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Synopsis

Despite its growing pervasiveness, the health challenges prompted by obesity in the older adult 

population are poorly recognized and under-studied. A defined treatment for geriatric obesity is 

difficult to establish, as it must take into account biological heterogeneity, age-related co-

morbidities, and functional limitations (sarcopenia/dynapenia). This restrospective article 

highlights our current understanding of the optimal body mass index (BMI) in later life, 

addressing appropriate recommendations based on BMI category, age, and health history. As the 

findings of randomized control trials of weight loss/maintenance interventions continue to 

accumulate, we are moving closer to evidence-based and appropriately individualized 

recommendations for body weight management in older adults.
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Introduction: Nature of the Problem

The pervasiveness of the obesity epidemic in the older adult population is poorly recognized 

and under-studied. Yet, as illustrated in Figure 1, more than 1/3rd of U.S. adults ≥60 years of 

age have body weights in the obese (body mass index (BMI) ≥30 kg/m2) range[1]; the 

prevalence of geriatric obesity has steadily increased in recent decades and is expected to 

continue to rise.[2] Obesity, inactivity, and aging are each independent risk factors for 

detrimental metabolic changes leading to conditions like cardiovascular disease and 

impaired glucose intolerance, so the obese older person is especially vulnerable to such 

derangements.[3 4] However, the loss of function is often the most distressful to elders 

because it threatens independence and dignity during the later years of life.[5–7] These “fat 

and frail” older adults have insufficient muscle strength relative to body size to remain fully 

active. The contribution of obesity to impaired function is progressive, as excessive 

adiposity and loss of muscle strength/mass are cyclically reinforcing.[8]
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Therapeutic Options for Optimizing Body Mass

Table 1 lists categories of BMI level and corresponding lifestyle (diet and exercise) 

recommendations to optimize health and longevity in older adults based on the best evidence 

currently available.

Underweight

For older adults, a BMI in the range of 23.0 to 29.9 kg/m2 is associated with optimal 

longevity.[10 11] A meta-analysis by Winter et al.[10] indicated that, within the “normal 

weight” category of 18 to 24.9 kg/m2, mortality was better at a BMI ≥23.0 kg/m2. Therefore, 

we recommend that older adults with a BMI <23.0 kg/m2 be encouraged to use a 

combination of nutrient and calorie dense foods and exercise to gradually increase their 

BMI, ideally using resistance training to increase muscle mass.

Overweight

In the case of older adults, a BMI in the range typically categorized as “overweight” (25.0 to 

29.9 kg/m2) is not associated with adverse mortality outcomes.[12] Flegal and 

colleagues[11] analyzed 97 studies (of 2.88 million individuals) and found that being 

overweight was associated with the lowest mortality across all age groups, as well as in 

older adults specifically. In their analysis, being obese (BMI ≥30) was associated with 

higher mortality across all ages, although not in older adults. These findings indicate that the 

protective effects of overweight on survival occur independently of age and that in the case 

of obesity detrimental effects on survival are somewhat blunted in later life.

Obese, <80 years

Until recently, weight reduction therapies for obesity in older adults have been deemed 

controversial.[13–15] With traditional weight loss regimens, the loss of lean muscle mass 

can constitute 25% or more of the total amount of weight lost.[16] Bone mineral density is 

also slightly reduced when weight loss occurs.[13] Thus, there is tension between the need 

to minimize the negative side effects of weight loss and the many advantages of reducing 

excess body weight. However, for older adults who are obese and experiencing metabolic 

and/or functional challenges, recent evidence argues that beneficial and safe body weight 

reduction can be achieved, especially when exercise is included as part of the treatment.[17] 

Based on studies in obese older adults who are physically able to participate, both aerobic 

and resistance exercise training can help to protect lean mass and preserve function during 

weight loss.[18–20] While weight loss interventions for older adults remain controversial, 

per the accumulating evidence from randomized controlled trials illustrated in the next 

section, weight reduction in this population can benefit muscle quality, physical function, 

inflammatory status, and metabolic profiles. [13][17][2]

Obese, 80+ years and/or with complicating circumstances

There are essentially no studies of obesity reduction in adults 80 year of age or older. In 

these individuals, we would therefore advocate for weight maintenance with an emphasis on 

a healthy diet and exercise as tolerated. This would also be the case for any older adult with 
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a terminal illness, those with severe chronic medical conditions, and persons with moderate 

to severe dementia.

Clinical Outcomes

Weight-loss therapy that minimizes loss of muscle and bone mass is recommended for older 

persons who are obese and who have functional impairments or medical complications that 

can benefit from weight reduction.[21] Table 2 presents the findings to date of clinical 

intervention trials for obesity reduction in older adults.

Complications and Concerns

The best solution for halting cyclic and progressive functional and metabolic deterioration in 

those obese older adults with complicated health concerns awaits further study before 

evidence-based recommendations can be made. For individuals who are able, the use of 

physical activity, specifically, resistance exercise, appears to be the best approach to protect 

muscle and bone while undergoing intentional weight loss. Therefore, we strongly advocate 

for the combined approach of a weight reduction diet plus a program of exercise. However, 

in the case of the obese, frail, older adult who is unable to achieve a level of physical 

activity sufficient to provide this protection, the best approach in terms of long term health 

impact is unknown.[22] Future studies of generous protein intakes as a means of preserving 

lean muscle mass during weight reduction may yield guidance on this issue.[21 23–25]

The risk of developing serious chronic health conditions increases with age. Unfortunately, 

these conditions sometimes lead to pronounced conditions of wasting, also known as 

cachexia.[26] In these cases, the “reverse epidemiology” of obesity or “obesity paradox” is 

often observed, meaning that those with a high BMI survive longer than those with a lower 

body weight. This phenomenon has been confirmed in the case of cancer cachexia[27], end 

stage renal disease[28], and chronic heart failure[29], as well as a number of other 

conditions common in old age. The increased survival attributed to obesity in these 

situations is thought to be due to the availability of larger body stores of both energy (fat) 

and lean mass, as well as a better nutritional state overall.[30] Taking into consideration the 

points made in this section, we underscore that an individualized approach to obesity, with 

careful consideration of health and quality of life priorities, should be taken in the following 

situations:

• Disability that precludes physical exercise

• Osteoporosis

• Muscle wasting

• Moderate to advanced dementia

• An ultimately terminal condition

• Disease states that might progress to a state of wasting/cachexia (e.g., advanced 

renal disease, heart failure, COPD, certain cancers)
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Summary

Biological heterogeneity is a hallmark of aging and approaches to managing obesity in late 

life must take into account this heterogeneity. Interventions for restoring optimal body mass 

need to consider medical history and future health trajectories so that recommendations can 

be tailored to the needs of the individual. The combination of exercise (particularly 

resistance training) with a gradual weight reduction diet is the best means to protect lean 

muscle mass and bone mineral density during weight loss. This approach is recommended 

for adults under 80 years of age who are experiencing metabolic and/or functional problems 

as a result of a BMI ≥30 and who are physically able to exercise. For obese adults who are 

80 years of age or older and/or who have potential contraindications for weight reduction, a 

regimen of healthy diet plus individualized exercise geared towards weight maintenance and 

enhanced muscle mass is recommended. Further study is needed to identify the diet and 

exercise strategies most suitable for overweight older adults, namely the optimal approaches 

for preventing the development of obesity and slowing the progression of obesity-related 

chronic health conditions in this age group. Determination of the optimal body mass and 

composition for older adults based on the age and health status of the individual continues to 

be a very active area of study in the geriatrics field.
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Key Points

• Obesity is common in older adults, contributing to significant morbidity and 

reducing functional independence and quality of life.

• Older adults with a BMI <23 kg/m2 are advised to emphasize a diet of high 

energy and nutrient density and participate in exercise (resistance) training in 

order to achieve a gradual increase in body mass, especially muscle mass.

• Older adults who are overweight (BMI 25 to 29.9 kg/m2) are advised to remain 

weight stable, emphasize a diet of high nutrient density, and actively participate 

in exercise training that enhances aerobic endurance and improves muscle mass.

• For adults aged 60 to 79 years who are obese (BMI ≥30 kg/m2) and 

experiencing metabolic and/or functional deficits, a weight loss therapy that 

minimizes muscle and bone losses can be beneficial. Ideally, this therapy should 

be a combination of calorie reduction and exercise training that includes 

resistance exercise.

• In the case of obese adults who are older than 79 years, and/or those who have 

serious chronic illness or disabilities, a weight maintenance approach is best 

advised, given the scarcity of information about the benefit/risk of weight 

reduction in these situations.
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Figure 1. 
Prevalence of obesity among adults aged 65 and over, by sex: United States 2007–2010

Source: CDC/NCHS, National Health and Nutrition Examination Survey, 2007–2010.[9]
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Table 1

Lifestyle recommendations for older adults should be individualized by BMI and age

BMI (kg/m2) Weight Status Diet Recommendation Exercise Recommendation

<23.0 Under-weight High nutrient dense diet with sufficient kcal to 
gradually increase weight and muscle mass

Emphasize resistance training to build muscle; 
also aerobic exercise, balance, and flexibility 

training

23.0 to 29.9 Normal/“Overweight” High nutrient dense diet with sufficient kcal to 
maintain weight

Combination of aerobic exercise, resistance, 
balance and flexibility training

≥30 Age ≤80 Obese Modest calorie reduction (500 to <1000) to 
achieve gradual weight loss; emphasize high 

nutrient density

Combination of aerobic exercise, resistance, 
balance, and flexibility training

≥30 Age >80 Obese High nutrient dense diet with sufficient kcal to 
maintain weight

Resistance, balance, and flexibility training, 
aerobic exercise as tolerated
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ic

 E
X

F
ri

m
el

 e
t 

al
. 

20
08

[1
9]

N
= 

30
A

ge
: 

W
L

: 7
0.

3±
4.

8 
yr

s;
 W

L
+

E
X

: 
68

.7
±

4.
3 

yr
s

G
en

de
r:

 6
0%

 w
om

en
B

M
I:

 W
L

: 3
6.

9±
4.

9k
g/

m
2 ;

 W
L

+
E

X
:

36
.7

±
5.

1k
g/

m
2

H
ea

lt
h:

 M
ild

 to
 m

od
er

at
e 

fr
ai

lty
; 

se
de

nt
ar

y

D
es

ig
n:

 R
C

T
A

rm
s:

 W
L

 (
n=

15
)

W
L

+
E

X
 (

n=
15

)
D

ur
at

io
n:

 6
 m

o

1-
R

M
; b

od
y 

co
m

po
si

tio
n 

by
 

D
X

A
; a

nt
hr

op
om

et
ri

cs
W

ei
gh

t 
ch

an
ge

: 
W

L
: −

10
.7

±
4.

5 
kg

, 1
0.

6±
4.

6%
; W

L
±

E
X

: −
9.

7±
4.

0 
kg

, 
10

0±
3.

9%
F

un
ct

io
n:

 W
L

+
E

X
 in

cr
ea

se
d 

in
 u

pp
er

 a
nd

 lo
w

er
 e

xt
re

m
ity

 s
tr

en
gt

h 
(1

-
R

M
).

B
od

y 
C

om
p:

 W
L

 a
nd

 W
L

+
E

X
 d

ec
re

as
ed

 B
W

 a
nd

 F
M

; W
L

+
E

X
 lo

st
 le

ss
 

FF
M

 (
1.

8±
1.

5 
vs

. 5
.4

±
3.

7 
kg

),
 a

nd
 u

pp
er

 (
0.

1±
0.

2 
vs

. 0
.2

±
0.

2 
kg

) 
an

d 
lo

w
er

 (
0.

9±
0.

8 
vs

. 2
.0

±
0.

9 
kg

) 
ex

tr
em

ity
 F

FM
 c

om
pa

re
d 

to
 W

L
 a

rm
.
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St
ud

ie
s

St
ud

y 
po

pu
la

ti
on

In
te

rv
en

ti
on

O
ut

co
m

es
Im

po
rt

an
t 

F
in

di
ng

s

L
am

be
rt

 e
t 

al
. 

20
08

[4
5]

N
=

 1
6

A
ge

: 6
9±

1 
yr

s
G

en
de

r:
 E

X
: 5

0%
 w

om
en

; W
L

: 5
0%

 
w

om
en

B
M

I:
 3

8±
2 

kg
/m

2
H

ea
lt

h:
 F

ra
il;

 d
if

fi
cu

lty
 o

r 
ne

ed
 f

or
 

as
si

st
an

ce
 in

 tw
o 

IA
D

L
S 

of
 o

ne
 A

D
L

D
es

ig
n:

 R
C

T
A

rm
s:

 E
X

W
L

D
ur

at
io

n:
 1

2 
w

ee
ks

Sk
el

et
al

 m
us

cl
e 

m
R

N
A

s 
fo

r 
to

ll-
lik

e 
re

ce
pt

or
-4

; m
ec

ha
no

-
gr

ow
th

 f
ac

to
r,

 T
N

F-
α

; I
L

-6
; 

H
sC

R
P;

 b
od

y 
co

m
po

si
tio

n 
vi

a 
D

X
A

W
ei

gh
t 

ch
an

ge
: 

W
L

: 7
.1

%
; E

X
: 0

%
In

fl
am

m
at

io
n/

R
O

S 
B

io
m

ar
ke

rs
: 

E
X

 d
ec

re
as

ed
 T

L
R

-4
 m

R
N

A
; I

L
-6

 
m

R
N

A
; T

N
F-
α

 m
R

N
A

; E
X

 in
cr

ea
se

d 
M

G
F 

m
R

N
A

So
lo

m
on

 e
t 

al
. 

20
08

[4
6]

N
=

 2
3

M
ea

n 
ag

e:
 6

6 
±

 1
 y

rs
G

en
de

r:
 B

ot
h

B
M

I:
 3

3.
2±

1.
4 

kg
/m

2

H
ea

lt
h:

 I
m

pa
ir

ed
 g

lu
co

se
 to

le
ra

nc
e

D
es

ig
n:

 R
C

T
A

rm
s:

 E
X

 (
n=

12
)

W
L

+
E

X
 (

n=
11

)
D

ur
at

io
n:

 1
2 

w
ks

M
us

cl
e 

lip
id

 c
om

po
si

tio
n 

by
 

hi
st

oc
he

m
is

tr
y 

of
 m

us
cl

e 
bi

op
sy

; b
od

y 
co

m
po

si
tio

n 
by

 
hy

dr
os

ta
tic

 w
ei

gh
in

g;
 

an
th

ro
po

m
et

ri
cs

.

W
ei

gh
t 

ch
an

ge
: 

E
X

: −
3.

3 
kg

; W
L

+
E

X
: −

7.
9 

kg
M

us
cl

e 
L

ip
id

 C
om

p:
 D

ec
re

as
ed

 −
25

.9
±

12
.4

%
 in

 E
X

 a
nd

 −
34

.3
±

17
.6

%
 

in
 W

L
+

E
X

, n
o 

gr
ou

p 
di

ff
er

en
ce

 f
ou

nd
.

B
od

y 
C

om
p:

 N
o 

ch
an

ge
 in

 F
FM

. W
L

+
E

X
 h

ad
 g

re
at

er
 d

ec
re

as
es

 in
 b

od
y 

an
d 

fa
t m

as
s.

V
ill

er
al

 e
t 

al
. 

20
08

[4
7]

N
=

 2
7

M
ea

n 
ag

e:
 7

0 
±

 5
 y

rs
G

en
de

r:
 B

ot
h

B
M

I:
 3

9±
5 

kg
/m

2

H
ea

lt
h:

 S
ed

en
ta

ry
; m

ild
 to

 m
od

er
at

e 
fr

ai
lty

 d
ef

in
ed

 b
y 

ph
ys

ic
al

 p
er

fo
rm

an
ce

 
sc

or
e,

 p
ea

k 
V

O
2,

 a
nd

 I
A

D
L

S 
an

d 
A

D
L

D
es

ig
n:

 R
C

T
A

rm
s:

 W
L

+
E

X
 

(n
=

17
)

C
on

tr
ol

 (
n=

10
D

ur
at

io
n:

 1
 y

ea
r

B
W

, B
M

D
, B

M
C

, b
on

e 
m

et
ab

ol
is

m
 m

ar
ke

rs
, a

nd
 

st
re

ng
th

 a
ss

es
se

d 
by

 1
-R

M
.

W
ei

gh
t 

ch
an

ge
: 

W
L

+
E

X
: −

10
.1

±
2.

0%
; C

on
tr

ol
: +

1.
2±

1.
3%

B
M

D
: 

D
ec

re
as

ed
 g

re
at

er
 in

 W
L

+
E

X
 a

rm
 c

om
pa

re
d 

to
 c

on
tr

ol
 a

t t
ot

al
 h

ip
 

(−
2.

4±
2.

5%
 v

s.
 0

.1
±

2.
1%

),
 tr

oc
ha

nt
er

 (
−

3.
3±

3.
1%

 v
s.

 0
.2

±
3.

3%
),

 a
nd

 
in

te
rt

ro
ch

an
te

r 
(−

2.
7±

3.
0%

 0
.3

±
2.

7%
).

B
M

C
: D

ec
re

as
ed

 g
re

at
er

 in
 W

L
+

E
X

 c
om

pa
re

d 
to

 c
on

tr
ol

 a
rm

 a
t t

ot
al

 h
ip

 
(−

2.
4±

4.
7%

 v
s.

 0
.9

±
2.

0%
),

 tr
oc

ha
nt

er
 (

−
4.

1±
7.

0%
 v

s.
 1

.4
±

6.
1%

),
 a

nd
 

in
te

rt
ro

ch
an

te
r 

(−
2.

4±
5.

7%
 v

s.
 0

.6
±

2.
0%

).
B

on
e 

m
ar

ke
rs

: 
G

re
at

er
 I

nc
re

as
ed

 in
 W

L
+

E
X

 a
rm

 c
om

pa
re

d 
to

 c
on

tr
ol

 in
 

C
-t

er
m

in
al

 te
lo

pe
pt

id
e 

(1
01

±
79

%
 v

s.
 1

2±
35

%
) 

an
d 

os
te

oc
al

ci
n 

(6
6±

61
%

 
vs

. −
5±

15
%

).
H

or
m

on
es

: D
ec

re
as

ed
 g

re
at

er
 in

 W
L

+
E

X
 c

om
pa

re
d 

to
 c

on
tr

ol
 a

rm
 in

 
se

ru
m

 le
pt

in
 (

−
30

±
25

%
 v

s.
 2

±
12

%
) 

an
d 

es
tr

ad
io

l (
−

14
±

21
%

 v
s.

. 
0/

1±
14

%
)

St
re

ng
th

: S
ig

ni
fi

ca
nt

 im
pr

ov
em

en
ts

 in
 u

pp
er

 a
nd

 lo
w

er
 b

od
y 

co
m

pa
re

d 
to

 c
on

tr
ol

/

M
ill

er
 e

t 
al

. 
20

06
[4

8]
N

= 
87

A
ge

: 
C

on
tr

ol
: 6

9.
3±

0.
9 

yr
s;

 W
L

+
E

X
 : 

69
.7

±
0.

9 
yr

s
G

en
de

r:
 W

S:
 6

0.
5%

 w
om

en
; W

L
+

E
X

 : 
63

.6
%

B
M

I:
 C

on
tr

ol
 : 

34
.3

±
3.

9 
kg

/m
2 ;

 W
L

: 
34

.9
±

4.
9 

kg
/m

2

H
ea

lt
h:

 S
ym

pt
om

at
ic

 k
ne

e 
O

A
; 

di
ff

ic
ul

ty
 w

ith
 1

 o
r 

m
or

e:
 li

ft
in

g 
an

d 
ca

rr
yi

ng
 g

ro
ce

ri
es

, w
al

ki
ng

 o
ne

-q
ua

rt
er

 
m

ile
, g

et
tin

g 
in

 a
nd

 o
ut

 o
f 

a 
ch

ai
r,

 o
r 

go
in

g 
up

 a
nd

 d
ow

n 
st

ai
rs

D
es

ig
n:

 R
C

T
A

rm
s:

 C
on

tr
ol

 (
n=

43
)

W
L

+
E

X
 (

n=
44

)
D

ur
at

io
n:

 6
 m

o

W
O

M
A

C
; 6

-m
in

ut
e 

w
al

k 
di

st
an

ce
 te

st
; s

ta
ir

 c
lim

b 
te

st
; 

bo
dy

 c
om

po
si

tio
n 

by
 D

X
A

; 
an

th
ro

po
m

et
ri

cs

W
ei

gh
t 

ch
an

ge
: 

C
on

tr
ol

: −
0.

1±
0.

7 
kg

; W
L

+
E

X
: −

8.
3 

±
0.

7 
kg

F
un

ct
io

n:
 C

om
pa

re
d 

to
 c

on
tr

ol
 W

L
+

E
X

 h
ad

 im
pr

ov
em

en
ts

 in
 W

O
M

A
C

 
sc

or
e 

in
 W

L
+

E
X

; w
al

ki
ng

 d
is

ta
nc

e;
 f

as
te

r 
st

ai
r 

cl
im

b 
in

 W
L

+
E

X
.

B
od

y 
C

om
p:

 B
W

, W
C

, F
M

, a
nd

 F
FM

 d
ec

re
as

ed
 in

 W
L

+
E

X
 c

om
pa

re
d 

to
 

co
nt

ro
l.

V
ill

ar
ea

l e
t 

al
. 

20
06

[4
9]

N
= 

27
A

ge
: 

C
on

tr
ol

: 7
1.

1±
5.

1 
yr

s;
 W

L
+

E
X

 : 
69

.4
±

4.
6 

yr
s

G
en

de
r:

 B
ot

h
B

M
I:

 C
on

tr
ol

: 3
9.

0±
5.

0 
kg

/m
2 ;

 W
L

+
E

X
: 3

8.
5±

5.
3 

kg
/m

2

H
ea

lt
h:

 M
ild

 to
 m

od
er

at
e 

fr
ai

lty

D
es

ig
n:

 R
C

T
A

rm
s:

 C
on

tr
ol

 (
n=

10
)

W
L

+
E

X
 (

n=
17

)
D

ur
at

io
n:

 6
 m

o

PP
T

; V
O

2 
m

ax
; F

SQ
 s

co
re

; 
1-

R
M

; k
ne

e 
ex

te
ns

or
 a

nd
 

fl
ex

or
 s

tr
en

gt
h;

 d
yn

am
ic

 
ba

la
nc

e 
(o

bs
ta

cl
e 

co
ur

se
);

 
st

at
ic

 b
al

an
ce

 (
si

ng
le

 li
m

b 
le

g 
st

an
ce

 ti
m

e)
; g

ai
t s

pe
ed

; 
SF

-3
6;

 b
od

y 
co

m
po

si
tio

n 
by

 
D

X
A

; a
nt

hr
op

om
et

ri
cs

W
ei

gh
t 

ch
an

ge
: 

C
on

tr
ol

: 0
.7

±
2.

7 
kg

; W
L

+
E

X
: −

8.
2 

±
5.

7 
kg

F
un

ct
io

n:
 W

L
+

E
X

 in
c;

 V
O

2;
 F

SQ
 s

co
re

; k
ne

e 
ex

te
ns

io
n 

an
d 

fl
ex

or
 

st
re

ng
th

; g
ai

t s
pe

ed
; p

hy
si

ca
l f

un
ct

io
n 

(S
F-

36
);

 r
ol

e 
lim

ita
tio

ns
 (

SF
-3

6)
; 

bo
di

ly
 p

ai
n 

(S
F-

36
);

 v
ita

lit
y 

(S
F-

36
),

 a
nd

 c
ha

ng
e 

in
 h

ea
lth

 (
SF

-3
6)

. W
L

+
E

X
 im

pr
ov

ed
 o

ne
 le

g 
lim

b 
st

an
d 

an
d 

ob
st

ac
le

 c
ou

rs
e 

tim
e.

B
od

y 
C

om
p:

 B
W

 a
nd

 F
M

 d
ec

re
as

ed
 in

 W
L

+
E

X
. N

o 
di

ff
er

en
ce

 b
et

w
ee

n 
FF

M
 lo

ss
 in

 c
on

tr
ol

 a
nd

 W
L

+
E

X

M
es

si
er

 e
t 

al
. 

20
04

[5
0]

N
=

 2
52

D
es

ig
n:

 R
C

T
A

rm
s:

 C
on

tr
ol

 (
n=

78
)

W
L

 (
n=

82
)

W
O

M
A

C
; 6

-m
in

ut
e 

w
al

k;
 

tim
ed

 s
ta

ir
-c

lim
b;

 B
od

y 
W

ei
gh

t 
ch

an
ge

: 
C

on
tr

ol
: 1

.2
%

 W
L

: 4
.5

%
; E

X
: 3

.7
%

; W
L

+
E

X
: 5

.7
%

F
un

ct
io

n:
 W

L
+

E
X

 d
ec

re
as

ed
 in

 W
O

M
A

C
 s

co
re

 c
om

pa
re

d 
to

 c
on

tr
ol

; 
W

L
+

E
X

 a
nd

 W
L

 d
ec

re
as

ed
 in

 W
O

M
A

C
 s

co
re

 c
om

pa
re

d 
to

 b
as

el
in

e 
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ie
s

St
ud

y 
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pu
la

ti
on
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rv
en

ti
on

O
ut

co
m

es
Im

po
rt

an
t 

F
in

di
ng

s

A
ge

: 
healthy lifestyle: 69±0.1 yrs; WL:





























































68±0.7 yrs; EX: 69±0.8 yrs; WL+EX:




























































69±0.8 yrs





























































G
en

de
r:

 C
on

tr
ol

: 6
8%

 w
om

en
; W

L
: 

72
%

 w
om

en
; E

X
: 7

4%
 w

om
en

; W
L

+
E

X
: 7

4%
 w

om
en

B
M

I:
 C

on
tr

ol
: 3

4.
2±

0.
6 

kg
/m

2 ;
 W

L
: 

34
.5

±
0.

6 
kg

/m
2 ;

 E
X

: 3
4.

2±
0.

6 
kg

/m
2 ;

 
W

L
+

E
X

: 3
4.

0±
0.

7 
kg

/m
2

H
ea

lt
h:

 K
ne

e 
pa

in
, r

ad
io

gr
ap

hi
c 

ev
id

en
ce

 o
f 

kn
ee

 O
A

, s
ed

en
ta

ry
, s

el
f-

re
po

rt
ed

 p
hy

si
ca

l d
is

ab
ili

ty

E
X

 (
n=

80
)

W
L

+
E

X
 (

n=
76

)
D

ur
at

io
n:

 1
8 

m
o

co
m

po
si

tio
n 

by
 D

X
A

; 
an

th
ro

po
pm

et
ir

cs
sc

or
es

. 6
-m

in
ut

e 
w

al
k 

di
st

an
ce

 in
cr

ea
se

d 
in

 W
L

+
E

X
 a

nd
 E

X
 c

om
pa

re
d 

to
 

co
nt

ro
l a

nd
 s

ta
ir

-c
lim

b 
tim

e 
de

cr
ea

se
d 

in
 W

L
+

E
X

.
B

od
y 

C
om

p:
 W

L
+

E
X

 a
nd

 W
L

 d
ec

re
as

ed
 in

 B
W

 c
om

pa
re

d 
to

 c
on

tr
ol

.

N
ic

kl
as

 e
t 

al
. 

20
04

[5
1]

N
=

 2
52

A
ge

: C
on

tr
ol

: 6
9±

0.
1 

yr
s;

 W
L

: 6
8±

0.
7 

yr
s;

 E
X

: 6
9±

0.
8 

yr
s;

 W
L

+
E

X
: 6

9±
0.

8 
yr

s
G

en
de

r:
 C

on
tr

ol
: 6

8%
 w

om
en

; W
L

: 
72

%
 w

om
en

; E
X

: 7
4%

 w
om

en
; W

L
+

E
X

: 7
4%

 w
om

en
B

M
I:

 C
on

tr
ol

: 3
4.

2±
0.

6 
kg

/m
2 ;

 D
ie

t 
on

ly
: 3

4.
5±

0.
6 

kg
/m

2 ;
 E

X
 o

nl
y:

 
34

.2
±

0.
6 

kg
/m

2 ;
 W

L
+

E
X

: 3
4.

0±
0.

7 
kg

/m
2

H
ea

lt
h:

 K
ne

e 
pa
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