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Evaluation of blood Pressure changes on exposure to sound frequencies in the youths of different ethnicity
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Abstract
Objectives: 	To	analyse	the	effect	of	exposure	to	different	sounds	of	various	frequencies	on	the	
blood	 pressure	 level	 of	 participants.	Methods:	 	 Present	 study	 involved	 160	medical	 students	
belonging	 to	 four	 ethnic	 races	 (Malay,	 Chinese,	 Malaysian	 Indians,	 Sri	 Lankans).	 Informed	
consent	and	the	record	of	normal	blood	pressure	was	obtained	before	the	study.	Participants	were	
exposed	 to	 three	different	 sounds	 (Traffic	 sounds	of	 high	noise	 frequency;	Waterfall	 sound	of	
moderate	noise	frequency;	Night	sound	in	woods	of	low	noise	frequency)	with	specified	intervals.		
The	systolic	(SBP)	and	diastolic	blood	pressure	(DBP)	of	all	the	participants	were	recorded	after	
each	exposure.	Data	of	SBP	and	DBP	was	analysed	statistically	by	repeated	measures	ANOVA	
using SPSS. Results:	Results	showed	statistically	significant	(p<0.001)	difference	in	the	average	
SBP,	DBP	values	from	pre	to	post	assessment	in	all	different	exposed	sounds.	While	a	significant	
difference	 (p<0.01)	 in	 the	mean	SBP	values	were	noted	 for	 sound	1	 and	 sound	3;	 the	 similar	
difference	(p<0.05)	in	the	average	DBP	values	was	noted	only	for	sound	3	between	the	ethnicities.	
Data	showed	a	rise	in	BP	for	sound	1	in	all	ethnicities	except	Malays,	fall	in	BP	upon	the	exposure	
to	sound	2	and	3	among	all	the	ethnicities.	Conclusion:	Exposure	to	different	sounds	was	found	to	
have	a	remarkable	effect	on	individual’s	blood	pressure.	However,	its	comparison	with	ethnicities	
is	 quite	 variable.	Adverse	 effects	 of	 various	 sound	 exposures	 on	 the	 blood	 pressure	 levels	 of	
student	population	is	crucial	in	terms	of	their	curricular	and	physiological	activities.
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Introduction
Human	beings	are	routinely	exposed	to	different	types	
of	 sounds	 with	 varied	 frequency.	 Sound	 pollution	
proved	to	have	an	adverse	effect	on	health	status	of	
the	individuals,	particularly	to	people	with	high	blood	
pressure	 (hypertensive).	Nevertheless,	 its	beneficial	

impact	on	individual’s	mood	cannot	be	ruled	out	as	
few	low	frequency;	soft	sounds	can	give	a	relaxing	
effect	 to	 the	body	and	mind.	The	 relaxing	effect	of	
music	 have	 been	 culturally	 accepted	 for	 centuries.	
Nevertheless,	 various	 environmental	 sounds	 have	
not	 been	 given	 much	 attention	 in	 formal	 settings	
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where	 the	 students	 experience	heightened	 levels	of	
anxiety.	Though	the	anxiety	might	not	cause	chronic	
hypertension,	 but	 it	 can	 lead	 to	 acute	 elevations	 in	
blood	pressure	which	 in	 turn	 could	have	 reflect	 on	
heart rate1. 
Previous	studies	have	reported	the	adverse	outcome	
of	 noise	 on	 cardiovascular,	 endocrine,	 metabolic,	
gastrointestinal and neurological systems2.	 Impact	
of	 noise	 exposure	 on	 chronic	 changes	 in	 BP	 and	
heart	 rate	 has	 also	 been	 observed	 in	 humans3and 
in animals,4. But the fact is no one is aware of how 
different	sounds	can	affect	a	person’s	blood	pressure.	
So,	we	have	undertaken	this	study	to	investigate	the	
effect	of	 exposure	 to	different	 sounds	with	varying	
frequency	 on	 person’s	 blood	 pressure	 level	 and	 its	
correlation with ethnicity. 
Materials and methods:
The	 present	 experimental	 study	 involved	 160	
undergraduate medical students belong to four 
different	 ethnicities	 (Malay,	 Chinese,	 Malaysian	
Indians,	Sri	Lankans).	The	participants	were	selected	
randomly	on	voluntary	basis	between	the	age	group	
of	18-20	years.	Informed	consent	and	the	record	of	
normal	blood	pressure	was	obtained	before	the	study.	
a. Inclusion criteria:
	 Participants	 with	 the	 specified	 age	 group	 with	

the normal ranges of both systolic and diastolic 
blood	pressure	were	only	included.		

b. Exclusion criteria:
Students who were under medication for both 
physical	and	mental	health	were	excluded	from	the	
study. 
The	 research	 participants	 were	 briefed	 about	 the	
objective	of	the	study	prior	to	the	commencement	of	
the	experiment.	Each	participant	was	then	exposed	to	
three	different	sounds
Day 1:	 Participants	 normal	 blood	 pressure	 was	
recorded	with	the	background	of	basic	environmental	
sound	 level	 (approx.	 35	 dB).	 The	 participant	 was	
then	 exposed	 to	 the	first	 sound	 (Traffic	Noise	with	
high	 noise	 level)	 for	 a	 specified	 time.	 Then	 their	
blood	pressure	was	recorded.	
Day 2:	The	same	participant’s	normal	blood	pressure	
was recorded again which was followed by the 
exposure	to	second	sound	(Waterfall	with	moderate	
noise	 level)	 for	 the	 same	 time	 interval.	 The	 blood	
pressure	was	recorded	again.
Day 3:	Above	procedure	was	 repeated	with	 the	3rd 

sound	(Night	sounds	in	woods	of	low	noise	level)
The	 systolic	 (SBP)	 and	 diastolic	 blood	 pressure	
(DBP)	of	all	 the	participants	 for	each	session	were	
recorded	three	times	and	the	mean	value	was	taken	
for analysis. Data of SBP and DBP was analysed 
statistically	 by	 two-way	 repeated	 measures	 of	
ANOVA	 using	 SPSS	 with	 respect	 to	 pre	 to	 post	
variation	 across	 time	 (p1)	 and	 across	 the	 different	
ethnicities	(p2).	
Ethical clearance: Ethics	committee	clearance	was	
obtained	prior	to	the	study.	
Results
Two-way	repeated	measures	ANOVA	was	conducted	
to	examine	the	effect	of	three	different	sounds	before	
&	 after	 the	 exposure	 as	 well	 as	 across	 the	 four	
different	ethnicities.	Table	1	displays	the	results	of	the	
analysis	performed.		p1	represents	across	time	(pre	to	
post)	and	p2	represent	across	the	different	ethnicities.	
It	was	observed	that,	there	was	a	statistically	significant	
(p<0.001)	difference	in	the	average	SBP,	DBP	values	
from	pre	to	post	assessment	in	all	the	different	sounds.	
There	was	statistically	significant	difference	(p<0.01)	
in	 the	 average	 SBP	 values	 between	 the	 ethnicities	
in	 sound	 1	 and	 3.	 Likewise	 there	 was	 statistically	
significant	 difference	 (p<0.05)	 in	 the	 average	 DBP	
values	between	the	ethnicities	in	sound	3.	
There	 was	 an	 increase	 in	 the	 average	 SBP	 and	
DBP from baseline in sound 1 whereas there was a 
reduction	in	average	SBP	and	DBP	values	when	the	
participants	were	exposed	to	sound	2	(Figure	1	and	2)
Overall	SBP	of	participants	in	all	four	ethnicities	for	
all	 the	 three	different	modalities	of	sound	exposure	
were	 same	 except	 in	 the	 Malays.	 In	 the	 Malay	
subjects,	 the	 SBP	 changes	 were	 quite	 variable	
particularly	 following	 the	 exposure	 to	 sound	1	 and	
2.	The	DBP	profile	also	seem	to	uniform	among	the	
ethnicities	 except	 in	 Chinese.	 In	 Chinese	 subjects,	
the	DBP	found	have	raised	for	all	the	3	varieties	of	
sounds	exposed	in	comparison	to	other	ethnicities.	
Discussion
There	 are	 a	 handful	 of	 studies	 that	 have	 been	 done	
investigating	the	effect	of	music	on	various	vital	signs,	
namely	systolic	blood	pressure	(SBP),	diastolic	blood	
pressure	(DBP)	and	heart	rate	5	but	research	evidences	
on	how	different	environmental	sounds	can	affect	the	
blood	pressure	of	various	ethnicities	is	scanty.	
Previous	 study	 about	 the	 impact	 of	 noise	 on	 heart	
rate	 variability	 (HRV)	 reported	 that	 the	 exposure	
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Figure 1:	 Average	 systolic	 blood	 pressure	 (SBP)	
value	 variation	 pattern	 upon	 exposure	 to	 various	
types	of	sounds	on	ethnicity.

Figure 2:	Average	 diastolic	 blood	 pressure	 (DBP)	
value	 variation	 pattern	 upon	 exposure	 to	 various	
types	of	sounds	on	ethnicity.

to	higher	 frequency	sound	 level	 (45dB	or	more)	of	
noise	 affects	 the	 autonomic	 nervous	 system	 of	 the	
individual,	which	 could	 in	 turn	 have	 an	 impact	 on	
HRV6.	Contrary	to	this,	Lee	et	al	observed	no	noise	
related	 variations	 in	 HRV	 due	 to	 parasympathetic	
nervous	system	activity	during	high	frequency	noise	
exposure7.Noise	 experts	 have	 probed	 the	 critical	
effect	 of	 short	 term	 loud	 noise	 on	 BP	 and	 other	
cardiovascular	 parameters	 particularly,	 elevation	 in	
the	systolic	and	/or	diastolic	blood	pressure8,9.

Changes	 in	 subject’s	 heart	 rate	 upon	 exposure	 to	
various	 categories	of	music	 is	 an	 indirect	 indicator	
in	 the	 fluctuation	 of	 sympathetic	 nervous	 system	
activity.	This	was	evident	 in	 the	experiment,	where	

decreased	HR	 in	 the	 subjects	 listening	 to	 classical	
music	was	observed	 in	contrast	 to	 listeners	of	 rock	
music	 or	 noise	 exposure10.	 This	 shows	 that	 while	
the classical music stimulates the comfort in the 
individuals,	rock	music	or	noisy	sounds	could	cause	
tension	 to	 them.	 	Overall	 cardiovascular	 responses	
are	 reflected	 by	 the	 changes	 in	 the	 heart	 rate	 and	
blood	pressure	measurements11.	Nevertheless,	 these	
methods	have	 said	 to	 exhibit	 the	prompt	 responses	
upon	 exposure	 to	 strong	 noise	 rather	 to	 weak	 or	
moderate	noise	exposure12.
Van	 Kempenet	 al.,	 in	 their	 meta-analysis	 reported	
significant	association	between	occupational	and	air	
traffic	exposure	with	the	hypertension	and	postulated	
the	 relative	 risk	 of	 hypertension	 with	 increase	 in	
noise13.	Experimental	exposure	to	various	industrial	
noise	witnessed	the	significant	rise	in	heart	rate	and	
blood	pressure	ranges14.	Sorensen	et	al	reported	a	rise	
of	0.26mmhg	in	SBP	levels	in	the	subjects	exposed	o	
road	traffic	noise15. 
Experimental	 exposure	 to	 various	 noise	modalities	
can	also	distract	the	normal	sleep	cycle	which	could	
result	 in	 lack	 of	 sleep	 and	 associated	 diminished	
performances	and	mental	capacity	of	the	individual16 
and	 can	 be	 a	mental	 and	 social	 problem	 17.	 	Apart	
from this, there may be increased BMI18 and other 
physiological	 effects	 such	 as	 dizziness,	 nausea,	
vomiting	and	muscle	cramps	in	addition	to	increased	
catecholemic and cortisol secretions19. 
Conclusion
The	 results	 of	 the	 study	 show	 that	 exposure	 to	
various	sound	frequencies	may	increase	their	blood	
pressure	 levels	 irrespective	 of	 the	 ethnicities.	 This	
altered	 blood	 pressure	 levels	 in	 the	 student	 groups	
is	an	alarming	fact.	Exposure	to	various	sounds	with	
different	 frequencies	can	have	an	adverse	effect	on	
their	curricular	activities	in	the	form	of	lack	of	mental	
capacity	and	decreased	academic	performances.		
Source of fund: None
Conflict of interest: The	authors	report	no	actual	or	
potential	conflicts	of	interest	
Authors’ contribution:
Data	gathering	and	idea	owner	of	this	study:	NK
Study	design:	NK,	VJ,	HMMR,	VMK,	JWTS
Data	gathering:	VJ,	HMMR,	VMK,	JWTS
Writing	and	submitting	manuscript:	NK,	AAP,	MGL
Editing	and	approval	of	final	draft:	NK,	AAP



828

Bangladesh Journal of Medical Science Vol. 21 No. 04 October’22

References
1. Sangeeta	 Singhal	 Barendra	 Yadav,	 Hashmi	 SF,	 Md	

Muzammil.	Effects	of	workplace	noise	on	blood	pressure	
and heart rate. Biomedical Research.	 2009;	20(2):122-	
126.	

2. Anticaglia.	J,	Cohen	A.	Extra-auditory	effects	of	noise	as	
a health hazard. Am IndHygAssoc J.	1970;	31:277-281. 
https://doi.org/10.1080/0002889708506243

3.	 Peterson	 EA,	 Angenstein	 JS,	 Tomis	 DC.	 Noise	
raises	 blood	 pressure	 without	 impairing	 auditory	
sensitivity.	 Science.	 1981;	 211(4489):1450-1452. 
https://doi.org/10.1126/science.7466404

4. Safitri	A,	&Tyagita	N.	Effect	 of	Averrhoabilimbi	 Fruit	
Extract	 on	Blood	Pressure	 and	Mean	Arterial	Pressure	
of	 NaCl	 Induced	 Hypertensive	 Rats.	 Bangladesh 
Journal of Medical Science.	 2021;	 20(3):	 631-636. 
https://doi.org/10.3329/bjms.v20i3.52806	

5.	 Smookler	 HH,	 Geobel	 KH,	 Siegel	 MI,	 Clarke	 OE.	
Hypertensive	 effects	 of	 prolonged	 auditory,	 visual	 and	
motion stimulation. Fed Proc.	1973;	32:2105-	2110.

6.	 Chang	 Sun	 Sim,	 JH.	 The	 Effects	 of	 different	
Noise	 types	 on	 Heart	 rate	 variability	 in	
Men. Yonsei Med J.	 2015;	 56(1):235-243. 
https://doi.org/10.3349/ymj.2015.56.1.235	

7.	 Lee	 GS,	 Chen	 ML,	 Wang	 GY.	 Evoked	 response	
of	 heart	 rate	 variability	 using	 short-duration	
white noise. AutonNeurosci.	 2010;	 155:	 94-97. 
https://doi.org/10.1016/j.autneu.2009.12.008

8.	 Arora	RS.	Effects	of	music	on	systolic	blood	pressure,	
diastolic	 blood	 pressure,	 and	 heart	 rate:	 a	 meta-
analysis. Indian Heart J.	 2012;	 64(3):	 309-313. 
https://doi.org/10.1016/S0019-4832(12)60094-7

9.	 Germano G, Damiani S, Milito U, Giarrizzo 
C, Santucci A. Noise stimulus in normal 
subjects:	 time	 dependent	 blood	 pressure	 pattern	
assessment. ClinCardiol	 1991;	 14:	 321-325. 
https://doi.org/10.1002/clc.4960140408

10. Umemura	 M,	 Honda	 K.	 Influence	 of	 music	 on	 heart	
rate	 variability	 and	 comfort--a	 consideration	 through	
comparison	of	music	and	noise.	J Hum Ergol	 (Tokyo).	
1998;	27:	30-38.	

11. Carter	 N,	 Henderson	 R,	 Lal	 S,	 Hart	 M,	 Booth	
S,	 Hunyor	 S.	 Cardiovascular	 and	 autonomic	

response	 to	 environmental	 noise	 during	 sleep	
in	 night	 shift	 workers.	 Sleep.	 2002;	 25:	 457-64. 
https://doi.org/10.1093/sleep/25.4.444

12. Holand	 S,	 Girard	 A,	 Laude	 D,	 Meyer-Bisch	
C,	 Elghozi	 JL.	 Effects	 of	 an	 auditory	 startle	
stimulus	 on	 blood	 pressure	 and	 heart	 rate	 in	
humans. J Hypertens.	 1999;	 17(12	 Pt	 2):	 1893-7. 
https://doi.org/10.1097/00004872-199917121-00018

13.	 Van	Kempen	EEMM,	Kruize	H,	Boshuizen	HC,	Ameling	
CB,	Staatsen	BAM,	de	Hollander	AEM.	The	association	
between	 noise	 exposure	 and	 blood	 pressure	 and	
ischemic	heart	disease:	a	meta-analysis.	Environmental 
Health Perspectives.	 2002;	 110(3):	 307-317. 
https://doi.org/10.1289/ehp.02110307

14. Kalantary	 S,	 Dehghani	A,	Yekaninejad	MS,	 Omidi	 L,	
Rahimzadeh	 M.	 The	 effects	 of	 occupational	 noise	 on	
blood	pressure	and	heart	rate	of	workers	in	an	automotive	
parts	industry.	Atherosclerosis.	2015;	11(4):	215-219.

15.	 Sorensen	 M,	 Hvidberg	 M,	 Hoffmann	 B,	 Andersen	
ZJ,	 Nordsborg	 RB,	 Lillelund	 KG,	 et	 al.	 Exposure	
to	 road	 traffic	 and	 railway	 noise	 and	 associations	
with	 blood	 pressure	 and	 self-reported	 hypertension:	
a cohort study. Environ Health.2011;	 10:92. 
https://doi.org/10.1186/1476-069X-10-92	

16.	 Muzet	 A.	 Environmental	 noise,	 sleep	 and	
health. Sleep Med Rev.	 2007;	 11(2):	 1135-42. 
https://doi.org/10.1016/j.smrv.2006.09.001

17.	 Demikhov	 O,	 Dehtyarova	 I,	 Rud	 O,	 Khotyeev	 Y,	
Kuts	 L,	 Cherkashyna	 L,	 Demikhova	 N,	 Orlovskiy	
A.	 Arterial	 hypertension	 prevention	 as	 an	 actual	
medical	 and	 social	 problem.	 Bangladesh Journal 
of Medical Science.	 2020;	 19(4),	 722-729. 
https://doi.org/10.3329/bjms.v19i4.46632	

18.	 Sajib	 AA,	 Khan	 MAT,	 Haque	 MN,	 Kibria	 KK,	
Chowdhury AKA, Yeasmin S. Association of 
APOB	 3ʹ-VNTR	 alleles	 with	 type	 2	 diabetes,	 BMI,	
systolic	 and	 diastolic	 blood	 pressure.	 Bangladesh 
Journal of Medical Science.	 2018;	 17(1):	 71-77. 
https://doi.org/10.3329/bjms.v17i1.35284

19.	 Khanjani	N,	RahimiMoghadam	S.	Evaluation	of	Hearing	
Loss and Changes in Blood Pressure of Welders in a 4 
Year Period. Int J OccupHyg.	2013;	5(4):	172-176.


