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Abstract

Background: Subjective cognitive decline (SCD) is considered a risk factor for
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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 and adverse events could not be included due 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
network meta-analysis, non-pharmacological interventions, pharmacological interventions, sub-
jective cognitive decline, systematic review

1 | INTRODUCTION

cognitive impairment (MCI) due to AD, and a 6.5-fold increased risk
for AD.% Individuals with SCD are also more likely to present with AD

Subjective cognitive decline (SCD) is defined as perceived cognitive
decline in the absence of objective cognitive impairment.? Recently,
substantial interest in SCD has emerged, reflecting its recognition as a
potential early manifestation of Alzheimer’s disease (AD).2 SCD is asso-
ciated with a 4.5-fold risk increase for subsequent diagnosis of mild

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 people with SCD.* 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.®

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 can be achieved by a network meta-
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.® 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,
and adverse events using network meta-analyses; and (4) generate clin-
ically meaningful recommendation rankings for treatment decisions 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 Systematic Reviews and Meta-Analyses (PRISMA) guideline.”
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.

21 | 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.® 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 IN CONTEXT

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: SCD may 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 reporting methods.

Highlights

* We conducted the first network meta-analysis investigat-
ing effectiveness of interventions for subjective cognitive
decline (SCD).

* Overall,education programs were identified as most effec-
tive for improving memory 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, cases were discussed until consensus was reached.
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Records identified through database Additional records identified
searching through other sources
(n=9,298) n=9)
Records after duplicates removed
(n="1,886)
Records screened Records excluded
(n=17,886) > (n=17,701)
Full-text articles excluded
(n=131)
Full-fest: arficles assessed Reasons for Exclusion:
fo(rnelzlgllglsl;ty " »n =74 no full-text available
(abstracts, trial registrations)
¢ n =29 duplicate
Studies included in
systematic review n =3 wrong language
n=154)
n = 12 wrong intervention
v n =5 no control group
Studies included in
network meta-analysis n =6 wrong outcome
(n=17)
FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-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.? During the initial search, we also included
studies in which SCD was 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 patients with MCl or dementia or patients with 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,° one of the first domains subjec-
tively affected in people with SCD,* and the core deficit in MCl and AD.
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.!?

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).!2 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 condition®). Network meta-analyses
rely on the same assumptions underlying pairwise meta-analysis, that
is, the included studies are sufficiently homogenous in terms of the con-
dition being studied, the included participants, and the definition of
active and control interventions.'® 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 to which treatments were 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 (Cl) is
provided. We graphically present the results using forest plots, with
either control group or placebo group as 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.!! We used the
R package netmeta 1.0-14 for statistical analyses. To evaluate the pres-
ence of statistical heterogeneity and inconsistency within the resulting
networks, we used the generalized heterogeneity Q total and the gen-
eralized I3 statistic.1> We interpreted 15 values as follows:1¢ 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 and medium 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.l” 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 SCD were 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,8-28 leading to 17 pairwise 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.2?:3% As the NMA in Figure 3 shows, education



Dementia

Translational Research

Alzheimer’s

50f25

ROHEGERET AL.

(7 Clinical Interventions

(sanunuod)

wy

(uonexelau
ujw
0T ‘Y18uans
ulw ot
‘3uiuoy pue
Suiyolaais
ujw
0¢ ‘dn-wuem
ulw
0T) |043u0d
EHBIENC]
+ (suonsanb
O
+524n309|
|euoizeanpa)
10J43u0d

X AJAOe [BjusW

(uonexejau

sajnuiw

0T ‘Y18uans

saInuIW QT

‘8ujuoy pue

3uiydlans

ulw

0¢g ‘dn-wuem

ulw

0T) |043u0d

951249%9

+ (Sysex

AJsoyipne

S¥oaM 9

‘s)|se3 |ensin

S¥99M 9)

S¥9aMm ZT 4oy

Noam/sAep

€ ‘p/uiw 09
‘AJIA130€ [BJUDSW

(8uiyozauas
sanuiw
G ‘Bujuleny
y18uanls QT
‘UMOp-|00D
G ‘2lqoJae
0¢g ‘dn-wuem
OT)S¥eamgT
Jojm/sAep
€ ‘p/uiw
09 ‘@s104axd
+ (suonsanb
OIN
+524n309|
|euoizeanpa)
10J43u0d
AjAnoe [BjUBW

poylaw Aiols

dAljeLIBU

190]

JO poyisw

“Oluowsuw
19139] 35414

(uiyoraus
sajnuIw
G ‘Bujuiesy
Y33uaus
ulw ot
‘UMOPp-|00d
ulw g
‘21qoJae uiw
0¢ ‘dn-waem
ulw
0T) XMzt
J10)m/sAep
€ ‘pruw
09 ‘9s124axd
+ (syser
Asoypne
SIEEN
9 ‘syse}
|eNSIA S32aM
9)PMZT
J10)m/sAep
€ ‘p/uiw 09
‘ANIAIOE [BJUSW

Adowaw
9AI0adsoud
pue
aweu-adey

Joj senbiuyods)

(£LT>N-SDIL
Jo sisoudelp
ueisAyd
‘podau-j|9s)
elpuswap
:uoisn|oxa
‘uiejdwod
dAI}IUS0d

aAI3fgNS

E€CT<SYAN
‘sjuredwiod
Adowaw

aA13[gNS

€91 0SC9
‘891 ‘01'8S
‘96T '0L'L9
‘L91 '0S°T9
‘GE9T  '0LT9

‘e'u

0005

(T9)6€L
(L5)8¢eL
(SS9 TTL
‘e9) 8L

0£-09
usw
-}nJ2aJ
Jojadued

a8eeu

9¢

:3nodoup

|ejoL
‘ze
‘1€
‘1€ €10¢C

{009)Tv'eL ‘TE9CT “|elosauleg

9661
(014 “leye
‘0Z:0F  Semaupuy

solysiiadeleyd ojdwes pue Apnis T 319VL



(senunuo))

ROHEGERET AL.

ISEEI aanw
ISEEIN ZAISEEI ‘elpuswap
A EEIN epeg ‘p/uin :uoISN|OXa
ep g ‘p/ulw 09 dsldJoxa YT <3ISWN ,810C
099sidaxe  (pIN) Sululesy ‘8/81aviI “le19
(TW) Suiureny Jojow-puiw ‘Jutejduiod 8€l 06TL (VAR A% usmo
Aljepow 3 Ajljepow dAIHUS0D ‘€€l ‘0869 HWARYAY 9 ‘D ‘eAlls
wz X X X a(dnniN adiyni 9AI123[qNng 'SGET '98'0L (ZE€L)SYL9 €9:LTT d}log eog
(,SewIilawos,
yum
9Al4 10 ¢ ualyo
AJan,  uslo
J9y3ed, ypm
shep ¥9g paJamsue
‘uiuiow wayl
ayj urAjiep 9U0) DINYA
(03)uID) ‘sJ93oweled Yy T°LS
@T9L Alojeloqe| 0009 (9%)SLS [0} 910¢
X 0ga%e|d ERN0 74 |eWION 'Ul6E8Y  (LYY)ELL TETT9 “e1djdeg

Translational Research
(7 Clinical Interventions

(penunuod) T 374VL

60of 25



Alzheimer’s & Dementia

7 of 25

Translational Research

ROHEGERET AL.

(7 Clinical Interventions

(senunuo))

yoied
aulwnseAry
+ulw0ocT
1sea| je doy
pasn Ajiep
951249%9
aAIHuUS0d
pue |eaisAyd
anuIw
0¢-ST

XANAIE/QV

‘ulwooct

1se3| e 10}

pasn Ajtep

951249%9

yojed 9AI}1US0d
ulw81IseAry pue |eaisAyd

:dnoug ulw Q0g-ST
[oluod gy :XaINA3Ig/10S

eLIvLD
vaysav

-SADNIN

Aq papulyap

‘qv ‘uon

-ejsajiuew

aAI193[q0

mnoyyum

aulpap

dnou3 9AIHUS0d

[043U0 DS 2AR3IGNS DS

€8,
€911
LTET
LSTT

‘8011

(95°2)

YL

(8£1)

S8°0L
€€€s (6£°6)
{99 S99
11995 {¥6'0T)  0£:0e 0202
1£999 €89 ‘0¢ ‘Jauyes
‘€8'GS (8Y'6) 6669 0€:0CT 3 Jeurd

S)¥oam QT 404
NEETCERIIT
uoIssas/uiw

06

‘UOIJUDAIDIU|

Apog-puiin
uelfog

S399M QT 404 TTT <Sddd
399M e 92U0 ‘9T > |vg
‘uoisses/ulw 18 > 4S5-SdDD

06 ‘(800C ‘T <?leds

“le 39 49A0d]) swoldwAs

uoljuaAIdU| Adowaw
Atowdn asaulyd

0L6

€LCL
8LLL

‘0L'8'80°6 98'SL

(9169
(8'9)9'89

(ST°9) 6489

[(£102)

‘le3e

ueyp or

dn moj|o4]

123 810¢
‘81°6C  “le@URYD

S¥99M 1,7 J0J
Aep e sawi}
¢ (ogaoe|d
YHm pajnjip
TT)IWeT
0gade|d ‘}oeJIXd 08NUID

ui8lo

umou| Jo

$SO| Adlowaw

uoisnjox3

‘0¢>1ad

SH93M ¢ 104 ‘6T <3SN
Aep e sawy ‘sjuredwiod
clWGT 9AI}IUS0d
‘}oe4IXa 03NUID

9AI123[qng

‘e'u

¢eLS
‘86°09
WL'6S

YE'6S HLL1)56'89

(98°2)
£8'89
(8z'8)
09'89
(81°2)
S'69

STT

‘ST

04

no
-doig 8667
z8:¢C8 ‘e
LLTT  weSnneig

(penunuod) T 374VL



ROHEGERET AL.

Alzheimer’s & Dementia

Translational Research
(7 Clinical Interventions

8of 25

(senunuo))

SUOISSas

usamiaq

PEEI

ay3 unnp

Jlomawoy

‘saynuiw

06 € SU0ISsas

dnoJ3 usass

(0661) 1839

eljsueeH

-8ujuoy|

Jo j02030.d

(LSW)

3ujuiey

‘sysey A8aje11s

Atowaw pue Atowaw 3y}

uoljuane JO UOISI9A
we X X X ADVdO0D paydepy

1avi

‘uon
-eysajluew
9AI123[q0
noym
aulPap
aAIHusod

9AI323[qng

Ly 0099 (8'2) 089
SYi9y 00CE (€4)T99

‘@3adS| ‘ev'8y ‘(¥SL) LOL9

810C

“leje

6gusjowuuel
‘T€°09

S¥99M QT 404 $39aM QT
uonuaAIRUIl S¥9am QT JoJ 10y (Bulureny
paJajuad uojjowoud 9A131US02)
X S -juedidiied YiesH AAILDV

EC<ISNIN
aulpap
Atowdw

aA133[gNg

(£6°S)
1ces
(8L9)
‘0091 VL YL S10C
0SYT  ‘L98 (8L€) “ley
'STYT 009 08¢C.  v1:6T playsuein
T8YT  fL'TL M8TS)6VEL  STvb -usyod

(penuiuoD) T 3714VL



90of 25

Dementia

Translational Research

(7 Clinical Interventions

ROHEGERET AL.

(senunuo))

Mt X X 3s!| Buniepy

Jlomawoy
pue syoam
J9A0 SUOISSS
Jnoy-g'7
3o
Suipnpul
uoluaAIaUI
dnou3

|euoryeonp3

VC<ISWIN
aulpap
SAI}IUS0d
aAI33[gns

pajiodau-jos

(067)
00
(e0T)
1494
(r6'T)
L0V
:9|eds
juiod

RUEIE!

(8v'¥)
01'99
00T (eTy)
‘00T 0099

¢10c
9¢ “le3e

‘00T ‘(Z€¥)S099  ‘#T:0G InoyuasooH

IEEI
¢ 10)99m
ep g ‘p/uiw
09 9s1249xa
(ZIN) Buluteny
Ajljepow

IS EEIY
1 10)oam
EpE ‘p/uiw
09 9SI249%9
(PIN) Buuteay
Jojow-puiw
3 Ajijepous

aldiniy

ve<
SN 9<

1avi Voo

(82)
44"
)
ovl

(82)T¥T wL'WL

(1'8) €89
SL 99 LS9

1€ £L10C

§°2)0L9  'TE'C9 “leIdUyresH

(penunuod) T 379VL



ROHEGERET AL.

(senunuo))

SYEETY ‘0e8 (9)81S
ZT104p/3T T¥l /8  (EV)ETS 0§ 810¢
X X oqadeld  aphdad ASym 0C>4-SAH ‘SYT'€PT ‘9168 (9L V) ¥0TS  ‘8V'86 “le3e ey
(8002)
NEREFSEHEN]
3 (¥102)
‘e 39 uassar
‘(ot02) (ce1) (014
EENY ‘|e 39 uassar €709  ‘0£i(L
Zlp/awigy ‘(800¢) unaH LYT L9796 H9S°T) ‘no
‘uolellpaN pue gqedinpqy ‘LT9T ‘0006 €6'09  -doup) £z910¢C
we X Suiuajsi| oSN BALIY UBLIIY Ag aulaping ‘ev'ST  '6/°98 (TO'T) 8509 09 “lejasauu|

SH99M 9T J0y

>99M B 92IM}
‘Ajl|lepow
yoea Joj anoy
(OWS-uou) T ‘uoieypaw
uoljeindod  ‘uoljeulpiood (£2)5°L9
JuaIdYIp aAa-puey suolysanb 28 (eTv)
‘uonjuasaul ‘Buiuren avyadrv:e 911 TTL 099 610C
X X aules ssauly[edlsAyd >8AV:0=¥AD ‘90T TTT ‘T6L (¥'9)€89 LT'L¥T “le1dydlsH

Alzheimer’s & Dementia

Translational Research
(7 Clinical Interventions

100f 25

(penupuod) T 314VL



(sanunuo))

110f 25

£9SIOM
Suiye8 si
AJowsw JnoA
1| |994 NOA
0Q, 01,594,
‘sisouselp
ejuawap
UOIJUBAIRIUL ou ‘sanujw 8002
|ednolineysq 91043jem o} 9¢Ct 8'1S (58)£'89 “leye
w gt aJedjensn +Aunpe  9|qeT >ydAdd H A Y4 ((£'8) 989 Ggose|yosuaine
e F AN S X X X S pue uoiyesnp3 [e21sAyd YZASWIN ‘SECT '9'0G +(85'8)59'89 :G8:0LT

Alzheimer’ & Dementia

Translational Research
(7 Clinical Interventions

(LT1)
GZASNIN 90ov
‘50> ¥aos £17)
‘uawaredwi 9°/¢
Adowsw Jaysly 92 (z11)
Syoam g S)oam g uoJ aAIp3[gns 10 009 oA
JoJ p/3w 009 p/3W 00ZT Jo swojdwAs jooyos  :£'9g 9£11)  STl0E ST0T
X X 0qa2e|d 2JNIXIW [BGISH  34NIXIW [equaH T<Z=SAD UYSIy%00T  ‘SCS 9T'0F  ‘0£:GL “leIouomy

(penunuod) T 379VL

ROHEGERET AL.



ROHEGERET AL.

Alzheimer’s & Dementia

Translational Research
(7 Clinical Interventions

120f 25

(senunuo))

00s (6%) L9

S}99M {104 S}99M {104 1IAD LYT f0'S9 (£%)89
Ajlep Japmod  s399M {7 4o} Allep (vHa aA1jeuLIOU T9T  6°LS (6'€)089  0T0T 810¢
Auaq  Ajtep sspmod 3w g0 ‘vd3 Jogg < 06T TIY (T'S)069 6T “le3e
wo X X ogadeld  an|q+|loysi4 Auiegan|g8Gz SwW9T)(I0YSlH YIOW:0=¥AD ‘9ST'EST ‘6€S (S9Y) 96,9 LT:9/ eleweNdN

synpe
J9p|o Y3jesy
YW JO?9.402S ueaw
G'T ‘saynuiw an0ge S T
GT X91102 < 3402SDING
|ejuouyaud ‘9ouewoyiad
|edaie| Y| 9AIIUS0D
uolje|nwis pue Alowsw
Ju4Ind aAI33[qo ¥9'€9 (Lv)TeL £L10C
uoljenwils |eluesdsues) ylewou €01 ¥9€9  H1'L)6'SL 1T “le3e
po¢ X weys lepouy *LT<ISWN 9666 W9EY  (6Q)SVL  TTTT 1jusuel

(penunuod) T 379VL



130f 25

Translational Research
(7 Clinical Interventions

Alzheimer’ & Dementia

ROHEGERET AL.

(senunuo))

dnou9 josuo0)

dnoug |0J3u0) |eAld}ay padeds

syeam g
104329M/p G
‘p/uIw 0z-ST

‘(dde Suiuiesy

9AIHuUS0d
12430)

®suledg 34

Sujurel)

AJowdn

uo13e1d0SSYy

J13UBWAS

Soam g
J10)99M/p G
‘p/ulw 0Z-ST

(LYVINS)
Suiurel]
usw
-92J0julay
Atowaw pue
uide-nuy
ule.aq paseq

-auoydiews

alleu
-uol3sand

Asowsweld|n

a4}

Aq passasse
EIEIN
sjuiejdwod

AJowd|n

‘2J1euuoly
-sanY s2UID
JUSWISSSSY
AJowd|n
14odau-J|os
ay3 8uisn
paulwialap
sem

QNS JO [aA9T7

aJieuuolsanb
sjulejdwod
Alowsw
aA1323[qns ay}
Aq paJnseaw
aulpap
9AI}IUS0d

9AI123[qng

0095 (€8)8€L

(z9)

v6'6S

H(ox9)]

€95 8,85
9'CS (1°9)
‘005 8765

8Cs  (08)€6s

Le G861

‘0Z'Ly “|e39 uiBods

€5

dos 810¢C

‘0ST “le39 iid

9161 810¢
‘81 €S “le32yo

(penunuod) T 374VL



Alzheimer’s & Dementia

(senuuo))

sjulejdwod
dnou9 jos3u0) SINLA AJowdn

ROHEGERET AL.

(©4W)

adleu

-uonsand

Sujuoioung

AJowd|n

- m Aq paJnseaw

m m sjure|dwod

m m Alowsw

9 pajejal-ade

.m ..||n., weJSoud pliw

mm x dnou9 [043u0D 3JAIS34TYIESH  PeY S3IR[gNs ||y

20
Ed

14 of 25

900T

(82°L) “le3e

¥8'€S 89'89 61 s9|Inped
'U 199'99 (E€F'6) G699 ‘0T :6E -9]0S

(0v) (001)
04T  0Z9 0es 900Z

oe)osr  ‘0€9 (0CTTOVS 68T “leIR|RwS

(penuiuod) T 374VL



Alzheimer’ & Dementia

(sanunuod)

150f 25

M9 ‘Sututed|
Juawaseue|n
1eoo

dnou josu0)

Translational Research
(7 Clinical Interventions

uonenwuis
aAI3IUS0)

Suiurel]
aA1I3IuS0)

shep
uolssas-jsod
e ‘(syoam
7 JoJ>jeam
Jad 2a.y3)
SUOISSas
Sujulen z1
‘uolssas-aid
‘uonze|nwiys
ua.und
P3d1p
|elueadsuel |

wg X dnouo j043u0)

ROHEGERET AL.

pajiodau-§os

6o(10°7)
L1°€ (56°S)
{9L°7) 1T€9
sjute|dwod VA (6€°S) £00T
Adowaw {98'T) 00¢€8 GET9 0g “leya

99'€ ‘0028 (C9'S)9LT9  ‘LE69 UDJOOH UueA

sjure|dwod 9€0/
Asowsw ‘T£'89 1T 800C
pajiodau-jas eu ‘eu Y69 TisT “le3a les]

610C
sjurejdwod “leja
Atowsy 'U ¥8€S (209) 9689 9C eAouAols

(panuiuo)d)

T319vl



ROHEGERET AL.

Alzheimer’s & Dementia

Translational Research
(7 Clinical Interventions

16 of 25

(sanunuo))

(sa1110M)
SUJ92U0d
pajeldosse
pajiodau-y|as
pue syjuow
9 15e9] 18 J0)
sjulejdwod
9AIHUS0d
uswiIeal ] 9A1323[gns
X dnouo ogade|d sulplwiads JO 92uasald

YoM 7 sjule|dwod
Quawiieal| Alowsw
X X X dnoug ogaoe|d 9U049350)59] pajiodau-jas

(o£1)
€GT
‘(0s€)
09T
(5872)
G9'ST

‘e'u

‘8TY9
‘8TY9

‘8T Y9

sjued
-l
-Jed
slew

Ajuo

(96) ¥'69

(9oL T s8T0C
(€€°6) 0669 T8  “[BIDYMIM

910¢
BEVY) “le31d
sso1d ouowe

‘''U gZpy -adoaolyepn

(penunuod) T 379VL



(senunuo))

17 of 25

ementia

Translational Research
(7 Clinical Interventions

Alzheimer

SUOISSaS (St'2)
uIw-06 9560 (s¥€)
Apeam (617€) 0069
0T Jo3ulutesy sjure|dwod 6107 (09v)
Atowsw Atowsw (z87T) ST9s SL'89 91 1102
dnoug [oa3uo)  d13a3ens-NA aA1303[qng 88'6 ‘0579 00)88'89 9T:TE  “leIUNOA

ROHEGERET AL.

(penunuod) T 319V




g
]
=

ROHEGERET AL.

Translational Research
(7 Clinical Interventions

18 of 25

o|dwes awes ay3 A|qeqo.d,

"UOIIEINPS JO SIBA Ul UBY} Jayjed 9]BDS B UM PJNSesul Sem uoljesnpy,

‘|e 32 zJemydS se a|dwies awes ay3} A|qeqo.d ¢

(2418UUOIISANYD AJOWS|A 3A13D3[NG 10 B1IBUUOIISINY UOIIDUNH AIOWS|A) PASN SEM 3S33 UDIYM JB3|2UN paulewsJ 31 papIAocd uoijewogul sy} uo pasegq,,

"3]dwes awes ay3 A|geqoid

"dDS YHM s303[gns 340dau AJUO S3NSa Y3 INq ‘| DIA PUIEIUOD BII}ID UOISN|DU|,

"UO OS pUB Z| J0J U “T| 40 U ‘ApN3s Ul [B3O} U1

)99M ‘M SNJBIS SAINUS0D) o) MaIAIRIU| duoyda|a] paljipow

‘IN-SDIL ‘92UJa}JIp Ueaw pazipJepuels ‘gIAS 2ulj2ap aAIuS02 9A1323[gNs ‘DS ‘uoije|nwils d13audew [elueldsuel) aAI11adal ‘SA 1 4 ‘a41] Jo Alljenb “JoD ‘aJieuuoiisanb Alowsw aAI329dso439. pue aAl3adsold ‘DINYJ
JUBWISSISSY SAIHUSOD) |BIJUOIA ‘YO ‘UOIJRUILIEXT 9IS [BIUIIN-IUIIN ‘TSIAIA £(UOITeUIWEXT 93BIS [BIUS|A-IUIA 9Y] JO UOISIDA ysiueds) 0A1319S0uS0D) uawex3-1ulj ‘DF|A Juswiedw] 9AIIUS0D pliw ‘|D|A 3]e2S
Suney enuawa( sieN ‘SYAIA 42pJosip aAIssaudap Jofew ‘QQIN Yauow ‘W BUIAIT Ajleq JO SSIHIAIIY [eIUSWNIISU| “JQYV| ‘UOIIUSAID]UI ‘| (pISIASY 9|BIS BllUSWS dIYdJelalH “Y-SAH ‘9|eds uoljelolialaq |eqo|o
‘S@O ‘p1oe d10uaLURdeS0IId ‘d T ‘ad1euuoi;sand) Alowa | AepAtand ‘DIAT IsIPPaYD Adowa|n AepAlanT ‘DIAT (pIoe dIouaexayesod0p ‘YHQA ‘SAep ‘p :1sa] Suluaea [eqJap elulojied ‘1A 9]eds swoldwAg AJowa|n|
959UIYD ‘SSIAID 9]BIS UOISSaIda 2143e1Ia9) 9saulyD) W0} 1I0Ys ‘4S-SgDD) 95e3s1Q S, Jowlsayz|y Jo) A13s1Say e ysi|qe1s3 01 wniposuo) ‘Qyy3D 9[eds Suijey elpuawiag asaulyd ‘SyaD :Suney elpuawiaq [e21u1]D Yad
‘Alojuanu| uoissaddaq s dag ‘|Qg ‘Adojuanu| AJaIxuy S 29g ‘g ‘UOIIRIDOSSY SI9pJosiq pale|ay pue aseasiq S Jawiayz|y ‘Yayay ‘g erusws Jo Juawiuleladsy ‘gay @seasip s swiayz|y ‘qy :suolielraiqqy

aoueleg sjule|dwod
pue ‘Suiuoj. wgT Adowaw 9102
X X X Angixs|4 ‘dnoa 3unjlep  paAladlad-419s ey eu eu 6/T “le1aediunz

(penupuod) T 314VL



ROHEGERET AL.

Translational Research 190f 25

Cognitive Training, Active Control Group

Control Group,
Physical Training

®
Education Program Mind-Body Intervention

FIGURE 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
with multiple comparisons

programs (standardized mean difference [SMD]: 2.64, 95% Cl: 1.17 to
4.10), physical training (SMD: 2.71, 95% Cl: 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.3132

Regarding heterogeneity, IS was 51% in the analysis, with 95% ClI
ranging from 0% to 82%, indicating a moderate heterogeneity,'® Taus
was 0.70, 95% ClI 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,*3 demonstrating no asymmetry in the present 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,}%2123.28.34 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 the NMA in Fig-
ure 5 shows, cognitive training (SMD: 1.32, 95% Cl: -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% Cl: -18.42 to -3.28) and physical
trainings (SMD: -12.14, 95% Cl: -23.79 to -0.49) perform worse than
the control group.

Heterogeneity was considerable with 1S = 77% (95% Cl: 25% to
93%) and Taus = 52.87 (95% CI: 0.00 to 455.39). Figure S3 in the sup-

Clinical Interventions

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 programs were still rated
as the most effective treatment program (SMD: 2.57, 95% Cl: 1.50 to
3.65), followed by testosterone treatment (SMD: 2.45, 95% Cl: -0.33
to 5.24; even though results of this study have to be interpreted care-
fully as only male participants were included and the study had a cross-
over design) and repetitive transcranial magnetic stimulation (SMD:
2.23,95% Cl: -0.26 to 4.72). Liraglutide treatment (a medication that
was originally used to treat diabetes and obesity; SMD: -1.22, 95% Cl:
-4.18 to 1.75) and mind-body interventions (SMD: -6.71, 95% Cl: -
17.06 to 3.65) were less effective than the control group.

The ranking of treatments for global cognition was largely consis-
tent with the main analyses. Cognitive stimulation (SMD: 2.31, 95% Cl:
-0.89 to 5.52), testosterone treatment (SMD: 1.30, 95% Cl : -2.10 to
4.70), and cognitive training plus polyunsaturated fatty acid treatment
(SMD: 1.29,95% Cl : -1.74 to 4.33) were the most effective; education
programs (SMD: -3.63, 95% Cl : -5.98 to -1.28) and physical training
(SMD: -4.29, 95% Cl: -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, including n = 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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(A) Network Analysis of the outcome memory.
Comparison: other vs "Control Group*
Treatment TE seTE (Random Effects Model) SMD 95%-Cl Weight Weight
Education Program 264 0.7498 = 264 [ 1.17,410] 203% 250%
Physical Training 271 1.3642 — 271 [ 003,538] 6.1% 123%
Cognitive Training 1.24 04045 =] 124 [ 027;221] 466% 335%
Active Control Group  0.51 0.6534 * 051 [-0.77,1.79] 26.7% 281%
Control Group 0.00 . 0.00 00% 00%
Mind-Body intervention -6.99 5.3117 -6.99 [-17.40;342] 04% 1.1%
Heterogeneity: I = 51% [0%; 82%) B .
Test for overall effect: 2=263(<001)-15 10 5 0 5 10 15
(B) Direct Comparisons of the treatments for memory.
Comparison TE seRE Direct estimates SMD 96%-Cl Weight
Active Control Group.Cognitive Training 0.34 0.0680 034 [020, 047] 195%
Active Control Group:Control Group -0.40 0.0740 040 [054;.025] 194%
Active Control Group Education Program 0.0%
Active Control Group. Mind-Body Intervention 0.0%
Active Control Group: Physical Training : - 0.0%
Cognitive Training:Control Group 0.56 0.0043 8 056 [055; 057) 19.7%
Cognitive Training. Education Program -0.85 0.0755 s 085 [-1.00,-0.70]) 19.4%
Cognitive Training.Mind-Body Intervention 823 51797 - 823 [-192,1838]) 04%
Cognitive Training:Physical Training : : 0.0%
Control Group:Education Program 677 09817 — £77 [869;,-484) 67%
Control Group Mind-Body Intervention A i 0.0%
Control Group Physical Training 0.0%
Education Program Mind.80ody Intervention . 0.0%
Education Program Physical Training -0.07 0.3980 1 -0.07 [085; 0.71] 149%
Mind-Body Intervention Physical Training : 0.0%
Random effects model = -0.50 [-1.11; 0.11] 100.0%
Heterogenety: J° = 99%. v* = 0.4991, p < 0.01 ol LT
1510 5 0 5 10 15

(C) Indirect Comparisons of the treatments for memory.

Comparison TE seRE Indirect estimates
Active Control Group.Cognetive Training -5.00 0.1677 .
Active Control Group.Control Group 1.53 0.1205 *
Active Control Group. Education Program  -1.31 0.0982
Active Control Group:Mind.Body Intervention 7.80 5.1801 o R e—
Active Control Group Physical Training -1.38 04099 -
Cognitive Training: Control Group
Cognitive Training Education Program 825 1.1328 w—ies
Cognitive Training Mind-Body Intervention
Cognitive Training Physical Training -0.95 04050 r
Control Group. Education Program -1.41 00757 >
Control Group:Mind-Body Intervention 767 51797
Control Group: Physical Training -1.51 0.4050 +
Education Program Mind-Body Intervention 911 51802 T
Education Program Physical Training .
Mind-Body Intervention Physical Training -9.18 51955 -
Random effects model =
4 1 1 1 1 1

Heterogeneity. I¥ = 09%, <% = 38772, p <0.01

4510 .5 0 5 10 15

SMD 95%-Cl Weight
509 [-542,.476) 122%
153 [ 129, 1.76] 123%
131 [-150,-1.12] 12.3%
780 [-235,1795] 16%
138 [-218,.058] 118%

00%
825 [1047..603] 9.3%

0.0%
095 [-1.75,-0.16] 118%
141 [-156.-128] 123%
767 [-248,1782] 16%
151 [-231,-072] 118%
911 [-104,1926] 16%

0.0%
918 [19.38; 1.00) 15%

-1.75 [3.10; -0.39) 100.0%

FIGURE 3 Network meta-analysis for the outcome memory. A, Network analysis of the pooled data of five treatments compared to each other
and the control group reporting memory. Treatments were ranked through P-scores. The education program (standardized mean difference
[SMD]: 2.64, 95% confidence interval [Cl]: 1.17 to 4.10), physical training (SMD: 2.71, 95% CI : 0.03 to 5.38), and cognitive training (SMD: 1.24,95%
Cl: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 for memory. seRE, standard error of regression estimate; seTE, standard error of treatment estimate; TE, estimate of treatment effect
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FIGURE 4 Funnel plot for studies comparing interventions on memory. A comparison-adjusted funnel plot for the different treatment
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comparisons for the outcome memory. Egger’s regression test for funnel plot asymmetry was not significant (P = 0.31)

(A)Network analysis of the outcome global cognition.

Comparison: other vs ‘Control Group'

Treatment TE seTE (Random Effects Model)
Cognitive Training ~ 1.32 2.7718 ——

Control Group 0.00 :

Education Program -10.85 38620 @ —*—

Physical Training  -12.14 59447 ———+—

Heterogeneity: I° = 77% [25%; 93%) | ! !

Test for overall effect: z = -1.34 20 10 0 10 20

Number of Direct

Comparison Studies Evidence Random effects model
Cognitive Tralning:Education Program

Direct estimate 2 0.92 —_-
Indirect estimate —

Network estimate -
Control Group:Education Program

Direct estimate 1 0.46 —
Indirect estimate ——
Network estimate TR <;>->I

-30-20-10 0 10 20 30

SMD 96%-Cl Weight Weight
38.8%

0.0%
34.6%
26.6%

132 [-4.11; 6.76)
0.00
-10.85 [-18.42; -3 28)
1214 [-23.79;-0.49)

57.7%

0.0%
29.7%
12.5%

(B) Comparison of direct and indirect evidence for studies investigating global cognition.

SMD 96%-Cl

11.82 [5.23; 18.41)
15.99 [-5.78; 37.76)
1217 [5.87, 18.48)

19.31 [8.16; 30.46]
361 [:6.71,13.92)
10.85 [3.28, 18.42)

210f25

FIGURE 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. Cl, confidence interval; seTE, standard error of treatment assessment; SMD, standardized mean difference; TE,
estimate of treatment effect

successful in improving quality of life in participants with SCD (SMD:
3.62,95% Cl:-2.72t0 9.96), followed by cognitive training (SMD: 2.01,
95% Cl : -1.93 to 5.95) and physical training (SMD: 0.76, 95% Cl: -
5.08 to 6.60). Education programs were ranked as less effective than
the control group (SMD: 0.00, 95% Cl: -3.31 to 3.32).

supporting information.

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;2334 results are displayed in Figure S10A-C in the
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TABLE 2 Risk of bias assessment for included studies

Domain 1: Domain 2: RoB Domain 4: Domain 5:

RoB arising due to deviations RoBin RoB in

from the ran- from the Domain 3: measurement selection of

domization intended Missing of the the reported Overall
process interventions outcome data outcome results RoB

Andrewes et al. (1996)
Banetal. (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
etal., (2018)

Brautigam et al. (1998)
Chanetal., (2017)

Chenget al. (2018)

Cinar & Sahiner, (2020)
Cohen-Mansfield et al., (2015)
Eppersonetal., (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)
Jeonetal., (2016)

Kitaetal., (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)
Ohetal, (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: Domain 2: RoB Domain 3: Domain 4: Domain 5: Overall
RoB arising due to deviations Missing RoBin RoB in RoB
from the ran- from the outcome data measurement selection of
domization intended of the the reported
process interventions outcome results

Solé-Padullés et al., (2006)
Stoynovaetal., (2019)
Tabue-Teguo et al., (2018)
Tsai et al., (2008)

Valentijn et al., (2005)

Van Hooren et al., (2007)
Wahjoepramono et al., (2016)
Watson et al., (2019)
Wirth et al., (2018)
Younetal., (2011)

Youn et al., (2019)
Zhuetal,, (2016)
Zunigaetal., (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 trainings were the most
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 alack of proper SCD definition. 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.'?21-2327 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.?’

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.®®> 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.?¢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.* demonstrated that
such interventions improved cognitive outcomes with a small effect
size and those were more 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,38:37

effects are likely stronger for measures of global cognition
compared to memory.

Of all the reviewed studies that were initially considered eligible in
the systematic review, the majority (37 of 54) had to be excluded from
the NMA due to the lack a proper SCD definition, a problem that earlier
reviews had also discussed,* 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 have SCD (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 SCD was formally defined in the literature? and until
today, variations of these criteria have been used.*? 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 (IS = 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 studies was 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
forimproving memory inour NMA, 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 training were most effective for improving memory
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
low methodological 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 shortcomingsin SCD intervention research were iden-

tified that need to be addressed in future studies.
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