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Dietary patterns and frailty: a systematic review and
meta-analysis

Nafiseh Rashidi Pour Fard, Farzad Amirabdollahian, and Fahimeh Haghighatdoost

Context: Assessing the relationship between single nutrients and frailty fails to
take into consideration the interactions between nutrients. An increasing number of
investigations in recent years have evaluated the association between dietary pat-
terns and frailty. Objective: This systematic review and meta-analysis was con-
ducted to summarize the association between dietary patterns and frailty. Data
Sources: PubMed, Scopus, and Google Scholar were searched for epidemiological
studies published up to April 2018 that assessed the association between dietary
patterns and frailty. Study Selection: Cohort or cross-sectional studies that exam-
ined dietary patterns via an a priori or an a posteriori method in relation to risk of
frailty without considering any specific age range were included. Studies were ex-
cluded if they examined single nutrients, single foods, or single food groups. Data
Extraction: Pooled effect sizes of eligible studies and their corresponding 95%CIs
were estimated using random-effects models. When publication bias was present,
trim and fill analysis was conducted to adjust the pooled effect. Results: A total of
13 studies with 15 effect sizes were identified. Results from 9 cohort and cross-
sectional studies were included in the meta-analysis. Higher adherence to a healthy
dietary pattern was associated with lower odds of frailty (odds ratio ¼ 0.69; 95%CI,
0.57–0.84; P< 0.0001; I2 ¼92.1%; P for heterogeneity< 0.0001). Conclusions:
The findings suggest that a diet high in fruit, vegetables, and whole grains may be
associated with reduced risk of frailty. Nevertheless, additional longitudinal studies
are needed to confirm the association of dietary patterns with frailty.

INTRODUCTION

Frailty is a state of poor homeostatic mechanisms in re-
sponse to stressors as a result of multiple, age-related

dysfunctions across physiological systems.1 Frailty nega-
tively affects quality of life as well as health outcomes

such as frequency of falls, hospitalization, cognitive
function, fracture, activities of daily living, and mortal-

ity in older people.1–3 A systematic review and

meta-analysis demonstrated that the risk of incident or

worsening disability and the combined risk of disability
measured by activities of daily living and instrumental

activities of daily living were approximately 2-fold
higher in frail elderly people than in nonfrail elderly

people.2 Another meta-analysis reported lower mean
scores of a physical and mental component summary

when the association between frailty and quality-of-life
in frail and prefrail older people was compared with
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that in nonfrail older people.3 In addition, in a 7-year

follow-up study, frail individuals had a 63% greater
chance of mortality compared with nonfrail partici-

pants.1 Frailty is defined as the presence of at least 3
components of the following physical abnormalities: (1)

unintentional weight loss, (2) self-reported exhaustion,
(3) weakness (in grip strength), (4) slow walking speed,
(5) and low physical activity.4,5 In view of both the in-

creased life expectancy and the public health burden of
aging and frailty,6,7 new approaches to prevent frailty or

delay its progression are needed.
Despite ongoing research to explore effective ways

of improving both health status and productive longev-
ity of older adults, there are large gaps in several areas.

Certain modifiable environmental factors such as life-
style, physical activity level, and diet can affect the de-

generative aging process.8 Moreover, they may affect
the mechanisms of aging simultaneously and

interrelatedly.
An emerging body of evidence supports the poten-

tial role of diet in the prevention of frailty. Most studies
in this context have focused on single nutrients or

foods, revealing that healthy dietary components such
as whole grains, low-fat dairy products, and fruit and

vegetables are associated with lower risk of frailty.9–13

However, nutrients and foods consumed in combina-

tion often have interactions that can affect health out-
comes.14 Therefore, recent studies have shifted toward

investigating dietary patterns rather than single
nutrients. For instance, a recent meta-analysis revealed

that better adherence to the Mediterranean diet was as-
sociated with lower incident frailty risk in the elderly.15

Dietary patterns are derived by 2 approaches: (1) an a
priori approach, which scores an individual’s adherence

to the recommended dietary guidelines or predefined
dietary pattern, and (2) an a posteriori approach, which

uses statistical exploratory methods to identify dietary
patterns on the basis of the individual’s dietary

intake.16,17

Recent investigations have evaluated the associa-
tion between dietary patterns and the incidence of

frailty. To provide an overview of the role of diet in the
risk of frailty, a systematic review of the current litera-

ture and a meta-analysis of observational studies were
conducted to summarize the association between die-

tary patterns and risk of frailty.

METHODS

This systematic review and meta-analysis was con-

ducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-

Analyses) statement.18

Search strategy

Exclusion and inclusion criteria were defined on the ba-
sis of the PICOS framework (Table 1). The PubMed,

Scopus, and Google Scholar databases were searched for
relevant research articles published up to January 2018,

using the following keywords: “frail elderly” or “frailty”
or “frail older people” AND “dietary pattern*” or

“eating pattern*” or “food* pattern*” or “dietary habit*”
or “diet” or “dietary.” The reference lists of relevant

articles or narrative reviews were hand searched. The
search was updated until April 2018 using PubMed’s

email alert service. No limitation was placed on the
publication date or the language of articles.

Study selection

The titles and abstracts of all articles retrieved in the ini-

tial search were screened by 2 authors independently
(N.RP.F. and F.H.). After inclusion and exclusion crite-

ria were applied, the full texts of eligible articles were re-
trieved for further evaluation.

Studies were excluded for the following reasons: (1)
they were not original research (published, eg, as letters

to the editor, review articles, or editorials), (2) they ex-
amined single nutrients, single foods, or single food

groups, (3) they did not report frailty as an outcome
measure, (4) they lacked data on association measures
(odds ratios [ORs] or hazard ratios), or (5) they were

conducted in species other than Homo sapiens. Studies
were included on the basis of the following: (1) they

were original observational research (cohort or cross-
sectional studies), (2) they examined dietary patterns

via an a priori or an a posteriori method, (3) they
reported risk of incident frailty as an outcome measure,

(4) they reported the association of frailty with dietary
patterns in a format that could be included in the analy-

sis, and (5) they were conducted in adult humans with-
out considering any specific age range. Any

discrepancies about the screening and selection of stud-
ies or the extraction of data were resolved by discussion

and consensus.

Table 1 PICOS criteria for inclusion and exclusion of
studies
Parameter Criteria

Population Human adults
Intervention/exposure Highest adherence to a healthy/

Western dietary pattern
Comparator Lowest adherence to a healthy/

Western dietary pattern
Outcome Incidence of frailty phenotype
Setting or study design Observational studies (cohort and

cross-sectional)
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Data extraction and quality assessment

Two authors abstracted all eligible studies indepen-

dently. The following information was extracted from
each article: first author, publication year and country,

study population, sex and age range of participants,
study design and duration of longitudinal studies, sam-

ple size, instruments used for dietary assessment,
method used to identify dietary patterns, dietary pat-

terns identified, factor loadings per pattern (if avail-
able), definition of frailty, adjusted confounders, main

statistical findings (ORs or hazard ratios and the corre-
sponding 95%CIs), and conclusion of study. When sev-

eral adjusted models were provided in an article, the
model that adjusted for the largest number of con-

founders was abstracted.
Since the identified dietary patterns varied across

studies, 2 dietary patterns—healthy and unhealthy—were
predefined according to the recommendations of differ-

ent dietary guidelines.19,20 The prudent/healthy diet was
characterized mainly by high consumption or factor

loading of fruit, vegetables, whole grains, and fish, while
the Western/unhealthy diet was characterized mainly by

high consumption or factor loading of meat, processed
meat, refined grains, and high-sugar or high-fat snacks.21

Since dietary patterns were labeled differently across dif-

ferent studies, the dietary patterns with the most similari-
ties to the predefined diets (prudent/healthy and

Western/unhealthy) were considered for meta-analysis,
regardless of their original label. In studies that identified

several healthy or unhealthy dietary patterns using a pos-
teriori methods, a pattern was selected as the main pat-

tern if it explained the largest variation in food groups
and/or fulfilled the most criteria of a healthy or an un-

healthy diet on the basis of highest factor loadings.
Study quality was assessed using the Newcastle-

Ottawa scale for quality assessment.22 This scale consists
of 3 main domains (selection of participants, compara-

bility of participants, and assessment of outcome/expo-
sure) and 8 questions in total. The maximum total score

that each cohort study could receive by this scale is 9
stars (2 stars for comparability). In the version adapted

for cross-sectional studies, there are 7 questions, and
the maximum total possible score is 10. In the present

meta-analysis, studies were classified as having high
methodological quality when they received 7 or more

stars.23 All studies, regardless of their quality score,
were included in the current systematic review.

Statistical analysis

The original research studies categorized dietary pat-
terns in different ways such as tertiles, quintiles, or ob-

jective scores. To combine the results and run a meta-

analysis, the risk of frailty was evaluated in the highest

vs the lowest categories of dietary patterns. If risk ratios
or hazard ratios were reported in the original article in-

stead of ORs, they were considered the same as ORs
when the prevalence of frailty in the study population

was � 20%. If frailty was considered a continuous vari-
able and was reported as a regression coefficient in the
original article, then standardized coefficients and their

corresponding 95%CIs were converted to ORs and stan-
dard errors, as described by da Costa et al.24 A fixed-

effect model was used to estimate the pooled effect
when the heterogeneity was low (< 25%).25

Heterogeneity was evaluated using the I2 statistic.25

Subgroup analyses were run to explore the sources of

heterogeneity on the basis of the following covariates:
study design (cohort/cross-sectional), geographical re-

gion of the study (Mediterranean countries/non-
Mediterranean countries), sex, methods used to deter-

mine dietary pattern (a priori/a posteriori), age group
of participants (elderly [> 65 years] versus middle-aged

and elderly [> 45 years]), and adjustment/nonadjust-
ment for daily energy intake. Publication bias was eval-

uated by using a funnel plot and Egger regression test.
When bias was present, trim and fill analysis was con-

ducted to detect the contribution of the bias to the over-
all effect. Sensitivity analysis was performed to explore

the relative effect of each study on the pooled estimate
by omitting 1 study at a time. P values less than 0.05

were considered statistically significant. All statistical
analyses were performed using Stata software (Version

11; StataCorp, College Station, TX).

RESULTS

Search results

The screening process of studies is shown in Figure 1.
The search strategy retrieved 985 citations (excluding

duplicates, n¼ 661). Of these publications, 626 were ex-
cluded on the basis of the title and abstract and 21 after

the full text was reviewed. Nine cohort studies26–34 and
4 cross-sectional studies35–38 with a total of 15 effect

sizes (2 additional effect sizes from cohort studies29,32)
published between 2012 and 2018 were included in the

systematic review (effect size¼ 15) and meta-analysis
(effect size¼ 11) (Table 226–38).

Description of studies

Eight studies were conducted in Europe,27–30,33,34,36,38 2
in the United States,25,31 1 in China,31 1 in Taiwan,37

and 1 in Australia.35 The sample size of the studies
ranged from 560 to 4421 in cohort studies and from

192 to 5922 in cross-sectional studies. All the included
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studies evaluated the risk of frailty as the endpoint.
Participants were aged 45 years and over. Two studies

were limited to male participants32,35 and the remaining
studies evaluated both sexes. The majority of studies

assessed dietary intakes using a validated food fre-
quency questionnaire (n¼ 9),26,27,29,31,32,34,36–38 while 1

study used both a food frequency questionnaire and a
24-hour recall28 and 3 studies used dietary his-
tory.30,33,35 Dietary patterns were defined using the a

priori method in 8 studies,26,27,32–36,38 the a posteriori
method in 3 studies,28,30,37 and both methods in 2 stud-

ies.29,31 Frailty was assessed by means of a variety of
instruments. Most studies used the frailty phenotype

according to Fried et al4 (n¼ 9).27,28,30,32–35,37,38 Two
studies used physically oriented definitions,29,31 1 study

used an index designed to predict falls, disability, and
fractures,26 and another study used an index of various

health domains (eg, disabilities, mental health and cog-
nitive function, and chronic diseases).36 Confounding

effects of age, sex, education, and comorbid conditions
(including diabetes, hypertension, history of cardio-

and cerebrovascular diseases, and others listed in the

Charlson Comorbidity Index) were controlled in most
studies, but not all.28,35 Overall, quality scores were high

(�7) in all of the studies assessed.

META-ANALYSIS

Results from the meta-analysis of the healthy diet are
shown in Figure 2. Individuals with a higher adherence to
the healthy diet were less likely to be affected by frailty

(OR¼ 0.69; 95%CI, 0.57–0.84; P< 0.0001). There was sig-
nificant heterogeneity between studies (I2¼ 92.1%;

P< 0.0001). When studies were stratified by study design
(cohort/cross-sectional), sex, tools used to assess dietary

intake, and adjustment/nonadjustment for daily energy
intake, the results in the subgroups remained consistent

with the overall estimate, and heterogeneity had not disap-
peared (Table 3). However, subgroup analysis based on

the methods used to define frailty (phenotype vs index)
(Table 3), methods used to determine dietary pattern (a

priori/a posteriori) (Figure 2), geographical region of the
study (Mediterranean countries/non-Mediterranean

countries) (Figure 3), and age group of participants

Figure 1 Flow diagram of the literature search process.

Nutrition ReviewsVR Vol. 77(7):498–513 501

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



Ta
bl

e
2

Ch
ar

ac
te

ri
st

ic
s

of
ob

se
rv

at
io

na
ls

tu
di

es
ex

am
in

in
g

th
e

as
so

ci
at

io
n

be
tw

ee
n

di
et

ar
y

pa
tt

er
ns

an
d

fr
ai

lt
y

Re
fe

re
nc

e
Co

un
tr

y
or

re
gi

on
St

ud
y

de
si

gn
St

ud
y

pa
rt

ic
ip

an
ts

Fo
llo

w
-u

p
pe

rio
d

M
et

ho
d

of
di

et
ar

y
as

se
ss

m
en

t/
va

lid
at

io
n

M
et

ho
d

us
ed

to
de

-
fin

e
di

et
ar

y
pa

tt
er

ns
(s

co
re

)

D
ie

ta
ry

pa
tt

er
ns

id
en

ti-
fie

d
or

di
et

ar
y

sc
or

e
us

ed

M
et

ho
d

us
ed

to
de

fin
e

fr
ai

lty
Ad

ju
st

m
en

tf
or

co
nf

ou
nd

er
s

M
ai

n
fin

di
ng

s
(e

ffe
ct

an
d

95
%

CI
)

Ve
ro

ne
se

et
al

(2
01

8)
26

N
or

th
Am

er
ic

a
Co

ho
rt

O
st

eo
ar

th
rit

is
in

iti
a-

tiv
e

(n
¼

44
21

;
m

ea
n

ag
e

61
.2

y;
ra

ng
e

45
–7

9
y;

18
57

M
an

d
25

64
F;

ca
se

s:
n
¼

36
2)

8
y

Va
lid

at
ed

,i
nt

er
vi

ew
-

ba
se

d
70

-it
em

FF
Q

M
D

S
(0

–5
5)

H
ig

h
in

ta
ke

s
of

ce
re

al
s,

po
ta

to
es

,f
ru

its
,v

eg
e-

ta
bl

es
,l

eg
um

es
,a

nd
fis

h;
lo

w
in

ta
ke

s
of

m
ea

t,
po

ul
tr

y,
an

d
fu

ll-
fa

t
da

iry
pr

od
uc

ts

SO
F

in
de

x.
Ba

se
d

on
3

ite
m

s:
un

in
te

nt
io

na
l

w
ei

gh
tl

os
s,

th
e

in
-

ab
ili

ty
to

ris
e

fr
om

a
ch

ai
r,

an
d

po
or

en
er

gy

Ag
e,

se
x,

BM
I,

ph
ys

ic
al

ac
tiv

ity
,r

ac
e,

sm
ok

in
g

ha
bi

t,
ed

uc
at

io
na

l
le

ve
l,

ye
ar

ly
in

co
m

e,
Ch

ar
ls

on
co

m
or

bi
di

ty
in

de
x,

da
ily

en
er

gy
in

ta
ke

H
ig

he
st

vs
lo

w
es

t
ad

he
re

nc
e:

H
R
¼

0.
71

;
95

%
CI

,0
.5

0–
0.

99

Ra
hi

et
al

(2
01

8)
27

Fr
an

ce
Co

ho
rt

Po
pu

la
tio

n-
ba

se
d

Fr
en

ch
Th

re
e-

Ci
ty

St
ud

y
(3

C
Bo

rd
ea

ux
co

ho
rt

)
(n
¼

56
0;

ag
e

>
75

y;
35

4
F;

ca
se

s:
n
¼

79
)

2
y

In
te

rv
ie

w
-b

as
ed

FF
Q

M
D

S
(0

–9
)

H
ig

h
in

ta
ke

s
of

fr
ui

ts
,

ve
ge

ta
bl

es
,l

eg
um

es
,

ce
re

al
s,

fis
h,

se
af

oo
d,

an
d

ol
iv

e
oi

l;
lo

w
in

ta
ke

s
of

m
ea

ta
nd

da
iry

pr
od

uc
ts

Sl
ig

ht
ly

m
od

ifi
ed

Fr
ie

d
fr

ai
lty

cr
ite

ria
.B

as
ed

on
5

ite
m

s:
un

in
te

n-
tio

na
lw

ei
gh

tl
os

s,
ex

-
ha

us
tio

n,
sl

ow
ne

ss
,

w
ea

kn
es

s,
ph

ys
ic

al
ac

tiv
ity

Ag
e,

se
x,

ed
uc

at
io

n,
m

ar
ita

ls
ta

tu
s,

pr
es

-
en

ce
of

di
ab

et
es

,h
y-

pe
rt

en
si

on
,h

is
to

ry
of

ca
rd

io
-a

nd
ce

re
br

o-
va

sc
ul

ar
di

se
as

es
,

BM
I,

ta
ki

ng
�

5
dr

ug
s/

d,
co

gn
iti

ve
st

at
us

,a
nd

CE
S-

D

H
ig

he
st

vs
lo

w
es

t
ad

he
re

nc
e:

O
R
¼

0.
32

;
95

%
CI

,0
.1

4–
0.

72

Pi
lle

ro
n

et
al

(2
01

6)
28

Fr
an

ce
Co

ho
rt

Co
m

m
un

ity
-d

w
el

l-
in

g
el

de
rly

Fr
en

ch
ad

ul
ts

(B
or

de
au

x
sa

m
pl

e
of

th
e

Th
re

e-
Ci

ty
St

ud
y;

3C
Bo

rd
ea

ux
co

-
ho

rt
)(

n
¼

97
2;

ag
e
>

73
y;

63
6

F;
ca

se
s:

n
¼

29
9)

12
y

Va
lid

at
ed

,i
nt

er
vi

ew
-

ba
se

d
FF

Q
an

d
24

-h
di

et
ar

y
re

ca
ll

5
se

x-
sp

ec
ifi

c
di

e-
ta

ry
cl

us
te

rs
ch

ar
-

ac
te

riz
ed

by
hy

br
id

cl
us

te
rin

g
m

et
ho

d

Sm
al

le
at

er
s:

lo
w

er
in

ta
ke

s
of

al
lf

oo
d

gr
ou

ps
an

d
lo

w
er

da
ily

en
er

gy
in

ta
ke

H
ea

lth
y

pa
tt

er
n:

hi
gh

er
fis

h
in

ta
ke

in
m

en
an

d
hi

gh
er

fr
ui

ta
nd

ve
ge

-
ta

bl
e

in
ta

ke
in

w
om

en
Bi

sc
ui

ts
an

d
sn

ac
ki

ng
pa

tt
er

n:
hi

gh
er

in
ta

ke
of

sn
ac

ks
,b

is
cu

its
,a

nd
ca

ke
s,

an
d

a
sl

ig
ht

ly
hi

gh
er

en
er

gy
in

ta
ke

Ch
ar

cu
te

rie
,m

ea
t,

an
d

al
co

ho
lp

at
te

rn
in

m
en

;a
nd

ch
ar

cu
te

rie
,

st
ar

ch
y

fo
od

s,
an

d
al

-
co

ho
lp

at
te

rn
in

w
om

en
Pa

st
a

in
m

en
,a

nd
pi

zz
a

an
d

sa
nd

w
ic

he
s

in
w

om
en

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

un
in

te
nt

io
na

lw
ei

gh
t

lo
ss

,e
xh

au
st

io
n,

lo
w

en
er

gy
ex

pe
nd

itu
re

,
sl

ow
ne

ss
,a

nd
w

ea
kn

es
s

M
ar

ita
ls

ta
tu

s,
ed

uc
a-

tio
na

ll
ev

el
,i

nc
om

e,
m

ul
ti-

m
or

bi
di

ty
,B

M
I,

de
pr

es
si

ve
sy

m
pt

om
-

at
ol

og
y,

an
d

sc
or

e
on

M
M

SE

M
en

:
Sm

al
le

at
er

s
vs

he
al

th
y

ea
te

rs
:

H
R
¼

1.
46

;9
5%

CI
,

0.
77

–2
.7

8
Bi

sc
ui

ts
an

d
sn

ac
k-

in
g

vs
he

al
th

y
pa

t-
te

rn
:H

R¼
1.

35
;

95
%

CI
,0

.4
3–

4.
24

Ch
ar

cu
te

rie
,m

ea
t,

an
d

al
co

ho
lv

s
he

al
th

y
pa

tt
er

n:
H

R
¼

0.
73

;9
5%

CI
,

0.
28

–1
.9

1
Pa

st
a

vs
he

al
th

y
pa

t-
te

rn
:H

R¼
2.

21
;

95
%

CI
,1

.1
1–

4.
40

W
om

en
:S

m
al

le
at

er
s

vs
he

al
th

y
pa

tt
er

n:
H

R
¼

1.
30

;9
5%

CI
,

0.
91

–1
.8

6
Bi

sc
ui

ts
an

d
sn

ac
k-

in
g

vs
he

al
th

y
pa

t-
te

rn
:H

R
¼

1.
81

;
95

%
CI

,1
.1

7–
2.

81
Ch

ar
cu

te
rie

,s
ta

rc
hy

fo
od

s,
an

d
al

co
ho

l
vs

he
al

th
y

pa
tt

er
n:

H
R
¼

1.
28

;9
5%

CI
,

0.
85

–1
.9

2
Pi

zz
a

an
d

sa
nd

-
w

ic
he

s
vs

he
al

th
y

pa
tt

er
n:

H
R¼

1.
45

;
95

%
CI

,0
.7

5–
2.

80

(c
on

tin
ue

d)

502 Nutrition ReviewsVR Vol. 77(7):498–513

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



Ta
bl

e
2

Co
nt

in
ue

d
Re

fe
re

nc
e

Co
un

tr
y

or
re

gi
on

St
ud

y
de

si
gn

St
ud

y
pa

rt
ic

ip
an

ts
Fo

llo
w

-u
p

pe
rio

d
M

et
ho

d
of

di
et

ar
y

as
se

ss
m

en
t/

va
lid

at
io

n

M
et

ho
d

us
ed

to
de

-
fin

e
di

et
ar

y
pa

tt
er

ns
(s

co
re

)

D
ie

ta
ry

pa
tt

er
ns

id
en

ti-
fie

d
or

di
et

ar
y

sc
or

e
us

ed

M
et

ho
d

us
ed

to
de

fin
e

fr
ai

lty
Ad

ju
st

m
en

tf
or

co
nf

ou
nd

er
s

M
ai

n
fin

di
ng

s
(e

ffe
ct

an
d

95
%

CI
)

de
H

aa
s

et
al

(2
01

8)
29

Th
e

N
et

he
rla

nd
s

Cr
os

s-
se

ct
io

na
la

nd
co

ho
rt

Po
pu

la
tio

n-
ba

se
d

Ro
tt

er
da

m
St

ud
y

(n
¼

26
32

in
cr

os
s-

se
ct

io
na

l
an

al
ys

is
an

d
n
¼

22
53

in
co

-
ho

rt
an

al
ys

is
;

10
99

M
;a

ge
>

45
y)

4
y

Va
lid

at
ed

38
9-

ite
m

se
lf-

ad
m

in
is

tr
at

ed
se

m
iq

ua
nt

ita
tiv

e
FF

Q

(1
)A

pr
io

ri-
de

fin
ed

in
de

x
fo

rd
ie

t
qu

al
ity

(m
od

ifi
ed

D
ut

ch
H

ea
lth

y
D

ie
ti

nd
ex

)(
0–

80
)

an
d

(2
)A

po
st

er
i-

or
i-d

ef
in

ed
di

e-
ta

ry
pa

tt
er

ns
us

in
g

pr
in

ci
pa

l
co

m
po

ne
nt

an
al

ys
is

D
ut

ch
H

ea
lth

D
ie

ti
nd

ex
:

hi
gh

in
ta

ke
s

of
ve

ge
-

ta
bl

es
,f

ru
it

an
d

fr
ui

t
ju

ic
e,

fis
h

an
d

fis
h

oi
l,

an
d

fib
er

;l
ow

in
ta

ke
s

of
sa

tu
ra

te
d

fa
tt

y
ac

id
s,

tr
an

s
fa

tt
y

ac
id

s,
al

co
ho

l,
so

di
um

,a
nd

ac
id

ic
dr

in
ks

an
d

fo
od

s;
hi

gh
ph

ys
ic

al
ac

tiv
ity

Tr
ad

iti
on

al
:h

ig
h

in
ta

ke
s

of
sa

vo
ry

sn
ac

ks
,

le
gu

m
es

,e
gg

s,
fr

ie
d

po
ta

to
es

,a
lc

oh
ol

,
pr

oc
es

se
d

m
ea

t,
an

d
so

up
Ca

rn
iv

or
e:

hi
gh

in
ta

ke
s

of
re

d
m

ea
ta

nd
po

ul
-

tr
y;

lo
w

in
ta

ke
of

m
ea

t
re

pl
ac

em
en

ts
H

ea
lth

Co
ns

ci
ou

s:
hi

gh
in

ta
ke

s
of

w
ho

le
gr

ai
ns

,v
eg

et
ab

le
s,

fr
ui

t,
an

d
nu

ts

Sl
ig

ht
ly

ad
ap

te
d

ve
rs

io
n

of
th

e
fr

ai
lty

in
de

x
de

si
gn

ed
fo

rt
he

Ro
tt

er
da

m
St

ud
y.

Ba
se

d
on

38
he

al
th

-
re

la
te

d
va

ria
bl

es
co

v-
er

in
g

se
ve

ra
lh

ea
lth

do
m

ai
ns

:f
un

ct
io

na
l

st
at

us
(n
¼

13
),

he
al

th
co

nd
iti

on
s

(n
¼

6)
,

co
gn

iti
on

(n
¼

6)
,d

is
-

ea
se

s
(n
¼

6)
,n

ut
ri-

tio
na

ls
ta

tu
s

(n
¼

3)
,

an
d

m
oo

d
(n
¼

4)

Ag
e,

se
x,

sm
ok

in
g,

ed
u-

ca
tio

na
ll

ev
el

,i
nc

om
e,

ph
ys

ic
al

ac
tiv

ity
,s

up
-

pl
em

en
tu

se
,a

nd
to

-
ta

le
ne

rg
y

in
ta

ke

Cr
os

s-
se

ct
io

na
l

as
so

ci
at

io
n:

A
pr

i-
or

ip
at

te
rn

:b
¼

�
0.

07
;9

5%
CI

,
�

0.
10

to
�

0.
03

A
po

st
er

io
ri

pa
tt

er
ns

:T
ra

di
tio

n-
al

:b
¼

0.
01

;9
5%

CI
,

�
0.

03
to

0.
05

Ca
rn

iv
or

e:
b¼

0.
05

;
95

%
CI

,0
.0

1–
0.

07
H

ea
lth

co
ns

ci
ou

s:
b¼

0.
03

;9
5%

CI
,

�
0.

01
to

0.
07

Co
ho

rt
as

so
ci

at
io

n:
A

pr
io

ri
pa

tt
er

n:
b¼

�
0.

07
;9

5%
CI

,
�

0.
10

to
�

0.
04

A
po

st
er

io
ri

pa
tt

er
ns

:T
ra

di
tio

n-
al

:b
¼
�

0.
07

;
95

%
CI

,�
0.

11
to

�
0.

04
Ca

rn
iv

or
e:

b¼
0.

04
;

95
%

CI
,�

0.
01

to
0.

07
H

ea
lth

co
ns

ci
ou

s:
b¼

0.
01

;9
5%

CI
,

�
0.

03
to

0.
04

Le
on

-M
un

oz
et

al
(2

01
5)

30
Sp

ai
n

Co
ho

rt
Se

ni
or

s-
EN

RI
CA

co
-

ho
rt

,n
on

in
st

itu
-

tio
na

liz
ed

in
di

vi
d-

ua
ls

(n
¼

18
72

;
ag

e
�

60
y;

51
.5

%
F;

ca
se

s:
n
¼

96
)

3.
5

y
Va

lid
at

ed
se

lf-
re

po
rt

ed
di

et
hi

st
or

y

Fa
ct

or
an

al
ys

is
H

ea
lth

y:
hi

gh
in

ta
ke

s
of

ol
iv

e
oi

la
nd

ve
ge

ta
bl

es
W

es
te

rn
iz

ed
:h

ig
h

in
ta

ke
s

of
re

fin
ed

br
ea

d,
w

ho
le

da
iry

pr
od

uc
ts

,a
nd

re
d

an
d

pr
oc

es
se

d
m

ea
t;

lo
w

co
ns

um
pt

io
n

of
fr

ui
t

an
d

ve
ge

ta
bl

es

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

un
in

te
nt

io
na

lw
ei

gh
t

lo
ss

,e
xh

au
st

io
n,

ph
ys

ic
al

ac
tiv

ity
,s

lo
w

-
ne

ss
,a

nd
w

ea
kn

es
s

N
um

be
ro

ff
ra

ilt
y

co
m

-
po

ne
nt

s
at

ba
se

lin
e,

se
x,

ag
e,

ed
uc

at
io

na
l

le
ve

l,
oc

cu
pa

tio
n,

to
-

ba
cc

o,
BM

I,
en

er
gy

in
-

ta
ke

(k
ca

l/d
),

ca
rd

io
va

sc
ul

ar
di

s-
ea

se
,d

ia
be

te
s

m
el

li-
tu

s,
ca

nc
er

,a
st

hm
a

or
ch

ro
ni

c
br

on
ch

iti
s,

os
te

om
us

cu
la

r
di

s-
ea

se
,d

ep
re

ss
io

n
re

-
qu

iri
ng

tr
ea

tm
en

t,
nu

m
be

ro
fd

ru
g

tr
ea

t-
m

en
ts

,a
nd

sc
or

e
on

M
M

SE

H
ig

he
st

vs
lo

w
es

t
te

rt
ile

:
H

ea
lth

y:
O

R
¼

0.
40

;
95

%
CI

,0
.2

0–
0.

81
W

es
te

rn
iz

ed
:

O
R¼

1.
61

;9
5%

CI
,

0.
85

–3
.0

3

(c
on

tin
ue

d)

Nutrition ReviewsVR Vol. 77(7):498–513 503

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



Ta
bl

e
2

Co
nt

in
ue

d
Re

fe
re

nc
e

Co
un

tr
y

or
re

gi
on

St
ud

y
de

si
gn

St
ud

y
pa

rt
ic

ip
an

ts
Fo

llo
w

-u
p

pe
rio

d
M

et
ho

d
of

di
et

ar
y

as
se

ss
m

en
t/

va
lid

at
io

n

M
et

ho
d

us
ed

to
de

-
fin

e
di

et
ar

y
pa

tt
er

ns
(s

co
re

)

D
ie

ta
ry

pa
tt

er
ns

id
en

ti-
fie

d
or

di
et

ar
y

sc
or

e
us

ed

M
et

ho
d

us
ed

to
de

fin
e

fr
ai

lty
Ad

ju
st

m
en

tf
or

co
nf

ou
nd

er
s

M
ai

n
fin

di
ng

s
(e

ffe
ct

an
d

95
%

CI
)

Ch
an

et
al

(2
01

5)
31

Ch
in

a
Co

ho
rt

Ch
in

es
e

co
m

m
un

ity
-

dw
el

lin
g

m
en

an
d

w
om

en
(n
¼

27
24

;a
ge

�
65

y;
50

.3
%

F;
ca

se
s:

n
¼

31
)

4
y

Va
lid

at
ed

in
te

rv
ie

w
-

ba
se

d
se

m
iq

ua
n-

tit
at

iv
e

FF
Q

A
pr

io
ri

an
d

a
po

st
e-

rio
ri

di
et

ar
y

pa
t-

te
rn

sc
or

es
,

id
en

tif
ie

d
by

fa
c-

to
ra

na
ly

si
s;

O
Rs

pe
r1

0-
un

it
in

-
cr

ea
se

in
di

et
qu

al
ity

sc
or

e

A
pr

io
ri:

D
Q

I-I
:a

n
in

de
x

of
va

ri-
et

y,
ad

eq
ua

cy
,m

od
er

-
at

io
n,

an
d

ov
er

al
l

ba
la

nc
e

(0
–9

4)
,w

ith
hi

gh
er

sc
or

e
in

di
ca

tin
g

be
tt

er
di

et
qu

al
ity

M
D

S
(0

–9
)

A
po

st
er

io
ri:

ve
ge

ta
bl

es
-

fr
ui

t:
hi

gh
in

ta
ke

s
of

to
m

at
oe

s,
da

rk
gr

ee
n

an
d

le
af

y
ve

ge
ta

bl
es

,
cr

uc
ife

ro
us

ve
ge

ta
bl

es
,

st
ar

ch
y

ve
ge

ta
bl

es
,

ot
he

rv
eg

et
ab

le
s,

fr
ui

ts
,s

oy
,l

eg
um

es
,

an
d

m
us

hr
oo

m
s

an
d

fu
ng

i
Sn

ac
ks

,d
rin

ks
,m

ilk
pr

od
uc

ts
:h

ig
h

in
ta

ke
s

of
co

nd
im

en
ts

,c
of

fe
e,

fa
st

fo
od

s,
nu

ts
,

Fr
en

ch
fr

ie
s

an
d

po
-

ta
to

ch
ip

s,
m

ilk
an

d
m

ilk
pr

od
uc

ts
,w

ho
le

gr
ai

ns
,s

w
ee

ts
an

d
de

ss
er

ts
,a

nd
be

ve
ra

ge
s

M
ea

t-
fis

h:
hi

gh
in

ta
ke

s
of

di
m

su
m

,r
ed

an
d

pr
oc

es
se

d
m

ea
ts

,f
is

h
an

d
se

af
oo

d,
po

ul
tr

y,
an

d
w

in
e

M
or

le
y

fr
ai

lty
sc

al
e.

Ba
se

d
on

5
ite

m
s:

fa
-

tig
ue

,r
es

is
ta

nc
e,

am
-

bu
la

tio
n,

ha
vi

ng
m

or
e

th
an

5
di

se
as

es
,a

nd
un

in
te

nt
io

na
lw

ei
gh

t
lo

ss

Ag
e,

se
x,

BM
I,

en
er

gy
in

-
ta

ke
,P

hy
si

ca
lA

ct
iv

ity
Sc

al
e

fo
rt

he
El

de
rly

,
ed

uc
at

io
na

ll
ev

el
,

sm
ok

in
g

st
at

us
,a

lc
o-

ho
lu

se
,G

er
ia

tr
ic

D
ep

re
ss

io
n

Sc
al

e
ca

t-
eg

or
y,

co
gn

iti
ve

sc
re

en
in

g
in

st
ru

m
en

t
fo

rd
em

en
tia

ca
te

-
go

ry
,l

iv
in

g
al

on
e,

an
d

m
ar

ita
ls

ta
tu

s
at

ba
se

lin
e

D
Q

I-I
:O

R¼
0.

69
;

95
%

CI
,0

.4
7–

1.
02

M
D

S:
O

R¼
1.

06
;

95
%

CI
,0

.8
3–

1.
36

Ve
ge

ta
bl

es
-fr

ui
ts

:
O

R¼
0.

76
;9

5%
CI

,
0.

48
–1

.2
1

Sn
ac

ks
-d

rin
ks

-m
ilk

an
d

m
ilk

pr
od

uc
ts

:
O

R¼
0.

78
;9

5%
CI

,
0.

48
–1

.2
8

M
ea

t-
fis

h:
O

R¼
0.

95
;

95
%

CI
,0

.6
3–

1.
41

Sh
ik

an
y

et
al

(2
01

4)
32

U
SA

Cr
os

s-
se

ct
io

na
la

nd
co

ho
rt

O
st

eo
po

ro
tic

Fr
ac

tu
re

s
in

M
en

St
ud

y
(n
¼

59
22

fo
rc

ro
ss

-s
ec

tio
na

l
an

d
24

23
fo

rc
o-

ho
rt

;a
ge
>

65
y;

ca
se

s
at

ba
se

lin
e:

n
¼

49
6;

ca
se

s
fo

r
co

ho
rt

:n
¼

25
)

4.
6

y
Va

lid
at

ed
se

lf-
re

po
rt

ed
Bl

oc
k

98
se

m
iq

ua
nt

ita
tiv

e
FF

Q

A
pr

io
ri,

D
Q

I-R
D

Q
I-R

:p
er

ce
nt

en
er

gy
in

ta
ke

fr
om

fa
t;

pe
r-

ce
nt

en
er

gy
in

ta
ke

fr
om

sa
tu

ra
te

d
fa

t;
di

-
et

ar
y

ch
ol

es
te

ro
l;

fr
ui

t
se

rv
in

gs
;v

eg
et

ab
le

se
rv

in
gs

;g
ra

in
se

rv
-

in
gs

;c
al

ci
um

in
ta

ke
;

iro
n

in
ta

ke
;d

ie
ta

ry
di

-
ve

rs
ity

;a
nd

di
et

ar
y

m
od

er
at

io
n;

sc
or

ed
fr

om
0

(lo
w

es
tq

ua
l-

ity
)t

o
10

0
(h

ig
he

st
qu

al
ity

)

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

ap
-

pe
nd

ic
ul

ar
le

an
m

as
s

(r
at

he
rt

ha
n

w
ei

gh
t

lo
ss

),
po

or
en

er
gy

,
w

ea
kn

es
s,

sl
ow

ne
ss

,
lo

w
ph

ys
ic

al
ac

tiv
ity

Ag
e,

ra
ce

,c
lin

ic
al

ce
nt

er
w

he
re

pa
rt

ic
ip

an
ts

w
er

e
re

cr
ui

te
d,

ed
u-

ca
tio

n,
m

ar
ita

ls
ta

tu
s,

sm
ok

in
g,

he
al

th
st

a-
tu

s,
m

ed
ic

al
co

nd
i-

tio
ns

,B
M

I,
an

d
en

er
gy

in
ta

ke

Cr
os

s-
se

ct
io

na
l

an
al

ys
is

:H
ig

he
st

vs
lo

w
es

tq
ui

nt
ile

:
O

R¼
0.

44
;9

5%
CI

,
0.

30
–0

.6
3

Co
ho

rt
an

al
ys

is
:H

ig
he

st
vs

lo
w

es
tq

ui
nt

ile
:

O
R¼

0.
67

;9
5%

CI
,

0.
37

–0
.1

.2
2

(c
on

tin
ue

d)

504 Nutrition ReviewsVR Vol. 77(7):498–513

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



Ta
bl

e
2

Co
nt

in
ue

d
Re

fe
re

nc
e

Co
un

tr
y

or
re

gi
on

St
ud

y
de

si
gn

St
ud

y
pa

rt
ic

ip
an

ts
Fo

llo
w

-u
p

pe
rio

d
M

et
ho

d
of

di
et

ar
y

as
se

ss
m

en
t/

va
lid

at
io

n

M
et

ho
d

us
ed

to
de

-
fin

e
di

et
ar

y
pa

tt
er

ns
(s

co
re

)

D
ie

ta
ry

pa
tt

er
ns

id
en

ti-
fie

d
or

di
et

ar
y

sc
or

e
us

ed

M
et

ho
d

us
ed

to
de

fin
e

fr
ai

lty
Ad

ju
st

m
en

tf
or

co
nf

ou
nd

er
s

M
ai

n
fin

di
ng

s
(e

ffe
ct

an
d

95
%

CI
)

Le
� on

-M
u~ n

oz
et

al
(2

01
4)

33
Sp

ai
n

Co
ho

rt
Se

ni
or

s-
EN

RI
CA

(E
st

ud
io

de
N

ut
ric

i� o
n

y
Ri

es
go

Ca
rd

io
va

sc
ul

ar
)

co
ho

rt
of

co
m

m
u-

ni
ty

-d
w

el
lin

g
m

en
an

d
w

om
en

(n
¼

18
15

;a
ge

>
60

y;
ca

se
s:

n
¼

13
7)

3.
5

y
Va

lid
at

ed
,s

el
f-

re
po

rt
ed

,c
om

-
pu

te
riz

ed
di

et
hi

st
or

y
th

at
in

-
cl

ud
ed

88
0

fo
od

s
in

th
e

pr
ec

ed
in

g
ye

ar

M
ED

AS
sc

or
e

(0
–1

4)
an

d
M

D
S

(0
–9

)
M

ED
AS

:c
on

si
st

s
of

12
ite

m
s,

w
ith

ta
rg

et
s

fo
r

fo
od

co
ns

um
pt

io
n,

an
d

an
ot

he
r2

ite
m

s,
w

ith
ta

rg
et

s
fo

rf
oo

d-
in

ta
ke

ha
bi

ts
ch

ar
ac

-
te

ris
tic

of
th

e
M

ed
ite

rr
an

ea
n

di
et

in
Sp

ai
n

M
D

S:
hi

gh
in

ta
ke

s
of

ve
ge

ta
bl

es
,l

eg
um

es
,

fr
ui

ts
an

d
nu

ts
,g

ra
in

s,
an

d
fis

h;
lo

w
in

ta
ke

s
of

re
d

m
ea

t,
po

ul
tr

y,
an

d
da

iry
pr

od
uc

ts

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

un
in

te
nt

io
na

lw
ei

gh
t

lo
ss

,e
xh

au
st

io
n,

lo
w

ph
ys

ic
al

ac
tiv

ity
,s

lo
w

-
ne

ss
,a

nd
w

ea
kn

es
s

Se
x,

ag
e,

ed
uc

at
io

na
l

le
ve

l,
to

ba
cc

o
us

e,
BM

I,
en

er
gy

in
ta

ke
(k

ca
l/d

),
ca

rd
io

va
sc

u-
la

rd
is

ea
se

,d
ia

be
te

s
m

el
lit

us
,c

an
ce

r,
as

th
m

a
or

ch
ro

ni
c

br
on

ch
iti

s,
os

te
om

us
-

cu
la

rd
is

ea
se

,d
ep

re
s-

si
on

re
qu

iri
ng

tr
ea

tm
en

t,
an

d
nu

m
-

be
ro

fd
ru

g
tr

ea
tm

en
ts

H
ig

he
st

vs
lo

w
es

t
M

ED
AS

sc
or

e:
O

R¼
0.

65
;9

5%
CI

,
0.

40
–1

.0
4

M
D

S:
O

R¼
0.

48
;

95
%

CI
,0

.3
0–

0.
77

Ta
le

ga
w

ka
r

et
al

(2
01

2)
34

Ita
ly

Co
ho

rt
In

ve
cc

hi
ar

e
in

Ch
ia

nt
is

tu
dy

of
co

m
m

un
ity

-li
vi

ng
pe

rs
on

s
(n
¼

69
0;

51
.7

%
F;

ag
e

�
65

y)

6
y

Va
lid

at
ed

se
lf-

re
po

rt
ed

FF
Q

M
D

S
(0

–9
)

H
ig

h
in

ta
ke

s
of

ve
ge

ta
-

bl
es

,l
eg

um
es

,f
ru

its
,

ce
re

al
,a

nd
fis

h;
hi

gh
ra

tio
of

m
on

ou
ns

at
u-

ra
te

d
to

sa
tu

ra
te

d
fa

ts
;l

ow
in

ta
ke

s
of

m
ea

ta
nd

da
iry

pr
od

uc
ts

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

4
ite

m
s:

ex
-

ha
us

tio
n,

sl
ow

ne
ss

,
w

ea
kn

es
s,

an
d

lo
w

ph
ys

ic
al

ac
tiv

ity

Ag
e,

se
x,

en
er

gy
in

ta
ke

(k
ca

l/d
),

st
at

us
of

fr
ai

lty
(o

ri
ts

co
m

po
-

ne
nt

s)
at

pr
ev

io
us

ex
am

in
at

io
ns

,B
M

I,
ed

uc
at

io
n

(y
),

M
M

SE
sc

or
e,

cu
rr

en
ts

m
ok

er
(y

es
/n

o)
,a

nd
pr

es
-

en
ce

of
ch

ro
ni

c
di

s-
ea

se
s

(y
es

/n
o)

H
ig

he
st

vs
lo

w
es

t
te

rt
ile

:
O

R¼
0.

30
;

95
%

CI
,0

.1
4–

0.
66

Ri
be

iro
et

al
(2

01
7)

35
Au

st
ra

lia
Cr

os
s-

se
ct

io
na

l
CH

AM
P

st
ud

y
of

co
m

m
un

ity
-

dw
el

lin
g

m
en

(n
¼

79
4;

ag
e

>
74

y;
ca

se
s:

n
¼

65
)

–
Va

lid
at

ed
in

te
rv

ie
w

-
ba

se
d

di
et

ar
y

hi
s-

to
ry

qu
es

tio
n-

na
ire

th
at

co
ve

re
d

us
ua

li
n-

ta
ke

ov
er

th
e

pa
st

3
m

o

D
G

I-2
01

3
(fo

od
-

ba
se

d
di

et
ar

y
in

-
de

x
de

ve
lo

pe
d

to
in

ve
st

ig
at

e
ad

ul
ts

’a
dh

er
en

ce
to

th
e

Au
st

ra
lia

n
D

ie
ta

ry
G

ui
de

lin
es

(0
–

13
0)

H
ig

h
in

ta
ke

s
of

fr
ui

t,
ve

ge
ta

bl
es

,l
eg

um
es

,
be

an
s,

gr
ai

n
fo

od
s

(m
os

tly
w

ho
le

gr
ai

ns
an

d/
or

hi
gh

-fi
be

rc
e-

re
al

va
rie

tie
s)

,m
ea

ts
an

d
po

ul
tr

y,
fis

h,
eg

gs
,t

of
u,

nu
ts

,
se

ed
s,

m
ilk

,y
og

ur
t,

ch
ee

se
,a

nd
w

at
er

;
lo

w
or

m
od

er
at

e
in

ta
ke

s
of

al
co

ho
l,

su
ga

r,
un

sa
tu

ra
te

d
oi

ls
,s

pr
ea

ds
,f

at
s,

sa
lt,

an
d

fo
od

s
hi

gh
in

sa
t-

ur
at

ed
fa

tt
y

ac
id

s

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

un
in

te
nt

io
na

lw
ei

gh
t

lo
ss

,e
xh

au
st

io
n,

lo
w

ph
ys

ic
al

ac
tiv

ity
,s

lo
w

-
ne

ss
,a

nd
w

ea
kn

es
s

(w
ith

th
e

sa
m

e
cr

ite
-

ria
an

d
cu

to
ff

po
in

ts
)

Ed
uc

at
io

n
an

d
in

co
m

e
Es

tim
at

e
fo

rt
ot

al
sc

or
e

of
D

G
I-

20
13

(r2
¼
�

0.
04

8)
,

95
%

CI
,�

0.
07

3
to
�

0.
02

3

(c
on

tin
ue

d)

Nutrition ReviewsVR Vol. 77(7):498–513 505

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



Ta
bl

e
2

Co
nt

in
ue

d
Re

fe
re

nc
e

Co
un

tr
y

or
re

gi
on

St
ud

y
de

si
gn

St
ud

y
pa

rt
ic

ip
an

ts
Fo

llo
w

-u
p

pe
rio

d
M

et
ho

d
of

di
et

ar
y

as
se

ss
m

en
t/

va
lid

at
io

n

M
et

ho
d

us
ed

to
de

-
fin

e
di

et
ar

y
pa

tt
er

ns
(s

co
re

)

D
ie

ta
ry

pa
tt

er
ns

id
en

ti-
fie

d
or

di
et

ar
y

sc
or

e
us

ed

M
et

ho
d

us
ed

to
de

fin
e

fr
ai

lty
Ad

ju
st

m
en

tf
or

co
nf

ou
nd

er
s

M
ai

n
fin

di
ng

s
(e

ffe
ct

an
d

95
%

CI
)

N
ta

na
si

et
al

(2
01

8)
36

G
re

ec
e

Cr
os

s-
se

ct
io

na
l

H
EL

IA
D

(a
po

pu
la

-
tio

n-
ba

se
d,

m
ul

ti-
di

sc
ip

lin
ar

y
st

ud
y)

(n
¼

17
40

;5
9%

F;
ag

e
65

–9
9

y,
ca

se
s:

n
¼

32
5)

–
Va

lid
at

ed
in

te
rv

ie
w

-
ba

se
d

69
-it

em
se

m
iq

ua
nt

ita
tiv

e
FF

Q

M
D

S
(0

–5
5)

H
ig

h
in

ta
ke

s
of

ce
re

al
s,

po
ta

to
es

,f
ru

its
,v

eg
e-

ta
bl

es
,l

eg
um

es
,a

nd
fis

h;
lo

w
in

ta
ke

s
of

m
ea

t,
po

ul
tr

y,
an

d
fu

ll-
fa

t
da

iry
pr

od
uc

ts

Ro
ck

w
oo

d
fr

ai
lty

in
de

x.
Ba

se
d

on
61

ag
e-

re
-

la
te

d
de

fic
its

,i
nc

lu
d-

in
g

di
se

as
es

,
sy

nd
ro

m
es

,f
un

ct
io

n-
al

ity
in

ac
tiv

iti
es

of
da

ily
liv

in
g,

co
gn

iti
ve

de
cl

in
e,

m
oo

d
di

so
r-

de
rs

,a
nd

pe
rf

or
-

m
an

ce
on

ph
ys

ic
al

ac
tiv

iti
es

Se
x,

ag
e

gr
ou

p,
ed

uc
a-

tio
na

ll
ev

el
,d

em
en

tia
an

d
de

pr
es

si
on

di
ag

-
no

si
s,

nu
m

be
ro

f
co

m
or

bi
di

tie
s,

an
d

nu
m

be
ro

fc
on

co
m

i-
ta

nt
m

ed
ic

at
io

ns

H
ig

he
st

vs
lo

w
es

t
te

rt
ile

:
O

R
¼

0.
70

2;
95

%
CI

,0
.5

10
–

0.
94

8.
As

a
co

n-
tin

uo
us

va
ri-

ab
le

:
O

R
¼

0.
95

9;
95

%
CI

,0
.9

31
–

0.
98

7

Lo
et

al
(2

01
7)

37
Ta

iw
an

Cr
os

s-
se

ct
io

na
l

N
ut

rit
io

n
an

d
H

ea
lth

Su
rv

ey
in

Ta
iw

an
(n
¼

92
3;

52
.8

%
M

;a
ge
>

65
y;

ca
se

s:
n
¼

50
)

–
Va

lid
at

ed
in

te
rv

ie
w

-
ba

se
d

79
-it

em
FF

Q

A
po

st
er

io
ri

m
et

ho
d,

re
du

ce
d

ra
nk

re
gr

es
si

on

H
ig

h
in

ta
ke

s
of

fr
ui

ts
,

nu
ts

an
d

se
ed

s,
te

a,
ve

ge
ta

bl
es

,w
ho

le
gr

ai
ns

,s
he

llf
is

h,
m

ilk
,

an
d

fis
h

M
od

ifi
ed

Fr
ie

d
fr

ai
lty

cr
i-

te
ria

.B
as

ed
on

5
ite

m
s:

un
in

te
nt

io
na

l
w

ei
gh

tl
os

s,
ex

ha
us

-
tio

n,
lo

w
ph

ys
ic

al
ac

-
tiv

ity
,s

lo
w

ne
ss

,a
nd

w
ea

kn
es

s

Ag
e,

se
x,

sa
m

pl
in

g
st

ra
ta

,c
ur

re
nt

sm
ok

er
st

at
us

,c
ur

re
nt

al
co

ho
l

st
at

us
,B

M
I,

nu
m

be
r

of
dr

ug
tr

ea
tm

en
ts

,
an

d
sc

or
e

on
M

M
SE

H
ig

he
st

vs
lo

w
es

t
te

rt
ile

:
O

R
¼

0.
12

;
95

%
CI

,0
.0

2–
0.

76

Bo
llw

ei
n

et
al

(2
01

3)
38

G
er

m
an

y
Cr

os
s-

se
ct

io
na

l
G

er
m

an
pa

rt
of

EP
IC

st
ud

y;
co

m
m

u-
ni

ty
-d

w
el

lin
g

ol
de

rv
ol

un
te

er
s

(n
¼

19
2;

64
.6

%
F;

ag
e
>

75
y;

ca
se

s:
n
¼

29
)

–
Va

lid
at

ed
in

te
rv

ie
w

-
ba

se
d

FF
Q

Al
te

rn
at

e
M

D
S

(0
–9

)
H

ig
h

in
ta

ke
s

of
ve

ge
ta

-
bl

es
,l

eg
um

es
,f

ru
its

,
un

re
fin

ed
ce

re
al

s,
an

d
nu

ts
;h

ig
h

M
U

FA
:S

FA
ra

tio
;m

od
er

at
e

in
ta

ke
s

of
al

co
ho

la
nd

fis
h;

lo
w

in
ta

ke
of

re
d

an
d

pr
oc

es
se

d
m

ea
t

In
ta

ke
of

m
ilk

an
d

m
ilk

pr
od

uc
ts

no
ti

nc
lu

de
d

in
sc

or
e

Fr
ie

d
fr

ai
lty

cr
ite

ria
.

Ba
se

d
on

5
ite

m
s:

un
in

te
nt

io
na

lw
ei

gh
t

lo
ss

,e
xh

au
st

io
n,

lo
w

ph
ys

ic
al

ac
tiv

ity
,s

lo
w

-
ne

ss
,a

nd
w

ea
kn

es
s

Ag
e,

se
x,

en
er

gy
in

ta
ke

,
co

m
or

bi
di

ty
,a

nd
ed

u-
ca

tio
na

ll
ev

el

H
ig

he
st

vs
lo

w
es

t
ca

te
go

ry
:

O
R
¼

0.
19

;
95

%
CI

,0
.0

5–
0.

82

Ab
br

ev
ia

tio
ns

:C
ES

-D
,C

en
te

rf
or

Ep
id

em
io

lo
gi

c
St

ud
ie

s
D

ep
re

ss
io

n
Sc

al
e;

CH
AM

P,
Co

nc
or

d
H

ea
lth

an
d

Ag
ei

ng
in

M
en

Pr
oj

ec
t;

D
G

I-2
01

3,
D

ie
ta

ry
G

ui
de

lin
e

In
de

x
20

13
;D

Q
I-I

,D
ie

ta
ry

Q
ua

lit
y

In
de

x-
In

te
rn

at
io

na
l;

D
Q

I-R
,D

ie
tQ

ua
lit

y
In

de
x-

Re
vi

se
d;

EP
IC

,E
ur

op
ea

n
Pr

os
pe

ct
iv

e
In

ve
st

ig
at

io
n

in
to

Ca
nc

er
an

d
N

ut
rit

io
n;

F,
fe

m
al

e;
FF

Q
,f

oo
d

fr
eq

ue
nc

y
qu

es
tio

nn
ai

re
;H

EL
IA

D
,H

el
le

ni
c

Lo
ng

itu
di

na
l

In
ve

st
ig

at
io

n
of

Ag
in

g
an

d
D

ie
t;

H
R,

ha
za

rd
ra

tio
;M

,m
al

e;
M

D
S,

M
ed

ite
rr

an
ea

n
D

ie
tS

co
re

;M
ED

AS
,M

ed
ite

rr
an

ea
n

D
ie

tA
dh

er
en

ce
Sc

re
en

er
;M

M
SE

,M
in

i-M
en

ta
lS

ta
te

Ex
am

in
at

io
n;

O
R,

od
ds

ra
tio

;
SO

F,
St

ud
y

of
O

st
eo

po
ro

tic
Fr

ac
tu

re
.

506 Nutrition ReviewsVR Vol. 77(7):498–513

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/77/7/498/5482065 by guest on 25 April 2024



(elderly vs middle-aged and elderly) (Figure 4) demon-

strated significant subgroup effects on the risk of frailty. In
the subgroup analysis based on the definition of frailty, no

significant association was found between the healthy diet
and risk of frailty in studies using the index to define

frailty, while in studies using the phenotype, there was a
significant reduction in the risk of frailty.

Higher adherence to the healthy diet was associated
with decreased risk of frailty in 3 subgroups: (1) studies

conducted in Mediterranean countries (OR¼0.39,

95%CI, 0.28–0.55; P< 0.0001), (2) studies that used an

a priori method to identify dietary patterns (OR¼0.48,
95%CI, 0.37–0.61; P< 0.0001), and (3) studies that were

conducted only among the elderly (OR¼0.40, 95%CI,
0.30–0.54; P< 0.0001). The heterogeneity level de-

creased considerably in these subgroups
(Mediterranean countries: I2 ¼ 0.0%; P¼ 0.701; in the

studies with the a priori method: I2 ¼ 34.6%; P¼ 0.152;
and in the elderly subgroup: I2 ¼ 10.7%; P¼ 0.348).

There was an asymmetry in the funnel plot, and the
Egger test (P¼ 0.002) revealed a possible publication

bias. Consistently, on the basis of the trim and fill algo-
rithm, the adjusted value showed an inverse association

between the healthy dietary pattern and risk of frailty
(OR ¼ 0.694; 95%CI, 0.573–0.840). Comparing the ad-
justed value (0.694) with the original estimate (0.69)

indicates a small contribution of the study effect to the
original results. Findings from the sensitivity analysis

indicated that excluding an individual study would not
change the significance of the findings.

Narrative review

Data from 9 studies were included in the meta-analy-

sis.26,27,29,32–34,36–38 Three cohort studies27,33,34 and 1
cross-sectional study38 evaluated adherence to the

Mediterranean diet using the method proposed by
Trichopoulou et al,39 while 1 cohort study26 and 1

cross-sectional study36 used the method proposed by

Figure 2 Subgroup analysis, based on the method used to define dietary pattern, to quantify the association between healthy die-
tary patterns and frailty.

Table 3 Subgroup analysis for the association of healthy
dietary patterns with frailty

Effect
size

I2 Odds
ratio

95%CI Pbetween

Study design < 0.0001
Cohort 6 87.1 0.58 0.37–0.91
Cross-sectional 5 92.6 0.42 0.18–0.98

Sex < 0.0001
Male and female 9 91.7 0.78 0.64–0.95
Male 2 27.4 0.51 0.34–0.75

Dietary tool < 0.0001
FFQ 10 92.0 0.73 0.60–0.89
Diet history 1 0.48 0.30–0.77

Energy adjustment < 0.0001
Adjusted 8 93.2 0.78 0.64–0.94
Nonadjusted 3 0.0 0.31 0.18–0.54

Frailty definition < 0.0001
Phenotype 8 43.8 0.46 0.35–0.62
Index 3 95.0 1.13 0.95–1.34

Abbreviation: FFQ, food frequency questionnaire.
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Panagiotakos et al.40 All these studies revealed an in-
verse association between adherence to the

Mediterranean diet and frailty risk. de Haas et al29

assessed the cross-sectional and longitudinal associa-
tions of dietary patterns derived from both a priori and

a posteriori methods. In the studies that investigated

Figure 3 Subgroup analysis, based on the geographical region of the study, to quantify the association between healthy dietary
patterns and frailty.

Figure 4 Subgroup analysis, based on the age group of participants, to quantify the association between healthy dietary patterns
and frailty.
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diets derived by a priori methods, they found that

greater adherence to the Dutch Healthy Diet index
(Table 2) was slightly inversely correlated with the risk

of frailty in both cross-sectional and cohort analyses.
Using the principle component analysis, they identified

3 dietary patterns: traditional, carnivore, and health
conscious (Table 2). In the cross-sectional analysis, they
found a positive correlation between the carnivore pat-

tern and frailty and no significant correlation between
the 2 other patterns and frailty. In the cohort analysis,

the traditional pattern was inversely correlated with
frailty, while the other 2 patterns were not significantly

related to frailty risk.29 Another cohort study evaluated
the risk of frailty across the quintiles of adherence to

the Diet Quality Index Revised (Table 2) using both
cross-sectional and cohort data.32 The cross-sectional

analysis showed that individuals in the highest quintile
had a lower risk for frailty compared with those in the

lowest quintile, although the cohort analysis showed no
significant association. In another cross-sectional analy-

sis, conducted in Taiwanese participants, Lo et al37 used
reduced rank regression and identified a dietary pattern

rich in fruit, nuts and seeds, tea, vegetables, whole
grains, shellfish, milk, and fish that was inversely related

to frailty risk in a dose-response manner.
Data from 4 studies could not be used in the meta-

analysis because the dietary patterns identified in these
studies were not in accordance with the definitions of a

healthy dietary pattern30,35 used for the current meta-
analysis or because the studies reported data in a format

that could not be pooled and analyzed with other esti-
mates.28,31 Therefore, these studies are summarized

here in a narrative review. One study in Chinese partici-
pants assessed the risk of incident frailty per 10-unit in-

crease in the Mediterranean diet score and showed no
significant association (multivariate adjusted OR¼ 1.06;

95%CI, 0.83–1.36).31 Other studies used different defi-
nitions of a healthy diet. A Spanish study found no sig-

nificant association between frailty risk and a healthy
diet rich in vegetables and olive oil.30 This study was the
only study that assessed the relationship of a Western

dietary pattern with incident frailty. The authors ob-
served that the Western dietary pattern—high in refined

grains, high-fat dairy products, and red and processed
meats and low in fruit and vegetables—was not related

to the risk of frailty after 3.5 years of follow-up.30

Another study defined a healthy dietary pattern as high

consumption of fish in men and high consumption of
fruit and vegetables in women,28 which was not in ac-

cordance with the definition of a healthy diet in the cur-
rent meta-analysis. The authors found that greater

adherence to the “pasta” pattern in men and the
“biscuits and snacking” pattern in women was associ-

ated with higher risk of frailty when compared with the

“healthy” pattern.28 However, the “meat and alcohol,”

“charcuterie and starchy foods,” and “pizza and
sandwiches” patterns were not associated with frailty.28

A cross-sectional study assessed the association between
adherence to the Australian Dietary Guidelines 2013

and frailty in Australians.35 Some dietary components
in these guidelines were not congruent with the healthy
diet as defined in the current meta-analysis (ie, meat

and dairy products). The authors found an inverse asso-
ciation between adherence to the Australian Dietary

Guidelines and frailty risk after adjustment for educa-
tional status and income.35

DISCUSSION

This systematic review and meta-analysis evaluated the
association of dietary patterns with the risk of frailty in

cohort and cross-sectional studies. The findings demon-
strated an inverse association between the healthy die-

tary pattern and the risk of frailty, with substantial
heterogeneity between studies. Subgroup analysis

revealed that this association depends on the geographi-
cal region of the study, the methods used to define

frailty and identify dietary patterns, and the age group
of participants.

The healthy diet is based on high consumption of
fruit, vegetables, and whole grains as well as low intakes

of high-fat dairy products, red and processed meat, and
refined grains.19,20 In general, this meta-analysis

revealed an inverse association between adherence to a
healthy diet and risk of frailty, although the results were

heterogeneous,. Various potential mechanisms underly-
ing the health benefits of a healthy diet have been

reported in previous literature. The anti-inflammatory
properties and the antioxidants that characterize a

healthy diet may delay the development of frailty.41

This hypothesis has been confirmed in several prospec-

tive studies in which antioxidant consumption was
linked to lower incidence of frailty,42–44 while a proin-
flammatory diet was associated with increased risk of

frailty.45 Moreover, there is evidence that a healthy die-
tary pattern is linked to a lower risk of various chronic

diseases, including cardiovascular disease, diabetes,46

insulin resistance and metabolic syndrome,47 depres-

sion,48 and impaired cognitive function,49 whereas the
Western dietary pattern has been directly linked to

these diseases.47,48,50,51 Since diabetes mellitus, meta-
bolic syndrome, insulin resistance,52,53 endothelial dys-

function,54 and depression and poor cognitive
function55 are known as some relevant risk factors for

frailty, it is probable that a healthy diet decreases the
risk of frailty by improving protein pathways involved

in these metabolic abnormalities.50,56,57
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Although comorbidity can influence physical con-

ditions and frailty risk, the current analysis was per-
formed by using the estimates adjusted for the largest

numbers of confounders. In most studies included in
this meta-analysis, the confounding effects of certain

comorbid conditions have been controlled. Therefore,
this may suggest that a favorable association between
the healthy dietary pattern and frailty is independent

from the effects of a healthy diet on health conditions.
Some studies, but not all,30 showed that healthy diets

may be associated with lower odds of sarcopenia,58,59

unintentional weight loss, slow walking speed, and low

physical activity.38 Conversely, the Western dietary pat-
tern has been directly related to all components of

frailty, particularly unintended weight loss and low
walking speed.29

The subgroup analysis revealed that the method
used to identify dietary patterns was a potential source

of heterogeneity. The nonsignificant association in
studies with a posteriori methods might be attributable

to the lower mean age of the study participants, as the
mean age in the study of de Haas et al29 was 57 years,

and it is less likely that middle-aged people experience
frailty. In addition, a posteriori methods are subjective

techniques; therefore, different procedures at almost ev-
ery step (eg, classifying food items into food groups and

determining the number and characteristics of derived
patterns) may lead to variations in dietary patterns

across studies.14,60 Moreover, dietary patterns derived
from a posteriori methods may have some shared com-

ponents despite being predominantly different in com-
position and, as a consequence, may not be easily

comparable. However, to minimize the risk of bias, the
most common dietary patterns and the matching factor

loadings for common foods across studies were selected,
a method used in another other meta-analysis that in-

vestigated dietary patterns.21

The subgroup analysis indicated that geographical

region was related to the association between diet and
risk of frailty. Although heterogeneity disappeared in
the Mediterranean countries after the subgroup analy-

sis, it remained highly significant in the other countries.
It might be explained by the use of both a priori and a

posteriori methods in the “other countries” subgroup,
which was found to be a potential source of heterogene-

ity per se, while all studies in the “Mediterranean
countries” subgroup assessed the Mediterranean diet by

the a priori method. In addition, food availability as
well as culturally related dietary habits may affect con-

sumption of certain foods. For example, fresh vegetables
and fruits are much more available and more reason-

ably priced in Mediterranean countries than in non-
Mediterranean countries.61 In addition, some factors

related to culture and ethnicity, such as cooking

methods and food grouping, may affect the associations.

For example, the traditional and popular foods of the
Mediterranean countries are largely healthy foods. As a

result, Mediterranean populations typically have greater
intakes of nutritious foods.61

The age of participants was also found to be an-
other potential source of heterogeneity. The results
showed an inverse significant association between ad-

herence to the healthy diet and risk of frailty in studies
that were conducted among the elderly (� 65 years),

while no significant association was found in studies
with middle-aged and elderly participants (> 45 years).

This might be explained by the cumulative effect of age-
related decline in various physiological systems. Indeed,

aging is associated with a gradual decline in several
physiological systems, which in turn increases vulnera-

bility to sudden changes in health status (eg, falls, delir-
ium, and disability), even following a relatively minor

stressor event.1 Considering the role of inflammation
and loss of muscle strength and power in the elderly,

both inflamm-aging62 and reduced physical activity lev-
els in older adults63 may provide further explanation for

this finding. Moreover, older people usually have an-
orexia of aging, which is defined as age-related reduc-

tion in appetite and food intake. This might be caused
by a combination of factors that may be physiological

(eg, poor smelling and tasting capabilities and delayed
gastric emptying), pathophysiological (eg, cognitive

dysfunction and poor oral health status), or social (eg,
isolation, living alone, poverty) in nature.64 In the set-

ting of inadequate protein and energy intake, even the
healthiest diet will lead to sarcopenia and frailty.65

Therefore, to maximize the benefits of a healthy dietary
pattern, it would be worthwhile to screen the elderly for

appetite loss and to treat those at risk.
Unexplained heterogeneity between studies in

some subgroups might be attributable to the socioeco-
nomic status of the study populations. Several studies

reported that people with higher levels of education and
income were less likely to experience frailty.29,31,32,36,38

Furthermore, food price and overall unaffordability of a

healthy diet are pivotal barriers to healthy eating for
people with lower incomes.66 Existing evidence indi-

cates that people with lower socioeconomic status con-
sume lower-quality diets and are more vulnerable to

increasing food prices.67 However, in the present meta-
analysis, there was not enough information available to

assess associations according to the socioeconomic sta-
tus of study populations.

The present meta-analysis has several limitations,
the main one being the small number of studies in-

cluded. Future prospective cohort studies are warranted
to examine the link between dietary patterns and inci-

dent frailty. A second limitation is some interstudy
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inconsistency in reference points and interval units

caused by the method of reporting dietary intake in ob-
servational nutritional epidemiological studies; there-

fore, only information of the highest category of dietary
pattern or dietary score was extracted and included in

the meta-analysis. Although the interval collapsing
method (in which information of all categories is
extracted and used in analysis) might be advantageous

over the highest vs lowest method, its results would not
differ from those of the highest vs lowest method in

terms of directionality and significance.68 A third limi-
tation is that the studies included in this meta-analysis

assessed dietary intake using different tools that have
their own measurement errors; therefore, a combina-

tion of measurement error and misclassification of par-
ticipants may have dramatically affected the results. A

fourth limitation, possibly, is the inclusion of the a
posteriori-identified dietary patterns, since there may

have been considerable differences in dietary patterns
between countries. In addition, factor loadings of indi-

vidual foods varied between different populations,
which may have led to misclassification of dietary pat-

terns. Nevertheless, both healthy and unhealthy food
items were consistently considered between included

studies to reduce misclassification bias. The fifth limita-
tion is the lack of a cutoff level to quantitatively deter-

mine adherence to a healthy dietary pattern. In
addition, all food items in this analysis were assessed to-

gether within a dietary pattern, and therefore it is not
possible to qualitatively determine the specific role of

each individual food item in relation to frailty risk. A
sixth limitation is that the observational nature of the

studies included in this meta-analysis may have pre-
vented the confounding effect of residual and unknown

confounders from being ruled out, even after adjust-
ments for known and speculated confounders. This

may be important because dietary patterns may be indi-
cators of a lifestyle in general. However, the statistical

analysis was conducted on fully adjusted models, which
were controlled for various common confounders, to
minimize the effects of confounders. A seventh

limitation is that some studies included in the current
meta-analysis were cross-sectional studies, which do

not allow causality to be determined. However, in the
subgroup analysis, the results of the cohort studies,

which investigate a causal relationship,69 were found to
be remarkably similar to the results of the cross-

sectional studies, thereby indicating the robustness of
the findings of the meta-analysis. Finally, the significant

publication bias in this meta-analysis is another limita-
tion; however, even after the trim and fill analysis was

conducted, the results did not change considerably.
This study also has its strengths. To the best of

knowledge, this is the first meta-analysis summarizing

the association of dietary patterns with frailty in cohort

and cross-sectional studies. The findings are in line
with the results of an earlier meta-analysis that demon-

strated an inverse association between adherence to the
Mediterranean diet and the incidence of frailty in pro-

spective studies.15 Nevertheless, in the current study,
other dietary patterns derived from both a posteriori
and a priori methods, rather than the Mediterranean

diet, were examined in relation to frailty risk. The
results showed that the region in which a study was

conducted and the method used to define dietary pat-
terns are both potential sources of heterogeneity.

CONCLUSION

In summary, a healthy diet has a strong potential to reduce
the risk of frailty in older adults. At this time, prospective

studies are limited in number, and thus there is a need for
more clinical trials and population-based prospective co-

hort studies to examine the causality between a healthy diet
and frailty and to determine which components of a

healthy diet contribute to the prevention of frailty.
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