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Abstract

Background: Noise has been acknowledged as one of the most prevailing physical hazard in occupational
health and safety. Noise can possess both permanent and temporary health outcomes. The hazardous exposure to
occupational noise is generally identified to have aural effects. However in past few years, researches have been
carried out to perceive the association between noise exposure and cardiovascular diseases. Yet, the topic has
been under controversies regarding its actual relationship or association since there is an existence of other
confounders, variables or lifestyle with the exposure which might affect the subsequent disease condition. The
results have not been consistent in the studies. Hypertension is one of the most significant etiological factors for
cardiovascular diseases. Noise can cause high blood pressure mostly by two ways: either by releasing stress
hormones like steroids or by stimulating sympathetic nervous system. China being one of the most rapidly
developing countries in the world is having most prominent effect of noise in the daily life since it is a point for most
of the goods manufacturing. Various national and international organizations like CDC, OSHA, and NIOSH etc. has
recommended various ways to control the noise hazard and its deleterious impact on human health. This research
was also done to assess the relationship or association between noise exposure level and prevalence of
hypertension in the workers from steel factory in Guangzhou.

Aim: The goal of the study was to find out the relationship between occupational noise exposure and prevalence
of hypertension regarding its confounders.

Methods: A cross-sectional study was carried out to find out the association between noise exposure level (<85,
85-90, >90) dBs and hypertension. The data was collected in Guangzhou No.12 Peoples hospital. A sample of 274
workers was taken from the steel factories in Guangzhou. The data was collected through physical examination and
questionnaires. For statistical analysis, Chi square test was used in order to compare the variables. Logistic
regression analysis was used to test the association between hypertension and the selected variables.

Results: As a result, we found out that cumulative noise exposure is associated with hypertension (P=0.004).
The total prevalence of 9.8% of hypertension cases were under the noise exposure group of >90 db. The
independent association of hypertension was seen after the linear regression analysis as BMI group over weight
(odd ratio = -0.090, Cl 95%= (-0.005)—(-4.280) with P=0.039 when compared to the reference category of BMI
underweight. The correlation of hypertension was also seen with age group (P=0.009), working years and sleeping
hours with P=0.030 and P=0.047 respectively.

Conclusion: The study showed that the prevalence of hypertension is associated with the occupational noise
exposure and highly influenced by BMI group overweight after our final regression analysis. Age group, working
years and sleeping hours also showed having some association with the prevalence of hypertension.

Keywords: Occupational noise; Hypertension; Cardiovascular circulatory diseases and has proven to have calculable association
disease; Non-auditory effect of noise among noises-aggregated health effects [2].

. Noise can act as both physical and psychological impetus. Globally,
Introduction about 600 million workers are exposed to occupational noise [3]. The
World Health Organization estimated that about 250 million workers
around the globe are exposed to potentially hazardous noise levels [1].
Listed as one of the most prevailing physical hazard, noise has
variations in occurrence and is proven to be prominent causes for
occupational related health outcomes. The noise impact can either
endure temporary or permanent health impairments (auditory and
non-auditory effect). The aftermath of the noise exposure is slow and

Noise is any unwarranted disturbance within a useful frequency
band (NIOSH, 1991) [1], and it has been identified as one of the most
prevailing physical hazards in occupational health and safety of the
expeditiously developing countries. Globally, noise now has been listed
as the third epidemic to cause physiological and psychological
dysfunctions after the other chronic diseases such as cancer and
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elusive. Annoyance can have immediate result; detrimental health
effect is seen only after persistent and recurring exposure to inimical
noise.

Noise acts as stress arbitrator debilitating concentration and causes
sleeping disorder affecting psychosocial aspect of the person with
passive presentation in day to day activities [4]. Persistent exposure to
occupational or environmental noise may induce various contrary
health effects as sleep disturbance, annoyance, noise-induced hearing
loss (NIHL), cardiovascular disease, endocrine effects, and elevated
incidence of diabetes [5,6]. According to WHO, annually 45000 lives
are lost due to noise-induced cognitive impairment in children, 903000
due to noise-induced sleep disturbance, 61000 due to noise-induced
cardiovascular disease, and 22000 due to tinnitus in Western Europe
[4]. In the States, 4 million of workers get exposed in the harmful noisy
environment every day and approximately 10 million people have
noise related hearing disorders or loss where 22 million of worker
population is exposed to possibly damaging noise every year. About
82% of cases were reported in 2007 related to occupational hearing loss
among workers in manufacturing sector.

Noise and hearing Impairment

Hearing loss occurs with continuous noise exposure and extent of
exposure, which gradually progresses over years. Hearing loss due to
continuous exposure to noise upsurges swiftly in period of first 5-10
years of noise exposure. The rate of hearing loss then decelerates as the
hearing threshold increases. This is also contrast to age related hearing
loss, which quickens over time [7]. The hazard of noise induced
hearing loss is sensed to be low at exposure below 85 dB for 8 hours’
time-weighted on average, although it surges ominously as exposure
upswing above this level [8]. Occupational noise is basically measured
in A-weighted decibel (dB) A and the modest amount of exposure is 8
hours per working day. It has been proven that there is a strong
association between the parameter and its potential of impairing
human hearing. This is one of the most prevailing epidemiological
measurements of exposure. Hearing impairment is one of the
preeminent results of occupational noise exposure.

The primary effect of exposure to surplus noise usually upsurge in
threshold of hearing (threshold shift) [1]. The acquaintance to loud
sound in occupational setting causes generally two kinds of hearing
sensitivity: a temporary threshold shift (T'TS) in hearing sensitivity or
permanent threshold shift (PTS). The temporary threshold shift in
hearing sensitivity refers to the hearing loss which last for several hours
(14 hours or longer in definite cases) and permanent threshold shift
refers to sensitivity which is perpetual. Noise induced permanent
threshold shift (NIPTS) is a permanent threshold shift which can be
accredited to noise exposure [7]. Threshold shift is predecessor of noise
induced hearing loss and tallies to permanent increase in threshold of
hearing which might be escorted by tinnitus. The noise induced
tinnitus may be for either short term (24 hours) or permanent after
persistent noise exposure. Noise-induced hearing impairment occurs
predominantly at higher frequencies (3000-6000 Hz), with the largest
effect at 4000 Hz. It is irreversible and increases in severity with
continued exposure.

Noise and psychology

Noise has various ranges of psychological outcomes. Several studies
were done and as per epidemiological research most prevailing
psychological noise aftermath comprises of annoyance, psychological

well-being and psychiatric hospitalization [6]. The leading
psychosocial effect from noise exposure and occupational noise
exposure is annoyance. Association within noise and annoyance has
been interpreted on population level composed with various effect-
alternating factors. Annoyance from uninterrupted sound seems to
differ significantly by individual. There are also numerous factors that
might stimulate annoyance and succeeding stress mechanism.
Annoyance intensifies sympathetic stimuli specifically in noise
sensitive individual, and might be the non-sleep intervened pathway
that is existing in the individual with excessive occupational noise
exposure who might consequently develop heart diseases.
Epidemiological studies shows that annoyance in offices is
considerable at equivalent sound levels >55 dB (A). A few studies show
that 35-40% of office workers are highly annoyed at noise levels from
55 to 60 dB (A). In industrial situations, similar percentages of highly
annoyed workers occur at equivalent sound levels >85 dB (A).

Noise-induced cardiovascular conditions

Cardiovascular system does not stand at first place when comes to
the onset of diseases and hazards in occupational setting unless the
pathogenesis is associated to stress-related disorders. Noise can be
hazardous in several ways. As noise surges stress hormones such as
cortisol, epinephrine and non-epinephrine which later may be the
causes for the onset of high blood pressure, heart stroke and heart
failure. The short-term laboratory research on human being and long
standing research on animal have together delivered biological
mechanism and creditability for the theory that long term exposure to
environmental noise affects the cardiovascular system and roots
manifest disorders like hypertension, ischemic heart disease and stroke

[9].

There was increased risk of acute myocardial infraction mortality in
the workers in sawmill who were exposure to higher occupational
noise exposure [10]. Till date, cardiovascular diseases (CVD) have
been often studied and reviewed for over past 40 years with
conclusions as occupational noise contributes in elevation of blood
pressure (BP), hypertension and other cardiovascular related diseases
[11]. Repeated exposure to high intensity of noise in various working
circumstances increases the risk of CVD with two folds. Among the
exposure group, young aged smokers were at greater risk for CVD as it
is one of the main causative agents for it [12]. CVD, being a primary
causation for mortality globally, is also predicted to have greater
impact and prevalence in coming decades [13-15].

Noise and hypertension

Hypertension (HTN) or high blood pressure is a prolonged medical
status where the blood pressure in the arteries is raised persistently
[16]. Hypertension was defined by the World Health Organization: a
systolic BP > 140 mmHg or a diastolic BP > 90 mmHg, or had been
treated for hypertension [17]. Hypertension is one of the significant
causes for CVD. There are some modifiable components as eating
habits, smoking and drinking habits, occupation and some non-
modifiable components as genetic deposition, age and gender are
known for causing hypertension [18].

HTN is comparatively prevailing and acknowledged as one of the
common health risk among workers exposed in loud noise [19]. There
are two probable biological mechanisms for relationship between noise
and high blood pressure; it can either because of release of stress
hormones like steroids or by stimulation of sympathetic nervous
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system with release of adrenaline hormones. The pathophysiology of
the noise to induce hypertension is hypothesized as involvement of
dysfunctional stress mechanism.

The auditory system which is also related to sympathetic nervous
system and neuroendocrine system reacts to the sound stimulus
through reflexes which are evidenced by cardiovascular effects such as
alteration in catecholamine, epinephrine and non-epinephrine,
corticosteroids levels. The continuous exposure and repetition to the
noise can be pathogenic, leading to persistent ascending of vascular
auto regulation resulting to hypertension [20]. A study has showed that
the levels of stress hormones like catecholamine and cortisol are higher
in the in the exposure group than the non-exposure group [21]. While
some research concentrated on the sympathetic medullary axis and
demonstrated elevated heart rate and blood pressure [22]. Chronic
exposure to occupational noise has proven for extorting hypertension
according to many previous studies [23-28]. Elevated risk of
hypertension was shown between the subject who were exposed to
high level of noise for longer duration and after adjustment for age,
race, working years gradual increase in risk of hypertension was shown
with the cumulative noise exposure of 85 dB and above [29].

It has been shown that the industrial workers are at higher risk of
stroke or CVD by 27% than the financial workers but non-significant
with noise exposure level [30]. Various studies have shown that there is
a connection between noise exposure and high blood pressure [31]. It
has been shown that the long-term exposure to self-reported
occupational noise exposure was related with approximately 3 folds
rise in the prevalence of angina pectoris and 2 folds increase in
prevalence of coronary heart disease (CHD) and isolated diastolic
hypertension (IDH) [28]. Though there was no proven epidemiological
reason for it. The confounders like lifestyle and hereditary factor are
some additional factors that may give biased interpretation regarding
the relationship [32].

Other factors likely to affect the blood pressure are shift work and
workplace noise [33,34]. The association between shift works and noise
exposure was given by Attarchi et al. which explained that the
prevalence of hypertension and mean of systolic and diastolic blood
pressure were relatively higher among the shift workers exposed in the
noise above 84 dB [34]. Though, WHO in 1999 concluded that the
current evidence offered weak correlation between long term exposure
to noise above 67-70 dB and prevalence of high blood pressure [35].
Some of the present day studies have a call that noise exposure above
50 dB at night time may mark up the risk of myocardial infraction by
enhancing the production of cortisol.

Meanwhile, China today is one of the rapidly developing countries
in the globe. With maximum growth in its economy and standards,
there has been a drastic modification of life style among the Chinese
population. These modifications are having prominent effects with the
noise exposure levels in daily life of Chinese population, weather it is at
their workplace, transportation or leisure time activities or
entertainments. Approximately, tens of millions of immigrant workers
in China are into intense laboring in constructions and manufacturing
exposing themselves to extraordinary level of noise compared to
another working environment. As a result, the prevalence of noise
induced adverse health effects are up surging [36]. There has been a
rising interest on the aftermath of occupational noise exposure over
health with the rapid industrialization in China.

Few recent studies and researches has concluded that noise
pollution has been placed at 4t position to conduce sub-healthy state

in the Chinese population summing with further factors such as
inadequacy of rest and physical workouts, additional work shifts and
air pollution [37]. The prevalence of hypertension and high blood
pressure are also increasing with its rapid development. A study
showed that 33.6% (35.3% in men and 32% in women) or 335.8 million
(178.6 million men and 157.2 million women) of the Chinese adult
population had hypertension in 2010 [38]. Since China is major
country for most of the production of materials and part required by
all over the world, we see a lot of large scale industries and factories,
few of the studies done in different cities of China are given below for a
brief acknowledgement of occupational noise and prevalence of
hypertension in China.

A case-control study conducted in Hangzhou showed that there was
a high risk of hypertension in the exposed group than in non-exposed
group of study [39]. A research done in a Taiwan in an aircraft
manufacturing plant showed that among 790 workers 141 were
classified as hypertensive and 56 were further more diagnosed with
hypertension in 10 years of study [25]. A study done among 3150
workers in a steel factory in Zhengzhou showed the prevalence of
hypertension in 29.88% of male and 12.13% of female who were
exposed to the cumulative noise exposure level of 95 dB to 113 dB
[40,41]. A study conducted in a coal company in Nanjing with 738
participants showed the prevalence of hypertension in 29.2% of the
workers who were exposed to the occupational noise [32].

Aims of the study

e To determine the relationship between occupational exposure to
noise and hypertension.

« To investigate the prevalence of cardiovascular diseases related to
occupational noise exposure.

Material and Methods

Study population

The study was done at Guangzhou No.12 People’s Hospital, China.
The samples of 274 were taken from the hospital database which was
pre-collected through a questionnaire survey and physical
examination. The study populations were from a steel factory in
Guangzhou. The worker were from different department of the factory
such as galvanized workshop, acid rolling line, equipment room,
rolling operation, grinding machines etc. The inclusion criteria for the
study population were:

o Participant with noise exposure more than one year (including one
year)

« Noise exposure intensity larger than 80 dB (A).

o No family hereditary deafness, no external ear and middle ear
disease, no detonation history, no history of head trauma.

« No ototoxic drug taking history (common ototoxic drugs are:
streptomycin, gentamicin, kanamycin, vancomycin, quinine,
aspirin, diuretics, anticancer drugs)

o No history of infection affecting the hearing function (may affect
the hearing function of infectious diseases mumps, meningitis,
brain, measles and rubella and other diseases);

o No family history of hypertension and other family history of
cardiovascular disease.

Noise exposure assessment and frequency analysis: The noise
exposure was assessed for 8 working hours. A portable noise
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measuring meter was used to determine the frequency of noise which
was carried by each worker within their working hours. The noise
exposure level in the factory was then classified into 3 categories: <85
dB, 85-90 dB, >90 dB. We took this level of exposure on the basis of
few studies that used these levels for their studies [42].

Blood pressure measurement and hypertension: The systolic and
diastolic blood pressures were obtained using a sphygmomanometer.
The determination of hypertension in the study was the systolic blood
pressure higher or equals to 140 mmHg and diastolic pressure higher
than or equals to 90 mmHg. The blood pressure measurement was
done by professional health workers in the hospital. The pre-
hypertensive workers were identified through the questionnaire survey.

The questionnaire was developed to retrieve some general
information of participants. It included the demographic data,
personal (smoking habits, drinking habits, physical exercise, sleep
duration, use of headphones and access to noise post work) and
professional history (length of service, contact to noise throughout the
service, daily and weekly exposure to noise, work shifts, use of PPE,
exposure to high temperature, vibration, radiation, electromagnetic
radiation, dust, organic solvent and heavy metals), past and present
medical history, use of ototoxic drugs. Smoking habit was specified as
no smoking and amount or frequency to smoking per day for last 6
months. Likewise, drinking habit was classified as per intake of more
than one kind of liquor per week for more than 1 year. All the subjects
filled out the questionnaire after giving informed consent and before a
physical examination.

Statistical analysis

All the data were analyzed by SPSS version 21.0. We started with
illustrating the frequency distribution of all variables according to the
level of noise exposure. The bivariate analysis was done to test the
association between the variables and exposure and outcome in order
to identify the further potential confounders that can be associated to
exposure. The normality of the variables was tested by Shapiro-Wilk
considering the p-values >0.05 as a point to keep the hypothesis that
the variable is normally distributed. For all the variables with normal
distribution, we chose parametric test to acquire the correlation
coefficient value i.e. Pearson’s correlation (r). For the variables which
were not normally distributed we took the Spearman’s correlation
coeflicient value (Spearman’s rho). The variables were categorized and
Chi-square was used to test the association and for the p-values
bivariate correlation test was done. Next, the confounders with P
value< 0.05 from Chi-square and correlation results were included into
the generalized linear model. All the variables were individually tested
for the association of noise with hypertension and were considered to
be included in the regression analysis. The model was composed of
confounders which were statistically significant i.e. P< 0.05. Regression
analysis with linear regression was done to test the individual
independent relation between the variables and high blood pressure.
The ultimate odd ratio concluded the prevalence of hypertension.

Results

Total of 274 workers were incorporated in this study. Out of these
19/274 workers were found having high blood pressure after physical
examination and history collection through the questionnaire.

Effect of age on hypertension: Only the male population was taken
in the study since there were no female workers in this department of
the factory. The age group was divided into 3 groups: <27, 27-30 and

>30 with the mean age of 28.6 + 4.23 years. The non-parametric
correlation for age showed the rho value of 0.201 and P=0.001 (Table
1) showing the association although we took the parametric
correlation for further analysis. Here we saw that hypertension is
positively correlated with age of the workers. With the increase of age,
the prevalence of hypertension was also increasing with the Chi square
value x?=0.32 and P=0.009.

Effect of noise exposure duration on hypertension: The noise
exposure duration was taken in terms of working years, daily noise
exposure and weekly noise exposure. The sample group taken had 1
year of minimum and 17 years of maximum working duration in the
factory with the mean working years of 4.69 + 2.86 years (Table 1). The
mean daily noise exposure hours of the workers was 1 hour at
minimum and 12 hours at maximum a day with mean noise exposure
hours of 10.24 + 3.23 hours per day. Likewise, the workers were
exposed to the noise for maximum of 6 days and minimum of 3 day
per week with the mean weekly exposure of 4.23 + 0.72 days a week.

The duration of noise exposure (per day and week) did not seem to
have any relation with the prevalence of hypertension in our study as
the correlation coefficient for daily noise exposure was 0.073 with
P=0.230 and for weekly noise exposure the correlation coefficient was
0.037 with P=0.54. But the working year showed having correlation
with hypertension with Spearman’s rho=0.131 and P=0.030 (Table 1).

Effect of cumulative noise exposure (CNE) on hypertension: The
mean cumulative noise exposure in this study was 91.77 dB + 3.64,
with Spearman’s rho value 0.201 and P=0.001 (Tables 1 and 2), which
showed that hypertension was related to the cumulative noise
exposure. The cumulative noise exposure groups were divided into 3
categories: <85, 85-90 and <90 dB of noise. Ongoing into the
relationship between cumulative noise exposure and hypertension, we
found out that the noise exposure at <85 dB and 85-90 dB had no
significance of hypertension but as the noise exposure level increases to
>90 dB, we saw that 19(9.8%) workers of 274 workers were having
hypertension (Table 3). Hence it was found out that cumulative noise
exposure group was having association with hypertension with derived
Chi square value 0.015, and P=0.005 showing the significance
relationship (Table 3).

Effect of body mass index on hypertension: The body mass index
(BMI) was calculated by dividing the body mass by square of body
height, mass in kilogram and height in meters. The standard
interpretation of body mass index was taken as the reference such as
BMI underweight (<18.5), normal weight (18.5-23), overweight (23-
<25) and obese (>25). The calculated mean BMI was 22.87 + 3.1 (Table
1). However we took BMI group to include in the further correlation
analysis. The Chi square value was 0.024, Pearson’s correlation value
0.179 and P=0.003 which is <0.05. Therefore, as per the significance
value, we found that the BMI has positive association with prevalence
of hypertension on the workers. When included in regression analysis,
it was shown that the BMI over weight was independently associated
with prevalence of hypertension among the factory workers with odd
ratio (-0.005)-4.280 with P=0.039 (Table 4).

Effect of sleeping hours on hypertension: Sleeping hour’s data was
collected through the questionnaire. The minimum and maximum
sleeping hour recorded were 5 hours and 12 hours respectively. The
calculated mean for this was 7.68 + 1.15. The P value of sleeping hours
in relation to hypertension was 0.04 (Table 1). As this value fulfilled the
significance value we saw that sleeping hours also had relation with the
hypertension prevalence in the study.
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) Standard Corre:leftion Physical exercise
Continuous deviation coefficient
variables Mean (Spearman’s rho) p-values Never exercise 0 25(39.7%) | 38 (60.3%)
Age 28.62 | +4.23 0.201 0.001 1-2 time/week 5 (2.8%) 42 (23.7%) | 130 (73.4%) | P=0.139
Working years 469 | £2.86 0.131 0.03 3-5 times/week 1(3.4%) 7(241%) | 21 (72.4%)
Cumulative noise 6 and above/week 0 0 5(100)
exposure (CNE) 91.77 | +3.64 0.216 0
BMI group
Systolic blood
pressure(SBP) 122.02 | £11.68 r=0.391 0 Under weight 2(9.5%) 6(28.6%) 13(61.9%)
Diastolic blood Normal weight 2(1.6%) 37(30.3%) 83(68%) P=0.149
pressure (DBP) 77.05 | £8.34 0.271 0
Over weight 1(1.4%) 16(22.2%) | 55(76.4%)
Body mass index
(BMI) 228 | +341 0.195 0.001 Obese 1(1.7%) 15(25.4%) | 43(72.9%)
Sleeping hours 7.68 +1.15 -0.1 0.047 Hypertension
“r=Pearson’s correlation coefficient No 6 (2.4%) 74(29%) 175 (68.6%) | P=0.01"
s . Y 0 0 19 (100%
Table 1: Statistics for continuous data. es (100%)
Education
Variabl CNE P-val
ariables groups value Primary and below | 2(1.8%) 30(26.8%) | 80(71.4%)
<85 85-90 >90 L
Junior high school 4(2.5%) 44(27.2%) 114(70.4%) P=0.92
n=6 n=74 n=194 i
Cardiovascular symptoms
Age group High blood pressure
<27 3(3.2%) 3(3.4%) 0 No 6(2.2%) 72(26.8%) | 191(71%) P=0.77
27-30 30(32.3%) | 25(28.1%) | 19 (20.7%) P=0.13 Yes 0 2(40%) 3 (60%)
>30 60(64.5%) | 61 (68.5%) | 73 (79.3%) Palpitation
Use of PPE No 6(2.3%) 71(27.3%) | 3(21.4%) P=0.73
Never wear 0 4(21.1%) | 15 (78.9%) Yes 0 3(21.4%) 11(78.6%)
Occasionally wear 5 (3.6%) 32 (23.4%) | 100 (73%) Heart rate change
Regular wear 1(1.4%) 27 (37%) 45(61.6%) | P=0.80 No 6(2.3%) 72 (27.1%) | 188(75%) P=0.89
Almost every time 0 11 (24.4%) | 34 (75.6%) Yes 0 2(25%) 6(75%)
Sm°ker . . . . . .
Table 2: General characteristics of variables with cumulative noise
No smoking 3(2.1%) 42 (29.2%) | 99(68.8%) exposure group.
1-10/day 1(1.3%) 22(29.3%) | 52 (69.3%)
Hypertensiv | Normotensiv
11-20/day 2(4.1%) 8(16.3%) 39(79.6%) | P=0.77 Variables e e p-value
21-40/day 0 1 (25%) 3 (75%) n (%) n (%)
>40/day 0 1 (50%) 1(50%) n-19 n- 255
Alcohol frequency CNE group
< 1 time/week 5(3.2%) 41 (26.3%) | 110 (70.5%) <85 0 6(100%) x2=0.15
1 time/week 0 22 (24.7%) | 67 (75.3%) 85-90 0 74(100%) =-0.14, P=0.005"
2-3 times/week 0 9 (37.5%) 15 (62.5%) P=0.34 >90 19(9.8%) 175(90.2%)
4-5 times/week 0 2 (50%) 0 Age group
5 times/week 1(100%) 0 0 <27 ‘ 2(2.2%) ‘ 91(97.8)
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27-30 6 (6.7%) 83(83.3%) | x2=.032 No ‘ 0 ‘ 19 (100%) r=0.063, P=0.0296
>30 11 (12%) 81 (88%) r=.159, P=0.009" Heart rate change
Use of PPE Yes 19 (7.1%) 247 (92.9%) | x2=0.938
Never 2(10.5%) 17(89.5%) X2 = 2.44 No 0 8 (100%) r=-.047, P=0.435
Occasionally 9(6.6%) 128(93.4%) Rho=.008 High blood pressure
Regular wear 3(4.1%) 70(95.9%) P=0.901 Yes 19 (7.1%) 250 (92.9%) | x2=1
Almost every time 5(11.1%) 40(89.9%) No 0 5 (100%) =.0.037, P=0.540
Smoker L . .
Table 3: Association between variables and hypertension.
No smoking 6 (4.2%) 138 (95.8%)
R o o Variable Odd Ratio Confidence Interval | Sig
1-10/day 10 (13.3%) 65 (86.7%) (C1-95%)
- 0, 0, 2—,
11-20/day 3 (6.1%) 46 (93.9%) x°=0.152 Body mass Index
- 0, =| =
21-40/day 0 4 (100%) r=0.075 P=0.218 Underweight 0.117 0.065-(-0.24) 073
0,
>40/day 0 2(100%) Normal Weight -0.101 (-0.177)-(-0.024) 0.1
Alcohol frequency Over weight -0.09 (-0.005) - (-0.024) | 0.03"
1 0, 0
<1 time/week 7 (4.5%) 149 (95.5%) Obese 1 (Ref)
1 0, 0,
1 time/week 8 (9%) 81 (91%) “controlled for BMI group, age group and CNE group
2-3 times/week 4(16.7%) 20 (83.3%) | x2=0.240
) Table 4: Odd ratio of hypertension among the body mass index (BMI)
4-5 times/week 0 4 (100%) r=0.118, P=0.051
group.
5 times/week 0 1(100%)
Di ion
Physical Exercise Scussio
) Although there is a considerable part of literature nowadays linking
Never exercise 3 (4.8%) 60 (95.2%) . . . .
environmental noise exposure with hypertension and consequently
1-2 times/week 15 (8.5%) 162 (91.5%) | x2=0.474 with other cardiovascular disease, the results, however are
inconclusive. In many cases, they considered to be supportive rather
3-5 times/week 1(3:4%) 28 (96.6%) r=0.004, P=0.948 than definite due to failure to reach the level of statistical significance
6 and above 0 5 (100%) [43]. Furthermore, there is a certain degree of heterogeneity among
studies regarding the age, gender, mean of assessment/measurement of
BMI group exposure, duration of exposure, and sound level used, leading to mixed
) results [44,45]. Here in this study, we found out an association between
underweight 0 21 (8.2%) . .
Body Mass Index group overweight and hypertension. We also saw
Normal weight 5 (26.3%) 117 (45.9%) | x2=0.024 that age and cumulative noise exposures can also have influence for the
prevalence of hypertension as 9.8% of the total case was under the
Over weight 5(26.3%) 67(26.3%) r=0.179, P=0.003 CNE group >90 dB and with the increase in age group the prevalence
Obese 9(47.4%) 50(19.6%) of hypertension was also increasing. Our hypothesis has been not
accepted that the noise exposure level is independently associated with
Education hypertension and unlike few other we found no association between
. smoking alcohol drinking habits, use of personal protective equipment
Primary and below 11 (9.8%) 101 (90.2%) . . . . . . .
with hypertension. Likewise, comparing it to similar other researches,
Junior high school 8 (4.9%) 155 (95.1%) | x2=0.118 we saw similar kind of effects of noise level, age group, BMI and other
confounding upon hypertension.
High or secondary
school 0 0 r=-0.037, P=0.540 A study carried out in of the steel factory Henan province, China
showed that cumulative noise exposure, alcohol consumption and BMI
University 0 0

Cardiovascular symptoms

Palpitation

Yes

‘ 19 (7.3%)

‘ 241 (92.7%)

¥2=0.611

more than normal may affect the hypertension prevalence rate of the
workers exposed to noise. Here the cumulative noise exposure level
was taken as 95-99,100-104 and 105-113 dB with OR (95%CI)
1.84(95%CI: 1.35-2.51), 1.74(95%CI : 1.24-2.45) and 1.68 (95%CI :
1.09-2.58), drinking (OR=1.60, 95%CI: 1.32-1.95) and BMI = 24.0
kg/m? (OR=1.26, 95%CI: 1.22-1.30), but in this study we found out
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that the cumulative noise exposure and age group are correlated with
hypertension but doesn't have independent association with
hypertension. Although this study supports our result that BMI group
of overweight is independently associated with prevalence of
hypertension. A study done in Finland also suggested that the work
load and occupational noise is responsible for the increased risk of
coronary heart disease due to increased blood pressure, BMI and
glucose level [46]. A multivariate analysis in a study publicized that
age, body mass index, cumulative noise exposure, current anti-
hypertensive medication and alcohol intake were the significant
predictors for systolic blood pressure [47].

There are enormous health effects from the noise in the daylight, the
noise exposure during night also have some significance health
consequences. According to WHO, NNG (Noise Guideline for Europe)
has given the association between night noise exposure and health
effects in various 4 range of noise exposure level i.e. the noise exposure
below 30 dB has no significant health effects. From 30-40 dB, it initially
influences the sleep and has some contrary effects in the vulnerable
groups. The exposure to 40-55 dB shows acute rise in adverse health
consequences and also the vulnerable groups inclines to be intensely
affected. The upsurge of the noise level above 55 dB has recurrent
contrary health outcomes with elevated per centum of annoyance in
huge population group [46,48]. A cross-sectional study carried out in
one of the screw manufacturing factory in Taiwan with 188 male
workers showed that the noise exposure of > 80 dB for 2-4 years have a
higher risk of hypertension. Exposure to the noise > 70 dB at 4000 Hz
for 2-4 years is associated with hypertension considering the inverse of
noise frequency component on high blood pressure [49]. Various
researches has found out that the occupational noise exposure was
marked from <45 dB [50] >95 dB [51,52]. When we compared these
studies with our study, we saw that we could not prove that noise
exposure of <85 dB, 85-90 dB and >90 dB are independently associated
with hypertension but they are correlated with each other. Most of the
prevailing risk factors for the cardiovascular disease are age, gender,
tobacco, smoking and drinking habit, inadequate physical activity,
elevated blood pressure and cholesterol level and low socio-economic
state. Most of these factors are related to occupational noise exposure
[53].

A population of 432 exposed to the occupational noise exposure
>85 dB showed that the relationship of age, body mass index and
alcohol intake was significant to prevalence of high blood pressure
[54]. A research talking about the related with noise vulnerability at
working environment shows inadequateness of these covariate data
confines the possibility to regulate the confounding factors in the
researches. Hence, partial adjustment of the confounders may
conclude to overestimation of the CVD effects of cardiovascular
diseases only. 27% of industrial workers are at elevated risk of it than
that of the financial sector workers but not indicatively by noise [30]. A
research conducted in Hangzhou, China in order to determine the
relationship of systolic blood pressure and diastolic blood pressure in
regards with case group of 1390 workers exposed to occupational noise
and 1399 workers in the control group of non-exposure group to
occupational noise which concluded that there is an correlation and
dose-response relationship between occupational noise exposure and
elevated systolic and diastolic blood pressure and risk of prevalence of
hypertension [39].

A study carried out in Japanese blue collar male workers working in
the paper manufacturing factory to find the similar relationship
between occupational noise and hypertension. Here in this study, two

groups were taken one exposed with occupational noise in paper
manufacturing plant (242 workers) and one group (173) from chemical
plan without noise exposure. They showed that 16.9% of hypertension
was prevalent in the noise exposed group whereas 34.7% of
hypertension was found in the group without noise exposure. We saw
the reverse relationship between noise and hypertension in this study
since the workers were under the implication of guidelines for
occupational noise management which might have prevented the
workers from the contrary effect on noise on health. Unlike in our
study, we saw no relationship between noise and use of PPE [55].
Another cross-sectional study done to determine the status and
influence of hypertension on mechanic factory workers in Hunan
provenience of China also enclosed that the hypertension prevalence
was 12.1%. Logistic regression analysis showed the body weight index
(BMI), age, and history of hypertension in parents and accumulative
noise dose levels influenced the hypertension prevalence [56].

The developed countries have taken up different effective ways to
prevent the adverse effect of occupational noise on health. Many
scientific studies have been carried out to find out the adverse effects of
noise and also different actions have been taken for the health
promotion to subdue the contradiction made by occupational noise.
Media communication has been proven to be most effective way for
spreading the awareness in public. Rules and regulations have been
taken up to defy all the adverse health effects of noise and is under
strict evaluation under the government (for e.g.) Occupational Safety
and Health Administration (OSHA) in the U.S.A created in 1971. Its
mission is to prevent work related injuries, illnesses, and deaths among
workers " OSHA's mission is to assure the safety and health of
America's workers by setting and enforcing standards; providing
training, outreach, and education; establishing partnerships; and
encouraging continual improvement in workplace safety and health"
(OSHA, 2004). With the foundation of OSHA, the occupational
mortality rate has reduced by 62% and the injuries reports by 42%.
Meanwhile, regarding the occupational health status of developing
countries is prevailing behind due to lack of proper adoption of rules
and regulations and awareness [57].

A study done in Amsterdam showed that there is a definite relation
between noise and hearing loss but the relationship with noise and
hypertension could not be evaluated after the adjustments of the
confounding factors, also quoted that noise brings up various other
non-auditory effects such as annoyance, irritation, impairment of
communication and perception due to the stress causation due to noise
[58]. A cross-sectional study carried out in the blue-collar worker
demonstrated a potent relationship between noise exposure with
hearing loss as well as hypertension with hearing loss greater than or
equal to 65 dB loss at 3, 4, or 6 k Hz and high blood pressure greater
than or equal to 90 mmHg diastolic or taking blood pressure
medication in the 56+ age group [59]. The studies have shown that
occupational noise not only results for hearing disorders or
cardiovascular disorders but also causes the agitation in autonomic
nervous system as well as endocrine system [60]. A study done in sack
factory concluded that the occupational noise exposure has no
significant in the rise of diastolic blood pressure but increased the
systolic blood pressure, also indicating that the works should not be
exposed to more than 89 dB of sound [61].

The researchers have found out that there are some genetic and
environmental interaction between the angiotensin and chronic noise
exposure resulting in hypertension [62]. Though there exist variation
and contradiction in the findings of studies. This might be because the
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studies and researches consist of various study designs, alterations in
exposure assessment, use and nature of personal protective equipment
at occupation, diverse unit of capacity to regulate or control for
confounders [63].

The hierarchy of control: Since occupational noise exposure has
enormous health hazards, management of these hazards is mandatory.
The occupational safety and health professionals from The Centers for
Disease control and Prevention has then formed a Hierarchy of
Control to control the hazard and reduce the risk of adverse health
effects. This group strategically ramifies to degrade or withdraw the
noise exposure and hazards. In the general cases, this helps to route
away or eliminate the source of noise hazards. If elimination is not
feasible, there is an alternative for substitution of those resounding
equipment with nominal sound producing equipment. The next level
of control in the hierarchy is engineering control. This control strategy
is used when the substitution control fails to execute the hazardous
occupational noise. Engineering controls necessitate physical
alterations of workplace like reprogramming of the equipment in order
to eliminate and obstruct the noise root reaching to the workers. If the
hindrance of sound hazards is not viable by elimination, substitution
and engineering controls, the consecutive control to be used is the
administrative controls. This control group involves the alternating
way of how workers would work or change their duty shifts in order to
escape the long term noise exposure. At last we see the least effective
level of control is the use of personal protective equipment (PPE) as
they depend on the workers drive whether to use it or not. The use of
PPE would give protection to the workers when it is interfused with
other control group like administrative controls and when the noise is
not completely removed by engineering controls (Figure 1) [31].

« Hierarchy of Controls

et
| Physicelly remaove
I Elimination ik

Rt Replace
PAF LI LLE LA the hazard
| Bsolate people
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Administrative Change the way
Controls pacple work

| Protect
| P

Figure 1: Hierarchy of controls by centers for disease control and
prevention.

Source: The centers for disease control and collection prevention,
2016. Meanwhile in China, the government and the organizations has
conducted substantial scale occupational hazard monitoring census,
epidemiological surveys for the baseline information for further more
development of occupational disease and forming new policies. China
has adopted various steps in order to degrade the prevailing
occupational health diseases. Yet, it needs to strengthen its policies,
supervision and management to meet the demand of growing
problems and population especially in the large scale industries and
chemical factories. Occupational health standards system in China
comprehends of extends including physical, chemical, biological,
ergonomics and atmospheric condition at the working surrounding.
The occupational health standards in China is mainly branched into
imperative National Standards (GBZ) and recommended National

standards (GBZ/T) that comprises of hygienic design of industrial
enterprises, exposure limit of occupational hazards in the working
environment diagnosis of occupational disease, warning signs of
occupational hazards in the working place and technical specifications
for occupational health and surveillance.

Limitation

Though we were able of complete this research fruitful relatively, we
still had some confinements during the research listed below:

o The information we had for this research was from the physical
assessment carried out for the works in the hospital in general basis
hence there lacked quality regulations as this research had very
limited time to carry out.

o The 19 workers out of 274 were categorized as hypertensive
grounded on a blood pressure measurement taken during their
assessment only. This way, the selection bias might have formed
also the workers might have misclassified with diagnosis or
treatment.

e« As we have used the cross-sectional study design to see the
correlation between hypertension and occupational noise exposure
in this study, but this study design doesn't assure that the outcome
is actually an effect of exposure, to approve cause-effect
relationship.

o It is uncertain that the workers primarily had hypertension was

deliberately allotted to the work setting with greater noise exposure
environment.
Several studies have shown that the use of personal protective
equipment would have association with hypertension but in this
study we did not find any relationship of PPE with noise exposure
and hypertension, so we did lack the précised evidence about use
PPE.

o The sample size from this factory is relatively low in comparison
with other studies, hence further addition of data and analysis
needs to carry out. We also not clearly state that the BMI is highly
associated with the prevalence of hypertension as the confidence
interval was very high. Therefore, deeper study needs to be carried
out with inclusion of some more sample size.

Conclusion

We found out that hypertension is co-related with noise exposure,
age and BMI regarding the confounders. We saw that working year and
sleeping hours also had relationship with hypertension. However, an
independent association of hypertension was seen with BMI group
over weight only. The main idea of this study was to support the
hypothesis that the noise exposure is independently associated with
hypertension, but we only saw there was correlation between the
parameters. Even though we have many limitations in our study, we
can still get some picture of associations between the noise exposure
and prevalence of hypertension. Although there has been proven and
well accepted relationship between noise induced hearing loss and
noise exposure, the relationship between noise exposure and
cardiovascular disease is still under argumentations. The research
further might help for further limiting the hazard exposure and to
spread the precautions as a part of public health studies. This study
would contribute to the currently ongoing other similar study to fight
the risk of this non communicable disease.
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