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Abstract

Background: Subjective cognitive decline (SCD) is considered a risk factor for

Alzheimer’s disease (AD), highlighting the need for identifying and ranking effective

interventions. This was addressed in a systematic review and network meta-analysis

(NMA) of pharmacological and non-pharmacological interventions for SCD.

Methods:MEDLINE, Web of Science Core Collection, CENTRAL, and PsycINFO were

searched for randomized controlled trials (RCTs) investigating effects on memory,

global cognition, and quality of life. Random-effect model NMAs were conducted. The

Cochrane Risk-of-Bias-2 tool assessed methodological quality. Prospero-Registration:

CRD42020180457.

Results: The systematic review included 56 RCTs. Education programs were most

effective for improving memory, second most effective for improving global cognition.

Quality of life andadverse events couldnot be includeddue to insufficient data.Overall

methodological quality of studies was low.

Conclusion: Education programs were most effective for improving memory and cog-

nition, warranting further research into effective elements of this intervention. There

is urgent need to address identified methodological shortcomings in SCD intervention

research.

KEYWORDS
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1 INTRODUCTION

Subjective cognitive decline (SCD) is defined as perceived cognitive

decline in the absence of objective cognitive impairment.1 Recently,

substantial interest in SCD has emerged, reflecting its recognition as a

potential earlymanifestationofAlzheimer’s disease (AD).2 SCD is asso-

ciated with a 4.5-fold risk increase for subsequent diagnosis of mild
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cognitive impairment (MCI) due to AD, and a 6.5-fold increased risk

for AD.3 Individuals with SCD are also more likely to present with AD

biomarkers (i.e., increased amyloid burden, neurodegeneration). Thus,

identifying effective interventions that allow counteracting or slowing

of disease progression at an early stage is of utmost importance.

Several pharmacological and non-pharmacological interventions

are currently under investigation that aim to improve cognitive
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functioning and psychological well-being in peoplewith SCD.4 A recent

systematic review and meta-analysis that investigated the effective-

ness of psychological, cognitive, lifestyle, or pharmacological interven-

tions for SCD concluded that psychological group interventions can

improve psychological well-being and that cognitive training interven-

tions resulted in small, but statistically significant, improvement of cog-

nitive performance.5

However, while conventional meta-analytical approaches can pro-

vide valuable information about the overall effectiveness of a partic-

ular treatment across included studies, comparisons of more than two

interventions are not possible. This canbe achievedby anetworkmeta-

analysis (NMA), which allows direct comparisons between all different

interventions in the same model by considering direct (within studies)

and indirect (between studies sharing a comparable intervention) evi-

dence simultaneously.6 It also allows establishing efficacy rankings of

different interventions for specific outcomes, which is highly relevant

for clinical decisions. However, this approach has not yet been used to

characterize and rank the effectiveness of pharmacological and non-

pharmacological treatments for SCD.

The aim of the present study was to (1) identify and describe all

investigated interventions for individuals with SCD in a systematic

review; (2) rate the overall research quality of these studies with a

risk of bias judgment; (3) evaluate and compare the effectiveness of all

investigated interventions on memory, global cognition, quality of life,

andadverseeventsusingnetworkmeta-analyses; and (4) generate clin-

icallymeaningful recommendation rankings for treatmentdecisions for

SCD.

2 METHODS

The present systematic review and NMA was pre-registered and the

review protocol can be accessed at www.crd.york.ac.uk/PROSPERO/

(ID: CRD42020180457). Reporting follows the Preferred Reporting

Items for SystematicReviews andMeta-Analyses (PRISMA) guideline.7

The “PRISMA for Abstracts Checklist” and the “PRISMA checklist for

systematic reviews” are depicted in Tables S1 and S2 in supporting

information. Confirming consent of subjects was not necessary.

2.1 Systematic review

Systematic reviews of randomized controlled trials (RCTs) are gener-

ally considered the highest level of evidence for the relative effective-

ness of interventions.8 The following paragraphs detail the methods of

the systematic review.

2.1.1 Search and study selection

We conducted a systematic search in MEDLINE Ovid, Web of Science

Core Collection, CENTRAL, and PsycINFO up to April 15, 2020. Ref-

erence lists of relevant reviews were searched for additional publica-

RESEARCH INCONTEXT

1. Systematic Review: MEDLINE, Web of Science Core

Collection, CENTRAL, and PsycINFO were searched for

randomized controlled trials (RCTs) investigating effects

of pharmacological and non-pharmacological interven-

tions in subjective cognitive decline (SCD). Our search

yielded 9298 search results and identified n = 56 eligible

studies.

2. Interpretation: Our results confirm that interventions

that improved cognition and memory in other popu-

lations, like physical activity interventions and cogni-

tive training, were also effective in SCD. Surprisingly,

the overall most effective intervention type was edu-

cation programs. We also identified a lack on studies

that investigated quality of life and adverse events, even

though such participant-related outcomes are of utmost

importance.

3. Future directions: SCDmay provide a unique window for

early interventions aimed at preventing cognitive decline

before pathological impairment may manifest. Based on

our results, future research on education programs as

part of preventive care in SCD should be conducted,

investigating participant-related outcomes with the use

of proper statistical and reportingmethods.

Highlights

∙ We conducted the first network meta-analysis investigat-

ing effectiveness of interventions for subjective cognitive

decline (SCD).

∙ Overall, educationprogramswere identified asmost effec-

tive for improvingmemory and global cognition.

∙ Several methodological shortcomings in current SCD

intervention research were identified that need to be

addressed in future research.

tions. Full-text publications were requested from the authors within a

2-week time frame, if not otherwise accessible. Tables S3-S6 in the sup-

porting information provide additional information on the systematic

review and search strings.

Titles and abstracts were screened according to predefined eligibil-

ity criteria by three individual review authors (MR, XH, SR) using the

Covidence software (Veritas Health Innovation). Subsequently, full-

text articles of studies meeting inclusion criteria were reviewed for

inclusion in the systematic review. If no consensus could be reached

between reviewers, caseswere discussed until consensuswas reached.

http://www.crd.york.ac.uk/PROSPERO/


ROHEGER ET AL. 3 of 25

F IGURE 1 Preferred Reporting Items for Systematic Reviews andMeta-Analyses (PRISMA) diagram of the study selection process

2.1.2 Eligibility criteria

Studies were considered eligible if they had analyzed effects of inter-

ventions for SCD in RCTs in both female and male individuals of all

ages. Both pharmacological and non-pharmacological interventions

for SCD were included. We did not limit or pre-specify requirements

and/or parameters of intervention types. SCD was defined as (1) self-

perceived persistent decline in cognitive capacity relative to previous

cognitive status, unrelated to an acute event, and (2) normal perfor-

mance on standardized cognitive tests used to classify MCI adjusted

for age, sex, and education.9 During the initial search, we also included

studies in which SCDwas not clearly defined, for example, only labeled

as “self-reported memory problems” without further specifications.

Subsequently, SCD definitions were inspected and only those that had

a current SCD definition were included in our main analysis. To con-

firm our results, a sensitivity analysis was conducted that also included

studies without clear SCD definition (see section 3.7). Studies that had

only included patientswithMCI or dementia or patientswith diagnosis

of major psychiatric or medical diseases were excluded. We included

studies published in English or German; only n= 3 studies in other lan-

guages were identified (see Figure 1).

Memory was defined as primary outcome, because it is one of the

most vulnerable domains in aging,10 one of the first domains subjec-

tively affected in peoplewith SCD,1 and the core deficit inMCI andAD.

Secondary outcomes were global cognition, quality of life, and adverse

events. Only direct pre–post intervention outcome data were consid-

ered because only few studies reported long-term follow-up assess-

ments.

2.1.3 Data extraction

Three review authors (MR, XH, SR) extracted data using a standard-

ized extraction form. If the authors were unable to reach a consen-
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sus, a fourth review author (MM) was contacted for final decision. If

required, the authors of specific studies were contacted for additional

information.11

2.1.4 Quality assessment

For each included study, risk of bias was assessed using the revised

Cochrane risk-of-bias tool for randomized trials (RoB2 tool).12 The

tool implements signaling questions for five domains leading to

low/high/medium concern for risk of bias. Two review authors (MR, SR)

independently assessed risk of bias for each study. If they were unable

to reach a consensus, a third review author (MM) was consulted for a

final decision.

2.2 Network meta-analyses

Network meta-analyses extend the principles of pairwise comparisons

of meta-analyses to the evaluation of multiple treatments in a single

analysis. This is achieved by combining direct and indirect evidence.

Direct evidence refers to evidence obtained from RCTs in a trial com-

paring interventions A and B, indirect evidence refers to the evidence

obtained through one or more common comparators (e.g., two stud-

ies sharing a comparable control condition6). Network meta-analyses

rely on the same assumptions underlying pairwise meta-analysis, that

is, the included studies are sufficiently homogenous in termsof the con-

dition being studied, the included participants, and the definition of

active and control interventions.13 Additionally, an important precon-

dition for the NMA is that all investigated interventions are linked via

at least one direct comparison to the overall network.

2.2.1 Main analyses

We performed a NMA using a random-effects model. To evaluate the

extent towhich treatmentswere connected, a network plot is provided

for primary and secondary outcomes. For each comparison, the esti-

mated treatment effect along with its 95% confidence interval (CI) is

provided. We graphically present the results using forest plots, with

either control grouporplacebogroupas reference treatment. For stud-

ies with multiple treatment groups, we combined arms as long as they

could be regarded as subtypes of the same intervention.11 Weused the

Rpackage netmeta 1.0-114 for statistical analyses. To evaluate the pres-

ence of statistical heterogeneity and inconsistencywithin the resulting

networks, we used the generalized heterogeneity Q total and the gen-

eralized Iš statistic.15 We interpreted Iš values as follows:16 0% to 40%

might not be important, 30% to 60% may represent moderate hetero-

geneity, 50% to 90% may represent substantial heterogeneity, 75% to

100% represents considerable heterogeneity. Appendix A in the sup-

porting information provides additional details of the statistical meth-

ods used, including assessment of heterogeneity.

2.2.2 Sensitivity analysis

Sensitivity analyses were conducted to test the robustness of our

results by analyzing studies with low andmedium risk of bias only (pri-

mary analyses; i.e., that only included studies with proper SCD defi-

nition). A sensitivity analysis is a repeat of the primary analysis, sub-

stituting alternative decisions or ranges of values for decisions that

were arbitrary or unclear.17 We judged studies as high risk if two risk

of bias domains are judged as high risk. Additional sensitivity analyses

were conducted including all studies, regardless of their SCD defini-

tion. Results of these analyses are reported in supporting information.

3 RESULTS

3.1 Results of the search

Our initial search yielded n = 9298 studies. N = 9 studies were iden-

tified through other sources. After removal of duplicates, n = 7889

were screened. After abstract review, n = 185 full-text articles were

assessed for eligibility; n = 54 studies on different interventions with

participants with SCDwere included.N= 17 studies could be included

in the network meta-analyses. For an overview of the study selection

process, see the PRISMA flow diagram in Figure 1. References of the

included study are listed in supporting information.

3.2 Systematic review: characteristics of the
included studies

A total of 4692 participants with SCD from n = 54 different stud-

ies were included in the systematic review, investigating all possible

SCD interventions. Studies included interventions using educational

programs, memory techniques, cognitive training, meditation, physical

exercise, nutritional supplements, pharmaceutical interventions, and

non-invasive brain stimulation. An in-depth overview can be found in

Table 1 and Appendix B in the supporting information.

3.3 NMA: primary outcome: memory

A total of N = 21 studies provided data on memory outcomes; how-

ever, only n = 11 studies used a sufficient SCD definition and were

therefore included in the analyses,18–28 leading to 17pairwise compar-

isons and 6 different treatments in the NMA (see Figure 2 for the net-

work graph on memory). Several interventions could not be included

(e.g., all pharmacological studies, repetitive transcranial brain stimu-

lation, and stretching) because they did not use and/or report cur-

rent criteria for SCD. Two studies that assessed effects of matured

hop bitter acids (MHBA) and whey peptide treatment provided suffi-

cient data, but could not be integrated in the network as they were not

linked to the network.29,30 As the NMA in Figure 3 shows, education
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Şa
h
in
er
,

2
0
2
0

1
2
0
;3
0
;

3
0
;

3
0
;3
0

6
9
.9
9
(9
.4
8
);

6
8
.3

(1
0
.9
4
);

6
6
.5

(9
.7
9
);

7
0
.8
5

(7
.7
8
);

7
4
.3

(7
.5
6
)

5
5
.8
3
;

6
6
.6
7
;

5
6
.6
7
;

4
6
.6
7
;

5
3
.3
3

1
1
.0
8
;

1
1
.5
7
;

1
3
.2
7
;

1
1
.6
3
;

7
.8
3

SC
I:
su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e

w
it
h
o
u
t

o
b
je
ct
iv
e

m
an

if
es
ta
-

ti
o
n
;A

D
:

d
ef
in
d
ed

by

N
IN

C
D
S-

A
D
R
D
A

cr
it
er
ia

SC
Ic
o
n
tr
o
l

gr
o
u
p

SC
I/
B
E
Y
N
E
X
:

1
5
-2
0
m
in

p
hy
si
ca
la
n
d

co
gn

it
iv
e

ex
er
ci
se

d
ai
ly
.U

se
d

fo
r
at

le
as
t

1
2
0
0
m
in
.

A
D
co
n
tr
o
l

gr
o
u
p
:

R
iv
as
ti
gm

in

p
at
ch

A
D
/B
E
Y
N
E
X
:

1
5
-2
0

m
in
u
te

p
hy
si
ca
la
n
d

co
gn

it
iv
e

ex
er
ci
se

d
ai
ly
.U

se
d

fo
r
at

le
as
t

1
2
0
0
m
in
.+

R
iv
as
ti
gm

in
e

p
at
ch

x
x

X

(C
o
n
ti
n
u
es
)



8 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

C
o
h
en

-

M
an

sf
ie
ld

et
al
.,

2
0
1
5

4
4
;1
5
;

1
5
;1
4

7
3
.4
9
(5
.1
8
);

7
2
.8
0

(3
.7
8
);

7
4
.4
4

(5
.7
8
);

7
3
.2
1

(5
.9
7
)

7
2
.7
;

6
0
.0
;

8
6
.7
;

7
1
.4

1
4
.8
2
;

1
4
.2
5
;

1
4
.5
0
;

1
6
.0
0
;

Su
b
je
ct
iv
e

m
em

o
ry

d
ec
lin

e;

M
M
SE

>
2
3

A
C
T
IV
E

(c
o
gn

it
iv
e

tr
ai
n
in
g)
fo
r

1
0
w
ee
ks

H
ea
lt
h

p
ro
m
o
ti
o
n

fo
r
1
0
w
ee
ks

P
ar
ti
ci
p
an

t-

ce
n
te
re
d

in
te
rv
en

ti
o
n

fo
r
1
0
w
ee
ks

x
x

E
p
p
er
so
n

et
al
.,

2
0
1
1

1
6
b
as
e-

lin
e;

1
2

co
m
-

p
le
te
d

b
o
th

ar
m
s

5
4
.0
(2
.8
)

1
0
0

1
6
.4

Su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e;

M
M
SE

>
2
6

A
to
m
ox
et
in
8
0

m
g/
d
,6

w
ee
ks

P
la
ce
b
o

co
n
tr
o
lle
d

cr
o
ss
-o
ve
r

d
es
ig
n

x
X

Fr
an

ke
n
m
o
le
n

et
al
.,

2
0
1
8

6
0
;3
1
;

2
9

6
7
.0
7
(7
.5
4
);

6
6
.2
(7
.3
);

6
8
.0
(7
.8
)

4
8
.4
3
;

3
2
.0
0
;

6
6
.0
0

IS
C
E
D
:

4
.6
;4
.5
;

4
.7

Su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e

w
it
h
o
u
t

o
b
je
ct
iv
e

m
an

if
es
ta
-

ti
o
n
;

IA
D
L

A
d
ap
te
d

ve
rs
io
n
o
f

th
e
m
em

o
ry

st
ra
te
gy

tr
ai
n
in
g

(M
ST

)

p
ro
to
co
lo
f

K
o
n
in
g-

H
aa
n
st
ra

et
al
.(
1
9
9
0
):

se
ve
n
gr
o
u
p

se
ss
io
n
s
a
9
0

m
in
u
te
s,

h
o
m
ew

o
rk

d
u
ri
n
g
th
e

w
ee
k

b
et
w
ee
n

se
ss
io
n
s

C
O
G
PA

C
K

at
te
n
ti
o
n

an
d
m
em

o
ry

ta
sk
s.

x
x

X
6
m

Fu
ku

d
a

et
al
.,

2
0
2
0

5
7
;2
7
;

3
0

5
5
.0
(5
.3
);

5
4
.6
(5
.4
);

5
5
.4
(5
.3
)

5
2
.6
;

5
1
.9
;

5
3
.3

1
4
.6
;1
4
.5
;

1
4
.7

E
M
C
:3

re
vi
se
d

q
u
es
ti
o
n
s

M
at
u
re
d
h
o
p

b
it
te
r
ac
id
s

(1
2
w
ee
ks
,

3
5
m
g/
d
)

P
la
ce
b
o

x

(C
o
n
ti
n
u
es
)



ROHEGER ET AL. 9 of 25

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

H
ea
th

et
al
.,

2
0
1
7

6
3
;3
2
;

3
1

6
7
.0
(7
.5
);

6
5
.7
(6
.6
);

6
8
.3
(8
.1
)

7
4
;7
4
;

7
5

1
4
.2
(2
.8
);

1
4
.0

(2
.7
);

1
4
.2

(2
.8
)

M
o
C
A
;I
A
D
L

>
6
;M

M
SE

>
2
4

M
u
lt
ip
le

m
o
d
al
it
y
&

m
in
d
-m

o
to
r

tr
ai
n
in
g
(M

4
)

ex
er
ci
se

6
0

m
in
/d
,3

d
a

w
ee
k
fo
r
2
4

w
ee
ks

M
u
lt
ip
le

m
o
d
al
it
y

tr
ai
n
in
g
(M

2
)

ex
er
ci
se

6
0

m
in
/d
,3

d
a

w
ee
k
fo
r
2
4

w
ee
ks

x

H
o
n
g
et

al
.,

2
0
2
0

5
6
;2
3
;

1
5
;1
8

6
5
.8
8
(5
.1
5
);

6
6
.2
2

(5
.7
3
);

6
5
.4
0

(4
.8
2
);

6
5
.8
3

(4
.8
9
)

7
6
.7
8
;

7
3
.9
;

9
3
,3
;

6
6
,7

1
1
.3
7

(3
.6
6
);

1
0
.4
3

(3
.7
2
);

1
1
.2
0

(3
.9
7
);

1
2
.7
2

(3
.0
5
)

G
u
id
el
in
e
by

Je
ss
en

et
al
.

(2
0
1
4
)

M
u
lt
i-
d
o
m
ai
n

co
gn

it
iv
e

tr
ai
n
in
g
in

sm
al
lg
ro
u
p
s,

tw
ic
e
a
w
ee
k

w
it
h
9
0

m
in
u
te
s
p
er

se
ss
io
n

E
d
u
ca
ti
o
n

P
ro
gr
am

,

w
ee
kl
y

p
h
o
n
e
ca
lls

as
a
re
m
in
d
er

x

H
o
o
ge
n
h
o
u
t

et
al
.,

2
0
1
2

5
0
;2
4
;

2
6

6
6
.0
5
(4
.3
2
);

6
6
.0
0

(4
.2
3
);

6
6
.1
0

(4
.4
8
)

1
0
0
;

1
0
0
;

1
0
0

E
ig
h
t-

p
o
in
t

sc
al
e:

4
.0
7

(1
.9
4
);

4
.1
4

(2
.0
3
);

4
.0
0

(1
.9
0
)

Se
lf
-r
ep

o
rt
ed

su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e;

M
M
SE

>
2
4

E
d
u
ca
ti
o
n
al

gr
o
u
p

in
te
rv
en

ti
o
n

in
cl
u
d
in
g

ei
gh

t

1
.5
-h
o
u
r

se
ss
io
n
s
ov
er

4
w
ee
ks

an
d

h
o
m
ew

o
rk

W
ai
ti
n
g
lis
t

x
x

1
w

H
o
o
p
er

et
al
.,

2
0
1
7

1
8
3
;9
8
;

8
5

7
5
.9
4
(4
.5
5
);

7
5
.9
(4
.7
);

7
6
.0
(4
.4
)

6
5
.5
9
;

6
9
.4
;

6
1
.2

N
o
.o
f

p
er
so
n
s

re
ac
h
in
g

u
n
iv
er
-

si
ty

le
ve
l:

3
8
;2
4
;

1
4

N
o
d
em

en
ti
a:

lim
it
at
io
n
in

o
n
e
o
r
m
o
re

IA
D
L,
o
r
ga
it

sp
ee
d
sl
o
w
er

0
.8
m
/s

n
-3
-P
U
FA

(8
0
0

m
g
D
H
A
,2
2
5

m
g
E
PA

)

su
p
p
le
m
en

-

ta
ti
o
n
,d
ai
ly

fo
r
th
re
e

ye
ar
s

P
la
ce
b
o

x

(C
o
n
ti
n
u
es
)



10 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

H
si
eh

et
al
.,

2
0
1
9

2
4
;7
;1
7

6
8
.3
(6
.4
);

6
6
.0

(4
.2
3
);

6
7
.5
(7
.3
)

7
9
.2
;

7
1
.2
;

8
2
.4

1
1
.2
;1
0
.6
;

1
1
.6

C
D
R
=
0
;A

D
8
<

2
;4

C
E
R
A
D

q
u
es
ti
o
n
s

P
hy
si
ca
lf
it
n
es
s

tr
ai
n
in
g,

h
an

d
-e
ye

co
o
rd
in
at
io
n
,

m
ed

it
at
io
n
,1

h
o
u
r
fo
r
ea
ch

m
o
d
al
it
y,

tw
ic
e
a
w
ee
k

fo
r
1
6
w
ee
ks

Sa
m
e

in
te
rv
en

ti
o
n
,

d
if
fe
re
n
t

p
o
p
u
la
ti
o
n

(n
o
n
-S
M
C
)

x
x

In
n
es

et
al
.,

2
0
1
8
2
,3

5
3
;2
5
;

2
8

6
0
.4
7
(1
.1
7
);

6
0
.7
1

(1
.3
8
);

6
0
.2

(1
.6
3
)

8
6
.7
9
;

9
2
.0
0
;

9
6
.4
3

≥
1
2 ye
ar
s:

8
1
.1
3
%
;

8
8
.0
0
%
;

7
5
.0
0
%

G
u
id
el
in
e
by

A
b
d
u
lr
ab

an
d

H
eu

n
(2
0
0
8
),

Je
ss
en

et
al
.

(2
0
1
0
),

Je
ss
en

et
al
.

(2
0
1
4
),
&

R
ei
sb
er
g
et

al
.

(2
0
0
8
)

K
ir
ta
n
K
ri
ya

M
ed

it
at
io
n
,

1
2
m
in
/d
,1
2

w
ee
ks

M
u
si
c
lis
te
n
in
g

x
3
m

In
n
es

et
al
.,

2
0
1
6
2
,3

6
0 (d

ro
p
-

o
u
t:

7
);
3
0
;

3
0

6
0
.5
8
(1
.0
1
);

6
0
.9
3

(1
.5
6
);

6
0
.2
3

(1
.3
2
)

8
6
.7
9
;

9
0
.0
0
;

9
6
.6
7

1
5
.4
3
;

1
6
.1
7
;

1
4
.7

G
u
id
el
in
e
by

A
b
d
u
lr
ab

an
d

H
eu

n
(2
0
0
8
),

Je
ss
en

et
al
.

(2
0
1
0
),

Je
ss
en

et
al
.

(2
0
1
4
),
&

R
ei
sb
er
g
et

al
.

(2
0
0
8
)

K
ir
ta
n
K
ri
ya

M
ed

it
at
io
n
,

1
2
m
in
/d
,1
2

w
ee
ks

M
u
si
c
lis
te
n
in
g

x
3
m

Je
o
n
et

al
.,

2
0
1
6

7
5
;3
0
;

3
0
;1
5

5
3
.7
6
(5
.7
2
);

5
3
.4
(6
.4
);

5
4
.2
(5
.4
);

5
3
.6
(5
.2
)

7
6
.0
2
;

7
6
.7
;

7
6
.7
;

7
3
.3

1
4
.7
;1
4
.5
;

1
5
.0
;

1
4
.7

G
D
S

≥
2
;

ex
cl
u
si
o
n
:

M
C
Io
r
A
D

G
an

gl
io
si
d
e

6
6
0
µg

/d
fo
r

8
w
ee
ks

G
an

gl
io
si
d
e

3
3
0
µg

/d
fo
r

8
w
ee
ks

P
la
ce
b
o

x

K
it
a
et

al
.,

2
0
1
8

9
8
;4
8
;

5
0

5
2
.0
4
(4
.7
6
);

5
2
.3
(4
.3
);

5
1
.8
(5
.2
)

8
5
.1
6
;

8
7
.4
;

8
3
.0
;

1
4
.3
;1
4
.5
;

1
4
.1

H
D
S-
R

≤
2
0

W
h
ey

p
ep

ti
d
e

1
g/
d
fo
r
1
2

w
ee
ks

P
la
ce
b
o

x
x

K
w
o
k
et

al
.,

2
0
1
3

2
2
3
;

1
1
1
;

1
1
2

7
5
.4
0
(5
.8
1
);

7
5
.4
2

(5
.8
2
);

7
5
.3
8

(5
.8
3
)

8
5
.2
;

8
7
.4
;

8
3
.0

Se
co
n
d
ar
y

ed
u
ca
-

ti
o
n
;

2
1
.1
%
;

1
8
.9
%
;

2
3
,2
%

C
M
SS

≥
3
;

C
h
in
es
e

M
M
SE

≥
2
0

1
.5
h
co
gn

it
iv
e

tr
ai
n
in
g
o
n
ce

a
w
ee
k
fo
r
1
2

w
ee
ks

H
ea
lt
h
-r
el
at
ed

ed
u
ca
ti
o
n
al

le
ct
u
re
s

x
9
m

(C
o
n
ti
n
u
es
)



ROHEGER ET AL. 11 of 25

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

K
w
o
n
et

al
.,

2
0
1
5

7
5
;3
0
;

3
0
;1
5

4
0
.1
6

(1
1
.7
6
);

4
2
.5

(1
1
.2
);

3
7
.6

(1
1
.7
);

4
0
.6

(1
2
.7
)

5
2
.5
;

5
6
.7
;

6
0
.0
;

2
6
.7

1
0
0
%
h
ig
h

sc
h
o
o
l

o
r

h
ig
h
er

G
D
S
=
2
;≥

1

sy
m
p
to
m
s
o
f

su
b
je
ct
iv
e

m
em

o
ry

im
p
ai
rm

en
t;

C
D
R
<
0
,5
;

M
M
SE

≥
2
5

H
er
b
al
m
ix
tu
re

1
2
0
0
m
g/
d

fo
r
8
w
ee
ks

H
er
b
al
m
ix
tu
re

6
0
0
m
g/
d
fo
r

8
w
ee
ks

P
la
ce
b
o

x
x

La
to
rr
e

P
o
st
ig
o

et
al
.,

2
0
1
0

4
5
;1
5
;

1
5
;1
5

6
6
.9
(3
.1
4
);

6
7
.8

(2
.8
5
);

6
5
.7
3

(3
.3
6
);

6
7
.4

(2
.9
9
)

6
4
.4
4
;

7
3
.3
;

6
6
.7
;

5
3
.3

P
er
ce
n
ta
ge

o
f

p
er
so
n
s

w
it
h

se
c-

o
n
d
ar
y

ed
u
ca
-

ti
o
n
:8
.9
;

1
3
.3
;

6
.7
;6
.7

M
E
C
>
2
7
;G

D
S

<
1
9
;“
ye
s”
to

≥
2
q
u
es
ti
o
n
s

by
M
o
n
te
jo

et
al
.(
1
9
9
9
)

G
ro
u
p
m
em

o
ry

tr
ai
n
in
g
1
0

ti
m
es

tw
ic
e
a

w
ee
k
fo
r
9
0

m
in

W
ai
t
lis
t

(c
o
n
tr
o
l)

H
ea
lt
h

ed
u
ca
ti
o
n

(p
la
ce
b
o)

x
6
m

La
u
te
n
sc
h
la
ge
r

et
al
.,

2
0
0
8

1
7
0
;8
5
;

8
5

6
8
.6
5
(8
.5
8
);

6
8
.6
(8
.7
);

6
8
.7
(8
.5
)

5
0
.6
;

4
9
.4
;

5
1
.8

1
2
.3
5
;

1
2
.1
;

1
2
.6

M
M
SE

≥
2
4
;

C
D
R
<
1
;a
b
le

to
w
al
k
fo
r
6

m
in
u
te
s;
n
o

d
em

en
ti
a

d
ia
gn

o
si
s;

"y
es
"
to

"D
o

yo
u
fe
el
lik
e

yo
u
r
m
em

o
ry

is
ge
tt
in
g

w
o
rs
e?
”

P
hy
si
ca
l

ac
ti
vi
ty
+

b
eh

av
io
u
ra
l

in
te
rv
en

ti
o
n

E
d
u
ca
ti
o
n
an

d

u
su
al
ca
re

x
x

x
x

x
6
,1
2
&

1
8
m

M
ac
p
h
er
so
n

et
al
.,

2
0
1
2

5
6
;2
8
;

2
8

7
1
.1
(4
.5
9
);

7
1
.9

(4
.8
1
);

7
0
.3
(4
.3
)

1
0
0
;

1
0
0
;

1
0
0

1
2
.0
;1
1
.9
;

1
2
.0

M
M
SE

≥
2
4
;

sc
re
en

in
g
by

Jo
rm

et
al
.

(1
9
9
7
);
“y
es
”

to
“D

o
yo
u

fe
el
lik
e
yo
u
r

m
em

o
ry

is

ge
tt
in
g

w
o
rs
e?
”

M
u
lt
iv
it
am

in

su
p
p
le
m
en

-

ta
ti
o
n

(S
w
is
se

W
o
m
en

’s

U
lt
iv
it
e
5
0
+

T
M
)o
n
ce

d
ai
ly
fo
r
1
6

w
ee
ks

P
la
ce
b
o

x

(C
o
n
ti
n
u
es
)



12 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

M
an

en
ti

et
al
.,

2
0
1
7

2
2
;1
1
;

1
1

7
4
.5
(5
.9
);

7
5
.9
(7
.1
);

7
3
.1
(4
.7
)

6
3
.6
4
;

6
3
.6
4
;

6
3
.6
4

9
.9
;9
.6
;

1
0
.3

M
M
SE

≥
2
7
;

n
o
rm

al
4

o
b
je
ct
iv
e

m
em

o
ry

an
d

co
gn

it
iv
e

p
er
fo
rm

an
ce
;

E
M
Q
sc
o
re
>

1
SD

ab
ov
e

m
ea
n
sc
o
re

o
f

h
ea
lt
h
o
ld
er

ad
u
lt
s

A
n
o
d
al

tr
an

sc
ra
n
ia
l

cu
rr
en

t

st
im

u
la
ti
o
n

le
ft
la
te
ra
l

p
re
fr
o
n
ta
l

co
rt
ex
;1
5

m
in
u
te
s;
1
.5

m
A

Sh
am st
im

u
la
ti
o
n

x
3
0
d

M
cE
w
en

et
al
.,

2
0
1
8

5
5
;2
6
;

2
9

6
6
.1
6
(4
.2
);

6
7
.0
(5
.1
);

6
5
.4
(3
.0
)

6
5
.5
;

7
3
.1

n
.a
.

M
o
C
A

≥
2
3
;

M
E
M
-Q

-2
4

M
em

o
ry

tr
ai
n
in
g
+

ex
er
ci
se

(s
im

u
lt
an

e-

o
u
sl
y)

M
em

o
ry

tr
ai
n
in
g
+

ex
ce
rc
is
e

(s
eq

u
en

-

ti
al
ly
)

x
x

M
cN

am
ar
a

et
al
.,

2
0
1
8

7
6
;1
7
;

1
9
;

2
0
;2
0

6
7
.9
6
(4
.6
5
);

6
9
.0
(5
.2
);

6
8
.0
(3
.9
);

6
8
(4
.7
);

6
7
(4
.9
)

5
3
.9
;

4
1
.2
;

5
7
.9
;

6
5
.0
;

5
0
.0

1
5
.3
;1
5
.6
;

1
5
.0
;

1
6
.1
;

1
4
.7

C
D
R
=
0
;M

o
C
A

>
2
5
o
r

n
o
rm

at
iv
e

C
V
LT

F
is
h
o
il
(1
.6
m
g

E
PA

,0
.8
m
g

D
H
A
)d
ai
ly

fo
r
2
4
w
ee
ks

2
5
g
b
lu
e
b
er
ry

p
o
w
d
er

d
ai
ly

fo
r
2
4
w
ee
ks

F
is
h
o
il
+
b
lu
e

b
er
ry

p
o
w
d
er

d
ai
ly

fo
r
2
4
w
ee
ks

P
la
ce
b
o

x
x

6
m

M
id
d
le
to
n

et
al
.,

2
0
1
8

1
2
6
;3
2
;

3
1
;

3
1
;3
2

7
3
.4
(6
.0
);

7
4
.8
(6
.1
);

7
3
.8
(5
.7
);

7
1
.1
(5
.5
);

7
3
.9
(6
.3
)

6
5
.0
;

6
2
.5
;

5
8
.1
;

6
7
.7
;

6
2
.5

1
6
.4
(2
.4
);

1
6
.7

(2
.2
);

1
6
.8

(2
.3
);

1
5
.6

(2
.8
);

1
6
.3

(2
.1
)

Se
lf
-r
ep

o
rt
ed

su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e;

A
er
o
b
ic

ex
er
ci
se

6
0

m
in
a
d
ay
,3

d
ay
s
a
w
ee
k

fo
r
1
2
w
ee
ks

+
co
m
p
u
te
r-

b
as
ed

co
gn

it
iv
e

tr
ai
n
in
g
3
0

m
in
a
d
ay
,3

ti
m
es

a
w
ee
k

fo
r
1
2
w
ee
ks

C
o
m
p
u
te
r-

b
as
ed

co
gn

it
iv
e

tr
ai
n
in
g
3
0

m
in
a
d
ay
,3

ti
m
es

a
w
ee
k

fo
r
1
2
w
ee
ks

+
st
re
tc
h
-

in
g/
to
n
in
g

A
er
o
b
ic

ex
er
ci
se

6
0

m
in
a
d
ay
,3

d
ay
s
a
w
ee
k

fo
r
1
2
w
ee
ks

+ ed
u
ca
ti
o
n
al

D
V
D
s

St
re
tc
h
in
g/
to
n
in
g

+ ed
u
ca
ti
o
n
al

D
V
D
s

x

(C
o
n
ti
n
u
es
)



ROHEGER ET AL. 13 of 25

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

O
h
et

al
.,

2
0
1
8

5
3
;1
8
;

1
9
;1
6

5
9
.3
(5
.0
);

5
9
.2
8

(5
.1
);

5
8
.7
8

(5
.0
);

5
9
.9
4

(5
.2
)

5
2
.8
;

5
0
.0
;

5
2
.6
;

5
6
.3

1
3
.9
4
;

1
4
.2
2
;

1
4
.1
6
;

1
3
.3
8

Su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e

m
ea
su
re
d
by

th
e
su
b
je
ct
iv
e

m
em

o
ry

co
m
p
la
in
ts

q
u
es
ti
o
n
n
ai
re

Sm
ar
tp
h
o
n
e-

b
as
ed

b
ra
in

A
n
ti
-a
gi
n
g

an
d
m
em

o
ry

R
ei
n
fo
rc
e-

m
en

t

Tr
ai
n
in
g

(S
M
A
R
T
),

1
5
-2
0
m
in
/d
,

5
d
/w

ee
k
fo
r

8
w
ee
ks

F
it
B
ra
in
s
®

(o
th
er

co
gn

it
iv
e

tr
ai
n
in
g
ap
p)
,

1
5
-2
0
m
in
/d
,

5
d
/w

ee
k
fo
r

8
w
ee
ks

W
ai
t-
lis
t

x

P
er
ei
ra
-

M
o
ra
le
s

et
al
.,

2
0
1
8

4
0
;1
7
;

1
2
;1
1

6
4
.5
(4
.8
);

6
9
.3
(4
.8
);

6
5
.6
(7
.2
)

9
0
.0
0
;

1
3
.3
0
;

0
9
.0
9
;

1
0
.0
0

1
0
.5
(4
.1
);

1
3
.2

(3
.1
);

1
3
.3

(3
.2
)

Su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e

m
ea
su
re
d
by

th
e
su
b
je
ct
iv
e

m
em

o
ry

co
m
p
la
in
ts

q
u
es
ti
o
n
n
ai
re

In
te
gr
at
ed

P
sy
ch
o
st
im

-

u
la
ti
o
n

P
ro
gr
am

,8
w
,

9
0

m
in
u
te
s/
d
ay
,

4
d
ay
s/
w
ee
k

C
o
m
p
u
te
ri
ze
d

C
o
gn

it
iv
e

Tr
ai
n
in
g,
w
,

9
0

m
in
u
te
s/
d
ay
,

4
d
ay
s/
w
ee
k

C
o
n
tr
o
lG

ro
u
p

x
x

x

P
ik
e
et

al
.,

2
0
1
8

1
5
0
;

SC
D
:

5
3

7
3
.8
(8
.3
)

5
6
.0
0

1
4
.5
(4
.2
)

Le
ve
lo
fS
M
D

w
as

d
et
er
m
in
ed

u
si
n
g
th
e

se
lf
-r
ep

o
rt

M
em

o
ry

A
ss
es
sm

en
t

C
lin

ic
s
Q
u
es
-

ti
o
n
n
ai
re
.

Se
m
an

ti
c

A
ss
o
ci
at
io
n

Sp
ac
ed

R
et
ri
va
l
C
o
n
tr
o
lg
ro
u
p

x
x

x

Sc
hw

ar
z

et
al
.,

2
0
1
8
5

2
8
;1
4
;

1
4

6
9
.0
(6
.0
);

7
0
.0
(5
.0
)

6
4
.2
8
;

6
4
.2
8
;

6
4
.2
8
;1
5
.0
(2
.0
);

1
6
.0

(4
.0
)

Su
b
je
ct
iv
e

co
gn

it
iv
e

d
ec
lin

e

P
la
ce
b
o
G
ro
u
p

Sp
er
m
id
in
e

G
ro
u
p

x
x

Sc
o
gi
n
et

al
.,

1
9
8
5

4
7
;2
0
;

2
7

n
.a
.

n
.a
.

n
.a
.

M
em

o
ry

co
m
p
la
in
ts

w
er
e

as
se
ss
ed

by

th
e

M
et
am

em
o
ry

Q
u
es
ti
o
n
-

n
ai
re

M
em

o
ry

Tr
ai
n
in
g

C
o
n
tr
o
lG

ro
u
p

x
x

(C
o
n
ti
n
u
es
)



14 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

Sm
al
le
t
al
.,

2
0
0
6

1
7
;8
;9

5
4
.0
(1
2
.0
);

5
3
.0

(1
0
.0
)

6
3
.0
;

6
7
.0

1
8
.0
(3
.0
);

1
7
.0

(4
.0
)

A
ll
su
b
je
ct
s
h
ad

m
ild

ag
e-
re
la
te
d

m
em

o
ry

co
m
p
la
in
ts

m
ea
su
re
d
by

M
em

o
ry

Fu
n
ct
io
n
in
g

Q
u
es
ti
o
n
-

n
ai
re

(M
F
Q
)

H
ea
lt
h
Li
fe
st
yl
e

P
ro
gr
am

C
o
n
tr
o
lG

ro
u
p

x

Sm
ar
t
et

al
.,

2
0
1
6

3
8
;S
C
D
:

1
5

6
9
.6
0
(3
.5
8
)

7
2
.7
2

1
6
.4
0

(2
.6
9
)

“A
re

yo
u

co
n
ce
rn
ed

o
r

w
o
rr
ie
d
th
at

yo
u
ar
e

ex
p
er
ie
n
ci
n
g

si
gn

if
ic
an

t

d
ec
lin

e
in

yo
u
r
th
in
ki
n
g

ab
ili
ti
es
,m

o
re

th
an

ju
st

n
o
rm

al

ag
in
g?
”
In

re
sp
o
n
se

to

th
e
q
u
es
ti
o
n
,

“H
av
e
yo
u

ev
er

b
ee
n

d
ia
gn

o
se
d

w
it
h
a

p
sy
ch
o
lo
gi
ca
l

co
n
d
it
io
n
,

su
ch

as

d
ep

re
ss
io
n
o
r

an
xi
et
y?
”

(y
es
/n
o)
,

M
in
d
fu
ln
es
s

Tr
ai
n
in
g

P
sy
ch
o
ed

u
ca
ti
o
n

x
x

So
lé
-

P
ad

u
llé
s

et
al
.,

2
0
0
6

3
9
;2
0
;

1
9

6
6
.9
5
(9
.4
3
);

6
8
.6
8

(7
.7
8
)

6
6
.6
6
;

5
3
.8
4

n
.a
.

M
em

o
ry

co
m
p
la
in
ts

rT
M
S

C
o
n
tr
o
lG

ro
u
p

x

(C
o
n
ti
n
u
es
)



ROHEGER ET AL. 15 of 25

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

St
oy
n
ov
a

et
al
.,

2
0
1
9

2
6

6
8
.9
6
(6
.0
2
)

5
3
.8
4

n
.a
.

M
em

o
ry

co
m
p
la
in
ts

Tr
an

sc
ra
n
ia
l

d
ir
ec
t

cu
rr
en

t

st
im

u
la
ti
o
n
;

p
re
-s
es
si
o
n
,

1
2
tr
ai
n
in
g

se
ss
io
n
s

(t
h
re
e
p
er

w
ee
k
fo
r
4

w
ee
ks
),
a

p
o
st
-s
es
si
o
n

4
d
ay
s

C
o
n
tr
o
lG

ro
u
p

x
3
m

Ta
b
u
e-
Te
gu

o

et
al
.,

2
0
1
8

1
4
6
4
,

n
o
n
-

fr
ai
l:

7
9
9

7
4
.4
1
(4
.0
0
)

6
3
.7
0

n
.a
.

R
ep

o
rt
in
g

su
b
je
ct
iv
e

m
em

o
ry

co
m
p
la
in
ts
,

b
u
t
fr
ee

fr
o
m

cl
in
ic
al

d
em

en
ti
a.

C
o
gn

it
iv
e

Tr
ai
n
in
g
w
it
h

p
o
ly
u
n
sa
tu
-

ra
te
d
fa
tt
y

ac
id
s

P
o
ly
u
n
sa
tu
ra
te
d

fa
tt
y
ac
id
s

C
o
gn

it
iv
e

Tr
ai
n
in
g

P
la
ce
b
o

x
x

Ts
ai
et

al
.,

2
0
0
8

2
5
;1
4
;

1
1

6
9
.4
4
;

6
8
.7
1
;

7
0
.3
6

n
.a
.

n
.a
.

Se
lf
-r
ep

o
rt
ed

m
em

o
ry

co
m
p
la
in
ts

C
o
gn

it
iv
e

Tr
ai
n
in
g

C
o
gn

it
iv
e

St
im

u
la
ti
o
n

x
x

V
al
en

ti
jn

et
al
.,

2
0
0
5

1
4
9
;3
9
;

4
0
;3
8

6
8
.5
6
(7
.4
3
);

6
9
.3
2

(7
.7
7
);

6
8
.0
7

(6
.5
8
);

6
8
.3
0

(8
.0
3
)

7
0
.0
;

6
3
.0
;

6
3
.0

3
.8
1 (2
.0
0
);

3
.8
3

(1
.9
6
);

3
.7
4

(1
.8
4
);

3
.8
6

(2
.2
4
)6

Se
lf
-r
ep

o
rt
ed

su
b
je
ct
iv
e

m
em

o
ry

co
m
p
la
in
ts

M
em

o
ry

Tr
ai
n
in
g

(i
n
d
iv
id
u
al
)

M
em

o
ry

Tr
ai
n
in
g

(c
o
lle
ct
iv
e)

C
o
n
tr
o
lG

ro
u
p

x
x

4
m

va
n
H
o
o
re
n

et
al
.,

2
0
0
7

6
9
;3
7
;

3
0

6
2
.7
6
(5
.6
2
);

6
2
.3
5

(5
.3
9
);

6
3
.2
7

(5
.9
5
)

8
2
.0
0
;

8
3
.0
0

3
.6
6 (1
.8
6
);

3
.5
7

(1
.7
6
);

3
.7
7

(2
.0
1
)6

Se
lf
-r
ep

o
rt
ed

m
em

o
ry

co
m
p
la
in
ts

G
o
al M
an

ag
em

en
t

Tr
ai
n
in
g,
6
w

C
o
n
tr
o
lG

ro
u
p

x
x

(C
o
n
ti
n
u
es
)



16 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

W
ah

jo
ep

r-

am
o
n
o

et
al
.,

2
0
1
6

4
4
;2
2
;

cr
o
ss

ov
er

n
.a
.

O
n
ly m
al
e

p
ar
-

ti
ci
-

p
an

ts

n
.a
.

Se
lf
-r
ep

o
rt
ed

m
em

o
ry

co
m
p
la
in
ts

Te
st
o
st
er
o
n
e

Tr
ea
tm

en
t,

2
4
w
ee
ks

P
la
ce
b
o
G
ro
u
p

x
x

x

W
at
so
n

et
al
.,

2
0
1
9

4
1
;2
5
;

1
6

6
0
.8
8
(5
.7
9
);

5
9
.5
6

(5
.6
9
)

5
6
.0
0
;

6
9
.0
0

n
.a
.

Se
lf
-r
ep

o
rt
ed

m
em

o
ry

co
m
p
la
in
ts

Li
ra
gl
u
ti
d
e

tr
ea
tm

en
t,

1
2
w
ee
ks

P
la
ce
b
o
G
ro
u
p

x
x

W
ir
th

et
al
.,

2
0
1
8
5

2
8
;1
4
;

1
4

6
9
.9
0
(5
.3
3
);

7
0
.4
(5
.2
);

6
9
.4
(5
.6
)

6
4
.2
8
;

6
4
.2
8
;

6
4
.2
8
;1
5
.6
5

(2
.8
5
);

1
6
.0

(3
.7
0
);

1
5
.3

(1
.7
0
)

P
re
se
n
ce

o
f

su
b
je
ct
iv
e

co
gn

it
iv
e

co
m
p
la
in
ts

fo
r
at

le
as
t
6

m
o
n
th
s
an

d

se
lf
-r
ep

o
rt
ed

as
so
ci
at
ed

co
n
ce
rn
s

(w
o
rr
ie
s)

Sp
er
m
id
in
e

Tr
ea
tm

en
t

P
la
ce
b
o
G
ro
u
p

x

Yo
u
n
et

al
.,

2
0
1
9

2
0
1
;

1
1
2
;

8
9

6
9
.5
7
(4
.8
9
);

6
9
.9
3

(5
.1
0
);

6
9
.1
1

(4
.6
0
)

5
7
.1
4
;

6
7
.4
2

1
0
.1
0

(3
.7
2
);

1
0
.0
1

(3
.8
9
);

1
0
.0
9

(3
.5
2
)

T
h
e
d
ia
gn

o
si
s
o
f

SM
C
to
o
k

p
la
ce

th
ro
u
gh

a q
u
es
ti
o
n
n
ai
re

va
lid

at
ed

fo
r

th
e
K
o
re
an

p
o
p
u
la
ti
o
n

co
n
si
st
in
g
o
f

1
4
it
em

s
w
it
h

d
ic
h
o
to
m
o
u
s

“y
es
”
o
r
“n
o
”

an
sw

er
s
an

d
a

cu
t-
o
ff
va
lu
e

o
f>

5

M
u
lt
i-
st
ra
te
gi
c

m
em

o
ry

tr
ai
n
in
g
o
f1

0

w
ee
kl
y

9
0
-m

in
u
te
s

se
ss
io
n
s,

C
o
n
tr
o
lG

ro
u
p

x
x

x

(C
o
n
ti
n
u
es
)



ROHEGER ET AL. 17 of 25

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

Yo
u
n
et

al
.,

2
0
1
1

3
2
;1
6
;

1
6

6
8
.8
8
(4
.0
0
);

6
8
.7
5

(4
.6
0
);

6
9
.0
0

(3
.4
5
)

6
2
.5
0
;

5
6
.2
5

9
.8
8 (2
.8
2
);

1
0
.1
9

(3
.1
9
);

0
9
.5
6

(2
.4
5
)

Su
b
je
ct
iv
e

m
em

o
ry

co
m
p
la
in
ts

M
u
lt
i-
st
ra
te
gi
c

m
em

o
ry

tr
ai
n
in
g
o
f1

0

w
ee
kl
y

9
0
-m

in

se
ss
io
n
s

C
o
n
tr
o
lG

ro
u
p

x
x

x

Z
h
u
et

al
.,

2
0
1
6

9
8
;4
7
;

5
1

6
6
.5
7

(1
0
.5
1
);

6
9
.6
8

(9
.5
2
);

6
4
.0
3

(1
0
.7
3
)

6
8
.4
0
;

7
0
.2
0
;

6
6
.7
0

n
.a
.

Su
b
je
ct
iv
e

hy
p
o
m
n
e-

si
s/
fo
rg
et
fu
ln
es
s/
m
em

o
ry

lo
ss
(S
M
L)

an
d

su
b
je
ct
iv
e

at
te
n
-

ti
o
n
/c
o
n
ce
n
tr
at
io
n

d
ef
ic
it
s
(S
A
D
),

w
er
e

sc
re
en

ed

u
si
n
g
a
se
lf
-

ad
m
in
is
te
re
d

5
-p
o
in
t
sc
al
e

(1
=
n
o

sy
m
p
to
m
s
o
r

o
cc
as
io
n
al

sl
ig
h
t

sy
m
p
to
m
s

co
m
p
la
in
ts
;2

=
sl
ig
h
t/
m
ild

sy
m
p
to
m

co
m
p
la
in
ts
;3

=
m
o
d
er
at
e

se
ve
re

sy
m
p
to
m

co
m
p
la
in
ts
;4

=
se
ve
re

sy
m
p
to
m

co
m
p
la
in
ts
;5

=
ve
ry

se
ve
re

sy
m
p
to
m

co
m
p
la
in
ts
)

B
ra
in
P
o
w
er

A
d
va
n
ce
d

C
ap
su
le

Tr
ea
tm

en
t

P
la
ce
b
o
G
ro
u
p

x
x

(C
o
n
ti
n
u
es
)



18 of 25 ROHEGER ET AL.

T
A
B
L
E
1

(C
o
n
ti
n
u
ed

)

St
u
d
y

P
ar
ti
ci
p
an
ts

O
u
tc
o
m
es

n
1

A
ge

(M
,S
D
)

Se
x

fe
m
al
e

(i
n
%
)

E
d
u
ca
ti
o
n

(i
n
ye
ar
s)

SC
D
d
ef
in
it
io
n

I1
1
2

1
3

I4

G
lo
b
al

co
gn
it
io
n

M
em

o
ry

Q
o
L

A
d
ve
rs
e

ev
en

ts
O
th
er
s

F
U

Z
u
n
ig
a
et

al
.,

2
0
1
6

1
7
9

n
.a
.

n
.a
.

n
.a
.

Se
lf
-p
er
ce
iv
ed

m
em

o
ry

co
m
p
la
in
ts

W
al
ki
n
g
G
ro
u
p
,

1
2
m

F
le
xi
b
lit
y,

To
n
in
g,
an

d

B
al
an

ce

x
x

x

A
b
b
re
vi
at
io
n
s:
A
D
,A

lz
h
ei
m
er
’s
d
is
ea
se
;A

D
8
,A

sc
er
ta
in
m
en

t
o
f
D
em

en
ti
a
8
;A

D
R
D
A
,A

lz
h
ei
m
er
’s
D
is
ea
se

an
d
R
el
at
ed

D
is
o
rd
er
s
A
ss
o
ci
at
io
n
;B

A
I,
B
ec
k’
s
A
n
xi
et
y
In
ve
n
to
ry
;B

D
I,
B
ec
k’
s
D
ep

re
ss
io
n
In
ve
n
to
ry
;

C
D
R
,C
lin

ic
al
D
em

en
ti
a
R
at
in
g;
C
D
R
S,
C
h
in
es
e
D
em

en
ti
a
R
at
in
g
Sc
al
e;
C
E
R
A
D
,C
o
n
so
rt
iu
m
to

E
st
ab

lis
h
a
R
eg
is
tr
y
fo
r
A
lz
h
ei
m
er
’s
D
is
ea
se
;C

G
D
S-
SF
,s
h
o
rt
fo
rm

C
h
in
es
e
G
er
ia
tr
ic
D
ep

re
ss
io
n
Sc
al
e;
C
M
SS
,C
h
in
es
e

M
em

o
ry

Sy
m
p
to
m
s
Sc
al
e;
C
V
LT
,C

al
if
o
rn
ia
V
er
b
al
Le
ar
n
in
g
Te
st
;d
,d
ay
s;
D
H
A
,d
o
co
sa
h
ex
ae
n
o
ic
ac
id
;E
M
C
,E
ve
ry
d
ay

M
em

o
ry

C
h
ec
kl
is
t;
E
M
Q
,E
ve
ry
d
ay

M
em

o
ry

Q
u
es
ti
o
n
n
ai
re
;E
PA

,e
ic
o
sa
p
en

ta
en

o
ic
ac
id
;G

D
S,

G
lo
b
al
D
et
er
io
ra
ti
o
n
Sc
al
e;
H
D
S-
R
,H

ie
ra
rc
h
ic
D
em

en
ti
a
Sc
al
e
R
ev
is
ed

;I
,i
n
te
rv
en

ti
o
n
;I
A
D
L,
In
st
ru
m
en

ta
lA

ct
iv
it
ie
s
o
f
D
ai
ly
Li
vi
n
g;
m
,m

o
n
th
;M

D
D
,m

aj
o
r
d
ep

re
ss
iv
e
d
is
o
rd
er
;M

D
R
S,
M
at
ti
s
D
em

en
ti
a
R
at
in
g

Sc
al
e;
M
C
I,
m
ild

co
gn

it
iv
e
im

p
ai
rm

en
t;
M
E
C
,M

in
i-
E
xa
m
en

C
o
gn

o
sc
it
iv
o
(S
p
an

is
h
ve
rs
io
n
o
ft
h
e
M
in
i-
M
en

ta
lS
ta
te

E
xa
m
in
at
io
n
);
M
M
SE

,M
in
i-
M
en

ta
lS
ta
te

E
xa
m
in
at
io
n
;M

o
C
A
,M

o
n
tr
ea
lC

o
gn

it
iv
e
A
ss
es
sm

en
t;

P
R
M
Q
,p
ro
sp
ec
ti
ve

an
d
re
tr
o
sp
ec
ti
ve

m
em

o
ry

q
u
es
ti
o
n
n
ai
re
;Q

o
L,
q
u
al
it
y
o
fl
if
e;
rT
M
S,
re
p
et
it
iv
e
tr
an

sc
ra
n
ia
lm

ag
n
et
ic
st
im

u
la
ti
o
n
;S
C
D
,s
u
b
je
ct
iv
e
co
gn

it
iv
e
d
ec
lin

e;
SM

D
,s
ta
n
d
ar
d
iz
ed

m
ea
n
d
if
fe
re
n
ce
;T
IC
S-
M
,

m
o
d
if
ie
d
Te
le
p
h
o
n
e
In
te
rv
ie
w
fo
r
C
o
gn

it
iv
e
St
at
u
s;
w
,w

ee
k

1
n
to
ta
li
n
st
u
d
y,
n
fo
r
I1
,n

fo
r
I2

an
d
so

o
n
.

2
In
cl
u
si
o
n
cr
it
er
ia
co
n
ta
in
ed

M
C
I,
b
u
t
th
e
re
su
lt
s
o
n
ly
re
p
o
rt
su
b
je
ct
s
w
it
h
SC

D
.

3
P
ro
b
ab

ly
th
e
sa
m
e
sa
m
p
le
.

4
B
as
ed

o
n
th
e
in
fo
rm

at
io
n
p
ro
vi
d
ed

it
re
m
ai
n
ed

u
n
cl
ea
r
w
h
ic
h
te
st
w
as

u
se
d
(M

em
o
ry

Fu
n
ct
io
n
Q
u
es
ti
o
n
n
ai
re

o
r
Su

b
je
ct
iv
e
M
em

o
ry

Q
u
es
ti
o
n
n
ai
re
)

5
P
ro
b
ab

ly
th
e
sa
m
e
sa
m
p
le
as

Sc
hw

ar
z
et

al
.

6
E
d
u
ca
ti
o
n
w
as

m
ea
su
re
d
w
it
h
a
sc
al
e
ra
th
er

th
an

in
ye
ar
s
o
fe
d
u
ca
ti
o
n
.

7
P
ro
b
ab

ly
th
e
sa
m
e
sa
m
p
le



ROHEGER ET AL. 19 of 25

F IGURE 2 Network of analyzed comparisons for the outcome
memory. Each circle corresponds to a regimen included in the analysis.
Each line represents direct comparisons between these regimens,
with the thickness of the line corresponding to the number of available
direct within-trial comparisons. Regimens are described in the
supporting information. Blue shaded regions correspond to studies
withmultiple comparisons

programs (standardized mean difference [SMD]: 2.64, 95% CI: 1.17 to

4.10), physical training (SMD: 2.71, 95% CI: 0.03 to 5.38), and cogni-

tive training (SMD: 1.24, 95% CI: 0.27 to 2.21) were significantly supe-

rior to the control group. P-score ranking displays education programs

as the optimal treatment regarding improvement of memory, followed

by physical training and cognitive training. The P-scores measure the

degree of certainty that one treatment is better than another treat-

ment, averaged over all competing treatments.31,32

Regarding heterogeneity, Iš was 51% in the analysis, with 95% CI

ranging from 0% to 82%, indicating a moderate heterogeneity,16 Tauš

was 0.70, 95% CI from 0.0 to 37.56. Figure S1 in the supporting infor-

mation shows the assessment of inconsistencies between direct and

indirect comparisons.

To assess publication bias, a comparison-adjusted funnel plot was

conducted,33 demonstratingnoasymmetry in thepresent data (Egger’s

test P= .31; see also funnel plot, Figure 4).

3.4 Secondary outcome: global cognition

We included n = 5 studies in the analysis,19,21,23,28,34 with seven

pairwise comparisons of n = 4 treatments (cognitive training, educa-

tion program, physical training, control group). The network graph is

depicted in Figure S2 in the supporting information. As theNMA in Fig-

ure 5 shows, cognitive training (SMD: 1.32, 95% CI: –4.11 to 6.76) was

superior to the control group, even though not significantly. P-score

ranking displays cognitive training as the optimal treatment regarding

improvement in global cognition, followed by the control group. Edu-

cation programs (SMD: –10.85, 95% CI: –18.42 to –3.28) and physical

trainings (SMD: –12.14, 95% CI: –23.79 to –0.49) perform worse than

the control group.

Heterogeneity was considerable with Iš = 77% (95% CI: 25% to

93%) and Tauš = 52.87 (95% CI: 0.00 to 455.39). Figure S3 in the sup-

porting information shows the assessment of inconsistencies between

direct and indirect comparisons.

3.5 Secondary outcomes: quality of life and
adverse events

No overall statement was possible for both outcomes due to the fact

that the data were too heterogeneous and measurements took place

at different assessment time points.

3.6 Risk of bias in included studies

Risk of bias assessment of the included studies is illustrated in Table 2.

The overall risk of bias in the included studies is rated as low risk in

n = 2 studies and high risk in n = 12 studies, leaving n = 42 studies

with a medium overall risk of bias. Most studies showed a medium or

high risk of bias in the domain “Risk of bias in selection of the reported

results,” as they did not include a preregistration or clinical trial regis-

tration number.

3.7 Sensitivity analyses

Sensitivity analyses including all studies with sufficient data regard-

less of whether the study provided an adequate SCD definition were

conducted for all outcomes (Figures S4-S9 in the supporting informa-

tion). This analysis also included pharmacological and other interven-

tions that could not be included in the primary analysis.

Regarding memory, n = 21 studies were included with 41 pairwise

comparisons of n= 15 treatments. Education programswere still rated

as the most effective treatment program (SMD: 2.57, 95% CI: 1.50 to

3.65), followed by testosterone treatment (SMD: 2.45, 95% CI: –0.33

to 5.24; even though results of this study have to be interpreted care-

fully as onlymale participantswere included and the study had a cross-

over design) and repetitive transcranial magnetic stimulation (SMD:

2.23, 95% CI: –0.26 to 4.72). Liraglutide treatment (a medication that

was originally used to treat diabetes and obesity; SMD: –1.22, 95% CI:

–4.18 to 1.75) and mind–body interventions (SMD: –6.71, 95% CI: –

17.06 to 3.65) were less effective than the control group.

The ranking of treatments for global cognition was largely consis-

tent with themain analyses. Cognitive stimulation (SMD: 2.31, 95%CI:

–0.89 to 5.52), testosterone treatment (SMD: 1.30, 95% CI : –2.10 to

4.70), and cognitive training plus polyunsaturated fatty acid treatment

(SMD: 1.29, 95%CI : –1.74 to 4.33) were themost effective; education

programs (SMD: –3.63, 95% CI : –5.98 to –1.28) and physical training

(SMD: –4.29, 95% CI: –8.3 to –1.49) were less effective than the con-

trol group.

In the network analysis investigating quality of life, n = 5 studies

were included, includingn=5 treatments (cognitive training, education

program, physical training, active control group, control group) in seven

pairwise comparisons. The active control group was ranked as most
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F IGURE 3 Networkmeta-analysis for the outcomememory. A, Network analysis of the pooled data of five treatments compared to each other
and the control group reportingmemory. Treatments were ranked through P-scores. The education program (standardizedmean difference
[SMD]: 2.64, 95% confidence interval [CI]: 1.17 to 4.10), physical training (SMD: 2.71, 95%CI : 0.03 to 5.38), and cognitive training (SMD: 1.24, 95%
CI : 0.27 to 2.21) were significantly superior to the control group. B, Meta-analysis of direct comparisons for memory. C,Meta-analysis of indirect
comparisons formemory. seRE, standard error of regression estimate; seTE, standard error of treatment estimate; TE, estimate of treatment effect
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F IGURE 4 Funnel plot for studies comparing interventions onmemory. A comparison-adjusted funnel plot for the different treatment
comparisons for the outcomememory. Egger’s regression test for funnel plot asymmetry was not significant (P= 0.31)

F IGURE 5 Network analyses of the secondary outcome global cognition. A, Network analysis of the pooled data of four treatments compared
to each other and the control group reporting global cognition. Treatments were ranked through P-scores. B, Meta-analysis of direct and indirect
comparisons for global cognition. CI, confidence interval; seTE, standard error of treatment assessment; SMD, standardizedmean difference; TE,
estimate of treatment effect

successful in improving quality of life in participants with SCD (SMD:

3.62, 95%CI : –2.72 to 9.96), followed by cognitive training (SMD: 2.01,

95% CI : –1.93 to 5.95) and physical training (SMD: 0.76, 95% CI: –

5.08 to 6.60). Education programs were ranked as less effective than

the control group (SMD: 0.00, 95%CI: –3.31 to 3.32).

We performed an additional sensitivity analysis including only stud-

ies with low and medium risk of bias and an adequate SCD definition.

Only n = 2 studies had to be excluded from the analyses due to low-

rated study quality;23,34 results are displayed in Figure S10A-C in the

supporting information.
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TABLE 2 Risk of bias assessment for included studies

Domain 1:

RoB arising

from the ran-

domization

process

Domain 2: RoB

due to deviations

from the

intended

interventions

Domain 3:

Missing

outcome data

Domain 4:

RoB in

measurement

of the

outcome

Domain 5:

RoB in

selection of

the reported

results

Overall

RoB

Andrewes et al. (1996)

Ban et al. (2018)

Barnes et al. (2013)

Beck et al., (2016)

Ben-Itzah et al., (2008)

Boa Sorte Silva, Gill, Owen et al.,

(2018)

Boa Sorte Silva, Gill, Gregory

et al., (2018)

Brautigam et al. (1998)

Chan et al., (2017)

Cheng et al. (2018)

Cinar & Sahiner, (2020)

Cohen-Mansfield et al., (2015)

Epperson et al., (2011)

Frankenmolen et al., (2018)

Fukoda et al., (2020)

Heath et al., (2016)

Hong et al., (2020)

Hoogenhout et al., (2012)

Hooper et al., (2017)

Hsieh et al., (2019)

Innes et al., (2018)

Innes et al., (2016)

Jeon et al., (2016)

Kita et al., (2018)

Kwok et al., (2012)

Kwon et al., (2015)

Latorre Postigo et al., (2013)

Lautenschlager et al., (2008)

Macpherson et al., (2012)

Manenti et al., (2017)

McEwen et al., (2018)

McNamara et al., (2018)

Middleton et al., (2018)

Oh et al., (2018)

Pereira-Morales et al., (2018)

Pike et al., (2018)

Schwarz et al., (2018)

Scogin et al., (1985)

Small et al., (2006)

Smart et al., (2016)

(Continues)
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TABLE 2 (Continued)

Domain 1:

RoB arising

from the ran-

domization

process

Domain 2: RoB

due to deviations

from the

intended

interventions

Domain 3:

Missing

outcome data

Domain 4:

RoB in

measurement

of the

outcome

Domain 5:

RoB in

selection of

the reported

results

Overall

RoB

Solé-Padullés et al., (2006)

Stoynova et al., (2019)

Tabue-Teguo et al., (2018)

Tsai et al., (2008)

Valentijn et al., (2005)

VanHooren et al., (2007)

Wahjoepramono et al., (2016)

Watson et al., (2019)

Wirth et al., (2018)

Youn et al., (2011)

Youn et al., (2019)

Zhu et al., (2016)

Zuniga et al., (2016)

Note. Red color indicates a high risk of bias, yellow color indicates a medium risk of bias, green color indicates a low risk of bias, assessed with the Revised

Cochrane risk-of-bias tool for randomized trials (RoB 2).

Abbreviations: RoB, Risk of Bias.

4 DISCUSSION

To the best of our knowledge, this is the first NMA that investigated

the effectiveness of pharmacological and non-pharmacological inter-

ventions for SCD while using the most recent reporting standards in

the field. We identified 56 eligible studies that had included 4692 par-

ticipants. A total of 16 different interventions were investigated in

these studies. N = 17 studies that had used proper SCD criteria were

included in the network meta-analyses. Overall risk of bias in these

studies was medium to high, indicating overall low quality of evidence

in this field. With regard to our primary outcome measure, education

programs, physical interventions and cognitive trainingswere themost

effective interventions for improving memory performance in SCD.

Cognitive training was most effective in improving global cognition,

followed by education programs. Due to a high heterogeneity in the

included studies and a lack of sufficient data, effects on quality of life

and adverse events could not be assessed. Results of the sensitivity

analyses that included all studies regardless of their SCD definition

were largely consistent with the primary analysis and revealed addi-

tional information on the potential effectiveness of pharmacological

and other interventions that could not be included in the main analysis

due to a lack of proper SCDdefinition. Specifically, education programs

were still ranked as most effective for improving memory in SCD, fol-

lowed by testosterone treatment and repetitive transcranial magnetic

stimulation. Liraglutide treatment and mind–body interventions were

less effective than passive control groups.

Regarding our primary outcome (memory), education programs

were identified as the most effective intervention for people with

SCD in both our main and sensitivity analyses. Importantly, these

programs provided the participants with information about differ-

ent healthy lifestyle strategies associated with lowering the risk of

dementia (e.g., dietary modification, relaxation techniques), but also

mnemonic strategies.19,21–23,27 The current study was not designed

to identify the specific active components underlying the superior

effectiveness of these education programs. Tentatively, however, it is

conceivable that making available several potential interventions to

the participants and providing additional information and guidelines

may have increased self-efficacy and motivation to address the self-

perceived cognitive impairment.27

Physical interventions were ranked as the second most effective

treatment to improve memory performance in SCD. This finding is

in line with evidence from epidemiological, cross-sectional, and neu-

roimaging studies showing that moderate-intensity physical exercise

can be beneficial to cognitive health, including memory, even though

evidence from RCTs is still mixed.35 Exercise-induced molecular cas-

cades, which affect neural plasticity, may play an import role in explain-

ing the effects of physical interventions on cognition and especially

memory by promoting brain vascularization, hippocampal neurogene-

sis, and other neuro-functional changes.36,37 These beneficial physio-

logical effects on brain function are likely responsible for the observed

improvement of memory function in SCD, which are in line with those

reported previously in other populations.

Cognitive training was ranked as the third most effective inter-

vention for improving memory functions in SCD and also most effec-

tive for improving global cognition. The latter result is largely con-

sistent with previous meta-analytic studies on non-pharmacological
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interventions for SCD. For example, Smart et al.4 demonstrated that

such interventions improved cognitive outcomes with a small effect

size and those weremore pronounced compared to other intervention

types. However, because cognitive training usually targets specific cog-

nitive domains and transfer effects are often limited to closely related

tasks,38,39 effects are likely stronger for measures of global cognition

compared tomemory.

Of all the reviewed studies that were initially considered eligible in

the systematic review, the majority (37 of 54) had to be excluded from

theNMAdue to the lack a proper SCDdefinition, a problem that earlier

reviews had also discussed,4 resulting in a total of n = 17 studies that

were included in the present NMA.

Definitions in these studies ranged from asking a single question

(e.g., “Do you have the feeling that your memory gets worse?”) to only

assuming that participants haveSCD (e.g., advertising a study for adults

with SCD but never asking if they feel that their memory gets worse).

It is important to acknowledge that many of the included studies were

published before SCDwas formally defined in the literature9 and until

today, variations of these criteria have been used.40 Clear definitions

and diagnostic criteria are of utmost importance to ensure compara-

bility among studies. In the present review and NMA, we therefore

decided to only include studies that adhered to the currently most

widely used definition of SCD. Nonetheless, it is important to note that

the results of the sensitivity analysis that included all studies were

largely consistent with those reported in the main analysis. Hetero-

geneity assessment for our primary outcome memory shows moder-

ate heterogeneity, which is expected when comparing different inter-

ventions in a NMA. The outcome global cognition, however, showed

substantial heterogeneity (Iš = 77%). Yet, results of our sensitivity

analyses that included only studies with low or medium risk of bias

decreased this heterogeneity,without affecting the effectiveness rank-

ings of the interventions. For further details on the sensitivity analyses

and results, please see Appendix A and Figure S10 in the supporting

information.

Unsurprisingly, interventions that have been shown to be effective

for improving memory and cognition in MCI and AD (e.g., cognitive

or physical training) are also effective for individuals with SCD. How-

ever, our results also demonstrate for the first time that education

programs, which are often used as a control rather than experimen-

tal group, are overall most effective in individuals with SCD. There-

fore, future research into these programs is warranted to identify the

key elements by which these programs improve memory and cognitive

functions in this particular population.

The present systematic review and NMA also identified several

important shortcomings in this field: Data on patient-related outcomes

like quality of life, depression, anxiety, and adverse events were often

not assessed and/or reported. This is rather surprising because these

outcomes are highly relevant in a population that has no objective cog-

nitive impairment but suffers from insecurity and the fear of cognitive

decline. Future research should include these participant-related out-

comes to assess if specific interventions are suited to improve quality

of life and psychological well-being in individuals with SCD. Moreover,

overall risk of bias judgment of the investigated studieswas rather poor

and most of the studies were rated as moderate and high risk of bias.

In most instances, this was because studies were not pre-registered

and/or pre-registration was not clearly stated in the paper. To increase

transparency and to reduce the possibility of publication bias, pre-

registration of studies is strongly encouraged for future studies.

This is the first systematic review and NMA investigating all possi-

ble pharmacological and non-pharmacological interventions for SCD.

Identifying suitable intervention options is of utmost importance

because these interventions may not only improve participants’ mem-

ory and global cognition, but also help in improving quality of life and

overall well-being. It is highlighted that more research on the effective

elements of education programs, which were ranked as most effective

for improvingmemory inourNMA, is required.Our analysis also identi-

fies a number of limitations in current SCD intervention research that

need to be addressed in the future, including use of proper SCD def-

initions, improvement of trial quality, and inclusion of patient-related

outcomes.

5 CONCLUSIONS

SCD may provide a unique window for early interventions aimed

at preventing cognitive decline before pathological impairment may

manifest or even to prevent progression to dementia. The current

review and NMA shows that education programs, physical interven-

tions, and cognitive trainingweremost effective for improvingmemory

in participants with SCD and that cognitive training was most effec-

tive in improving global cognition. We also identified a lack of stud-

ies that investigated quality of life and adverse events, even though

such participant-related outcomes are of utmost importance in indi-

viduals with subjectively perceived cognitive impairment. These out-

comes need to receive more attention in future research. Frequently,

current research did not use proper SCD definitions and several short-

comings were identified, including lack of study pre-registration and

lowmethodological transparency.

In sum, our findings suggest that education programs as part of pre-

ventive care in SCD have potential to empower individuals to take

proactive steps in support of their own cognitive and emotional well-

being, which in turn may decrease future burdens on healthcare sys-

tems. Important shortcomings in SCD intervention researchwere iden-

tified that need to be addressed in future studies.
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