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Abstract

Introduction

The vestibular acute stress induces reversible alert-like reactions that involve the sympa-

thetic adrenal-medullar system and hypothalamic-pituitary-adrenal axis responses. The

present study aimed to evaluate salivary α-amylase and salivary cortisol production in rela-

tion with cardiovascular reactivity induced by acute stress in healthy subjects.

Material and methods

Forty-eight young healthy male volunteers were examined under basal conditions and at

various times after reaching the maximal nystagmic reaction following air caloric vestibular

test. Heart rate, systolic blood pressure, diastolic blood pressure and mean arterial pressure

were recorded at the same time as measurement of the salivary α-amylase and salivary cor-

tisol. At the end of the caloric vestibular test session, perceived stress scale questionnaires

were administered to measure the self-perceived stress impact induced by the task, and

individual scores were compared with those measured on the enrollment day.

Results

Following caloric vestibular test-evoked vertigo, salivary α-amylase and cortisol showed dis-

tinct trends in their production after acute stress: Student’s t-test was used to compare the

α-amylase vs cortisol slopes of the respective interpolated regression lines, and the differ-

ence was significant (t = -3.283; p<0.001); an increase in salivary cortisol production corre-

sponded with a decrease in the salivary α-amylase concentration. In addition, salivary
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biomarker modifications were associated with consistent changes in the heart rate, systolic

blood pressure and mean arterial pressure.

Conclusions

Using the air caloric vestibular test task as a stressor, the present study demonstrated a

connection between the acute hormonal stress response to vestibular stimulation and car-

diovascular output. However, further research is needed before we can define the potential

importance of the consistent cardiovascular activity changes evoked by vestibular stimula-

tion and the possible functional consequences for cardiovascular regulation and orthostatic

tolerance in humans.

Introduction

Several studies have examined the autonomic effects of vestibular stimulation, suggesting that

vestibular imbalance is a stressful condition in itself [1] and caloric vestibular test (CVT)-

evoked vertigo may generate some uneasiness in patients, eliciting an acute and reversible

alert-like reaction that involves the sympathetic adrenal-medullar (SAM) system and hypotha-

lamic-pituitary-adrenal (HPA) axis responses. Measurements of salivary α-Amylase (α-Amy)

and cortisol as neuroendocrine subclinical indicators of the SAM system and HPA axis activi-

ties are increasingly used for not invasive monitoring of the response of the human body to

stressful challenges under different physio-pathological conditions [2–11].

We hypothesized that the air CVT-evoked vertigo challenge alters salivary α-Amylase and

cortisol production. The study subjects were investigated under the basal condition and at var-

ious times for 60 minutes after reaching the time of maximal nystagmic reaction following

caloric irrigation. Forty-eight healthy male volunteers (median age 24 years, range 21–30

years) entered the study and were also examined through standardized self-reported question-

naires aimed at identifying their mental health and subjective stress perception levels.

Because the available literature does not provide clear evidence of the temporal sequence of

the contribution of the vestibular system to the sympathetic cardiovascular regulation during

the acute stress response [12, 13], the present study was conducted with a twofold purpose: to

simultaneously evaluate cardiovascular activity during the aversive acute task of the air CVT

stimulation by measuring several cardiovascular parameters in the study population, including

heart rate (HR), R to R wave interval (RR), systolic blood pressure (SBP), diastolic blood pres-

sure (DBP) and mean arterial pressure (MAP), which were recorded while measuring the sali-

vary biomarkers.

Materials and methods

Study population

This prospective study was formally approved by the Ethics Committee of the Iaşi “Grigore T.

Popa” University of Medicine and Pharmacy (protocol n˚ 192/January 7, 2014).

In the a priori sample size calculation, we estimated that at least 23 subjects were required

to detect a mean absolute difference of approximately 25% for the expected changes in salivary

cortisol and/or α-Amy concentrations between the values measured before and after the air

CVT-evoked vertigo challenge, with α of 0.05, β = 0.2 and statistical power of 80%. A total of

62 moderately active (moderate physical activity not exceeding > 2 hours and 30 minutes

Salivary biomarkers and cardiovascular activity after acute stress
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spread throughout the week), healthy Caucasian males were recruited among students attend-

ing the Iasi Universities. For all subjects, the medical examinations, main hematological and

blood chemistry parameters, and electrocardiograms were within normal ranges; metabolic,

cardiovascular, endocrine and other chronic diseases were considered as the exclusion criteria.

After their initial enrollment in the study, 12 subjects were excluded because they incorrectly

collected the salivary samples, and 2 were excluded because they occasionally took drugs that

were not allowed in the three days preceding the experimental procedure.

None of the study participants had received any anti-inflammatory or immunosuppressive

drug in the previous 6 months, nor had they received any vasoactive drugs that could have

influenced α-Amy or cortisol secretion (e.g., antihypertensive, antidepressants, thyroid tropic

drugs). None of the participants had previously undergone the CVT task or had a clinical pre-

sentation compatible with audiological and vestibular pathology. During the three days pre-

ceding the air CVT task, all participants were asked to avoid alcohol and chocolate and to

follow a dietary schedule ensuring a daily total caloric intake of ~ 2600 kcal/day, which is close

to the recommended dietary allowance (RDA) for this population of moderately active young

healthy male subjects [14]; moreover, the study participants were asked to maintain a complete

resting state, without engaging in any intense physical activity or receiving any significant psy-

chological input.

Experimental protocol

Written informed consent was obtained from all participants during a preliminary informative

meeting, which was followed by 3 subsequent experimental sessions. In the first session, they

underwent baseline cardiac evaluations (with electrocardiogram) and an ENT physical exami-

nation that included otoscopy, tympanometry, audiometry and clinical balance tests to check

the anatomical integrity and functionality of the audio-vestibular system. The routine labora-

tory tests (complete blood count, lipids and lipoproteins, fasting blood glucose, hepatic, renal,

and thyroid profiles) were all within normal ranges.

In the second session, we performed a psychometric screening of the study population to

exclude any psychopathologies. Upon arrival, each participant was seated in a comfortable

chair and given a full explanation of the tests about to be undertaken. Then, the participant

completed the Hamilton Rating Scale for Depression (HDS) [15] and the Hamilton Anxiety

Rating Scale (HAS) [16]. Furthermore, the Perceived Stress Scale (PSS) [17] was administered

to measure individual subjective stress perception scores in the study population. The items in

the PSS were designed to assess how unpredictable, uncontrollable and overwhelming the sub-

jects found their lives. The participants responded on a 5-point scale ranging from 0 (”never”)

to 4 (”very often”). The responses to the items represented a psychological stress score, with

higher scores indicating greater psychological stress [17]. Stress level perceptions were also

indicated by the Hassles questionnaire scores, which were recorded after the air CVT challenge

and compared with those reported during the enrollment session [18].

At the end of the second session, all subjects were taught how to collect their saliva at home

using the Salivette sampling device (Sarstedt, Germany), and they were asked to avoid food,

coffee, teeth brushing and any physical exercise for at least 30 min before each saliva collection

[11].

Home diurnal saliva collection was scheduled at 8:00 (at least two hours after awakening),

before lunch (at 12:00) and before dinner (at 20:00). The day after the home saliva collection,

the subjects attended the third experimental session (always in the morning between 9:00 and

12:00), when the air CVT was performed. Air CVT was conducted according to the British

Society of Audiology guidelines 2010 [19] and Ganança and coworkers [20]. During the caloric

Salivary biomarkers and cardiovascular activity after acute stress
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test, the subjects were positioned in the supine position with their heads and backs inclined at

30˚ to the horizontal. Subsequently, the participants were fitted with infrared video Frenzel

Goggles (Difra, Eupen, Belgium) connected to a video-nystagmoscopy monitor and equipped

with a screen chronometer to monitor the appearance, direction and duration of ocular nys-

tagmus. In the present protocol, the air CVT stimulation was performed by irrigating the

external auditory canal of the right ear with a flow of 50˚C warm air (Air Fx Caloric stimulator,

Interacoustics, Denmark) for 60 seconds [21]. In a patient with normal horizontal semicircular

canal function, this process will result in approximately two minutes of horizontal nystagmus

in the same direction of the stimulated labyrinth. We performed the procedure for one single

ear to avoid any predictability in the subjective vestibular sensation for the second ear, consid-

ering that all volunteers were selected after excluding any optic or audio-vestibular pathology,

and they had never experienced the CVT before. After air irrigation and observation of the

nystagmus, the patients were asked to rate the level of their symptoms of dizziness on a Likert

scale ranging from 1 to 10, with 1 indicating no dizziness and 10 being the most intense sensa-

tion of dizziness [22]. The duration of the induced nystagmus was measured by the audiologist

on the screen chronometer.

Ten minutes before the air CVT task, the subjects were attached to a 12 channel Holter

(BTL-08 CardioPoint-Holter, USA) for continuous monitoring of the electrocardiogram. The

SBP and DBP were measured using a semi-automatic sphygmomanometer (M3; Omron, Mat-

susaka Co. LTD, Japan). MAP was calculated as (2DBP + SBP)/3 [23]. Salivary samples were

collected 5 minutes before the CVT task (under the basal experimental condition) and 1, 4, 7,

10, 15, 30, 45 and 60 min thereafter, at the same time as the cardiovascular measurements. At

all these experimental session time points, the SBP and DBP were sequentially determined,

while the corresponding HR and R to R wave interval were selected from the Holter recording.

At the end of the CVT task session, PSS questionnaires were administered to measure the

self-perceived stress impact induced by the task, and individual scores were compared with

those measured on the enrollment day.

Saliva collection and salivary biomarker assay

Saliva was collected using the Salivette sampling device (Sarstedt, Germany), which allows for

quick and hygienic saliva recovery from a polyester swab through centrifugation at 3,000 rpm

for 15 min [5]. Salivary samples were immediately frozen at –20˚C until the analysis. α-Amy

and cortisol assays were performed, as previously described [5], using commercially available

assay kits (Diametra, Italy).

Data analysis and statistic

Unless otherwise specified, the data are reported as the mean ± SD. Statistical analyses and

graphics were performed using the Sigma Plot 11 (SxST.it, Italy) and Statistica 6.0 (Statsoft

Inc, USA) software programs.

A repeated measures ANOVA test was performed to reveal the diurnal variation of the α-

Amy and cortisol secretions and the effect of air CVT on the salivary cortisol and α-Amy con-

centrations, as well as on SBP, DBP, HR and RR, which were simultaneously recorded with the

salivary collections during the air CVT task. Post hoc analyses, using Tukey’s multiple compar-

ison test, were conducted to reveal subgroup differences. To evaluate the trend of each salivary

biomarker production in the 15 min following the air CVT stress-induced response, Pearson’s

coefficient for salivary biomarker concentration against time was determined; when the result-

ing r value was significant, an equation that described the interpolated regression line was

derived, and Student “t” test for slope comparisons was applied [24, 25].

Salivary biomarkers and cardiovascular activity after acute stress
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The statistical significance was set at p<0.05.

Results

Characteristics of the study population

Somatic and psychometric characteristics of the study population at the time of enrollment are

shown in Table 1. Body mass index (BMI), which compares height to weight, indicated that

the study population was within the normal range (normal values are 18.5–24.9 kg/m2), and

waist circumference, an indicator of cardiometabolic risk, showed that the study population

was below 94 cm, the lower risk level for men [26]. In addition, Table 1 shows that the basal

cardiovascular parameters (SBP, DBP and HR) were within the normal range in the study pop-

ulation. Table 1 also shows that the subjects’ HDS (<7) and HAS (<20) scores indicated that

the study population demonstrated no signs of depression or anxiety.

Fig 1 (upper part) shows the mean levels (±SE) of α-Amy measured in the study population

at 08:00 h (22.2±1.6 U/ml), 12:00 h (26.5±1.9 U/ml) and 20:00 h (34.3±2.1 U/ml) during a resting

day. The One-way repeated measures ANOVA revealed significant effects for the factor time

F (2,143) = 19.809, p<0.001. The post hoc Fisher LSD method for multiple comparisons showed

that the α-Amy diurnal pattern, with levels measured at 08:00 h, was significantly lower than

those measured at 12:00 h (p<0.001) and at 20:00 h (p<0.001). Fig 1 (lower part) shows the

mean levels (±SE) of salivary cortisol measured in the study population during a resting day. The

one-way repeated measures ANOVA revealed significant effects for the factor time F (2,143) =

135.843, p<0.001. The post hoc Fisher LSD method for multiple comparisons showed that

the salivary cortisol concentrations measured at 12:00 h (3.0±0.2 ng/ml) and 20:00 h (1.70±0.1

ng/ml) were significantly lower (p<0.001) than those measured at 08:00 h (5.60±0.30 ng/ml).

Air CVT-evoked nystagmus, dizziness and stress perception in the study

population

The latency (41±2 seconds) and the duration of the nystagmus (127±28 seconds) were mea-

sured in the participants as an objective sign of the induced vertigo. As a subjective uneasiness

symptomatology induced by the air CVT challenge, a quite intense sensation of dizziness (7.5±
2, on a 10-point Likert scale) was reported by the study participants.

Table 2 shows the reported self-rated measurements of stress perception registered at the

end of the air CVT task compared with those measured on the enrollment day. For the PSS

Table 1. Somatic and psychometric variables of the study population (n = 48).

Age (years) 25 ± 2

BMI (kg/m2) 23.6 ± 2.9

Waist circumference (cm) 86 ± 7

Educational level (years) 17 ± 2

SBP (mmHg) 121 ± 12

DBP (mmHg) 77 ± 9

HR (beats/min) 72 ± 9

HDS 3.5 ± 2.1

HAS 3.0 ± 2.1

Data are expressed as the mean ± SD.

List of abbreviations: body mass index, BMI; Hamilton Anxiety Score, HAS; Hamilton Depression Score, HDS; heart

rate, HR; systolic blood pressure, SBP; diastolic blood pressure, DBP.

https://doi.org/10.1371/journal.pone.0193963.t001
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questionnaire, the participants demonstrated a score (29±3) indicated that they perceived a

low level of stress during the enrollment session. According to the PSS questionnaire rating

scale, the data indicated that at the end of the air CVT task, the subjects showed signs of a

medium level of stress perception, with individual scores significantly higher than those per-

ceived by the subjects during the enrollment session (Wilcoxon signed-rank test, z = 6.043,

p<0.001). A medium stress level perception was also indicated by the Hassles questionnaire

scores, which were recorded after the air CVT challenge, compared to the low stress level

Fig 1. Diurnal trajectories of salivary α-amylase and salivary cortisol during a rest day. Data are expressed as the

mean±SE. �: p<0.001 vs 08:00.

https://doi.org/10.1371/journal.pone.0193963.g001

Table 2. Self-reported stress perception in the study population (n = 48).

Rest day CVT day

PSS scores 29 ± 3 35 ± 4�

Hassles scores 73 ± 7 87 ± 12�

Data are expressed as the mean ± SD.

�: p < .001 versus value at rest day.

List of abbreviations: Perceived Stress Scale (PSS)

https://doi.org/10.1371/journal.pone.0193963.t002
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perceived by the participants during the enrollment session (Wilcoxon signed-rank test,

z = 6.046, p<0.001).

Air CVT-evoked change in α-Amy and cortisol production in the study

population

Fig 2 (upper part) shows the mean (±SE) α-Amy levels measured in the study population be-

fore the air CVT challenge (33.4±1.3 U/ml) and at various times thereafter (after 1 min: 25.5±
2.1 U/ml; after 4 min: 24.7±2.4 U/ml; after 7 min: 24.2±2.2 U/ml; after 10 min: 21.3±2.1 U/ml;

after 15 min: 24.8±2.5 U/ml; after 30 min: 37.7±3.2 U/ml; after 45 min: 38.7±2.1 U/ml, and

after 60 min: 34.2±3.1 U/ml). The one-way repeated measures ANOVA revealed significant

effects at various times after the air CVT challenge F(8,431) = 13.584, p<0.001. The Tukey test

for multiple post hoc comparisons showed that the α-Amy concentrations measured 1 min

(p<0.01), 4 min (p<0.001), 7 min (p<0.001), 10 min (p<0.001) and 15 min (p<0.001) after

the end of the air CVT task were significantly lower than those measured before the task. Fig 2

(lower part) shows the mean (±SE) salivary cortisol measured in the study population before

the air CVT challenge (3.2±0.3 ng/ml) and at various times thereafter (after 1 min: 3.6±0.3

ng/ml; after 4 min: 3.8±0.3 ng/ml; after 7 min: 4.7±0.5 ng/ml; after 10 min: 4.6±0.5 ng/ml; after

15 min: 4.8±0.5 ng/ml; after 30 min: 3.5±0.4 ng/ml; after 45 min: 3.4±0.5 ng/ml, and after 60

Fig 2. Diurnal trajectories of salivary α-amylase and cortisol before and after CVT stimulation. Data are expressed as the mean±SE.
�,��: p<0.01 and p<0.001, respectively, vs before the CVT.

https://doi.org/10.1371/journal.pone.0193963.g002
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min: 3.3±0.5 ng/ml). The one-way repeated measures ANOVA revealed significant effects at

different times after the air CVT challenge F(8,431) = 4.432, p<0.001. The post hoc Tukey test

for multiple comparisons showed that the salivary cortisol concentration measured 7 min

(p<0.001), 10 min (p<0.01) and 15 min (p<0.001) after the end of the air CVT task were sig-

nificantly higher than the levels measured before the task.

Correlation between air CVT–evoked α-Amy and cortisol production in

the study population

The effect of the stressor was significant during the first 15 min following the air CVT stimula-

tion. Therefore, to evaluate the trend of each salivary biomarker production during this period,

Pearson’s coefficient for salivary biomarker concentration against time was determined. Be-

cause the resulting r values were significant, an equation describing the interpolated regression

line was derived. The results (scatterplots are not shown) showed the following regression

lines for α-Amy (N = 288): yα-Amy = 27.6618–0.4195x (r = -0.2023, p = 0.00055). The follow-

ing regression lines were demonstrated for salivary cortisol (N = 288): yCortisol = 3.7387 +

0.0774x (r = 0.198, p = 0.000715). The t-tests for the slope of the α-Amy line vs the cortisol line

(slope α-Amy = -0.4195; slope Cortisol = 0.0774) yielded a p<0.001 statistically significant dif-

ference, with t = -3.283 (DF = 575), indicating that parallelism was not present among the

lines. Thus, the results showed that while α-Amy production decreased after stress, salivary

cortisol production increased.

Air CVT-evoked cardiovascular activity changes in the study population

Fig 3 (upper part) shows the HR in the study population before (71±1.4 bpm) and at various

times after the air CVT task (1 min after: 79±1.3 bpm; after 4 min: 71±1.5 bpm; after 7 min: 64

±1.6 bpm; after 10 min: 63±1.4 bpm; after 15 min: 60±1.3 bpm; after 30 min: 67±1.3 bpm; after

45 min: 68±1.4 bpm and after 60 min: 71±0.8 bpm). The one-way repeated measures ANOVA

revealed that significant effects were induced by the air CVT challenge during the time thereaf-

ter F(8,431) = 27.027, p<0.001. The post hoc Tukey Test for multiple comparisons showed

that the HR measured 1 min after the end of the air CVT challenge was significantly (p<0.001)

higher than that measured before the task. In contrast, the HRs measured 7 min (p<0.01), 10

Fig 3. HR and RR intervals before and after the CVT stimulation. Data are expressed as the mean±SE. �, ��: p<0.01

and p<0.001, respectively, vs before the CVT.

https://doi.org/10.1371/journal.pone.0193963.g003
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min (p<0.001) and 15 min (p<0.001) after the end of the air CVT task were significantly lower

than those before the test. Fig 3 (lower part) shows the RR interval in the study population before

(862±16 ms) and at various times after the air CVT task (after 1 min: 763±13 ms; after 4 min: 869

±18 ms; after 7 min: 961±25 ms; after 10 min: 973±21 ms; after 15 min: 1034±27 ms; after 30 min:

914±20 ms; after 45 min: 905±20 ms, and after 60 min: 854±9 ms). The one-way repeated mea-

sures ANOVA revealed significant effects induced by the air CVT challenge during the time there-

after F(8,431) = 26.262, p<0.001. The post hoc Tukey test for multiple comparisons showed that

the RR interval measured 1 min after the air CVT challenge was significantly (p<0.001) lower

than that measured before the task. In contrast, the RR intervals measured 7 min, 10 min and 15

min after the end of the air CVT task were significantly (p<0.001) higher than those measured

before the test.

Fig 4 (upper part) shows the SBP in the study population before the air CVT challenge

(122±2.2 mmHg) and at various times thereafter (after 1 min: 125±2.5 mmHg; after 4 min:

121±1.9 mmHg; after 7 min: 119±2.0 mmHg; after 10 min: 117±2.0 mmHg; after 15 min:

116±2.0 mmHg; after 30 min: 119±1.5 mmHg; after 45 min: 119±1.4 mmHg and after 60 min:

119±1.6 mmHg. The one-way repeated measures ANOVA revealed significant effects induced

by the air CVT challenge during the time thereafter F(8,431) = 11.179, p<0.001. The post hoc

Tukey test for multiple comparisons showed that the SBPs measured 10 min (p<0.001) and 15

min (p<0.001) after the end of the air CVT task were significantly lower than those measured

before the task. Fig 4 (middle part) shows the DBP levels in the enrolled subjects before the air

CVT challenge (78±1.7 mmHg) and at various times thereafter (after 1 min: 79±1.3 mmHg;

after 4 min: 76±1.5 mmHg; after 7 min: 75±1.7 mmHg; after 10 min: 76±1.6 mmHg; after 15

min: 76±1.4 mmHg; after 30 min: 79±1.6 mmHg; after 45 min: 79±1.8 mmHg, and after 60

min: 80±1.5 mmHg). The one-way repeated measures ANOVA revealed significant effects

induced by the air CVT challenge during the time thereafter F(8,431) = 5.370, p<0.001. The

Fig 4. SBP, DBP and MAP before and after the CVT stimulation. Data are expressed as the mean±SE. �,��,���:

p<0.05, p<0.01 and p<0.001, respectively, vs before the CVT.

https://doi.org/10.1371/journal.pone.0193963.g004
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post hoc Tukey test for multiple comparisons showed no significant effects on DBP compared

with those measured before the task in the study population. Fig 4 (lower part) shows the

MAP calculated in the enrolled subjects before the air CVT challenge (93±1.7 mmHg) and at

various times thereafter (after 1 min: 94±1.6 mmHg; after 4 min: 91±1.5 mmHg; after 7 min:

90±1.7 mmHg; after 10 min: 90±1.6 mmHg; after 15 min: 89±1.4 mmHg; after 30 min: 92±1.3

mmHg; after 45 min: 92±1.2 mmHg, and after 60 min: 93±1.2 mmHg). The one-way repeated

measures ANOVA revealed significant effects induced by the air CVT challenge during the

time thereafter F(8,431) = 8.069, with p<0.001. The post hoc Tukey test for multiple compari-

sons showed that the MAPs measured 7 min (p<0.05), 10 min (p<0.05) and 15 min (p<0.01)

after the end of the air CVT task were significantly lower than those measured before the task.

Discussion

We hypothesized that the air CVT-evoked vertigo challenge provokes alterations in α-Amy and

cortisol production. Here, we report that the cortisol variation generated by the exposure to the

air CVT-evoked vertigo in healthy young subjects was consistently associated with an alarm

reaction in the HPA axis and a reduction in sympathetic activity, as shown by the reduced α-

Amy secretion. Thus, the two systems act distinctly in response to stress, which has been previ-

ously shown in asthmatic children [27] and in maltreated youth [28]. Furthermore, the transi-

tory stress-induced modifications of the salivary biomarkers were associated with consistent

transient changes in HR, SBP and MAP during the time following the vestibular stimulation.

In the present study, we demonstrated that the air CVT, a useful medical examination pro-

cedure that assesses the horizontal semicircular canal function of each labyrinth and is severe

enough to provoke nystagmus and dizziness, is a powerful activator of the HPA axis, a finding

that aligns with previous observations made by Dagilas and coworkers [29], who demonstrated

a large increase in cortisol levels after the air CVT.

Under basal non-challenging conditions, the study population showed the expected signifi-

cant diurnal fluctuation of salivary cortisol levels, with the highest concentrations measured in

the morning and the lowest concentrations measured in the evening. Concomitantly, in the

same subjects, a significant increase in α-Amy was detected in the evening compared to the

morning [5]. Thus, salivary cortisol and α-Amy have opposite diurnal fluctuation patterns: as

evening approaches, cortisol concentrations decrease, and α-Amy activity increases [5, 8].

Overall, salivary cortisol levels reflect the activity of the HPA axis, whereas α-Amy is a marker

of the sympathetic activity. Using air CVT task as a stressor, the present study indicates a con-

nection between the acute hormonal stress response to vestibular stimulation and cardiovascu-

lar output. Given the potential interaction between the vestibular and autonomic pathways,

this finding could be explained by the reduction in the SAM system activity following vestibu-

lar stimulation [30]. Several clinical observations and animal studies have suggested a link

between vestibular and autonomic systems [12, 29, 31, 32]. The nature of these interactions,

however, is complex and has not been fully defined. In fact, rather than a sympathetic inhibi-

tion, vestibular stimulation has consistently been shown to increase the sympathetic outflow in

cardiac and splanchnic vascular beds in most experimental models [1, 12] or even to induce

inconsistent changes in HR and BP, despite substantial symptoms of motion sickness in

humans [31].

Our study aligns with other previously published papers that have reported that stress-

dependent variations in α-Amy occurred in conjunction with cardiovascular parameter

responses, reflecting autonomic function [9, 33–36]. We reported a significant decrease in HR,

SBP and MAP during the first 15 minutes of observation following the air-CVT challenge, as

well as an increase in the pretest values thereafter, which aligned with the α-Amy response.
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Chatterton and coworkers showed rapid stress-induced increases in α-Amy and heart rate.

Moreover, they reported that α-Amy was correlated with plasma norepinephrine concentra-

tions after a physical exercise challenge [33]. Nater and coworkers [34] reported a positive cor-

relation between heart rate variability and α-Amy variation after the Trier Social Stress Test,

showing no correlation between plasma catecholamine and α-Amy. Furthermore, psychologi-

cal stress-induced changes in α-Amy correlated with SBP and plasma catecholamine levels

[35]. More recent investigations have described analogous trajectories of HR and α-Amy levels

over and after the effort test challenge [9, 36].

The protocol of the present study provided a multiple time point assessment of the salivary

biomarkers of SAM system and HPA axis and different parameters of cardiovascular activity

after CVT challenge, which is consistent with a distinct activation of the two systems and the

HR, SBP, DBP and MAP, showing the same trend changes with α-Amy. Salivary cortisol levels

increased during the first 15 minutes following the CVT, likely secondary to the stressful state

induced in the study population by the vestibular stimulation.

Although many previous studies have investigated the link between the HPA axis and sym-

pathetic activities in response to different stressful tasks, the complex reciprocal counterbal-

ances have not been entirely defined in terms of the timing and modalities of their activation

and interactions [3, 37, 38]. No correlation between α-Amy and cortisol responses and various

stress paradigms have been reported [37, 39]. In contrast, we found a significant inverse rela-

tionship between the production of α-Amy and cortisol elicited through the air-CVT task.

These discordant outcomes may be related to different stress paradigms or to differences in

some characteristic of the population sampled: here we enrolled young healthy male subjects

with no signs of depression and anxiety [40]. Furthermore, the discrepancy may be related to

the different statistical analyses used. In the present study, linear regression analysis was used

to predict the trend of each salivary biomarker production in the 60 min following the air CVT

and then T tests were used to compare the respective regression coefficients.

Previous studies have differentiated cortisol response, gradually decreasing after repeated

TSST, from autonomic reactivity, which was not characterized by habituation [41]. However,

we did not examine our study population for repeated stress exposures.

A further limitation of the present study might be that the results cannot be directly gener-

alized because our collection was from a population of young healthy man. Future research

will be necessary to confirm the present results in women as well as elderly people. Moreover,

our study could not yet clarify another sparse assumption about the possibility that α-Amy

could reflect, in time, the balance between sympathetic and parasympathetic activity [2]. How-

ever, though future studies will be conclusive, the data presented by us could further support

these hypotheses because of the peculiar α-Amy response to the vestibular stimulation, which

is aligned with the reduced cardiovascular output.

Conclusions

Previous studies from our group and others have shown that the measurement of salivary cor-

tisol and α-Amy is becoming more widely accepted for monitoring changes in HPA and SAM

activity under stress-related conditions [3,11, 42–46]. Changes in salivary cortisol and α-Amy,

as well as their diurnal fluctuations, are thought to have health implications [27, 47–49].

The interactions between stress and vestibular functions have been investigated in animal

models and in clinical studies [1, 50] and the possible functional consequences of the consis-

tent SBP, MAP and HR changes evoked by vestibular stimulation have been reported in a

healthy population [51]. We cannot exclude that activating component of vestibular apparatus

different from those activated in the present study by CVT might elicit different somatic
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(muscle, skin, cardiovascular output, etc) and neuro-endocrine responses [52]. Further

research is needed before we can establish the potential importance of vestibular input to car-

diovascular regulation and orthostatic tolerance in humans.
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