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Abstract 

Background:  To prevent and control dementia, many scholars have focused on the transition stage between normal 
ageing and dementia, mild cognitive impairment (MCI) which is a key interventional target for dementia. Studies have 
shown that non-invasive brain stimulation (NIBS) is beneficial to improve cognitive function of MCI patients. However, 
whether NIBS is conducive to the protection of cognitive ability in MCI patients remains unknown due to limited 
evidence. The aim of the study was to systematically evaluate the modulation effect of NIBS on cognitive function 
(global cognitive ability and specific domains of cognition) in patients with MCI.

Results:  A total of 11 RCTs comprising a total of 367 MCI participants. Meta-analysis showed that NIBS can sig-
nificantly improve global cognition (n = 271, SMD = 0.94, 95% CI 0.47–1.41, p < 0.0001) and verbal fluency (n = 72, 
MD = 2.03, 95% CI 0.17–3.88, p = 0.03). However, there was no significant improvement in other domains of cognition.

Conclusions:  NIBS has a positive effect on improving global cognitive function and verbal fluency. At the same time, 
it has a small positive effect on improving executive function. However, these findings should be interpreted carefully 
due to the limitations of the study.
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Background
With age increasing, the risk of Alzheimer’s disease 
(AD) is on the rise [1], however, the treatment of demen-
tia is far from satisfactory [2, 3]. To prevent and control 
dementia, many scholars have focused on the transition 
stage between normal ageing and dementia, mild cogni-
tive impairment (MCI) which is a key interventional tar-
get for dementia [4]. The main characteristics of MCI are 
objective memory impairment and other cognitive defi-
cits; however, aspects of daily living are not significantly 

affected [5]. The incidence of MCI in people over 65 years 
of age is 10–20%, and more than half of them will pro-
gress into dementia within 5  years [6, 7]. Severe cogni-
tive decline will have a huge impact on the daily lives of 
patients such as independent living ability losing, lower 
quality of life, and huge economic burden [8]. Thus, effec-
tive and timely interventions that aim to improve cogni-
tive function or delay the process of cognitive decline will 
significantly benefit patients and their families.

Recently, there has been an increased interesting on the 
use of non-drug therapy to improve the cognitive func-
tion of MCI patients [9]. Studies have shown that as a 
new type of treatment, non-invasive brain stimulation 
(NIBS) is beneficial to improve cognitive function of MCI 
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patients [10]. NIBS can alter neuronal activity temporar-
ily and affect behavioural performance [11].

The two most commonly used techniques of NIBS are 
transcranial magnetic stimulation (TMS) and transcra-
nial direct current stimulation (tDCS). TMS modulates 
cortical activities by delivering strong magnetic pulses 
to the cortex through the scalp [12, 13]. Different stimu-
lation frequencies can enhance or inhibit cortical excit-
ability in the target cortical region. Unlike TMS, tDCS 
delivers a continuous week currents (0.5–2.0  mA) to 
the scalp to modulate neuronal transmembrane poten-
tial toward hyperpolarization or depolarization, thereby 
altering plasticity in the stimulated brain regions [10, 14]. 
Although they are different in some respects, both tools 
can induce long-term after effects on cortical excitability 
and neuroplasticity.

Many studies [15–18] have reported the treatment 
effect of tDCS and TMS on cognitive outcomes in vari-
ous populations, such as AD and healthy adults. For 
example, a study reported that for older adults, compare 
to the anodal or placebo (sham) tDCS, anodal tDCS not 
only strengthened episodic memories, but delayed recall 
is enhanced after 48  h compared with placebo stimula-
tion [19]. Similarly, another study found up-regulation 
of the dorsolateral prefrontal cortex (DLPFC) led to 
improvements of everyday memory after 10-Hz TMS in 
MCI patients [20].

However, beneficial effects of NIBS are not always 
observed. A study [21] showed that 2 weeks of tDCS did 
not show significant group differences in the face-name 
association task. In addition, Boggio et  al. [22] found 
that tDCS over the prefrontal cortex increases high-risk 
behaviour in older adults. In particular, a study with a 
crossover design failed to induce positive or negative 
behavioral effects following either low- or high-frequency 
TMS in seven patients with vascular MCI [23]. There-
fore, the efficacy of tDCS or TMS as a treatment option 
remains controversial. Specifically, whether tDCS or 
TMS is conducive to the protection of cognitive ability in 
MCI patients remains unknown due to limited evidence.

This study was designed to systematically evaluate the 
effect of tDCS and TMS as an intervention on cognitive 
function of MCI patients, including global cognitive abil-
ity and specific domains of cognition, such as memory, 
executive function, attention, verbal fluency.

Methods
Protocol and registration
The protocol of this study was registered with the 
International Prospective Register of Systematic 
Review, PROSPERO, under the identification number 
CRD42018092620, and can be integrally assessed online 

(http://www.crd.york.ac.uk/PROSP​ERO/displ​ay_recor​
d.php?ID=CRD42​01809​2620).

Literature search
We searched a total of seven electronic databases, 
including PubMed, EMBASE (OVID), SinoMed, China 
National Knowledge Infrastructure (CNKI), Wanfang 
degree and conference papers database, Chinese Sci-
ence and Technology Periodical Database (VIP) from its 
inception to 31 January 2018, as well as the Cochrane 
Central Register of Controlled Trials (Cochrane Library, 
2018, Issue 1). These databases were searched without 
language restrictions. Relevant keywords related to non-
invasive brain stimulation as Medical Subject Heading 
terms and text words (e.g., ‘noninvasive brain stimula-
tion’, or ‘transcranial direct current stimulation’, or ‘tran-
scranial magnetic stimulation’) were used in combination 
with words related to mild cognitive impairment.

Inclusion criteria
The trials selected in the study should met the follow-
ing inclusion criteria: (1) published or unpublished ran-
domized controlled studies; (2) participants diagnosed 
with MCI based on any diagnostic criteria, such as 
Petersen criteria, 2004 MCI Key Symposium criteria or 
other standards and consensus; participants with vascu-
lar cognitive impairment or other neurological disorders 
resulting from AD, dementia or Parkinson’s disease were 
excluded; (3) the intervention of the experimental group 
was NIBS technique, regardless of the type; (4) the con-
trol group received basic intervention, sham stimulation, 
medication or other interventions; (5) outcomes included 
global cognitive ability and specific domain of cogni-
tion, which was measured by neuropsychological tests or 
other objective measurements. Studies without available 
data were excluded.

Study identification and data extraction
Eliminate duplicate records with the reference man-
agement software (Note Express V.2.0). In the litera-
ture screening, the title and abstracts were read first to 
eliminate irrelevant studies. The studies that potentially 
met the inclusion criteria were independently screened, 
extracted, and cross-checked by two reviewers. Disagree-
ments were resolved by discussion with a third reviewer. 
Extract the following information from eligible studies: 
study design, sample size, participants’ characteristics, 
methodological information of research quality, experi-
mental and control intervention, the duration, frequency, 
intensity and type of NIBS, outcomes, the time of follow-
up, and adverse events.

http://www.crd.york.ac.uk/PROSPERO/display_record.php%3fID%3dCRD42018092620
http://www.crd.york.ac.uk/PROSPERO/display_record.php%3fID%3dCRD42018092620
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Assessment of risk of bias in individual studies
Two reviewers independently evaluated the scientific 
quality of the study according to the JADAD scoring 
manual [24]. Evaluation content included description of 
random sequence generation, description of the double-
blind procedure, and description of withdrawals and 
dropouts. The total score was 5 points, where a score of 
1–2 points was associated with low quality and a score of 
3–5 points was deemed as high quality.

Data analysis
A meta-analysis of outcomes for each study was per-
formed using Review Manager 5.3 software and a two-
sided p < 0.05 was considered statistically significant. 
Data were summarized using relative risk with 95% CI 
for binary outcomes. The measurement data used the 
MD or standardized MD and the 95% CI as the effect 
amount. The meta-analysis used the I2 test to observe the 
degree of statistical heterogeneity between studies. When 
I2 ≤ 50%, a fixed-effect model was used, while a random-
effects model was used when I2 > 50%. A parallel sensitiv-
ity analysis was used to find the source of heterogeneity. 
Studies with different interventions were divided into 
subgroups for subgroup analysis according to different 

factors, such as design options, treatment duration, and 
specific interventions. For studies with significant clinical 
and methodological heterogeneity, the outcome meta-
analysis was not performed, and only general statistical 
descriptions were performed. Statistical heterogeneity 
among the included studies was assessed using a χ2 test 
and Higgins I2 value, with I2 > 75% suggesting high statis-
tical heterogeneity [25].

Results
Study identification
According to the original search strategy, 510 studies 
were retrieved, and 72 repetitive studies were excluded. 
After reading titles and abstracts, two independent 
reviewers excluded 416 articles that did not meet the 
inclusion criteria. A total of 22 studies were further 
evaluated, excluding 1 repeated publication, while 2 did 
not meet the MCI diagnostic criteria, 4 had unaccepta-
ble cognitive outcomes, and 4 were non-RCT studies. A 
total of 11 studies [20, 26–35] were included in the meta-
analysis finally.

The detailed screening flow used to find eligible studies 
is presented in Fig. 1.

Abbrevia�ons: CNKI: China Na�onal Knowledge Informa�on database; MCI, mild cogni�ve impairment; RCT, randomized 
controlled trial; VIP: Chinese Science and Technology Periodical Database. 

Fig. 1  Flow diagram for searching and selection of the included studies
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Characteristics of included studies
This review included 11 RCT studies involving 367 MCI 
participants (175 males and 192 females, average age 
66.52 years) and Table 1 shows the characteristics of each 
study. Six studies [28–33] were conducted in China, two 
[26] in Italy, one [27] in Brazil, one [34] in South Korea 
and one [35] in the US. All studies reported clear diag-
nostic, inclusion, and exclusion criteria.

The types of NIBS included tDCS [26, 27] and TMS [20, 
28–35]. For tDCS, the frequency varied from three to five 
sessions weekly and 25–30 min per session. The duration 
of the intervention lasted 2–3 weeks. The stimulation site 
was in the dorsolateral prefrontal cortex (DLPFC), and 
the intensity was 2  mA. For TMS, the frequency varied 
from five to six sessions weekly and 15–45 min per ses-
sion. The duration of the intervention lasted 2–16 weeks. 
The stimulation site was in the DLPFC, bilateral frontal 
area, and precuneus, with an intensity from 80 to 120% 
resting motor threshold (RMT). Of these 11 studies, 3 
were followed up from 1 to 3  months [20, 26, 33]. Two 
studies compared TMS with drug therapy [29, 33]. Two 
studies combined TMS/tDCS with physical therapy (PT) 
or cognitive training to compare the effects of combi-
nation therapy with PT or cognitive training alone [26, 
31]. Other studies performed comparisons between true 
and shame-stimuli. There was a wide variety of cognitive 
measurement tools used in these studies, including Mini-
mental state examination (MMSE), Montreal Cognitive 
Assessment (MoCA), Parkinson’s Disease Cognitive Rat-
ing Scale (PD-CRS), Wechsler Memory Scale (WMS), 
Trial Making Tests-A and B (TMT-A&B), and verbal 
fluency test (VFT), with different tools applied to evalu-
ate the same cognitive domain within a study or among 
studies.

Risk of bias of included studies
The risks of bias for all studies are shown in Table 2. In 
these studies, 3 studies described the use of a random 
number table and Matlab software to generate random 
sequences [30, 33, 34]. One study used the covariate 
adaptive randomization method for random assignment 
[26]. The rest of the studies mentioned random grouping 
but did not describe the generation method of random 
sequences, and there was a potential risk of high selec-
tion bias. Five studies used a double-blind design for 
blindness to subjects and assessors [20, 26, 30, 34, 35]; 
therefore, their risk of detection bias was judged as low. 
A single-blind design was used in one other study [33]. 
However, none of the other studies mentioned blindness, 
and thus have a potentially high risk of implementation 
bias and high detection bias. Four studies reported shed-
ding and described the data processing method [20, 26, 
30, 34, 35]; therefore, the risk of loss bias was deemed as 

low. Overall, most of the included studies were judged to 
have a high risk of bias with low methodological quality.

Effect of interventions
Global cognitive function
Nine studies [26, 28–34] reported the effects of NIBS on 
global cognitive ability in participants with MCI by using 
MMSE, MoCA and Parkinson’s Disease Cognitive Rat-
ing Scale (PD-CRS). The results showed that NIBS had 
a significant effect on improving global cognitive abil-
ity among participants with MCI, as demonstrated by 
significantly increased MMSE scores and MoCA scores 
(n = 301, SMD = 1.82, 95% CI 0.86–2.78, p < 0.0002, 
I2 = 91%, the random-effect model; Fig.  2). One study 
[26] reported that tDCS participants had higher PD-CRS 
scores than those in the control group, the difference was 
significant (p = 0.041).

Memory
Five studies [20, 26, 27, 32, 34] involving 109 participants 
reported the effects of NIBS on memory ability by using 
the Rivermead Behavioural Memory Test (RBMT), Rey 
Auditory-Verbal Learning Test (RAVLT), Digit Symbol 
Substitution Test (DSST), Multifactorial Memory Ques-
tionnaire (MMQ), and Clinical memory scale (CMS). 
Three of the studies compared the effects of TMS stimu-
lation and sham TMS stimulation. The other two articles 
compare the difference between anode tDCS stimula-
tion and PT/sham stimulation. The results of meta-anal-
ysis showed no significant difference between the NIBS 
group and control groups (n = 109, SMD = 0.20, 95% CI 
− 0.18 to 0.58, p = 0.31, I2 = 0%, the random-effect model; 
Fig. 3).

Executive function
The effects of NIBS on executive function were evaluated 
in five studies [20, 26, 28, 34, 35] using the Wisconsin 
card sorting test (WCST), Semantic fluency and Frontal 
Assessment Battery (FAB), and TMT part B (ms). Due 
to the use of these different tools, we performed a sub-
group analysis. One study showed that TMS significantly 
improved executive ability by increasing WCST scores 
(SMD = 1.15, 95% CI 0.45–1.84, p = 0.001), while another 
reported no significant changes (Fig. 4).

Attention
Three studies [26, 28, 34] reported the effects of NIBS 
on attention ability by using TMT part A (ms) and Digit 
Symbol Substitution Test (DSST). The results of meta-
analysis showed no significant difference between the 
NIBS group and control groups on reaction time of TMT 
part A (n = 58, SMD = − 0.31, 95% CI − 1.01 to 0.38, 
p = 0.38, I2 = 40%, the random-effect model). Regarding 
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the DSST score, NIBS had no significant effect on 
improving attention ability (n = 14, MD = 0.46, 95% CI 
− 0.61 to 1.52, p = 0.40; Fig. 5).

Verbal fluency
Two studies [20, 28] reported the effects of NIBS on ver-
bal fluency ability. The results of meta-analysis showed a 
significant difference between NIBS and control group 
(n = 72, MD = 2.03, 95% CI 0.17–3.88, p = 0.03, I2 = 7%, 
the fixed-effect model; Fig. 6).

Adverse effects
Adverse effects were reported in 4 studies [28, 31, 32, 
35], where the main symptoms were dizziness, pain, and 
facial twitching. The results of meta-analysis showed 
no significant difference between the NIBS group and 
control groups on adverse event rate (RD = 0.25, 95% 
CI − 0.03 to 0.53, p = 0.08, I2 = 89%, the random-effect 
model; Fig.  7). Notably, two participants experienced 
severe pain during TMS stimulation, while one partici-
pant quit treatment.

Table 2  Risk of bias summary: review authors’ judgements about each risk of bias item for each included study

CNKI: China National Knowledge Information database; MCI, mild cognitive impairment; RCT, randomized controlled trial; VIP: Chinese Science and Technology 
Periodical Database

Author, year Randomization sequence generation Blinding method Withdrawals and dropouts Jadad score

Han, 2013 Not described in detail Not mentioned 2 Drop out of family reason 2

Zhang, 2014 Not described in detail Not mentioned Not mentioned 1

Yang, 2014 Random number table Double-blind manner Not mentioned 4

Rosa, 2015 Covariate adaptive randomization method Double-blind manner Not mentioned 4

Sun, 2015 Not described in detail Not mentioned Not mentioned 1

Hellen, 2015 Not described in detail Double-blind manner 2 Drop out of personal reason 4

Kyongsik, 2016 Random number generator from the Matlab software Double-blind manner Not mentioned 4

Long, 2016 Not described in detail Not mentioned Not mentioned 1

Wu, 2017 Random number table Single-blind manner 7 Drop out of a change in condi-
tion or other reasons

3

Giacomo, 2017 Not described in detail Not mentioned Not mentioned 3

Prasad, 2018 Not described in detail Double-blind manner 1 Did not tolerate the treatment 4

Fig. 2  NIBS versus other intervention: global cognitive ability

Fig. 3  NIBS versus other intervention: memory



Page 7 of 11Xu et al. BMC Neurosci            (2019) 20:2 

Discussion
Epidemiological studies show that 10–15% patients with 
MCI will transform to dementia [36]. It is very impor-
tant to provide timely interventions for patients with 
cognitive impairment in this reversible phase. NIBS has 
become a potentially useful tool. In particular, NIBS can 
directly affect the memory mechanisms of young, elderly, 
and neurotic dysfunction patients, including working 

memory, episodic memory, and contact memory [37, 
38]. However, there is no consistent conclusion regard-
ing whether NIBS can improve the cognitive function of 
MCI patients.

Eleven studies involving 367 subjects were included 
in this review. All studies were designed to compare 
tDCS or TMS with a lack of specific stimuli. The results 
of the meta-analysis showed that NIBS was beneficial 

Fig. 4  NIBS versus other intervention: executive ability

Fig. 5  NIBS versus other intervention: attention

Fig. 6  NIBS versus other intervention: verbal fluency
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to improve the cognitive function of MCI patients. 
In terms of global cognitive function, NIBS signifi-
cantly improved the global cognitive function in MCI 
patients. Within a specific cognitive domain, NIBS has 
a slightly significant benefit on executive function and 
a potentially positive impact on verbal fluency ability. 
Nevertheless, as verbal fluency was measured only in 
two studies, the results of this measure should be taken 
with caution.

With functional magnetic resonance imaging (fMRI), 
multiple resting state networks such as default mode 
network, attention network and sensorimotor network 
have been affected in patients with MCI [39]. Meinzer 
et  al. conducted a double-blind, cross-control study in 
which brain changes were recorded using task-related 
and resting fMRI during tDCS stimulation. fMRI data 
suggest that the low accuracy of semantic flow tests in 
MCI patients may be related to hyperactivity of bilateral 
prefrontal area. Anodic-tDCS significantly improved 
the accuracy of semantic fluency tests in MCI patients, 
reduced task-related prefrontal hyperactivity and facili-
tated the normalization of abnormal network structure 
in resting-state fMRI [40]. Another critical one concerns 
with modulation of neurotransmitter levels [41, 42]. TMS 
may affect the regulation of cortical neuronal activity by 
altering the dynamics of excitation/inhibition of neuro-
transmitter systems, such as GABA and glutamate [42].

Previous studies and reviews have summarized the 
main advantages of tDCS and TMS [10, 43]: first, these 
methods are ideal for exploring brain plasticity through-
out the life cycle. Second, they can regulate neurons bidi-
rectionally, not only inhibiting the excitability of neurons 
but also enhancing the excitability of neurons. Third, 
these techniques can apply the stimulus only to the posi-
tion we want without affecting other parts, so that we 
can treat the disease while avoiding side effects. This is 
beyond the ability of pharmacology or complementary 
therapy. In particular, the application of NIBS to dysfunc-
tional neural networks could significantly enhance learn-
ing- and memory-related effects. Moreover, repeated 
use of NIBS for stimulation could make the effect longer 
lasting.

In terms of safety, there were several mild adverse 
events in the NIBS group and control group, such as 
temporary dizziness, pain, and facial twitching. How-
ever, these events could be recovered without special 
treatment. In addition, there was no significant differ-
ence in the incidence of adverse events between the two 
groups. However, it should be noted that there were 
2 serious adverse events in the intervention group, of 
which one participant had severe pain during the treat-
ment, where the pain was relieved after the stimulus was 
stopped, while the other patient quit treatment due to 
pain. Although the safety of NIBS has been recognized 
by most people currently, the individual safety should be 
monitored, and personal thresholds should be evaluated 
to determine appropriate parameters for each patient 
undergoing NIBS treatment [44–46].

This review only included randomized controlled tri-
als, which implied that the included studies had rigor-
ous research design. Regarding the participants, we more 
force on the patients with MCI. In order to reduce poten-
tial confusion and make the generalization of the findings 
more pertinent, we excluded participants with secondary 
cognitive impairment (e.g., vascular dementia) or severe 
cognitive impairment (e.g., AD). All these methods 
helped to support the NIBS-related causal hypothesis.

There were several limitations in the systematic 
review. (1) The stimulation parameters used in each 
study (including stimulation intensity, stimulation rate, 
stimulation site, and duration) were quite different, and 
the optimal parameters for NIBS treatment could not 
be determined. (2) Only three studies were followed up 
for 1–3 months, suggesting that the effect of NIBS could 
be maintained for a long time; however, the conclusion 
should be verified by larger and longer follow-up studies. 
(3) The control methods adopted in the study were dif-
ferent. Due to the small number of included studies, the 
systematic review included the results of all the studies 
together for analysis but did not analyse them separately 
according to the methodological differences. For exam-
ple, there are studies that only used drugs as controls, 
and thus, the placebo effect could not be avoided, which 
may exaggerate the efficacy of NIBS. Moreover, some 

Fig. 7  NIBS versus other intervention: adverse effects
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studies did not describe whether the subjects were com-
bined with the basic treatment. Therefore, it is unclear 
whether there was a synergistic effect between the treat-
ments. (4) The overall quality of the research included in 
this systematic review was not high. Most of the stud-
ies did not specifically describe the method of random 
allocation and did not perform allocation concealment, 
which may generate selection bias. (5) Eight studies used 
shame stimuli, but did not test whether the blindness was 
successful, which may increase measurement bias.

Clinical implications and recommendations for future 
studies
Meta-analysis showed that in patients with MCI, NIBS 
seems to improve the overall cognitive function, ver-
bal fluency, and executive function, which suggests that 
NIBS may be a potential intervention for patients with 
MCI. Because the quality of the studies is not high, the 
conclusions should be treated with caution. We also 
believe that NIBS may offer an exciting novel treatment 
option in patients with MCI.

Future studies in this field should explore appropriate 
NIBS treatment parameters (e.g., stimulus type, stimu-
lus intensity, stimulation frequency, stimulation site) for 
patients with MCI. For example, Ahmed et al. [47] con-
ducted a TMS intervention trial on AD, suggesting that 
high-frequency stimulation is superior to low-frequency 
stimulation. Moreover, a more sensitive and objective 
measurement tool should be used to assess the overall 
cognitive ability and specific domains of cognition. As 
memory loss is a major manifestation of MCI, recent 
studies have concluded that delayed memory and seman-
tic memory tests can better predict whether MCI will 
progress to AD compared to other memory tests [48].

There are different types of MCI, such as amnestic MCI 
and non-amnestic MCI as well as single domain impair-
ment or multiple domain impairment [49]. Whether the 
response of different types of MCI to NIBS treatment is 
different remains to be discussed. In addition, since the 
adverse events reported in these studies are mainly tran-
sient dizziness and headaches, we believe that the setting 
of NIBS parameters in future studies should be based 
on safety guidelines [50–52]. At the same time, follow-
up studies are needed to assess the long-term risks and 
benefits of NIBS treatment. In addition, in order to bet-
ter assess the quality of the research, the author should 
follow the CONSORT guidelines [53] when reporting 
research.

Conclusion
NIBS may benefit the improvement of global cognitive 
function and verbal fluency in patients with MCI, while 
it has a slight positive impact on executive function. 

However, considering the different types of NIBS, and 
the discrepancies in intensity, frequency, locus, duration 
of stimulation, as well as the limited number of studies 
and the small sample size, these findings must be care-
fully explained. More sample size trials are needed, with 
more rigorously randomized controlled trial designed 
and standardized training programmes to draw specific 
and accurate conclusions.
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