
ann 2014

36
16; n.r. b adults

10; n.r.
8; n.r.

�����

���
����

(
QGXUDQFH�WUDLQLQJ�DW�������9

2
2 P
D[������WLP

HV�Z
N��

��¶���¶�VHVVLRQ�RU�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ
5
HVLVWDQFH�WUDLQLQJ�������

���5
0
� d�����WLP

HV�Z
N

C
om

bination

C
ontrol

������������WR������� c 

�������������WR������� c

�������������WR������� c

n.r.

n.r.
n.r.

)HGHZ
D�

����
37

��������FKLOGUHQ�DQG�DGROHVFHQWV������
years

����DQG�LQ���5
&
7�

12
(
QGXUDQFH�WUDLQLQJ��UHVLVWDQFH�WUDLQLQJ�RU�FRP

ELQDWLRQ��
�����¶��VHVVLRQ������WLP

HV�Z
N

C
ontrol

�������������WR������� e
��

/LQ�����
30

14
f��������DGXOWV

n.r.
M

ostly endurance training
C

ontrol
������������WR�������

78
Jelleym

an 
����

��

�������DGXOWV

6; 126

n.r.

n.r.

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

C
ontrol

C
ontinuous 

training

�����
g��������WR�������

H
ealthy:

�����
 g��������WR�������

��43

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c S
tandardised estim

ate: C
ohen’s d. 

d ��UHSHWLWLRQ�P
D[LP

XP
�

e H
edges’ g.

f 
N

um
ber of eligible independent com

parisons.
g S

tandardised m
ean difference. Values reported for insulin resistance w

ere changed into insulin sensitivity. 

E
xplanation

The A
ustralian evidence report on children

1 described 40 studies on the 

LP
SDFW�RI�SK\VLFDO�DFWLYLW\�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�����RI�Z

KLFK�Z
HUH�

5
&
7V��,Q�JHQHUDO��D�FRP

ELQDWLRQ�RI�P
RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�

physical activity w
as necessary to bring about gains in cardiorespiratory 

¿WQHVV��7Z
R�VWXGLHV�WKDW�RQO\�LQFOXGHG�P

RGHUDWH�LQWHQVLW\�SK\VLFDO�DFWLYLW\�

GLG�QRW�VKRZ
�DQ\�EHQH¿WV��)XUWKHU��VWXGLHV�WKDW�XWLOLVHG�D�YLJRURXV�

intensity of physical activity show
ed a greater im

provem
ent in 

FDUGLRUHVSLUDWRU\�¿WQHVV�WKDQ�WKRVH�WKDW�GLG�QRW��$�YDULHW\�RI�SK\VLFDO�

DFWLYLWLHV�Z
HUH�LQFOXGHG�LQ�VWXGLHV�WKDW�VKRZ

HG�EHQH¿WV�IRU�

FDUGLRUHVSLUDWRU\�¿WQHVV��0
RVW�VWXGLHV�XWLOLVHG�HQGXUDQFH�DFWLYLWLHV��

how
ever, sports training and active gam

es, as w
ell as resistance and 

SO\RP
HWULF�DFWLYLWLHV�DOVR�VKRZ

HG�EHQH¿WV�

7KH�FRP
P
LWWHH�GLG�QRW�¿QG�DQ\�P

RUH�UHFHQW�P
HWD�DQDO\VHV�RU�V\VWHP

DWLF�

UHYLHZ
V�RQ�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�

children. The com
m

ittee therefore bases its conclusions on the A
ustralian 

HYLGHQFH�UHSRUW��,Q�FRQFOXVLRQ��D�FRP
ELQDWLRQ�RI�P

RGHUDWH�DQG�YLJRURXV�

LQWHQVLW\�H[HUFLVH�LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FKLOGUHQ�DQG�
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DGROHVFHQWV��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�

strong.

2.3.2 
&
DUGLRUHVSLUDWRU\�¿WQHVV�LQ�DGXOWV

The A
ustralian evidence report in adults

2 did not describe effects of 

SK\VLFDO�DFWLYLW\�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV��9
2

2 m
ax). The A

m
erican 

evidence report 3�VWDWHG�WKDW�FDUGLRUHVSLUDWRU\�¿WQHVV�LV�D�VHQVLWLYH�DQG�

useful m
easure of changes in response to physical activity. It 

GHP
RQVWUDWHG�D�GRVH�UHVSRQVH�UHODWLRQVKLS�Z

LWK�RYHUDOO�H[HUFLVH�YROXP
H�

and also w
ith each of the various com

ponents of exercise volum
e 

(intensity, frequency, duration). 

7KH�FRP
P
LWWHH�IRXQG�WKUHH�P

HWD�DQDO\VHV
13,28,30 on the effect of endurance 

WUDLQLQJ�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�DGXOWV��RQH�P
HWD�DQDO\VLV

�� and one 

system
atic review

18�RQ�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�RQH�

system
atic review

17�RQ�WKH�HIIHFW�RI�OLJKW�LQWHQVLW\�DFWLYLW\��6
L[�RI�WKH����

5
&
7V�WKDW�Z

HUH�LQFOXGHG�LQ�WKH�P
HWD�DQDO\VLV�E\�0

XUWDJK�HW�DO�� 13 w
ere 

also included by Lin et al. 30�7KHUH�Z
DV�QR�RYHUODS�EHWZ

HHQ�WKH�P
HWD�

analyses by M
urtagh et al. 13 and H

espanhol Junior et al. 28, w
hereas there 

Z
HUH�WKUHH�VWXGLHV�LQ�Z

KLFK�WKHUH�Z
DV�DQ�RYHUODS�EHWZ

HHQ�WKH�ODWWHU�P
HWD�

analysis and the one by Lin et al. 30

(
QGXUDQFH�WUDLQLQJ�DQG�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�DGXOWV

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�HQGXUDQFH�WUDLQLQJ�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�
in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���� 28 18
13�DQG����5

&
7V

30

H
eterogeneity

<HV��LQ�WZ
R�RI�WKH�WKUHH�P

HWD�DQDO\VHV��XQH[SODLQHG
S

trength of the effect/association
0
HQ�����������WR������DQG����������WR������P

O�NJ�P
LQ

W
om

en: 3.0 (1.7 to 4.2) and 3.2 (2.6 to 3.8) m
l/kg/m

in
S

tudy population 
P

hysically inactive but healthy at baseline.

&
RQFOXVLRQ��(QGXUDQFH�WUDLQLQJ�LP

SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�
in a dose-response w

ay for exercise volum
e. 

Level of evidence: Strong.

E
xplanation

Lin et al. 30 show
ed that exercise, w

hich w
as endurance in m

ost of the 

VWXGLHV��LP
SURYHG�FDUGLRUHVSLUDWRU\�¿WQHVV��9

2
2 P
D[��E\�����P

O�NJ�P
LQ�LQ�

m
en and 3.2 m

l/kg/m
in in w

om
en. H

eterogeneity w
as how

ever 

FRQVLGHUDEOH��7DEOH�����7KHUH�Z
HUH�QR�IRUHVW�SORWV�DYDLODEOH�IRU�YLVXDO�

inspection. In subgroup analyses the effect w
as larger in participants 

XQGHU����WKDQ�WKRVH�DJHG����RU�P
RUH������YV������P

O�NJ�P
LQ���7KHUH�Z

DV�

QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZ
HHQ�P

RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�

exercise. H
eterogeneity rem

ained considerable in these analyses. 

H
espanhol et al. 28 show

ed that running at m
oderate intensity im

proved 

FDUGLRUHVSLUDWRU\�¿WQHVV�E\�����P
O�NJ�P

LQ�LQ�P
HQ�DQG�E\�����P

O�NJ�P
LQ�LQ�

w
om

en. The effect tended to be larger in the three studies w
hich lasted up 
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WR����P
RQWKV�RU�P

RUH���������������P
O�NJ�P

LQ��WKDQ�LQ�WKH�IRXU�Z
KLFK�ODVWHG�

XS�WR���P
RQWKV���������������P

O�NJ�P
LQ��RU�LQ�WKH����VWXGLHV

a w
hich lasted 

XS�WR���P
RQWKV���������������P

O�NJ�P
LQ���+

HWHURJHQHLW\�Z
DV�ORZ

�LQ�WKHVH�

analyses.

M
urtagh et al. 13�IRXQG�WKDW�Z

DONLQJ�LP
SURYHG�FDUGLRUHVSLUDWRU\�¿WQHVV�E\�

3.0 m
l/kg/m

in. H
eterogeneity w

as considerable and w
as not explored 

further in subgroup analyses. The authors, for instance, did not distinguish 

betw
een m

en and w
om

en. There w
ere no forest plots available for visual 

inspection.

B
atacan et al. 17 concluded that the evidence for an effect of light physical 

DFWLYLW\�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV�Z
DV�LQFRQFOXVLYH�LQ�SK\VLFDOO\�LQDFWLYH�

RU�KHDOWK\�DGXOWV��7KH\�IRXQG�VLJQL¿FDQW�LP
SURYHP

HQWV�LQ�FDUGLRUHVSLUDWRU\�

¿WQHVV�LQ�WKUHH�RXW�RI�HLJKW�VWXGLHV�

,Q�FRP
SDULVRQ�WR�WKH�8

6
�UHSRUW 3�WKH�QHZ

�P
HWD�DQDO\VHV�RQO\�SURYLGH�DQ�

DYHUDJH�HIIHFW�RI�HQGXUDQFH�WUDLQLQJ�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV��(
IIHFWV�

w
ere larger in m

en than in w
om

en. H
ow

ever, they do not shed m
ore light 

RQ�GRVH�UHVSRQVH�UHODWLRQVKLSV��7KHUHIRUH�WKH�FRP
P
LWWHH�KDV�EDVHG�LWV�

conclusion on the A
m

erican evidence report. 3

,Q�FRQFOXVLRQ��HQGXUDQFH�WUDLQLQJ�LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�

DGXOWV�LQ�D�GRVH�UHVSRQVH�Z
D\�IRU�H[HUFLVH�YROXP

H��7KH�OHYHO�RI�HYLGHQFH�

is strong.

a A
s som

e studies w
ere included in the estim

ate up to three m
onths, six m

onths and/or 12 m
onths, the total 

num
ber adds up to 21 instead of 18. 

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�FDUGLRUHVSLUDWURU\�¿WQHVV�LQ�DGXOWV

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�
FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�DGXOWV

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V

�� and 1 system
atic review

 of 6 R
C

Ts
18

H
eterogeneity

Yes, not explained 
S

trength of the effect/association
H

IIT vs. control: 0.28 (0.12 to 0.44) m
l/kg/m

in
+
,,7�YV��P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�������������������P
O�NJ�P

LQ
S

tudy population 
H

ealthy adults and adults at risk of, or w
ith, cardiovascular 

disease.

C
onclusion: H

igh-intensity interval training im
proves 

FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�
continuous training.
Level of evidence: W

eak.

E
xplanation

Jelleym
an et al. ���FRP

SDUHG�KLJK�LQWHQVLW\�WUDLQLQJ�Z
LWK�FRQWURO�WUHDWP

HQW�

RU�FRQWLQXRXV�WUDLQLQJ��7DEOH�����7KH�DXWKRUV�IRXQG�WKDW�KLJK�LQWHQVLW\�

WUDLQLQJ�LP
SURYHG�FDUGLRUHVSLUDWRU\�¿WQHVV�E\������P

O�NJ�P
LQ��Z

HLJKWHG�

m
ean difference) com

pared to a control and by 0.16 m
l/kg/m

in com
pared 

to continuous training. H
eterogeneity w

as considerable, and not explained 

by subgroup analyses com
paring healthy subjects w

ith overw
eight and 

obese subjects, patients w
ith chronic disease or patients w

ith m
etabolic 

syndrom
e or type 2 diabetes. The total volum

e of exercise w
as only 

VLP
LODU�LQ�WKH�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�JURXS�DQG�WKH�P

RGHUDWH�

LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ�JURXS�LQ�D�SURSRUWLRQ�RI�WKH�5
&
7V��)RU�WKLV�
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UHDVRQ��WKH�¿QGLQJV�RI�WKLV�P
HWD�DQDO\VLV�QHHG�WR�EH�WUHDWHG�Z

LWK�FDXWLRQ��

In their system
atic review

, R
am

os et al. 18�GHVFULEHG�¿YH�VWXGLHV�LQ�GLIIHUHQW�

FOLQLFDO�SDWLHQWV��LQ�Z
KLFK�FDUGLRUHVSLUDWRU\�¿WQHVV��DV�D�VHFRQGDU\�

outcom
e m

easure) im
proved to a greater extent follow

ing 3 m
onths of 

KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�FRP
SDUHG�WR��LVRFDORULF

a��P
RGHUDWH�LQWHQVLW\�

FRQWLQXRXV�WUDLQLQJ��7Z
R�RWKHU�5

&
7V�GLG�QRW�¿QG�DQ\�VLJQL¿FDQW�GLIIHUHQFH��

In one of the tw
o, how

ever, the tw
o training program

m
es w

ere not isocaloric, 

DQG�LQ�WKH�RWKHU��WKH�WUDLQLQJ�RQO\�ODVWHG�WZ
R�Z

HHNV��7KXV��¿QGLQJV�SRLQW�LQ�WKH�

VDP
H�GLUHFWLRQ�DV�LQ�WKH�P

HWD�DQDO\VLV�E\�-HOOH\P
DQ�HW�DO� ��

a Total energy expenditure is sim
ilar betw

een the tw
o types of training.

,Q�FRP
SDULVRQ�Z

LWK�WKH�8
6
�UHSRUW� 3�WKH�P

HWD�DQDO\VLV
�� and system

atic 

review
18�SURYLGH�HYLGHQFH�WKDW�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�LP

SURYHV�

FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�

training. The new
 studies do not provide insight as to w

hether there is a 

UHODWLRQVKLS�EHWZ
HHQ�WKH�GXUDWLRQ�RI�H[HUFLVH�ERXWV�DQG�¿WQHVV�UHVSRQVHV�

Z
KHQ�WRWDO�YROXP

H�LV�KHOG�FRQVWDQW��HVSHFLDOO\�IRU�KLJK�LQWHQVLW\�H[HUFLVH�

,Q�FRQFOXVLRQ��KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�LP
SURYHV�FDUGLRUHVSLUDWRU\�

¿WQHVV�LQ�FRP
SDULVRQ�WR�P

RGHUDWH�LQWHQVLW\�FRQWLQXRXV�WUDLQLQJ�IRU���

m
onths. The com

m
ittee could not quantify the effect because of lim

itations 

LQ�WKH�P
HWD�DQDO\VLV��%

HFDXVH�WKH�LQWHUYHQWLRQV�LQ�WKH�VWXGLHV�LQ�WKH�P
HWD�

DQDO\VLV�Z
HUH�QRW�QHFHVVDULO\�LVRFDORULF�DQG�FDUGLRUHVSLUDWRU\�¿WQHVV�Z

DV�

Table 5.�5
&
7V�LQWR�WKH�HIIHFW�RI�HQGXUDQFH�WUDLQLQJ�RQ�FDUGLRUHVSLUDWRU\�¿WQHVV

N
um

ber of studies and 
num

ber of participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange in VO

2 m
ax com

pared to 
control (95%

-C
.I. a) (m

l/kg/m
in)

H
eterogeneity (I 2, %

)

M
eta-analysis

H
espanhol Junior 

����
28

18; 870 m
en and

217 w
om

en
���DYHUDJH�

5
XQQLQJ�������

�0
+
5
� b 3.7 d/w

k, 2.3 h/w
k 

(average)
P

hysically inactive
0
HQ�����������WR�����

W
om

en: 3.0 (1.7 to 4.2)
40

/LQ�����
30

37
c in m

en
48

c in w
om

en; 4,792 in total
64

c

68
c

��������
M

ostly endurance training

M
oderate

Vigorous

C
ontrol

0
HQ�����������WR�����

W
om

en: 3.2 (2.6 to 3.8)
3.2 (2.6 to 4.1)
3.3 (2.6 to 3.8)

9089n.r. d

n.r.  

0
XUWDJK�����

13
18; 894 adults

���
W

alking, predom
inantly at m

oderate intensity;  
����G�Z

N�������¶�VHVVLRQ
N

o exercise 
sedentary

���������WR�����
71

-HOOH\P
DQ�����

��
42; n.r.

n.r.
n.r.

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

C
ontrol

C
ontinuous training

0.28
e (0.12 to 0.44)

0.16
e�������WR������

9276
a &

RQ¿GHQFH�LQWHUYDO�
b M

axim
um

 heart rate.
c N

um
ber of eligible, independent com

parisons.
d  N

ot reported.
e W

eighted m
ean difference. 
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a secondary outcom
e m

easure in the system
atic review

, the level of 

evidence is w
eak. 

M
inim

um
 required duration of exercise bouts required to im

prove 

FDUGLRUHVSLUDWRU\�¿WQHVV

C
onclusion: There is too little research to draw

 a conclusion on the 
m

inim
um

 duration of exercise bouts required to im
prove 

FDUGLRUHVSLUDWRU\�¿WQHVV�

E
xplanation

In the A
m

erican evidence report 3�LW�LV�VWDWHG�WKDW��IURP
�D�IHZ

�Z
HOO�GHVLJQHG�

studies, it appears that both single long bouts and m
ultiple shorter bouts 

RI�HQGXUDQFH�WUDLQLQJ�HOLFLW�VLJQL¿FDQW�LP
SURYHP

HQWV�LQ�FDUGLRUHVSLUDWRU\�

¿WQHVV��7KH�HYLGHQFH�LV�UHODWLYHO\�VWURQJ�WKDW�FRP
SDUDEOH�¿WQHVV�HIIHFWV�

can be achieved w
ith different fractionisation of the volum

e, given that the 

GDLO\�YROXP
H�RI�WKH�H[SRVXUH�LV�WKH�VDP

H��7KH�FRP
P
LWWHH�GLG�QRW�¿QG�DQ\�

P
HWD�DQDO\VHV�RU�V\VWHP

DWLF�UHYLHZ
V�RI�Z

KDW�WKH�P
LQLP

XP
�UHTXLUHG�

duration of the exercise bouts should be. It therefore concludes that there 

LV�LQVXI¿FLHQW�HYLGHQFH�WR�GUDZ
�D�FRQFOXVLRQ�RQ�WKH�P

LQLP
XP

�GXUDWLRQ�RI�

H[HUFLVH�ERXWV�UHTXLUHG�IRU�LP
SURYLQJ�FDUGLRYDVFXODU�¿WQHVV�

2.4 
B

ody w
eight and body m

ass index
B

elow
, the com

m
ittee discusses the effect of physical activity on body 

Z
HLJKW��LQ�DGXOWV��DQG�ERG\�P

DVV�LQGH[��LQ�FKLOGUHQ��DV�UHSRUWHG�LQ�P
HWD�

DQDO\VHV�RI�5
&
7V�WKDW�Z

HUH�QRW�VSHFL¿FDOO\�GHVLJQHG�WR�EULQJ�DERXW�Z
HLJKW�

loss. M
ost of the studies on body w

eight and body com
position have been 

FDUULHG�RXW�LQ�RYHUZ
HLJKW�DQG�REHVH�VXEMHFWV��)RU�%

0
,�DQG�ERG\�Z

HLJKW��

P
HWD�DQDO\VHV�WKDW�GLG��DQG�GLG�QRW��VSHFL¿FDOO\�VHOHFW�VWXGLHV�Z

LWK�

overw
eight and obese subjects are described separately. 

O
ne of the outcom

e m
easures in the A

ustralian evidence report on adults
2 

w
as prim

ary prevention of w
eight gain. The report sum

m
arises R

C
Ts, 

SURVSHFWLYH�FRKRUW�DQG�FURVV�VHFWLRQDO�VWXGLHV��7KH�RYHUDOO�FRQFOXVLRQ�LV�

that the very lim
ited available evidence indicates that at least 60 m

inutes 

per day of m
oderate intensity activity, or the equivalent volum

e of m
ore 

vigorous activity, is the dose required for the prim
ary prevention of w

eight 

JDLQ��)RU�WKRVH�Z
KR�DUH�DOUHDG\�RYHUZ

HLJKW�RU�REHVH��LW�LV�XQOLNHO\�WKDW�WKLV�

level of physical activity w
ill prevent further w

eight gain w
ithout concurrent 

GLHWDU\�FKDQJH��7KH�8
6
�HYLGHQFH�UHSRUW 3 describes that available data on 

Z
HLJKW�VWDELOLW\�DUH�VRXUFHG�IURP

�VKRUW�WHUP
�FOLQLFDO�WULDOV��%

DVHG�RQ�WKHVH�

WULDOV��D�GRVH�RI�SK\VLFDO�DFWLYLW\�LQ�WKH�UDQJH�RI����WR����0
(
7�KRXUV�SHU�

Z
HHN�UHVXOWHG�LQ�D�P

RGHVW���
�WR���

�Z
HLJKW�ORVV��FRQVLVWHQW�Z

LWK�Z
HLJKW�

stability over tim
e. The m

agnitude of w
eight loss resulting from

 studies of 

resistance exercise is typically less than 1 kilogram
. H

ow
ever, this result 

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 02 | R
andom

ised controlled trials of physical activity
Physical activity and risk of chronic diseases | page 30 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



m
ay be affected by the relatively short duration of these studies and gains 

LQ�IDW�IUHH�P
DVV�WKDW�DFFRP

SDQ\�VXFK�LQWHUYHQWLRQV�

2.4.1 
B

ody w
eight in adults

E
ndurance training and body w

eight in adults

Sum
m

ary of evidence for the effect of endurance training on body w
eight in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���WR����5
&
7V

13, 28, 39, 40

H
eterogeneity

<HV��LQ�RQH�P
HWD�DQDO\VLV��SDUWO\�H[SODLQHG�E\�VH[

S
trength of the effect/association

5
DQJHG�IURP

������������WR�������WR������������WR�������NJ
S

tudy population 
S

edentary but otherw
ise apparently healthy adults

C
onclusion 1: M

oderate- to high-intensity endurance training (3 to 5 
tim

es per w
eek, 30 to 60 m

inutes per session, for one year) versus 
QR�H[HUFLVH�RU�ÀH[LELOLW\�WUDLQLQJ�UHGXFHV�ERG\�Z

HLJKW�E\�DERXW���
kilogram

 in adults.
Level of evidence: Strong.

E
xplanation

7KHUH�DUH�IRXU�P
HWD�DQDO\VHV

13,28,39,40 and one system
atic review

17 on the 

effect of endurance training on body w
eight or body w

eight gain in adults 

(Table 6). 

M
urtagh et al. 13�DQG�*

DR�HW�DO� 39 sum
m

arised the effect of w
alking in adults 

and postm
enopausal w

om
en respectively; three R

C
Ts overlap betw

een 

WKH�WZ
R�P

HWD�DQDO\VHV��7KH\�ERWK�VKRZ
HG�WKDW�Z

DONLQJ�DW�P
RGHUDWH��WR�

KLJK�LQWHQVLW\�ORZ
HUV�ERG\�Z

HLJKW�E\���NLORJUDP
�LQ�RQH�\HDU�LQ�FRP

SDULVRQ�

WR�QR�H[HUFLVH��,Q�WKH�P
HWD�DQDO\VLV�E\�0

XUWDJK�HW�DO� 13 there w
as 

considerable heterogeneity. There w
as no forest plot available for visual 

inspection. S
ubgroup analyses show

ed that heterogeneity w
as partly 

explained by sex: the effect w
as larger in studies carried out in w

om
en 

RQO\�������������WR��������WKDQ�LQ�VWXGLHV�Z
KLFK�DOVR�LQFOXGHG�VRP

H�P
HQ�

������������WR��������EXW�KHWHURJHQHLW\�UHP
DLQHG�FRQVLGHUDEOH�LQ�WKH�Z

RP
HQ�

RQO\�VWXGLHV��,Q�ERWK�P
HWD�DQDO\VHV�WKHUH�Z

DV�HYLGHQFH�RI�SXEOLFDWLRQ�ELDV��

,Q�WKH�P
HWD�DQDO\VLV�E\�*

DR�HW�DO� 39 heterogeneity w
as low.

W
eber B

uchholz et al. 40 sum
m

arised three R
C

Ts in w
om

en, show
ing that 

P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�UHGXFHG�ERG\�Z

HLJKW�E\�����

NLORJUDP
V�Z

LWKLQ�����WR�����\HDUV�LQ�FRP
SDULVRQ�WR�QR�LQWHUYHQWLRQ�RU�

ÀH[LELOLW\�WUDLQLQJ��7KH�DXWKRUV�GLG�QRW�SURYLGH�LQIRUP
DWLRQ�RQ�

heterogeneity.

H
espanhol et al. 28 sum

m
arised the effect of running on body w

eight. The 

DXWKRUV�IRXQG�D�QRQ�VLJQL¿FDQW�HIIHFW�����NJ��DIWHU���DQG���P
RQWKV�RI�

UXQQLQJ�DQG�D���NLORJUDP
�ORZ

HULQJ�DIWHU���WR������\HDUV�RI�UXQQLQJ�LQ�

com
parison to inactivity. H

eterogeneity w
as low

.

In a system
atic review

 B
atacan et al. 17 found no indications for an effect of 

OLJKW�LQWHQVLW\�SK\VLFDO�DFWLYLW\�RQ�ERG\�Z
HLJKW�LQ���5

&
7V�FDUULHG�RXW�LQ�

healthy adults.

1
RQH�RI�WKH�P

HWD�DQDO\VHV�LQFOXGHG�D�GHVFULSWLRQ�RI�Z
KHWKHU�WKH�

intervention also resulted in a change in total physical activity in the 

intervention and/or control group.

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 02 | R
andom

ised controlled trials of physical activity
Physical activity and risk of chronic diseases | page 31 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



7KH�¿QGLQJV�DERYH�DUH�URXJKO\�LQ�OLQH�Z
LWK�WKH�FRQFOXVLRQV�LQ�WKH�

A
ustralian evidence report that the very lim

ited available evidence 

indicates that at least 60 m
inutes per day of m

oderate intensity endurance 

training, or the equivalent volum
e of m

ore vigorous exercise, is the dose 

required for the prim
ary prevention of w

eight gain. 2�7KH�¿QGLQJV�DUH�DOVR�

LQ�OLQH�Z
LWK�WKH�8

6
�HYLGHQFH�UHSRUW 3 that a dose of physical activity in the 

UDQJH�RI����WR����0
(
7�KRXUV�SHU�Z

HHN�UHVXOWHG�LQ�D�P
RGHVW���

�WR���
�

w
eight loss, consistent w

ith w
eight stability over tim

e. 

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�

per w
eek, 30 to 60 m

inutes per session for one year) versus no exercise 

RU�ÀH[LELOLW\�WUDLQLQJ�UHGXFHV�ERG\�Z
HLJKW�E\�DERXW���NLORJUDP

�LQ�DGXOWV��,Q�

YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�EHWZ

HHQ�P
HWD�DQDO\VHV��WKH�OHYHO�RI�

evidence is strong.

E
ndurance and com

bination of endurance w
ith resistance training and 

body w
eight in overw

eight and obese adults

Sum
m

ary of evidence for the effect of endurance and the com
bination of endurance 

w
ith resistance training on body w

eight in overw
eight and obese adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���5
&
7V��HQGXUDQFH�YV��LQDFWLYH� 41 and of 13 R

C
Ts 

(endurance vs. resistance) and 4 R
C

Ts (endurance & resistance vs.resistance) 42

H
eterogeneity

Yes, in both size and direction for endurance vs.resistance
S

trength of the 
effect/association

(
QGXUDQFH�YV��LQDFWLYH��������������WR��������NJ

(
QGXUDQFH�YV��UHVLVWDQFH�������������WR�������NJ

(
QGXUDQFH�	

�UHVLVWDQFH�YV��UHVLVWDQFH�������������WR�������NJ
S

tudy population 
O

verw
eight and obese adults

C
onclusion 1: Endurance training low

ers body w
eight in com

parison 
to inactivity in overw

eight and obese adults. 
Level of evidence: Strong.

C
onclusion 2: Endurance training low

ers body w
eight in com

parison 
to resistance training in overw

eight and obese adults. 
Level of evidence: W

eak.

C
onclusion 3: The com

bination of endurance and resistance training 
versus resistance training alone low

ers body w
eight in overw

eight 
and obese adults.
Level of evidence: W

eak.

E
xplanation

7KHUH�DUH�WKUHH�P
HWD�DQDO\VHV�VXP

P
DULVLQJ�VWXGLHV�VROHO\�FDUULHG�RXW�LQ�

overw
eight or obese people (Table 6). 14,41,42�7KH�P

HWD�DQDO\VLV�E\�.HOOH\�HW�

al. 14�LV�H[FOXGHG�DV�WKH�DXWKRUV�VXP
P
DULVHG�¿QGLQJV�IURP

�SUHYLRXV�P
HWD�

analyses that had been published before 2008. Thorogood et al. 41 

com
pared endurance training w

ith physical inactivity, w
hereas 

S
chw

ingshackl et al. 42 com
pared the effect of endurance training, 

resistance training and the com
bination of endurance and resistance 

WUDLQLQJ��7KHUHIRUH��WKH�FRP
P
LWWHH�GHVFULEHV�ERWK�P

HWD�DQDO\VHV��

Thorogood et al. 41 sum
m

arised 3 R
C

Ts in w
hich endurance training 

ORZ
HUHG�ERG\�Z

HLJKW�E\�DERXW�����NJ�Z
LWKLQ�VL[�P

RQWKV�LQ�RYHUZ
HLJKW�DQG�
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obese subjects. The authors did not provide a heterogeneity estim
ate. In 

each of the three studies body w
eight w

as consistently low
ered. H

ow
ever 

WKH�QXP
EHU�RI�VXEMHFWV�Z

DV�VP
DOO��7KH�DXWKRUV�QDUUDWLYHO\�GHVFULEHG���

VWXGLHV�RI�VKRUWHU�GXUDWLRQ��VKRZ
LQJ�P

HDQ�GLIIHUHQFHV�UDQJLQJ�IURP
������WR�

�����NJ��7KHUH�Z
HUH�WRR�IHZ

�VWXGLHV�RI�ORQJHU�GXUDWLRQ�����P
RQWKV��1

 ���

LQ�WKH�P
HWD�DQDO\VLV�WR�GUDZ

�D�FRQFOXVLRQ�

S
chw

ingshackl et al. 42 show
ed that both endurance training and the 

com
bination of endurance and resistance training low

ered body w
eight by 

1 to 2 kg in com
parison to resistance training alone. There w

as 

heterogeneity (I 2 ���
��LQ�WKH�DQDO\VLV�RI�HQGXUDQFH�WUDLQLQJ�YHUVXV�

resistance training that related to the direction and size of the effect. In 

addition, publication bias could not com
pletely be excluded in this 

com
parison.

7KHUH�Z
DV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�ERG\�Z

HLJKW�FKDQJH�EHWZ
HHQ�

endurance training and the com
bination of endurance and resistance 

training. A sim
ilar effect w

as found on fat m
ass (endurance versus 

UHVLVWDQFH������������WR�������NJ��FRP
ELQDWLRQ�YHUVXV�UHVLVWDQFH������������

WR�������NJ���Z
KHUHDV�UHVLVWDQFH�WUDLQLQJ�DQG�WKH�FRP

ELQDWLRQ�RI�

HQGXUDQFH�DQG�UHVLVWDQFH�WUDLQLQJ�LQFUHDVHG�IDW�IUHH�P
DVV�E\�DERXW���NJ�

LQ�FRP
SDULVRQ�WR�HQGXUDQFH�WUDLQLQJ�������������WR�������NJ�DQG������������

WR�������NJ�UHVSHFWLYHO\����+
HWHURJHQHLW\�Z

DV�ORZ
�LQ�WKHVH�DQDO\VHV��

$�OLP
LWDWLRQ�RI�WKLV�P

HWD�DQDO\VLV��KRZ
HYHU��Z

DV�WKDW�WKH�H[HUFLVH�YROXP
H�

w
as not isocaloric betw

een the interventions of som
e of the included 

studies. 42

7KH�¿QGLQJV�DERYH�DUH�URXJKO\�LQ�OLQH�Z
LWK�WKH�FRQFOXVLRQV�LQ�WKH�

A
ustralian evidence report that the very lim

ited available evidence 

indicates that at least 60 m
inutes per day of m

oderate intensity endurance 

training, or the equivalent volum
e of m

ore vigorous exercise, is the dose 

required for the prim
ary prevention of w

eight gain. 2�7KH�¿QGLQJV�DUH�DOVR�

LQ�OLQH�Z
LWK�WKH�8

6
�HYLGHQFH�UHSRUW 3 that a dose of physical activity in the 

UDQJH�RI����WR����0
(
7�KRXUV�SHU�Z

HHN�UHVXOWHG�LQ�D�P
RGHVW���

�WR���
�

w
eight loss, consistent w

ith w
eight stability over tim

e. 

In conclusion, endurance training low
ers body w

eight in com
parison to 

inactivity in overw
eight and obese adults. Although the num

ber of studies in 

WKH�P
HWD�DQDO\VLV�LV�VP

DOO��WKH�FRQFOXVLRQ�LV�FRQVLVWHQW�Z
LWK�WKH�FRQFOXVLRQ�

in the Am
erican evidence report, 3 w

hich w
as based on four R

C
Ts in 

overw
eight and obese adults. Therefore, the level of evidence is strong. 

Both Australian and Am
erican evidence reports

2,3 did not com
pare the effect 

of endurance training and resistance training. The com
m

ittee therefore 

EDVHV�LWV�FRQFOXVLRQV�RQ�WKH�P
HWD�DQDO\VLV�E\�6FKZ

LQJVKDFNO�HW�DO� 42

(
QGXUDQFH�WUDLQLQJ�DOVR�ORZ

HUV�ERG\�Z
HLJKW�LQ�FRP

SDULVRQ�WR�UHVLVWDQFH�

training in overw
eight and obese adults. In view

 of potential publication 

bias and the fact that not all the included studies m
atched exercise 

interventions for volum
e, the level of evidence is w

eak.

The com
bination of endurance and resistance training low

ers body w
eight 

in com
parison to resistance training in overw

eight and obese adults. In view
 

of the sm
all num

ber of studies and the fact that not all the included studies 

m
atched exercise interventions for volum

e, the level of evidence is w
eak.
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2.4.2 
B

ody m
ass index in children and adolescents

7KH�$
XVWUDOLDQ�HYLGHQFH�UHSRUW�RQ�FKLOGUHQ�VWDWHV�WKDW�WKHUH�Z

DV�KLJK�OHYHO�

evidence for an effect of physical activity on adiposity and unhealthy 

Z
HLJKW�JDLQ��Z

LWK����5
&
7V�����&

7V����ORQJLWXGLQDO�DQDO\VHV�DQG���TXDVL�

experim
ental study. A

bout half of the studies (N
=32) found that physical 

DFWLYLW\�KDG�D�VLJQL¿FDQW�LP
SDFW�RQ�DGLSRVLW\�DQG�Z

HLJKW�JDLQ��LQ�WHUP
V�RI�

%
0
,��%

0
,�]�VFRUH��Z

DLVW�FLUFXP
IHUHQFH��DQG�VNLQ�IROG�P

HDVXUHP
HQWV��,Q�

WKH�5
&
7V��SK\VLFDO�DFWLYLW\�LQFOXGHG�HQGXUDQFH�DFWLYLWLHV��VSRUW�EDVHG�

gam
es, plyom

etric
a training, and resistance training. In the report, it is 

HP
SKDVL]HG�WKDW�P

RUH�UHVHDUFK�LQYHVWLJDWLQJ�GRVH�UHVSRQVH�UHODWLRQVKLSV�

w
ith regard to frequency, intensity and duration is required. 1 

a (
[SORVLYH�SRZ

HUIXO�WUDLQLQJ�H[HUFLVHV�WKDW�DUH�DLP
HG�DW�DFWLYDWLQJ�WKH�TXLFN�UHVSRQVH�DQG�HODVWLF�SURSHUWLHV�RI�WKH�

m
ajor m

uscles in the body.

Table 6. R
C

Ts into the effect of endurance training and resistance training on body w
eight in adults

N
um

ber of studies and num
ber of 

participants
Study 
duration 
(m

onths)

Intervention (intensity, frequency,  
duration)

C
ontrol

C
hange in body w

eight com
pared 

to control (95%
-C

.I. a) (kg)
H

eterogeneity 
(I 2 %

)

M
eta-analysis

W
eber B

uchholz 2013
40

3; 290 w
om

en
����

3
K\VLFDO�DFWLYLW\�P

RGHUDWH��WR�KLJK�LQWHQVLW\��
����WLP

HV�Z
N�������¶�VHVVLRQ

1
R�LQWHUYHQWLRQ�RU�ÀH[LELOLW\

�����������WR������ b
n.r. c

0
XUWDJK�����

13
����������DGXOWV

����
:
DONLQJ�DW�������

�0
+
5

d������WLP
HV�Z

N��
�����¶�VHVVLRQ�

N
o exercise control

�����������WR������
66

+
HVSDQKRO�����

28
���������DGXOWV

4; 181 adults
�������DGXOWV

36�����

5
XQQLQJ�������

�0
+
5
������G�Z

N������K�Z
N�

(average)
P

hysically inactive
�����������WR������ b

�����������WR������  b

�����������WR������  b

000
*
DR�����

39
��������SRVWP

HQRSDXVDO�Z
RP

HQ
���

:
DONLQJ�P

RGHUDWH��WR�KLJK�LQWHQVLW\������
WLP

HV�Z
N�������¶�VHVVLRQ

N
o exercise control

�����������WR������
20

Thorogood 2011
41

3; 723 overw
eight and obese adults

6
(
QGXUDQFH�WUDLQLQJ��������¶�Z

N�����
�

V
O

2 P
D[�RU�������0

+
5
�

Inactive (personal attention 
or none)

������������WR�������
n.r.

S
chw

ingshackl 2013
42

��������RYHUZ
HLJKW�DQG�REHVH�DGXOWV

3; 173 overw
eight and obese adults

4; 184 overw
eight and obese adults

n.r.
(
QGXUDQFH�WUDLQLQJ

(
QGXUDQFH�DQG�UHVLVWDQFH�WUDLQLQJ

(
QGXUDQFH�WUDLQLQJ

R
esistance training

R
esistance training

C
om

bined training

�����������WR������
�����������WR������
�����������WR������

34190
a &

RQ¿GHQFH�LQWHUYDO�
b W

eighted m
ean difference in B

M
I or body w

eight.
C

 N
ot reported.

d M
axim

um
 heart rate.
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P
hysical activity and B

M
I in children and adolescents

Sum
m

ary of evidence for the effect of physical activity on B
M

I in children and 
adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��� 43 9
21 and 11 R

C
Ts

26

H
eterogeneity

<HV��LQ�VL]H�DQG�GLUHFWLRQ�RI�WKH�HIIHFW�LQ�WZ
R�RI�WKH�WKUHH�P

HWD�
analyses, unexplained

S
trength of the effect/association

5
DQJHV�IURP

��������������WR��������WR��������������WR��������NJ�P
2

S
tudy population 

C
hildren and adolescents

C
onclusion 1: A

n effect of m
oderate- to high-intensity physical 

activity for at least 150’ per w
eek on B

M
I in children and adolescents 

is unlikely.

E
xplanation

)LYH�P
HWD�DQDO\VHV

����������� studied the effect of physical activity on body 

m
ass index in school children (Table 7). M

ost R
C

Ts w
ere carried out in 

SULP
DU\�VFKRRO�FKLOGUHQ��DOWKRXJK�LQ�WZ

R�P
HWD�DQDO\VHV�RQH�RU�WZ

R�VWXGLHV�

in secondary school children w
ere sum

m
arised. ����� B

ecause only tw
o of 

the 18 studies that H
arris et al. 44 sum

m
arised concerned a physical 

DFWLYLW\�LQWHUYHQWLRQ�FDUULHG�RXW�LQ�D��FOXVWHU��5
&
7��WKLV�P

HWD�DQDO\VLV�LV�

H[FOXGHG��7KH�RYHUODS�EHWZ
HHQ�WKH�RWKHU�IRXU�P

HWD�DQDO\VHV�UDQJHV�IURP
�

one to four R
C

Ts. �����������

7KUHH�RI�WKH�IRXU�P
HWD�DQDO\VHV�SURYLGH�LQGLFDWLRQV�WKDW�DQ�HIIHFW�RI�

physical activity on body m
ass index is unlikely. The level of heterogeneity 

Z
DV�RQO\�ORZ

�LQ�WKH�P
HWD�DQDO\VLV�E\�&

HVD�HW�DO� 21 This could be explained 

by the stringent selection criteria used by C
esa et al.: school children aged 

6 to 12 years; any physical activity program
m

e lasting longer than 6 

P
RQWKV��Z

LWK�DW�OHDVW�����P
LQXWHV�SHU�Z

HHN�LQ�FRP
SDULVRQ�WR�D�OHVV�

intensive or no intervention.

,Q�WKH�RWKHU�WKUHH�P
HWD�DQDO\VHV�WKHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity. ���������*
XHUUUD�HW�DO� 26 ascribe this heterogeneity to the large 

variations in the nature and objective of study protocols, age ranges and 

IROORZ
�XS�WLP

HV�EHWZ
HHQ�VWXGLHV��$

OWKRXJK�5
&
7V�Z

LWK�QXWULWLRQDO�

LQWHUYHQWLRQV�Z
HUH�H[FOXGHG��WKUHH�5

&
7V�KDG�FR�LQWHUYHQWLRQV�Z

LWK�KHDOWK�

HGXFDWLRQ�DQG�IDP
LO\�VXSSRUW�Z

DV�LQFOXGHG�LQ�RQH�5
&
7��)URP

�WKH�WH[W��LW�LV��

how
ever, unclear w

hether the control group also received these 

FR�LQWHUYHQWLRQV� 26 

,Q�WKH�P
HWD�DQDO\VLV�E\�0

HL�HW�DO� 43 the analysis of the effect of physical 

activity w
as already a subgroup analysis. The authors did not explore 

heterogeneity further w
ithin this subgroup. Visual inspection of the forest 

SORWV�LQ�WKH�WZ
R�P

HWD�DQDO\VHV�LQGLFDWHV�WKDW�WKH�KHWHURJHQHLW\�LV�

associated w
ith both the size and direction of the effect.

,Q�WKH�P
HWD�DQDO\VLV�RI�/DYHOOH�HW�DO� �� 10 studies w

ere sum
m

arised on the 

effect of physical activity on body m
ass index. The authors show

ed a 

UHGXFWLRQ�LQ�%
0
,�RI������NJ�P

2 in com
parison to standard physical 

education. O
ne of the 10 studies had a linear design. Visual inspection of 

the scatter plot suggests considerable heterogeneity in size and direction 

of the effect. A
s the analysis w

as already a subgroup analysis, 

heterogeneity w
as not further explored by the authors. This lim

its the 
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LQWHUSUHWDWLRQ�RI�WKLV�P
HWD�DQDO\VLV�

2
I�WKH�P

HWD�DQDO\VHV��WKH�FRP
P
LWWHH�Z

HLJKV�WKH�RQH�E\�&
HVD�HW�DO� 21 

m
ore strongly than the others in view

 of its m
ore stringent selection criteria 

and the low
 heterogeneity. 

7KH�¿QGLQJV�GR�QRW�FRQ¿UP
�WKH�FRQFOXVLRQV�LQ�WKH�$

XVWUDOLDQ�HYLGHQFH�

report, 1�QDP
HO\��WKDW�WKHUH�Z

DV�KLJK�OHYHO�HYLGHQFH�IRU�DQ�HIIHFW�RI�SK\VLFDO�

activity on adiposity and unhealthy w
eight gain in children and 

adolescents. O
ne explanation m

ay be that the A
ustralian evidence report 

also based its conclusions on studies w
ith other designs and studies 

carried out in children w
ho are overw

eight or obese (see below
), w

hereas 

WKH�P
HWD�DQDO\VHV�IRFXVHG�RQ�SK\VLFDO�DFWLYLW\�LQ�VFKRRO�FKLOGUHQ�

,Q�FRQFOXVLRQ��DQ�HIIHFW�RI�P
RGHUDWH��WR�KLJK�LQWHQVLW\�SK\VLFDO�DFWLYLW\�IRU�

DW�OHDVW����¶�SHU�Z
HHN�RQ�%

0
,�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�LV�XQOLNHO\�

H
igh-intensity interval training and B

M
I in adolescents

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�%
0
,�LQ�

adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

46

H
eterogeneity

N
o

S
trength of the effect/association

�����������WR�������NJ�P
2

S
tudy population 

A
dolescents

C
onclusion 2: H

igh-intensity interval training (for 2 to 6 m
onths) 

versus usual behaviour or light- to m
oderate-intensity training, 

reduces the gain in B
M

I in adolescents.
Level of evidence: W

eak.

E
xplanation

C
ostigan et al. 46�VXP

P
DULVHG���5

&
7V�RQ�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�

training on the gain in body m
ass index in adolescents (Table 7). The 

authors show
ed that this type of training low

ers the body m
ass index by 

����NJ�LQ���WR���P
RQWKV�LQ�FRP

SDULVRQ�WR�FRQWURO�RU�P
RGHUDWH�LQWHQVLW\�

training. The level of heterogeneity w
as low

. H
ow

ever, it is unclear from
 

WKH�WH[W�Z
KHWKHU�WKH�YROXP

H�RI�H[HUFLVH�LQ�WKH�KLJK�LQWHQVLW\�LQWHUYDO�

WUDLQLQJ�LV�VLP
LODU�WR�WKDW�RI�WKH�P

RGHUDWH�LQWHQVLW\�WUDLQLQJ�

7KH�$
XVWUDOLDQ�DQG�8

6
�HYLGHQFH�UHSRUWV�GLG�QRW�GLVFXVV�WKH�HIIHFW�RI�KLJK�

intensity interval training on gain in body m
ass index. 2,3

,Q�FRQFOXVLRQ��KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ��IRU���WR���P
RQWKV��YHUVXV�

XVXDO�EHKDYLRXU�RU�OLJKW��WR�P
RGHUDWH�LQWHQVLW\�WUDLQLQJ�UHGXFHV�WKH�JDLQ�LQ�

B
M

I in adolescents. A
s it is unclear w

hether the exercise volum
e of the 

KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�Z
DV�VLP

LODU�WR�WKDW�RI�WKH�P
RGHUDWH�LQWHQVLW\�

training, the level of evidence is w
eak. 
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E
ndurance training and B

M
I in overw

eight and obese children and 

adolescents

Sum
m

ary of evidence for the effect of endurance training on B
M

I in overw
eight and 

obese children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI�����%
0
,�]�VFRUH� 47, 8 (B

M
I) 47 and 6 R

C
Ts 

(B
M

I) 48

H
eterogeneity

<HV��LQ�WKH�VL]H�RI�WKH�HIIHFW�LQ�RQH�RI�WKH�WZ
R�P

HWD�DQDO\VHV
S

trength of the effect/association
%
0
,�]�VFRUH���������������WR�������

%
0
,��UDQJHG�IURP

��������������WR��������WR��������������WR�������� 
kg/m

2

S
tudy population 

O
verw

eight and obese children and adolescents

C
onclusion 3: M

oderate- to high-intensity endurance training (2 to 7 
tim

es per w
eek, 6 to 90 m

inutes per session, for 6 m
onths) versus 

control, low
ers gain in B

M
I in overw

eight and obese children and 
adolescents by about 0.4 kg/m

2. 
Level of evidence: Strong.

E
xplanation

7KHUH�DUH�WKUHH�P
HWD�DQDO\VHV�H[FOXVLYHO\�IRFXVLQJ�RQ�WKH�HIIHFW�RI�

physical activity on B
M

I in overw
eight and obese children (Table 7). ����� 

K
elley et al. 47�XVHG�%

0
,�]�VFRUHV�DV�RXWFRP

H�P
HDVXUH��Z

KLFK�LV�D�

preferred m
easure, particularly for children, for com

bining the results from
 

VHYHUDO�VWXGLHV��$
V�RQH�RI�WKH�RWKHU�P

HWD�DQDO\VHV
49 w

as carried out by 

the sam
e authors and covered the sam

e studies, it w
as excluded. There 

Z
DV�QR�RYHUODS�LQ�VWXGLHV�EHWZ

HHQ�WKH�P
HWD�DQDO\VHV�E\�.

HOOH\�HW�DO� 47 

and S
toner et al. 48�7KHUHIRUH�ERWK�DUH�GLVFXVVHG�EHORZ

��%
RWK�P

HWD�

analyses sum
m

arised studies on predom
inantly endurance training. 

K
elley et al. 47�VKRZ

HG�WKDW�HQGXUDQFH�H[HUFLVH�UHGXFHG�WKH�%
0
,�]�VFRUH�

E\�DERXW���
�LQ�RYHUZ

HLJKW�DQG�REHVH�FKLOGUHQ�DQG�DGROHVFHQWV�LQ�

FRP
SDULVRQ�WR�WKH�FRQWURO�JURXS��7KH�UHGXFWLRQ�LQ�%

0
,�Z

DV�DERXW������ 

kg/m
2 in com

parison to the control. There w
as considerable heterogeneity 

in the size of both effects w
hich w

as not explored further by the authors. 

S
toner et al. 48�IRXQG�WKDW�HQGXUDQFH�H[HUFLVH�UHGXFHG�%

0
,�E\�DERXW������

kg/m
2 in overw

eight and obese children and adolescents. H
eterogeneity 

Z
DV�ORZ

��7KH�DXWKRUV��KRZ
HYHU��XVHG�D�¿[HG�HIIHFWV�P

RGHO��Z
KLFK�UHVXOWV�

LQ�D�VP
DOOHU�FRQ¿GHQFH�LQWHUYDO�WKDQ�D�UDQGRP

�HIIHFWV�P
RGHO�

7KH�¿QGLQJV�DUH�LQ�DFFRUGDQFH�Z
LWK�WKH�FRQFOXVLRQV�LQ�WKH�$

XVWUDOLDQ�

evidence report 1�WKDW�WKHUH�Z
DV�KLJK�OHYHO�HYLGHQFH�IRU�DQ�HIIHFW�RI�

endurance training on adiposity and unhealthy w
eight gain in children and 

and adolescents. 

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�

per w
eek, 6 to 90 m

inutes per session, for 6 m
onths) versus control, 

low
ers gain in B

M
I in overw

eight and obese children and adolescents by 

about 0.4 kg/m
2��,Q�YLHZ

�RI�WKH�FRQVLVWHQW�¿QGLQJV�EHWZ
HHQ�P

HWD�

analyses, the level of evidence is strong.
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Table 7. R
C

Ts into the effect of physical activity and endurance training on body m
ass index in children and adolescents

N
um

ber of studies and num
ber of 

participants
Study duration 
(m

onths)
Intervention (intensity, frequency, 
duration)

C
ontrol

C
hange in B

M
I com

pared to 
control (95%

-C
.I. a) (kg/m

2)
H

eterogeneity 
(I 2 %

)
M

eta-analysis
Lavelle 2011

��
����Q�U��FKLOGUHQ�DQG�DGROHVFHQWV����WR�
18 years

����
P

hysical activity
S

tandard physical education
�������������WR�������

n.r.

*
XHUUD�����

26
11; 4,273 children and adolescents 
�����\HDUV

���
b���

(
QGXUDQFH�DQG�RU�UHVLVWDQFH�WUDLQLQJ�

P
RGHUDWH�LQWHQVLW\������WLP

HV�Z
N��

������¶�VHVVLRQ�

S
edentary behaviour

�������������WR�������
77

C
esa 2014

21
����������FKLOGUHQ������\HDUV

����
3
K\VLFDO�DFWLYLW\�RI�DW�OHDVW����¶�Z

N�
P
RGHUDWH��WR�KLJK�LQWHQVLW\

Less intensive or standard physical 
education classes

�������������WR�������
0

&
RVWLJDQ�����

46
�������DGROHVFHQWV�������\HDUV

���
+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

8
VXDO�EHKDYLRXU�RU�ORZ

�WR�P
RGHUDWH�

intensity training
�����������WR������

0

M
ei 2016

43
���SULP

DU\�VFKRRO�FKLOGUHQ
����!��

(
QGXUDQFH�WUDLQLQJ�DW�ORZ

�P
RGHUDWH�KLJK��

LQWHQVLW\�������WLP
HV�Z

N�������¶�VHVVLRQ
C

ontrol
�������������WR�������

90

K
elley 2014

47
��������RYHUZ

HLJKW�DQG�REHVH�FKLOGUHQ�
DQG�DGROHVFHQWV������\HDUV
�������RYHUZ

HLJKW�DQG�REHVH�FKLOGUHQ�
DQG�DGROHVFHQWV������\HDUV

���
(
QGXUDQFH�WUDLQLQJ�DW�P

RGHUDWH�KLJK�
LQWHQVLW\������WLP

HV�Z
N������¶�VHVVLRQ��

resistance training (1 study) or 
com

bination (1 study)
Idem

C
ontrol

Idem
�������������WR�������� c

�������������WR�������
6071

S
toner 2016

48
6; 196 overw

eight and obese children 
DQG�DGROHVFHQWV�������\HDUV

�����
(
QGXUDQFH�WUDLQLQJ��DQG�UHVLVWDQFH�

WUDLQLQJ�LQ�RQH�VWXG\������WLP
HV�Z

N��
�����¶�VHVVLRQ

8
VXDO�FDUH��DQG�WDL�FKL�LQ�RQH�VWXG\�

�������������WR�������
0

a &
RQ¿GHQFH�LQWHUYDO�

b '
DWD�RI���P

RQWK�IROORZ
�XS�

c %
0
,�]�VFRUH��

2.5 
Fat m

ass, abdom
inal fat and w

aist circum
ference

Below
 the com

m
ittee discusses the effect of physical activity on fat m

ass, 

DEGRP
LQDO�IDW�DQG�Z

DLVW�FLUFXP
IHUHQFH��DV�UHSRUWHG�LQ�P

HWD�DQDO\VHV�RI�

5
&
7V�WKDW�Z

HUH�QRW�VSHFL¿FDOO\�GHVLJQHG�WR�EULQJ�DERXW�Z
HLJKW�ORVV��0

RVW�

of the studies on body com
position have been carried out in overw

eight 

DQG�REHVH�VXEMHFWV��0
HWD�DQDO\VHV�RQ�YLVFHUDO�IDW�DQG�Z

DLVW�FLUFXP
IHUHQFH�

w
ere, for instance, exclusively available for studies in (on average) 

overw
eight and obese subjects.

The Australian evidence report did not discuss changes in body 

com
position. 2�7KH�8

6�HYLGHQFH�UHSRUW 3 concluded that am
ple evidence 

H[LVWV�IRU�D�SRVLWLYH�GRVH�UHVSRQVH�UHODWLRQVKLS�EHWZ
HHQ�WKH�YROXP

H�RI�

endurance and/or resistance training, the training duration, and the am
ount 
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of total and regional fat loss. The studies that the report sum
m

arised 

exam
ined the effect of endurance training rather than resistance training, 

how
ever. M

oreover, the evidence suggests that regional fat loss is greater 

Z
LWK�JUHDWHU�DP

RXQWV�RI�H[HUFLVH�LQGXFHG�WRWDO�Z
HLJKW�ORVV�DQG�DP

RQJ�

those w
ith the highest levels of adiposity. In the absence of coincident 

FDORULF�UHVWULFWLRQ��HQGXUDQFH�WUDLQLQJ�LQ�WKH�UDQJH�RI����WR����0
(
7�KRXUV�

per w
eek resulted in decreases in total and abdom

inal adiposity that are 

consistent w
ith im

proved m
etabolic function. H

ow
ever, w

hen m
ore training 

LV�GRQH��H�J������0
(
7�KRXUV�SHU�Z

HHN���GHFUHDVHV�LQ�DEGRP
LQDO�IDW�

approached 3 to 4 tim
es the level seen w

ith this range of training.

A
s described in the chapter on body w

eight and body m
ass index in 

children and adolescents, the A
ustralian evidence report on children 

VWDWHV�WKDW�WKHUH�Z
DV�KLJK�OHYHO�HYLGHQFH�IRU�DQ�HIIHFW�RI�SK\VLFDO�DFWLYLW\�

on adiposity and unhealthy w
eight gain from

 61 studies w
ith various study 

GHVLJQV��$
ERXW�KDOI�RI�WKH�VWXGLHV������IRXQG�D�VLJQL¿FDQW�LP

SDFW�RI� 

physical activity on adiposity and w
eight gain, in term

s of B
M

I, B
M

I 

]�VFRUH��Z
DLVW�FLUFXP

IHUHQFH��DQG�VNLQ�IROG�P
HDVXUHP

HQWV� 1 

2.5.1 
Fat m

ass in adults
Sum

m
ary of evidence for the effect of endurance training on fat m

ass in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��� 39����
28 and 14 R

C
Ts

13

H
eterogeneity

<HV�LQ�RQH�P
HWD�DQDO\VLV��XQH[SODLQHG

S
trength of the effect/association

9DULHV�IURP
������������WR�������WR������������WR�������

S
tudy population 

S
edentary but otherw

ise apparently healthy adults

C
onclusion 1: M

oderate- to high-intensity endurance training (3 to 5 
tim

es per w
eek, 30 to 60 m

inutes per session, for one year) versus 
no exercise, reduces fat m

ass by 2%
 in adults.

Level of evidence: Strong.

E
xplanation

7KHUH�DUH�WKUHH�P
HWD�DQDO\VHV

13,28,39 and three system
atic review

s
�������� on 

the effect of physical activity on fat m
ass in adults (since 2012, Table 8). 

M
urtagh et al. 13 sum

m
arised 14 R

C
Ts on w

alking, tw
o of w

hich w
ere also 

VXP
P
DULVHG�E\�*

DR�HW�DO� 39�LQ�FRP
ELQDWLRQ�Z

LWK�RQH�RWKHU�5
&
7��$V�*

DR�HW�

al. 39 used m
ore stringent selection criteria, such as the inclusion of at least 

���SDUWLFLSDQWV��SHUL��RU�SRVWP
HQRSDXVDO�Z

RP
HQ��DQG�D�GURS�RXW�UDWH�RI�

OHVV�WKDQ����
��WKH�FRP

P
LWWHH�GHVFULEHV�WKH�¿QGLQJV�RI�ERWK�P

HWD�DQDO\VHV��

M
urtagh et al. 13�IRXQG�WKDW�P

RGHUDWH��WR�KLJK�LQWHQVLW\�Z
DONLQJ�UHGXFHG�IDW�

P
DVV�E\���

�Z
LWKLQ�RQH�\HDU�DQG�*

DR�HW�DO� 39�IRXQG�D�UHGXFWLRQ�RI���
�

Z
LWKLQ�KDOI�D�\HDU��7KH�ODWWHU�DXWKRUV�XVHG�D�¿[HG�HIIHFWV�P

RGHO��Z
KLFK�

UHVXOWV�LQ�D�VP
DOOHU�FRQ¿GHQFH�LQWHUYDO�WKDQ�D�UDQGRP

�HIIHFWV�P
RGHO��,Q�

WKH�P
HWD�DQDO\VLV�FRP

SOHWHG�E\�0
XUWDJK�HW�DO�� 13 there w

as considerable 

heterogeneity, w
hich w

as not investigated further by the authors. A forest 

plot w
as not available for visual inspection. 

H
espanhol et al. 28 found sim

ilar effects of running on the percentage of 

body fat. The decrease in fat m
ass increased w

ith the duration of the 

LQWHUYHQWLRQ��IURP
���

�DIWHU�WKUHH�P
RQWKV�WR���

�DIWHU���WR�����\HDUV��

H
eterogeneity w

as low
.
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Table 8. R
C

Ts into the effect of endurance training on fat m
ass in adults

N
um

ber of studies and num
ber of 

participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange in %

 fat m
ass com

pared 
to control (95%

-C
.I. a)

H
eterogeneity (I 2 %

)

M
eta-analysis

0
XUWDJK�����

13
��������DGXOWV

����
:
DONLQJ�DW�������

�0
+
5
� b�����WLP

HV�Z
N��

�����¶�VHVVLRQ�
N

o exercise 
control

�����������WR������
68

*
DR�����

39
3; 444 postm

enopausal w
om

en
���

:
DONLQJ�P

RGHUDWH��WR�KLJK�LQWHQVLW\������
WLP

HV�Z
N�������¶�VHVVLRQ

N
o exercise 

control
�����������WR������

0

+
HVSDQKRO�����

28
7; 264 adults

4; 278 adults
�������DGXOWV

36�����

5
XQQLQJ�������

�0
+
5
������G�Z

N������KUV�Z
N�

(average)
P

hysically 
inactive

�����������WR������

�����������WR������
�����������WR������

0024
a &

RQ¿GHQFH�LQWHUYDO�
b M

axim
al heart rate.

1
RQH�RI�WKH�P

HWD�DQDO\VHV�LQFOXGHG�D�GHVFULSWLRQ�RI�Z
KHWKHU�WKH�

intervention also resulted in a change in total physical activity in the 

intervention and/or control group.

7KH�WKUHH�V\VWHP
DWLF�UHYLHZ

V�IRFXVHG�RQ�WKH�HIIHFW�RI�OLJKW�� 17�P
RGHUDWH��

DQG�KLJK�LQWHQVLW\�H[HUFLVH
18 on fat m

ass in healthy adults and the effect of 

physical activity in frail older adults. �� In a system
atic review

 of tw
o R

C
Ts, 

Batacan et al. 17�IRXQG�QR�LQGLFDWLRQV�IRU�DQ�HIIHFW�RI�OLJKW�LQWHQVLW\�SK\VLFDO�

activity on fat m
ass in physically inactive adults. In another system

atic 

review
 of tw

o R
C

Ts, R
am

os et al. 18 found no indications for a difference in 

IDW�P
DVV�ORZ

HULQJ�EHWZ
HHQ�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�P

RGHUDWH�

intensity continuous training. A system
atic review

�� sum
m

arising tw
o R

C
Ts 

in frail older adults found no indications for an effect of physical exercise 

interventions on fat m
ass.

7KXV��WKH�UHVXOWV�RI�WKH�WKUHH�P
HWD�DQDO\VHV�WDNHQ�WRJHWKHU�VXJJHVW�WKDW�

P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�GHFUHDVHV�IDW�P

DVV�E\���
�

(conservative estim
ate) after one year. 13,28,39 This is in line w

ith the 

FRQFOXVLRQV�LQ�WKH�8
6�HYLGHQFH�UHSRUW 3 that there is am

ple evidence for a 

GRVH�UHVSRQVH�UHODWLRQVKLS�EHWZ
HHQ�WKH�YROXP

H�RI�HQGXUDQFH�WUDLQLQJ�DQG�

the am
ount of total fat loss.

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�

per w
eek, 30 to 60 m

inutes per session, for one year) versus no exercise 

UHGXFHV�IDW�P
DVV�E\���

�LQ�DGXOWV��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV��WKH�

level of evidence is strong.

2.5.2 
Fat m

ass in children and adolescents
7KH�FRP

P
LWWHH�IRXQG�IRXU�P

HWD�DQDO\VHV�RQ�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�

fat m
ass in children: tw

o on predom
inantly endurance training, 47,48 one on 
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ERQH�VWUHQJWKHQLQJ�H[HUFLVH� ��
a�DQG�RQH�RQ�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ� 46

E
ndurance training and fat m

ass in children and adolescents

Sum
m

ary of evidence for the effect of endurance training on fat m
ass in overw

eight 
and obese children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��
48 and 9 R

C
Ts

47

H
eterogeneity

<HV��LQ�RQH�P
HWD�DQDO\VLV

S
trength of the effect

�����������WR�������
�����������WR�������

S
tudy population 

O
verw

eight and obese children and adolescents

C
onclusion 1: M

oderate- to vigorous-intensity endurance training 
low

ers fat m
ass in overw

eight and obese children and adolescents.
Level of evidence: Strong.

E
xplanation

7KH�RYHUODS�EHWZ
HHQ�WKH�P

HWD�DQDO\VHV�E\�.HOOH\�HW�DO� 47 and Stoner et al. 48 

could not be assessed exactly, as Kelley et al. 47 did not provide inform
ation 

on the individual studies included in the analysis on fat m
ass (Table 9). As 

RQO\�RQH�RI�WKH�¿YH�VWXGLHV�LQ�WKH�P
HWD�DQDO\VLV�RI�6WRQHU�HW�DO� 48 w

as 

GHVFULEHG�LQ�WKH�WDEOH�Z
LWK�FKDUDFWHULVWLFV�RI�WKH�VWXGLHV�LQ�WKH�P

HWD�DQDO\VLV�

by Kelley et al., 47 the overlap is one at m
ost. In the studies, endurance 

training w
as studied predom

inantly.

a C
onsists of resistance training and activities as jum

ping, clim
bing stairs, w

alking, running and dancing.

Kelly et al. 47�VKRZ
HG�WKDW�P

RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ
b 

ORZ
HUHG�IDW�P

DVV�E\���
�LQ�RYHUZ

HLJKW�DQG�REHVH�FKLOGUHQ�DQG�DGROHVFHQWV��

The R
C

Ts included at least 20 participants. H
eterogeneity w

as, how
ever, 

considerable and not investigated by the authors. There w
as no forest plot 

available for visual exam
ination.

Stoner et al. 48�IRXQG�D�VLP
LODU�HIIHFW�������

��WKDW�Z
DV�QRW�VLJQL¿FDQW��)LYH�RI�

the trials w
ere of endurance training and one w

as a com
bination of 

HQGXUDQFH�DQG�UHVLVWDQFH�WUDLQLQJ��)RXU�RXW�RI�VL[�5
&
7V�FRP

SULVHG�OHVV�

WKDQ����SDUWLFLSDQWV��7KH�DXWKRUV�XVHG�D�¿[HG�HIIHFW�P
RGHO�IRU�DQDO\VLV��

)L[HG�HIIHFWV�P
RGHOV��KRZ

HYHU��UHVXOW�LQ�VP
DOOHU�FRQ¿GHQFH�LQWHUYDOV�WKDQ�

UDQGRP
�HIIHFWV�P

RGHOV��+
HWHURJHQHLW\�Z

DV�ORZ��

7KH�¿QGLQJV�RI�WKH�WZ
R�P

HWD�DQDO\VHV�DUH�LQ�DFFRUGDQFH�Z
LWK�WKH�

conclusions in the Australian evidence report 1�WKDW�WKHUH�Z
DV�KLJK�OHYHO�HYLGHQFH�

for an effect of endurance training on adiposity and unhealthy w
eight gain 

children and adolescents. 

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�H[HUFLVH�ORZ

HUV�IDW�

m
ass in overw

eight and obese children and adolescents. As the 

KHWHURJHQHLW\�Z
DV�FRQVLGHUDEOH�LQ�RQH�P

HWD�DQDO\VLV
47 the conclusion is 

QRW�TXDQWL¿HG��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�LQ�WKH�GLUHFWLRQ�RI�WKH�HIIHFW�

LQ�WKH�RWKHU�P
HWD�DQDO\VLV

48 and the conclusions in the Australian evidence 

report 1, the level of evidence is strong.

b In one trial resistance training w
as studied and in another the com

bination of endurance w
ith resistance training.
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B
one-strengthening exercise and fat m

ass in children and adolescents

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�ERQH�VWUHQJWKHQLQJ�H[HUFLVH�RQ�IDW�P
DVV�LQ�

children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V�DQG���RWKHU�WULDOV

��

H
eterogeneity

Yes, both in size and direction of effect, partly explained
S

trength of the effect/association
�������������WR���������Z

HLJKWHG�P
HDQ�GLIIHUHQFH�

S
tudy population 

C
hildren and adolescents

C
onclusion 2: B

one-strengthening exercises, w
hether done in 

com
bination w

ith m
oderate- to high-intensity endurance training or 

not, reduce the gain in fat m
ass in children and adolescents.

Level of evidence: W
eak.

E
xplanation

7KHUH�LV�RQH�P
HWD�DQDO\VLV�RQ�WKH�HIIHFW�RI�ERQH�VWUHQJWKHQLQJ�H[HUFLVH�

on gain in fat m
ass (Table 9). N

ogueira et al. ���VXP
P
DULVHG�¿YH�5

&
7V�LQ�

FRP
ELQDWLRQ�Z

LWK�WKUHH�RWKHU�WULDOV�DQG�IRXQG�WKDW�ERQH�VWUHQJWKHQLQJ�

exercise m
itigated gain in fat m

ass. The level of heterogeneity w
as 

m
oderate. Visual inspection of the forest plot indicates that heterogeneity 

w
as both related to the size and the direction of the effect. R

esults w
ere 

sim
ilar w

hen the analysis w
as restricted to the six studies w

ith a low
 to 

P
RGHUDWH�ULVN�RI�ELDV���������������WR���������7KH�WULDOV�WKDW�FRP

ELQHG�

MXP
SLQJ�DFWLYLWLHV�Z

LWK�VRP
H�RWKHU�P

RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�

training resulted in the greatest changes in fat m
ass (results not show

n).

7KH�$
XVWUDOLDQ�DQG�$

P
HULFDQ�HYLGHQFH�UHSRUW�GLG�QRW�VSHFL¿FDOO\�GLVFXVV�

the effects of bone strengthening exercise on fat m
ass. 1,3

,Q�FRQFOXVLRQ��ERQH�VWUHQJWKHQLQJ�H[HUFLVH��Z
KHWKHU�GRQH�LQ�FRP

ELQDWLRQ�

Z
LWK�P

RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�RU�QRW��UHGXFH�WKH�JDLQ�

in fat m
ass in children and adolescents. A

s the analysis is based on both 

R
C

Ts and other studies and the heterogeneity w
as partly explained, the 

level of evidence is w
eak.

H
igh-intensity interval training and fat m

ass in adolescents

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�IDW�P
DVV�LQ�

adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

46

H
eterogeneity

Yes, in both size and direction of effect, partly explained by study duration
S

trength of the effect/
association

����P
RQWKV������������WR������

����P
RQWKV�������������WR������

�
S

tudy population 
A

dolescents

C
onclusion 3: H

igh-intensity interval training versus usual behaviour 
or light- to m

oderate-intensity training low
ers the gain in fat m

ass in 
adolescents.
Level of evidence: W

eak.

E
xplanation

C
ostigan et al. 46�VXP

P
DULVHG���5

&
7V�RQ�WKH�HIIHFW�RI�KLJK�LQWHQVLW\�LQWHUYDO�

training on fat m
ass in adolescents of norm

al w
eight, w

ho w
ere 

overw
eight or w

ho w
ere obese (Table 9). The authors show

 that this type 
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Table 9. R
C

Ts into the effect of endurance training and resistance training on fat m
ass in children and adolescents

N
um

ber of studies and num
ber of 

participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange in fat m

ass com
pared 

to control (95%
-C

.I. a) (%
)

H
eterogeneity 

(I 2 %
)

M
eta-analysis

N
ogueira 2014

��
��5

&
7V�DQG���RWKHU�WULDOV������FKLOGUHQ�

DQG�DGROHVFHQWV������\HDUV
����

3
ULP

DULO\�KLJK�LP
SDFW��Z

HLJKW�EHDULQJ�H[HUFLVH��
som

e m
ultiple exercise m

odes
8
VXDO�SK\VLFDO�HGXFDWLRQ�

classes or stretching
�������������WR������� b

33

&
RVWLJDQ�����

46
�������DGROHVFHQWV�������\HDUV
2; n.r. c

4; n.r.

������
<2���

+
LJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ

8
VXDO�EHKDYLRXU�RU�ORZ

�WR�
m

oderate intensity training
�����������WR������ d

�����������WR������ d

�����������WR������ d

63n.r.
n.r.

K
elley 2014

47
�������RYHUZ

HLJKW�DQG�REHVH�FKLOGUHQ�
�����\HDUV

n.r.
(
QGXUDQFH�H[HUFLVH�DW�P

RGHUDWH�KLJK�LQWHQVLW\��
����WLP

HV�Z
N������¶�VHVVLRQ��UHVLVWDQFH�WUDLQLQJ�RU�

com
bination

C
ontrol

������������WR������ d
��

S
toner 2016

48
6; 196 overw

eight and obese children 
DQG�DGROHVFHQWV�������\HDUV

�����
(
QGXUDQFH�H[HUFLVH��DQG�UHVLVWDQFH�WUDLQLQJ�LQ�

RQH�VWXG\������WLP
HV�Z

N�������¶�VHVVLRQ
8
VXDO�FDUH��DQG�WDL�FKL�LQ�RQH�

study)
�����������WR������ b

0

a &
RQ¿GHQFH�LQWHUYDO�

b S
tandardised m

ean difference.
c N

ot reported.
d �

�IDW�P
DVV�

RI�WUDLQLQJ�ORZ
HUV�IDW�P

DVV�E\�����
�LQ�FRP

SDULVRQ�WR�WKH�FRQWURO�RU�

P
RGHUDWH�LQWHQVLW\�WUDLQLQJ�LQ���WR���P

RQWKV��7KH�OHYHO�RI�KHWHURJHQHLW\�

w
as high and pertained to both the size and the direction of the effect. 

6
WXG\�GXUDWLRQ�Z

DV�D�VLJQL¿FDQW�P
RGHUDWRU�RI�WUDLQLQJ�HIIHFWV��Z

LWK�ODUJHU�

HIIHFWV�LQ�IRXU�VWXGLHV�ODVWLQJ�DW�OHDVW�WZ
R�P

RQWKV�������������WR������
��

FRP
SDUHG�WR�WZ

R�VWXGLHV�ODVWLQJ���Z
HHNV�������������WR������

���

H
eterogeneity estim

ates w
ere not reported for these subgroup analyses. 

$
V�WKH�FRQ¿GHQFH�LQWHUYDO�IRU�WKH�5

&
7V�ODVWLQJ�DW�OHDVW�WZ

R�P
RQWKV�LV�

relatively narrow
, heterogeneity is likely to be lim

ited.

H
ow

ever, it is unclear from
 the text w

hether the volum
e of exercise is sim

ilar 

EHWZ
HHQ�WKH�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�P

RGHUDWH�LQWHQVLW\�WUDLQLQJ�

7KH�$
XVWUDOLDQ�DQG�$

P
HULFDQ�HYLGHQFH�UHSRUWV�GR�QRW�VSHFL¿FDOO\�GLVFXVV�

WKH�HIIHFWV�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�IDW�P
DVV� 1,3

,Q�FRQFOXVLRQ��KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�YHUVXV�XVXDO�EHKDYLRXU�RU�

OLJKW��WR�P
RGHUDWH�LQWHQVLW\�WUDLQLQJ�ORZ

HUV�WKH�JDLQ�LQ�IDW�P
DVV�LQ�

adolescents. A
s it is unclear w

hether the exercise volum
e w

as sim
ilar 

EHWZ
HHQ�WKH�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�DQG�WKH�P

RGHUDWH�LQWHQVLW\�

training, the level of evidence is w
eak.
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2.5.3 
A

bdom
inal fat in adults

Sum
m

ary of evidence for the effect of endurance training on abdom
inal fat in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V�DQG�&

7V
��

H
eterogeneity

Yes in the size of the effect, partly explained by sex
S

trength of the effect/association
�������������WR���������+

HGJHV¶�J�
S

tudy population 
O

verw
eight and obese adults

C
onclusion: Endurance training (40 to >75%

 VO
2 m

ax, 1 to 7 sessions 
per w

eek, 15 to 90 m
inutes, for 1 to 15 m

onths) reduces abdom
inal 

fat in overw
eight and obese adults; effects are larger at larger 

volum
es of training.

Level of evidence: Strong.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�WKUHH�P

HWD�DQDO\VHV�RQ�WKH�HIIHFW�RI�H[HUFLVH�RQ�

abdom
inal fat (Table 10). ����� Vissers et al. �� sum

m
arised 9 controlled 

studies, all of w
hich w

ere sum
m

arised w
ith 41 others by Verheggen et al. �� 

and 6 of w
hich w

ere sum
m

arised w
ith 27 others by Ism

ail et al. The 

RYHUODS�EHWZ
HHQ�WKH�P

HWD�DQDO\VHV�RI�9HUKHJJHQ�HW�DO� �� and Ism
ail et al. �� 

Z
DV����VWXGLHV��%HFDXVH�DOO�WKH�FRQWUROOHG�VWXGLHV�LQ�WKH�P

HWD�DQDO\VLV�E\�

Vissers et al. ���Z
HUH�VXP

P
DULVHG�LQ�WKH�P

HWD�DQDO\VLV�E\�9HUKHJJHQ�HW�DO�� �� 

WKH�FRP
P
LWWHH�H[FOXGHV�WKH�P

HWD�DQDO\VLV�E\�9LVVHUV�HW�DO� �� 

Ism
ail et al. �� investigated the effect of endurance and resistance training 

on abdom
inal fat. H

ow
ever, in part of the studies the exercise intervention 

w
as com

bined w
ith a dietary intervention. Therefore, the com

m
ittee also 

H[FOXGHV�WKLV�P
HWD�DQDO\VLV� ��

Verheggen et al. �� sum
m

arised the effect of endurance training on 

DEGRP
LQDO�IDW�DV�TXDQWL¿HG�E\�UDGLRJUDSKLF�LP

DJLQJ�LQ�RYHUZ
HLJKW�DQG�

obese adults. The authors show
ed that endurance training reduced 

DEGRP
LQDO�IDW�E\��������+

HGJHV¶�J���7KHUH�Z
DV�FRQVLGHUDEOH�

heterogeneity, w
hich w

as partly explained by sex: m
en experienced a 

larger reduction in abdom
inal fat than w

om
en. The authors did not report 

w
hether energy intake w

as controlled for in the studies. In additional 

analyses, in the absence of w
eight loss, endurance training w

as 

DVVRFLDWHG�Z
LWK�D���

�UHGXFWLRQ�LQ�DEGRP
LQDO�IDW��7KHUH�Z

DV�QR�IRUHVW�SORW�

available for assessing w
hether heterogeneity w

as only present in the size 

RU�DOVR�LQ�WKH�GLUHFWLRQ�RI�WKH�HIIHFW��$
V�LQ�WKH�H[FOXGHG�P

HWD�DQDO\VHV�RI�

Vissers et al. �� and Ism
ail et al. �� heterogeneity w

as predom
inantly present 

in the size of the effect, the com
m

ittee considers it likely that this is also 

WKH�FDVH�LQ�WKH�P
HWD�DQDO\VLV�E\�9HUKHJJHQ�HW�DO� �� There w

as no 

evidence of publication bias. 

7KH�¿QGLQJV�RI�9HUKHJJHQ�HW�DO� �� are in line w
ith the conclusions in the 

8
6
�HYLGHQFH�UHSRUW 3 that endurance training reduces abdom

inal fat. 

Verheggen et al., �� how
ever, did not look into the effect of exercise volum

e 

RQ�DEGRP
LQDO�IDW�UHGXFWLRQ��Z

KHUHDV�WKH�8
6
�UHSRUW 3 indicated that the level 

of fat reduction increased w
ith increasing volum

e of endurance training.

,Q�FRQFOXVLRQ�HQGXUDQFH�WUDLQLQJ�����WR�!���
�9
2

2 m
ax, 1 to 7 sessions 

SHU�Z
HHN�����WR����P

LQXWHV��IRU���WR����P
RQWKV��UHGXFHV�DEGRP

LQDO�IDW�LQ�

overw
eight and obese adults, w

ith larger effects at larger volum
es of training. 
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$V�WKH�¿QGLQJV�LQ�WKH�P
HWD�DQDO\VLV�RI�9HUKHJJHQ�HW�DO� �� are in line w

ith the 

FRQFOXVLRQV�LQ�WKH�8
6�HYLGHQFH�UHSRUW� 3 the level of evidence is strong.

Table 10. R
C

Ts into the effect endurance training on abdom
inal fat in overw

eight and 
obese adultsN

um
ber of 

studies and 
num

ber of 
participants

Study 
duration 
(m

onths) 

Intervention 
(intensity, 
frequency, duration)

C
ontrol

C
hange 

com
pared to 

control (95%
-

C
.I. a) 

H
etero-

geneity 
(I 2 %

)

M
eta-analysis

Verheggen 
2016

��

����������
adults 
overw

eight or 
obese

����
(
QGXUDQFH�WUDLQLQJ�DW�

���!���
�9
2

2 m
ax or 

������
�0
+
5
� b�����

VHVVLRQV�Z
N�����WR����

m
inutes per session 

C
ontrol

������ 
�������WR������� c

68

a &
RQ¿GHQFH�LQWHUYDO�

b M
axim

al heart rate.
c H

edges’ g.

2.5.4 
W

aist circum
ference in adults

Sum
m

ary of evidence for the effect of endurance training and the com
bination of 

endurance w
ith resistance training on w

aist circum
ference in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��
32 and 11

13 R
C

Ts
H

eterogeneity
<HV�LQ�VL]H�RI�HIIHFW�LQ�RQH�P

HWD�DQDO\VLV
S

trength of the effect/association
�������������WR��������FP
�������������WR��������FP

S
tudy population 

2
YHUZ

HLJKW�DQG�REHVH�DGXOWV��DGXOWV�DJHG�����\HDUV��
apparently healthy and sedentary adults

C
onclusion 1: M

oderate- and high-intensity endurance training 
reduces w

aist circum
ference.

Level of evidence: Strong.

C
onclusion 2: There is too little research to draw

 a conclusion on the 
effect of the com

bination of m
oderate- and high-intensity endurance 

training w
ith resistance training on w

aist circum
ference.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�WKUHH�P

HWD�DQDO\VHV�LQWR�WKH�HIIHFW�RI�SK\VLFDO�

activity on w
aist circum

ference (Table 11). 13,32,41 There w
as no overlap in 

VWXGLHV�EHWZ
HHQ�WKH�P

HWD�DQDO\VHV��

H
ow

ever, as Thorogood et al. 41 sum
m

arised tw
o R

C
Ts w

ith a duration of 

six m
onths and tw

o R
C

Ts w
ith a duration of 12 m

onths separately, the 

QXP
EHU�RI�VWXGLHV�Z

DV�WRR�VP
DOO�WR�EH�XVHG�IRU�P

HWD�DQDO\VLV��7KHUHIRUH��

the com
m

ittee excludes this publication.

K
uhle et al. 32�VWXGLHG�WKH�HIIHFW�RI�P

RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�

training alone (N
=3) or in com

bination w
ith resistance training (N

=3) on 

w
aist circum

ference in six R
C

Ts in overw
eight and obese adults aged 

�����7KH�DXWKRUV�IRXQG�WKDW�WUDLQLQJ�ORZ
HUHG�Z

DLVW�FLUFXP
IHUHQFH�E\���FP

��

H
eterogeneity in the size of the effect w

as considerable and not further 

explored, because of the sm
all num

ber of studies.

M
urtagh et al. 13�VKRZ

HG�WKDW�P
RGHUDWH�LQWHQVLW\�Z

DONLQJ�UHGXFHG�Z
DLVW�

FLUFXP
IHUHQFH�E\�����FP

�LQ�FRP
SDULVRQ�WR�WKH�VHGHQWDU\�FRQWURO��+

HWHUR�

geneity w
as m

oderate, and there w
as an indication of publication bias.
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7KH�¿QGLQJV�LQ�WKH�WZ
R�P

HWD�DQDO\VHV
13,32�FRQ¿UP

�WKH�FRQFOXVLRQV�LQ�WKH�

8
6
�HYLGHQFH�UHSRUW 3 that endurance training reduces abdom

inal fat. 32

,Q�FRQFOXVLRQ��P
RGHUDWH��RU�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�UHGXFHV�

Z
DLVW�FLUFXP

IHUHQFH��$
V�HIIHFW�VL]HV�GLIIHU�EHWZ

HHQ�P
HWD�DQDO\VHV��WKHUH�

is considerable heterogenity in one of the effect sizes, and there is a 

suggestion of publication bias in the other, the com
m

ittee, therefore, has 

QRW�TXDQWL¿HG�WKH�HIIHFW� 13,32�,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�EHWZ

HHQ�WKH�

P
HWD�DQDO\VHV�DQG�8

6
�HYLGHQFH�UHSRUW� 3 the level of evidence is strong.

,Q�YLHZ
�RI�WKH�VP

DOO�QXP
EHU�RI�VWXGLHV�LQ�WKH�P

HWD�DQDO\VLV�E\�.XKOH�HW�DO� 32 

on the com
bination of endurance training and resistance training and the 

absence of subgroup analyses by training type, the com
m

ittee concludes 

that there is too little research to draw
 a conclusion on the effect of the 

com
bination of endurance and resistance training on w

aist circum
ference.

2.6 
Fat-free m

ass 
%
HORZ

�WKH�FRP
P
LWWHH�GLVFXVVHV�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�RQ�IDW�IUHH�

P
DVV�LQ�ROGHU�DGXOWV��,Q�WKH�$

XVWUDOLDQ�HYLGHQFH�UHSRUW��IDW�IUHH�P
DVV�Z

DV�

QRW�VSHFL¿FDOO\�GLVFXVVHG� 2 In the A
m

erican evidence report, 3 it is stated 

WKDW�UHVLVWDQFH�WUDLQLQJ�LQFUHDVHV�IDW�IUHH�P
DVV�DQG�WKXV�UHGXFHV�WKH�

percentage of body fat, but not body w
eight or (absolute) body fat.

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�UHVLVWDQFH�WUDLQLQJ�RQ�IDW�IUHH�P
DVV�LQ�ROGHU�DGXOWV

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����5
&
7V�DQG����&

7V
��

H
eterogeneity

Yes, in size of effect, partly explained
S

trength of the effect/association
�����������WR�������NJ

S
tudy population 

$
GXOWV����

C
onclusion: R

esistance training (50 to 80%
1-R

M
, 2 to 3 tim

es per 
w

eek, 7 to 39 sets of 2 to 20 repetitions, for 2.5 to 12 m
onths) versus 

control, increases fat-free m
ass in adults aged 50 years and over.

Level of evidence: Strong.

Table 11. R
C

Ts into the effect of endurance training and resistance training on w
aist circum

ference in adults

N
um

ber of studies and 
num

ber of participants
Study duration 
(m

onths) 
Intervention (intensity, frequency,  
duration)

C
ontrol

C
hange com

pared to control 
(95%

-C
.I. a) (cm

)
H

eterogeneity (I 2 %
)

M
eta-analysis

K
uhle 2014

32
6; 384 overw

eight and obese 
DGXOWV�����\HDUV

���
(
QGXUDQFH�WUDLQLQJ�DW�������

�9
2

2 m
ax  

and/or resistance training on 2 to 3 days/w
k

C
ontrol

�������������WR�������
!��

0
XUWDJK�����

13
��������DGXOWV

���
W

alking, predom
inantly at m

oderate 
LQWHQVLW\������GD\V�Z

N�������¶�VHVVLRQ
N

o intervention, 
sedentary

�������������WR�������
38

a &
RQ¿GHQFH�LQWHUYDO�

b M
axim

al heart rate.
c N

ot reported. 
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E
xplanation

7KH�FRP
P
LWWHH�IRXQG�WZ

R�UHFHQW�P
HWD�DQDO\VHV� ����� one

33 of w
hich w

as 

GHVFULEHG�LQ�FRP
ELQDWLRQ�Z

LWK�WKUHH�RWKHU�P
HWD�DQDO\VHV�IURP

�EHIRUH�

2008
������LQ�WKH�P

HWD�DQDO\VLV�E\�3HWHUVRQ�HW�DO� �� Therefore, the com
m

ittee 

FKRRVHV�WR�GHVFULEH�WKH�ODWWHU�P
HWD�DQDO\VLV��7DEOH����� �� In addition, the 

com
m

ittee found a system
atic review

 of studies in frail older adults. ��

Table 12.�5
&
7V�LQWR�WKH�HIIHFW�RI�UHVLVWDQFH�WUDLQLQJ�RQ�IDW�IUHH�P

DVV�LQ��ROGHU��DGXOWV

N
um

ber of 
studies and 
num

ber of 
participans

Study 
duration 
(m

onths)

Intervention 
(intensity, 
frequency, 
duration)

C
ontrol

C
hange 

com
pared to 

control  
(95%

-C
.I. a) (kg)

H
etero-

geneity 
(I 2 %

)

M
eta-analysis

P
eterson 

2011
��

18 R
C

Ts and 
31 C

Ts; 1,328 
DGXOWV�����
years

����WR���
������

��5
0
� b 

2 to 3 tim
es/w

k; 
�����VHWV�������
repetitions

C
ontrol

�����������WR������
84

a &
RQ¿GHQFH�LQWHUYDO�

b ��UHSHWLWLRQ�P
D[LP

XP
�

P
eterson et al. ���VXP

P
DULVHG����5

&
7V�DQG����&

7V�LQ�DGXOWV�DJHG����DQG�

RYHU�DQG�VKRZ
HG�WKDW�UHVLVWDQFH�WUDLQLQJ�LQFUHDVHG�IDW�IUHH�P

DVV�E\�DERXW�

1 kilogram
. There w

as considerable heterogeneity in the size of the effect. 

H
eterogeneity w

as partly explained by volum
e and age: higher volum

e 

LQWHUYHQWLRQV�UHVXOWHG�LQ�ODUJHU�LQFUHDVHV�LQ�IDW�IUHH�P
DVV��Z

KHUHDV�Z
LWK�

increasing age the gain becam
e less.

In a system
atic review

, D
e Labra et al. �� described tw

o R
C

Ts in frail older 

DGXOWV��RQH�VKRZ
LQJ�DQ�LQFUHDVH�LQ�IDW�IUHH�P

DVV��P
HDVXUHG�E\�'

(
;
$
��

follow
ing a com

bined endurance and resistance training program
m

e, and 

DQRWKHU�VKRZ
LQJ�QR�VLJQL¿FDQW�HIIHFW�RQ�ERG\�FRP

SRVLWLRQ��,Q�YLHZ
�RI�WKH�

VP
DOO�QXP

EHU�RI�VWXGLHV��WKH�¿QGLQJV�RI�WKLV�V\VWHP
DWLF�UHYLHZ

�DUH�QRW�

conclusive.

)LQGLQJV�LQ�WKH�P
HWD�DQDO\VHV�E\�3

HWHUVRQ
�� correspond w

ith the 

conclusion in the A
m

erican evidence report that resistance training 

LQFUHDVHV�IDW�IUHH�P
DVV� 3

,Q�FRQFOXVLRQ��UHVLVWDQFH�WUDLQLQJ�����WR����
��5

0
����WR���WLP

HV�SHU�Z
HHN��

��WR����VHWV�RI���WR����UHSHWLWLRQV��IRU�����WR����P
RQWKV��YHUVXV�FRQWURO�

LQFUHDVHV�IDW�IUHH�P
DVV�LQ�DGXOWV�DJHG����DQG�RYHU��(

IIHFWV�DSSHDU�

stronger in studies w
ith a higher volum

e of exercise and subjects of a 

low
er age. B

ecause of the heterogeneity in the size of the effect, the 

FRP
P
LWWHH�GRHV�QRW�TXDQWLI\�WKH�HIIHFW��,Q�YLHZ

�RI�WKH�FRQVLVWHQW�¿QGLQJV�LQ�

the direction of the effect, the level of evidence is strong.

2.7 
M

uscle strength

R
esistance training and m

uscle strength in older adults

Sum
m

ary of evidence for the effect of physical activity on m
uscle strength in older adults 

A
spect

Explanation
Selected studies

��P
HWD�DQDO\VLV�RI����5

&
7V

���DQG�RQH�V\VWHP
DWLF�UHYLHZ

�RI���5
&
7V

��

H
eterogeneity

Yes, partly explained 
Strength of the effect/association

�������������WR��������P
HDQ�Z

HLJKWHG�VWDQGDUGLVHG�P
HDQ�GLIIHUHQFH�

Study population 
H

ealthy older adults, frail older adults
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C
onclusion: R

esistance training versus control im
proves m

uscle 
strength in older adults, w

ith larger effects at increasing intensities. 
Level of evidence: Strong.

E
xplanation

The A
ustralian evidence report on adults

2 did not describe the effects of 

physical activity on m
uscle strength. The A

m
erican evidence report 3 stated 

that in older adults, investigators have used a relatively long duration (4 to 

12 m
onths) resistance training alone or in com

bination w
ith endurance 

training, endurance/balance, or endurance/resistance/balance/

FRRUGLQDWLRQ�ÀH[LELOLW\�UHJLP
HQV�WR�VXFFHVVIXOO\�LQFUHDVH�VWUHQJWK�LQ�DQ�

HIIRUW�WR�FRXQWHUDFW�WKH�ODWH�OLIH�GHFOLQH�LQ�SK\VLFDO�IXQFWLRQLQJ��+
LJK�

LQWHQVLW\�DQG�RU�KLJK�YHORFLW\�UHVLVWDQFH�WUDLQLQJ�P
D\�EH�SDUWLFXODUO\�

effective in enhancing m
uscle strength. A

lso resistance training of shorter 

GXUDWLRQ������P
RQWKV��UHVXOWHG�LQ�LP

SURYHG�P
XVFOH�VWUHQJWK�

7KH�FRP
P
LWWHH�IRXQG�¿YH�P

HWD�DQDO\VHV
����� on the effect of resistance 

training on m
uscle strength in older adults (Table 13) and one system

atic 

review
�� on the effect in frail older adults. B

orde et al. �� carried out the 

P
RVW�UHFHQW�DQG�FRP

SUHKHQVLYH�P
HWD�DQDO\VLV��IRFXVLQJ�RQ�5

&
7V�RQO\��

and based on a com
parison betw

een an intervention group and a 

SK\VLFDOO\�LQDFWLYH�FRQWURO�JURXS��7KH�DXWKRUV�DOVR�H[DP
LQHG�KRZ

�VSHFL¿F�

training variables as volum
e, intensity and rest affected m

uscle strength. 

7KHUHIRUH��WKH�FRP
P
LWWHH�KDV�EDVHG�LWV�FRQFOXVLRQV�RQ�WKH�P

HWD�DQDO\VLV�

by B
orde et al. ��

B
orde et al. �� studied both upper and low

er extrem
ity m

uscle strength. If 

m
ore than one outcom

e w
as available, the authors chose the outcom

e 

w
ith the highest functional relevance for m

obility in old age. In other 

w
ords, low

er extrem
ity m

uscle strength tests w
ere preferred over upper 

extrem
ity m

uscle strength tests; isokinetic or dynam
ic m

uscle strength 

WHVWV�Z
HUH�SUHIHUUHG�RYHU�LVRP

HWULF�WHVWV��DQG�P
XOWL�MRLQW�WHVWV�Z

HUH�FKRVHQ�

UDWKHU�WKDQ�VLQJOH�MRLQW�VWUHQJWK�WHVWV��7KH�DXWKRUV�IRXQG�WKDW�UHVLVWDQFH�

WUDLQLQJ�LP
SURYHG�P

XVFOH�VWUHQJWK�E\�������Z
HLJKWHG�P

HDQ�VWDQGDUGLVHG�

P
HDQ�GLIIHUHQFH��KHUHLQDIWHU�6

0
'
��LQ�KHDOWK\�ROGHU�DGXOWV��(

IIHFWV�Z
HUH�

sim
ilar for upper and low

er extrem
ities. There w

as considerable 

KHWHURJHQHLW\��'
RVH�UHVSRQVH�DQDO\VHV�VKRZ

HG�WKDW�WUDLQLQJ�SHULRG��

LQWHQVLW\�DQG�WLP
H�XQGHU�WHQVLRQ�P

RGL¿HG�WKH�HIIHFW�RI�UHVLVWDQFH�WUDLQLQJ�

on m
uscle strength. It seem

ed that a training period of about 1 year, a 

training frequency of tw
o sessions per w

eek, a training volum
e of tw

o to 

three sets per exercise, seven to nine repetitions per set, a training 

LQWHQVLW\�IURP
�������

�RI�WKH���UHSHWLWLRQ�P
D[LP

XP
��D�WRWDO�WLP

H�XQGHU�

tension of 6 seconds, a rest of 60 seconds betw
een sets and 4.0 seconds 

betw
een repetitions had greater effects on im

proving m
axim

um
 voluntary 

VWUHQJWK�LQ�DGXOWV��+
RZ

HYHU��WKHVH�¿QGLQJV�DUH�UDWKHU�SUHOLP
LQDU\��WUDLQLQJ�

periods of 6 to 9 w
eeks w

ere, for instance, only slightly less effective than 

1 year; the range in training frequencies w
as narrow

 (2 to 3 sessions per 

Z
HHN���KLJK�LQWHQVLW\�WUDLQLQJ�SURGXFHG�WKH�ODUJHVW�HIIHFWV�RQ�P

XVFOH�

VWUHQJWK��IROORZ
HG�E\�P

RGHUDWH�LQWHQVLW\�WUDLQLQJ��ORZ
�LQWHQVLW\�WUDLQLQJ�DQG�

inactivity.; the estim
ation of the optim

al num
ber of sets per exercise w

as 

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 02 | R
andom

ised controlled trials of physical activity
Physical activity and risk of chronic diseases | page 48 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



lim
ited by the paucity of data; the num

ber of repetitions w
as strongly 

correlated w
ith training intensity; results concerning total tim

e under 

tension and required rest tim
e w

ere lim
ited by the sm

all num
ber of studies 

and lack of studies into the effect of contraction duration on m
uscle 

strength. 

B
orde et al. �� also sum

m
arised six studies that directly com

pared 

resistance training protocols of different intensities. This analysis show
ed 

WKDW�KLJK�LQWHQVLW\�UHVLVWDQFH�WUDLQLQJ�KDG�WKH�ODUJHVW�HIIHFWV�RQ�P
XVFOH�

VWUHQJWK�LQ�FRP
SDULVRQ�WR�P

RGHUDWH���KLJK�YV��P
RGHUDWH�6

0
'
 ������RU�

ORZ
�LQWHQVLW\��KLJK�YHUVXV�ORZ

�6
0
'
 ������WUDLQLQJ�UHJLP

HQV��$
OVR��

P
RGHUDWH�LQWHQVLW\�UHVLVWDQFH�WUDLQLQJ�SURGXFHG�D�ODUJHU�HIIHFW�WKDQ�

ORZ
�LQWHQVLW\�UHVLVWDQFH�WUDLQLQJ��6

0
'
 �������0

RGHUDWH��DQG�ORZ
�LQWHQVLW\�

resistance training had favourable effects on m
uscle strength com

pared 

Z
LWK�D�SDVVLYH�FRQWURO��6

0
'
 �����DQG������UHVSHFWLYHO\���7KXV�WKH�HIIHFW�

increased w
ith increasing intensity.

D
e Labra et al. �� described seven trials in frail older adults w

hich 

P
HDVXUHG�NQHH�H[WHQVLRQ�VWUHQJWK��)LYH�RI�WKH�VHYHQ�VKRZ

HG�D�VLJQL¿FDQW�

im
provem

ent in knee extension strength follow
ing various form

s of 

UHVLVWDQFH�WUDLQLQJ��Z
KHUHDV�WZ

R�VKRZ
HG�QR�VLJQL¿FDQW�HIIHFW��(

[HUFLVH�

LQWHQVLW\�YDULHG�IURP
�������WR����

�RI���UHSHWLWLRQ�P
D[LP

XP
��7KXV��DOVR�LQ�

frail older adults, resistance training can be effective in im
proving m

uscle 

strength, although the optim
al program

m
e rem

ains unclear.

&
RP

SDUHG�WR�WKH�HYLGHQFH�GHVFULEHG�LQ�WKH�8
6
�UHSRUW� 3�WKH�P

HWD�DQDO\VLV�

by B
orde et al. �� provides additional inform

ation on the characteristics of 

training program
m

es potentially required for a large im
provem

ent in m
uscle 

strength.

In conclusion, resistance training versus control im
proves m

uscle strength 

in older adults, w
ith larger effects at increasing intensities. A

s there w
as 

considerable heterogeneity in the size of the effect, the com
m

ittee did not 

quantify the conclusion. In view
 of the consistency in the direction of the 

effect, the level of evidence is strong.

R
esistance training and m

uscle strength in children and adolescents

Sum
m

ary of evidence for the effect of resistance training on m
uscle strength in 

children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���
64 and 42 R

C
Ts

��

H
eterogeneity

<HV��LQ�RQH�P
HWD�DQDO\VLV��SDUWO\�H[SODLQHG�E\�

characteristics of the resistance training program
m

e
S

trength of the effect/association
&
KLOGUHQ�DQG�DGROHVFHQWV���������������WR��������

(standardised effect size) 
<RXQJ�DWKOHWHV���������������WR���������Z

HLJKWHG�P
HDQ�RI�

standardised effect size)
S

tudy population 
8
QWUDLQHG�FKLOGUHQ�DQG�DGROHVFHQWV�DQG�\RXQJ�DWKOHWHV

C
onclusion: R

esistance training versus control im
proves m

uscle 
strength in young people.
Level of evidence: Strong.

E
xplanation

The Australian evidence report 1�RQ�FKLOGUHQ�GHVFULEHG����5
&
7V����QRQ��

UDQGRP
LVHG�&

7V����TXDVL�H[SHULP
HQWDO�VWXGLHV�DQG�RQH�ORQJLWXGLQDO�VWXG\�RQ�
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the effect of physical activity on m
uscle strength. O

f the studies that 

reported increases in m
uscular strength, the m

ajority used a resistance 

training program
m

e, including activities of both a m
oderate and vigorous 

LQWHQVLW\��DQG�ERWK�LQWHQVLWLHV�Z
HUH�VXI¿FLHQW�WR�LQFUHDVH�P

XVFOH�VWUHQJWK��

&
RQFOXVLRQV�UHJDUGLQJ�D�GRVH�UHVSRQVH�UHODWLRQVKLS�IRU�IUHTXHQF\��GXUDWLRQ�

DQG�LQWHQVLW\�Z
HUH�LQFRQFOXVLYH��KRZ

HYHU��HYLGHQFH�SRLQWHG�WR�D�EHQH¿FLDO�

HIIHFW�IRU�ERWK�P
RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�UHVLVWDQFH�WUDLQLQJ�

perform
ed at least w

eekly. In order to achieve gains in m
uscular health, 

activities of a vigorous intensity w
ere typically undertaken on 2 to 3 days per 

Z
HHN��Z

KLOH�P
RGHUDWH�LQWHQVLW\�DFWLYLWLHV�Z

HUH�UHTXLUHG�RQ�����GD\V�SHU�

w
eek.

7KH�FRP
P
LWWHH�IRXQG�WZ

R�P
HWD�DQDO\VHV�DQG�D�V\VWHP

DWLF�UHYLHZ
�RQ�WKH�

effect of resistance training on m
uscle strength in children (Table 13). ����� 

$V�*
UDQDFKHU�HW�DO� 66 based the conclusions on m

uscle strength in their 

V\VWHP
DWLF�UHYLHZ

�RQ�WKH�P
HWD�DQDO\VLV�E\�/HVLQVNL�HW�DO�� 64 the form

er is 

not review
ed further. 

B
ehringer et al. �� described the effect of resistance training in children and 

DGROHVFHQWV�LQ����FRP
SDULVRQV�LQ����VWXGLHV�����

�RI�WKH�FRP
SDULVRQ�

JURXSV�FRQVLVWHG�RI�QRYLFHV����
�KDG�H[SHULHQFH�Z

LWK�UHVLVWDQFH�WUDLQLQJ��

DQG�LQ����
�RI�WKH�FRP

SDULVRQ�JURXSV�WUDLQLQJ�VWDWXV�Z
DV�QRW�UHSRUWHG��

���
�RI�WKH�FRP

SDULVRQV�JURXSV�FRQVLVWHG�RI�DWKOHWHV��7KH�DXWKRUV�

show
ed that resistance training im

proved m
uscle strength in com

parison 

to control. There w
as m

oderate heterogeneity in the size of the effect. 

6
HQVLWLYLW\�DQDO\VHV�VKRZ

HG�WKDW�WKH�HIIHFW�Z
DV�ODUJHU�LQ�SRVW��DQG�

LQWUDSXEHUWDO�����������������WKDQ�SUHSXEHUWDO�FKLOGUHQ������������������7KH�

effect increased w
ith duration of the intervention and the num

ber of 

perform
ed sessions. The num

ber of perform
ed sets or m

ean intensity had 

no effect. The lack of effect of the m
ean intensity m

ight be explained by 

Table 13. R
C

Ts into the effect of resistance training on m
uscle strength

N
um

ber of studies and num
ber 

of participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange com

pared to control  
(95%

-C
.I. a) (units) 

H
eterogeneity (I 2 %

)

M
eta-analysis

B
ehringer 2010

��
42; 1,728 children and 
DGROHVFHQWV������\HDUV

����
2
Q�DYHUDJH���¶�SHU�VHVVLRQ����VHVVLRQV�Z

N������VHWV�RI�
�����UHSHWLWLRQV�DW�������

���5
0

b�RQ�����H[HUFLVHV
C

ontrol
�����

c��������WR�������
37

Lesinski 2016
64

��������\RXWK�DWKOHWHV������\HDUV
����

����VHVVLRQV�Z
N������VHWV�SHU�H[HUFLVH�RI������UHSHWLWLRQV�

DW�������
���5

0
��DQG��������VHFRQGV�UHVW�EHWZ

HHQ�VHWV
A

ctive control
�����

d��������WR�������
81

%
RUGH�����

��
��������ROGHU�DGXOWV�������\HDUV

������
R

esistance training
C

ontrol
�����

d��������WR������
80

a &
RQ¿GHQFH�LQWHUYDO�

b ��UHSHWLWLRQ�P
D[LP

XP
�

c S
tandardised effect size.

d W
eighted m

ean standardised m
ean difference.
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WKH�IDFW�WKDW�LQ�P
RVW�VWXGLHV�WKH�LQWHQVLW\�UDQJHG�IURP

�������
�RI�

��UHSHWLWLRQ�P
D[LP

XP
��$

V�ORZ
HU�LQWHQVLWLHV�DUH�OHVV�OLNHO\�WR�LQGXFH�

changes in m
uscle strength, they are studied less by the researchers. 

(
IIHFWV�Z

HUH�ODUJHU�IRU�WUDLQLQJ�Z
LWK�IUHH�Z

HLJKWV�����������������WKDQ�Z
LWK�

P
DFKLQHV������������������

Lesinski et al. 64�GHVFULEHG�WKH�HIIHFW�LQ�\RXQJ�DWKOHWHV�DJHG������\HDUV��

The training program
m

es consisted of training w
ith m

achines, free 

w
eights, a com

bination thereof, functional resistance training, com
plex 

training
a�RU�SO\RP

HWULF�WUDLQLQJ��7KH\�VKRZ
HG�D�EHQH¿FLDO�HIIHFW�RI�

resistance training on m
uscle strength (w

eighted m
ean of standardised 

P
HDQ�GLIIHUHQFH�YHUVXV�FRQWURO�JURXS��6

0
'
����������7KHUH�Z

DV�

considerable heterogeneity in the effect size. S
ubgroup analyses revealed 

that the effect of conventional resistance training (i.e. not plyom
etric 

WUDLQLQJ��Z
DV�ODUJHU�LQ�VWXGLHV�ODVWLQJ�P

RUH�WKDQ����Z
HHNV��6

0
'
��������

WKDQ�WKRVH�RI�VKRUWHU�GXUDWLRQ��6
0
'
�QRW�UHSRUWHG���+

LJK�LQWHQVLW\�

FRQYHQWLRQDO�UHVLVWDQFH�WUDLQLQJ��������
���5

0
��UHVXOWHG�LQ�P

RUH�

SURQRXQFHG�LP
SURYHP

HQWV��6
0
'
��������FRP

SDUHG�Z
LWK�ORZ

HU�WUDLQLQJ�

LQWHQVLWLHV��LQ�WKH�UDQJH�RI�������
�RI���UHSHWLWLRQ�P

D[LP
XP

��6
0
'
�QRW�

UHSRUWHG���)LYH�VHWV�SHU�WUDLQLQJ�UHVXOWHG�LQ�ODUJHU�LP
SURYHP

HQWV��6
0
'
�

�������LQ�P
XVFOH�VWUHQJWK�FRP

SDUHG�Z
LWK�IHZ

HU�VHWV��6
0
'
�QRW�UHSRUWHG���

6
L[�WR�HLJKW�UHSHWLWLRQV�SHU�VHW�SURGXFHG�WKH�ODUJHVW�HIIHFW��6

0
'
��������RQ�

m
uscle strength. Three to four m

inutes of rest betw
een sets resulted in 

a &
RP

SOH[�WUDLQLQJ�LQWHJUDWHV�UHVLVWDQFH�WUDLQLQJ��SO\RP
HWULFV��DQG�VRP

HWLP
HV�VSRUW�VSHFL¿F�P

RYHP
HQW�

larger im
provem

ents (S
M

D
 2.09) com

pared w
ith shorter durations of rest 

�6
0
'
�QRW�UHSRUWHG���7KHUH�Z

DV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�HIIHFW�RI�

WUDLQLQJ�IUHTXHQF\�������RU���WLP
HV�SHU�Z

HHN���)RU�SO\RP
HWULF�WUDLQLQJ��

VXEJURXS�DQDO\VHV�VKRZ
HG�QR�VLJQL¿FDQW�HIIHFW�RQ�P

XVFOH�VWUHQJWK�RI�

training frequency.

The effect of resistance training w
as larger w

hen free w
eights w

ere used 

�60
'
��������WKDQ�P

DFKLQHV��60
'
���������RU�D�FRP

ELQDWLRQ��60
'
���������

)XQFWLRQDO�WUDLQLQJ�DQG�SO\RP
HWULF�WUDLQLQJ�DOVR�OHG�WR�VP

DOOHU�LQFUHDVHV�LQ�

VWUHQJWK�WKDQ�UHVLVWDQFH�WUDLQLQJ�XVLQJ�IUHH�Z
HLJKWV��60

'
�������DQG������

respectively). In contrast to Behringer et al., �� Lesinki et al. 64�GLG�QRW�¿QG�DQ\�

differences in effects on strength betw
een prepubertal and postpubertal 

children. H
ow

ever, m
ost studies did not report the biological m

aturity status 

RI�SDUWLFLSDQWV��Z
KLFK�OLP

LWV�WKH�LQWHUSUHWDWLRQ�RI�WKHVH�¿QGLQJV��

+
RZ

HYHU��D�P
DMRU�OLP

LWDWLRQ�RI�ERWK�P
HWD�DQDO\VHV�LV�WKDW�WKH\�FDQQRW�

provide insights into the interactions betw
een reported training param

eters 

(e.g. training frequency, num
ber of sets, intensity), as the analyses w

ere 

based on a variety of studies using different com
binations of training 

param
eters m

agnitudes. 

7KH�P
HWD�DQDO\VHV�E\�%

HKULQJHU�HW�DO� �� and Lesinksi et al. 64 largely 

FRQ¿UP
HG�WKH�FRQFOXVLRQV�LQ�WKH�$

XVWUDOLDQ�HYLGHQFH�UHSRUW� 2,64 The overall 

HIIHFWV�LQ�WKH�P
HWD�DQDO\VHV�DUH�RI�P

RGHUDWH�VL]H� 64

In conclusion, resistance training im
proves m

uscle strength in young 

SHRSOH��,Q�YLHZ
�RI�WKH�FRQVLVWHQF\�LQ�¿QGLQJV�Z

LWK�WKH�$
XVWUDOLDQ�UHSRUW��

the level of evidence is strong.
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2.8 
Functional perform

ance
In the A

ustralian evidence report, functional param
eters, such as gait 

VSHHG��WLP
HG�XS�DQG�JR�WHVW��DQG�VKRUW�SK\VLFDO�SHUIRUP

DQFH�EDWWHU\�Z
HUH�

QRW�GHVFULEHG��7KH�$
P
HULFDQ�HYLGHQFH�UHSRUW�GHVFULEHG�D�P

HWD�DQDO\VLV�RI�

62 R
C

Ts that found that progressive resistance training had a m
odest 

effect on certain functional param
eters, such as gait speed. 3,67 

2.8.1 
G

ait speed
7KH�FRP

P
LWWHH�IRXQG�¿YH�UHFHQW�P

HWD�DQDO\VHV
����� on the effect of physical 

DFWLYLW\�RQ�JDLW�VSHHG��7DEOH������7Z
R�RI�WKH�P

HWD�DQDO\VHV
68,69 are based on 

RQH�RU�DOO�RI�WKUHH�SUHYLRXV�P
HWD�DQDO\VHV

�����, respectively. Therefore, the 

FRP
P
LWWHH�GHVFULEHV�WKH�¿QGLQJV�RI�WKH�WZ

R�¿UVW�P
HQWLRQHG� 68,69 

Van Abbem
a et al. 68 sum

m
arised the effect of various form

s of exercise on 

preferred gait speed
a�LQ����5

&
7V�LQ�DGXOWV�DJHG����DQG�RYHU��7KH\�

excluded studies solely using a treadm
ill gait speed, a gait speed test w

ith 

a load, a turn, or w
ith a course longer than 30 m

, as these tests m
easure 

other skills besides gait speed. The num
ber of R

C
Ts per type of exercise 

YDULHG�IURP
���WR���

H
ortobagyi et al. 69�VXP

P
DULVHG�5

&
7V�DQG�QRQ�UDQGRP

LVHG�&
7V�RQ�SUHIHUUHG�

and fast gait speed in healthy older adults. In contrast to Van Abbem
a et 

al., 68 they included various types of gait speed tests. In subgroup analyses, 

H
ortobagyi et al. 69 m

ade a distinction betw
een preferred and fast gait speed 

a 3
UHIHUUHG�JDLW�VSHHG�LV�GH¿QHG�DV�D�SHUVRQ¶V�XVXDO�RU�FRP

IRUWDEOH��VHOI�VHOHFWHG�SDFH�DQG�IDVW�JDLW�VSHHG�DV�D�
SHUVRQ¶V�³DV�IDVW�DV�VDIHO\�SRVVLEOH´��VHOI�VHOHFWHG�SDFH�

and tests involving a short (<30 m
) or long distance.

P
rogressive resistance training and gait speed in older adults

Sum
m

ary of evidence for the effect of resistance training on gait speed in older adults

A
spect

Explanation
Selected studies

��P
HWD�DQDO\VHV�RI���5

&
7V

68 and 23 C
Ts and R

C
Ts

69

H
eterogeneity

<HV��LQ�WKH�VL]H�RI�WKH�HIIHFW�LQ�RQH�RI�WKH�WZ
R�P

HWD�DQDO\VHV��XQH[SODLQHG
Strength of the effect/association

�������������WR��������P
�V

Study population 
H

ealthy and frail older adults 

C
onclusion: Progressive resistance training (75 to 80%

 1-R
M

, 2 to 3 
tim

es per w
eek, 45 to 60 m

inutes per session, for 2.5 to 6 m
onths) 

versus habitual activities or attention control activities, im
proves 

gait speed in older and frail older adults by 0.13 m
/s.

Level of evidence: Strong.

E
xplanation

Van Abbem
a et al. 68�VKRZ

HG�WKDW�SURJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�IRU�����WR���

m
onths im

proved gait speed by 0.13 m
/s (Table 14). H

eterogeneity w
as low. 

H
ortobagyi et al. 69 also show

ed an im
provem

ent in gait speed of 0.11 m
/s 

by resistance training based on 23 C
Ts and R

C
ts. H

eterogeneity w
as 

considerable w
ith respect to the size of the effect. In subgroup analyses, 

the effect w
as rather sim

ilar betw
een fast and preferred gait speed. It is 

unclear to w
hat extent this subgroup analysis explains the heterogeneity. 

The authors did not carry out an analysis of R
C

Ts only.

7KH�¿QGLQJV�LQ�WKH�WZ
R�P

HWD�DQDO\VHV�DUH�LQ�OLQH�Z
LWK�FRQFOXVLRQV�LQ�WKH�
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A
m

erican evidence report. 3

In view
 of the unexplained heterogeneity in the analysis by H

orotbagyi et 

DO��DQG�WKH�IDFW�WKDW�WKH�WZ
R�P

HWD�DQDO\VHV�VKRZ
�VLP

LODU�HIIHFW�HVWLP
DWHV��

WKH�FRP
P
LWWHH�KDV�EDVHG�LWV�FRQFOXVLRQV�RQ�WKH�P

HWD�DQDO\VLV�E\�9DQ�

A
bbem

a. 68�,Q�FRQFOXVLRQ��SURJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�����WR����
�

��5
0
����WR���WLP

HV�SHU�Z
HHN�����WR����P

LQXWHV�SHU�VHVVLRQ��IRU�����WR���

m
onths) versus habitual activities or attention control activities im

proves 

gait speed in older and frail older adults by 0.13 m
/s.

P
rogressive resistance training and balance training com

bined and gait 

speed in older adults

Sum
m

ary of evidence for the effect of a com
bination of progressive resistance 

training and balance training on gait speed in older adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

68

H
eterogeneity

Yes, in the size and direction of the effect, unexplained
S

trength of the effect/association
�������������WR��������P

�V
S

tudy population 
H

ealthy and frail older adults 

C
onclusion: There is too little research to draw

 a conclusion on the 
effect of progressive resistance training in com

bination w
ith balance 

training on gait speed in older and frail older adults. 

E
xplanation

Van Abbem
a et al. 68 also sum

m
arised four R

C
Ts into the effect of 

progressive resistance training in com
bination w

ith balance training (Table 

�����7KH\�IRXQG�QR�VLJQL¿FDQW�HIIHFW�RI�WKH�FRP
ELQDWLRQ�Z

LWK�EDODQFH�

training. There w
as considerable heterogeneity in size and direction of the 

effect, w
hich w

as not further explained and the num
ber of studies w

as 

sm
all (N

=4). 

In conclusion, there is too little research to draw
 a conclusion on the effect 

of progressive resistance training in com
bination w

ith balance training on 

gait speed in older and frail older adults.

P
rogressive resistance training, balance and endurance training com

bined 

and gait speed in older adults

Sum
m

ary of evidence for the effect of progressive resistance training, balance and 
endurance training com

bined on gait speed in older adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

68

H
eterogeneity

N
o

S
trength of the effect/association

������������WR��������P
�V

S
tudy population 

H
ealthy and frail older adults 

C
onclusion: Progressive resistance training in com

bination w
ith 

balance and endurance training im
proves gait speed in older and 

frail older adults. 
Level of evidence: W

eak.

E
xplanation

Van A
bbem

a et al. 68�VXP
P
DULVHG���5

&
7V�LQWR�WKH�FRP

ELQDWLRQ�RI�

progressive resistance training w
ith balance and endurance training (Table 
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�����7KLV�FRP
ELQDWLRQ�LP

SURYHG�JDLW�VSHHG�E\������P
�V��Z

LWK�WKH�ORZ
HU�

OLP
LW�RI�WKH�FRQ¿GHQFH�LQWHUYDO�EHLQJ�]HUR��+

HWHURJHQHLW\�Z
DV�ORZ

��

In conclusion, progressive resistance training in com
bination w

ith balance 

and endurance training im
proves gait speed in older and frail older adults. 

$
V�WKH�ORZ

HU�OLP
LW�RI�WKH�FRQ¿GHQFH�LQWHUYDO�Z

DV�]HUR�DQG�WKH�QXP
EHU�RI�

studies is sm
all, the level of evidence is w

eak.

P
hysical activity interventions w

ith a rhythm
ic com

ponent and gait speed 

in older adults

Sum
m

ary of evidence for the effect of physical activity interventions w
ith a rhythm

ic 
com

ponent on gait speed in older adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

68

H
eterogeneity

N
o

S
trength of the effect/association

�������������WR��������P
�V

S
tudy population 

H
ealthy and frail older adults 

C
onclusion: Physical activity interventions w

ith a rhythm
ic 

com
ponent im

prove gait speed in healthy and frail older adults.
Level of evidence: W

eak.

E
xplanation

Van Abbem
a et al. 68�IRXQG�D�VLJQL¿FDQW�HIIHFW�RI�SK\VLFDO�DFWLYLW\�

interventions w
ith a rhythm

ic com
ponent lasting tw

o to six m
onths on gait 

speed (Table 14). H
eterogeneity w

as low. H
ow

ever, this m
ight also be 

H[SODLQHG�E\�WKH�VP
DOO�QXP

EHU�RI�5
&
7V�RQ�Z

KLFK�WKH�P
HWD�DQDO\VLV�LV�

based. 

Therefore the com
m

ittee concludes that physical activity interventions w
ith 

a rhythm
ic com

ponent im
prove gait speed in healthy and frail older adults. 

A
s the num

ber of studies is sm
all, the level of evidence is w

eak.

S
tretching and gait speed in older adults

Sum
m

ary of evidence for the effect of stretching on gait speed in older adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

68

H
eterogeneity

N
o

S
trength of the effect/association

�������������WR��������P
�V

S
tudy population 

H
ealthy and frail older adults 

C
onclusion: There is too little research to draw

 a conclusion on the 
effect of stretching on gait speed in healthy and frail older adults.

E
xplanation

Van A
bbem

a et al. 68�IRXQG�QR�VLJQL¿FDQW�HIIHFW�RI�VWUHWFKLQJ�RQ�JDLW�VSHHG�

(Table 14). H
eterogeneity w

as low
. H

ow
ever, this m

ight also be explained 

E\�WKH�VP
DOO�QXP

EHU�RI�5
&
7V�WKDW�WKH�P

HWD�DQDO\VLV�LV�EDVHG�RQ�

A
s the effect is not close to zero, the com

m
ittee concludes that there is 

too little research to draw
 a conclusion on the effect of stretching on gait 

speed in healthy and frail older adults.
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Table 14. R
C

Ts into the effect of physical activity, resistance, balance and coordination training, and stretching on gait speed in older adults

N
um

ber of studies and num
ber 

of participants
Study duration 
(m

onths)
Intervention (intensity, frequency, 
duration)

C
ontrol

C
hange com

pared to 
control (95%

-C
.I. a) (m

/s)
H

eterogeneity 
(I 2 %

)
M

eta-analysis
Van A

bbem
a 

����
68

�������ROGHU�DGXOWV������\HDUV

�������ROGHU�DGXOWV������\HDUV

�������ROGHU�DGXOWV������\HDUV

�������ROGHU�DGXOWV������\HDUV
�������ROGHU�DGXOWV������\HDUV

������

���

���

���
����

3
URJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�������

�
��5

0
b;  ����WLP

HV�Z
N�������¶

P
rogressive resistance and balance 

training
P

rogressive resistance, balance and 
endurance training
Interventions w

ith a rhythm
ic com

ponent
S

tretching interventions

N
orm

al activities or attention control activities

Idem

Idem

Idem
Idem

�������������WR�������

�������������WR�������

������������WR�������

�������������WR�������
�������������WR�������

067��0��
H

ortobagyi 
����

69

��������ROGHU�DGXOWV������\HDUV

�������ROGHU�DGXOWV������\HDUV

��������ROGHU�DGXOWV������\HDUV

����RQ�DYHUDJH

3 on average

����RQ�DYHUDJH

5
HVLVWDQFH�WUDLQLQJ�DW���������5

0

&
RRUGLQDWLRQ�WUDLQLQJ��LQWHQVLW\�QRW�GH¿QHG��

31 sessions on average
M

ultim
odal training at m

oderate to high 
intensity; 41 sessions on average 

N
orm

al activities, stretching and light physical 
activity or educational inform

ation
N

orm
al activities  or educational inform

ation

N
orm

al activities  or educational inform
ation

��������������
c

��������������
c

��������������
c

8490��

a &
RQ¿GHQFH�LQWHUYDO�

b 1 repetition m
axim

um
.

c ����6
'
�

C
oordination training and gait speed in older adults

Sum
m

ary of evidence for the effect of coordination training on gait speed in older 
adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V�DQG�&

7V
69

H
eterogeneity

Yes, in the direction of the effect, unexplained
S

trength of the effect/association
���������������P

�V
S

tudy population 
H

ealthy older adults 

C
onclusion: C

oordination training im
proves gait speed in healthy 

older adults.
Level of evidence: W

eak.

E
xplanation

H
ortobagyi et al. sum

m
arised 8 C

Ts and R
C

Ts on the effect of 

coordination training on gait speed (Table 14).The authors show
ed an 

im
provem

ent of 0.09 m
/s. H

eterogeneity w
as considerable and m

ostly 

present in the direction of the effect. The effect w
as larger for fast gait 

VSHHG��������P
�V��WKDQ�IRU�SUHIHUUHG�JDLW�VSHHG��������P

�V���,W�LV��

how
ever, unclear to w

hat extent this subgroup analysis explained 

heterogeneity. The authors did not carry out an analysis of R
C

Ts only.
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The com
m

ittee concludes that coordination training im
proves gait speed in 

healthy older adults. A
s there w

as heterogeneity in the direction of the 

effect and there w
as no analysis of R

C
Ts only, the level of evidence is 

w
eak.

2.8.2 
Tim

ed up-and-go test
Sum

m
ary of evidence for the effect of endurance and resistance training on tim

ed 
XS�DQG�JR�WHVW�LQ�ROGHU�DGXOWV

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��
70 and 4

71 R
C

Ts and 1 system
atic 

UHYLHZ
�RI���5

&
7V

��

H
eterogeneity

Yes, in the size of the effect, unexplained
S

trength of the effect/association
�������������WR��������VHFRQGV
�������������WR��������VHFRQGV

S
tudy population 

)UDLO�ROGHU�DGXOWV�

C
onclusion: There is too little research to draw

 a conclusion on the 
effect of endurance and resistance training on tim

ed up-and-go test 
in frail, older adults.

E
xplanation

7KHUH�DUH�WZ
R�P

HWD�DQDO\VHV�DQG�RQH�V\VWHP
DWLF�UHYLHZ

�RQ�WKH�HIIHFW�RI�

SK\VLFDO�DFWLYLW\�RQ�WKH�WLP
HG�XS�DQG�JR�WHVW�LQ�IUDLO�ROGHU�DGXOWV��7DEOH�

���� ���������7KHUH�LV�QR�RYHUODS�LQ�5
&
7V�EHWZ

HHQ�WKH�P
HWD�DQDO\VHV��EXW�

there are tw
o R

C
Ts in the system

atic review
 that are described in either 

WKH�RQH�RU�WKH�RWKHU�P
HWD�DQDO\VLV� �����

*
LQp�*

DUUD�HW�DO� 71�VXP
P
DULVHG�IRXU�5

&
7V�LQ�LQGHSHQGHQW�OLYLQJ��IUDLO��

ROGHU�DGXOWV��7KH�WLP
HG�XS�DQG�JR�WHVW�LP

SURYHG�LQ�WKH�SK\VLFDO�DFWLYLW\�

JURXS�E\�����VHFRQGV��KRZ
HYHU��WKLV�Z

DV�QRW�VLJQL¿FDQW��3
K\VLFDO�DFWLYLW\�

interventions consisted of strength, balance and/or endurance training. 

There w
as considerable heterogeneity w

hich w
as m

ostly present in the 

size of the effect and w
as not explored further by the authors.

Table 15. R
C

Ts into the effect of endurance and resistance training on the tim
ed 

XS�DQG�JR�WHVW�LQ�ROGHU�DGXOWV

N
um

ber of 
studies and 
num

ber of 
participants

Study 
duration 
(m

onths)

Intervention 
(intensity, 
frequency, 
duration)

C
ontrol

C
hange 

com
pared 

to control 
(95%

-C
.I. a) 

(s)

H
etero-

geneity  
(I 2 %

)

M
eta-analysis

C
hou 

2012
70

3 R
C

Ts; 400 
older adults 
������\HDUV

���
A

m
bulatory 

strength, 
functional and/or 
balance training

8
VXDO�FDUH��

ÀH[LELOLW\�
exercise; hom

e 
visit

������ 
�������WR�
������

96

*
LQp�

*
DUULJD�

2014
71

4 R
C

Ts; 190 
frail older 
adults (age 
not reported)

�����
Low

er body 
strength, 
functional balance 
and/or endurance 
����WLP

HV�Z
N��

�����¶�VHVVLRQ

8
VXDO�FDUH��DQG�

or advice not to 
change habits; 
advice on 
physical activity 
and diet

������ 
�������WR�
������

72

a &
RQ¿GHQFH�LQWHUYDO�

b 1 repetition m
axim

um
.

c ����6
'

C
hou et al. 70�GLG�QRW�¿QG�DQ\�VLJQL¿FDQW�HIIHFW�RI�SK\VLFDO�DFWLYLW\�LQ�WKH�

form
 of am

bulatory strength, functional and/or balance training on the 

WLP
HG�XS�DQG�JR�WHVW�LQ�IUDLO�ROGHU�DGXOWV��7KHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity w
hich pertained to both the size and the direction of the 
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HIIHFW��RQH�VP
DOO�VWXG\�Z

LWK����SDUWLFLSDQWV�IRXQG�D�VLJQL¿FDQW�GHWHULRUDWLRQ�

of 10 seconds, w
hereas the other tw

o respectively show
ed an 

LP
SURYHP

HQW�RI���VHFRQGV�RU�QR�HIIHFW�������VHFRQGV���

,Q�WKHLU�V\VWHP
DWLF�UHYLHZ

�RI�¿YH�5
&
7V�LQ�IUDLO�ROGHU�DGXOWV��'

H�/DEUD�HW�DO� �� 

GHVFULEH�IRXU�5
&
7V�Z

KLFK�VKRZ
HG�D�VLJQL¿FDQW�LP

SURYHP
HQW��LQFOXGLQJ�WKH�

WZ
R�5

&
7V�IURP

�WKH�P
HWD�DQDO\VHV��DQG�QR�VLJQL¿FDQW�HIIHFW�LQ�RQH�

Taken together, the studies indicate that there is a protective effect of 

SK\VLFDO�DFWLYLW\�RQ�WKH�WLP
HG�XS�DQG�JR�WHVW��+

RZ
HYHU��DV�WKH�QXP

EHU�RI�

5
&
7V�SHU�P

HWD�DQDO\VLV�Z
DV�VP

DOO�DQG�QRQH�RI�WKH�RYHUDOO�HIIHFW�

HVWLP
DWHV�Z

HUH�VLJQL¿FDQW��WKH�FRP
P
LWWHH�FRQFOXGHV�WKDW�WKHUH�LV�WRR�OLWWOH�

research to draw
 a conclusion on the effect of endurance and resistance 

WUDLQLQJ�RQ�WKH�WLP
HG�XS�DQG�JR�WHVW�LQ�IUDLO��ROGHU�DGXOWV�

2.8.3 
Short physical perform

ance battery test (SPPB
)

Sum
m

ary of evidence for the effect of the com
bination of endurance and resistance 

training on the score on the S
P

P
B

 in older adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

71

H
eterogeneity

Yes, in the size of the effect, unexplained
S

trength of the effect/association
�������������WR��������XQLWV�

S
tudy population 

)UDLO�ROGHU�DGXOWV�

C
onclusion: The com

bination of endurance training and resistance 
training versus usual care or a social program

m
e im

proves the score 
on the SPPB

 test in frail older adults.
Level of evidence: W

eak.

E
xplanation

7KHUH�LV�RQH�P
HWD�DQDO\VLV

71 on the effect of physical activity (resistance, 

EDODQFH�DQG�HQGXUDQFH��RQ�WKH�VFRUH�RQ�WKH�6
3
3
%
�WHVW�LQ�FRP

P
XQLW\�

GZ
HOOLQJ��IUDLO��ROGHU�DGXOWV��7DEOH������*

LQp�*
DUULJD�HW�DO� 71 sum

m
arised 

four R
C

Ts, tw
o sm

all and tw
o large, show

ing that physical activity 

LP
SURYHV�6

3
3
%
�WHVW�VFRUHV�LQ�IUDLO�ROGHU�DGXOWV��7KHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity in the size of the effect, w
hich w

as not further explored.

Table 16. R
C

Ts into the effect of the com
bination of endurance and resistance training 

RQ�WKH6
3
3
%
�WHVW�VFRUHV�LQ�ROGHU�DGXOWV

N
um

ber of 
studies and 
num

ber of 
participants

Study 
duration 
(m

onths)

Intervention 
(intensity, 
frequency, 
duration)

C
ontrol

C
hange 

com
pared 

to control 
(95%

-C
.I. a) 

(units)

H
etero-

geneity  
(I 2 %

)

M
eta-analysis

*
LQp�

*
DUULJD�

2014
71

��5
&
7V������

frail older 
adults (age 
not reported)

����
R

esistance, 
balance and 
HQGXUDQFH�����
WLP

HV�Z
N�������¶�

session

S
ocial 

program
m

e; 
usual care; and/
or advice not to 
change habits

������ 
�������WR�
������

47

a &
RQ¿GHQFH�LQWHUYDO�

In conclusion, the com
bination of endurance training and resistance 

training versus usual care or a social program
m

e im
proves the score on 

the S
P

P
B

 test in frail older adults. A
s there w

as considerable 

KHWHURJHQHLW\�LQ�WKH�VL]H�RI�WKH�HIIHFW��WKH�HIIHFW�FRXOG�QRW�EH�TXDQWL¿HG��

A
s the num

ber of studies is relatively sm
all (N

=4) and consisted of tw
o 

large and tw
o sm

all studies, the level of evidence is w
eak.
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2.9 
B

one health 
)RU�ERQH�KHDOWK��WKH�FRP

P
LWWHH�ORRNHG�LQWR�WKH�HIIHFWV�RI�SK\VLFDO�DFWLYLW\�

on fracture risk in older adults and on bone density in children.

2.9.1 
O

lder adults: fracture
Sum

m
ary of evidence for the effect of the com

bination of endurance training w
ith 

resistance training on the incidence of fractures in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V�DQG���&

7
73

H
eterogeneity

N
o

S
trength of the effect/association

5
5
 ����������������

S
tudy population 

�(
DUO\��SRVWP

HQRSDXVDO�Z
RP

HQ�DQG�ROGHU�P
HQ������\HDUV

C
onclusion: The com

bination of endurance training and resistance 
training, especially focusing on fall prevention and bone strength 
(gait, balance, functional, and resistance training; 30%

 to 90%
 1-R

M
 

or brisk w
alking to 85%

 H
R

m
ax or endurance 1 to 7 tim

es per w
eek, 

20 to 90 m
inutes, for 4 to 120 m

onths) versus no exercise, reduces 
the risk of fractures in older adults.
Level of evidence: Strong.

E
xplanation

In the Australian evidence report only R
C

Ts on the effect of physical activity 

on bone m
ineral density and cohort studies on fracture risk w

ere 

sum
m

arised. There is no description of the evidence for an effect of 

physical activity on fracture risk from
 R

C
Ts. 2�7KH�8

6
�UHSRUW�VWDWHV�WKDW�

there are no large R
C

Ts to determ
ine w

hether physical activity reduces 

the risk of fractures and m
entions only one sm

all R
C

T. 3 

7KHUH�DUH�WZ
R�P

HWD�DQDO\VHV
73,74�DQG�RQH�P

XOWL�FHQWUH�5
&
7
�� of the effect 

of exercise on the incidence of fractures in older adults (Table 17). 

K
em

m
ler et al. 73�VXP

P
DULVHG�QLQH�5

&
7V�DQG�RQH�QRQ�UDQGRP

LVHG�&
7�DQG�

(
O�.

KRXU\�HW�DO� 74 sum
m

arised 6 R
C

Ts, four of w
hich w

ere also 

sum
m

arised by K
em

m
ler et al. 73 K

em
m

ler et al. 73 show
ed that exercise 

predom
inantly focusing on bone strength and fall reduction reduces the 

ULVN�RI�IUDFWXUHV�E\����
��+

HWHURJHQHLW\�Z
DV�ORZ

��7KHUH�Z
DV��KRZ

HYHU��

som
e suggestion of publication bias. O

ne explanation for the publication 

bias is that risk of fractures w
as a secondary endpoint in m

ost studies, 

w
hich m

ight m
ake it m

ore likely that studies w
ith positive effects w

ere 

reported. 

(
O�.

KRXU\�HW�DO� 74 sum
m

arised the effect of fall prevention exercise 

SURJUDP
P
HV�RQ�IDOO�UHODWHG�IUDFWXUHV�LQ�FRP

P
XQLW\�GZ

HOOLQJ�ROGHU�DGXOWV��

7KH�DXWKRUV�IRXQG�D����
�UHGXFHG�ULVN�RI�IDOO�UHODWHG�IUDFWXUHV��

H
eterogeneity w

as low
. H

ow
ever, there w

as som
e indication that studies 

w
ere m

ore likely to report injurious falls w
hen there tended to be a positive 

effect on them
. The authors do not provide inform

ation about w
hether this 

Z
DV�DOVR�WKH�FDVH�IRU�IDOO�UHODWHG�IUDFWXUHV��+

RZ
HYHU��DV�WKH�LQMXULHV�LQ�

µLQMXULRXV¶�IDOOV�FRQVLVW�IRU�D�ODUJH�SDUW�RI�IDOO�UHODWHG�IUDFWXUHV��WKH�

com
m

ittee considers this likely. 
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,Q�DGGLWLRQ�WR�WKH�P
HWD�DQDO\VHV��WKHUH�LV�D�UHFHQW�P

XOWLFHQWUH�5
&
7��WKH�

/,)(
�VWXG\��WKDW�VKRZ

HG�WKDW�D�P
RGHUDWH�SK\VLFDO�DFWLYLW\�LQWHUYHQWLRQ��QRW�

VSHFL¿FDOO\�GHVLJQHG�WR�UHGXFH�WKH�ULVN�RI�IUDFWXUHV��UHGXFHG�ULVN�RI�

IUDFWXUHV�E\����
��QRW�VLJQL¿FDQW�� �� 

In conclusion, the com
bination of endurance training and resistance 

training, especially focusing on fall prevention and bone strength (gait, 

EDODQFH��IXQFWLRQDO��DQG�UHVLVWDQFH�WUDLQLQJ�����
�WR����

���5
0
�RU�EULVN�

Z
DONLQJ�WR����

�+
5
P
D[�RU�HQGXUDQFH���WR���WLP

HV�SHU�Z
HHN�����WR����

m
inutes, for 4 to 120 m

onths) versus no exercise reduces the risk of 

fractures in older adults. B
ecause there are indications of publication bias, 

WKH�HIIHFW�Z
DV�QRW�TXDQWL¿HG��7KH�OHYHO�RI�HYLGHQFH�LV�VWURQJ��DV��DOWKRXJK�

there w
ere w

eak indications for publication bias, the reduction in relative 

ULVN�Z
DV�FRQVLGHUDEOH�DQG�WKH�¿QGLQJV�Z

HUH�FRQVLVWHQW�

Table 17. R
C

Ts into the effect of the com
bination of endurance training w

ith resistance training on the risk of fractures in older adults

N
um

ber of studies and 
num

ber of participants
Study duration 
(m

onths)
Intervention (intensity, frequency,  
duration)

C
ontrol

N
um

ber of 
cases

R
R

 of fracture 
(95%

-C
.I. a) 

H
eterogeneity 

(I 2 %
)

M
eta-analysis

K
em

m
ler 2013

73
����������DGXOWV������\HDUV

�����
)RFXV�RQ�ERQH�VWUHQJWK��IDOO�UHGXFWLRQ��SK\VLFDO�
IXQFWLRQLQJ��EDFN�SDLQ�����

�WR����
���5

0
b or 

EULVN�Z
DONLQJ�WR����

�+
5
P
D[

c������WLP
HV�Z

N��
�����¶

N
o intervention, no exercise, usual care, 

social interaction, w
ellness program

m
e or 

exercise for upper lim
bs

109
����������������

17

(
O�.
KRXU\�����

74
6; 913 adults > 60 years

����
*
DLW��EDODQFH�DQG�IXQFWLRQDO�WUDLQLQJ��HLWKHU�RU�QRW�

LQ�FRP
ELQDWLRQ�Z

LWK�ÀH[LELOLW\��P
RGL¿HG�7DL�&

KL�
exercises; strengthening; physical activity; 
HQGXUDQFH������WLP

HV�Z
N�������¶�SHU�VHVVLRQ

N
o intervention, no exercise, usual care, 

social interaction, w
ellness program

m
e,  

group discussions,  sem
inars, or exercises 

QRW�GHVLJQHG�WR�LP
SURYH�¿WQHVV�RU�EDODQFH

n.r. d
0.39 (0.22– 0.66)

0

/,)(
�VWXG\�����

��
���������ROGHU�DGXOWV�������
years

����P
XOWLFHQWUH�5

&
7

(
QGXUDQFH�����¶��Z

N����¶�SHU�VHVVLRQ���UHVLVWDQFH�
���¶�SHU�VHVVLRQ���ÀH[LELOLW\�����¶�SHU�VHVVLRQ��DQG�
balance training (10’ per session); m

oderate 
LQWHQVLW\������WLP

HV�SZ
������P

LQ�Z
N

H
ealth education program

m
e

142
n.r. in m

en

n.r. in w
om

en

���������������� e

M
en: 

����������������
W

om
en:

����������������

n.a. f

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c 1 repetition m
axim

um
.

d M
axim

al heart rate.
e )DOO�UHODWHG�IUDFWXUHV�
f 

N
ot applicable.
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2.9.2 
C

hildren: bone m
ineral density

Sum
m

ary of�HYLGHQFH�IRU�WKH�HIIHFW�RI�Z
HLJKW�EHDULQJ�H[HUFLVH�RQ�ERQH�P

LQHUDO�
density in children

A
spect

Explanation
Selected studies

��P
HWD�DQDO\VLV�RI����UDQGRP

LVHG�DQG�QRQ�UDQGRP
LVHG�&

7V�RQ�ERQH�P
LQHUDO�

content and 10 R
C

Ts on areal bone m
ineral density

76

H
eterogeneity

N
o

Strength of the effect/
association

%RQH�P
LQHUDO�FRQWHQW���������������WR���������+

HGJHV¶�J�
$UHDO�ERQH�P

LQHUDO�GHQVLW\����������������+
HGJHV¶�J�

Study population 
�����\HDU�ROG�FKLOGUHQ�DQG�DGROHVFHQWV

C
onclusion: W

eight-bearing exercise (1 to 5 tim
es per w

eek, 10 to 60 
m

inutes per session, for 2.5 to 48 m
onths) versus control, im

proves 
bone m

ineral content and areal bone m
ineral density, especially in 

prepubertal children. The effect is sm
all (H

edges’ g = 0.17).
Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report, 1 13 studies (7 R

C
Ts and 6 C

Ts) w
ere 

sum
m

arised on the im
pact of physical activity on skeletal health (bone 

P
LQHUDO�FRQWHQW�RU�GHQVLW\���7HQ�RI�WKHVH�VWXGLHV�UHSRUWHG�VLJQL¿FDQW�

EHQH¿WV��Z
KLOH�WKUHH�GLG�QRW��%

HQH¿WV�Z
HUH�IRXQG�IRU�D�Z

LGH�UDQJH�RI�

physical activities, including sport participation, physical education, 

endurance and resistance exercises. H
ow

ever, the m
ost consistent results 

Z
HUH�IRXQG�IRU�KLJK�LP

SDFW�DFWLYLWLHV�VXFK�DV�MXP
SLQJ��(

DFK�RI�WKH�VWXGLHV�

WKDW�XVHG�KLJK�LP
SDFW�DFWLYLW\�Z

HUH�FRQGXFWHG�RQ�D�P
LQLP

XP
�RI�WKUHH�GD\V�

SHU�Z
HHN��6

RP
H�HYLGHQFH�Z

DV�SUHVHQW��Z
LWK�P

RGHUDWH�LP
SDFW�SK\VLFDO�

activity conducted on three days per w
eek found not to im

prove skeletal 

KHDOWK��Z
KLOH�KLJKHU�LP

SDFW�DFWLYLWLHV�GLG��,Q�WKH�UHSRUW�LW�Z
DV�FRQFOXGHG�

WKDW�IXUWKHU�UHVHDUFK�LV�QHHGHG�WKDW�H[SOLFLWO\�H[DP
LQHV�D�GRVH�UHVSRQVH�

relationship betw
een physical activity and skeletal health for the 

frequency, intensity and tim
e of physical activity. 1

7KH�FRP
P
LWWHH�IRXQG�IRXU�P

HWD�DQDO\VHV
���������RQ�WKH�HIIHFW�RI�Z

HLJKW�

bearing exercise,
a�VXFK�DV�MXP

S�WUDLQLQJ�RU�UHVLVWDQFH�WUDLQLQJ�

program
m

es on bone m
ineral content and density in children and 

DGROHVFHQWV��7DEOH������7Z
R�RI�WKH�WKUHH�P

HWD�DQDO\VHV�VXIIHUHG�IURP
�

m
ethodological lim

itations, as effect sizes w
ere not adjusted for changes 

in the control group. 77,78�7KH�VHYHQ�VWXGLHV�GHVFULEHG�LQ�WKH�P
HWD�DQDO\VLV�

by N
ogueira et al., ���Z

HUH�DOVR�VXP
P
DULVHG�LQ�D�P

HWD�DQDO\VLV�E\�

B
ehringer et al. 76 in com

bination w
ith 20 other studies. Therefore, the 

FRP
P
LWWHH�KDV�EDVHG�LWV�FRQFOXVLRQV�RQ�WKH�ODWWHU�P

HWD�DQDO\VLV� 76

B
ehringer et al. 76�VXP

P
DULVHG����UDQGRP

LVHG�DQG�QRQ�UDQGRP
LVHG�

VWXGLHV��VKRZ
LQJ�WKDW�Z

HLJKW�EHDULQJ�H[HUFLVH�LP
SURYHG�ERQH�P

LQHUDO�

content by 0.17 and areal bone m
ineral density

b by 0.26. H
eterogeneity 

w
as low

. H
ow

ever, funnel plots suggest the possibility of publication bias 

for both outcom
e m

easures w
hich m

eans that the effect is possibly 

overestim
ated. 

7KHUH�Z
DV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�HIIHFW�VL]H�EHWZ

HHQ�UDQGRP
LVHG�DQG�

a (
[HUFLVH�GXULQJ�Z

KLFK�WKH�ERG\�Z
RUNV�DJDLQVW�WKH�IRUFH�RI�JUDYLW\�DQG�WKH�IHHW�DQG�OHJV�FDUU\�D�SHUVRQ¶V�Z

HLJKW�
b $

UHDO�ERQH�P
LQHUDO�GHQVLW\�LV�WKH�ERQH�P

LQHUDO�FRQWHQW��P
HDVXUHG�E\�GXDO�HQHUJ\�[�UD\�DEVRUSWLRP

HWU\��'
(
;
$
���

divided by the bone area in square centim
etres.
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QRQ�UDQGRP
LVHG�WULDOV�IRU�ERQH�P

LQHUDO�FRQWHQW��������������YHUVXV��������

0.01), w
hereas the effect on areal bone m

ineral density tended to be 

VP
DOOHU�LQ����UDQGRP

LVHG�WULDOV�LQ�FRP
SDULVRQ�WR���QRQ�UDQGRP

LVHG���������

�����YHUVXV��������������Q�V����(
IIHFWV�RQ�ERQH�P

LQHUDO�FRQWHQW�Z
HUH�ODUJHU�

LQ�SUHSXEHUWDO�WKDQ�LQ�SXEHUWDO�RU�SRVWSXEHUWDO�FKLOGUHQ��������������YHUVXV�

��������������WKHUH�Z
DV�D�VLP

LODU�WUHQG�LQ�DUHDO�ERQH�P
LQHUDO�GHQVLW\�������

�������YHUVXV���������������7KH�HIIHFW�RI�UHVLVWDQFH�WUDLQLQJ�W\SH��ERG\�

w
eight, resistance training m

achines or a com
bination) did not differ 

VLJQL¿FDQWO\��

7KH�¿QGLQJV�RI�WKH�P
HWD�DQDO\VLV�FRQ¿UP

�WKH�FRQFOXVLRQV�LQ�WKH�$
XVWUDOLDQ�

HYLGHQFH�UHSRUW�WKDW�P
RVW�FRQVLVWHQW�HIIHFWV�Z

HUH�IRXQG�IRU�KLJK�LP
SDFW�

exercise (such as jum
ping), but also underline the im

portance of other 

Z
HLJKW�EHDULQJ�H[HUFLVHV�VXFK�DV�UHVLVWDQFH�WUDLQLQJ�

,Q�FRQFOXVLRQ��Z
HLJKW�EHDULQJ�H[HUFLVH����WR���WLP

HV�SHU�Z
HHN�����WR����

P
LQXWHV�SHU�VHVVLRQ��IRU�����WR����P

RQWKV��YHUVXV�D�FRQWURO�LP
SURYHV�ERQH�

m
ineral content and areal bone m

ineral density, especially in prepubertal 

children. The effect is sm
all (H

edges’ g = 0.17). In view
 of the consistent 

effects, the level of evidence is strong.

2.10 M
usculoskeletal injuries

The A
ustralian evidence report on children

1 concluded that there is too 

little research to reach a conclusion on the relationship betw
een physical 

activity and negative health outcom
es including injury and fracture.

The A
ustralian evidence report on adults

2 based its description of negative 

KHDOWK�HIIHFWV�RI�SK\VLFDO�DFWLYLW\�SULP
DULO\�RQ�WKH�8

6
�HYLGHQFH�UHSRUW� 3 A

s 

literature on physical activity in relation to injuries is rather scarce, the 

HYLGHQFH�IURP
�5
&
7V��FRKRUW�VWXGLHV�DQG�D�QRW�SHHU�UHYLHZ

HG�V\VWHP
DWLF�

review
 w

ere described collectively.

P
hysical activity prom

otion and the risk of m
usculoskeletal injuries

C
onclusion: A

n increase in physical activity is unlikely to increase 
the risk of severe injury, and a sm

all proportion of individuals w
ho 

increase their physical activity can be expected to experience m
inor 

injuries.
Level of evidence: W

eak.

E
xplanation

,Q�WKH�8
6
�UHSRUW 3�LW�LV�VWDWHG�WKDW�WKH�ULVN�RI�DFWLYLW\�UHODWHG�LQMXU\�LV�JUHDWHU�

in people w
ho are m

ore active. A
s active people are less likely to be 

injured in other contexts (e.g. at w
ork), the overall risk of injury is not 

greater in active than in inactive people. The conclusion is based on tw
o 

SRSXODWLRQ�EDVHG�VWXGLHV�FRQGXFWHG�E\�WKH�VDP
H�UHVHDUFK�JURXS��2

QH�

UHSRUWHG�WKDW�SHRSOH�Z
KR�UDQ�RU�SDUWLFLSDWHG�LQ�VSRUWV�DFWLYLWLHV�Z

HUH����
�

P
RUH�OLNHO\�WR�UHSRUW�DQ�LQMXU\��VSRUWV�UHODWHG�RU�QRW��WKDQ�SHRSOH�Z

KR�

reported w
alking or w

ere sedentary. 79�7KH�RWKHU�UHSRUWHG�QR�VLJQL¿FDQW�

GLIIHUHQFHV�LQ�RYHUDOO�LQMXU\�UDWHV��DFWLYLW\�UHODWHG�RU�QRW��EHWZ
HHQ�LQDFWLYH�

people, active people, and people w
ho m

et the current recom
m

endations 

for physical activity. 80 
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In a m
ore recent publication M

orrow
 et al. 81 show

ed that, in a cohort of 

909 w
om

en, m
eeting versus not m

eeting the A
m

erican physical activity 

guidelines w
as associated w

ith increased risk of m
usculoskeletal injuries 

IRU�XS�WR�WKUHH�\HDUV�RI�IROORZ
�XS��+

5
 ������������������EXW�Z

DV�QRW�

VLJQL¿FDQWO\�DVVRFLDWHG�Z
LWK�P

XVFXORVNHOHWDO�LQMXULHV�XQUHODWHG�WR�SK\VLFDO�

DFWLYLW\��+
5
 �����������������RU�Z

LWK�P
XVFXORVNHOHWDO�LQMXULHV�RYHUDOO�

�+
5
 ������������������$

FFRUGLQJ�WR�WKH�8
6
�HYLGHQFH�UHSRUW� 3 injury rates at 

WKH�OHYHO�RI�DFWLYLW\�FRP
P
RQO\�UHFRP

P
HQGHG������P

LQXWHV�SHU�Z
HHN�RI�

P
RGHUDWH�LQWHQVLW\��RU�DERXW�����0

(
7�P

LQXWHV�SHU�Z
HHN�RI�DFWLYLW\��KDYH�

been uncom
m

only docum
ented but appear to be low

.

The com
m

ittee found a system
atic review

 of the C
anadian BC

 Injury 

5
HVHDUFK�DQG�3UHYHQWLRQ�8

QLW� 82�Z
KLFK�Z

DV��DOWKRXJK�QRW�SHHU�UHYLHZ
HG��RI�

JRRG�TXDOLW\��LQ�Z
KLFK����LQWHUYHQWLRQ�VWXGLHV�Z

HUH�VXP
P
DULVHG�WKDW�

studied the effect of physical activity prom
otion on the risk of injuries. In 

m
ost studies, authors did not provide inform

ation that clearly indicated 

KRZ
�LQMXULHV�Z

HUH�GH¿QHG�DQG�Z
KHWKHU�WKH\�Z

HUH�HYDOXDWHG�GXULQJ�

H[HUFLVH�RQO\��RU�DOVR�GXULQJ�RWKHU�IRUP
V�RI�SK\VLFDO�DFWLYLW\�����

�RI�WKH�

studies had an R
C

T design. The m
ajority of physical activity prom

otion 

program
m

es incorporated m
ore than one type of exercise, including 

HQGXUDQFH�RU�UHVLVWDQFH�WUDLQLQJ��VWUHWFKLQJ�RU�ÀH[LELOLW\�WUDLQLQJ��DQG�

EDODQFH�WUDLQLQJ��$
OP
RVW�WZ

R�WKLUGV�RI�WKH�UHSRUWV�GLG�QRW�FOHDUO\�LQGLFDWH�

how
 participants w

ere asked to report injuries related to physical activity. 

In the other studies, injuries w
ere assessed w

ith a questionnaire, recorded 

LQ�GLDULHV�RU�ORJV��P
HDVXUHG�WKURXJK�WKH�XVH�RI�D�WULDO�UHODWHG�P

RQLWRULQJ�

V\VWHP
�IRU�DGYHUVH�HYHQWV��RU�VHOI�UHSRUWHG�Z

LWKRXW�DQ�H[SODQDWLRQ�DV�WR�

how
 they occurred.

The C
anadian report 82 states that in only one of the 11 studies that 

included children and/or adolescents w
ere any injuries reported that 

Table 18.�5
&
7V�LQWR�WKH�HIIHFW�RI�Z

HLJKW�EHDULQJ�H[HUFLVH�RQ�ERQH�P
LQHUDO�GHQVLW\�LQ�FKLOGUHQ

N
um

ber of studies and num
ber of  

participants
Study 
duration 
(m

onths)

Intervention (intensity, frequency, 
duration)

C
ontrol

C
hange com

pared to control (95%
-C

.I. a) 
H

eterogeneity (I 2 %
)

M
eta-analysis

B
ehringer 

2014
76

���UDQGRP
LVHG�DQG�QRQ�UDQGRP

LVHG�&
7V��

������FKLOGUHQ�DQG�DGROHVFHQWV������\HDUV
���UDQGRP

LVHG�DQG�QRQ�&
7V

10 R
C

Ts
��QRQ�UDQGRP

LVHG�&
7V�

������

������

W
eight bearing exercise intensity not 

UHSRUWHG������VHVVLRQV�Z
N�������¶

S
ee above

&
RQWURO��QRW�VSHFL¿HG

S
ee above

B
one m

ineral content
�������������WR������� b

A
real bone m

ineral density:  
�������������WR������� b

0.17
b�������

����
b�������

1621n.r. c

n.r.
a &

RQ¿GHQFH�LQWHUYDO�
b H

edges’ g.
c N

ot reported.
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occurred during the prescribed exercise sessions. In one of the few
 

studies in w
hich injury w

as a prim
ary outcom

e, C
ollard et al. 83 reported 

LQMXU\�UDWHV�RI������SHU�������KRXUV�RI�SK\VLFDO�DFWLYLW\�IRU�D�VXE�VDP
SOH�RI�

the intervention group w
ho engaged in high levels of physical activity. In 

the other nine studies, the authors reported that no injuries occurred or 

w
ere reported during the physical activity prom

otion as part of the 

intervention.

The C
anadian report 82 states that in 7 of 9 studies in adults under the age 

RI����\HDUV��RQH�RU�P
RUH�SDUWLFLSDQWV�Z

HUH�UHSRUWHG�WR�KDYH�H[SHULHQFHG�

injuries. In one of the few
 studies in w

hich injury w
as a prim

ary outcom
e, 

Janney and Jakicic
84�UHSRUWHG�WKDW����

�RI�SDUWLFLSDQWV�UHSRUWHG�ORZ
HU�

body m
usculoskeletal injures that could be attributed to any form

 of 

SK\VLFDO�DFWLYLW\�RYHU�DQ����P
RQWK�SHULRG��,Q�WKH�VWXG\�WKUHH�JURXSV�RI�

RYHUZ
HLJKW�DQG�REHVH�SDUWLFLSDQWV�Z

HUH�HQFRXUDJHG�WR�Z
DON�IRU�����������

and 300 m
inutes per w

eek, and the control group w
as given printed 

P
DWHULDOV�UHODWHG�WR�H[HUFLVH��EXW�QR�VSHFL¿F�SUHVFULSWLRQ��1

R�VLJQL¿FDQW�

differences w
ere observed betw

een four intervention groups in the 

frequency of injury. 

The C
anadian report 82�VWDWHV�WKDW�LQ���RI����VWXGLHV�WKDW�LQFOXGHG�DGXOWV�RI�

WKH�DJH�RI����\HDUV�RU�RYHU��RQH�RU�P
RUH�SDUWLFLSDQWV�Z

HUH�UHSRUWHG�WR�

have experienced injuries. 82 In one of the few
 studies in w

hich injury w
as a 

prim
ary outcom

e, C
am

pbell et al. �� stated that the num
ber of subjects 

UHSRUWLQJ�D�P
XVFXORVNHOHWDO�LQMXU\�GLG�QRW�GLIIHU�EHWZ

HHQ�WKH�P
RGHUDWH�WR�

YLJRURXV�HQGXUDQFH�WUDLQLQJ�DQG�WKH�XVXDO�OLIHVW\OH�FRQWURO�JURXS�����
�YV��

���
���7KH�P

RVW�FRP
P
RQ�FDXVHV�RI�LQMXU\�Z

HUH�VSRUWV�DQG�RWKHU�IRUP
V�RI�

SK\VLFDO�DFWLYLW\�����
�LQWHUYHQWLRQ�JURXS�DQG����

�FRQWURO�JURXS��QRW�

VLJQL¿FDQW��

The com
m

ittee agrees w
ith the conclusion in the C

anadian report 82 that an 

increase in physical activity is unlikely to increase the risk of severe injury, 

and only a sm
all proportion of individuals w

ho increase their physical 

activity can be expected to experience m
inor injuries. In view

 of the lim
ited 

num
ber of studies in w

hich the risk of injuries w
as studied system

atically, 

the level of evidence is w
eak.

C
haracteristics of physical activity and the risk of injury

C
onclusion: The risk of injury is higher for collision or contact 

sports than for lim
ited- or non-contact activities.

Level of evidence: Strong.

Conclusion: There is too little research to draw
 a conclusion on the 

HIIHFW�RI�VSHFL¿F�WUDLQLQJ�FKDUDFWHULVWLFV�LQ�WHUP
V�RI�IUHTXHQF\��GXUDWLRQ�

or intensity of the activity on the risk of injuries during training.

E
xplanation

7KH�$
XVWUDOLDQ�DQG�8

6
�UHSRUWV

2,3 state that the risk of injury during activity 

ODUJHO\�UHÀHFWV�WKH�IUHTXHQF\�DQG�IRUFH�RI�FRQWDFW�Z
LWK�RWKHUV��H�J��LQ�WHDP

�

sports), the ground, or objects (e.g. a hockey stick). A
ctivities w

ith less 

frequent and less forceful contacts have low
er rates of injury (a cohort 
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study reported 0.3 and 1.2 injuries per 1,000 hours of golf and w
alking 

respectively) than collision and contact sports (7.0 and 9.1 per 1,000 

hours of volleyball and basketball respectively). The A
m

erican evidence 

UHSRUW�EDVHG�LWV�FRQFOXVLRQ�RQ�¿YH�VXUYH\V�RI�WKH�JHQHUDO�SRSXODWLRQ�

According to the tw
o evidence reports, both the overall am

ount of activity, 

and the rate of change in this am
ount, are determ

inants of injury. 2,3 In other 

w
ords, the sam

e am
ount of new

 activity is m
ore likely to cause injury in 

LQDFWLYH�WKDQ�LQ�DFWLYH�SHRSOH��*
UDGXDO�DXJP

HQWDWLRQ�RI�DFWLYLW\�OHYHOV�LV��

therefore, associated w
ith few

er injuries in inactive populations. Although 

there is little research, it is thought that increasing the frequency, duration or 

intensity of activity can be associated w
ith injury, but that the overall volum

e 

is also im
portant. In general, injury rates from

 w
alking are thought to be 

low
er than from

 running, but few
 studies have adjusted for the total am

ount 

of activity, and runners generally do m
ore in term

s of volum
e than w

alkers.

Tw
o recent system

atic review
s focusing on the association betw

een 

WUDLQLQJ�FKDUDFWHULVWLFV�DQG�LQMXU\�ULVN�FRQ¿UP
�WKH�¿QGLQJ�WKDW�WKHUH�LV�OLWWOH�

conclusive evidence. 86,87�2
RVWHUJDDUG�1

LHOVHQ�HW�DO� 86 concluded that it w
as 

not possible to identify w
hich training characteristics

a w
ere related to 

UXQQLQJ�UHODWHG�LQMXULHV�LQ�QRYLFH��UHFUHDWLRQDO��DQG�HOLWH�DWKOHWHV��'
UHZ

�HW�

al. 87 found that training load w
as associated w

ith an increased risk of 

LQMXULHV�LQ����VWXGLHV�DQG�Z
LWK�D�GHFUHDVHG�ULVN�LQ����VWXGLHV��

In conclusion, the risk of injury is higher for collision or contact sports than 

a In term
s of volum

e, distance or m
ileage, tim

e or duration, frequency, intensity, speed or pace.

IRU�OLP
LWHG��RU�QRQ�FRQWDFW�DFWLYLWLHV��,Q�YLHZ

�RI�WKH�FRQVLVWHQW�HYLGHQFH��WKH�

level of evidence is strong. There is too little research to draw
 a conclusion 

RQ�WKH�HIIHFW�RI�VSHFL¿F�WUDLQLQJ�FKDUDFWHULVWLFV�LQ�WHUP
V�RI�IUHTXHQF\��

duration or intensity of the activity on the risk of injuries during training.

2.11 C
ognitive decline

Sum
m

ary of evidence for the effect of physical activity on cognitive function

A
spect

Explanatory notes
S

elected studies
��P

HWD�DQDO\VHV�RI�������DQG����5
&
7V

88, 89, 90 

H
eterogeneity

N
ot reported

Strength of the effect/association
O

verall cognition and m
em

ory: no effect; 88 W
orking m

em
ory g is 

���������������WR����������0
HP

RU\�J�LV����������������WR�
�������� 89 N

o effect on m
em

ory. 90

S
tudy populations

18 yrs and above; 89����\UV�DQG�DERYH� 88, 90 S
ubjects w

ithout 
cognitive im

pairm
ent

Conclusion: The evidence for an effect of physical activity on cognitive 
function in older adults w

ithout cognitive im
pairm

ents is am
biguous.

E
xplanation

The A
ustralian evidence report does not cover dem

entia, A
lzheim

er or 

m
ild cognitive im

pairm
ent as an outcom

e. 2 The A
m

erican evidence report 

GHVFULEHV�D�P
HWD�DQDO\VLV�RI����5

&
7V�VKRZ

LQJ�WKDW�HQGXUDQFH�WUDLQLQJ�

im
proved perform

ance on all cognitive tasks. 3,91

:
H�LGHQWL¿HG�QR�5

&
7V�Z

LWK�WKH�LQFLGHQFH�RI�GHP
HQWLD�DV�DQ�RXWFRP

H��

neither in the general population nor in individuals w
ith m

ild cognitive 

LP
SDLUP

HQW��:
H�IRXQG�¿YH�P

HWD�DQDO\VHV�RQ�WKH�HIIHFW�RI�SK\VLFDO� 
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activity on cognitive function that have been published since 2008 (Table 

19). �����������

,Q�WKH�P
HWD�DQDO\VLV�E\�=KX�HW�DO�� 88 the effect on cognition w

as studied in 

com
bined cognitive and physical activity interventions com

pared to 

cognitive intervention alone in healthy older adults. The authors com
bined 

��UDQGRP
LVHG�FRQWUROOHG�WULDOV�Z

LWK���QRQ�UDQGRP
LVHG�WULDOV��,QWHUYHQWLRQV�

FRQVLVWHG�P
RVWO\�RI�FRP

ELQDWLRQV�RI�ÀH[LELOLW\��UHVLVWDQFH��HQGXUDQFH��

coordination, and balance exercises. They found no indications for a 

difference in effect on overall cognition or m
em

ory. There w
ere no 

LQGLFDWLRQV�IRU�KHWHURJHQHLW\��=KX�HW�DO� 88 did not describe w
hether the 

intervention resulted in a change in total physical activity either in the 

intervention or in the control group.

)RXU�RWKHU�P
HWD�DQDO\VHV

89,90,92,93 on the effect of physical activity on 

cognition have been published since 2008. A
s S

m
ith et al. 89 and Young et 

al. 90�DOVR�VXP
P
DULVHG�WKH�UHVXOWV�RI�SUHYLRXV�P

HWD�DQDO\VHV��WKH�

FRP
P
LWWHH�GHVFULEHV�WKH�UHVXOWV�RI�WKHVH�WZ

R�P
HWD�DQDO\VHV�

In 2010, Sm
ith et al. 89�SHUIRUP

HG�D�V\VWHP
DWLF�UHYLHZ

�DQG�P
HWD�DQDO\VLV�RI�

R
C

Ts in adults of 18 years and above w
ithout cognitive im

pairm
ent, 

covering the period 1966 to 2009. In m
ost studies, participants w

ere older 

adults. They included interventions w
ith a duration of at least 1 m

onth, 

incorporating endurance training com
ponents and reporting on a range of 

QHXURFRJQLWLYH�IXQFWLRQV��,Q�WRWDO��WKH\�LQFOXGHG����VWXGLHV�LQ�WKH�P
HWD�

Table 19.�0
HWD�DQDO\VHV�RI�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�DQG�HQGXUDQFH�WUDLQLQJ�RQ�FRJQLWLYH�IXQFWLRQ

N
um

ber of studies and num
ber of  

participants
Study duration 
(m

onth) 
Intervention (intensity, frequency, duration)

C
ontrol

M
em

ory (effect size and 95%
-C

.I. a)
H

eterogeneity 
(I 2 %

)
M

eta-analysis
S

m
ith et al., 

2010
89

12; N
um

ber of participants not reported 
separately; overall 2,049 participants 
LQFOXGHG�������\HDUV

b

A
t least 1 m

onth 
(
QGXUDQFH�WUDLQLQJ�FRP

SRQHQWV
1
RQ�HQGXUDQFH�WUDLQLQJ

:
RUNLQJ�P

HP
RU\����������������WR�

�������� c

0
HP

RU\����������������WR�������� b

n.r. d

<RXQJ�����
90

��������LQGLYLGXDOV�Z
LWKRXW�FRJQLWLYH�

LP
SDLUP

HQW�!����\HDUV
���

(
QGXUDQFH�WUDLQLQJ�RI�DQ\�LQWHQVLW\��GXUDWLRQ� 

or frequency aim
ed at im

proving 
FDUGLRUHVSLUDWRU\�¿WQHVV

N
o treatm

ent, resistance 
or balance exercise, or 
SURJUDP

P
H�P

H�RI�VRFLDO�
activities

N
o effects w

ere found on verbal 
m

em
ory, visual m

em
ory, w

orking 
m

em
ory, or delayed m

em
ory 

functions

Varied 

=KX�����
88

���1
�Q�U��DGXOWV�!����\HDUV

���1
�Q�U��DGXOWV�!����\HDUV

�������
C

om
bined physical activity and cognitive 

intervention
C

ognitive intervention
2
YHUDOO�FRJQLWLRQ�������� 

�������WR������� e

0
HP

RU\��������������WR������� e

00

a &
RQ¿GHQFH�LQWHUYDO�

b 3
DUWLFLSDQWV�Z

HUH�LQ�WKH�P
DMRULW\�RI�VWXGLHV������\HDUV��

c H
edges’ g.

d N
ot reported. 

e S
tandardised m

ean difference.
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analysis. They presented effect sizes separately for attention and 

processing speed, executive function, and m
em

ory and w
orking m

em
ory. 

A
s far as w

orking m
em

ory is concerned, they calculated effect sizes, 

UHSRUWHG�DV�+
HGJHV¶�J�DQG����

�&
,��EDVHG�RQ����5

&
7V��7KH�HIIHFW�VL]HV�

for m
em

ory w
ere based on the sam

e studies (m
inus 2) plus 6 additional 

studies. The overall effect sizes are represented in the Table 19. Their 

conclusion (w
ith regard to m

em
ory) w

as that endurance training is 

associated w
ith m

odest im
provem

ents in m
em

ory, w
ith the effects on 

w
orking m

em
ory being less consistent. S

m
ith et al. 89 did not describe 

w
hether the intervention in the included R

C
Ts resulted in a change in total 

physical activity in the studied groups (intervention or control). In their 

GLVFXVVLRQ�WKH\�DOVR�UHYLHZ
HG�SUHYLRXV�P

HWD�DQDO\VHV�SXEOLVKHG�LQ������

or before, ����� explaining w
hy the stronger effects found in som

e of these 

studies m
ight be due to m

ethodological lim
itations. 

A recent review
 by the C

ochrane collaboration
90 reached a different 

conclusion. They included 12 trials, nine of w
hich w

ere also included in 

WKH�P
HWD�DQDO\VLV�E\�6

P
LWK�HW�DO� 89�7RJHWKHU��WKH�WULDOV�LQFOXGHG�����

participants w
ithout cognitive im

pairm
ent. Trials lasted from

 8 to 26 w
eeks 

and com
pared endurance training of any intensity, duration or frequency, 

DLP
HG�DW�LP

SURYLQJ�FDUGLRYDVFXODU�¿WQHVV��Z
LWK�HLWKHU�QR�LQWHUYHQWLRQ��RU�

UHVLVWDQFH�RU�EDODQFH�H[HUFLVHV��RU�D�SURJUDP
P
H�RI�VRFLDO�DFWLYLWLHV��)RU�

LQFOXVLRQ�LQ�WKH�P
HWD�DQDO\VLV��LW�Z

DV�D�UHTXLUHP
HQW�WKDW�REMHFWLYH�

P
HDVXUHV�RI�FDUGLRYDVFXODU�¿WQHVV�KDG�EHHQ�UHSRUWHG��$

V�IDU�DV�TXDOLW\�

w
as concerned, they judged that the risk of bias w

as m
oderate to high for 

all the trials. A
s endpoints 11 cognitive dom

ains w
ere used, tested w

ith 

neuropsychological tests or a test battery. W
ithin the category m

em
ory, 

verbal m
em

ory, visual m
em

ory, w
orking m

em
ory, and (delayed) m

em
ory 

IXQFWLRQ�Z
HUH�GLVWLQJXLVKHG��7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�P

HWD�DQDO\VLV�

VKRZ
HG�QR�HYLGHQFH�RI�EHQH¿W�LQ�DQ\�FRJQLWLYH�GRP

DLQ��DOVR�QRW�Z
KHQ�

H[HUFLVH�Z
DV�IRXQG�WR�KDYH�LP

SURYHG�FDUGLRUHVSLUDWRU\�¿WQHVV��7KH\�DOVR�

com
m

ented on possible explanations for the discrepancy w
ith results from

 

SUHYLRXV�P
HWD�DQDO\VHV��P

HQWLRQHG�DERYH��

%
HFDXVH�WKH�FRQFOXVLRQV�LQ�WKH�WKUHH�P

HWD�DQDO\VHV�DUH�HTXLYRFDO��WKH�

evidence for an effect of physical activity on cognitive function in 

FRJQLWLYHO\�KHDOWK\�ROGHU�DGXOWV�LV�DP
ELJXRXV�

2.12 D
epressive sym

ptom
s 

E
ndurance and/or resistance training and depressive sym

ptom
s in adults 

Sum
m

ary of evidence for the effect of endurance and/or resistance training on 
depressive sym

ptom
s in adults

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI����5
&
7V

97 and 40 R
C

Ts
98

H
eterogeneity

Yes, in size of effect
S

trength of the effect/association
�������������WR�������

S
tudy population 

O
lder adults w

ho do not have disorders of orientation and 
w

ho are capable of independent living
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C
onclusion: M

oderate- to vigorous-intensity endurance and/or 
resistance training low

ers depressive sym
ptom

s in adults.
Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report, 2 it w

as concluded that the evidence 

provides strong support that physical activity is associated w
ith 

SV\FKRVRFLDO�KHDOWK�EHQH¿WV�LQ�RWKHUZ
LVH�KHDOWK\�DGXOWV��7KH�UHVHDUFK�

GHP
RQVWUDWHV�VP

DOO�WR�P
RGHUDWH�HIIHFWV�Z

LWK�VLJQL¿FDQW�KHWHURJHQHLW\��

LQGLFDWLQJ�Z
LGH�LQGLYLGXDO�YDULDWLRQ�LQ�SV\FKRVRFLDO�EHQH¿W��7KH�HYLGHQFH�

is strongest for a protective effect against depression. This conclusion w
as 

based on the A
m

erican evidence report 3�DQG�IRXU�P
RUH�UHFHQW�P

HWD�

analyses, three of w
hich sum

m
arised intervention studies. 

A
ccording to the A

ustralian review
, 2�WKHUH�Z

DV�LQVXI¿FLHQW�HYLGHQFH�WR�

P
DNH�UHFRP

P
HQGDWLRQV�RQ�WKH�VSHFL¿F�GRVH�RI�SK\VLFDO�DFWLYLW\��DOWKRXJK�

som
e general trends w

ere observed. In alm
ost all studies, som

e activity 

w
as better than none. The type of physical activity, or an im

provem
ent in 

¿WQHVV��GLG�QRW�DSSHDU�LP
SRUWDQW��7KHUH�Z

DV�VRP
H�HYLGHQFH�RI�EHQH¿FLDO�

HIIHFWV�IURP
�ORZ

�LQWHQVLW\�DFWLYLW\�DQG�ORZ
�GRVH�RI�DFWLYLW\��H�J������

VHVVLRQV�SHU�Z
HHN������KRXUV�SHU�Z

HHN��LQFUHDVHV�RI���KRXU�SHU�Z
HHN��

HWF��IRU�GHSUHVVLYH�V\P
SWRP

V��7KH�HYLGHQFH�UHSRUW�GLG�QRW�VSHFL¿FDOO\�

IRFXV�RQ�ROGHU�DGXOWV��7KH�FRP
P
LWWHH�IRXQG�RQH�P

RUH�UHFHQW�P
HWD�

analysis
97

a on effects of exercise on depressive sym
ptom

s in older adults 

w
ho did not have disorders of orientation and w

ho w
ere capable of 

LQGHSHQGHQW�OLYLQJ��7DEOH������7KH�DXWKRUV�IRXQG�QR�VLJQL¿FDQW�HIIHFW�RI�

physical activity on depressive sym
ptom

s, w
hich w

as m
easured by the 

*
HULDWULF�'

HSUHVVLRQ�6
FDOH�LQ�P

RVW�5
&
7V��7KHUH�Z

DV�FRQVLGHUDEOH�

heterogeneity m
ostly in the size of the effect. S

ubgroup analyses show
ed 

D�VLJQL¿FDQW�UHGXFWLRQ�DIWHU�WKUHH�P
RQWKV��Z

KLFK�Z
DV�QR�ORQJHU�VLJQL¿FDQW�

after six or tw
elve m

onths. In each subgroup analyses, heterogeneity 

rem
ained considerable. There w

ere also indications of m
ild publication 

bias.

7KH�¿QGLQJV�E\�3
DUN�HW�DO� 97�SRLQW�LQ�WKH�VDP

H�GLUHFWLRQ�DV�WKH�¿QGLQJV�

IURP
�IRXU�RWKHU�V\VWHP

DWLF�UHYLHZ
V�DQG�RU�P

HWD�DQDO\VHV�WKDW�KDG�

previously been described by the A
ustralian evidence report, 2 but appear 

less convincing due to the considerable heterogeneity in the size of the 

effect and indications of m
ild publication bias. Therefore, the com

m
ittee 

DOVR�EDVHV�LWV�FRQFOXVLRQ�RQ�WKH�P
HWD�DQDO\VLV�E\�5

HWKRUVW�HW�DO�� 98 w
hich 

Z
DV�WKH�RQO\�P

HWD�DQDO\VLV�RI�WKH�WKUHH�LQ�WKH�$
XVWUDOLDQ�HYLGHQFH�UHSRUW�

exclusively focusing on R
C

Ts. ������

R
ethorst et al. 98�VXP

P
DULVHG����5

&
7V�LQ�QRQ�FOLQLFDO�VXEMHFWV��6

WXGLHV�

FRP
SDUHG�P

RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�DQG�RU�UHVLVWDQFH�

training w
ith no treatm

ent or w
aiting list control. The authors show

ed a 

m
oderate overall protective effect. There w

as considerable heterogeneity 

a 7KH�P
HWD�DQDO\VLV�FRP

SOHWHG�E\�&
RQQ�HW�DO��LQ�����

99 is included in the A
ustralian evidence report. 2
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in the size of the effect. H
ow

ever, as subgroup analyses w
ere only carried 

RXW�IRU�WKH�FRP
ELQDWLRQ�RI�5

&
7V�LQ�FOLQLFDO�DQG�QRQ�FOLQLFDO�SRSXODWLRQV��LW�

is not certain to w
hat extent heterogeneity w

as explained by age, sex, 

exercise type and training characteristics. 

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�DQG�RU�

resistance training low
ers the risk of depressive sym

ptom
s. In view

 of the 

FRQVLGHUDEOH�KHWHURJHQHLW\�LQ�WKH�HIIHFW�VL]H�RI�WKH�WZ
R�P

HWD�DQDO\VHV� 97,98 

the com
m

ittee does not quantify the association. In view
 of the 

consistency in the direction of the effect, the level of evidence is strong.

E
ndurance training and depressive sym

ptom
s in children and adolescents

Sum
m

ary of evidence for the effect of endurance training on depressive sym
ptom

s in 
children and adolescents

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���5
&
7V

102

H
eterogeneity

Yes, in the size of the effect, unexplained
S

trength of the effect/association
�������������WR�������

S
tudy population 

&
KLOGUHQ�DQG�DGROHVFHQWV������\HDUV��IURP

�WKH�JHQHUDO�
population (1 R

C
T) or individuals at risk of depressive 

sym
ptom

s (4 R
C

Ts)

C
onclusion: M

oderate- to high-intensity endurance training (2 to 3 
sessions per w

eek, 20 to 90 m
inutes per session, for 3 to 7 m

onths) 
versus usual care or light physical activity, low

ers depressive 
sym

ptom
s in children and adolescents at risk of depressive 

sym
ptom

s.
Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report on children, 1 several m

ental health 

LQGLFDWRUV�VXFK�DV�TXDOLW\�RI�OLIH��GHSUHVVLRQ��VHOI�HVWHHP
��SK\VLFDO�

perceptions, anger and em
otional problem

s and perceived stress w
ere 

collectively described. The report concludes that the accum
ulation of 

HYLGHQFH�VXJJHVWV�WKDW��IRU�P
HQWDO�KHDOWK�EHQH¿WV��D�P

LQLP
XP

�RI�

P
RGHUDWH�WR�YLJRURXV�LQWHQVLW\�SK\VLFDO�DFWLYLW\�LV�QHHGHG�RQ�DW�OHDVW�WKUHH�

days per w
eek for 60 m

inutes each day. O
ne R

C
T in children w

ith a B
M

I  

!����SHUFHQWLOH�LV�GHVFULEHG�LQ�GHWDLO��VKRZ
LQJ�WKDW����P

LQXWHV�RI�P
RGHUDWH�

WR�YLJRURXV�LQWHQVLW\�SK\VLFDO�DFWLYLW\�IRU����Z
HHNV�LP

SURYHG�GHSUHVVLYH�

V\P
SWRP

V�LQ�FRP
SDULVRQ�WR�QR�P

RGHUDWH�WR�YLJRURXV�LQWHQVLW\�SK\VLFDO�

DFWLYLW\��DQG�WKDW����P
LQXWHV�SURYLGHG�EHQH¿WV�EH\RQG�WKRVH�UHSRUWHG�IRU�

20 m
inutes. 103 The report concludes w

ith the rem
ark that m

ore 

experim
ental evidence is needed on the im

pact of varying intensities of 

physical activity on m
ental health. 1

7KHUH�LV�RQH�P
HWD�DQDO\VLV�RQ�WKH�HIIHFW�RI�SK\VLFDO�DFWLYLW\�LQWHUYHQWLRQV�

RQ�GHSUHVVLYH�V\P
SWRP

V�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��VXP
P
DULVLQJ�¿YH�

R
C

Ts (Table 20). 102 B
row

n et al. 102 sum
m

arise the studies in other 

system
atic review

s
������� and also include the R

C
T

103 referred to in the 

A
ustralian evidence report. 1 They show

ed that physical activity im
proved 

depressive sym
ptom

s in children and adolescents in com
parison to a 

FRQWURO��,Q�IRXU�RI�WKH�¿YH�5
&
7V�FKLOGUHQ�Z

HUH�DW�ULVN�RI�GHSUHVVLYH�

V\P
SWRP

V��H�J��REHVH��ODEHOOHG�FULP
LQDOO\�LQVWLWXWLRQDOLVHG���(

QGXUDQFH�

training w
as the m

ost com
m

on activity and a variety of assessm
ent tools 
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w
as used to m

easure depressive sym
ptom

s.

7KHUH�Z
DV�FRQVLGHUDEOH�KHWHURJHQHLW\�LQ�WKH�VL]H�RI�WKH�HIIHFW��DOO�¿YH�

5
&
7V�VKRZ

HG�DQ�LP
SURYHP

HQW��Z
KLFK�Z

DV�VLJQL¿FDQW�LQ�WZ
R��$

V�WKH�

analysis of the R
C

Ts w
as already a subgroup analysis, heterogeneity 

w
ithin this group of studies w

as not further explored. 102�7KH�¿QGLQJV�DUH�LQ�

line w
ith the conclusion in the A

ustralian evidence report.

,Q�FRQFOXVLRQ��P
RGHUDWH��WR�KLJK�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���

sessions per w
eek, 20 to 90 m

inutes per session, for 3 to 7 m
onths) 

versus usual care or light physical activity im
proves depressive sym

ptom
s 

in children and adolescents at risk of depressive sym
ptom

s. B
ecause of 

unexplained heterogeneity in the size of the effect, the effect cannot be 

TXDQWL¿HG��7KH�OHYHO�RI�HYLGHQFH�LV�VWURQJ��

2.13 C
onclusion

7KHUH�LV�VWURQJ�HYLGHQFH�IRU�WKH�EHQH¿FLDO�HIIHFWV�RI�P
RGHUDWH��WR�

YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�RQ�V\VWROLF�EORRG�SUHVVXUH��LQVXOLQ�

VHQVLWLYLW\��FDUGLRUHVSLUDWRU\�¿WQHVV��ERG\�Z
HLJKW��IDW�P

DVV��DEGRP
LQDO�IDW��

DQG�Z
DLVW�FLUFXP

IHUHQFH�LQ�DGXOWV��5
HVLVWDQFH�WUDLQLQJ�KDV�EHQH¿FLDO�

effects on systolic blood pressure and insulin resistance. The com
bination 

of the tw
o training types also im

proves insulin sensitivity. B
oth types of 

training at m
oderate to vigorous intensity low

er depressive sym
ptom

s.

,Q�ROGHU�DGXOWV��UHVLVWDQFH�WUDLQLQJ�LP
SURYHV�IDW�IUHH�P

DVV��P
XVFOH�

Table 20. R
C

Ts into the effect of endurance and/or strength training on depressive sym
ptom

s

N
um

ber of studies and num
ber 

of participants
Study duration 
(m

onths)
Intervention (intensity, frequency, duration)

C
ontrol

C
hange com

pared to control 
(95%

-C
.I. a)

H
eterogeneity 

(I 2 %
)

M
eta-analysis

P
ark 2014

97
����������ROGHU�DGXOWV�����\HDUV�
109�

����
> 3
> 6
> 12

W
alking, resistance training, balance training, 

TLJRQJ��WDL�FKL��GDQFH�����WLP
HV�Z

N�������¶�
session

N
o exercise: no treatm

ent/
placebo, routine nursing care, 
counselling or health education

�����
b��������WR�������

�����
 b��������WR�������

�����
 b��������WR�������

�����
 b��������WR�������

9374��96
R

ethorst 2009
98

40; 2,408
$
FXWH���

M
oderate to vigorous endurance and/or 

resistance training
W

aiting list or no treatm
ent

�����
c��������WR�������

84

B
row

n 2013
102

�������FKLOGUHQ�DQG�DGROHVFHQWV�
�����\HDUV�DW�ULVN�RI�GHSUHVVLYH�
sym

ptom
s

���
(
QGXUDQFH�WUDLQLQJ��SK\VLFDO�¿WQHVV�

SURJUDP
P
H��YLJRURXV�H[HUFLVH��\RJD�EDVHG�

SK\VLFDO�DFWLYLW\��P
RGHUDWH�RU�KLJK�LQWHQVLW\������

VHVVLRQV�Z
N�������¶�VHVVLRQ

8
VXDO�SK\VLFDO�HGXFDWLRQ��OLJKW�

SK\VLFDO�DFWLYLW\��ÀH[LELOLW\
�����

c��������WR�������
66

a &
RQ¿GHQFH�LQWHUYDO�

b S
tandardised m

ean difference.
c H

edges’ g.
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strength, and gait speed. The com
bination of endurance and resistance 

training reduces the risk of fractures.

7KHUH�LV�VWURQJ�HYLGHQFH�WKDW�P
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�

WUDLQLQJ�LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��

reduces gain in B
M

I and fat m
ass in overw

eight and obese children and 

adolescents, and low
ers the risk of depressive sym

ptom
s in children and 

adolescents at risk of these sym
ptom

s. R
esistance training im

proves 

P
XVFOH�VWUHQJWK�DQG�Z

HLJKW�EHDULQJ�H[HUFLVH�LP
SURYHV�ERQH�P

LQHUDO�

content and density in young people. The com
bination of endurance 

training and resistance training im
proves insulin sensitivity in children and 

adolescents.

7KH�ULVN�RI�LQMXU\�LV�KLJKHU�IRU�FROOLVLRQ�RU�FRQWDFW�VSRUWV�WKDQ�IRU�OLP
LWHG��RU�

QRQ�FRQWDFW�DFWLYLWLHV�

7KHUH�LV�Z
HDN�HYLGHQFH�IRU�WKH�EHQH¿FLDO�HIIHFWV�RI�SK\VLFDO�DFWLYLW\�RQ�WKH�

risk of diabetes and dynam
ic resistance training on systolic blood pressure 

LQ�DGXOWV��7KHUH�LV�DOVR�Z
HDN�HYLGHQFH�IRU�WKH�EHQH¿FLDO�HIIHFW�RI�YDULRXV�

RWKHU�W\SHV�RI�H[HUFLVH��KLJK�LQWHQVLW\�LQWHUYDO��YHUVXV�FRQWLQXRXV��WUDLQLQJ�

im
proves insulin sensitivity in adults at increased risk of cardiovascular 

GLVHDVH��DQG�LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�DGXOWV��DQG�HQGXUDQFH�

versus resistance training low
ers body w

eight in overw
eight and obese 

adults. 

In older adults, progressive resistance training in com
bination w

ith other 

form
s of training, physical activity interventions w

ith a rhythm
ic 

com
ponent, and coordination training im

prove gait speed, and the 

com
bination of endurance w

ith resistance training im
proves the score on 

the short physical perform
ance battery. 

,Q�DGROHVFHQWV��KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�UHGXFHV�JDLQ�LQ�%
0
,�DQG�IDW�

P
DVV��DQG��LQ�ERWK�FKLOGUHQ�DQG�DGROHVFHQWV��ERQH�VWUHQJWKHQLQJ�H[HUFLVH�

reduces gain in fat m
ass. There is also w

eak evidence that an increase in 

physical activity is unlikely to increase the risk of severe injury, and a sm
all 

proportion of individuals can be expected to experience m
inor injuries.

,W�LV�XQOLNHO\�WKDW�OLJKW�LQWHQVLW\�H[HUFLVH�DQG�ÀH[LELOLW\�WUDLQLQJ�DIIHFW�

V\VWROLF�EORRG�SUHVVXUH�LQ�KHDOWK\�DGXOWV��RU�WKDW�P
RGHUDWH�LQWHQVLW\�

endurance training affects LD
L cholesterol in healthy adults. 

,Q�VFKRRO�FKLOGUHQ�DQG�DGROHVFHQWV�LW�LV�XQOLNHO\�WKDW�P
RGHUDWH��WR�KLJK�

intensity physical activity affects systolic blood pressure or B
M

I or that 

physical activity affects LD
L cholesterol. 

In adults, the evidence for an effect of progressive resistance training on 

/'
/�FKROHVWHURO�DQG�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ��YHUVXV�FRQWURO��RQ�

insulin sensitivity is am
biguous. 

In addition, the evidence for an effect of physical activity on cognitive 

function in older adults w
ithout cognitive im

pairm
ents is am

biguous.

7KHUH�LV�WRR�OLWWOH�UHVHDUFK�WR�GUDZ
�D�FRQFOXVLRQ�RQ�WKH�HIIHFW�RI�KLJK�

intensity interval (versus continuous) training on insulin sensitivity in 
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healthy adults, on the m
inim

um
 required duration of exercise bouts for 

LP
SURYLQJ�FDUGLRUHVSLUDWRU\�¿WQHVV��DQG�RQ�WKH�HIIHFW�RI�WKH�FRP

ELQDWLRQ�RI�

endurance training w
ith resistance training on systolic blood pressure and 

w
aist circum

ference. 

)RU�IUDLO��ROGHU�DGXOWV��WKHUH�LV�WRR�OLWWOH�UHVHDUFK�WR�GUDZ
�D�FRQFOXVLRQ�RQ�

the effect of progressive resistance training in com
bination w

ith balance 

training or the effect of stretching on gait speed and on the effect of 

SK\VLFDO�DFWLYLW\�RQ�WKH�WLP
HG�XS�DQG�JR�WHVW��

)LQDOO\�WKHUH�LV�WRR�OLWWOH�UHVHDUFK�WR�GUDZ
�D�FRQFOXVLRQ�RQ�WKH�HIIHFW�RI�

VSHFL¿F�WUDLQLQJ�FKDUDFWHULVWLFV�LQ�WHUP
V�RI�IUHTXHQF\��GXUDWLRQ��RU�LQWHQVLW\�

of the activity on the risk of injuries during training.
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In this chapter, the association betw
een physical activity and the risk of 

DOO�FDXVH�P
RUWDOLW\��FDUGLRYDVFXODU�GLVHDVHV��FRURQDU\�KHDUW�GLVHDVH��

stroke, and heart failure; breast cancer, colorectal cancer, and lung 

cancer; diabetes; disability; fractures; osteoarthritis; dem
entia and 

cognitive decline; and depressive sym
ptom

s is described. The com
m

ittee 

GLG�QRW�¿QG�DQ\�P
HWD�DQDO\VHV�RI�FRKRUW�VWXGLHV�RQ�SK\VLFDO�DFWLYLW\�DQG�

risk of developing chronic obstructive pulm
onary disease. This topic w

as 

also not review
ed in the A

ustralian and A
m

erican evidence reports. 2, 3 The 

com
m

ittee found three cohort studies on the association betw
een 

REMHFWLYHO\�P
HDVXUHG�SK\VLFDO�DFWLYLW\�DQG�WKH�ULVN�RI�DOO�FDXVH�P

RUWDOLW\��LW�

did not identify these types of study for the rem
aining outcom

e m
easures.

3.1 
A

ll-cause m
ortality

Sum
m

ary of�HYLGHQFH�IRU�WKH�DVVRFLDWLRQ�EHWZ
HHQ�SK\VLFDO�DFWLYLW\�DQG�DOO�FDXVH�

m
ortality

A
spect

Explanation
S

elected studies
1 analysis of 6 cohorts, 107���P

XOWL�FHQWUH�FRKRUW�VWXG\� 108 and  
��P

HWD�DQDO\VLV�RI���FRKRUWV
109

H
eterogeneity

Yes, betw
een pooled centres in one pooled analysis, unexplained; 

QRW�UHSRUWHG�LQ�WKH�RWKHU��\HV�LQ�P
HWD�DQDO\VLV�

S
trength of the association

/HLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

5
5
 ������������������DW�!��WR������0

(
7�P

LQ�Z
N�YV��QRQH

5
5
 �����������������DW�����WR������0

(
7�P

LQ�Z
N�YV��QRQH

5
5
 �����������������DW�����WR��������0

(
7�P

LQ�Z
N�YV��QRQH

5
5
 �����������������DW�������WR��������0

(
7�P

LQ�Z
N�YV��QRQH

5
5
 �����������������DW�������WR��������0

(
7�P

LQ�Z
N�YV��QRQH

5
5
 �����������������DW��������0

(
7�P

LQ�Z
N�YV��QRQH

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

XVWUDOLD

C
onclusion: Leisure-tim

e physical activity is associated w
ith a low

er 
risk of all-cause m

ortality in com
parison to no leisure-tim

e physical 
activity: >0 to <450 versus 0 M

ET-m
in per w

eek of leisure-tim
e 

physical activity is associated w
ith a 20%

 low
er risk and 450 to <900 

M
ET-m

in per w
eek w

ith a 31%
 low

er risk, and increasing am
ounts of 

leisure-tim
e physical activity are associated w

ith progressively 
decreasing risk to alm

ost 40%
 at 900 to <4,500 M

ET-m
in per w

eek. 
Level of evidence: Strong.

E
xplanation

The Australian evidence report 2�GHVFULEHV�WKH�¿QGLQJV�LQ�WKH�$P
HULFDQ�

evidence report 3�DQG�P
RUH�UHFHQW�P

HWD�DQDO\VHV��,Q�WKH�$P
HULFDQ�

evidence report 3 it w
as concluded that m

oderate physical activity w
as 

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�GHDWK�GXULQJ�RQ�DYHUDJH�������\HDUV�

IROORZ
�XS�FRP

SDUHG�WR�QR�RU�ORZ
�SK\VLFDO�DFWLYLW\��0

RUH�UHFHQW�P
HWD�

DQDO\VHV�GHVFULEHG�LQ�WKH�$XVWUDOLDQ�UHSRUW�FRQ¿UP
�WKLV�¿QGLQJ��VRP

H�

suggesting that the reduction in relative risk is larger in w
om

en than in 

P
HQ��$QRWKHU�P

HWD�DQDO\VLV�Z
KLFK�LV�GHVFULEHG�LQ�WKH�$XVWUDOLDQ�UHSRUW�

VKRZ
HG�D�ODUJHU�ULVN�UHGXFWLRQ�IRU�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�����
��DQG�

DFWLYLWLHV�RI�GDLO\�OLYLQJ�����
��WKDQ�IRU�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\�����

��

7KH�FRP
P
LWWHH�KDV�IRXQG�WZ

R�SRROHG�DQDO\VHV��RQH�P
XOWL�FRKRUW�VWXG\�DQG�

WZ
R�P

HWD�DQDO\VHV�RQ�SK\VLFDO�DFWLYLW\�DQG�P
RUWDOLW\��7DEOH����� ������� O

ne 

of the pooled analyses
107 w

as an update of the other one. 110 Therefore the 

latter w
as excluded. Arem

 et al. 107 pooled data from
 six studies in the 
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1
DWLRQDO�&

DQFHU�,QVWLWXWH�&
RKRUW�&

RQVRUWLXP
��,Q�FRP

SDULVRQ�WR�QR�OHLVXUH�

WLP
H�SK\VLFDO�DFWLYLW\��SHUIRUP

LQJ�OHVV�WKDQ�����0
(7�P

LQ�Z
N
a w

as 

DVVRFLDWHG�Z
LWK�D����

�GHFUHDVH�LQ�WKH�ULVN�RI�DOO�FDXVH�P
RUWDOLW\��,Q�

VWUDWL¿HG�DQDO\VHV�ULVN�Z
DV����WR����

�ORZ
HU�DW�KLJKHU�OHYHOV�RI�SK\VLFDO�

DFWLYLW\��7KHUH�Z
DV�QR�HYLGHQFH�RI�KDUP

�DW�OHYHOV�RI��������0
(7�P

LQ�Z
N��

There w
as considerable heterogeneity betw

een cohorts for all physical 

DFWLYLW\�FDWHJRULHV��&
RKRUW�VSHFL¿F�ULVN�HVWLP

DWHV�DQG�H[FOXGLQJ�FRKRUWV�

from
 analysis one at a tim

e show
ed results consistent w

ith the m
ain 

¿QGLQJV��DOWKRXJK�KHWHURJHQHLW\�UHP
DLQHG�P

RGHUDWH�WR�FRQVLGHUDEOH��

According to the authors, the heterogeneity m
ight partly be explained by 

differences in questionnaires betw
een cohorts, variations in baseline age, 

UHODWLYH�SK\VLFDO�¿WQHVV��DQG�OHQJWK�RI�IROORZ
�XS��6WUDWL¿HG�DQDO\VHV�

VKRZ
HG�WKDW�WKH�XSSHU�WKUHVKROG�RI�EHQH¿W�Z

DV�FRQVLVWHQW�LQ�P
HQ�DQG�

w
om

en, different age groups, various lifestyle factors, and individuals w
ith, 

and w
ithout, C

VD
 and cancer.

:
KHQ�FRP

SDULQJ�LQWHQVLW\�DFWLYLW\�OHYHOV��OHYHOV�RI�P
RGHUDWH�LQWHQVLW\�

DFWLYLW\�XS�WR�����0
(7�P

LQ�SHU�Z
HHN�DQG���������0

(7�P
LQ�Z

N�Z
HUH�

DVVRFLDWHG�Z
LWK�D�ORZ

HU�ULVN�����
�DQG����

�ULVN�UHGXFWLRQ�UHVSHFWLYHO\��WKDW�

Z
DV�QRW�IXUWKHU�UHGXFHG�DW�KLJKHU�OHYHOV�RI�LQWHQVLW\��)RU�YLJRURXV�LQWHQVLW\�

DFWLYLW\��DQ\�OHYHO�Z
DV�DVVRFLDWHG�Z

LWK�DQ�DSSUR[LP
DWH����

�ORZ
HU�P

RUWDOLW\�

risk. 107

H
upin et al. 109�VXP

P
DULVHG�WKH�DVVRFLDWLRQ�EHWZ

HHQ�P
RGHUDWH�WR�YLJRURXV�

a 7KH�DXWKRUV�UHSRUW�H[SRVXUH�LQ�0
(
7�K�Z

N��7KLV�Z
DV�P

XOWLSOLHG�E\����WR�REWDLQ�0
(
7�P

LQ�Z
N�

physical activity and risk of m
ortality in nine cohort studies carried out in 

people aged 60 and above and found sim
ilar risk reductions as Arem

 et 

al. 107�$�ORZ
�GRVH�RI�P

RGHUDWH�WR�YLJRURXV�SK\VLFDO�DFWLYLW\�Z
DV�DVVRFLDWHG�

Z
LWK�D����

�UHGXFWLRQ�LQ�P
RUWDOLW\�ULVN�LQ�FRP

SDULVRQ�WR�QRQH��D�P
RGHUDWH�

GRVH�Z
DV�DVVRFLDWHG�Z

LWK�D����
�ULVN�UHGXFWLRQ��DQG�D�KLJK�GRVH�Z

LWK�D�

���
�ULVN�UHGXFWLRQ��7KHUH�Z

DV�P
RGHUDWH�KHWHURJHQHLW\��Z

KLFK�UHODWHG�WR�

the size of the association and not to the direction. The authors did not 

report subgroup analyses. R
esults of one study (the C

ardiovascular H
ealth 

6WXG\��Z
HUH�LQFOXGHG�LQ�WKH�P

HWD�DQDO\VLV�DIWHU�ERWK�¿YH�DQG����\HDUV�

IROORZ
�XS��$V�UHVXOWV�Z

HUH�QRW�GLIIHUHQW�IURP
�WKRVH�LQ�RWKHU�VWXGLHV��WKH�

com
m

ittee considers this of m
inor concern. 109

Kelly et al. 111 sum
m

arised data on the association of w
alking (14 studies) 

DQG�F\FOLQJ����VWXGLHV��Z
LWK�P

RUWDOLW\�LQ�D�P
HWD�DQDO\VLV��&

\FOLQJ�WR�Z
RUN�

w
as the m

ost com
m

on dom
ain assessed. They found that both w

alking 

DQG�F\FOLQJ�����0
(7�P

LQ�Z
N�Z

HUH�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�

DOO�FDXVH�P
RUWDOLW\��7KH�ULVN�HVWLP

DWHV�DUH�IRU�WKH�VDP
H�HQHUJ\�H[SHQGLWXUH��

but as cycling is m
ore intense, this w

ould be achieved in a shorter tim
e. 

'
RVH�UHVSRQVH�DQDO\VHV�VXJJHVW�GHFUHDVLQJ�UDWHV�RI�EHQH¿W�DW�KLJKHU�

H[SRVXUHV��IRU�Z
DONLQJ���

�DW�����0
(7�P

LQ�Z
N�����

�DW�������0
(7�P

LQ�Z
N��

DQG����
�DW�������0

(7�P
LQ�Z

N��)RU�F\FOLQJ���
�DW�����0

(7�P
LQ�Z

N�����
�DW�

������0
(7�P

LQ�Z
N��DQG����

�DW�������0
(7�P

LQ�Z
N��7KXV�WKH�JUHDWHVW�

LP
SDFW�LV�VHHQ�LQ�WKH�¿UVW�����P

LQXWHV�SHU�Z
HHN�IRU�Z

DONLQJ�DQG�WKH�¿UVW�

100 m
inutes per w

eek for cycling. There w
as considerable heterogeneity in 

the estim
ate for w

alking. As all but one risk estim
ate of the individual 
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studies w
as below

 1, heterogeneity appeared to be predom
inantly related 

WR�WKH�HIIHFW�VL]H��2
QH�VWXG\�KDG�D�P

XFK�JUHDWHU�ULVN�UHGXFWLRQ�DW�����

0
(7�P

LQ�Z
N�WKDQ�WKH�RWKHU�VWXGLHV��([FOXVLRQ�RI�WKLV�VWXG\�GLG�QRW�FKDQJH�

the overall estim
ate for w

alking. 

(NHOXQG�HW�DO� 108�FRP
ELQHG�GDWD�IURP

����FHQWUHV�RI�WKH�(3,&
�VWXG\�LQ����

countries. They com
pared the association betw

een physical activity 

�OHLVXUH�WLP
H��RFFXSDWLRQDO�DQG�KRXVHKROG��DQG�DOO�FDXVH�P

RUWDOLW\�Z
LWKLQ�

strata of BM
I. W

ithin these strata m
oderate activity w

as associated w
ith a 

������
�ORZ

HU�ULVN�RI�DOO�FDXVH�P
RUWDOLW\��,Q�QRUP

DO�Z
HLJKW�DQG�RYHUZ

HLJKW�

individuals, higher levels of physical activity w
ere associated w

ith further 

UHGXFWLRQV�LQ�ULVN��Z
KLFK�Z

HUH�P
RVW�SURQRXQFHG�LQ�WKH�QRUP

DO�Z
HLJKW�

group. In contrast, in obese individuals, no further reduction in risk w
as 

observed w
ith increasing levels of physical activity beyond that for the 

P
RGHUDWHO\�DFWLYH�JURXS��6LP

LODU�WR�RYHUDOO�DFWLYLW\��KLJKHU�OHYHOV�RI�OHLVXUH�

WLP
H�SK\VLFDO�DFWLYLW\�Z

HUH�DVVRFLDWHG�Z
LWK�ORZ

HU�ULVNV�RI�DOO�FDXVH�P
RUWDOLW\��

H
ow

ever, occupational activity w
as not associated w

ith m
ortality in w

orking 

individuals: risk estim
ates w

ere sim
ilar for standing, m

anual w
ork, and 

heavy m
anual w

ork in com
parison to sitting.

The pooled analysis, 107�WKH�P
HWD�DQDO\VLV�LQ�SHRSOH�RYHU���

109 and the 

(3,&
�VWXG\

108�VKRZ
�VLP

LODU�ULVN�HVWLP
DWHV�DV�SUHYLRXV�P

HWD�DQDO\VHV�

GHVFULEHG�LQ�WKH�$XVWUDOLDQ�HYLGHQFH�UHSRUW�����
�ULVN�UHGXFWLRQ�� 2 w

hereas 

ULVN�HVWLP
DWHV�LQ�WKH�P

HWD�DQDO\VLV�RQ�Z
DONLQJ�DQG�F\FOLQJ�Z

HUH�VP
DOOHU� 111 

As Arem
 et al. 107 com

prised the largest num
ber of subjects, used individual 

GDWD��DQG�TXDQWL¿HG�WKH�DP
RXQW�RI�SK\VLFDO�DFWLYLW\��WKH�FRP

P
LWWHH�KDV�

based its conclusions on their pooled analysis. 

,Q�DGGLWLRQ�WR�WKHVH�SRROHG�DQG�P
HWD�DQDO\VHV��WKH�FRP

P
LWWHH�KDV�IRXQG�WKUHH�

FRKRUW�VWXGLHV�Z
LWK�REMHFWLYHO\�P

HDVXUHG�SK\VLFDO�DFWLYLW\�RU�HQHUJ\�

expenditure. In the past few
 years several articles on this topic based on 

GDWD�IURP
�1
+
$1

(6�KDYH�EHHQ�SXEOLVKHG� ������� The com
m

ittee describes 

WKH�DQDO\VLV�E\�)LVKP
DQ�HW�DO�� ��� as it com

prises the largest num
ber of 

VXEMHFWV�DQG�WKH�ORQJHVW�IROORZ
�XS��,Q�WKH�1

+
$1

(6�VWXG\��D�P
RGHUDWH�WR�

high am
ount of light physical activity and a m

oderate to high am
ount of 

m
oderate to vigorous physical activity w

ere independently associated w
ith 

D�ORZ
HU�ULVN�RI�DOO�FDXVH�P

RUWDOLW\� ����,Q�D�*
HUP

DQ�FRKRUW�DQ�LQYHUVH�

DVVRFLDWLRQ�EHWZ
HHQ�Z

DONLQJ�GXUDWLRQ�DQG�WKH�ULVN�RI�DOO�FDXVH�P
RUWDOLW\�

GXULQJ�IRXU�\HDUV�RI�IROORZ
�XS�Z

DV�IRXQG� 116 M
anini et al. 117 show

ed that a 

high energy expenditure m
easured by the doubly labelled w

ater technique 

Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�DOO�FDXVH�P
RUWDOLW\��7KH�ULVN�

reductions w
ere larger than in the pooled analyses. 

,Q�FRQFOXVLRQ��OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z

LWK�D�ORZ
HU�ULVN�

RI�DOO�FDXVH�P
RUWDOLW\��!��WR�����YHUVXV���0

(7�P
LQ�Z

N�RI�OHLVXUH�WLP
H�

SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�LQ�FRP

SDULVRQ�WR�QRQH�

DQG�����WR�����0
(7�P

LQ�Z
N�Z

LWK�D����
�ORZ

HU�ULVN��DQG�LQFUHDVLQJ�

DP
RXQWV�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�DUH�DVVRFLDWHG�Z
LWK�D�

SURJUHVVLYHO\�GHFUHDVLQJ�ULVN�WR�DOP
RVW����

�DW�����WR�������0
(7�P

LQ�Z
N��

There w
as no evidence of harm

 at higher am
ounts. As the associations 

Z
HUH�YHU\�VLP

LODU�LQ�WKH�WZ
R�SRROHG�DQDO\VHV�DQG�P

HWD�DQDO\VLV�LQ�SHRSOH�

over 60, the level of evidence is strong.
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Table 21.�&
RKRUW�VWXGLHV�LQWR�WKH�DVVRFLDWLRQ�EHWZ

HHQ�SK\VLFDO�DFWLYLW\�DQG�DOO�FDXVH�P
RUWDOLW\

Exposure
N

um
ber of cohorts

Follow
 up tim

e (years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity I 2 (%
)

P
ooled analysis 

$
UHP

�����
107

/HLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�YV��QRQH�

!��WR������0
(
7�P

LQ�Z
N

����WR������0
(
7�P

LQ�Z
N

����WR��������0
(
7�P

LQ�Z
N

������WR��������0
(
7�P

LQ�Z
N

������WR��������0
(
7�P

LQ�Z
N

�������0
(
7�P

LQ�Z
N

6
14

661,137
116,686

0.80
0.69
0.63
0.61
0.61
0.69

���������
���������
���������
���������
���������
���������

n.r. b

n.r.
n.r.
n.r.
n.r.
n.r.

M
ulti-centre cohort study

(
NHOXQG�����

108
M

oderately inactive vs. Inactive
M

oderately active vs. Inactive
A

ctive vs. Inactive
P

er one level difference in activity level

27
12

334,161
21,438

0.76
0.71
����
0.87

���������
���������
���������
���������

n.r.
n.r.
n.r.
n.r.

M
eta-analysis 

K
elly 2014

111
:
DONLQJ�����0

(
7�P

LQ�Z
N

&
\FOLQJ�����0

(
7�P

LQ�Z
N

147
n.r.
n.r.

280,000
187,000

n.r.
n.r.

0.89
0.90

���������
���������

8220
+
XSLQ�����

109
������0

(
7�P

LQ�Z
N�YV����0

(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z
N

�������0
(
7�P

LQ�Z
N

9
10

122,417 
����\HDUV

18,122
0.78
0.72
����

���������
���������
���������

334420
C

ohort study w
ith objectively-m

easured physical activity
M

anini 2006
117

T3 vs.T1 energy expenditure
e

1
6

302 
������\HDUV

��
0.31

���������
n.a. d

$
FWLYLW\�DQG�)XQFWLRQ�

LQ�WKH�(
OGHUO\�LQ�8

OP
�

2016
116

Q
2 vs.Q

1 w
alking duration

f

Q
3 vs. Q

1 w
alking duration 

Q
4 vs. Q

1 w
alking duration 

1
4

1,271 
����\HDUV

110
����
0.30
0.47

���������
���������
���������

n.a.
n.a.
n.a.

1
+
$
1
(
6
�����

���
T2 vs. T1 total physical activity
T3 vs. T1 total physical activity
T2 vs. T1 m

oderate and vigorous physical activity
T3 vs. T1 m

oderate and vigorous physical activity
T2 vs. T1 light activity
T3 vs. T1 light activity

1
���

3,029 
������\HDUV

387
0.39
0.30
0.49
0.22
0.37
0.47

���������
���������
���������
���������
���������
���������

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c 5
LVN�HVWLP

DWHV�IRU�WKH�%
0
,�VWUDWXP

������WR������NJ�P
2.

d N
ot applicable. 

e T: tertile.
f 

Q
: quartile.
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3.2 
C

ardiovascular disease
The evidence report for the A

ustralian guidelines
2 sum

m
arises the 

evidence for all cardiovascular diseases, including coronary heart disease, 

peripheral vascular disease, stroke and other cardiovascular diseases. It 

FRQFOXGHV�WKDW�WKHUH�LV�VWURQJ�HYLGHQFH�WR�VXSSRUW�GRVH�UHVSRQVH�

relationships betw
een physical activity and a range of cardiovascular 

RXWFRP
HV��,Q�DGGLWLRQ��VRP

H�VWXGLHV�VKRZ
�EHQH¿WV�DW�OHYHOV�EHORZ

�����

m
inutes per w

eek of m
oderate intensity physical activity, and alm

ost all 

show
 progressively declining risk w

ith increasing am
ount of activity. 

A
ssociations for physical activity w

ere described for persons categorised 

into low
, m

oderate or high physical activity, show
ing that m

oderate 

SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FDUGLRYDVFXODU�

disease in com
parison to low

 physical activity and higher am
ounts or m

ore 

LQWHQVH�SK\VLFDO�DFWLYLW\�Z
LWK�D����

�ORZ
HU�ULVN��7KLV�FRQFOXVLRQ�LV�ODUJHO\�

based on the 2008 evidence report underpinning the developm
ent of the 

8
6
�SK\VLFDO�DFWLYLW\�JXLGHOLQHV� 3 This report, how

ever, includes both cohort 

DQG�FDVH�FRQWURO�VWXGLHV��,Q�WKH�$
XVWUDOLDQ�UHSRUW�WKLV�LV�FRQVLGHUHG�

DFFHSWDEOH�EHFDXVH��DOWKRXJK�UHFDOO�ELDV�LV�VXEVWDQWLDO�LQ�FDVH�FRQWURO�

studies, it is not generally thought to dem
onstrate differential 

m
easurem

ent error. 2

,Q�WKH�WH[W�EHORZ
��WKH�FRP

P
LWWHH�HYDOXDWHV�QHZ

�VFLHQWL¿F�GHYHORSP
HQWV�

w
ith respect to the association betw

een physical activity and coronary 

heart disease, stroke and heart failure. 

3.2.1 
C

oronary heart disease
Sum

m
ary of evidence for the association betw

een physical activity and the risk of 
coronary heart disease

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����FRKRUWV
118

H
eterogeneity

N
o

S
trength of the association

/HLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LQ�FRP

SDULVRQ�WR�QRQH�
5
5
 �����������������IRU����P

LQ�Z
N�P

RGHUDWH�LQWHQVLW\�
5
5
 �����������������IRU�����P

LQ�Z
N�P

RGHUDWH�LQWHQVLW\�LQ�P
HQ

5
5
 ������������������IRU�����P

LQ�Z
N�P

RGHUDWH�LQWHQVLW\�LQ�Z
RP

HQ
5
5
 �����������������IRU�����P

LQ�Z
N�P

RGHUDWH�LQWHQVLW\�LQ�P
HQ

5
5
 ������������������IRU�����P

LQ�Z
N�P

RGHUDWH�LQWHQVLW\�LQ�Z
RP

HQ
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD��$

VLD

C
onclusion: M

oderate-intensity versus no leisure-tim
e physical 

activity is associated w
ith a low

er risk of coronary heart disease: 75 
m

inutes of m
oderate-intensity leisure-tim

e physical activity per w
eek 

versus none is associated w
ith a 14%

 low
er risk, 150 m

inutes w
ith an 

18%
 low

er risk and increasing am
ounts of m

oderate-intensity 
leisure-tim

e physical activity are associated w
ith a progressively 

decreasing risk to 20%
 at 300 m

inutes per w
eek.

Level of evidence: Strong

E
xplanation

7Z
R�P

HWD�DQDO\VHV�RI�FRKRUW�VWXGLHV�LQWR�WKH�DVVRFLDWLRQ�EHWZ
HHQ�SK\VLFDO�

activity and the risk of coronary heart disease have been published since 
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the Australian evidence report (Table 22). 2,118,119 a Sattelm
aier et al. 118 

sum
m

arised 33 cohort studies and show
ed that high total physical activity

b 

LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�LQ�FRP

SDULVRQ�

to low
 physical activity. The risk reductions for the various physical activity 

W\SHV�YDULHG�IURP
���

�WR����
��+

LJK�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\�Z
DV��IRU�

LQVWDQFH��DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�LQ�

FRP
SDULVRQ�WR�ORZ

�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\��5
5
 ���������

�&
,������

a 7KH�P
HWD�DQDO\VLV�E\�/L�HW�DO��Z

DV�LQFOXGHG�LQ�WKH�$
XVWUDOLDQ�HYLGHQFH�UHSRUW� 2,120

b ,Q�WHUP
V�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\��Z
DONLQJ�WLP

H��Z
DONLQJ�SDFH��RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\��WUDQVSRUW�

SK\VLFDO�DFWLYLW\��WRWDO�SK\VLFDO�DFWLYLW\�DQG�QRQVSHFL¿F�SK\VLFDO�DFWLYLW\�

�������7KLV�DQDO\VLV�Z
DV�EDVHG�RQ�IRXU�VWXGLHV��$�SUHYLRXV�P

HWD�DQDO\VLV�

described in the Australian evidence report w
as based on tw

o studies w
ith 

DW�OHDVW�������SDUWLFLSDQWV�DQG�D�IROORZ
�XS�WLP

H�RI�DW�OHDVW���\HDUV��7KLV�

P
HWD�DQDO\VLV�IRXQG�DQ�DERXW����

�ORZ
HU�ULVN�RI�P

RGHUDWH�RFFXSDWLRQDO�

physical activity in com
parison to low

 occupational physical activity in m
en 

DQG�DQ�DERXW����
�ORZ

HU�ULVN�LQ�Z
RP

HQ��+
LJK�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\�

w
as associated w

ith sim
ilar risk reductions as m

oderate. 120

S
attelm

air et al. 118�FDUULHG�RXW�D�GRVH�UHVSRQVH�P
HWD�DQDO\VLV�WR�TXDQWLI\�

WKH�VSHFL¿F�DP
RXQWV�RI�P

RGHUDWH�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�

required to low
er risk of coronary heart disease. The authors found that 

Table 22. C
ohort studies into the association betw

een physical activity and the risk of coronary heart disease

Exposure
N

um
ber of 

cohorts
Follow

 up tim
e 

(years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity | 2 (%
)

M
eta-anaysis

S
attelm

air 2011
118

H
ighest vs. low

est category of total physical activity
+
LJKHVW�YV��ORZ

HVW�FDWHJRU\�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

$
P
RXQW�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�DW�P
RGHUDWH�LQWHQVLW\�LQ�

com
parison to none:

���P
LQ�Z

N�P
RGHUDWH�LQWHQVLW\

����P
LQ�Z

N�P
RGHUDWH�LQWHQVLW\�

300 m
in/w

k m
oderate intensity 

����P
LQ�Z

N�P
RGHUDWH�LQWHQVLW\

33��LQ�P
HQ

��LQ�Z
RP

HQ

����

n.r.

�������

n.r.

M
en &

 W
om

en
M

en
W

om
en

M
en

W
om

en
M

en
W

om
en

n.r. b

n.r.
0.74
0.74

0.86
0.91
0.80
0.82
0.72
0.81
����

���������
���������

���������
���������
���������
���������
���������
n.r.
���������

028n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

K
yu 2016

119
����������0

(
7�P

LQ�Z
N

�������������0
(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z
N

43
n.r.

����������
c

0.84
0.77
����

���������
���������
���������

n.r.
n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c P
erson years.
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SHRSOH�UHSRUWLQJ�OHLVXUH�WLP
H�SK\VLFDOO\�DFWLYLW\�DW�DERXW����P

LQXWHV�SHU�

Z
HHN�DW�P

RGHUDWH�LQWHQVLW\�KDG�D����
�ORZ

HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�

����
�&
,�������WR��������LQ�FRP

SDULVRQ�WR�SHUVRQV�UHSRUWLQJ�QRQH��3HRSOH�

UHSRUWLQJ�����P
LQXWHV�DW�P

RGHUDWH�LQWHQVLW\�SHU�Z
HHN�KDG�DOVR�D����

�ORZ
HU�

ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�����
�&
,�������WR��������DQG�SHRSOH�HQJDJLQJ�

LQ�WKH�HTXLYDOHQW�RI�����P
LQXWHV�DW�P

RGHUDWH�LQWHQVLW\�SHU�Z
HHN�KDG�D����

�

ORZ
HU�ULVN�����

�&
,�������WR���������7KH�ULVN�Z

DV�IXUWKHU�UHGXFHG�WR�XS�WR�����

P
LQXWHV�SHU�Z

HHN�RI�P
RGHUDWH�LQWHQVLW\�SK\VLFDO�DFWLYLW\��5

5
 �������7KH�

association w
as stronger for w

om
en than for m

en. 

7KH�ULVN�HVWLP
DWHV�LQ�WKH�UHFHQW�P

HWD�DQDO\VLV�DSSHDU�UDWKHU�VLP
LODU�WR�

those in the overall conclusions on cardiovascular disease in the Australian 

evidence report. 2

Kyu et al. 119�VXP
P
DULVHG����FRKRUW�VWXGLHV�DQG�TXDQWL¿HG�WKH�GRVH�

response relation betw
een total physical activity across all dom

ains and 

WKH�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH��7KH�DXWKRUV�P
DSSHG�GRP

DLQ�VSHFL¿F�

SK\VLFDO�DFWLYLW\�WR�WRWDO�DFWLYLW\��,Q�D�FRQWLQXRXV�DQDO\VLV�����0
(
7�P

LQ�SHU�

Z
HHN�Z

DV�DVVRFLDWHG�Z
LWK�D���

�ORZ
HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�LQ�

com
parison to no physical activity. A

n increase from
 600 to 3,600 

0
(
7�P

LQ�SHU�Z
HHN�UHGXFHG�WKH�ULVN�E\�DQ�DGGLWLRQDO����

��7KH�VDP
H�

am
ount of additional activity yielded m

uch sm
aller returns at higher levels 

RI�DFWLYLW\��,Q�FDWHJRULFDO�GRVH�UHVSRQVH�DQDO\VHV�D�VLP
LODU�SDWWHUQ�Z

DV�

REVHUYHG��LQ�FRP
SDULVRQ�WR�OHVV�WKDQ�����0

(
7�P

LQ�SHU�Z
HHN������WR�

������0
(
7�P

LQ�SHU�Z
HHN�Z

HUH�DVVRFLDWHG�Z
LWK�D����

�DQG�������WR�������

0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH��7KH�

SDWWHUQ�RI�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�LV�VLP
LODU�WR�WKH�FRQFOXVLRQV�LQ�

the A
ustralian evidence report. H

ow
ever, the am

ount of physical activity 

required for the prevention of coronary heart disease is higher than 

previously reported, possibly because of dilution effects of inaccurately 

UHSRUWHG�RFFXSDWLRQDO�DQG�GRP
HVWLF�DFWLYLWLHV�DQG�RYHU�HVWLP

DWLRQ�RI�WKHLU�

0
(
7�YDOXHV��DQG�EHFDXVH�YDOXHV�EDVHG�RQ�DOO�SK\VLFDO�DFWLYLW\�EHORZ

�����

0
(
7�P

LQXWHV�SHU�Z
HHN�Z

HUH�XVHG�DV�UHIHUHQFH�FDWHJRULHV� 121 B
ecause of 

WKH�XQFHUWDLQWLHV�LQ�WKH�DVVHVVP
HQW�RI�WKH�H[SRVXUH�LQ�WKH�P

HWD�DQDO\VLV�

E\�.
\X�HW�DO���WKH�FRP

P
LWWHH�KDV�EDVHG�LWV�FRQFOXVLRQV�RQ�WKH�P

HWD�

analysis by S
attelm

air et al. 118,119

,Q�FRQFOXVLRQ��P
RGHUDWH�LQWHQVLW\�YHUVXV�QR�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D�ORZ

HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�����P
LQXWHV�RI�

P
RGHUDWH�LQWHQVLW\�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�SHU�Z
HHN�YHUVXV�QRQH�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN������P

LQXWHV�Z
LWK�DQ����

�ORZ
HU�ULVN�DQG�

LQFUHDVLQJ�DP
RXQWV�RI�P

RGHUDWH�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DUH�

DVVRFLDWHG�Z
LWK�SURJUHVVLYHO\�GHFUHDVLQJ�ULVN�WR����

�DW�����P
LQXWHV�SHU�

w
eek. The level of evidence for this association is strong.
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3.2.2 
Stroke

Sum
m

ary of evidence for the association betw
een physical activity and the risk of 

stroke

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���FRKRUWV��P
HQ��DQG���FRKRUWV��Z

RP
HQ� 120

H
eterogeneity

N
o

S
trength of the association

5
5
 �����������������IRU�P

RGHUDWH�YV��ORZ
�LQWHQVLW\�LQ�P

HQ
5
5
 �����������������IRU�KLJK�YV��ORZ

�LQWHQVLW\�LQ�P
HQ

5
5
 �����������������IRU�P

RGHUDWH�YV��ORZ
�LQWHQVLW\�LQ�Z

RP
HQ

5
5
 �����������������IRU�KLJK�YV��ORZ

�LQWHQVLW\�LQ�Z
RP

HQ
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD

C
onclusion: M

oderate- versus low
-intensity leisure-tim

e physical 
activity is associated w

ith a 27%
 low

er risk of stroke in m
en and an 

11%
 low

er risk in w
om

en; high- versus low
-intensity leisure-tim

e 
physical activity is associated w

ith a 29%
 low

er risk of stroke in m
en 

and a 22%
 low

er risk in w
om

en.
Level of evidence: Strong.

E
xplanation

7KH�FRP
P
LWWHH�IRXQG�RQH�UHFHQW�P

HWD�DQDO\VLV�WKDW�Z
DV�SXEOLVKHG�VLQFH�

the publication of the A
ustralian report (Table 23). 2,119

K
yu et al. 119�VXP

P
DULVHG����FRKRUW�VWXGLHV�DQG�TXDQWL¿HG�WKH�GRVH�

response relationship betw
een total physical activity across all dom

ains 

DQG�WKH�ULVN�RI�LVFKHP
LF�VWURNH��7KH�DXWKRUV�P

DSSHG�GRP
DLQ�VSHFL¿F�

SK\VLFDO�DFWLYLW\�WR�WRWDO�DFWLYLW\��,Q�D�FRQWLQXRXV�DQDO\VLV������0
(
7�P

LQ�

SHU�Z
HHN�Z

DV�DVVRFLDWHG�Z
LWK�D���

�ORZ
HU�ULVN�RI�LVFKHP

LF�VWURNH�LQ�

com
parison to no physical activity. A

n increase from
 600 to 3,600 

0
(
7�P

LQ�SHU�Z
HHN�UHGXFHG�WKH�ULVN�E\�DQ�DGGLWLRQDO����

��7KH�VDP
H�

am
ount of additional activity yielded m

uch sm
aller returns at higher levels 

RI�DFWLYLW\��,Q�FDWHJRULFDO�GRVH�UHVSRQVH�DQDO\VHV�D�VLP
LODU�SDWWHUQ�Z

DV�

REVHUYHG��LQ�FRP
SDULVRQ�WR�OHVV�WKDQ�����0

(
7�P

LQ�Z
N������WR�������

0
(
7�P

LQ�Z
N�Z

HUH�DVVRFLDWHG�Z
LWK�D����

�DQG�������WR�������0
(
7�P

LQ�Z
N�

Z
LWK�D����

�ORZ
HU�ULVN�RI�LVFKHP

LF�VWURNH��7KH�SDWWHUQ�RI�WKH�GRVH�

response relationship is sim
ilar to the conclusions in the A

ustralian 

evidence report. H
ow

ever, the am
ount of physical activity required for 

prevention of coronary heart disease is higher than previously reported, 

possibly because of dilution effects of inaccurately reported occupational 

DQG�GRP
HVWLF�DFWLYLWLHV�DQG�RYHU�HVWLP

DWLRQ�RI�WKHLU�0
(
7�YDOXHV��DQG�

EHFDXVH�YDOXHV�EDVHG�RQ�DOO�SK\VLFDO�DFWLYLW\�EHORZ
�����0

(
7�P

LQ�Z
N�Z

HUH�

used as reference categories. 121 B
ecause of the uncertainties in the 

DVVHVVP
HQW�RI�WKH�H[SRVXUH�LQ�WKH�P

HWD�DQDO\VLV�E\�.
\X�HW�DO��DQG�WKH�

fact that the analysis focused on ischem
ic stroke, the com

m
ittee has 

EDVHG�LWV�FRQFOXVLRQV�RQ�D�UHFHQW�P
HWD�DQDO\VLV�GHVFULEHG�LQ�WKH�

A
ustralian evidence report. 2,119,120

,Q�WKH�P
HWD�DQDO\VLV�E\�/L�HW�DO� 120�LQFOXVLRQ�FULWHULD�Z

HUH�SHHU�UHYLHZ
HG�

(
QJOLVK�SDSHUV�Z

LWK�RULJLQDO�GDWD��VWXGLHV�Z
LWK�DW�OHDVW�������SDUWLFLSDQWV�

DQG�D�IROORZ
�XS�WLP

H�RI�DW�OHDVW���\HDUV��DQG�LQIRUP
DWLRQ�RQ�P

DMRU�

FRQIRXQGHUV��7KH�DXWKRUV�FRQFOXGH�WKDW�P
RGHUDWH�LQWHQVLW\�OHLVXUH�WLP

H�

SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�VWURNH�LQ�P

HQ�DQG�

���
�ORZ

HU�ULVN�LQ�Z
RP

HQ�LQ�FRP
SDULVRQ�WR�ORZ

�LQWHQVLW\�OHLVXUH�WLP
H�
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SK\VLFDO�DFWLYLW\�DQG�KLJK�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�Z

LWK�D����
�

ORZ
HU�ULVN�LQ�P

HQ�DQG�D����
�ORZ

HU�ULVN�LQ�Z
RP

HQ��7KHUH�Z
HUH�QR�

indications for heterogeneity based on the visual inspection of forest plots. 

7KH�P
HWD�DQDO\VLV�GHVFULEHV�RQO\�RQH�FRKRUW�VWXG\�RQ�WKH�DVVRFLDWLRQ�

betw
een occupational physical activity and the risk of stroke. This num

ber 

is too sm
all for a conclusion. 

The com
m

ittee has not found any cohort studies on the association 

EHWZ
HHQ�REMHFWLYHO\�P

HDVXUHG�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�VWURNH�

,Q�FRQFOXVLRQ��P
RGHUDWH��YHUVXV�ORZ

�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�

LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�VWURNH�LQ�P

HQ�DQG�DQ����
�ORZ

HU�ULVN�

LQ�Z
RP

HQ��KLJK��YHUVXV�ORZ
�LQWHQVLW\�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�VWURNH�LQ�P

HQ�DQG�D����
�ORZ

HU�ULVN�LQ�

w
om

en. 

3.2.3 
H

eart failure
Sum

m
ary of evidence for the association betw

een physical activity and the risk of 
heart failure

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����FRKRUWV
122

H
eterogeneity

N
o

S
trength of the association

����0
(
7�P

LQ�Z
N�5

5
 ����������������

������0
(
7�P

LQ�Z
N�5

5
 ����������������

������0
(
7�P

LQ�Z
N�5

5
 ����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD

Conclusion: Leisure-tim
e physical activity is associated w

ith a low
er risk 

of heart failure: 500 versus 0 M
ET-m

in per w
eek is associated w

ith a 10%
 

low
er risk, 1,000 versus 0 M

ET-m
in per w

eek w
ith a 19%

 low
er risk and 

2,000 versus 0 M
ET-m

in per w
eek w

ith a 35%
 low

er risk.
Level of evidence: Strong.

Table 23. C
ohort studies into the association betw

een physical activity and the risk of stroke 

Exposure
N

um
ber of cohorts

Follow
 up tim

e (years)
N

N
 cases

R
R

95%
 C

.I.
H

eterogeneity | 2 (%
)

M
eta-analysis

Li 2012
120

0
RGHUDWH�YV��ORZ

�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

+
LJK�YV��ORZ

�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�

7676

����
����
����
����

M
en, n.r. b

W
om

en, n.r.
M

en, n.r.
W

om
en, n.r.

n.r.
n.r.
n.r.
n.r.

0.73 
0.89
0.71
0.78

���������
���������
���������
���������

n.r.
n.r.
n.r.
n.r.

K
yu 2016

119
����������0

(
7�P

LQ�Z
N

�������������0
(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z
N

26
n.r.

����������
n.r.

0.84
d

0.81
0.74

���������
���������
���������

n.r.
n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c P
erson years.

d Ischem
ic stroke.

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 03 | C
ohort studies of physical activity

Physical activity and risk of chronic diseases | page 81 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



E
xplanation

7KH�FRP
P
LWWHH�KDV�IRXQG�WZ

R�P
HWD�DQDO\VHV�RQ�WKH�DVVRFLDWLRQ�EHWZ

HHQ�

physical activity and the risk of heart failure (Table 24). 122,123 The ten
a 

VWXGLHV�VXP
P
DULVHG�E\�(

FKRXIIR�7FKHXJXL�HW�DO� 123 w
ere sum

m
arised by 

P
andey et al. 122 in com

bination w
ith tw

o other studies. In addition, P
andey 

et al. 122�GHVFULEH�D�GRVH�UHVSRQVH�UHODWLRQVKLS��Z
KHUHDV�(

FKRXIIR�

Tcheugui et al. 123 com
pare a high w

ith a low
 level of physical activity and 

¿WQHVV��7KHUHIRUH��WKH�FRP
P
LWWHH�KDV�EDVHG�LWV�FRQFOXVLRQV�RQ�WKH�P

HWD�

analysis by P
andey et al. 122

Pandey et al. 122 selected prospective cohort studies on physical activity and 

risk of heart failure in participants > 18 years that had been published 

EHWZ
HHQ�-DQXDU\������DQG�6HSWHP

EHU�������7KH�WLP
H�UHVWULFWLRQ�Z

DV�

DSSOLHG�WR�UHÀHFW�OLNHO\�FKDQJHV�LQ�SK\VLFDO�DFWLYLW\�FDWHJRULVDWLRQ�E\�

LQYHVWLJDWRUV�DIWHU�SXEOLFDWLRQ�RI�WKH������$P
HULFDQ�SK\VLFDO�DFWLYLW\�

guidelines. W
hen studies reported risk estim

ates for various types of physical 

activity, Pandey et al. 122�XVHG�HVWLP
DWHV�IRU�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�

They found that risk of heart failure decreased gradually from
 the low

est 

category of total physical activity to the highest, w
ith subjects in the 

KLJKHVW�WRWDO�SK\VLFDO�DFWLYLW\�FDWHJRU\�KDYLQJ�D����
�ORZ

HU�ULVN�RI�KHDUW�

failure in com
parison to subjects in the low

est category. H
eterogeneity 

w
as low

 to m
oderate. M

oderate heterogeneity w
as present in the effect 

size: risk estim
ates w

ere below
 1 for each com

parison in the individual 

a W
ang et al. 124�LQ�WKH�P

HWD�DQDO\VLV�E\�3
DQGH\�HW�DO� 122 describe the sam

e study as H
u et al. ����LQ�WKH�P

HWD�DQDO\VLV�
E\�(

FKRXIIR�7FKHXJXL�HW�DO� 123.

Table 24. C
ohort studies into the association betw

een physical activity and the risk of 
heart failure

Exposure
N

um
ber 

of 
cohorts

Follow
 

up 
tim

e 
(years)

N
N

 
cases

R
R

95%
 C

.I. a
H

etero-
geneity 
I 2 (%

)

M
eta-analysis 

P
andey 

����
122

A
m

ount of total 
physical activity: 
Light vs. Low

est
M

oderate vs. Low
est

H
ighest vs. low

est

D
ose response 

OHLVXUH�WLP
H�

com
pared to no 

OHLVXUH�WLP
H�SK\VLFDO�

activity: 
����0

(
7�P

LQ�Z
N

������0
(
7�P

LQ�Z
N

������0
(
7�P

LQ�Z
N

12410128

����
370,460

������
131,014
117,733

20,203

����
0.78
0.70

0.90
0.81
����

���������
���������
���������

���������
���������
���������

32036n.r. b

n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

VWXGLHV��7KHUH�Z
DV�QR�VLJQL¿FDQW�FKDQJH�LQ�P

DJQLWXGH�RU�GLUHFWLRQ�RI�WKH�

effect in additional sensitivity analyses for the com
parison betw

een the 

highest and the low
est level of physical activity. 

,Q�D�GRVH�UHVSRQVH�DQDO\VLV�3
DQGH\�HW�DO��VKRZ

HG�D�FRQWLQXRXV�LQYHUVH�

DVVRFLDWLRQ�EHWZ
HHQ�WKH�DP

RXQW�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�

H[SUHVVHG�LQ�0
(
7�P

LQXWHV�SHU�Z
HHN�DQG�WKH�ULVN�RI�KHDUW�IDLOXUH��

3
DUWLFLSDQWV�Z

KR�KDG�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�OHYHOV�DW�����YHUVXV���

0
(
7�P

LQ�SHU�Z
HHN�KDG�D����

�ORZ
HU�ULVN�RI�KHDUW�IDLOXUH�FRP

SDUHG�Z
LWK�

WKRVH�Z
LWK�QR�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\��OHYHOV�DW�������YHUVXV���
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0
(
7�P

LQ�SHU�Z
HHN�D����

�ORZ
HU�ULVN�DQG�DW�������YHUVXV���0

(
7�P

LQ�SHU�

Z
HHN�D����

�ORZ
HU�ULVN� 122 

The risk estim
ates are rather sim

ilar to those in the overall conclusions on 

FDUGLRYDVFXODU�GLVHDVH�LQ�WKH�$
XVWUDOLDQ�HYLGHQFH�UHSRUW� 2

The com
m

ittee has not found any cohort studies on the association 

EHWZ
HHQ�REMHFWLYHO\�P

HDVXUHG�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�KHDUW�IDLOXUH��

7KH�FRP
P
LWWHH�FRQFOXGHV�WKDW�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�

Z
LWK�D�ORZ

HU�ULVN�RI�KHDUW�IDLOXUH������0
(
7�P

LQ�SHU�Z
HHN�LV�DVVRFLDWHG�Z

LWK�

D����
�ORZ

HU�ULVN��������0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN�DQG�

������0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN��,Q�YLHZ
�RI�WKH�FRQVLVWHQF\�

RI�WKH�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ�

3.3 
Type 2 diabetes m

ellitus 
The A

ustralian report 2 describes a system
atic review

 of W
arburton et al. 126 

of 20 prim
ary prevention cohort studies w

hich show
ed, w

ithout exception, 

that there w
as a substantial and consistent association betw

een 

(increasing) physical activity and reduced risk of type 2 diabetes. This 

relationship w
as robust; it existed irrespective of the physical activity 

P
HDVXUH�XVHG��DQG�WKHUH�Z

DV�D�FRQVLVWHQW�GRVH�UHVSRQVH�UHODWLRQVKLS��

7KH�P
HGLDQ�P

DJQLWXGH�RI�WKH�ULVN�UHGXFWLRQ�Z
DV�DURXQG����

�DFURVV�DOO�

studies. 126 H
ow

ever, this is likely to be an overestim
ation, as the data 

supporting this estim
ate stem

m
ed from

 studies of both physical activity 

DQG�SK\VLFDO�¿WQHVV��7KH�$
XVWUDOLDQ�UHSRUW�DOVR�GHVFULEHV�WKH�¿QGLQJV�LQ�

the A
m

erican evidence report that there w
as evidence of increased risk 

UHGXFWLRQ�Z
LWK�LQFUHDVLQJ�WRWDO�YROXP

H�RI�DFWLYLW\��Z
LWK�EHQH¿WV�VWDUWLQJ�DW�

fairly low
 levels of activity and increasing up to a level of about one hour of 

w
alking a day (i.e. 300 m

inutes/w
eek of m

oderate intensity activity, or 

������0
(
7�P

LQ�Z
HHN�� 3

The com
m

ittee found one m
ulticentre cohort study

127�DQG�IRXU�P
HWD�

analyses
����������� into the association betw

een physical activity and risk of 

GLDEHWHV��7DEOH������$
V�WKH�P

XOWLFHQWUH�FRKRUW�VWXG\�Z
DV�LQFOXGHG�LQ�RQH�RI�

WKH�P
HWD�DQDO\VHV� 128 it is not described separately. A

s the 8 cohort 

VWXGLHV�VXP
P
DULVHG�LQ�WKH�P

HWD�DQDO\VLV�E\�+
XDL�HW�DO� 130 w

ere also 

sum
m

arised by A
une et al. 128 in com

bination w
ith 47 other cohort studies, 

WKH�P
HWD�DQDO\VLV�E\�+

XDL 130 w
as excluded. 

(DFK�RI�WKH�WKUHH�UHP
DLQLQJ�P

HWD�DQDO\VHV�KDG�D�GLIIHUHQW�SXUSRVH�DQG�

m
ethodology. Aune et al. 128 studied various characteristics of physical 

activity, C
loosterm

ans et al. 129�FDUULHG�RXW�D�KDUP
RQL]HG�P

HWD�DQDO\VLV�E\�

reanalysing the raw
 data from

 published and unpublished cohort studies 

follow
ing a standardised protocol w

ith, for instance, standard adjustm
ent for 

a set of potential confounders and Kyu et al. 119�P
DSSHG�GRP

DLQ�VSHFL¿F�

DFWLYLW\�WR�WRWDO�SK\VLFDO�DFWLYLW\��7KH�RYHUODS�EHWZ
HHQ�WKH�P

HWD�DQDO\VLV�RI�

&
ORRVWHUP

DQV�HW�DO��DQG�WKH�RWKHUV�Z
DV�GLI¿FXOW�WR�DVVHVV��GXH�WR�WKH�

UH�DQDO\VLV�RI�SXEOLVKHG�DQG�XQSXEOLVKHG�GDWD� 119,128,129 There is an overlap 

LQ�VL[�FRKRUW�VWXGLHV�EHWZ
HHQ�WKH�P

HWD�DQDO\VHV�RI�$XQH�HW�DO��DQG�.\X�HW�

al. 119,128
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Total physical activity and diabetes

Sum
m

ary of evidence for the association betw
een total physical activity and the risk 

of type 2 diabetes m
ellitus

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���DQG����FRKRUW�VWXGLHV
128, 129

H
eterogeneity

N
o

S
trength of the association

+
LJK�YV��ORZ

��5
5
 �����������������DQG�5

5
 �����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��1

HZ
�=HDODQG��$

VLD�

C
onclusion: A high versus low

 level of physical activity is associated 
w

ith a 19%
 low

er risk of diabetes.
Level of evidence: Strong.

E
xplanation 

(
DFK�RI�WKH�WKUHH�P

HWD�DQDO\VHV�ORRNHG�LQWR�WKH�DVVRFLDWLRQ�EHWZ
HHQ�WRWDO�

SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�GLDEHWHV��7DEOH������7RWDO�SK\VLFDO�DFWLYLW\�Z
DV�

GH¿QHG�DV�WKH�VXP
�RI�OHLVXUH�WLP

H�DQG�WUDQVSRUW�SK\VLFDO�DFWLYLW\�E\�

C
loosterm

ans et al., 129�DV�WKH�VXP
�RI�OHLVXUH�WLP

H��WUDQVSRUW�DQG�

occupational physical activity by A
une et al., 128�DQG�DV�WKH�VXP

�RI�OHLVXUH�

tim
e, transport, occupational and household physical activity by K

yu et al., 

IRU�Z
KLFK�WKH�DXWKRUV�P

DSSHG�GRP
DLQ�VSHFL¿F�SK\VLFDO�DFWLYLW\�WR�WRWDO�

activity. 119

The relative risk varied from
 0.81

129�WR�����
128 w

hen com
paring a high w

ith a 

ORZ
�OHYHO�RI�SK\VLFDO�DFWLYLW\��+

HWHURJHQHLW\�Z
DV�ORZ

�LQ�HDFK�P
HWD�DQDO\VLV�

C
loosterm

ans et al. 129�FDUULHG�RXW�D�KDUP
RQLVHG�P

HWD�DQDO\VLV�LQ�Z
KLFK�

risk estim
ates from

 each study w
ere adjusted for a standard set of 

FRQIRXQGHUV��$�KLJK�OHYHO�RI�SK\VLFDO�DFWLYLW\�Z
DV�DVVRFLDWHG�Z

LWK�D����
�

low
er risk of diabetes. 

,Q�WKH�P
HWD�DQDO\VLV�E\�$

XQH�HW�DO�� 128 separate analyses w
ere carried out 

com
paring a high w

ith a low
 level of physical activity for three categories: 

vigorous, m
oderate and light physical activity, all show

ing relative risks 

betw
een 0.61 and 0.68. In each of the three analyses, there w

as 

considerable heterogeneity in the size of the effect, w
hich m

akes the size 

of the risk estim
ate less certain.

In an analysis w
ith physical activity as a continuous variable K

yu et al. 119 

VKRZ
HG�WKDW�����0

(
7�P

LQ�SHU�Z
HHN�Z

DV�DVVRFLDWHG�Z
LWK�D���

�ORZ
HU�ULVN�

of diabetes in com
parison to no physical activity. A

n increase from
 600 to 

������0
(
7�P

LQ�SHU�Z
HHN�UHGXFHG�WKH�ULVN�E\�DQ�DGGLWLRQDO����

��7KH�

sam
e am

ount of additional activity yielded m
uch sm

aller returns at higher 

OHYHOV�RI�DFWLYLW\��,Q�GRVH�UHVSRQVH�DQDO\VHV�Z
LWK�SK\VLFDO�DFWLYLW\�DV�D�

categorical variable a sim
ilar pattern w

as observed: in com
parison to less 

WKDQ�����0
(
7�P

LQ�SHU�Z
HHN������WR�������0

(
7�P

LQ�SHU�Z
HHN�Z

DV�

DVVRFLDWHG�Z
LWK�D����

�DQG�������WR�������0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�

ORZ
HU�ULVN�RI�GLDEHWHV��7KH�SDWWHUQ�RI�WKH�GRVH�UHVSRQVH�UHODWLRQ�LV�VLP

LODU�

to the conclusions in the A
ustralian evidence report. H

ow
ever, the am

ount 

of physical activity required for prevention of diabetes is higher than 

previously reported, possibly because of dilution effects of inaccurately 

UHSRUWHG�RFFXSDWLRQDO�DQG�GRP
HVWLF�DFWLYLWLHV�DQG�RYHU�HVWLP

DWLRQ�RI�WKHLU�

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 03 | C
ohort studies of physical activity

Physical activity and risk of chronic diseases | page 84 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



0
(
7�YDOXHV��DQG�EHFDXVH�YDOXHV�EDVHG�RQ�DOO�SK\VLFDO�DFWLYLW\�EHORZ

�����

0
(
7�P

LQ�SHU�Z
HHN�Z

HUH�XVHG�DV�UHIHUHQFH�FDWHJRULHV� 121 B
ecause of the 

XQFHUWDLQWLHV�LQ�WKH�DVVHVVP
HQW�RI�WKH�H[SRVXUH�LQ�WKH�P

HWD�DQDO\VLV�E\�

K
yu et al., the com

m
ittee has based its conclusions on the estim

ates in 

WKH�RWKHU�WZ
R�P

HWD�DQDO\VHV� 128,129 

$
V�LQ�WKH�P

HWD�DQDO\VLV�RI�&
ORRVWHUP

DQV�HW�DO� 129 all risk estim
ates w

ere 

DGMXVWHG�IRU�SRWHQWLDO�FRQIRXQGHUV��Z
KHUHDV�LQ�WKH�P

HWD�DQDO\VLV�E\�$
XQH�

et al. 128 this w
as not the case, the com

m
ittee has based its conclusion on 

WKH�P
HWD�DQDO\VLV�E\�&

ORRVWHUP
DQV�����

�ORZ
HU�ULVN�� 129 This estim

ate is 

about half that of the study referred to in the A
ustralian report. A

s 

explained in the introduction, the latter m
ight have been an overestim

ation 

DV�SK\VLFDO�DFWLYLW\�Z
DV�FRP

ELQHG�Z
LWK�SK\VLFDO�¿WQHVV� 2,126

In conclusion, a high versus low
 level of total physical activity is associated 

Z
LWK�D����

�ORZ
HU�ULVN�RI�GLDEHWHV��,Q�YLHZ

�RI�WKH�FRQVLVWHQF\�LQ�¿QGLQJV��

the level of evidence is strong.

Table 25. C
ohort studies into the association betw

een physical activity and the risk of type 2 diabetes m
ellitus

Exposure
N

um
ber of 

cohorts
Follow

 up 
tim

e (years)
N

N
 cases

R
R

95/%
 C

.I. a
H

eterogeneity I 2 (%
)

M
eta-analysis

A
une 2014

128
H

igh vs. low
 total physical activity

+
LJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

3
HU�������0

(
7�P

LQ�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

H
igh vs. low

 vigorous activity
H

igh vs. low
 m

oderate activity
H

igh vs. low
 light activity

H
igh vs. low

 w
alking

H
igh vs. low

 resistance training
H

igh vs. low
 occupational physical activity

14���8�3
c

733

n.r. b

����
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

104,908
1820,188
318.049
�������
184,067
107,269
326,779
131,318
91,139

18,276
�������
�����
17,062
14,790
�����
11,032
�����
9,246

����
0.74
����
0.61
0.68
0.66
����
0.72
����

���������
���������
���������
���������
���������
���������
���������
���������
���������

18840739347000
&
ORRRVWHUP

DQV�����
129

H
igh vs. low

 total physical activity
H

igh vs. m
edium

 total physical activity
79

99
117,878

11,237
0.81

d

0.92
 d

���������
���������

00
K

yu 2016
119

����������0
(
7�P

LQ�Z
N

�������������0
(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z
N

��
n.r.

����������
a

n.r.
0.86
����
0.72

���������
���������
���������

n.r.
n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c In com
bination w

ith one R
C

T.
d ,Q�WKH�RULJLQDO�SXEOLFDWLRQ�KLJK�SK\VLFDO�DFWLYLW\�DFWHG�DV�WKH�UHIHUHQFH�JURXS��,Q�RUGHU�WR�P

DNH�WKH�¿JXUHV�FRP
SDUDEOH�Z

LWK�RWKHU�SXEOLFDWLRQV��WKH�LQYHUVH�RI�WKH�UHODWLYH�ULVNV�DQG�FRQ¿GHQFH�LQWHUYDOV�Z
DV�UHSRUWHG�LQ�WKLV�WDEOH����5

5
��

e P
erson years.
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Leisure-tim
e physical activity and diabetes

Sum
m

ary of�HYLGHQFH�IRU�WKH�DVVRFLDWLRQ�EHWZ
HHQ�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�DQG�
the risk of type 2 diabetes m

ellitus

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI�����KLJK�ORZ
��DQG����SHU�������0

(
7�P

LQ�Z
N��

cohort studies
128

H
eterogeneity

Yes in high vs. low
 analysis

S
trength of the association

+
LJK�YV��ORZ

�5
5
 �����������������

3
HU�������0

(
7�P

LQ�5
5
 ������������������EXW�LQGLFDWLRQV�RI�

QRQ�OLQHDU�DVVRFLDWLRQ
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD��1

HZ
�=HDODQG��$

VLD�

C
onclusion: A high versus low

 level of leisure-tim
e physical activity 

is associated w
ith a low

er risk of diabetes. The reduction in risk is 
m

ore pronounced at low
 levels of physical activity than at high 

levels.
Level of evidence: Strong.

E
xplanation 

7KH�FRP
P
LWWHH�IRXQG�RQH�P

HWD�DQDO\VLV�IRFXVLQJ�RQ�WKH�DVVRFLDWLRQ�

EHWZ
HHQ�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�GLDEHWHV��7DEOH����� 128 

A
une et al. 128�VKRZ

HG�WKDW�D�KLJK�OHYHO�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�Z

DV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN��+

HWHURJHQHLW\�LQ�WKH�VL]H�RI�WKH�HIIHFW�

w
as considerable. In subgroup analyses this w

as explained by geographic 

location, num
ber of cases and adjustm

ent for age, w
ith a w

eaker 

association in A
sian studies, in studies w

ith a large num
ber of cases, and 

in studies w
ith adjustm

ent for age.

,Q�D�GRVH�UHVSRQVH�DQDO\VHV�RI���FRKRUW�VWXGLHV��HDFK�������0
(
7�P

LQ�

LQFUHDVH�LQ�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�Z

DV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�

ULVN��+
HWHURJHQHLW\�Z

DV�ORZ
��7KHUH�Z

DV�HYLGHQFH�RI�D�QRQ�OLQHDU�

DVVRFLDWLRQ�EHWZ
HHQ�0

(
7�P

LQ�SHU�Z
HHN�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�

and diabetes, w
ith a slightly m

ore pronounced reduction at low
 levels of 

activity than at high levels. 128

In additional analyses the association of w
alking and occupational 

physical activity w
ith risk of diabetes w

ere also studied. A high level of 

w
alking and a high level of occupational physical activity w

ere associated 

Z
LWK�D����

�ORZ
HU�ULVN�RI�GLDEHWHV��Z

KLFK�LV����SHUFHQWDJH�SRLQWV�VP
DOOHU�

WKDQ�WKH�RYHUDOO�HVWLP
DWH�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\��$�KLJK�OHYHO�RI�

UHVLVWDQFH�WUDLQLQJ�Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN��+
HWHURJHQHLW\�LQ�

the three analyses w
as low

. H
ow

ever, this m
ight be explained in part by 

the sm
all num

ber of studies (N
=3 each) on occupational physical activity 

and resistance training.

,Q�FRQFOXVLRQ��D�KLJK�YHUVXV�ORZ
�OHYHO�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

associated w
ith a low

er risk of diabetes. The reduction in risk is m
ore 

pronounced at low
 levels of physical activity than high levels. In view

 of 

WKH�ODUJH�KHWHURJHQHLW\�LQ�WKH�HIIHFW�VL]H�RI�WKH�KLJK�ORZ
�FRP

SDULVRQ�DQG�

WKH�LQGLFDWLRQV�RI�D�QRQ�OLQHDU�DVVRFLDWLRQ�LQ�WKH�GRVH�UHVSRQVH�DQDO\VHV��

the com
m

ittee did not quantify the association. In view
 of the consistent 

¿QGLQJV�LQ�WKH�GLUHFWLRQ�RI�WKH�DVVRFLDWLRQ��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ�
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3.4 
B

reast cancer
Sum

m
ary of evidence for the association betw

een physical activity and the risk of 
breast cancer

A
spect

Explanation
S

elected studies
1 pooled analysis of 10 cohort studies

131�DQG���P
HWD�DQDO\VHV�RI����

cohort studies
132 and 33 cohort studies

133

H
eterogeneity

N
o 

S
trength of the association

5
5
 �����������������KLJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DW�

m
oderate or vigorous intensity

5
5
 �����������������KLJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

5
5
 �����������������KLJK�YV��ORZ

�WRWDO�SK\VLFDO�DFWLYLW\
5
5
 �����������������SHU�����0

(
7�P

LQ�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A high versus low

 level of total physical activity is 
associated w

ith a 13%
 low

er risk of breast cancer. The reduction in 
risk is m

ore pronounced at low
 levels of physical activity than at 

high levels.
Level of evidence: Strong.

C
onclusion 2: A high versus low

 level of leisure-tim
e physical 

activity is associated w
ith a 10 to 12%

 low
er risk of breast cancer. 

The reduction in risk is m
ore pronounced at low

 levels of physical 
activity than high levels.
Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report, 2 it is stated that physical activity w

as 

DVVRFLDWHG�Z
LWK�D����

�WR����
�ORZ

HU�ULVN�RI�EUHDVW�FDQFHU�LQ�FRP
SDULVRQ�WR�

SK\VLFDO�LQDFWLYLW\��7KH�HVWLP
DWHV�Z

HUH�EDVHG�RQ�P
HWD�DQDO\VHV�LQ�Z

KLFK�

FRKRUW�VWXGLHV�DQG�FDVH�FRQWURO�VWXGLHV�KDG�EHHQ�FRP
ELQHG��7KHUH�Z

DV�

VRP
H�HYLGHQFH�RI�D�GRVH�UHVSRQVH�UHODWLRQVKLS��Z

LWK�P
RVW�VWXGLHV�

suggesting that one hour of activity per day confers a greater risk 

UHGXFWLRQ�WKDQ����P
LQXWHV�SHU�GD\��DQG�WKDW�WKH�VLJQL¿FDQW�ULVN�UHGXFWLRQ�

RFFXUV�LQ�WKH�UDQJH�RI�����KRXUV�SHU�Z
HHN�RI�P

RGHUDWH�YLJRURXV�SK\VLFDO�

activity. The role of low
er intensity activity w

as not yet clear. There w
as 

som
e evidence that physical activity m

ight be m
ore protective in 

postm
enopausal w

om
en.

5
HYLHZ

V�E\�WKH�:
RUOG�&

DQFHU�5
HVHDUFK�)XQG�RQ�SK\VLFDO�DFWLYLW\�DQG�

breast cancer date from
 before 2012 and are, therefore, not included in 

this review
. �������

The com
m

ittee found one pooled analysis
131�DQG�IRXU�P

HWD�

analyses
119,132,133,136 on the association betw

een physical activity and  

EUHDVW�FDQFHU��7DEOH������%
HFDXVH�WKH���FRKRUW�VWXGLHV�LQ�WKH�P

HWD�

DQDO\VLV�RI�*
RQFDOYHV�HW�DO� 136 w

ere described in com
bination w

ith 24 

RWKHU�FRKRUW�VWXGLHV�LQ�WKH�P
HWD�DQDO\VLV�E\�:

X�HW�DO�� 132 the com
m

ittee 

H[FOXGHG�WKH�P
HWD�DQDO\VLV�E\�*

RQFDOYHV�HW�DO� 136 The overlap in cohort 

studies betw
een W

u et al. 132 and K
yu et al. 119 am

ounted to 28. The  

overlap in cohort studies of Liu et al. 133 w
as 18 w

ith W
u et al. 132 and 23  

w
ith Kyu et al. 119

M
oore et al. 131 pooled data from

 12 cohort studies and show
ed that the 

90
th�SHUFHQWLOH�RI�P

RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�
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DFWLYLW\�Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�EUHDVW�FDQFHU�WKDQ�WKH�

10
th�SHUFHQWLOH��$�WHVW�RQ�KHWHURJHQHLW\�Z

DV�QRW�VLJQL¿FDQW��7KH�DVVRFLDWLRQ�

w
as sim

ilar across categories of B
M

I and sm
oking behaviour.

W
u et al. 132 found that a high level of total physical activity w

as associated 

Z
LWK�D����

�ORZ
HU�ULVN�RI�EUHDVW�FDQFHU�LQ�FRP

SDULVRQ�WR�D�ORZ
�OHYHO��7KH�

DXWKRUV�GLG�QRW�GHVFULEH�KRZ
�WRWDO�SK\VLFDO�DFWLYLW\�Z

DV�GH¿QHG��7KHUH�Z
DV�

m
oderate heterogeneity in the size of the risk estim

ate. Subgroup analyses 

VKRZ
HG�VLP

LODU�ULVN�UHGXFWLRQV�IRU�RFFXSDWLRQDO��QRQ�RFFXSDWLRQDO��OHLVXUH�

tim
e, and household physical activity and w

alking (results not show
n 

here). The risk reduction tended to be larger for a high versus low
 level of 

YLJRURXV�DFWLYLW\��5
5
 �����������������WKDQ�IRU�D�KLJK�YHUVXV�D�ORZ

�OHYHO�RI�

DFWLYLW\�DW�P
RGHUDWH�LQWHQVLW\��5

5
 ������������������LQ�SUHP

HQRSDXVDO�

Table 26. C
ohort studies into the association betw

een physical activity and the risk of breast cancer

Exposure
N

um
ber of 

cohorts
Follow

 up 
tim

e (years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity I 2 (%
)

P
ooled analysis

M
oore 2016

131
+
LJK�YV��ORZ

�P
RGHUDWH�DQG�KLJK�LQWHQVLW\�OHLVXUH�WLP

H�
physical activity

10
n.r. b

n.r.
������

0.90
���������

n.s. c

M
eta-analysis

W
u 2013

132
H

igh vs. low
 total physical activity

H
igh vs. low

 m
oderate activity

H
igh vs. low

 vigorous activity
3
HU�������0

(
7�P

LQ�Z
N�QRQ�RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\

3
HU�����0

(
7�P

LQ�Z
N�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\
3
HU���KUV�Z

N�P
RGHUDWH�DQG�YLJRURXV�OHLVXUH�WLP

H�SK\VLFDO�
activity

311621378

n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

63,786
21,148
31,048
������
19,882
13,877

0.87
����
����
0.98
0.97
����

���������
���������
���������
���������
���������
���������

302733n.r.
n.r.
n.r.

K
yu 2016

119
����������0

(
7�P

LQ�Z
N

�������������0
(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z
N

��
n.r.

����������
d

n.r.
0.97
0.94
0.86

���������
���������
���������

n.r.
n.r.
n.r.

Liu 2016
133

+
LJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

����0
(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���

3319
n.r.
n.r.

n.r.
n.r.

n.r.
n.r.

0.88
0.96
����
0.93
0.90
0.88

���������
���������
���������
���������
���������
���������

19n.r.
n.r.
n.r.
n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c 1
RW�VLJQL¿FDQW�

d P
erson years.
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�5
5
 �����������������LQ�FRP

SDULVRQ�WR�SRVWP
HQRSDXVDO�Z

RP
HQ�

�5
5
 ������������������DQG�LQ�Z

RP
HQ�Z

LWK�DQ�%
0
,�XQGHU����NJ�P

2 

�5
5
 �����������������WKDQ�DERYH��5

5
 �����������������

,Q�D�GRVH�UHVSRQVH�DQDO\VLV��WKHUH�Z
DV�D�OLQHDU�DVVRFLDWLRQ�EHWZ

HHQ�

QRQ�RFFXSDWLRQDO��OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DQG�P

RGHUDWH�DQG�

YLJRURXV�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�EUHDVW�FDQFHU��7KH�

UHODWLYH�ULVN�Z
DV������SHU�����0

(
7�P

LQ�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�SHU�

w
eek. 132 

Liu et al. 133�DOVR�ORRNHG�LQWR�WKH�DVVRFLDWLRQ�EHWZ
HHQ�OHLVXUH�WLP

H�SK\VLFDO�

DFWLYLW\�DQG�ULVN�RI�EUHDVW�FDQFHU��7KH\�VKRZ
HG�D����

�ORZ
HU�ULVN�

FRP
SDULQJ�D�KLJK�Z

LWK�D�ORZ
�OHYHO�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\��,Q�D�

GRVH�UHVSRQVH�DQDO\VLV��ULVN�EHFDP
H�VP

DOOHU�DV�OHYHOV�RI�SK\VLFDO�DFWLYLW\�

increased, w
ith the risk reduction attenuating at higher levels, although the 

WHVW�IRU�QRQ�OLQHDULW\�Z
DV�QRW�VLJQL¿FDQW� 132

K
yu et al. 119�TXDQWL¿HG�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�EHWZ

HHQ�WRWDO�

physical activity across all dom
ains and the risk of breast cancer. The 

DXWKRUV�P
DSSHG�GRP

DLQ�VSHFL¿F�SK\VLFDO�DFWLYLW\�WR�WRWDO�DFWLYLW\��7KH\�

show
ed in an analysis w

ith total physical activity as a continuous variable 

WKDW�����0
(7�P

LQ�SHU�Z
HHN�Z

DV�QRW�DVVRFLDWHG�Z
LWK�ULVN�RI�EUHDVW�FDQFHU�

in com
parison to no physical activity. An increase from

 600 to 3,600 

0
(7�P

LQ�SHU�Z
HHN�UHGXFHG�WKH�ULVN�E\���

��7KH�VDP
H�DP

RXQW�RI�DGGLWLRQDO�

activity yielded m
uch sm

aller returns at higher levels of activity. In 

FDWHJRULFDO�GRVH�UHVSRQVH�DQDO\VHV�D�VLP
LODU�SDWWHUQ�Z

DV�REVHUYHG��LQ�

FRP
SDULVRQ�WR�OHVV�WKDQ�����0

(7�P
LQ�SHU�Z

HHN������WR�������0
(7�P

LQ�SHU�

Z
HHN�Z

HUH�DVVRFLDWHG�Z
LWK�D���

�DQG�������WR�������0
(7�P

LQ�SHU�Z
HHN�

Z
LWK�D���

�ORZ
HU�ULVN�RI�EUHDVW�FDQFHU��DQG�������0

(7�P
LQ�RU�P

RUH�Z
LWK�D�

���
�ORZ

HU�ULVN��7KH�DP
RXQW�RI�SK\VLFDO�DFWLYLW\�UHTXLUHG�IRU�SUHYHQWLRQ�RI�

breast cancer em
erging from

 this study is higher than previously reported, 

possibly because of dilution effects of inaccurately reported occupational 

DQG�GRP
HVWLF�DFWLYLWLHV�DQG�RYHU�HVWLP

DWLRQ�RI�WKHLU�0
(7�YDOXHV��DQG�

EHFDXVH�SK\VLFDO�DFWLYLW\�EHORZ
�����0

(7�P
LQXWHV�SHU�Z

HHN�Z
DV�XVHG�DV�

reference category in all analyses. 121 Because of the uncertainties in the 

DVVHVVP
HQW�RI�WKH�H[SRVXUH�LQ�WKH�P

HWD�DQDO\VLV�E\�.\X�HW�DO�� 119 the 

com
m

ittee has based its conclusions on the pooled analysis by M
oore et 

al. 131�DQG�WKH�P
HWD�DQDO\VHV�E\�:

X�HW�DO� 132 and Liu et al. 133

7KH�QHZ
�¿QGLQJV�DUH�ODUJHO\�LQ�OLQH�Z

LWK�SUHYLRXV�FRQFOXVLRQV�LQ�WKH�

A
ustralian report, show

ing an attenuation of the risk reduction at higher 

levels. H
ow

ever, the size of the risk reduction w
as sm

aller in the pooled 

analysis
131�DQG�P

RUH�UHFHQW�P
HWD�DQDO\VHV� 132,133 O

ne explanation is that 

the recent risk estim
ates w

ere exclusively based on cohort studies, 

w
hereas previous estim

ates w
ere based on the com

bination of cohort 

VWXGLHV�Z
LWK�FDVH�FRQWURO�VWXGLHV��&

DVH�FRQWURO�VWXGLHV�JHQHUDOO\�¿QG�

stronger associations w
ith cancer risk than cohort studies. ����7KH�¿QGLQJ�

that physical activity w
as m

ore protective in postm
enopausal w

om
en w

as 

not replicated, in fact, the reverse w
as found by W

u et al. 2,132 The 

FRP
P
LWWHH�GLG�QRW�¿QG�DQ\�QHZ

�HYLGHQFH�IRU�GLIIHUHQFHV�EHWZ
HHQ�D�KDOI�

and one hour of exercise per day, as reported in the A
ustralian evidence 

report. 2�$�QHZ
�¿QGLQJ�Z

DV�WKDW�WKHUH�Z
DV�D�ODUJHU�UHGXFWLRQ�LQ�UHODWLYH�ULVN�
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for high intensity physical activity than for m
oderate intensity physical 

activity. 132

In conclusion, a high versus low
 level of total physical activity is 

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�EUHDVW�FDQFHU��7KH�UHGXFWLRQ�LQ�ULVN�LV�

m
ore pronounced at low

 levels of physical activity than high levels. 

A
ssociations w

ere sim
ilar over various dom

ains of physical activity, 

Z
KHUHDV�DVVRFLDWLRQV�Z

HUH�VWURQJHU�IRU�KLJK�LQWHQVLW\�SK\VLFDO�DFWLYLW\��LQ�

SUHP
HQRSDXVDO�Z

RP
HQ�DQG�LQ�Z

RP
HQ�Z

LWK�D�%
0
,�����NJ�P

2. A high 

YHUVXV�ORZ
�OHYHO�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����WR�

���
�ORZ

HU�ULVN�RI�EUHDVW�FDQFHU��7KH�UHGXFWLRQ�LQ�ULVN�LV�P
RUH�SURQRXQFHG�

at low
 levels of physical activity than at high levels. In view

 of the 

FRQVLVWHQW�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ�IRU�ERWK�¿QGLQJV��

3.5 
C

olorectal cancer
Sum

m
ary of evidence for the association betw

een physical activity and the risk of 
colorectal cancer

A
spect

Explanation
S

elected studies
1 pooled analysis of 12 cohort studies

131�DQG�P
HWD�DQDO\VHV�RI���

137 
and 31 cohort studies

133

H
eterogeneity

N
o

S
trength of the association

&
RORQ�FDQFHU��5

5
 ������������������5

5
 �����������������

5
HFWDO�FDQFHU��5

5
 ������������������5

5
 ����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A high versus low

 level of leisure-tim
e physical 

activity is associated w
ith a 16%

 low
er risk of colon cancer.

Level of evidence: Strong.

C
onclusion 2: A

n association betw
een total and leisure-tim

e physical 
activity and the risk of rectal cancer is unlikely.

E
xplanation 

In the A
ustralian evidence report, 2 it is stated that physical activity w

as 

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FRORQ�FDQFHU�LQ�WKH�P

RVW�DFWLYH�LQ�

com
parison to the least active group (based on data from

 the Am
erican 

evidence report 3). A, at the tim
e, m

ore recent review
 show

ed sm
aller 

FKDQJHV�LQ�ULVN�RI����
�LQ�P

HQ�DQG����
�LQ�Z

RP
HQ��7KH�DVVRFLDWLRQ�Z

DV�

independent of obesity, diet or fam
ily history. The low

er threshold for 

EHQH¿W�UDQJHG�IURP
�������������0

(7�P
LQ�SHU�Z

HHN��Z
KLFK�HTXDWHV�WR�

DERXW����P
LQXWHV�RI�GDLO\�P

RGHUDWH�WR�YLJRURXV�SK\VLFDO�DFWLYLW\��7KH�

¿QGLQJV�IRU�UHFWDO�FDQFHU�Z
HUH�HTXLYRFDO��Z

LWK�P
RUH�WKDQ�KDOI�RI�WKH�VWXGLHV�

show
ing no association. 2 As the review

s by the W
orld C

ancer R
esearch 

)RXQGDWLRQ�RI�WKH�DVVRFLDWLRQ�EHWZ
HHQ�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�FRORQ�

and rectal cancer date from
 before 2012, they are not review

ed here. �������

The com
m

ittee found one pooled analysis
131�DQG�IRXU�P

HWD�DQDO\VHV
119,133,137,139 

on the association betw
een physical activity and colorectal/colon cancer 

�7DEOH������$
V�DOO�EXW�RQH�RI�WKH�VWXGLHV�LQ�WKH�P

HWD�DQDO\VLV�E\�%
R\OH�HW�

al. 139 w
ere also included by R

obsahm
 et al., 137 the com

m
ittee excluded the 

P
HWD�DQDO\VLV�E\�%

R\OH�HW�DO� 139 There w
ere 13 cohort studies sum

m
arised 

both by K
yu et al. 119 and R

obsahm
 et al. 137 The overlap betw

een Liu et 

al. 133 and K
yu et al. 119 w

as 10 cohort studies and betw
een Liu et al. 133 and 

R
obsahm

 et al. 137 11 cohort studies.
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M
oore et al. 131 pooled data from

 12 cohort studies and show
ed that the 

90
th�SHUFHQWLOH�RI�P

RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�

DFWLYLW\�Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�FRORQ�FDQFHU�WKDQ�WKH���
th 

percentile, after correction for potential confounding factors. The 

association w
as sim

ilar across categories of B
M

I and sm
oking behaviour. 

R
obsahm

 et al. 137�GH¿QHG�WRWDO�SK\VLFDO�DFWLYLW\�LQ�WKH�RUGHU�RI�OLIHWLP
H��

OHLVXUH�WLP
H��RU�RFFXSDWLRQDO�DFWLYLW\��LI�D�VWXG\�UHSRUWHG�ULVN�HVWLP

DWHV�IRU�

one, tw
o or three of these dom

ains. They show
ed that high total physical 

DFWLYLW\�Z
DV�DVVRFLDWHG�Z

LWK�D�UHVSHFWLYHO\����DQG����
�ORZ

HU�ULVN�RI�

SUR[LP
DO�DQG�GLVWDO�FRORQ�FDQFHU��Z

KHUHDV�WKHUH�Z
DV�QR�VLJQL¿FDQW�

association w
ith rectal cancer. H

eterogeneity w
as low

. There w
as som

e 

evidence for publication bias for the association of physical activity w
ith 

rectal cancer. In subgroup analyses risk estim
ates w

ere w
eaker for 

RFFXSDWLRQDO�SK\VLFDO�DFWLYLW\�WKDQ�IRU�OLIHWLP
H�RU�OHLVXUH�WLP

H�SK\VLFDO�

activity. In these subgroup analyses risk reductions for rectal cancer w
ere 

VLJQL¿FDQW��$
V�WKH�QXP

EHU�RI�VWXGLHV�LQ�WKH�VXEJURXS�DQDO\VHV�Z
DV�

relatively sm
all (ranging from

 4 to 9 cohort studies) and adjustm
ent for 

potential confounders w
as lim

ited in part of the studies, the com
m

ittee has 

Z
HLJKWHG�WKHVH�¿QGLQJV�OHVV�KHDYLO\��

Liu et al. 133�IRXQG�WKDW�D�KLJK�OHYHO�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�Z

DV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FRORUHFWDO�FDQFHU�DQG�D����

�ORZ
HU�

ULVN�RI�FRORQ�FDQFHU��Z
KHUHDV�LW�Z

DV�QRW�VLJQL¿FDQWO\�DVVRFLDWHG�Z
LWK�ULVN�RI�

UHFWDO�FDQFHU��5
5
 ������������������7KHUH�Z

DV�D�QRQ�OLQHDU�GRVH�

UHVSRQVH�UHODWLRQVKLS��Z
LWK�ULVN�ORZ

HULQJ�DWWHQXDWLQJ�IURP
�������0

(
7�P

LQ�

per w
eek onw

ards. H
ow

ever, the adjustm
ent for potential confounding 

factors w
as lim

ited in part of the studies.

K
yu et al. 119�TXDQWL¿HG�WKH�GRVH�UHVSRQVH�UHODWLRQVKLS�EHWZ

HHQ�WRWDO�

physical activity across all dom
ains and the risk of colon cancer. The 

DXWKRUV�P
DSSHG�GRP

DLQ�VSHFL¿F�SK\VLFDO�DFWLYLW\�WR�WRWDO�DFWLYLW\��7KH\�

VKRZ
HG�LQ�D�FRQWLQXRXV�DQDO\VLV�WKDW�����0

(
7�P

LQ�SHU�Z
HHN�Z

DV�

DVVRFLDWHG�Z
LWK�D���

�ORZ
HU�ULVN�RI�FRORQ�FDQFHU�LQ�FRP

SDULVRQ�WR�QR�

SK\VLFDO�DFWLYLW\��$
Q�LQFUHDVH�IURP

�����WR�������0
(
7�P

LQ�SHU�Z
HHN�

UHGXFHG�WKH�ULVN�E\�DQ�DGGLWLRQDO����
��7KH�VDP

H�DP
RXQW�RI�DGGLWLRQDO�

activity yielded m
uch sm

aller returns at higher levels of activity. In 

FDWHJRULFDO�GRVH�UHVSRQVH�DQDO\VHV�D�VLP
LODU�SDWWHUQ�Z

DV�REVHUYHG��LQ�

FRP
SDULVRQ�WR�OHVV�WKDQ�����0

(
7�P

LQ�SHU�Z
HHN������WR�������0

(
7�P

LQ�

SHU�Z
HHN�Z

HUH�DVVRFLDWHG�Z
LWK�D����

�DQG�������WR�������0
(
7�P

LQ�SHU�

Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN�RI�FRORQ�FDQFHU��DQG�������0
(
7�P

LQ�RU�P
RUH�

Z
LWK�D����

�ORZ
HU�ULVN��7KH�DP

RXQW�RI�SK\VLFDO�DFWLYLW\�UHTXLUHG�IRU�

prevention of colon cancer in this study is higher than previously reported, 

possibly because of the dilution effects of inaccurately reported 

RFFXSDWLRQDO�DQG�GRP
HVWLF�DFWLYLWLHV�DQG�RYHU�HVWLP

DWLRQ�RI�WKHLU�

0
(
7�YDOXHV��DQG�EHFDXVH�SK\VLFDO�DFWLYLW\�EHORZ

�����0
(
7�P

LQXWHV�SHU�

w
eek w

as used as a reference category in all analyses. 121

B
ecause of the uncertainties in the assessm

ent of the exposure in the 

P
HWD�DQDO\VLV�E\�.

\X�HW�DO�� 119 and the incom
plete adjustm

ent for potential 

FRQIRXQGLQJ�IDFWRUV�LQ�WKH�P
HWD�DQDO\VHV�E\�/LX�HW�DO� 133 and R

obsahm
 et 

al., 137 the com
m

ittee has based its conclusions for colon cancer on the 
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pooled analysis by M
oore et al. 131�5

HVXOWV�RI�WKH�P
HWD�DQDO\VHV�E\�

R
obsahm

 et al. 137 and by Liu et al. 133 w
ere used for the conclusion on 

rectal cancer.

,Q�UHFHQW�P
HWD�DQDO\VHV�D�OHVV�VWURQJ�RU�VLP

LODU�DVVRFLDWLRQ�EHWZ
HHQ�

physical activity and colon cancer w
as found in com

parison to the 

A
ustralian evidence report. 2 P

revious indications for a low
er threshold for 

EHQH¿W�UDQJHG�IURP
�������������0

(
7�P

LQ�SHU�Z
HHN�Z

HUH�QRW�FRQ¿UP
HG��

/LX�HW�DO��VKRZ
HG�D�EHQH¿W�RI�XS�WR�������0

(
7�P

LQ�RI�OHLVXUH�WLP
H�SK\VLFDO�

activity, beyond w
hich risk low

ering attenuated. 133 The A
ustralian evidence 

report’s
2�LQFRQFOXVLYH�¿QGLQJV�RQ�UHFWDO�FDQFHU�KDYH�SURJUHVVHG�LQWR�WKH�

conclusion that there are no indications of an association. 

,Q�FRQFOXVLRQ��D�KLJK�YHUVXV�ORZ
�OHYHO�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�FRORQ�FDQFHU��,Q�YLHZ

�RI�WKH�FRQVLVWHQW�

¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ��$
Q�DVVRFLDWLRQ�EHWZ

HHQ�WRWDO�DQG�

OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�UHFWDO�FDQFHU�LV�XQOLNHO\�

Table 27. C
ohort studies into the association betw

een physical activity and the risk of colorectal cancer

Exposure
N

um
ber of 

cohorts
Follow

 up 
tim

e (years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity | 2 (%
)

P
ooled analysis

M
oore 2016

131
+
LJK�YV��ORZ

�P
RGHUDWH��DQG�KLJK�LQWHQVLW\�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\
12

n.r. b
n.r.

14,160
0.84

c
���������

n.s. d

M
eta-analysis

R
obsahm

 2013
137

H
igh vs. low

 total physical activity
191916

n.r.
n.r.
n.r.

n.r.
n.r.
n.r.

P
roxim

al colon
D

istal colon
R

ectum

0.76
0.77
0.98

���������
���������
���������

6016
K

yu 2016
119

����������0
(
7�P

LQ�Z
N

�������������0
(
7�P

LQ�Z
N

��������0
(
7�P

LQ�Z

19
n.r.

����������
e

n.r.
0.90

c

0.83
c

0.79
 c

���������
���������
���������

n.r.
n.r.
n.r.

Liu 2016
133

+
LJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

����0
(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���
������0

(
7�P

LQ�YV���

31��910

n.r.
n.r.

n.r.
n.r.

n.r. C
olorectal

C
olon 

R
ectum

n.r.

0.84
0.81

c

1.07
0.92
����
0.86

���������
���������
���������
���������
���������
���������

4840n.r.
n.r.
n.r.

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c C
olon cancer.

d 1
RW�VLJQL¿FDQW�

e P
erson years.
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3.6 
Lung cancer

Sum
m

ary of evidence for the association betw
een physical activity and the risk of 

lung cancer

A
spect

Explanation
S

elected studies
1 pooled analysis of 12 cohort studies

131�DQG���P
HWD�DQDO\VLV�RI����

cohort studies
140

H
eterogeneity

<HV��LQ�WKH�VL]H�RI�WKH�HIIHFW�LQ�WKH�P
HWD�DQDO\VLV�IRU�IRUP

HU�VP
RNHUV��

unexplained. 
S

trength of the association
6
P
RNHUV��5

5
 ����������������

)RUP
HU�VP

RNHUV��5
5
 ����������������

1
RQ�VP

RNHUV��5
5
 ����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A high versus low

 level of total physical activity is 
associated w

ith a 20%
 low

er risk of lung cancer in current sm
okers.

Level of evidence: Strong.

C
onclusion 2: A high versus low

 level of total physical activity is 
associated w

ith a low
er risk of lung cancer in form

er sm
okers.

Level of evidence: W
eak.

C
onclusion 3: There is too little research to draw

 a conclusion on the 
association betw

een total physical activity and risk of lung cancer in 
non-sm

okers.

E
xplanation

In the Australian evidence report, 2 it w
as stated that physical activity w

as 

DVVRFLDWHG�Z
LWK�D�������

�ORZ
HU�ULVN�RI�OXQJ�FDQFHU�LQ�WKH�P

RVW�DFWLYH�LQ�

FRP
SDULVRQ�WR�WKH�OHDVW�DFWLYH�JURXS�LQ����FRKRUW�DQG���FDVH�FRQWUROV�

studies (based on data from
 the Am

erican evidence report 3). The 

DVVRFLDWLRQV�UHP
DLQHG�DIWHU�VWUDWL¿FDWLRQ�E\�VP

RNLQJ�VWDWXV��$V�WKH�:
&
5
)�

report dates from
 before 2012, it has not been included in this review. ���

The com
m

ittee found one pooled analysis
131�DQG�¿YH�P

HWD�DQDO\VHV�RQ�

the association betw
een physical activity and the risk of lung cancer 

(Table 28). ������������7KH�P
HWD�DQDO\VLV�E\�/LX�HW�DO� 133 and B

renner et al. 144 

w
ere excluded as it did not m

ake a distinction betw
een current, form

er 

DQG�QRQ�VP
RNHUV��$

V�6
FKP

LG�HW�DO� 140 also included the cohort studies that 

KDG�EHHQ�VXP
P
DULVHG�LQ�WKH�P

HWD�DQDO\VHV�E\�=KRQJ�HW�DO�� 143 S
un et 

al., 142 and B
uffart et al., 141

a�WKH�FRP
P
LWWHH�GHVFULEHV�WKH�P

HWD�DQDO\VLV�E\�

S
chm

id et al. 140 below
. 

A
s sm

oking is an im
portant risk factor for lung cancer, the com

m
ittee 

describes the associations betw
een physical activity and lung cancer 

VHSDUDWHO\�IRU�FXUUHQW�VP
RNHUV��IRUP

HU�VP
RNHUV�DQG�QRQ�VP

RNHUV��

M
oore et al. 131�VKRZ

HG�LQ�D�SRROHG�DQDO\VLV�RI����FRKRUWV�WKDW�OHLVXUH�WLP
H�

physical activity at a m
oderate or vigorous level w

as associated w
ith a 

���
�ORZ

HU�ULVN�RI�OXQJ�FDQFHU��6
P
RNLQJ�VWDWXV�P

RGL¿HG�WKLV�DVVRFLDWLRQ��

the association w
as present in current sm

okers and form
er sm

okers, 

w
hereas physical activity w

as not associated w
ith lung cancer in 

QRQ�VP
RNHUV�

b

a )RU�RQH�FRKRUW�%
XIIDUW�HW�DO� 141�XVHG�P

RUH�UHFHQW�IROORZ
�XS�GDWD�IURP

�WKH�+
DUYDUG�$

OXP
QL�+

HDOWK�6
WXG\

�������� than 
S

chm
id et al. 140

b %
DVHG�RQ�D�¿JXUH�LQ�WKH�SXEOLFDWLRQ��WKH�DXWKRUV�GLG�QRW�UHSRUW�DQ\�TXDQWLWDWLYH�GDWD� 131 

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 03 | C
ohort studies of physical activity

Physical activity and risk of chronic diseases | page 93 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



S
chm

id et al. 140 sum
m

arised the association for total physical activity. 

W
hen risk estim

ates in different dom
ains w

ere presented, they prioritised 

total physical activity. If studies did not provide this inform
ation, the 

DXWKRUV�XVHG�QRQ�RFFXSDWLRQDO�RU�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\��7RWDO�

SK\VLFDO�DFWLYLW\�Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�OXQJ�FDQFHU�LQ�

FXUUHQW�VP
RNHUV�DQG�D����

�ORZ
HU�ULVN�LQ�IRUP

HU�VP
RNHUV��Z

KHUHDV�WKHUH�

Z
DV�QR�VLJQL¿FDQW�DVVRFLDWLRQ�LQ�QRQ�VP

RNHUV��7KH�DVVRFLDWLRQV�Z
HUH�QRW�

P
RGL¿HG�E\�WKH�GHJUHH�RI�DGMXVWP

HQW�IRU�VP
RNLQJ��+

RZ
HYHU��WKHUH�Z

DV�

respectively m
oderate and considerable heterogeneity in the effect size 

for current sm
okers and form

er sm
okers. The num

ber of studies for the 

DQDO\VHV�RQ�IRUP
HU�VP

RNHUV�DQG�QRQ�VP
RNHUV�Z

DV�VP
DOO��1

 ����6
XEJURXS�

analyses did not explain the heterogeneity.

In com
parison to the A

ustralian report, new
 evidence show

s a differential 

association betw
een physical activity for current and form

er sm
okers and 

QRQ�VP
RNHUV��+

RZ
HYHU��DV�WKH�DEVROXWH�ULVN�RI�OXQJ�FDQFHU�LV�YHU\�VP

DOO�LQ�

QRQ�VP
RNHUV��WKLV�P

LJKW�EH�DQ�H[SODQDWLRQ�IRU�WKH�DEVHQFH�RI�DQ�

association in this group. 2

In conclusion, a high versus low
 level of total physical activity is 

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�OXQJ�FDQFHU�LQ�FXUUHQW�VP

RNHUV��,Q�

YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ��$�KLJK�

versus low
 level of total physical activity is also associated w

ith a low
er 

risk of lung cancer in form
er sm

okers. In view
 of the sm

all num
ber of 

cohorts (N
=3), the level of evidence is w

eak. A
s the association is not 

VLJQL¿FDQW�LQ�QRQ�VP
RNHUV�DQG�EDVHG�RQ�D�VP

DOO�QXP
EHU�RI�FRKRUWV��1

 ����

the com
m

ittee concludes that there is too little research to draw
 a 

conclusion on the association betw
een total physical activity and the risk 

RI�OXQJ�FDQFHU�LQ�QRQ�VP
RNHUV�

Table 28. C
ohort studies into the association betw

een physical activity and the risk of lung cancer

Exposure
N

um
ber of 

cohorts
Follow

 up tim
e 

(years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity I 2 (%
)

P
ooled analysis

M
oore 2016

131
+
LJK�YV��ORZ

�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\

12
n.r. b

n.r.
19,133

0.74
c

���������
n.s. c

M
eta-analysis

S
chm

id 2016
140

H
igh vs. low

 physical activity
633

n.r.
n.r.
n.r.

���������
�������
�������

�������FXUUHQW�VP
RNHUV

������IRUP
HU�VP

RNHUV
������QRQ�VP

RNHUV

0.80
0.68
����

���������
���������
���������

41��9
a &

RQ¿GHQFH�LQWHUYDO�
b N

ot reported.
c 1

RW�VLJQL¿FDQW�
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3.7 
D

isability
S

um
m

ary of evidence for the association betw
een physical activity and the risk of disability

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI���FRKRUWV
147

H
eterogeneity

Yes, in size of effect, unexplained
S

trength of the association
'
LVDELOLW\��5

5
 ����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A m

edium
 to high versus low

 level of physical activity 
is associated w

ith a low
er risk of disability in older adults.

Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report 2 risk of disability w

as not addressed as it 

IRFXVHG�RQ�DGXOWV�XS�WR�WKH�DJH�RI����\HDUV��,Q�WKH�8
6
�HYLGHQFH�UHSRUW 3 it 

w
as concluded that strong, consistent observational evidence indicated 

WKDW�P
LG�OLIH�DQG�ROGHU�DGXOWV�Z

KR�SDUWLFLSDWH�LQ�UHJXODU�SK\VLFDO�DFWLYLW\�

had reduced risk of m
oderate or severe functional lim

itations and role 

OLP
LWDWLRQV��$

FWLYH�P
LG�OLIH�DQG�ROGHU�LQGLYLGXDOV�±�ERWK�P

HQ�DQG�Z
RP

HQ�±�

KDG�DQ�DSSUR[LP
DWHO\����

�ORZ
HU�ULVN�RI�GHYHORSLQJ�P

RGHUDWH�RU�VHYHUH�

functional lim
itations or role lim

itations com
pared w

ith inactive individuals. 

7KH�REVHUYDWLRQDO�HYLGHQFH�RI�EHQH¿W�Z
DV�VWURQJ�IRU�HQGXUDQFH�WUDLQLQJ��

EXW�OLP
LWHG�IRU�RWKHU�W\SHV�RI�DFWLYLW\��P

XVFOH�VWUHQJWKHQLQJ��EDODQFH��DQG�

ÀH[LELOLW\�DFWLYLWLHV���,Q�WKH�IRXU�VWXGLHV�Z
LWK�UHSHDWHG�P

HDVXUHV�RI�SK\VLFDO�

DFWLYLW\�GXULQJ�IROORZ
�XS��DGXOWV�Z

KR�UHSRUWHG�UHJXODU�SK\VLFDO�DFWLYLW\�DW�DOO�

m
easurem

ent occasions w
ere at low

est risk of functional lim
itations, and 

tw
o studies that assessed change in physical activity over tim

e reported 

that change from
 low

er levels of activity to higher levels of activity over 

tim
e w

as associated w
ith reduced risk of lim

itations.

7KH�FRP
P
LWWHH�IRXQG�RQH�P

HWD�DQDO\VLV
147 and one system

atic review
148 

on physical activity and risk of disability (Table 29). Tak et al. 147 

sum
m

arised nine cohort studies on the association betw
een physical 

activity and disability in activities of daily living and four on disability 

SURJUHVVLRQ��3
K\VLFDO�DFWLYLW\�Z

DV�FDWHJRULVHG�LQWR�ORZ
�����������NFDO�GD\��

P
RGHUDWH������������NFDO�GD\��DQG�KLJK������������NFDO�GD\��7KH\�

show
ed that a high or m

edium
 com

pared to a low
 level of physical activity 

Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�GLVDELOLW\��7KHUH�Z
DV�FRQVLGHUDEOH�

heterogeneity in the size of the effect. S
ubgroup analyses for age, 

IROORZ
�XS�SHULRG��DQG�QXP

EHU�RI�SRWHQWLDO�FRQIRXQGHUV�DGMXVWHG�IRU��GLG�QRW�

VLJQL¿FDQWO\�DOWHU�WKH�DVVRFLDWLRQ��

 Table 29. C
ohort studies into the association betw

een physical activity and the risk of 
disability

Exposure
N

um
ber 

of 
cohorts

Follow
 

up tim
e 

(years)

N
N

 cases
R

R
95%

 C
.I. a

H
etero-

geneity 
I 2 (%

)
M

eta-analysis
Tak 
2013

147

0
HGLXP

�KLJK�
vs. low

9
����

~17,000 
older 
adults 
����
years

c

D
isability 

(N
 n.r. b)

����
���������

77

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c 0
RVW�FRKRUW�VWXGLHV�LQFOXGHG�SDUWLFLSDQWV�DJHG����WR����\HDUV�DW�EDVHOLQH��Z

LWK�RQO\�RQH�VWXG\�UHSRUWLQJ�RQ����\HDUV�
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In their system
atic review

, Lafortune et al. 148 described 7 cohort studies, 

RQH�RI�Z
KLFK�Z

DV�LQFOXGHG�LQ�WKH�P
HWD�DQDO\VLV�E\�7DN�HW�DO� 147 O

f the 

VHYHQ�VWXGLHV��¿YH�UHSRUWHG�D�EHQH¿FLDO�DVVRFLDWLRQ�EHWZ
HHQ�P

LG�OLIH�

physical activity and physical m
obility, physical functioning or reduction in 

GLVDELOLW\��2
QH�VWXG\�UHSRUWHG�QR�VLJQL¿FDQW�DVVRFLDWLRQ�Z

LWK�GLVDELOLW\�DQG�

RQH�IRXQG�QR�VLJQL¿FDQW�DVVRFLDWLRQ�EHWZ
HHQ�LQDFWLYLW\�LQ�OHLVXUH�WLP

H�DQG�

ULVN�RI�GLVDELOLW\��7KXV�WKH�¿QGLQJV�E\�/DIRUWXQH�HW�DO� 148 are largely in line 

w
ith those by Tak et al. 147

,Q�FRP
SDULVRQ�WR�WKH�8

6
�UHSRUW 3, risk estim

ates for disability in activities of 

GDLO\�OLYLQJ�LQ�WKH�P
HWD�DQDO\VLV�E\�7DN�HW�DO� 147 w

ere stronger. O
ne 

H[SODQDWLRQ�P
D\�EH�WKDW��LQ�WKH�8

6
�UHSRUW��D�Z

LGHU�YDULHW\�RI�P
HDVXUHV�

w
ere included, i.e. not only m

easures of functional lim
itations but also 

m
easures of m

obility, A
D

L (A
ctivities of D

aily Living), instrum
ental A

D
L, 

m
easures of overall (“global”) functional and role lim

itations, and 

occupational status. 

In conclusion, a m
edium

 to high versus low
 level of physical activity is 

associated w
ith a low

er risk of disability in older adults. In view
 of the 

considerable heterogeneity in the size of the effect, the com
m

ittee did not 

TXDQWLI\�WKH�FRQFOXVLRQ��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�RQ�WKH�GLUHFWLRQ�

of the effect, the level of evidence is strong. 

3.8 
Fracture 

In the Australian evidence report it is stated that there is consistent 

evidence from
 prospective and retrospective longitudinal epidem

iological 

VWXGLHV�WKDW�SK\VLFDO�DFWLYLW\�UHGXFHV�IUDFWXUH�UHODWHG�ULVNV�LQ�SHRSOH�Z
LWK�

osteoporosis, especially fractures of the proxim
al fem

ur (hip). O
verall, there 

Z
DV�D�����IROG�LQFUHDVH�LQ�WKH�ULVN�RI�KLS�IUDFWXUH�LQ�WKH�OHDVW�DFWLYH�JURXS��

com
pared w

ith the m
ost active groups. There is m

ixed evidence regarding 

vertebral fracture risk, and som
e evidence of risk reduction for any 

fracture. 2 These conclusions w
ere based on the Am

erican evidence report, 

w
hich sum

m
arised not only prospective cohort studies, but also 

UHWURVSHFWLYH�FRKRUW�VWXGLHV��FDVH�FRQWURO�DQG�FURVV�VHFWLRQDO�

com
parisons. 3

7KH�FRP
P
LWWHH�IRXQG�WZ

R�P
HWD�DQDO\VHV�RQ�WKH�DVVRFLDWLRQ�EHWZ

HHQ�

physical activity and the risk of fractures in predom
inantly older adults 

(Table 30). ������� Q
u et al. 149 sum

m
arised 22 cohort studies on the risk of 

any fractures, and the subtypes hip (13 cohort studies), w
rist (2 cohort 

studies) and vertebral fractures (4 cohort studies). R
ong et al. ��� described 

QLQH�FRKRUW�VWXGLHV�RQ�KLS�IUDFWXUHV��¿YH�RI�Z
KLFK�Z

HUH�DOVR�VXP
P
DULVHG�

by Q
u et al. 149, and 3 cohort studies on w

rist fractures, one of w
hich w

as 

also sum
m

arised by Q
u et al. 149

Q
u et al. 149 com

pared a high w
ith a low

 level of physical activity, w
hereas 

R
ong et al. ����FDUULHG�RXW�D�GRVH�UHVSRQVH�DQDO\VLV�SHU���XQLWV�LQFUHDVH�LQ�

SK\VLFDO�DFWLYLW\��)RU�WKLV�SXUSRVH��5
RQJ�HW�DO� ��� selected studies w

ith at 

least three quantitative categories of physical activity. It is, how
ever, 

XQFOHDU�KRZ
�WKHVH�XQLWV�Z

HUH�GH¿QHG�

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 03 | C
ohort studies of physical activity

Physical activity and risk of chronic diseases | page 96 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



P
hysical activity and the risk of fractures in older adults

Sum
m

ary of evidence for the association betw
een physical activity and the risk of 

fractures

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����VWXGLHV
149

H
eterogeneity

Yes, in the size of the effect, partly explained
S

trength of the association
5
5
 ����������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD

C
onclusion: A high versus low

 level of physical activity is associated 
w

ith a low
er risk of fractures in older adults.

Level of evidence: Strong.

E
xplanation

Q
u et al. 149 show

ed that a high level of physical activity w
as associated 

Z
LWK�D����

�ORZ
HU�ULVN�RI�IUDFWXUHV��7DEOH������+

HWHURJHQHLW\�Z
DV�

considerable and m
ostly pertained to the size of the effect. A

ccording to 

subgroup analyses, heterogeneity seem
ed to be associated w

ith 

JHRJUDSKLFDO�UHJLRQ��Z
LWK�UHODWLYH�ULVNV�LQ�(

XURSHDQ�VWXGLHV�RI������DQG�LQ�

RWKHU�UHJLRQV�EHORZ
�������DQG�GXUDWLRQ�RI�WKH�IROORZ

�XS��Z
LWK�ODUJHU�ULVN�

UHGXFWLRQV�Z
LWK�ORQJHU�IROORZ

�XS��(
[FOXVLRQ�RI�DQ\�RQH�VWXG\�IURP

�WKH�

analysis did not substantially affect the risk estim
ate (R

R
s ranged from

 

0.67 to 0.73).

7KH�P
HWD�DQDO\VLV�E\�4

X�DO 149 provides additional evidence for an 

association betw
een physical activity and risk of fractures, the level of 

evidence being previously described in the A
ustralian evidence report as 

“som
e evidence”. 2

In conclusion, a high versus low
 level of physical activity is associated w

ith 

a low
er risk of fractures in older adults. A

s heterogeneity w
as lim

ited to the 

size of the effect and only partly explained, the com
m

ittee did not quantify 

WKH�DVVRFLDWLRQ��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�RQ�WKH�GLUHFWLRQ�RI�WKH�

association, the level of evidence is strong.

P
hysical activity and the risk of hip fractures

Sum
m

ary of evidence for the association betw
een physical activity and the risk of hip 

fractures

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���DQG����VWXGLHV
�������

H
eterogeneity

Yes, partly explained
S

trength of the association
5
5
 �����������������SHU���XQLWV�LQFUHDVH�LQ�SK\VLFDO�DFWLYLW\

5
5
 �����������������IRU�KLJK�YV��ORZ

�SK\VLFDO�DFWLYLW\
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD��1

HZ
�=HDODQG��$

VLD�

C
onclusion: A high versus low

 level of physical activity is associated 
w

ith a low
er risk of hip fractures in older adults.

Level of evidence: Strong.

E
xplanation

Q
u et al. 149 and R

ong et al. ��� both show
ed an association betw

een high 

physical activity and a reduced risk of hip fractures (Table 30). 

H
eterogeneity w

as considerable in both analyses, w
hich w

as not further 

investigated by Q
u et al. 149 and there w

as also no forest plot available for 
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YLVXDO�LQVSHFWLRQ��,Q�WKH�P
HWD�DQDO\VLV�RI�5

RQJ�HW�DO� ��� heterogeneity 

pertained to the size of the effect, as all risk estim
ates w

ere below
 1. 

(
[FOXVLRQ�RI�WZ

R�VWXGLHV�IURP
�WKH�P

HWD�DQDO\VLV�RI�5
RQJ�HW�DO� ��� reduced 

heterogeneity w
ithout essentially affecting the risk estim

ate (R
R

=0.94; 

������������

7KH�¿QGLQJV�FRUUHVSRQG�Z
LWK�WKH�FRQFOXVLRQV�LQ�WKH�$

XVWUDOLDQ�HYLGHQFH�

report. 2

In conclusion, a high versus low
 level of physical activity is associated w

ith 

a low
er risk of hip fractures in older adults. A

s heterogeneity is lim
ited to 

the size of the effect and partly explained, the com
m

ittee did not quantify 

WKH�DVVRFLDWLRQ��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�RQ�WKH�GLUHFWLRQ�RI�WKH�

association, the level of evidence is strong.

P
hysical activity and the risk of w

rist and vertebral fractures

Sum
m

ary of evidence for the association betw
een physical activity and the risk of 

w
rist and vertebral fractures

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI���DQG���VWXGLHV��Z
ULVW� ��������DQG���P

HWD�DQDO\VLV�RI�
4 studies (vertebral) 149

H
eterogeneity

Yes for w
rist, partly explained

N
o for vertebral

S
trength of the association

W
rist:

5
5
 �����������������SHU���XQLWV�LQFUHDVH�LQ�SK\VLFDO�DFWLYLW\

5
5
 �����������������IRU�KLJK�YV��ORZ

�SK\VLFDO�DFWLYLW\
Vertebral:
5
5
 �����������������IRU�KLJK�YV��ORZ

�SK\VLFDO�DFWLYLW\
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD��1

HZ
�=HDODQG��$

VLD�

C
onclusion: There is too little research to draw

 a conclusion on the 
association betw

een physical activity and the risk of w
rist or 

vertebral fractures in older adults.

E
xplanation

The Australian report did not include w
rist fractures as a separate 

category. 2 Q
u et al. 149 found a decreased risk of w

rist fractures, w
hereas 

R
ong et al. ����GLG�QRW�¿QG�DQ\�LQGLFDWLRQ�IRU�DQ�DVVRFLDWLRQ��7DEOH������7KH�

num
ber of studies on w

rist fractures w
as sm

all in both analyses, w
hich 

OLP
LWV�WKH�LQWHUSUHWDWLRQ�RI�WKLV�¿QGLQJ��

The Australian report stated that there w
as m

ixed evidence for the risk of 

vertebral fractures. 2 Q
u et al. 149�VKRZ

HG�D�QRQ�VLJQL¿FDQW�DVVRFLDWLRQ�

betw
een physical activity and a reduced risk of vertebral fractures. 

Because of the sm
all num

ber of studies, the conclusion in the Australian 

evidence report still holds.

In conclusion, there is too little research to draw
 a conclusion on the 

association betw
een physical activity and the risk of w

rist or vertebral 

fractures in older adults.

3.9 
O

steoarthritis

C
onclusion: The evidence for an association betw

een physical 
activity and risk of osteoarthritis is am

biguous.
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E
xplanation 

In the A
ustralian evidence report 2 it is stated that there is som

e evidence, 

IURP
�FDVH�FRQWURO�VWXGLHV��VRP

H�FURVV�VHFWLRQDO�VWXGLHV��DQG�D�IHZ
�FRKRUW�

studies, that physical activity has a protective role in reducing the 

incidence of osteoarthritis. 

The com
m

ittee found three recent system
atic review

s
������� and one 

descriptive review
��� into the association betw

een physical activity and risk 

of osteoarthritis. The reason for including the latter review
 is that it 

LQFOXGHG�DGGLWLRQDO�FRKRUW�VWXGLHV��,Q�WKUHH�RI�WKH�IRXU�P
HWD�DQDO\VHV��

VWXGLHV�Z
HUH�LQFOXGHG�LI�RVWHRDUWKULWLV�Z

DV�VHOI�UHSRUWHG�RU�DVVHVVHG�E\�

radiography or m
agnetic resonance im

aging. ����������� H
art et al. ��� only 

included studies on radiographic osteoarthritis. O
f the cohort studies 

sum
m

arised by B
lagojevic et al. ��� seven w

ere also sum
m

arised by H
art et 

al., ����VL[�E\�/HIqYUH�&
RODX�HW�DO� ��� and one by R

ichm
ond et al. ��� The 

overlap betw
een H

art et al. ����DQG�/HIqYUH�&
RODX�HW�DO� ��� also am

ounts to 

six cohort studies, w
hereas there is no overlap in cohort studies betw

een 

the tw
o review

s and the one by R
ichm

ond et al. ���

B
lagojevic et al. ��� stated that higher quality studies, w

hich tended to be 

cohort studies, generally suggested an increased risk of knee 

osteoarthritis in those w
ho exercise m

ore regularly or intensely. The 

authors how
ever based their conclusion on results from

 both cohort and 

FDVH�FRQWURO�VWXGLHV�

H
art et al. 2008

��� concluded on the basis of 10 cohort studies that the 

evidence for an association of physical activity w
ith radiographic 

osteoarthritis w
as am

biguous. 

/HIqYUH�&
RODX�HW�DO� ��� found no indications that low

, m
oderate or high 

levels of physical activity w
ere associated w

ith risk of knee or hip 

osteoarthritis.

Table 30. C
ohort studies into the association betw

een physical activity and the risk of fractures

Exposure
N

um
ber of 

cohorts
Follow

 up 
tim

e (years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity I 2 (%
)

M
eta-analysis 

Q
u 2014

149
H

igh vs. low
 physical activity

221324

����
����������DGXOWV�
������\HDUV

c

14,843 any fractures

8,874 hip fractures
690 w

rist fractures
927 vertebral fractures

0.71

0.61
0.72
0.87

���������

���������
���������
���������

74����0
R

ong 2016
���

P
er 3 units increase in physical activity

93
����

����������Z
RP

HQ�
������\HDUV

hip fractures
w

rist fractures
0.93
1.00

���������
���������

��81
a &

RQ¿GHQFH�LQWHUYDO�
b N

ot reported.
c 0

RVW�VWXGLHV�LQFOXGHG�SDUWLFLSDQWV�DJHG����\HDUV�RU�RYHU�DW�EDVHOLQH�
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R
ichm

ond et al. ��� show
ed that increased physical activity w

as associated 

w
ith an increased risk of osteoarthritis. 

The m
ore recent review

s
������������GR�QRW�FRQ¿UP

�WKH�¿QGLQJV�LQ�WKH�

A
ustralian evidence report 2 and m

ay even indicate that a high level of 

exercise is associated w
ith an increased risk of osteoarthritis. Taking the 

evidence together, the com
m

ittee concludes that the evidence for an 

association of physical activity w
ith risk of osteoarthritis is am

biguous.

3.10 D
em

entia and cognitive decline
Sum

m
ary of evidence for the association betw

een physical activity and the risk of 
dem

entia and cognitive decline

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VHV�RI��
��� and 26 cohorts

���

H
eterogeneity

<HV�LQ�WKH�VL]H�RI�WKH�HIIHFW�LQ�WKH�P
HWD�DQDO\VLV�RQ�FRJQLWLYH�GHFOLQH�

and dem
entia, partly explained

S
trength of the association

&
RJQLWLYH�GHFOLQH�5

5
 ����������������

'
HP

HQWLD�5
5
 ����������������

$
O]KHLP

HU¶V�GLVHDVH�5
5
 ���������������

S
tudy population 

(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A high versus low

 level of physical activity is associated 
w

ith a low
er risk of cognitive decline and dem

entia in older adults. 
Level of evidence: Strong.

C
onclusion 2: A high versus low

 level of physical activity is associated 
w

ith a 35%
 low

er risk of Alzheim
er’s disease in older adults. 

Level of evidence: Strong.

E
xplanation 

A
s the A

ustralian evidence report 2�IRFXVHG�RQ�DGXOWV�XS�WR�WKH�DJH�RI����

years, risk of dem
entia and cognitive decline w

ere not discussed. In the 

8
6
�HYLGHQFH�UHSRUW� 3 it w

as concluded that physical activity delayed the 

incidence of dem
entia and the onset of the cognitive decline associated 

w
ith ageing. The relative risk of dem

entia and A
lzheim

ers’s disease w
as 

�����������WR�������FRP
SDULQJ�D�KLJK�Z

LWK�D�ORZ
�OHYHO�RI�SK\VLFDO�DFWLYLW\��

7KH�FRP
P
LWWHH�IRXQG�WZ

R�P
HWD�DQDO\VHV��7DEOH����� ������� B

londell et al. ��� 

sum
m

arised 21 cohort studies on physical activity and cognitive decline 

and 26 on dem
entia (including A

lzheim
er’s disease), w

hereas B
eckett et 

al. ��� sum
m

arised nine cohort studies on A
lzheim

ers’s disease, eight of 

w
hich w

ere also sum
m

arised by B
londell et al. ����1

HLWKHU�P
HWD�DQDO\VLV�

SURYLGHG�D�GH¿QLWLRQ�RI�SK\VLFDO�DFWLYLW\�

B
londell et al. ��� stated that cognitive decline w

as m
ostly assessed w

ith 

WKH�P
LQL�P

HQWDO�VWDWH�H[DP
LQDWLRQ��0

0
6
(
��WHVW�RU�WKH�P

RGL¿HG�0
0
6
(
��

D
em

entia w
as prim

arily assessed w
ith the use of a version of the 

D
iagnostic and S

tatistical M
anual of M

ental D
isorders. The authors used a 

quality effects m
odel for estim

ating the effect, w
hich, in contrast to the 

UDQGRP
�HIIHFWV�P

RGHO��GRHV�QRW�WDNH�LQWR�DFFRXQW�REVHUYHG�EHWZ
HHQ�WULDO�

heterogeneity, but m
easures m

ethodological heterogeneity betw
een 

VWXGLHV��,Q�WKH�P
HWD�DQDO\VLV�D�KLJK�YHUVXV�ORZ

�OHYHO�RI�SK\VLFDO�DFWLYLW\�

Z
DV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�ULVN�RI�FRJQLWLYH�GHFOLQH�DQG�D����
�

low
er risk of dem

entia. H
eterogeneity w

as considerable in both analyses. 

9LVXDO�LQVSHFWLRQ�RI�WKH�VFDWWHU�SORW�VKRZ
HG�WKDW�LW�Z

DV�P
RVWO\�FRQ¿QHG�WR�

H
ealth C

ouncil of the N
etherlands | B

ackground docum
ent N

o. 2017/08B

chapter 03 | C
ohort studies of physical activity

Physical activity and risk of chronic diseases | page 100 of 124

’ Gedownload door: [anoniem] op 25-08-2025 08:29:10 ’



the size of the effect. S
ubgroup analyses show

ed that studies of high 

quality and w
ith a greater num

ber of adjustm
ents provided m

ore 

FRQVHUYDWLYH�¿QGLQJV�IRU�FRJQLWLYH�GHFOLQH��EXW�QRW�IRU�GHP
HQWLD��5

5
�IRU�

cognitive decline w
ere 0.73 and 0.68 respectively in these subgroup 

analyses and for dem
entia 0.87 and 0.86). It w

as, how
ever, unclear to 

w
hat extent these subgroup analyses explained heterogeneity. There w

as 

VRP
H�VXJJHVWLRQ�RI�SXEOLFDWLRQ�ELDV�LQ�WKH�¿QGLQJV�IRU�GHP

HQWLD�

Beckett et al. ��� only included studies that diagnosed Alzheim
er according 

to standardised clinical criteria. The authors found that physical activity w
as 

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�$O]KHLP

HU¶V�GLVHDVH��+
HWHURJHQHLW\�

Z
DV�ORZ��7KH�DXWKRUV��KRZ

HYHU��HP
SOR\HG�D�¿[HG�HIIHFWV�P

RGHO��Z
KLFK�

OHDGV�WR�D�VP
DOOHU�FRQ¿GHQFH�LQWHUYDO�WKDQ�D�UDQGRP

�HIIHFWV�P
RGHO�

,Q�DGGLWLRQ�WR�WKH�P
HWD�DQDO\VHV��WKH�FRP

P
LWWHH�IRXQG�RQH�FRKRUW�VWXG\�

Z
LWK�REMHFWLYHO\�P

HDVXUHG�HQHUJ\�H[SHQGLWXUH��Z
KLFK�Z

DV�DOVR�LQFOXGHG�LQ�

WKH�P
HWD�DQDO\VLV�E\�%

ORQGHOO� ��� M
iddleton et al. ��� show

ed that a high 

energy expenditure m
easured by the doubly labelled w

ater technique w
as 

associated w
ith a low

er risk of incident cognitive im
pairm

ent. The risk 

UHGXFWLRQ�Z
DV�ODUJHU�WKDQ�LQ�WKH�P

HWD�DQDO\VHV�

The risk estim
ate for dem

entia of B
londell et al. ��� is less strong, w

hereas 

the risk estim
ate for A

lzheim
er’s disease of B

ecket et al. ��� is of a sim
ilar 

m
agnitude as the com

bined risk estim
ate for dem

entia and A
lzheim

er’s 

GLVHDVH�LQ�WKH�8
6
�UHSRUW��7KH�8

6
�UHSRUW�VWDWHG�DW�WKH�WLP

H�WKDW�WKH�ULVN�

estim
ate for A

lzheim
er’s disease w

as stronger than for other dem
entias, 

including vascular dem
entia. 3

In conclusion, a high versus low
 level of physical activity is associated w

ith 

a low
er risk of cognitive decline and dem

entia. In view
 of considerable 

heterogeneity in the size of the effect, the com
m

ittee did not quantify the 

DVVRFLDWLRQV��,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV�RQ�WKH�GLUHFWLRQ�RI�WKH�

Table 31. C
ohort studies into the association betw

een physical activity and the risk of cognitive decline and dem
entia

Exposure
N

um
ber of cohorts

Follow
 up tim

e (years)
N

N
 cases

R
R

95%
 C

.I. a
H

eterogeneity I 2 (%
)

M
eta-analysis

B
londell 2014

���
H

igh vs. low
 

1721
����
����

n.r. b������\HDUV
C

ognitive decline (N
 n.r.)

D
em

entia (N
 n.r.)

����
0.86

���������
���������

��66

%
HFNHWW�����

���
H

igh vs. low
9

���
������������\HDUV

������$
O]KHLP

HU¶V�GLVHDVH
0.61

���������
0

C
ohort study w

ith objectively m
easured physical activity

M
iddelton 2011

���
T3 vs. T1 energy 
expenditure

d

1
��RU���

����P
HDQ�DJH����\HDUV

Incident cognitive im
pairm

ent (> 1.0 S
D

  
���SRLQWV��GHFOLQH�LQ�0

RGL¿HG�0
LQL�0

HQWDO�
6
WDWH�(

[DP
LQDWLRQ�VFRUH�

0.09
���������

n.a. c

a &
RQ¿GHQFH�LQWHUYDO�

b N
ot reported.

c N
ot applicable.
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effect, the level of evidence is strong. A high versus low
 level of physical 

DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�$

O]KHLP
HU¶V�GLVHDVH��,Q�YLHZ

�

RI�WKH�FRQVLVWHQW�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ��

3.11 D
epressive sym

ptom
s 

Sum
m

ary of evidence for the association betw
een physical activity and the risk of 

depressive sym
ptom

s

A
spect

Explanation
S

elected studies
��P

HWD�DQDO\VLV�RI����FRKRUW�VWXGLHV
3 and one system

atic review
 of 

30 cohort studies
���

H
eterogeneity

N
o

S
trength of the association

5
5
 ���������������KLJK�YV��ORZ

�SK\VLFDO�DFWLYLW\
S

tudy population 
(
XURSH��1

RUWK�$
P
HULFD��$

VLD�

C
onclusion 1: A high versus low

 level of physical activity is 
associated w

ith an 18%
 low

er risk of depressive sym
ptom

s in 
children, adolescents and adults.
Level of evidence: Strong.

C
onclusion 2: M

oving from
 inactivity to activity or m

aintaining 
activity in com

parison to becom
ing inactive are associated w

ith a 
low

er risk of depressive sym
ptom

s in adults.
Level of evidence: Strong.

E
xplanation

In the A
ustralian evidence report, 2 the results of the A

m
erican evidence 

report 3 are described. R
esults from

 28 prospective cohort studies 

dem
onstrated that the average odds of developing depressive sym

ptom
s 

Z
HUH�DSSUR[LP

DWHO\�������
�ORZ

HU�DP
RQJ�DFWLYH�WKDQ�LQDFWLYH�SHRSOH��

DIWHU�DGMXVWP
HQW�IRU�SRWHQWLDO�FRQIRXQGHUV��2

5
 ���������

&
,�������������

3
URWHFWLYH�HIIHFWV�Z

HUH�QRW�OLP
LWHG�WR�VWXGLHV�Z

LWK�VHOI�UDWHG�V\P
SWRP

V��EXW�

w
ere also present in studies that used a clinical diagnosis. The A

ustralians 

concluded that the evidence from
 the A

m
erican report in com

bination w
ith 

m
ore recent evidence provide strong support that physical activity is 

DVVRFLDWHG�Z
LWK�D�ORZ

HU�ULVN�RI�GHSUHVVLYH�V\P
SWRP

V��(
IIHFWV�DUH�OLNHO\�WR�

be greater am
ong those w

ho are inactive, and those w
ith low

er levels of 

psychosocial functioning. O
n the basis of this review

, there w
as 

LQVXI¿FLHQW�HYLGHQFH�WR�P
DNH�UHFRP

P
HQGDWLRQV�RQ�WKH�VSHFL¿F�GRVH�RI�

physical activity required, although a general trend w
as observed that for 

alm
ost all studies, “som

e” activity w
as better than “none”. 

The com
m

ittee found tw
o recent system

atic review
s, one across the 

lifespan and the other focusing on children and adolescents. ������� Tw
o of 

WKH�IRXU�FRKRUW�VWXGLHV�LQ�WKH�P
HWD�DQDO\VLV�E\�%

XUVQDOO�HW�DO� 106 on children 

DQG�DGROHVFHQWV�Z
HUH�DOVR�LQFOXGHG�LQ�WKH�P

HWD�DQDO\VLV�E\�0
DP

P
HQ�HW�

al. ��� M
am

m
en et al. ��� described 30 cohort studies com

prising people 

DJHG�IURP
����WR�����\HDUV��1

HLWKHU�V\VWHP
DWLF�UHYLHZ

�SURYLGHG�D�GH¿QLWLRQ�

of physical activity, how
ever. M

am
m

en et al. ��� reported that, relative to 

those using subjective physical activity m
easures of endurance training, 

only one used objectively m
easured physical activity. The m

ajority of 

VWXGLHV�LQ�WKLV�P
HWD�DQDO\VLV�DVVHVVHG�GHSUHVVLYH�V\P

SWRP
V�RU�
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GHSUHVVLRQ�WKURXJK�Z
HOO�YDOLGDWHG�P

HDVXUHV��VXFK�DV�WKH�&
HQWHU�IRU�

(
SLGHP

LRORJLF�6
WXGLHV�'

HSUHVVLRQ�6
FDOH��VHYHUDO�RWKHU�VWXGLHV�XVHG�WKH�

'
6
0
�9
,��6

L[�VWXGLHV�P
HDVXUHG�GHSUHVVLRQ�P

RUH�GLUHFWO\��YLD�SK\VLFLDQ�

GLDJQRVLV��KRVSLWDO�GLVFKDUJH�UHJLVWHU��RU�XVH�RI�DQWLGHSUHVVDQWV��7Z
HQW\�

¿YH�RI�WKH����FRKRUW�VWXGLHV�IRXQG�D�VLJQL¿FDQW�LQYHUVH�DVVRFLDWLRQ�

betw
een physical activity and risk of depressive sym

ptom
s. The m

ajority 

RI�WKH����FRKRUW�VWXGLHV�Z
HUH�RI�P

RGHVW��Q ���RU�KLJK�TXDOLW\��Q �����

Z
KHUHDV�WKUHH�RI�WKH�¿YH�VWXGLHV�WKDW�GLG�QRW�¿QG�D�VLJQL¿FDQW�DVVRFLDWLRQ�

w
ere of m

odest quality, one w
as of low

 and one w
as of high quality. ��� In 

WKUHH�RXW�RI�IRXU�FRKRUW�VWXGLHV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�LQ�WKH�P
HWD�

analysis of B
ursnall et al., 106 physical activity w

as associated w
ith a low

er 

risk of depressive sym
ptom

s. 

M
am

m
en et al. ��� stated that, given the heterogeneity in physical activity 

P
HDVXUHP

HQW��D�FOHDU�GRVH�UHVSRQVH�UHODWLRQVKLS�Z
DV�QRW�UHDGLO\�

apparent. There w
ere nevertheless suggestions that any level of physical 

activity, including low
 levels, w

as associated w
ith a low

er risk of 

depressive sym
ptom

s.

(
OHYHQ�VWXGLHV�LQ�WKH�V\VWHP

DWLF�UHYLHZ
�RI�0

DP
P
HQ�HW�DO� ��� also studied 

the association betw
een change in physical activity levels over tim

e and 

ULVN�RI�GHSUHVVLYH�V\P
SWRP

V��7Z
R�RI�WKH�VWXGLHV�IRXQG�QR�VLJQL¿FDQW�

DVVRFLDWLRQ��)RXU�VWXGLHV�VKRZ
HG�WKDW�UHGXFLQJ�SK\VLFDO�DFWLYLW\�Z

DV�

associated w
ith a greater risk of depressive sym

ptom
s in com

parison to 

rem
aining active or increasing activity levels. C

onversely, three studies 

show
ed that subjects w

ho increased physical activity over tim
e w

ere at 

reduced risk of depressive sym
ptom

s, and tw
o studies show

ed that 

subjects m
aintaining physical activity levels w

ere at a low
er risk relative to 

those w
ho w

ere inactive throughout. 

A
s the tw

o recent system
atic review

s
������� did not provide a risk estim

ate, 

WKH�FRP
P
LWWHH�ORRNHG�LQWR�WKH�P

HWD�DQDO\VLV�RI�WKH�8
6
�UHSRUW��2

5
 ������

���
&
,�������������+

HWHURJHQHLW\�HVWLP
DWHV�Z

HUH�QRW�DYDLODEOH��EXW�YLVXDO�

inspection of the forest plot suggested no considerable heterogeneity. 3 

In conclusion, a high versus low
 level of physical activity is associated w

ith 

DQ����
�ORZ

HU�ULVN�RI�GHSUHVVLYH�V\P
SWRP

V�LQ�FKLOGUHQ��DGROHVFHQWV�DQG�

adults. M
oving from

 inactivity to activity or m
aintaining activity in 

com
parison to becom

ing inactive is associated w
ith a low

er risk in adults. 

,Q�YLHZ
�RI�WKH�FRQVLVWHQW�¿QGLQJV��WKH�OHYHO�RI�HYLGHQFH�LV�VWURQJ�

3.12 C
onclusion

There is strong evidence that a m
oderate to high level of physical activity, 

P
RVWO\�LQ�WKH�IRUP

�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z

LWK�D�

ORZ
HU�ULVN�RI�DOO�FDXVH�P

RUWDOLW\��FRURQDU\�KHDUW�GLVHDVH��VWURNH��KHDUW�

failure, diabetes, breast cancer, colon cancer, and lung cancer (in current 

sm
okers). The reduction in risk is m

ore pronounced at low
 levels of 

physical activity than high levels. M
oving from

 inactivity to activity or 

m
aintaining activity in com

parison to becom
ing inactive are associated 

w
ith a low

er risk of depressive sym
ptom

s in adults.

 In older adults, there is strong evidence for an association betw
een a 

m
oderate to high level of physical activity and a low

er risk of disability, and 
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betw
een a high level of physical activity and a low

er risk of total fractures 

and hip fractures, cognitive decline, dem
entia, and A

lzheim
er’s disease. A 

high versus a low
 level of physical activity is associated w

ith a low
er risk 

of depressive sym
ptom

s across all age groups. 

There is w
eak evidence for an association betw

een total physical activity 

and risk of lung cancer in form
er sm

okers.

$
Q�DVVRFLDWLRQ�EHWZ

HHQ�WRWDO�DQG�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�DQG�WKH�ULVN�

of rectal cancer is unlikely.

The evidence for an association betw
een physical activity and risk of 

osteoarthritis is am
biguous.

There is too little research to draw
 a conclusion on the association 

EHWZ
HHQ�WRWDO�SK\VLFDO�DFWLYLW\�DQG�ULVN�RI�OXQJ�FDQFHU�LQ�QRQ�VP

RNHUV�DQG�

betw
een physical activity and the risk of w

rist or vertebral fractures.
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The com
m

ittee has based the D
utch physical activity guidelines 2017 on 

effects and associations for w
hich there is a strong level of evidence. The 

follow
ing w

ere found.

4.1 
A

ll age groups

4.1.1 
Effects w

ith a strong level of evidence:

Physical activity

M
uscoskeletal injuries

��
7KH�ULVN�RI�LQMXU\�LV�KLJKHU�IRU�FROOLVLRQ�RU�FRQWDFW�VSRUWV�WKDQ�IRU�OLP

LWHG��

RU�QRQ�FRQWDFW�DFWLYLWLHV�

M
ental sym

ptom
s

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�DQ����

�

low
er risk of depressive sym

ptom
s in children, adolescents and adults.

4.2 
A

dults

4.2.1 
Effects w

ith a strong level of evidence:

Endurance training

C
ardiom

etabolic outcom
es

��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�SHU�

w
eek, 20 to 60 m

inutes per session, for 1 to 12 m
onths) versus no 

exercise, low
ers systolic blood pressure by about 3 m

m
H

g in adults, 

HVSHFLDOO\�LQ�SHRSOH�Z
LWK��SUH���K\SHUWHQVLRQ�

��
0
RGHUDWH�DQG�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�SHU�

Z
HHN�����WR����P

LQXWHV�SHU�VHVVLRQ��RU�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�

IRU�����WR���P
RQWKV��YHUVXV�FRQWURO��LP

SURYHV�LQVXOLQ�VHQVLWLYLW\�

��
(
QGXUDQFH�WUDLQLQJ�LP

SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�D�GRVH�

response w
ay for exercise volum

e.

��
0
RGHUDWH�WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�SHU�

w
eek, 30 to 60 m

inutes per session, for one year) versus no exercise or 

ÀH[LELOLW\�WUDLQLQJ��UHGXFHV�ERG\�Z
HLJKW�E\�DERXW���NLORJUDP

�LQ�DGXOWV�

��
(
QGXUDQFH�WUDLQLQJ�ORZ

HUV�ERG\�Z
HLJKW�LQ�FRP

SDULVRQ�WR�LQDFWLYLW\�LQ�

overw
eight and obese adults. 
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��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�SHU�

w
eek, 30 to 60 m

inutes per session, for one year) versus no exercise, 

UHGXFHV�IDW�P
DVV�E\���

�LQ�DGXOWV�

��
(
QGXUDQFH�WUDLQLQJ�����WR�!���

�9
2

2 P
D[����WR���WLP

HV�SHU�Z
HHN�����WR�

���P
LQXWHV�SHU�VHVVLRQ��IRU���WR����P

RQWKV��UHGXFHV�DEGRP
LQDO�IDW�LQ�

overw
eight and obese adults; effects are larger at larger volum

es of 

training.

��
0
RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�UHGXFHV�Z

DLVW�

circum
ference.

M
ental sym

ptom
s

��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�DQG�RU�UHVLVWDQFH�WUDLQLQJ�

low
ers depressive sym

ptom
s in adults.

R
esistance training and w

eight-bearing exercise

C
ardiom

etabolic outcom
es

��
,VRP

HWULF�UHVLVWDQFH�WUDLQLQJ��������
�P
D[LP

XP
�YROXQWDU\�FRQWUDFWLRQ����WR���

GD\V�SHU�Z
HHN����[���P

LQXWHV�LVRP
HWULF�FRQWUDFWLRQV�SHU�VHVVLRQ��IRU���WR�����

m
onths) versus no training, low

ers systolic blood pressure in adults.

��
5
HVLVWDQFH�WUDLQLQJ�����

�RI���5
0
�RU�P

RUH����WR���WLP
HV�SHU�Z

HHN��IRU���

to 6 m
onths) versus control, im

proves insulin sensitivity.

C
om

bination of endurance and resistance training

C
ardiom

etabolic outcom
es

��
7KH�FRP

ELQDWLRQ�RI�P
RGHUDWH��RU�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�

���WR���WLP
HV�SHU�Z

HHN����WR����P
LQXWHV�SHU�VHVVLRQ�RU�KLJK�LQWHQVLW\�

LQWHUYDO�WUDLQLQJ��DQG�UHVLVWDQFH�WUDLQLQJ�����
���5

0
�RU�P

RUH���WR���

WLP
HV�SHU�Z

HHN�IRU������P
RQWKV��YHUVXV�WKH�FRQWURO�JURXS��LP

SURYHV�

insulin sensitivity.

4.2.2 
A

ssociations w
ith a strong level of evidence:

Physical activity

A
ll-cause m

ortality

��
/HLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D�ORZ

HU�ULVN�RI�DOO�FDXVH�

P
RUWDOLW\�LQ�FRP

SDULVRQ�WR�QR�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\��!��WR������

YHUVXV���0
(
7�P

LQ�SHU�Z
HHN�RI�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�DQG�����WR������0

(
7�P

LQ�SHU�Z
HHN�

Z
LWK�D����

�ORZ
HU�ULVN��DQG�LQFUHDVLQJ�DP

RXQWV�RI�OHLVXUH�WLP
H�SK\VLFDO�

activity are associated w
ith a progressively decreasing risk to alm

ost 

���
�DW�����WR��������0

(
7�P

LQ�SHU�Z
HHN��
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C
ardiom

etabolic diseases

��
0
RGHUDWH�LQWHQVLW\�YHUVXV�QR�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�

Z
LWK�D�ORZ

HU�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�����P
LQXWHV�RI�P

RGHUDWH�

LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�SHU�Z

HHN��YHUVXV�QRQH��LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN������P

LQXWHV�Z
LWK�DQ����

�ORZ
HU�ULVN�

DQG�LQFUHDVLQJ�DP
RXQWV�RI�P

RGHUDWH�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�

DFWLYLW\�DUH�DVVRFLDWHG�Z
LWK�D�SURJUHVVLYHO\�GHFUHDVLQJ�ULVN�WR����

�

low
er at 300 m

inutes per w
eek.

��
0
RGHUDWH��YHUVXV�ORZ

�LQWHQVLW\�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�VWURNH�LQ�P

HQ�DQG�DQ����
�ORZ

HU�

ULVN�LQ�Z
RP

HQ��KLJK��YHUVXV�ORZ
�LQWHQVLW\�OHLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�

DVVRFLDWHG�Z
LWK�D����

�ORZ
HU�ULVN�RI�VWURNH�LQ�P

HQ�DQG�D����
�ORZ

HU�ULVN�

in w
om

en.

��
/HLVXUH�WLP

H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D�ORZ

HU�ULVN�RI�KHDUW�

IDLOXUH������YHUVXV���0
(
7�P

LQ�SHU�Z
HHN�LV�DVVRFLDWHG�Z

LWK�D����
�ORZ

HU�

ULVN��������YHUVXV���0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN�DQG�������

YHUVXV���0
(
7�P

LQ�SHU�Z
HHN�Z

LWK�D����
�ORZ

HU�ULVN�

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�

low
er risk of diabetes.

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�

w
ith a low

er risk of diabetes. The reduction in risk is m
ore pronounced 

at low
 levels of physical activity than at high levels.

C
ancer

��
A high versus low

 level of total physical activity is associated w
ith a 

���
�ORZ

HU�ULVN�RI�EUHDVW�FDQFHU��7KH�UHGXFWLRQ�LQ�ULVN�LV�P
RUH�

pronounced at low
 levels of physical activity than at high levels.

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�

Z
LWK�D����WR����

�ORZ
HU�ULVN�RI�EUHDVW�FDQFHU��7KH�UHGXFWLRQ�LQ�ULVN�LV�

m
ore pronounced at low

 levels of physical activity than at high levels.

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�OHLVXUH�WLP
H�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�

Z
LWK�D����

�ORZ
HU�ULVN�RI�FRORQ�FDQFHU�

��
A high versus low

 level of total physical activity is associated w
ith a 

���
�ORZ

HU�ULVN�RI�OXQJ�FDQFHU�LQ�FXUUHQW�VP
RNHUV�

M
ental sym

ptom
s

��
M

oving from
 inactivity to activity or m

aintaining activity in com
parison to 

becom
ing inactive are associated w

ith a low
er risk of depressive 

sym
ptom

s in adults.
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4.3 
O

lder adults

4.3.1 
Effects w

ith a strong level of evidence:

R
esistance training and w

eight-bearing exercise

Fat-free m
ass, m

uscle strength functional outcom
es 

��
5
HVLVWDQFH�WUDLQLQJ�����WR����

��5
0
����WR���WLP

HV�SHU�Z
HHN����WR����

VHWV�RI���WR����UHSHWLWLRQV��IRU�����WR����P
RQWKV��YHUVXV�FRQWURO��

LQFUHDVHV�IDW�IUHH�P
DVV�LQ�DGXOWV�DJHG����\HDUV�DQG�RYHU�

��
R

esistance training versus control im
proves m

uscle strength in older 

adults, w
ith larger effects at increasing intensity. 

��
3
URJUHVVLYH�UHVLVWDQFH�WUDLQLQJ�����WR����

���5
0
����WR���WLP

HV�SHU�

Z
HHN�����WR����P

LQXWHV�SHU�VHVVLRQ��IRU�����WR���P
RQWKV��YHUVXV�

habitual activities or attention control activities, im
proves gait speed in 

older and frail older adults by 0.13 m
/s. 

C
om

bination of endurance training and resistance training

Fractures 

��
The com

bination of endurance training and resistance training, especially 

focusing on fall prevention and bone strength (gait, balance, functional, and 

UHVLVWDQFH�WUDLQLQJ�����
�WR����

���5
0
��RU�EULVN�Z

DONLQJ�WR����
�+
5
P
D[��RU�

endurance, 1 to 7 tim
es per w

eek, 20 to 90 m
inutes, for 4 to 120 m

onths) 

versus no exercise, reduces the risk of fractures in older adults.

4.3.2 
A

ssociations w
ith a strong level of evidence:

Physical activity

Fractures and disability

��
A m

edium
 to high versus low

 level of physical activity is associated w
ith 

a low
er risk of disability.

��
A high versus low

 level of physical activity is associated w
ith a low

er 

risk of fractures.

��
A high versus low

 level of physical activity is associated w
ith a low

er 

risk of hip fractures.

M
ental disorders

��
A high versus low

 level of physical activity is associated w
ith a low

er 

risk of cognitive decline and dem
entia. 

��
$�KLJK�YHUVXV�ORZ

�OHYHO�RI�SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�Z
LWK�D����

�

low
er risk of A

lzheim
er’s disease.
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4.4 
C

hildren and adolescents

4.4.1 
Effects w

ith a strong level of evidence

Endurance training

C
ardiom

etabolic outcom
es

��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���WLP

HV�SHU�

w
eek, 6 to 90 m

inutes per session, for 6 m
onths) versus control, low

ers 

gain in B
M

I in overw
eight and obese children and adolescents by about 

0.4 kg/m
2.

��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ�ORZ

HUV�IDW�P
DVV�LQ�

overw
eight and obese children and adolescents.

��
$�FRP

ELQDWLRQ�RI�P
RGHUDWH��DQG�YLJRURXV�LQWHQVLW\�SK\VLFDO�DFWLYLW\�

LP
SURYHV�FDUGLRUHVSLUDWRU\�¿WQHVV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�

M
ental sym

ptom
s

��
0
RGHUDWH��WR�YLJRURXV�LQWHQVLW\�HQGXUDQFH�WUDLQLQJ����WR���VHVVLRQV�SHU�

w
eek, 20 to 90 m

inutes per session, for 3 to 7 m
onths) versus usual 

care or light physical activity, low
ers depressive sym

ptom
s in children 

and adolescents at risk of depressive sym
ptom

s.

R
esistance training and w

eight-bearing exercise

B
one m

ineral density 

��
R

esistance training versus control im
proves m

uscle strength in young 

people.

��
:
HLJKW�EHDULQJ�H[HUFLVH����WR���WLP

HV�SHU�Z
HHN�����WR����P

LQXWHV�SHU�

VHVVLRQ��IRU�����WR����P
RQWKV��YHUVXV�FRQWURO��LP

SURYHV�ERQH�P
LQHUDO�

content and areal bone m
ineral density, especially in prepubertal 

children. The effect is sm
all (H

edges’ g = 0.17).

C
om

bination of endurance training and resistance training

C
ardiom

etabolic outcom
es

��
The com

bination of endurance training and resistance training (2 to 4 

tim
es per w

eek, 40 to 90 m
inutes per session, for 2 to 6 m

onths), 

versus control, im
proves insulin sensitivity in children and adolescents.
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