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Abstract

Background: Non-invasive neurostimulation has emerged as a promising tool to enhance cognitive functions, includ-
ing attention. This study investigates the efficacy and safety of a novel microcurrent stimulation device that utilizes a
high-frequency carrier to deliver low-frequency currents aimed at modulating neural activity associated with attention
regulation. Methods: A double-blind, randomized, sham-controlled trial was conducted with 131 healthy adult partici-
pants aged 20-80 years. Participants were randomly assigned to receive either active stimulation or sham treatment over
three weeks twice a day. The active device delivered low-frequency signals (1-100 Hz) modulated onto a high-frequency
carrier wave (~5 MHz). Attention performance was measured using a modified digital span test [1,2] before and after the
intervention period. Additionally, self-assessments of wellbeing WHO-5 [3,4], assessment of the sense of coherence Soc-
9 [5] and assessment of decrease in memory performance related concerns Mymop [6] were performed by the participants
as secondary endpoints at the same timepoints. Safety assessments included adverse event monitoring and subjective
discomfort reports. Results:

Participants of both study groups showed statistically significant improvements in active attention scores (pre/post com-
parison p < 0.05). The improvement was slightly higher in the active group, but the difference was statistically not sig-
nificant (p > 0.05). The same could be observed for the secondary endpoints with the exception that the improvement in
general wellbeing was significantly higher in the active study group. Only very few Adverse Events related to the study
intervention and no serious adverse events were reported, and tolerability was high across both groups. Conclusion: This
novel microcurrent device using high-frequency carrier waves to deliver low-frequency stimulation appears to be a safe
and effective method for enhancing active attention in healthy adults. Further research is warranted to assess long-term

effects and potential therapeutic applications in clinical populations.
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Introduction

In recent years, there has been growing interest in non-inva-
sive neuromodulation techniques to enhance cognitive func-
tions, including attention, memory, and executive control [7,8].
Attention, particularly active attention-defined as the capacity to
sustain focus on task-relevant stimuli while suppressing distrac-
tions-is critical to performance in academic, occupational, and
everyday settings [9]. Impairments in attention are also central
to various neuropsychiatric conditions, such as attention-deficit/
hyperactivity disorder (ADHD), depression, and cognitive aging

[10].

Microcurrent electrical stimulation (MES) represents a novel
class of neuromodulation that uses extremely low-intensity elec-
trical currents, typically in the microampere range, to influence
neural activity. Unlike traditional electrical stimulation (e.g.,
TENS), microcurrent approaches aim to modulate bioelectrical
signaling at the cellular level with minimal perceptual discom-
fort and reduced risk of adverse effects [11]. However, one of
the primary limitations of low frequency microcurrents is the
challenge of delivering them effectively through the body tissue

Health Education and Public Health



Health Educ Public Health 2025, 8:2

602

due to its high impedance. To overcome this, the new developed
device now uses a high-frequency carrier wave in the megahertz
range to improve signal penetration and delivery efficiency of the
therapeutic low-frequency components.

The electric field depends on the gradient of the local electric
potential and also on the presence of any time variations of lo-
cal magnetic potential. For frequencies below around 30 MHz,
the effective wavelength of the electromagnetic radiation will be
much larger than the dimensions of the various body organs and
tissue layers. Calculations of local electric and magnetic poten-
tials can be treated as a near-field problem [12]. Within this study
the Healy Highwave device generates approximately 5 MHz as
carrier frequency. As consequence the propagation of the origi-
nal frequencies as generated by the microcurrent device does not
take place in the form of current flow or in form of a radiating
wave (generated by the carrier device), but as a near-spatial elec-
trical field that interacts with the physical properties of the body
[13,14].

Despite the theoretical appeal, empirical evidence supporting
the cognitive effects of microcurrent stimulation remains limited.
Preliminary studies suggest potential benefits for mood, sleep,
pain management and wound-healing [15-17], but its impact on
cognitive domains such as attention is underexplored. Moreover,
few trials have incorporated rigorous controls, such as sham
stimulation, to disentangle placebo effects from true neuromod-
ulatory outcomes.

To address these gaps, we conducted a randomized, dou-
ble-blind, sham-controlled trial to evaluate the efficacy and safe-
ty of a novel high-frequency carrier device for enhancing active
attention in healthy adults. We hypothesized that participants
receiving active stimulation would demonstrate significant im-
provements in attention-related outcomes, as measured by a vali-
dated neuropsychological test, compared to those receiving sham
stimulation. Secondary outcomes included subjective reports of
general wellbeing, sense of coherence, specific goal attainment
and adverse event monitoring to assess tolerability and safety.

Materials and Methods
Design

The study was designed as a two-armed, double blinded sh-
am-controlled study with a three weeks treatment period with a
measurement point at the beginning and at the end of the study.
A study protocol was finalized before commencement of recruit-
ment. Volunteers were recruited via an existing network of peo-
ple interested in this type of treatment. After signing the online
informed consent form, participants were randomly assigned to
one of the two study groups:

Application group (A)

Participants who already use the investigational microcurrent de-
vice in daily routine (existing clients) but not already having any
experience in using the new high frequency carrier wave gener-
ator; application of one Active Attention program designed for
elevation of attention two times per day for 3 weeks with current
intensity at the microcurrent device between 200 and 1000 pA.

Control group (B)

Same as application group A but deactivated carrier wave

(sham application)
Participants

Participants were volunteers who felt moderately mentally ex-
hausted and would profit from some self-help treatment in their
general wellbeing, coping with particular issues, such as sleep
problems, low affect or lack of energy. They gave informed con-
sent to participate prior to any study specific procedure.

Volunteers were advised to participate only if they would not
violate any restrictions for use as given in the Instructions for
Use of the Healy device (not intended for pregnant women, per-
sons with epilepsy, heart disease or those with a pacemaker).

Treatment device

For application of frequencies modulated onto a carrier wave
the Healy device was connected to the high-frequency applicator
via the electrode pins of the Healy device. The coupled devic-
es were attached to the wrist with a bracelet similar to a watch.
Starting and controlling the programs is done via the Healy app.

The Healy device uses frequencies from 0.1 Hz to 1 MHz and
applies an electrical current between 0 to 4000 pA. The maxi-
mum applied voltage is 10 V.

The high frequency applicator generates a carrier frequency
of 5 MHz.

Treatment application

Participants assigned to group A applied the frequency pro-
gram Active Attention. This program is especially designed for
improving mental alertness. The program was applied according
to a predefined treatment plan two times per day for a total of 3
weeks.

Participants of group B are assigned to use the same program,
but the devices of these participants used a negative direct cur-
rent, which enables the LED of the Healy device to work nor-
mally but creates no output signal.

Outcome measures

As primary outcome measure, we used a visual sequence
memory test, often used to assess visual working memory, active
attention, and short-term memory capacity. This test assesses
how well a person can encode, store, and recall a visual sequence
after brief exposure. During the presentation phase a sequence
of images (shapes, different colored rectangles, photos of faces,
are displayed for a short period of time starting with 2 seconds
per image and reducing the time stepwise to 0.5 seconds per im-
age). In each sequence 6 images were shown in random order. In
the following recall phase, the user was asked to reconstruct the
original sequence by clicking the correct order. For each correct
position indicated one scoring point was given resulting in a total
scoring range from 0 to 72 (12 sequences with 6 pictures).

Due to the deliberately heterogeneous volunteer sample, we
opted additionally for one very generic and very individualistic
outcome measure. The secondary outcome was the WHOS5-Well-
being scale [18-20], a 5-item scale that has been found to be both
very parsimonious, reliable and widely applicable to measure
wellbeing as a generic scale. The five items of the scale reflect
on the state of the last 2 weeks (cheerful and good spirits, calm
and relaxed, active and vigorous, woke up fresh and rested, daily
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life filled with interesting things) and are rated on a six-point

CEINE3

Likert scale (“at no time”, “some of the time”, “less than half of
the time”, “more than half of the time”, “most of the time”, “all
of the time”). The items can be summed up to yield a sum score
ranging from 0 to 25, or, if standardized, on a percentage scale
from 0 to 100. Clinically manifest depression is supposed to be
present if someone scores less than 50 points, and the population
means in European countries are around 70 points. We used the
standardized sum score as a main outcome and presented these

standardized scores (sum score multiplied by 4).

As an additional secondary outcome we used an individual-
ized score, the Measure Your Own Medical Outcome Profile
(MYMOP) Score [21,24]. This is an individually defined mea-
surement system following the generic approach of goal attain-
ment scaling [25]. Individuals are free to define as many — usu-
ally up to three — areas of their physical or mental state that they
want to see changed. This can be, for instance, sleep, energy and
mood in one patient, and mobility, pain and sexual interest in an-
other. This way, everyone can choose their own areas of change.
It is initially rated on an 11-point numerical rating scale. The
content area is safely stored and implemented in the follow-up
measurement for the participant to score once more. We used the
(one) most important concern that participants could mention
and rate it at the beginning and after 3 weeks of treatment. Be-
sides the assessment of symptom perception at study start and at
study completion the participants additionally assessed the im-
provement of this symptom at the end of the study on a 11-point
rating scale lasting from zero = even worsened to 100 = maximal
possible improvement.

The third secondary outcome measure was assessed by using
the Sense of coherence scale, Leipzig short version. Although
SOC is not a direct measure of attention, it's a resilience-related
psychological construct. Improvements in active attention and
cognitive control often correlate with enhanced coping strate-
gies [26,27]. Increased mental clarity and better perceived con-
trol over life circumstances. This instrument consists of 9 items
rated on a seven-point Likert scale resulting in a rating range
from 7 to 63.

Because our primary outcome was a direct cognitive measure
(Visual Sequence Memory), the SOC-9 serves well as a second-
ary, patient-reported outcome reflecting the psychosocial inte-
gration of improved attention.

For the safety assessment, adverse events were queried with
an open-ended question in the final survey.

Outcomes were measured by presenting the questionnaires as
online questionnaires, as soon as informed consent was received,
and then again after three weeks, using an email prompting sys-
tem that led participants to the online questionnaire.

Ethical statement

This study was conducted in accordance with the principles of
the Declaration of Helsinki. It involved healthy adult volunteers
and the use of a non-invasive, low risk microcurrent stimulation
device intended for general well-being enhancement. The study
did not involve any medical intervention, diagnosis, or treat-
ment, and the device used is not classified as a medical device
under applicable EU MDR regulations.

In accordance with German research ethics guidelines and
institutional policy, no formal ethical approval was required for
this type of non-medical, minimal-risk investigation. The study
protocol was internally reviewed to ensure compliance with
ethical standards, including participant safety, data protection
(GDPR), and voluntary informed consent. All participants pro-
vided written informed consent prior to enrollment.

Statistical analysis methods
Evaluation of baseline characteristics

To assess the comparability of groups at baseline before the
intervention began. Baseline comparability ensures that any ob-
served post-intervention effects are attributable to the interven-
tion rather than pre-existing differences.

Baseline characteristics were evaluated using descriptive sta-
tistics including group means and 95% confidence intervals and
appropriate statistical tests based on the scale and distribution of
the variables.

Continuous variables (pretest scores) were compared using
independent samples t-tests (if normally distributed), or Mann—
Whitney U tests (if not normally distributed). Normality was as-
sessed using the Shapiro—Wilk test. Homogeneity of variances
was assessed with Levene’s test. Alpha level set at 0.05 for de-
scriptive comparisons.

No formal hypothesis testing is required in some regulatory
frameworks (e.g., CONSORT), but tests were conducted here for
descriptive purposes and to flag potential imbalances.

Pre/Post comparison using paired t-test

A paired samples t-test was used to compare the mean out-
come score before and after the intervention within both study
groups. This test is appropriate when the same subjects are mea-
sured at two time points, the difference scores are approximately
normally distributed, and the aim is to detect whether the mean
difference is statistically significant.

Hypotheses

Null hypothesis (Ho): The mean difference between posttest
and pretest scores is zero.

HO: ppost—ppre=0

Alternative hypothesis (Hi): There is a significant change in
scores between pretest and posttest.

HI: ppost—upre#0

In case the difference scores are not approximately normal
distributed, nonparametric test were performed (Z-test and Wil-
coxon test).

Group comparison using Ancova or non-parametric alterna-
tives

In case the required assumptions are fulfilled (Linear relation-
ship between pretest and posttest scores, homogeneity of regres-
sion slopes, normally distributed residuals with equal variances)
aunivariate ANCOVA was performed with posttest scores as the
dependent variable, treatment group as the fixed factor, and pre-
test (baseline) scores as the covariate [28].

Model: Ypost=0+B1-Group+p2-Ypre+eY
Where:
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Where:

Ypost: Post-intervention outcome
Group: Intervention (1) vs. Control (0)
Ypre: Baseline pretest value

B1: Estimated treatment effect

In case any of the required assumptions were violated, a
non-parametric test was performed.

Software

Statistical analyses were performed using R. A significance
level of o= 0.05 (one sided, superiority of the active group was
assumed) was used.

Safety assessment

All diseases that were reported in the second survey will be
grouped according to the MedDRA system organ classes and
listed per application group. Incidences of Adverse Events
(AEs) per Organ class and group and incidences of AEs assessed
as potentially induced by the study procedure will be compared
between the two groups.

Results

One hundred fifty people consented to the study protocol and
were randomly allocated to one of both study groups: active
study group (A) or to the sham control group (B), resulting in
75 participants in each study group. Because of device defects
during shipment (10 cases) or withdrawal of consent prior to
study start (4 cases) in total 14 participants had to be excluded
from the study prior to study start. One hundred thirty-six par-

Table 1 : Baseline characteristics.

ticipants completed the first survey. 5 participants terminated the
study prematurely; 131 participants completed both surveys and
terminated the study according to the protocol.

Since slightly more participants from group A were affected by
early terminations, the groups were somewhat unevenly distrib-
uted at the end of the study. Group A consisted of 62 participants,
while 69 study completers were assigned to group B.

All these 131 completed both questionnaires without missing
entries. Consequently, no missing data had to be supplemented
with suitable procedures.

Four participants did not complete the first memory test, as
consequence these participants were excluded from the evalua-
tion of this parameter.

As can be seen from table 1, the randomization process yielded
three quite comparable groups. The majority of the participants,
86%, were female. Due to data-protection concerns age was only
collected in rough categories. 70 percent or 80 participants be-
longed to the middle-aged group between 41 and 60, and nearly
half of the rest were older than 60 years or younger than 40 years.

The baseline values of all endpoint parameters differed only
marginally in both groups. The respective 95% confidence inter-
vals overlapped and the t-tests for independent samples did not
reveal any significant group differences (t=0.82, p=0.41 for the
visual sequence test, t =0.52, p=0.60 for WHO-5;t=0.001,p=
0.99 for Mymop, t=0.53, p = 0.60 for SOC-9 for dF 125 each).

Participant’s compliance was determined by the frequency of
study programs used during the study period. This is tracked in
a cloud and can be read from there. In both groups, compliance,

Active Application Sham Application Total

(n=062) (n=169) (126)
Gender
Female 56 (90%) 57 (83%) 113 (86%)
Male 6 (10%) 12 (17%) 18 (13%)
DNS 0 (0%) 0 (0%) 0 (0%)
Age Groups
20-40 16 (26%) 8 (12%) 24 (18%)
41-60 38 (62%) 42 (61%) 80 (61%)
61-80 8 (12%) 18 (26%) 26 (20%)
>80 0 (0%) 1 (1%) 1 (1%)
Outcome Parameters Baseline
Visual sequence test Score (0-72) 45.98 45.23 45.61

[43.54 -48.43] [42.61 —47.85] [43.08 —48.14]
WHO-5 Score 41.42 39.19 40.30
(0-100) [37.06 —45.78] [34.82 —43.55] [35.94 — 44.66]
MyMop 77.1 76.4 76.7
(0-100) [72.9 -81.3] - [72.3 - 80.4] [72.6 - 80.9]
SOC-9 41.15 40.53 40.83

[38.84 — 43.45] [38.15 - 42.89] [38.50 — 43.17]
Compliance
Compliant 43 (69%) 52 (75%) 95 (73%)
Non-Compliant 19 (31%) 17 [25%] 36 (27%)
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defined as at least 50% of the intended applications performed,
was close to 90%. The two groups differed only very slightly
(CHIQU-test, p = 0.89).

Gender, Age-Groups, Group (Active application, Sham); ab-
solute frequencies and percentages (per category and group);
mean scores for WHO-5, MYMOP scale, Memory Test Score
and Sense of coherence SOC-9 [95% Confidence Intervals];
compliance per treatment group as defined as follows: for both
treatment groups at least 50% of the stipulated applications are
defined as compliant, less than 5 application were defined as
non-compliant.

Primary endpoint visual sequence test

The primary efficacy analysis assessed cognitive performance
using a standardized memory test at the final study visit. Ad-
justed mean scores were derived using analysis of covariance
(ANCOVA), controlling for baseline memory scores.

Both treatment groups demonstrated statistically significant
improvements in visual memory performance, as measured by
the Visual Sequence Test from baseline to the final visit (table 2
and figure 1).

In the control group, the mean improvement was 9.90%, with
a p-value < 0.02 based on a paired t-test, indicating a significant
within-group change.

Table 2: Results of statistical tests of Pre Post Comparisons of endpoint parameters

Active application Sham application
(n=62) (n=169)
Test Statistic p Statistic p
Visual sequence test Student 2.832 0.006! 2.434 0.018!
Wilcoxon 1.260.500 0.002 1.429.000 0.004
V4 34.954 <.001 33.727 <.001
WHO-5 Score Student 8.782 <.001 7.394 <.001
Wilcoxon 1.636.000 <.001 1.829.500 <.001
V4 39.307 <.001 33.727 <.001
MyMop Student 8.716 <.001 6.873 <.001"
Wilcoxon 1.422.000 <.001 1.560.000 <.001
V4 22.022 <.001 20.433 <.001
SOC-9 Student 6.635 <.001 6.046 <.001
Wilcoxon 1.463.000 <.001 1.785.500 <.001
Z 51.215 <.001 47.144 <.001

Note: For the Student t-test and Z-test, the alternative hypothesis specifies that the mean is different

from 0. For the Wilcoxon test, the alternative hypothesis specifies that the median is different from 0.

1: Shapiro-Wilk test indicates deviation from normal distribution

Improvmentin ... (percentage from baseline)

SOC-9 i

My Mop i en

WHO-5 Score

Visual sequence test [Eilim -

0.00

10.00 20.00 30.00 40.00 50.00 60.00 70.00

% change from baselinel

mSham (N = 69)

W Active (N = 62)

Figure 1: Percentage increase in visual sequence test scores, WHO-5 score, and SOC-9 score, respective
percentage decrease in Mymop severity score; Mean values (£95% CI).
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In the active treatment group, the mean improvement was
11.05%, also statistically significant (p = 0.006, paired t-test).

These findings indicate that both interventions were associat-
ed with meaningful gains in visual sequence memory over the
course of the study.

The adjusted mean score for the active device group was 51.07,
compared to 49.71 in the sham device group (figure 2). The be-
tween-group difference in adjusted means was 1.36 points in fa-
vor of the active device.

A one-sided t-test comparing the adjusted means yielded a
p-value of 0.27 (table 3), which did not reach statistical signifi-
cance at the pre-specified alpha level (0.05). These results suggest
no statistically significant superiority of the active device over
the sham control in improving memory performance at the final
time point.

Secondary endpoints
WHO-5 well-being index

Participants in both the active and sham control groups demon-
strated significant improvements in well-being as measured by
the WHO-5 Well-Being Index. In the active group, mean WHO-5
scores increased from 10.35 (SD = 4.3) at baseline to 15.6 (SD =
3.9) post-intervention, representing a mean improvement of 5.25
points. In the sham control group, scores increased from 9.8 (SD
=4.5)to 13.94 (SD = 5.4), a mean gain of 4.14 points.

After adjusting for baseline differences using ANCOVA, the

Table 3: Result of statistical tests of group comparisons; one sided
t-test for residuals after baseline correction

DF |t P
Visual sequence test 124 10.607 0.272
WHO-5 129 11.899 0.030
Mymop Severity 129 |0.926 0.178
Mymop Application Suc- 129 | 1.438 0.076
cess
SOC-9 129 | 1.472 0.072

Adjusted Final Mean Scores

70.00 64,68
62‘455 . 59186
60.00 :
51.049.71 1.01 183
50,00 ; I 7.4 I : ]15}_22
40.00
30.00
20.00
10.00
0.00
Visual WHO-5 Mymop Mymop 50C-9
sequence test (changein (Assessment of
severity) improvment)
N Active W Control

Figure 2: Adjusted means (£95% CI) of the final endpoint by group,
estimated using baseline correction.

adjusted mean score was 62.45 in the active group and 55.77 in
the control group. The between-group difference was clinically
and statistically significant (p = 0.03), suggesting that the active
intervention had a superior effect on subjective well-being.

A between-group comparison of post-intervention scores
yielded a Cohen’s d of 0.35, indicating a small to moderate effect
size in favor of the active treatment. The pooled post-test standard
deviation was 4.75, and the between-group difference in post-in-
tervention means was 1.66 points.

These results indicate that both interventions produced clini-
cally meaningful improvements in subjective well-being, with
the active intervention yielding additional benefits beyond those
attributable to placebo effects or non-specific treatment factors.

MYMOP (Measure Yourself Medical Outcome Profile)

The MYMOP severity score, which reflect participant’s-re-
ported symptom burden, decreased in both groups, indicating
improvement:

Active group: 38.49% decrease; Control group: 33.31% de-
crease

ANCOVA-adjusted means were 47.42 (active) vs. 51.01 (con-
trol). The between-group difference was not statistically signifi-
cant (p = 0.178), indicating that both groups improved similarly
in symptom perception.

At the final study visit, participants rated the improvement of
their primary concern using an 11-point Likert scale ranging from
-5 ("even worsened") to +5 ("maximal possible improvement").
The mean improvement score in the active treatment group (N =
62) was 1.47 (SD = 1.88), compared to 5.99 (SD = 2.05) in the
control group.

An independent samples t-test revealed a trend toward greater
perceived improvement in the active group; however, the differ-
ence did not reach statistical significance (t = 1.44 df = 129, p =
0.076).

SOC-9 (Sense of Coherence Scale)

Improvements were also observed in psychological resilience,
as measured by the SOC-9:

Active group: 17.40% increase; Control group: 14.06% in-
crease.

The ANCOVA-adjusted mean scores were 48.31 for the active
group and 46.22 for the control group. While the trend favored
the active treatment, the difference was not statistically signifi-
cant (p = 0.072), though it may indicate a clinically relevant sig-
nal that warrants further investigation.

Safety evaluation

Overall, new diseases occurred in 31 of the 131 study partic-
ipants during the course of the study (table 4). The proportion of
participants with diseases over the course of the study was slight-
ly higher in the active group than in the control group, but the
difference was not significant (Chiqu test p = 0.17). Only two
participants per group assumed that there was a connection be-
tween the disease and the use of the test device. In the active
group, the corresponding diseases were nausea and headaches, in
the control group headaches and a contact allergy (pustules at the
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Table 4: Safety assessment, Occurrence of Adverse Events in the course of the study

Active (N =62) Control (N = 69)
Number of AEs 18 13
Participants with AE 29% 19%
AEs related to application 2 (Nausea, Headache) 2 (Headache, Contact
allergy)
Description of AEs
Infection 10 5
Dizziness 1
Nausea 1
Headache 2 1
Joint pain 2
Acute stress 1
Wound 1
Migraine 1
Contusion 1
Tiredness 1
Contact allergy 1
Allergy 1
Stomach intestinal complaints 1
Colon Inflammation 1
AEs leading to premature termination 1 (Headache) 1(Colon Inflammation)
Serious Adverse Envent 0 0

[ Enrolment ] Assessed for eligibility (n= 155)

Excluded (n=5)
Not meeting inclusion criteria (n=5)
Declined to participate (n=0)
Other reasons (n=0)

Randomised (n=150 )

|

1 |

Allocated to the active intervention (n=75 )
Received allocated intervention (n=67 )
Did not receive allocated intervention
device defect during sending (n=5)
Withdrawal of consent (n=3)

Allocated to the sham intervention (n=75 )
Received allocated intervention (n=69 )
Did not receive allocated intervention
device defect during sending (n=5)
Withdrawal of consent (n=1)
L

l

Discontinued intervention (give reasons) (n=5)

Lost to follow-up for primary outcome (n=5 ):

Discontinued intervention (give reasons) (n=0

Lost to follow-up for primary outcome (n= 0):

L

Analysed for primary outcome (n= 62)

Excluded from analysis (n=0)

[ Allocation
[ Follow-Up
)
Analysis

—

Analysed for primary outcome (n=69 )

Excluded from analysis (give reasons) (n=0)

Figure 3: CONSORT 2025 Flow Diagram. Flow diagram of the progress through the phases of a ran-
domised trial of two groups (that is, enrolment, intervention allocation, follow-up, and data analysis)
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point where the electrodes touched the skin). The most common
adverse event was flu-like infections (15 in total), followed by
headaches (3 cases) and joint pain (2 cases).

Two adverse events (one in each study group) resulted in early
discontinuation. In the active group there was a headache, in the
control group an intestinal inflammation.

None of the adverse events were serious.
Discussion

This randomized, sham-controlled pilot trial evaluated the effi-
cacy and safety of a high-frequency carrier microcurrent (HFCM)
device for enhancing active attention, with memory performance
as the primary outcome. While both the active and sham groups
demonstrated statistically significant improvements in memory
test performance from baseline to post-intervention, no signifi-
cant or clinically relevant differences were observed between the
two groups.

The within-group improvements suggest a potential placebo
effect, practice effect from repeated cognitive testing, or non-spe-
cific benefits of study participation, such as increased motivation
or engagement. These factors are common in cognitive interven-
tion studies and highlight the importance of sham-controlled de-
signs when evaluating novel neuromodulation technologies.

The lack of a between-group difference indicates that, under
the conditions of this trial, HFCM stimulation did not produce a
measurable additive effect beyond that of sham treatment. Sev-
eral factors may account for this. The relatively short duration
of the intervention, the use of a cognitively healthy sample, and
the sensitivity of the cognitive assessments may have limited the
detection of more subtle effects attributable to the active stimula-
tion. Additionally, while the frequency program is designed to in-
fluence active attention, the specific parameters used in this study
may not have been optimal for modulating cognitive networks
related to memory.

Future studies should consider using longer stimulation proto-
cols, larger sample sizes, and possibly focusing on populations
with attention or memory impairments, where the potential for
improvement is greater. Incorporating objective biomarkers such
as EEG or neuroimaging could also help clarify whether the
HFCM device induces any neural changes that are not captured
by behavioral outcomes alone.

In summary, while both groups showed pre/post improvements
in memory performance, the absence of a significant difference
between active and sham stimulation suggests limited efficacy
of the HFCM device for cognitive enhancement in healthy in-
dividuals under the tested conditions. These findings underscore
the importance of rigorous control conditions and call for further
investigation in targeted populations and with optimized stimula-
tion parameters.

In contrast, several secondary outcomes provided preliminary
evidence of potential benefit specific to the HFCM intervention.
The present findings demonstrate that both the active and sham
interventions were associated with significant increases in sub-
jective well-being, as measured by the WHO-5, over the course
of the treatment period. The mean improvements in both groups
exceeded the minimum clinically important difference (MCID)

of approximately 2.5 points (10% of the WHO-5 scale), a thresh-
old commonly used to signify clinically relevant change[29,30].

Crucially, the additional 1.66-point improvement in the active
group, corresponding to a Cohen’s d of 0.35, reflects a modest
but clinically relevant treatment-specific effect. This finding
aligns with prior research indicating that placebo effects can
account for a substantial portion of observed improvements in
psychological outcomes, especially in interventions focused on
mood, stress, and subjective well-being [31,32]. Nonetheless, the
added benefit of the active treatment underscores its value be-
yond expectancy and engagement effects alone.

The WHO-5 is a widely used and well-validated measure of
psychological well-being, particularly sensitive to changes in
depressive symptomatology and general affective state [33,34].
A post-treatment score above 13 is considered a marker of im-
proved mental health status 34, and participants in both groups
reached this benchmark on average by the end of the interven-
tion. However, only the active treatment group exceeded this
threshold by a larger margin (15.6 vs. 13.94), suggesting a stron-
ger shift into the range of normative well-being.

While the placebo response observed in the sham group was
substantial-a common phenomenon in psychological inter-
ventions-it does not diminish the practical importance of the
treatment-specific effect. In real-world clinical or public health
settings, incremental improvements in well-being of even 1-2
points on the WHO-5 can translate into meaningful reductions in
functional impairment, distress, or risk of depression [35].

Additional secondary measures further support this trend

The Measure Yourself Medical Outcome Profile (MYMOP)
showed significant improvements in therapy success ratings in
both groups. While the between-group difference did not reach
conventional statistical significance, it approached significance
(p = 0.07), favoring the active group, indicating a potential trend
toward perceived therapeutic benefit with HFCM.

The MYMOP symptom severity ratings improved signifi-
cantly within both groups, but no significant differences between
the groups were detected, suggesting that while participants per-
ceived symptom improvement, this may not have been specifi-
cally attributable to the active stimulation.

While the active group reported a higher mean improvement
(6.47) compared to the control group (5.99), the difference did
not reach statistical significance (p = 0.07). However, the ob-
served trend may suggest a potentially clinically meaningful
benefit of the active intervention.

The Sense of Coherence Scale (SOC-9) also improved signifi-
cantly within both groups, with a near-significant between-group
difference (p = 0.07) favoring the active intervention. This find-
ing hints at a possible role for HFCM in strengthening psycho-
logical resilience or stress-coping capacity.

Taken together, the consistent within-group improvements
across all secondary outcomes and the trend-level or significant
superiority of the active group in well-being-related measures
suggest that HFCM stimulation may have a more robust effect
on subjective and emotional dimensions of health than on cogni-
tive performance per se, at least in the short term and in a healthy
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population.

Importantly, the intervention was well tolerated with no se-
rious adverse events reported, reinforcing the safety of HFCM
application under study conditions.

Limitations

These results should be interpreted in light of several limita-
tions. First, the use of a sham control, while valuable for estimat-
ing placebo effects, may not fully isolate all non-specific factors
(e.g., attention, engagement). Second, the reliance on pre-post
effect sizes assumes comparable baseline characteristics and no
regression artifacts, although both groups were well-matched
at baseline. Third, self-reported outcomes may be subject to re-
sponse biases; future studies may benefit from including behav-
ioral or biological indicators of well-being.

Conclusion

While the primary endpoint did not reveal a specific cog-
nitive benefit of HFCM stimulation, the consistent pre/post
improvements and the emerging between-group differences in
well-being and perceived therapy success suggests promising
potential in psychological domains. These findings justify fur-
ther investigation in larger trials with longer follow-up, ideal-
ly including populations with reduced baseline well-being or
specific cognitive or emotional vulnerabilities. Future research
should also explore neurobiological correlations to better under-
stand the mechanisms behind the observed effects.
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