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Abstract: Objective: In this study, an experiment was

conducted to examine whether noise exposure produced

acute changes in cardiovascular responses, and

whether these responses differed based on psycho-

acoustic parameters to noises of low to high intensity.

Methods: Thirty healthy subjects were enrolled. Three

industrial noises were binaurally presented with a supra-

aural earphone. The sound levels of noise were <55, 75,

and 90 dB. Each noise was continued for 20 min and the

electrocardiogram was simultaneously recorded. Re-

sults: The results showed a statistically significant in-

crease in systolic blood pressure (SBP) at the 90 dB

sound level. The study estimated a blood pressure in-

crease of 0.85 mmHg/10 dB and 0.71 mmHg/10 dB in

SBP and diastolic blood pressure (DBP), respectively.

These results suggest that exposure to noise, particu-

larly high-frequency noise, negatively impacts blood

pressure. The tonality and fluctuation strength of noise

especially impacts systolic blood pressure. Conclu-

sions: The psycho-acoustic parameters of noise should

be considered when evaluating the impact of noise expo-

sure.
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1. Introduction

Noise is a persistent environmental problem, and be-

cause it has so many sources, including modes of trans-

port, industry and neighbors, it is a prominent feature of

the environment. Noise exposure is associated with a

number of health effects which manifest in psychosocial

responses such as annoyance, disturbance of daily activi-

ties, and reductions in sleep and job performance; as well

as physiological responses such as hearing loss, hyperten-

sion, and ischemic heart disease1,2).

Presently, the only noise-induced occupational disease

with sufficient supporting evidence is noise-induced hear-

ing loss. The role of long-term noise exposure in hearing

loss has long been recognized, and research has pro-

gressed to identifying dose-response relationships. How-

ever, there is less agreement on the non-auditory effects

of noise, and concern about such effects is a relatively re-

cent development. Potential effects include impaired per-

formance, detrimental physiological responses, annoy-

ance, etc. Environmental noise causes subjective discom-

fort, which is reported as noise annoyance3,4) . Noise an-

noyance, one of the negative effects of noise, receives a

great deal of attention from scientists. Annoyance is one

of the most common negative effects of noise, and it has

been proposed as an indicator of other adverse noise ef-

fects, although no empirical evidence or theoretical un-

derpinning for the latter suggestion has been provided5).

Noise level and noise annoyance have also both been

shown to be associated with cardiovascular disorders6,7).

Cardiovascular disease is unequivocally recognized as

the leading cause of mortality in most developed coun-

tries. Environmental noise exposure (sound level ) also
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has physiological health effects, of which high blood

pressure and ischemic heart diseases are the most investi-

gated8-11). In addition to the direct pathways to and from

the cerebral cortex, a variety of indirect connections

travel from the inner ear to the brain centers that control

the body’s physiological, emotional, and behavioral re-

sponses. Importantly, recent research has indicated that

chronic exposure to noise is associated with increased risk

of cardiovascular diseases such as coronary heart disease

and hypertension, especially in occupational settings12-15) .

In addition, studies in which industrial noise was the

source of experimental noise exposure revealed increases

primarily in the exposed subjects’ norepinephrine levels

and adrenaline levels16-18). The general stress model is the

proposed biological mechanism explaining the physi-

ological dysfunction and potential long-term health ef-

fects caused by chronic noise exposure.

In experimental studies, the stress mechanism hypothe-

sis has been tested using short-term exposure to noise and

biological stress-response measures such as blood pres-

sure, heart rate variability, salivary amylase, and cortisol.

The results of these studies have been mixed. While Lee

et al.19) found no changes in blood pressure across noise-

exposed groups, Lusk et al.20) and Zamanian et al.21) ob-

served increases in blood pressure as a result of noise ex-

posure.

Many occupational studies have suggested that indi-

viduals chronically exposed to continuous noise of at

least 85 dB have higher blood pressure than those not ex-

posed to such noise22). Noise assessments in work envi-

ronments have primarily been directed toward the risk of

hearing damage. This is also the purpose behind the use

of the equivalent A-weighted dB sound level (dBA) as an

exposure measure, since this has been found to be a rea-

sonably good predictor of the risk of hearing damage.

However, noise may also be a serious problem in work

environments where it does not constitute a risk of hear-

ing damage, but rather is a source of annoyance. In these

cases, the use of dBA has rather weak support from em-

pirical studies. One problem is that annoyance and the

risk of hearing damage have different relationships with

physical noise parameters such as sound level, frequency,

intermittency, exposure time, etc. Some of these parame-

ters may have harmful effects, such as increasing annoy-

ance, without affecting the risk of hearing damage23). The

presence of strong, low-frequency noise components is

one such example24,25). In addition, noise annoyance is in-

fluenced by many factors other than the physical charac-

teristics of the noise. The same type of noise obviously

causes different degrees of annoyance in different situ-

ations. Because the causative characteristics of noise an-

noyance are not well-defined, there is a lack of estab-

lished methods for the evaluation of annoying noise in

work environments. For instance, several studies indicate

that tonal components should be taken into account when

assessing the likelihood of noise annoyance26).

The quantitative relationship between a physical noise

stimulus and the psychological response is important. A

fairly high correlation can be seen between an evaluation

index based on energy, such as LAeq, and the psycho-

logical response to the noise27). A broadband noise that in-

cludes a prominent tone component, however, is per-

ceived to be noisier than the broadband noise only, even

though the two have the same LAeq value. That is, when

a broadband noise includes a prominent tone component,

predictions made using an energy-based evaluation index

will likely underestimate psychological responses. There-

fore, some studies have not been able to substantially cor-

relate an evaluation index such as LAeq and the psycho-

logical response28). A comprehensive model is needed to

ensure that research on sound includes the critical vari-

ables that make noise a significant source of human

stress. A weak relationship between annoyance and the

equivalent noise level (Leq) has also been found in other

studies29,30). However, it is possible that different acoustic

factors not fully detected by the Leq are also important for

noise perception and annoyance. When emitted from

technical products, noises with tonal components, howl-

ing sounds, and modulated signals are often the cause of

complaints. The perception and evaluation of sound

events containing such components have become increas-

ingly important, and how they influence physiological re-

sponses has become an interesting question.

The aim of this study was to examine: (1) whether

noise exposure produced acute changes in cardiovascular

responses; and (2) whether these responses differed based

on psycho-acoustic parameters. Using a panel study de-

sign, in which subjects were monitored on multiple visits

during no-noise and noise exposure scenarios, the

changes in autonomic cardiac function were evaluated by

measuring blood pressure and heart rate.

2. Subjects and Methods

This study investigated the effect of industrial noise on

cardiovascular function. Blood pressure and heart rate

were measured in 30 healthy young adults who listened to

three types of noise, with each type of noise synchronized

with respect to intensity variations.

2.1 Subjects
To test hearing acuity, a pure tone audiogram was per-

formed by a trained health care professional for each sub-

ject at the beginning of the study, using an audiometer

which produces sounds at various volumes and frequen-

cies. Subjects listened to the sounds through headphones

and responded by pressing a button when sounds are

heard. All subjects were found to have normal hearing

acuity, with the threshold of less than 15 dB for frequen-

cies of 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.
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Fig.　1.　Sound frequencies of noises A, B, and C at 75 dB and 90 dB. □ A-weighting, ■ L-weighting. “A” and “L” col-

umns represent the total A-weighted and L-weighted sound level, respectively.

(a) Noise A      (b) Noise B 

(c) Noise C 

Thirty healthy college students (15 male, 15 female)

were enrolled in this study. Mean age of the subjects was

20.8±0.6 years. All subjects reported no medical history

of neurological disease, hypertension or heart disease.

The subjects received financial compensation for their

participation in the experiment. The study procedures

were approved by the Central Regional Research Ethics

Center (Taiwan ) , and informed consent was obtained

from all subjects.

2.2 Presentation of noise
Three different kinds of sound were recorded at indus-

trial sites. The designations A, B, and C refer to the sound

recorded at a distance of about 1 meter away from a die-

sel generator, piston pump, and automatic stamping press,

respectively. Noise A was characterized by high fre-

quency sounds, noise B by lower frequencies, and noise C

had an average value of low, medium, and high frequen-

cies. Recording and playback were first carried out using

a 01dB Symphonie system (ACOEM Group, France ) .

Sections of 120 s of the recorded noise were then played

back using a continuous loop. The test sounds were gen-

erated using a built-in sound adapter on a personal com-

puter, with a 22-kHz sound output and a 16-bit digital-to-

analogue conversion.

In the experimental design, subjects were exposed to a

20 min sound test sample while sitting in front of a desk

and staring at the computer screen. The sounds were pre-

sented to both ears using a pair of TDH-39 headphones

(TelephonicsⓇ, USA). Each kind of sound test intensity

was reproduced at an energy-equivalent continuous sound

level (Leq) of about 75 dB and 90 dB via headphones.

Random factorial combinations of noise level (75 dB, 90

dB) and noise type (A, B, C) variables constituted the six

experimental sessions, i. e. 71.9 dBA, 88.5 dBA, 61.8

dBA, 77.3 dBA, 72.1 dBA, 88.0 dBA. Figure 1 shows the

sound frequencies of A, B, and C noises at the intensity

levels of 75 dB and 90 dB. In this study, sound measure-

ments made using A-weighting are shown with dBA to

show that the information is ‘A’ weighted decibels, while

measurements made without frequency weighting are

shown with dB to show that the information is un-

weighted (or L-weighted) decibels.
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Table　1.　Study protocol and sampling scheme

Time Period
Adaption

10 min

Pre-Test

2 min

During

20 min

Post-Test

2 min

Resting

10 min

Noise exposure scenario

Noise A (75 dB) No noise No noise Stimulus No noise No noise

Noise A (90 dB) No noise No noise Stimulus No noise No noise

Noise B (75 dB) No noise No noise Stimulus No noise No noise

Noise B (90 dB) No noise No noise Stimulus No noise No noise

Noise C (75 dB) No noise No noise Stimulus No noise No noise

Noise C (90 dB) No noise No noise Stimulus No noise No noise

Cardiovascular sampling

SBP V V

DBP V V

HR V V

Statistical analysis was performed by comparing the differences in cardiovascular 

parameters before (pre-test) and after noise exposure (post-test). V indicates that a 

cardiovascular measurement was taken.

Table　2.　Psycho-acoustic parameters of noises A, B, and C.

Psycho-acoustic parameter A noise B noise C noise

Loudness (sone) 53.2 38.4 60.5

Sharpness (acum) 1.71 1.42 2.25

Roughness (asper) 0.475 0.469 0.752

Fluctuation Strength (vacil) 1.83 1.59 2.33

Tone-to-Noise Ratio (dB) 4.43 <0.1 <0.1

Prominence Ratio (dB) 4.2 <0.1 <0.1

2.3 Physiological response measurements
The subjects were seated in a quiet (<55 dB or 43 dBA)

room, which was air-conditioned to minimize any influ-

ence of hot temperatures or high humidity. Subjects were

requested to sit quietly for 10 min in order to adapt to the

test room. Resting values of systolic and diastolic blood

pressure and heart rate were assessed while subjects were

in a seated position with the left arm kept at heart level

during measurement, using a validated and automated

manometer, an HEM-1000 ( OMRON Corporation, Ja-

pan). During each session, measurements were taken im-

mediately before noise-exposure (pre-test), and immedi-

ately following noise exposure ( i. e. , beginning of the

“post-test” period). A 24-min break was allowed between

sessions (Table 1). Each subject was assigned a random

presentation order for the six sessions, and each subject

completed all sessions in two separate days.

2.4 Psycho-acoustic analysis
Many factors come into play in the sound quality

evaluation process. Traditional objective measuring and

analysis methods such as A-weighted sound pressure and

FFT analysis are not sufficient for analyzing sound.

Loudness is the most important tool for objectively deter-

mining sound quality parameters, or metrics. It attempts

to understand how the human ear experiences sounds by

properly weighting the different parts of the sound signal.

In general, sharpness is increased by adding higher fre-

quency content, and decreased by adding lower frequency

content. Sharpness is a measure of the high frequency

content of a sound, and the greater the proportion of high

frequencies, the ‘sharper’ the sound. Roughness is a com-

plex effect which quantifies the subjective perception of

the rapid amplitude modulation of a sound. Fluctuation

strength is caused by signal variations with very low

modulation frequencies or amplitudes, and is generally

perceived as an irritating property. Tone-to-noise ratio is

a measure describing the amount of pure tones in the sig-

nal. Prominence ratio is a description of the amount of

noise in a critical band in relation to the noise in the adja-

cent bands. The twin metrics of prominence ratio and

tone-to-noise ratio can be used to quantify the presence of

distinctly audible tones in a sound signal.

The analysis of the psycho-acoustic parameters of

loudness, sharpness, roughness, fluctuation strength, tone-

to-noise ratio, and prominence ratio were carried out at

the Institute of Labor, Occupational Safety and Health in

Taiwan. The parameters were analyzed from 30-s long

sound sequences recorded in an industrial factory, using a

B&K 4165 microphone (Brüel & Kjær Company, Den-

mark ) positioned on a dummy head. The calculations

were carried out using a Sound Quality Head and Torso

Simulator 4100 (Brüel & Kjær Company ) and Sound

Quality Program Type 7698 (Brüel & Kjær Company).

Loudness was calculated according to the standardized

method described in ISO 532B31) /DIN 45 63132) , while

other sound quality parameters could be determined based

on the Zwicker loudness calculation. However, both the

prominence ratio and the tone-to-noise ratio were calcu-
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Table　3.　Pre-test cardiovascular measurements.

Characteristic Male Female Total p-value

No. of subjects 15 15 30

Age (yr) 20.9±0.6 20.8±0.5 20.8±0.6 0.459

Systolic blood pressure (mmHg) 119.4±11.6 106.3±10.4 112.9±12.8 <0.001*

Diastolic blood pressure (mmHg) 69.0±9.9 65.4±8.7 67.2±9.5 0.011*

Heart rate (b/min) 72.9±10.2 82.8±11.6 77.9±11.9 <0.001*

All results are presented as mean value ± standard deviation

* p-value < 0.05 when males and females are compared using Student’s t-test.

Table　4.　Pre- and post-test differences in 

cardiovascular parameters for all 

noises.

Difference 75dB 90dB

SBP

Male 0.9 (1.5) 4.6 (1.3) *

Female 1.6 (1.2) 3.1 (1.1) *

Total 1.3 (1.0) 3.9 (0.9) *

DBP

Male 1.6 (1.3) 4.2 (1.0) *

Female 1.5 (0.8) 1.2 (0.9)

Total 1.6 (0.8) * 2.7 (0.7) *

HR

Male 0.4 (0.8) –0.6 (0.8)

Female –1.1 (0.8) –0.4 (0.9)

Total –0.4 (0.6) –0.5 (0.6)

All values are presented as mean (standard 

error mean). SBP: systolic blood pressure; 

DBP: diastolic blood pressure; HR: heart 

rate.

* p-value < 0.05 compared to exposure to 

background noise (< 55 dB) using Student’s 

t-test.

lated according to ANSI S1.13-199533). Table 2 shows the

psycho-acoustic parameters of the three noises examined

in the study.

2.5 Statistical analysis
We analyzed two periods: (1) the 2 min period immedi-

ately preceding noise exposure (pre-test); and (2) the 2

min period immediately following noise exposure (post-

test, refer to Table 1) . The descriptive statistic is pre-

sented as mean values±standard deviation (SD) for nu-

meric variables. Parametric differences between the

groups were tested using Student’s t-test and one-way

ANOVA. Pearson correlation analysis was performed to

test the association between noise-level variables and

blood pressure and heart rate. Based on the results of the

univariate analyses, variables significantly related to

blood pressure and heart rate were included in a multiple

linear regression model. A p-value <.05 was accepted as

significant. The statistical software IBMⓇ SPSS 16 (IBM

Corporation, USA) was used for all data analyses.

3. Results

Table 3 shows the demographic characteristics of the

30 subjects. Significant differences in the mean values for

systolic blood pressure (SBP), diastolic blood pressure

(DBP), and heart rate (HR) were identified between male

and female young adults. Men are generally at greater risk

for cardiovascular and renal disease than age-matched,

premenopausal women. As shown in Table 3, blood pres-

sure was higher in males than in females at similar ages,

while heart rate was statistically and significantly higher

in females than in males. Three subjects felt slight dis-

comfort with the loudest noises, but all participants com-

pleted the entire experimental procedure without any in-

tolerability.

All 30 subjects completed all six sessions, with a total

of 60 person-days of monitoring (30 subjects over 2 days

each). A total of 360 blood pressure and heart rate meas-

urements were obtained, including measurements taken

before and after noise exposure. For each individual, a

difference value was calculated by subtracting the pre-test

sample result from the post-test sample result for all of

the measured cardiovascular parameters. The average

SBP, DBP, and HR measurements showed a difference

between the noises of different intensities ( Table 4 ) .

Comparisons between background sound (<55 dB, pre-

test) and stimulus sounds (75 dB or 90 dB, post-test) re-

vealed that the difference values for both SBP and DBP

were increased when subjects were exposed to greater

noise (SBP: 3.9±0.9, DBP: 2.7±0.7 at 90dB). Student’s t-

test analysis revealed a statistically significant difference

(p=0.040) in DBP but not SBP at 75 dB. However, at 90

dB both SBP (p<0.001) and DBP (p<0.001) were signifi-

cantly increased. HR was not significantly altered at

either noise level.

A simple linear regression analysis of the 360 blood

pressure and heart rate measurements taken in 3 noise

levels estimated a 0.85 mmHg/10 dB increase in SBP (y=

0.08549 x-0.1396, r 2 = 0.0541, p < 0.001 ) , and a 0.71
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Table　5.　Difference in cardiovascular parameters between pre- and post-test for different types 

of noise.

A B C

75dB 90dB 75dB 90dB 75dB 90dB

Total (N=30)

SBP 3.6 (1.7) * 4.3 (1.6) * –0.6 (1.6) 3.5 (1.3) * 0.8 (1.7) 3.9 (1.6) *

DBP 2.7 (1.4) 1.8 (1.2) 1.3 (1.3) 2.5 (1.4) 0.8 (1.2) 3.9 (1.0) *

HR 0.6 (1.1) –0.2 (1.4) –0.4 (0.7) –0.4 (0.9) –1.5 (1.0) –0.8 (0.8)

Male (N=15)

SBP 2.4 (2.3) 4.6 (2.8) –1.1 (2.5) 4.6 (2.0) * 1.3 (3.1) 4.6 (2.4)

DBP 4.5 (2.4) 3.3 (1.8) 0.7 (1.9) 4.1 (1.9) * –0.3 (2.2) 5.2 (1.6) *

HR 2.1 (1.6) 1.0 (1.7) –0.7 (1.1) –2.2 (1.2) –0.2 (1.5) –0.5 (1.4)

Female (N=15)

SBP 4.8 (2.4) 3.9 (1.7) * –0.2 (2.0) 2.3 (1.7) 0.4 (1.4) 3.2 (2.1)

DBP 0.9 (1.1) 0.2 (1.4) 1.8 (2.0) 0.9 (1.9) 1.8 (1.1) 2.7 (1.2) *

HR –0.9 (1.5) –1.5 (2.1) –0.1 (1.0) 1.5 (1.1) –2.7 (1.4) –1.0 (0.8)

All values are presented as mean (standard error mean).

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate

* p-value < 0.05 compared to exposure to background noise (< 55 dB) using one-way ANOVA.

mmHg/10 dB increase in DBP (y=0.07141x-0.0017, r2=

0.0541, p < 0.001 ) , where the y value represents the

change of blood pressure and x represents the dB level in-

crements. A Pearson correlation analysis was then per-

formed to study the correlation between sound level (dB)

and blood pressure or heart rate. A positive correlation

was observed between noise level and SBP and DBP lev-

els, with a statistically significant increase in the blood

pressure level.

Three types of noise (A, B, and C) were tested at 75 dB

and 90 dB, and correlations between the noise types and

energy levels and cardiac parameters were tested using

one-way ANOVA using data from all experimental sub-

jects (Table 5). All three types of noise provoked a sig-

nificant increase in SBP at 90 dB; however, at 75 dB only

noise A had a significant effect. DBP was considerably

less sensitive to noise exposure, and a significant increase

was only seen following exposure to noise C at 90 dB.

None of the noises had a significant effect on HR.

Additionally, we identified differences in the sensitiv-

ity of men and women to different types of noise. Expo-

sure to noise A at 90 dB significantly increased SBP in

women, but not in men. Conversely, we found that 90 dB

of noise B had a significant effect on men, and provoked

significant increases in both SBP and DBP. However,

both sexes exhibited a significant increase in DBP follow-

ing exposure to noise C at 90 dB, and a marginally sig-

nificant increase in SBP (men p=0.067; women p=0.167).

Discussion

The current study investigated the effects of noise ex-

posure on cardiovascular parameters in 30 young adults.

We found that various types of noise exposure were asso-

ciated with small but significant increases in both in SBP

and DBP. These results agree with the results of a meta-

analysis conducted by Passchier-Vermeer34) evaluating 21

occupational studies, which reported increases in the

mean SBP and DBP following noise exposure ( 3.9

mmHg and 1.7 mmHg, respectively). Here, we found that

the both SBP and DBP increased significantly following

exposure to 90 dB sound. Previously, studies by Chang et

al.35) and Lusk et al.20) simultaneously measured SBP and

DBP and noise levels as subjects went about their daily

activities during work and non-work days. Chang et al.

observed that a 5 dBA increase in the 24 h average envi-

ronmental noise exposure significantly increased SBP and

DPB in both young men and women. Lusk et al. found

statistically significant associations between noise expo-

sure and SBP and DBP. Here, we found that the general

effect of noise on cardiovascular parameters seemed to be

slightly greater in men than women. However, the results

of this study showed that the intensity of the noise did not

significantly affect HR.

When comparing the physiological influences of differ-

ent experimental sound types, noise A appears to have

greater effects on SBP than noises B and C, and signifi-

cantly increases SBP even at 75 dB (Table 5). Analysis of

psycho-acoustic parameters found that noise A is charac-

terized by high tone-to-noise and prominence ratios (Ta-

ble 2), suggesting that these attributes may have strong ef-

fects on SBP. In contrast, Noise C, which is characterized

by large values in loudness, sharpness, roughness, and

fluctuation strength had a greater impact on DBP. Noises
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with tonal components and howling sounds are often the

cause of listener complaints. The perception and evalu-

ation of sounds containing such components have become

increasingly important, and the psycho-acoustic parame-

ter tonality was introduced in order to quantify the per-

ception of tonal content. These noise characteristics could

be related to the level of stress.

Two possible mechanisms in the genesis of hyperten-

sion resulting from noise exposure are 1 ) sympathe-

ticotonia-induced endothelial lesion, and 2) stress-induced

hormone release. In the former model, acute noise expo-

sure can activate an immediate sympathetic reflex, and

then accelerate the development of structural changes in

the cardiovascular system, ultimately resulting in sus-

tained elevation of blood pressure36-39). Conversely, several

studies have shown higher levels of stress hormones such

as cortisol in relation to chronic noise exposure9). Stress-

related activation of neuroendocrine pathways through

high cortisol levels can give rise to metabolic syndrome,

resulting in hypertension and other cardiovascular effects.

Both pathways may quite reasonably lead to hypertension

as a result of noise exposure.

In addition, previous studies suggest that noise-induced

cardiovascular effects must be seen as the consequence of

stress. Noise-related stress can arise in several ways. The

physiological and psychological pathways might be dis-

tinguished. In the present study, acute cardiovascular

changes were found. This marked a common physiologic

stress reaction of short duration that occurred as a conse-

quence of the activation of the autonomous nervous and

hormone system. It appeared that the acute effects re-

ferred to were the same as the effects caused by an ordi-

nary stress reaction.

The current study therefore established that the in-

crease in the workers’ systolic blood pressure was the re-

sult of exposure to noise. This is in agreement with the

study by Lee et al.40) on workers at a metal manufacturing

company in Busan, Korea, which established a significant

relationship between chronic noise exposure and an in-

crease in SBP. This study also agrees with the studies of

Tomei et al.41) and Chang et al.42), and also confirmed an

earlier study43) which found noise exposure did not sig-

nificantly increase DBP. Nonetheless, several other stud-

ies12,44,45), which found that exposure to noise significantly

increased diastolic blood pressure, can still be partially

supported. The current study determined that depending

on the sound characteristics, noise might increase DBP

when some of the psycho-acoustic parameters, such as

loudness, sharpness, roughness, and fluctuation strength,

were high.

Using the blood pressure values presented here and the

noise levels ( dB ) , we calculated the blood pressure

change (mm Hg) per 10 dB increase in noise level for

SBP and DBP. Kempen et al.8) studied the influence of

noise exposure on blood pressure for occupational and

road and air traffic noise and estimated an increase of

0.51 mmHg/5 dBA. Dzhambov’s systematic review with

meta-analysis 46) showed a 0.48 mmHg increase in SBP

and a 0.22 mmHg increase in DBP per 5 dB increase in

road traffic noise (RTN) at schools/kindergartens; and a

0.20 mmHg increase in SBP and a 0.03 mmHg in DBP

per 5 dB increase in RTN at home.

With respect to the effect of sound frequency on physi-

ological responses, our results showed that low-frequency

noises had little effect on the subjects. The sound level

with linear weighting of noises A, B, and C was 75 dB

and 90 dB; however the A-weighting of noise A was 71.9

dBA and 88.5 dBA; noise B was 61.8 dBA and 77.3

dBA; and noise C was 72.1 dBA and 88.0 dBA. The

larger the difference between the sound levels using L-

weighting ( i. e. unweighting or dB ) and A-weighting

(dBA), the lower the frequency. The difference in L-

weighted vs. A-weighted sound levels for noise B was the

greatest of the three noises (13.2 dB and 12.7 dB), dem-

onstrating that noise B had the lowest frequency of the

noises used in this experiment. Accordingly, noise B

caused minimal physical responses in experimental sub-

jects. In line with our results, Walker et al.47) tested the

cardiovascular and stress responses to short-term expo-

sures to low (31.5-125 Hz) and high (500-2000 Hz) fre-

quency noises at 75 dBA, and found no significant (p<

0.05) changes in blood pressure. These results suggest

that noise exposure negatively impacts blood pressure, es-

pecially when high-frequency noises are involved. Thus,

noise frequency should be considered when evaluating

the potential cardiovascular health impacts of exposure.

The physiological and psychological effects of indus-

trial noise are one of its most important areas of impact.

Increases in workers’ blood pressure and heart rate have

been detected after exposure to high levels of noise. Our

study suggests that workers should not be exposed to

sound levels greater than 75 dB, as this noise level had

the smallest effects on SBP, although diastolic blood

pressures had the lowest values at about 90 dB. However,

a previous experimental laboratory study found that blood

pressure and heart rate increased after exposure to white

noise greater than 110 dB48). The main limitation of our

present study was the small number of subjects, and a

study with a larger number of subjects is recommended to

validate these results.

Conclusions

This study adds to our understanding of the acoustic

characteristics that drive cardiovascular autonomic re-

sponses to noise exposure. Noise exposure may be associ-

ated with elevated blood pressure in young adults, and

our results suggest that noise tonality and fluctuation

strength may particularly impact SBP. In future studies,

the dominant noise parameters should be considered



296 J Occup Health, Vol. 60, 2018

when evaluating the effects of noise on cardiovascular

health.
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