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SUMMARY

Objectives: Alzheimer's disease (AD) presents a major global health issue of significant socio-economic impact. Pharmaco-
logical treatments for AD have limited efficacy, prompting the exploration of alternative therapies, such as repetitive transcranial
magnetic stimulation (rTMS), a promising non-invasive technique to enhance cognitive function in AD patients. Our systematic
review and meta-analysis aim to evaluate the efficacy of rTMS in relation to cognitive function in AD patients, identify optimal rTMS
stimulation parameters, and understand the underlying neural mechanisms.

Methods: We conducted a comprehensive literature search in PubMed using predefined search terms to identify original
research articles investigating the effects of rTMS on cognitive function in AD patients. We selected only randomized controlled
trials (RCTs) with sufficient quantitative data for comparing active rTMS to the sham-coil treatment, and then performed a random
effects meta-analysis using standardized mean differences (SMDs) to synthesize the effects across studies.

Results: The systematic review included 22 studies, among which 14 RCTs met our criteria for meta-analysis. High-frequency
rTMS, particularly targeting the dorsolateral prefrontal cortex (DLPFC), evoked significant cognitive improvements in AD patients,
with a moderate positive effect size of rTMS on cognitive function (Hedges’ g=0.580, 95% CI [0.268, 0.892], p<0.001), albeit with
substantial heterogeneity (12=59%). Funnel plot asymmetry and Egger’s test suggested a potential publication bias, but fail-safe N
analysis indicated a robust finding. Moreover, anhedonia-apathy symptoms and motor-cognitive exercises mediated the efficacy of
tTMS in ameliorating cognitive functioning across several studies.

Conclusion: rTMS demonstrates moderate efficacy in improving cognitive function in AD-patients, most distinctly with high-
frequency rTMS stimulation protocols targeting the DLPFC area. The meta-analysis support rTMS as a viable therapeutic
intervention for cognitive enhancement in AD. Future promising research should focus on personalized treatment strategies
targeting mediating factors, baseline connectivity patterns, and TMS-induced neuroplasticity in AD.

Key words: anhedonia — apathy - Alzheimer's disease - cognitive function — connectivity - meta-analysis — motor activities - rTMS
- systematic review - transcranial magnetic stimulation
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INTRODUCTION

Alzheimer's disease (AD) poses a significant global
health challenge due to its devastating impact on cogni-
tive function of afflicted individuals, and the substantial
economic burden that their care places on societies. The
limited efficacy of current pharmacological interven-
tions for AD (including immunotherapy targeting beta-
amyloid) has spurred extensive research into alternative
therapeutic approaches, with repetitive transcranial mag-
netic stimulation (rTMS) emerging as a notably promi-
sing candidate. Indeed, there is an abundance of studies
exploring the potential of rTMS to enhance cognitive
function in individuals with AD. Such approaches range
from investigations targeting specific brain regions like
the dorsolateral prefrontal cortex (DLPFC) (Guo et al.
2021, Chen et al. 2023, Millet et al. 2023) to those
examining the pro-cognitive effects of rTMS admini-
stered in conjunction with cognitive training and psycho-
pharmacology (Qin et al. 2024, Viotti et al. 2023).

This growing body of research has yielded encoura-
ging results, consistently demonstrating an ability of
rTMS to promote neuroplasticity, modulate brain con-
nectivity, and improve cognitive deficits associated with
AD (Guo et al. 2021, Miller et al. 2023, Xie et al. 2021).
Studies employing high-frequency rTMS targeting the
DLPFC have shown significant improvements in cogni-
tive function in AD patients and its prodromal mild
cognitive impairment (MCI) (Chen et al. 2023, Miller et
al. 2023). Furthermore, research has highlighted the
potential neuroprotective effects of rTMS, suggesting that
it can mitigate against neuronal damage associated with
oxidative stress, which a key factor in the pathogenesis of
diverse neurological disorders (Kim et al. 2023).

Meta-analyses and systematic reviews have further
reinforced the generally positive findings of individual
studies, thus providing compelling evidence for the effi-
cacy of rTMS in improving cognitive function in patients
with AD (Jiang et al. 2021, Miller et al. 2023, Millet et al.
2023, Wei et al. 2023). These analyses have not only
confirmed the cognitive benefits of rTMS but have also
explored the optimal stimulation parameters, such as
frequency, duration, and target brain regions, to maximize
its therapeutic effects (Millet et al. 2023, Wei et al. 2023).
Furthermore, there has been consideration of the possible
neural mechanisms underlying these benefits, further
exemplifying the potential of rTMS to modulate neural
connectivity and network function (Qin et al. 2023).

Spurned by these the encouraging findings, there is a
rapid evolution in the application of rTMS for amelio-
ration of AD symptoms, with new studies continually
adding to the existing knowledge base. This highlights
the need for regular updates of previous meta-analyses to
incorporate the latest findings and provide a comprehen-
sive overview of the current state of research. Therefore,

we undertook a systematic review of the existing litera-
ture and conducted a meta-analysis to assess the efficacy
of repetitive transcranial magnetic stimulation (rTMS) on
cognitive function in AD patients. By synthesizing the
data from multiple studies, we sought to quantify the im-
pact of rTMS on cognitive outcomes and evaluate the con-
sistency of these effects across different assessment tools.
Additionally, we aimed to identify the most efficient
'TMS protocols with respect to optimal modalities and
target brain regions, for enhancing cognitive function in
AD patients. This study thus expands upon previous re-
views and meta-analyses, providing an updated and more
comprehensive current understanding of the efficacy of
rTMS in ameliorating cognitive impairments in AD.

METHODS

Literature Search and Study Selection

We conducted a systematic literature search in
PubMed using the following search string:

("transcranial magnetic stimulation"[MeSH Terms]
OR "TMS"[Title/Abstract] OR "repetitive transcranial
magnetic stimulation"[Title/Abstract]) AND ("Alzheimer's
disease"[MeSH Terms] OR "Alzheimer disease"[Title/
Abstract] OR "Alzheimer's"[Title/Abstract] OR "dementia,
Alzheimer's"[Title/Abstract]) AND ("efficacy"[Title/
Abstract] OR "effectiveness"[Title/Abstract] OR "treat-
ment outcome"[Title/Abstract]).

We supplemented this search by examining the refe-
rences of identified articles for additional relevant sources.

In our study selection process, we applied specific cri-
teria to identify relevant research both for the systematic
review and for the meta-analysis. For the systematic re-
view, we included original research articles published in
English that investigated the effects of rTMS on AD pa-
tients and reported cognitive function or other treatment
outcomes. We excluded reviews, meta-analyses, and case
reports. The meta-analysis employed more stringent cri-
teria, focusing on randomized controlled trials comparing
active rTMS to sham treatment. We selected only data
that addressed direct effects of rTMS for meta-analysis.
This means that we compared either rTMS vs. sham, or
rTMS + other treatment modalities vs. other treatment
modalities + sham. We also excluded from analysis the
only instance of a low-frequency arm. When there were
several time points reported in a single study, we selected
only those time points that were indicated as being pri-
mary outcomes. These studies needed to provide sufficient
quantitative data on pre- and post-intervention means and
standard deviations of cognitive outcomes as assessed
using standardized assessment tools like MMSE, MoCA,
or ADAS-Cog. This allowed for the calculation of stan-
dardized mean differences (SMDs), enabling a quantita-
tive synthesis of the treatment effects across studies. Also,
we included in the meta-analysis only papers that contai-
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ned either pre- and post-intervention means and standard
deviations or equivalent statistics enabling a comparison
of changes in active rTMS and control groups. Studies
that met the systematic review criteria but lacked suffi-
cient quantitative data for effect size calculation were in-
cluded only in the qualitative synthesis, ensuring a com-
prehensive review of the available literature, while main-
taining rigorous standards for the quantitative analysis.

Data Extraction and Analysis

From each included study, we extracted data on
sample sizes, pre- and post-intervention mean scores for
scales assessing overall cognitive functioning (e.g.,
MMSE, MoCA, ADAS-Cog), and standard deviations
(SD) or standard errors (SE) for both active and sham
groups or between-group difference and 95% confidence
interval (CI 95%). We then used different transformation
formulae to compute non-reported values for each study
based on the results provided'.

The JASP 0.18.3 software served to conduct a random
effects meta-analysis. We chose this approach to account
for the expected heterogeneity due to differences in rTMS
protocols, patient characteristics, and outcome measures.
We calculated standardized mean differences (SMDs) as
our effect size measure (Hedges’ g), which allowed us to
compare results across studies using different assessment
tools for cognitive functioning.

Due to differences in scoring between scales (e.g., for
MMSE and MoCA, higher scores indicate better functio-
ning, whereas for ADAS-Cog, it's the opposite), we ensu-
red consistent interpretation across different cognitive
scales by reverting the sign of SMDs for studies using
ADAS-Cog as an outcome. This enabled a uniform
interpretation where positive SMDs consistently indicate
improvement in cognitive function. We adhered to a stan-
dard interpretation of effect sizes: small (0.2-0.5), medium
(0.5-0.8), or large (>0.8).

! Mean Difference Calculation: Mean Difference =
Mean_After - Mean Before

Standard Deviation (SD) of Mean Difference: SD =
sqrt(SD_before”2 + SD_after"2 -2 *r * SD_before *
SD_after) Where r is the correlation between before and after
measurements, assumed to be 0.5.

Conversion of Standard Error (SE) to SD: SD = SE * sqrt(N)
Where N is the sample size.

Standardized Mean Difference (SMD) using Cohen's d: SMD
= (Mean_active - Mean_sham) / SD_pooled Where
SD_pooled = sqrt((SD_active”2 + SD_sham”2) / 2)

Standard Error (SE) of SMD: SE = sqrt((n_active + n_sham) /
(n_active * n_sham) + SMD"2 /(2 * (n_active + n_sham)))
SD_pooled ~ (UCL95% - LCL95%) / (2 * 1.96) Where
UCL95% and LCL95% are the upper and lower bounds of the
95% confidence interval. b. Calculating SMD: SMD =
Unstandardized MD / SD_pooled c. Calculating SE of SMD:
SE of SMD = (UCL95% - LCL95%) / (2 * 1.96 *
sqrt(n_active + n_sham))
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The risk assessment for the included studies follo-
wed guidelines from the Cochrane Handbook, evalua-
ting five key domains of bias: selection bias, perfor-
mance bias, detection bias, attrition bias, and reporting
bias. (1) We assessed Selection Bias through random
sequence generation and allocation concealment. Reliable
randomization methods (e.g., random number table) and
proper allocation concealment (e.g., sealed envelopes)
indicated low risk. If these were not described or
inadequate, we deemed the risk as high. (2) Performance
Bias examined whether participants and personnel were
blind to the interventions. Adequate blinding indicated
low risk; lack of description or blinding indicated high
risk. (3) Detection Bias considers if outcome assessors
were blind to the interventions. Adequate blinding
indicated low risk, while lack of description or absent
blinding indicated high risk. (3) Attrition Bias considers
the handling of incomplete outcome data. Proper
handling and valid reasons for attrition indicated low
risk, while improper handling or lack of description or
indicated high risk. (4) Reporting Bias evaluated the
reporting of prespecified outcomes. Comprehensive
reporting indicated low risk, while selective reporting
indicated high risk. (5) Assessment Process involved
reviewing each study to apply specific criteria for each
domain. If one domain had a high risk, the overall risk
was marked as moderate. If more than one domain had a
high risk, the overall risk was marked as high.

The meta-analysis was conducted using the restric-
ted maximum likelihood (REML) method to estimate
the between-study variance. We included an intercept in
our model to account for the baseline level of cognitive
function. To assess the overall effect of TMS, we exa-
mined the pooled SMD and its 95% confidence interval,
and evaluated the significance using a Z-test. Hetero-
geneity among studies was assessed using Cochran's Q
test and the I* statistic.

To evaluate potential publication bias, we generated
funnel plots and conducted the Egger's regression test
for funnel plot asymmetry. Additionally, we performed a
trim and fill analysis to assess and adjust for potential
publication bias. This method involves removing the
most extreme small studies from the positive side of the
funnel plot, re-computing the effect size at each iteration
until the funnel plot is symmetric about the new effect
size. Then, the original studies are replaced along with
their "missing" counterparts around the adjusted effect
size. This analysis provides an estimate of the number
of missing studies and an adjusted effect size that takes
into account the potential publication bias.

We also calculated the fail-safe N to determine the
number of null studies that would be needed to nullify
our significant results.

For all statistical tests, we used a significance level
(alpha) of 5%.
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RESULTS

The study selection process as illustrated in Figure 1.
Of the 28 identified publications, 22 studies were
included in the systematic review and 14 studies were
included in the meta-analysis after applying exclusion
criteria.

' ~
Total identified: 28 publications
(from search string: 20 publications,
from reference lists: 8 publications)

Excluded 6 studies:
(Patients with Mild cognitive
impairment: 5
Transcranial Electromagnetic
Treatment (TEMT): 1)

o S
' ™y
Included in Systematic Review:

22 studies
L v

Excluded due to insufficient data for
meta-analysis:

8 studies
s ~
Included in Meta-Analysis:
14 studies

L >
Figure 1. PRISMA Flow Diagram of Study Selection
Process

Table 1 also presents a thorough review of the re-
sults for the 22 studies included in this systematic
review of TMS efficacy in AD. The most commonly
employed TMS modality was high-frequency repetitive
rTMS, being used in 16 of 22 studies; 72.7%). High-
frequency rTMS showed the most promising results,
with 14 of 16 studies (87.5%) reporting significant im-
provements in cognitive scores for the various instru-
ments. Additionally, five of the 16 studies (31.3%)
reported enhanced functional connectivity to functional
magnetic resonance imaging (fMRI), particularly within
the default mode detwork (DMN). Four studies (25%)
noted improvements in behavioral and psychiatric
symptoms.

Three studies (13.6%) using low-frequency rTMS,
showing mixed results, with two studies (66.7%) re-
porting cognitive improvements in selective domains,
although these were generally less pronounced compa-
red to those with high-frequency rTMS. One study
(4.5%) used theta burst stimulation (TBS) and a com-
bination of rTMS and one study used transcranial
direct current stimulation (tDCS). The TBS study did
not report significant improvements, while the com-
bined rTMS and tDCS study showed promising results
with greater improvement in neuropsychiatric symp-
toms and cognitive scores compared to single-modality
treatments.

The most frequent stimulation target was DLPFC,
targeted in 11 of 22 studies (50%). Nine of these 11
studies (81.8%) reported significant improvements in
cognitive function, with three studies (27.3%) also
noting improvements in behavioral symptoms. The
lateral parietal cortex or angular gyrus was the focus in
five studies (22.7%), among which four (80%) re-
ported significant improvements in cognitive scores,
and three (60%) also reporting enhanced functional
connectivity to fMRI, particularly within the DMN.
Three of 22 studies (13.6%) targeted multiple cortical
regions simultaneously, all reporting significant impro-
vements in cognitive function, with two of these
studies also noting enhanced functional connectivity
across multiple brain networks. The precuneus was the
target in two studies (9.1%), both reporting stabili-
zation of cognitive decline compared to sham treat-
ment, with one study also reporting enhanced local
gamma oscillations. The motor cortex was the target in
one study (4.5% each), in which the primary endpoint
was altered cortical plasticity in AD rather than
cognitive outcomes. The cerebellum Crus II was the
target in one study, reporting enhanced functional
connectivity between cerebellar nodes and various
cortical regions, which occurred in association with
multi-domain cognitive improvements.

The duration of TMS interventions varied widely,
ranging from single-session experiments to long-term
treatments spanning several months. Most studies fell
into the medium-term category, typically involving 20-
30 sessions over 4-6 weeks.

Five studies (22.7%) reported that improvements
were maintained for several months post-treatment,
suggesting potential long-term benefits of TMS. Four
studies (18.2%) using fMRI found that baseline con-
nectivity patterns or TMS-induced neuroplasticity
could predict treatment response, pointing towards the
possibility of personalized treatment approaches. Fur-
thermore, six studies (27.3%) combined TMS with
cognitive training, all reporting positive outcomes,
suggesting a potential synergistic effect between brain
stimulation and cognitive exercises.

S191



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:

SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES

Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

uowaAoldwr 309-SYAV/ASINIAN
1A paYeIoosse 219M OSJ/IN
ur syuswdAoxdwr paonpur

-SOIRSIALLL "sdnoi3 1oyy0 03

DY [BIE[Iq JAO
SINLL Weys + SO 2ABdY :SOA3-3|BuIS
DV [elre[lq

19A0 SO Weys + SN WeyS ‘weys
DYV [eI01E]Iq JOAO

SO@ weys + SNLT 2ARdY SN LI-8]BuIS
( Kepysosind

paredwod [OS pue $2109s FSININ 0021 ‘Ul G ‘suren ()¢ ‘feAloiul UrenI)ul J0)e]
pasoxduir SOIRSIALLI “Weys 995-8G Pue suren 99s-g ‘LAY SJuened -numg onau 0£06-09 P2[[0nU0d
pue §OI-9[3uIs 03 pareduwiod SlieINe | Y} JO %06 Ym axoydsrway 1od urw G| -Sewondory ‘av -wreys
S2100S [N UI JuowdAoxduur 3S10APY ‘IOSd (SPam ) ‘SO VW Z ‘SINLI ZH 0f) DV [BI1e[1q JOAO (dnoi3 109 Jy312 JjeIopowr ‘paziiu 7zOZ e R
1018213 pamoys SOMRSINLL “B00-SVAV ‘ASINWIN [N SUOISSas 7] SO} pue SIALL snosue)nuils :SOAIBSNLL 1od [7) +8 Jo-om3y s sjuened -opuey nH
"SIALLY Ioye uoniugoo A1owauw (An1anosuuod (wreys
pue o3enJue| v pejorpaid suiey ouraseq Suisn asuod 103.1e) QuEsS Q) Je Uone[NWIS WeyS :Weys 0] ‘SIALLL 04K G/-8G TeurpmiSuo|
-jed AyAnoouuod NI Qureseqg -l SIALLI Sunoip (LA sauaned 7 ‘QV “av IDNe  pue [euon
Sw)sAsqns NI s pajefriod -axd) gD ‘(SisATeur N(ee) Y JO 9% 001 Ym Aepysasind )91 ‘SUOISSAS €7 ‘TDINE adAy oo ) Juowed  -09s-SS010
uonugod paaodw] ‘qy Ul UOHIU  PISBQ-{10MIoU pue ASININ - (SooM §)  UIW-()7 ‘[BAIUI-IOIUL SQ7 ‘SUten) sz ‘ZH 07)  0€ ‘DH 9y} INoge uon -wi 9ANIUS0d ‘paflon €707 T8 10
-300 poaordwr Apueoyudis SINII  PIseq-pads) TINF  [9-VDOIN SUuOIssas ) SIALLY plediAeu-SnIAS Je[ndue Yo :SNLI  97) €]  -BULIOJUI OU UM S302[qng  -uoo-weys uay)
Sururen
oANIUS00 eI + SINLT Weys :UeyS/[eay
Suturen
ANUS09 Weys + SIALLI Weys :weys/weys
Jururen aAnU30
pazunduwod 993s (-7 + (UOISSIS Y | (weys (oo wmsSepy
-8 ueyo 2ANIUZ00 ‘LN Sauaned oy3 Jo 94071 yym yoed sesind - /[BSI01 “jojernuuns
uonuoArur-sod payorpaxd - Ayonserd ‘D17 ‘401 06 Jo suren (g ‘suren 93s g ‘Aep/sasind oot ‘weys pideyiadng) 0K (6-GS IoyudnNW
Aronserd paonpur-SALL Qurjeseq ‘IDIS ‘LINE ‘LA 'SOUIN G INOQE PJRINUINS ST BAIE YOV B0} ypprq o 0o ‘av  ‘pafionuod
“dnoi3 weys,weys o3 pared soImnseouw SIAL ur ‘Aep 1od 9 Jo seare ¢) DTS Yol ‘DA Y3l [800] Y312 JjeIopowr -uwreys
~wod uonIugod ut juswesoldwt ‘9IHD-SOAV 1AV (00 9)  “TdI WSH “TdI Yo “OAdIP IYSU “DAdIP YoI - ‘[ead/jear Jo-om3y -prut ‘pazir - OZOT B R
JuedyTuSIs pamoys dnoid [eal/[eay -SOAV “ASININ  80D-SY AV SUOISSas ()¢ Suoidal [ea1109 9 03 SINLI ZH 0] :[eay/[esy 91) ¥€ PIOYPUBY M SJUSLEJ -opuey woarg
peay oy woly Aeme paj3ue 100 & ypm (Yo
uay) WYSLr) AJ[e1dNe|Iq D d 1 1240 (d1oyds
~IWAY Yoea I0f UItt (T “LIARY %06 e Aep/sas
-Ind )OO ‘TeAIRIUI SN[NWINSIAIUI SGT ‘SUTRT)
02 ‘SS ‘zH () uonenwmns weys :¢ dnoio
(yor uoyp 1yS1) Ajresareriq DA 1A Iojouerp
ToAo (um ¢¢ LI %001 ¥ &ep/sesind 000T i (), ‘700
‘uoneInp [BAIUI SNNWNSIANUI S ()¢ ‘suren g ‘sesind JyS19-0mn3y
1L peonpai AL Aouanbax-ySiy 0001 ‘ZH 1) SINLI Aouonbayy-moT ;g dnolo Paj002-ITR 0K 78-09
‘SYIUOW ¢ JOJ PAUrejurew Sem (gor uap ue s (pr] ‘“av)
juowdAoxdwy sdnoi3 wreys pue y3u) Aqessre(iq D4 1Q A0 (droydsmuoy Auedwo) oseasi]  Po[[onuod
Kouonbaxj-mof 03 paredwod sa100s (sAep oAn [oeo J0j urt O] ‘LINY %06 e Aep/sasind wnsSey)  SJOWIRYZ[Y -weys
SAD pue “TAVI “ASININ paaodur (IL “LINE ‘LAY SAD “IAVI -Noasuod g) 000 ‘TeAIRIUI SN[AWNSIANUI ST ‘SUTRH) (T (dnoi3  prdeysedng  s[qeqoxd e ‘paziu - Z10T '8
Apueoyru3is SN LI Aouonbog-ySiH  ANIQeIoxa [eonio) ‘ISININ  SUOISSAS G ‘SG ZH (07) SINLI Aouanboy-y3ry :7 dnous 10d G1) o wms3eNy  Yim sjudned -opuey pawyy
n n z
SINSIY UTRIA! %MMWHQMUMW QNMMMMCM uonen( SUOIUIAIdIU] u_wﬁwmwm m:oow QM_.N sjuedonied  udisag Apmig

9seasI( S, JOWIAYZ[Y Ul SUOIIUAIU] SIA L JO SAIpnIs oy} uo Arewwung *| d[qe L,

S192



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:

SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES

Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

“JudwdA0IdWI 9ADIUS0D UM pje]

Sururen 9ANIUZ0D

Q1100 SUOI3a1 og103ds ur I TVJ Pas + 10818 UILS Q) JB UONR[NWNS WRYS Weys (oo 0K 05<
-BAIOU] 'UONIUTOI YJIM PIJBIOOSSE Od “AITVY) SYooM 4 10} 59g-1DIN) ‘AV 9Bl Po[Jonuod
SuoI3a1 Ul TV} pasealour Suru TIAUST  (sdoam ) Sururen aantugoo + (Aepysasind 0o01 ZH 0])  (weys § [109 [BO0J -9pOW IO p[lu  -WeyS ‘p 7z Te 10
-1e1) 9ANIUS00 (PIM POUIqUId ST [N “TAV ‘NI-AIV  B00-SVAY SU0ISSes 0 SIALLY L [eI0%e] Y[ pue DAJTA YT :SINL Te216) LT Apionng e (iam sjuoned Oziuopuey u)
04d1d [e199e[1q I9A0 SIA LT Weys 1S
‘SpIOY (s3j0om 1) (&epysosind 00S T “LINY S Juoned
91099 paonpur 03 anp Aqissod SUOISSAS ()7 Y} JO %0f dprurjdue TeAIuI UrenIouI s-() |
‘SIALLI Wweys Jo 3ijoudq [enuajod ‘sureq) 09s-G'[ ‘suren gg ‘urenysosind ¢ ‘zH (prdey
® $15933ns S1y ], ‘Juounean-jsod (SPam ) 07) DAd1A [BIIe[Iq JOA0 SIALLT 9ATIOR 1Yy wns3eN)
sypuowt 7 03 dn pjsisiad yorgm SUOISSaS ()7 (Kepysasind ST “LINY Suoned [100y810 04 GG« ‘Qy  Iruaonnu
Quourjean) weys o} paredwod U JO %0 opnudwe ‘Tearour urensour s-01 (S 1S ‘v -Jo-amn3y dJeIopow  ‘pa[[oNU0d
uonoury dARIUS0d ul syuswAoIdwr (syoam 7)  ‘suren 09s-G°| ‘suren) g ‘urenysesind o¢ ZH €S ‘Td Io)oWeIp O)p[Iu -Weys ‘p 0T e 0
Te[Iurts paMoys SINLIOANOY  TAV-SOAV TdN 80D-SVAV SUuoIssas 0T 07) Ddd 1Al [BIAIL]Iq I0A0 SINTI QAL 12y TS) 9ST W-0L  ym sjusljied oziuopuey  IABSSNON
*SO[B9S SIY) Ul SaSUeYD JULIGIUTIS
ou pamoys dnoi3 weys ‘dn-mo[oj (wms Apms joqid
Joam-g ay Je paurewdl swoydwAs 10318} SUIES AU} JB UONR[NWINS WRYS Weys -3eA) (101 JIOAOSSOIO
[esturpo pasoiduwy “dnoid oanoe (Kepysasind 00 ‘ur (¢ “‘suren (1:7  -owerp ww ‘pa[[onu0d
oy} Ul $0100s S0)-SY VY PIseaIoop 0€ ‘[eAIOJUI UTEIIOIUI D9S-8G PUB SUIB} 09 =Weys ()L) [109 JYS10 0K 680G weys ‘purq
pue $3100s YOI Pue ISININ dad (oM €) -7 "TIAY Suaned oy J0 9,01 dpmrfdue 'SIWIH  -em3y pop Qv olqeqoxd  -o[qnop p - 10T T8I0
pasoxduur Apueoyrusis ST VOO “ASININ  S0D-SYAV SuoISsas 7]  (f) SNIAS JeinSue [e1ole[iq je pjoSie) GALJ  Onel) /€ -000-PUIM Y UM SJUdNed OZIUOpPUBY nry
"SUONJB[[I0SO BUIUES [BOO] PIJUBYUD
SINLI-Dd "1 paonpal weys aiym (9
AN[1QEIIOXD [8oNI00 snaundald -ueuUIB 10518}
PazZIIqels SINLFDd Weys SYeOM 7 QuuES AU} Je uone[nuns Weys S LI-Weys 04 68-0S
0} pareduwiod SaWOINO AIBPUOIS (dSYL ‘Sdd.L) QAISUUL ("0091 Aepysasind ‘urw (g ‘av pajon
pasoxduir SINTI-Dd "pauasiom DTT-SINL ‘TdN Soam 7 - - (urur) uorssas Jo awn ‘I s Juened ayj Jo QJeIOpOW  -UOJ-WRYS
dnoi3 weys ofrym sa100s gS-YAD  ‘Avd “1AV-SOAY SYOAM $7) %001 Spmijdue [eAIIUI-IONI SQT 09ST JO (dnoi3 -0)-p[Iuu ‘paziu 70T eI
aqess pamoys spuaned SINI-Od ASIIN ‘80D-SVAV gS-4qD SUOISSAS 7¢ suten O ZH 07) SILLY Snoundald :SN1I-0d 12d §7) 0§ & Y syusned -opuey Yoo
uawdAoidwr S0)-Syay s 108.18) QLUES 9y} JB UOHR[NLUNS WEYS (Weys (prdey
Paje[a1I00 YoM ‘snoundard pue NN ‘AV.INVD X9)100 [eyorred wns3en)
sndueooddry ueamjaq Aanoouuodo  S-vOOW “1AVI-S [e133e Yo Je payesie) (Aepysesind 091 ‘suren 1109 1y312 pajon
[eUONOUN PAsBAIOUI SIALTT ‘WeYs 0} ‘gOS-IAD ‘ASIWIN 0087 "TLINY sJuened oy Jo 940 opmirdury  (weys gf  Jo-amSy 04 Gg-QG  -UOd-weys
parediuiod s2109s TAVI-S PUe ‘gOS ‘LIALL 'LVMOD (s¥oom ) ‘urexy/sasind O ZH 07) SN pajesie) ‘SINL* Jejourerp ‘av ‘pazI 70T T8 1
A 80D-Syay peaoxdwr SN B0D-SYAV 80D-SYQV Suoissas oz -sHomjau [edwresoddy pazijeuosiod SN L 81) 0€ wuw-()/,  YHIm Sjudned -opuey Sung
IojoweIp
wu () 100
WSie-am3y
@y ur Ayonserd [eoniod X109 J0J0W 3] JOAO (LA %0 e [nuns Pa[002-11 0£78-SS
paiayfe s3sa33ns siy ], “sdnoid o1 Josuren 0]) SINLI1ZH [ :OH %® AV ue ym (‘pr] ‘sjonuod
joq ur sasuodsaz Jefrurs paonpoid (uorssas Auedwo)  Ayjreay pue
SINLI ZH [ "S[oTU0d Ayj[eay uonemp J[3UIS) X100 J0JOUW I JOAO ([eAIIUT (OH wms3eN) (QV) aseasiq [onuod
1un ‘spuoned (I UT UOE)IOR] dsD pue UOISSas -UreIIONN) UIW 7 ‘LAY %07 Je nwums o7 ‘Qy  pidey Jodng  sgownoyzpy — poyojewr  90Q0g e 10
dHIN 191[2 0) pafte) SINLIZH § LAE ozZIs JTN o|surg orJjosuren 01) SAILIZH S :OH® AV 07) 0F WOSSEN 'V (M sjuoneq -8y uopySuy
SINSoY UIRI MM%%MM%@ wﬂ”ﬂﬂ% uoneIn( SUOTIUQAIIU] o_wwwm Mwow QMW sjuedionied  udisog Apnig

sanunuo)) ‘I Jqe],

5193



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:

SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES

Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

"SSPAM T Je A[qeInp oJom S10AFH

'$9100S [-[D)) PUe ‘S-IDD “TAVI 10818} SWES dY) JB UOHR[NWIS WEYS :Weys (Adexayy,
‘SINE paaoxdurr AjuedoyIuss anyv (Kep ssosind SIALL 0K < pajjon
0S[B SIALLI "S}ooMm {718 judunedny  [IAL ‘T-19D ‘S-IDD 000€ ‘Suten} G/, [eAIUI UIBNINUI 03s-97  (Weys [[  @IeISOINON. ‘Aypede  -uoo-wreys
weys o) paredod ()-§H V) $21008 “1av1 ‘s9Z ‘st (seom ) - pue suren 0os- “ LJATY Suaned oy jo 94071 “SIALY oyL) [10o pue Qv ‘oz OZOT '[B R
Avpede posoxdurn ApuedyIusis SINTT - LIXH ‘SINE ASINIA D-SHY suorssos (g - opmdwe ZH O1) SINLY OAd TA ¥o'T A0y 6)0C  MEPURIS Y IM SJUONE] -opuey] e[eped
Juauedn
-1s0d sypuowu ¢ 10§ paysisiad
pue syuaned [[e Joj JudwAoIduT
pamoys 300-Sy(IV "UOnOUNJ AT (uonu3ooar (wysAg
-NJ9X 10 ‘AIOWIOW [BNSIA JO ONUBW ¢ 29 V 1S9, Sunjely  ‘[[Bo21 pak Aderoyy sniq ade oy
-9 U0 10930 oN] "syuaned g ur uon [TeI], ‘sySe) 300[q  -B[Op [[BOAX Kepysasind 001 “suren pidey 1odng JNOge UoN POZILIOpUEI
-uope ur JuotwoAoxdwr JueoyruSIg 18100 ‘SurtueN ‘UOY  SJEIPALIUT) G ‘[eAIOIUT UTEIAUI 03S-GT PUE SUTET) 008 wnsSel\) -BWIOJUI OU  ‘OUTjoseq
‘syuoned {7 JO INO € UI [[BO2I PIOM  -BIOOSSE ONUBWIRS  Syse}3uru  (syeam ) -1 ‘LI S.Juened ayp Jo 9, 06 opmijdwre z (payerd [0 Y31 ‘qv dqeqoid oidnmur  €zoz TR R
dyerpawul pasoiduir A, BuwIeRD 300-SY (Y  -1Bd] PIOA\ SUOISSIS O] 0f ‘Ajje1ore[iq snounodid je pejaSIe) G\ L4 -Wod ) ¢ -Jo-am3g e yum sjuoned Juoumouo)  ideyrerp
10318) QuIES 2} Je UonE[NIUINS WEYS (Weys
“Kepysesind g€ ‘suren (g ‘feAtorur
UreIIojul pue Sunse| surel) JnOQEUOTBWLIOJUT
ou ‘LAY s duened ayp yo %, 0 1 epryjdury (wshg
‘dnois weys "zH (] Aouenbai - sanowered “Sururen Adexoy,
o ur jou Inq ‘dnoi3 jusunean ANIUZ09 + (PJAFIe) QB SUOIZAI g ISAYY gyoinau 0K 06-09 JIojudHNW
2ANOE oY) U D-[DD-OSAY 0190 Jo ¢ ‘uorssos Arep yoed Sulm( I ySu (weys oUL)  ‘QV owemdp  ‘pafjonuod
pue 50)-SV YV JudtoAoxdur -0SAV  (S30aM 9) pue Yo D Ad T WSL pue Yo[ :DLS Y[ ‘DAT 0§ Ao [109)ySd  -OWI 0} P -WIBYS PaZ  (OTOT ‘T8I0
JuBOYIUSIS pamoys Apms ‘0D-SY (VY SUOISSIS ()¢ 1J9[) SUOIAI [BO1OD XIS 0} SIALLI :9ADY  6S) 601 -Jo-aIn3y m sjuoned  -rwopuey  yIeqqes
“UONIPUO JIoY) J0J pjoadxd oq (Stpuotr ¢ 30311) SWIES ) Je UOHE[NWILS WEYS :Weys 7%es e
PINOM UBL) UONRIOLIDNP SSI[ AJ[RIouad Aropaead  (sypuow ¢ A19A9 pajeadar ‘syoam g — Joom [oqef-uado
pamoys os[e Apnys oy Jo aseyd puoo -1 ‘syjeam B Jad sown §) SUOISSas € [aN: INq QIS ) i pue | a3e1s
-0S OU} Ul POAIOSQO SPUAY) ULIS}-3Uo] 7)suoissas  a3e1S "000Z Sdd ‘uren ut sasind (] 99s-§ Je pajjon
"V 2y JO Sa3e)s A[1ed oy Ul d1om  AJOWAW JATJBIOOSSE 01 :793e1S  pue suren 99s-g “ LI Sauaned ayp Jo 24001 -U0d-Weys
oym sjuoned XIs oUp UI S)NSAIJGeIS  ‘UoneIdosse ofewl  F0)-SYAVY (syoom -06 opnjdury “zH (g Aouonbar:(syoom (weys (0K /8-19) ‘ugisop
Apremnonted yym uedijrugis Ajeonsn -pIoMm ‘ssauaIBME ‘ISININ ) SUOISSOs IXou 7 © 1od Sowm ¢ + Soom 7 —oom G ‘0A1oe [100Jy81e0 Qv o[qeqoid  I0A0SSOId G078
-E]S QIoM S21008 YDA Ul saSuey) Teneds OGN DO €71 1] 28eis e 1od sowm G) SUOISSas €aN (] AFe1S 1aANIY $) 01 -Jo-am3y [PIM SJuSnEJ ‘OZIUOpURY ~ PIOFISUIY
Suuren aAnU309
+ 10818} QwEs A1) 1B UONE[NWINS WS WeyS
“Kepysasind 00ST-00€ T
‘pIg Ay} 10} G pue (suor3al 7 1oj) suren
02 ‘TeAISUI UTRILIONT JNOQRUONEULIONUT OU
PuE SureI) 99s-g ‘SUOISaI ¢ ISe 93 10} %01 |
pue suoI3aI ¢ 1s1y oyy 1o} LAY S.Juened
((ooueu Ay JO 9%, 06 dpmidwry zH o Aouanbarg (wosAs
av -QJUIBW) - SoNoWRIR "SUOISSAS A[OdMIq JO SIUOW VOINON o)
oy Adeo) 2A1309)J9 ue Sunso3sns sypuowr ¢ + € £Q POMO[[OJ (392 /SUOISSIS G) SAam [105 onUSEW ade oy
‘wreys 0) paredwod sa100s HIOD (oarsuoyur) - 9 10§ ururen aARIUZ0o + ( QYSd yo[ ‘Oysd  (weys g yYIw Jo a3 noqe uonewl  PA[[ONUOD
pue 50)-SVAV paaoxduur Sururen SYOOM 9) IS BOTWOM ‘D AdTA YOI DAdTA IS “0AIdE -1 JOWEIP -IOJUIOU ‘qQY  -Weys P ¢[0T T8I0
QARIUS0O YIM PAUIqUIOD SIALLL IAN DIDD 80D-SY AV SUuoISsas (¢  do0Ig) SUOISal [BONI0D XIS 0} SINLI :9AIOY L)S] WW9g—/fe UMM SIUdNE SZIuopuey Koqey
SINSoY UIRI MM%%MM%@ wﬂ”ﬂﬂ% uoneIn( SUOTIUQAIIU] o_wwwm Mwow QMW sjuedionied  udisog Apnig

sanunuo)) ‘I Jqe],

S194



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:

SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES

Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

"J09JJ9 OU PaMOYs Weys
‘syuowdAoIdwT 9ANTUZ00 Urewop

SIMJRWOIq
ASD “1aV ‘10Sd

-[[NW [PIM PJRIOOSSE SeM SIY |, ‘VINVH ‘QINVH (K1a1n00uu0d 108.1B) QWIES dY) JB UOHR[NWIS WEYS :Weys (prewuaq
*dnoi3 [ear oy ur xop00 AU ‘1S ‘LINCGS ‘d¥VY  [euonouny - Kepysesind (0 ‘TeAtoIur AIMUIAZeIN)
pue ‘Xa)109 [ejuoy [epaw ‘DAdTd  LINL ‘LAA ‘INE  UO pasnooj UrenJojul pue Surel} NOqeuoneuLIoful Io)oWeIp
PUE SOPOU WN[[2G2I0I U2IMIOq ‘LAD ‘LIAVY Wo2INo ou ‘LAY S uened atp Jo o, 06 (wreys ww-(/, & yum 0£08-09 Pa[[0nuU0d
A)1A1300UU00 [RUONOUNY PAOURYUS  ‘FOD-SYAY UAD Arewnd)  (sypam §) apmypdury “sasind 0z Jo s1sIq oys ur [ S0 4] ‘[eal 1102 3y310 ‘ay -weys‘p oz re R
Apueoyugis SIALLI WNJ[oga1d) VDO “ASININ V/N SUOISSIS )7 WINJ[2gaIa0d [BIR[Iq JOAO SIALLI ZH § :[eay €1) LT -Jo-em3ge yum sjuoned OZIUOPURY oex
"Quo[e duopLIddsLI SIALLI Weys + duopLiadsLi as0p-mo' :weys
03 paredwod so100s 300 (Kepysasind Qg1 ‘TeAloIUT UTRT)IOIUT 0 £ 08-09
-SVayv pue Av-dAVHAY §oq Pue surexn JnoqeuonewLIOfUL ou ‘LAY (weys (0gyo1d3en) ‘dsdd  pajjonuod
paaoxdur ApueoyruSis ouopriodsi av (syeam ) suened oy Jo 9,08 apmijdwe ‘ZH (07) SINII LT QAnde 1109 1y310 pueqy  -weys‘p SOz eI
9SOP-MO] (1M PauIquIod SWIT  SSAL B0D-SVAV  -HAVHHE SU0Issds 07 DddTd Yol +dUOPLAASLI9S0p-MOT :0MRY LT ¥S  JO-aIn3y  Gpm sjudneq  dziuopuey M
‘JuowoAoxdur
HSINA YA PRJB[alIod atym
‘NIA JO apmyruSeur ) Jp paseaiour (180 Aefop 1081e) QIS 2} Je Uone[NIUNS WeYS (Weys (Kuedwo)
SIAL 2AnoY ‘weys 0} pareduwod (Jeoa1 Ae[op 10U [[BIAI (Kepysasind (08 ‘[eAIIUl UTRDIAUI wnsIe) 0 & 68-0S
S2100s [80a1 Ae[o MOYS-1'TAd SUuo]) I'TIAd ‘6-OHd  rerpaurun) 09S-87 pue suren 03s-z ‘LAY S.Juoned (ureys [100JyS10  ‘QV 9)eIOp  PI[[ONU0d
pue ‘[[eoax dpeIpowi-1 TAd  “YAD “1AV ‘(NINA LTAd (oM7) 9o %011-001 dpmifdwe ZH (1) SINIE LT “9ANOB AINSH POJ00d  -OW-O)-P[I  -Weys ‘P 7ZOT e 10
*HSINIA paaoidwt S L1 9ADOY J0 D4AP) IINY ‘ASININL SUOISs3s [ejoLied [e1918] O] PAPIS-IYIAY :3ANY [€)§S -lBWW (L UM SJUNE] OZIUOPUEY oM
SMe)s JUBPIXO
ANAd TING ‘TdN
‘S@o 9so], doong
‘Aouan(,] oNUBWIOS
9591, uoNIuS00Yy (Auedwoo
[eroe,] uojuag s9], QIOIN29TeN
"SNJE)S JUBPIXO PISLAIOdp UonejuLIQ) Ul 1S9, gy jo
pue sjoAd] IN(H paseoour a1 Jo Juowagpny Surmelq 1003 YOIBasY
M PJRIDOSSE ‘S100S SUIMBIP 4S9 SurueN uojsog 901D (Kepysasind 0391 SeNIMO )
300[0 pue Azowdw uoniudodar  ‘1Sgs ‘(uonmudoosar ‘K1owowr UOISSIS UI-()7 ‘TeAIUI UTBTIAUI 03S-87 [100 pa[00d 0 £ $8-96
[ensiA paAaoxdwr APuedyIugIs [[eoa1 PoAB[Op ‘[[O21  UONIUZ00AI  (SYOaM ) Pue suren 03s-g ‘LAY SJuened ayp Jo 94001 -11e Y310 ‘av dnoi3  [zoz R0
SINLI paSiel-ejorred Yo Sjerpaunul) SINA [ensip suoissas 0] opmidwe ZH (g) SINLI [e1eued [e1ore] Yo G| Joom3y ynmsuoned [ONUOdON  N[SOIRA
s1ojourered awes Ay yim
‘sdnoid 108.18) QuES 21} JB UOHE[NLUNS WEYS (Weys
AP UGAIMIRQ SAI03S TAV-SOAV (LINY) proysaayy o0
pue [N UI SOOUQIQJJIP JUBdYIUTIS Sunsax s Judaned ayy Jo 9,001 opmidwe S1BOA G809
ou 219m 219y ], "dnoid weys ay) 0} ‘Kepysasind 00z ‘[eAIIuL UTRIIIUL page (V)
paredwiod sa109s FSINIA pue 30D PUO0I3S-G7 “SuIe1} ()7 ‘Sures) puodds-g (weys  (Auedwo) oseasi]  Po[[onuod
-SV AV ur juawaaoiduwr yueogrugis 1av-SOav (SPam ) i (O JdTA) X0109 [eyuosjald [eI9)e[oSIOp G QANOR WSSRA) [I00  SJOWIYZY — -Weys ‘p  7z0Z T8I
pamoys dnoi3 SALI oAy ‘IdN ‘ASININ. 80D-SVQV SUOISsas (g Y[ 19A0 SINLIZH 01 *SINLA 3AIDY 0€) Sy WS10-0mBL] M SjuonE]  dZIUOPUEY OIY3A
SINSoY UIRI MM%%MM%@ wﬂ”ﬂﬂ% uoneIn( SUOTIUQAIIU] o_wwwm Mwow QMW sjuedionied  udisog Apnig

sanunuo)) ‘I Jqe],

S195



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:

SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES

Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

9[e0g AIOWIIAl IO[SYOIAN SINA  IS0L Aoudny [ensiA 1A 9SOL SUDEIA [IRIL (LANL ‘uonenung onouelAl [eruelosuel] :SINL ‘O[eos swoydwAg juadiowrs juouneal] :SSHAL  ‘SnIAS [erodwo) Jouedng :0 1S
‘uonIqIyuy [ed1I0dBNU] [BAIIUI-UOYS ([DIS 1S9 SANIEPOIA NI [0qQUIAS NS ‘uone[nuung onouSejy [erueiosuel], 2Annadoy (SN ‘SuiSew] oouBuO0SYY ONQUSEIA [euonoun,{ 91eIS-Sunsay (YIS
‘proysaIy [, 10JojA Sunsay LAI 1S9 Sururea] [eqioA erydiopeyd (I TAd  ‘A10judAu] oteryoAsdoIndN ([N Tenuelod PaOAH I0JOJA (JHIN YUSWISSSSY dANIUS0)) [BONUOIA (Y DOJA  ‘UOnRUTWEXT d)elS
[IUSIN-TUIIA SHSININ - 0qoT [etodwd ], Yo /1L T ‘AIOWRIA [ISOT (AT ‘UONIQIYU] [BO10ORHU] [BAII[-SUOT ([D]T ‘OInqo] [e1oued Jouoju] :Td] ‘SNIAS [ejuol) JoLdJul (D] ‘Uone)[Ioe, [eoniooenu : JJf
‘SurAry A[re Jo seniAnoy [eyuewnnsuy V] ‘Qredos Suney Ajerxuy uoiieH (YAVH ‘[onuo) AyedH :DH ‘o[eos Suney uoissardo uojiueH (qINVH ‘O[eds uorssardo( oweron :gqn  ‘SurSewy
Q0URUOSIY dNOUSEIA [euonoun (RN ‘Suonenion|j Aoudnbar-moT jo opmidury [euonoer] LTV ‘AIARodUU0)) [euonoung 1) ‘Alopeg Juowissassy [eyuol] iy 9soL uedg 181 i 1SA  “SHOMION SPOA
Jnejed INJNA  “Xouo)) [ejuonald [ere[osioq DA 1A ‘A1Anosuuo)) jeuonoung srueudd :DJp ‘pouod JUI[IS [eonio)) :dS)  ‘ndu 1oa13a1e) snjd a3uey)) Jo uorssaiduu] paseq-maIAINU] S UBIOIUID) :D[F[D
‘oney duneaI)/euIoy)) :1)/oy)  ‘quewasoxduwry - uorssardwy [eqoro [eorur)) ([0 ‘@3uey)) jo uorssaidwy [eqorn [eotuI) (DD  ‘saX0g JO wWng - Juney enuawd( [edtul) :gS-Yd) ‘A1opeg poyewoiny
159, [eo130[0ydAsdoinaN agpuquie) : gy INVD ‘enudwd( jo swoydwAg [eo130[0yoAsd pue [elolaeyeg :Sdd  IS9L SurueN uoisod (INg ‘O[edS 9seasi sJowdyz[y ur A3ojoyied [eiomaeyaq :qv-JAVHAL
‘103083 orydonomau paauep-urerq LINAg “uouureduwy aanmuSo)) plIA onseuwy (DR ‘suonemony,] Aouanbaij-moT jo apmpdury [TV ‘UOISIOA [eorur))) - 9[eog uoneneay Aypedy :D)-SHV  ‘Suiary Ajreq
JO sanIAndYy - ApmS dane1adoo)) aseasiq SPWIYZ[Y JAV-SOAV  A[BIsqnS dANTUS0)) - 9[BIS JUSWISSISSY dSBISI(T SOWIRYZ[Y :50)-SYAV  9SBIsI( SPWIRYZ[Y :qV  ‘PIOYSAIY) J0JOW ANV AP :8]J0N

"SAI02JNO JUOUIJEAT)
Ul SOOURIQIIP [enpIArpur Sunorpaid
10} sIovIew SuISewiomau

[enuoiod Se payIuOPI d1oMm SINSN]D [100
[endio00 pue [ejuoly pue uoi3ar Suuren aAnU309 JyS10-013y
Tedwresoddmy(exed) oy ur H + 10318) QWIES AU} JB UOHR[NWIS WRYS :Weys Pa[002-I1R
QJBLIBAT)[NUI 91B)S-FUNSOY "SI00S Sururen ue s (pr1
stid-DIe1) paaoxdun pue TN (VAAN-Od) NG oAnuB09 + (Aep/sasind (g ‘suorsses urur Auedwo) 0L 0609 pa[[on
uo swoydwAs ommeryoAsd paonpar  djejs-Sunsar Qv 02 ‘[eAIOUL UTRIIIUI 99S- | PUB SUTRI) 9S (wreys wnsSey)  ‘QV 9I0AdS  -UOD-WERYS
‘dIS uo dourwLIoNRd 9ANIUS00 ‘snid-D191) ‘TdN (spuowr ¢) - " LIAY SJuened ayp Jo 94,001 opmujdury) g ‘[edr  pidey sodng  -03-oeIOpOUL ‘Pzt 7707 eI
pasoduur Apueoyruss SN VIO ‘ASININ gIS suoIsses 09 Ddd 1A Y[ 19A0 SINIIZH 01 :[esy 81)LE WHSSENV IA SJUOnE] -opuey Sueyy
(Aueurrony
‘10JeT1ARU
o) SIAL B0
-SVAV Ul SO3UBYD UM PJR[ALIOd pue yIewuaq
KoAne3au sem pue D Jd 1A Yol 2 108.1e) QUIES OY} Je Uone[NIUNS WeYS (Weys ‘JoyR[NUUNS
ur oner 1)/VyN paseaiour SALLT “Kepysasind AIMUIATRIN)
‘wreys 03 paredwods dnois [ear oy (1D 0001 ‘sures (g ‘uoIssas uru-()| ‘[eatopur ww G/ 19} 0K /1-09 pafon
Ul JOIABUQQ PUB UOHOUNJ 9ANIUS00  “ID/0UD) ID/VVN) UIBI}ISIUI 99S-G 7 PUE SUTET} 095-G I (weys -oweIp oMo  ‘QV 9eIdp  -UOJ-WEYS
paodur ApuesyiuSis Sururen SYN-HI “IAV ‘TN (soom ) suaned o) Jo 9, 001 opmiduwre “TLT G ‘Tedr Tod Ajronng  -ou Jo pyru ‘poziu - G10T B0
QAIUB0d I POUIqUIOd SNIF  TI-HIV “ASININ 80D-SVQY SUOISSes 0 Y9 pue DAd T YOI 1040 SINII ZH 01 :[edy SDOE  S9G-ADIN  ya sjudned -opuey Sueyz
SINSoY UIRI owoaAno owoaAno uoneIn( SUOTIUQAIIU] %S 1109 ot} sjuedionied  udisog Apnig

A1epUu009g Krewig oidweg  joodA[,

sanunuo)) ‘I Jqe],

S196



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:
SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES
Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

Meta-analysis

The meta-analysis revealed a significant overall
positive effect of the intervention (SMD = 0.580, 95%
CI [0.268, 0.892], p<0.001), indicating a moderate
improvement in cognitive function. This effect was
consistent across different cognitive assessment scales,
as evidenced by the forest plot (Figure 2). However,
there was substantial heterogeneity among the studies
(I2=59.0%, 95% CI [19.8%, 85.5%]), suggesting consi-
derable variability in the true effects across different
studies. The test for residual heterogeneity was signi-
ficant (Q=30.585, df=13, p=0.004), further supporting

this observation.
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Figure 2. Forest Plot of Effect Sizes for Transcranial
Magnetic Stimulation (TMS) in Alzheimer's Disease
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Figure 3. Funnel Plot of Publication Bias in Studies of
Transcranial Magnetic Stimulation for Alzheimer's Disease

The funnel plot (Figure 3) and Egger's test for funnel
plot asymmetry (z=3.134, p=0.002) indicated potential
publication bias. The trim-and-fill analysis (Figure 4)
suggested that the overall treatment effect might be
somewhat overestimated due to the possible absence of
studies with smaller or negative effects. To assess the
robustness of the findings, we conducted a fail-safe N
analysis. Rosenthal's fail-safe analysis (N=147) sugges-
ted that 147 studies with null results would need to be
added to the analysis to render the overall effect non-
significant, indicating a relatively robust finding.

0-
0.1 -
0.2 -
0.3 - .
0.4 - y

0.5 - .

06 - r \ | \

Effect Size

Figure 4. Forest Plot (left) and Funnel Plot (right) of Trim and Fill Analysis for Transcranial Magnetic Stimulation in
Alzheimer's Disease studies
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Figure 5. Risk of Bias Assessment for Studies on Transcranial Magnetic Stimulation in Alzheimer's Disease

A comprehensive overview of the risk of bias
assessment for all included studies is presented in
Figure 5. Attrition bias was the most prevalent issue,
affecting 63.6% of the studies. In contrast, reporting
bias was well-controlled across all studies. Selection
bias was present in 27.3% of studies, while performance
and detection biases were less common, occurring in
13.6% and 18.2% of studies, respectively. Despite
these individual domain risks, the majority of studies
(68.2%) were assessed as having a low overall risk of
bias. This result suggests that, while certain methodo-
logical challenges persist, particularly regarding the
need for better participant retention, the overall quality
of the included studies provides a reasonably reliable
basis for the meta-analysis results.

DISCUSSION

Our meta-analysis revealed a significant positive
effect of TMS on cognitive function in AD patients,
with a moderate effect size. This finding is in line
with previous meta-analytical results (Chen et al.
2023, Miller et al. 2023, Wei et al. 2023), thus
lending further support for the potential of TMS as a
therapeutic intervention for enhancing cognitive
function in AD patients. However, the finding of
substantial heterogeneity among studies, together
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with the the potential publication bias indicated by
our funnel plot analysis, call for due caution in
making this interpretation.

The high heterogeneity in study outcomes likely
reflects the diversity of TMS protocols, patient cha-
racteristics, and outcome measures used across studies.
Despite this caveat, the fail-safe N analysis indicated
robustness of our findings, suggesting that numerous
null studies be required to negate the observed effect.

High-frequency rTMS emerged as the most com-
monly used and most effective modality, with the
majority of such studies reporting significant improve-
ments in cognitive scores. The DLPFC and lateral
parietal cortex/angular gyrus were the most frequently
targeted brain areas, with consistently positive out-
comes. This meta-analysis result may constitute an
evidence base for future treatment guidelines for targe-
ted rTMS. Nevertheless, isolated findings for other
rTMS protocols and target regions require replication,
before the selection of optimal parameters.

The several findings that baseline connectivity pat-
terns or TMS-induced plasticity could predict treat-
ment response suggest a potential for personalized
treatment procedures (Inghilleri et al. 2006, Rabey et
al. 2013). This avenue of research merits further explo-
ration, as it could lead to more effective and appro-
priately targeted interventions.
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The potential of rTMS to improve cognitive func-
tion in AD patients, in the short term and potentially
over extended periods (Rabey et al. 2013, Sabbagh et
al. 2020), raises an intriguing hypothesis about the role
of cognitive activity in modulating AD pathogenesis.
In this scenario, withdrawal from mental activity and
social engagement could be significant factors in the
progression of AD, potentially creating a vicious cycle
where diminished cognitive activity exacerbates neuro-
degeneration, which in turn further reduces intellectual
engagement. We hypothesize that rTMS may serve in
some sense as a surrogate for normal cognitive
acitivity, thus breaking the reinforcing cycle of AD
progression, though we need further elaboration of this
theory.

Several lines of evidence support the hypothesis
that intellectual activity plays a crucial role in AD
mechanisms and progression. Intellectual demand, as
well as educational attainment, may be protective
against dementia (Wajman & Bertolucci 2010), and
dual language use maintains cognitive function among
the elderly (i.e., Downer et al. 2024) in relation to the
extent of cognitive reserve. Indeed, non-instrumental
behavioral cognitive stimulation therapy has shown
promise in improving cognitive function and enhan-
cing the quality of life for AD patients. These inter-
ventions target cognitive stimulation and neural net-
work enhancement, addressing the changes in brain
function and connectivity associated with cognitive
decline in AD (Behfar, 2023). Similarly, motor-cog-
nitive interventions have demonstrated effectiveness in
improving cognitive function in older adults with mild
cognitive impairment, a condition often preceding AD
(Tao 2023).

Anhedonia (in mild forms and at earlier stages of
the disorder) or apathy (mostly in severe forms) are
common symptoms of AD, which inherently decrease
cognitive functioning and are associated with a
steadily accelerating cognitive decline in affected
patients (Dolphin et al. 2023, Teixeira et al. 2021). A
habitual reduction in motor, social, and intellectual
mental activities comprise a gestalt of declining
volition and disengagement, further restricting the
ability of patients to acquire behavioral techniques
which might enhance their intellectual engagement in
daily life activities. According to this interpretation,
behavioral cognitive activation techniques rely on
active participation of a patient, but the anhedonia-
apathy spectrum of interrelated symptoms presents a
significant barrier for adherence to an efficacy of
cognitive behavioral therapy for AD patients.

In this context, rTMS emerges as a promising
intervention to improve cognitive functioning in AD-
patients. Unlike behavioral techniques, rTMS does not
require active participation, thereby bypassing the

restrictions imposed by anhedonia-apathy spectrum of
interrelated symptoms. By directly activating or
reingaging neuronal networks, rTMS might stabilize
cognitive functions, perhaps evening restoring parti-
cular memory deficits in AD-individuals (Clark et al.
2023, Parrotta, 2023, Kesserwani, 2021, Koch et al.
2022). Conjecturally, rTMS may help to circumvent
the therapeutic limitations arising from the anhedonia-
apathy spectrum of interrelated AD symptoms.

CONCLUSIONS

Results of our meta-analysis and systematic review
emphasize the following key findings:

= High-frequency rTMS was moderate efficacy in
improving cognitive functioning of AD-patients,
with several studies emphasizing the DLPFC as a
first-line target for rTMS. However, other studies
suggest other brain areas (angular gyrus, precuneus,
lateral parietal cortex, medial septal nucleus, and
cerebellum Crus II) might also yield beneficial
results to enhance overall cognitive functioning in
AD-patients;

= The benefits of rTMS stimulation treatment may
bear some relation to circumvention of the anhe-
donia-apathy spectrum of interrelated AD symp-
toms, which may call for continuous assessments
and monitoring in AD-patients;

= Enhancement of functional neural connectivity
across brain regions related to basic cognitive pro-
cesses may explain the efficacy of rTMS treatment
in terms of baseline connectivity patterns and/or the
induction of neuroplasticity. This raises the possi-
bility that add-on motor-cognitive exercises may act
synergistically with rTMS in stabilizing or restoring
brain network activity of AD-patients.

Limitations

The present findings of a significant positive effect
of rTMS in AD patients suffer from relatively high
heterogeneity and potential publication bias. The
variability in treatment effects across various studies
underscores the necessity for additional research to
understand better the factors influencing these
differences in efficacy of rTMS efficacy in targeting
cognition in AD.

A major limitation in the current body of research
lies in the prevalence of small sample sizes and high
risk of bias. This highlights the need for larger, well-
designed trials to validate and extend these findings.
Future research should aim for larger sample sizes,
more rigorous methodologies, and longer follow-up
periods to assess better the persistence of treatment
effects. However, the current state of knowledge is
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encouraging for the use of rTMS as a valuable com-
ponent in a multifaceted approach to managing cogni-
tive decline in aging populations. Moreover, limited
evidence emerging from this meta-analysis suggests
that rTMS and motor-cognitive or social rehabilitation
may work synergistically in reengaging cognitive
function in AD.

Acknowledgements: None.
Conflict of interest: None to declare.

Contribution of individual authors:

Oxana Chigareva, Daria Smirnova & Timur Syunya-
kov elaborated the primary idea and hypothesis.

Oxana Chigareva, Arseny Gayduk & Timur Syun-
yakov were responsible for literature data collec-
tion, systematization, and analysis, and writing the
first draft of the manuscript.

Oxana Chigareva & Timur Syunyakov performed the
qualitative and quantitative data analysis.

Paul Cumming, Daria Smirnova & Timur Syunyakov
provided the key data interpretation.

Darya Astafeva, Kseniya Bikbaeva, Mikhail Sheifer &
Daria Smirnova managed the formalization of meta-
analysis procedures.

Karina Berezhnaya, Arseny Gayduk, Inara Khairedi-
nova, Alexander Zakharov, Alexander Sack, Theo-
doros Koutsoumistros, Paul Cumming & Suman
Sinha contributed to manuscript editing and provi-
ded additional insights and feedback.

All authors reviewed and approved the final manu-
script for submission.

References

1.

Ahmed MA, Darwish ES, Khedr EM, El Serogy YM & Ali
AM: Effects of low versus high frequencies of repetitive
Transcranial Magnetic Stimulation on cognitive function
and cortical excitability in Alzheimer's dementia. J Neurol
2012; 259:83-92. doi: 10.1007/s00415-011-6128-4
Arendash G, Cao C, Abulaban H, Baranowski R, Wis-
niewski G, Becerra L, et al.: A clinical trial of Transcra-
nial Electromagnetic Treatment in Alzheimer's disease:
Cognitive enhancement and associated changes in cere-
brospinal fluid, blood, and brain imaging. J Alzheimers
Dis 2019; 71:57-82. doi:10.3233/JAD-190367

Behfar Q, Richter N, Kural M, Clemens A, Behfar SK,
Folkerts AK, et al.: Improved connectivity and cognition
due to cognitive stimulation in alzheimer's disease. Front
Aging Neurosci 2023; 15:1140975.
doi:10.3389/fnagi.2023.1140975

Brem AK, Di lorio R, Fried PJ, Oliveira-Maia AJ,
Marra C, Profice P, et al.: Corticomotor plasticity
predicts clinical efficacy of combined neuromodulation
and cognitive training in Alzheimer's disease. Front

5200

10.

11.

12.

13.

14.

15.

Aging Neurosci 2020; 12:200.
doi:10.3389/fnagi.2020.00200

Chen H, Li M, Qin Z, Yang Z, Lv T, Yao W, et al.:
Functional network connectivity patterns predicting the
efficacy of repetitive Transcranial Magnetic Stimulation
in the spectrum of Alzheimer's disease. Eur Radiol Exp
2023a; 7:63. doi:10.1186/s41747-023-00376-3

Chen HF, Sheng XN, Yang ZY, Shao PF, Xu HH, Qin
RM, et al.: Multi-networks connectivity at baseline pre-
dicts the clinical efficacy of left angular gyrus-navigated
rTMS in the spectrum of Alzheimer's disease: A sham-
controlled study. CNS Neurosci Ther 2023b; 29:2267-
2280. doi:10.1111/cns. 14177

Chou YH, Sundman M, Ton That V, Green J & Trapani
C: Cortical excitability and plasticity in Alzheimer's
disease and Mild Cognitive Impairment: A systematic
review and meta-analysis of Transcranial Magnetic
Stimulation studies. Ageing Res Rev 2022; 79:101660.
doi:10.1016/j.arr.2022.101660

Clark ED, Perin J, Herrmann N, Brawman-Mintzer O,
Lanctot KL, Lerner AJ, et al.: Effects of methylphenidate
on neuropsychiatric symptoms in alzheimer's disease:
Evidence from the admet 2 study. Alzheimers Dement (N
Y) 2023; 9:e12403. doi:10.1002/trc2.12403

Cui H, Ren R, Lin G, Zou Y, Jiang L, Wei Z, et al.:
Repetitive Transcranial Magnetic Stimulation induced
hypoconnectivity within the Default Mode Network yields
cognitive improvements in amnestic Mild Cognitive Im-
pairment: A randomized controlled study. J Alzheimers
Dis 2019; 69:1137-1151. doi:10.3233/JAD-181296
Dolphin H, Dyer AH, McHale C, O'Dowd S & Kennelly
SP: An update on apathy in alzheimer's disease. Geria-
trics (Basel) 2023; 8:75. doi:10.3390/geriatrics8040075
Downer B, Milani S, Grasso S, Lucas FL, Mehta N:
Dual-Language Use and Cognitive Function Among
Mexican Americans Aged 65 and Older. J Alzheimers
Dis 2024; 99:1105-1115. doi:10.3233/JAD-231187
Drumond Marra HL, Myczkowski ML, Maia Memoria C,
Arnaut D, Leite Ribeiro P, Sardinha Mansur CG, et al.:
Transcranial Magnetic Stimulation to address Mild
Cognitive Impairment in the elderly: A randomized
controlled study. Behav Neurol 2015; 2015:287843.
doi:10.1155/2015/287843

Guo Y, Dang G, Hordacre B, Su X, Yan N, Chen S, et al.:
Repetitive Transcranial Magnetic Stimulation of the
dorsolateral prefrontal cortex modulates electroence-
phalographic functional connectivity in Alzheimer's
disease. Front Aging Neurosci 2021; 13:679585.
doi:10.3389/fnagi.2021.679585

Hu Y, Jia Y, Sun Y, Ding Y, Huang Z, Liu C, et al.:
Efficacy and safety of simultaneous rTMS-tDCS over
bilateral angular gyrus on neuropsychiatric symptoms in
patients with moderate Alzheimer's disease: A
prospective, randomized, sham-controlled pilot study.
Brain Stimul 2022; 15:1530-1537.
doi:10.1016/j.brs.2022.11.009

Inghilleri M, Conte A, Frasca V, Scaldaferri N, Gilio F,
Santini M, et al.: Altered response to rTMS in patients
with Alzheimer's disease. Clin Neurophysiol 2006;
117:103-109. doi:10.1016/j.clinph.2005.09.016



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:
SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES
Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Jiang L, Cui H, Zhang C, Cao X, Gu N, Zhu Y, et al.:
Repetitive Transcranial Magnetic Stimulation for
improving cognitive function in patients with Mild
Cognitive Impairment: A systematic review. Front Aging
Neurosci 2020; 12:593000.
doi:10.3389/fhagi.2020.593000

Jung YH, Jang H, Park S, Kim HJ, Seo SW, Kim GB, et
al.: Effectiveness of personalized hippocampal network-
targeted stimulation in Alzheimer Disease: A randomized
clinical trial. JAMA Netw Open 2024; 7:e249220.
doi:10.1001/jamanetworkopen.2024.9220

Kesserwani H: Apathy antedating and evolving with
dementia: A case report and insights into apathy as a
network dysfunction. Cureus 2021; 13:e13802.
doi:10.7759/cureus.13802

Kim SK, Lee GY, Kim SK, Kwon YJ, Seo EB, Lee H, et
al.: Protective effects of repetitive Transcranial Mag-
netic Stimulation against streptozotocin-induced Alzhei-
mer's disease. Mol Neurobiol 2024; 61:1687-1703.
doi:10.1007/s12035-023-03573-8

Koch G, Casula EP, Bonni S, Borghi I, Assogna M,
Minei M, et al.: Precuneus magnetic stimulation for
Alzheimer's disease: A randomized, sham-controlled
trial. Brain 2022; 145:3776-3786.
doi:10.1093/brain/awac285

Lefaucheur JP, Aleman A, Baeken C, Benninger DH,
Brunelin J, Di Lazzaro V, et al.: Evidence-based guide-
lines on the therapeutic use of repetitive Transcranial
Magnetic Stimulation (rTMS): An update (2014-2018).
Clin Neurophysiol 2020; 131:474-528.
doi:10.1016/j.clinph.2019.11.002

Miller A, Allen RJ, Juma AA, Chowdhury R & Burke MR:
Does repetitive Transcranial Magnetic Stimulation im-
prove cognitive function in age-related neurodegene-
rative diseases? A systematic review and meta-analysis.
Int J Geriatr Psychiatry 2023; 38:e5974.
doi:10.1002/gps.5974

Millet B, Mouchabac S, Robert G, Maatoug R, Dondaine
T, Ferreri F, et al.: Transcranial Magnetic Stimulation
(rTMS) on the precuneus in Alzheimer's disease: A
literature review. Brain Sci 2023; 13:1332.
d0i:10.3390/brainsci13091332

Moussavi Z: Repetitive TMS applied to the precuneus
stabilizes cognitive status in Alzheimer's disease. Brain
2022; 145:3730-3732. doi:10.1093/brain/awac322
Moussavi Z, Uehara M, Rutherford G, Lithgow B, Milli-
kin C, Wang X, et al.: Repetitive Transcranial Magnetic
Stimulation as a treatment for Alzheimer's disease: A
randomized placebo-controlled double-blind clinical
trial. Neurotherapeutics 2024; 21:e00331.
doi:10.1016/j.neurot.2024.e00331

Mueller KD, Hermann B, Mecollari J & Turkstra LS:
Connected speech and language in Mild Cognitive
Impairment and Alzheimer's disease: A review of picture
description tasks. J Clin Exp Neuropsychol 2018;
40:917-939. doi:10.1080/13803395.2018.1446513
Padala PR, Boozer EM, Lensing SY, Parkes CM, Hunter
CR, Dennis RA, et al.: Neuromodulation for apathy in
Alzheimer's disease: A double-blind, randomized, sham-
controlled pilot study. J Alzheimers Dis 2020; 77:1483-
1493. doi:10.3233/JAD-200640

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Padala PR, Padala KP, Lensing SY, Jackson AN, Hunter
CR, Parkes CM, et al.: Repetitive Transcranial Magnetic
Stimulation for apathy in Mild Cognitive Impairment: A
double-blind, randomized, sham-controlled, cross-over
pilot study. Psychiatry Res 2018; 261:312-318.
doi:10.1016/j.psychres.2017.12.063

Parrotta |, Cacciatore S, D'Andrea F, D'Anna M, Gian-
caterino G, Lazzaro G, et al.: Prevalence, treatment, and
neural correlates of apathy in different forms of
dementia: A narrative review. Neurol Sci 2024; 45:1343-
1376. doi:10.1007/s10072-023-07197-7

Qin T, Guo L, Wang X, Zhou G, Liu L, Zhang Z, et al.:
Repetitive Transcranial Magnetic Stimulation ame-
liorates cognitive deficits in mice with radiation-induced
brain injury by attenuating microglial pyroptosis and
promoting neurogenesis via BDNF pathway. Cell
Commun Signal 2024; 22:216.
d0i:10.1186/512964-024-01591-0

QinY, Ba L, Zhang F, Jian S, Tian T, Zhang M, et al.:
Multisite rTMS combined with cognitive training modu-
lates effective connectivity in patients with Alzheimer's
disease. Front Neural Circuits 2023; 17:1202671.
d0i:10.3389/fncir.2023.1202671

Rabey JM, Dobronevsky E, Aichenbaum S, Gonen O,
Marton RG & Khaigrekht M: Repetitive Transcranial
Magnetic Stimulation combined with cognitive training
is a safe and effective modality for the treatment of
Alzheimer's disease: A randomized, double-blind study. J
Neural Transm (Vienna) 2013; 120:813-819.
d0i:10.1007/s00702-012-0902-z

Rutherford G, Lithgow B & Moussavi Z: Short and long-
term effects of rTMS treatment on Alzheimer's disease at
different stages: A pilot study. J Exp Neurosci 2015;
9:43-51. doi:10.4137/JEN.S24004

Sabbagh M, Sadowsky C, Tousi B, Agronin ME, Alva G,
Armon C, et al.: Effects of a combined Transcranial
Magnetic Stimulation (TMS) and cognitive training
intervention in patients with Alzheimer's disease.
Alzheimers Dement 2020; 16:641-650.
d0i:10.1016/j.jalz.2019.08.197

Tao M, Liu H, Cheng J, Yu C & Zhao L: Motor-cognitive
interventions may effectively improve cognitive function
in older adults with mild cognitive impairment: A
randomized controlled trial. Behav Sci (Basel) 2023;
13:737. doi:10.3390/bs13090737

Taylor JL, Hambro BC, Strossman ND, Bhatt P,
Hernandez B, Ashford JW, et al.: The effects of repetitive
Transcranial Magnetic Stimulation in older adults with
Mild Cognitive Impairment: A protocol for a
randomized, controlled three-arm trial. BMC Neurol
2019; 19:326. d0i:10.1186/s12883-019-1552-7

Teixeira AL, Gonzales MM, de Souza LC & Weisenbach
SL: Revisiting apathy in Alzheimer's disease: From
conceptualization to therapeutic approaches. Behav
Neurol 2021; 2021:6319826. doi:10.1155/2021/6319826
Traikapi A, Kalli I, Kyriakou A, Stylianou E, Symeou RT,
Kardama A, et al.: Episodic memory effects of gamma
frequency precuneus Transcranial Magnetic Stimulation
in Alzheimer's disease: A randomized multiple baseline
study. J Neuropsychol 2023; 17:279-301.
d0i:10.1111/jnp.12299

S201



Oxana Chigareva, Darya Astafeva, Kseniya Bikbaeva, Karina Berezhnaya, Mikhail Sheifer, Arseny Gayduk, Inara Khairedinova,
Alexander Zakharov, Alexander Sack, Theodoros Koutsoumistros, Paul Cumming, Suman Sinha, Daria Smirnova & Timur Syunyakov:
SYSTEMATIC REVIEW AND META-ANALYSIS CONFIRM THE MODERATE EFFICACY OF HIGH-FREQUENCY R-TMS IN
ALZHEIMER'S DISEASE: MEDIATING EFFECTS OF ANHEDONIA-APATHY AND ADD-ON MOTOR-COGNITIVE EXCERSIZES
Psychiatria Danubina, 2024; Vol. 36, Suppl. 2, pp 188-202

39.

40.

41.

42.

43.

Vecchio F, Quaranta D, Miraglia F, Pappalettera C, Di
lorio R, L'Abbate F, et al.: Neuronavigated magnetic
stimulation combined with cognitive training for Alzhei-
mer's patients: An EEG graph study. Geroscience 2022;
44:159-172. doi:10.1007/s11357-021-00508-w

Velioglu HA, Hanoglu L, Bayraktaroglu Z, Toprak G,
Guler EM, Bektay MY, et al.: Left lateral parietal rTMS
improves cognition and modulates resting brain con-
nectivity in patients with Alzheimer's disease: Possible
role of BDNF and oxidative stress. Neurobiol Learn
Mem 2021; 180:107410. doi:10.1016/j.nIm.2021.107410
Viotti RA, Bonifacio TAdS, Nogueira RMTBL & Andrade
MJOd: Transcranial Stimulation in sleep disorders: A
systematic review. Psicologia - Teoria e Pratica 2023;
25. doi:10.5935/1980-6906/ePTPCP14688.en

Wajman JR, Bertolucci PHFF. Intelectual demand and
formal education as cognitive protection factors in
Alzheimer's disease. Dement Neuropsychol 2010; 4:320-
324. doi:10.1590/51980-57642010DN40400011

Wei L, Zhang Y, Wang J, Xu L, Yang K, Lv X, et al.:
Parietal-hippocampal rTMS improves cognitive function
in Alzheimer's disease and increases dynamic functional
connectivity of Default Mode Network. Psychiatry Res
2022a; 315:114721. doi:10.1016/j.psychres.2022.114721

Correspondence:
Oxana Chigareva, MD
International Centre for Education and Research in Neuropsychiatry,
Samara State Medical University

78 Nagornaya Street, 443016 Samara, Russia
E-mail: 0.v.chigareva@samsmu.ru

5202

44,

45.

46.

47.

Wei Z, Fu J, Liang H, Liu M, Ye X & Zhong P: The
therapeutic efficacy of Transcranial Magnetic Stimu-
lation in managing Alzheimer's disease: A systemic
review and meta-analysis. Front Aging Neurosci 2022b;
14:980998. doi:10.3389/fnagi.2022.980998

Wu Y, Xu W, Liu X, Xu Q, Tang L & Wu S: Adjunctive
treatment with high frequency repetitive Transcranial
Magnetic Stimulation for the behavioral and psycho-
logical symptoms of patients with Alzheimer's disease: A
randomized, double-blind, sham-controlled study. Shan-
ghai Arch Psychiatry 2015; 27:280-288.
d0i:10.11919/j.issn.1002-0829.215107

Yao Q, Tang F, Wang Y, Yan Y, Dong L, Wang T, et al.:
Effect of cerebellum stimulation on cognitive recovery in
patients with Alzheimer Disease: A randomized clinical
trial. Brain Stimul 2022; 15:910-920.
d0i:10.1016/j.brs.2022.06.004

Zhang F, Qin Y, Xie L, Zheng C, Huang X & Zhang M:
High-frequency repetitive Transcranial Magnetic Stimu-
lation combined with cognitive training improves cogni-
tive function and cortical metabolic ratios in Alzheimer's
disease. J Neural Transm (Vienna) 2019; 126:1081-
1094. doi:10.1007/s00702-019-02022-y



