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ABSTRACT
Objective  With the growing representation of older 
adults in the workforce, the health and fitness of older 
employees are critical to support active ageing policies. 
This systematic review aimed to characterise and evaluate 
the effects on physical activity (PA) and fitness outcomes 
of workplace PA interventions targeting older employees.
Design  We searched Medline, PreMedline, PsycInfo, 
CINAHL and the Cochrane Controlled Register of Trials 
(CENTRAL) for articles published from inception to 17 
February 2020. Eligible studies were of any experimental 
design, included employees aged ≥50 years, had PA as an 
intervention component and reported PA-related outcomes.
Results  Titles and abstracts of 8168 records were 
screened, and 18 unique interventions were included 
(3309 participants). Twelve studies were randomised 
controlled trials (RCTs). Seven interventions targeted 
multiple risk factors (n=1640), involving screening 
for cardiovascular disease risk factors, but had a 
non-specific description of the PA intervention. Four 
interventions targeted nutrition and PA (n=1127), 
and seven (n=235) focused only on PA. Interventions 
overwhelmingly targeted aerobic PA, compared with 
only four interventions targeting strength and/or balance 
(n=106). No studies involved screening for falls/injury 
risk, and only two interventions targeted employees of 
low socioeconomic status. Computation of effect sizes 
(ESs) was only possible in a maximum of three RCTs per 
outcome. ESs were medium for PA behaviour (ES=0.25 
95% CI −0.07 to 0.56), muscle strength (ES=0.27, 95% 
CI −0.26 to 0.80), cardiorespiratory fitness (ES=0.28, 
95% CI −22 to 0.78), flexibility (ES=0.50, 95% CI 
−0.04 to 1.05) and balance (ES=0.74, 95% CI −0.21 
to 1.69). Grading of Recommendations Assessment, 
Development and Evaluation criteria-rated quality of 
evidence was ‘low’ due to high risk of bias, imprecision 
and inconsistency.
Conclusions  The lack of high-quality effective workplace 
PA interventions contrasts the importance and urgency to 
improve the health and fitness in this population. Future 
interventions should incorporate strength and balance 
training and screening of falls/injury risk in multi risk 
factors approaches.

PROSPERO registration number  CRD42018084863. 
(https://www.​crd.​york.​ac.​uk/​prospero/​display_​record.​php?​
RecordID=​84863).

INTRODUCTION
Population ageing poses individual, social, 
economic and political challenges and is 
predicted to accelerate even further in the 
21st century.1 The WHO’s ‘Active Ageing’ 
concept is a leading global policy strategy 
for successful ageing,2 particularly influ-
encing retirement policies towards main-
taining engagement with paid employment. 
In the developed world, strategies have been 
implemented to promote economic activities 
among aged workers, including incentives for 
late retirement, penalties for early retirement 
and an increase in or abolishment of the age 
of mandatory retirement.3 Older retirement 
age means that more employees beyond the 
age of 55 years will remain in the workforce.4

While a number of mental and social abil-
ities can improve with increasing age, and 
such changes should be viewed as strengths 
and be respected,4 age-related physiolog-
ical decline requires special considerations 

Strengths and limitations of this study

►► This systematic review was registered in PROSPERO.
►► We followed Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses reporting 
guidelines and the Cochrane Collaboration and the 
GRADE approach to rate the quality of evidence.

►► We used five databases from inception and back-
ward citation tracking of all included studies.

►► Pooled effect sizes that were not expressed in simi-
lar units, although they measured the same concept, 
may have artificially increased the heterogeneity of 
the effect.
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regarding occupational health, safety and productivity.5 
In-depth reviews on ageing at work6 7 identified a number 
of physiological, sensory and psychological differences 
between older workers and their younger counterparts, 
including reduced muscle strength, endurance, trunk 
flexibility and structural and sensorineural degeneration 
that affect balance, vision and hearing, aerobic capacity, 
heat tolerance, increased anthropometric risks, psycho-
logical exhaustion, anxiety and depression. Furthermore, 
older employees suffer from greater prevalence of comor-
bidities, musculoskeletal problems and sickness-related 
absence and severe injuries.6 7

It is well established that regular physical activity (PA) is 
effective in attenuating age-related physiological declines 
in all body systems and in preventing and managing many 
age-related chronic and musculoskeletal conditions.8–10 
Adherence to older adults’ comprehensive PA guide-
lines including balance exercises, muscle strengthening 
and moderate-intensity aerobic activity is likely to benefit 
older employees in terms of health as well as work produc-
tivity and safety. Hence, recently physical employment 
standards for older employees have been suggested.7 The 
workplace has long been considered a good setting for 
health promotion, and many PA interventions have been 
conducted in this setting, with the first systematic review 
of their effectiveness published in 1998.11 However, we 
have not identified any systematic reviews of workplace PA 
interventions that specifically targeted older employees. 
PA interventions targeting older adults should addition-
ally include activities to promote muscle mass, strength 
and balance, which are important for the prevention of 
sarcopenia, functional disabilities, falls and injuries.12 A 
recent systematic review by Poscia et al13 synthesised the 
evidence on health promotion interventions targeting 
older employees. However, this review examined a 
variety of health promotion initiatives and have missed 
interventions that focused on PA, by only using ‘fitness’ 
and ‘capacity’ as search terms. Given that PA guidelines 
for older adults include a range of physical outcomes 
relevant to health beyond cardiorespiratory fitness or 
capacity, such as muscle strength, balance and flexi-
bility,14 15 it is important to include broader terms when 
reviewing health promotion programmes. Furthermore, 
the main outcomes included in the review by Poscia 
and colleagues13 were health status, well-being and work 
productivity, not PA measures. Thus, the effectiveness of 
workplace interventions on PA and fitness outcomes of 
older employees is uncertain.

The objectives of this systematic review were to: (1) 
identify and characterise workplace PA interventions 
delivered to employees aged ≥50 years; (2) assess the 
methodological quality of the studies; and (3) assess 
the effect of interventions on PA behaviour and fitness 
outcomes highlighted in PA guidelines for older adults.

METHODS
This review followed guidance published by the Centre for 
Reviews and Dissemination, the Cochrane Collaboration16 

and Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines17 (see online 
supplementary file: PRISMA checklist). The protocol was 
submitted to the International Prospective Register of 
Systematic Reviews (PROSPERO) on 21December 2017 
and final registration received on 29 January 2018; regis-
tration number CRD42018084863 available at https://
www.​crd.​york.​ac.​uk/​prospero/​display_​record.​php?​
RecordID=​84863).

Inclusion and exclusion criteria
We included studies that involved any PA interventions 
(ie, intervention that will encourage people to move 
large skeletal muscles) and were delivered at workplaces 
to employees aged ≥50 years. Studies that included a 
wider age range, such as whole workplace intervention, 
were eligible for inclusion if the mean age of partici-
pants was at least 50 years. This decision was based on 
a systematic review of workplace health promotion 
interventions by Poscia et al13 who included studies that 
explicitly targeted older employees and found that the 
mean age of these workers ranged from 51 to 55 years. 
Interventions could include those related to aerobic PA 
(eg, walking), stretching, balance, muscle strength, yoga, 
tai chi, pilates, gym workout, sport or any other form of 
PA/exercise. Studies that targeted other health risks in 
addition to physical inactivity (hereafter, multiple risk 
factors interventions) were only included if PA/exercise 
was one of the intervention components and a PA-related 
outcome was reported. Studies with any experimental 
design (pre–post with or without a comparison group, 
non-randomised trials, randomised controlled trials 
(RCTs) and cluster RCTs) were included because of the 
small number of RCTs anticipated.13

Studies were excluded if the PA intervention was not 
delivered in the workplace (eg, community and health 
practice), or if the interventions targeted the whole work-
place with a wider age range and did not include specific 
PA-related outcomes.

Search strategies
We systematically searched five databases from inception 
to 23 December 2017. We then updated our search on 13 
June 2019 to include all 2018 and again on 17 February 
2020. Included databases were: Medline, PreMedline, 
PsycInfo, CINAHL and the Cochrane Controlled Register 
of Trials (CENTRAL). Specific search strategies were 
developed for each database, using a combination of 
search terms and subject headings where applicable. All 
electronic searches included Medical Subject Headings 
(MeSH) terms and keywords for workplace (eg, occupa-
tions and worksite), PA (eg, walking, postural balance and 
muscle strength) and intervention (eg, health promotion, 
programme and RCT) and were limited to humans, and 
age (PsycInfo: 40+ years; all others: 45+ years) (see online 
supplementary file: search strategy). One reviewer (JS) 
retrieved the entries from the database using EndNote 
(V.X9.3.3) and screened the titles and abstracts to identify 
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potential papers for inclusion as well as running backward 
citation tracking of potential studies selected for full-
text review. Two reviewers (JS and DM) independently 
conducted the final selection of papers based on full text. 
Disagreements were discussed and resolved by consensus.

Data extraction
Three data extraction formats were used: a table 
summarising the included studies was created using the 
subheadings: source, study design, population character-
istics, study duration, type of intervention, comparison 
group and outcomes. A second table describes characteris-
tics of each intervention in terms of recruitment, content, 
intervention deliverer and process outcomes based on 
data extracted by DM and SM. A third table summarises 
the quality of the included papers and another table 
summarises the effect sizes for each outcome along with 
the level of evidence of this effect.

Quality assessments and analysis
The Cochrane risk of bias tool for RCTs and additional 
domains from the tool for assessing risk of bias in non-
randomised studies of intervention (ROBINS-I) tool for 
non-randomised studies with a comparison group were 
used to assess the quality of individual studies.18 The 
domains included were: randomisation sequence gener-
ation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incom-
plete outcome data and selective outcome reporting. The 
first two domains were only assessed in RCTs. In non-
randomised studies with a control group, the additional 
domains of confounding and selection bias were assessed. 
Each domain was assessed independently by two authors 
(DD and FS) who assigned a rating of either ‘low’, ‘high’ 
or ‘unclear’ risk of bias. Disagreement was resolved by 
consensus or, where needed, by consultation with a third 
reviewer (DM). We used Comprehensive Meta-Analysis 
software (V.2, Biostat, Englewood, New Jersey, USA) to 
conduct random effects meta-analyses for each outcome 
accounting for heterogeneity between studies. The stan-
dardised mean difference (SMD) (Hedges’ g) was calcu-
lated for each meta-analysis, standardised by postscore 
SD (or its estimate) and calculated using the premean 
and postmean and SD or, when unavailable, the mean 
change score and SD Effect sizes were categorised as small 
(≤0.20), medium (>0.20–0.79) or large (≥0.8).19 For trials 
with moderate-to-vigorous intensity PA as the outcome, 
we used data from accelerometers when possible. For 
studies reporting energy expenditure as the outcome, we 
converted the value to minutes of moderate-intensity PA 
using the population mean body weight and four meta-
bolic equivalents for task for moderate-intensity PA. Statis-
tical heterogeneity was determined by the I2 and χ2 tests to 
measure the proportion of variability between studies and 
tau-square (T2) was reported to indicate by how much the 
true effect sizes vary. We followed the recommendation 
of the Cochrane Collaboration, which states that tests for 
funnel plot asymmetry should be used only when there are 

at least 10 studies included in the meta-analysis.16 Since 
we had no more than three studies for each outcome, 
we did not assess publication bias. Finally, we used the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach to rate the overall 
quality of evidence for each outcome from ‘very low’ to 
‘high’,20 21 including a narrative summary of findings for 
outcomes without meta-analysis.21 GRADE ratings are 
based on the domains of risk of bias in included studies, 
indirectness of evidence, imprecision, inconsistency and 
likelihood of publication bias.

Patient and public involvement
Neither patients nor the public were involved in the 
design, conduct, reporting or dissemination of this 
research.

RESULTS
Study selections and characteristics
Our search resulted in 8168 records, which were screened 
by title and abstract. Of these, 153 were further assessed 
for eligibility based on full text (figure  1). Nineteen 
studies met the inclusion criteria; however, two publica-
tions referred to the same intervention,22 23 resulting in 
18 unique interventions.

The characteristics of the studies are summarised in 
table 1. Ten studies were RCTs,24–33 and two were cluster 
RCTs—one involving only two worksites34 and the other 

Figure 1  PRISMA flow diagram of selected workplace 
physical activity intervention studies. PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses.

 on July 5, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045818 on 30 June 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Merom D, et al. BMJ Open 2021;11:e045818. doi:10.1136/bmjopen-2020-045818

Open access�

Ta
b

le
 1

 
C

ha
ra

ct
er

is
tic

s 
of

 t
he

 s
tu

d
ie

s 
th

at
 m

et
 t

he
 in

cl
us

io
n 

cr
ite

ria
 in

 w
or

ks
ite

 o
ld

er
 e

m
p

lo
ye

es
’ p

hy
si

ca
l a

ct
iv

ity
 (P

A
) i

nt
er

ve
nt

io
ns

 a
rr

an
ge

d
 b

y 
d

es
ig

n 
an

d
 y

ea
r

D
es

ig
n

sa
m

p
le

P
o

p
ul

at
io

n
D

ur
at

io
n

In
te

rv
en

ti
o

n 
d

es
cr

ip
ti

o
n

C
o

m
p

ar
is

o
n

PA
-r

el
at

ed
 o

ut
co

m
es

B
as

se
y 

et
 a

l30
R

C
T 

n=
10

8
U

K
, f

ac
to

ry
 fl

oo
r 

w
or

ke
rs

 
(b

lu
e 

co
lla

r)
 fr

om
 li

gh
t 

in
d

us
tr

ia
l c

om
p

an
y.

A
ge

 5
5–

60
 y

ea
rs

.
51

%
 m

al
es

.

12
 w

ee
ks

PA
 fo

cu
s;

 p
re

sc
rib

ed
 

ae
ro

b
ic

 (w
al

ki
ng

) 
p

ro
gr

am
m

e 
w

ith
 a

 g
oa

l t
o 

in
cr

ea
se

 c
ar

d
io

re
sp

ira
to

ry
 

fit
ne

ss

N
o 

in
te

rv
en

tio
n

1.
	P

hy
si

ca
l c

on
d

iti
on

 –
 h

ea
rt

 r
at

e 
(H

R
) 

at
 w

al
ki

ng
 4

.8
 k

m
/h

ou
r.

2.
	S

us
ta

in
ed

 H
R

4.
8k

m
/h

-1
 fo

r 
at

 le
as

t 
7 

m
in

.
3.

	D
ai

ly
 t

ot
al

 m
in

ut
es

 w
al

ke
d

 a
t 

H
R

4.
8k

m
/h

-1
.

4.
	S

te
p

 c
ou

nt
.

S
ha

rp
e 

et
 a

l35
C

lu
st

er
 R

C
T 

n=
25

0
U

S
A

, e
m

p
lo

ye
es

 fr
om

 
‘s

up
p

or
t 

an
d

 a
ca

d
em

ic
 

st
af

f’
 a

t 
th

e 
U

ni
ve

rs
ity

 o
f 

M
ic

hi
ga

n.
A

ge
 5

0–
69

 y
ea

rs
.

53
%

 m
al

es
.

12
 m

on
th

s
M

ul
tip

le
 r

is
k 

fa
ct

or
 

p
ro

gr
am

m
e;

 a
ft

er
 h

ea
lth

 
ris

k 
sc

re
en

in
g 

a 
fa

ce
- t

o-


fa
ce

 m
ee

tin
g 

w
ith

 h
ea

lth
 

p
r o

m
ot

er
; o

p
tio

na
l: 

w
al

ki
ng

 
gr

ou
p

s 
at

 w
or

k 
or

 u
se

 
fa

ci
lit

ie
s.

H
ea

lth
 s

cr
ee

ni
ng

 b
ut

 
no

 e
xp

os
ur

e 
to

 h
ea

lth
 

p
ro

m
ot

io
n 

p
ro

gr
am

m
e

1.
	S

el
f-

re
p

or
t 

fr
eq

ue
nc

y 
ite

m
 w

ith
 a

 
fiv

e-
p

oi
nt

 r
es

p
on

se
 fo

rm
at

, w
hi

ch
 

w
as

 n
ot

 e
xp

la
in

ed
 o

r 
re

fe
re

nc
ed

.
2.

	S
el

f–
r e

p
or

te
d

 a
ct

io
n 

ta
ke

n 
to

 im
p

ro
ve

 
fit

ne
ss

 in
 t

he
 p

as
t 

ye
ar

3.
	P

re
cu

rs
or

s 
of

 e
xe

rc
is

e 
b

eh
av

io
ur

s 
(s

el
f-

ef
fic

ac
y 

to
 e

xe
rc

is
e 

th
re

e 
tim

es
 

a 
w

ee
k 

an
d

 in
te

nt
io

n 
to

 e
xe

rc
is

e 
vi

go
ro

us
ly

.

H
ug

he
s 

et
 a

l24
R

C
T 

(th
re

e 
ar

m
s)

 
n=

42
3

U
S

A
, o

ld
er

 e
m

p
lo

ye
es

 
fr

om
 ‘s

up
p

or
t 

an
d

 
ac

ad
em

ic
’ s

ta
ff 

at
 t

he
 

U
ni

ve
rs

ity
 o

f I
lli

no
is

, 
C

hi
ca

go
.

A
ge

 ≥
55

 y
ea

rs
.

18
%

 m
al

es
.

12
 m

on
th

s
M

ul
tip

le
 r

is
k 

fa
ct

or
 

p
ro

gr
am

m
e 

to
:

1.
	 E

nh
an

ce
 w

el
ln

es
s 

on
e-

on
-o

ne
 c

oa
ch

in
g 

p
ro

gr
am

m
e 

(C
O

A
C

H
).

2.
	A

 w
eb

-b
as

ed
 h

ea
lth

 
p

ro
m

ot
io

n 
p

ro
gr

am
m

e 
(R

ea
lA

ge
).

P
rin

te
d

 h
ea

lth
 p

ro
m

ot
io

n 
m

at
er

ia
ls

, p
ro

gr
am

m
es

 
an

d
 s

er
vi

ce
s 

of
fe

re
d

 b
y 

un
iv

er
si

ty
 o

r 
b

y 
co

m
m

un
ity

 
or

ga
ni

sa
tio

ns
.

1.
	S

el
f-

re
p

or
t 

m
in

ut
es

 o
f m

od
er

at
e-


in

te
ns

ity
 a

nd
 m

in
ut

es
 in

 v
ig

or
ou

s 
in

te
ns

ity
us

in
g 

th
e 

B
eh

av
io

ur
al

 R
is

k 
Fa

ct
or

 
S

ur
ve

ill
an

ce
 S

ys
te

m
 (t

yp
ic

al
 w

ee
k 

−
 

se
ve

n 
q

ue
st

io
ns

).
2.

	T
he

 R
ap

id
 A

ss
es

sm
en

t 
of

 
P

hy
si

ca
l A

ct
iv

ity
 fo

r 
m

ee
tin

g 
PA

 
re

co
m

m
en

d
at

io
ns

 b
as

ed
 o

n 
ni

ne
 

ite
m

s 
(a

er
ob

ic
 m

us
cl

e 
tr

ai
ni

ng
 a

nd
 

fle
xi

b
ili

ty
, r

es
p

on
se

: y
es

=
1,

 n
o=

0 
co

m
b

in
ed

 t
o 

to
ta

l s
co

re
).

S
tr

ijk
 e

t 
al

22
 25

R
C

T 
n=

73
0

N
et

he
rla

nd
s,

 w
or

ke
rs

 
fr

om
 t

w
o 

ac
ad

em
ic

 
ho

sp
ita

ls
.

A
ge

 ≥
45

 y
ea

rs
.

M
ea

n 
ag

e 
52

.3
±

4.
9 

ye
ar

s.
25

%
 m

al
es

.

6 
m

on
th

s
PA

 a
nd

 n
ut

rit
io

n:
 V

ita
l@

w
or

k
Yo

ga
 s

es
si

on
 6

0 
m

in
 a

nd
 

w
or

ko
ut

 c
la

ss
es

 3
0 

m
in

 
p

lu
s 

ho
m

e-
b

as
ed

 a
er

ob
ic

 
se

ss
io

n.

G
en

er
al

 h
ea

lth
y 

lif
es

ty
le

 
w

rit
te

n 
in

fo
rm

at
io

n:
 d

ie
t,

 
PA

 a
nd

 r
el

ax
at

io
n.

1.
	T

he
 fr

eq
ue

nc
y,

 d
ur

at
io

n 
an

d
 in

te
ns

ity
 

of
 p

ar
tic

ip
at

io
n 

in
 c

om
m

ut
in

g,
 

ho
us

eh
ol

d
, o

cc
up

at
io

n 
an

d
 

le
is

ur
e-

tim
e 

P A
 u

si
ng

 t
he

 S
Q

U
A

S
H

 
q

ue
st

io
nn

ai
re

.
2.

	M
in

ut
es

 s
p

en
t 

on
 s

p
or

t 
fr

om
 

S
Q

U
A

S
H

.
3.

	A
cc

el
er

om
et

er
 m

in
ut

es
 in

 M
V

PA
 o

n 
su

b
sa

m
p

le
 (G

TM
1 

A
ct

ig
ra

p
h)

.
4.

	A
er

ob
ic

 c
ap

ac
ity

 (V
O

2 
m

ax
) w

as
 

es
tim

at
ed

 u
si

ng
 t

he
 U

K
K

 2
 k

m
 w

al
k 

te
st

.

C
on

tin
ue

d

 on July 5, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045818 on 30 June 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Merom D, et al. BMJ Open 2021;11:e045818. doi:10.1136/bmjopen-2020-045818

Open access

D
es

ig
n

sa
m

p
le

P
o

p
ul

at
io

n
D

ur
at

io
n

In
te

rv
en

ti
o

n 
d

es
cr

ip
ti

o
n

C
o

m
p

ar
is

o
n

PA
-r

el
at

ed
 o

ut
co

m
es

P
al

um
b

o 
et

 a
l26

R
C

T 
n=

14
U

S
A

, f
em

al
e 

nu
rs

es
 fr

om
 

an
 a

ca
d

em
ic

 m
ed

ic
al

 
ce

nt
re

 in
 V

er
m

on
t.

A
ge

 ≥
49

 y
ea

rs
.

0%
 m

al
es

.

15
 w

ee
ks

PA
 fo

cu
s:

 o
nc

e 
a 

w
ee

k 
ta

i-
ch

i g
ui

d
ed

 c
la

ss
es

 a
t 

w
or

k;
 4

5 
m

in
 a

nd
 u

ng
ui

d
ed

 
ho

m
e-

b
as

ed
 p

ra
ct

ic
e 

10
 

m
in

s 
fo

ur
 t

im
es

 a
 w

ee
k.

N
o 

in
te

rv
en

tio
n

1.
	F

le
xi

b
ili

ty
 o

f t
ru

nk
 ‘S

it-
an

d
-R

ea
ch

’ 
te

st
.

2.
	S

tr
en

gt
h:

 is
om

et
ric

 k
ne

e 
ex

te
ns

or
 

te
st

 w
ith

 d
yn

am
om

et
er

.
3.

	B
al

an
ce

-F
un

ct
io

na
l R

ea
ch

 t
es

t 
(c

m
).

C
oo

k 
et

 a
l27

R
C

T 
n=

27
8

U
S

A
, I

T 
em

p
lo

ye
es

 fr
om

 
tw

o 
m

aj
or

 g
lo

b
al

 IT
 

co
m

p
an

ie
s 

in
 C

al
ifo

rn
ia

 
an

d
 B

os
to

n.
A

ge
: 5

0–
68

 y
ea

rs
.

67
%

 m
al

es
.

12
 w

ee
ks

M
ul

tip
le

 r
is

k 
fa

ct
or

 w
eb

- b
as

ed
 

ed
uc

at
io

na
l p

ro
gr

am
m

e 
‘H

ea
lth

yP
as

t5
0’

 w
ith

 n
o 

hu
m

an
 c

on
ta

ct
.

N
o 

in
te

rv
en

tio
n.

W
ai

t-
lis

te
d

.
1.

	E
xe

rc
is

e 
ha

b
its

: b
as

ed
 o

n 
G

od
in

 
LT

PA
 s

co
re

 m
ea

su
rin

g 
fr

eq
ue

nc
y 

p
er

 
w

ee
k 

ex
er

ci
si

ng
 a

t 
th

re
e 

le
ve

ls
 (m

ild
, 

m
od

er
at

e 
an

d
 s

tr
en

uo
us

) a
nd

 t
he

 
nu

m
b

er
 m

ul
tip

lie
d

 b
y 

in
te

ns
ity

 fa
ct

or
 

–r
ep

or
te

d
 fr

eq
ue

nc
y 

at
 e

ac
h 

le
ve

l 
an

d
 in

 t
ot

al
.

2.
	E

xe
rc

is
e 

se
lf-

ef
fic

ac
y 

sc
or

e 
(e

ig
ht

 
ite

m
s)

 fo
ur

- p
oi

nt
 s

ca
le

.
3.

	E
xe

rc
is

e 
in

te
nt

io
n.

Lo
w

 e
t 

al
28

R
C

T 
n=

62
U

S
A

, f
em

al
e 

em
p

lo
ye

es
 

of
 a

 b
us

y 
co

m
m

un
ity

 
ho

sp
ita

l, 
N

or
th

 C
ar

ol
in

a,
 

40
–6

5 
ye

ar
s 

ol
d

; m
ea

n 
ag

e 
52

±
6.

3.
0%

 m
al

es
.

6 
m

on
th

s
M

ul
tip

le
 r

is
k 

fa
ct

or
 

p
ro

gr
am

m
e 

to
 r

ed
uc

e 
C

V
D

 r
is

k 
as

 in
 c

on
tr

ol
, 

p
lu

s 
w

ee
kl

y 
m

ot
iv

at
io

na
l 

se
ss

io
ns

 b
y 

m
ai

l o
r 

te
le

p
ho

ne
 fo

r 
go

al
 s

et
tin

g.

R
is

k 
re

d
uc

tio
n 

ed
uc

at
io

na
l 

cl
as

se
s;

fr
ee

 a
cc

es
s 

to
 g

ym
 o

n 
si

te
 

an
d

 w
al

ki
ng

 g
ro

up
.

1.
	F

re
q

ue
nc

y 
– 

d
ay

s 
p

er
 w

ee
k 

of
 

ex
er

ci
si

ng
.

2.
	M

in
ut

es
 p

er
 s

es
si

on
 o

f e
xe

rc
is

in
g.

3.
	L

ev
el

 o
f i

nt
en

si
ty

: n
o 

ex
er

ci
se

, 
le

is
ur

el
y,

 m
od

er
at

e 
or

 v
ig

or
ou

s 
ex

er
ci

se
 (r

ep
or

te
d

 a
s 

%
).

4.
	R

ea
d

in
es

s 
to

 c
ha

ng
e 

ex
er

ci
se

.

G
ra

na
ch

er
 e

t 
al

34
C

lu
st

er
 R

C
T 

n=
32

S
w

itz
er

la
nd

, s
ed

en
ta

ry
 

of
fic

e 
w

or
ke

rs
 fr

om
 t

w
o 

la
rg

e 
co

m
p

an
ie

s 
in

 B
as

el
.

A
ge

 ≥
50

 y
ea

rs
.

37
%

 m
al

es
.

8 
w

ee
ks

PA
 fo

cu
s;

 p
ro

gr
es

si
ve

 
b

al
an

ce
 a

nd
 s

tr
en

gt
h 

tr
ai

ni
ng

 a
t 

th
e 

of
fic

e 
us

in
g 

ex
er

ci
se

 c
ha

rt
s 

to
 p

er
fo

rm
 

th
re

e 
tim

es
 a

 d
ay

; e
ac

h 
se

ss
io

n 
la

st
s 

8 
m

in
.

N
o 

in
te

rv
en

tio
n

1.
	B

al
an

ce
 (s

ta
tic

) p
os

tu
ra

l c
on

tr
ol

 u
si

ng
 

b
al

an
ce

 p
la

tf
or

m
, s

ta
nd

in
g 

on
 o

ne
 

le
g 

30
 s

 e
ye

s 
op

en
–d

is
p

la
ce

m
en

t 
of

 
C

O
P.

2.
	G

ai
t 

va
ria

b
ili

ty
 a

nd
 s

p
ee

d
 o

n 
sp

ec
ia

l 
tr

ea
d

m
ill

3.
	F

or
ce

 ju
m

p
in

g 
he

ig
ht

 m
ea

su
re

d
 o

n 
a 

fo
rc

e 
p

la
tf

or
m

.
4.

	M
ax

im
al

 is
om

et
ric

 a
nd

 is
ok

in
et

ic
 

to
r q

ue
 (6

0°
 a

nd
 r

at
e 

of
 t

or
q

ue
 

d
ev

el
op

m
en

t 
of

 t
he

 p
la

nt
ar

 fl
ex

or
 

us
in

g 
fo

rc
e 

p
la

tf
or

m
.

K
oc

ur
 e

t 
al

29
R

C
T 

n=
44

P
ol

an
d

, f
em

al
e 

ad
m

in
is

tr
at

iv
e 

an
d

 
ac

ad
em

ic
 o

ffi
ce

 w
or

ke
rs

 
fr

om
 fo

ur
 h

ig
he

r 
ed

uc
at

io
n 

in
st

itu
tio

ns
 in

 
P

oz
na
ń.

A
ge

 5
0–

60
 y

ea
rs

.
0%

 m
al

es
.

12
 w

ee
ks

PA
 fo

cu
s 

- 
N

or
d

ic
 w

al
ki

ng
 

tr
ai

ni
ng

 p
ro

gr
am

m
e 

th
re

e 
tim

es
 a

 w
ee

k 
fo

r 
1 

ho
ur

 
ea

ch
.

N
o 

in
te

rv
en

tio
n

1.
	P

er
ce

iv
ed

 P
ai

n 
Th

re
sh

ol
d

 o
f u

p
p

er
 

b
od

y 
(k

g/
cm

2 ) (
ie

, t
he

 m
in

im
um

 fo
rc

e 
th

at
 c

an
 b

e 
ap

p
lie

d
 t

ha
t 

in
d

uc
ed

 t
he

 
fe

el
in

g 
of

 p
ai

n)
 u

si
ng

 a
n 

el
ec

tr
on

ic
 

p
re

ss
ur

e 
al

go
m

et
ry

.
2.

	F
le

xi
b

ili
ty

 (s
ho

ul
d

er
s)

 u
si

ng
 b

ac
k 

sc
ra

tc
h:

 m
ea

su
rin

g 
ho

w
 c

lo
se

 t
he

 
ha

nd
s 

ca
n 

b
e 

b
ro

ug
ht

 t
og

et
he

r 
b

eh
in

d
 t

he
 b

ac
k.

Ta
b

le
 1

 
C

on
tin

ue
d

C
on

tin
ue

d

 on July 5, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045818 on 30 June 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Merom D, et al. BMJ Open 2021;11:e045818. doi:10.1136/bmjopen-2020-045818

Open access�

D
es

ig
n

sa
m

p
le

P
o

p
ul

at
io

n
D

ur
at

io
n

In
te

rv
en

ti
o

n 
d

es
cr

ip
ti

o
n

C
o

m
p

ar
is

o
n

PA
-r

el
at

ed
 o

ut
co

m
es

C
ho

p
p

-H
ur

le
y 

et
 

al
31

R
C

T 
n=

24
C

an
ad

a,
 H

am
ilt

on
 

U
ni

ve
rs

ity
 e

m
p

lo
ye

es
 

(M
cM

as
te

r)
 w

ith
 c

lin
ic

al
 

os
te

oa
rt

hr
iti

s.
A

ge
 >

50
 y

ea
rs

.
21

%
 m

en
.

12
 w

ee
ks

PA
 fo

cu
s 

– 
sp

ec
ifi

c 
os

te
oa

rt
hr

iti
s 

ex
er

ci
se

s:
 

st
at

ic
 le

g 
st

re
ng

th
en

in
g 

(e
g,

 
yo

ga
 p

os
es

) t
hr

ee
 t

o 
fo

ur
 

tim
es

 a
 w

ee
k 

07
:0

0–
08

:0
0.

N
o 

in
te

rv
en

tio
n

1.
	H

ip
 a

nd
 k

ne
e 

st
re

ng
th

s 
m

ea
su

re
d

 b
y 

d
yn

am
om

et
er

; t
he

 p
ea

k 
ex

te
ns

io
n 

an
d

 fl
ex

io
n 

to
rq

ue
 o

ut
 o

f fi
ve

 t
ria

ls
 

w
er

e 
re

co
rd

ed
 n

or
m

al
is

ed
 t

o 
b

od
y 

w
ei

gh
t.

2.
	6

 m
in

 w
al

ki
ng

 t
es

t.
3.

	L
ow

er
 li

m
b

 s
tr

en
gt

h:
 c

ha
ir 

si
t 

to
 

st
an

d
 d

ur
in

g 
30

 s
ec

on
d

s
4.

	T
im

ed
 u

p
 a

nd
 g

o 
te

st
.

5.
	4

0 
m

 fa
st

 p
ac

ed
 (t

im
e 

to
 c

om
p

le
te

).

B
er

gm
an

 e
t 

al
 

20
18

 32
R

C
T 

n=
80

S
w

ed
en

, U
m

ea
 o

ffi
ce

 
w

or
ke

rs
 (1

3 
co

m
p

an
ie

s)
.

O
ve

rw
ei

gh
t 

an
d

 o
b

es
e.

A
ge

 4
0–

67
 y

ea
rs

.
(M

ea
n 

ag
e 

51
 y

ea
rs

).
45

%
 m

al
es

.

13
 m

on
th

s
PA

 fo
cu

s 
– 

tr
ea

d
m

ill
 

w
or

ks
ta

tio
n 

re
co

m
m

en
d

ed
 

to
 w

al
k 

1 
ho

ur
 a

 d
ay

 a
t 

m
od

er
at

e 
in

te
ns

ity
 b

ut
 n

o 
jo

gg
in

g.

W
or

ki
ng

 a
s 

us
ua

l a
t 

th
ei

r 
si

t-
an

d
-s

ta
nd

 w
or

ki
ng

 
d

es
k

1.
	D

ai
ly

 w
al

ki
ng

 t
im

e 
at

 w
ee

kd
ay

s 
an

d
 w

ee
ke

nd
 m

ea
su

re
d

 b
y 

A
ct

iP
A

L 
ac

ce
le

ro
m

et
er

.
2.

	 N
um

b
er

 o
f s

te
p

s 
A

ct
iP

A
L.

3.
	T

im
e 

sp
en

t 
in

 m
od

er
at

e 
to

 v
ig

or
ou

s 
PA

 b
y 

A
ct

ig
ra

p
h 

ac
ce

le
ro

m
et

er
.

4.
	P

A
 b

ou
ts

 o
f m

or
e 

th
an

 1
0 

m
in

s 
on

 
w

ee
kd

ay
s 

an
d

 w
ee

ke
nd

.

Q
i e

t 
al

33
R

C
T 

n=
40

Q
ue

en
sl

an
d

, A
us

tr
al

ia
 

U
ni

ve
rs

ity
 in

su
ffi

ci
en

tly
 

ac
tiv

e 
of

fic
e 

w
or

ke
rs

.
A

ge
 5

5–
77

 (m
ea

n 
59

.6
) 

ye
ar

s.
22

%
 m

al
es

.

12
 w

ee
ks

PA
 fo

cu
s

ta
i c

hi
 m

ov
em

en
ts

 (1
0)

 
p

er
fo

rm
ed

 w
ith

 r
es

is
ta

nc
e 

b
an

d
 (T

he
ra

b
an

d
) t

hr
ee

 
tim

es
 p

er
 w

ee
k 

45
 m

in
 p

er
 

se
ss

io
n 

on
-s

ite
. E

m
p

lo
ye

e 
co

ul
d

 c
ho

os
e 

fr
om

 e
ig

ht
 

d
iff

er
en

t 
tim

e 
sl

ot
s.

A
ct

iv
e 

co
nt

ro
l: 

ta
i c

hi
 o

nl
y 

w
ith

ou
t 

th
e 

Th
er

ab
an

d
 

in
 d

iff
er

en
t 

ro
om

 t
o 

in
te

rv
en

tio
n.

 S
im

ila
r 

nu
m

b
er

 o
f s

es
si

on
s 

w
er

e 
of

fe
re

d
.

1.
	L

ow
er

 li
m

b
 s

tr
en

gt
h 

us
in

g 
ch

ai
r 

si
t 

to
 

st
an

d
 d

ur
in

g 
30

 s
.

2.
	 B

al
an

ce
- F

un
ct

io
na

l R
ea

ch
 t

es
t 

(c
m

).
3.

	H
an

d
 g

rip
 s

tr
en

gt
h.

4.
	 2

 m
in

 w
al

k 
te

st
 (w

or
k 

ca
p

ac
ity

).

C
he

n 
et

 a
l37

Q
ua

si
ex

p
er

im
en

t 
(in

d
iv

id
ua

l 
al

lo
ca

tio
n)

 n
=

10
8

Ta
iw

an
, w

or
ke

rs
 fr

om
 

sm
al

l-
sc

al
e 

an
d

 m
ed

iu
m

-
sc

al
e 

en
te

rp
ris

es
.

A
ge

 ≥
50

 y
ea

rs
.

45
%

 m
al

es
.

6 
m

on
th

s
M

ul
tip

le
 r

is
k 

fa
ct

or
s;

 
on

si
te

 e
d

uc
at

io
na

l 
w

or
ks

ho
p

s 
d

ur
in

g 
fir

st
 4

 
w

ee
ks

+
m

ee
tin

gs
 w

ith
 O

H
N

 
to

 s
et

 g
oa

ls
, p

la
ns

 a
nd

 o
n-


si

te
 g

ro
up

 s
up

p
or

t.

O
nl

y 
ed

uc
at

io
na

l 
w

or
ks

ho
p

s 
in

 t
he

 fi
rs

t 
4 

w
ee

ks
.

1.
	F

re
q

ue
nc

y:
 n

um
b

er
 o

f t
im

es
 p

er
 

w
ee

k 
d

oi
ng

 P
A

 u
si

ng
 T

ai
w

an
 

Lo
ng

itu
d

in
al

 S
tu

d
y 

on
 A

ge
in

g 
- 

no
 

in
fo

rm
at

io
n 

on
 t

he
 P

A
 d

om
ai

ns
 a

sk
ed

 
(e

g,
 le

is
ur

e,
 w

or
k,

 e
tc

).
2.

	S
ed

en
ta

ry
 t

im
e 

(h
ou

rs
/d

ay
).

A
ra

o 
et

 a
l36

Q
ua

si
ex

p
er

im
en

t 
(c

lu
st

er
 a

llo
ca

tio
n)

 
n=

19
7

Ja
p

an
, e

m
p

lo
ye

es
 

w
or

ki
ng

 in
 fi

ve
 s

ite
s 

of
 

tw
o 

fa
ct

or
ie

s 
in

 T
ok

yo
 

w
ho

 h
ad

 a
t 

le
as

t 
on

e 
C

V
D

 r
is

k.
A

ge
 4

0–
59

 y
ea

rs
 (m

ea
n 

ag
e=

55
).

0%
 fe

m
al

es
.

6 
m

on
th

s
PA

 a
nd

 n
ut

rit
io

n 
(L

iS
M

-
PA

N
) m

ul
tic

om
p

on
en

ts
 

p
ro

gr
am

m
e;

 in
d

iv
id

ua
l 

co
un

se
lli

ng
 5

×
10

 m
in

 
ar

ou
nd

 g
oa

ls
; s

oc
ia

l a
nd

 
en

vi
ro

nm
en

ta
l s

up
p

or
t.

Fe
ed

b
ac

k 
fr

om
 t

he
 

m
ed

ic
al

 c
he

ck
-u

p
s 

p
lu

s 
re

co
m

m
en

d
at

io
ns

 o
n 

d
ie

t 
an

d
 P

A
 in

cl
ud

in
g 

p
rin

te
d

 
m

at
er

ia
ls

 o
n 

ex
er

ci
se

, 
he

al
th

y 
d

ie
t 

an
d

 c
oo

ki
ng

.

1.
	S

el
f-

re
p

or
t 

en
er

gy
 e

xp
en

d
itu

re
 (k

ca
l/

w
ee

k)
 d

er
iv

ed
 fr

om
 t

he
 le

is
ur

e 
tim

e 
ex

er
ci

se
 w

as
 a

ss
es

se
d

 b
y 

th
e 

K
uo

p
io

 
Is

ch
ae

m
ic

 H
ea

rt
 D

is
ea

se
 R

is
k 

Fa
ct

or
 

S
tu

d
y.

2.
	M

ax
im

um
 o

xy
ge

n 
up

ta
ke

.
3.

	V
O

2m
ax

 (m
L/

kg
/m

in
) f

ro
m

 a
 

su
b

m
ax

im
um

 b
ic

yc
le

 t
es

t 
(A

st
ra

d
).

4.
	S

ta
ge

 o
f c

ha
ng

e 
fo

r 
ex

er
ci

se
.

Ta
b

le
 1

 
C

on
tin

ue
d

C
on

tin
ue

d

 on July 5, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045818 on 30 June 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Merom D, et al. BMJ Open 2021;11:e045818. doi:10.1136/bmjopen-2020-045818

Open access

D
es

ig
n

sa
m

p
le

P
o

p
ul

at
io

n
D

ur
at

io
n

In
te

rv
en

ti
o

n 
d

es
cr

ip
ti

o
n

C
o

m
p

ar
is

o
n

PA
-r

el
at

ed
 o

ut
co

m
es

A
b

b
as

 e
t 

al
38

P
re

–p
os

t 
n=

66
5

U
K

, l
ow

-p
ai

d
 lo

ca
l 

go
ve

rn
m

en
t 

em
p

lo
ye

es
 

fr
om

 s
oc

ia
lly

 a
nd

 
ec

on
om

ic
al

ly
 d

ep
riv

ed
 

ar
ea

s 
in

 N
E

 E
ng

la
nd

.
A

ge
 ≥

40
 y

ea
rs

, m
ea

n 
ag

e 
50

.5
±

6.
4.

37
%

 m
al

es
.

9 
m

on
th

s
M

ul
tip

le
 r

is
k 

fa
ct

or
 h

ea
lth

 
sc

re
en

in
g 

st
ag

in
g 

ris
k 

le
ve

l 
an

d
 r

ef
er

ra
ls

 t
o 

ex
er

ci
se

, 
w

ei
gh

t 
m

an
ag

em
en

t,
 

sm
ok

in
g 

ce
ss

at
io

n,
 

p
ro

m
ot

io
n 

of
 m

en
ta

l h
ea

lth
 

an
d

 a
lc

oh
ol

 r
ed

uc
tio

n.

 �
N

ot
 a

p
p

lic
ab

le
1.

	P
ar

tic
ip

at
io

n 
in

 a
er

ob
ic

 e
xe

rc
is

e 
d

ic
ho

to
m

is
ed

 t
o 

no
t 

m
ee

tin
g 

re
co

m
m

en
d

at
io

n 
(le

ss
 t

ha
n 

fiv
e 

tim
es

 
a 

w
ee

k 
of

 le
ss

 t
ha

n 
30

 m
in

 s
es

si
on

).
2.

	R
ef

er
re

d
 t

o 
ex

er
ci

se
 q

ue
st

io
n 

on
 

d
oi

ng
 e

xe
rc

is
e 

ou
ts

id
e 

w
or

k 
(re

p
or

t 
on

 %
 b

ef
or

e 
an

d
 a

ft
er

).

N
au

g 
et

 a
l39

P
re

-p
os

t 
p

ilo
t 

tr
ia

l 
n=

33
A

us
tr

al
ia

, b
us

 d
riv

er
s 

fr
om

 t
w

o 
d

ep
ot

s 
of

 S
ou

th
 

E
as

t 
Q

ue
en

sl
an

d
.

A
ge

: 5
0–

68
 y

ea
rs

.
64

%
 m

al
es

.

6 
w

ee
ks

PA
 a

nd
 n

ut
rit

io
n,

 g
ro

up
 

ed
uc

at
io

na
l s

es
si

on
s;

 
ha

rm
 o

f s
itt

in
g,

 h
ea

lth
y 

ea
tin

g 
an

d
 e

xe
rc

is
e;

 P
A

 –
 

p
ed

om
et

er
 t

o 
tr

ac
k 

st
ep

s.

N
ot

 a
p

p
lic

ab
le

1.
	E

xe
rc

is
e 

le
ve

ls
 –

 n
o 

re
p

or
t 

on
 

q
ue

st
io

nn
ai

re
 t

yp
e;

 r
es

ea
rc

he
r-

d
riv

en
 

cl
as

si
fic

at
io

n:
 (A

) n
on

e 
(n

o 
ex

er
ci

se
), 

(B
) m

od
er

at
e 

le
ve

l (
eg

, 3
0–

40
 m

in
 

w
al

ki
ng

 t
w

ic
e 

a 
w

ee
k 

or
 t

en
ni

s 
on

ce
 

a 
w

ee
k)

, (
C

) i
nt

en
se

 (e
g,

 g
ym

 fo
ur

 t
o 

se
ve

n 
tim

es
/w

ee
k 

or
 c

yc
lin

g 
5 

d
ay

s/
w

ee
k)

, s
ed

en
ta

ry
 b

eh
av

io
ur

 (h
ou

rs
/

w
ee

k)
.

S
ca

p
el

la
to

 e
t 

al
40

P
re

–p
os

t 
n=

16
7

P
ad

ua
, I

ta
ly

 h
ea

lth
ca

re
 

w
or

ke
rs

 a
t 

ris
k 

of
 C

V
D

.
M

ea
n 

ag
e 

50
±

7.
3 

ye
ar

s.
31

.7
%

 m
al

es
.

6 
m

on
th

s
PA

 a
nd

 n
ut

rit
io

n,
 

b
ro

ch
ur

e 
on

 e
xe

rc
is

e 
an

d
 

m
ot

iv
at

io
na

l c
ou

ns
el

lin
g 

on
 s

ite
 a

t 
b

as
el

in
e 

an
d

 
m

id
te

rm
 b

y 
p

ho
ne

.

N
ot

 a
p

p
lic

ab
le

1.
	P

A
 M

E
T 

b
as

ed
 o

n 
a 

4-
d

ay
 d

ia
ry

 
ab

ou
t 

th
e 

ty
p

e 
of

 a
ct

iv
ity

, f
re

q
ue

nc
y 

(d
ay

 p
er

 w
ee

k)
 a

nd
 d

ur
at

io
n 

(m
in

).

E
d

m
an

 e
t 

al
41

P
re

–p
os

t 
p

ilo
t 

tr
ia

l 
n=

54
P

hi
la

d
el

p
hi

a,
 U

S
A

 
he

al
th

ca
re

 h
os

p
ita

l 
w

or
ke

rs
 v

ol
un

te
er

ed
 w

ith
 

at
 le

as
t 

on
e 

C
V

D
 r

is
k.

M
ea

n 
ag

e 
53

.3
±

10
 y

ea
rs

.
5%

 m
al

es
.

an
ot

he
r 

12
 

w
ee

k 
cy

cl
e 

of
 6

 
se

ss
io

ns
.

M
ul

tip
le

 r
is

k 
fa

ct
or

 
p

ro
gr

am
m

e 
– 

si
x 

se
ss

io
ns

 
of

 h
ea

lth
 c

oa
ch

in
g 

fa
ce

- t
o-


fa

ce
 o

r 
b

y 
p

ho
ne

 in
cl

ud
in

g 
go

al
 s

et
tin

g,
 e

d
uc

at
io

n 
an

d
 

m
ot

iv
at

io
na

l s
tr

at
eg

ie
s.

N
ot

 a
p

p
lic

ab
le

1.
	S

el
f-

re
p

or
te

d
 c

ha
ng

e 
in

 n
um

b
er

 
of

 s
es

si
on

s 
p

er
 w

ee
k 

ex
er

ci
si

ng
 

ae
ro

b
ic

al
ly

 fo
r 

at
 le

as
t 

20
 m

in
.

2.
	S

el
f-

re
p

or
te

d
 n

um
b

er
 o

f t
im

es
 p

er
 

w
ee

k 
d

oi
ng

 m
us

cl
e 

st
re

ng
th

en
in

g 
ex

er
ci

se
 fo

r 
at

 le
as

t 
20

 m
in

.

C
O

P,
 c

en
tr

e 
of

 p
re

ss
ur

e;
 C

V
D

, c
ar

d
io

va
sc

ul
ar

 d
is

ea
se

; G
H

Q
, G

en
er

al
 H

ea
lth

 Q
ue

st
io

nn
ai

re
; L

iS
M

, l
ife

st
yl

e 
m

od
ifi

ca
tio

n;
 M

E
T,

 m
et

ab
ol

ic
 e

q
ui

va
le

nt
; M

V
PA

, m
od

er
at

e-
to

-v
ig

or
ou

s 
p

hy
si

ca
l a

ct
iv

ity
; O

H
N

, o
cc

up
at

io
na

l h
ea

lth
 n

ur
se

; R
C

T,
 r

an
d

om
is

ed
 c

on
tr

ol
le

d
 t

ria
l; 

S
Q

U
A

S
H

, S
ho

rt
 Q

ue
st

io
nn

ai
re

 t
o 

A
S

se
ss

 H
ea

lth
 –

 e
nh

an
ci

ng
 p

hy
si

ca
l a

ct
iv

ity
; U

K
K

, T
he

 F
in

ni
sh

 
U

rh
o 

K
al

ev
a 

K
ek

ko
ne

n 
w

al
ki

ng
 t

es
t.

Ta
b

le
 1

 
C

on
tin

ue
d

 on July 5, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045818 on 30 June 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Merom D, et al. BMJ Open 2021;11:e045818. doi:10.1136/bmjopen-2020-045818

Open access�

several university units.35 There were also two non-
randomised studies36 37 and four pre-evaluations and 
postevaluations with no comparison group.38–41

Participants
In total, 3309 participants (of those 2085 participated 
in RCTs) were included in the 18 worksite PA interven-
tions: six in the USA,24 26–28 35 41 two in the UK,30 38 two in 
Australia33 39 and one each in Taiwan,37 Japan,36 Poland,29 
the Netherlands,22 25 Switzerland,34 Canada,31 Sweden32 
and Italy.40

Five interventions were delivered in academic 
institutions,24 29 31 33 35 four in hospitals or medical 
centres25 28 40 41 and four were delivered to factory 
employees.30 36–38 One intervention was delivered to 
transport workers (drivers),39 and four were delivered to 
office workers.27 32–34 Most studies (n=12) targeted both 
genders, with a high percentage of male participants 
(>60%) in transport39 and IT workplaces,27 and fewer 
male participants (5%–25%) in academic / administra-
tive24 and medical occupations.25 31 41 Three interventions 
targeted females only26 28 29 and one intervention targeted 
males only.36

Characteristics of PA interventions
PA types and targeted fitness area
Table  2 summarises the characteristics of the inter-
ventions (more details are provided in online supple-
mental table 1). Interventions overwhelmingly focused 
on aerobic PA and five studies targeted muscle strength, 
balance and flexibility; one study delivered a combination 
of progressive balance and muscle strengthening,34 two 
studies focused on tai chi26 33 and two studies focused on 
yoga classes.23 31

Seven studies addressed multiple cardiovascular risk 
factors,24 27 28 35 37 38 41 four targeted PA and nutrition25 36 39 40 
and seven focused only on PA.26 29–34 Nearly all multiple 
risk factor interventions used a generic description of the 
PA intervention such as ‘exercise on their own’,35 ‘exer-
cise training’,28 referrals to exercise classes38 or choosing 
PA goals.24 27 In the studies by Hughes et al24 and Low et 
al,28 the interventions also offered on-site self-managed 
activities such as walking groups or using workplace exer-
cise facilities.

In addition, in these multiple risk factor interven-
tions, some forms of ‘risk assessment’, such as a nurses’ 
check-up for cardiovascular disease (CVD) risks, were 
applied before the targeted behaviour was selected by 
or for participants38 or self-appraisal of risk using ques-
tionnaires,24 27 or assessment carried out during the first 
educational session.37 41 No study assessed risk of falls or 
injuries.

The PA and nutrition interventions focused on aerobic 
regimens such as steps accumulation,25 36 39 counselling 
to shape PA goals40 or an aerobic workout on-site.25 
The study by Strijk et al25 also offered yoga sessions, an 
activity that is recognised as multidimensional and which 

enhances muscle strength, balance and mobility, but 
these fitness outcomes were not assessed.42

The PA-only interventions either focused on aerobic 
regimens, such as use of a treadmill workstation,32 self-
managed aerobic walking30 or Nordic walking.29 Although 
Nordic walking is primarily aerobic activity, it can also 
increase upper body strength and flexibility (table 2); we, 
therefore, consider the study multidimensional.29 Two 
studies offered tai chi classes, which is also considered 
multidimensional PA (tai chi).43 One study invited older 
office employees to novel tai chi combined with Thera-
band exercises, adding progressive strength training to tai 
chi.33 The other study offered tai chi classes to nurses as 
part of a wellness programme.26 The study by Granacher 
et al34 offered progressive strength and balance exer-
cises performed in the office. At the beginning of each 
week, the trainer introduced the series of exercises to be 
performed three times a day, 5 days a week.

Delivery modes
Three delivery modes were noted (table 2). In eight studies 
(mostly PA only interventions), the PA intervention was 
delivered on-site during working hours,25 26 28 29 32–34 or 
on-site but before working hours,31 in six studies partic-
ipants were counselled in the workplace in face-to-face 
meetings,35–37 or by telephone calls (COACH-arm),24 or 
a combination of both,40 41 but the PA sessions took place 
in employees’ discretionary time. In four studies, the PA 
was self-managed with little or no supervision.27 30 38 39 
The study by Hughes et al24 had two intervention arms: 
one involved personal contact with students trained in 
behaviour change coaching (‘COACH’), while the other 
arm was self-managed through a web-based intervention 
(‘RealAge’) with no other contact.24 The study by Cook 
et al27 was also a web-based self-managed intervention 
(HealthyPast50).

Intervention duration and compliance
Eight interventions were short term, ranging from 6 to 15 
weeks.26 27 29–31 33 34 39 Seven interventions lasted between 
5 and 9 months,25 28 36–38 40 41 and three interventions 
lasted 12–13 months.24 32 35 All studies provided data 
related to intervention retention rates (ie, withdrawals) 
with the exception of one pre–post study.38 Seven studies 
did not report intervention compliance (eg, attendance 
at classes and recorded logs). Studies of short duration 
also reported higher compliance (>75%) compared 
with studies with medium or long duration. Four studies 
reported on programme implementation fidelity.24 26 38 40

Intervention reach
Programme reach (ie, proportion of study population 
recruited to the trials) varied substantially. When recruit-
ment methods involved a targeted strategy based on prior 
‘screening for eligibility criteria’, a strategy reported in 
five studies,30 36–38 40 intervention reach was highly vari-
able. In the Japanese study, 92% of the targeted eligible 
employees were recruited,36 while two interventions in 
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the UK,30 38 the Taiwanese study37 and the Italian study40 
using the same strategy achieved much lower recruit-
ment rates (ranging from 20% to 35%). In the 10 studies 
that used workplace advertisement as the method of 
recruitment,22 24 26–29 31 33 35 41 only two studies reported 
on the reach of the programme: Strijk et al25 invited all 
employees listed in the targeted age range (n=3756) and 
indicated that 27% of those agreed to participate. Cook 
et al27 offered a financial incentive ($25) for completing 
the baseline survey, which 96% of the employees aged >50 
years did, resulting in 276 participants.27 The rest of the 
studies either did not report or could not estimate reach 
because key information, such as the number of eligible 
potential participants exposed to the advertisement, was 
missing.

Study quality
Included RCTs and non-randomised studies were mainly 
of poor quality (online supplemental table 2 and online 
supplemental figure 1). In five of the RCTs, the rando-
misation was poorly described, and in seven of the RCTs, 
the concealment of allocation was poorly described. Only 
5 out of 12 RCTs were deemed at a ‘low risk’ of selection 
bias.25 27 31 32 Performance bias is expected due to inability 
to blind participants, as would be expected in trials 
involving behaviour modification. Four of the 12 RCTs 
relied only on self-reported PA-related outcomes,24 27 28 35 
resulting in a high risk of ascertainment bias. Eight trials 
included objective measures of PA or fitness outcomes; 
of those, four involved less than 40 participants.26 29 31 34 
An additional major concern was the risk of selection bias 
due to attrition given that most trials (78%) had incom-
plete outcome data, and intention-to-treat analysis was 
done in only five RCTs.25 27 31 32 The two included studies 
that were not RCTs had a high risk of bias in three, respec-
tively four out of the five domains.

Effectiveness of interventions
Two studies assessed PA behaviour but were not included 
in meta-analysis as we could not extract SMD from the 
mixed model with interaction, both reported no-between 
groups difference.24 35 Another RCT assessed changes 
in daily walking on half of the sample but reported the 
pre–post changes for the intervention and control group 
combined and therefore was not included in meta-
analysis.30 Table 3 summarises the effect of the interven-
tions on PA behaviour and fitness outcomes, including 
pooled effect sizes that are also presented in online 
supplemental figure 2. Overall, no pooled outcomes 
showed statistically significant differences between inter-
vention and control groups.

Three studies that examined PA/exercise 
frequency27 28 37 had a pooled SMD of 0.25 (95% CI −0.07 
to 0.56) and moderate heterogeneity (I2=53%, p=0.19). 
Time spent in moderate-to-vigorous PA was computed 
from the studies using accelerometers25 32 and the study 
by Arao et al,36 which used self-report. All these studies 
presented results at 6-month follow-up. The pooled SMD 

was 0.22 (95% CI −0.05 to 0.50) with acceptable heteroge-
neity (I2=46%, p=0.16).

Aerobic fitness using VO2 max was assessed in two 
studies25 36 with a pooled SMD of 0.28 (95% CI −0.22 to 
0.78) and high heterogeneity (I2=82%, p=0.02); in the 
study by Strijk et al,25 a small proportion of the sample 
took the test, introducing performance bias. In the study 
by Arao et al,36 the participants were not randomised, 
introducing potential selection bias and confounding.

Two small-scale studies (n=57) reported the effect of 
the intervention on muscle strength (ie, plantar strength 
and knee flexor) with an SMD of 0.27 (95%CI −0.26 
to 0.80).31 34 Another study included isometric knee 
extensor strength as an outcome, but did not provide 
data, suggesting selective reporting.26 Three small-scale 
studies (n=46) reported on static balance (measured by 
postural control34 and functional reach26 33) with a non-
significant medium pooled effect size (SMD=0.74, 95% 
CI −0.21 to 1.69) and high heterogeneity (I2=74.3%, 
p=0.069). Two studies (n=58) examined the effect of the 
intervention on flexibility in trials of tai-chi26 and Nordic 
walking29 and found a moderate effect size (0.50) without 
heterogeneity but that was also statistically non-significant 
(95% CI −0.04 to 1.05).

GRADE ratings of the certainty or quality of evidence 
for each outcome were low, mostly due to the high risk 
of bias of included studies, high heterogeneity (inconsis-
tency) and imprecision (all pooled CIs included 0 and 
were statistically non-significant).

DISCUSSION
To our knowledge, this is the first systematic review and 
meta-analysis of workplace PA interventions specifically 
designed for older employees. Although some interven-
tions demonstrated a significant effect on one fitness 
outcome, collectively, we found no definitive evidence on 
effectiveness as pooled effects remained non-significant. 
The methodological quality of the studies was generally 
low. Only one pre–post study examined whether partic-
ipants met aerobic recommendations,38 and only four 
small-scale trials focused on balance or muscle strength 
as any outcomes, and all were pilot studies.29 31 33 34 No 
programme fully addressed the WHO PA older adults’ 
guidelines, which highlight the need to incorporate 
balance exercises (≥3 times a week) and muscle strength-
ening (≥2 times a week) along with the aerobic recom-
mendations of a minimum of 150 min per week of 
moderate-to-vigorous PA. Therefore, there is a notice-
able mismatch between the aims and outcome measures 
of interventions and those recommended as ideal for 
older adults. Additionally, this review of the literature 
suggests that the initial levels of participation (ie, inter-
vention reach) was mostly low, which was also noted in 
another systematic review of workplace health promotion 
interventions.44

High heterogeneity makes the pooled estimates diffi-
cult to interpret as it is unclear whether population 
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Table 3  Pooled effect sizes for PA behaviour and fitness outcomes with GRADE rating of evidence in trials with comparison 
group

PA outcomes
References

Pooled effect size
Standardised mean 
difference

Numbers 
(studies)

Quality of evidence
(GRADE)*

Comments related to GRADE 
and SMD

Frequency PA/exercise 
(per week)27 28 37

SMD=0.25
95% CI −0.07 to 0.56
Heterogeneity=54%, 
p=0.114
T2=0.0419

n=448
(three 
studies)

Very low
✇ΟΟΟ
Serious 
methodological 
limitations; serious 
indirectness; 
inconsistency with 
studies not included.

All interventions were multiple risk 
factors and were self-managed; 
the exact nature of the exercise 
intervention and the goals set 
for people were unclear, limiting 
attribution of increases to the 
intervention. The RCT by Sharpe et 
al35 was not included as it was not 
possible to extract SMD from the 
mixed model.

Moderate-to-vigorous 
physical activity
25 32 36

SMD=0.22,
95% CI −0.05 to 0.50
Heterogeneity=46.2%, 
p=0.16
T2=0.079

 

n=404
(three 
studies)

Low
✇✇ΟΟ
Two RCTs used 
accelerometer data 
and one self-report 
non-randomised 
trial and therefore 
reduced overall 
quality.

 � Additional study by Hughes et 
al24 was not included as it was 
not possible to extract SMD from 
mixed model with interactions 
term. The study reported no 
between-groups significant 
effect.

Aerobic fitness, VO2 
max25 36

SMD=0.28
95% CI −0.22 to 0.78
Heterogeneity=82%, 
p=0.019
T2=0.1069

n=389
(two studies)

Low
✇✇ΟΟ
Serious 
methodological 
limitations; 
inconsistency.

Strijik et al25 had high loss for 
this measure and high risk of 
performance and ascertainment 
bias; Arao et al36 was a non-
randomised controlled trial 
with high risk of bias due to 
confounding.

Balance26 33 34 SMD=0.74
95% CI −0.21 to 1.69
Heterogeneity=74%, 
p=0.020
T2=0.4980

n=86
(three 
studies)

Low
✇✇ΟΟ
Serious 
methodological 
limitations; serious 
imprecision; 
inconsistency.

Granacher et al33 used balance 
platforms that has greater precision 
and also measures horizontal and 
vertical planes. Palumbo et al26 and 
Qi et al33 only measured horizontal 
displacement (functional reach).

Muscle strength31 34 SMD=0.27
95% CI −0.26 to 0.80
Heterogeneity=0%, 
p=0.380
T2=0.000

n=57
(two studies)

Low
✇✇ΟΟ
Serious 
methodological 
limitations; serious 
imprecision.

The trial by Palumbo et al26 
was not included despite listing 
isometric knee extension because 
the results were not presented 
(selective reporting). Chopp-Hurley 
et al31 recruited older employees 
with osteoarthritis; Granacher et 
al34 did not provide information to 
judge the trial quality.

Flexibility26 29 SMD=0.50
95% CI −0.05 to 1.05
Heterogeneity=0%, 
p=0.366
T2=0.000

n=58
(two studies)

Low
✇✇ΟΟ
Serious 
methodological 
limitations; 
imprecision.

In both RCTs (by Plumbo et al26 
and Kocur et al29 the randomisation 
process was unclear; small sample 
sizes and high risk of performance 
bias and selective reporting.

*High quality: further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: further research is likely to 
have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: further research is very likely 
to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: we are very 
uncertain about the estimate.
GRADE, Grading of Recommendations Assessment, Development and Evaluation; PA, physical activity; RCT, randomised controlled trial; 
SMD, standardised mean difference.
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characteristics, intervention implementation or method-
ological quality issues underlie the heterogeneous results 
across studies. For example, two cluster RCTs reported 
changes at 6 months in predicted maximal oxygen 
uptake: the Japanese study reported a significant medium 
effect size based on a submaximal stationary bike test36 
and the Dutch study25 reported a small non-significant 
effect on the 2 km walking test. The difference between 
these two measures could explain the high heterogeneity 
as well as differences related to the completion rate; high 
in the Japanese study (85% and 93%) and low in the 
Dutch study (56% and 66%) in the control and interven-
tion groups, respectively.

Multiple risk factor interventions incorporated 
screening for cardiovascular risk factors but did not 
address other age-related health problems, such as falls, 
which are preventable by appropriate exercise.10 14 Such 
screening could be carried out either through a single 
self-report question (eg, history of falls) or through 
assessment of physiological fall risk (eg, poor balance and 
impaired leg strength). Risk of falls and related injuries 
is an important safety issue because the consequences of 
falls and injuries are greater in older employees compared 
with their younger counterparts.6 Furthermore, despite 
emerging evidence that resistance training is as benefi-
cial as aerobic training for the prevention and manage-
ment of cardiometabolic risks,45 46 none of the multiple 

risk factor interventions explicitly included muscles 
strength training to reduce CVD/metabolic risk. Muscle 
strength training was promoted to employees with osteo-
arthritis, in accordance with clinical guidelines,31 but only 
one intervention specifically targeted muscle strength 
to generally healthy older employees,34 supporting the 
recent claim that strength training has been a neglected 
aspect of PA promotion.47 From the mid-1940s onwards, 
each decade adults lose 14%–16% of their isokinetic leg 
strength,48 which is a greater decline than that observed 
in cardiovascular capacity (~10% per decade).49 Consid-
ering that employees aged 50 years and over are likely to 
stay at work for another decade or more, neglecting this 
domain is unwarranted. In fact, tests of older university 
employees (mean age 63 years; n=258) in Brazil found 
that 55.8% and 6.3% of them were classified in the ‘sarco-
penia’ and ‘severe sarcopenia’ groups, respectively. In the 
same study, the prevalence of frailty was 9% and 63% were 
classified as ‘pre-frail’.50

The included PA programmes varied substantially in 
terms of the PA modality, delivery methods and duration. 
Interestingly, compared with self-managed programmes 
carried out in participants’ discretionary time, on-site 
supervised sessions during the workday25 26 29 33 34 tended 
to demonstrate high retention rates (71%–100%) and 
good compliance. However, these programmes were 
usually shorter in duration (less than 15 weeks). On-site 

Table 4  Recommendations for the conduct and reporting of future workplace interventions targeting older adults

Aspect Recommendation

Reach and recruitment 1. To enable calculation of the reach of workplace interventions, we suggest that as a first step 
employers will endorse the intervention and provide the list of all employees or at least the number 
of the potential target population (eg, age or year prior to retirement). It may also boost recruitment 
when the management of the workplace endorses such intervention.

Population 2. Expand the current target population (ie, mostly university and healthcare staff) to include a 
broader range of occupations, including manual jobs and workers from low socioeconomic status 
(SES) background. This is important for increased generalisability and reducing gaps between high 
and low SES workers in lifestyle behaviours after retirement.

Intervention content 3. Incorporate strength, balance and flexibility training along with aerobic activities.
4. Moving interventions from a ‘pilot’ stage to larger trials and scalable programmes.
5. Intervention targets should include screening for falls and injury risk, frailty and sarcopenia.
6. Improve the reporting on the nature of PA interventions. For example, for interventions that 
involve a referral to a gym or other facility, describe precisely what exactly these referrals included: 
advice only, a written programme,or a gym membership.
7. Improve reporting of the intervention using a standard checklist (TIDieR) including 
implementation fidelity of interventions.

Study methodology 8. Cluster RCTs should include several clusters (workplaces) and should adjust for cluster effect.
9. Studies should assess confounders and adjust for their presence.
10. Interventions that incorporate multidimensional activities (eg, yoga, tai chi and dance) should 
assess the fitness outcomes specific to be improved by these activities (leg strength, balance and 
gait speeds). Standardising measures across studies will increase the of studies included in future 
meta-analyses.
11. Improving the conduct /reporting of RCTs in terms of methods of randomisation, concealment 
of allocation, blinding the assessors and analysts, reporting results for all randomised participants 
first before any ad hoc analyses and including objective measures of PA.

Duration and sustainability 12. Consider intervention beyond 6 months and evaluation of maintenance beyond a year.

PA, physical activity; RCTs, randomised controlled trials.
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pragmatic approaches, such as treadmill workstations, 
short breaks for balance and strength training or web-
based interventions, can be easily integrated into the 
workday. However, the effectiveness of treadmill worksta-
tions was disappointing,32 and the collective evidence for 
other approaches was inconsistent.24 27 34 These interven-
tions should be further tested by high-quality replication 
studies before translational research can be conducted.

Multiple risk factor interventions mostly had poor 
description of the PA component of the intervention 
that reduced their reproducibility. For example, referrals 
to exercise lacked specifications of the type of exercise 
programmes that were available to clients, or goal settings 
lacked descriptions of how goals were tailored to individ-
uals, how they were monitored and by whom. In addition, 
most studies rarely reported the fidelity of the interven-
tions. Hence, it is recommended to use a template for 
reporting of PA interventions, such as Template for 
Intervention Description and Replication (TIDieR),51 in 
order to allow better replication of sensible effective PA 
interventions.

It is worth noting that about 40% of the interven-
tions were conducted in universities or academic hospi-
tals/clinics. This could possibly be due to ease of doing 
research in these settings coupled with environments 
that are conducive to health promotion messages, such as 
healthcare providers or academics. Hence, the generalis-
ability of intervention implementations and the findings 
of these studies is limited.

A concerning finding is the poor quality of the RCTs we 
identified. The study quality could be improved by appro-
priate randomisation, intention-to-treat analysis and the 
use of both objective and self-report measures of PA. For 
example, most multiple risk factor interventions included 
objective measures of CVD risks (ie, blood tests or anthro-
pometrics) but failed to use objective fitness tests or 
activity trackers (eg, pedometer and accelerometer). 
Furthermore, to improve the directness of evidence (ie, 
outcome measure reflects the fitness dimesion expected 
to be improved by the PA type promoted in the interven-
tion), such as measuring balance and strength outcomes 
in interventions involving yoga or tai chi or aerobic fitness 
in Nordic walking interventions.

Research demonstrates increases in leisure-time PA 
after transition to retirement compared with during full 
employment.52 53 However, a systematic review has found 
disparities by socioeconomic status (SES); employees with 
low SES tend to be less active after retirement, whereas 
those with high SES tend to be more active after retire-
ment.53 Focus groups with older retirees revealed that 
retirees from lower SES appeared to place lower value on 
the importance of leisure-time PA.54 Therefore, improving 
PA while in the workforce may be of even greater impor-
tance to older people with low SES. In this review, we 
identified three studies that specifically targeted low paid 
employees in manual occupations (ie, factory employees) 
in Japan36 and the UK.30 38 Only the study from Japan, 
which included social and environmental support in 

addition to behavioural counselling, demonstrated signif-
icant positive effects. However, this was a non-randomised 
study with a high risk of bias for almost all bias domains. 
Further work is therefore needed to ascertain what types 
of interventions can most effectively improve PA outcomes 
in older employees with low SES.

Strengths and limitations
This review applied guideline-informed, rigorous 
methods to synthesise and evaluate the current evidence 
on workplace PA interventions for older employees. 
Compared with the 2016 systematic review by Poscia 
and colleagues,13 we have expanded on the list of work-
place health promotion interventions delivered to older 
employees by 11 studies28–32 34–36 38–40 by carrying out a 
more sensitive and comprehensive literature search. 
However, some limitations need to be acknowledged: first, 
we limited our search to electronic databases that can 
result in missing unpublished workplace interventions. 
Second, studies tended to apply different measures or 
used different units for similar measures. Despite our best 
attempt to harmonise measures (eg, converting kcal to 
minutes of at least moderate-intensity PA), comparability 
across studies is still limited and may explain the high 
heterogeneity; for example, measuring postural control 
by balance platform as opposed to a functional reach test. 
In addition, the current evidence base is limited by the 
number of studies included for each PA outcome and the 
quality of existing studies. Based on these limitations, we 
have mapped out research gaps and suggestions for the 
conduct and reporting of future interventions targeting 
older employees (table 4).
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