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ABSTRACT

Introduction: Investigations have shown that noise is one of the etiologic factors that leads to a risk of 

cardiovascular incidence. Aim: To present effect of noise on arterial tension and heart rate of workers 

who work on machine press during period of three-years. Methods: The study had a prospective 

character and included 30 subjects (n = 30) who were monitored over a three-year period (36 months). 

The respondents worked at the factory “Cimos” on machine press (Zenica, Bosnia and Herzegovina).

Ten machine presses were monitored, and three workers worked on each press. Approximately every 

worker was affected by a wide range of noise between 65 and 110 dB in the workplace (via isohypse). 

MATLAB (version 9.4, MathWorks, Natick, Massachusetts, United States of America (USA)) software 

was used to estimate the possible damage caused by noise in factories that produce noise in their 

work. Results: During the three-year period, arterial tension in the subjects increased, and at the end 

of the observed period, they were considered as patients with a diagnosis of arterial hypertension 

grade I. The tension depends on the strength of the produced noise, and the values also depend on 

position of the respondent on the machine press. Conclusion: Noise prevention has become a problem 

of modern medicine. The result of our work allows estimation of arterial hypertension in specified 

time in case of exposure to a certain strength of noise. Prevention of noise, daytime noise prevention 

as well as better equipment for work and preventive equipment are imposed as imperative in such 

or similar conditions, with the need of development of national strategies for this issue in countries 

where they are not present.
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1.	 INTRODUCTION
Noise (unwanted sound) is divided 

into industrial and ambient noise and 
can be continuous, variable, inter-
mittent or impulsive (1). It represents 
the etiologic factor of many patholo-
gies, and has implications on many 
organic systems, inducing hearing 
impairment, hypertension and isch-
emic heart disease, annoyance, sleep 
disturbances, and reduced school 
performance (2). A person can hear 
sounds in a frequency range of 20 
hertz (Hz) to 20 kHz. The sound of 
0 decibel (dB) is at the threshold of 
the sound. Long-term, high-intensity 
noise exposure has a negative impact 
on hearing, and can cause hearing 
loss. Noise above 90 dB can lead to 
chronic hearing damage if people 
are exposed to them every day or all 
the time. Hearing becomes uncom-
fortable if the sound pressure level 

is above 110 dB (threshold of discom-
fort), and it becomes painful above 
130 dB (threshold of pain) (3).

2.	 AIM
The aim of this study was to 

present effect of noise on arterial ten-
sion and heart rate of workers who 
work on machine press during pe-
riod of three-years assessed by use of 
MATLAB Software package.

3.	 METHODS
The study had a prospective char-

acter and included 30 subjects (n = 
30) who were monitored over a three-
year period (36 months). The respon-
dents worked on machine press at 
the factory “Cimos” (Zenica, Bosnia 
and Herzegovina). Ten machine 
presses were monitored, and three 
workers worked on each press. Ap-
proximately every worker was af-
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fected by a wide range of noise between 65 and 110 dB in 
the workplace (via isohypse). Physical examinations were 
performed every six months. Criteria for inclusion in the 
study: voluntary consent for participation, absence of el-
evated blood pressure, heart rate at optimal physiolog-
ical limits (60-80 beats per minute), normal echocardio-
graphic finding. Study exclusion criteria were: declined 
participation, diagnosis of arterial hypertension or in-
formation about tachycardia in anamnestic data, verified 
systolic or diastolic dysfunction by echocardiography, or 
valvular defect in patient medical records. During the 
three years patients did not take any antihypertensive 
therapy. During the realization of this study the identity 
and all personal data of the patients were permanently 
protected in accordance with the protection regulations 
of the identification data. For each person, an identifica-
tion number was used for the purpose of protecting the 
personal data used in the statistical processing of the 
data. Regression analysis was used for statistical anal-
ysis and MATLAB (version 9.4, MathWorks, Natick, Mas-
sachusetts, United States of America (USA)) software was 
used (hypertension values were entered, based on which 
regression analysis was performed that could be very re-
liable in determining the value of tension at any time in-
terval, and ultimately, it can be used to estimate the pos-
sible damage caused by noise in factories that produce 
noise in their work) and Microsoft Excell (version 11, Mic-
rosoft Corporation, Redmond, Washington, USA) .

4.	 RESULTS
Table 1 shows the anthropological parameters of the 

respondents in relation to the press on which they work.
The average height of all workers was 180 cm, weight 

was 79.6 kg, and age was 25.8 years. In order to estimate 
and predict the shape of response values (dependent vari-
able) over a range of input parameter values (independent 
variable) we use a polynomial regression analysis (curve 
fitting). In general, if we have n pairs of values, like we 
have in above tables, then they can be modeled with a 
polynomial of order k by the following approximation:

y = a0 + a1x + a2x
2

 + … + akx
k (Eq. 1)

where x is independent variable (in our case it is time 
interval in months) and yi is predicted outcome value for 
the polynomial model (in our case it is a blood pressure 
or heart rate measurements). Regression analysis aims to 
determine predictions for dependent variable y for any 
possible value of independent variable x. Parameters a0, 
a1, a2, …ak are called regression coefficients and they need 
to be determined mathematically in such a way that they 
minimize the sum of squares or residual

 (Eq. 2)
Equation (2) can be written in the matrix form
X a = Y (Eq. 3)
where

 (Eq. 4)
a is a vector of regression coefficients and vector of de-

pendent variables Y is given by

 (Eq. 5)
For k <= 2, the above system can be solved analytically 

by manual substitution or determinant method using Cra-
mer’s rule. In case k > 2 we rather write a computer pro-
gram or use predefined functions from systems like Mic-
rosoft Excel. To do this, we can use an inversion method 

Place of worker Parameter Press 1 Press 2 Press 3 Press 4 Press 5 Press 6 Press 7 Press 8 Press 9 Press 10

1 Height 178 176 178 180 184 179 181 183 182 181

2 Weight 76 80 79 82 84 81 83 80 70 81

3 Age 24 26 25 24 26 27 25 28 26 27

Table 1. Anthropological parameters of respondents (average values for 10 workers)

Place of worker
at the begining

(mmHg)
after 6 months

(mmHg)
after 12 months

(mmHg)
after 18 months

(mmHg)
after 24 months

(mmHg)
after 30 months

(mmHg)
after 36 months

(mmHg)

1 120⁄81 125⁄85 130⁄88 136⁄90 145⁄91 151⁄92 155⁄95

2 125⁄80 126⁄82 130⁄85 135⁄87 147⁄91 147⁄91 150⁄95

3 122⁄82 124⁄84 131⁄87 134⁄77 141⁄91 148⁄93 158⁄96

Table 2. Average measurement of arterial pressure in respondents compared to place of work (average values for 10 workers)

Place of worker
at the begining

(beats per 
minute)

after 6 months
(beats per 
minute)

after 12 months
(beats per 
minute)

after 18 months
(beats per 
minute)

after 24 months
(beats per 
minute)

after 30 months
(beats per 
minute)

after 36 months
(beats per 
minute)

1 78 83 85 89 91 93 96

2 80 82 87 89 91 93 95

3 75 79 82 84 87 89 91

Table 3. Average heart rate measurements for respondents in relation to the workplace (average values for 10 workers)
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which allows us to efficiently determine regression coef-
ficients all at once.

Multiplying equation (3) by X-1 from the left hand side
X -1 X a = X -1 Y (Eq. 6)
and taking into account that X -1 X = 1, we get

 (Eq. 7)
Using Excel’s buil-in functions MINVERSE and MMULT 

the above method can be easily solved in an interactive 
manner. In this particular case we use Excel’s capability 
to perform a multiple regression analysis using a third 
order polynomial (cubic curves) by adding a trendline 
and scatter plot graphical tool. 

The results are shown in Figure 1, 2 and 3 with calcu-
lated coefficients of determination R2, which is a statis-
tical measure of how close the data are fitted to the re-
gression line. As it can be seen, those coefficients are in 
all case very close to 1, which proves that the models fits 
the measured data very well.

5.	 DISCUSSION
Acute noise exposure can cause increases in blood 

pressure, heart rate, and cardiac output, likely medi-
ated by the release of stress hormones such as catechol-
amines (4, 5). Umemura et al. and Björ et al. showed that 
the type and presence of noise, respectively, could affect 
heart rate results. (6, 7). Additionally, Lee et al. reported 
that heart rate results were affected by the level of noise, 
as well as on the acceleration of inflammatory processes 
(inflammation is the connection between atherosclerosis 
and arterial thrombosis and plays an important role in 
progression, plaque vulnerability and thrombus forma-
tion) (8). The engineering control or personal control by 
wearing hearing protection device should be used to de-
crease noise exposure levels lower than 85 dB for 8 hours. 
Moreover, if the exposure level reaches 85 dB for 8 hours, 
the employer needs to implement a hearing conserva-
tion program in the workplace (9, 10). Interventions in 
the work environment could be a preventable and con-
trollable manner for reducing the incidence of cardio-
vascular disease (11). Occupational noise exposure was 
associated with higher levels of systolic blood pressure 
and diastolic blood pressure, and the risk of hypertension 
(11). Bluhm et al. found connection between residential 
road traffic noise and hypertension (12). Kalantari et al. 
found that noise can increase the heart rate of workers 
(13). Heart rate is an important factor that is widely used 
in determining the health of an individual, especially 
overall cardiovascular health. There is some evidence 
that demonstrate that elevated resting heart rate is asso-
ciated with a greater risk of developing sustained hyper-
tension and with increased cardiovascular morbidity and 
mortality (14, 15). Persistent tachycardia of any form can 
cause tachycardia-mediated cardiomyopathy (TMC), and 
can precipitate heart failure (16). Exposure to the noise 
may lead to the onset of hypertension and the conse-
quences of hypertension itself. 90-95% of all patients with 
hypertension suffer from primary hypertension (essen-

tial) and that represents hypertension of unknown origin 
(17). Hypertension is defined as systolic blood pressure 
(SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) 
values ≥90 mmHg (18). Some progress has been made in 
understanding the epidemiology, pathophysiology, and 
risk associated with hypertension, and there are a lot of 
evidences that demonstrate that lowering blood pressure 
can reduce premature morbidity and mortality. Elevated 
blood pressure was the leading global contributor to pre-
mature death in 2015, with almost 10 million deaths and 
over 200 million disability-adjusted life years. It is im-
portant to note that despite advances in diagnosis and 
treatment over the past 30 years, the disability-adjusted 

The results are shown in Figure 1., 2. and 3. with calculated coefficients of 
determination R2, which is a statistical measure of how close the data are fitted to the 
regression line. As it can be seen, those coefficients are in all case very close to 1, which 
proves that the models fits the measured data very well. 
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Figure 1. Systolic blood pressure – regression analysis estimation (cubic 
curves)

The results are shown in Figure 1., 2. and 3. with calculated coefficients of 
determination R2, which is a statistical measure of how close the data are fitted to the 
regression line. As it can be seen, those coefficients are in all case very close to 1, which 
proves that the models fits the measured data very well. 

–

 

 

Figure 2. Diastolic blood pressure – regression analysis estimation (cubic 
curves) –
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5. Discussion 

Acute noise exposure can cause increases in blood pressure, heart rate, and cardiac output, 
likely mediated by the release of stress hormones such as catecholamines (4,5). Umemura et al. 
and Björ et al. showed that the type and presence of noise, respectively, could affect heart rate 
results. (6,7). Additionally, Lee et al. reported that heart rate results were affected by the level of 
noise, as well as on the acceleration of inflammatory processes (inflammation is the connection 
between atherosclerosis and arterial thrombosis and plays an important role in progression, 
plaque vulnerability and thrombus formation) (8).  The engineering control or personal control by 
wearing hearing protection device should be used to decrease noise exposure levels lower than 
85 dB for 8 hours. Moreover, if the exposure level reaches 85 dB for 8 hours, the employer needs 
to implement a hearing conservation program in the workplace (9,10). Interventions in the work 
environment could be a preventable and controllable manner for reducing the incidence of 
cardiovascular disease (11). Occupational noise exposure was associated with higher levels of 
systolic blood pressure and diastolic blood pressure, and the risk of hypertension (11). Bluhm et 
al. found connection between residential road traffic noise and hypertension (12). Kalantari et al. 
found that noise can increase the heart rate of workers (13). Heart rate is an important factor that 
is widely used in determining the health of an individual, especially overall cardiovascular health. 
There is some evidence that demonstrate that elevated resting heart rate is associated with a 

R² = 0,9982

Figure 3. Heartbeat values – regression analysis estimation (cubic curves)
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life years attributable to hypertension have increased by 
40% since 1990 (18). The heart muscle can be burdened 
in two ways, with pressure (systolic) or volume (diastolic 
load). Volume excretion causes a proportional increase 
in the volume of myofibrils and the volume of mitochon-
dria (eccentric hypertrophy develops over time). Due to 
the pressure load, the volume of myofibrils is increased 
(aortic stenosis, isometric load, arterial hypertension, 
pulmonary hypertension) and is characterized by concen-
tric hypertrophy. Concentric hypertrophy will increase 
myocardial stiffness. With this kind of hypotrophy, myo-
cardial stiffness is increased. Increased workload leads 
to early development of heart failure and coronary heart 
disease (atherosclerosis) or myocardial infarction (19). 
High blood pressure damages also the cerebrovascular 
system and presents the etiologic factor of kidney damage 
(19, 20).

In long-lasting untreated arterial hypertension, the fi-
brosis and hyalinization of the blood vessels will make 
changes in the flow and flow control in the kidney. Grad-
ually in the kidneys parenchyma cells will decay (19,20). 
Patients with mild or severe hypertension usually have no 
subjective problems (the only symptom that is described 
is morning’s occipital headache) (20). Symptoms include 
dizziness, numbness in the mouth, insecure walking. Hy-
pertension is the major risk factor for coronary heart dis-
ease, left ventricular hypertrophy and heart failure. Left 
ventricular hypertrophy in hypertension is an indepen-
dent predictor of morbidity and mortality, and the con-
dition is predisposed to the occurrence of cardiac insuffi-
ciency (20). In hypertrophy of the heart in hypertension, 
coronary flow is normal at rest, but in the effort coronary 
vasodilatory reserve will be insufficient (20).

Blood supply is not insufficient even in the absence of 
coronary artery disease, leading to sub-endocardial isch-
emia under the conditions of increased myocardial ox-
ygen demand. Sub-endocardial ischemia and cardiovas-
cular fibrosis exacerbate diastolic regression, leading to 
dyspnea and diastolic heart failure (20). Although signif-
icant success in treatment has been achieved, hyperten-
sion is the most common cause of diastolic heart failure 
and is a major factor for acute coronary syndrome and 
indirectly for systolic heart failure (20). Although we do 
not know the cause of hypertension, prevention is im-
perative. Most commonly, the lack of physical activity 
or obesity is the cause of hypertension, and physical ac-
tivity is the first thing to prevent hypertension (21, 22). 
Many authors have shown that working conditions, as 
well as stress at work itself, lead to an increased cardio-
vascular risk (23-32). This research has proven that pre-
vention must still be thought of in much broader sense. In 
our case, noise has increased heart rate and blood pres-
sure over time and present etiological factor that should 
be prevented. The hypothesis that exposure to excessive 
noise could be associated to high blood pressure was de-
scribed by Babisch (4), and later the thesis was confirmed 
also by other researchers (5-14). Liu et al. made connec-
tion between hypertension and hearing loss caused by 
noise in Chinese coal miners. The occupational noise was 
an independent risk factor for hypertension and could in-

crease the values of SBP and DBP (33). De Souza showed 
that exposure is independently associated to hyperten-
sion (34). Chang et al. showed that both systolic and di-
astolic blood pressure were significantly higher among 
workers exposed to noise levels ≥ 85  dB (35). Powazka et 
al. observed an average increase in the systolic blood 
pressure of 5 mmHg among workers at a steel factory ex-
posed to 89 dB (36). Meta-analysis investigated the associ-
ation between cardiovascular abnormalities and chronic 
occupational exposure to noise (37). Cayir et al. have re-
vealed that occupational noise exposure is associated 
with higher risk of elevated blood pressure and hyperten-
sion in young adults, and demonstrated an interaction of 
noise with gender and BMI (38). Daniell et al. confirmed 
that most companies gave limited or no attention to noise 
controls and relied primarily on hearing protection to 
prevent hearing loss; yet 38% of employees did not use 
protectors routinely. Protector use was the highest when 
hearing loss prevention programs were completed, indi-
cating that use of protection was attributable to incom-
plete or inadequate company efforts. (39, 40)

6.	 CONCLUSION
Noise prevention has become a problem of modern 

medicine. The result of our work allows estimation of 
arterial hypertension in specified time in case of expo-
sure to a certain strength of noise. Prevention of noise, 
daytime noise prevention as well as better equipment for 
work and preventive equipment are imposed as impera-
tive in such or similar conditions, with the need of devel-
opment of national strategies for this issue in countries 
where they are not present.
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