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The present study aimed to determine the role of job components and individual parameters on the
raised blood pressure among male workers of textile industry who were exposed to continuous high noise
level. Information of all eligible subjects including demographic and individual characteristics, medical
history and job characteristics were obtained by direct interview and referring to the medical records. All
blood pressure measurements were done using mercury sphygmomanometer in the morning before work.
The 8-hours equivalent A-weighted sound pressure level, the level of blood cholesterol and triglyceride,
and noise annoyance was determined for each worker. As the result of weighted regression in path analysis
(direct effect), only the work shift did not have a significant effect on blood pressure among the studied
variables. It can be seen that variables including the level of triglyceride, cholesterol, and noise exposure
have the most direct effects on blood pressure. The results of total effects showed that variables, including
using the hearing protection device, age, work experience and visibility of sound source, did not have
a significant effect on blood pressure. The results of this study indicate that occupational noise exposure
alone and combined with other job components and individual parameters is associated with raised blood
pressure. However, noise exposure was probably a stronger stressor for increased blood pressure.

Keywords: noise exposure; noise annoyance; noise sensitivity; triglyceride; cholesterol; raised blood
pressure.
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1. Introduction

Keeping the blood pressure (BP) under control
is extremely important since having abnormally high
blood pressure (≥ 120 mmHg systolic) can be consid-
ered a risk factor for many diseases and life-threatening
problems (Lawes et al. 2008; MacGregor, He,
2005). Raised blood pressure is a health risk for the
heart and circulatory system (the cardiovascular sys-
tem) worldwide. Raised BP is responsible for 62% of
stroke and 49% of ischemic heart disease and approxi-
mately 7% global disability and also about 9.4 million
deaths per year worldwide (He et al., 2014). Approx-
imately one billion people, or 15% of the world’s pop-
ulation, suffer from raised blood pressure, and are at
increased risk of cardiovascular disease, atherosclerosis,
plaque-rupture problem, cerebral hemorrhage, small
vessel disease and kidney disease (MacGregor, He,
2005).

Employees exposed to high levels of noise at work
are considered one of the groups at risk for raised BP
(Foraster et al., 2014). Studies have repeatedly indi-
cated that noise exposure increases systolic and dias-
tolic blood pressure (Babisch, 2011). Especially work-
ers in the textile industry are exposed to high lev-
els of noise due to outdated machinery, poor design
and construction and crowding of the workplace, espe-
cially in developing countries (Ashraf et al., 2009),
so it is expected that they are linked with a risk of
high BP (Ni et al., 2007). An exposure-response rela-
tionship between prevalence of hypertension and noise
exposure as a persistent occupational and environmen-
tal problem was indicated in previous studies (Jarup
et al., 2008; Rosenlund et al., 2001; Osadad, Ya-
mamotoa, 2004). Exposure to high level of noise can
cause increase in stress levels leading to adrenalin aug-
mentation, increase in cortisol level, superficial vascu-
lar constriction, and as a result, raised blood pressure
(Dehghan et al., 2017; Bigert et al., 2005; van Kem-
pen et al., 2002).

The assessment of noise annoyance using subjec-
tive ratings can assign a more useful estimator of noise
exposure level for tracing its effects on blood pressure
(Lercher et al., 1993; Soares et al., 2017; Abbasi
et al., 2015). Moreover, some researchers have indi-
cated that the level of noise annoyance can also be
affected by the visibility of the sound source, so it has
been suggested to hide the source of sound in order
to decrease the levels of noise annoyance (Bangjun
et al., 2003; Krogh et al., 2012; 2018).

Progress in industrialization has created the need
for continuous operations; this is because shift work
was known as a significant risk factor for the be-
ginning of hypertension (Suwazono et al., 2008).
The combined effects of shift work and exposure to
noise on blood pressure have also been investigated by
Attarchi et al. (2012). They reported that doing shift

work and exposure to noise have an additive effect on
occurrence of hypertension (Attarchi et al., 2012).

Noise is probably the most prevalent physical stres-
sor in the workplaces; and for underestimating the real
health effects, it is necessary to evaluate its adverse ef-
fects in the presence of other risk factors (Lercher
et al., 1993, Azadboni et al., 2018). There is now
a sparse literature regarding this approach, so the
present study aimed to determine the role of job com-
ponents (including noise exposure level, noise source
visibility, noise annoyance, using hearing protection de-
vice and work shift) and individual parameters (includ-
ing age, body mass index (BMI), years of employment,
level of triglyceride and cholesterol, smoking status) on
the raised blood pressure among male workers of tex-
tile industry who are exposed to high levels of noise.
In the present study, direct and indirect effects of con-
tinuous noise on the raised blood pressure of workers
engaged in a noisy industry were modeled.

2. Subjects and methods

This cross-sectional study was carried out in Savad-
Kouh textile industry in 2017. Workers who had at
least ten years of duration of employment were re-
cruited into this study. Participating in this study was
entirely voluntary. Subjects were asked to fill out a con-
sent form. Participants who had healthy and balanced
diet, and regular exercise behaviour were found to be
eligible for study enrollment.

Information of all subjects including demographic
and individual characteristics (age, work experience,
body mass index, and smoking habit), medical history
(history of high blood pressure, diabetes, heart dis-
ease or kidney disease, and the use of drugs that have
an effect on blood lipids) and job characteristics (shift
work, noise source visibility, and use of hearing protec-
tion) were obtained by direct interview and referring
to their medical records. Participants were excluded if
they received any drugs that affect blood pressure such
as Corticosteroids, and or had overt diabetes, hyper-
tension, cardiovascular and kidney diseases. Referring
to audiometric test results of the workers, those with
a hearing loss greater than 30 decibels (dB) and history
of hearing impairment were excluded from the study.
In the studied industry, workers wear hearing aids un-
der uniform attenuation earmuffs and in this regard,
the required training about the instructions for proper
fit, correct use, and maintenance of hearing protectors
was provided for them.

Blood pressure was measured using mercury sphyg-
momanometer (ALPK2, Japan) after providing nec-
essary training to participants in the morning before
work after 5 minutes of seated rest. All blood pres-
sure measurements were done at least 30 minutes after
eating, physical activity, or smoking (Nikolic et al.,
2014). To determine the level of cholesterol and triglyc-
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eride, after 8 hours of fasting the blood samples were
taken and then the samples were transferred to the
biochemistry laboratory of Savad-Kouh and analyzed
by cholesterol oxidase – phenol + aminophenazone and
(CHOD-PAP) and glycerol-3-phosphate oxidase – phe-
nol + aminophenazone (GPO-PAP) methods (Chiu
et al., 2006). For 1 day prior to test day, parti-
cipants were asked to refrain from consumption of
alcohol, fatty foods, lipid-modifying drugs, and do-
ing extreme sports (Cox, Garcia-Palmieri, 1990;
Fadaei et al., 2017). All above mentioned variables
were measured at least three times in one month dur-
ing the work.

Subjects have being exposed to a variety of noise
level but the type of noise was similar as it was pro-
duced by weaving and spinning machines, thus per-
sonal measurement was conducted. Based on ISO 9612:
2009 consideration since noise was steady in most sta-
tions the equivalent A-weighted sound pressure level
was measured over 15 minutes in all their work sta-
tions by a Bruel and Kjaer Type 2236 noise analyzer.
In the cases where noise was fluctuated more than
5 dB, measurement time was equal to working time
at that station. The noise measurement was done in
every potential place where workers may be present
along a working day. The location of a microphone of
sound level meter was determined by taking into ac-
count the location of subjects in a routine work. Noise
measurements were conducted for each person sepa-
rately and finally, 8-hour time-weighted average sound
pressure level was obtained according to the standard
ISO 9612: 2009 (ISO, 2009; Dehghan et al., 2013).

Noise annoyance was assessed through the ques-
tionnaire “Acoustics – Assessment of noise annoyance
by means of social and socio-acoustic surveys” which
is defined by ISO/TS 15666:2003 (ISO, 2003). The
reliability and validity of its Persian translation was
investigated by Alimohammadi et al. (2013). This
questionnaire uses a numerical scale ranging from 0
to 10 to describe the level of noise annoyance in
five scales including not at all, slightly moderately,
very and extremely (Abbasi et al., 2015; Monazzam
et al., 2018).

The statistical method used in this study is the
pathway analysis which includes 6 endogenous varia-
bles (work experience, noise annoyance, body mass
index (BMI), cholesterol level, triglyceride level, and
blood pressure) and 6 exogenous variables (using hear-
ing protection equipment, sound source visibility, noise
exposure, smoking status, work shift, and age). Nor-
mality of the collected data was tested by Skew-
ness and Kurtosis indices in single-variable mode as
well as Mardia test in multivariate mode (Mardia,
1970). In order to achieve robust results, the bootstrap-
ping method was used to calculate confidence inter-
vals as well as significant level with 2000 repeat times
(Bollen, Stine, 1992; Efron, 1987).

3. Results

Among 220 workers, 159 volunteers were in full
compliance with the inclusion criteria and participated
in the study. The results of demographic and individual
characteristics showed that 74 subjects (46.5%) wore
hearing protection device (HPD), 78 people (49.1%)
were able to see the source of sound, 97 participants
(61%) were smokers, and 67 people (42.1%) worked in
the morning shift. Some of descriptive statistics of the
research variables are presented in Table 1.

Table 1. Mean (SD) of the studied variables among
the study population.

Variable Mean ± SD

Age [year] 46.78± 5.25

Work experience [year] 24.92± 6.42

BMI [kg/m2] 26.29± 0.63

Triglyceride [mg/dl] 181.25± 2.87

Cholesterol [mg/dl] 187.31± 3.24

Noise exposure level [dBA] 84.72± 2.01

Score of noise annoyance 8.15± 0.76

Systolic Blood pressure [mmHg] 150.28± 2.1

Results of normality tests indicate that the vari-
ables in the multivariate mode did not get a normal
distribution (Kurtosis = −9.78); so, the statistical ana-
lysis was carried out based on bootstrapping method
with 2000 repetitions.

The hypothesized model of research is presented in
Fig. 1. Fitness for hypothesized model due to gath-
ered data showed acceptable fit on five measures: Chi-
square (24.05, df = 43, p = 0.949), Chi-square over
degree of freedom (0.676 < 3), Comparative Fit Index
(CFI = 1.00), Goodness of Fit Index (GFI = 0.971), and
Root Mean Square Error of Approximation (RMSEA
< 0.001).

Table 2 shows the standardized regression weights
along with their bootstrap confidence intervals. As the
result of regression weights (direct effects) in path ana-
lysis, among the research variables that their effect on
blood pressure based on the hypothesized model was
evaluated, only the work shift did not have a significant
effect (p = 0.445). It can be seen that among the vari-
ables that have a significant effect on blood pressure,
variables including triglyceride (95% CI 0.400, 0.511),
cholesterol (95% CI 0.353, 0.462), and noise exposure
(95% CI 0.448, 0.531) have the most effects.

In the present model of path analysis, there is
also an estimation of indirect effects in fact each of
them is result of the effect of an exogenous variable
through another exogenous variable on the dependent
variable (Kline, 2015). Estimating the indirect effects
as well as estimating the direct and indirect effect on
a variable (total effect) was reported using bootstrap
method in Table 3.
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Fig. 1. Hypothesized model of the study.

Table 2. Estimates of standardized regression weights based on hypothesized model.

Parameter I Parameter II Estimate (beta) 95% CI p-value

Age Cholesterol −0.10 (−0.23,0.01) 0.08

Smoking Cholesterol 0.04 (−0.09,0.18) 0.54

ShiftWork Cholesterol 0.14 (0.004,0.28) 0.04∗

NoiseExposure Cholesterol 0.38 (0.25,0.49) 0.01∗∗

Age Work experience 0.60 (0.50,0.68) 0.01∗∗

Visibility Annoyance 0.05 (−0.09,0.21) 0.47

Age Triglyceride 0.01 (−0.12,0.17) 0.75

WorkExperience Annoyance 0.03 (−0.16,0.21) 0.76

Age Annoyance −0.03 (−0.19,0.13) 0.69

ShiftWork Annoyance 0.12 (−0.02,0.27) 0.09

NoiseExposure Triglyceride 0.24 (0.09,0.38) 0.01∗∗

HPD∗∗∗ Annoyance 0.02 (−0.11,0.16) 0.75

NoiseExposure Annoyance 0.38 (0.22,0.53) 0.01∗∗

BMI Cholesterol 0.76 (0.69,0.82) 0.01∗∗

Age BMI 0.06 (−0.03,0.16) 0.18

Annoyance Blood pressure 0.19 (0.15,0.22) 0.01∗∗

BMI Blood pressure 0.05 (0.02,0.08) 0.01∗∗

Cholesterol Blood pressure 0.40 (0.35,0.46) 0.01∗∗

NoiseExposure Blood pressure 0.38 (0.44,0.53) 0.01∗∗

ShiftWork Blood pressure −0.00 (−0.02,0.01) 0.44

Age Blood pressure 0.04 (0.02,0.06) 0.01∗∗

Triglyceride Blood pressure 0.45 (0.40,0.51) 0.01∗∗

Smoking Blood pressure 0.16 (0.13,0.18) 0.01∗∗

∗ Significance at 5% level, ∗∗ significance at 1% level, ∗∗∗ HPD: hearing protection device.

The results of total effects (total direct and indirect
effects) showed that HPD (p = 0.746), age (p = 0.083),
work experience (p = 0.763) and visibility of sound
source (p = 0.467) did not have a significant effect

on blood pressure. However, smoking, working in the
afternoon shift, exposure to noise in the workplace,
cholesterol levels, triglyceride levels, BMI and the noise
annoyance had the significant effect on blood pressure.
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Table 3. Standardized indirect and total effects.

Parameter I Parameter II Indirect effect p-value Total effect p-value

Age Work experience 0.00 − 0.60 0.01∗∗

Smoking Cholesterol 0.00 − 0.04 0.54

Shift work Cholesterol 0.00 − 0.14 0.04∗

Noise exposure Cholesterol 0.00 − 0.38 0.01∗∗

Age Cholesterol 0.00 − −0.10 0.08

Noise exposure Triglyceride 0.00 − 0.24 0.02∗∗

Age Triglyceride 0.00 − 0.01 0.75

Smoking BMI 0.03 0.53 0.03 0.53

Shift work BMI 0.11 0.04∗ 0.11 0.04

Noise exposure BMI 0.29 0.01∗∗ 0.29 0.01∗∗

Age BMI −0.07 0.08 −0.01 0.85

BMI Cholesterol 0.00 − 0.76 0.01∗∗

HPD∗∗∗ Annoyance 0.00 − 0.02 0.75

Shift work Annoyance 0.00 − 0.12 0.09

Noise exposure Annoyance 0.00 − 0.38 0.01∗∗

Age Annoyance 0.02 0.75 −0.01 0.87

Visibility Annoyance 0.00 − 0.05 0.47

Work experience Annoyance 0.00 − 0.03 0.76

HPD Blood pressure 0.00 0.74 0.00 0.74

Smoking Blood pressure 0.02 0.54 0.18 0.01∗∗

Shift work Blood pressure 0.08 0.02∗ 0.08 0.04∗

Noise exposure Blood pressure 0.35 0.01∗∗ 0.74 0.01∗∗

Age Blood pressure 0.03 0.46 0.01 0.08

Visibility Blood pressure 0.01 0.46 0.01 0.46

Work experience Blood pressure 0.00 0.76 0.00 0.76

Cholesterol Blood pressure 0.04 0.01∗∗ 0.44 0.01∗∗

Triglyceride Blood pressure 0.00 − 0.45 0.01∗∗

BMI Blood pressure 0.00 − 0.05 0.01∗∗

Annoyance Blood pressure 0.00 − 0.19 0.01∗∗

∗ Significance at 5% level, ∗∗ significance at 1% level, ∗∗∗ HPD: hearing protection device.

The most significant effects on blood pressure were re-
lated to noise exposure (beta = 0.743), triglyceride level
(beta = 0.456), and cholesterol level (beta = 0.447), re-
spectively.

4. Discussion

The present study indicated that among all studied
job components and individual parameters, the most
significant factor affecting raised blood pressure was
noise exposure. Moreover, noise exposure had the in-
dividual and total significant effects on level of choles-
terol and triglyceride and score of annoyance, and all
of them had the individual and total significant effect
on the blood pressure.

In general, effects of occupational noise exposure
as the most common physical stressor in the work-
place can be categorized into auditory or non-auditory,
including hearing impairment and permanent hearing

loss as the auditory effects and stress, related phys-
iological and behavioural effects and increased blood
pressure as the non-auditory effects (Ismaila, Odu-
sote, 2014; Zamanian et al., 2012; Abbasi et al.,
2015; 2016; Mohammadi et al., 2016).

Kelsey et al. (1999) concluded that the release
of stress hormones such as steroids and activation of
the sympathetic nervous system along with release
of epinephrine are the main reasons for the raised blood
pressure among workers who are exposed to noise
(Kelsey et al., 1999). As reported in the study by
Chang et al. (2003), two possible mechanisms includ-
ing sympatheticotonia-induced endothelial lesion and
stress-induced hormone release have been suggested for
initiating hypertension. The current study confirmed
that exposure to noise significantly increases the di-
astolic blood pressure among textile workers, and this
finding is in line with the results of the previous stud-
ies (Neghab et al., 2009; Ising, Braun, 2000; Mo-
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tamedzade, Ghazaiee, 2003; van Kempen et al.,
2002); however, it did not support some other stud-
ies (Ismaila, Odusote, 2014; Attarchi et al., 2012)
that observed no significant correlation between noise
exposure and raised blood pressure.

According to our results, level of triglyceride and
cholesterol also has a strong significant effect on raised
blood pressure. Several epidemiological studies have
pointed out that arterial hypertension is frequently
associated with serum lipid abnormalities (Ferrara
et al., 2002; Marotta et al., 1995; Laurenzi et al.,
1990; MacMahon et al., 1984). It has been suggested
by some authors that endothelium plays an important
role in the regulation of systemic blood pressure and
local vascular tone, in the sense that, the same fac-
tors which can affect the endothelium are able to in-
fluence blood pressure levels. Therefore, lipoproteins,
which are atherogenic, might contribute to the patho-
physiology of arterial hypertension (Ferrara et al.,
2002; Vallance et al., 1989; Resink et al., 1994;
Creager et al., 1990; Clarkson et al., 1996). More-
over, it has been shown that high cholesterol can im-
pair endothelium-dependent dilation (Creager et al.,
1990).

In the present study, it has been shown that there
are significant positive correlations between noise ex-
posure and blood level of cholesterol and triglyceride.
The effect of occupational noise exposure on increased
cholesterol and triglyceride levels has been reported in
a couple of studies (Melamed et al., 1997; Moham-
madi et al., 2016). Brandenberger et al. (1980) have
drawn a conclusion that the levels of cortisol will be
increased as a result of noise exposure, which subse-
quently leads to increased total cholesterol, low-density
lipoprotein (LDL), triglycerides, decreased cholesterol
high-density lipoprotein (HDL), and impaired insulin
secretion (Melamed et al., 1997).

In addition, the existence of significant positive cor-
relation between noise exposure and annoyance score
has been confirmed in current study. Annoyance is one
of the common health problems caused by noise ex-
posure and it has been confirmed in numerous stud-
ies that there is a positive exposure-response relation-
ship between noise exposure and annoyance (Héritier
et al., 2014; Öhrström et al., 2006; Brink, Wun-
derli, 2010). Dehghan et al. (2013) concluded that
the annoyance score “highly annoyed” was obtained by
42% of workers who were exposed to sound pressure
level higher than 85 dBA. Noise annoyance as a nega-
tive feeling such as disturbance dissatisfaction, displea-
sure, irritation and nuisance, may evoke emotions and
cause the reaction which is tightly related to the indi-
vidual affective experience regarding the noise source
(Ouis, 2002). Several publications suggested that the
noise level and the noise annoyance were equally good
indicators for assessing the adverse health effect of
noise exposure (Rylander, 2004; Lercher et al.,

1993; Bluhm et al., 2004). Lercher et al. (1993) by
Crude analysis showed that the effect of noise annoy-
ance is 2.1 mmHg for systolic and 3.5 mmHg for dias-
tolic blood pressure. Babisch et al. (2013) introduced
noise annoyance as a modifier of the association be-
tween noise level and cardiovascular health. They con-
cluded that subjects who are more annoyed by noise
are at a higher risk of raised blood pressure (Babisch
et al., 2013).

According to the noise reaction model (Babisch,
2002), one of the principal pathways which is related
to adverse health effects of noise is indirect route. It
usually refers to the cognitive perception of the sound
and its cortical activation and related emotional re-
sponses (Ndrepepa, Twardella, 2011). Noise expo-
sure can initiate physiological stress reactions includ-
ing hypothalamus, the limbic system, the autonomous
nervous system, the pituitary and the adrenal gland,
and so it can lead to dysregulation of these systems
as a result of long-term health effects (Babisch et al.,
2013; Rylander, 2004).

At the workplace, one of the non-acoustical fac-
tors that contributes to noise annoyance is visibility
of sound source (Passchier-Vermeer, Passchier,
2000). In the present study, the effect size of the
sound source visibility on noise annoyance was found
to be 0.052.

According to above statement, high level of blood
cholesterol and triglycerides, noise exposure, and noise
annoyance can cause high blood pressure. Our findings
indicate the amount of total effect (direct + indirect) of
cholesterol and triglycerides level, noise exposure and
noise annoyance on blood pressure were 0.447, 0.456,
0.743, and 0.192, respectively. Noise exposure had the
total effect of 0.380, 0.243, and 0.387 on cholesterol and
triglycerides level and annoyance score, respectively.
However, for comparison purposes, there have been no
studies conducted on investigating the joint effects of
these parameters on blood pressure. The present re-
sults are consistent with the above mentioned studies
in case of individual effect of studied parameters on
blood pressure.

Our results indicate that the variables age, BMI,
and smoking have the significant individual effects on
blood pressure with total effect of 0.010, 0.054, and
0.181, respectively and there was no significant indi-
vidual relationship between blood pressure and shift
work of participants (total effect: 0.081). It has been
demonstrated that the prevalence of hypertension in-
creases with aging (Pinto, 2007; Hart et al., 2012).
Increase in blood pressure with aging is associated with
several reasons including: a decrease in vascular resis-
tance, reduced elasticity of the blood vessel, changes in
blood volume and decreased kidney function (Kovacic
et al., 2011; Greenwald, 2007; Lakatta, 1999).
The body mass index has a major influence on blood
pressure (Brown et al., 2000). Jones et al. (1994)
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found that the relationships between BMI and sys-
tolic and diastolic blood pressure were almost linear.
It seems that weight gain stimulates sympathetic ac-
tivation which inhibits insulin and leptin secretion.
Moreover, linking between body weight and elevated
blood pressure can be due to activation of the renin-
angiotensin system as well as physical compression of
the kidney (Drřyvold et al., 2005; Masuo et al.,
2000; Hall et al., 2000). Epidemiological studies have
demonstrated that cigarette smoking is associated with
changes in blood pressure (Neaton, Wentworth,
1992; Sung et al., 2016; Jain et al., 2016), since smok-
ing releases sympathetic neurotransmitters which in-
crease blood pressure (Abtahi et al., 2011). However,
some studies confirm that smoking decreases blood
pressure, because of the cotinine (a metabolite of nico-
tine) loosens vascular muscle and widens blood ves-
sels and it leads to decreased BP (Borzelleca et al.,
1962; Dominiak et al., 1985). Shift work disrupts
sleep patterns and physiological circadian rhythms
(Ĺkerstedt, 2003). Shift work is a systemic stres-
sor which can be related to blood pressure dysregula-
tion and hypertension. Sleep deprivation increases the
activity of sympathetic nervous system and adreno-
cortical excitation, and in that way it can lead to
blood pressure dysregulation (McCubbin et al., 2010;
Chang et al., 2006).

So far only a few studies have dealt with the com-
bined effect of noise exposure and the above men-
tioned parameters in present study on raised blood
pressure. Some epidemiological studies suggest that
long-term exposure to noise causes the increased risk
of high blood pressure in middle-aged and older sub-
jects (Eriksson et al., 2007; Rhee et al., 2008). It has
been shown that for the workers engaged in a noisy
environment, there was an additive effect of exposure
to noise and shift working on occurrence of hyperten-
sion (Ismaila, Odusote, 2014). Also, Lercher et al.
(1993) concluded that workers who experience noise
annoyance have significantly higher BMI, and usually
work on nightshifts. In their study, it was reported
that age and BMI showed larger contributions on blood
pressure than smoking, which is inconsistent with our
results. They have shown that shift workers are more
annoyed by noise than day workers.

5. Conclusions

The results of this study indicate that individual
and combined effect of occupational noise exposure
with job components and individual parameters is as-
sociated with increased blood pressure. Noise expo-
sure may be a stronger stressor for blood pressure that
other studied parameters. So far only a few studies
have dealt with the combined effect of noise exposure
and the studied variables on raised blood pressure and
such findings can expand the current knowledge of di-

rect and indirect effects of noise exposure on blood
pressure. Although, future field and laboratory studies
with larger sample sizes, more potential confounding
factors and long follow-up are needed to confirm our
findings on this issue.
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son C.G. (2004), Aircraft noise exposure and cardio-
vascular risk among men – first results from a study
around Stockholm Arlanda airport, [in:] Proceedings
of the 33rd International Congress and Exhibition on
Noise Control Engineering. T.C.A. Society, Prague,
The Czech Acoustical Society, pp. 2385–2389.

16. Bollen K.A., Stine R.A. (1992), Bootstrapping
goodness-of-fit measures in structural equation models,
Sociological Methods & Research, 21, 2, 205–229.

17. Borzelleca J.F., Bowman E.R., McKennis H.
(1962), Studies on the respiratory and cardiovascular
effects of (-)-cotinine, Journal of Pharmacology and
Experimental Therapeutics, 137, 3, 313–318.

18. Brandenberger G., Follenius M., Wittersheim G.,
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57. Lercher P., Hörtnagl J., Kofler W.W. (1993),
Work noise annoyance and blood pressure: combined
effects with stressful working conditions, International
Archives of Occupational and Environmental Health,
65, 1, 23–28.

58. MacGregor G., He F. (2005), Importance of control-
ling blood pressure, Climacteric, 8, sup3, 13–18.

59. MacMahon S.W., Blacket R.B., Macdonald G.J.,
Hall W. (1984), Obesity, alcohol consumption and
blood pressure in Australian men and women. The
National Heart Foundation of Australia Risk Factor
Prevalence Study, Journal of Hypertension, 2, 1, 85–
91.

60. Mardia K.V. (1970), Measures of multivariate skew-
ness and kurtosis with applications, Biometrika, 57, 3,
519–530.

61. Marotta T. et al. (1995), Factors affecting lipoprotein
lipase in hypertensive patients, Metabolism, 44, 6, 712–
718.

62. Masuo K., Mikami H., Ogihara T., Tuck M.L.
(2000), Weight gain-induced blood pressure elevation,
Hypertension, 35, 5, 1135–1140.

63. McCubbin J.A., Pilcher J.J., Moore D.D. (2010),
Blood pressure increases during a simulated night shift
in persons at risk for hypertension, International Jour-
nal of Behavioral Medicine, 17, 4, 314–320.

64. Melamed S., Froom P., Kristal-Boneh E., Go-
fer D., Ribak J. (1997), Industrial noise exposure,
noise annoyance, and serum lipid levels in blue-collar
workers – the CORDIS Study, Archives of Environmen-
tal Health: An International Journal, 52, 4, 292–298.

65. Mohammadi H., Alimohammadi I., Roshani S.,
Pakzad R., Abdollahi M.B., Dehghan S.F. (2016),
The effect of occupational noise exposure on blood and
biochemical parameters: a case study of an insulator
manufacturer in Iran, Electronic Physician, 8, 1, 1740–
1746.



584 Archives of Acoustics – Volume 44, Number 3, 2019

66. Monazzam M.R. et al. (2018), Investigation of occupa-
tional noise annoyance in a wind turbine power plant,
Journal of Low Frequency Noise, Vibration and Active
Control, 1461348418769162, 1–10.

67. Motamedzade M., Ghazaiee S. (2003), Combined
effects of noise and shift work on workers’ physiological
parameters in a chemical industry, Avicenna Journal of
Clinical Medicine, 10, 1, 39–46.

68. Ndrepepa A., Twardella D. (2011), Relationship
between noise annoyance from road traffic noise and
cardiovascular diseases: a meta-analysis, Noise and
Health, 13, 52, 251–259.

69. Neaton J.D., Wentworth D. (1992), Serum choles-
terol, blood pressure, cigarette smoking, and death from
coronary heart disease overall findings and differences
by age for 316099 white men, Archives of Internal
Medicine, 152, 1, 56–64.

70. Neghab M., Maddahi M., Abdolreza R. (2009),
Hearing impairment and hypertension associated with
long term occupational exposure to noise, Iranian Red
Crescent Medical Journal, 2009, 2, 160–165.

71. Ni C.-H. et al. (2007), Associations of blood pressure
and arterial compliance with occupational noise expo-
sure in female workers of textile mill, Chinese Medical
Journal, 120, 15, 1309–1313.

72. Nikolic S., Abhayaratna W., Leano R.,
Stowasser M., Sharman J.E. (2014), Waiting
a few extra minutes before measuring blood pressure
has potentially important clinical and research ram-
ifications, Journal of Human Hypertension, 28, 1,
56–61.
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