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The effects of parametric speaker sound on
salivary hormones and a subjective evaluation
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OBJECTIVE: Recently, a parametric speaker system has been developed. However,
the safety of the parametric speaker for the human body has not yet been demonstrated. Therefore, we studied the effects of parametric speaker sound on salivary
hormones and carried out a subjective evaluation.
Methods: Nine male subjects participated in this study. They completed three
consecutive sessions: a 20-min quiet period as a baseline, a 45-min mental task
period with either a general or parametric speaker, and a 20-min recovery period.
The subjects were evaluated by the salivary cortisol and chromogranin A (CgA)
concentrations. In addition, they took the Kwansei-Gakuin sleepiness scale (KSS)
test before and after the task and also a sound quality evaluation test after it. Two
experiments, one with a general speaker (general condition) and the other with a
parametric speaker (parametric condition), were conducted at the same time of
day on separate days. To examine the effects of the parametric speaker, a two-way
repeated measures ANOVA (speaker factor and time factor) was conducted.
Results: The results showed that the cortisol concentration was significantly
lower during the parametric condition than during the general condition. Furthermore, the sound quality evaluation found a “warm” sensation during the parametric condition to be lower than that during the general condition. A “noisy”
sensation during the parametric condition tended to be higher than during the
general speaker. However, the CgA concentration and the KSS score were not
significantly different for either the speaker factor or the time factor.
Conclusion: The results suggested that the burden of the parametric speaker
was smaller than that of general speaker, especially on the HPA-axis in the endocrine system.
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Introduction
The parametric speaker is a sound system that can
maintain a very sharp directivity by using an ultrasonic
wave. This characteristic of the parametric speaker has
been reported in many studies since Westervelt (1963)
first reported about the parametric speaker. It is known
that the parametric speaker sound is heard relatively
well around ± 30 degrees in the front of the speaker and
that it is sharper than the sound of a general speaker.
Recently, the parametric speaker has been used for
various situations such as the information tool in a
museum and the traffic information apparatus in a station for people with visual impairments. However, the
effects of parametric speaker sound on the endocrine
system in humans is not yet clear.
According to previous studies (Tomei et al. 2000;
Melamed & Bruhis 1996; Liu et al. 2006), noise influences both the cardiovascular and endocrine system.
Furthermore, independent lines of research have shown
deleterious effects of noise exposure on the body, particularly on the endocrine stress system (Kirshubaum and
Hellhammer 1994). Several studies have demonstrated
that the secretion of salivary stress biomarkers like
salivary cortisol and salivary chromogranin A (CgA)
increased under different stress conditions (Takai et al.
2004; Miyakawa et al. 2006; Nater et al. 2006; Hebert &
Lupien 2007; Hellhammer et al. 2009).
Cortisol is the principal hormonal product of the
human hypothalamic pituitary adrenal (HPA) axis,
a close-looped endocrine system. Previous studies
reported increased cortisol concentrations during the
anticipation of stressful experiences such as public
speaking (Basset et al. 1987), academic examinations
(Maes et al. 1998: Ng et al. 2003) and dental procedures
(Miller et al. 1995). In addition, the cortisol has recently
been suggested as a useful parameter to measure noiserelated stress. (Bigert et al. 2005). Clow et al. (2004)
reported that the cortisol biomarker may represent a
relatively stable substance.
By contrast, it has been shown that the CgA is a
soluble protein and its concentration can be measured
in saliva (Nagasawa et al. 1998: Nishikawa et al. 1998).
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The biomarker CgA has proven to be a reliable stress
marker that reflects the activity of the sympathetic
adrenomedully system (SAM axis) (Miyakawa et al.
2006). Some studies reported a rapid and sensitive
elevation of salivary CgA in response to psychosomatic
stressors such as public speaking and driving a vehicle
(Nakane1998, 2002).
Therefore, we used salivary hormones such as salivary cortisol and CgA in a laboratory experiment to
investigate the effects of parametric speaker sound on
the endocrine system of the human body. We also carried out a subjective evaluation.

Methods
Subjects
Nine male healthy students (23 ± 1. 5 years, 169 ± 5. 41
cm, 59 ± 4. 3 kg) participated in this study. They were
asked to refrain from hard exercise and drinking caffeinated beverages during the 2-h period immediately
preceding the experiment. Since nicotine has been
shown to activate the HPA-axis in physiologically relevant doses, subjects were not allowed to smoke on the
test day and were asked to maintain their regular sleepwake cycle. The subjects performed an auditory test
(ITERA, GN Otometrics) before the experiment. Their
hearing ability was confirmed to be normal. All subjects
gave fully informed consent to participate in this study.
Their physical characteristics are shown in Table1.
Protocol
The experiments were conducted in a soundproof room.
Two experiments were conducted at the same time of
day on separate days and under the same conditions
with the exception of the speaker condition (the general or parametric speaker). Subjects were asked to relax
for at least 15 min after they arrived at the soundproof
room. Subjects completed three consecutive sessions: a
20-min quiet period as a baseline, a 45-min mental task
period with the general speaker or parametric speaker,
and a 20-min recovery period. Subjects were told to
rest and physically relax throughout the experimental
period. The experimental protocol is shown in Figure 1.
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Fig. 1. The protocol of the experiments
: salivary picking, : KSS , : sound quality evaluation
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The order of the two conditions (general or parametric) was counterbalanced between the subjects. A salivary sample was taken four times, i. e. , before the task,
immediately after the task, 10 min after the task, and 20
min after the task.
Mental task
The mental task consisted of normal sentences and
deviant sentences coming from the speaker. Subjects were instructed to judge whether a sentence was
true or false and to push a button to indicate that as
quickly as possible. The sentences (in Japanese) were
made by a text-to-speech synthesis software (SMART
TALK Version3, OKI). For example, a normal sentence was “ shounen wa toshokan ni itta“ (a boy went
to the library). In this case, the subjects were asked to
push a ‘red’ button. By contrast, a deviant sentence was
“shounen wa ringo ni itta” (a boy went to apple). In this
case, the subjects were asked to push a ‘blue’ button.
The Leq of the sound generated by the general speaker
was 72. 4dBA, and the Leq of sound generated by the
parametric speaker was 72. 3dBA. The background
Leq of the soundproof room was 52. 2dBA. The output
characteristics of the general speaker and the parametric speaker were almost same, as shown in Figure 2.
Analysis of salivary stress biomarkers
In a previous study, it was verified that cotton Salivettes
interfered with cortisol concentration and that cottonbased devices artificially reduced free cortisol concentration (Gröschl et al. 2006; 2008). Therefore, in
collecting salivary samples, we did not use Salivettes but
plastic tubes instead. Saliva samples were immediately
stored at –28 °C. They were later thawed and centrifuged for 15 min at 3 000 rpm and processed accord-

ing the manufacturer’s instructions. The cortisol was
determined by EIA especially designed for the assay of
cortisol in saliva (Salimetrics, USA). The cortisol was
expressed as μg/dL. In addition, the CgA concentration
was used as the salivary Chromogranin A kit (YK070
Human Chromogranin A EIA, JAPAN) in the analysis.
We determined the saliva CgA concentration by correcting the value of the total salivary protein measured
in the sample. The concentration of protein in the saliva
was based on the Bradford method. CgA activity was
expressed as pmol/mg.
Questionnaire for the sound quality evaluation and KSS
For the sound quality evaluation, the subjects were
asked to record their responses with the visual analogue
scale (VAS). The 11 items for sound quality evaluation

Tab.1. The physical characteristic of the subjects.
The subjects

Age
(yr)

BMI

Height
(cm)

Weight
(kg)

Sub 1

21

21.1

160

54

Sub 2

22

22.3

164

60

Sub 3

24

24.2

165

66

Sub 4

23

18.7

170

54

Sub 5

23

23.0

168

65

Sub 6

22

19.3

172

57

Sub 7

25

20.1

170

58

Sub 8

25

20.8

170

60

Sub 9

21

17.8

179

57

Mean±SD

23 ± 1.5

20.8 ± 2.10 169 ± 5.41

59 ± 4.3

100.0
Parametric
General
Background noise

90.0
80.0

SPL (dB rms)

70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

30

50 70 100

200 300

500 700 1.0k

Frequency (Hz)

526

2.0k 3.0k

5.0k 7.0k 10.0k

20.0k

Fig. 2. The output
characteristic and picture
of the general speaker and
parametric speaker
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Tab. 2. The sensations of sound quality evaluation.
The sound quality
evaluation sensations

parametric

vs general

p-value

Hardness

5.777

4.844

0.343

Annoyance

5.177

4.422

0.454

Tune

4.933

5.233

0.673

Volume of sound

4.444

3.422

0.162

Warm

3.233

5.011

0.082 +

Comfort

4.111

4.666

0.538

Noisiness

3.955

3.111

0.065 +

Clearness

3.766

4.544

0.327

Mellifluence

3.988

4.733

0.531

Audible

3.933

4.977

0.195

Information collecting
ability

4.411

4.522

0.903

+ : p<0.1

are shown in Table 2. The Kwansei-Gakuin sleepiness
scale (KSS) was used to assess subjective sleepiness.
Value on the scale concerning drowsiness was determined from answers to 22 questions. The higher the
total, the more drowsy the subjects felt.
Statistical analyses
For the cortisol and CgA, a two-way repeated measures
ANOVA (Speaker factor × time factor) was conducted.
When a significant F value was found, we performed
a Student-Newman-Keuls as a post-hoc test. By contrast, data from the subjective evaluation of the general
speaker with the parametric speaker were compared
using the paired t-test. All statistical analyses were performed using SPSS 11. 0J (SPSS, Japan). Differences
with values of p<0. 05 were considered significant. Data
are shown as mean ± standard error of the mean unless
otherwise stated.

Results
Figure 3 shows the results of cortisol concentrations. The
main effect of the speaker factor was significant (p<0.
05). The cortisol concentration during the parametric
condition was significantly lower than that during the
general condition. However, the main effect of the time
factor was not significant (Figure 4). The CgA concentration was not significantly different between the
speaker condition and the time periods (Figures 5 and
6). Some subjects showed a prolonged elevation in their
CgA levels; others showed either immediate recovery
or no effects. For the “warm” sensation from the sound
quality evaluation, the score of the parametric speaker
was 3. 23 ± 1. 95, which tended to be significantly lower
than that of the general speaker, 5. 01 ± 2. 42 (p<0. 1).
For the “noisy” sensation, the score of the parametric

speaker, 3. 95 ± 1. 77, tended to be significantly lower
than that of the general speaker, 3. 11 ± 1. 59 (p<0. 1,
Table 2). The results from the KSS test were not significantly different between the speaker conditions and
time periods.

Discussion
The present study is the first report on the effects of
parametric speaker sound on salivary cortisol and CgA
concentrations. First of all, it is worth noting that the
parametric speaker sound was efficient in attenuating
biomarker responses to mental stresses. A significantly
lower salivary cortisol concentration was observed
during the parametric condition than that during the
general condition. By contrast, a two-way repeated
measured ANOVA on cortisol concentration showed
no significant effects on the time factor (Figure 4).
Previous human and animal studies which found cortisol increases with noise exposure used either a longer
exposure time, higher noise levels, or both (Melamed &
Bruhis 1996; Herbert & Lupien 2009). In addition, it has
been suggested that cortisol secretion may be related to
the kind of stress, exposure time and intensity of the
stress. Furthermore, acute and chronic stress have been
reported to increase the activity of the HPA axis, with a
subsequent increase in cortisol concentrations (Al`Absi
et al. 1997; Vedhara et al. 1999). Nakane (1999) reported
that cortisol secretion reached its maximum level right
after a speech task and intense exercise. Some investigations have evaluated the effect of noise on cortisol
concentrations. High levels of chronic noise exposure
(85 to 95 dB LAeq) were associated with elevated cortisol concentrations as measured in urine samples taken
three times a day for one week (Melamed et al. 1996).
The results of these reports corresponded with our
study, which indicates that salivary cortisol can be used
to evaluate the stress response to the speaker sound. The
sound of the parametric speaker contains an ultrasonic
wave of 40 kHz as the transmitted wave. The sound of
both speakers had the almost same frequency characteristics and sound pressure levels, as shown in Figure
2. Therefore, we estimate that the low cortisol concentration during the parametric speaker condition was
due to the superdirectivity of the parametric speaker.
We also estimate that possible stress from the superdirectivity might not act as a stressor. In other words, we
verified that the parametric speaker’s burden was lower
than that of the general speaker on the HPA axis of the
endocrine system.
Recently, it has been shown that salivary CgA is produced by the human submandibular gland and secreted
into saliva and that it can be considered a sensitive and
reliable index for evaluating psychological stress (Saruta
et al. 2005). In previous studies, changes in levels of salivary CgA have been examined in situations such as oral
presentations and driving on highways (Nakane et al.
1998; 2002). Their results showed that, in short-term
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Fig. 3. The salivary cortisol in the parametric speaker and general
speaker.
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Fig. 5. The salivary CgA in the parametric speaker and general
speaker (n. s).
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Fig. 4. The comparison of the salivary cortisol in the parametric
speaker and general speaker (n. s).

Fig. 6. The comparison of the salivary CgA in the parametric
speaker and general speaker (n. s).

stressful situations, salivary CgA levels increased and
peaked immediately after a task and then decreased
gradually. By contrast, Dimsdale et al. (1992) suggested
that CgA was stable and slow to respond within the
normal physiological range, which occurred in situations of mild mental stress.
In the present study, the CgA concentration, which
reflects the SAM axis, was not significantly different
between the parametric speaker and general speaker
conditions. However, the cortisol concentration, which
reflects the HPA axis, was significantly lower during
parametric speaker condition than during the general
speaker condition. It might be suggested that a possible
cause of these different results for the same stress is that
there are different response pathways.

In addition, this result might be attributed to the following. The concept of mental stress includes both positive (eu-stress) and negative (di-stress) aspects (Selye
1978). Toda et al. (2007) has reported that salivary CgA
concentrations are a good index of eu-stress and that
moderate eu-stress results in a significant increase in
this parameter. We suggest that the parametric speaker
sound might be considered as negative stress (di-stress).
Another reason for the inhomogeneous distribution
of results that we obtained may be the poor stability
of this metabolite in the same matrix (Bender et al.
1992). Large individual differences have been found
in changes in salivary CgA levels in response to noise
exposure (Miyakawa et al. 2006). Some subjects in the
present study showed a prolonged elevation in CgA
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levels, while others showed either immediate recovery
or no effects. It seems reasonable to suppose that these
individual differences correlate with different physiological sensitivities to noise.
In the sound quality evaluation, we verified that
the “warm” sensation during the parametric condition
tended to be lower than that during the general condition. Furthermore, the “noisy” sensation during the
parametric condition tended to be higher than that
during the general condition. However, the KSS result
was not significantly different between speaker conditions and time factors.
In conclusion, our study is the first report to demonstrate parametric speaker sound effects on the
endocrine system. We verified that the burden on the
endocrine system of the parametric speaker sound
was lower than that of the general speaker sound. We
expect that these results will be useful for setting parametric speaker standards and for applications such
as announcements in museums or surgery rooms. It
remains necessary to conduct further experiments on
the effect of parametric speaker sound on the endocrine
system based on changes in the distance and frequencies of the ultrasonic waves.

Acknowledgments
We are grateful to our colleagues who participated in
the experiments. This study was supported in part by a
grant from Panasonic Electronic Devices Co.,Ltd.
References
1 Al’Absi M, Bongard S, Buchanan T, Pincomb GA, Licinio J, Lovallo
WR (1997). Cardiovascular and neuroendocrine adjustment to
speaking and mental arithmetric stressors. Psychophysiology.
34: 266–275.
2 Bassett JR, Marshall PM, Spillane R (1987). The physiological
measurement of acute stress (public speaking) in bank employees. Psychophysiology. 5: 265–273.
3 Bender H, Maier A, Wiedenmann B, O’Connor DT, Messner K,
Schmidt-Gayk H (1992). Immunoluminometric assay of chromogranin A in serum with commercially available reagents. Clin.
Chem. 38(11): 2267–2272.
4 Bigert C, Bluhm G, Theorell T (2005). Salivary cortisol-a new
approach in noise research to study stress effects. Int. J. Hyg.
Enviorn. Health. 208(3): 227–230.
5 Clow A, Evans T, Hucklebridge F (2004). The awakening cortisol
response: methodological issues and significance. Stress. 7:
29–37.
6 Dimsdale JE, O’Connor DT, Ziegler M, Mills P (1992). Chromogranin A correlates with norepinephirine release rate. Life Sci.
51: 519–525.
7 Hebert S, Lupien SJ (2007). The sound of stress: blunted cortisol
reactivity to psychosocial stress in tinnitus sufferers. Neurosci.
Lett. 411(2): 138–142.
8 Hellhammer DH, Wust S, Kudielka BM (2009). Salivary cortisol as
biomarker in stress research. Psychoneuroendosrinology. 34(2):
163–171.

9 Gröschl M, Rauh M (2006). Influence of commercial collection
devices for saliva on the reliability of salivary steroids analysis.
Steroids. 71: 1097–1100.
10 Gröschl M, Köhler H, Topf HG, Rupprecht T, Rauh M (2008).
Evaluation of saliva collection devices for the analysis of steroids,
peptides and therapeutic drugs. J Pharm Biomed Anal. 47(3):
478–86.
11 Kirshubaum C. ,Hellhammer D (1994). Salivary cortisol in psychoneroendocrine research : Recent developments and applications. Psychoneuroendocrinology 19(4): 313–333.
12 Liu X, Iwanaga K, Shimomura Y, Katsuura T (2007). Comparison
of stress responses between mental tasks and white noise exposure, J Physio. Anthropol. 26 : 165–171.
13 Maes M, Van der Planken A, Van Gastel K, Bruyland F, Van Hunsel
F, Neels H (1998). Influence of academic examination stress on
hematological measurements in subjectively healthy volunteers.
Psychiatry. Res. 80: 201–212.
14 Melamed S, Bruhis S (1996). The effects of chronic industrial
noise exposure on urinary cortisol, fatigue and irritability- A
controlled fieled experiment. J Occup Environ Med. 38: 252–256.
15 Miller CS, Dembo JB, Falace DA, Keplan AL (1995). Salivary cortisol response to dental treatment of varying stress. Oral Surg Oral
Med Oral Pathol. 79: 436–441.
16 Miyakawa M, Matsui T, Kishikawa H, Murayama R, Uchiyama I,
Itoh T, Yoshida T (2006). Salivary chromogranin A as a measure of
stress response to noise. Noise Health. 8(32): 108–113.
17 Nakane H, Asami O, Yamada Y, Harada T, Matsui N, Kanno T
(1998). Salivary chromogranin A as an index of psychosomatic
stress response. Biomed Res. 19: 401–406.
18 Nakane H, Asami O, Yamada Y, Ohira H (2002). Effect of negative
air ions on computer operation, Anxiety and salivary chromogranin A-like immunoreactivity. Int J Psychophysiol. 46: 85–89.
19 Nagasawa S, Nishikawa Y, Li J, Futai Y, Kanno T, Iguchi K (1998).
Simple enzyme immunoassay for the measurement of immunoreactive chromogranin A in human plasma, urine and saliva.
Biomed Res. 19: 407–410.
20 Nater UM, La Marca R, Florin L, Moses A, Langhans W, Koller MM,
Ehlert U (2006). Stress-induced changes in human salivary alphaamylase activity-associations with adrenergic activity. Psychoneuroendorinology. 31(1): 49–58.
21 Nishikawa Y, Futai Y, Yanaihara N, Iguchi K, Mochizuki T (1998).
Region-specific radioimmunoassay for human chromogranin A.
Biomed Res. 19: 245–251.
22 Ng V, Koh D, Mok BYY, Chia SE, Lim LP (2003). Salivary biomarkers associated with academic assessment stress among dental
under graduated. J Dent Educ. 67: 1091–1094.
23 Saruta J, Tsukinoki K, Sasaguri K, Ishii H, Yasuda M, Osamura
YR, Watanabe Y, Sato S (2005). Expression and localization of
chromogranin A, purification and characterization from catecholamine storage vesicles of human pheochromocytoma.
Hypertension 6: 2–12.
24 Selye H (1978). The stress of life. McGraw-Hill, New York
25 Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi K, Nishikawa Y
(2004). Effects of psychological stress on the salivary cortisol and
amylase levels in healthy young adults. Arch. Oral. Biol. 49(12):
963–968.
26 Tomei F, Fantini S, Tomao E (2000). Hypertension and chronic
exposure to noise. Arch Environ Health. 55: 319–325.
27 Toda M, Kusakabe S, Nagasawa S, Kitamura K, Morimoto K (2007).
Effects of laughter on salivary endocrinological stress marker
chromogranin. Biomed Res. 20: 115–118.
28 Vedhara K, Cox NKM, Wilcox GK, Perks P, Hunt M, Anderson S,
Lightman Sl, Shanks NM (1999). Chronic stress in elderly care of
dementia patients and antibody response to influenza vaccination. Lancet. 353 : 627–631.
29 Westervelt P (1963). Parametric acoustic array, J. Acoust. Soc.
Am. 35: 535–537.

Neuroendocrinology Letters Vol. 31 No. 4 2010 • Article available online: http://node.nel.edu

529

