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Abstract

Background: Mild cognitive impairment (MCI) is defined as a pro-
gressive memory dysfunction. There are controversies with regards
to whether repetitive transcranial magnetic stimulation (rTMS) could
improve the condition.

Methods: In a randomized, self-control, crossover clinical trial,
effect of rTMS on cognitive performance in patients with MCI
was assessed. Patients were randomized into two study groups (A
and B) and received both rTMS procedure and sham therapy in
sequence, with each lasting for 8 weeks. Montreal cognitive assess-
ment (MoCA) test was performed as a cognition battery at baseline
and 1 week after each 8-week period of interventions.

Results: Sixteen patients were enrolled in the study. Baseline
measures of MoCA were statistically equal between two groups (P
value = 0.10). Mean MoCA score significantly increased in group A
at nine-week follow-up compared to both group B (P value <0.001)
and its baseline (P value = 0.01). However, at 18-week follow-up,
mean MoCA scores were increased in both groups compared to
their baseline (both P values < 0.001) with no significant differ-
ences between study groups (P value = 0.87). No adverse effects
were reported.

Conclusions: The rTMS is suggested as an effective and safe thera-
peutic option for cognitive improvement in patients with MCI.
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Introduction

Mild cognitive impairment (MCI) is defined as a progressive
memory dysfunction and a transitional state between normal
cognitive performance and dementia [1, 2]. MCI interrupts
with daily activities and it might convert to dementia with 10%
risk per year [1, 2]. Previous studies have shown unsatisfying
results of medications in terms of clinical improvement [1-3].

Applying repetitive transcranial magnetic stimulation
(rTMS) over the prefrontal cortex is a non-invasive method
which has shown desirable therapeutic effects in a wide range of
different neurologic disorders including major depression, neu-
ropathic pain, post-stroke neurorehabilitation, as well as multi-
ple sclerosis (MS), amyotrophic lateral sclerosis (ALS), stroke
and migraine [4-9]; yet its role in enhancing cognition remains
controversial. The role of prefrontal cortex (PFC) in cognition
and memory retrieval has previously been highlighted as the
best target of stimulation in order to regain its function with
subsequent improvement in cognitive and memory performance
[10]. rTMS affects brain cortical neurons by modulating the ex-
citability and monoamine release which finally expedites plas-
ticity in cortical gray matter at memory-associated areas [11].

The aim of this study is to evaluate rTMS applicability
over the left dorsolateral prefrontal cortex (DLPFC) area as a
therapeutic option in MCI by repetitive cognition assessments
in a crossover self-control clinical trial.

Materials and Methods

The study is a crossover self-control randomized clinical trial.
Study design has been shown in Figure 1.

Enrolment
Study population consisted of a consecutive sampling of 16

Key Points

» rTMS applied over the left DLPFC improved MoCA scores
in patients with MCL.
» The effect of rTMS lasted up to 18-week follow-up.

e r'TMS was safe with no adverse effects.
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Figure 1. Method describing flowchart. MCI: mild cognitive impairment; rTMS: repetitive transcranial magnetic stimulation;

MoCA: Montreal cognitive assessment.

patients referred to neurology clinics of two central hospitals
named Firoozgar and Rasoul-e-Akram hospitals affiliated to
Iran University of Medical Sciences (IUMS), Tehran, Iran. In-
clusion criteria included patients aged between 20 - 70 years
old and baseline Montreal cognitive assessment (MoCA) score
below 26 as the predefined cut-off point for MCI [12]. Exclu-
sion criteria comprised patients with cardiac pacemakers, psy-
chiatric disorders, and patients with secondary causes of cogni-
tive decline including prior history of brain injury accompanied
with loss of consciousness, medication history of benzodiaz-
epines or alcohol, or theophylline, serum B12 deficiency, hypo-
thyroidism, and structural lesions of the brain.

Treatment allocation

Patients were equally allocated into two groups “A” and “B”
by block randomization. Block randomization contained
eight binary blocks of A and B for random allocation of sam-
ples in two study groups. Group “A” was treated by rTMS
in the first eight sessions while group “B” received sham
stimulation. One week after the end of first eight sessions,
interventions were switched between groups in a crossover
manner; group “A” received sham stimulation while group
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“B” was treated by rTMS for another eight sessions. Patients
were unaware of the allocation sequence or the type of the
intervention, though the investigators were not blinded to
that. Deterioration of patient’s clinical status was considered
as the indication of exclusion from this study according to
research ethics protocol.

Intervention

We performed the intervention based on a method which has pre-
viously been described by Sole-Padulles et al [13]. rTMS was
performed by a device named Medtronic, manufactured in Den-
mark. A figure-of-eight coil was positioned over the cortical area,
and small parts of the brain were stimulated by a magnetic gen-
erator. The magnetic flux was applied over a certain area called
F3 point at DLPFC on the cerebral cortex of left hemisphere.
Stimulation was applied on wake patients without anesthesia
who were fixed on a comfortable chair for duration of 30 min.
The duration of each pulse was 10 s, and the pulse repetition in-
terval (PRI) which is known as the time interval between pulses
intervals was 20 s. Thus, each patient received a total of 60 pulses
in 30 min. Patients in this study were treated for 16 sessions, two
sessions per week. Each group changed its intervention type one
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Table 1. Descriptive Statistics of Cognition Assessment and Inter Group Analysis of MoCA Scores

Cognition parameter assessments

Group category (n) Mean SD

P value of comparison between groups (CI)

MoCA: baseline A () 25.18 0.90 0.10 (-0.09 - 1.88)
B (8) 24.29 1.16

MoCA: 1 week after the 8th session A (8) 26.02 0.77 <0.001 (0.7 - 2.68)
B (8) 24.33 0.68

MoCA: 1 week after the 16th session A (8) 26.77 0.68 0.87 (-0.61 - 1.37)
B (8) 26.39 0.87

SD: standard deviation; Cl: confidence interval; MoCA: Montreal cognitive assessment.

week after the first eight sessions. To avoid placebo bias, sham
intervention was applied over the same area on the scalp by the
same device and the same clinical setting. However, the wires of
magnetic generator were disconnected from the device.

Follow-up

MoCA test approved by the American Academy of Neurology
(AAN) as a valid tool in assessment of cognitive function was
selected in this study. MoCA scores were measured at baseline,
1 week after the eighth session (nine-week follow-up) and 1
week after the 16th session (18-week follow-up) of interven-
tions in both groups.

Analysis

Sample size of 16 was planned for this study by assumption of
normal distribution and homogeneity of variances to compare
two independent groups. Alpha error of 0.05 was determined with
power of 80% and precision of measures equal to 2 score (A =
U, - 1,). Predefined mean and variance of MoCA among MCI pa-
tients (25.1 £+ 1.94) were considered. In order to compare MoCA
score, analysis of variance (ANOVA) with repeated measures was
performed within and inter groups prior to interventions, at nine-
week follow-up and at 18-week follow-up. Statistical data were
analyzed using SPSS version 23.

Ethics

This study is an internationally registered clinical trial with
IRCT registration number: IRCT2017011028199N2. The study
was performed according to Helsinki ethics protocols and was
approved by Ethics Committee of Iran University of Medical

Table 2. Within Group Analysis of MoCA Scores

Sciences (Code IR IUMS.REC 1394.9211158008)

Results

Sixteen patients with MCI were recruited to the study with eight
patients in each group. There were totally five females and 11
males in the study with average age of 53.12 years. Descriptive
statistics of MoCA scores of three repeated sessions are shown
in (Table 1). Mean MoCA scores were not statistically different
at baseline between study groups (P value = 0.10).

Analysis within the groups

Compared to baseline, mean MoCA score improved signifi-
cantly at nine-week follow-up in group A compared to base-
line, while group B (sham group) showed no improvement of
mean MoCA score at nine-week follow-up compared to its
baseline. Assessments at 18-week follow-up showed signifi-
cant improvements in mean MoCA scores of both groups com-
pared to their baseline measures (Table 2).

Inter groups analysis

Comparing outcomes between groups, group A had statistical-
ly higher mean MoCA score at nine-week follow-up compared
to group B (P value < 0.001) while data showed no statistically
significant difference between two groups at 18-week follow-
up (P value = 0.87) (Table 1).

Adverse effects

No adverse effects of rTMS were reported during the study.

Cognition parameter assessments

Group category (n) P value (effect compared to before study measures)

Confidence interval

MoCA: 1 week after the 8th session A (8) 0.017 (0.16 - 1.52)
B (8) 1.00 (-0.94 - 1.03)
MoCA: 1 week after the 16th session A (8) <0.001 (0.60 - 2.58)
B (8) <0.001 (1.11 - 3.09)
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Discussion

The present study has found favorable effects of rTMS applied
over the left DLPFC after multiple sessions on cognitive per-
formance in patients with MCI.

Two groups were similar in terms of cognitive function at
baseline. On nine-week follow-up, cognition was significantly
improved in group A compared to both its baseline measures
and the simultaneous cognitive performance scores in sham
group. However, intragroup analysis showed no statistically
significant differences between two groups’ MoCA scores on
18-week follow-up. These findings indicate that rTMS was
the reason of cognition improvement in each group compared
to sham therapy. These results also revealed that rTMS ef-
fects could last up to 18 weeks. However, studies with longer
follow-up should be performed in order to assess longer-term
effects of rTMS. Our results are similar to previous studies
which showed that high frequency rTMS over the left parietal
cortex had satisfactory effects on clinical status of MCI [14-
17].

DLPFC region is well known for its role in verbal and
nonverbal memory retrieval along with cognitive process
[18-23]. It has been suggested that stimulation of left DLP-
FC improves cognition and memory simultaneously [24].
Stimulation of DLPC area by rTMS improves working
memory, which has been shown to last for up to 24 weeks
[24]. As well as the impact on cognition, it has been argued
that rTMS could improve the quality of life indirectly by
improving performance of everyday activities in MCI pa-
tients [25].

The mechanism by which rTMS affects the cortex is ob-
scure. It is believed that rTMS has direct modulating effects on
neuronal activity and plasticity especially on excitatory syn-
apses [11, 26-28]. A previous study showed that stimulation
of the left DLPFC increases the metabolic activity in this area
which in turn improves cognition in older people with memory
disorders [13].

Our patients reported no adverse effects according to
rTMS. This technique has been demonstrated as a safe meth-
od with minimal serious adverse events claimed by previous
clinical trials in the past two decades since the first clinical
application [29].

One of the limitations of our study was that our patients
were not followed up for a long time to investigate long-term
effect of rTMS on MoCA scores. Studies comparing rTMS
with medications are recommended.

Conclusions

The results of this study show that rTMS possibly plays an
improving role in patients with MCI.
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