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Background and aims: In the last decade, the development of different methods of brain stimulation 

by electromagnetic fields (EMF) provides a promising therapeutic tool for subjects with impaired 

cognitive functions. Emisymmetric bilateral stimulation (EBS) is a novel and innovative EMF brain 

stimulation, whose working principle is to introduce very weak noise-like stimuli through EMF to 

trigger self-arrangements in the cortex of treated subjects, thereby improving cognitive faculties. The 

aim of this pilot study was to investigate in patients with cognitive impairment the effectiveness of EBS 

treatment with respect to global cognitive function, episodic memory, and executive functions.

Methods: Fourteen patients with cognitive decline (six with mild cognitive impairment and 

eight with Alzheimer’s disease) underwent three EBS applications per week to both the cerebral 

cortex and auricular-specific sites for a total of 5 weeks. At baseline, after 2 weeks and 5 weeks, 

a neuropsychological assessment was performed through mini–mental state examination, free 

and cued selective reminding tests, and trail making test. As secondary outcomes, changes in 

behavior, functionality, and quality of life were also evaluated.

Results: After 5 weeks of standardized EBS therapy, significant improvements were observed 

in all neurocognitive assessments. Mini–mental state examination score significantly increased 

from baseline to end treatment (+3.19, P=0.002). Assessment of episodic memory showed 

an improvement both in immediate and delayed recalls (immediate recall =+7.57, P=0.003; 

delayed recall =+4.78, P,0.001). Executive functions significantly improved from baseline to 

end stimulation (trail making test A -53.35 seconds; P=0.001). Of note, behavioral disorders 

assessed through neuropsychiatric inventory significantly decreased (-28.78, P,0.001). The 

analysis concerning the Alzheimer’s disease and mild cognitive impairment group confirmed a 

significant improvement of cognitive functions and behavior after EBS treatment.

Conclusion: This pilot study has shown EBS to be a promising, effective, and safe tool to 

treat cognitive impairment, in addition to the drugs presently available. Further investigations 

and controlled clinical trials are warranted.

Keywords: pulsed electromagnetic fields, cognitive decline, Alzheimer’s disease, Emisym-

metric bilateral stimulation

Introduction
The increasing mean age of the population, and as a consequence the aging-related 

incidence of neurocognitive disorders such as dementia, highlights the need for new, 

highly effective, therapeutic strategies.
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Alzheimer’s disease (AD) is the most prevalent cause of 

dementia in the elderly, and it is defined both by its clinical 

features and by its unique pathology. It increases dramatically 

in both prevalence and incidence after the age of 65, and this 

doubles approximately every 5 years in individuals between 

65 and 95 years of age.1 Based on the pathological findings 

of loss of cholinergic transmission,2 AD is routinely treated 

with cholinesterase inhibitors.3 Despite recent advances, 

currently available drugs for dementia are mostly ineffective 

against the progression of cognitive and behavioral disorders 

related to dementia.4,5 This inability to effectively manage 

disease progression prompts researchers to develop new 

therapeutic strategies.

In the past few years, the development of different meth-

ods of brain stimulation by electromagnetic fields (EMF) 

has provided a promising therapeutic tool, with potentially 

beneficial effects on subjects with impaired cognitive 

functions.6

Repetitive transcranial magnetic stimulation (rTMS) and 

transcranial direct current stimulation (tDCS) are the most 

widespread noninvasive methods of EMF brain stimulation. 

Recently, studies revealed that both these neurostimulation 

techniques might enhance cognitive performances in healthy 

subjects and patients with AD through modulating cortical 

excitability and inducing long-lasting neuroplastic changes.7,8

rTMS is based on the principle of electromagnetic induc-

tion of an electric field in the brain, which can be of sufficient 

magnitude and density to modulate cortical excitability. This 

has been demonstrated to have behavioral consequences and 

therapeutic potential.9,10

Recent data show that also tDCS is able to induce cogni-

tive changes, specifically improving the memory function in 

AD patients.11,12 Indeed, it has been shown in these patients 

that both a single anodal tDCS session, which improved rec-

ognition memory, and the application of tDCS over the tem-

poral cortex daily for 5 days brought a memory improvement 

lasting 4 weeks after neurostimulation therapy ended.12

It has been proposed that the pathophysiological basis of 

the beneficial effect of EMF in neurodegenerative disorders 

is connected to several interrelated mechanisms of action, 

including increased amyloid clearance, neuronal activity, 

and cerebral blood flow.7 Therefore, EMF exposure could 

represent a noninvasive therapeutic option against cogni-

tive impairment and could be used as a memory-enhancing 

approach in the general population.

In this study, we investigate the clinical effects of Emi-

symmetric bilateral stimulation (EBS Elkmed 2060), a novel 

and innovative EMF brain stimulation.

EBS differs from rTMS and tDCS as the power densi-

ties used in therapy are much lower (below 100 nW/cm2, 

where nW =10-9 W). EBS is, in fact, different than the 

conventional EMF approach and adopts low-power stimu-

lations to cover a wide range of frequency bands, shapes, 

and durations of pulses of the EMF. The core topic of this 

study is the utilization of pulsed EMF noise-like stimuli to 

trigger self-arrangements in the cortex of treated subjects 

and improve brain faculties. Such a self-organization ability 

does indeed find its physical basis in quantum field theory 

interpretation of biological systems: all the stimuli allowed 

penetrating in, traveling through, and participating in the 

living dynamics are strictly bound to local supramolecular 

conditions, in turn depending on the macrostate. This is true 

because of biological coherence.13–16 Hence, it is interesting 

to examine what happens relying on a wide broad range in 

stimulation and on a biological self-selective responsivity, 

jointly.

In this open-label study, we aim to investigate the cogni-

tive effects of this innovative neurostimulation with pulsed 

EMF, using EBS in patients with cognitive decline. We 

investigate the effectiveness of EBS treatment with respect 

to global cognitive function, episodic memory, and executive 

functions, as they are the most affected cognitive domains 

in neurodegenerative dementia.

As a secondary outcome of the study, we aim to describe 

any changes in behavior, muscular strength, functional status, 

and quality of life (QoL).

Materials and methods
Study participants
Patients with a clinical diagnosis of cognitive decline were 

recruited at the Santa Margherita Hospital in Pavia (Italy).

Among them, nine patients were diagnosed as having 

mild-to-moderate AD according to the National Institute of 

Neurological and Communicative Disorders and Stroke-The 

Alzheimer’s Disease and Related Disorders Association 

Criteria17,18 and the Diagnostic and Statistical Manual of 

Mental Disorders IV (DSM-IV). According to DSM-IV, to 

be diagnosed with AD, subjects need to fulfill the following 

criteria: memory impairment, one or more of the following 

cognitive disturbances (aphasia, apraxia, agnosia, impaired 

executive functioning), cognitive deficits causing severe 

impairment in social and occupational functioning, a gradu-

ally progressive disease course, and cognitive deficits not due 

to other neurologic (cerebrovascular disease, Parkinson’s 

disease, Huntington’s disease, subdural hematoma, normal 

pressure hydrocephalus, brain tumor) or systemic conditions 
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(hypothyroidism, vitamin B or folic acid deficiency, niacin 

deficiency, hypercalcemia, neurosyphilis, HIV infection, 

substance abuse).

The remaining six patients met the diagnostic criteria for 

mild cognitive impairment (MCI) and were included in the 

study.19 They were comprehensively assessed by the Rey Com-

plex figure,20 and were shown to have normal general cognitive 

functioning as assessed by the Raven’s Colored Progressive 

Matrices21 and tests of short-term memory, naming, and frontal 

executive functions; a Clinical Dementia Rating score below 

0.5;22 no or minimal impairment in activities of daily living 

(ADL) as assessed by the instrumental activities of daily living 

(IADL) scale and by the ADL scale; and absence of dementia 

(score .24 on mini–mental state examination [MMSE]).23

All patients were native Italian speakers and underwent 

a detailed clinical and neurological evaluation. All patients 

affected by AD were receiving cholinesterase inhibitor 

(donepezil hydrochloride or rivastigmine tartrate) therapy 

and memantine according to standard international guidelines 

referring to specific cognitive decline. None of the MCI 

individuals were under cognitive-specific treatments.

For each patient, a structural brain MRI was taken to 

exclude major causes of cerebrovascular disease and white 

matter lesions.

Patients with potentially confounding neurological and 

psychiatric disorders, clinically known hearing or vision 

impairment, or a history of alcohol abuse, psychosis, or 

major depression were not included in the study. None of 

the subjects had implanted metal objects, pacemakers, or a 

history of seizures. These exclusion criteria were based on 

the performance of a safe stimulation consensus.9

This open-label study was performed according to the 

Declaration of Helsinki and was approved by the local insti-

tutional review board. Patients and their caregivers signed 

informed consent before participation.

Experimental protocol
Three applications per week to both the cerebral cortex and 

specific auricular sites were performed for a total of 5 weeks 

to the 14 patients included in the study. All subjects enrolled 

received both stimulations. Side effects and adverse events 

were regularly assessed during the whole study.

The primary end point of our study was to determine changes 

in global cognitive function and specific cognitive domains after 

5 consecutive weeks (t
2
) of standardized EBS treatment.

As a part of general comprehensive assessment, we 

established the following secondary end points: behavioral 

disorders, functional status, muscular strength, QoL.

Besides, to consider the effectiveness of EBS treatments 

to changes in specific cognitive impairment, a statistical 

analysis regarding changes in cognitive functions in patients 

with AD and MCI from baseline (t
0
) to end treatment (t

2
) 

was performed.

Emisymmetric bilateral stimulation
Each EBS treatment (Elkmed 2060) consists of a stimulation 

(approximately 20–25 minutes long) during which the patient is 

exposed to extremely weak EMF (powers in range, 10–100 nW),  

emitted by two sources: an in-air source placed in the front 

part of the machine (1–1.5 m away from the patient); and 

another consisting of a helmet shaped aluminum conductor 

sheet placed on the patient’s head, connected by four clamps 

that convey the signal from the machine. Another modality 

for local stimulation is given by conductive terminal emitters 

applied to specific points on the skin (typically, acupuncture 

points according to auricular points by Nogier). The in-air 

source at a distance of 1 m generates electromagnetic power 

densities in the range of 50–100 nW/cm2; local emitters gener-

ate even lower power densities, between 0.5 and 50 nW/cm2, 

depending on the terminal emitter used. Owing to the imped-

ance setting associated with the human body at that range of 

frequency and to emitter conformation, the signal transferred 

is almost fully capacitive. Substantially, we get an oscillating 

electric field, whose conformation is in the near-field range.

Electromagnetic signals are pulsed at a frequency that 

can be varied by preset programs. The carrier wave peaks 

at 10.5 GHz. Pulsation consists of an amplitude modulation 

at total index (m =1) and is square shaped so that the carrier 

wave is switched on/off at a very high rate.

The purpose in designing the EBS apparatus was to obtain 

the largest frequency band possible at extremely low powers 

in the emission. So, a square wave intermodulation has been 

chosen: theoretically it produces an infinite number of harmon-

ics (under- and overtones). The emission from each source 

together with the production of very low frequency spectral 

components (below 1 kHz) creates complex interference pat-

terns within the cells and neurons. This is the ideal condition 

in order to obtain extremely low power electromagnetic noise 

spread over a wide frequency band, able to stimulate self-

feeding, and reenhance traveling wave packets, whose role is 

involved in biocommunication and homeostasis.23,24

Cognitive assessment and clinical and 
comprehensive examination
A baseline comprehensive evaluation was performed on 

admission. A neuropsychological protocol was performed by 
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a trained psychogeriatrist and comprised the following assess-

ments: 1) MMSE for overall multidomains cognitive function 

and25 2) Free and Cued Reminding Selective Test (FCRST) for 

episodic memory impairment, including selective reminding 

and coordinated controlled learning and cued recall.26 The 

four measures being evaluated here include immediate recall 

(IR – the cumulative sum of immediate free and cued recall 

in the three trials; range 0–36), total delayed recall (TDR) (the 

cumulative sum of delayed free and cued recall, range 0–12), 

and their relative equivalent scores (relative equivalent free 

recall – REFR, and relative equivalent delayed recall, – REDR; 

range 0–4);27 3) trail-making state (TMS), both test A and 

test B, for information on visual search, scanning, speed of 

processing, mental flexibility, and executive functions.28

Presence of psychological and behavioral disorders 

related to dementia was screened through UCLA Neuropsy-

chiatric Inventory (NPI).29 Behavioral disorders represent an 

open issue in aging care as presence of behavioral disorders 

related to dementia decreases QoL of both patient and care-

givers and increases need for professional care.

Functionality and mobility were determined through a 

complete battery of physical assessments: 1) Barthel index 

for evaluating the dependence in ADL;30 2) short physical 

performance battery status (SPPB) for global mobility;31 3) 

handgrip performance for muscular strength.32 Handgrip 

strength (in kilograms) was measured using a dynamometer 

(Smedley Hand Dynamometer, Stoelting Co, Wood Dale, IL, 

USA). The mean score of three measures in the dominant 

hand was used in the analysis.33

QoL perceived by patients was assessed through the 

administration of short form-12 (SF-12) Health Survey, 

measuring both physical and mental domains.34

Clinical and comprehensive evaluation was performed 

by the same trained geriatrist on admission before first EBS 

treatment (t
0
), after 2 weeks of EBS treatment (t

1
), and at the 

end of the 5-week long standardized EBS treatment (t
2
).

Statistical analysis
Data are expressed as mean ± standard deviation for continu-

ous variables. Two-tailed paired t-tests were used to assess 

the differences in cognitive, functional, and QoL markers 

between individuals at baseline (t
0
) and after 5 weeks (t

2
) 

of treatment (t
2
–t

0
), and are presented as mean differences 

with 95% confidence intervals. Nonnormally distributed data 

were checked by Shapiro–Wilk test and log transformed for 

parametric statistics.

Furthermore, a stratified analysis considering the two 

groups, AD (eight patients) and MCI (six patients), was 

performed. After accounting for the small stratum sample 

size, nonparametric Wilcoxon signed ranks tests were used 

to assess the differences in cognitive, functional, and QoL 

markers between individuals at baseline (t
0
) and after 5 weeks 

(t
2
) of treatment (t

2
–t

0
).

Thus, linear mixed model (LMM)35 for repeated measures 

was applied in order to assess the differences in cognitive, 

functional, and QoL markers, among individuals across 

weeks. For each outcome, we fit an LMM where time (weeks), 

the dichotomous cognitive condition (ie, AD or MCI), and 

their interaction term were “focus” predictors, while age and 

sex were the adjustment covariates. Because of small sample 

size, to retain degrees of freedom, we carried out a model 

selection procedure, using a backward strategy by removing 

the nonsignificant adjustment covariates. A  random effect 

was used to adjust the models for intrasubject variability 

produced by three separate measurements (baseline, at 2 and 

5 weeks) carried out on same patients (n=14 ×3=42 observa-

tions but only 14 independents). The LMM time parameters 

were interpreted as adjusted week changes (∆/week), while 

the interaction parameters as adjusted time difference between 

dichotomous cognitive conditions (MCI represented the ref-

erence category). The parameters associated to dichotomous 

cognitive condition were interpreted as baseline differences 

between the two clinical conditions. t-tests (95% confidence 

interval) were carried out in order to evaluate statistical signifi-

cance on model parameters. P-values ,0.05 were considered 

significant. Finally, a Pearson correlation analysis was used to 

assess the relationships among cognitive, functional, and QoL 

marker changes after 5 weeks (t
2
–t

0
) in the overall sample.

The analysis was performed on R 3.0.3 using the R/nlme36 

and R/stats packages.37

Results
Thirty-four patients were enrolled, and 16 were found 

eligible. Of these patients, one refused to participate, and 

the remaining 15 were recruited (Figure 1). All patients 

fulfilled the diagnostic criteria for probable AD or MCI. All 

15 patients tolerated EBS therapy, and none of them reported 

any adverse effects. Only one patient with AD left the study 

because of a hospital discharge. Patient compliance to treat-

ment remained very high throughout the study: participation 

in 100% of the treatment sessions was registered.

Baseline population demographic and clinical data are 

shown in Table 1. Mean age was 79.93±6.23 years, mean 

MMSE score was 22.03±4.53, and average value of NPI was 

34.93±17.39. Both episodic memory and executive functions 

assessed respectively through FCRST and trial making state 
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Table 1 Statistics across weeks in the overall sample

n=14 (5 males,  
age =79.93±6.23 years)

Baseline (t0) 
mean ± SD

After 2 weeks (t1) 
mean ± SD

After 5 weeks (t2) 
mean ± SD

P-value paired 
t-tests (t2–t0)

Primary outcomes
Cognitive functions measurements

MMSE 22.03±4.53 24.51±4.46 25.22±4.51 0.002
Free recall 14.04±6.48 21.81±9.38 24.17±11.40 ,0.001
Relative equivalent free recall 0.43±0.65 2.143±1.56 2.5±1.70 ,0.001
Immediate recall (free + cued recall) 21.00±9.50 27.21±9.42 28.57±10.10 0.003
Intrusions at immediate recall 2.57±0.94 1.929±1.00 1.43±1.16 0.003*
Delayed recall 2.36±2.13 5.863±3.70 7.15±4.16 ,0.001
Relative equivalent delayed recall 0.14±0.53 1.071±1.49 1.93±1.77 0.002
Total delayed recall (free + cued recall) 3.21±3.68 6.00±4.57 6.93±4.58 0.003*
Intrusions at delayed recall 1.92±1.07 1.643±1.01 0.79±0.70 0.007
Trail-making state A (seconds) 203.4±65.4 155.3±52.9 150.0±61.7 0.001

Secondary outcomes
Dementia-related behavioral markers

NPI 34.93±17.39 10.43±9.12 6.14±6.15 ,0.001
Functional measurements

ADL 4.36±0.74 4.714±0.61 4.86±0.77 0.047
Barthel 82.21±8.95 85.5±8.43 86.07±10.37 0.209
Hand grip (right) 17.36±2.90 18.05±3.05 18.54±2.94 0.002
Hand grip (left) 16.07±3.19 16.56±3.19 17.09±3.11 ,0.001
SPPB 6.64±1.39 7.07±1.21 7.07±1.21 0.028

Quality of life variables
SF-12 PHS 27.86±4.17 34.77±4.62 41.69±5.07 ,0.001
SF-12 MHS 31.25±4.88 40.67±6.86 50.08±8.88 ,0.001

Note: In bold, the statistically significant evidences (P,0.05). *Log-transformed variables.
Abbreviations: SD, standard deviation; MMSE, mini–mental state examination; NPI, neuropsychiatric inventory; ADL, activities of daily living; SPPB, short physical 
performance battery status; SF-12 PHS, short form-12 physical health status; SF-12 MHS, short form-12 mental health status.

Figure 1 Flow diagram of the study.
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(TMT) were, on average, impaired (Table 1). With regard 

to functional profile, the mean Barthel was 82.21±8.95 and 

ADL, 4.36±0.74.

Other baseline clinical measures, such as handgrip, SPPB, 

SF-12 MHS (mental health status), and SF-12 PHS (physical 

health status) are shown in Table 1.

Primary outcomes
Figure 2 shows all the individual values regarding the primary 

cognitive outcomes across weeks and divided into cognitive 

condition (AD and MCI patients).

Concerning cognitive marker changes, it has been found 

that there is a significant increase in MMSE (+3.19, P=0.002), 

in immediate and delayed recall (IR: +7.57, P=0.003; DR: 

+4.79, P,0.001), and relative equivalent free and delayed 

scores (REFR: +2.07, P,0.001; REDR: +1.79, P=0.002). 

Table 1 reports mean values across 5 weeks and relative 

paired t-test significances for all the considered variables 

in all patients.

Thus, executive functions significantly improved from 

baseline after 5-week EBS treatment, as shown by the 

decrease observed in TMS test A score (-53.36 seconds, 

P=0.001) (Table 1 and Figure 3).

Table 2 shows the mean values (± standard deviation) 

of primary outcome across weeks in AD and MCI group. In 

particular, all cognitive scores increased in both the AD and 

MCI group, whereas most significant improvements were 

remarkably observed in MCI patients.

Table 3 reports LMM analysis results. Notably, all 

parameters (∆/week), except TDR (P=0.087), were statisti-

cally significant. Remarkably, MMSE weekly increased by 

0.613 (P=0.006), REFR and REDR by 0.565 (P,0.001) and 

0.649 (P,0.001), and the TMS test A score decreased by 

11.05 seconds (P=0.004).

Finally, the weekly improvements were lower in the AD 

than in the MCI group. In particular, this dynamic is high-

lighted in REFR, REDR, and DR changes, where improvement 

reductions are equal to 0.302 (P=0.023), 0.521 (P,0.001), and 

0.768 (P=0.006), respectively. Table 2 and Figure 3 show the 

significant interaction effect in primary outcomes.

In the model selection procedure, age and sex were deleted 

from the predictor set because they were nonsignificant.

Secondary outcomes
Table 1 shows mean values in secondary outcomes across 

weeks. NPI average scores significantly decreased by 28.79 

at the end of 5 weeks (P,0.001).

After 5-weeks EBS treatment, measures regarding func-

tional outcomes were found to be improved. Handgrip scores 

are significantly increased from baseline (right: +1.18 kg, 

P=0.002, left: +1.02 kg, P,0.001). Significant mean changes 

from baseline were observed in other functional measures 

(ADL: +0.5, P=0.047; SPPB: +0.43, P=0.028). Finally, the 

assessments of QoL evaluated by SF-12 showed significant 

improvements in both physical and mental domains (SF-12 

PHS: +13.61, P,0.001; SF-12 MHS: +18.5; P,0.001).

Table 2 shows the mean values (± standard deviation) 

of secondary outcomes in the time points, divided into AD 

and MCI group.

Table 3 reports LMM analysis results. Notably, all param-

eters (∆/week) were significant. Remarkably, the NPI score 

decreased weekly by 3.771 (P=0.004). In the model selection 

procedure, the age variable was deleted from predictor set 

because it was nonsignificant; whereas the sex variable was 

retained for handgrip measures because they turned out to 

be a significant parameter.

Post hoc power analysis
A post hoc power analysis (1 minus Type II error probability) 

on MMSE mean difference across 5 weeks gave a result equal 

to 0.68: the power has been computed on MMSE mean differ-

ence equal to 3.193 (from the overall sample), considering a 

type I error probability equal to 0.05 and a standard deviation 

of MMSE equal to 4.53.

Pearson correlation analysis
Table 4 reports Pearson correlation (ρ) analysis results 

of changes (t
2
–t

0
) of cognitive, behavioral, and functional 

markers in the overall samples: MMSE improvements are 

positively and significantly associated to recall ones, such 

as free recall (ρ =0.64, P=0.013), IR (ρ =0.86, P,0.001), 

and total delayed recall (ρ =0.68, P=0.008). In addition, 

the MMSE improvements are associated also with TMSA 

improvements (ρ =-0.76, P=0.002) and with functional ones, 

such as right handgrip (ρ =0.70, P=0.005), Barthel index 

(ρ =0.66, P=0.011), and ADL (ρ =0.58, P=0.028). These 

findings are explained in the “Discussion” section.

Discussion
This open-label pilot study evaluated the effectiveness 

and the safety of a standardized EBS 5-week treatment in 

14 patients with cognitive decline.

Regarding the primary objectives of our study, we observed 

that after 5 weeks of standardized EBS treatment, there was 

a significant improvement in all neuropsychological protocol 

assessments related to cognitive functions in all patients.  

In addition, cognitive improvements remained still significant 

after stratified analysis concerning AD and MCI groups.
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Figure 3 Mean plots of primary outcomes during protocol across weeks.
Abbreviations: MMSE, mini–mental state examination; AD, Alzheimer’s disease; MCI, mild cognitive impairment.

Since each patient’s MMSE range included in the study 

was on average 22.03±4.53 points, this cognitive improve-

ment of approximately 3 points (+0.61 by week) is of impor-

tant clinical relevance.38

Notably, both groups, AD and MCI patients, achieved an 

improvement in cognitive functions, as determined by positive 

changes in MMSE, assessed at the end of the treatment.

Remarkably, EBS stimulation also improved episodic 

memory, as shown by FCRST scores. In both free immediate 

and TDR, a clinically relevant increase was observed. Execu-

tive functions have also been improved by EBS stimulation, 

with a significant decrease in the time spent to complete the 

TMS test A.

It is important to note that the results obtained in our 

open-label study were in AD patients receiving standard 

medication during the trial (AD patients were treated with 

cholinesterase inhibitors at the time of recruitment, and three 

AD patients were treated with cholinesterase inhibitors and 

memantine combined). We hypothesized that EBS therapy 

may stimulate and exploit a “cognitive reserve” pool through 

some biological effects, which could provide additional 

benefit in patients with cognitive decline, when associated 

with the currently available therapy.

Notably, our results demonstrate not only a direct effect on 

cognitive functions, but also improvements in secondary out-

comes. In particular, of primary importance in dementia, sub-

stantial improvements in behavior were noted, and the effects 

were immediate after a few EBS treatment procedures.

Our data also show significant improvements in functional 

aspects as well as those related to subjective QoL assessments. 
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Table 3 Linear mixed models

Variable (n=14×3=42 observations) ∆/week
P-value
95% CI

dccb 
P-value
95% CI

Time × dcc interaction
P-value
95% CI

Primary outcomes
Cognitive functions measurements

MMSE 0.613
0.006
0.191; 1.036

-7.192
,0.001
-10.186; -4.198

-0.011
0.966
-0.571; 0.548

Free recall 2.629
,0.001
1.673; 3.586

-9.790
0.026
-18.194; -1.385

-1.168
0.068
-2.430; 0.093

Relative equivalent free recall 0.565
,0.001
0.370; 0.762

-1.029
0.084
-2.217; 0.159

-0.302
0.023
-0.559; -0.044

Immediate recall (free + cued recall) 1.245
0.018
0.233; 2.259

-15.088
,0.001
-22.460; -7.716

0.356
0.588
-0.978; 1.691

Intrusions at immediate recalla -0.356
,0.001
-0.500; -0.213

0.555
0.227
-0.391; 1.502

0.272
0.006
0.083; 0.461

Delayed recall 1.364
,0.001
0.960; 1.769

-3.468
0.007
-5.791; -1.145

-0.768
0.006
-1.300; -0.236

Relative equivalent delayed recall 0.649
,0.001
0.480; 0.818

-0.641
0.131
-1.502; 0.219 

-0.521
,0.001
-0.744; -0.299

Total delayed recalla (free + cued recall) 0.137
0.087
-0.021; 0.297

-2.316
0.005
-3.782; -0.850

0.120
0.249
-0.090; 0.331

Intrusions at delayed recall -0.425
,0.001
-0.587; -0.264

-0.548
0.242
-1.513; 0.417

0.321
0.005
0.108; 0.534

Trail-making state A (seconds) -11.048
0.004
-18.293; -3.804

73.936
0.011
20.268; 127.605 

1.890
0.689
-7.693; 11.474

Secondary outcomes
Dementia-related behavioral markers

NPI -3.771
0.004
-6.182; -1.361

19.058
0.006
6.606; 31.510

-2.876
0.075
-6.065; 0.313

Functional measurements
ADL 0.188

0.002
0.076; 0.301

0.434
0.257
-0.361; 1.230

-0.162
0.033
-0.311; -0.014

Barthel 1.824
0.005
0.616; 3.033

4.088
0.408
-6.241; 14.418

-1.861
0.024
-3.455; -0.267

Hand grip (right)c 0.344
,0.001
0.187; 0.501

-0.848
0.499
-3.496; 1.801

-0.204
0.054
-0.411; 0.004

Hand grip (left)c 0.292
,0.001
0.167; 0.417

-0.167
0.911
-3.397; 3.063

-0.160
0.058
-0.325; 0.006

SPPB 0.123
0.011
0.031; 0.215

1.393
0.036
0.102; 2.683

-0.078
0.197
-0.200; 0.043

Quality of life variables
SF-12 PHS 2.900

,0.001
2.078; 3.722

1.804
0.496
-3.790; 7.398

-0.283
0.586
-1.396; 0.829

SF-12 MHS 4.266
,0.001
3.190; 5.343

-5.104
0.142
-12.178; 1.970

-1.023
0.150
-2.480; 0.434

Notes: In bold, the statistically significant evidences (P,0.05). aLog-transformed variables; bdichotomous cognitive condition (MCI was the reference category); cestimates 
adjusted for sex.
Abbreviations: CI, confidence interval; dcc, dichotomous cognitive condition; MMSE, mini–mental state examination; NPI, neuropsychiatric inventory; ADL, activities of daily living; 
SPPB, short physical performance battery status; SF-12 PHS, short form-12 physical health status; SF-12 MHS, short form-12 mental health status; MCI, mild cognitive impairment.
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Statistical analysis has shown significant correlations between 

cognitive, behavioral, and functional 5-week improvements. 

This evidence supports the hypothesis of systemic biological 

benefits provided by EBS stimulation, which determines global 

neuromediated biooptimization, with consequent increase in 

cognition, muscular strength, behavior disorders, and QoL.

Trends in cognitive and behavioral changes show that 

in both AD and MCI group, EBS stimulation could effort 

a rapid improvement in all functions, more dominant in the 

behavioral aspect, with subsequent stabilizing effect until 

the end of treatment.

Recently, Rabey et al39 showed a synergistic, long-lasting, 

posttreatment effect of rTMS-COG (repetitive transcranial 

magnetic stimulus with cognitive training) for patients with 

mild-to-moderate AD. The randomized, double-blind, con-

trolled study evaluated the effect of rTMS-COG therapy for 

patients with mild-to-moderate AD compared with a matched 

placebo group. Following both 6 weeks of intensive daily 

treatment and an additional 3 months of maintenance treat-

ment, there was a significant improvement in the Alzheimer’s 

Disease Assessment Scale-cognitive subscale scores of the 

treatment group as compared with the placebo group.39 More-

over studies on animal models showed that rTMS modifies 

mechanisms that play a part in the formation of memories.40 

Recent reviews about this topic have shown growing evi-

dence of the benefit of rTMS and EMF stimulation in treating 

patients with AD.7,41

One of the interesting points still not completely resolved 

is the mechanism of action of electromagnetic variables on 

the brain of patients with cognitive decline. EMF neuro-

stimulation can induce lasting modulation of brain activities 

in targeted brain regions and across brain networks through 

transcranial induction of electric currents in the brain.42

In a quantum field theory approach to living dynamics, 

it is possible to move ahead toward a deeper comprehension 

of such sophisticated interactions.14,16 In fact growing evi-

dence suggest that the effects of weak EMF on cells could be 

explained by the presence of electromagnetic conformations 

in the over-molecular water structure.43–45

Recently, Montagnier et al46 have been able to detect 

experimentally the presence of electromagnetic signals 

originating in the water surrounding biomolecules. To us, 

this should be the key point of EMF stimulation technique: 

the stimuli involved in the interaction between neurons and 

extremely weak electromagnetic signals are not energetic, 

but are potential and phase based actors able to produce a 

phase shift in domains of cells and water structure.

It is still underdetermined at which stage of cognitive 

decline EMF would be optimally applied. Group differences 

suggest a more consistent positive trend in cognitive func-

tions in MCI patients rather than in those with AD; taking into 

account the small size of the sample, the higher therapeutic 

potential of EBS seems to be suitable when brain neurode-

generative damage is at earlier stage of cognitive decline. 

This is consistent with data coming from other trails about 

EMF brain stimulation.47,48

This open-label study obviously has several limitations 

and critical issues. The small size of sample and the absence 

of a placebo-controlled group are definitely primary limita-

tions. Even if our results are mostly statistically significant, 

placebo-controlled larger clinical trials are needed to better 

elucidate the efficacy of this innovative neurostimulation 

technique. Basic research may further clarify the mechanisms 

of action of the different stimulation techniques and increase 

their potential efficacy.

Another limitation is the lack of knowledge of the 

potential long-term benefits of EBS treatments after the 

5-week procedure. From our clinical experience, cognitive 

and behavioral benefits are maintained for almost 6 months 

after the 5-week treatment; however, this clinical observation 

should be supported by data from a further long-term trial.

Conclusion
In conclusion, the results of this pilot study are promising 

and provide a new nonpharmacological tool, EBS therapy, to 

treat patients with cognitive decline in addition to the drugs 

presently available.

Further investigations into the potential clinical effects of 

EBS for cognitive impairment and AD are warranted.
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