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Introduction: Cardiovascular disorders are one of the commonly recognized occupational diseases in the developed world.
Individuals chronically exposed to noise at workplaces had a higher risk of developing elevated arterial blood pressure. There are
limited studies in Ethiopia regarding this topic and thus this study determined the prevalence and determinant factors of occupational
noise-induced pre-hypertension among metal manufacturing workers in Gondar city administration, Northwest Ethiopia.

Methods: An institution-based cross-sectional study design was carried out. In this study, 300 study participants were recruited by
census sampling method. A sound level meter was used to measure the working area noise level. A semi-structured pre-tested
interviewer-administered questionnaire was used to collect sociodemographic and clinical data. Blood pressure was measured in
a quiet room in the morning using a mercurial sphygmomanometer. Both bivariable and multi-variable binary logistic regressions were
used to identify factors associated with noise-induced prehypertension. Adjusted odds ratio with 95% confidence interval was reported,
and variables with p < 0.05 were considered as statistically associated factors with pre-hypertension.

Results: The prevalence of noise-induced pre-hypertension was 27.7% (95% CI: 22.7-32.7). In multivariable logistic regression,
working area noise level (AOR = 3.8, 95% CI: 6.8-8.9), 4565 years’ age (AOR = 9.8, 95% CI: 5.4-12.9), years of work experience
((6-10 years (AOR = 2.8, 95% CI: 1.98-5.90 and >10 years (AOR = 4.8, 95% CI: 7.8-9.75)), being a cigarette smoker (AOR = 3.6,
95% CI: 1.36-9.77), and alcohol consumption (AOR = 2.4, 95% CI: 1.06-1.04) were significantly associated with noise-induced
prehypertension.

Conclusion: Workers in metal manufactures who were exposed to noise levels >85 dB developed elevated blood pressure. The odds
of having prehypertension were increased by years of work experience, advanced age, smoking, and alcohol consumption. Our
findings recommended that the real-world preventive strategies should be taken to lower the risk of noise-induced pre-hypertension
hastened by occupational noise exposure.
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Plain Language Summary
What is Already Known on This Topic?

Prolonged occupational noise exposure is associated with many health-related problems including elevated arterial blood pressure.
Workers in metal processing factories are exposed to noise, which consecutively increases the risk noise-induced hypertension.

What This Study Adds?

This research demonstrated that employees working in a high sound level have developed pre-hypertension and it was associated
with advanced age and longer work experience of workers. This study offers a strong association between noise exposure and elevated
blood pressure among workers. This finding, which is specific on hypertension, will provide a significant information for workers and
the employee to design and implement preventive strategies. Our study focused on a single health problem because the intervention
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mechanisms for every disorders are different. So, if the workers have been aware as high noise level causes elevated blood pressure,
they would try to consider all possible primary and secondary prevention modalities.

Introduction

Cardiovascular disorders are one of the commonly recognized occupational diseases in the developed world. The World
Health Organization estimates that about 250 million workers around the globe are exposed to potentially hazardous
noise levels. Individuals chronically exposed to noise at workplaces had a higher risk of developing elevated arterial
blood pressure.'~

Smaller enterprises like metal processing factories play an important role in the economic growth of developing
nations like Ethiopia.®> Metal workers are usually exposed to noise emanating from the manipulation of metals. Chronic
exposure to this type of occupation is a risk factor for health abnormalities including hearing impairment*® and
cardiovascular diseases like noise-induced hypertension.” In the globe, there are numerous studies that demonstrate
the association between occupational noise exposure and the development of cardiovascular and metabolic diseases.”
The mechanism of how noise causes cardiovascular disease is not well established. However, sustained autonomic and
endocrine system activation induced by excessive and chronic noise is thought to be a factor contributing to the
development of cardiovascular diseases, including hypertension.'* !¢

Environmental stressors produce unique cardiovascular risk factors such as hypertension, hyperglycemia, and
hyperlipidemia.®'"-'® Exposure to manufacturings, road, railway, and recreational noises as a stressor can increase the
risk of transient elevation of blood pressure, either by releasing stress hormones (such as adrenaline and cortisol) or by
stimulating the sympathetic nervous system.'®?* If the noisy stress is chronic and repetitive, it may lead to pre-
hypertension (systolic blood pressure=120-139 mmHg or diastolic blood pressure=80-89 mmHg) and hypertension
(systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg).>**> Pre-hypertension tends to increase in
severity over time and may progress to clinical hypertension in years and its prevalence increases as age increases.”®

Different epidemiological studies in the world have explored the association between occupational noise exposure
and elevated blood pressure. For every 5 dB(A) increase in occupational noise exposure, the incidence (relative risk) of
hypertension was 1.14.27 Workers exposed to noise levels above 80 dB(A) have been reported to have a higher risk of
hypertension.”’*® Prolonged exposure to noise levels >85 dBA increases the systolic and diastolic blood pressure
levels.?” A study in Pakistan revealed that industrial areas are high noise sites (sound level >95 dBA) and the prevalence
of prehypertension and hypertension was 23.6% and 24.4% among the employees respectively.'' Based on a study in
Japan, the prevalence of hypertension among study participants working in the noise workplace was 16.9%.%° According
to the study in China, the prevalence of hypertension among study participants exposed to occupational noise during their
work period was 52.6%.>' Studies regarding the association between noise exposure and high BP in Sweden showed that
the prevalence of prehypertension was 22% in boys and 8% in girls.*> An experimental study in Egypt indicated that
occupational noise exposure is associated with the risk of prehypertension.®® Another study in south Korea confirmed
a positive association between exposure to noise over 85 dB(A) with pre-hypertension and hypertension in male
workers.**

Eventhough various literatures revealed the association of occupational noise and arterial blood pressure, very little is
known about it in Africa, particularly in Ethiopia. Therefore, this study aimed to determine the prevalence and
determinant factors of occupational noise-induced pre-hypertension among metal manufacturing workers in Gondar
city administration, Northwest Ethiopia. Conducting this research will have a crucial role in filling the above gaps, and to
design and implement strategies for the prevention and management of the problem in the study areas.

Methods and Materials
Study Setting, Design and Period

Cross-sectional study was conducted among metal manufacturing workers in Gondar City Administration, Northwest
Ethiopia, from April 1 to May 30, 2021. Gondar is the capital city of the central Gondar zone in Amhara Regional State.
It is one of the historical cities in the country and is located 750 km from Northwest of Addis Ababa. The city
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administration has 12 sub-cities with 12 urban and 10 rural kebeles. According to Gondar town industry development
office information, there are 46 metal manufacturings in Gondar city administration.

Population and Eligibility Criteria

The source of population were all the metal factory workers in Gondar city. The study population were all metal factory
workers who were present in the study area during the study period. All adult metal factory workers whose age >18 years
and who have been working in the metal factory for at least 6 months were included in the study, whereas those who
were known hypertensives and severely ill during data collection period were excluded.

Sample Size Determination and Sampling Technique
According to the thumb rule, our study population were not more than 500 and, therefore, sample size calculation was
not applicable. Hence, Census sampling method was used to recruit the study participants for this study.

Variable of Study
Dependent Variables
e Noise-induced pre-hypertension (Yes/No).

Independent Variables
e Socio-demographic characteristics such as age, sex, occupation, educational level, income, work experience.
e Behavioral factors like alcohol, smoking, earphone utilization.

Operational Definition

Pre-Hypertension

Prehypertension was defined as the systolic blood pressure between the range of 121 and 139 mmHg or diastolic blood
pressure between the range of 81 and 89 mmHg.>”

Metal Factory/Manufacture
Institutions where metal welding, cutting, and reshaping were made to produce useful equipment.

Smoker
Metal factory workers who reported smoking at least for 6 months.*®

High Noise Sound
Defined as the sound intensity level >85 dB.%’

Alcohol Consumption
Participants who drank any alcohol at least 1 time per day for 1 year.*®

Data Collection Tools and Procedures

Data were collected using pre-tested interviewer-administered semi-structured questionnaire adopted from previously
published articles.”!'"'#***° The questionnaire was comprised of the socio-demographic characteristics, anthropometric
measurement, and clinical factors collected by three professional nurses and two supervisors after providing 3 days of
training.

Environmental Noise Measurement Survey

The environmental noise (working area noise level) was measured in work stations using the sound level meter (model
SL-5868I) with a measurement range between 25 and 130 dB. In this study, the sound level meter was calibrated before
and after each use and workplace noise level measurements were taken on slow response. The device was placed at an
approximate distance of at least 1 meter from the noise source. The data collector holds the device by facing the
microphone towards the noise source and observes the measurement on the liquid crystal display. Working area noise
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level was measured according to the guideline of occupational safety and health management services.>® Noise level
measurements were made at each selected working site on five different days with 8 hours interval. Keeping the
microphone dry, avoiding serious vibrations during measurement, keeping conditions of temperature and humidity
were properly considered during noise measurement. Lastly, the mean working area noise level of 8-hour time-
weighted average on five different days was taken for each working area.*’

Blood Pressure Measurements
The measurements of blood pressure were performed in a quiet room in the morning using a mercurial
sphygmomanometer.*' The workers had to have a rest for at least 10 minutes before entering the room, and then were
guided into the sitting position after about 5 minutes of rest to test the blood pressure of the brachial artery three times.
The data were used in the mean of them to express individuals’ blood pressure in this study.*? Blood pressure was taken
following a gap of more than 12 h after noise exposure. It was measured using a mercury sphygmomanometer with
subjects in the sitting position after more than 15 minutes of rest. SBP and DBP were reported as the average of three
repeat measurements with 30-s intervals.**

A trained nurse used a sphygmomanometer to measure subjects’ BP two times on the left arm in the morning before
starting to work. Prehypertension was defined as having a systolic blood pressure between 121 and 139 mmHg or

a diastolic blood pressure between 81 and 89 mmHg.>>*

Sociodemographic Characteristics

Body mass index calculation, weight (BW) in kilograms (Kg) and height in meters (m) were recorded for all participants
during the first visit for sample collection. Height was measured without shoes, with eyes straight ahead and a right-angle
triangle resting on the scalp and against the wall, to the nearest 0.5 cm. Without shoes, weight was measured to the
nearest 100 grams. The body mass index (BMI) was calculated using the following equation; BMI = Body Mass Index
(kg)/Height (m)>.** A semi-structured pre-tested questionnaire was administered to the subjects after obtaining their
consent to collect sociodemographic and clinical data. The questionnaire comprised details on socio-demographic
variables, dietary habits, tobacco use, alcohol consumption, physical activity, family history of hypertension and stress
levels. Anthropometric measurements and blood pressure were recorded.

Data Processing and Analysis Procedure

The Shapiro—Wilk test was first used to determine the normality of the continuous variables of resting SBP and DBP,
which were relevant to the prevalence of prehypertension, as well as the independent variables of age, and working area
noise levels, employment duration, and BMI. The Hosmer—Lemeshow test was done to assess model goodness-of-fit
(p>0.05).

Data was entered into and analyzed by IBM SPSS Statistics V.21. Descriptive variables were analyzed using
frequencies, proportions, and means to describe the socio-demographic, behavioral, and physical characteristics.
Bivariable logistic regression analysis was applied to identify factors associated with prehypertension. All variables
with a p-value of 0.25 from bivariable logistic regression analysis were entered into a multivariable logistic regression
model to control the possible effects of confounder/s and to identify statistically significant variables. The strength of
association between dependent and associated factors was determined using an odds ratio (OR) with corresponding 95%
confidence intervals (CI). The level of significance was computed at a p-value <0.05.

Ethics Approval and Consent to Participate

Ethical approval was obtained from the Institutional Review Board of the University of Gondar (457/04/20210).
A permission letter was obtained from Gondar city administration office before data collection (255/04/202). After the
study participants were adequately briefed about the study, written informed consent was taken from each study
participant. All methods were performed in accordance with the relevant guidelines and regulations of the Declaration
of Helsinki.*’
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Since the majority of the study participants were illiterate, the data collector read the consent form and explained
about the purpose and procedure of the study. Then, the data collector marked as “Yes” on the written consent form when
the study participants were volunteered to participate in the study and recorded their signature with “thumbprint” and this
process was approved by the IRB of the University of Gondar. The participants’ names and other personal identifiers
were not included to maintain confidentiality and privacy.

Results

Socio-Demographic Characteristics of Study Participants

A total of 300 metal factory workers participated in the study. The majority of study participants were males (94.4%)
with a median age of 35 years (IQR=16). One-third of the study participants had more than 10 years of working
experience (34%). More than half (52%) of the study participants were exposed to greater than 85 dB (A) of the working
area noise level. One-third of the study participants were smokers (34.7%), and nearly 40% of metalwork shop workers
drank alcohol (Table 1).

Prevalence of Noise-Induced Prehypertension Among Metal Factory Workers
The over all prevalence of noise-induced pre-hypertension among the study participants was 27.7% (95.5% CI: 22.7-32.7)
(Figure 1).

Table | Socio-Demographic and Work-Related Characteristics of Study Participants
Among Metal Workers at Gondar City, Northwest Ethiopia, 2021 (N=300)

Variables Category Frequency Percentage
Sex Male 283 94.3
Female 17 57
Age (years) 18-29 103 343
3044 106 353
45-65 91 303
BMI (kg/m?) <185 3 I
18.5-24.9 277 92.4
25-29.5 20 6.6
Marital status Single 139 46.3
Married 125 41.7
Divorced 20 7
Windowed 16 5
Educational levels llliterate 18 6
Primary school 83 27.7
Secondary school 93 31
Diploma and above 106 353
Alcohol consumption Drinker 117 39
Non-drinker 183 6l
Smoking cigarette Smoker 107 347
Non-smoker 193 65.3
The working area noise level (dB) <85 143 473
85-90 157 52.7
Current working experience (years) 1-5 107 36
6-10 90 30
>10 102 34
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Figure | Prevalence of Noise-induced prehypertension among metal factory workers in Gondar city, Ethiopia, 2022.

Factors Associated with Noise-Induced Prehypertension

Almost one-third of the study participants had noise-induced prehypertension (27.7% (p <0.001)). A binary logistic
regression analysis model was executed to assess the association of hearing loss with its associated factors. In the
bivariable logistic regression analysis, exposure to working area noise level, age, cigar smoking, ear protection equip-
ment, and alcohol consumption were statistically associated with noise-induced prehypertension. Moreover, variables
like exposure to working area noise level, age group 45-65 years, work experience of 6-10 years, work experience 10
years, being a smoker, and alcohol consumption were significantly associated with noise-induced prehypertension in
multivariable logistic regression (p<0.5).

Participants in the study who were between the ages of 45 and 65 had a 9.8 times higher chance of developing prehyperten-
sion (AOR =9.8, 95% CI, 5.4-12.9) than those who were between the ages of 18 and 29. Being a smoker had a 3.6 times higher
chance of developing prehypertension as compared to non-smokers (AOR=3.6, 95% CI; 1.36-9.77). The likelihood of
prehypertension among metal workshop workers who were drinking alcohol was 2.4 times higher than the counterparts
(AOR=2.4.95% CI; 1.01-6.04). Metal workshop workers who were exposed to more than 85 dB were 3.8 times more likely
to develop prehypertension as compared to those who were exposed to less than 85 dB (AOR=3.8, 95% CI: 2.8-5.9). When
compared to the study subjects with working experience between 1 and 5 years, those with 6 to 10 years of experience were 2.8
times more likely to have prehypertension (AOR=2.8, 95% CI, 1.98-5.97), and study participants with >10 years of work
experience had a 4.8 times higher risk of developing prehypertension than those with 1-5 years of work experience (AOR=4.8,
95% CI; 2.8-7.75) (Table 2).

Discussion

Occupational noise exposure has been shown to increase the risk of elevated blood pressure; however, the association
between occupational noise exposure and hypertension is controversial. To the best of our knowledge, very little is
known about the prevalence and associated factors of occupational noise-induced pre-hypertension among metal
manufacturing workers in in the world including Ethiopia. Thus, this study (the first of its kind in Ethiopia) tried to
offer insight on the prevalence of occupational noise-induced prehypertension and the possible associated factors among
metal workers in Gondar city administration.

In this study, the overall prevalence of occupational noise-induced pre-hypertension among our study participants was
27.7% (95% CI: 22.7-32.7) which is in line with a study in Pakistan (23.6%).'" However, the prevalence of occupational
noise-induced pre-hypertension in our study was higher than a study in Sweden (22% and 8%) and lower than a study in
China (52.6%).>"' The discrepancies might be due to the differences in sample size, study design, cut-off point for sound
level and socio-economic reasons.

In our study, age, exposure to noise sound >85 dB, work experience, alcohol consumption and cigarette smoking were
significantly associated with noise-induced pre-hypertension in multivariable logistic regression (p < 0.5).
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Table 2 Bivariable and Multivariable Logistic Regression Analysis of Noise-Induced Prehypertension Along with Explanatory Variables

Variable Category Hypertension Odds Ratio
Yes No COR (95% CI) AOR (95% CI)
Age (years) 18-29 Il (10.7%) 92 (89.3%) | |
30-44 29 (27.4%) 77 (72.6%) 1.98 (1.05-3.73) 2.27 (0.76-6.74)
45-65 52 (52.1%) 39 (47.9%) 10.56 (5.09-21.9) 9.8 (5.4-12.9)**
Cigarette smoking status Smoker 62 (57.9%) 45 (42.1%) 6.75 (3.87-11.76) 3.6 (1.36-9.77)**
Non-smoker 30 (15.5%) 163 (84.5%) | |
Alcohol consumption Drinker 50 (37%) 85 (63%) 4.26 (2.48-7.13) 2.4 (1.01-6.04)*
Non-drinker 42 (25.5%) 123 (74.5%) | |
Working area noise level, dB(A) <85 17 (11.9%) 126 (88.1%) | |
85-90 75 (47.8%) 82 (52.2%) 18.9 (9.67-37.16) 3.8 (2.8-5.9)**
Work experience 6 months—5 years 12 (13%) 96 (88.9%) | |
6—10 years 29 (31.5%) 61 (67.8%) 7.3 (2.86-18.16) 2.8 (1.98-5.97)**
>10 years 51 (55.4%) 51 (38.2%) 34 (13.5-88.39) 4.8 (2.8-7.75)*

Notes: Hosmer—Lemeshow=0.27, *p<0.05, **p=<0.001.

In the present study, age was significantly associated with prehypertension. Study participants with advanced age
groups had higher chance of developing prehypertension than those who were in the lower age groups. This finding is

® and Germany.*® The plausible justification could be as a result of

supported by reports in South Korea,>* Japan,®
increased arterial stiffness, increased sensitivities in salt intake, lack of enough exercise (sedentary lifestyle), and
decreased or disturbed sleep with advanced age.

Our study demonstrated that those smoker study participants had a higher chance of developing prehypertension than
non-smokers. This finding is in agreement with studies in China,*"*’ Iran,*® and the USA.*’ This might be due to the fact
that smoking triggers the action of sympathetic nervous system which in turn causes vasoconstriction and increases the
frequency heart pump finally leads to elevated blood pressure.

The likelihood of prehypertension among metal workshop workers who were drinking alcohol was found higher than
the non-drinkers. This result is similar with studies in China*'*” and the USA.>**' The possible association between
alcohol consumption and prehypertension might be due to release of cortisol and activation of angiotensin II through the
renin—angiotensin—aldosterone system by alcohol consumption. Excess alcohol consumption can also increase the total
body fluid which would raise blood flow through blood vessels and results in high frictional force.

The odds of having noise-induced prehypertension among metal factory workers who exposed to >85 dB working
area noise level was 3.8 times higher among participants who exposed to less than 85 dB working area noise level.
Similar findings were observed in studies in China®'**** and the USA.>* This might be due to the general stress theory,
posits that noise affects the autonomic nervous system and the endocrine system, which in turn affects the homeostasis of
the human organism. The other possible reason might be also due to an increase in the level of chemical substances like
cortisol, adrenaline and noradrenaline in response to the stress caused by noise which in turn could result in peripheral
vasoconstriction, increased heart rate, and increased arterial blood pressure.

When compared to the study subjects with working experience between 1 and 5 years, those with 6 to 10 years of
experience were 2.8 times more likely to have prehypertension (AOR=2.8, 95% CI, 1.98-5.97), and study participants
with >10 years of work experience had a 4.8 times higher risk of developing prehypertension than those with 1-5 years
of work experience (AOR=4.8, 95% CI; 2.8-7.75). This finding is consistent with studies in China,*’~* Italy* and the
USA.'? The mechanism that underlies this association might be because of the release of stress hormones (such as

adrenaline and cortisol) or stimulation of the sympathetic nervous system by prolonged exposure to noise.
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Limitation of the Study

Since our study was based on cross-sectional study design, we could not establish a cause-and-effect relationship or
determine the direction of causality.

Conclusion

In conclusion, our study demonstrated that the risk of developing occupational noise-induced pre-hypertension is
increased on the exposure of high sound level. The chance of having noise-induced prehypertension was also found to
be increased by prolonged years of work experience, advanced age, smoking cigarettes, and alcohol consumption. These
results suggest that practical actions should be taken to lower the risk of noise-induced pre-hypertension driven by
occupational noise exposure. We recommend metal factory workers to practice on minimizing occupational noises and be
aware of their blood pressure levels on a regular basis. We also recommended these workers to avoid or reduce alcohol
consumption and cigarette smoking in their life.

Abbreviations
BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; OR, odds ratio;
AOD, adjusted odds ratio; COD, crude odds ratio; CI, confidence interval; dB(A), decibel A.
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