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Transcranial direct current stimulation-efficacy in mild cognitive
impairment: A meta-analysis
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ABSTRACT

Objectives: Mild cognitive impairment (MCI) is a transition state in which individuals have cognitive abilities that are in between those of normal aging
and dementia. Although not everyone with MCI develops dementia, the risk of progression to dementia is higher in people with MCI. Interventions at
this stage can prevent or delay the onset of dementia. In recent years, studies on non-invasive brain stimulation techniques, namely transcranial direct
current stimulation (tDCS), have gained momentum for cognitive enhancement in MCI. Since there are very few studies that also report varied results, it
becomes important to analyze the effect of tDCS in MCI. The aim of this study was to systematically review the available evidence about using tDCS for
MCI and to assess its efficacy using meta-analysis.

Materials and Methods: Eight single- or double-blinded randomized controlled trials were included in the study. Montreal cognitive assessment (MoCA)
and mini-mental state examination (MMSE) for global cognition; and digit span test forward and backward, trail-making test (TMT) A and B; and logical
memory test (LMT) assessing specific cognitive domains were considered. A random-effects model was used wherein the standardized mean difference
(SMD) and its 95% confidence intervals were reported.

Results: The effect of the active tDCS (MoCA [SMD 0.37, 95% CI —0.22-0.95], MMSE [SMD 0.26, 95% CI 0.25-0.77], TMT-A [SMD -0.01, 95%
CI —0.42-0.40], and LMT [SMD 0.80, 95% CI —0.24-1.83]) when compared with the sham tDCS was statistically insignificant.

Conclusion: The current meta-analysis identified insignificant improvement in cognitive performance with active tDCS treatment as compared to sham
tDCS among people with MCI.

Keywords: Transcranial direct current stimulation, Mild cognitive impairment, Cognition

INTRODUCTION

Neurodegenerative diseases are a cause of severe disability

dementia, there has been increased attention in recent years
on introducing interventions at the MCI stage to prevent or

and mortality. It is seen that the burden of these diseases
including dementia has been increasing in recent times
and is expected to increase more extensively in further
years.!!! Mild cognitive impairment (MCI) is a state in which
a person’s cognitive abilities are in between those of normal
and dementia-affected people. This stage is considered a
prodromal stage of dementia. Although not all people with
MCI certainly progress to dementia,? it is seen that people
with MCI have a higher risk of developing dementia than
others.®! A prospective cohort study in Italy by Ravaglia
et al., in 2008, observed a 14% conversion rate from MCI
to dementia in a year.”! Most cohort studies identified rates
of conversion between 10% and 15% annually.”! Due to the
high risk and unavailability of disease-modifying therapy for

delay the progression to dementia.

The common interventions are cognitive training based,
which focus on different cognitive domains. Physical activity
and socializing were also found to be effective interventions
for MCLP! Other interventions include non-invasive
brain stimulation (NIBS) techniques. Most common NIBS
include transcranial direct current stimulation (tDCS),"!
transcranial alternating current stimulation,”’ and repetitive
transcranial magnetic stimulation.® These were initially
used as interventions for people with dementia but are
now studied as potential interventions for the preclinical
stage. Among these, tDCS is an emerging neuromodulatory
therapy wherein direct current is delivered to particular brain
regions of interest. The current is not sufficient to induce

*Corresponding author: Thomas Gregor Issac, Centre for Brain Research, Indian Institute of Science, Bengaluru, Karnataka, India.

thomasgregor@iisc.ac.in

Received: 09 December 2023 Accepted: 14 March 2024 Epub Ahead of Print: 16 April 2024 Published: 07 May 2024 DOI: 10.25259/JNRP_629_2023

Supplementary material available on: https://doi.org/10.25259/JNRP_629_2023

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, transform, and build upon the work
non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. ©2024 Published by Scientific Scholar on behalf of Journal of Neurosciences in Rural Practice

Journal of Neurosciences in Rural Practice « Volume 15 « Issue 2 o April-June 2024 | 194


https://orcid.org/0000-0003-1548-6966
https://orcid.org/0000-0003-3148-3466
https://dx.doi.org/10.25259/JNRP_629_2023
https://dx.doi.org/10.25259/JNRP_629_2023

Sandhya, et al.: Efficacy of tDCS in MCI

action potentials in neurons but increases or decreases the
susceptibility of the neurons to get activated. If an anode is
placed on the region of interest, the region gets activated
while a cathode causes inhibition of the region. Anodal
tDCS, which stimulates the region of interest, has been found
to be effective in treating depression,” anxiety,'”! and also
cognitive decline," especially when coupled with other non-
pharmacological interventions.

Several studies on patients with Alzheimer’s dementia™ and
other types of dementia*'¥! using anodal tDCS found significant
improvements in cognitive performance after treatment
compared to patients undergoing sham treatment. There
are a handful of studies looking at the effect of anodal tDCS
administration on cognitive functioning in people with MCIL.1*)

The studies using tDCS on people with MCI did not identify
improvements in all tests of different cognitive domains.!®!
There is mixed evidence and a lack of understanding of the
utility of tDCS as an intervention in dementia and also in
MCI. Hence, it becomes important to review such studies
to look at the effectiveness of this type of non-invasive
treatment. Published meta-analyses on the utility of tDCS
for cognitive impairment considered people with MCI as
well as people with early/mid dementia.l'”? The effectiveness
of tDCS intervention has not been analyzed exclusively on
people with MCI. Thus, the present study aims to check the
efficacy of active tDCS in improving cognitive functioning
in people with MCI when compared with those who receive
sham stimulation.

MATERIALS AND METHODS

The present study was restricted to publications in the
English language. Since the majority of the publications
are cited in Google Scholar, it was used as one of the search
engines for the review along with PubMed Central. The
search term, ‘(“tDCS”) AND (“MCI”) AND (Randomized)
AND (sham controlled)” was used, and 221 citations from
PubMed Central and 686 citations from Google Scholar
were obtained. Studies published before November 2022
were included in the study. From the total of 907 results,
225 results were removed due to duplication. Then, articles
other than original research were excluded from the study.
Among the original articles, the records obtained were
further filtered based on certain criteria. The inclusion
criteria consist of (1) studies including people with MCI
diagnosis; (2) studies using tDCS OR high definition
tDCS (HD-tDCS) as an intervention either alone or along
with other interventions; (3) studies having a group, who
receive sham tDCS with or without other interventions;
(4) studies measuring cognition as one of their outcomes;
and (5) single- or double-blinded randomized controlled
trials (RCTs). The exclusion criteria comprised (1) studies
with a diagnosis of any type of dementia; (2) studies without

a sham group; (3) studies whose outcome variable is not any
standard cognitive test; and (4) studies on animal models.

A total of 17 articles were shortlisted. Among these, three
articles did not have data for any standard cognitive tests.
From the remaining 14 studies, the neuropsychological
tests that were performed in at least three of the studies
were considered for the review and analysis. Eight tests
including mini-mental state examination (MMSE), Montreal
cognitive assessment (MoCA), digit span test forward and
backward (DST F and B), trail-making tests A and B (TMT
A and B), and logical memory test (LMT) delayed recall were
considered. MoCA is a cognitive screening test, which tests
for orientation, naming, memory, attention, abstraction,
language, visuospatial, and executive functioning. The
MMSE is also a cognitive screening test, which takes less time
to administer than MoCA. It contains tests for orientation,
registration, recall, attention, language, and praxis.

The TMT-A is a test for working memory and involves the
joining of numbers in ascending order. The TMT-B is a test
for executive functioning and involves joining numbers
and letters alternatingly in consecutive order. In DST-E
the participant is asked to repeat a series of numbers after
listening. This task primarily tests attention. In DST-B, the
participant is asked to repeat a series of numbers in the
reverse order after listening to the number. This is a test for
working memory. The LMT is a test for episodic memory
wherein the participants are made to listen to a story after
which they are asked to recall the story immediately and then
20-30 min later. For the current analysis, the delayed recall of
the LMT was considered.

Finally, eight articles, which had data for the above-mentioned
seven tests were included in the meta-analysis.'*"*2! From
these studies, the pre- and post-intervention scores in various
cognitive tests were extracted and then analyzed. Apart from
the scores, information about sample size in each study
group, mean age, site of stimulation, duration and intensity
of tDCS, frequency of intervention, and details of any
adjuvant training were extracted. Two authors (SG and TGI)
reviewed the search results independently, verified the study’s
eligibility, and extracted the data. The extracted data was
again independently verified by another author (PKM). The
protocol was registered with PROSPERO [CRD42023474376].
The search flowchart has been provided in the supplementary
material [Supplementary Figure 1], and the characteristics of
eight studies are provided in Table 1. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses checklist is
provided in Supplementary Table 1.

Meta-analysis

Eight studies!®!4 assessed using the PICO
(Population, Intervention, Comparison, and Outcomes)

were
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format recommended by the Cochrane Collaboration
and were found eligible to include in a meta-analysis.
Hedge’s g standardized mean differences (SMDs) and its 95%
confidence intervals (Cls) were calculated for MoCA,[19-21:2324]
MMSE,[16’21’24] TMT—A,[IQ’ZO’ZZ] TMT_B)[H,ZO] DST-F,[16’18’20’22]
DST-B,!16202] and LMT!#23] using inverse-variance-based
DerSimonian and Laird’s estimation method. We used a
random effects model to estimate SMDs and its CIs. We
adopted intention-to-treat analysis wherein the total sample
size was randomized for the intervention, and the placebo
groups at the beginning of the study were considered instead
of completers. Analyses were performed using Cochrane
RevMan 5.3. Finally, the statistical significance was checked
at a 5% level of significance, and the impact of heterogeneity
was measured by I*-statistic.

Subgroup analysis

Since tDCS protocols have not yet been standardized, there
exists a lot of heterogeneity among the studies. Data on
MoCA scores was available for five studies. Hence, MoCA
scores were used for the subgroup analyses. We performed
three subgroup analyses. The studies were divided based on
the (a) sample size > 30 or < 30, (b) stimulation intensity
<2.0 mA or 22.0 mA, and (c) whether any kind of adjuvant
training was given or not.

Sensitivity analysis

To study the effect after excluding studies with extreme
parameters, five sensitivity analyses were performed.
Again, MoCA scores were used for the sensitivity analyses.
The analyses were done after excluding studies that had a
mean age of >70 years, studies that used HD-tDCS as the
intervention, studies whose duration was longer than three
weeks, studies that did not use left dorsolateral prefrontal
cortex as the stimulation site, and studies which used a
stimulation duration of 30 min.

Risk of bias assessment

The included studies were assessed for the risk of bias using
the Cochrane risk of bias tool. It was evaluated for the
following seven domains: (1) Random sequence generation;
(2) allocation concealment; (3) blinding of participant
and personnel; (4) blinding of outcome assessment;
(5) incomplete outcome data; (6) selective reporting; and
(7) other bias. The domains were reported as “low risk,” “high
risk,” and “unclear risk.”

RESULTS

Eight studies were included in the study based on the
selection criteria and cognitive assessments used. The
studies used 1-2 mA direct current for the interventions.

Journal of Neurosciences in Rural Practice « Volume 15 « Issue 2 « April-June 2024

The number of tDCS sessions varied between 5 and 36 that
spanned a period of 5 days to 12 weeks. Some studies also
had some form of cognitive training!*"! given along with
anodal tDCS intervention.

Primary outcomes
MoCA

Among the eight studies, a total of five studies had data
about MoCA scores of MCI people, who underwent
anodal tDCS and sham tDCS.!"*224 A total of 94 people
were in the treatment group, and a total of 86 people were
in the sham group. The pooled SMD and its 95% CI was
0.37 (-0.22, 0.95). It indicated that the difference in the
performance of the active tDCS group was not statistically
significant when compared with the sham group (z = 1.23;
P =0.22) with I> = 72% (x> = 14.48; P = 0.006) [Figure 1a].

MMSE

Three studies used MMSE as one of the outcome
variables.1®21241 A total of 70 and 61 people with MCI in
treatment and sham groups, respectively, were considered for
the analysis. The pooled SMD (95% CI) obtained was 0.26
(-=0.25, 0.77) and denoted that the difference in MMSE scores
among the two groups was insignificant (z = 1.00; P = 0.32)
with I> = 51% (x> = 4.09; P = 0.13) [Figure 1b].

Secondary outcomes
TMT-A

There was a total of four studies that included TMT-A
data.l”*?2 The mean value for this test is time in seconds.
However, in one of the studies, namely, Gomes, the unit for
a time was not mentioned, and the values were in a very
different range.'® Hence, the study was not included in the
TMT-A analysis. Overall, the analysis includes data from 46
participants from the treatment group and 47 from the sham
group. Since the variable here is time and a shorter time for
completion of the test denotes better performance, a negative
effect means that there is favoring of anodal tDCS. From the
overall SMD and its 95% CI, —0.01 (-0.42, 0.40), it was evident
that the difference in performance was insignificant (z = 0.06;
P =0.95) with I* = 0% (* = 1.63; P = 0.44) [Figure 2a].

TMT-B

Three papers had data for TMT-B.!""?! Since Gomes had been
excluded from the TMT-A analysis, it was also excluded from
the TMT-B analysis.'®! In the two studies included, there
were 33 and 34 people in total for the intervention and sham
groups, respectively. Here also, the mean values indicate the
time required to complete the test. Hence, an overall SMD
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Test for overall effect: Z=1.00 (P = 0.32)

tDCs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand: 95% CI IV, Ri 95% CI
Liao 2021 248 362 11 253 318 10 176% -0.11 [-0.87, 0.74] i
Gonzalez 2021 257 24 22 258 25 24 221% -0.04 0.62, 0.54] —r
He 2021 2217 138 24 2219 133 19 21.7% -0.01 [-0.62, 0.59) N
Gu 2022 2215 248 20 211 234 20 21.3% 0.43-0.20, 1.09] T
Zhang 2022 2735 278 17 21.23 4 13 174% 1.77[0.81, 2.64] —
Total (95% CI) 94 86 100.0% 0.37 [-0.22,0.95] ?
Heterogeneity. Tau®= 0.32; Chi*=14.48, df= 4 (P = 0.006); F=72% »44 42 1 é j‘
Testfor overall effect Z=1.23 (P = 0.22) Favours [Sham] Favours {IDCS]
tDCs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gomes 2019 27.14 258 29 27.31 1.61 29 39.2% -0.08 -0.59, 0.44] =
He 2021 2521 0.81 24 2505 1.1 19 341% 017 [-0.43,0.78] -
Zhang 2022 2847 162 17 2653 275 13 26.7% 0.87[0.11,1.63] —
Total {95% CI) 70 61 100.0% 0.26 [-0.25,0.77] ?
Heterogeneity. Tau?= 0.10; Chi*= 4.08, df= 2 (P=0.13); = 51% %4 =2 S é ‘!‘

Favours [Sham] Favours [{DCS]

Figure 1: (a) Forest plot for studies with MoCA scores, (b) Forest plot for studies with MMSE scores.
MMSE: Mini-mental state examination, tDCS: Transcranial direct current stimulation, SD: Standard
deviation, CI: Confidence interval, Position of the green box: Standardized mean difference, Size of
the green box: Study weight, MoCA: Montreal cognitive assessment.

tDCS Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liao 2021 448 899 1 518 17 10 22.0% -0.50 [-1.37,0.37]
Gonzalez 2021 525 297 22 505 253 24 49.9% 0.07 [-0.51, 0.65]
Aksu 2022 113.08 77.45 13 986 46.78 13 281% 0.22 [-0.55, 0.99]
Total (95% Cl) 46 47 100.0% -0.01 [-0.42, 0.40]
Heterogeneity. Tau®= 0.00; Chif= 163, df=2 (P = 0.44), F= 0% 94 12 3 5 j‘
Testfor overall effect: Z= 0.06 (P = 0.95) Favours IDCS] Favours [Sham]
E tcs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liao 2021 88.3 356 11 958 304 10 31.3% -0.221.08,0.64]
Gonzalez 2021 79.8 41.2 22 73 234 24 B8.7% 0.20 [-0.38,0.78]
Total (95% CI) 33 34 100.0% 0.07 [-0.41, 0.55]
Heterogeneity: Tau®= 0.00; Chi*= 0.63, df=1 (P = 0.43); = 0% _54 Iﬁ 3 é é
Testfor overall effect Z= 029 (P=0.78) Favours tDCS] Favours [Sham]
E tocs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Gonzalez 2021 12.7 2 22 138 14 24 217% -0.61 [-1.20,-0.01] —=
Lu 2019 727 132 B9 743 131 64 379% -012 [-0.46, 0.22] -
Gomes 2019 762 207 20 745 234 20 257% 0.08 [-0.44,0.59] ——
Aksu 2022 492 1.32 13 438 096 13 148% 0.45[-0.33,1.23] ==
Total (95% CI) 133 130 100.0% -0.09 [-0.44, 0.25] ?
Heterogeneity: Tau®*= 0.05; Chi*=5.18, df=3 (P=0.16); F= 42% 3‘ :2 T 25 i
Test for overall effect: Z=0.51 (P = 0.61) Favours [Sham] Favours fDCS]
tcs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Aksu 2022 315 089 13 375 128 13 231% -0.5311.31,0.26)
Gonzalez 2021 66 27 22 73 29 24 356% -0.25-0.83,0.34]
Gomes 2019 414 152 29 379 1.49 29 41.3% 0.23[-0.28, 0.79]
Total (95% CI) 64 66 100.0% -0.11 [-0.54, 0.31]
Heterogeneity: Tau®= 0.05; Chi*= 2.94, df= 2 (P = 0.23); F= 32% _14 '2 T é ;
Test for overall effect: Z= 0.52 (P = 0.60) Favours [Sham] Favours [DCS]
tDcs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl IV, Random, 95% CI
Lu 2019 3.65 2.34 69 372 243 64 36.8% -0.03 [-0.37,0.31] -
Aksu 2022 2038 4.07 13 15.23 483 13 306% 1.12[0.28,1.95] —
Gu 2022 8.05 228 20 505 182 20 326% 1.43[0.72,213] ——
Total (95% CI) 102 97 100.0% 0.80 [-0.24, 1.83] B
Heterogeneity: Tau®= 0.72; Chi*=17.02, df= 2 (P = 0.0002); F= 88% '4 _52 3 5 ‘?
gTest for overall effect Z=1.51 (P=0.13) Favours [Sham] Favours [IDCS]

Figure 2: (a) Forest plot for studies with TMT-A scores, (b) Forest plot for studies with TMT-B scores,
(c) Forest plot for studies with DST-F scores, (d) Forest plot for studies with DST-B scores, and (e)
Forest plot for studies with LMT-DR scores. TMT-A: Trail-making test A, TMT-B: Trail-making test
B, LMT: logical memory test, DST-F: Digit span test forward, DST-B: Digit span test backward. tDCS:
Transcranial direct current stimulation, SD: Standard deviation, CI: Confidence interval, Position of
the green box: Standardized mean difference, Size of the green box: Study weight.
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and its 95% CI of 0.07 (—0.41, 0.55) denoted an insignificant
difference in TMT-B scores in the active tDCS group when
compared with the sham tDCS group (z = 0.29; P = 0.78)
with 2= 0% (2 = 0.63; P = 0.43) [Figure 2b].

DST-F

A total of four studies that have pre- and post-treatment
scores were included in the analysis.'*!32022] This included
data from 133 participants, who underwent active tDCS
and 130 participants, who underwent sham tDCS. The
overall SMD (95% CI) obtained was —0.09 (-0.44, 0.25),
which implied that the difference in DST-F scores was not
significant among the two groups (z = 0.51; P = 061) with
2= 42% (y* = 5.18; P = 0.16) [Figure 2c].

DST-B

Among the studies that were selected based on the criteria,
three had data for DST-B.!'%2%22] These included 64 people
with MCI people in the active tDCS group and 66 people
with MCI in the sham tDCS group. The pooled SMD and
its 95% CI obtained overall is —0.11 (—0.54, 0.31). This result
implied that the difference between the two groups in DST-B
was insignificant (z = 0.52; P = 0.60) with I = 32% (x* = 2.94;
P =0.23) [Figure 2d].

LMT-DR

A total of three studies with 102 people in the active tDCS
group and 97 people in the sham tDCS group were included
in the current meta-analysis."®*>%] The overall SMD and
95% CI of 0.80 (-0.24, 1.83) suggested that the difference
in performance in LMT-DR was insignificant (z = 1.51;
P =0.13) with I> = 88% (> = 17.02; P < 0.001) [Figure 2e].

Subgroup analysis

Three subgroup analyses were done to reduce the effect of
variability among the various studies.

In the first group analysis, the studies were classified based
on the sample size into two groups namely < 30 and >30. In
the first group consisting of studies with <30 samples each,
there were two studies."”?!! The overall SMD was 0.83 with a
95% CI —1.02-2.68. Thus, among the studies that had smaller
sample sizes, the difference in MoCA scores among the
groups was insignificant (z = 0.88; P = 0.38) with I* = 89%
(* = 9.18; P = 0.002). The second group included studies
with a sample of more than 30. There were three studies that
satisfied this criterion and had MoCA scores.?*?!#! The overall
SMD and the 95% CI are 0.11 (-0.24, 0.46). This suggested
that the difference in performances is not statistically
significant (z = 0.63; P=0.53) with I>= 0% (> = 1.40; P = 0.50)
[Supplementary Figures 2a and b].
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Another subgroup analysis was done, and the basis of
classification was the intensity of current given during active
anodal tDCS. According to this grouping, the first subgroup
included three studies, which used a current intensity of
less than 2.0mA.?*224 The overall SMD (95% CI) of 0.52
(—0.48, 1.53) suggested an insignificant difference in MoCA
scores among the two groups (z = 1.02; P = 0.31) with
> =85% () = 13.44; P = 0.001). The second group consisted
of two studies, which used a 2.0 mA current for the active
stimulation.®?! The two studies have an overall SMD and
95% CI of 0.24 and —-0.27-0.75, respectively. From this, it
can be inferred that the difference among MoCA scores
is insignificant (z = 0.92; P = 0.36) with I> = 0% (%* = 0.99;
P =0.32) [Supplementary Figures 3a and b].

The last subgroup analysis was performed to check if giving
any adjuvant therapy influences the effectiveness of tDCS
in MCI. The first group included three studies, which did
not include any adjuvant training.?"**** The studies have a
pooled SMD (95% CI) of 0.68 (—0.26, 1.62). This implied
that the difference in MoCA scores between the two groups
was not significant (z = 1.42; P = 0.16) with I = 82%
(x* = 11.12; P = 0.004). The other subgroup, which does
not involve any adjuvant training, had two studies with
MoCA scores.[! The overall SMD and its 95% CI of —0.06
and —0.54 to 0.42 indicated that the difference observed in
MoCA scores among the two groups was not significant
statistically (z = 0.26; P = 0.80) with I* = 0% (x> = 0.02;
P =0.89) [Supplementary Figures 4a and b].

Sensitivity analysis

Five sensitivity analyses were made based on the MoCA
scores of participants, who underwent active and sham tDCS
post-intervention.

In the first analysis, studies that had participants with a
mean age of more than 70 years were excluded from the
study. Three studies remained.?"?*?* The overall SMD and
its 95% CI was 0.58 and (-0.26, 1.62) which implied that
the difference in performances among the two groups was
not statistically significant (z = 1.42; P = 0.16) with I* = 82%
(% = 11.12; P = 0.004) [Supplementary Figure 5].

A second analysis was made excluding the studies that used
HD-tDCS as the intervention. This left us with three studies,
which used conventional anodal as the intervention.!'>2%2!
The overall SMD (95% CI) between active tDCS and sham
tDCS group was 0.12 (-0.26, 0.50). This implied no significant
effect of active tDCS (z = 0.61; P = 0.54) with I> = 0%
(%* = 1.49; P = 0.47) [Supplementary Figure 6].

The next sensitivity analysis excluded studies that gave the
intervention for more than three weeks. There were four
studies that remained.?%?'?*?4 The overall SMD (95% CI) of
0.48 (-0.22, 1.18) suggested a non-significant difference in
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MoCA scores among the two groups (z = 1.35; P = 0.18) with
2 =78% (x* = 13.54; P = 0.004) [Supplementary Figure 7].

In the next sensitivity analysis, a study wherein the stimulation
site was the left temporal cortex and not the left dorsolateral
prefrontal cortex was excluded from the study. Four studies
remained.["2"?*) These had an overall SMD (95% CI) of 0.36
(—0.41, 1.14). This suggested a non-significant difference in
MoCA scores among the two groups (z = 0.93; P = 0.35) with
2 =79% (}* = 14.23; P = 0.003) [Supplementary Figure 8].

Four studies had a stimulation duration of
20 min/session."*?"*2 The one study, which had a
stimulation duration of 30 min, was excluded to perform
the present sensitivity analysis.?” An overall SMD (95% CI)
of 0.49 (-0.26, 1.24) implied that the difference between
anodal tDCS and sham tDCS groups was not significant
(z = 1.28; P = 0.20) with I> = 77% (x> = 12.82; P = 0.005)
[Supplementary Figure 9].

Risk of bias assessment

There was no risk of performance, detection, or attrition
biases; but had a high risk of selection bias. Other risks were
unknown [Figure 3].

DISCUSSION

The utility of tDCS for cognitive enhancement has been
studied in recent years, especially in dementia. The tDCS
intervention in people with MCI has not been extensively
studied. From the available evidence, the present meta-
analysis identified no significant improvement in performance
in any of the cognitive tests considered. Considering the
studies individually, it was seen that the domains of cognition
that were improved with tDCS in MCI most commonly
were memory and executive functioning. Most of the studies
do not show significant differences in global cognition. The
study by Zhang et al. showed a significant difference in MoCA
scores in the treated group compared with the sham tDCS
group.! This result was extremely different when compared
to other studies. One possible reason for this might be the
lower mean age of participants included in the study (active
tDCS - 57.11 years and sham tDCS - 56.92 years).

Rand bias) _:l

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:|

Other bias - I

0% 25% 50% 75%  100%

|:| Unclear risk of bias

‘ [ Low risk of bias W High risk of bias |

Figure 3: Risk of bias across all included studies.
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Although there were differences in performance of various
cognitive tests, none of the differences were significant
among the two groups. The previous meta-analyses on using
tDCS to improve cognitive functioning observed significant
improvements in people with dementia than in people with
MCL" The present study, which used data from MCI patients
only, also did not find significance in the improvements after
treatment. One possible reason may be that the cognitive
symptoms in MCI are very mild, and thus, the improvement
was not evident. Furthermore, the evaluation scales used
might not be sensitive enough to capture small changes in
cognitive functioning among people with MCL

The strength of this study was that it did not include
people with mild or moderate dementia. Since many
meta-analyses took study participants with MCI and mild
dementia together, the effect on MCI patients alone could
not be isolated. The present study was efficient in doing so.
One of the limitations was the availability of a handful of
independent studies with inadequate sample size, which
did not result in enough overall sample size. Furthermore,
the heterogeneity among the studies was very high. The
tDCS protocol used in different studies varied widely. The
development of a standard protocol for tDCS intervention
would make the results of the analysis clearer. Since tDCS
uses mild modulation of brain regions to produce the effect,
a higher number of sessions are required to see clear effects.
The number of sessions did not exceed 12 in all but one
study™! while the intensity used was less than the commonly
used intensity of 2.0 mA in many studies. Furthermore, most
of the studies used other interventions of cognitive training
or physical exercise along with tDCS whose effect might have
interfered with the action of tDCS.

To minimize the above effects, future studies may focus on a
larger sample size. Moreover, data about the long-term effects
rather than immediate benefits of the intervention would be
more valuable to the field of aging. For this purpose, RCTs
with multiple follow-ups after the end of the tDCS treatment
are required. These can help in identifying the age of onset
of dementia, which might be a better marker for the effect of
tDCS. This could also overcome the limitation of cognitive
tests not being able to identify minor changes in cognitive
performance among people with MCI.

CONCLUSION

The present study found that administering active tDCS
improved performance in tests for global cognition (MCA and
MMSE) as well as assessments specific to attention (TMT-A)
and memory (LMT) domains. However, these differences
between the active and sham tDCS groups were not statistically
significant. Further studies with standardized protocols and
larger sample sizes may be required to fully assess the efficacy
of tDCS in improving cognitive function in people with MCI.
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