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Abstract 

Background: The associations of frailty with all‑cause and cause‑specific mortality remain unclear. Therefore, we 
performed this meta‑analysis to fill this gap.

Methods: We searched the PubMed and Embase databases through June 2022. Prospective cohort studies or clinical 
trials examining frailty were evaluated, and the multiple adjusted risk estimates of all‑cause and cause‑specific mortal‑
ity, such as death from cardiovascular disease (CVD), cancer, respiratory illness, dementia, infection, and coronavirus 
disease 2019 (COVID‑19), were included. A random effects model was used to calculate the summary hazard ratio 
(HR).

Results: Fifty‑eight studies were included for the qualitative systematic review, of which fifty‑six studies were eligible 
for the quantitative meta‑analysis, and the studies included a total of 1,852,951 individuals and more than 145,276 
deaths. Compared with healthy adults, frail adults had a significantly higher risk of mortality from all causes (HR 2.40; 
95% CI 2.17–2.65), CVD (HR 2.64; 95% CI 2.20–3.17), respiratory illness (HR 4.91; 95% CI 2.97–8.12), and cancer (HR 1.97; 
95% CI 1.50–2.57). Similar results were found for the association between prefrail adults and mortality risk. In addition, 
based on the studies that have reported the HRs of the mortality risk per 0.1 and per 0.01 increase in the frailty index, 
we obtained consistent results.

Conclusions: The present study demonstrated that frailty was not only significantly related to an increased risk of all‑
cause mortality but was also a strong predictor of cause‑specific mortality from CVD, cancer, and respiratory illness in 
community‑dwelling adults. More studies are warranted to clarify the relationship between frailty and cause‑specific 
mortality from dementia, infection, and COVID‑19.

Trial registration: PROSPERO (CRD42021276021).

Keywords: Frailty, All‑cause mortality, Cause‑specific mortality, meta‑analysis, Cardiovascular disease, cancer, 
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Background
Global ageing results in extensive concerns about vari-
ous geriatric syndromes [1]. As one of the most common 
geriatric syndromes, frailty is a condition of an attenu-
ated physiological reserve, which is characterized by 
an impaired response and an increased vulnerability to 
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stressor events [2]. Considering that frailty is a frequently 
used clinical indicator of functional ageing, the preva-
lence of frailty varies from 4.0 to 59.1% in community-
dwelling older people [3].

Based on the different theories, various tools have been 
established to assess frailty status. One of the most popu-
lar assessment tools is the frailty phenotype (FP), which 
categorizes the population into frail, prefrail, and robust 
or not frail according to five criteria (unintentional weight 
loss, self-reported exhaustion, low energy expenditure, a 
slow gait speed, and a weak grip strength) [4]. Another 
common tool is the frailty index (FI), which is measured 
as the proportion of accumulated deficits and defines 
frailty by predefined cut-points [5]. The FRAIL scale (FS) 
is also a widely used frailty screening tool that can recog-
nize either a frail or a prefrail status quickly in terms of 
five self-reported items: fatigue, resistance, ambulation, 
illnesses, and loss of weight [6]. Despite conceptual dif-
ferences, these tools have all been well validated in sub-
sequent studies and have been widely used in clinical and 
scientific research [7].

Many studies have explored the association between 
frailty and various adverse health outcomes, such as falls, 
fractures, disabilities, institutionalization, hospitalization, 
and death, in the general population, especially in older 
adults [8–10]. To date, numerous studies have reached 
a consensus that frailty is a predictor of mortality. How-
ever, these studies were usually limited to mortality in 
specific populations, such as perioperative patients, [11] 
nursing home residents, [12] and patients with diseases 
such as tumours, [13] heart failure, [14] coronavirus dis-
ease 2019 (COVID-19), [15] etc. Furthermore, owing to 
the relatively small sample sizes used to evaluate cause-
specific mortality in previous research, only all-cause 
mortality was regarded as the endpoint in most relevant 
systematic reviews, meta-analyses and umbrella reviews 
[16–22]. Although a 2017 meta-analysis investigated the 
associations of frailty with morbidity and mortality from 
cardiovascular disease (CVD), only 2 included studies 
provided data on CVD-related mortality, and these data 
were limited to adults older than 65 and survivors after 
an acute coronary syndrome [23].

An ageing society is associated with a higher risk of 
frailty and prefrailty in the community population [24]. 
In this context, emerging community-based studies have 
provided more evidence of frailty and all-cause mortal-
ity and cause-specific deaths from CVD, cancer, respira-
tory illness, dementia, infection, COVID-19, etc. [25–28] 
Nonetheless, the conclusion is still ambiguous. Previous 
meta-analyses mainly focused on single frailty assess-
ment tools [16–18], and there is no systematic review 
and meta-analysis on the relationship between frailty 
status and cause-specific mortality thus far. Therefore, 

to quantify the associations of frailty status with all-
cause and cause-specific mortality, we performed this 
meta-analysis.

Methods
We performed this systematic review and meta-analysis 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) guidelines [29]. 
No ethics committee approval was required for this 
study. The study protocol was registered at PROSPERO 
(CRD42021276021) [30].

Literature search
We performed an electronic literature search of the Pub-
Med and Embase databases from inception to August 
2021 to identify the relevant studies using a combina-
tion of terms: “frailty” or “frail” and “mortality” or “death”. 
An updated literature search was performed in June 
2022. The language was restricted to English. A detailed 
description of the search strategy is supplemented in 
Supplementary Table 1. We manually checked the refer-
ences of pertinent articles for additional studies and con-
tacted the original author when necessary.

Study selection
Two of the authors (Y.P. and G.C.Z.) independently 
screened the citations in accordance with the preset 
inclusion and exclusion criteria. Any disagreements were 
settled by consulting a third reviewer (L.Z.).

The included studies were required to fulfil the follow-
ing criteria: 1) prospective cohort studies or clinical tri-
als reporting all-cause or cause-specific mortality, such 
as deaths from CVD, cancer, respiratory illness, demen-
tia, infection, and COVID-19; 2) the study participants 
were adults over the age of 18 in community-dwelling 
settings; 3) frailty status was defined by one of the three 
most commonly used tools (i.e., the FP, FI, or FS); 4) the 
multiple adjusted risk estimates with corresponding 95% 
confidence intervals (CIs) were available; and 5) when the 
same cohort was used in multiple publications, the lat-
est published one with the largest number of events was 
included.

Studies were excluded if they 1) defined frailty status 
by other evaluation methods; 2) investigated the associa-
tion of changes in frailty status or the combined impact 
of other factors with mortality; 3) focused on non-com-
munity participants, such as those in hospitals, nursing 
homes or patients with certain diseases; and 4) were con-
ference abstracts, cross-sectional analyses, review arti-
cles, editorials, letters, or published errata.
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Data extraction and quality assessment
Two investigators (Y.P. and G.C.Z.) independently 
extracted the data and evaluated the methodological 
quality of the selected studies. Disagreements were 
resolved by discussion with a third author (L.Z.). Using 
a predesigned data extraction form, the following infor-
mation was recorded: the name of the first author, pub-
lication year, study location, mean age, follow-up years, 
sample size, sex, assessment tools, status of frailty, 
cause and number of deaths, outcome assessment, 
fully adjusted risk estimate and the corresponding 95% 
CIs, and adjustment factors. Methodological quality 
was evaluated through the Newcastle–Ottawa Quality 
Assessment Scale (NOS) [31]. Studies with a score of 6 
or more points were deemed to be of high quality, and 
the maximum score was 9 for each study.

Statistical analysis
In our study, the hazard ratio (HR) was used as a com-
mon measure to estimate the combined effect size, and 
the odds ratio (OR) was regarded as equivalent. We 
conducted a random effects meta-analysis when more 
than 3 studies provided the same effect measure for all-
cause or certain cause-specific mortality in terms of the 
following categories: robust, prefrail, and frail status. 
For some studies [32–36] that provided HRs catego-
rized by sex, age range or severity of frailty status, we 
combined the HRs through a random effects model to 
yield a summary HR.

Since some studies provided HRs per 0.1 or 0.01 
increase in the FI, we also combined the HRs for mor-
tality per 0.1 or 0.01 FI increment. For one study [27] 
that evaluated the mortality from ischaemic heart dis-
ease and cerebrovascular disease and another study 
[28] that evaluated the mortality from stroke, heart 
attack, and other CVDs separately, we combined the 
HRs through a random effects model to yield a sum-
mary HR for the mortality from CVD, since these 
diseases are important components of CVD. Circula-
tory diseases, heart disease, and CVD were regarded 
as equivalent diseases in our analysis. Likewise, neo-
plasms were deemed as cancer.

The Q statistic (significance set at P < 0.10) and  I2 sta-
tistic  (I2 > 75.0%, 50.0–75.0, and < 50.0% signified sub-
stantial, moderate, and low heterogeneity, respectively) 
were adopted to quantify the heterogeneity across the 
studies. To clarify the potential source of heterogene-
ity, we conducted sensitivity analyses by omitting one 
study in turn, repeating the meta-analysis through a fixed 
effects model, and changing the eligibility criteria. It is 
worth noting that the sensitivity analyses were conducted 
only for all-cause and CVD mortality due to the limited 

number of studies that evaluated cancer and respiratory 
illness mortality.

We selected Begg’s and Egger’s tests to determine if 
there was publication bias in our meta-analysis. STATA 
software (version 15.0, StataCorp LP, College Station, 
Texas, USA) was used for all statistical analyses, and the 
statistical significance level was defined as P < 0.05 under 
a two-sided test.

Results
Search results
Through an initial systematic search, a total of 16,697 
citations were identified from the databases, of which 
12,685 citations remained after the removal of duplicate 
studies. After reviewing the titles and abstracts, 12,555 
irrelevant articles were excluded. A total of 130 studies 
remained for further full-text assessment, and a list of 
studies excluded after a detailed assessment based on full 
text are presented in Supplementary Table 2. In addition, 
7 additional studies were found through reference lists 
of pertinent articles. Finally, 58 studies were included 
for the qualitative systematic review, and 56 studies were 
eligible for the quantitative meta-analysis. The detailed 
selection process and reasons for exclusion are shown in 
the flowchart (Fig. 1).

Study characteristics and quality assessment
The main characteristics of the included studies are sum-
marized in Table  1. The 58 studies included 1,852,951 
individuals and more than 145,276 deaths, involving 
all-cause death and specific causes of death, including 
CVD, cancer, respiratory illness, dementia, infection, and 
COVID-19. The death-related information was available 
from sources such as the death registry, death certificates, 
National Death Index, structured interview, and stand-
ard report. The study locations were spread all around 
the world. Most of the included studies were prospective 
cohort studies, apart from the study by Farooqi et al., [37] 
which was a pooled analysis of prospective clinical tri-
als. The follow-up duration ranged from 0.6 to 30 years. 
The mean age of the baseline population varied from 44·0 
to 93.7 years. In addition to six studies [38–43] that only 
enrolled male or female individuals, the other studies all 
consisted of both sexes. Almost all the identified studies 
provided corresponding HRs for the risk of death, with 
potential adjustment factors including age and sex, but 
three studies [25, 44, 45] reported the OR.

With respect to the assessment of frailty, a total of 24 
studies adopted the FP. In terms of the five established 
criteria, individuals meeting three or more items were 
regarded as frail, those meeting one or two items as pre-
frail, and those with no items as not frail or as robust. 
The FI was used in 30 studies, which usually divided the 
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participants into two groups (frail and non-frail), three 
groups (frail, prefrail, and robust), and four categories 
(mostly frail, moderately frail, prefrail, and robust) based 
upon the different total numbers of baseline deficits and 
the different cut-off points. Moreover, 17 of these studies 
provided the HRs per 0.01 or per 0.1 increase in the FI 
and per increase in one deficit, respectively. Seven studies 
reported the frailty status by the FS, in which the catego-
ries of robust, prefrail, and frail were defined as individu-
als who had 0, 1 or 2, and 3 to 5 items, respectively.

Regarding the methodological quality, all the included 
studies were generally of high quality according to the 
NOS scale. As shown in Supplementary Table 3, all the 
identified studies scored from 6 to 9 points.

Frailty and all‑cause mortality
Fifty-four studies [4, 26–28, 32–37, 39–49, 51–76, 78–
85] were included in the meta-analysis of the association 
between frailty status and all-cause mortality, and the 
summary HRs were calculated using a random-effects 
model. As depicted in Fig. 2, compared with the robust 
group, the frail group had a significantly higher risk of 
all-cause mortality (pooled HR = 2.40, 95% CI 2.17–2.65; 
 I2 = 91.2%,  Pheterogeneity < .001; 48 studies; Fig. 2A). Simi-
larly, the prefrail group also displayed a higher all-cause 
death risk than the robust group (pooled HR = 1.42, 95% 
CI 1.34–1.51;  I2 = 81.3%,  Pheterogeneity < .001; 36 studies; 
Fig. 2B). In addition, based on seven studies [27, 33–35, 
37, 40, 80] that reported HRs of the all-cause mortality 

Fig. 1 Flowchart of the included studies



Page 5 of 21Peng et al. BMC Geriatrics          (2022) 22:725  

Ta
bl

e 
1 

Th
e 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

M
ak

 e
t a

l., 
20

21
 [2

5]
U

. K
.

0.
6

67
.6

T 
41

01
99

W
 2

26
01

8
M

 1
84

18
1

A
ll‑

ca
us

e 
31

86
CO

VI
D

‑1
95

14
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

FI
: F

ra
il 

(>
 0

.2
1)

Le
as

t fi
t (

0.
1–

0.
21

)
Le

ss
 fi

t (
0.

03
–0

.1
)

Re
la

tiv
el

y 
fit

 (≤
0.

03
)

D
ea

th
 re

gi
st

ry
ag

e,
 s

ex

G
ilm

ou
r e

t a
l., 

20
21

 [3
5]

Ca
na

da
3–

5
74

T 
29

30
2

W
 1

67
24

M
 1

25
78

A
ll‑

ca
us

e 
35

40
C

VD
 N

A
Ca

nc
er

 N
A

Re
sp

ira
to

ry
 il

ln
es

s 
N

A

FI
: M

os
t f

ra
il 

(≥
 0

.4
5)

M
od

er
at

el
y 

fra
il 

(0
.2

1–
0.

45
)

Pr
ef

ra
il 

(0
.1

0–
0.

21
)

Ro
bu

st
 (≤

 0
.1

0)

Vi
ta

l S
ta

tis
tic

s 
D

at
ab

as
e

ag
e,

 s
ex

, a
lc

oh
ol

 u
se

 
in

 th
e 

pa
st

 1
2 

m
on

th
s 

(re
gu

la
r, 

oc
ca

si
on

al
, 

ne
ve

r),
 s

m
ok

in
g 

(c
ur

re
nt

, 
fo

rm
er

, n
ev

er
), 

ho
us

eh
ol

d 
ed

uc
at

io
n,

 m
ar

ita
l s

ta
tu

s, 
liv

in
g 

ar
ra

ng
em

en
ts

Lo
hm

an
 e

t a
l., 

20
20

 [2
6]

U
. S

.
5.

9
73

.8
T 

10
49

0
A

ll‑
ca

us
e 

21
48

C
VD

 7
38

D
em

en
tia

 1
31

Ca
nc

er
 4

90
Re

sp
ira

to
ry

 il
ln

es
s 

26
5

FP
: F

ra
il

Pr
ef

ra
il

N
on

‑fr
ai

l

N
at

io
na

l D
ea

th
 In

de
x

ag
e,

 ra
ce

, s
ex

, y
ea

rs
 o

f 
ed

uc
at

io
n,

 m
ar

ita
l s

ta
tu

s, 
co

gn
iti

ve
 s

co
re

, s
m

ok
in

g 
st

at
us

, n
um

be
r o

f c
hr

on
ic

 
he

al
th

 c
on

di
tio

ns
, 

nu
m

be
r o

f A
D

L 
lim

ita
‑

tio
ns

, h
is

to
ry

 o
f h

ea
rt

 
di

se
as

e,
 c

an
ce

r, 
di

ab
et

es
, 

re
sp

ira
to

ry
 d

is
ea

se
, o

r 
ce

re
br

ov
as

cu
la

r d
is

ea
se

/
st

ro
ke

H
oo

ge
nd

ijk
 e

t a
l., 

20
20

 
[4

6]
Ita

ly
6

75
.2

T 
11

29
W

 6
42

M
 4

87

A
ll‑

ca
us

e 
26

7
C

VD
 1

28
FI

:0
.0

1
D

ea
th

 re
gi

st
ry

ag
e,

 s
ex

, p
ar

tn
er

 s
ta

tu
s, 

ed
uc

at
io

na
l l

ev
el

, s
m

ok
‑

in
g

Fa
ro

oq
i e

t a
l., 

20
20

 [3
7]

Ca
na

da
3.

2
70

.8
T 

15
46

96
W

 5
72

38
M

 9
75

48

A
ll‑

ca
us

e 
15

,0
67

C
VD

 9
43

2
FI

: F
ra

il 
(>

 0
.2

1)
Pr

ef
ra

il 
(0

.1
–0

.2
1)

N
on

‑fr
ai

l (
≤

0.
1)

St
an

da
rd

 c
as

e 
re

po
rt

 
fo

rm
s

ag
e,

 s
ex

, e
th

ni
c‑

ity
, s

m
ok

in
g 

hi
st

or
y,

 
hi

st
or

y 
of

 m
yo

ca
rd

ia
l 

in
fa

rc
tio

n,
 s

tr
ok

e,
 h

ea
rt

 
fa

ilu
re

, d
ia

be
te

s 
m

el
lit

us
, 

hy
pe

rt
en

si
on

, p
er

ip
he

ra
l 

ar
te

ria
l d

is
ea

se
, e

le
va

te
d 

BM
I, 

hi
gh

 c
ho

le
st

er
ol

Fa
n 

et
 a

l., 
20

20
 [2

7]
C

hi
na

10
·8

52
·0

T 
51

27
23

W
 3

02
52

1
M

 2
10

20
2

A
ll‑

ca
us

e 
49

,3
71

C
VD

 1
84

21
Ca

nc
er

 1
5,

75
0

In
fe

ct
io

n 
62

9
Re

sp
ira

to
ry

 il
ln

es
s 

46
52

FI
: F

ra
il 

(≥
 0

.2
5)

Pr
ef

ra
il 

(0
.1

–0
.2

5)
Ro

bu
st

 (≤
0.

1)

D
ea

th
 re

gi
st

ry
ag

e,
 e

du
ca

tio
n 

le
ve

l, 
to

ba
cc

o 
sm

ok
in

g,
 

al
co

ho
l, 

in
ta

ke
 fr

eq
ue

nc
y 

of
 fr

es
h 

fru
its

, v
eg

et
ab

le
s, 

re
d 

m
ea

t, 
fa

m
ily

 d
is

ea
se

 
hi

st
or

y 
of

 h
ea

rt
 a

tt
ac

k,
 

st
ro

ke
, c

an
ce

r



Page 6 of 21Peng et al. BMC Geriatrics          (2022) 22:725 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

Li
 e

t a
l., 

20
19

 [3
4]

Sw
ed

en
17

–2
0

<
60

T 
42

95
3

W
 2

30
29

M
 1

99
24

A
ll‑

ca
us

e 
12

,2
22

C
VD

 3
27

0
Ca

nc
er

 3
30

2
Re

sp
ira

to
ry

 il
ln

es
s 

10
51

FI
:0

.1
D

ea
th

 re
gi

st
ry

at
ta

in
ed

 a
ge

 a
s 

tim
e 

sc
al

e,
 B

M
I, 

ye
ar

s 
of

 
ed

uc
at

io
n,

 to
ba

cc
o 

us
e 

st
at

us
, h

is
to

ry
 o

f C
VD

, 
re

sp
ira

to
ry

 d
is

ea
se

s, 
ca

nc
er

G
ra

bo
va

c 
et

 a
l., 

20
19

 
[2

8]
Eu

ro
pe

1–
12

64
.2

T 
24

63
4

W
 1

14
35

M
 1

31
99

A
ll‑

ca
us

e 
25

57
C

VD
 9

05
Ca

nc
er

 7
70

Re
sp

ira
to

ry
 il

ln
es

s 
14

6
In

fe
ct

io
n 

14
0

FI
: m

en
: F

ra
il 

(>
 3

.0
05

)
Pr

ef
ra

il 
(1

.2
11

–3
.0

05
)

Ro
bu

st
 (<

 1
.2

11
)

FI
: w

om
en

: F
ra

il 
(>

 2
.1

30
)

Pr
ef

ra
il 

(0
.3

15
–2

.1
30

)
Ro

bu
st

 (<
 0

.3
15

)

In
te

rv
ie

w
 w

ith
 a

 p
ro

xy
 

(fa
m

ily
 o

r h
ou

se
ho

ld
 

m
em

be
r)

se
x,

 a
ge

, e
du

ca
tio

n,
 

BM
I, 

sm
ok

in
g,

 a
lc

oh
ol

 
co

ns
um

pt
io

n,
 n

um
be

rs
 

of
 c

om
or

bi
di

tie
s

Yu
ki

 e
t a

l., 
20

18
 [4

7]
Ja

pa
n

M
:7

.7
W

:7
.9

>
70

T 
84

1
W

 4
34

M
 4

07

A
ll‑

ca
us

e 
11

3
C

VD
 3

0
Ca

nc
er

 4
5

FP
: F

ra
il

Pr
ef

ra
il

N
on

‑fr
ai

l

D
ea

th
 re

gi
st

ry
ag

e,
 s

ex
, p

er
ce

nt
ag

e 
bo

dy
 fa

t, 
ed

uc
at

io
n,

 to
ta

l 
ph

ys
ic

al
 a

ct
iv

ity
, t

ot
al

 
ca

lo
ric

 in
ta

ke
, a

lc
oh

ol
 

in
ta

ke
, c

ur
re

nt
 s

m
ok

‑
in

g 
st

at
us

, h
ou

se
ho

ld
 

in
co

m
e,

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

D
ep

re
ss

io
n 

Sc
al

e 
sc

or
e,

 M
M

SE
 s

co
re

, n
um

‑
be

r o
f c

om
or

bi
di

tie
s

H
ig

ue
ra

s‑
Fr

es
ni

llo
 e

t a
l., 

20
18

 [4
8]

Sp
ai

n
14

>
70

T 
38

96
A

ll‑
ca

us
e 

18
01

C
VD

 6
72

FS
: F

ra
il

Pr
ef

ra
il

N
on

‑fr
ai

l

N
at

io
na

l D
ea

th
 In

de
x

ag
e,

 s
ex

, e
du

ca
tio

na
l 

le
ve

l, 
sm

ok
in

g 
st

at
us

, 
al

co
ho

l c
on

su
m

pt
io

n,
 

BM
I, 

w
ai

st
 c

irc
um

fe
re

nc
e,

 
M

M
SE

 s
co

re

C
ro

w
 e

t a
l., 

20
18

 [4
9]

U
. S

.
7.

98
71

.1
T 

49
84

W
 2

53
1

M
 2

45
3

A
ll‑

ca
us

e 
19

01
C

VD
 5

21
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

N
at

io
na

l D
ea

th
 In

de
x

ag
e,

 s
ex

, r
ac

e,
 e

du
ca

tio
n,

 
sm

ok
in

g,
 d

ia
be

te
s, 

he
ar

t 
fa

ilu
re

, c
an

ce
r, 

co
ro

na
ry

 
ar

te
ry

 d
is

ea
se

, a
rt

hr
iti

s

A
da

ba
g 

et
 a

l., 
20

18
 [3

8]
U

. S
.

9.
2

76
.4

M
 3

13
5

A
ll‑

ca
us

e 
12

75
C

VD
 4

45
FP

: F
ra

il
In

te
rm

ed
ia

te
 s

ta
ge

Ro
bu

st

D
ea

th
 c

er
tifi

ca
te

s/
 

m
ed

ic
al

 re
co

rd
s

si
te

, a
ge

, r
ac

e,
 s

m
ok

in
g 

an
d 

co
m

or
bi

d 
m

ed
ic

al
 

co
nd

iti
on

s 
(s

tr
ok

e,
 

di
ab

et
es

 m
el

lit
us

, h
yp

er
‑

te
ns

io
n,

 c
or

on
ar

y 
he

ar
t 

di
se

as
e,

 p
er

ip
he

ra
l v

as
cu

‑
la

r d
is

ea
se

, v
al

vu
la

r h
ea

rt
 

di
se

as
e,

 C
H

F, 
CO

PD
)



Page 7 of 21Peng et al. BMC Geriatrics          (2022) 22:725  

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

Jia
ng

 e
t a

l., 
20

17
 [5

0]
Sw

ed
en

30
63

.2
T 

14
77

W
 8

54
M

 6
23

A
ll‑

ca
us

e 
97

5
C

VD
 3

47
Ca

nc
er

 2
32

D
em

en
tia

 7
8

FI
: F

ra
il 

(>
 0

.2
1)

Le
as

t fi
t (

0.
1–

0.
21

)
Le

ss
 fi

t (
0.

03
–0

.1
)

Re
la

tiv
el

y 
fit

 (≤
0.

03
)

D
ea

th
 re

gi
st

ry
ag

e,
 s

m
ok

in
g 

st
at

us

H
ou

 e
t a

l.,2
02

2 
[3

2]
U

.K
.

11
.2

3
56

.2
8

T 
44

99
71

W
 2

50
35

4
M

 1
99

61
7

A
ll‑

ca
us

e 
23

,1
63

FS
: F

ra
il

Pr
ef

ra
il

N
on

‑fr
ai

l

D
ea

th
 re

gi
st

ry
ag

e,
 T

D
I, 

in
co

m
e,

 e
th

ni
c‑

ity
, e

du
ca

tio
n 

le
ve

l, 
em

pl
oy

m
en

t s
ta

tu
s, 

sm
ok

in
g,

 a
lc

oh
ol

 c
on

‑
su

m
pt

io
n,

 h
ea

lth
y 

di
et

 
sc

or
e,

 B
M

I, 
ch

ol
es

te
ro

l, 
C

RP
, H

D
L,

 L
D

L,
 tr

ig
ly

ce
r‑

id
es

, H
bA

1c

Ba
ek

 e
t a

l.,2
02

2 
[5

1]
Ko

re
a

12
61

.7
T 

10
25

4
W

 5
79

1
M

 4
46

3

A
ll‑

ca
us

e 
21

96
FI

: F
ra

il 
(≥

0.
25

)
Pr

e‑
fra

il 
(0

.1
–0

.2
5)

Ro
bu

st
 (≤

0.
1)

In
te

rv
ie

w
 w

ith
 p

ar
tic

i‑
pa

nt
s

ag
e,

 m
ar

ita
l s

ta
tu

s, 
ed

u‑
ca

tio
n 

le
ve

l, 
la

bo
r s

ta
tu

s, 
ho

us
eh

ol
d 

in
co

m
e,

 c
ig

a‑
re

tt
e 

sm
ok

in
g,

 a
lc

oh
ol

 
dr

in
ki

ng

Zh
an

g 
et

 a
l.,2

02
1 

[1
5,

 
52

]
C

hi
na

13
74

.7
4

T 
14

59
W

 7
50

M
 7

09

A
ll‑

ca
us

e 
93

8
FI

: F
ra

il
N

on
‑fr

ai
l

In
te

rv
ie

w
 w

ith
 a

 p
ro

xy
 

(fa
m

ily
 o

r n
ei

gh
bo

r‑
ho

od
)

ag
e,

 s
ex

, c
hr

on
ic

 d
is

ea
se

s 
(h

yp
er

te
ns

io
n,

 d
ia

be
te

s, 
he

ar
t d

is
ea

se
, C

O
PD

)

W
an

g 
et

 a
l.,2

02
1 

[5
3]

C
hi

na
4.

58
85

.8
T 

13
85

9
W

 7
60

7
M

 6
25

2

A
ll‑

ca
us

e 
N

A
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

St
ru

ct
ur

ed
 in

te
rv

ie
w

ed
uc

at
io

n,
 h

ou
se

ho
ld

 
in

co
m

e,
 s

m
ok

e 
st

at
us

, 
co

m
or

bi
di

ty
 c

ou
nt

 a
t 

ba
se

lin
e

Sh
i e

t a
l.,2

02
1 

[5
4]

C
hi

na
11

72
.0

5
T 

12
46

W
 7

27
M

 5
19

A
ll‑

ca
us

e 
47

6
FI

:0
.0

1
St

an
da

rd
 fo

rm
s

ag
e,

 g
en

de
r, 

ye
ar

s 
of

 
ed

uc
at

io
n,

 m
ar

ita
l s

ta
tu

s, 
em

pl
oy

m
en

t s
ta

tu
s

Ba
rk

er
 e

t a
l.,2

02
1 

[5
5]

So
ut

h 
A

fri
ca

1.
42

61
.3

T 
39

89
W

 2
17

5
M

 1
81

4

A
ll‑

ca
us

e 
13

5
FI

:0
.0

1
In

te
rv

ie
w

 w
ith

 fa
m

ily
ag

e,
 s

ex

Le
e 

et
 a

l.,2
02

1 
[4

4]
Ko

re
a

3
74

.6
T 

12
92

W
 7

17
M

 5
75

A
ll‑

ca
us

e 
N

A
FS

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

St
ru

ct
ur

ed
 in

te
rv

ie
w

ag
e,

 g
en

de
r

Ca
st

el
la

na
 e

t a
l.,2

02
1 

[4
5]

Ita
ly

4.
64

73
.5

5
T 

19
29

W
 9

55
M

 9
74

A
ll‑

ca
us

e 
N

A
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

D
ea

th
 re

gi
st

ry
ag

e,
 s

ex
, e

du
ca

tio
n,

 
m

ul
tim

or
bi

di
ty

W
uo

re
la

 e
t a

l.,2
02

0 
[5

6]
Fi

nl
an

d
27

70
T 

96
2

W
 N

A
M

 N
A

A
ll‑

ca
us

e 
N

A
FI

: F
ra

il 
(≥

0.
25

)
Pr

e‑
fra

il 
(0

.9
–0

.2
4)

Ro
bu

st
 (≤

0.
08

)

D
ea

th
 re

gi
st

ry
ge

nd
er

Sa
lm

in
en

 e
t a

l.,2
02

0 
[5

7]
Fi

nl
an

d
18

72
.7

T 
11

52
W

 6
57

M
 4

95

A
ll‑

ca
us

e 
77

6
FS

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

D
ea

th
 re

gi
st

ry
ag

e,
 g

en
de

r



Page 8 of 21Peng et al. BMC Geriatrics          (2022) 22:725 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

D
al

lm
ei

er
 e

t a
l.,2

02
0 

[3
3]

G
er

m
an

y
6

74
T 

12
04

W
 6

92
M

 5
12

A
ll‑

ca
us

e 
19

6
FI

:0
.1

D
ea

th
 re

gi
st

ry
ag

e,
 y

ea
rs

 o
f s

ch
oo

l e
du

‑
ca

tio
n,

 s
m

ok
in

g,
 a

lc
oh

ol
 

in
ta

ke

W
an

g 
et

 a
l.,2

01
9 

[5
8]

Ta
iw

an
6.

62
74

T 
92

1
W

 4
43

M
 4

78

A
ll‑

ca
us

e 
16

1
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

N
at

io
na

l D
ea

th
 D

at
a‑

ba
se

ag
e,

 s
ex

, e
du

ca
tio

n,
 m

ar
i‑

ta
l s

ta
tu

s, 
BM

I, 
sm

ok
in

g,
 

al
co

ho
l d

rin
ki

ng
, p

hy
si

ca
l 

ac
tiv

ity
, e

xe
rc

is
in

g 
pr

og
ra

m
, h

yp
er

te
ns

io
n,

 
di

ab
et

es
 m

el
lit

us
, h

ea
rt

 
di

se
as

e,
 h

yp
er

lip
id

em
ia

, 
go

ut
, h

yp
er

ur
ic

em
ia

, 
ar

th
rit

is
, o

st
eo

po
ro

si
s, 

st
ro

ke
, c

at
ar

ac
t, 

fa
ll 

hi
s‑

to
ry

, s
le

ep
 im

pa
irm

en
t, 

co
gn

iti
ve

 fu
nc

tio
n

Sh
i e

t a
l.,2

01
9 

[5
9]

C
hi

na
3

75
.4

T 
17

88
W

 9
58

M
 8

30

A
ll‑

ca
us

e 
14

9
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

FI
: F

ra
il 

(>
0.

21
)

Pr
e‑

fra
il 

(0
.1

–0
.2

1)
Ro

bu
st

 (≤
0.

1)

D
ea

th
 re

gi
st

ry
ag

e,
 g

en
de

r, 
m

ar
ita

l 
st

at
us

, e
du

ca
tio

n 
le

ve
l, 

sm
ok

in
g 

st
at

us
, d

rin
ki

ng
 

st
at

us
, B

M
I, 

hy
pe

rt
en

si
on

, 
di

ab
et

es
, m

ild
 c

og
ni

tiv
e 

im
pa

irm
en

t

Ke
eb

le
 e

t a
l.,2

01
9 

[6
0]

U
.K

.
7

85
T 

72
6

W
 N

A
M

 N
A

A
ll‑

ca
us

e 
N

A
FI

: F
ra

il 
≥

0.
25

 N
on

‑
fra

il<
0.

25
D

ea
th

 re
gi

st
ry

ge
nd

er

Ja
co

bs
en

 e
t a

l.,2
01

9 
[6

1]
D

en
m

ar
k

1.
13

N
A

T 
73

27
W

 3
82

9
M

 3
49

8

A
ll‑

ca
us

e 
49

FP
: F

ra
il

Pr
ef

ra
il

Ro
bu

st

D
ea

th
 re

gi
st

ry
ag

e,
 s

ex

Zu
cc

he
lli

 e
t a

l.,2
01

8 
[6

2]
Sw

ed
en

13
.2

67
.1

T 
11

15
W

 6
42

M
 4

73

A
ll‑

ca
us

e 
26

3
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

D
ea

th
 re

gi
st

ry
ag

e,
 s

ex
, e

du
ca

tio
n,

 
ca

rd
io

‑m
et

ab
ol

ic
‑, 

ne
ur

o‑
ps

yc
hi

at
ric

‑, 
m

us
cu

lo
‑

sk
el

et
al

 d
is

ea
se

s, 
co

gn
i‑

tiv
e 

de
fic

it,
 h

ig
h 

C
RP

, 
m

al
nu

tr
iti

on

Le
e 

et
 a

l.,2
01

8 
[6

3]
Ko

re
a

3
72

.9
T 

11
26

6
W

 6
72

6
M

 4
54

0

A
ll‑

ca
us

e 
73

8
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

In
te

rv
ie

w
 w

ith
 th

e 
su

rv
iv

in
g 

sp
ou

se
ag

e,
 g

en
de

r, 
m

ar
ita

l 
st

at
us

, e
du

ca
tio

n,
 h

ou
se

‑
ho

ld
 in

co
m

e,
 s

m
ok

in
g,

 
al

co
ho

l d
rin

ki
ng

, s
el

f‑
ra

te
d 

he
al

th
, c

om
or

bi
d‑

ity
, d

ep
re

ss
iv

e 
sy

m
pt

om
s

La
ng

ho
lz

 e
t a

l.,2
01

8 
[6

4]
N

or
w

ay
10

.1
77

.4
T 

71
2

W
 3

67
M

 3
45

A
ll‑

ca
us

e 
50

1
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

D
ea

th
 re

gi
st

ry
ag

e,
 c

om
or

bi
di

ty
, d

is
ab

il‑
ity

, s
m

ok
in

g,
 e

du
ca

tio
n



Page 9 of 21Peng et al. BMC Geriatrics          (2022) 22:725  

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

Sc
ho

uf
ou

r e
t a

l.,2
01

7 
[6

5]
N

et
he

rla
nd

s
9.

5
65

.7
T 

11
53

9
W

 6
67

7
M

 4
86

2

A
ll‑

ca
us

e 
39

02
FI

:0
.0

1
D

ea
th

 re
gi

st
ry

ag
e,

 g
en

de
r, 

co
ho

rt

Pe
re

ira
 e

t a
l.,2

01
7 

[6
6]

Br
az

il
5

72
.1

T 
68

9
W

 4
74

M
 2

15

A
ll‑

ca
us

e 
56

FI
: F

ra
il 

(≥
 0

.2
5)

Pr
e‑

fra
il 

(0
.1

–0
.2

5)
Ro

bu
st

 (≤
0.

1)

M
or

ta
lit

y 
In

fo
rm

at
io

n 
Sy

st
em

ag
e,

 g
en

de
r

Pa
pa

ch
ris

to
u 

et
 a

l.,2
01

7 
[3

9]
U

.K
.

2.
96

77
.9

5
M

 1
19

8
A

ll‑
ca

us
e 

83
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

D
ea

th
 c

er
tifi

ca
te

s
ag

e

H
oo

ge
nd

ijk
 e

t a
l.,2

01
7 

[6
7]

N
et

he
rla

nd
s

19
N

A
T 

22
18

W
 N

A
M

 N
A

A
ll‑

ca
us

e 
15

20
FI

:0
.0

1
D

ea
th

 re
gi

st
ry

ag
e,

 s
ex

Tu
ru

sh
ev

a 
et

 a
l.,2

01
6 

[6
8]

Ru
ss

ia
5

79
T 

30
6

W
 2

33
M

 7
3

A
ll‑

ca
us

e 
12

0
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

O
ffi

ci
al

 re
po

rt
s

ag
e,

 s
ex

, n
um

be
r o

f 
co

m
or

bi
di

tie
s 

at
 th

e 
in

di
vi

du
al

 le
ve

l

Li
n 

et
 a

l.,2
01

6 
[6

9]
Ta

iw
an

4.
3

66
T 

12
45

W
 5

66
M

 6
79

A
ll‑

ca
us

e 
13

9
FI

: F
ra

il 
≥

0.
2 

N
on

‑
fra

il<
0.

2 
FI

:0
.0

1
D

ea
th

 re
gi

st
ry

ag
e,

 s
ex

H
yd

e 
et

 a
l.,2

01
6 

[7
0]

A
us

tr
al

ia
6.

8
60

.7
T 

36
3

W
 1

98
M

 1
65

A
ll‑

ca
us

e 
N

A
FI

: F
ra

il 
≥

0.
2 

N
on

‑
fra

il<
0.

2
D

ea
th

 D
at

ab
as

e
ag

e,
 s

ex
, e

du
ca

tio
n,

 
al

co
ho

l u
se

, s
m

ok
in

g,
 

ch
ew

in
g 

to
ba

cc
o

D
ía

z 
de

 L
eó

n 
G

on
zá

le
z 

et
 a

l.,2
01

6 
[7

1]
M

ex
ic

o
2.

4
66

.9
T 

47
29

W
 2

52
7

M
 2

20
2

A
ll‑

ca
us

e 
21

2
FS

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

N
A

ag
e,

 s
ex

, n
um

be
r o

f 
de

pr
es

si
ve

 s
ym

pt
om

s, 
co

gn
iti

ve
 s

co
re

 a
nd

 h
el

p 
in

 a
t l

ea
st

 o
ne

 A
D

L

Ba
rt

le
y 

et
 a

l.,2
01

6 
[3

6]
U

.S
.

6.
5

78
.5

T 
23

56
W

 1
17

4
M

 1
18

2

A
ll‑

ca
us

e 
50

0
FI

: F
ra

ile
st

 (>
 0

.3
0)

Fr
ai

l (
0.

21
–0

.3
0)

A
t r

is
k 

(0
.1

1–
0.

20
)

Fi
t (
≤

0.
10

)

N
A

ag
e,

 e
du

ca
tio

n,
 s

ex

Jo
th

ee
sw

ar
an

 
et

 a
l.,2

01
5 

[7
2]

Se
ve

n 
 LM

IC
sa

3.
9

74
.1

T 
13

92
4

W
 7

70
3

M
 6

22
1

A
ll‑

ca
us

e 
23

06
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

Ve
rb

al
 a

ut
op

sy
 in

te
r‑

vi
ew

ag
e,

 s
ex

, e
du

ca
tio

n,
 d

is
‑

ab
ili

ty
, h

ea
lth

 c
on

di
tio

ns
 

(d
em

en
tia

, d
ep

re
ss

io
n,

 
nu

m
be

r o
f p

hy
si

ca
l 

im
pa

irm
en

ts
, s

tr
ok

e)

Ku
lm

al
a 

et
 a

l.,2
01

4 
[7

3]
Fi

nl
an

d
4

82
.1

T 
65

4
W

 4
55

M
 1

99

A
ll‑

ca
us

e 
17

3
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

D
ea

th
 re

gi
st

ry
ag

e,
 g

ro
up

 (i
nt

er
ve

nt
io

n 
vs

 c
on

tr
ol

), 
ed

uc
at

io
n,

 
sm

ok
in

g,
 F

un
ct

io
na

l 
Co

m
or

bi
di

ty
 In

de
x,

 
fu

nc
tio

na
l c

ap
ac

ity
 

(B
ar

th
el

 In
de

x)
, n

um
be

r 
of

 m
ed

ic
in

es



Page 10 of 21Peng et al. BMC Geriatrics          (2022) 22:725 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

Ra
vi

nd
ra

ra
ja

h 
et

 a
l.,2

01
3 

[4
0]

Eu
ro

pe
4.

3
59

.9
M

 2
92

9
A

ll‑
ca

us
e 

19
3

FP
/F

S:
 F

ra
il

Pr
ef

ra
il

Ro
bu

st
FI

: F
ra

il 
(>

0.
21

)
Pr

e‑
fra

il 
(0

.1
3–

0.
21

)
Ro

bu
st

(<
0.

13
)

In
te

rv
ie

w
 w

ith
 th

e 
re

la
tiv

es
ag

e,
 c

en
te

r, 
sm

ok
in

g 
st

at
us

, p
ar

tn
er

 s
ta

tu
s

G
ar

re
‑O

lm
o 

et
 a

l.,2
01

3 
[7

4]
Sp

ai
n

3.
6

81
.7

T 
87

5
W

 5
09

M
 3

66

A
ll‑

ca
us

e 
52

FI
: F

ra
il 
≥

0.
5 

N
on

‑
fra

il<
0.

5
In

te
rv

ie
w

ag
e,

 s
ex

, c
iv

il 
st

at
us

, t
he

 
ph

ys
ic

al
, m

en
ta

l, 
an

d 
so

ci
al

 fr
ai

lty
 p

he
no

ty
pe

A
bi

za
nd

a 
et

 a
l.,2

01
3 

[7
5]

Sp
ai

n
1.

46
79

.4
T 

99
3

W
 6

01
M

 3
92

A
ll‑

ca
us

e 
10

5
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

Te
le

ph
on

e 
in

te
rv

ie
w

 
an

d 
D

ea
th

 re
gi

st
ry

ag
e,

 s
ex

, B
ar

th
el

 In
de

x,
 

C
ha

rls
on

 In
de

x

Ro
ck

w
oo

d 
et

 a
l.,2

01
1 

[7
6,

 7
7]

Ca
na

da
12

44
T 

14
71

3
W

 7
97

4
M

 6
73

9

A
ll‑

ca
us

e 
20

20
FI

: F
ra

il 
(>

 0
.2

1)
Le

as
t fi

t (
0.

10
–0

.2
1)

Le
ss

 fi
t (

0.
03

–0
.1

0)
Re

la
tiv

el
y 

fit
 (≤

 0
.0

3)
 

FI
:0

.0
1

D
ea

th
 c

er
tifi

ca
te

ag
e,

 s
ex

, e
du

ca
tio

n 
le

ve
l

G
ra

ha
m

 e
t a

l.,2
00

9 
[7

8]
U

.S
.

10
74

.5
T 

19
96

W
 1

16
8

M
 8

28

A
ll‑

ca
us

e 
89

2
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

N
at

io
na

l D
ea

th
 In

de
x

ag
e,

 g
en

de
r, 

m
ar

ita
l 

st
at

us
, B

M
I, 

sm
ok

in
g 

st
a‑

tu
s, 

he
ar

t a
tt

ac
k,

 s
tr

ok
e,

 
hy

pe
rt

en
si

on
, c

an
ce

r, 
hi

p 
fra

ct
ur

e,
 d

ia
be

te
s, 

A
D

L 
an

d 
IA

D
L 

lim
ita

‑
tio

ns
, c

og
ni

tiv
e 

fu
nc

tio
n,

 
de

pr
es

si
ve

 s
ym

pt
om

s, 
se

lf‑
ra

te
d 

he
al

th

A
vi

la
‑F

un
es

 e
t a

l.,2
00

8 
[8

5]
Fr

an
ce

4
74

.1
T 

60
78

W
 3

72
4

M
 2

35
4

A
ll‑

ca
us

e 
31

6
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

In
te

rv
ie

w
s 

w
ith

 fa
m

ily
/

M
ed

ic
al

 re
co

rd
s

se
x,

 e
du

ca
tio

n 
le

ve
l, 

in
co

m
e,

 s
m

ok
in

g 
st

at
us

, 
al

co
ho

l u
se

, n
um

be
r 

of
 c

hr
on

ic
 d

is
ea

se
s, 

se
lf‑

re
po

rt
ed

 h
ea

lth
, 

Ep
id

em
io

lo
gi

c 
St

ud
ie

s‑
D

ep
re

ss
io

n 
sc

al
e 

sc
or

e,
 

M
M

SE
, b

as
el

in
e 

di
sa

bi
lit

y 
(m

ob
ili

ty
, I

A
D

L,
 A

D
L)



Page 11 of 21Peng et al. BMC Geriatrics          (2022) 22:725  

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

En
sr

ud
 e

t a
l.,2

00
7 

[4
1]

U
.S

.
9.

2
76

.7
W

 6
72

4
A

ll‑
ca

us
e 

25
20

FP
: F

ra
il

Pr
ef

ra
il

Ro
bu

st

D
ea

th
 c

er
tifi

ca
te

ag
e,

 h
ea

lth
 s

ta
tu

s, 
sm

ok
in

g,
 e

st
ro

ge
n 

us
e,

 
ed

uc
at

io
n,

 h
is

to
ry

 o
f 

fra
ct

ur
e,

 s
el

ec
te

d 
m

ed
i‑

ca
l c

on
di

tio
ns

 (s
tr

ok
e,

 
di

ab
et

es
, h

yp
er

te
ns

io
n,

 
pa

rk
in

so
ni

sm
, d

em
en

tia
, 

co
ro

na
ry

 h
ea

rt
 d

is
ea

se
, 

CO
PD

, n
on

sk
in

 c
an

ce
r, 

fa
ll 

hi
st

or
y,

 d
ep

re
ss

iv
e 

sy
m

pt
om

s)
, c

og
ni

tiv
e 

fu
nc

tio
n,

 fu
nc

tio
na

l 
st

at
us

, B
M

I, 
fe

m
or

al
 n

ec
k 

bo
ne

 m
in

er
al

 d
en

si
ty

W
oo

ds
 e

t a
l.,2

00
5 

[4
2]

U
.S

.
5.

9
N

A
W

 4
06

57
A

ll‑
ca

us
e 

24
97

FP
: F

ra
il

Pr
ef

ra
il

N
on

‑fr
ai

l

M
ed

ic
al

 re
co

rd
s

ag
e,

 in
co

m
e,

 e
du

ca
tio

n,
 

et
hn

ic
ity

, h
ea

lth
 ri

sk
 

va
ria

bl
es

 (B
M

I, 
sm

ok
in

g,
 

al
co

ho
l c

on
su

m
pt

io
n,

 
hi

st
or

y 
of

 h
or

m
on

e 
us

e,
 

se
lf‑

re
po

rt
ed

 h
ea

lth
, c

ur
‑

re
nt

 h
ea

lth
ca

re
 p

ro
vi

de
r),

 
di

sa
bi

lit
y,

 c
om

or
bi

d 
co

nd
iti

on
s 

(d
ia

be
te

s 
m

el
lit

us
, h

yp
er

te
ns

io
n,

 
de

pr
es

se
d 

m
oo

d,
 h

is
to

ry
 

of
 h

ip
 fr

ac
tu

re
, f

al
lin

g,
 

ar
th

rit
is

, c
an

ce
r, 

CO
PD

, 
co

ro
na

ry
 h

ea
rt

 d
is

ea
se

, 
C

H
F, 

st
ro

ke
)

Fr
ie

d 
et

 a
l.,2

00
1 

[4
]

U
.S

.
7

N
A

T 
53

17
W

 3
07

7
M

 2
24

0

A
ll‑

ca
us

e 
N

A
FP

: F
ra

il
Pr

ef
ra

il
Ro

bu
st

In
te

rv
ie

w
ag

e,
 g

en
de

r, 
in

di
ca

to
r f

or
 

m
in

or
ity

 c
oh

or
t, 

in
co

m
e,

 
sm

ok
in

g 
st

at
us

, b
lo

od
 

pr
es

su
re

, f
as

tin
g 

gl
uc

os
e,

 
al

bu
m

in
, c

re
at

in
in

e,
 

ca
ro

tid
 s

te
no

si
s, 

hi
st

or
y 

of
 C

H
F, 

co
gn

iti
ve

 fu
nc

‑
tio

n,
 m

aj
or

 E
CG

 a
bn

or
‑

m
al

ity
, u

se
 o

f d
iu

re
tic

s, 
pr

ob
le

m
 w

ith
 IA

D
Ls

, s
el

f‑
re

po
rt

 h
ea

lth
 m

ea
su

re
, 

de
pr

es
si

on
 m

ea
su

re

Su
sa

nt
o 

et
 a

l.,2
01

8 
[4

3]
A

us
tr

al
ia

15
N

A
W

 8
93

3
A

ll‑
ca

us
e 

48
3

FS
: F

ra
il

Ro
bu

st
N

at
io

na
l D

ea
th

 In
de

x
ag

e,
 B

M
I, 

ed
uc

at
io

na
l 

st
at

us
, a

bi
lit

y 
to

 m
an

ag
e 

on
 in

co
m

e,
 p

hy
si

ca
l 

ac
tiv

ity



Page 12 of 21Peng et al. BMC Geriatrics          (2022) 22:725 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y
St

ud
y 

lo
ca

tio
n

Fo
llo

w
‑u

p,
 y

ea
rs

M
ea

n 
ag

e,
 y

ea
rs

Sa
m

pl
e 

si
ze

D
ea

th
s

Fr
ai

lt
y 

as
se

ss
m

en
t

O
ut

co
m

e 
as

se
ss

m
en

t
A

dj
us

tm
en

t f
ac

to
rs

H
ao

 e
t a

l.,2
01

6 
[7

9]
C

hi
na

4
93

.7
T 

76
7

W
 5

20
M

 2
47

A
ll‑

ca
us

e 
39

5
FI

: S
ev

er
el

y 
fra

il 
(≥

 
0.

45
)

Fr
ai

l (
0.

22
–0

.4
5)

N
on

‑fr
ai

l (
<

 0
.2

2)
 F

I:0
.0

1

Lo
ca

l g
ov

er
nm

en
t 

re
co

rd
s, 

re
la

tiv
es

 o
r 

ne
ig

hb
or

s

ag
e,

 s
ex

, e
du

ca
tio

n

Th
eo

u 
et

 a
l.,2

01
2 

[8
0]

Ca
na

da
5

84
.6

T 
23

05
W

 1
43

1
M

 8
74

A
ll‑

ca
us

e 
10

03
FI

:0
.1

N
A

ag
e,

 s
ex

Ja
co

bs
 e

t a
l.,2

01
1 

[8
1]

Is
ra

el
5

85
T 

84
0

W
 4

40
M

 4
00

A
ll‑

ca
us

e 
19

4
FP

: F
ra

il
Pr

ef
ra

il
N

on
‑fr

ai
l

D
ea

th
 c

er
tifi

ca
te

M
M

SE
, s

ex
, e

du
ca

tio
na

l 
st

at
us

, i
sc

he
m

ic
 h

ea
rt

 
di

se
as

e,
 d

ia
be

te
s, 

hy
pe

r‑
te

ns
io

n,
 s

m
ok

in
g 

st
at

us
, 

se
lf‑

ra
te

d 
he

al
th

, A
D

L

Lu
ci

ce
sa

re
 e

t a
l.,2

01
0 

[8
2]

Ita
ly

4
74

.7
T 

10
16

W
 4

53
M

 5
63

A
ll‑

ca
us

e 
14

7
FI

: F
ra

il 
≥

0.
25

 N
on

‑
fra

il<
0.

25
O

ffi
ci

al
 d

ea
th

 re
co

rd
s

ag
e,

 s
ex

Se
ar

le
 e

t a
l.,2

00
8 

[8
3]

U
.S

.
9

N
A

T 
75

4
W

 4
87

M
 2

67

A
ll‑

ca
us

e 
N

A
FI

:0
.0

1
D

ea
th

 c
er

tifi
ca

te
ag

e,
 s

ex

Sr
in

on
pr

as
er

t 
et

 a
l.,2

01
8 

[8
4]

Th
ai

la
nd

7
69

.2
T 

81
95

W
 4

16
3

M
 4

03
2

A
ll‑

ca
us

e 
12

84
FI

: F
ra

il>
0.

25
 N

on
‑fr

ai
l 

≤
0.

25
D

ea
th

 D
at

ab
as

e
N

A

AD
L 

Ac
tiv

iti
es

 o
f D

ai
ly

 L
iv

in
g,

 B
M

I B
od

y 
M

as
s 

In
de

x,
 C

H
F 

Co
ng

es
tiv

e 
H

ea
rt

 F
ai

lu
re

, C
O

PD
 C

hr
on

ic
 O

bs
tr

uc
tiv

e 
Lu

ng
 D

is
ea

se
, C

O
VI

D
-1

9 
Co

ro
na

vi
ru

s 
D

is
ea

se
 2

01
9,

 C
RP

 C
-r

ea
ct

iv
e 

Pr
ot

ei
n,

 C
VD

 C
ar

di
ov

as
cu

la
r D

is
ea

se
, E

CG
 

El
ec

tr
oc

ar
di

og
ra

ph
, F

I F
ra

ilt
y 

In
de

x,
 F

P 
Fr

ai
lty

 P
he

no
ty

pe
, F

S 
FR

A
IL

 s
ca

le
, H

bA
1c

 G
ly

ca
te

d 
H

em
og

lo
bi

n,
 H

D
L 

H
ig

h 
D

en
si

ty
 L

ip
op

ro
te

in
, I

AD
L 

In
st

ru
m

en
ta

l A
ct

iv
ity

 o
f D

ai
ly

 L
iv

in
g,

 L
D

L 
Lo

w
 D

en
si

ty
 L

ip
op

ro
te

in
, M

 M
en

, M
M

SE
 

M
in

i-M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n,
 T

 To
ta

l, 
TD

I T
ow

ns
en

d 
D

ep
riv

at
io

n 
In

de
x,

 U
.K

. U
ni

te
d 

Ki
ng

do
m

, U
.S

. U
ni

te
d 

St
at

es
, W

 W
om

en
a  S

ev
en

 lo
w

- a
nd

 m
id

dl
e-

in
co

m
e 

co
un

tr
ie

s 
(L

M
IC

s)
 in

cl
ud

in
g 

Cu
ba

, D
om

in
ic

an
 R

ep
ub

lic
, V

en
ez

ue
la

, M
ex

ic
o,

 P
er

u,
 In

di
a,

 a
nd

 C
hi

na



Page 13 of 21Peng et al. BMC Geriatrics          (2022) 22:725  

risk per 0.1 increase in the FI (pooled HR = 1.47, 95% 
CI 1.29–1.67;  I2 = 98.2%,  Pheterogeneity < .001; 7 stud-
ies; Fig. 2C) and nine studies [46, 54, 55, 65, 67, 69, 76, 
79, 83] that reported HRs of the all-cause mortality 
risk per 0.01 increase in the FI (pooled HR = 1.04, 95% 
CI 1.03–1.05;  I2  = 87.9%,  Pheterogeneity  < .001; 9 studies; 
Fig. 2D), we also confirmed that frailty was a significant 

predictor of all-cause mortality. In addition, one study 
[32] demonstrated an increased risk of all-cause death 
per increase in one deficit (HR = 1.04, 95% CI 1.01–1.07 
for men, HR = 1.08, 95% CI 1.06–1.11 for women). 
These studies consistently suggested that frailty status, 
as defined by the FI using various ways, was linked to an 
increased all-cause death risk.

Fig. 2 Forest plots of the all‑cause mortality risk according to the frailty status. A The pooled HR and 95% CI of the all‑cause mortality in the frail 
group compared with the robust group; B The pooled HR and 95% CI of the all‑cause mortality in the prefrail group compared with the robust 
group; C The pooled HR of the all‑cause mortality risk per 0.1 increase in the frailty index score; D The pooled HR of the all‑cause mortality risk per 
0.01 increase in the frailty index score. CI = confidence interval, HR = hazard ratio
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Considering that there was a high degree of heteroge-
neity across the studies, we performed further sensitiv-
ity analyses. A fixed effects model and the removal of any 
single study had little effect on the overall pooling risk 
estimate. Of note, although a similar outcome was found 
in subgroup analyses categorized by different frailty 
assessment tools (FP, FI, and FS), we found markedly 
decreased heterogeneity when the included studies were 
restricted to those using the FS to assess frailty (Fig. 2).

Marginal evidence of publication bias was found for the 
association between frailty status and all-cause mortal-
ity by Begg’s test and Egger’s test (Begg’s test P = 0.004–
0.463 and Egger’s test P = 0.030–0.918).

Frailty and CVD mortality
Nine studies [26–28, 34, 35, 37, 38, 48, 49] were included 
in the random effects meta-analysis of the effect of frailty 
status on the CVD mortality risk. As shown in Fig.  3, 
both the frail group (pooled HR = 2.64, 95% CI 2.20–3.17; 
 I2 = 89.8%,  Pheterogeneity < .001; 8 studies; Fig.  3A) and the 
prefrail group (pooled HR = 1.63, 95% CI 1.45–1.83; 
 I2 = 85.3%,  Pheterogeneity < .001; 8 studies; Fig. 3B) suggested 
an obviously increased risk for CVD death compared 
to the robust group with substantial heterogeneity. As 
expected, a similar result could be found by combining 
the HRs of the CVD mortality risk for each 0.1 increase 
in the FI (pooled HR = 1.50, 95% CI 1.30–1.74;  I2 = 98.2%, 
 Pheterogeneity < .001; 4 studies; Fig.  3C). In addition, one 
study [46] provided the HR of the CVD mortality risk 
for each 0.01 increase in the FI (HR = 1.05, 95% CI 1.03–
1.06), and another study [50] reported that there was an 
increased CVD death risk with each increase in one defi-
cit (HR = 1.03, 95% CI 0.99–1.08 for men, HR = 1.13, 95% 
CI 1.09–1.17 for women). The relationship between the 
frailty status as defined by the FI and the CVD mortality 
risk appeared to be sex-specific.

In reference to the sensitivity analysis, none of the 
three abovementioned methods altered the initial results. 
Moreover, marginal evidence of publication bias was 
detected for the association between frailty status and 
CVD mortality (Begg’s test P = 0.37–1.00 and Egger’s test 
P = 0.009–0.026).

Frailty and cancer and respiratory illness mortality
Five individual studies [26–28, 34, 35] were eligible 
for the evaluation of the association between frailty 

status and cancer and respiratory illness mortality. 
The random-effects meta-analysis revealed that frailty 
could statistically increase the risk of death from can-
cer (pooled HR = 1.97, 95% CI 1.50–2.57;  I2 = 82.9%, 
 Pheterogeneity < .001; 4 studies; Fig.  4A) and respiratory ill-
ness (pooled HR =4.91, 95% CI 2.97–8.12;  I2 = 87.2%, 
 Pheterogeneity < .001; 4 studies; Fig. 5A). Similarly, compared 
with the robust group, the individuals in the prefrail 
group had a 1.37-fold higher risk of death from can-
cer (95% CI 1.10–1.71;  I2 = 81.6%,  Pheterogeneity = 0.001; 
4 studies; Fig.  4B) and a 2.16-fold higher risk of death 
from respiratory illness (95% CI 1.68–2.79;  I2 = 53.9%, 
 Pheterogeneity = 0.089; 4 studies; Fig.  5B). In addition, with 
the three studies [27, 34, 35] that reported the HRs of 
the cancer and respiratory illness mortality risk per 0.1 
increase in the FI, a pooled HR of 1.12 (95% CI = 1.04–
1.21;  I2 = 87.2%,  Pheterogeneity < .001; 3 studies; Fig. 4C) for 
cancer death and 1.59 (95% CI = 1.02–2.46;  I2 = 99.1%, 
 Pheterogeneity < .001; 3 studies; Fig.  5C) for respiratory ill-
ness death was obtained.

Discussion
Previous evidence [19, 20, 22] has shown that there is 
a significant association between frailty and all-cause 
mortality. The present study revealed positive correla-
tions between frailty, prefrailty, and all-cause mortal-
ity and further demonstrated that frailty was a strong 
predictor of cause-specific mortality from CVD, cancer, 
and respiratory illness. To the best of our knowledge, 
this is the first systematic review and meta-analysis 
to explore the influence that frailty exerts on cause-
specific mortality among adults living in communi-
ties. Specifically, we found an almost 2-fold increased 
risk in the frail group and a 1.5-fold increased risk in 
the prefrail group for all-cause mortality, CVD mortal-
ity, and cancer mortality, respectively. Of note, the risk 
of respiratory illness mortality was approximately dou-
bled in both the frail and prefrail groups, with 4.91- and 
2.16-fold higher risks compared to the robust group. In 
addition, the all-cause and cause-specific mortality risk 
per 0.1 and per 0.01 increase in the FI showed consist-
ently significant results, which indicated that the risk of 
death increased with the increase in the frailty status 
(i.e., from prefrailty worsening to frailty).

We did not perform a meta-analysis on the associa-
tion between frailty status and mortality from dementia, 

(See figure on next page.)
Fig. 3 Forest plots of the CVD mortality risk according to the frailty status. A The pooled HR and 95% CI of the CVD mortality in the frail group 
compared with the robust group; B The pooled HR and 95% CI of the CVD mortality in the prefrail group compared with the robust group; C The 
pooled HR of the CVD mortality risk per 0.1 increase in the frailty index score. CI = confidence interval, CVD = cardiovascular disease, HR = hazard 
ratio
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Fig. 3 (See legend on previous page.)
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infection, and COVID-19 due to the limited number 
of studies, but the research outcomes were still note-
worthy. The study by Lohman et al. [26] suggested that 
frailty was associated with a 2.87 (95% CI = 1.47–5.59) 

times greater hazard of death from dementia, while 
prefrailty was not a predictor of dementia mortal-
ity. In addition, Jiang et  al. [50] found that frailty, as 
defined by the FI, was not linked to dementia mortality 

Fig. 4 Forest plots of the cancer mortality risk according to the frailty status. A The pooled HR and 95% CI of the cancer mortality in the frail group 
compared with the robust group; B The pooled HR and 95% CI of the cancer mortality in the prefrail group compared with the robust group; C The 
pooled HR of the cancer mortality risk per 0.1 increase in the frailty index score. CI = confidence interval, HR = hazard ratio
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in either sex. Two identified studies [27, 28] indepen-
dently confirmed that frailty and prefrailty were asso-
ciated with a higher risk of mortality due to infection. 
Nevertheless, the statistically significant association 

between prefrailty and the infection mortality disap-
peared after adjusting for all the confounding factors, 
as seen in the further analyses in one study [28]. During 
the global pandemic of COVID-19, a plethora of studies 

Fig. 5 Forest plots of the respiratory illness mortality risk according to the frailty status. A The pooled HR and 95% CI of the respiratory illness 
mortality in the frail group compared with the robust group; B The pooled HR and 95% CI of the respiratory illness mortality in the prefrail group 
compared with the robust group; C The pooled HR of the respiratory illness mortality risk per 0.1 increase in the frailty index score. CI = confidence 
interval, HR = hazard ratio
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[15, 86, 87] have reported that an increased COVID-19 
mortality risk has been associated with frailty. How-
ever, most of these studies focused on patients who 
were diagnosed with COVID-19 until a recent study by 
Mak et al., [25] which found that frailty was related to a 
higher COVID-19 mortality risk in a community pop-
ulation. A dramatically growing number of confirmed 
cases has raised public attention to determine the effect 
of frailty on COVID-19 mortality in the general popula-
tion. The number of studies that evaluated the associa-
tions of frailty with dementia, infection, and COVID-19 
mortality has been too small to yield reliable results. 
Thus, more congeneric studies are warranted.

Although substantial heterogeneity existed in our 
meta-analysis, we only found that the different frailty 
assessment tools might be the underlying effect factor in 
the sensitivity analysis. We included studies that defined 
frailty using one of three widely used tools: the FP, FI, 
and FS. In fact, when we restricted the includes stud-
ies to those only using the FS, the heterogeneity nota-
bly declined. There is no consensus regarding the gold 
standard to assess frailty to date. In recent decades, a vast 
variety of frailty assessment tools, [4, 77, 88–90] such as 
the FP, FI, FS, Groningen Frailty Indicator, Tilburg Frailty 
Indicator, Clinical Frailty Scale, etc., have been proposed 
and well validated. However, some comparative studies 
[7, 91] have also found substantive differences between 
these tools in their validity, feasibility, and ability to pre-
dict mortality. A 2017 umbrella review [21] examined 
five systematic reviews to compare the reliability, valid-
ity, accuracy, and predictive ability of 34 frailty screening 
tools in older adults, and found that the FI had good pre-
dictive ability and mostly acceptable validity and diagnos-
tic accuracy. Notably, significant heterogeneity was found 
in the subgroups using the FI as the frailty assessment 
method (as shown in Fig.  2), which is consistent with a 
previous systematic review of the all-cause mortality risk 
according to the FI [16]. First, the FI was constructed 
based on the different numbers and types of deficits. In 
addition, the included studies defined frailty with dif-
ferent cut-off points for the FI. Therefore, to reduce the 
heterogeneity across studies, we need more studies with 
uniform frailty assessment tools.

Previous research has explored sex and age effects on 
the association between frailty and mortality risk, but the 
results are still in dispute. Some studies [17, 50, 92] have 
found a sex-specific impact of frailty on all-cause and 
cause-specific mortality. However, a recent meta-analysis 
found that there was no sex difference in the association 
of frailty with mortality [93]. In addition, shorter follow-
up periods and younger age were found to be potentially 
associated with a higher mortality risk [16, 50]. However, 
neither sex nor age or follow-up duration showed any 

effect on the relationship between frailty and all-cause 
or cause-specific mortality in the current study. Hence, 
more large-scale studies are required to identify whether 
sex, the age threshold, or the follow-up duration can 
modify the frailty-mortality association.

Several limitations should be considered in our meta-
analysis. First, significant heterogeneity was observed in 
the statistical analysis, which caused concerns about the 
reliability of the pooled results. However, through sensi-
tivity analyses, we found that the sources of heterogeneity 
could be partially explained by the different assessment 
tools adopted to measure frailty. Although the different 
measuring methods and cut-off points across studies 
could possibly lead to a misclassification of frailty, the 
subgroup analysis based on the different frailty assess-
ment tools showed consistent results. Additionally, irre-
spective of which tools were used to define frailty, both 
frailty and prefrailty were significantly associated with a 
higher mortality risk in previous studies [16–18]. More-
over, methodological heterogeneity was inevitable in all 
the meta-analyses, especially the meta-analyses based on 
observational studies. Second, frailty is a dynamic process 
that usually progresses to greater frailty (i.e., “worsening”) 
with ageing but could be reversible by effective interven-
tions [94, 95]. However, because only the baseline frailty 
status was evaluated in the included studies, we could 
not overcome the confounding effects from the progres-
sion of frailty during the follow-up duration. In addition, 
even though we extracted the most fully adjusted risk 
estimates, residual confounding still existed. Third, most 
included studies ascertained the causes of death from a 
death registry or a national death database according to 
the International Classification of Diseases (ICD) codes; 
thus, inaccurate information under some circumstances 
might cause a misclassification bias. Fourth, we restricted 
our search to studies published in English, and this is a 
possible source of bias. Finally, the number of studies of 
cause-specific mortality was limited, especially for stud-
ies that included cancer and respiratory illness mortality. 
This hampered further analysis, given that these analysis 
results were potentially unreliable under the condition 
that the number of identified studies was less than 10, 
especially in the sensitivity, subgroup, or meta-regression 
analyses. Additionally, we only performed a systematic 
review but not a meta-analysis since there were fewer 
studies on the associations between frailty and dementia, 
infection, and COVID-19 mortality.

Conclusion
In conclusion, frailty was not only significantly associ-
ated with an increased risk of all-cause mortality but 
was also a strong predictor of cause-specific mortality 
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from CVD, cancer, and respiratory illness in community-
dwelling adults. These findings highlight the importance 
of frailty interventions in reducing the risk of death in the 
general population and indicate which population will 
benefit the most from efficient interventions. Early diag-
nosis of frailty can help identify high-risk older adults, 
helping to minimize the risk of prefrail status developing 
into frail status and even reverse frailty status. In addi-
tion, the implementation of therapeutic measures such 
as physical activity, nutrition support, comorbidities and 
polypharmacy management could reduce disability, insti-
tutionalization, hospitalization, the need for long-term 
care, medical and social costs, and death. Furthermore, 
knowing the increased risk stratified by cause of death 
allows us to make further targeted interventions regard-
ing the natural development of frailty status as well as 
aid in designing disease-specific interventions to reduce 
mortality. Nonetheless, these results should be inter-
preted with caution due to the limited number of stud-
ies included in our meta-analysis; thus, more studies 
are warranted in the future to explore the association of 
frailty with cause-specific mortality.
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