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ABSTRACT

Nutrition is a modifiable factor potentially related to aging. Milk and other dairy products may contribute to the prevention of physical and
cognitive impairment. We conducted a systematic review to investigate the effectiveness of dairy product intake for preventing cognitive decline,
sarcopenia, and frailty in the elderly population. A systematic search for publications in electronic databases [MEDLINE via PubMed, Embase, Scopus,
the Cochrane Central Register of Controlled Trials (CENTRAL), and the Cochrane Database of Systematic Reviews] from 2009 to 2018 identified
observational and interventional studies in English and Spanish that tested the relation between dairy product consumption and cognitive decline,
sarcopenia, and frailty in community-dwelling older people. We assessed the participants, the type of exposure or intervention, the outcomes, and
the quality of evidence. We screened a total of 661 records and included 6 studies (5 observational prospective cohort studies and 1 randomized
controlled trial). Regarding cognitive impairment, the relation cannot be firmly established. Consumption of milk at midlife may be negatively
associated with verbal memory performance. In older women, high intakes of dairy desserts and ice cream were associated with cognitive decline.
On the other hand, 1 study demonstrated a significant inverse relation between dairy intake and development of Alzheimer disease among older
Japanese subjects. The consumption of dairy products by older people may reduce the risk of frailty, especially with high consumption of low-fat
milk and yogurt, and may also reduce the risk of sarcopenia by improving skeletal muscle mass through the addition of nutrient-rich dairy proteins
(ricotta cheese) to the habitual diet. Despite the scarcity of evidence on the topic, our systematic review shows that there are some positive effects
of dairy products on frailty and sarcopenia, whereas studies concerning cognitive decline have contradictory findings. Adv Nutr 2019;10:S105–S119.
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Introduction
A substantial amount of evidence indicates that nutrition
is a key factor influencing longevity and age-related dis-
eases. In recent years, frailty has emerged as an interest-
ing consequence of advanced aging that involves multiple
physiological systems, both musculoskeletal and cognitive.
Frailty is present in ∼10% of people above the age of
65 y (1). Various authors have described frailty as a state
characterized by loss of reserve capacity associated with a
higher risk of adverse health outcomes, including fractures,
hospitalization, disability, and death (2).

Frail older subjects exhibit an increased risk of developing
physical and cognitive decline (3). Sarcopenia is the term
used to refer to the loss of skeletal muscle mass and function.
This concept overlaps with physical frailty. The current
idea is that sarcopenia is a key cause of frailty, but not
all sarcopenic subjects are necessarily frail. Physical frailty,

defined as exhaustion, a low level of physical activity, slowing,
weight loss, and impaired grip strength, is related to cognitive
decline and incident mild cognitive impairment (3, 4). The
general meaning of the term “frailty” is considerably broader
and captures other domains, such as cognitive performance.
The concept of cognitive decline ranges from the minimal
decline associated with normal aging to mild cognitive
impairment or severe dementia as the final stage of cognitive
impairment.

The etiology of these conditions is not well known, but
there are interventions that may slow their onset. A potential
therapy of this kind could include nutrition. Nutrition has
been associated with frailty syndrome in cross-sectional
and prospective studies (5). The associations between dairy
product intake and chronic diseases, frailty, and cognitive
and physical decline have been under investigation, and
the conclusions remain contradictory (6–8). Furthermore,
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opinions are trending toward reduced dairy product con-
sumption in developed countries. The possibility of reducing
the likelihood of frailty and physical and cognitive decline
by modifying cardiometabolic health has been described.
The composition of dairy products (proteins, minerals, and
vitamins) may, in combination or individually, reduce blood
pressure (9) and the risk of type 2 diabetes mellitus (10).
Thus, there is a need to identify whether dairy intake
may be a modifiable risk factor and might even exert a
protective effect against frailty and physical and cognitive
impairment. The first systematic review that evaluated the
association between milk intake and cognitive disorders
showed an inverse association between milk consumption
and cognitive disorders. It was published by Wu and Sun (11)
in 2016, and revealed considerable heterogeneity associated
with different categories of milk intake and diverse units of
milk consumption. Some of the studies included adjusted
only for sociodemographic variables. In 2015, Lana et al.
(12) published the first prospective study to examine the
association between the consumption of dairy products
and the risk of frailty in community-dwelling older adults.
Some previous studies found an inverse association with
functional disability in older men (13) or better physical
performance (14), but the design was cross-sectional and did
not assess frailty. The effects of adding protein-rich foods to
the habitual diet on lean tissue, muscle mass, and strength
had not been studied in nonsarcopenic elderly subjects
before the research of Alemán-Mateo et al. (15) reported
in 2014. The purpose of our study was to investigate the
effectiveness of dairy product intake for preventing frailty,
sarcopenia, and cognitive decline in the older population,
including a review of the most recent published prospective
studies (with better control of residual confounding factors)
and interventional studies addressing cognitive disorders,
sarcopenia, and frailty.

Methods
Protocol and registration
We performed this systematic review in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (16). The system-
atic review protocol is registered with the International
Prospective Register of Systematic Reviews (PROSPERO) as
CRD42018099385.
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Sources of information and literature search strategy
The literature searches were performed on 1 March, 2018
(first search) and 30 April, 2018 (last search), covering
articles published from January, 2009 onward, to assess the
most recent evidence. The only systematic review addressing
dairy consumption and cognitive performance was published
in 2016 and included articles from 2003, some of which
included cohorts <60 y of age with incomplete adjustment
for possible confounding factors (11). On the other hand, the
use of nonspecific global screening tools to analyze cognition
domains in early studies limited their interpretation. In our
review, we updated the search strategy and included the
new related topic of frailty, including its physical corre-
late of sarcopenia. The selected electronic databases were
MEDLINE (via PubMed), Embase, Scopus, the Cochrane
Central Register of Controlled Trials (CENTRAL), and the
Cochrane Database of Systematic Reviews. A search of
the gray literature was also performed using MedNar and
worldwidescience.org. In addition, a manual search of the
reference sections of the selected articles was completed.

We used Medical Subject Headings (MeSH) terms for
PubMed and EMTREE terms for Embase. The following
search strategy was applied in Embase as a PICO (Pop-
ulation, Intervention, Comparison, Outcome) search and
later adapted to other databases. Population: “aged”/exp OR
“aged” OR “aged patient” OR “aged people” OR “aged person”
OR “aged subject” OR “elderly” OR “elderly patient” OR
“elderly people” OR “elderly person” OR “elderly subject”
OR “senior citizen”; Intervention: “dairy product”/exp OR
“dairy product” OR “dairy products” OR “fermented milk
product”/exp OR “cultured dairy product” OR “cultured
milk product” OR “cultured milk products” OR “fermented
dairy product” OR “fermented milk product”; Outcome:
1. (“sarcopenia”/exp OR “sarcopenia” OR “muscle weak-
ness”/exp OR “muscle strength loss” OR “muscle weaken-
ing” OR “muscle weakness” OR “muscular weakness” OR
“weakness, muscle” OR “muscle function”/exp OR “function,
muscle” OR “muscle function” OR “muscle performance”
OR “muscular function” OR “muscular performance” OR
“performance, muscle” OR “muscle mass”/exp OR “mus-
cle mass” OR “muscle volume” OR “muscle weight” OR
“weight, muscle”), 2. (“frail elderly”/exp OR “frail elderly”
OR “frailty syndrome”/exp OR “frailty phenotype”/exp OR
“frailty score”/exp OR “frailty” OR “frail” AND “elderly”), 3.
(“memory disorder”/exp OR “memory defect” OR “memory
disorder” OR “memory disorders” OR “memory impair-
ment” OR “cognitive decline”/exp OR “mental function”/exp
OR “mental function” OR “mental process” OR “mental
processes” OR “dementia”/exp OR “dementia” OR “alzheimer
disease”/exp OR “alzeimer disease” OR “alzeimers disease”
OR “alzheimer dementia” OR “alzheimer disease” OR
“alzheimers disease” OR “dementia, alzheimer” OR “late
onset alzheimer disease” OR “cognitive defect”/exp OR
“cognition disorder” OR “cognition disorders” OR “cognitive
defect” OR “cognitive defects” OR “cognitive deficit” OR
“cognitive disability” OR “cognitive disorder” OR “cogni-
tive disorders” OR “cognitive dysfunction” OR “cognitive
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impairment” OR “delirium, dementia, amnestic, cognitive
disorders” OR “mental performance”/exp OR “activity, men-
tal” OR “mental activity” OR “mental fitness” OR “mental
performance” OR “mental performance assessment” OR
“mental performance evaluation” OR “performance, mental”
OR “psychologic performance”).

Type of studies, participants, intervention or exposure,
and outcomes
We included interventional and observational (cohort, case-
control), but not cross-sectional, studies that investigated
the relation between dairy products and the development
of frailty, sarcopenia, and cognitive decline in community-
dwelling individuals aged ≥60 y. The languages included
were English and Spanish. The search was limited to the
last 9 y to assess the most recent evidence. We excluded
studies that considered a combined intervention including
diet unless it was possible to analyze the consumption of
dairy products specifically (not whey proteins or fortified
foods); we also excluded studies with subjective measures of
the proposed outcome items, studies that included nonfunc-
tional measures of frailty or sarcopenia in their methodology,
and studies that included participants diagnosed with any of
the outcomes of interest at the beginning of the follow-up
period.

The primary outcomes were cognitive decline, sarcopenia,
and frailty. With respect to cognitive impairment, the ordi-
nary validated cognitive scales were accepted for assessing
different domains of cognition (episodic memory, semantic
memory, working memory, and verbal memory). In addition,
the most recent definitions of cognitive impairment or de-
mentia were included. Regarding sarcopenia, this systematic
review included studies that used the original definitions (17,
18) or their modified versions. Sarcopenia can be assessed
by measuring muscle mass (with different methods) or
appendicular lean mass. The classical definition also includes
muscle strength (grip strength) and physical performance.
This last parameter can be identified using the Short Physical
Performance Battery (SPPB) (19) or other validated mea-
sures. Clinically, sarcopenia is related to functional disability,
which can be studied using the Activities of Daily Living
scale, the Instrumental Activities of Daily Living scale, or
other validated tests (20). The phenotypic definition of frailty
is classically used in a range of studies (21) and includes
a combination of the following: fatigue, weakness, weight
loss, decreased balance, low levels of physical activity, social
withdrawal, slowed motor processing and performance, and
increased vulnerability to stressors (22, 23). Some authors
have developed modified diagnostic criteria (24).

Selection of studies
Study selection was performed in 2 phases. In phase 1, 2 of
the authors (FC-T and CV-B) independently reviewed the
titles and abstracts obtained from all the databases. After the
removal of duplicate records with a Mendeley database, the
titles and abstracts were reviewed. In the case of disagreement
about whether a study was eligible, it was necessary to include

a third author (FJM-S) to decide which articles would be
included. In phase 2, the full texts were read by 2 authors (FC-
T and CV-B), and all articles that did not meet the inclusion
criteria were excluded.

Data extraction
Data from the selected articles were copied to a Microsoft Ex-
cel spreadsheet by 2 authors (FC-T and CV-B) independently.
The following information was recorded: author’s name,
publication year, study country, number of participants,
mean age, percentage of male participants, baseline age in
years, method of exposure assessment, and outcome defini-
tion, describing the selected outcome (cognitive assessment,
sarcopenia, or frailty) in this case and the association measure
with the corresponding CI.

Methodological quality assessment
The quality of each study was evaluated and scored by 2 au-
thors (FC-T and CV-B) independently, using the Newcastle-
Ottawa Scale (NOS) for observational studies (25) and the
modified Jadad scale for randomized studies (26). The NOS
assigns quality scores ≤9 points. The modified Jadad scale
ranged from 0 to 8 points.

Results
Study selection
A total of 6 studies (12, 15, 27–30) met the inclusion criteria
and were ultimately included in this systematic review
(see Figure 1). The database searches provided a total of
661 citations from Scopus (n = 117), MEDLINE/PubMed
(n = 190), the Cochrane Library (n = 48), and Embase
(n = 306). Sixteen additional studies were identified by
checking the references of relevant identified articles and
by searching for studies that had cited these articles. Three
hundred and three studies remained after duplicates were
removed. Of these 303 studies, 278 were discarded because
they clearly did not meet the inclusion criteria, as determined
from the title and abstract. The full text of the remaining
25 articles was examined, and 19 of those studies did not
meet the inclusion criteria (see Supplemental Table 1). All
the publications included in this review were of acceptable
quality, with a median NOS score of 7.2 out of 9 (range: 6–
8) and a modified Jadad scale score of 5.5 out of 8 points.
This last scale was employed for the single randomized study
(15). The quality assessment of the included studies is shown
in Tables 1 and 2.

Study characteristics
Five out of the 6 studies (12, 27–30) selected were obser-
vational prospective cohort studies, and 1 study (15) was a
randomized controlled trial; all 6 were published in English.
The main inclusion criteria were community-dwelling adults
and the administration of a dietary questionnaire that
measured the impact of dairy product intake on cognitive
performance, sarcopenia, and frailty. Details of the design,
study population, exposure or intervention, outcomes, and
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reasons
(n = 19)

Age < 60 y: 3
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Type of study/publication: 2

Studies included in qualitative 
synthesis

(n = 6)

FIGURE 1 Flow diagram of studies considered for inclusion in the systematic review.

follow-up of the individual studies are shown in Tables 3
and 4.

Impact on cognitive function
In 4 large long-term observational prospective cohort studies
(27–30), the aim was to study the association between
the intake of dairy products and cognitive impairment
or dementia. These studies involved 22,718 older adults,
although evaluation at baseline was performed in middle
age in the studies by Kesse-Guyot et al. (29) and Petruski-
Ivleva et al. (30). The study by Vercambre et al. (27) included
only women. One study was conducted in the United States
(30), 1 in Japan (28), and 2 in France (27, 29). The dietary
assessment was self-reported (27, 29) or administered by
an interviewer (28, 30). It was performed once at baseline
(27, 28), twice (30), or bimonthly (29). The studies assessed
the intake of milk and other dairy products. Some of them
included ice cream as a dairy dessert (27), others assessed
both the total and specific (milk, cream, yogurt, milk-based
desserts, and cheese) intake of dairy products (29), whereas

1 quantified total milk and included a dairy product food
group to establish a daily diet quality score (skim or low-
fat and whole milk, yogurt, ice cream, cottage cheese, other
cheese, and butter) (30). The timing of outcome measures
was variable and included 3 investigations (30), evaluations
every 1–2 y (28), or a single final evaluation at the end
of the follow-up (27, 29). The follow-up period varied
between 13 and 20 y. Petruski-Ivleva et al. (30) and Kesse-
Guyot et al. (29) evaluated cognitive performance through
neuropsychological assessment, whereas Vercambre et al.
(27) assessed cognitive performance based on informant
self-response to a validated questionnaire (Detérioration
Cognitive Observée scale). Ozawa et al. (28) determined
dementia and subtype diagnoses based on established clin-
ical and neuropathological criteria; these assessments were
performed in subjects who underwent autopsy (74.7% of
patients who died).

One study (28) demonstrated a significant inverse relation
between dairy intake and the development of Alzheimer
disease (AD) among older Japanese subjects after adjusting

S108 Supplement

art/nmy105_f1.eps


TA
BL

E
1

Q
ua

lit
y

as
se

ss
m

en
t:

N
O

S
fo

rc
oh

or
ts

tu
di

es
1

Se
le

ct
io

n
C

om
p

ar
ab

ili
ty

O
ut

co
m

e

St
ud

y,
ye

ar
(r

ef
)

Re
p

re
se

nt
at

iv
en

es
s

of
th

e
ex

p
os

ed
co

h
or

t
Se

le
ct

io
n

of
th

e
un

ex
p

os
ed

co
h

or
t

A
sc

er
ta

in
m

en
to

f
ex

p
os

ur
e

D
em

on
st

ra
ti

on
th

at
th

e
ou

tc
om

e
of

in
te

re
st

w
as

n
ot

p
re

se
nt

at
th

e
st

ar
to

f
th

e
st

ud
y

C
om

p
ar

ab
ili

ty
of

co
h

or
ts

on
th

e
b

as
is

of
th

e
d

es
ig

n
or

an
al

ys
is

A
ss

es
sm

en
to

f
ou

tc
om

e

W
as

fo
llo

w
-u

p
lo

n
g

en
ou

g
h

fo
r

ou
tc

om
es

to
oc

cu
r?

A
d

eq
ua

cy
of

fo
llo

w
-u

p
of

co
h

or
ts

To
ta

l

Ve
rc

am
br

e
et

al
.,

20
09

(2
7)

∗
∗

∗
∗∗

∗
∗

∗∗
∗∗

∗∗
∗

O
za

w
a

et
al

.,
20

14
(2

8)
∗

∗
∗

∗∗
∗

∗
∗

∗∗
∗∗

∗∗
∗∗

La
na

et
al

.,
20

15
(1

2)
∗

∗
∗

∗
∗

∗
∗

∗
∗∗

∗∗
∗∗

∗∗
Ke

ss
e-

G
uy

ot
et

al
.,

20
16

(2
9)

∗
∗

∗∗
∗

∗
∗∗

∗∗
∗∗

Pe
tr

us
ki

-Iv
le

va
et

al
.,

20
17

(3
0)

∗
∗

∗
∗∗

∗
∗

∗∗
∗∗

∗∗
∗

1
N

O
S

hi
gh

-q
ua

lit
y

ch
oi

ce
s

ar
e

id
en

tifi
ed

w
ith

a
st

ar
.A

m
ax

im
um

of
1

st
ar

is
ap

pl
ie

d
fo

re
ac

h
ite

m
w

ith
in

th
e

Se
le

ct
io

n
an

d
O

ut
co

m
e

ca
te

go
rie

s,
an

d
a

m
ax

im
um

of
2

st
ar

s
fo

rC
om

pa
ra

bi
lit

y.
N

O
S,

N
ew

ca
st

le
-O

tt
aw

a
Sc

al
e;

re
f,

re
fe

re
nc

e.

TA
BL

E
2

M
od

ifi
ed

Ja
da

d
sc

al
e

fo
re

va
lu

at
io

n
of

th
e

m
et

ho
do

lo
gi

ca
lq

ua
lit

y
of

th
e

ra
nd

om
iz

ed
cl

in
ic

al
tr

ia
l1

St
ud

y,
ye

ar
(r

ef
)

W
as

th
e

re
se

ar
ch

d
es

cr
ib

ed
as

ra
n

d
om

iz
ed

?

W
as

th
e

ap
p

ro
ac

h
to

ra
n

d
om

iz
at

io
n

ap
p

ro
p

ri
at

e?

W
as

th
e

re
se

ar
ch

d
es

cr
ib

ed
as

b
lin

d
ed

?2

W
as

th
e

ap
p

ro
ac

h
to

b
lin

d
in

g
ap

p
ro

p
ri

at
e?

W
as

th
er

e
a

p
re

se
nt

at
io

n
of

w
it

h
d

ra
w

al
s

an
d

d
ro

p
ou

ts
?

W
as

th
er

e
a

p
re

se
nt

at
io

n
of

th
e

in
cl

us
io

n
/e

xc
lu

si
on

cr
it

er
ia

?

W
as

th
e

ap
p

ro
ac

h
us

ed
to

as
se

ss
ad

ve
rs

e
eff

ec
ts

d
es

cr
ib

ed
?

W
as

th
e

ap
p

ro
ac

h
fo

r
st

at
is

ti
ca

la
n

al
ys

is
d

es
cr

ib
ed

?
To

ta
l

A
le

m
án

-M
at

eo
et

al
.,

20
14

(1
5)

1
1

0.
5

1
1

0
0

1
5.

5

1
H

ig
h-

qu
al

ity
st

ud
ie

s
re

ce
iv

ed
sc

or
es

of
4–

8;
re

f,
re

fe
re

nc
e.

2
D

ou
bl

e-
bl

in
d

sc
or

es
1;

si
ng

le
-b

lin
d

sc
or

es
0.

5.

Dairy intake, frailty, cognition, and sarcopenia S109



TA
BL

E
3

Ch
ar

ac
te

ris
tic

s
of

th
e

st
ud

ie
s

ev
al

ua
tin

g
th

e
as

so
ci

at
io

n
be

tw
ee

n
da

iry
in

ta
ke

an
d

co
gn

iti
ve

pe
rf

or
m

an
ce

1

Ex
p

os
ur

e
O

ut
co

m
e

d
efi

n
it

io
n

:c
og

n
it

iv
e

p
er

fo
rm

an
ce

A
ut

h
or

s
(r

ef
),

co
un

tr
y

St
ud

y
d

es
ig

n
Pa

rt
ic

ip
an

ts
(n

)
A

g
e

(y
)

Fo
llo

w
-u

p
(y

)
M

al
e

(%
)

B
as

el
in

e
ag

e
(y

)
M

et
h

od
of

as
se

ss
m

en
t

C
at

eg
or

y
Ty

p
e

M
et

h
od

of
as

se
ss

m
en

t
A

ss
oc

ia
ti

on
m

ea
su

re
C

on
tr

ol
le

d
va

ri
ab

le
s

Ve
rc

am
br

e
et

al
.

(2
7)

,F
ra

nc
e

Co
ho

rt
48

09
w

om
en

fro
m

th
e

A
gi

ng
su

bc
oh

or
to

ft
he

Et
ud

e
Ep

id
ém

i-
ol

og
iq

ue
de

Fe
m

m
es

de
la

M
ut

ue
lle

G
én

ér
al

e
de

l’E
du

ca
tio

n
N

at
io

na
le

65
.5

±
1.

8
13

0
45

–6
4,

65
–7

9,
>

80
Se

lf-
ad

m
in

is
te

re
d

qu
es

tio
nn

ai
re

s
at

ba
se

lin
e

on
ly

.
U

se
of

ph
ot

og
ra

ph
s

to
fa

ci
lit

at
e

es
tim

at
io

n
of

po
rt

io
n

si
ze

.

Ts
of

fo
od

in
ta

ke
Co

gn
iti

ve
de

cl
in

e
D

EC
O

sc
al

e,
2

ra
ng

e:
0–

38
(c

ut
off

33
,

se
ns

iti
vi

ty
89

%
,

sp
ec

ifi
ci

ty
67

%
).

M
ilk

an
d

yo
gu

rt
:

23
4.

8
±

19
1.

9,
P

fo
r

tr
en

d
0.

18
2.

T2
vs

.1
:O

R:
1.

21
∗

(0
.9

7,
1.

50
);

T3
vs

.1
O

R:
1.

17
∗

(0
.9

3,
1.

46
).

D
ai

ry
de

ss
er

ts
:3

22
.8

9
±

35
.7

8,
P-

tr
en

d
0.

01
0.

∗
G

ro
up

2
vs

.1
:

O
R:

1.
02

∗
(0

.8
2,

1.
28

);
G

ro
up

3
vs

.1
:O

R:
1.

33
∗

(1
.0

7,
1.

65
).

A
ge

,e
du

ca
tio

n,
ph

ys
ic

al
ac

tiv
ity

,
hy

pe
rt

en
si

on
,

di
ab

et
es

m
el

lit
us

,
BM

I;
sm

ok
in

g
ha

bi
ts

,
en

er
gy

in
ta

ke
,

su
pp

le
m

en
t

co
ns

um
pt

io
n,

po
st

m
en

op
au

sa
l

ho
rm

on
es

us
e,

hy
-

pe
rc

ho
le

st
er

ol
em

ia
,

co
ro

na
ry

he
ar

t
di

se
as

e,
st

ro
ke

,
ca

nc
er

,d
ep

re
ss

io
n.

O
za

w
a

et
al

.(
28

),
Ja

pa
n

Pr
os

pe
ct

iv
e

co
ho

rt
,

co
m

m
un

ity
-

ba
se

d

10
81

su
bj

ec
ts

fro
m

th
e

H
is

ay
am

a
st

ud
y

Q
1:

68
.6

±
6.

4,
Q

2:
69

.8
±

6.
4,

Q
3:

68
.9

±
6.

1,
Q

4:
70

.4
±

6.
8

17
42

.2
60

70
se

m
iq

ua
nt

ita
tiv

e
FF

Q
ite

m
s

on
ly

at
ba

se
lin

e.
1-

d
av

er
ag

e
in

ta
ke

of
da

iry
pr

od
uc

ts
:8

4.
6

g.

Q
s

(g
/d

):
w

om
en

:
<

45
,4

5–
96

,
97

–1
97

,≥
19

8;
m

en
:<

20
,

20
–7

5,
76

–1
73

,
≥1

74

D
em

en
tia

(A
lz

he
im

er
or

va
sc

ul
ar

de
m

en
tia

)

D
SM

-II
I-R

to
de

fin
e

th
e

di
ag

no
si

s
of

de
m

en
tia

.
C

rit
er

ia
N

IN
C

D
S-

A
D

RD
A

to
de

fin
e

su
bj

ec
ts

w
ith

A
lz

he
im

er
di

se
as

e.
N

IN
D

S
to

de
te

rm
in

e
va

sc
ul

ar
de

m
en

tia
.

A
ut

op
sy

(7
4.

7%
).

A
ll-

ca
us

e
de

m
en

tia
:H

R
(9

5%
C

I),
(P

-t
re

nd
0.

09
).

Q
2:

0.
85

(0
.6

2,
1.

18
);

Q
3:

0.
69

(0
.5

0,
0.

96
);

Q
4:

0.
80

(0
.5

7,
1.

11
).

A
lz

he
im

er
di

se
as

e:
H

R
(9

5%
C

I),
(P

-t
re

nd
0.

03
).

∗

Q
2:

0.
64

(0
.4

1,
0.

99
);

Q
3:

0.
57

(0
.3

7,
0.

87
);

Q
4:

0.
63

(0
.4

1,
0.

98
).

Va
sc

ul
ar

de
m

en
tia

:H
R

(9
5%

C
I),

(P
-t

re
nd

0.
14

).
Q

2:
1.

02
(0

.5
9,

1.
77

);
Q

3:
0.

74
(0

.4
2,

1.
33

);
Q

4:
0.

69
(0

.3
7,

1.
29

).

A
ge

;s
ex

;e
du

ca
tio

n;
ph

ys
ic

al
ac

tiv
ity

;
st

ro
ke

;
hy

pe
rt

en
si

on
;

di
ab

et
es

m
el

lit
us

;
to

ta
lc

ho
le

st
er

ol
;

BM
I;

sm
ok

in
g

ha
bi

ts
;

en
er

gy
in

ta
ke

;
ve

ge
ta

bl
e,

fru
it,

fis
h,

an
d

m
ea

ti
nt

ak
e;

al
co

ho
l

co
ns

um
pt

io
n.

(C
on

tin
ue

d)

S110 Supplement



TA
BL

E
3

(C
on

tin
ue

d)

Ex
p

os
ur

e
O

ut
co

m
e

d
efi

n
it

io
n

:c
og

n
it

iv
e

p
er

fo
rm

an
ce

A
ut

h
or

s
(r

ef
),

co
un

tr
y

St
ud

y
d

es
ig

n
Pa

rt
ic

ip
an

ts
(n

)
A

g
e

(y
)

Fo
llo

w
-u

p
(y

)
M

al
e

(%
)

B
as

el
in

e
ag

e
(y

)
M

et
h

od
of

as
se

ss
m

en
t

C
at

eg
or

y
Ty

p
e

M
et

h
od

of
as

se
ss

m
en

t
A

ss
oc

ia
ti

on
m

ea
su

re
C

on
tr

ol
le

d
va

ri
ab

le
s

Ke
ss

e-
G

uy
ot

et
al

.(
29

),
Fr

an
ce

Co
ho

rt
30

76
su

bj
ec

ts
fro

m
th

e
SU

.V
I.M

A
X

2
st

ud
y

af
te

r
ex

cl
ud

in
g

pa
rt

ic
ip

an
ts

ag
ed

<
45

y
at

ba
se

lin
e

an
d

th
os

e
w

ith
m

is
si

ng
da

ta

A
ge

of
pa

rt
ic

ip
an

ts
at

co
gn

iti
ve

ev
al

ua
tio

n:
65

.5
±

4.
6

13
T1

:5
9.

9,
T2

:5
2.

1,
T3

:5
5.

6

52
(ra

ng
e:

45
–6

5)
Co

m
pu

te
riz

ed
24

-h
di

et
ar

y
re

co
rd

s
bi

m
on

th
ly

.
Se

lf-
re

po
rt

in
g

w
ith

va
lid

at
ed

ph
ot

og
ra

ph
s

to
as

se
ss

po
rt

io
n

si
ze

.
Fo

od
co

m
po

si
tio

n
ta

bl
e.

Ts
:(

g/
d)

:T
1:

<
19

1.
6;

T2
:

19
1.

6–
32

7.
2;

T3
>

32
7.

2.
M

ea
n

±
SD

co
ns

um
pt

io
n

(g
/d

):
m

en
:

28
0.

7
±

16
5.

4;
w

om
en

:
27

7.
2

±
16

0.
6

Co
gn

iti
ve

fu
nc

tio
ni

ng
.

C
lin

ic
al

ex
am

in
at

io
n,

ne
ur

op
sy

ch
o-

lo
gi

ca
l

ev
al

ua
tio

n
by

tr
ai

ne
d

ne
ur

op
sy

ch
ol

-
og

is
ts

Ep
is

od
ic

m
em

or
y.

4

Le
xi

ca
l-s

em
an

tic
m

em
or

y.
5

W
or

ki
ng

m
em

or
y.

6

M
en

ta
lfl

ex
ib

ili
ty

.7

Ve
rb

al
m

em
or

y.

To
ta

ld
ai

ry
pr

od
uc

t
(a

dj
us

te
d

m
ea

n
di

ffe
re

nc
es

):
M

ed
iu

m
-T

2:
0.

05
(−

0.
78

,
0.

89
);

H
ig

h-
T3

:−
0.

29
(−

1.
15

,0
.5

7)
.

M
ilk

:M
ed

iu
m

-T
2:

−0
.0

9
(−

0.
94

,0
.7

6)
∗ ;H

ig
h-

T3
:

−0
.9

9
(−

1.
83

,−
0.

15
).∗

C
re

am
:M

ed
iu

m
-T

2:
0.

85
(−

0.
01

,1
.7

0)
;H

ig
h-

T3
:

0.
47

(−
0.

37
,1

.3
1)

.
Yo

gu
rt

:M
ed

iu
m

-T
2:

0.
46

(−
0.

38
,1

.3
1)

∗ ;H
ig

h-
T3

:
0.

64
(−

0.
30

,1
.5

7)
.∗

C
he

es
e:

M
ed

iu
m

-T
2:

0.
65

(−
0.

19
,1

.4
9)

;H
ig

h-
T3

:
0.

63
(−

0.
21

,1
.4

7)
.

A
ge

,g
en

de
r,

ed
uc

at
io

n,
ph

ys
ic

al
ac

tiv
ity

,s
tr

ok
e,

hy
pe

rt
en

si
on

,
di

ab
et

es
m

el
lit

us
,

BM
I,

en
er

gy
in

ta
ke

,
oc

cu
pa

tio
n,

al
co

ho
l

in
ta

ke
,d

ep
re

ss
io

n,
se

lf-
ra

te
d

he
al

th
,

ad
he

re
nc

e
to

th
e

M
ed

ite
rr

an
ea

n
di

et
,

W
es

te
rn

an
d

he
al

th
y

pa
tt

er
n

sc
or

e.

Pe
tr

us
ki

-Iv
le

va
et

al
.(

30
),

U
ni

te
d

St
at

es

Co
ho

rt
13

,7
52

su
bj

ec
ts

fro
m

th
e

A
RI

C
co

ho
rt

N
ot

in
cl

ud
ed

in
th

e
ar

tic
le

20
44

45
–6

4
FF

Q
on

2
oc

ca
si

on
s

du
rin

g
th

e
fo

llo
w

-u
p

pe
rio

d

M
ilk

in
ta

ke
:a

lm
os

t
ne

ve
r(

11
%

);
<

1
gl

as
s8

/d
(5

0%
);

1
gl

as
s/

d
(1

5%
);

>
1

gl
as

s/
d

(2
4%

).
Se

rv
in

g
of

da
iry

.9

Co
gn

iti
ve

fu
nc

tio
ni

ng
Ve

rb
al

le
ar

ni
ng

10

(D
W

RT
).

Ex
ec

ut
iv

e
fu

nc
tio

n11

(D
SS

T)
.

Ex
pr

es
si

ve
la

ng
ua

ge
12

(W
FT

).
A

ll
te

st
sc

or
es

w
er

e
co

nv
er

te
d

to
z

sc
or

es
.

G
lo

ba
lr

es
ul

ts
(2

0-
y

de
cl

in
e)

-a
dj

us
te

d
m

ea
n

di
ffe

re
nc

es
-:

A
lm

os
t

ne
ve

r:
−0

.9
4

(−
1.

00
,

−0
.8

8)
;<

1
gl

as
s/

d
(5

%
):

−0
.9

9
(−

1.
01

,−
0.

96
);

1
gl

as
s/

d
(6

%
):
−1

.0
0

(−
1.

05
,−

0.
95

);
>

1
gl

as
s/

d
(1

1%
):
−1

.0
4

(−
1.

08
,−

1.
01

).

A
ge

;g
en

de
r;

ed
uc

at
io

n;
ph

ys
ic

al
ac

tiv
ity

;
hy

pe
rt

en
si

on
;

di
ab

et
es

m
el

lit
us

;
BM

I;
sm

ok
in

g
ha

bi
ts

;
en

er
gy

in
ta

ke
;

ve
ge

ta
bl

e,
fru

it,
an

d
al

co
ho

li
nt

ak
e;

C
H

D
;

ca
nc

er
;a

dh
er

en
ce

to
th

e
M

ed
ite

rr
an

ea
n

di
et

.

1
Va

lu
es

ar
e

m
ea

ns
±

SD
s

or
m

ea
su

re
s

(9
5%

C
Is

)u
nl

es
s

ot
he

rw
is

e
in

di
ca

te
d.

∗ Si
gn

ifi
ca

nt
as

so
ci

at
io

n.
A

RI
C

,A
th

er
os

cl
er

os
is

Ri
sk

in
Co

m
m

un
iti

es
;C

H
D

,c
or

on
ar

y
he

ar
td

is
ea

se
;D

EC
O

,D
et

ér
io

ra
tio

n
Co

gn
iti

ve
O

bs
er

vé
e

(o
bs

er
ve

d
co

gn
iti

ve
de

te
rio

ra
tio

n)
;D

SM
-II

I-R
,

D
ia

gn
os

tic
an

d
St

at
is

tic
al

M
an

ua
lo

fM
en

ta
lD

is
or

de
rs

,R
ev

is
ed

Th
ird

Ed
iti

on
;D

SS
T,

D
ig

it
Sy

m
bo

lS
ub

st
itu

tio
n

Te
st

;D
W

RT
,D

el
ay

ed
W

or
d

Re
ca

ll
Te

st
;N

IN
C

D
S-

A
D

RD
A

,N
at

io
na

lI
ns

tit
ut

e
of

N
eu

ro
lo

gi
ca

la
nd

Co
m

m
un

ic
at

iv
e

D
is

or
de

rs
an

d
St

ro
ke

an
d

th
e

A
lz

he
im

er
’s

D
is

ea
se

an
d

Re
la

te
d

D
is

or
de

rs
A

ss
oc

ia
tio

n;
N

IN
D

S,
N

at
io

na
lI

ns
tit

ut
e

of
N

eu
ro

lo
gi

ca
lD

is
or

de
rs

an
d

St
ro

ke
;Q

,q
ua

rt
ile

;r
ef

,r
ef

er
en

ce
;S

U
.V

I.M
A

X,
SU

pp
lé

m
en

ta
tio

n
en

Vi
ta

m
in

es
et

M
in

ér
au

x
A

nt
io

Xy
da

nt
s;

T,
te

rt
ile

;W
FT

,W
or

d
Fl

ue
nc

y
Te

st
.

2
Th

e
D

EC
O

sc
al

e
is

a
19

-it
em

Li
ke

rt
sc

al
e

th
at

al
lo

w
s

th
e

ev
al

ua
tio

n
of

re
ce

nt
co

gn
iti

ve
de

cl
in

e
ba

se
d

on
al

te
ra

tio
ns

of
th

e
ca

pa
ci

ty
to

pe
rf

or
m

sp
ec

ifi
c

ta
sk

s
re

la
te

d
to

m
em

or
y,

at
te

nt
io

n,
vi

su
os

pa
tia

l,
an

d
la

ng
ua

ge
sk

ill
s.

A
D

EC
O

sc
or

e
<

33
co

ns
tit

ut
ed

a
gr

ou
p

of
re

ce
nt

co
gn

iti
ve

de
cl

in
er

s.
3
G

ro
up

1,
gr

ou
p

2,
an

d
gr

ou
p

3
w

er
e

de
fin

ed
as

no
co

ns
um

pt
io

n,
co

ns
um

pt
io

n
le

ss
th

an
or

eq
ua

lt
o

th
e

m
ed

ia
n,

an
d

co
ns

um
pt

io
n

ab
ov

e
th

e
m

ed
ia

n
fo

rd
ai

ry
de

ss
er

ts
an

d
ic

e
cr

ea
m

,r
es

pe
ct

iv
el

y.
4
Ep

is
od

ic
m

em
or

y
w

as
ev

al
ua

te
d

w
ith

th
e

RI
-4

8
te

st
(d

el
ay

ed
cu

ed
re

ca
ll

te
st

co
m

pr
is

in
g

a
lis

to
f4

8
w

or
ds

).
5
Le

xi
ca

l-s
em

an
tic

m
em

or
y

w
as

as
se

ss
ed

by
2

ve
rb

al
flu

en
cy

ta
sk

s
(s

em
an

tic
flu

en
cy

an
d

ve
rb

al
flu

en
cy

).
6
W

or
ki

ng
m

em
or

y
w

as
as

se
ss

ed
w

ith
th

e
fo

rw
ar

d
an

d
ba

ck
w

ar
d

di
gi

ts
pa

n
te

st
s.

7
Th

e
D

el
is

-K
ap

la
n

tr
ai

l-m
ak

in
g

te
st

w
as

us
ed

to
as

se
ss

m
en

ta
lfl

ex
ib

ili
ty

.
8
23

6.
5-

m
L

gl
as

s.
9
In

ta
ke

of
al

ld
ai

ry
(in

cl
ud

in
g

sk
im

or
lo

w
-fa

ta
nd

w
ho

le
m

ilk
,y

og
ur

t,
ic

e
cr

ea
m

,c
ot

ta
ge

ch
ee

se
,o

th
er

ch
ee

se
,a

nd
bu

tt
er

)i
n

se
rv

in
gs

pe
rd

ay
.O

ne
se

rv
in

g
of

da
iry

w
as

eq
ua

lt
o

an
8-

ou
nc

e
(2

36
.5

m
L)

cu
p

of
m

ilk
,1

cu
p

of
yo

gu
rt

,h
al

fa
cu

p
of

ic
e

cr
ea

m
,h

al
fa

cu
p

of
co

tt
ag

e
ch

ee
se

,1
sl

ic
e

of
ha

rd
ch

ee
se

,o
r1

pa
to

fb
ut

te
r.

10
Ve

rb
al

le
ar

ni
ng

an
d

sh
or

t-
te

rm
m

em
or

y
w

er
e

as
se

ss
ed

vi
a

th
e

D
W

RT
.

11
Ex

ec
ut

iv
e

fu
nc

tio
n

w
as

as
se

ss
ed

vi
a

th
e

D
SS

T.
12

Ex
pr

es
si

ve
la

ng
ua

ge
w

as
as

se
ss

ed
vi

a
th

e
W

FT
.

Dairy intake, frailty, cognition, and sarcopenia S111



TA
BL

E
4

Ch
ar

ac
te

ris
tic

s
of

st
ud

ie
s

ev
al

ua
tin

g
th

e
as

so
ci

at
io

n
be

tw
ee

n
da

iry
in

ta
ke

,s
ar

co
pe

ni
a,

an
d

fr
ai

lty
1

Ex
p

os
ur

e
O

ut
co

m
e

d
efi

n
it

io
n

A
ut

h
or

s
(r

ef
),

co
un

tr
y

St
ud

y
d

es
ig

n
Pa

rt
ic

ip
an

ts
(n

)
A

g
e

(y
)

Fo
llo

w
-u

p
(y

)
M

al
e

(%
)

B
as

el
in

e
ag

e
(y

)
M

et
h

od
of

as
se

ss
m

en
t

C
at

eg
or

y
Ty

p
e

M
et

h
od

of
as

se
ss

m
en

t
A

ss
oc

ia
ti

on
m

ea
su

re
C

on
tr

ol
le

d
va

ri
ab

le
s

A
le

m
án

-
M

at
eo

et
al

.
(1

5)
,

M
ex

ic
o

Si
ng

le
-b

lin
d

ra
nd

om
iz

ed
cl

in
ic

al
tr

ia
l

10
0

he
al

th
y

vo
lu

nt
ee

rs
re

cr
ui

te
d

th
ro

ug
h

ho
m

e
vi

si
ts

an
d

te
le

ph
on

e
ca

lls

70
.2

±
7

3
m

o
50

60
IG

:r
ic

ot
ta

ch
ee

se
21

0
g/

d.
CG

:
ha

bi
tu

al
di

et

—
Sa

rc
op

en
ia

Bo
dy

co
m

po
si

tio
n

(A
SM

M
):

D
XA

.
H

an
d

gr
ip

st
re

ng
th

(h
an

dg
rip

dy
na

m
om

et
er

).
Ph

ys
ic

al
pe

rf
or

m
an

ce
:

SP
PB

,S
C

PT
.

M
ea

n
re

la
tiv

e
ch

an
ge

(%
)±

SD
:

A
SM

M
(k

g/
m

2
):

IG
:

+0
.7

±
3.

43
;C

G
:−

1.
1

±
2.

6
(P

=
0.

00
4)

.∗
G

rip
st

re
ng

th
(k

g)
:I

G
:−

0.
6

±
10

.8
;C

G
:

−4
.5

±
10

.8
(P

=
0.

07
).

SP
PB

(g
lo

ba
ls

co
re

):
IG

:
+2

.4
±

9.
9;

CG
:+

1.
2

±
9.

3
(P

=
0.

55
).

SP
PB

(b
al

an
ce

sc
or

e)
:I

G
:

+3
.7

±
17

.1
;C

G
:

−2
.4

±
12

.7
(P

≤
0.

05
).∗

—

La
na

et
al

.
(1

2)
,S

pa
in

Pr
os

pe
ct

iv
e

co
ho

rt
,

co
m

m
un

ity
-

ba
se

d

18
71 co

m
m

un
ity

-
dw

el
lin

g
ad

ul
ts

(fr
ee

of
fra

ilt
y)

fro
m

Se
ni

or
s-

EN
RI

C
A

68
.8

±
6.

7
3.

5
48

.4
60

Co
m

pu
te

riz
ed

di
et

hi
st

or
y.

2
In

cl
ud

es
se

ts
of

ph
ot

og
ra

ph
s.

Co
ns

um
pt

io
n

of
da

iry
pr

od
uc

ts
:

m
ea

n
da

ily
in

ta
ke

(±
SD

)
30

6.
3

±
17

7.
5

g

Se
rv

in
gs

/w
k.

W
ho

le
m

ilk
or

yo
gu

rt
:<

1:
50

%
;

1–
6:

25
.8

%
;≥

7:
20

.4
%

.
Lo

w
-fa

tm
ilk

or
yo

gu
rt

:<
1:

22
.3

%
;

1–
6:

34
.4

%
;≥

7:
4.

3%
.

C
he

es
e:

<
1:

29
.2

%
;

1–
6:

47
.8

%
;≥

7:
23

%
.

Fr
ai

lty
,c

u-
m

ul
at

iv
e

in
ci

de
nc

e:
7.

2%

M
od

ifi
ed

fra
ilt

y
de

fin
iti

on
fo

rC
H

S
(3

of
5

Fr
ie

d
cr

ite
ria

):
ex

ha
us

tio
n,

w
ea

kn
es

s,
lo

w
ph

ys
ic

al
ac

tiv
ity

,
sl

ow
w

al
ki

ng
sp

ee
d,

an
d

w
ei

gh
t

lo
ss

.
Co

ho
rt

-s
pe

ci
fic

qu
in

til
es

.

1–
6

se
rv

in
g/

w
k;

≥7
se

rv
in

g/
w

k.
3

W
ho

le
m

ilk
or

yo
gu

rt
(P

-t
re

nd
=

0.
10

):
O

R:
1.

26
(0

.7
5,

2.
13

);
O

R:
1.

53
(0

.9
,

2.
6)

.
W

ho
le

m
ilk

(P
-t

re
nd

=
0.

12
):

O
R:

1.
49

(0
.8

9,
2.

49
);

O
R:

1.
50

(0
.6

5,
3.

44
).

W
ho

le
yo

gu
rt

(P
-

tr
en

d
=

0.
12

):
O

R:
0.

87
(0

.4
7,

1.
61

);
O

R:
1.

76
(1

.0
1,

3.
14

).
Lo

w
-fa

tm
ilk

or
yo

gu
rt

(P
-

tr
en

d
=

0.
03

):
O

R:
0.

55
(0

.3
2,

0.
97

);
O

R:
0.

52
(0

.2
9,

0.
90

).∗

Lo
w

-fa
tm

ilk
(P

-t
re

nd
=

0.
02

):
O

R:
0.

39
(0

.2
4,

0.
68

);
O

R:
0.

57
(0

.3
2,

0.
99

).∗

Lo
w

-fa
ty

og
ur

t(
P-

tr
en

d
=

0.
53

):
O

R:
0.

80
(0

.4
5,

1.
40

);
O

R:
0.

87
(0

.4
7,

1.
60

).
C

he
es

e
(P

-t
re

nd
=

0.
61

):
O

R:
0.

66
(0

.4
1,

1.
07

);
O

R:
0.

91
(0

.5
2,

1.
61

).

A
ge

,e
du

ca
tio

n,
ph

ys
ic

al
ac

tiv
ity

,
di

ab
et

es
m

el
lit

us
,B

M
I,

sm
ok

in
g

ha
bi

ts
,e

ne
rg

y
in

ta
ke

,a
lc

oh
ol

in
ta

ke
,

sl
ee

p
tim

e,
C

H
D

,
de

pr
es

si
on

,p
ro

te
in

,
ca

lc
iu

m
,s

at
ur

at
ed

fa
t

in
ta

ke
,c

hr
on

ic
ob

st
ru

ct
iv

e
lu

ng
di

se
as

e,
m

us
cu

lo
sk

el
et

al
di

so
rd

er
,d

ie
t

pr
es

cr
ib

ed
by

a
ph

ys
ic

ia
n,

in
de

pe
nd

en
cy

in
IA

D
L,

se
lf-

ra
te

d
he

al
th

,l
iv

in
g

al
on

e,
ad

he
re

nc
e

to
th

e
M

ed
ite

rr
an

ea
n

di
et

.

1
Va

lu
es

ar
e

m
ea

ns
±

SD
s

or
m

ea
su

re
s

(9
5%

C
Is

)u
nl

es
s

ot
he

rw
is

e
in

di
ca

te
d.

∗ Si
gn

ifi
ca

nt
as

so
ci

at
io

n.
A

SM
M

,a
pp

en
di

cu
la

rs
ke

le
ta

lm
us

cl
e

m
as

s;
CG

,c
on

tr
ol

gr
ou

p;
C

H
D

,c
or

on
ar

y
he

ar
td

is
ea

se
;C

H
S,

C
ar

di
ov

as
cu

la
rH

ea
lth

St
ud

y;
IA

D
L,

In
st

ru
m

en
ta

l
A

ct
iv

iti
es

of
D

ai
ly

Li
vi

ng
sc

al
e;

IG
,i

nt
er

ve
nt

io
n

gr
ou

p;
re

f,
re

fe
re

nc
e;

SC
PT

,s
ta

ir-
cl

im
b

po
w

er
te

st
;S

en
io

rs
-E

N
RI

C
A

,o
ld

er
co

ho
rt

of
th

e
St

ud
y

on
N

ut
rit

io
n

an
d

C
ar

di
ov

as
cu

la
rR

is
k

in
Sp

ai
n;

SP
PB

,S
ho

rt
Ph

ys
ic

al
Pe

rf
or

m
an

ce
Ba

tt
er

y
(0

–1
2)

.
2
O

ne
st

an
da

rd
se

rv
in

g
of

m
ilk

=
25

0
m

L,
1

st
an

da
rd

se
rv

in
g

of
yo

gu
rt

=
12

5
m

L,
1

st
an

da
rd

se
rv

in
g

of
ch

ee
se

=
40

g.
3
Re

fe
re

nc
e

=
1

se
rv

in
g/

w
k.

S112 Supplement



for potential confounders. The development of AD was
significantly reduced among subjects in the second, third,
and fourth quartiles of dairy intake compared with those in
the first quartile (adjusted HR: 0.64; 95% CI: 0.41, 0.99 for
the second quartile; adjusted HR: 0.57; 95% CI: 0.37, 0.87 for
the third quartile; adjusted HR: 0.63; 95% CI: 0.41, 0.98 for
the fourth quartile). In Vercambre et al.’s study (27), higher
consumption of dairy desserts and ice cream was associated
with cognitive decline in older women (consumption less
than or equal to the median compared with no consumption
OR: 1.02; 95% CI: 0.82, 1.28; and consumption above the
median compared with no consumption OR: 1.33, 95% CI:
1.07, 1.65; P-trend = 0.010). High consumption of milk
at midlife was negatively associated with verbal memory
(mean difference tertile 3 compared with tertile 1: −0.99;
95% CI: −1.83, −0.15), and the association was not changed
after adjustment for saturated fat intake; skimmed milk was
rarely consumed in this sample (29). Along the same lines,
another investigation (30) suggested that greater milk intake
at midlife may be associated with a higher rate of cognitive
decline over a 20-y period. This response was graded across
milk intake categories (the difference in global z scores
between those who reported almost never drinking milk
and those who reported drinking >1 glass/d was −0.10;
95% CI: −0.16, −0.03) and was shown to be equivalent
to a 10% additional decline. Most participants reported
drinking skim or low-fat milk, which accounted for 75% of
total milk intake. Those who reported drinking more total
milk also reported consuming more of other dairy products
and thus exhibited greater overall dairy consumption. The
association of skim or low-fat milk intake and all dairy
products with the change in cognitive function was similar to
the association observed with total milk intake alone. Other
prospective studies (27, 31), conducted in Western countries,
have reported a conflicting association increasing the risk of
cognitive decline in those subjects with higher consumption
of full-cream milk, milk, dairy desserts, and ice cream.

Impact on sarcopenia
One trial (15) investigated the effect of adding milk protein
to the habitual diet on skeletal muscle mass, strength, and
physical performance in Mexican elders without sarcopenia.
This study was a single-blind randomized clinical trial that
included 100 nonsarcopenic adults aged ≥60 y (50 men
and 50 women) who were assigned in a 1:1 ratio to the
intervention (adding 210 g of ricotta cheese daily to their
habitual diet) or control group (habitual diet) for a period
of 12 wk. The primary outcomes were relative changes in
appendicular skeletal muscle mass (ASMM) as measured
via DXA, handgrip strength as measured by a handheld
dynamometer, and physical performance as measured using
the SPPB and the stair-climb power test. The addition of 210 g
of ricotta cheese (18 g of protein) improved ASMM. The
relative change in ASMM was positive in the intervention
group (0.7 ± 3.43 kg/m2) and negative in the control group
(−1.1 ± 2.6 kg/m2) (P = 0.004). The improvement in the
balance-test score was significant in the intervention group

(3.7 ± 17) and negative in the control group (−2.4 ± 12.7)
(P ≤ 0.05).

Impact on frailty
In 1 study (12), the objective was to determine the effect
of dairy products on frailty. This was an observational
prospective cohort study conducted in Spain that included
1871 community-dwelling subjects aged ≥60 y. For the diet
history, information on the consumption of dairy products,
including milk (whole and low-fat in different proportions,
0–2%), yogurt (whole and low-fat), and cheese, during the
previous year was collected. The mean follow-up time was
3.5 y. Frailty was assessed based on a modified version of
the Fried criteria (22). Consuming ≥7 servings of low-fat
milk or yogurt per week was associated with a lower risk of
frailty (OR: 0.52; 95% CI: 0.29, 0.90; P-trend = 0.03) than was
found in individuals consuming <1 serving/wk. The results
were similar for low-fat milk considered separately (OR: 0.57;
95% CI: 0.32, 0.99; P-trend = 0.02). Consumption of whole-
milk dairy or cheese did not seem to affect frailty status after
adjustment for several confounding factors.

Discussion
This systematic review identified 6 studies that included
24,689 community-dwelling older people >60 y of age who
were followed for a minimum of 3.5 y, including some cohorts
that were studied for 20 y, allowing midlife exposure to dairy
products to be isolated from the different outcomes. The
identified studies considered dairy intake as a component
of dietary intake and were longitudinal. This systematic
review showed that consumption of milk at midlife may be
negatively associated with verbal memory performance. A
greater rate of cognitive decline was probable after greater
milk intake at midlife over a 20-y period. In the subgroup of
older women, higher intake of dairy desserts and ice cream
was associated with cognitive decline. In older Japanese
subjects, a significant inverse relation between dairy intake
and the development of AD was found. The addition of
nutrient-rich dairy proteins (210 g of ricotta cheese) may
improve physical performance while attenuating the loss of
muscle strength. Finally, high consumption of low-fat milk
and yogurt is related to some positive effects on frailty.
Lifestyle factors such as physical activity or adherence to
dietary patterns could induce residual confounding in the
relation between dairy product intake and cognitive decline.
All the selected studies have carefully controlled for multiple
variables, including educational level, cardiovascular disease
risk factors, energy intake, ischemic heart disease, alcohol
consumption, or even adherence to a Mediterranean diet (12,
29, 30); all the controlled variables are described in Tables 3
and 4.

Cognitive decline outcome
In the systematic review, a longitudinal study (27) suggested
no significant association between consumption of dairy
products (including milk, yogurt, and cheese) and cognitive
decline in French women. The women who suffered cognitive

Dairy intake, frailty, cognition, and sarcopenia S113



decline reported previous higher intake of dairy desserts
and ice cream. The time interval between the dietary and
cognitive assessments was >10 y, which was sufficient to
explore the long-term effect of dietary habits. Several studies
(27, 28) used only a baseline FFQ, where the assumption
that dairy intake is stable throughout the follow-up period
is a limitation of this design. Ozawa et al.’s long-term
prospective study (28) demonstrated a significant inverse
association between dairy intake and the risk of develop-
ing Alzheimer dementia in a Japanese population, after
adjusting for potential confounders. In Western countries,
some prospective studies (27, 31) revealed an increased
risk of cognitive decline with higher consumption of whole
milk, dairy desserts, and ice cream. The Kesse-Guyot et
al. study (29) indicates that dairy product consumption
is associated with better performance in specific cognitive
domains after adjustment for lifestyle factors, health status
markers, and dietary patterns. An inverse U-shaped relation
between dairy product intake and working memory was
observed in women. In this study, high consumption of
milk was negatively associated with verbal memory, and this
association was not altered after adjustment for saturated
fat intake. Better verbal memory performance was suggested
in those participants with high yogurt consumption, but
this finding may depend on the underlying healthy dietary
patterns. One strength of this study was the analysis of
compliance with dietary recommendations regarding dairy
and cognitive performance. Another longitudinal study (27)
investigating the specific role of yogurt did not identify
any association. Petruski-Ivleva et al. (30) analyzed multiple
measures of cognitive function over time, considering milk
intake categories, suggesting that a milk intake >1 glass/d
at midlife may be associated with a greater rate of cognitive
decline over a 20-y period. This study was the only one
to determine lactase persistence in the sample, but owing
to the small number of subjects included, the analysis
lacked power to detect differences. Lactose intolerance is
due to incomplete digestion of lactose, with consequent
gastrointestinal discomfort that may lead to avoidance of
dairy foods. This limited intake may be related to adverse
health effects. Dairy products such as yogurt or cheese may
be better tolerated by these subjects. In some cases, it is
necessary to use exogenous lactase supplements or isolated
milk proteins. Further longitudinal studies are needed to
elucidate the possible link between milk intake and changes
in cognitive performance in adults.

We have considered diverse explanations for the rela-
tion between dairy product intake and cognitive decline.
Investigations linking cognitive performance decline and
midlife dietary exposure have illustrated that vascular risk
factors can increase the risk of dementia in aged people
(32–34). Longitudinal studies describe a lower risk of these
risk factors in subjects with higher intake of dairy products
(9, 35). Another explanation is based on the nutritional
components of dairy products (vitamin B-12, calcium, and
vitamin D). Full-fat dairy products contain vitamin D, which
has been associated with neuroprotective, antioxidant, and

anti-inflammatory effects (36). The mechanisms implicated
in the different outcomes are described in Table 5.

Sarcopenia outcome
The second outcome analyzed was the relation between
dairy product consumption and the incidence of sarcopenia,
which involved the only selected interventional study. The
addition of 210 g of ricotta cheese improved ASMM and
balance-test scores, with attenuation of the loss of muscle
strength. It is important to emphasize that there was no
increase in total or truncal fat during the study, nor was
there renal function impairment. The main effect on lean
tissue could be explained by the amount of daily protein
added to the diet, which was equivalent to 18.12 g of protein.
Increasing total protein intake improves nitrogen balance.
The classic RDA was 0.8 g · kg–1 · d –1 of protein, but
this recommendation did not include the amount of daily
protein necessary to prevent functional decline, especially
with aging. New evidence suggests that dietary protein
supplementation above the RDA (1–1.5 g · kg–1 · d –1)
may be an important intervention to prevent sarcopenia
(37); protein ingestion has been demonstrated to attenuate
age-dependent muscle loss and is related to quality of life
(38). Thus, the authors estimated that adding ricotta cheese
increased protein intake from 0.9 g to 1.2 g of protein
· kg–1 · d–1, assuming regular protein intake with meals.
Perhaps the nonsarcopenic subjects included in this study
were more sensitive to the anabolic stimulus of a high protein
intake and they were probably more active. Sarcopenia
syndrome is a multifactorial disorder in which nondietary
factors such as physical activity are involved. These results
reinforce the preventive role of the intervention in earlier
phases, before the development of sarcopenia. Clinically,
this better muscular condition implies an improvement in
balance, which is a measure included in the SPPB evaluation.
Although this evaluation is not part of the Fried criteria, it
may provide additional information about the risk of falls and
lower-extremity strength.

Frailty outcome
The third outcome, the risk of frailty, is close to the definition
of sarcopenia and was analyzed in 1 study (12). The criteria
for defining frailty are well defined: a modified definition of
frailty used in the Cardiovascular Health Study, considering
frailty with 3 of 5 criteria, was employed. The authors in-
cluded different dairy products with sufficient detail (yogurt,
milk, and cheese), with several fat proportions and a follow-
up period long enough for the outcome to be accurately
assessed. The authors adjusted the results for different
important confounders. Higher consumption of low-fat milk
or yogurt (≥7 servings/wk) was associated with a lower
risk of frailty (specifically, slow walking speed and weight
loss items). Gait speed is an objective component of frailty
syndrome, also associated with cardiovascular mortality (53).
This important fact provides additional valuable prognostic
information for different pathologies beyond traditional
scoring methods. Although a recent systematic review (54)
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concluded that greater adherence to a Mediterranean diet is
associated with a significantly lower risk of frailty incidence
in community-dwelling older people, there is scant evidence
regarding the effect of particular foods on the risk of frailty
(8, 55). Another study (27) included in our review did not
identify a relation between dairy consumption (milk, yogurt,
and dairy desserts) and functional impairment, but in this
case, a less sensitive, simplified Instrumental Activities of
Daily Living scale was used.

Several mechanisms may indirectly explain the effect of
frailty risk acting over related disorders, such as sarcopenia
and cardiometabolic conditions (see Table 5). The protein
and calcium included in dairy products are an essen-
tial component of sarcopenia and osteopenia intervention
(39). Preclinical atherosclerosis and inflammation states
are potentially modifiable risk factors for frailty (56). The
inflammation theory explains the existence of a systemic
proinflammatory state that has been termed “inflammaging”
in the elderly (57, 58). On the other hand, yogurt naturally
contains minerals and vitamins that have been associated
with improved measures of frailty (59, 60).

Methodological considerations and limitations
The cognitive decline outcome was analyzed by different
methods. The classic Diagnostic and Statistical Manual
of Mental Disorders, Revised Third Edition criteria were
used to define the possibility of a dementia diagnosis; for
the Alzheimer or vascular dementia subtype, the National
Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders
Association criteria or National Institute of Neurological
Disorders and Stroke criteria were used. This approach was
a clinical means of assessing the incidence of cognitive
impairment in Ozawa et al.’s study (28). On the other hand,
scales such as Detérioration Cognitive Observée were used
in 1 study (27) to identify the subject’s capacity to perform
specific tasks related to memory, attention, visuospatial,
and language skills based on the subject’s self-response to
the questionnaire. This type of analysis could be imprecise
because it is complicated to identify the effect of dairy
products on different cognitive domains. Kesse-Guyot et
al.’s study (29) was based on clinical examination, with an
additional neuropsychological evaluation by a trained neu-
ropsychologist with a special interest in the different memory
domains. This approach allowed the authors to perform a
more detailed evaluation that could help to detect early signs
of cognitive impairment. However, baseline comprehensive
cognitive performance data were not available, so causal
inference was limited, and the participant volunteers could
have been particularly compliant in this case. Some studies
only included women, which limited the generalization of
the results to men (27). In general, these details explain the
difficulty in assessing global cognitive function.

Second, most of the studies used FFQs (quantitative or
semiquantitative) to assess dietary patterns, with estimation
of portion sizes. The time interval between the dietary and
cognitive assessments was >10 y, which is sufficient to

explore the long-term effect of dietary habits. An important
limitation of the studies using a baseline FFQ to predict
a change in health outcome (cognitive performance in
this case) over a prolonged period is the possibility that
dietary habits change over time in some populations and
the assumption that the assessment of average dairy product
intake at different visits reflects long-term habitual intake
throughout adulthood. In 2 studies (27, 28) the FFQ was
administered only at baseline. In Petruski-Ivleva et al.’s study
(30), an FFQ was administered over 2 visits during the
follow-up period. In Kesse-Guyot et al.’s study (29), the
participants completed a 24-h dietary record bimonthly.
Some authors have investigated the accuracy of nutrient
intake estimation by FFQ and have concluded that memory
could influence the validity of these questionnaires (61),
although they are a reliable method of assessing long-term
intake. One study included 2 groups, consisting of dairy
products (milk and yogurt, dairy desserts and ice cream)
and cheese (27), whereas another study assessed total dairy
products and 4 individual dairy foods (milk, cream, yogurt,
and cheese) (29). One study only studied milk in general
(30), combining skim or low-fat and whole milk. One study
included dairy products without specifying the particular
included foods (28). This point is of interest because
different dairy products may exhibit different associations
with cognitive disorders. There were different categories of
milk intake, most of which were described in tertiles or
quartiles (27–29); the number of glasses (236.5 mL) was
employed in 1 case (30). A standardized measurement should
be used in future prospective studies. In addition, the type
of design of most of the included studies is particularly
prone to reverse causality because demented patients may
have modified their diet as a consequence of their cognitive
impairment.

Third, Ozawa et al.’s study (28) was based on a Japanese
population, and Japanese individuals have historically con-
sumed approximately half the amount of dairy products
compared with Western populations. This fact could explain
the discrepancy in the influence of dairy foods on the risk
of dementia. In such populations with low dairy intake, high
consumption is considered to reduce the risk of dementia.
Fourth, the data on fat contents are not clear. One study
provided results after adjustment for saturated fat intake, and
there was no change in the association (29). Another study
(30) provided percentages of skim or low-fat milk intake,
and the observed association with the change in cognitive
function was similar to that observed for total milk. Finally,
1 study (27) measured dietary intake over an extensive period
of time, such that the consumption of full-fat dairy products
was likely, because this kind of dairy product was consumed
frequently at that time.

In the single-blind randomized clinical trial (15), the
methodology for analyzing the sarcopenia outcome was
based on the classical European consensus, using DXA to
study fat mass, lean tissue, and bone mineral contents, a
dynamometer for assessing hand grip strength, and the
SPPB for evaluating physical performance. It is important
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to also assess muscle strength using a leg press, to detect
possible changes in leg muscle strength. The duration of
the study could have been too short and the number of
participants too small to demonstrate a clear effect on muscle
mass. The study did not include biopsies of skeletal muscle
or assessment of biomarkers to improve the physiological
explanation of the results. The amount of protein given to
participants could also have been insufficient; other studies
offer supplementation with 30–40 g protein/d, with special
interest in considering the protein distribution during the day
(62). In clinical practice, a combined intervention including
not only protein but also resistance exercise would be
recommended (63).

The longitudinal study of frailty risk concluded that
the association between dairy products and frailty differs
depending on the fat content. A higher risk of frailty was not
found in consumers of higher amounts of saturated fat, so a
possible confounding factor could be present in individuals
consuming low-fat dairy products. On the other hand, most
robust individuals survived until the end of the follow-up
period, which may have led to underestimation of the frailty
incidence, although study mortality was low.

Conclusions
The relation between dairy product intake and cognitive
decline is complex and probably depends on the type of
dairy product and the quantity ingested. Studies concerning
cognitive decline have produced contradictory findings.
Increased consumption of dairy desserts and ice cream was
observed to be associated with cognitive decline in women,
and high consumption of milk at midlife was negatively
associated with cognitive domains such as verbal memory
after adjustment for saturated fat intake. A greater rate of cog-
nitive decline over a 20-y period was probable after greater
milk intake at midlife, although the response was graded
across milk intake categories. The association of skim or
low-fat milk and all dairy with change in cognitive function
was similar to that of total milk consumption. A significant
inverse relation between dairy intake and the development
of AD was detected but seemed to be limited to the Asian
population. Methodological variability and the difficulty of
assessing global cognitive function prevent conclusions from
being drawn about the optimal dairy intake for the older
population. Future long-term intervention trials are needed,
with detailed assessment of dairy intake, fat content, and
cognition domains several times during the follow-up period.
Attention to the overall dietary composition seems to be a
more useful approach for the prevention and management
of AD risk. The addition of nutrient-rich dairy proteins may
improve physical performance and attenuate loss of muscle
strength, thereby helping to prevent sarcopenia syndrome in
the elderly population. Our systematic review showed that
the available evidence is limited, but there are some positive
effects of dairy product intake on frailty, especially with high
consumption of low-fat milk and yogurt.
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