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Abstract
Background: This study is to investigate the effect of 
non-invasive auricular VNS on cycle ergometer test and 
physiological parameters in healthy individuals.

Methods: 46 people participated in the study. The 
participants were randomly divided into 3 groups as Above 
Threshold, Under Threshold and Control according to the 
sensation of electrical current on ears. The participants 
were evaluated 3 times; before the application, after the first 
and second bicycle exercises. Numerical pain scale, pulse 
rate, blood pressure, respiratory rate, and distance travelled 
during exercise for cycle ergometer test.

Results: There was no significant difference in 1st 
measurement, 2nd measurement, 3rd measurement of pulse 
rate, saturation value and performance in the control group, 
sub-threshold group and above threshold group (p ˃ 0.05). 
The 2nd measurement of NPS value was significantly lower 
in the above threshold group than in the control group and 
the below threshold group (p ˂ 0.05). The 1st measurement, 
2nd measurement, 3rd measurement respiratory rate and 3rd 
measurement diastolic pressure values were significantly 
higher in the sub-threshold group (p ˂ 0.05).

Conclusion: In healthy individuals, short-term non-invasive 
auricular VNS does not affect cycle ergometer test during 
exercise. This may be due to the fact that the application 
time is kept short and the application is a single time. In VNS 
application, feeling the current and/or current intensity may 
affect parameters such as respiratory rate and blood pressure.

Keywords
Vagus nerve stimulation, Physiological parameters, Cycle 
ergometer test

Introduction
The autonomic nervous system is the system that 

controls a significant part of the visceral functions of 
the body. Efferent autonomic signals are transmitted 
to the body through sympathetic and parasympathetic 
nerves. Parasympathetic fibers originate from 3, 7, 
9, 10th, cranial nerves and sacral spinal nerve roots. 
Approximately 75 percent of all parasympathetic fibers 
circulate within the vagus (10th cranial nerve) nerve and 
distribute to the visceral organs [1].

Hypertension, smoking, diabetes, physical and 
emotional stress reduce vagal activity and thus the 
effectiveness of the parasympathetic nervous system. 
Many diseases can be prevented by controlling vagal 
activity [1]. Vagus nerve is responsible for the regulation 
of inflammation processes in chronic diseases [2,3]. 
At the same time, vagal activity control is of great 
importance in improving cardiac functions [4,5]. In 
addition, people with strong vagal activity are more 
likely to recover faster after injury or disease [6].
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threshold group, biphasic current was applied as follows; 
frequency 10 Hz, in Modulation mode (Modulation 
mode is a combination of pulse rate and pulse width 
modulation. The pulse rate and width are automatically 
varied in a cycle pattern. The pulse width is reduced by 
50% from its original setting in 0.5 second, then the pulse 
rate is reduced by 50% from its original setting in 0.5 
second. Total cycle time is 1 second.), the pulse width 
was 300 μs. The current intensity was kept constant 
where the participant felt the current comfortably and 
applied for 5 minutes. VNS was applied bilaterally to 
transmit current from the tragus and concha parts of 
the ear. After the first bicycle exercise, the participants 
were re-evaluated. In the second bicycle exercise, it was 

Many applications have been developed through 
the vagus nerve to increase parasympathetic activity 
[1]. In 1990, invasive vagus nerve stimulation was first 
performed in treatment-resistant epilepsy patients and 
successful results were obtained [7]. However, various 
complications such as tissue injuries, hematoma, 
infection, cough, sore throat, hoarseness, dyspnea 
and chest pain may occur after invasive [1]. Non-
invasive VNS methods have been implemented to avoid 
complications of invasive VNS, to increase the safety 
and tolerability of VNS and to provide more accessible 
and wide range of ease of use [8]. Non-invasive VNS 
has 2 types of administration as auricular and cervical 
stimulation [9].

Non-invasive auricular VNS was approved for 
treatment of epilepsy and depression in Europe in 2010 
and pain in 2012 [9]. In randomized controlled studies 
in migraine patients, non-invasive VNS has been found 
to be effective and safe in the treatment of migraines 
[10-13]. In a double-blind randomized controlled study 
in healthy individuals, an increase in mechanical and 
pressure pain threshold and a decrease in mechanical 
pain sensitivity were found. In addition, no changes 
in cardiac and respiratory parameters were observed 
in the same study [14]. In a single-blind randomized 
controlled study in healthy individuals, non-invasive 
VNS was found to have a modulating effect on structures 
such as the hypothalamus, spinal trigeminal nucleus, 
pontine nucleus and parahippocampal gyrus [15]. In 
another study conducted on healthy individuals, non-
invasive auricular VNS was found to increase creativity 
performance in different thinking [16]. In a study in rats, 
non-invasive VNS used in the treatment of trigeminal 
allodynia did not result in significant changes in blood 
pressure and pulse parameters [17].

Materials and Methods

Participants
This study included 46 individuals aged 18-35 years 

in the home patient care laboratory at Sinop University 
Vocational School of Turkeli. Priorities were explained 
and the permission of the individuals was obtained. 
The number of females and males was divided into 3 
groups as randomized. Participants were evaluated by 
Numerical Pain Scale (NPS), pulse rate, blood pressure, 
respiratory rate, and saturation measurement. In 
addition, the distance travelled during the exercise for 
sportive performance was recorded in kilometers. In 
the study, evaluation was conducted 3 times before the 
application, after the first and second bicycle exercises.

Methods
The study was double-blind randomized. Participants 

in the whole group were asked to perform bicycle 
exercise with maximum performance under 50 watts 
for 5 minutes. In all groups Vagustim device (Figure 1 
and Figure 2) was used for stimulation. In the above 

Figure 1: Vagustim device.

Figure 2: Vagustim device.
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the control group, the sub-threshold group and the 
over-the-threshold group did not differ significantly (p 
˃ 0.05). The BMI value did not differ significantly (p ˃ 
0.05) in the control group, the sub-threshold group 
and the over-the-threshold group. Smoking rate and 
cigarette package did not differ significantly (p ˃ 0.05) 
in the control group, the sub-threshold group and the 
over-the-threshold group (Table 2).

In the control group, the sub-threshold group, the 1st 
measurement and the 3rd measurement NPS value did 
not differ significantly (p ˃ 0.05). The 2nd measurement 
NAS value was significantly lower in the above threshold 
group than in the control group and the below threshold 
group (p ˂ 0.05). The 2nd measurement NAS value did 
not differ significantly between the control group and 
the sub-threshold group (p ˃ 0.05) (Table 2).

There was no significant difference (p ˃ 0.05) in the 
control group, the sub-threshold group, the over-the-
threshold group, according to the 1st measurement, the 
2nd measurement, and the 3rd measurement pulse value 
(Table 2).

The 1st measurement, the 2nd measurement, the 3rd 
measurement respiratory rate were significantly higher 
in the sub-threshold group than the control group and 
the above threshold group (p ˂ 0.05). There was no 
significant difference (p ˃ 0.05) between the control 
group and the over-the-threshold group in terms of 1st 
measurement, 2nd measurement and 3rd measurement 
respiration rate (Table 2).

In the control group, the 1st measurement systolic 
pressure was significantly lower than the sub-
threshold and above threshold groups (p ˂ 0.05). 
The 1st measurement systolic pressure did not differ 
significantly (p ˃ 0.05) between the sub-threshold and 
above threshold groups. The 2nd measurement and 
the3rd measurement systolic pressure values did not 
differ significantly (p ˃ 0.05) in the control group, the 
sub-threshold group and the over-the-threshold group 
(Table 2).

The 1st measurement and the 2nd measurement 
diastolic pressure values did not differ significantly (p 
˃ 0.05) in the control group, the sub-threshold group 
and the over-the-threshold group. In the sub-threshold 

asked to perform for 5 minutes under the same load 
without any application. The study was evaluated for 
the third time and the study was completed.

In the subthreshold group, the parameters were 
the same but the current was reduced to where the 
participant did not feel the current after the threshold 
value was reached and again applied for 5 minutes. It was 
re-evaluated after the first bicycle exercise. In the second 
bicycle exercise, he was asked to perform bicycle exercise 
with maximum performance for 5 minutes under the same 
load without any application. The study was evaluated for 
the third time and the study was completed.

In the control group, bicycle exercise was performed 
under the same load with the current-free headset 
produced for sham applications for 5 minutes. 
Participants were shown that the device was working, 
but no current was given. It was re-evaluated after the 
first bicycle exercise. In the second bicycle exercise, 
the device was removed and asked to perform bicycle 
exercise with maximum performance for 5 minutes 
under the same load. The study was evaluated for the 
third time and the study was completed.

Statistical analysis
Mean, standard deviation, median lowest, highest, 

frequency and ratio values were used in the descriptive 
statistics of the data. The distribution of the variables 
was measured by the Kolmogorovsimirnov test. Kruskal-
wallis, mann-whitney u test was used in the analysis of 
quantitative independent data. Chi-squared test was 
used for the analysis of qualitative independent data. 
SPSS 26.0 program was used in the analyses (Table 1).

Ethics
The study complies with the Helsinki Declaration 

Principles and the ethical committee approval was 
obtained by the Scientific Research and Publication 
Ethics Committee of Gümüşhane University on 
08.01.2020 with the decision no. 2020/01. The trial was 
registered with the ClinicalTrials.gov registry (Study 
Identifier: NCT04768738).

Results
The age and gender distribution of the patients in 

Table 1: Demographic information.

Min.-Max. Median Mean. ± sd/n-%
Age 18.0-27.0 19.0 19.2 ± 1.5
Sex Female 31-67.4%

Male 15-32.6%
BMI 16.9-36.1 22.4 22.9 ± 3.7
Smoking (-) 29-63.0%

(+) 17-37.0%
Cigarette (Each/ Day) 0.0-20.0 0.0 3.9 ± 6.2

Values are numbers or mean ± standard deviation or number. Min: Minimum, Max:Maximum, Sd: Standard Deviation
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the 1st measurement, the 2nd measurement, the 3rd 
measurement performance did not differ significantly (p 
˃ 0.05) (Table 2).

Discussion
When the effect of non-invasive VNS on physiological 

parameters such as blood pressure and pulse is 
examined in the literature, there are conflicting results 
[18-22]. In addition, there are no studies on the effect of 
non-invasive VNS on sportive performance. Therefore, 
this study was planned to investigate the effect of non-

group, the 3rd measurement diastolic pressure value 
was significantly higher than the control group and the 
above threshold group (p ˂ 0.05). The 3rd measurement 
diastolic pressure value did not differ significantly 
between the control group and the above threshold 
group (p ˃ 0.05) (Table 2).

Saturation value did not differ significantly (p ˃ 0.05) 
in the control group, the sub-threshold group, and the 
suprathreshold group (Table 2). In the control group, 
the sub-threshold group, the above threshold group, 

Table 2: Comparison between Groups.

Control Group Under Threshold Group Above Threshold Group P- Value
Mean. ± sd/n-% Med Mean. ± sd/n-% Med Mean ± sd/n-% Med

AGE 19.8 ± 2.1 20 19.3 ± 1.1 19 18.7 ± 0.5 19 0.059 K
Sex Female 11-68.8% 10-66.7% 10-66.7% 0.990 X2

Male 5-31.3% 5-33.3% 5-33.3%

BMI 22.8 ± 3.3 22 22.5 ± 4.4 22 23.3 ± 3.6 25 0.192 K
Smoking (-) 8-50.0% 12-80.0% 9-60.0% 0.214 X2

(+) 8-50.0% 3-20.0% 6-40.0%

Cigarette (Each/ Day) 4.56 ± 5.44 2 1.40 ± 3.07 0 5.60 ± 8.45 0 0.606 K
NPS
1st measure 1.25 ± 2.08 0 0.53 ± 1.13 0 0.20 ± 0.77 0 0.198 K
2nd measure 1.75 ± 2.11 1 2.13 ± 2.00 2 0.40 ± 0.91 0 0.034 K
3th measure 1.56 ± 2.00 0 2.00 ± 1.73 2 0.67 ± 1.05 0 0.092 K
Pulse
1st measure 86.6 ± 13.1 87 83.6 ± 11.5 85 88.3 ± 11.6 86 0.569 K
2nd measure 106.4 ± 18.6 102 121.6 ± 19.8 123 106.5 ± 20.4 103 0.079 K
3th measure 113.4 ± 18.8 107 124.9 ± 20.6 122 110.5 ± 22.9 116 0.180 K
Respiratory Rate 
1st measure 19.4 ± 2.3 19 21.6 ± 2.1 22 19.3 ± 2.3 20 0.016 K
2nd measure 22.4 ± 3.7 22 26.0 ± 2.4 26 23.6 ± 3.7 24 0.015 K
3th measure 23.8 ± 3.5 24 26.7 ± 4.3 26 23.7 ± 3.5 24 0.049 K
Systolic Pressure 
1st measure 118.9 ± 10.3 122 128.1 ± 9.8 130 127.8 ± 6.8 129 0.010 K
2nd measure 127.6 ± 10.9 132 132.9 ± 9.5 133 127.9 ± 11.5 129 0.050 K
3th measure 125.9 ± 10.5 123 131.8 ± 10.5 131 123.3 ± 9.2 122 0.414 K
Diastolic Pressure 
1st measure 82.0 ± 7.0 81 87.6 ± 9.7 90 90.4 ± 9.2 89 0.432 K
2nd measure 82.3 ± 9.7 84 86.0 ± 13.4 87 84.1 ± 8.8 85 0.095 K
3th measure 78.0 ± 27.1 74 84.6 ± 9.4 82 78.5 ± 6.5 77 0.032 K
Saturation 
1st measure 98.1 ± 1.1 98 98.3 ± 0.7 98 98.4 ± 1.1 98 0.691 K
2nd measure 98.1 ± 1.6 99 97.9 ± 1.3 98 97.9 ± 1.0 98 0.691 K
3th measure 97.4 ± 1.2 97 96.7 ± 1.6 97 97.1 ± 1.2 97 0.471 K
Cycle Ergometer Test (Km) 
1st measure 0.00 ± 0.00 0.00 0.00 ± 0.00 0.00 0.00 ± 0.00 0.00 1.000 K
2nd measure 1.73 ± 0.26 1.64 1.79 ± 0.44 1.71 1.68 ± 0.40 1.58 0.628 K
3th measure 1.92 ± 0.29 1.95 2.06 ± 0.39 1.93 1.94 ± 0.45 1.76 0.544 K

Values are numbers or mean ± standard deviation or number. K: Kruskal-wallis (Mann-whitney u test) / X² Chi-squared test/p ˃ 
0.05/p ˂ 0.05
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be carried out. Beh and Friedman investigated the 
treatment of acute vestibular migraine with non-
invasive VNS in 2019 and showed a mean decrease 
of 63.3% in headache intensity and 46.9% in vertigo 
intensity due to acute vestibular migraine. “Our study, 
however, provides preliminary evidence that nVNS can 
provide rapid relief in vertigo and headache in acute 
vestibular migraine and supports further randomized, 
controlled studies on nVNS” [25]. In another study 
focusing on migraine, Straube, et al. approached the 
application a little more specifically and compared the 
effectiveness of different parameters. They shaped the 
protocol they applied at 1 Hz and 25 Hz wavelengths and 
found that patients in the 1 Hz group had significantly 
more reduction in headache days than patients in the 
25 Hz group in 28 days. 29.4% of the patients in the 
1 Hz group had a ≥ 50% reduction in headache days, 
while this rate was limited to 13.3% in the 25 Hz group 
[23,29]. Although the sympathetic or parasympathetic 
activity intensity of the source of pain in the migraine 
table varies from case to case, it is controversial in the 
literature. Therefore, it is unlikely to predict the level 
of effectiveness of VNSs of different wavelengths and 
intensities. In another human experiment by Clancy, et 
al., the effects of ear transcutaneous VNS on 48 healthy 
participants were investigated. At the end of the study, 
they concluded that tVNS can increase the desired heart 
rate and reduce sympathetic nerve stimulation in cases 
characterized by increased sympathetic nerve activity 
such as heart failure [30].

Traditionally, the therapeutic intensity of VNS is 
selected to indicate the engagement of the autonomic 
nervous system (typically through changes in heart rate 
(HR)) [31]. However, the stimulation parameters used 
to treat heart diseases are highly variable depending on 
different models and studies [1]. It is considered that 
the main reason for obtaining contradictory results is 
that the duration, severity and duration of treatment 
sessions were not optimally determined.

In our study, the fact that there was a partially 
significant result on the parameters evaluated and 
that no side effects were observed may be due to the 
short duration of application and the low number of 
sessions. There are sufficient studies in the literature 
that increasing the number of sessions by extending the 
duration of the session as a forecast will give positive 
results in the chronic period.

Conclusion
As shown above, there are few studies in the literature 

where VNS has negative results and it is related to the 
high level of application severity. Since the reason for 
the contradictions can be associated with the duration 
and number of sessions, it is recommended to repeat 
the study by increasing the duration and number of 
sessions.

invasive transauricular VNS on sportive performance 
and physiological parameters in healthy individuals.

In an animal experiment conducted by Annoni, et 
al. in 2015, VNS has been shown to relieve the arterial 
blood pressure and reduce the number of arrhythmia 
episodes in hypertensive rats [1]. However, although 
it is an old study, a study by Tiedt and Religa on dogs 
in 1979 showed that VNS increased coronary flow 
in dogs [3] Chen, et al. found in a study conducted in 
2015 that high-severity invasive VNS tends to facilitate 
atrial fibrillation, but it tends to inhibit atrial fibrillation 
without arrhythmogenic risks to moderate VNS. 
This indicates that the severity of VNS may produce 
different physiological effects [23-25]. We are of the 
opinion that the lack of a certain standardization of 
VNS applied in these studies may explain to some 
extent the contradictions that arise in the result part 
of the application. For this reason, in order to ensure 
standardization, repetitive studies should be organized 
on each parameter in which the mechanism of action 
may occur, in which the application doses are tried in 
detail and the results should be documented.

Steven, et al. stated that VNS is an FDA-approved 
treatment method in the case of cardiovascular disease, 
however, they conducted a study with Sprague-Dawley 
rats in 2016 with the hypothesis that the use of this 
application in other disease groups would have effects 
on a healthy cardiovascular system and that negative 
side effects could be encountered. As a result of the 
10-week study, the decrease in action potential time 
and the increase in transmission rate showed that the 
beneficial effects of VNS did not require the presence of 
an existing autonomic imbalance. Similarly, the authors 
stated at the end of the study that VNS did not induce any 
significant changes in the ventricular rejection fraction 
and the spatial distribution of the action potential time, 
and therefore VNS did not adversely affect cardiac 
function. From this point of view, the fact that our study 
is based on performance increase on healthy individuals 
shows parallelism with this study [26].

Another study conducted by Chen evaluated the 
effects of VNS on acute effects and life span on chronic 
hypertensive rats. As a result of the study, VNS significantly 
increased the long-term survival of hypertensive rats and 
improved autonomic balance by significantly increasing 
heart rate variability during stimulation in the acute 
period. This suggests that this is how the mechanism of 
formation of positive chronic effects occurs [27]. A drug 
substance experiment conducted by Lee, et al. revealed 
that stimulation of parasympathetic activity prevents 
ventricular dysfunction at the onset of heart failure and 
increases life expectancy [28].

The studies carried out on people have determined 
their focal points more specifically and are designed 
to form a preliminary preparation for the studies to 
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