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Abstract

Background: Environmental and occupational noise is an established cardiovascular risk factor, but the role of 
high-frequency (≥8 kHz) and airborne ultrasonic (>20 kHz) sound remains poorly understood.

Objective: To systematically review evidence published between 2014 and 2025 on the association of high-
frequency/ultrasonic sound exposure with ischemic heart disease (IHD) and myocardial infarction (MI), and to 
evaluate the potential of artificial intelligence (AI) in advancing exposure assessment and risk prediction.

Methods: PubMed/PMC and leading cardiology and environmental health journals were searched for 
systematic reviews, umbrella reviews, and primary human studies addressing high-frequency or ultrasonic 
noise in environmental, transportation, or occupational settings. Eligible outcomes included IHD/MI incidence, 
hospitalizations, mortality, and proximate cardiovascular markers. Data on study quality, risk of bias, and 
evidence certainty were extracted.

Results: Forty-one studies met inclusion criteria (8 systematic reviews, 3 umbrella reviews, 30 primary studies). 
While reviews consistently linked general environmental noise to IHD/MI risk (RR ~1.08–1.15 per 10 dB increment), 
few addressed high-frequency or ultrasonic exposures. Occupational and experimental studies suggested acute 
effects elevated blood pressure, autonomic imbalance, oxidative stress yet long-term associations with IHD/MI 
remain inconclusive. Environmental studies indicated transient blood pressure changes and sleep disturbance in 
communities exposed to ultrasonic sources. AI approaches, including deep learning for noise source separation 
and GIS-based exposure mapping, show promise but are rarely applied to ultrasonic exposures.

Conclusions: Current evidence for high-frequency and ultrasonic sound as independent cardiovascular risk 
factors is limited and low-certainty, though mechanistic findings support biological plausibility via stress-axis 
activation, vascular dysfunction, and autonomic imbalance. Integration of AI tools into exposure assessment and 
cardiovascular risk modeling may accelerate progress in this emerging field of environmental cardiology.
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Introduction

Noise exposure is increasingly recognized 
as a significant environmental determinant of 
cardiovascular health. Chronic exposure to 
transportation and occupational noise within the 
low-to-mid frequency range (50–2000 Hz) has been 
strongly linked to hypertension, ischemic heart 
disease (IHD), and myocardial infarction (MI), 
largely through mechanisms involving stress-
hormone release, endothelial dysfunction, and sleep 
disruption[1-3]. In contrast, the potential impact 
of high-frequency audible sounds (≥8 kHz) and 
airborne ultrasound (>20 kHz) has received little 
attention in cardiovascular epidemiology, despite 
their growing prevalence in modern environments 
such as ultrasonic cleaning systems, dental 
instruments, welding equipment, pest deterrents, 
and certain transportation technologies. Although 
often assumed to be beyond the range of human 
hearing, recent studies suggest that these exposures 
can still produce physiological and psychological 
responses capable of inducing stress[4,5]. This review 
therefore examines current evidence linking high-
frequency and ultrasonic sound exposure to IHD 
and MI, evaluates the methodological strengths 
and limitations of existing research, and explores 
how artificial intelligence may enhance exposure 
assessment and risk prediction in this emerging area 
of environmental cardiology[6].

Methods

Databases and Timeframe
A comprehensive literature search was 

conducted to identify relevant evidence on high-
frequency and airborne ultrasonic sound exposure 
and its association with cardiovascular outcomes. 
The primary databases searched included PubMed 
and PubMed Central (PMC), which together provide 
extensive coverage of biomedical and public health 
literature. To ensure breadth, we also hand-searched 
leading cardiology and environmental health 
journals for recent articles that may not have been 
fully indexed at the time of retrieval. The search was 
restricted to studies published between January 2014 
and March 2025, a period chosen to capture the most 
up-to-date systematic reviews, umbrella reviews, 
and high-quality primary studies.

Search Strategy

The search strategy was designed to encompass 
both the exposure dimension (noise and acoustic 

factors) and the outcome dimension (cardiovascular 
health). Exposure-related keywords included 
transportation noise, environmental noise, 
occupational noise, ultrasound in air, very-high-
frequency sound, and high-frequency noise. These 
were combined with outcome-related terms such 
as cardiovascular disease, ischemic heart disease, 
myocardial infarction, and blood pressure. Boolean 
operators and truncation were applied where 
appropriate to maximize sensitivity. Reference lists 
of key systematic reviews and included studies 
were also screened to identify additional eligible 
publications not captured through database searches.

Eligibility Criteria

We established predefined inclusion and exclusion 
criteria to ensure relevance and comparability across 
studies. Eligible studies were restricted to human 
participants, including both general population 
cohorts exposed to environmental or transportation 
noise and occupational groups exposed to ultrasonic 
or high-frequency sources in workplace settings. 
Exposures had to be explicitly characterized as high-
frequency sound above 8 kHz or airborne ultrasound 
above 20 kHz, with quantitative metrics such as 
decibels (dB SPL) or pascals (Pa) when available.

The primary outcomes of interest were measures 
of ischemic heart disease, including incidence of new 
cases, hospital admissions, and mortality related to 
IHD or myocardial infarction. Secondary outcomes 
included proximate cardiovascular markers that may 
serve as mechanistic intermediates, such as blood 
pressure changes, alterations in heart rate or heart 
rate variability (HRV), and indicators of endothelial 
function. Eligible study designs comprised 
systematic reviews, umbrella reviews, and primary 
research studies of observational (cohort, case–
control, cross-sectional) or interventional design. 
Experimental laboratory studies exposing humans 
to controlled high-frequency or ultrasonic noise 
were also considered when they reported relevant 
cardiovascular endpoints.

Quality Assessment and Data Synthesis
For systematic and umbrella reviews, we 

extracted reported risk-of-bias assessments and 
certainty ratings of evidence as presented by the 
original authors. This included standardized 
instruments such as the Cochrane risk-of-bias 
tool, AMSTAR, and GRADE certainty ratings 
where available. For primary studies, we reviewed 
methodological characteristics including study 
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design, sample size, exposure assessment methods, 
outcome ascertainment, and adjustment for 
confounders. Given the diversity of exposures and 
outcomes, a meta-analysis was not feasible for 
ultrasonic-specific literature. Instead, a narrative 
synthesis was conducted to summarize patterns 
of association, highlight mechanistic insights, and 
identify gaps in the evidence base.

Study Selection Process

The initial database search across PubMed, PMC, 
and targeted journals yielded a total of 1,247 records. 
After automatic and manual duplicate removal, 1,032 
unique records remained. Titles and abstracts were 
screened for relevance, resulting in the exclusion of 
872 records that did not meet eligibility criteria (e.g., 
animal studies, irrelevant exposures, or unrelated 
health outcomes). The full text of the remaining 160 
articles was assessed for eligibility. Of these, 119 
were excluded for reasons including inadequate 
exposure characterization (n = 54), lack of relevant 
cardiovascular outcomes (n = 38), methodological 
limitations such as insufficient sample size (n = 17), 
and publication type restrictions (conference abstracts, 
commentaries; n = 10). Ultimately, 41 studies were 
included in the qualitative synthesis: 8 systematic 
reviews, 3 umbrella reviews, and 30 primary research 
studies.

Figure 1: PRISMA flow diagram (https://
creativecommons.org/licenses/by/4.0/)

Results

Overview of Evidence Base

The literature search and screening process 
identified a total of 41 eligible publications for inclusion 
in this review. These comprised eight systematic 
reviews, three umbrella reviews, and 30 primary 
studies. Geographically, the evidence was distributed 
across multiple regions, with the majority of studies 
conducted in Europe (40%), followed by Asia (30%), 
North America (20%), and a smaller proportion from 
other regions (10%). This distribution highlights the 
predominance of European research in the field of 
noise and cardiovascular health, while work focusing 
specifically on high-frequency or ultrasonic exposures 
remains more geographically scattered.

Systematic and Umbrella Reviews

All included systematic and umbrella reviews 
consistently confirmed that exposure to environmental 
noise in general is associated with an increased risk 
of cardiovascular disease, particularly ischemic 
heart disease (IHD) and myocardial infarction (MI). 
The pooled estimates from these reviews indicate a 
relative risk increase of approximately 1.08–1.15 for 
IHD/MI per 10 dB increment in transportation noise 
exposure. However, these reviews rarely conducted 
frequency-specific analyses extending beyond the 
conventional hearing range. Most excluded studies 
of ultrasonic exposure altogether, citing data scarcity 
and methodological challenges in characterizing 
such exposures. As a result, while the reviews 
firmly establish the broader cardiovascular impact 
of environmental noise, they provide limited insight 
into the unique contribution of high-frequency or 
ultrasonic sound.

Primary Studies on High-Frequency and Ultrasonic 
Noise

Evidence from primary research was more 
directly focused on the high-frequency and ultrasonic 
spectrum. Among the 18 occupational cohort studies, 
workers routinely exposed to ultrasonic devicessuch 
as welders, dental hygienists, and operators of 
industrial cleaning equipmentfrequently exhibited 
elevated blood pressure, headaches, fatigue, and 
signs of autonomic imbalance compared to non-
exposed controls.
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In addition, seven environmental studies 
investigated populations living near sources of high-
frequency sound, including pest deterrents, industrial 
ultrasonic equipment, and transportation-related 
technologies. These studies consistently reported 
sleep disturbances and short-term elevations in 
blood pressure, although long-term cardiovascular 
outcomes were less frequently evaluated.

Finally, five experimental laboratory studies 
provided controlled evidence of acute physiological 
responses to airborne ultrasound. Exposures within 
the range of 20–40 kHz were shown to induce acute 
increases in systolic blood pressure of approximately 
5–10 mmHg, as well as alterations in heart rate 
variability (HRV) consistent with sympathetic 
nervous system activation.

Mechanistic Pathways

Several biological mechanisms have been 
proposed to explain the potential link between 
ultrasonic or high-frequency noise and cardiovascular 
health. First, stress-axis activation through increased 
release of cortisol and catecholamines may contribute 
to elevated blood pressure and vascular strain. 
Second, oxidative stress and endothelial dysfunction 
have been implicated as potential mediators, as 
observed in experimental models and biomarker 
studies. Third, autonomic imbalance, often reflected 
in reduced heart rate variability, has been reported 
in both occupational and laboratory exposure 
settings. Collectively, these pathways are plausible 
intermediates that could connect high-frequency noise 
exposure with adverse cardiovascular outcomes. 
However, despite suggestive evidence, long-term 
causal relationships remain unproven, underscoring 
the need for longitudinal and mechanistic studies to 
strengthen the evidence base.

Discussion
This systematic review synthesized evidence 

from systematic and umbrella reviews alongside 
primary occupational, environmental, and 
experimental studies to evaluate the potential 
cardiovascular implications of exposure to high-
frequency and ultrasonic sound. The findings suggest 
a clear and consistent association between general 
environmental noise and increased risk of ischemic 
heart disease (IHD) and myocardial infarction (MI). 

However, when focusing specifically on audible 
high-frequency and airborne ultrasonic exposures, 
the evidence remains sparse, heterogeneous, and 
largely of low to moderate certainty.

Evidence Strengths and Limitations

Systematic and umbrella reviews included in 
this synthesis provide robust confirmation of the 
established relationship between environmental 
noise in conventional frequency ranges and 
adverse cardiovascular outcomes. Pooled analyses 
consistently report relative risk increases of 
approximately 1.08–1.15 per 10 dB increment in 
transportation noise, underscoring the importance 
of noise as an independent cardiovascular risk 
factor. Nevertheless, these reviews rarely extended 
their analyses into the high-frequency domain, and 
almost none included ultrasonic exposures due to 
insufficient data.

Primary studies focusing on high-frequency and 
ultrasonic exposures, while fewer in number, provide 
valuable insights. Occupational cohorts, particularly 
welders, dental hygienists, and industrial workers, 
suggest a pattern of elevated blood pressure, 
headaches, and altered heart rate variability among 
those routinely exposed to ultrasonic equipment. 
Environmental studies also point to possible adverse 
effects, with communities exposed to pest deterrents 
or industrial ultrasound reporting sleep disturbances 
and acute changes in blood pressure. Experimental 
laboratory studies corroborate these findings by 
demonstrating acute increases in systolic blood 
pressure and reductions in heart rate variability in 
response to controlled ultrasonic exposures. These 
results indicate plausible physiological responses, but 
limitations such as small sample sizes, short exposure 
durations, and lack of longitudinal follow-up restrict 
the generalizability of the findings.

Table-1 brings together the key findings from 
the 41 studies included in the review, divided into 
systematic reviews, umbrella reviews, and primary 
research.

Systematic reviews (n=8): These confirmed that 
general environmental noise exposure is consistently 
associated with increased risk of ischemic heart disease 
(IHD), myocardial infarction (MI), hypertension, 
and blood pressure changes. For example, Sørensen 
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et al. (2019) reported a relative risk of ~1.12 per 10 
dB increase in traffic noise. However, none of these 
reviews examined frequencies ≥8 kHz or airborne 
ultrasound specifically, as such data were scarce.

Umbrella reviews (n=3): These reinforced 
the same conclusion at a higher level of evidence 
synthesis, showing consistent associations of 
transportation and occupational noise with IHD, 
stroke, and hypertension. Again, ultrasonic exposures 
were absent, underscoring a significant knowledge 
gap.

Primary occupational studies (n=18): These 
provide the most direct evidence on high-frequency 
and ultrasonic sound. Workers such as welders, 
dental hygienists, and factory operators using 
ultrasonic cleaning devices often exhibited elevated 
blood pressure, altered heart rate variability, 
headaches, and oxidative stress markers. While these 
findings support mechanistic plausibility, the overall 
evidence certainty is moderate due to small samples 
and methodological variability.

Primary environmental studies (n=7): 
Community-based investigations found sleep 
disturbance, transient blood pressure increases, and 
variability in cardiovascular function in residents 
exposed to ultrasonic pest deterrents or industrial 
high-frequency sound sources. Although evidence 
is limited, these findings point toward acute 
physiological disruption.

Primary experimental studies (n=5): Controlled 
laboratory exposures at 20–40 kHz showed acute 
rises in systolic blood pressure (5–10 mmHg) and 
reductions in heart rate variability, indicating 
sympathetic activation. These studies, while 
short-term and small in scale, provide important 
mechanistic insights supporting the plausibility of 
cardiovascular impacts from ultrasonic noise.

Mechanistic Insights

The mechanistic pathways proposed across the 
literature are biologically plausible and consistent 
with broader noise–cardiovascular research. Stress-
axis activation through catecholamine and cortisol 
release provides a well-documented mechanism 
linking acute noise exposure to elevated blood 
pressure and vascular dysfunction. Oxidative 

stress and endothelial impairment, observed in 
both biomarker and vascular function studies, may 
further contribute to long-term cardiovascular strain. 
Evidence of autonomic imbalance, particularly 
reduced vagal tone and increased sympathetic drive 
reflected in heart rate variability measures, offers 
an additional mechanistic explanation. While these 
pathways are coherent and supported by preliminary 
data, their translation into long-term outcomes 
such as IHD or MI has not yet been conclusively 
demonstrated in the context of ultrasonic noise.

Comparison with Conventional Noise Research

The gap between the extensive literature on low- 
to mid-frequency noise and the relative paucity of 
research on high-frequency and ultrasonic exposures 
highlights a critical evidence imbalance. Conventional 
environmental noise studies benefit from large 
cohort designs, standardized exposure metrics, and 
strong epidemiological evidence linking noise to 
cardiovascular disease. By contrast, ultrasonic noise 
research is characterized by small-scale occupational 
or experimental studies, inconsistent exposure 
characterization, and limited outcome assessment. 
This discrepancy underscores the need for greater 
methodological rigor and more comprehensive 
population-based research in the ultrasonic domain.

Role of Artificial Intelligence

Artificial intelligence (AI) represents a promising 
tool to advance this research area. AI-driven 
methods for source separation can isolate high-
frequency and ultrasonic components from complex 
environmental soundscapes, improving exposure 
assessment. Integration of geographic information 
systems (GIS) with machine learning enables fine-
scale exposure mapping, accounting for both 
environmental and occupational noise sources. AI 
algorithms can also enhance the detection of subtle 
cardiovascular changes, such as minor alterations in 
heart rate variability or endothelial biomarkers, that 
may otherwise be overlooked. Finally, predictive 
modeling using AI can incorporate multimodal 
exposuresincluding noise, air pollution, and lifestyle 
factorsinto comprehensive risk models for IHD and 
MI. Despite these opportunities, very few studies 
to date have explicitly applied AI techniques to the 
evaluation of ultrasonic noise, representing a critical 
area for future innovation.



13Indian Journal of Public Health Research and Development / Vol. 17 No. 2, April-June 2026

St
ud

y 
Ty

pe
A

ut
ho

r(
s)

, Y
ea

r
C

ou
nt

ry
/ 

R
eg

io
n

Po
pu

la
tio

n/
 

Se
tti

ng
Ex

po
su

re
 

C
ha

ra
ct

er
iz

at
io

n 
(≥

8 
kH

z 
/ >

20
 k

H
z)

O
ut

co
m

es
 R

ep
or

te
d 

(I
H

D
/M

I o
r 

pr
ox

im
at

e 
m

ar
ke

rs
)

K
ey

 F
in

di
ng

s
R

is
k 

of
 B

ia
s/

C
er

ta
in

ty

Sy
st

em
at

ic
 

Re
vi

ew
 (n

=8
)

Sø
re

ns
en

 e
t a

l.,
 2

01
9[

6]
Eu

ro
pe

G
en

er
al

 p
op

ul
at

io
n,

 
m

ul
ti-

co
ho

rt
En

vi
ro

nm
en

ta
l n

oi
se

 
(3

0–
20

00
 H

z,
 li

m
ite

d 
H

F 
an

al
ys

is
)

IH
D

, M
I i

nc
id

en
ce

 
an

d 
m

or
ta

lit
y

RR
 ~

1.
12

 p
er

 1
0 

dB
 tr

af
fic

 
no

is
e;

 n
o 

H
F-

sp
ec

ifi
c 

da
ta

M
od

er
at

e,
 

G
RA

D
E:

 H
ig

h

M
ün

ze
l e

t a
l.,

 2
02

0[
7]

G
er

m
an

y
Po

pu
la

tio
n-

ba
se

d
Tr

an
sp

or
ta

tio
n 

&
 

oc
cu

pa
tio

na
l n

oi
se

IH
D

, h
yp

er
te

ns
io

n
C

on
fir

m
ed

 li
nk

; 
ul

tr
as

on
ic

 n
oi

se
 e

xc
lu

de
d

Lo
w

–M
od

er
at

e

va
n 

K
em

pe
n 

&
 C

as
as

, 
20

18
[8

]
N

et
he

rl
an

ds
U

rb
an

 p
op

ul
at

io
ns

En
vi

ro
nm

en
ta

l/
tr

an
sp

or
ta

tio
n

IH
D

, B
P,

 M
I

St
ro

ng
 e

vi
de

nc
e 

fo
r C

V
D

 
ri

sk
; H

F/
ul

tr
as

ou
nd

 n
ot

 
in

cl
ud

ed

H
ig

h

Ba
sn

er
 &

Ba
bi

sc
h,

 2
02

1[
9]

G
lo

ba
l

M
ul

tip
le

 re
vi

ew
s 

po
ol

ed
En

vi
ro

nm
en

ta
l (

ro
ad

, 
ra

il,
 a

ir
cr

af
t)

IH
D

, M
I, 

BP
Es

ta
bl

is
he

d 
ri

sk
 w

ith
 

L-
M

F 
no

is
e;

 H
F 

no
is

e 
no

t 
st

ud
ie

d

H
ig

h

U
m

br
el

la
 

Re
vi

ew
 (n

=3
)

C
la

rk
 e

t a
l.,

 2
02

2 
[1

0]
U

K
/ 

Eu
ro

pe
M

et
a-

re
vi

ew
s 

on
 n

oi
se

 
&

 C
V

D
En

vi
ro

nm
en

ta
l &

 
oc

cu
pa

tio
na

l
IH

D
, M

I, 
BP

C
on

si
st

en
t l

in
k;

 H
F/

ul
tr

as
ou

nd
 e

xc
lu

de
d

M
od

er
at

e

Sc
hm

id
t e

t a
l.,

 2
02

3[
11

]
G

er
m

an
y

U
m

br
el

la
 o

f S
Rs

N
oi

se
 e

xp
os

ur
e

IH
D

, C
V

D
Tr

an
sp

or
ta

tio
n 

no
is

e 
→

 
IH

D
; u

ltr
as

on
ic

 g
ap

M
od

er
at

e

K
im

 e
t a

l.,
 2

02
4[

12
]

So
ut

h 
K

or
ea

M
ix

ed
 s

et
tin

gs
N

oi
se

 &
 v

ib
ra

tio
n

IH
D

, s
tr

ok
e,

 M
I

St
ro

ng
 fo

r g
en

er
al

 n
oi

se
; 

no
 H

F 
an

al
ys

is
M

od
er

at
e

Pr
im

ar
y 

O
cc

up
at

io
na

l 
(n

=1
8)

Pa
w

la
cz

yk
-

Łu
sz

cz
yń

sk
ae

t a
l.,

 
20

14
[1

3]

Po
la

nd
W

el
de

rs
, d

en
ta

l 
w

or
ke

rs
A

ir
bo

rn
e 

ul
tr

as
ou

nd
 

>2
0 

kH
z,

 8
0–

10
0 

dB
 S

PL
BP

, H
R,

 h
ea

da
ch

e 
sy

m
pt

om
s

El
ev

at
ed

 B
P,

 a
ut

on
om

ic
 

im
ba

la
nc

e
M

od
er

at
e

W
es

te
nb

er
g 

et
 a

l.,
 

20
16

[1
4]

N
et

he
rl

an
ds

In
du

st
ri

al
 w

or
ke

rs
H

ig
h-

fr
eq

ue
nc

y 
no

is
e,

 
ul

tr
as

on
ic

 w
el

de
rs

BP
, H

RV
Sy

m
pa

th
et

ic
 d

om
in

an
ce

, 
H

RV
 ↓

M
od

er
at

e

Ya
m

ad
a 

et
 a

l.,
 2

01
8[

15
]

Ja
pa

n
Fa

ct
or

y 
op

er
at

or
s

U
ltr

as
ou

nd
 c

le
an

in
g 

de
vi

ce
s

BP
, o

xi
da

tiv
e 

st
re

ss
 

m
ar

ke
rs

Sh
or

t-t
er

m
 B

P 
↑,

 R
O

S 
bi

om
ar

ke
rs

 ↑
Lo

w

Pr
im

ar
y 

En
vi

ro
nm

en
ta

l 
(n

=7
)

Le
ig

ht
on

 e
t a

l.,
 2

01
7 

[1
6]

U
K

C
om

m
un

ity
 n

ea
r 

ul
tr

as
on

ic
 d

et
er

re
nt

s
A

ir
bo

rn
e 

ul
tr

as
ou

nd
 

~2
0–

30
 k

H
z

Sl
ee

p 
di

st
ur

ba
nc

e,
 

BP
D

is
tu

rb
ed

 s
le

ep
, t

ra
ns

ie
nt

 
BP

 ↑
Lo

w

Sm
ith

 e
t a

l.,
 2

01
9[

17
]

U
SA

Re
si

de
nt

s 
ne

ar
 

in
du

st
ri

al
 s

ite
H

F 
so

un
d 

>8
 k

H
z,

 
co

nt
in

uo
us

BP
, s

le
ep

Sl
ee

p 
di

sr
up

tio
n,

 B
P 

va
ri

ab
ili

ty
 ↑

Lo
w

Pr
im

ar
y 

Ex
pe

ri
m

en
ta

l 
(n

=5
)

U
ed

a 
et

 a
l.,

 2
01

6[
18

]
Ja

pa
n

H
ea

lth
y 

vo
lu

nt
ee

rs
C

on
tr

ol
le

d 
ul

tr
as

ou
nd

 
20

–4
0 

kH
z,

 9
0 

dB
 S

PL
BP

, H
RV

SB
P 

↑ 
5–

10
 m

m
H

g;
 H

RV
 

↓
Lo

w

Pa
w

la
cz

yk
-Ł

us
zc

zy
ńs

ka
 

et
 a

l.,
 2

01
9[

19
]

Po
la

nd
V

ol
un

te
er

s
U

ltr
as

ou
nd

 e
xp

os
ur

e 
ch

am
be

r, 
20

–2
5 

kH
z

BP
, H

R
A

cu
te

 s
tr

es
s 

re
sp

on
se

M
od

er
at

e

Ta
bl

e 
1.

 S
um

m
ar

y 
of

 In
cl

ud
ed

 R
ev

ie
w

s 
an

d 
Pr

im
ar

y 
St

ud
ie

s



14 Indian Journal of Public Health Research and Development / Vol. 17 No. 2, April-June 2026

Public Health and Policy Implications

Although the current evidence for high-frequency 
and ultrasonic exposures remains preliminary, 
the mechanistic signals and acute cardiovascular 
responses documented here warrant precautionary 
attention. Occupational health guidelines, particularly 
in industries where ultrasonic devices are common, 
may need to consider stricter exposure monitoring 
and protective interventions. In the environmental 
context, the increasing use of ultrasonic pest 
deterrents and consumer devices raises questions 
about long-term community health effects. Given 
the established burden of cardiovascular disease 
attributable to conventional noise, even small 
incremental risks from high-frequency exposures 
could have significant public health consequences if 
exposures are widespread.

Research Gap

Although environmental and occupational 
noise in the low-to-mid frequency range is a well-
established cardiovascular risk factor, the role of 
high-frequency (≥8 kHz) and airborne ultrasonic (>20 
kHz) noise remains underexplored. Current evidence 
is limited to small occupational and experimental 
studies showing acute physiological effects such 
as blood pressure elevation, autonomic imbalance, 
and oxidative stress, but long-term associations 
with ischemic heart disease (IHD) and myocardial 
infarction (MI) are inconclusive.

Existing systematic and umbrella reviews rarely 
include ultrasonic exposures due to data scarcity, 
and most population-based epidemiological cohorts 
lack standardized methods for measuring these 
frequencies. Exposure characterization is inconsistent, 
outcome measures are heterogeneous, and evidence 
certainty remains low to moderate.

Furthermore, artificial intelligence (AI) 
approacheswhich could improve noise source 
separation, exposure mapping, and predictive 
cardiovascular modelling are rarely applied to 
ultrasonic noise research. This leaves a significant 
methodological and technological gap in 
understanding the cardiovascular implications of 
high-frequency and ultrasonic sound exposure.

Conclusions

This review confirms that general environmental 
noise is a well-established cardiovascular risk factor, 
with consistent evidence linking transportation and 
occupational exposures in conventional frequency 
ranges to ischemic heart disease (IHD) and 
myocardial infarction (MI). By contrast, the evidence 
for high-frequency audible noise and airborne 
ultrasonic exposure remains limited, fragmented, 
and of low to moderate certainty. Findings from 
occupational, environmental, and experimental 
studies suggest acute physiological effects, including 
elevated blood pressure, autonomic imbalance, and 
endothelial stress, which are biologically plausible 
pathways to cardiovascular disease. However, 
direct and conclusive epidemiological links to 
long-term IHD or MI outcomes have not yet been 
demonstrated.

Artificial intelligence (AI) offers an important 
opportunity to address these gaps. Through 
advanced exposure characterization, source 
separation, multimodal data integration, and 
predictive modeling, AI has the potential to uncover 
subtle dose response relationships and strengthen 
causal inference in this emerging field.

Overall, while existing evidence does not yet 
justify definitive causal claims regarding high-
frequency or ultrasonic sound and IHD/MI, the 
consistency of acute mechanistic findings highlights 
the importance of further research. Large-scale 
longitudinal cohort studies, standardized exposure 
metrics beyond the conventional hearing range, and 
the integration of AI-based tools into epidemiological 
and occupational health research will be essential to 
clarify the long-term cardiovascular implications of 
these underexplored acoustic exposures.
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