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The effect of transcutaneous median nerve stimulation on heart
rate variability in healthy young adults
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Background: As low heart rate variability (HRV) has been shown to be associated with cardiovascular
diseases (CVDs), attempts have been made to increase HRV through a variety of methods. It has
recently been suggested that HRV might be increased by nerve stimulation. The aim of this study was
to investigate the effect of transcutaneous median nerve stimulation (MNS) on HRV on healthy human
subjects with low HRV.

Methods: This is a double-blind randomized control trial. Sixty-one healthy adults, male and female, were
recruited to the study. Among the 61 participants, only 38 participants with lower than 40 standard deviation of
NN interval (SDNN), mean age 49.5+6.8 years, were selected to further participate in the study. Participants
underwent two sessions of either MINS (5 Hz, 100-300 ps for 20 minutes) or a sham treatment (control). Their
HRV measurements were compared before, immediately after treatment, and then again 10 minutes later.
Results: SDNN increased following both treatments, yet there were no effects on other HRV variables,
blood pressure (BP), or resting heart rate (HR) (P>0.05).

Conclusions: Transcutaneous stimulation of the left median nerve on healthy subjects, as applied in the
present study, was safe and tolerable, and SDNN was increased on healthy subjects with low HRV.
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Introduction reflects the effect of the parasympathetic system on the
heart (3).

HRYV has been shown to be associated with cardiovascular
diseases (CVDs) (4). An unbalanced autonomic tone (i.e.,

While heart rate (HR) regulation by the autonomic nervous
system is maintained within a narrow range, beat-to-beat
time analysis demonstrates high variability among healthy

adults (1). This can be detected through analysis of HR increased sympathetic and decreased parasympathetic tones)

variability (HRV) (2)—a term that refers to the variation in
time between consecutive heartbeats and that particularly

was linked to increased risk of morbidity and mortality from
CVD (5-7). In a largescale longitudinal study (N=11,715;

A ORCID: 0000-0003-1024-2380.

© Health Technology. All rights reserved.

Health Technol 2024;8:1 | https://dx.doi.org/10.21037/ht-23-5


https://crossmark.crossref.org/dialog/?doi=10.21037/ht-23-5

Page 2 of 8

conducted over 19.4 years), researchers demonstrated
that cardiac autonomic dysfunction, denoted by low
resting short-term HRV, was associated with a higher
atrial fibrillation incidence (8). An additional largescale
study (N=1,141) showed that low HRV parameters were
significantly and independently associated with congestive
heart failure incidences (9). In addition, low HRV was
associated with old age (10), increased HR, beta-blocker
use, diuretic use, and cigarette smoking (11).

The relationships found between low HRV and CVD
raises the possibility of enhancing HRV in order to lower
the risk of CVD. Increased vagal tone induced by exercise
was shown to increase HRV, and was speculated to improve
cardiovascular health (12). A variety of additional means
for enhancing HRV were studied in different populations.
Practicing yoga (13) and Tai Chi (14) were shown to
increase HRV in healthy participants. High-intensity
interval training increased HRV in chronic heart failure
patients (15). Symmetric breathing with an equal inhaling/
exhalation ratio, or an uneven breathing pattern with
longer exhalation than inhalation, both increased HRV in
healthy people (16). Moreover, the effects of the outdoor
environment on HRV were evaluated in healthy participants
(17,18). In addition, a review on studies evaluating Nei
Guan acupuncture showed its effect on HRV in healthy and
non-healthy participants (19).

An additional method for increasing HRV is invasive vagal
nerve stimulation (VNS), which was approved in Europe
and in the USA as a chronic therapy for depression (20)
and epilepsy (21,22). In heart failure patients, 6 months
of VNS therapy (implanted on the left or right side of the
vagus nerves) increased HRV (23).

Non-invasive techniques of VNS were also applied,
mostly by an electrode placed on the ear or the neck (24).
Ear transcutaneous VNS (tVNS) treatment for 20 minutes
(200 ms, 30 Hz) in healthy humans increased HRV
compared to sham treatment (25). Moreover, tVNS of
the left cymba conchae reduced HR, affected cardiac and
peripheral autonomic control, and increased the responses
of peripheral autonomic control to orthostatic stress (26). In
their recent study (24), conducted an extensive review of the
effects of non-invasive vagus nerve stimulation of the ear
skin in humans on HRV. The researchers concluded that
the findings produced mixed results. Finally, transcutaneous
electrical nerve stimulation (TENS) in the paravertebral
ganglionar region (from T'1 to L2) modulates sympathetic
and parasympathetic activity in a frequency-dependent
manner in young healthy participants (27).
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An additional location used to stimulate the vagus in
animal models is in the median nerve. The effects of median
nerve stimulation (MINS) on cardiac activity were evaluated in
animal models. In cats, the median nerves in both forelimbs
were exposed, and were directly stimulated by stainless
steel bipolar electrodes placed around each nerve (28).
In rabbits, direct MNS affected the left stellate ganglion,
resulting in the prevention of ventricular arrhythmias;
nevertheless, there were no effects on HR or blood pressure
(BP) (29). In dogs, direct stimulation of the median nerve in
the left forelimb was shown to enhance vagal nerve activity.
It was speculated that MNS increased spinal cord activity,
then decreased the cardiac sympathetic activity, and finally
increased the cervical vagus nerve activity (30).

Sun er al. [2015] tested the effect of transcutaneous
electrical acupuncture stimulation at PC6, for 30 minutes
over a four-day period in healthy male subjects before and
after head-down bed rest. The researchers found that in the
treated group, low frequency (LF) and LF/high frequency
(HF) ratio were increased after bed rest compared with
before, and concluded that stimulation at PC6 may be a
novel therapeutic method for the prevention or treatment
of autonomic dysfunction (31).

Moreover, stimulation of the P6 point, in healthy young
men working night shifts, improved HF and LF parameters
of HRV (32), yet the stimulation entailed laser light energy
rather than electric stimulation. In a recent study, researchers
evaluated different frequencies of MNS on HRV in healthy
men, showing that 120 Hz increased root-mean square
differences of successive RR intervals (RMSSD) (33).

Considering the positive effects of MNS on autonomic
balance as indicated by HRV parameters and its relations to
improved health, it is desirable to find methods to increase
HRYV, mainly in people who have low values. Thus, the aim
of the study was to investigate a new method for increasing
HRYV via transcutaneous MNS in the left hand in subjects
with low HRV [standard deviation of NN interval (SDNN)
lower than 40].

Methods
Participants

Sixty-one healthy adults were invited to take part in the
study, contacted via an alternative sports and health center.
The participants received in-depth explanations about the
research and then signed an informed written consent form.
After measuring HRV for all 61 adults, 38 participants
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Baseline: 61 participants, 2-minute HRV measurement

Y

v

23 participants with normal HRV were
excluded from the study

38 participants with low HRV

Y

2-minute HRV measurement

Y

Randomization double-blind

Y

20 minutes treatment or sham

Y

After 1 week the same protocol with the
complementary treatment or sham

Figure 1 Schematic presentation of study procedure. HRV, heart rate variability.

(18 men, 20 women) with lower than 40 ms SDNN were
included in the study (mean age 49.5+6.8 years).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Hillel Yafe Medical Center’s Helsinki
Committee (# 0024-18-HYMC). Informed consent was
taken from all individual participants.

Procedure

The study was a randomized, double-blind, crossover
research study. Participants with low HRV were treated
with real or sham MNS, as seen in Figure 1. As a baseline,
the 61 participants were measured for HRV variables, BP,
and HR, and were asked about chronic diseases, medication,
and physical activity.

The participants were asked to visit the lab twice, with
at least seven days between the two sessions. They were
asked to refrain from eating, drinking coffee, and physical
activity for the 2 hours prior to each session. At the start
of their first visit to the lab, the participants were given an
in-depth explanation of the procedure and were asked to
sign an informed written consent form. Next, their systolic
and diastolic BPs (SBP and DBP) were measured after
a 10-minute rest while sitting on a chair, followed by a
2-minute recording of their HR for the HRV measurement.

© Health Technology. All rights reserved.

Participants with SDNN lower than 40 ms were excluded
from the study at this point. Included participants were
fitted with a polar belt on their chest, and a TENS device
on their left wrist [ReguRate (RR2) neurostimulation
system], and after 10 more minutes of rest, another 2-minute
HRV measurement was performed. Next, the participants
were randomly administered either active or sham treatment
procedure, in which the participant and the researcher who
measured the physiological parameters were blind to the
treatment. After at least one week the participants were
asked to come again and complete HRV measures before
and after treatment which was opposed to the treatment in
the first session.

Intervention

Active treatment

A TENS (ReguRate RR2 neurostimulation system) was
placed on the left palmar surface of the wrist and activated
for 20 minutes (5 Hz, 100-300 ps). Stimulation intensity
(mA) was adjusted individually for each subject to the sub-
motor response threshold.

Sham treatment

A TENS device was placed on the left dorsal surface of the
wrist for 20 minutes but was not activated. If participants
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Table 1 Comparison of included (SDNN less than 40 ms) and non-
included (SDNN above 40 ms). Values measured during the pre-
treatment, first session

Variables Included Not included
Male/female 18/20 8/15
Age (years)* 49.4+6.8 36.5+9.2
BMI, kg/m’ 25.4+3.7 23.9+4.3
Medication
Yes 6 (15.8) 3(13.0)
No 32 (84.2) 20 (87.0)
Physical activity
Inactive 12 (31.6) 7 (30.4)
Light 19 (50.0) 8 (34.8)
Moderate 6 (15.8) 7 (30.4)
Very active 1(2.6) 14.3)
Activity type
Aerobic only 12 (31.6) 14.3)
Yoga/pilates only 2(5.3) 2(8.7)
Strength only 3(7.9) 7 (30.4)
Combined (aerobic/ 10 (26.3) 6 (26.1)
strength/yoga, pilates)
SBP (mmHg)* 127.2+16.0 116.1£9.1
DBP (mmHg)* 81.9+10.8 71.3+7.6
HRrest (bpm)* 74.5+10.8 66.3+6.6
SDNN (ms)* 25.8+7.6 58.0+16.9
RMSSD (ms)* 20.7+8.6 51.6+£19.5

Data are presented as number, mean + standard deviation, or n
(%). *, P<0.05. SDNN, standard deviation of NN intervals; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HRrest, heart rate at rest; RMSSD, root mean
square of successive RR interval differences.

had received active treatment in the first session and were
then administered sham treatment in the second session,
they were told that different locations of the device cause
different sensations, ranging from no sensation at all,
to a tingling sensation in the fingers—to prevent their
understanding that this was a sham treatment.

Measurements

Measurements were conducted at three time points:

© Health Technology. All rights reserved.
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immediately before receiving [pre-treatment (PT)];
immediately after being administered treatment (post-
treatment: PT0); and 10 minutes post-treatment (PT1).
The measurements included: (I) electrocardiogram (ECQG),
recorded using wireless “Wecardio ECG Event Record”
device (Shenzhen, China). Recorded data were analyzed
by the Wecardio Borsam Company (Shenzhen, China);
(II) HR, measured by the Polar (Kempele, Finland) watch
H10; (III) BP, measured by the OMRON BP monitor
(Kyoto, Japan); and (IV) the Visual Analogue Scale (VAS)
Questionnaire (34), which was completed by the participants
after the first treatment. The participants were asked to
rate the degree to which they had experienced each of the
following 11 sensations during the session—numbness,
itching, burning, contraction, nausea, headache, dizziness,
shortness of breath, chest pain, difficulty concentrating,
and fatigue—on a scale of 1 (no sensation) to 10 (severe
sensation).

Statistical analysis

Sample size was calculated to be 60 using G*Power version
3.1.9.2 program with a power of 80% to detect a 20%
difference between means of SDNN component and 0=0.05.
A description of the participants’ means and standard
deviations for normally distributed variables, and the median
and interquartile range (IQR) for non-normally distributed
variables, are presented. The normally distributed variables
were analyzed using repeated measures analysis of variance
(ANOVA) time (PT, PT0, and PT1) X situation (treatment,
control). LF and HF had non-normal distribution and were
analyzed using nonparametric tests (Mann-Whitney &
Friedman tests). The characteristics of the participants with
higher than 40 SDNN ms and who had been excluded from
the treatment sessions (n=23) were compared to those of the
treatment group (n=38), including age, gender, body mass
index (BMI), medication, resting HR, BP, physical activity
habits, and HRV. Statistical analyses were performed using
SPSS, v.25 (SPSS Inc., Chicago, IL, USA). A P value of
<0.05 was considered statistically significant.

Results

The differences in characteristics between the excluded
participants and the included ones are presented in Table 1.
The excluded participants were significantly younger, had
lower SBP, DBP, and HR during rest, and as anticipated, all
HRV measures were higher.
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Table 2 HRV time domain variables, resting blood pressure, and HR before and after treatment (N=38)
Active treatment Sham treatment
Variables
Pre Post 1 Post 2 Pre Post 1 Post 2
SDNN (ms) 26.7 (8.4) 28.5(10.2) 28.0 (11.1) 25.4 (8.1) 29.0 (11.1) 29.5 (10.4)
RMSSD (ms) 21.4(10.1) 23.3 (11.3) 20.9 (10.2) 20.6 (10.3) 20.8 (8.4) 20.6 (8.0)
SBP (mmHg) 126.8 (16.4) 125.8 (17.0) 123.5 (17.3) 123.6 (15.3) 121.7 (18.1) 121.5 (16.6)
DBP (mmHg) 80.2 (10.7) 79.5(10.8) 80.6 (10.1) 79.5(10.9) 78.6 (13.2) 79.6 (10.6)
HRrest (bpm) 74.9 (10.4) 72.2 (9.5) 72.7 (9.0) 74.8 (10.7) 73.6 (9.2) 73.5(8.8)

Data are presented as mean (SD). Post 1 indicates values measured immediately after treatment; Post 2 indicates values measured 10
minutes after treatment. HRV, heart rate variability; HR, heart rate; SDNN, standard deviation of NN intervals; RMSSD, root mean square
of successive RR interval differences; SBP, systolic blood pressure; DBP, diastolic blood pressure; HRrest, heart rate at rest; SD, standard

deviation.

Table 3 Frequency domain HRV variables (non-normal distribution) (N=38)

Active treatment

Sham treatment

Variables

Pre Post 1 Post 2 Pre Post 1 Post 2
LF (ms? 169.4 (146.7) 282.1 (334.9)* 226.3 (193.6)* 137.9 (109.2) 204.6 (155.2)* 307.0 (725.4)
HF (ms? 152.3 (167.5) 166.2 (170.7) 136.4 (147.4) 170.1 (301.2) 124.3 (108.6) 247.7 (809.2)

Data are presented as mean (SD). *, P<0.05. Post 1 indicates values measured immediately after treatment; Post 2 indicates values
measured 10 minutes after treatment. HRV, heart rate variability; LF, low frequency; HF, high frequency; SD, standard deviation.

Table 4 Frequency domain HRV variables (N=38)

Active treatment

Sham treatment

Variables

Pre Post 1 Post 2 Pre Post 1 Post 2
LF (ms?) 98 [130] 192 [297.5] 139 [209.5] 117 [151] 116 [283] 148 [240.5]
HF (ms? 87 [185.5] 121 [169.5] 95 [160] 112 [158] 110 [132] 88 [94.5]

Data are presented as median [IQR]. Post 1 indicates values measured immediately after treatment; Post 2 indicates values measured
10 minutes after treatment. LF: P=0.96; HF: P=0.29. HRV, heart rate variability; LF, low frequency; HF, high frequency; IQR, interquartile range.

The values of the HRV parameters, BP and resting HR
are presented in Tables 2-4. No significant difference was
found between the active and sham treatment for HRV
variables or BP and HR values. Moreover, no interaction
was found for any of the variables (P>0.05). Statistically
significant yet small differences were found for the
time factor: SBP (P=0.036), SDNN (P=0.025) and HR
(P=0.001). However, these were clinically non-significant
differences.

Based on the questionnaire completed after the first
session, participants who were administered active
treatment (n=21) reported the following: six participants
reported fatigue (28.6%); three participants reported

© Health Technology. All rights reserved.

having difficulty concentrating (14.3%); two reported
having a headache; one reported itching, one reporting a
feeling of numbness; and one reported nausea. No other
sensations during treatment were reported. Following
the sham treatment (n=17), two participants reported
experiencing numbness (11.7%) and another reported
experiencing contractions.

Discussion

Low HRV SDNN parameter in healthy adults was measured
in 62% of the participants. The attempt to increase the
participants low HRV by the new method of transcutaneous

Health Technol 2024;8:1 | https://dx.doi.org/10.21037/ht-23-5



Page 6 of 8

MNS did not show effect as compared to sham treatment.
These results are not in accordance to a study on heart
transplant patients who were administered a single 40 minutes
session of trans-cutaneous electrical stimulation, at an
intensity of 0.8-1.9 mA and a frequency of 5-30 Hz, at
acupoints PC5 and PC6 (as P6 and P5 overlie the deep
median nerve). The treatment was found to acutely improve
HRV measures in the transplant patients and enhance the
sympathovagal index during its application. It was therefore
concluded that electrical stimulation at PC5 and PC6
acutely modulates HRV in transplant patients (35). The
ineffectiveness of the current methods might be related to
parameters of the treatment or of the population. In an earlier
study, the effect of short vagal stimulation, 10 minutes on the
right ear versus the left ear was examined. The researchers
found that only stimulation of right ear increased SDNN in
healthy subjects. Long duration, one hour stimulation of the
right ear increased LF and LE/HF components of HRV, and
SDNN in women, but not in men (36). Our study included
both male and female which may affect the results. Also,
different parameters of MNS such as the frequency, showed
to have different effects on HRV (33)

The effect of non-invasive electric stimulation of the
median nerve on HRV parameter clearly needs more
evaluation. The safety of the MINS treatment in our study
was evaluated by monitoring side effects and by using a VAS
questionnaire after the first treatment session. No serious
adverse side effects were noted. In the active treatment,
28.6% of the participants reported feeling fatigue and 14.3%
reported difficulty in concentration. No fatigue or difficulty
in concentration during the sham treatment was reported.
TENS is considered safe, with relatively minor side effects,
even for prolonged use (37). A recent review on the safety
of tVNS in humans indicated different side effects, such as
local skin irritation, headache and nasopharyngitis, most of
them were tolerable or infrequent (38).

Conclusions

The effect of transcutaneous electrical MNS, as applied
in the present study, did not differ from the effect of sham
treatment on HRV on healthy people with low HRV. It
is possible that stronger or longer stimulation may have a
greater effect on HRV parameters. Effective stimulation
with MNS via a portable and convenient device could be a
treatment that people administer themselves as part of their
routine. Yet additional investigation is needed for evaluating
the possible clinical applications or effectiveness of short

© Health Technology. All rights reserved.

Health Technology, 2024

term non-invasive electrical stimulation of the median nerve
on healthy subjects.
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