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ABSTRACT

LEE, I-M., and P. J. SKERRETT. Physical activity and all-cause mortality: what is the dose-response relation?Med. Sci. Sports Exerc.,
Vol. 33, No. 6, Suppl., 2001, pp. S459–S471.Purpose: The purpose of this review is to assess the dose-response relation between
physical activity and all-cause mortality. We examined these parameters of physical activity dose: volume, intensity, duration, and
frequency.Methods: We used a computer-assisted literature search to identify papers on this topic. After excluding papers examining
only two levels of physical activity or fitness, papers investigating specific causes of mortality, reviews, and those not written in
English, 44 papers satisfying all criteria were included in this review.Results:There is clear evidence of an inverse linear dose-response
relation between volume of physical activity and all-cause mortality rates in men and women, and in younger and older ($60 yr)
persons. Minimal adherence to current physical activity guidelines, which yield an energy expenditure of about 1000 kcal·wk-1 (4200
kJ·wk-1), is associated with a significant 20-30% reduction in risk of all-cause mortality. Further reductions in risk are observed at higher
volumes of energy expenditure. It is unclear whether a volume of,1000 kcal·wk-1 also may be associated with lower risk; there are
some data supporting this. Due to limited data, it is also unclear whether vigorous-intensity activity confers additional benefit beyond
its contribution to volume of physical activity when compared with moderate-intensity activity. No data are available on duration and
frequency of physical activity in relation to all-cause mortality rates after controlling for volume of physical activity.Conclusions:All
studies in this review are observational studies, so conclusions are based on Evidence Category C. There is an inverse linear
dose-response relation between volume of physical activity and all-cause mortality. Further research is needed to clarify the
contributions of its components—intensity, duration, and frequency—to decreased all-cause mortality rates.Key Words: CARDIO-
RESPIRATORY FITNESS, DEATH, EPIDEMIOLOGY, EXERCISE, PHYSICAL FITNESS

The hypothesis that physical activity and physical fit-
ness promote health and longevity is not new. As far
back as 2500 BC in ancient China, we find records of

organized exercise for health promotion (28). Today, there
is clear evidence to support this hypothesis (48). What is
less clear is the shape of the dose-response relation between
physical activity or fitness and all-cause mortality rates.
Clarifying this relation is important in light of a widely cited
and heavily promoted recommendation (33,37,48) that calls
for at least 30 min of moderate-intensity physical activity
(e.g., brisk walking at 3–4 mph) on most days of the week.
We refer to this as the “current” recommendation. It con-
trasts with previous recommendations that advocated vig-
orous-intensity exercise (e.g., jogging or running) for at
least 20 min continuously three times a week (1).

Although the volume of energy expended by minimal
adherence to current or previous recommendations is similar
(on the order of 1000 kcal·wk-1 [4200 kJ·wk-1]), two major
differences exist between the current and previous recom-
mendations. They are: 1) the current emphasis on moderate,
rather than vigorous, activity; and 2) the current allowance

for the accumulation of short sessions of activity, instead of
one longer, continuous session. These concessions were
made partly to encourage physical activity among sedentary
individuals because the previous, more difficult prescription
was believed to pose a barrier (48). With the high preva-
lence of sedentary behavior today, it is important to ascer-
tain the minimum dose of physical activity required to
decrease all-cause mortality rates. From a public health
perspective, advocating small (effective) doses of physical
activity is likely to be more palatable to the many physically
inactive persons.

The purpose of this review is to describe the shape of the
dose-response curve between physical activity or fitness and
all-cause mortality. Because of the large number of seden-
tary individuals, we are particularly interested in the mini-
mum dose of physical activity required to decrease all-cause
mortality rates. In the broadest sense, “dose” can be defined
as the volume of physical activity. We also will examine the
parameters that characterize volume of physical activity:
intensity, frequency, and duration. The specific questions
we will address are:

1. What are the available data for a dose-response relation
between physical activity or fitness and all-cause mortality
rates?

2. What is the minimumvolume of physical activity
associated with decreased all-cause mortality rates? With
increasing dose, do mortality rates decline commensurately,
or is there a threshold effect (i.e., an L-shaped curve)?
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3. What is the minimumintensity of physical activity
associated with decreased all-cause mortality rates? Holding
the volume of physical activity constant, do mortality rates
decline commensurately with increasing intensity, or is
there a threshold effect?

4. Holding the volume of physical activity constant, what
is the minimumdurationof physical activity associated with
decreased all-cause mortality rates? With increasing dura-
tion, do mortality rates decline commensurately, or is there
a threshold effect?

5. Holding the volume of physical activity constant, what
is the minimumfrequencyof physical activity associated
with decreased all-cause mortality rates? With increasing
frequency, do mortality rates decline commensurately, or is
there a threshold effect?

METHODS

We used a computer-assisted literature search to identify
papers published between 1966 and July 2000 by using the
National Library of Medicine’s Medical Subject Heading
(MeSH) keywords related to physical activity (physical fit-
ness, exercise, physical education and training, exertion,
sports, running, walking, recreation, and leisure activities)
and all-cause mortality (mortality and death). We excluded
papers examining only two levels of physical activity or
fitness, because this would not allow assessment of a dose-
response relation, papers investigating only specific causes
of mortality, review papers, and papers not written in En-
glish, because we did not have the means to translate them.
We also checked the reference list of papers for additional
papers not identified by the computerized literature search.
By these means, we identified 44 papers. Both authors
reviewed each of these papers, which are summarized in
Table 1.

RESULTS

Of the 44 papers identified, the majority investigated phys-
ical activity. Five studies assessed physical fitness
(6,10,39,41,45), whereas two assessed both activity and fitness
(14,49). For this review, we have assumed equivalence be-
tween physical activity and physical fitness, because regular
physical activity improves physical fitness. Moreover, from a
practical perspective, public health recommendations target
physical activity, a behavior, rather than physical fitness, an
attained physiologic condition. Of the 38 papers examining
physical activity, most assessed only leisure-time physical ac-
tivity (LTPA), three assessed only occupational physical ac-
tivity (OPA) (7,29,32), and nine assessed both LTPA and OPA
(2,3,8,15,31,40,42,43,51).

Evidence for a dose-response relation. The pri-
mary parameter analyzed in the 44 studies was volume of
physical activity (see below). There was evidence of an
inverse linear dose-response relation between physical ac-
tivity (or fitness) and all-cause mortality rates: 34 of the 44
studies showed an apparent dose-response relation in at least
one subgroup (Table 1). A formal test of linear trend was

conducted in only 17 studies, with 15 reporting a statisti-
cally significant inverse linear trend in at least one subgroup
of subjects (Table 1).

Volume of physical activity. All 44 papers assessed
the relation between volume of physical activity (or fitness)
and all-cause mortality rates. Several investigators estimated
energy expenditure, whereas others used proxies of energy
expenditure (Table 1). These proxies included ordinal
groupings, quantiles of physical activity, frequency of phys-
ical activity, and duration of physical activity.

As described above, 34 of the 44 studies reviewed
showed an apparent inverse linear dose-response relation
between volume of physical activity and all-cause mortality
rates in at least one subgroup of subjects (Table 1). Of the
remaining 10 studies, five noted a threshold effect, with a
decline in all-cause mortality rates between the least active
and second least active group but no diminution of rates at
higher levels of physical activity (i.e., an L-shaped curve)
(9,25,26,40,49). The other five reported no significant as-
sociation between physical activity and all-cause mortality
rates (15,19,20,29,52).

For a more stringent evaluation of the dose-response
relation, we examined only studies that formally tested for
a significant linear trend of declining all-cause mortality
rates with increasing volume of physical activity (or fitness).
This formal test was carried out in 17 studies; 15 observed
significant, inverse linear trends in at least one subgroup
(3,4,6,8,11–14,17,18,21,22,34,35,39), whereas two reported
no significant trend (15,20).

An inverse linear dose-response relation between volume
of physical activity and all-cause mortality rates was ob-
served in both men and women. Of the 44 studies, 20
included men and women, 20 included men only, and 4
included women only. Of the 24 that included female sub-
jects, 20 presented findings specifically for women
(2,4,6,8,14–19,27,30,31,38,39,42,43,49,51,52). Findings
for women generally paralleled those for men (Table 1).

The ages of subjects in most of the studies spanned a wide
range, from young adulthood to old age. In 10 studies,
results for adults aged 60 yr and older were presented
separately (2,3,13,19,20,26,31,38,43,47). All but two
(19,20) showed apparent linear inverse dose-response asso-
ciations (i.e., formal statistical tests for trend were not al-
ways carried out) between volume of physical activity and
all-cause mortality rates. In the Seventh-day Adventist
Study, a significant benefit of physical activity was ob-
served up to attained age of 80 yr (26).

Few studies quantified volume of physical activity in a
manner that allows for direct translation to public health
recommendations. Statistically significant decreased all-
cause mortality rates occurred during follow-up among sub-
jects who expended.1000 kcal·wk-1 (22,34), .980
kcal·wk-1 (11), an average of 518 kcal·wk-1 (25), .500
kcal·wk-1 (35); walked 1–2 miles·d-1 (13); or who exercised
moderately or vigorously at least a few times a month to
once a week (18). Risk reductions on the order of 20–30%
were observed. This suggests that minimal adherence to
either the current or previous physical activity guidelines,

S460 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



TA
BL

E
1.

Su
m

m
ar

y
of

ep
id

em
io

lo
gi

c
st

ud
ie

s
on

th
e

do
se

-r
es

po
ns

e
re

la
tio

n
be

tw
ee

n
ph

ys
ic

al
ac

tiv
ity

or
fit

ne
ss

an
d

al
l-c

au
se

m
or

ta
lit

y.

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

An
de

rs
en

et
al

.,
20

00
,D

en
m

ar
k

(2
)

3
pr

os
pe

ct
iv

e
co

ho
rts

,1
7,

26
5

m
en

an
d

13
,3

75
w

om
en

ag
ed

20
–9

3
yr

14
.5

yr
;8

54
9

4
le

ve
ls

of
LT

PA
an

d
OP

A
in

th
e

pr
ev

io
us

ye
ar

,
as

se
ss

ed
by

qu
es

tio
nn

ai
re

vs
in

ac
tiv

e
LT

PA
Li

gh
t:

RR
5

0.
68

(0
.6

4–
0.

71
)

M
od

er
at

e:
RR

5
0.

61
(0

.5
7–

0.
66

)
He

av
y:

RR
5

0.
53

(0
.4

1–
0.

68
)

Am
on

g
su

bj
ec

ts
w

ith
lig

ht
,m

od
er

at
e,

an
d

he
av

y
LT

PA
,s

po
rts

pa
rti

ci
pa

tio
n

in
m

en
:R

R
5

0.
63

(0
.5

1–
0.

79
)

in
w

om
en

:R
R

5
0.

47
(0

.3
4–

0.
66

)
OP

A:
in

ve
rs

e
as

so
ci

at
io

n
in

w
om

en
,n

o
as

so
ci

at
io

n
in

m
en

.

Ad
ju

st
ed

fo
r

ag
e

an
d

se
x.

Ad
ju

st
m

en
tf

or
ch

ro
ni

c
di

se
as

e
di

d
no

t
ch

an
ge

fin
di

ng
s.

In
ve

rs
e

as
so

ci
at

io
n

ob
se

rv
ed

fo
r

in
di

vi
du

al
s

ag
ed

20
–4

4,
45

–6
4,

an
d

$
65

yr
,a

nd
in

m
en

an
d

w
om

en
.

Bi
jn

en
et

al
.,

20
00

,
Th

e
Ne

th
er

la
nd

s
(3

)

Pr
os

pe
ct

iv
e

co
ho

rt
(Z

ut
ph

en
El

de
rly

St
ud

y)
,4

72
Du

tc
h

m
en

ag
ed

70
–9

0
yr

5
yr

;1
18

Ph
ys

ic
al

ac
tiv

ity
as

se
ss

ed
by

qu
es

tio
nn

ai
re

in
19

85
an

d
19

90
as

ki
ng

ab
ou

t
w

al
ki

ng
,b

ic
yc

lin
g,

ho
bb

ie
s,

od
d

jo
bs

,a
nd

sp
or

ts
,c

on
ve

rte
d

to
a

“t
ot

al
ph

ys
ic

al
ac

tiv
ity

”
sc

or
e

vs
lo

w
es

tt
er

til
e

(T
1)

of
ac

tiv
ity

in
19

90
T2

:R
R

5
0.

56
(0

.3
5–

0.
89

)
T3

:R
R

5
0.

44
(0

.2
5–

0.
80

)
P

fo
r

tre
nd

,,
0.

01
Bi

cy
cl

in
g,

bu
tn

ot
ga

rd
en

in
g,

w
al

ki
ng

,o
r

ot
he

r
ac

tiv
iti

es
,s

ho
w

ed
an

in
ve

rs
e

as
so

ci
at

io
n

w
ith

m
or

ta
lit

y.
Ch

an
gi

ng
fro

m
an

ac
tiv

e
to

a
se

de
nt

ar
y

lif
es

ty
le

be
tw

ee
n

19
85

an
d

19
90

,
co

m
pa

re
d

w
ith

re
m

ai
ni

ng
ac

tiv
e:

RR
5

1.
72

(1
.0

4–
2.

85
).

Ad
ju

st
ed

fo
r

ag
e,

di
se

as
e,

fu
nc

tio
na

l
st

at
us

,a
nd

lif
es

ty
le

fa
ct

or
s.

Le
e

an
d

Pa
ffe

nb
ar

ge
r,

US
A

(2
2)

Pr
os

pe
ct

iv
e

co
ho

rt
(H

ar
va

rd
Al

um
ni

He
al

th
St

ud
y)

,1
3,

48
5

m
en

,m
ea

n
ag

e
57

.5
yr

,f
re

e
of

CV
D,

CO
PD

,a
nd

ca
nc

er

15
yr

;2
53

9
LT

PA
en

er
gy

ex
pe

nd
itu

re
de

riv
ed

fro
m

qu
es

tio
nn

ai
re

as
ki

ng
ab

ou
tw

al
ki

ng
,s

ta
ir

cl
im

bi
ng

,a
nd

sp
or

ts
/re

cr
ea

tio
n

vs
,

42
00

kJ
zw

k2
1

in
LT

PA
:

42
00

–,
84

00
kJ

zw
k2

1 :R
R

5
0.

80
(0

.7
2–

0.
88

)
84

00
–,

12
,6

00
kJ

zw
k2

1 :R
R

5
0.

74
(0

.6
5–

0.
83

)
12

,6
00

–,
16

,8
00

kJ
zw

k2
1 :R

R
5

0.
80

(0
.6

9–
0.

93
)

$
16

,8
00

kJ
zw

k2
1 :R

R
5

0.
73

(0
.6

4–
0.

84
)

P
fo

r
tre

nd
,,

0.
00

1

Ad
ju

st
ed

fo
r

ag
e,

BM
I,

sm
ok

in
g,

al
co

ho
lu

se
,a

nd
ea

rly
pa

re
nt

al
de

at
h.

P
fo

r
tre

nd
:

ac
ro

ss
ca

te
go

rie
s

of
w

al
ki

ng
,0

.0
04

ac
ro

ss
ca

te
go

rie
s

of
st

ai
r

cl
im

bi
ng

,,
0.

00
1

ac
ro

ss
ca

te
go

rie
s

of
lig

ht
(,

4
M

ET
s)

sp
or

ts
/re

cr
ea

tio
n,

0.
72

ac
ro

ss
ca

te
go

rie
s

of
m

od
er

at
e

(4
–,

6
M

ET
s)

sp
or

ts
/re

cr
ea

tio
n,

0.
07

ac
ro

ss
ca

te
go

rie
s

of
vi

go
ro

us
($

6
M

ET
s)

sp
or

ts
/re

cr
ea

tio
n,

,
0.

00
1

An
al

ys
es

of
ea

ch
of

th
e

co
m

po
ne

nt
s

of
LT

PA
si

m
ul

ta
ne

ou
sl

y
ad

ju
st

ed
fo

r
th

e
ot

he
r

co
m

po
ne

nt
s

of
LT

PA
,i

n
ad

di
tio

n
to

th
e

va
ria

bl
es

ab
ov

e.

St
es

sm
an

et
al

.,
20

00
,I

sr
ae

l(
47

)
Pr

os
pe

ct
iv

e
co

ho
rt

(J
er

us
al

em
70

-Y
ea

r-
Ol

ds
Lo

ng
itu

di
na

l
St

ud
y)

,4
56

m
en

an
d

w
om

en
bo

rn
in

19
20

–2
1

6
yr

;2
40

4
le

ve
ls

of
LT

PA
at

ba
se

lin
e—

no
ex

er
ci

se
(w

al
ks

le
ss

th
an

4
h

w
ee

kl
y)

,m
od

er
at

e
ac

tiv
ity

(w
al

ks
ap

pr
ox

.4
h

w
ee

kl
y)

,s
po

rts
pa

rti
ci

pa
tio

n
at

le
as

tt
w

ic
e

w
ee

kl
y,

an
d

re
gu

la
r

ac
tiv

ity
(w

al
ks

at
le

as
t1

h
a

da
y)

vs
no

ac
tiv

ity
:

M
od

er
at

e:
RR

5
0.

41
(0

.1
9–

0.
91

)
Sp

or
ts

:R
R

5
0.

73
(0

.3
3–

1.
62

)
Re

gu
la

r:
RR

5
0.

14
(0

.0
4–

0.
50

)

Ad
ju

st
ed

fo
r

se
x,

sm
ok

in
g,

su
bj

ec
tiv

e
ec

on
om

ic
ha

rd
sh

ip
,a

nd
pr

ee
xi

st
in

g
m

ed
ic

al
co

nd
iti

on
s.

Do
rn

et
al

.,
19

99
,

US
A

(8
)

Pr
os

pe
ct

iv
e

co
ho

rt
(B

uf
fa

lo
Bl

oo
d

Pr
es

su
re

St
ud

y)
,6

98
m

en
an

d
76

3
w

om
en

ag
ed

15
–9

6

29
yr

;5
78

LT
PA

an
d

OP
A

as
se

ss
ed

by
28

qu
es

tio
ns

re
ga

rd
in

g
tim

e
sp

en
ts

le
ep

in
g,

si
tti

ng
,d

riv
in

g,
st

an
di

ng
,

ca
rr

yi
ng

or
lif

tin
g,

w
al

ki
ng

,
ga

rd
en

in
g,

ex
er

ci
si

ng
,a

nd
pl

ay
in

g
sp

or
ts

.

Fo
r

ev
er

y
1

kc
al

zk
g2

1 zh
2

1
of

ph
ys

ic
al

ac
tiv

ity
,m

en
:

No
no

be
se

:R
R

5
0.

55
(0

.3
6–

0.
84

)
Ob

es
e:

RR
5

1.
44

(0
.8

6–
2.

43
)

No
si

gn
ifi

ca
nt

as
so

ci
at

io
n

se
en

in
w

om
en

.

Ad
ju

st
ed

fo
r

ag
e,

ed
uc

at
io

n,
sm

ok
in

g,
an

d
m

ea
n

ar
te

ria
lb

lo
od

pr
es

su
re

.

Er
ik

ss
en

et
al

.,
19

98
,

No
rw

ay
(1

0)
Pr

os
pe

ct
iv

e
co

ho
rt,

14
28

he
al

th
y

m
en

ag
ed

50
–7

0
yr

13
yr

;2
38

Ph
ys

ic
al

fit
ne

ss
de

te
rm

in
ed

by
bi

cy
cl

e
te

st
in

19
72

–7
5

an
d

19
80

–8
2

vs
lo

w
es

tq
ua

rti
le

(Q
1)

in
19

80
–8

2:
Q2

:R
R

5
0.

72
(0

.5
2–

0.
99

)
Q3

:R
R

5
0.

48
(0

.3
3–

0.
71

)
Q4

:R
R

5
0.

45
(0

.2
9–

0.
69

)
Re

ga
rd

le
ss

of
ba

se
lin

e
le

ve
lo

ff
itn

es
s,

im
pr

ov
ed

fit
ne

ss
ov

er
5–

10
yr

re
su

lte
d

in
de

cr
ea

se
d

al
l-c

au
se

m
or

ta
lit

y
ra

te
.

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,h

ea
rt

ra
te

,l
ip

id
s,

BM
I,

ph
ys

ic
al

ac
tiv

ity
,a

nd
sm

ok
in

g
st

at
us

.

PHYSICAL ACTIVITY AND ALL-CAUSE MORTALITY Medicine & Science in Sports & ExerciseT S461



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

Fr
ie

d
et

al
.,

19
98

,
US

A
(1

1)
Pr

os
pe

ct
iv

e
co

ho
rt

(C
ar

di
ov

as
cu

la
r

He
al

th
St

ud
y)

,
52

01
m

en
an

d
w

om
en

ag
ed

$
65

yr

5
yr

;6
46

Kc
al

/w
ee

k
in

m
od

er
at

e
or

vi
go

ro
us

LT
PA

es
tim

at
ed

fro
m

in
te

rv
ie

w

vs
#

67
.5

kc
al

zw
k2

1

.
67

.5
–4

72
.5

:R
R

5
0.

78
(0

.6
0–

1.
00

)
.

47
2.

5–
98

0:
RR

5
0.

81
(0

.6
3–

1.
05

)
.

98
0–

18
90

:R
R

5
0.

72
(0

.5
5–

0.
93

)
.

18
90

:R
R

5
0.

56
(0

.4
3–

0.
75

)
P

fo
r

tre
nd

,,
0.

00
5

Ad
ju

st
ed

fo
r

ag
e,

sm
ok

in
g,

BM
I,

an
d

nu
m

er
ou

s
ot

he
r

fa
ct

or
s,

in
cl

ud
in

g
al

co
ho

lu
se

,b
lo

od
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

an
d

ch
ro

ni
c

di
se

as
es

.

Ha
ki

m
et

al
.,

19
98

,
US

A
(1

3)
Pr

os
pe

ct
iv

e
co

ho
rt

(H
on

ol
ul

u
He

ar
tS

tu
dy

),
70

7
ph

ys
ic

al
ly

ca
pa

bl
e,

no
ns

m
ok

in
g

m
en

ag
ed

61
–8

1
yr

12
yr

;2
08

Da
ily

di
st

an
ce

w
al

ke
d

vs
,

1
m

ile
zd

2
1

1.
0–

2.
0:

RR
5

0.
68

2.
1–

8.
0:

RR
5

0.
59

P
fo

r
tre

nd
,0

.0
02

Ad
ju

st
ed

fo
r

ag
e.

Ku
ja

la
et

al
.,

19
98

,
Fi

nl
an

d
(1

7)
Pr

os
pe

ct
iv

e
co

ho
rt

(F
in

ni
sh

Tw
in

Co
ho

rt)
,1

5,
90

2
m

en
an

d
w

om
en

ag
ed

25
–6

4
yr

fre
e

of
va

rio
us

ch
ro

ni
c

di
se

as
es

18
yr

;1
25

3
3

le
ve

ls
of

LT
PA

pl
us

ca
lc

ul
at

ed
M

ET
in

de
x

as
se

ss
ed

by
qu

es
tio

nn
ai

re
on

ac
tiv

ity
,f

re
qu

en
cy

,
du

ra
tio

n,
an

d
in

te
ns

ity

vs
se

de
nt

ar
y

Oc
ca

si
on

al
ex

er
ci

se
rs

:R
R

5
0.

80
(0

.6
9–

0.
91

)
Co

nd
iti

on
in

g
ex

er
ci

se
rs

:R
R

5
0.

76
(0

.5
9–

0.
98

)
vs

lo
w

es
tM

ET
qu

in
til

e
(Q

1)
Q2

:R
R

5
0.

85
Q3

:R
R

5
0.

72
Q4

:R
R

5
0.

68
Q5

:R
R

5
0.

60
P

fo
r

tre
nd

,0
.0

4
Pa

rti
ci

pa
tio

n
in

vi
go

ro
us

ac
tiv

iti
es

,R
R

5
0.

79
(0

.5
6–

1.
10

)

Ad
ju

st
ed

fo
r

ag
e,

se
x,

sm
ok

in
g,

oc
cu

pa
tio

n,
an

d
al

co
ho

lu
se

.I
nv

er
se

as
so

ci
at

io
n

ob
se

rv
ed

fo
r

m
en

an
d

w
om

en
.I

nv
er

se
as

so
ci

at
io

n
re

m
ai

ne
d

af
te

r
ta

ki
ng

in
to

ac
co

un
tg

en
et

ic
fa

ct
or

s
(tw

in
st

at
us

).

Ro
ge

r
et

al
.,

19
98

,
US

A
(3

9)
Re

tro
sp

ec
tiv

e
co

ho
rt

(O
lm

st
ed

Co
un

ty
),

14
52

m
en

,m
ea

n
ag

e
47

yr
,a

nd
74

1
w

om
en

,m
ea

n
ag

e
51

yr
,r

ef
er

re
d

fo
r

tre
ad

m
ill

te
st

in
g

6.
3

yr
;1

23
Ph

ys
ic

al
fit

ne
ss

de
te

rm
in

ed
by

m
ax

im
al

ex
er

ci
se

te
st

on
tre

ad
m

ill

Fo
r

ea
ch

1
M

ET
in

cr
ea

se
in

w
or

kl
oa

d
m

en
:R

R
5

0.
80

(P
,

0.
00

1)
w

om
en

:R
R

5
0.

75
P

,
0.

00
02

)

Ad
ju

st
ed

fo
r

ag
e

an
d

co
m

or
bi

di
ty

.S
im

ila
r

fin
di

ng
s

se
en

w
he

n
ex

cl
ud

in
g

fir
st

3
ye

ar
s

of
fo

llo
w

-u
p.

Vi
lle

ne
uv

e
et

al
.,

19
98

,C
an

ad
a

(4
9)

Pr
os

pe
ct

iv
e

co
ho

rt
(C

an
ad

a
Fi

tn
es

s
Su

rv
ey

),
62

46
m

en
an

d
81

96
w

om
en

ag
ed

20
–6

9
yr

7
yr

;1
11

6
Av

er
ag

e
da

ily
en

er
gy

ex
pe

nd
itu

re
(K

KD
5

kc
al

zk
g2

1
bo

dy
w

ei
gh

tzd
2

1 )
on

LT
PA

es
tim

at
ed

fro
m

m
od

ifi
ed

M
in

ne
so

ta
LT

PA
qu

es
tio

nn
ai

re

vs
lo

w
es

tK
KD

(,
0.

5)
,m

en
0.

5
to

,
1.

5
KK

D:
RR

5
0.

81
(0

.5
9–

1.
11

)
1.

5
to

,
3.

0
KK

D:
RR

5
0.

79
(0

.5
4–

1.
13

)
$

3.
0

KK
D:

RR
5

0.
86

(0
.6

1–
1.

22
)

vs
lo

w
es

tK
KD

(,
0.

5)
,w

om
en

0.
5

to
,

1.
5

KK
D:

RR
5

0.
94

(0
.6

9–
1.

30
)

1.
5

to
,

3.
0

KK
D:

RR
5

0.
92

(0
.6

4–
1.

34
)

$
3.

0
KK

D:
RR

5
0.

71
(0

.4
5–

1.
11

)
Am

on
g

su
bj

ec
ts

w
ith

ou
tv

ig
or

ou
s

(,
6

M
ET

s)
LT

PA
,v

s
lo

w
es

t
KK

D
(,

0.
5)

in
no

nv
ig

or
ou

s
LT

PA
,m

en
0.

5
to

,
1.

5
KK

D:
RR

5
0.

81
(0

.5
9–

1.
17

)
1.

5
to

,
3.

0
KK

D:
RR

5
0.

70
(0

.4
4–

1.
13

)
$

3.
0

KK
D:

RR
5

0.
82

(0
.5

3–
1.

27
)

Am
on

g
su

bj
ec

ts
w

ith
ou

tv
ig

or
ou

s
(,

6
M

ET
s)

LT
PA

,v
s

lo
w

es
t

KK
D

(,
0.

5)
in

no
nv

ig
or

ou
s

LT
PA

,w
om

en
0.

5
to

,
1.

5
KK

D:
RR

5
0.

97
(0

.6
9–

1.
36

)
1.

5
to

,
3.

0
KK

D:
RR

5
0.

87
(0

.5
7–

1.
33

)
$

3.
0

KK
D:

RR
5

0.
72

(0
.4

3–
1.

21
)

Pa
rti

ci
pa

tio
n

in
vi

go
ro

us
($

6
M

ET
s)

LT
PA

m
en

:R
R

5
0.

72
(0

.5
3–

0.
96

)
w

om
en

:R
R

5
0.

71
(0

.4
8–

1.
05

)
3

le
ve

ls
of

fit
ne

ss
ba

se
d

on
Ca

na
di

an
Ae

ro
bi

c
Fi

tn
es

s
Te

st

vs
re

co
m

m
en

de
d

fit
ne

ss
le

ve
l

m
in

im
um

:R
R

5
1.

02
(0

.6
9–

1.
51

)
un

de
si

ra
bl

e:
RR

5
1.

52
(0

.7
2–

3.
18

)

Ad
ju

st
ed

fo
r

ag
e

an
d

sm
ok

in
g

W
el

le
r

an
d

Co
re

y
19

98
,C

an
ad

a
(5

1)
Pr

os
pe

ct
iv

e
co

ho
rt

(C
an

ad
a

Fi
tn

es
s

Su
rv

ey
),

66
20

w
om

en
ag

ed
$

30
yr

7
yr

;4
49

Av
er

ag
e

da
ily

en
er

gy
ex

pe
nd

itu
re

(K
KD

5
kc

al
zk

g2
1

bo
dy

w
ei

gh
tzd

2
1 )

on
al

la
ct

iv
iti

es
es

tim
at

ed
fro

m
m

od
ifi

ed
M

in
ne

so
ta

LT
PA

qu
es

tio
nn

ai
re

vs
lo

w
es

tK
KD

qu
ar

til
e

(Q
1)

of
le

is
ur

e
ac

tiv
ity

Q2
:R

R
5

0.
91

(0
.6

6–
1.

25
)

Q3
:R

R
5

0.
94

(0
.7

2–
1.

23
)

Q4
:R

R
5

0.
89

(0
.6

7–
1.

17
)

vs
lo

w
es

tK
KD

qu
ar

til
e

(Q
1)

of
no

nl
ei

su
re

ac
tiv

ity
Q2

:R
R

5
0.

66
(0

.5
0–

0.
87

)
Q3

:R
R

5
0.

68
(0

.5
1–

0.
89

)
Q4

:R
R

5
0.

71
(0

.5
0–

0.
87

)

Ad
ju

st
ed

fo
r

ag
e.

S462 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

W
an

na
m

et
he

e
et

al
.,

19
98

,U
K

(5
0)

Pr
os

pe
ct

iv
e

co
ho

rt
(B

rit
is

h
Re

gi
on

al
He

ar
tS

tu
dy

),
77

35
m

en
ag

ed
40

–5
9

yr
fre

e
of

CV
D

an
d

di
ab

et
es

15
yr

;1
06

4
6

ca
te

go
rie

s
of

ph
ys

ic
al

ac
tiv

ity
ba

se
d

on
ph

ys
ic

al
ac

tiv
ity

sc
or

e
de

riv
ed

fro
m

in
te

ns
ity

an
d

fre
qu

en
cy

of
ac

tiv
iti

es
re

po
rte

d
on

qu
es

tio
nn

ai
re

vs
in

ac
tiv

e
Oc

ca
si

on
al

:R
R

5
0.

79
(0

.6
4–

0.
96

)
Li

gh
t:

RR
5

0.
69

(0
.5

6–
0.

86
)

M
od

er
at

e:
RR

5
0.

64
(0

.5
0–

0.
81

)
M

od
er

at
el

y
vi

go
ro

us
:R

R
5

0.
63

(0
.4

8–
0.

82
)

Vi
go

ro
us

:R
R

5
0.

54
(0

.3
8–

0.
77

)

Ad
ju

st
ed

fo
r

ag
e,

sm
ok

in
g,

al
co

ho
lu

se
,

an
d

BM
I.

Ku
sh

ie
ta

l.,
19

97
,

US
A

(1
8)

Pr
os

pe
ct

iv
e

co
ho

rt
(Io

w
a

W
om

en
’s

He
al

th
St

ud
y)

,
40

,4
17

w
om

en
ag

ed
55

–6
9

yr

7
yr

;2
26

0
Fr

eq
ue

nc
y

of
m

od
er

at
e

an
d

vi
go

ro
us

LT
PA

as
se

ss
ed

by
qu

es
tio

nn
ai

re

vs
ra

re
ly

/n
ev

er
pa

rti
ci

pa
tin

g
in

m
od

er
at

e
ac

tiv
ity

1/
w

k–
fe

w
/m

o:
RR

5
0.

71
(0

.6
3–

0.
79

)
2–

4
tim

es
/w

k:
RR

5
0.

63
(0

.5
6–

0.
71

)
.

4
tim

es
/w

k:
RR

5
0.

59
(0

.5
1–

0.
67

)
P

fo
r

tre
nd

,,
0.

00
1

vs
ra

re
ly

/n
ev

er
pa

rti
ci

pa
tin

g
in

vi
go

ro
us

ac
tiv

ity
1/

w
k–

fe
w

/m
o:

RR
5

0.
83

(0
.6

9–
0.

99
)

2–
4

tim
es

/w
k:

RR
5

0.
74

(0
.5

9–
.0

93
)

.
4

tim
es

/w
k:

0.
62

(0
.4

2–
0.

90
)

P
fo

r
tre

nd
,0

.0
09

3-
le

ve
lL

TP
A

in
de

x
ba

se
d

on
fre

qu
en

cy
an

d
in

te
ns

ity
of

ac
tiv

ity

lo
w

ac
tiv

ity
in

de
x

M
ed

iu
m

:R
R

5
0.

77
(0

.6
9–

0.
86

)
Hi

gh
:R

R
5

0.
68

(0
.6

0–
0.

77
)

P
fo

r
tre

nd
,,

0.
00

1

Ad
ju

st
ed

fo
r

ag
e;

re
pr

od
uc

tiv
e

fa
ct

or
s;

al
co

ho
lu

se
;t

ot
al

en
er

gy
in

ta
ke

;
sm

ok
in

g;
es

tro
ge

n
us

e;
BM

Ia
t

ba
se

lin
e

an
d

18
yr

;w
ai

st
-to

-h
ip

ra
tio

;h
ig

h
bl

oo
d

pr
es

su
re

;d
ia

be
te

s;
ed

uc
at

io
n

le
ve

l;
m

ar
ita

ls
ta

tu
s;

an
d

fa
m

ily
hi

st
or

y
of

ca
nc

er
.S

im
ila

r
fin

di
ng

s
ob

se
rv

ed
w

he
n

ex
cl

ud
in

g
w

om
en

w
ith

CV
D

or
ca

nc
er

an
d

fir
st

3
yr

of
fo

llo
w

-u
p.

M
or

ga
n

an
d

Cl
ar

ke
,

19
97

,U
K

(3
1)

Pr
os

pe
ct

iv
e

co
ho

rt
(N

ot
tin

gh
am

lo
ng

itu
di

na
ls

tu
dy

of
ag

in
g

an
d

ac
tiv

ity
),

40
6

m
en

an
d

63
5

w
om

en
ag

ed
$

65
yr

s

10
yr

;5
68

3
le

ve
ls

of
ph

ys
ic

al
ac

tiv
ity

as
se

ss
ed

by
in

te
rv

ie
w

us
in

g
de

ta
ile

d
in

ve
nt

or
y

of
ac

tiv
iti

es

vs
hi

gh
ac

tiv
ity

,m
en

In
te

rm
ed

ia
te

:R
R

5
1.

35
(0

.9
6–

1.
89

)
Lo

w
:R

R
5

1.
59

(1
.1

2–
2.

25
)

vs
hi

gh
ac

tiv
ity

,w
om

en
In

te
rm

ed
ia

te
:R

R
5

1.
53

(1
.1

2–
2.

09
)

Lo
w

:R
R

5
2.

07
(1

.5
3–

2.
79

)

Ad
ju

st
ed

fo
r

ag
e,

he
al

th
in

de
x

sc
or

e,
an

d
sm

ok
in

g.

Ro
se

ng
re

n
an

d
W

ilh
el

m
se

n,
19

97
,

Sw
ed

en
(4

0)

Pr
os

pe
ct

iv
e

co
ho

rt
(G

öt
eb

or
g

st
ud

y)
,7

14
2

m
en

ag
ed

47
–5

5
yr

at
ba

se
lin

e

20
yr

;6
84

4
le

ve
ls

of
LT

PA
an

d
OP

A
as

se
ss

ed
by

qu
es

tio
nn

ai
re

.F
ew

m
en

fe
ll

in
to

th
e

hi
gh

es
tl

ev
el

of
LT

PA
so

to
p

3
le

ve
ls

co
m

bi
ne

d

vs
se

de
nt

ar
y

LT
PA

M
od

er
at

el
y

ac
tiv

e:
RR

5
0.

84
(0

.7
7–

0.
93

)
Re

gu
la

r
ex

er
ci

se
:R

R
5

0.
83

(0
.7

7–
0.

90
)

No
si

gn
ifi

ca
nt

as
so

ci
at

io
n

w
ith

OP
A.

Ad
ju

st
ed

fo
r

ag
e,

di
as

to
lic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

sm
ok

in
g,

al
co

ho
lu

se
,B

M
I,

di
ab

et
es

,
an

d
oc

cu
pa

tio
n.

Ha
ap

an
en

et
al

.,
19

96
,F

in
la

nd
(1

2)
Pr

os
pe

ct
iv

e
co

ho
rt,

10
72

m
en

ag
ed

35
–6

3
yr

10
.8

yr
;1

68
En

er
gy

ex
pe

nd
itu

re
in

de
x

as
se

ss
ed

by
qu

es
tio

nn
ai

re
as

ki
ng

23
qu

es
tio

ns
on

LT
PA

,h
ou

se
ho

ld
ch

or
es

,
an

d
co

m
m

ut
in

g

vs
.

21
00

kc
al

zw
k2

1

15
00

.1
–2

10
0

kc
al

zw
k2

1 :R
R

5
1.

74
(0

.8
7–

3.
50

)
80

0.
1–

15
00

kc
al

zw
k2

1 :R
R

5
1.

10
(0

.5
5–

2.
21

)
,

80
0

kc
al

zw
k2

1 :R
R

5
2.

74
(1

.4
6–

5.
14

)
P

fo
r

tre
nd

,,
0.

00
01

Sp
ec

ifi
c

ac
tiv

iti
es

sh
ow

in
g

in
de

pe
nd

en
ti

nv
er

se
as

so
ci

at
io

ns
w

er
e

le
is

ur
e

tim
e

fo
re

st
ry

w
or

k,
ga

rd
en

in
g,

an
d

re
pa

ir
w

or
k

Ad
ju

st
ed

fo
r

ag
e.

M
en

w
ho

w
er

e
un

ab
le

to
pa

rti
ci

pa
te

in
ph

ys
ic

al
ac

tiv
ity

be
ca

us
e

of
ill

he
al

th
w

er
e

ex
cl

ud
ed

.

Ka
m

pe
rt

et
al

.,
19

96
,

US
A

(1
4)

Pr
os

pe
ct

iv
e

co
ho

rt
(A

er
ob

ic
s

Ce
nt

er
Lo

ng
itu

di
na

lS
tu

dy
),

25
,3

41
m

en
an

d
70

80
w

om
en

ag
ed

20
–8

8
yr

8
yr

;6
90

Ph
ys

ic
al

fit
ne

ss
de

te
rm

in
ed

by
m

ax
im

al
ex

er
ci

se
te

st
on

tre
ad

m
ill

vs
lo

w
es

tf
itn

es
s

qu
in

til
e

(Q
1)

,m
en

Q2
:R

R
5

0.
55

(0
.4

4–
0.

70
)

Q3
:R

R
5

0.
61

(0
.4

8–
0.

78
)

Q4
:R

R
5

0.
52

(0
.4

1–
0.

66
)

Q5
:R

R
5

0.
49

(0
.3

7–
0.

64
)

P
fo

r
tre

nd
,,

0.
00

1
vs

lo
w

es
tf

itn
es

s
qu

in
til

e
(Q

1)
,w

om
en

Q2
:R

R
5

0.
53

(0
.3

0–
0.

95
)

Q3
:R

R
5

0.
56

(0
.3

1–
1.

01
)

Q4
:R

R
5

0.
22

(0
.1

0–
0.

49
)

Q5
:R

R
5

0.
37

(0
.1

9–
0.

72
)

P
fo

r
tre

nd
,,

0.
00

1

Ad
ju

st
ed

fo
r

ag
e,

ex
am

in
at

io
n

ye
ar

,
sm

ok
in

g,
ch

ro
ni

c
ill

ne
ss

,a
nd

EC
G

ab
no

rm
al

tie
s.

Ka
pl

an
et

al
.,

19
96

,
US

A
(1

6)
Pr

os
pe

ct
iv

e
co

ho
rt

(A
la

m
ed

a
Co

un
ty

St
ud

y)
,2

83
2

m
en

an
d

32
99

w
om

en
ag

ed
16

–9
4

yr

28
yr

;1
22

6
LT

PA
in

de
x

as
se

ss
ed

us
in

g
an

sw
er

s
to

th
re

e
qu

es
tio

ns
on

ph
ys

ic
al

ex
er

ci
se

,s
po

rts
pa

rti
ci

pa
tio

n,
an

d
sw

im
m

in
g

vs
lo

w
es

tL
TP

A
te

rti
le

(T
1)

,m
en

T2
:R

R
5

0.
46

T3
:R

R
5

0.
31

vs
lo

w
es

tL
TP

A
te

rti
le

(T
1)

,w
om

en
T2

:R
R

5
0.

42
T3

:R
R

5
0.

22

Un
ad

ju
st

ed
.A

dj
us

tm
en

tf
or

ag
e,

se
x,

et
hn

ic
ity

,e
du

ca
tio

n,
he

al
th

co
nd

iti
on

s,
an

d
so

ci
al

is
ol

at
io

n
st

ill
yi

el
de

d
si

gn
ifi

ca
nt

in
ve

rs
e

as
so

ci
at

io
ns

.

PHYSICAL ACTIVITY AND ALL-CAUSE MORTALITY Medicine & Science in Sports & ExerciseT S463



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

La
Cr

oi
x

et
al

.,
19

96
,

US
A

(1
9)

Pr
os

pe
ct

iv
e

co
ho

rt
st

ud
y,

61
5

m
en

an
d

10
30

w
om

en
ag

ed
$

65
w

ith
ou

ts
ev

er
e

di
sa

bi
lit

y
or

CH
D

4.
2

yr
;1

28
M

od
ifi

ed
M

in
ne

so
ta

LT
PA

vs
w

al
ke

d
,

1
hz

w
k2

1

1–
4

hz
w

k2
1 :R

R
5

0.
83

(0
.5

3–
1.

29
)

.
4

hz
w

k2
1 :R

R
5

0.
91

(0
.5

8–
1.

42
)

Ad
ju

st
ed

fo
r

ag
e,

se
x,

fu
nc

tio
na

ls
ta

tu
s,

sm
ok

in
g,

BM
I,

ch
ro

ni
c

di
se

as
e

sc
or

e,
se

lf-
ra

te
d

he
al

th
,a

nd
al

co
ho

l
us

e.
In

ve
rs

e
as

so
ci

at
io

n
si

gn
ifi

ca
nt

fo
r

w
om

en
bu

tn
ot

m
en

,a
nd

fo
r

$
75

yr
bu

tn
ot

65
–7

4
yr

.
Li

ss
ne

r
et

al
.,

19
96

,
Sw

ed
en

(2
7)

Pr
os

pe
ct

iv
e

co
ho

rt
(G

ot
he

nb
or

g
Pr

os
pe

ct
iv

e
St

ud
y

of
W

om
en

),
14

05
he

al
th

y
w

om
en

ag
ed

38
–

60
yr

fre
e

of
CV

D,
ca

nc
er

,a
nd

di
ab

et
es

20
yr

;4
24

LT
PA

an
d

OP
A

in
th

e
12

m
on

th
s

be
fo

re
ba

se
lin

e
as

se
ss

ed
fro

m
qu

es
tio

nn
ai

re
in

19
68

–6
9

an
d

19
74

–7
5

vs
lo

w
OP

A
in

19
68

–6
9

M
ed

iu
m

:R
R

5
0.

28
(0

.1
7–

0.
46

)
Hi

gh
:R

R
5

0.
24

(0
.1

4–
0.

43
)

vs
lo

w
LT

PA
in

19
68

–6
9

M
ed

iu
m

:R
R

5
0.

56
(0

.3
9–

0.
82

)
Hi

gh
:R

R
5

0.
45

(0
.2

4–
0.

86
)

W
om

en
w

ho
in

cr
ea

se
d

th
ei

r
LT

PA
be

tw
ee

n
19

68
–6

9
an

d
19

74
–

75
,c

om
pa

re
d

w
ith

no
ch

an
ge

:R
R

5
1.

11
(0

.6
7–

1.
86

);
th

os
e

w
ho

de
cr

ea
se

d
LT

PA
,c

om
pa

re
d

w
ith

no
ch

an
ge

,R
R

5
2.

07
(1

.3
9–

3.
09

)

Ad
ju

st
ed

fo
r

ag
e.

Fi
nd

in
gs

lit
tle

ch
an

ge
d

w
ith

ad
di

tio
na

la
dj

us
tm

en
t

fo
r

sm
ok

in
g,

al
co

ho
lu

se
,e

du
ca

tio
n,

BM
I,

w
ai

st
-to

-h
ip

ra
tio

,d
ie

t,
bl

oo
d

pr
es

su
re

,b
lo

od
lip

id
s,

an
d

pe
ak

ex
pi

ra
to

ry
flo

w
.

M
en

si
nk

et
al

.,
19

96
,

Ge
rm

an
y

(3
0)

Pr
os

pe
ct

iv
e

co
ho

rt
(G

er
m

an
Ca

rd
io

va
sc

ul
ar

Pr
ev

en
tio

n
St

ud
y)

,7
68

9
m

en
an

d
77

47
w

om
en

ag
ed

25
–6

9
yr

5–
8

yr
;1

10
Qu

es
tio

nn
ai

re
as

se
ss

ed
18

le
is

ur
e

ac
tiv

iti
es

;o
ne

qu
es

tio
n

on
OP

A.
To

ta
l

ac
tiv

ity
,L

TP
A,

co
nd

iti
on

in
g

ac
tiv

iti
es

(a
ll

ex
ce

pt
w

al
ki

ng
,c

yc
lin

g,
ga

rd
en

in
g)

an
d

sp
or

ts
ex

am
in

ed
se

pa
ra

te
ly

vs
lo

w
to

ta
la

ct
iv

ity
,m

en
M

od
er

at
e:

RR
5

0.
56

(0
.3

0–
1.

04
)

Hi
gh

:R
R

5
0.

78
(0

.4
2–

1.
44

)
vs

lo
w

LT
PA

,m
en

M
od

er
at

e:
RR

5
0.

61
(0

.3
5–

1.
05

)
Hi

gh
:R

R
5

0.
79

(0
.4

8–
1.

31
)

vs
lo

w
co

nd
iti

on
in

g
ac

tiv
ity

,m
en

M
od

er
at

e:
RR

5
0.

76
(0

.4
4–

1.
34

)
Hi

gh
:R

R
5

0.
67

(0
.3

6–
1.

25
)

vs
no

sp
or

ts
ac

tiv
ity

,m
en

,
1

hz
w

k2
1 :R

R
5

0.
49

(0
.2

6–
0.

95
)

1–
2

hz
w

k2
1 :R

R
5

0.
57

(0
.3

0–
1.

09
)

.
2

hz
w

k2
1 :R

R
5

0.
36

(0
.1

6–
0.

79
)

vs
lo

w
to

ta
la

ct
iv

ity
,w

om
en

M
od

er
at

e:
RR

5
1.

24
(0

.6
0–

2.
58

)
Hi

gh
:R

R
5

1.
29

(0
.5

8–
2.

85
)

vs
lo

w
LT

PA
,w

om
en

:
M

od
er

at
e:

RR
5

0.
94

(0
.5

1–
1.

75
)

Hi
gh

:R
R

5
0.

81
(0

.4
4–

1.
49

)
vs

lo
w

co
nd

iti
on

in
g

ac
tiv

ity
,w

om
en

:
M

od
er

at
e:

RR
5

0.
38

(0
.1

3–
1.

06
)

Hi
gh

:R
R

5
0.

80
(0

.4
2–

1.
54

)
vs

no
sp

or
ts

ac
tiv

ity
,w

om
en

:
,

1
hz

w
k2

1 :R
R

5
0.

38
(0

.1
2–

1.
23

)
1–

2
hz

w
k2

1 :R
R

5
0.

52
(0

.2
3–

1.
17

)
.

2
hz

w
k2

1 :R
R

5
0.

28
(0

.0
7–

1.
17

)

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,t

ot
al

se
ru

m
ch

ol
es

te
ro

l,
BM

I,
an

d
sm

ok
in

g.

Ea
to

n
et

al
.,

19
95

,
Is

ra
el

(9
)

Pr
os

pe
ct

iv
e

co
ho

rt
(Is

ra
el

i
Is

ch
em

ic
He

ar
tD

is
ea

se
St

ud
y)

,
84

63
m

en
ag

ed
$

40
yr

fre
e

of
CV

D

21
yr

;2
59

3
LT

PA
an

d
OP

A
as

se
ss

ed
by

in
te

rv
ie

w
us

in
g

2
qu

es
tio

ns
w

ith
4

re
sp

on
se

s
ea

ch

vs
se

de
nt

ar
y

LT
PA

Li
gh

t:
RR

5
0.

84
(0

.7
4–

0.
94

)
Li

gh
td

ai
ly

:R
R

5
0.

81
(0

.7
3–

0.
90

)
He

av
y:

RR
5

0.
84

(0
.7

2–
0.

98
)

vs
si

tti
ng

OP
A

St
an

di
ng

:R
R

5
0.

99
(0

.8
8–

1.
12

)
W

al
ki

ng
:R

R
5

1.
09

(0
.9

9–
1.

20
)

Ph
ys

ic
al

la
bo

r:
RR

5
1.

16
(1

.0
3–

1.
30

)

Ad
ju

st
ed

fo
r

ag
e.

S464 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

Le
e

et
al

.,
19

95
,U

SA
(2

1)
Pr

os
pe

ct
iv

e
co

ho
rt

(H
ar

va
rd

Al
um

ni
He

al
th

St
ud

y)
,

17
,3

21
m

en
,m

ea
n

ag
e

46
yr

fre
e

of
CV

D,
CO

PD
,a

nd
ca

nc
er

22
–2

6
yr

;3
72

8
No

nv
ig

or
ou

s
(,

6
M

ET
s)

an
d

vi
go

ro
us

($
6

M
ET

s)
LT

PA
en

er
gy

ex
pe

nd
itu

re
de

riv
ed

fro
m

qu
es

tio
nn

ai
re

as
ki

ng
ab

ou
tw

al
ki

ng
,s

ta
ir

cl
im

bi
ng

,a
nd

sp
or

ts
/re

cr
ea

tio
n

vs
lo

w
es

tn
on

vi
go

ro
us

ac
tiv

ity
(e

ne
rg

y
ex

pe
nd

itu
re

,
63

0
kJ

zw
k2

1 )
63

0–
16

79
kJ

zw
k2

1 :R
R

5
0.

89
(0

.7
9–

1.
01

)
16

80
–3

14
9

kJ
zw

k2
1 :R

R
5

1.
00

(0
.8

9–
1.

12
)

31
50

–6
29

9
kJ

zw
k2

1 :R
R

5
0.

98
(0

.8
8–

1.
12

)
$

63
00

kJ
zw

k2
1 :R

R
5

0.
92

(0
.8

2–
1.

02
)

P
fo

r
tre

nd
,0

.3
6

vs
lo

w
es

tv
ig

or
ou

s
ac

tiv
ity

(e
ne

rg
y

ex
pe

nd
itu

re
,

63
0

kJ
zw

k2
1

63
0–

16
79

kJ
zw

k2
1 :R

R
5

0.
88

(0
.8

2–
0.

96
)

16
80

–3
14

9
kJ

zw
k2

1 :R
R

5
0.

92
(0

.8
2–

1.
02

)
31

50
–6

29
9

kJ
zw

k2
1 :R

R
5

0.
87

(0
.7

7–
0.

99
)

$
63

00
kJ

zw
k2

1 :R
R

5
0.

87
(0

.7
8–

0.
97

)
P

fo
r

tre
nd

,0
.0

07

Ad
ju

st
ed

fo
r

ag
e,

BM
I,

sm
ok

in
g,

hy
pe

rte
ns

io
n,

di
ab

et
es

,a
nd

ea
rly

pa
re

nt
al

de
at

h;
m

ut
ua

lly
ad

ju
st

ed
fo

r
th

e
2

ki
nd

s
of

en
er

gy
ex

pe
nd

itu
re

.

Sh
er

m
an

et
al

.,
19

94
,

US
A

(4
2)

Pr
os

pe
ct

iv
e

co
ho

rt
(F

ra
m

in
gh

am
He

ar
t

St
ud

y)
,1

40
4

w
om

en
ag

ed
50

–7
4

yr
fre

e
of

CV
D

16
yr

;3
19

Ti
m

e
sp

en
ts

le
ep

in
g,

re
st

in
g,

or
en

ga
ge

d
in

lig
ht

,
m

od
er

at
e,

or
he

av
y

ph
ys

ic
al

ac
tiv

ity
as

se
ss

ed
by

in
te

rv
ie

w

vs
lo

w
es

ta
ct

iv
ity

qu
ar

til
e

(Q
1)

Q2
:R

R
5

0.
93

(0
.7

0–
1.

23
)

Q3
:R

R
5

0.
65

(0
.4

7–
0.

90
)

Q4
:R

R
5

0.
68

(0
.4

9–
0.

94
)

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

sm
ok

in
g,

w
ei

gh
t,

an
d

pr
es

en
ce

or
ab

se
nc

e
of

gl
uc

os
e

in
to

le
ra

nc
e,

LV
H,

CO
PD

,a
nd

ca
nc

er
.E

xc
lu

di
ng

fir
st

6
ye

ar
s

of
fo

llo
w

-u
p

yi
el

de
d

si
m

ila
r

re
su

lts
.

Sh
er

m
an

et
al

.,
19

94
,

US
A

(4
3)

Pr
os

pe
ct

iv
e

co
ho

rt
(F

ra
m

in
gh

am
He

ar
t

St
ud

y)
,9

6
m

en
an

d
18

9
w

om
en

ag
ed

$
75

yr
fre

e
of

CV
D

10
yr

;(
N/

A)
Ti

m
e

sp
en

ts
le

ep
in

g,
re

st
in

g,
or

en
ga

ge
d

in
lig

ht
,

m
od

er
at

e,
or

he
av

y
ph

ys
ic

al
ac

tiv
ity

as
se

ss
ed

by
in

te
rv

ie
w

vs
lo

w
es

ta
ct

iv
ity

qu
ar

til
e

(Q
1)

,m
en

Q1
:R

R
5

0.
67

(0
.3

2–
1.

38
)

Q3
:R

R
5

0.
59

(0
.2

6–
1.

34
)

Q4
:R

R
5

0.
46

(0
.2

0–
1.

03
)

vs
lo

w
es

ta
ct

iv
ity

qu
ar

til
e

(Q
1)

,w
om

en
Q2

:R
R

5
0.

70
(0

.3
8–

1.
29

)
Q3

:R
R

5
0.

26
(0

.1
2–

0.
55

)
Q4

:R
R

5
0.

39
(0

.2
0–

0.
77

)

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

sm
ok

in
g,

w
ei

gh
t,

an
d

pr
es

en
ce

or
ab

se
nc

e
of

gl
uc

os
e

in
to

le
ra

nc
e,

LV
H,

CO
PD

,a
nd

ca
nc

er
.E

xc
lu

di
ng

fir
st

3
ye

ar
s

of
fo

llo
w

-u
p

yi
el

de
d

si
m

ila
r

re
su

lts
.

Bl
ai

r
et

al
.,

19
93

,
US

A
(4

)
Pr

os
pe

ct
iv

e
co

ho
rt

(A
er

ob
ic

s
Ce

nt
er

Lo
ng

itu
di

na
l

St
ud

y)
,1

0,
22

4
m

en
,

m
ea

n
ag

e
41

.7
yr

,a
nd

31
20

w
om

en
,m

ea
n

ag
e

40
.9

yr

8
yr

;2
83

LT
PA

as
se

ss
ed

by
qu

es
tio

nn
ai

re
as

ki
ng

ab
ou

t
18

co
m

m
on

ac
tiv

iti
es

.
Su

bj
ec

ts
w

ith
no

ac
tiv

iti
es

w
er

e
cl

as
si

fie
d

as
in

ac
tiv

e,
th

os
e

w
ho

w
al

ke
d,

jo
gg

ed
,

or
ra

n
as

hi
gh

ly
ac

tiv
e,

an
d

al
lo

th
er

s
as

m
od

er
at

el
y

ac
tiv

e

vs
hi

gh
LT

PA
,m

en
M

od
er

at
e:

RR
5

1.
48

(0
.9

–2
.4

2)
Lo

w
:R

R
5

1.
70

(1
.0

6–
2.

74
)

P
fo

r
tre

nd
,,

0.
00

1
vs

hi
gh

LT
PA

,w
om

en
M

od
er

at
e:

RR
5

0.
75

(0
.4

1–
1.

39
)

Lo
w

:R
R

5
0.

95
(0

.5
4–

1.
70

)
P

fo
r

tre
nd

,0
.3

1

Ad
ju

st
ed

fo
r

ag
e.

Pa
ffe

nb
ar

ge
r

et
al

.,
19

93
,U

SA
(3

5)
Pr

os
pe

ct
iv

e
co

ho
rt

(H
ar

va
rd

Al
um

ni
St

ud
y)

,1
0,

26
9

m
en

ag
ed

45
–8

4
yr

9
yr

;4
76

LT
PA

in
de

x
(k

ca
lzw

k2
1 )

de
riv

ed
fro

m
qu

es
tio

nn
ai

re
s

in
19

62
or

19
66

an
d

19
77

as
ki

ng
ab

ou
tw

al
ki

ng
,c

lim
bi

ng
st

ai
rs

,a
nd

pa
rti

ci
pa

tin
g

in
sp

or
ts

/re
cr

ea
tio

n

vs
,

50
0

kc
al

zw
k2

1
in

19
77

50
0–

99
9

kc
al

zw
k2

1 :R
R

5
0.

73
(0

.5
4–

0.
95

)
10

00
–1

49
9

kc
al

zw
k2

1 :R
R

5
0.

71
(0

.5
3–

0.
96

)
15

00
–1

99
9

kc
al

zw
k2

1 :R
R

5
0.

64
(0

.4
6–

0.
92

)
20

00
–2

49
9

kc
al

zw
k2

1 :R
R

5
0.

57
(0

.4
0–

0.
87

)
25

00
–2

99
9

kc
al

zw
k2

1 :R
R

5
0.

74
(0

.5
0–

1.
12

)
30

00
–3

49
9

kc
al

zw
k2

1 :R
R

5
0.

81
(0

.5
2–

1.
32

)
#

35
00

kc
al

zw
k2

1 :R
R

5
0.

52
(0

.3
9–

0.
75

)
P

fo
r

tre
nd

,,
0.

00
1

Ad
ju

st
ed

fo
r

ag
e.

Ta
ki

ng
up

ac
tiv

iti
es

of
$

4.
5

M
ET

s
be

tw
ee

n
19

62
/1

96
6

an
d

19
77

,c
om

pa
re

d
w

ith
no

te
ng

ag
in

g
in

th
es

e
ac

tiv
iti

es
at

bo
th

tim
es

RR
5

0.
77

(0
.5

8–
0.

96
)

Ad
ju

st
ed

fo
r

ag
e,

sm
ok

in
g,

BM
I,

hy
pe

rte
ns

io
n,

an
d

to
ta

l
en

er
gy

ex
pe

nd
itu

re
.

PHYSICAL ACTIVITY AND ALL-CAUSE MORTALITY Medicine & Science in Sports & ExerciseT S465



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

Sa
nd

vi
k

et
al

.,
19

93
,

No
rw

ay
(4

1)
Pr

os
pe

ct
iv

e
co

ho
rt,

19
60

he
al

th
y

m
en

ag
ed

40
–5

9
yr

16
yr

;2
71

Ph
ys

ic
al

fit
ne

ss
de

te
rm

in
ed

by
m

ax
im

al
ex

er
ci

se
te

st
on

bi
cy

cl
e

er
go

m
et

er

vs
lo

w
es

tf
itn

es
s

qu
ar

til
e

(Q
1)

Q2
:R

R
5

0.
59

(0
.2

8–
1.

22
)

Q3
:R

R
5

0.
45

(0
.2

2–
0.

92
)

Q4
:R

R
5

0.
41

(0
.2

0–
0.

84
)

Ad
ju

st
ed

fo
r

ag
e,

sm
ok

in
g,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,l

ip
id

s,
vi

ta
lc

ap
ac

ity
,

gl
uc

os
e

to
le

ra
nc

e,
re

st
in

g
he

ar
tr

at
e,

BM
I,

an
d

ph
ys

ic
al

ac
tiv

ity
le

ve
l.

Ph
ys

ic
al

ac
tiv

ity
un

re
la

te
d

to
m

or
ta

lit
y

af
te

r
ac

co
un

tin
g

fo
r

ph
ys

ic
al

fit
ne

ss
.

Si
m

on
si

ck
et

al
.,

19
93

,U
SA

(4
4)

3
pr

os
pe

ct
iv

e
co

ho
rts

(E
st

ab
lis

he
d

Po
pu

la
tio

ns
fo

r
Ep

id
em

io
lo

gi
c

St
ud

ie
s

of
th

e
El

de
rly

),
22

64
m

en
an

d
29

13
w

om
en

ag
ed

#
65

yr

6
yr

;(
N/

A)
LT

PA
as

se
ss

ed
by

in
te

rv
ie

w
;

di
ffe

re
nt

qu
es

tio
ns

us
ed

at
di

ffe
re

nt
si

te
s.

In
al

ls
ite

s,
“h

ig
hl

y
ac

tiv
e”

pe
rs

on
s

pa
rti

ci
pa

te
d

in
vi

go
ro

us
ex

er
ci

se
or

ac
tiv

e
sp

or
ts

vs
in

ac
tiv

e,
Ea

st
Bo

st
on

M
od

er
at

el
y

ac
tiv

e:
RR

5
0.

85
(0

.6
3–

1.
15

)
Hi

gh
ly

ac
tiv

e:
RR

5
0.

73
(0

.4
8–

1.
11

)
vs

in
ac

tiv
e,

Ne
w

Ha
ve

n
M

od
er

at
el

y
ac

tiv
e:

RR
5

0.
81

(0
.6

0–
1.

11
)

Hi
gh

ly
ac

tiv
e:

RR
5

0.
66

(0
.4

5–
0.

95
)

vs
in

ac
tiv

e,
Io

w
a

M
od

er
at

el
y

ac
tiv

e:
RR

5
1.

06
(0

.7
7–

1.
46

)
Hi

gh
ly

ac
tiv

e:
RR

5
0.

59
(0

.3
7–

0.
92

)

Ad
ju

st
ed

fo
r

ag
e,

se
x,

ed
uc

at
io

n,
w

or
k

st
at

us
,s

m
ok

in
g,

re
sp

ira
to

ry
sy

m
pt

om
s,

M
I,

st
ro

ke
,d

ia
be

te
s,

an
gi

na
,s

el
f-r

at
ed

he
al

th
,a

nd
m

od
ifi

ed
de

pr
es

si
on

sc
or

e.

W
ey

er
er

,1
99

3,
Ge

rm
an

y
(5

2)
Pr

os
pe

ct
iv

e
co

ho
rt,

15
36

m
en

an
d

w
om

en
ag

ed
$

15
yr

5
yr

;7
9

LT
PA

as
se

ss
ed

by
in

te
rv

ie
w

w
ith

th
e

qu
es

tio
n,

“H
ow

of
te

n
do

yo
u

cu
rr

en
tly

ex
er

ci
se

fo
r

sp
or

ts
(n

ev
er

,
oc

ca
si

on
al

ly
,o

r
re

gu
la

rly
)?

”

vs
re

gu
la

r
LT

PA
,m

en
Oc

ca
si

on
al

:R
R

5
1.

50
(0

.4
6–

4.
89

)
Ne

ve
r:

RR
5

1.
76

(0
.6

5–
4.

75
)

vs
re

gu
la

r
LT

PA
,w

om
en

Oc
ca

si
on

al
:R

R
5

1.
14

(0
.2

4–
5.

30
)

Ne
ve

r:
RR

5
1.

51
(0

.4
1–

5.
54

)

Ad
ju

st
ed

fo
r

ag
e,

so
ci

al
cl

as
s,

ph
ys

ic
al

an
d

ps
yc

hi
at

ric
di

so
rd

er
s.

Ra
ko

w
sk

ia
nd

M
or

,
19

92
,U

SA
(3

8)
Pr

os
pe

ct
iv

e
co

ho
rt

(L
on

gi
tu

di
na

l
St

ud
y

of
Ag

in
g)

,2
22

2
m

en
an

d
36

79
w

om
en

ag
ed

$
70

yr

4
yr

;1
09

8
LT

PA
as

se
ss

ed
by

re
sp

on
se

s
to

qu
es

tio
ns

:“
Ho

w
of

te
n

do
yo

u
w

al
k

a
m

ile
or

m
or

e
at

a
tim

e?
”

an
d

“C
om

pa
re

d
w

ith
ot

he
r

pe
rs

on
s

yo
ur

ag
e,

w
ou

ld
yo

u
sa

y
yo

u
ar

e
ph

ys
ic

al
ly

m
or

e
ac

tiv
e,

le
ss

ac
tiv

e,
or

th
e

sa
m

e?
”

vs
w

al
k

41
dz

w
k2

1 ,m
en

2–
3

dz
w

k2
1 :R

R
5

1.
15

(0
.7

0–
1.

90
)

1
dz

w
k2

1 :R
R

5
1.

20
(0

.7
4–

1.
94

)
,

1
d/

ne
ve

r:
RR

5
1.

23
(0

.9
3–

1.
62

)
vs

w
al

k
41

dz
w

k2
1 ,w

om
en

2–
3

dz
w

k2
1 :R

R
5

1.
72

(1
.0

1–
2.

05
)

1
dz

w
k2

1 :R
R

5
1.

48
(0

.7
0–

3.
10

)
,

1
d/

ne
ve

r:
RR

5
2.

49
(1

.6
4–

3.
80

)
vs

m
or

e/
m

uc
h

m
or

e
ac

tiv
ity

th
an

pe
er

s,
m

en
Sa

m
e:

RR
5

1.
29

(0
.9

9–
1.

67
)

Le
ss

/m
uc

h
le

ss
:R

R
5

1.
77

(1
.1

6–
2.

70
)

vs
m

or
e/

m
uc

h
m

or
e

ac
tiv

ity
th

an
pe

er
s,

w
om

en
Sa

m
e:

RR
5

1.
31

(1
.0

5–
1.

63
)

Le
ss

/m
uc

h
le

ss
:R

R
5

1.
48

(1
.0

5–
2.

09
)

Ad
ju

st
ed

fo
r

ag
e,

se
x,

ra
ce

,e
du

ca
tio

n,
liv

in
g

ar
ra

ng
em

en
t,

se
lf-

ra
te

d
he

al
th

,
so

ci
al

in
vo

lv
em

en
t,

he
ar

tc
on

di
tio

n,
hy

pe
rte

ns
io

n,
st

ro
ke

,d
ia

be
te

s,
fu

nc
tio

na
ls

ta
tu

s,
an

d
BM

I.

Le
on

et
al

.,
19

91
,

US
A

(2
4)

Pr
os

pe
ct

iv
e

co
ho

rt
(M

ul
tip

le
Ri

sk
Fa

ct
or

In
te

rv
en

tio
n

Tr
ia

l
[M

RF
IT

])
,1

2,
13

8
m

en
ag

ed
35

–5
7

yr
at

hi
gh

ris
k

fo
r

CH
D

10
.5

yr
;9

58
LT

PA
as

se
ss

ed
by

M
in

ne
so

ta
LT

PA
qu

es
tio

nn
ai

re
vs

lo
w

es
tt

er
til

e
of

LT
PA

(T
1)

T2
:R

R
5

0.
89

(0
.7

7–
1.

04
)

T3
:R

R
5

0.
92

(0
.7

9–
1.

07
)

Ad
ju

st
ed

fo
r

ag
e,

tre
at

m
en

tg
ro

up
as

si
gn

m
en

t,
ba

se
lin

e
se

ru
m

ch
ol

es
te

ro
l,

di
as

to
lic

bl
oo

d
pr

es
su

re
,

an
d

sm
ok

in
g.

Li
nd

st
ed

et
al

.,
19

91
,

US
A

(2
6)

Pr
os

pe
ct

iv
e

co
ho

rt
(A

dv
en

tis
t

M
or

ta
lit

y
St

ud
y)

,9
48

4
m

en
ag

ed
$

30
yr

26
yr

;4
00

0
To

ta
lL

TP
A

an
d

OP
A

as
se

ss
ed

by
th

e
qu

es
tio

n,
“H

ow
m

uc
h

ex
er

ci
se

do
yo

u
ge

t(
w

or
k

or
pl

ay
)?

”

vs
lo

w
to

ta
la

ct
iv

ity
,a

tta
in

ed
ag

e
50

M
od

er
at

e:
RR

5
0.

61
(0

.5
0–

0.
74

)
Hi

gh
:R

R
5

0.
66

(0
.5

0–
0.

87
)

vs
lo

w
to

ta
la

ct
iv

ity
,a

tta
in

ed
ag

e
60

M
od

er
at

e:
RR

5
0.

68
(0

.5
9–

0.
78

)
Hi

gh
:R

R
5

0.
76

(0
.6

3–
0.

92
)

vs
lo

w
to

ta
la

ct
iv

ity
,a

tta
in

ed
ag

e
70

M
od

er
at

e:
RR

5
0.

76
(0

.6
9–

0.
83

)
Hi

gh
:R

R
5

0.
89

(0
.7

8–
1.

01
)

vs
lo

w
to

ta
la

ct
iv

ity
,a

tta
in

ed
ag

e
80

M
od

er
at

e:
RR

5
0.

85
(0

.7
8–

0.
92

)
Hi

gh
:R

R
5

1.
03

(0
.9

1–
1.

16
)

vs
lo

w
to

ta
la

ct
iv

ity
,a

tta
in

ed
ag

e
90

M
od

er
at

e:
RR

5
0.

94
(0

.8
4–

1.
06

)
Hi

gh
:R

R
5

1.
19

(0
.9

9–
1.

43
)

Ad
ju

st
ed

fo
r

ra
ce

,s
m

ok
in

g,
ed

uc
at

io
n,

m
ed

ic
al

ill
ne

ss
,B

M
I,

m
ar

ita
ls

ta
tu

s,
an

d
di

et
.

S466 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



TA
BL

E
1.

Co
nt

in
ue

d

Au
th

or
,

Ye
ar

,
Co

un
try

St
ud

y
De

si
gn

an
d

Po
pu

la
tio

n
Du

ra
tio

n
of

Fo
llo

w
-

up
;N

um
be

r
of

De
at

hs
De

fin
iti

on
of

Ph
ys

ic
al

Ac
tiv

ity
M

ai
n

Re
su

lts
*

Co
m

m
en

ts

Le
e

an
d

M
ar

ki
de

s,
19

90
,U

SA
(2

0)
Pr

os
pe

ct
iv

e
co

ho
rt,

50
8

m
en

an
d

w
om

en
ag

ed
$

60
yr

8
yr

;1
19

LT
PA

sc
al

e
de

riv
ed

fro
m

an
sw

er
s

to
10

-it
em

qu
es

tio
nn

ai
re

No
si

gn
ifi

ca
nt

tre
nd

fo
r

in
cr

ea
si

ng
LT

PA
, P

.
0.

05
Ad

ju
st

ed
fo

r
ag

e,
se

x,
et

hn
ic

ity
,

ed
uc

at
io

n,
an

d
se

lf-
ra

te
d

he
al

th
.

Bl
ai

r
et

al
.,

19
89

,
US

A
(6

)
Pr

os
pe

ct
iv

e
co

ho
rt

(A
er

ob
ic

s
Ce

nt
er

Lo
ng

itu
di

na
lS

tu
dy

),
10

,2
24

m
en

,m
ea

n
ag

e
41

.7
yr

,
an

d
31

20
w

om
en

,m
ea

n
ag

e
40

.9
yr

8
yr

;2
83

Ph
ys

ic
al

fit
ne

ss
de

te
rm

in
ed

by
m

ax
im

al
tre

ad
m

ill
ex

er
ci

se
te

st

vs
hi

gh
es

tf
itn

es
s

qu
in

til
e

(Q
5)

,m
en

Q4
:R

R
5

1.
17

(0
.6

3–
2.

17
)

Q3
:R

R
5

1.
46

(0
.8

1–
2.

63
)

Q2
:R

R
5

1.
37

(0
.7

6–
2.

50
)

Q1
:R

R
5

3.
44

(2
.0

5–
5.

77
)

P
fo

r
tre

nd
,,

0.
05

vs
hi

gh
es

tf
itn

es
s

qu
in

til
e

(Q
5)

,w
om

en
Q4

:R
R

5
0.

76
(0

.2
7–

2.
11

)
Q3

:R
R

5
1.

43
(0

.6
0–

3.
44

)
Q2

:R
R

5
2.

42
(1

.0
9–

5.
37

)
Q1

:R
R

5
4.

65
(2

.2
2–

9.
75

)
P

fo
r

tre
nd

,,
0.

05

Ad
ju

st
ed

fo
r

ag
e.

Sl
at

te
ry

et
al

.,
19

89
,

US
A

(4
6)

Pr
os

pe
ct

iv
e

co
ho

rt
(U

.S
.R

ai
lro

ad
St

ud
y)

,3
04

3
m

id
dl

e-
ag

ed
m

en
fre

e
of

CV
D

17
–2

0
yr

;(
N/

A)
W

ee
kl

y
en

er
gy

ex
pe

nd
ed

in
LT

PA
,d

er
iv

ed
fro

m
M

in
ne

so
ta

LT
PA

qu
es

tio
nn

ai
re

vs
.

20
00

kc
al

zw
k2

1

10
01

–1
99

9
kc

al
zw

k2
1 :R

R
5

1.
04

(1
.0

1–
1.

08
)

25
1–

10
00

kc
al

zw
k2

1 :R
R

5
1.

08
(1

.0
1–

1.
15

)
#

25
0

kc
al

zw
k2

1 :R
R

5
1.

21
(1

.0
3–

1.
42

)

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
ll

ev
el

,
an

d
sm

ok
in

g.
In

si
m

ul
ta

ne
ou

s
an

al
ys

es
of

lig
ht

/m
od

er
at

e
an

d
vi

go
ro

us
ac

tiv
iti

es
,o

nl
y

vi
go

ro
us

ac
tiv

ity
w

as
si

gn
ifi

ca
nt

ly
an

d
in

ve
rs

el
y

re
la

te
d

to
al

l-c
au

se
m

or
ta

lit
y.

Sl
at

te
ry

an
d

Ja
co

bs
,

19
88

,U
SA

(4
5)

Pr
os

pe
ct

iv
e

co
ho

rt
(U

S
Ra

ilr
oa

d
St

ud
y)

,2
43

1
m

en
ag

ed
22

–7
9

yr
fre

e
of

CV
D

17
–2

0
yr

;6
30

Ph
ys

ic
al

fit
ne

ss
as

se
ss

ed
by

he
ar

tr
at

e
on

su
bm

ax
im

al
3-

m
in

ut
e

tre
ad

m
ill

te
st

vs
#

10
5

be
at

sz
m

in
2

1

10
6–

11
5

be
at

sz
m

in
2

1 :R
R

5
1.

07
(1

.0
2–

1.
13

)
11

6–
12

7
be

at
sz

m
in

2
1 :R

R
5

1.
15

(1
.1

0–
1.

21
)

$
12

7
be

at
sz

m
in

2
1 :R

R
5

1.
23

(1
.1

7–
1.

30
)

Ad
ju

st
ed

fo
r

ag
e,

sy
st

ol
ic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

an
d

sm
ok

in
g.

Si
m

ila
r

as
so

ci
at

io
ns

se
en

am
on

g
m

en
w

ith
,

10
00

kc
al

zw
k2

1

or
$

10
00

kc
al

zw
k2

1
in

LT
PA

.
Le

on
et

al
.,

19
87

,
US

A
(2

5)
Pr

os
pe

ct
iv

e
co

ho
rt

(M
ul

tip
le

Ri
sk

Fa
ct

or
In

te
rv

en
tio

n
Tr

ia
l

[M
RF

IT
])

,1
2,

13
8

m
en

ag
ed

35
–5

7
yr

at
hi

gh
ris

k
of

CH
D

7
yr

;4
88

LT
PA

as
se

ss
ed

by
M

in
ne

so
ta

LT
PA

qu
es

tio
nn

ai
re

vs
lo

w
es

tt
er

til
e

(T
1)

T2
:R

R
5

0.
73

(0
.5

9–
0.

91
)

T3
:R

R
5

0.
87

(0
.7

0–
1.

07
)

Ad
ju

st
ed

fo
r

ag
e,

di
as

to
lic

bl
oo

d
pr

es
su

re
,s

er
um

ch
ol

es
te

ro
l,

sm
ok

in
g,

an
d

tre
at

m
en

tg
ro

up
.

Pa
ffe

nb
ar

ge
r,

et
al

.,
19

86
,U

SA
(3

4)
Pr

os
pe

ct
iv

e
co

ho
rt

(H
ar

va
rd

Al
um

ni
St

ud
y)

,1
6,

93
6

m
en

ag
ed

35
–7

4
yr

an
d

fre
e

of
CH

D

12
–1

6
yr

;1
41

3
LT

PA
in

de
x

(k
ca

lzw
k2

1 )
de

riv
ed

fro
m

qu
es

tio
nn

ai
re

as
ki

ng
ab

ou
tw

al
ki

ng
,

cl
im

bi
ng

st
ai

rs
,a

nd
pa

rti
ci

pa
tin

g
in

sp
or

ts
/

re
cr

ea
tio

n

vs
,

50
0

kc
al

zw
k2

1

50
0–

99
9

kc
al

zw
k2

1 :R
R

5
1.

00
10

00
–1

49
9

kc
al

zw
k2

1 :R
R

5
0.

73
15

00
–1

99
9

kc
al

zw
k2

1 :R
R

5
0.

63
20

00
–2

49
9

kc
al

zw
k2

1 :R
R

5
0.

62
25

00
–2

99
9

kc
al

zw
k2

1 :R
R

5
0.

52
30

00
–3

49
9

kc
al

zw
k2

1 :R
R

5
0.

46
#

35
00

kc
al

zw
k2

1 :R
R

5
0.

62
P

fo
r

tre
nd

,,
0.

00
01

Ad
ju

st
ed

fo
r

ag
e.

M
en

ot
ti

an
d

Se
cc

ar
ec

ci
a,

19
85

,
Ita

ly
(2

9)

Pr
os

pe
ct

iv
e

co
ho

rt
(It

al
ia

n
Ra

ilr
oa

d
St

ud
y)

,9
9,

04
9

m
en

ag
ed

40
–5

9
yr

5
yr

;2
66

1
OP

A
ba

se
d

on
es

tim
at

ed
en

er
gy

co
st

of
ta

sk
pe

rfo
rm

ed

vs
.s

ed
en

ta
ry

OP
A

M
od

er
at

e:
RR

5
1.

03
( P

.
0.

05
)

He
av

y:
RR

5
1.

04
( P

.
0.

05
)

Ka
nn

el
an

d
So

rli
e,

19
79

,U
SA

(1
5)

Pr
os

pe
ct

iv
e

co
ho

rt
(F

ra
m

in
gh

am
He

ar
tS

tu
dy

),
19

09
m

en
an

d
23

11
w

om
en

ag
ed

35
–6

9

14
yr

;5
52

Ph
ys

ic
al

ac
tiv

ity
in

de
x

de
riv

ed
fro

m
in

te
rv

ie
w

on
ho

ur
s

re
st

in
g

an
d

va
rio

us
jo

b
an

d
ex

tra
cu

rr
ic

ul
ar

ac
tiv

iti
es

No
si

gn
ifi

ca
nt

tre
nd

fo
r

in
cr

ea
si

ng
ph

ys
ic

al
ac

tiv
ity

in
de

x
in

m
en

an
d

w
om

en
, P

.
0.

05
Ad

ju
st

ed
fo

r
ag

e,
sy

st
ol

ic
bl

oo
d

pr
es

su
re

,s
m

ok
in

g,
se

ru
m

ch
ol

es
te

ro
l,

gl
uc

os
e

in
to

le
ra

nc
e,

an
d

LV
H.

Ph
ys

ic
al

ac
tiv

ity
si

gn
ifi

ca
nt

ly
as

so
ci

at
ed

w
ith

lo
w

er
CH

D
ra

te
s

in
m

en
.

PHYSICAL ACTIVITY AND ALL-CAUSE MORTALITY Medicine & Science in Sports & ExerciseT S467



both of which will generate a volume of energy expenditure
on the order of 1000 kcal·wk-1, is likely to decrease all-cause
mortality rates. However, we cannot rule out that a lesser
volume of physical activity may be associated with benefit
for all-cause mortality (18,25,35).

Intensity of physical activity. To ascertain the dose
response between intensity of physical activity and all-cause
mortality, activities of different intensity must be simulta-
neously considered to prevent confounding by volume of phys-
ical activity. As discussed earlier, a larger volume of physical
activity is clearly associated with decreased all-cause mortality
rates, and vigorous-intensity activities generate higher levels of
energy expenditure than moderate-intensity activities when
time is held constant. Alternately, investigators can examine
select populations that engage only (or primarily) in moderate-
intensity or vigorous-intensity activity. Although such studies
can answer the question of whether moderate-intensity or vig-
orous-intensity physical activity is associated with decreased
all-cause mortality rates, they do not allow direct comparison
of the merits of moderate-intensity activity with vigorous-
intensity activity; i.e., dose-response with intensity.

Only four studies examined intensity of physical activity,
simultaneously considering physical activity of other inten-
sities; one reported that moderately vigorous ($4.5 METs)
activities were beneficial compared with activities of lesser
intensity (35), whereas three noted that only vigorous phys-
ical activity ($6 METs), but not less-intense physical ac-
tivity, predicted lower all-cause mortality rates (21,22,46).

Some of the studies examined intensity of physical ac-
tivity in relation to all-cause mortality rates but did not
simultaneously adjust for activities of different intensities.
Among Danish subjects with any LTPA, participation in
sports conferred further risk reduction for all-cause mortal-
ity (2). Participation in vigorous activities of$ 6 METs was
associated with a lower risk of all-cause mortality in Finnish
subjects (17). In German subjects, participation in sports but
not other activities reduced rates of all-cause mortality (30).
In all three of these studies, it is unclear whether the findings
reflect additional benefit with greater volume of physical
activity from participation in sports or vigorous activities. In
three other studies where subjects engaged primarily in
moderate-intensity physical activity, investigators did ob-
serve a benefit for all-cause mortality with increasing levels
of participation in these activities (13,18,25).

Duration and frequency of physical activity. To
isolate the effect of duration or frequency of physical ac-
tivity on all-cause mortality rates, it is imperative to hold
volume of physical activity constant to prevent confounding
by volume of activity. In other words, if two individuals
expend the same volume of energy, does it matter whether
one expends this volume in several, shorter bouts of phys-
ical activity or in fewer, longer bouts?

None of the 44 studies addressed this question in relation
to all-cause mortality. One recent study did examine this
issue in relation to coronary heart disease (CHD) (23). The
investigators concluded that duration (examined in 15-min
intervals) and frequency did not predict CHD rates once
volume of physical activity was accounted for. That is,TA
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shorter sessions of exercise had similar effects on CHD risk
compared with longer sessions, as long as the total energy
expended was similar.

Four of the studies in Table 1 examined duration (19) or
frequency (18,30,38) of physical activity in relation to all-
cause mortality rates. However, because the analyses did not
control for volume of physical activity, the findings essen-
tially reflect the association between volume of physical
activity and all-cause mortality.

DISCUSSION

There is a sufficient body of evidence to evaluate the
dose-response relation between physical activity and all-
cause mortality rates. We identified 44 studies conducted in
Canada, Denmark, Finland, Germany, Israel, Italy, the
Netherlands, Norway, Sweden, the United Kingdom, and
United States that addressed this issue. Based on these
studies, there is clear evidence of an inverse dose-response
relation between volume of physical activity (or level of
physical fitness) and all-cause mortality rates. The prepon-
derance of evidence suggests that risk of dying during a
given period continues to decline with increasing levels of
physical activity rather than displaying a threshold or L-
shaped relation. This inverse dose-response relation has
been shown in men and women, and in younger and older
($60 yr) subjects.

Fewer data are available regarding the volume of physical
activity needed to reduce all-cause mortality rates. It appears
that minimal adherence to current or previous physical ac-
tivity recommendations, which will generate energy expen-
diture on the order of 1000 kcal·wk-1, results in decreased
all-cause mortality rates with risk reductions on the order of
20–30%. In addition, three studies suggest that an even
lower volume of physical activity may be associated with
benefit (18,25,35).

Sparse data exist regarding the components that contribute to
the volume of physical activity: intensity, duration, and fre-
quency. Studies conducted in populations engaged primarily in
moderate-intensity physical activity show that higher levels of
moderate-intensity physical activity are associated with lower
all-cause mortality rates, presumably because of higher volume
of physical activity. However, hardly any data are available to
determine for two individuals expending the same volume of
physical activity whether there is additional benefit for the one
who expends all of it in vigorous-intensity physical activity
compared with the other who expends all of it in moderate-
intensity activity.

No data are available to answer the questions on duration
and frequency. That is, it is unknown whether a given volume
of physical activity expended in shorter, more frequent bouts
has different effects on all-cause mortality rates than that same
volume expended in longer, less frequent bouts.

Although not directly relevant to the issue of dose response,
an important public health issue is determining whether chang-
ing from a sedentary lifestyle to an active one (or from an unfit
cardiorespiratory profile to a fit one) is associated with lower
all-cause mortality rates. The studies reviewed suggest that

increasing physical activity or fitness is associated with benefit
(3,10,35), whereas decreasing levels is associated with harm
(27). Two other studies that did not satisfy the criteria for this
review also support the benefit of increasing physical activity
or fitness levels (5,36).

Evidence category. All studies investigating dose-
response associations between physical activity and all-
cause mortality have been observational studies. No ran-
domized clinical trial data are available. Therefore, the
above conclusions are based on Evidence Category C.

Because the conclusions are based on observational stud-
ies, two potential limitations need to be considered. First,
are the observed associations the result of bias? If poor
health caused subjects to decrease their physical activity
level before the start of the study, this would cause inves-
tigators to observe a spurious inverse relation between
higher levels of physical activity and lower all-cause mor-
tality rates. Such a bias is unlikely to account for the results
because the inverse associations have been noted in studies
that included only healthy subjects. It is also possible that
apparently healthy subjects with undiagnosed, serious ill-
nesses (who are likely to die in the early years of follow-up)
may have decreased their physical activity before study
entry. Employing a built-in lag period minimizes this bias.
Several studies that considered a lag period observed an
inverse association between physical activity and all-cause
mortality rates. Finally, the effect of this bias is diluted with
longer follow-up periods; many of the studies that reported
an inverse association had periods of follow-up lasting 10 or
more yr.

A second potential limitation is confounding by other
health habits. Individuals who are physically active are
likely to be health conscious in other ways as well, such as
not smoking, eating a healthier diet, and maintaining a
healthy weight. However, the inverse association between
physical activity level and all-cause mortality rates are un-
likely to be due to these other health habits, because studies
that controlled for these potential confounders continued to
observe an inverse association.

RESEARCH RECOMMENDATIONS

Although the most rigorous data for a cause-and-effect
relation come from well-designed and conducted random-
ized clinical trials, it is simply not feasible to conduct such
trials in the context of examining the dose-response relation
between physical activity and all-cause mortality. Thus,
answers concerning this relation must come from observa-
tional epidemiologic studies. These observational data will
be strengthened by data from randomized clinical trials of
physical activity and short-term health outcomes that in
themselves predict mortality (e.g., blood pressure, lipid pro-
file, glucose tolerance), as well as by data from laboratory
studies on plausible biologic mechanisms linking physical
activity with decreased mortality rates.

With regard to observational epidemiologic studies that
directly assess the dose-response relation between physical
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activity and all-cause mortality rates, we propose the fol-
lowing areas for future research:

1. Studies must assess physical activity in sufficient detail
to permit translation of findings to public health recommen-
dations. For example, studies asking subjects whether they
get none, some, or a lot of physical activity during work or
leisure-time are difficult to interpret with respect to the dose
of physical activity. Assessment of the kinds of activity, the
intensity (both on an absolute scale and relative to the
capacity of the individual subject, the latter being especially
relevant for older persons), duration, and frequency are
desirable.

2. The existing data suggest that current and previous
physical activity recommendations will generate sufficient
volume of physical activity to decrease all-cause mortality
rates. However, there are some provocative, but not defin-
itive, data suggesting that an even lower volume of physical
activity—perhaps half of what is currently recommended—
may be all that is needed. This is important to ascertain
because recommending an even lower volume of physical
activity for health surely will be more palatable to the many
sedentary individuals in the world.

3. It is unclear whether there is a dose-response relation
between intensity of physical activity and all-cause mortal-
ity rates above the contribution of intensity to volume of
physical activity. Future studies should analyze data on
intensity of physical activity while controlling for volume of
physical activity. Although expending the minimum volume
of energy for health, whether from moderate- or vigorous-
intensity physical activity, may be all that is relevant to the

public, recommendations for higher-intensity activity may
be more attractive to busy individuals because they deliver
greater volume of activity in shorter time periods. They may
be even more attractive if they engender additional benefit
for all-cause mortality.

4. There are no data on whether duration and frequency of
physical activity are important to all-cause mortality be-
yond their contribution to volume of physical activity.
This area has direct bearing on the current physical ac-
tivity recommendation that allows for accumulation of
short bouts of physical activity. Future studies should
analyze the associations of duration and frequency with
all-cause mortality rate, controlling for the volume of
energy expended.

5. There are no data on whether patterns of physical activity
conforming to previous physical activity recommendations
(“structured exercise”) offer commensurate benefit for all-
cause mortality rates as patterns of physical activity conform-
ing to current physical activity guidelines (“lifestyle physical
activity”), when the same volume of physical activity is gen-
erated. Studies that satisfy research recommendation (1) should
have adequate information to classify subjects according to
both patterns of physical activity and be capable of examining
mortality rates in both groups.
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