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ABSTRACT

Background: Despite positive outcomes of transcutasmevagus nerve stimulation
(tVYNS) via the auricular branch of the vagus neiBVN), the mechanisms
underlying these outcomes remain unclear. Additignarevious studies have not been

controlled the possible placebo effects of tVNS.

Objective: To test the hypothesis that tVNS acutemproves spontaneous cardiac
baroreflex sensitivity (cBRS) and autonomic modaolat and that these effects are

specific to stimulation of ABVN.

Methods: Thirteen healthy men (23t1yrs) were randeth across three experimental
visits. In active tVNS, electrodes were placed be tragus of the ear and electrical
current was applied by using a Transcutaneous riflacNerve Stimulation device. A
time-control visit was performed with the electredqdaced on tragus, but no current
was applied (sham-T). Additionally, to avoid a @ho effect, another sham protocol
was performed with same electrical current of tbva visit, but the electrodes were
placed on the ear lobe (an area without cutaneows e&dings from the vagus — tLS).
Beat-to-beat heart rate (HR) and blood pressure (#8#e monitored at rest, during
stimulation (active, sham-T and tLS) and recoveBRS was measured via sequence
technique. Both HR (HRV) and BP variability (BPVErme also measured.

Results: Arterial BP and BPV were not affected Iy active or sham protocols
(P>0.05). Resting HR and LF/HF ratio of HRV decreagee3.4+1% and\—15+12%,
P<0.05, respectively) and cBRS increasa@4+8%, P<0.05) during active tVNS, but

were unchanged during both sham protocols.

Conclusion: tVNS acutely improves cBRS and autormomodulation in healthy young

men.

Key-words: baroreflex; autonomic nervous system; sympathegcvous system;

neuromodulation.



INTRODUCTION

It is well established that some diseases are guaoied by severe cardiac
autonomic dysfunction characterized by sustainezkgsive sympathetic outflow and
parasympathetic withdrawal (e.g. hypertension, etiedy heart failure, coronary artery
disease, obesity) [1-4]. Given the significant fio@al costs associated with the
development of novel pharmaceutical drugs, theraen@easing interest in non-
pharmacological alternatives.

Electrical vagus nerve stimulation (VNS) has begpraved for use in
treatment-resistant patients with epilepsy and mdgpressive disorder and has been
further suggested as a potential treatment foraadrange of conditions including
Alzheimer’s disease, heart failure, inflammatiohyanic pain, diabetes, tinnitus and
obesity [5-12]. However, VNS requires an invasivgggcal procedure for electrode
implantation and has been associated with advetseeffects such as dysphonia, vocal
hoarseness and dyspnea [13, 14]. As such, thitsltme application of VNS to patients
who are treatment-resistant to all existing phawotagcal approaches. Given these
considerations, non-invasive transcutaneous vagoge regtimulation (tVNS) via the
auricular branch of the vagus nerve (ABVN) has baeveloped, with similar efficacy
to the invasive technique [15] and beneficial oates for patients with epilepsy [16,
17], coronary artery disease [18] and major depresisorder [19].

The physiological mechanisms behind VNS-inducedigka in cardiovascular
function have been investigated over the past fears: An underlying mechanism that
may explain the improvements in autonomic functigrivNS is the increase in arterial
baroreflex sensitivity. In this context, a receiidy demonstrated that invasive VNS
resets the baroreflex function and induces symjpattifwtion in rats [20]. However, the

effect of VNS on arterial baroreflex sensitivitylhmmans requires further investigation.



Clancy et al. [21] demonstrated in humans that tVA&itely improved cardiac
autonomic modulation assessed by heart rate (HRability (HRV), likely to be at
least in part due to a reduction in sympatheticveernctivity measured with
microneurography. More recently, De Couck et al] j@#ified that short (10-min) and
long term (60-min) tVNS slightly improves HRV in d&éy subjects. Unfortunately,
these previous studies did not measure spontaneawBac baroreflex sensitivity

(CBRS).

Additionally, both Clancy et al. [21] and De Couekal. [22] compared active
tVNS (electrical current applied on ABVN) with coolt protocol (electrodes placed on
the ABVN but no current was applied). Such approaam possibly bias the
interpretation about the tVNS effect, because t\ihftices nuisance, which not occurs
during the control protocol. In this sense, the jetifs expectancy about the
intervention becomes unpredictable, such that stdbjmay think the tVNS is either
beneficial (i.e., placebo) or harmful (i.e., nocel®lacebo and nocebo effects, in turn,
couldper se influence autonomic regulation [23]. In this cofitea possible approach to
avoid the placebo effects of tVNS is to mimic theme electrical stimulation, but
applying the current on an auricular site thatasinnervated by the ABVN, such as the

ear lobe [24].

On the basis of these considerations, the presesy svas designed to test the
hypothesis that acute non-invasive VNS through #®BVN would improve
spontaneous cBRS, HRV and blood pressure (BP)hibitya(BPV) in healthy young
male subjects. It further tested whether theseceffevere specific to stimulation of

auricular regions innervated by the ABVN or is ly placebo-mediated.



METHODS

Subjects

Young male subjects (n = 13; age = 23 = 1 yrs)igp#dted in the present
study with mean weight and height of, 80 = 3 kg7 1¥ 2 cm (mean * SEM),
respectively. The rationale for including only meme based on the fact the
cardiovascular control is markedly different betweeen and women [25]. In addition,
the cyclical variations in female sex hormones s€ithe menstrual cycle (i.e., estrogen
and progesterone) could be a confound factor [28, &Il subjects were healthy,
normotensive, non-smokers, and were recreationaflifve (self-reported habitual
physical activity for at least 6 consecutive monthith a minimum frequency of 3 days
per week in> 30-min sessions). Subjects had no history or sygmptof cardiovascular,
pulmonary, metabolic, or neurological disease asrdened from a detailed medical
health history questionnaire. No subjects were ugiregscribed or over-the-counter
medications. Participants were recruited throughtgrs placed at the University of
Brasilia, Brazil. Written informed consent was atéa from all subjects and all study
procedures were approved by the University of Beasistitutional research committee

(CAAE: 54104216.0.0000.0030) in accordance withDleelaration of Helsinki.

Study Protocol

The study was randomized, placebo-controlled, ams$sed-over. Subjects
performed four visits to the laboratory. In theitviene, the participants’ body weight
and height were assessed, and a familiarizatiosisesf tVNS was performed. Then,
on visits two, three and four the subjects wereosgd in a random order to : 1) active

tVNS 2) sham, where electrodes were placed onrdlgei$ of the ear but no current was



applied (sham tragus — sham-T), and 3) electroda® wlaced on the ear lobe and
current applied according with active tVNS (tranaogous lobe stimulation — tLS).
Participants were seated (90° of knee angle) witite finger arterial BP and respiration
were monitored continuously. Data recordings weraiobd at baseline (10 minutes),
during test period (15 minutes; active tVNS, shararTiLS), and during recovery (10

minutes).

HR and arterial BP were measured on a continuoastbebeat basis using
finger photoplethysmography (Human NIBP Controllé&xD instruments, NSW,
Australia). Brachial arterial BP was also measumsih an automated digital
sphygmomanometer (Omron, HEM-7200, Japan) for absoheasures of BP and to
confirm finger measurements. Respiratory frequemay visually monitored in order to
avoid the potential confounding influence of largespiratory excursions on

cardiovascular measurements.

The subjects were asked to refrain from consumatftgime/alcohol and from
engaging in physical exercise for 6 and 24 h, respay, prior to the tests. To avoid
potential diurnal variations, subjects were alwegted at the same time of day for each

subject and in the same quiet, temperature-coattabom (~21°C).

Transcutaneous vagus nerve stimulation (tVNYS)

Figure 1 shows the experimental design of the ptestudy. The ABVN
innervates the skin of parts of the ear (i.e. canttagus and cymba concha) and the ear
lobe has no nerve endings of the vagus nerve ([AYy. The transcutaneous electrical
nerve stimulation (TENS) device consisted of a smi@hulation unit (V-TENS Plus,

Body Clock Health Care Ltd, UK) and modified sudaslectrodes bilaterally placed on



the inner and outer surface of the tragus of tliedaeng active and sham-T protocols
(Fig. 1B), and on the ear lobe during tLS proto¢ay. 1C). The active tVNS protocol
was performed according with previous reports [25, 28]. Briefly, the electrical
current was applied continuously for 15 min witlpase width of 200 pus and pulse
frequency of 30 Hz. The stimulation amplitude wegisted between 10 and 50 mA, at
level of each participant’s sensory threshold.h@ sham-T protocol, the electrode was
attached to the tragus and the amplitude was iseccantil the participant reported
sensation. Participants were then told that stittaranterventions would be equivalent
types of “nerve stimulation”, though they might gere them differently but the
electrode leads were disconnected from the TENShmacowithout the participants’
knowledge. During the tLS protocol, the electrodeswplaced on the ear lobe and the
electrical current was applied with the same patarseas the active tVNS. The tLS
protocol was performed to exclude the possibilityany confounding sensory effect of
tVNS due to electrodes being sited at the ABVN ddome, and to determine if the
effects of stimulation were specific to the tragusd not due to the sensation of

stimulus.

Spontaneous car diac baror eflex sensitivity (CBRS)

Beat-to-beat time series of systolic BP and RRruats were analyzed using
the sequence technique for estimating spontaneBRS CardioSeries v2.4, Brazil).
The sequence technique is based on the identdicafi sequences of consecutive beats
in which progressive increases in systolic BP atieed by a progressive lengthening
in RR interval or vice versa; progressive decreasesystolic BP are followed by a

progressive shortening in RR interval [29]. Brieflgequences of three or more



consecutive beats with corresponding increaseseoredses in systolic BP and RR
interval were identified as arterial baroreflex sewgces (GAIlY,). Sequences were

detected only when the variation in RR interval wasater than 1.0 ms, systolic BP
changes were greater than 1 mmHg, &3dconsecutive cardiac cycles. A linear
regression was applied to each individual sequancdeonly those sequences in which
R was >0.85 were accepted. The slopes of the sy®8liand RR interval relationships

were then calculated and averaged for a measwspooitaneous cBRS. Overall results
were similar when HR was used as the dependergblarior these cBRS measures and
therefore only RR interval measures are presentedaddition, the gains for up

(GAINyp) and down (GAINown) sequences and the total number of sequencesetkbtec

were also calculated.

Heart rate variability (HRV)

HRV was determined in accordance with the guidslioaethe Task Force of
the European Society of Cardiology and the NortheAoan Society of Pacing and
Electrophysiology [30]. A continuous recording otiagle lead ECG, usually CC5 or
CMb5, was obtained continuously during the test.idtdes were sampled at 1000 Hz
and stored for offline analysis (CardioSeries vB#azil). Only segments without signal
noise were analyzed. All ectopic beats on the EC&ket were identified both
automatically and manually before exclusion from taealysis. A fast Fourier
transformation (512 points) was used for spectnalysis of HRV. The power spectra
were quantified by measuring the area under tHeviig frequency bands: very low

frequency power (VLF) (< 0.04Hz), low-frequency paw(LF) (0.04-0.15 Hz) and



high-frequency power (HF) (0.15-0.4 Hz). As no fiewidence has yet been presented
for the physiological meaning of the VLF band, otllg power densities of LF and HF
band were investigated. Total power and normaliaeis of LF and HF were also
calculated. Normalized units were calculated bydiing each spectral band by the total
power minus the VLF power and were multiplied by010he ratio of LF to HF

(LF/HF) was also calculated as a measure of autanbatance.

Blood pressure variability (BPV)

Spectral analysis of BPV was performed employirgdbftware CardioSeries
v2.4, which uses Fourier transformation to calaukgiectral power of HRV and systolic
BPV. BPV was calculated after appropriate splingéerpolation and equidistant
representation of systolic BP data. The VLF band defined in the range of 0.02-0.07
Hz, the LF band in the area of 0.07-0.15 Hz, andHfReband between 0.15 and 0.40
Hz [31]. The LF component of BPV was used as ayuaithe sympathetic modulation

of the vascular tone [31].

Statistical analysis

Shapiro-Wilk normality test was used to verify thermal distribution of the
data. As the majority of the data presents a namabdistribution, non-parametric
statistical tests were applied. To analyze theceffeof active, control and sham
interventions, the baseline, tVNS and recovery ndiogs were compared using
Friedman’s analysis of variance (ANOVA), followeg Wilcoxon signed-rank paired

test with Bonferroni correction to detect the difflece in pairwise comparisons. All
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data are presented as mean + SEM. The figuresxgressed as percentage of delta.
The level of significance accepted for main effestss P < 0.05 and for post-hoc
pairwise comparisons wad < 0.017. Statistical analyses were conducted utieg

software STATISTICA (Statsoft, USA).
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RESULTS

Baseline characteristics of the subjects are prasehable 1. No significant
differences are found in any resting physiologicaiables between active, sham-T and
tLS protocols P > 0.05). During both active tVNS and tLS, the ranf¢he stimulation
amplitude was between 40-50 mA, with an averageéaf 4 mA.

Active tVNS significantly increased cBRS GAJN (baseline: 12.7 + 1
ms/mmHg; tVNS: 15.1 + 1 ms/mmHg; recove/ry: 13.1 mms/mmHg; Interactiol =
0.04, Fig. 2A black squaren?24 + 8%, active tVNS vs. baselin®; = 0.0159). In
striking contrast, no changes were observed dushgm-T (baseline: 13.1 + 1
ms/mmHg; sham-T tVNS: 13.7 £+ 1 ms/mmHg; recoverg.41+ 1 ms/mmHg;
InteractionP = 0.73, Fig. 2A white circles)A6 = 5%, sham-T vs. baseline) or tLS
(baseline: 13.6 £ 1 ms/mmHg; tLS: 13.9 + 1 ms/mmké¢gpvery: 13.8 £ 1 ms/mmHg;
InteractionP = 0.23, Fig. 2A gray triangles\B + 2%, tLS vs. baseline) protocols.
Similarly, the gains for up (Fig. 2B) and down (FigC) sequences significantly
increased during active tVNS (GAIN A24 + 11% vs. res® = 0.014; GAINown A26
+ 7% vs. restP = 0.003), but was unchanged during either shar®AIN . A8 + 6%
vs. restP = 0.202; GAINown: A4 + 5% vs. rest? = 0.257) and tLS (GAIN: A-2 + 3%
vs. rest,P = 0.336; GAINowr A7 £ 4% vs. restP = 0.072). The total number of
sequences was not significantly different betweetiva tVNS, sham-T or tLS (125 +

12 vs. 125 £ 11 vs. 122 + 14 respectivétys 0.93).

Active tVNS slightly but significantly reduces HRefore return to baseline
values during recovery period (baseline: 72 + 3 ppctive tVNS: 69 £ 2 bpm;

recovery: 71 + 2 bpm; Interactidh= 0.02, Fig. 3A black square)«3.4 + 1% active



12

tVNS vs. baselineP = 0.004). However, HR was unchanged during sharbagdline:
73 = 2 bpm; sham-T: 71 £ 1 bpm; recovery: 73 + inbpteractionP = 0.07, Fig. 3A
white circles) §4~1.5+ 1% sham-T vs. baseline) or tLS (baselinet 23bpm; tLS: 73 +
2 bpm; recovery: 73 £ 3 bpm; InteractiBr= 0.38, Fig. 3A gray trianglesA€1.2 + 1%
tLS vs. baseline). Systolic BP was unchanged theeictive, sham-T or tLS protocols

(P > 0.05, Fig. 3B).

Consistent with previous publications, active tVMN®nificantly reduced
LF/HF ratio, an index of sympathovagally-mediatediléations in HR variability, and
returned to baseline values during recovery (basel.0 + 0.3; active tVNS: 1.53 +
0.3; recovery: 2.43 £ 0.5; Interactidh= 0.02, Fig. 3C black squares)—15 = 12%,
active tVNS vs. baselind® = 0.014). On the other hand, no changes in LF/Hié ra
were observed in either sham-T (baseline: 2.3 +<hdm-T: 2.65 + 0.5; recovery: 2.87
* 0.4; InteractiorP = 0.50, Fig. 3C white circlesp\3 £ 16%, sham-T vs. baseline) or
tLS (baseline: 1.72 £ 0.2; tLS: 1.65 + 0.2; recgve.1 + 0.3; Interactio® = 0.23, Fig.
3C gray triangles)AX4 + 10%, tLS vs. baseline) protocols. Interestibgth absolute
(ms’) and normalized (nu) values for LF and HF comptsef HRV were unchanged
during any conditions with exception of LF (fhsvhich significantly increased during
sham-T A48 + 15%, vs. resR = 0.002) and trend to increase during tA29 = 13%,
vs. rest,P = 0.023), but was unchanged during active tVIME & 11%, vs. rest).
Importantly, the respiration rate was unchangedhduany of the conditions.

No differences were found in LF power of SBP vailigh during any active
(A—8 = 10% active tVNS vs. baseline; Interacti®en= 0.56, Fig. 3D black squares),

sham-T A37 + 13%, sham-T vs. baseline; Interactl®s 0.80, Fig. 3D white circles)
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and tLS A29 + 16%, tLS vs. baseline; Interactién= 0.79, Fig. 3D grey triangles)

protocols
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DISCUSSION

In accordance with our initial hypothesis, the prasstudy shows that: 1)
active tVNS acutely improves spontaneous cBRS;FEIHE ratio is decreased by tVNS
in healthy young men; 3) tVNS evokes slight demeas HR; and 4) the
aforementioned effects are specific to stimulabbABVN.

A major finding of this study is that spontaneo®RS increased in response
to tVNS of the ABVN. The baroreflex is a closedfpmegative feedback control
system that constantly senses arterial pressubatmyeceptors in a beat-to-beat fashion
and quickly regulates systemic arterial pressureysiplogically to attenuate
perturbations in arterial pressure [32]. Previouslies demonstrate that afferent VNS
resets the baroreflex operating point and indugagpathoinhibition in animal models
[20, 33]. A striking outcome of the current studyswthat increases in BRS were
evident even with non-invasive VNS. Further theHects were observable even in
healthy young men, who would be expected to hasteomg baseline cBRS. Since BRS
decreases with disease [34] and age [35], thisesigghat tVNS could provide a
significant opportunity to improve BRS in an inerp&ve and non-invasive approach
that could be generally applicable.

This current study provides evidence supportinguiegv that the autonomic
effects of auricular stimulation are mediate by &#VN. Circumventing the possible
sensory effects with stimulation at the earlobepa-ABVN innervated region, has no
effect on reflex control of BP. This is consistenth the functional magnetic resonance
imaging study by Frangos et al. [36] that electratanulation of the ear lobe did not
activate the nucleus tractus solitarius (NTS) ie tirainstem, whereas that of the
ABVN-innervated cymba concha did. Therefore, we edimibute that the positive

effects on reflex control of BP are due the acstenulation of ABVN per se. The
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precise mechanisms underlying the main findingshef present study are not fully
understood, but some relevant points should bedersl.

The central circuitry associated with tVNS autonoraffects might involve
activation of the NTS by ABVN afferents. Since tharoreceptor afferent fibers join
their respective glossopharyngeal nerve and alsgeqir to the NTS, tVNS might
potentiate the effectiveness of cBRS at the NT&llg¥5], again consistent with
activation of NTS by tVNS [36]. In addition, thisuld activate the caudal ventrolateral
medulla to inhibit the rostral ventrolateral medudind thus reduce sympathetic output
to both the heart and peripheral vasculature [T$, Burthermore, the NTS could also
activate the dorsal motor nucleus of the vagus taednucleus ambiguus to increase
cardiac parasympathetic activity [38]. In suppoft this idea, Clancy et al. [21]
demonstrated a significant attenuation in musctepathetic nerve activity evoked by
tVNS, which may attenuate-adrenergic receptors constrictor function in bleedsels
and thus decrease peripheral vascular resistanoesidering our findings, the
aforementioned physiological responses can be reggerfor the small decreases in
HR, the increases in cardiac autonomic modulatioth spontaneous cBRS observed
during active tVNS.

The decreases in HR and LF/HF ratio during actwidS are in accordance
with the results of Clancy et al. [21], demonstigtithat tVNS improves the
sympathovagal balance, but extends it to show tViS was effective even in this
sample of young males. Interestingly, the baselikéHF ratio was higher in our
subjects when compared to their study [21], whicyrbe attributed to the different
sample sizes. Our study was performed only in yooremn and Clancy et al. [21]
studied both sexes and previous studies have dératatsthat female sex hormones,

more specifically estrogen [39], have an effectcardiac autonomic modulation [40].
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In this sense, men tend to have a higher basekifid A than women [41]. The reasons
of these discrepancies are unclear, but some asgleatild be considered. For example,
it has been shown that body posture may changeadk@nomic and hemodynamic

control [42, 43], and our subjects were seateden@lancy et al. [21] performed tests in
a semi-supine position. We decided to perform arpaits in a seated position due the
fact that it is likely possible that people willreduct tVNS whilst watching TV or other

such daily activity (i.e., external validity). lrddition, our subjects were healthy, young
and male, and the sample of Clancy et al. [21] ezasposed by both male and female
subjects with a range of age between 20 to 62 yéanthermore, the present study
added a sham protocol that minimizes the sensdegtefof tVNS (i.e., tLS) which was

not performed by the Clancy study.

Limitations

The present study has several limitations. Fingt,small sample size increases
the risk of type Il error. Second, since we tesirly healthy young male subjects, it is
not possible to extrapolate the results for otlmutations such as female, older and/or
diseased subjects. Future studies are necessaxgiaine the impact of tVNS on neural
control of BP in these populations. Third, we usedon-perturbational spontaneous
method to assess the arterial baroreflex sengiti#erturbational methods, such as
vasoactive drugs infusion (i.e. modified Oxford)pw the examination of a prevailing
range of pressure, while non-perturbational spa@das method assesses a limited
range of pressure for the stimulus-response baeareélationship. The results of the
present study, however, show that sequence metlasdable to confirm our initial
hypothesis. In addition, several clinical studieséused the sequence technique and

previous authors have reported high reproducibildly spontaneous baroreflex
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sensitivity using the sequence technique at restdamithg perturbations [44-46], and

the sequence method has been shown to correldteheiOxford technique [47].

Per spectives

The improvements in cBRS and sympathovagal balaaased by tVNS have
clinical implications. Several cardiovascular desastates are accompanied by
autonomic dysfunction, characterized by an impanimeén cardiac baroreflex
sensitivity, increased sympathetic nerve activitgl parasympathetic withdrawal (e.g.
hypertension, coronary artery disease, heart &ildiabetes and obesity) [1, 3, 4, 20].
In addition, cardiac autonomic dysfunction is a pdwl predictor of mortality in
patients with cardiac disease [48, 49], and in ofople with low cardiovascular risk
[50].

In this regard, non-pharmacological approachese(j. exercise and diet
regimens) have been consistently shown to impr@RS: and autonomic modulation
[51-53]. More recently, a promising strategy torpuote beneficial outcomes for a range
of conditions is the electrical stimulation of vaguoerve. Although VNS has been
suggested for potential complementary treatmentaobroad range of conditions
including epilepsy, depression, Alzheimer's diseabeart failure, inflammation,
chronic pain, diabetes, tinnitus and obesity [5;1Bf mechanisms involved in the

efficacy of this technique remain unclear.

Conclusions
The results of the present study provide evidernzd ton-invasive VNS
through the ABVN improves cBRS and autonomic motihain healthy young male

subjects. These findings allow us to suggest tmpantneous cBRS and cardiac
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sympathovagal balance could play a role in the misims involved in previously
reported beneficial outcomes caused by tVNS. Fustuelies are needed to confirm

these findings in older and diseased populations.
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Figure Legends

Figure 1. Experimental protocol of the study. A. The shadezhahows the distribution
of the auricular branch of the vagus nerve to tktereal ear. B. Position of the
electrodes which were placed on the tragus of the dairing active and sham-T
protocols. C. Position of the electrodes which waeeced on the ear lobe during tLS

protocol.

Figure 2. Response of cardiac baroreflex sensitivity for (8IAIN,, panel A), up
(GAINyp, panel B) and down (GAINw. panel C) sequences during the baseline, tVNS
and recovery in the active (black squares), shafuvhite circles) and tLS (grey
triangles) protocols. All values are mean + SB.< 0.05 tVNS vs. baseline in the

active protocol.

Figure 3. Response of heart rate (HR, panel A), systolic dlp@ssure (SBP, panel B),
sympathovagal balance, represented by the ratiwelest the low and high frequency
components of heart rate variability (LF/HF, pa@g| and low frequency component of
systolic blood pressure variability (kg panel D) during the baseline, tVNS and
recovery in the active (black squares), sham-T t@vbircles) and tLS (grey triangles)
protocols. Values are mean + SIP. < 0.05 tVNS vs. baseline in the active protocél.
< 0.05 tVNS vs. recovery in active protocoR ¥ 0.05 tVNS vs. recovery in tLS

protocol.
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Table

Table 1. Baseline characteristics.

Active Sham-T tLS P

Anthropometrics

Age, years 2261 - - -

Weight, kg 79.6+3 - - -

Height, cm 177 £ 2 - - -

BMI, kg/m? 254 +1 - - -
Hemodynamics

SBP, mmHg 111+1 113+2 112+ 2 0.15

DBP, mmHg 63+1 63+1 63+2 0.71

MAP, mmHg 78+1 79+1 79+2 0.49

HR, beats/min 72+3 732 732 0.27
Cardiac baroreflex function

GAIN 4, ms/mmHg 12.7+1 13.1+1 1361 0.37

GAIN 5, ms/mmHg 12.7+1 13.4+1 1411 0.37

GAIN gown, Mms/mmHg 125+1 13.1+1 1311 0.37
HR variability

LF, mé 1320.6 + 132.0 1360.1 + 206.8 1035.9 + 124.9 0.23

HF, mé 1038.8 + 156.2 916.9 +161.7 752.4+78.9 0.37

LF, nu 52.8+45 57.7 +3.7 525+3.0 0.29

HF, nu 47.2+45 423 +3.7 475+3.0 0.29

LF/HF 20+0.3 23+04 1.7+0.2 0.12
BP variabilty

LFsgp, mmHd 82+1 78+1 6.4+1 0.07

Values are means + SE. BMI, body mass index; SB&tpkc blood pressure; DBP,
diastolic blood pressure; MAP, mean arterial pressutR, heart rate; LF/HF, ratio
between low and high frequency powers of heart vat@ability; BP, blood pressure;
LFsep, low frequency component of systolic blood preesuariability; P, level of
significance P < 0.05).
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Highlights

* Non-invasive vagus nerve stimulation (tVNS) is istigated as a therapy for a
range of conditions.

* The mechanisms involved in positive outcomes of $vdde not fully understood.

« We show that tVNS improves spontaneous cardiacéfea sensitivity in healthy
men.

« These effects are specific to stimulation of audacbiranch of the vagus nerve.



