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1 |  INTRODUCTION

A global decline in fertility rates and increased life expec-
tancy has resulted in the growth in the number and propor-
tion of older adults in the world's population.1 Increase in 
life expectancy represents one of the greatest public health 
successes of the 20th Century. The global population aged 
≥60 years numbered 962 million in 2017. This is expected 
to double by 2050, when it is projected to reach nearly 2.1 
billion.1 Retaining physical and cognitive function and de-
laying the onset of illnesses and disability are major chal-
lenges for many in older age. Maintaining physical function, 

independence and quality of life (QoL) among older adults 
are public health and economic imperatives.2,3

Evidence suggests that the age-related declines in func-
tional capacity, QoL, and increased risk of morbidity, 
disability, and mortality may be offset or delayed by the 
adoption of more physically active lifestyles. International 
guidelines recommended that older adults should engage in 
at least 150 minutes of moderate-intensity physical activity 
per week.2,3 However, physical inactivity has become nearly 
ubiquitous, with an estimated 31% of the world's popula-
tion not meeting recommended levels of physical activity.4 
The prevalence of physical inactivity in older Europeans 
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(≥55 years) has been reported to range from 5% in Sweden 
to 29% in Portugal.5

Physical inactivity is recognized as one of the leading risk 
factors for overweight, obesity, non-communicable diseases 
(NCDs) and chronic conditions. It has been identified as the 
fourth leading risk factor for global mortality (6% of deaths 
globally)6 and is estimated as being the principal cause for 
approximately 21%-25% of breast and colon cancer burden, 
and approximately 27% of diabetes and 30% of ischemic heart 
disease burden.6 Globally, physically inactive lifestyles have 
been estimated to cost (INT) $53.8 billion in direct healthcare 
costs annually.7,8 However, these population health estimates 
of the impact of physical inactivity on health often fail to spe-
cifically elicit the benefits for older adults, despite the fact 
that this group may have more to gain from physical activity. 
Older adults are at a particular risk of leading inactive life-
styles. For many, ageing is defined by rapid declines in levels 
of physical activity, loss of mobility and functional indepen-
dence, and premature morbidity.9 This stage of life represents 
an important period to promote physical activity to improve 
functions of daily living and slow progression of disease and 
disability. Therefore, this umbrella review aims to provide a 
comprehensive and systematic overview of the epidemiolog-
ical evidence of the specific consequences of physical inac-
tivity on physical and mental health outcomes in older adults.

2 |  METHODS

2.1 | Literature search and inclusion criteria

We conducted a systematic search of six bibliographic 
databases (Medline, PsycINFO, Embase, SPORTDiscus, 
CINAHL and EBM reviews) from inception to November 
1, 2019, for systematic reviews and/or meta-analyses of 
longitudinal observational studies, investigating the re-
lationship between physical activity and any physical or 
mental health outcome in adults aged ≥60 years. In addi-
tion, we hand-searched the reference lists of eligible arti-
cles and other narrative overviews of systematic reviews/
meta-analyses.

To be included in this umbrella review, articles had 
to be reviews including: adults aged ≥60  years (studies 
that enrolled participants <60 years were excluded, even 
if the sample mean age was ≥60  years); case-control or 
cohort longitudinal studies (retrospective and prospective 
cohorts) investigating the association of physical activ-
ity with any health-related outcome (eg, cardiovascular 
disease (CVD), cancer, all-cause mortality, obesity/over-
weight, diabetes, and metabolic diseases). Studies had to 
report these outcomes as relative risk (RR), odds ratio 
(OR), hazard ratio (HR), or continuous data and be pub-
lished in English.

2.2 | Selection of reviews and 
methodological quality assessment

Initially, titles and abstracts of the identified articles were 
screened independently by two reviewers (MT and CC). 
Ineligible reviews were removed, and the full text of all 
potentially relevant articles was retrieved and reviewed for 
eligibility. Disagreements between reviewers were resolved 
though consensus. We assessed the methodological quality 
of the included reviews using the Assessment of Multiple 
Systematic Reviews (AMSTAR) rating scale.10 Two review-
ers (MT and CC) independently evaluated and rated the in-
cluded reviews. Scores on the AMSTAR scale range from 
0 to 11, with higher scores indicating greater quality.10 The 
quality of each review was categorized as low (score range: 
0-4), medium (score range: 5-7), or high (score range: 8-11).

2.3 | Data extraction

Two investigators (MT and CC) independently reviewed all se-
lected full-text articles using a structured data extraction form 
that included: (a) search strategies; (b) inclusion criteria; (c) 
physical activity measure(s) used; (d) the effect size(s) reported 
in the review; (e) study design (case-control, retrospective, and 
prospective); (f) number of studies included and total number 
of participants; (g) year of publication; (h) average age of par-
ticipants; (i) main conclusions. We also extracted the study-
specific estimated relative risk for health outcome (eg, RR, OR, 
and HR) along with the 95% confidence interval (CI), and the 
number of cases for each study by active participants and con-
trols if the authors categorized their data, taking the most active 
population as the group of interest vs the least active group.

3 |  RESULTS

After duplicates were removed, a total of 5596 citations were 
identified from searches of electronic databases and review 
article references. Based on the title and the abstract, 5311 
were excluded, with 285 full-text articles retrieved and as-
sessed for eligibility. A PRISMA flowchart of the systematic 
literature search (Figure 1) is provided. Twenty-four system-
atic reviews were considered eligible.

3.1 | Characteristics of included reviews

Table S1 summarizes characteristics of the 24 systematic 
reviews and meta-analyses that included prospective co-
hort studies, case-control studies and longitudinal study 
designs. The majority of studies included mixed gender 
samples conducted in Europe and North America (64%). 
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There was considerable variation in total sample sizes 
(ranging from n = 855 to 2 463 599 participants) and fol-
low-up time (ranging from one year to 40 years). Reviews 
reported a variety of physical activity measurement tech-
niques, including; accelerometry and doubly-labeled 
water,11 pedometers12 and self-report and interviewer-ad-
ministered questionnaires.13

3.2 | Methodological quality of 
included reviews

Table S2 summarizes the quality assessment of the 24 in-
cluded systematic reviews and meta-analyses. Nineteen 
out of 24 reviews (79%) scored ≥6 points in the 11 items 
AMSTAR criteria, indicating that the majority of included 
systematic reviews and meta-analyses were of a moderate to 
high methodological quality.

3.3 | Summary of main findings

Table 1 summarizes the main findings for the included re-
views and associations between physical activity and physi-
cal and mental health outcomes in older adults. The narrative 

synthesis of findings below describes in detail the association 
between physical activity and outcomes for chronic disease 
prevention and risk reduction (all-cause mortality, cardiovas-
cular disease (CVD) risk and CVD mortality, arterial stiff-
ness, and cancer prevention and mortality), functional status 
outcomes (musculoskeletal health, activities of daily living 
disability, functional limitations, healthy ageing, quality of 
life, and risk of falling), and mental health outcomes (cog-
nitive decline, dementia, Alzheimer's disease, and incident 
depression) in older adults. We have reported all instances 
where the included reviews reported pooled effect sizes 
for analyses in older adult populations (Table 1). Table S3 
summaries the main findings of included reviews without 
meta-analysis.

3.4 | Chronic disease prevention and 
risk reduction

3.4.1 | All-cause mortality

Three systematic reviews with meta-analysis were in-
cluded.14-16 Two reviews were rated as low quality,14,16 
and one was rated as high quality15 (Table S2). Overall, the 
reduction in all-cause mortality ranged from 22% in older 

F I G U R E  1  PRISMA flow diagram of 
systematic search of systematic reviews and 
meta-analyses for the association of physical 
activity and physical and mental health 
outcomes in older adults

Records iden�fied through 
database searching

(n = 6344)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

noitacifitnedI

Addi�onal records iden�fied 
through other sources

(n = 108)

Records a�er duplicates removed
(n = 5596)

Records screened
(n = 456)

Records excluded by �tle
(n = 5140)

Full-text ar�cles assessed 
for eligibility

(n = 285)

Full-text ar�cles 
excluded, with reasons

(n = 261)

- Studies were not SLR or MA 
(n = 26)

- Studies did not include older 
adult (>60 years) analysis 
(n = 56)

- Studies included only RCTs, 
Interven�ons/other trial 
designs/were not 
longitudinal studies (n = 126)

- Duplicate manuscripts (n = 13)
- Physical ac�vity was not the 

primary outcome (n = 35)
- Manuscripts not accessible or 

not wri�en in English (n = 5)

Studies included with 
qualita�ve synthesis 

(n = 6)

Studies included with 
meta-analysis 

(n = 18)

Records excluded by 
abstract 
(n = 171)



4 |   CUNNINGHAM et Al.

T
A

B
L

E
 1

 
R

el
at

io
ns

hi
p 

be
tw

ee
n 

ph
ys

ic
al

 a
ct

iv
ity

 o
n 

he
al

th
 o

ut
co

m
es

: r
es

ul
ts

 fr
om

 u
m

br
el

la
 re

vi
ew

s w
ith

 m
et

a-
an

al
ys

es

A
ut

ho
r,

 D
at

e:
 su

b-
di

vi
de

d 
by

 h
ea

lth
 

ou
tc

om
e

N
um

be
r 

of
 st

ud
ie

s 
in

cl
ud

ed
 in

 a
na

ly
sis

 
of

 o
ld

er
 a

du
lts

To
ta

l p
op

ul
at

io
n 

of
 

st
ud

ie
s i

nc
lu

de
d 

in
 

an
al

ys
is 

of
 o

ld
er

 a
du

lts
C

om
pa

ri
so

n
Ef

fe
ct

 S
iz

e 
(R

R
 

un
le

ss
 st

at
ed

)
95

%
 C

Is
H

et
er

og
en

ei
ty

 
(I

2 )

C
hr

on
ic

 d
is

ea
se

 p
re

ve
nt

io
n 

an
d 

ris
k 

re
du

ct
io

n

A
ll-

ca
us

e 
m

or
ta

lit
y

H
up

in
 e

t a
l, 

20
15

16
9

12
2 

41
7

Lo
w

 d
os

e 
of

 M
V

PA
 (1

-4
99

 M
ET

-m
in

 p
er

 w
ee

k)
 v

s n
on

-a
ct

iv
e 

(0
 M

ET
-m

in
 p

er
 w

ee
k)

0.
78

0.
71

 to
 0

.8
7

33
%

 
M

ee
tin

g 
cu

rr
en

t r
ec

om
m

en
da

tio
ns

 o
f 1

50
 m

in
 o

f M
V

PA
 (5

00
-

99
9 

M
ET

-m
in

) p
er

 w
ee

k 
vs

 n
on

-a
ct

iv
e 

(0
 M

ET
-m

in
 p

er
 w

ee
k)

0.
72

0.
65

 to
 0

.8
0

44
%

M
V

PA
 w

el
l a

bo
ve

 c
ur

re
nt

 re
co

m
m

en
da

tio
ns

 (≥
10

00
 M

ET
-m

in
 

pe
r w

ee
k)

 v
s n

on
-a

ct
iv

e 
(0

 M
ET

-m
in

 p
er

 w
ee

k)
0.

65
0.

61
 to

 0
.7

0
20

%

H
up

in
 e

t a
l, 

20
15

16

C
ar

di
ov

as
cu

la
r d

is
ea

se
 

m
or

ta
lit

y

3
66

 3
16

Lo
w

 d
os

e 
of

 M
V

PA
 (1

-4
99

 M
ET

-m
in

 p
er

 w
ee

k)
 v

s n
on

-a
ct

iv
e 

(0
 M

ET
-m

in
 p

er
 w

ee
k)

0.
75

0.
68

 to
 0

.8
4

N
S

 
M

ee
tin

g 
cu

rr
en

t r
ec

om
m

en
da

tio
ns

 o
f 1

50
 m

in
 o

f M
V

PA
 (5

00
-

99
9 

M
ET

-m
in

) p
er

 w
ee

k 
vs

 n
on

-a
ct

iv
e 

(0
 M

ET
-m

in
 p

er
 w

ee
k)

0.
74

0.
67

 to
 0

.8
2

N
S

M
V

PA
 w

el
l a

bo
ve

 c
ur

re
nt

 re
co

m
m

en
da

tio
ns

 (≥
10

00
 M

ET
-m

in
 

pe
r w

ee
k)

 v
s n

on
-a

ct
iv

e 
(0

 M
ET

-m
in

 p
er

 w
ee

k)
0.

60
0.

53
 to

 0
.6

9
N

S

H
up

in
 e

t a
l, 

20
15

16

Al
l-c

an
ce

r m
or

ta
lit

y
2

60
 8

13
Lo

w
 d

os
e 

of
 M

V
PA

 (1
-4

99
 M

ET
-m

in
 p

er
 w

ee
k)

 v
s n

on
-a

ct
iv

e 
(0

 M
ET

-m
in

 p
er

 w
ee

k)
0.

89
0.

80
 to

 0
.9

9
N

S

 
M

ee
tin

g 
cu

rr
en

t r
ec

om
m

en
da

tio
ns

 o
f 1

50
 m

in
 o

f M
V

PA
 (5

00
-

99
9 

M
ET

-m
in

) p
er

 w
ee

k 
vs

 n
on

-a
ct

iv
e 

(0
 M

ET
-m

in
 p

er
 w

ee
k)

0.
84

0.
75

 to
 0

.9
3

N
S

M
V

PA
 w

el
l a

bo
ve

 c
ur

re
nt

 re
co

m
m

en
da

tio
ns

 (≥
10

00
 M

ET
-m

in
 

pe
r w

ee
k)

 v
s n

on
-a

ct
iv

e 
(0

 M
ET

-m
in

 p
er

 w
ee

k)
0.

69
0.

59
 to

 0
.8

0
N

S

Lö
llg

en
 e

t a
l, 

20
09

14
3

46
19

M
od

er
at

e 
le

ve
l o

f P
A

 v
s l

ow
es

t l
ev

el
 o

f P
A

0.
78

0.
59

 to
 0

.9
6

N
S

 
H

ig
he

st
 P

A
 v

s l
ow

es
t P

A
0.

68
0.

56
 to

 0
.8

2
N

S

Sa
m

itz
 e

t a
l, 

20
11

15
80

1 
33

8 
14

3
(O

ve
ra

ll)
 h

ig
he

st
 P

A
 v

s l
ow

es
t P

A
 (t

ot
al

 a
ct

iv
ity

)
0.

65
0.

60
 to

 0
.7

1
79

.4
0%

4
N

S
(≥

70
 y

) h
ig

he
st

 P
A

 v
s l

ow
es

t P
A

 (t
ot

al
 a

ct
iv

ity
)

0.
66

0.
50

 to
 0

.8
8

33
.5

%

C
ar

di
ov

as
cu

la
r d

is
ea

se
: a

rte
ria

l s
tif

fn
es

s

Pa
rk

 e
t a

l, 
20

17
18

6
29

32
A

ct
iv

e 
vs

 n
on

-a
ct

iv
e

H
ed

ge
's 

g 
=

 −
1.

02
1.

68
 to

 0
.3

5
96

%

C
an

ce
r: 

br
ea

st
 c

an
ce

r

W
u 

et
 a

l, 
20

13
20

31
2 

46
3 

59
9/

63
 7

86
 c

as
es

A
ct

iv
e 

vs
 n

on
-a

ct
iv

e
0.

88
0.

85
 to

 0
.9

1
29

.5
0%

11
62

0 
88

2
A

ct
iv

e 
vs

 n
on

-a
ct

iv
e 

(r
an

do
m

 e
ff

ec
t m

od
el

) (
pa

rti
ci

pa
nt

s 
ag

ed
 >

50
 y

)
0.

83
0.

76
 to

 0
.9

1
42

.2
%

A
ct

iv
e 

vs
 n

on
-a

ct
iv

e 
(f

ix
ed

 e
ff

ec
t m

od
el

)
(p

ar
tic

ip
an

ts
 a

ge
d 

>
50

 y
)

0.
88

0.
83

 to
 0

.9
2

42
.2

% (C
on

tin
ue

s)



   | 5CUNNINGHAM et Al.

A
ut

ho
r,

 D
at

e:
 su

b-
di

vi
de

d 
by

 h
ea

lth
 

ou
tc

om
e

N
um

be
r 

of
 st

ud
ie

s 
in

cl
ud

ed
 in

 a
na

ly
sis

 
of

 o
ld

er
 a

du
lts

To
ta

l p
op

ul
at

io
n 

of
 

st
ud

ie
s i

nc
lu

de
d 

in
 

an
al

ys
is 

of
 o

ld
er

 a
du

lts
C

om
pa

ri
so

n
Ef

fe
ct

 S
iz

e 
(R

R
 

un
le

ss
 st

at
ed

)
95

%
 C

Is
H

et
er

og
en

ei
ty

 
(I

2 )

C
an

ce
r: 

pr
os

ta
te

 c
an

ce
r

Li
u 

et
 a

l, 
20

11
19

58
2 

12
0 

20
4

O
ve

ra
ll:

 H
ig

h 
PA

 v
s l

ow
 P

A
0.

90
0.

84
 to

 0
.9

5
61

.6
5%

39
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (4
5-

65
 y

)
0.

91
0.

86
 to

 0
.9

7
64

.3
3%

17
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (≥
65

 y
)

1
0.

84
 to

 1
.1

9
56

.8
2%

Fu
nc

tio
na

l s
ta

tu
s

Ph
ys

ic
al

 fu
nc

tio
n:

 h
ea

lth
y 

ag
ei

ng

D
as

ka
lo

po
ul

ou
a 

et
 a

l, 
20

17
24

17
N

S
A

ct
iv

e 
vs

 n
on

-a
ct

iv
e 

(m
ai

n 
an

al
ys

is
)

ES
 =

 1
.2

7 
(A

D
J)

1.
11

 to
 1

.4
5

81
%

8
N

S
A

ct
iv

e 
vs

 n
on

-a
ct

iv
e 

(≥
65

 y
)

1.
14

1.
07

 to
 1

.2
2

N
S

Ph
ys

ic
al

 fu
nc

tio
n:

 a
ct

iv
iti

es
 o

f d
ai

ly
 li

vi
ng

 d
is

ab
ili

ty

Ta
k 

et
 a

l, 
20

13
22

9
17

 0
00

M
ed

iu
m

/ h
ig

h 
vs

 lo
w

 P
A

 (i
nc

id
en

ce
 o

f B
A

D
L 

di
sa

bi
lit

y)
O

R
: 0

.5
1

0.
38

 to
 0

.6
8

N
S

4
86

25
M

ed
iu

m
/ h

ig
h 

vs
 lo

w
 P

A
 (p

ro
gr

es
si

on
 o

f B
A

D
L 

di
sa

bi
lit

y)
O

R
: 0

.5
5

0.
42

 to
 0

.7
1

N
S

Ph
ys

ic
al

 fu
nc

tio
n:

 ri
sk

 o
f f

al
lin

g

So
ar

es
 e

t a
l, 

20
18

26
4

79
27

H
ig

he
st

 v
s l

ow
es

t l
ev

el
s o

f P
A

 (r
is

k 
of

 fa
lli

ng
)

1.
05

0.
93

 to
 

−
1.

18
70

%

2
22

40
H

ig
he

st
 v

s l
ow

es
t l

ev
el

s o
f P

A
 (r

is
k 

of
 re

cu
rr

en
t f

al
lin

g)
1.

39
1.

17
 to

 1
.6

5
0%

M
en

ta
l h

ea
lth

 o
ut

co
m

es

C
og

ni
tiv

e 
de

cl
in

e

So
fi 

et
 a

l, 
20

11
30

15
33

 8
16

H
ig

h 
le

ve
l o

f p
hy

si
ca

l a
ct

iv
ity

H
R

: 0
.6

2
0.

54
 to

 0
.7

0
 

Lo
w

-to
-m

od
er

at
e 

le
ve

l o
f p

hy
si

ca
l a

ct
iv

ity
H

R
: 0

.6
5

0.
57

 to
 0

.7
5

 

C
og

ni
tiv

e 
de

cl
in

e 
an

d 
D

em
en

tia

B
lo

nd
el

l e
t a

l, 
20

14
11

C
og

ni
tiv

e 
de

cl
in

e
17

48
 8

21
H

ig
h 

vs
 lo

w
er

 le
ve

ls
 o

f P
A

0.
65

0.
55

 to
 0

.7
6

52
%

B
lo

nd
el

l e
t a

l, 
20

14
11

D
em

en
tia

21
40

 3
48

H
ig

h 
vs

 lo
w

er
 le

ve
ls

 o
f P

A
0.

86
0.

76
 to

 0
.9

7
66

%

C
og

ni
tiv

e 
de

cl
in

e,
 a

ll-
ca

us
e 

de
m

en
tia

, A
lz

he
im

er
's 

di
se

as
e,

 a
nd

 v
as

cu
la

r d
em

en
tia

G
uu

re
 e

t a
l, 

20
17

29

Al
l-c

au
se

 d
em

en
tia

32
46

 9
09

H
ig

h 
PA

 v
s l

ow
 P

A
O

R
: 0

.7
9

0.
69

, 0
.8

8
τ =

 0
.0

5

15
20

 7
71

M
od

er
at

e 
PA

 v
s l

ow
 P

A
O

R
: 0

.7
6

0.
61

, 0
.9

4
τ =

 0
.0

6

24
30

 9
80

H
ig

h 
PA

 v
s l

ow
 P

A
 (p

ar
tic

ip
an

ts
 ≥

65
 y

)
O

R
: 0

.7
4

0.
63

 to
 0

.8
3

τ =
 0

.0
6

G
uu

re
 e

t a
l, 

20
17

29

Al
zh

ei
m

er
's 

di
se

as
e

21
32

 0
57

H
ig

h 
PA

 v
s l

ow
 P

A
O

R
: 0

.6
2

0.
49

 to
 0

.7
5

τ =
 0

.1
2

12
15

 3
26

M
od

er
at

e 
PA

 v
s l

ow
 P

A
O

R
: 0

.7
1

0.
56

 to
 0

.8
9

τ =
 0

.0
4

T
A

B
L

E
 1

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)



6 |   CUNNINGHAM et Al.

A
ut

ho
r,

 D
at

e:
 su

b-
di

vi
de

d 
by

 h
ea

lth
 

ou
tc

om
e

N
um

be
r 

of
 st

ud
ie

s 
in

cl
ud

ed
 in

 a
na

ly
sis

 
of

 o
ld

er
 a

du
lts

To
ta

l p
op

ul
at

io
n 

of
 

st
ud

ie
s i

nc
lu

de
d 

in
 

an
al

ys
is 

of
 o

ld
er

 a
du

lts
C

om
pa

ri
so

n
Ef

fe
ct

 S
iz

e 
(R

R
 

un
le

ss
 st

at
ed

)
95

%
 C

Is
H

et
er

og
en

ei
ty

 
(I

2 )

G
uu

re
 e

t a
l, 

20
17

29

Va
sc

ul
ar

 d
em

en
tia

8
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

O
R

: 0
.9

2
0.

62
 to

 1
.3

0
N

S

G
uu

re
 e

t a
l, 

20
17

29

C
og

ni
tiv

e 
de

cl
in

e
22

38
 3

43
H

ig
h 

PA
 v

s l
ow

 P
A

O
R

: 0
.6

7
0.

55
, 0

.7
8

τ =
 0

.0
6

11
27

 5
96

M
od

er
at

e 
PA

 v
s l

ow
 P

A
O

R
: 0

.7
4

0.
60

, 0
.9

0
τ =

 0
.0

4

16
21

 3
42

H
ig

h 
PA

 v
s l

ow
 P

A
 (p

ar
tic

ip
an

ts
 ≥

65
 y

)
O

R
: 0

.6
4

0.
50

 to
 0

.7
7

τ =
 0

.4
0

Le
e,

 2
01

932

Al
l-c

au
se

 d
em

en
tia

3
31

17
V

ig
or

ou
s P

A
 v

s l
ow

 in
te

ns
ity

 P
A

O
R

: 0
.7

2
0.

59
 to

 0
.8

6
43

.5
1%

Le
e,

 2
01

932

Va
sc

ul
ar

 d
em

en
tia

8
31

 3
72

H
ig

he
st

 P
A

 v
s l

ow
es

t l
ev

el
s o

f P
A

O
R

: 0
.5

4
0.

42
 to

 0
.6

9
32

.4
7%

5
22

 1
11

M
od

er
at

e 
PA

 v
s l

ow
es

t l
ev

el
s o

f P
A

O
R

: 0
.7

2
0.

54
 to

 0
.9

7
44

.6
8%

C
og

ni
tiv

e 
im

pa
irm

en
t/d

ec
lin

e,
 D

em
en

tia
, a

nd
 A

lz
he

im
er

's 
di

se
as

e

B
ey

do
un

 e
t a

l, 
20

14
34

Al
zh

ei
m

er
's 

di
se

as
e

8
17

 5
95

H
ig

h 
PA

 v
s l

ow
 P

A
0.

58
0.

49
 to

 0
.7

0
N

S

A
lz

he
im

er
's 

di
se

as
e

B
ec

ke
tt 

et
 a

l, 
20

15
33

9
20

 3
26

A
ct

iv
e 

vs
 in

ac
tiv

e
0.

61
0.

52
 to

 0
.7

3
N

S

Sa
nt

os
-L

oz
an

o,
  

et
 a

l, 
20

16
35

10
23

 3
45

M
or

e 
ac

tiv
e 

vs
 le

ss
 a

ct
iv

e
0.

65
0.

56
 to

 0
.7

4
N

S

5
10

 6
15

≥
15

0 
m

in
/w

k 
of

 M
V

PA
0.

60
0.

51
 to

 0
.7

1
N

S

Le
e,

 2
01

932
12

40
 9

94
H

ig
he

st
 P

A
 v

s l
ow

es
t l

ev
el

s o
f P

A
O

R
: 0

.7
2

0.
66

 to
 0

.8
0

69
.8

0%

12
37

 1
65

M
od

er
at

e 
PA

 v
s l

ow
es

t l
ev

el
s o

f P
A

O
R

: 0
.6

8
0.

60
 to

 0
.7

7
67

.6
0%

In
ci

de
nt

 d
ep

re
ss

io
n

Sc
hu

ch
, 2

01
836

36
26

6 
93

9
H

ig
h 

PA
 v

s l
ow

 P
A

 (o
ve

ra
ll)

O
R

: 0
.8

3 
(A

D
J)

0.
79

 to
 0

.8
8

N
S

4
N

S
≥

15
0 

m
in

/w
k 

of
 M

V
PA

O
R

: 0
.7

8 
(A

D
J)

0.
62

 to
 0

.9
9

N
S

R
R

/H
R

: 0
.6

9 
(A

D
J)

0.
49

 to
 0

.9
5

N
S

16
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (p
ar

tic
ip

an
ts

 ≥
65

 y
)

O
R

: 0
.7

9 
(A

D
J)

0.
73

 to
 0

.8
7

N
S

7
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (p
ar

tic
ip

an
ts

 ≥
65

 y
)

R
R

/H
R

: 0
.7

0 
(A

D
J)

0.
57

 to
 0

.8
8

N
S

M
us

cu
lo

sk
el

et
al

 h
ea

lth
: o

st
eo

po
ro

tic
 fr

ac
tu

re
s

Q
u 

et
 a

l, 
20

14
21

22
1 

23
5 

76
8

H
ig

h 
PA

 v
s l

ow
 P

A
 (t

ot
al

 fr
ac

tu
re

s)
0.

71
0.

63
 to

 0
.8

0
74

.2
0%

13
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (h
ip

 fr
ac

tu
re

)
0.

61
0.

54
 to

 0
.6

9
50

.3
0%

2
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (w
ris

t f
ra

ct
ur

e)
0.

72
0.

49
 to

 0
.9

6
45

.5
0%

10
N

S
H

ig
h 

PA
 v

s l
ow

 P
A

 (f
ra

ct
ur

e 
ris

k)
0.

69
0.

61
 to

 0
.7

6
28

.7
%

A
bb

re
vi

at
io

ns
: A

D
J, 

ad
ju

st
ed

; E
S,

 e
ff

ec
t s

iz
e;

 M
V

PA
, m

od
er

at
e 

to
 v

ig
or

ou
s p

hy
si

ca
l a

ct
iv

ity
; N

S,
 n

ot
 st

at
ed

; P
A

, p
hy

si
ca

l a
ct

iv
ity

.

T
A

B
L

E
 1

 
(C

on
tin

ue
d)



   | 7CUNNINGHAM et Al.

adults (≥60  years) who performed a low dose of MVPA 
(1-499 Metabolic Equivalent of Task (MET)-min)16 to 34% 
in participants (≥70 years) with high levels of total physi-
cal activity.15 A dose-response relationship between physi-
cal activity and all-cause mortality was evident.14-16 The 
greatest reduction in risk for older adults was seen in the 
difference in those doing the least or no MVPA to some 
MVPA (1-499 MET-min per week).16 For those meeting 
guidelines of 150  minutes of MVPA per week (500-999 
MET-min), mortality was reduced by 28%16 (Table 1). 
The reduction in all-cause mortality was also considerably 
greater in older women compared with older men (32% 
compared with 14%).16

3.4.2 | Cardiovascular disease (CVD) 
risk and CVD mortality

Two reviews assessed the association of physical activity 
and coronary heart disease (CHD) in older adults,16,17 both 
of which were rated as low quality (Table S2). Batty (2002) 
concluded that older men benefit from a reduced CHD risk 
from physical activity, but did not conduct a meta-analysis of 
the n = 8 prospective cohort studies (n = 19 085 participants) 
and n = 1 case-control study (543 participants). In a separate 
included study, a significant reduction in the risk of CVD 
mortality of 25% for low doses of MVPA to 40% for high 
doses of MVPA compared with those who were inactive was 
identified in a meta-analysis of n = 3 prospective cohort stud-
ies (n = 66 316 participants)16 (Table 1).

3.4.3 | Arterial stiffness

One low-quality systematic review and meta-analysis con-
cluded that physically active individuals had significantly 
lower arterial stiffness than their sedentary peers (standard-
ized mean difference: −1.017 ± 0.340, 95% CI: −1.684 to 
−0.350, P = .003).18

3.4.4 | Cancer prevention and mortality

Three low-quality systematic reviews16,19,20 (Table S2) as-
sessed the relationship between physical activity and cancer. 
Physical activity was significantly associated with a 12% re-
duction in risk of breast cancer when comparing the high-
est vs the lowest level of activity.20 A dose-response analysis 
revealed that breast cancer risk decreased by 2% for every 
25 MET-h/wk increment in non-occupational activity, 3% for 
every 10 MET-h/week increment in recreational activity, and 
5% for every 2  h/wk increment in moderate plus vigorous 
recreational activity, respectively.20

3.5 | Functional status outcomes

3.5.1 | Musculoskeletal (MSK) health

One high-quality review21 assessed the relationship be-
tween physical activity and MSK health. The meta-analysis 
of 22 prospective cohort studies (n  =  1  235  768 partici-
pants; 14  843 fracture cases) reports a 29% reduction in 
risk of total fractures (hip, wrist, and vertebral fractures) 
for the highest vs lowest category of physical activity 
(RR = 0.71, 95% CI: 0.63 to 0.80). An analysis of fracture 
subtypes showed a significant reduction in risk of wrist 
fracture (28%) (RR = 0.72, 95% CI: 0.49 to 0.96) among 
individuals with the highest category of physical activity 
compared to those with the lowest category. A sensitivity 
analysis of 10 studies with participants aged ≥62 years old 
reported a 31% reduction in relative risk of fracture accord-
ing to the highest vs lowest category of physical activity 
(RR = 0.69, 95% CI: 0.61 to 0.76).21

3.5.2 | Activities of daily living disability

An included meta-analysis of (prospective) longitudinal 
studies for the prevention of onset and progression of basic 
activities of daily living (BADL) disability by physical ac-
tivity22 concluded that there was a 49% reduction in the inci-
dence of BADL disability in older adults (aged ≥50 years) 
with a medium/high level of physical activity compared 
with those with a low physical activity level (OR = 0.51, 
95% CI: 0.38- to 0.68; n = 9 studies; n = 17 176 partici-
pants; medium-quality review). In this review, “disability” 
was defined as having any difficulty in performing BADL 
(measured using self-report questionnaires and instru-
ments including the ADL disability scale and the Physical 
Activities of Daily Living-Help (PADL-H) scale) to distin-
guish it from “functional limitations” (defined as restric-
tions in basic and mental actions). A medium/high physical 
activity level vs low levels of physical activity also reduced 
the progression of BADL disability by 45% (OR = 0.55, 
95% CI: 0.42 to 0.71, P < .001; n = 4 studies, n = 8625 par-
ticipants). The preventative effect was found in both older 
(≥75 years) and younger (<74 years) individuals with and 
without diseases, and in older adults who already had func-
tional limitations or disability.22

3.5.3 | Functional limitations

A medium-quality systematic review for the relationship 
between physical activity and outcomes of impairment or 
functional limitation in older adults (>65  years old) was 
included.23 Functional outcomes included assessment of 
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functional status decline, impairment or functional sta-
tus limitations, or disability, measured using self-report 
questionnaire assessments such as the Health Assessment 
Questionnaire (HAQ) and the HAQ disability index, or via 
physical performance tests (eg, hand-grip strength, mo-
bility activities, walking distance, and stair climbing).23 
Higher levels of physical activity predicted increased 
functional status in older age. Moderate and high levels of 
physical activity appeared effective in conferring a ~ 50% 
reduction in risk of functional limitations or disability (av-
erage odds ratio ~ 0.5). In higher-level functions (such as 
walking a distance or climbing stairs), the relative risk or 
odds of functional decline or limitation was significantly 
reduced in those more physically active (~50% reduction in 
the high activity group). Longitudinal data from six studies 
(n = 3918) also report that those exercising at high levels 
in middle age (eg, jogging regularly) postponed a disability 
or functional limitation and prolonged disability-free life 
(13.2 years mean follow-up time).23

3.5.4 | Healthy ageing

One high-quality systematic review with meta-analysis 
was included.24 Healthy ageing is defined as the process 
of developing and maintaining the functional ability that 
enables well-being in older age.25 In the included review, 
healthy ageing was used as a collective term whereby a 
number of outcomes were grouped, for example, living to 
a specific age or during follow-up; health status (meas-
ures included the (PHQ) patient health questionnaire and 
the self-rated life satisfaction questionnaire); physical 
performance; diseases (assessed via medical history ques-
tionnaire).24 A sensitivity analysis with participants aged 
≥65 years of age at baseline showed a significant positive 
association between physical activity and healthy ageing 
(ES = 1.14, 95% CI: 1.07 to 1.22, P < .001).

3.5.5 | Quality of life (QoL)

A medium-quality systematic review for the association 
between physical activity and QoL in older adults was 
included.12 Measures of QoL in this review included the 
World Health Organisation QoL-100 (WHO QoL-100), 
Health-Related QoL (HR-QoL), Short Form-36 (SF-36), 
and the Satisfaction with Life Scale (SWLS).12 Physical 
activity had a consistent positive association with a num-
ber of QoL domains; functional capacity; general QoL; 
autonomy; past, present and future activities; death and 
dying; intimacy; mental health; vitality; and psychologi-
cal.12 However, only four of the 31 included studies were 
prospective cohort studies.

3.5.6 | Risk of falling

A high-quality systematic review and meta-analysis of pop-
ulation-based and longitudinal studies for the association of 
physical activity and risk of falling in community dwelling 
older adults concluded that the risk of being a recurrent faller 
(two or more self-reported falls over the follow-up period of 
12-36 months) was 39% higher in those older adults with the 
lowest levels of physical activity. However, the association 
between any fall and physical activity level was inconclusive 
(Table 1).26

3.6 | Mental health outcomes

3.6.1 | Cognitive decline

Three medium quality23,27,28 and three high-quality sys-
tematic reviews with meta-analysis for the relationship 
between physical activity and cognitive decline were in-
cluded.11,29,30 Common diagnostic criteria included use of 
the Modified Mental State Examination (MMSE) and clini-
cal evaluation, Cognitive Abilities Screening Instrument 
(CASI), and the Mental State Questionnaire (MSQ). The 
reduction in risk of cognitive decline ranged from a 26% 
reduction from moderate levels of physical activity com-
pared with no/lowest levels of physical activity29 to a 38% 
reduction in those who performed a high level of physical 
activity.30 Low-to-moderate level of activity showed a sig-
nificant protection (35% reduction in RR) against cogni-
tive impairment.30 Furthermore, an analysis of participants 
aged ≥65 years reported a reduction in the risk of cognitive 
decline of 36% by staying highly physically active.29 The 
collective evidence from a number of the included reviews 
suggests that physical activity may help to improve cogni-
tive function and, consequently, delay the progression of 
cognitive impairment in older adults. 23,27,28

3.6.2 | Dementia

Two high-quality reviews with meta-analysis,11,29 two 
medium-quality systematic literature reviews,23,31 and one 
medium-quality systematic review with meta-analysis 
were included.32 Common diagnostic criteria included the 
Modified  Mini Mental State Examination  (3MS), MMSE, 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM), and the International Classification of Diseases 
(ICD). The evidence suggests that habitual physical activ-
ity reduces the subsequent risk of dementia in healthy older 
adults.23 Higher levels of physical activity are associated with 
a 14%11 to 21%29 reduction in the risk of dementia. Higher 
intensity of physical activity reduced all-cause dementia risk 
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by 28%.32 An analysis of moderate-intensity physical activ-
ity reported a risk reduction of 24%.29 Observations of the 
protective effect of physical activity were consistent in com-
parative analysis of studies with a follow-up period greater 
and less than 5 years, and with sample sizes greater and less 
than 1000 participants. There is a significant risk reduction 
effect (26%) of physical activity for people beyond the age 
of 65 developing all-cause dementia while insignificant for 
people below the age of 65 years 29 (Table 1). Both moderate 
and high levels of physical activity reduced risk of vascular 
dementia in older adults (Table 1).32

3.6.3 | Alzheimer's disease (AD)

Three medium32-34 and two high-quality29,35 reviews with 
meta-analysis were included. Studies included in the re-
views represented a global distribution of older adult pop-
ulations. Diagnostic criteria included the National Institute 
of Neurological and Communicative Disorders and Stroke 
(NINCDS) and the Alzheimer's Disease and Related 
Disorders Association (ADRDA), MMSE, and the DSM. 
The relative risk reduction of AD with physical activity 
ranged from 32%32 to 42%34 in participants with higher lev-
els of physical activity compared to those with lower lev-
els. The findings indicate that physical activity may be an 
important protective factor against AD in older adults. For 
those older adults (~70-80 years on average) meeting inter-
national physical activity recommendations of ≥150 min/wk 
of MVPA, risk of development of AD (approximately 5 or 
more years later) was reduced by 40%.35 Furthermore, the 
estimated Population Attributable risk percentage (PAR%) 
was particularly high for lower vs higher physical activity 
level (31.9%).34

3.6.4 | Incident depression

One high-quality meta-analysis was included.36 The study 
evaluated participants who were free of depression or depres-
sive symptoms at baseline, and evaluated incident depression 
as the outcome, including (among other measures) increased 
depressive symptoms through established cutoffs of depres-
sion screening instruments, or based on self-report or phy-
sician diagnosis of depression.36 Participants with higher 
physical activity levels were at reduced odds (17% reduction 
in risk) of incident depression when compared with people 
with lower physical activity levels. Completing 150 minutes 
per week of MVPA was protective for incident depression in 
adjusted OR and adjusted RR analyses. A sensitivity anal-
ysis of data from cohorts of older participants with higher 
physical activity levels reported a 21% reduction in incident 
depression when compared with people with lower physical 

activity levels in adjusted OR and adjusted RR analyses (30% 
reduction in RR).

4 |  DISCUSSION

This umbrella review has identified that physically active 
older adults (≥60  years) are at a reduced risk of all-cause 
and cardiovascular mortality (low-quality evidence); breast 
and prostate cancer (low-quality evidence); fractures (high-
quality evidence); ADL disability, functional limitation 
(medium-quality evidence), and risk of falling (high-quality 
evidence); and cognitive decline, dementia, Alzheimer's 
disease, and depression (high-quality evidence). They also 
experience healthier ageing trajectories (high-quality evi-
dence); better quality of life (medium-quality evidence), and 
improved cognitive functioning (medium-quality evidence). 
Emerging evidence demonstrates that there are health ben-
efits of physical activity for older adults below levels that are 
currently recommended.

The findings provide compelling evidence of positive 
associations between physical activity and lower rates of 
morbidity and mortality in older adults. This evidence is con-
sistent with the evidence for the health benefits of physical 
activity in younger age groups.2 Typically, the analyses in the 
included reviews compared the highest and lowest categories 
of physical activity. However, emerging evidence in the in-
cluded reviews demonstrates that there are protective effects 
for older adults who participate in a level of activity well 
below current recommendations. A weekly dose of MVPA 
corresponding to 75 minutes per week has been shown to be 
associated with a reduction in all-cause mortality by 22%.16 
This level of physical activity represents a reasonable primary 
target for older inactive adults. Starting with small increases 
in physical activity may encourage some older adults, who 
were previously physically inactive or chronically ill, to pro-
gressively incorporate more activity into their daily routine.

Fractures, which are often a consequence of falls, are one 
of the most serious musculoskeletal problems seen in the 
older adult population.37 Physical activity has been identi-
fied as a lifestyle factor that may influence the risk of falls 
and fractures in adults through maintaining mobility, phys-
ical functioning, bone mineral density, muscle strength, and 
balance.38 The risk of recurrent falls was reduced in older 
adults with higher levels of physical activity, and although 
the association of falling (any fall) with physical activity was 
inconclusive,26 other reviews evaluating the association of 
usual physical activity with the risk of falling in the general 
population have suggested a general decrease in risk,38 and 
a strong positive relationship between fall-related efficacy 
(perceived self-confidence at avoiding falls during essential, 
relatively non-hazardous activities) and activity.13 Increasing 
levels of physical activity within an appropriate range has 
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been shown to reduce the risk of hip fractures in general pop-
ulation studies of men and women.38,39 Engaging in higher 
levels of physical activity also reduced the risk of total frac-
tures by 29% and significantly reduced the risk of wrist frac-
ture by 28%.21

Maintaining functional status is an important part of 
active ageing and reducing age-related morbidity. The evi-
dence in this review suggests that greater physical activity 
predicts higher functional status in older age. Physical ac-
tivity reduces the age-related decline in functional capacity 
and maintains muscle strength and mass among adults aged 
65-85 years.23 The risk of developing functional limitations 
or BADL disability22,23 and the progression of BADL dis-
ability was reduced by participation in physical activity.22 
Emerging evidence also highlights the positive impact of 
physical activity on the healthy ageing process, by improv-
ing QoL 12 and increasing the odds of maintaining well-be-
ing in older age.24

Finally, as the global population ages, the number of peo-
ple living with cognitive impairment or dementia is expected 
to increase dramatically, with some estimates suggesting that 
the number of people living with dementia will triple from 50 
million to 152 million by 2050.40 Changes in physical function 
often occur with cognitive losses, which can then accelerate 
the risk of disability and need for care. Evidence contained 
within this review suggests that all levels of physical activity 
confer significant and consistent protection against the occur-
rence of cognitive decline in people without dementia.11,29,30 
Growing evidence also reports that physical activity can im-
prove cognitive function and, consequently, delay the progres-
sion of cognitive impairment in older adults. 23,27,28,41

4.1 | Strengths and limitations

We employed strict criteria in the final selection of 
searched literature and implemented procedures to ensure 
high-quality implementation of the methodology. Two in-
dependent investigators followed an a priori protocol to 
perform the data extraction, data analysis, and quality as-
sessment of the methods of included systematic reviews 
and meta-analyses.

The inclusion of only longitudinal study designs (most 
often in the form of cohort studies) is a strength of this re-
view, enabling an evaluation the relationship between physi-
cal activity, risk factors, and the development of disease over 
time. This allows some inference regarding causation from 
the evidence; however, reverse causality cannot be com-
pletely ruled out.

This review has several limitations: “gray” literature 
was not included and the search was limited to journal ar-
ticles published in English. We also did not meta-analyze 
data from individual studies; therefore, there may be some 

overlap in the evidence presented in different reviews. We 
did however report effect sizes that reflected the greatest 
control for potential confounders from each meta-analysis. 
It is also worth noting that the main methodological lim-
itation of the majority of studies in the included reviews 
was the use of subjective methods for physical activity as-
sessment. This heterogeneity may have led to some under-
estimation or exaggeration of the observed relationships, 
although the majority of studies reported the use of appro-
priate methods to assess publication bias and adjust for het-
erogeneity in analysis.

5 |  IMPLICATIONS FOR 
RESEARCH AND POLICY

For those older adults meeting international physical activity 
recommendations, there is a significant reduction in risk of 
all-cause mortality, Alzheimer's disease, and incident depres-
sion. The included reviews also consistently report that the 
greatest risk reduction across health outcomes comes with 
higher levels and intensities of physical activity.

This review also contains emerging meta-analytic evi-
dence that moderate-intensity physical activity may be suf-
ficient for reducing the risk of all-cause dementia in older 
adults 29 and that some of the protective benefits of physi-
cal activity for older adults are accrued well below current 
guidelines for health,16 both areas which require further in-
vestigation to potentially support a greater number of older 
adults to become more physically active. A number of in-
cluded reviews also advocate the need for further research 
to demonstrate the relationships between health outcomes 
and habitual physical activity with objective measurement 
of physical activity. An emerging area requiring further re-
search is the influence sedentary behavior exerts on health 
in older adults, independent of physical activity. Physical 
activity plays a key role in the “compression of morbidity” 
decreasing the time spent in ill-health as people age and 
ensuring that an increase in life expectancy is also an in-
crease in life-time spent in good health. To make active and 
healthy ageing a reality by keeping older adults healthy, 
independent and fulfilled, it is imperative that policies and 
actions in addressing physical inactivity in older adults re-
flect this emerging evidence.

6 |  PERSPECTIVES

This review highlights that regular physical activity concur-
rently reduces the risk of developing multiple physical and 
mental health outcomes in older adults. The reported emerg-
ing meta-analytic evidence highlights the protective effect 
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of regular physical activity against cognitive decline and the 
development of dementia and Alzheimer's disease.

Promising initiatives, including Exercise is Medicine42 
and Moving Medicine,43 are working toward the integration 
of this emerging evidence base into routine clinical practice 
for the prevention and treatment of many medical conditions 
that are common in older adults.

This review highlights that those older adults who are 
physically active experience healthier ageing trajectories. 
However, evidence shows that many older adults are not en-
gaging in sufficient levels of physical activity to attain these 
health benefits.5 This stage of life represents an important 
period to promote physical activity to improve functions of 
daily living and slow progression of disease and disability. 
To unlock the benefits of physical activity, it is imperative 
that policy and practice support older adults to achieve the 
recommended levels of physical activity.44
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