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Abstract
Introduction: Hypertension is a manifestation of hemodynamic imbalances 
resulting in various cardiovascular complications and others in the body systems. 
The prevalence of hypertension in Indonesian adults aged 18 years was 34.1%, 
and it increased by 8.3%. Globally, it accounts for about 60% of deaths. This study 
aimed to analyze risk factors for hypertension in industrial workers. Methods: 
This study used a meta-analysis, a statistical method that combines previous 
studies to find an effect size value or summary on JASP software. Data in this 
study came from database online and were sorted according to the inclusion-
exclusion criteria following PRISMA. In the final step, 14 research articles were 
collected. Results and Discussion: Noise intensity had a 1.974 times greater 
risk on the prevalence of hypertension in industrial workers; work period had 
2.316 times greater risk; duration of exposure gave a 1.716 times greater risk; 
and smoking had a 1.896 times greater risk. Conclusion: The highest risks for 
the incidence of hypertension in industrial workers come from period of work, 
noise intensity, and smoking habits; while, the lowest is in the length of exposure.

metA-AnALySiS open Access
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introDuction

Hypertension has caused a total of 9.4 million 
according to the World Health Organization’s report 
(1). The prevalence of hypertension in Indonesia is 
higher than that in Singapore, Thailand, and Malaysia 
at 27.3%, 22% and 20%, respectively (2). Hypertension 
is a manifestation of hemodynamic imbalances resulting 
in various cardiovascular complications and others in 
the body system (3). The 2018 Basic Health Research 

shows that the prevalence of hypertension in Indonesian 
adults aged 18 years was 34.1% (4). Compared to the 
2015 Basic Health Research, this number increased 
more by 8.3%. Hypertension not only has devastating 
impacts on Indonesia, but also contributes to about 60% 
of deaths worldwide (5).

In the Industrialization Era, humans will interface 
the application of advanced technology and increasingly 
complex and modern materials and equipment. Noise is 
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a pollutant resulted from the use of human technology 
(6). It is an unwanted sound that has an exceeding 
predetermined threshold value, which is 85 dB(A). It may 
cause not only hearing loss but also mental, emotional 
and blood circulation disorders (7).

Many companies have oriented to production 
activities more than human resource management. The 
use of large machines in production activities sometimes 
causes quite large and disturbing sound effects (8). 
Noise and hypertension are occupational hazards as big 
health problems in the world (9). Research conducted 
in Rio de Janeiro (Brazil) used a cross-sectional design 
to study the relationship between exposure to noise at 
work and hypertension. It shows that exposure to noise 
is independently associated with hypertension (10).

Hypertension may be caused by multifactors, 
including genetic, racial, socio-cultural, lifestyle, and 
work environment factors, one of which is noise (11). 
Besides hypertension, noise causes other health 
problems for workers such as hearing loss, ischemic 
heart disease, diabetes, sleep disturbances, and work 
performance (22). Noise intensity, noise frequency, and 
duration of exposure to noise in the workplace are factors 
that determine the severity level of health problems (13). 
The association between noise and health problems, 
therefore, is influenced by these three factors (14). While 
factors that influence the incidence of hypertension 
include age, race, environmental factors, psychological 
stress, obesity, lack of exercise, smoking, and alcohol 
consumption (15).

Looking into this issue, this current study aimed 
to analyze whether risk factors i.e., noise intensity, 
working period, length of exposure, and smoking 
habits, are associated with hypertension. The factor 
identification was conducted using a hearing sensitivity 
test to industrial workers (15).

methoDS

This study is a systematic meta-analysis 
literature review. Meta-analysis is a statistical method 
that combines several (two or more) previous studies with 
the same hypothesis to generate quantitative data. It is a 
technique of summarizing previous quantitative research 
to determine an effect size value (16). Research articles 
collected addressed four risk factors i.e., noise intensity, 
length of work, length of exposure, and smoking on 
the incidence of hypertension in industrial workers. 
The articles were retrieved from journals, articles, and 
scientific proceedings.

This study used secondary data from several 
electronic databases i.e., Google Scholar, Pubmed, 

PLOS ONE, Research Gate, and Science Direct within 
2016 to 2021 of publication year. Some keywords used 
include “noise intensity hypertension”, “industrial worker 
hypertension factor”, “hypertension causative factor”, 
“influence on blood pressure”, “noise intensity”, “noise 
intensity blood pressure”, “noise intensity hypertension”, 
“noise exposure” and “occupational noise exposure”. 
International and national research articles that have 
topics relevant to the research objectives are the current 
population, and only articles that examine the risk factors 
for hypertension above in industrial workers are included 
as samples.

A meta-analysis method is more objective 
compared to other research methods to estimate effect 
size values and their significance. However, the current 
research findings are not conclusive yet because the 
articles included have different qualities and pose 
publication bias, limitation in data collection as well as 
different characteristics of research subjects. Therefore, 
meta-analysis research should apply multiple selections 
of articles.

Literature Search 
The keywords used for literature search were 

formulated using the PICOS method (17). The sampled 
articles should have abstracts and full texts. 

Data collection method
This study screened research articles that fit 

inclusion and exclusion criteria. The studied articles may 
be journal articles and theses in Indonesian and English 
and may involve noise intensity, working period, length 
of exposure, and smoking habits that may contribute to 
the incidence of hypertension. After searching articles 
published from 2016 to 2021 on Google Scholar, 
Pubmed, PLOS ONE, Research Gate, and ScienceDirect 
databases, their abstracts and fulltexts were screened. 
If articles have no abstracts and fultexts, they will be 
excluded. Next was re-screening whether the articles 
used cross-sectional research designs. If they do not 
meet this final criteria, they will be excluded.

Data type
Selected research articles as secondary 

data have to discuss pre-determined risk factors for 
hypertension in industrial workers.

Data Analysis techniques
 For a meta-analysis, data abstraction, data 

analysis, publication bias test, and sensitivity test were 
performed. Data collection or abstraction, information 
was obtained from each research article, and obtained 
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data i.e., year of publication, location, design, exposure, 
and outcome of each study were converted into a 2 x 
2 table. They were then stored in Comma Separated 
Values (CSV) format for a classical meta-analysis with 
a fixed effect model or random effect model. They were 
proceeded on JASP Version 0.9.2 to generate results 
presented in a forest plot graph to describe a combined 
effect size value of each variable. This research bias 
was identified using a funnel plot and followed by the 
Egger’s Test. Sensitivity test was performed to prove 
whether the meta-analysis results were relatively stable 
to changes. It compared the results obtained from the 
fixed effect model with those from the random/restricted 
effect model.

 The collected articles were then extracted 
and synthesized to obtain data. The wanted data were 
compiled and analyzed to produce a problem-solving 
material for the meta-analysis test. Literature search 
followed PRISMA steps.

Fifteen research articles were obtained and 
analyzed to find the pooled odds ratio estimates using 
the Mentel-Haenszel method in the fixed effect analysis 
model and the DerSimonian-Laind method in the random-
effect model. If  homogenous variation seems showing 
a heterogeneity p-value greater than 0.05 between 
variables, the analysis model used is the fixed effect 
model. Meanwhile, if the variation between variables 
is heterogeneous with a p-value of less than 0.05, the 
random-effects analysis model is used. 

Figure 1. Prisma Flowchart (The Prisma Statement) 
Risk Factor Analysis of Noise Intensity, Working Period, 
Length of Exposure and Smoking Habits on The Incidence 
of Hypertension in Industrial Workers

The meta-analysis calculates the Prevalence 
Ratio (PR) value in some steps. First, if the estimated PR 
value of PR is > 1 and the range of confidence intervals 
does not exceed 1, a certain variable is considered a risk 
factor. Coversely, a variable is considered a protective 
factor. If the estimated value of PR equals to 1 and the 
range of confidence intervals does not exceed 1, such 
independent vairbales included have no relationship with 
the incidence of hypertension in industrial workers.

reSuLtS 
noise intensity as A risk Factor for hypertension in 
industrial workers

After the final screening, 10 selected articles 
published in 2016 to 2020 addressed noisy intensity. A 
more complete description is presented in Figure 2.

The Fixed Effect (FE) Model value represents 
the estimated Prevalence Ratio (PR) value at a 95% CI 
of 0.68 with a range value of 0.50 – 0.87. The results of 
the forest plot in Figure 2 show that the value of pooled 
PR (e0.68) is 1.974. It indicates noise intensity has a 1.974 
times greater risk of causing hypertension in industrial 

workers (18).

Figure 2. Forest Plot of The Noise Intensity Risk Factor 
for The Incidence of Hypertension in Industrial Workers 
(18,33,34,19,7,20,8,21,22,25)

Based on Table 1, the p-value in the heterogeneity 
test is greater than 0.05 (p = 0.333). Since the variables 
are homogenous, the fixed effect model is used for 
analysis. Furthermore, a publication bias on noisy intensity 
variable is identified using a funnel plot, presented in 
Figure 3. After measuring the distribution of plots either 
in a symmetrical or asymmetrical arrangement, we 
figured out that the funnel plots are asymmetric, and thus 
a regression test, Egger test is used.
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Figure 3. Funnel Plot of Noise Intensity Risk Factors for 
Hypertension Incidence in Industrial Workers

Table 1. Heterogeneity Test of Noise Intensity Meta-
Analysis of Hypertension Incidence in Industrial Workers 
(Fixed and Random Effects)

Q df p
Omnibus test of Model Coefficients 51.74 1 < .001
Test of Residual Heterogeneity 10.21 9 0.333

Note.  p -values are approximate.

Table 2 shows the p-value from the Egger’s test 
is less than 0.05, and the articles have a publication bias 
on noise intensity variable. The meta-analysis results 
showed that noise intensity variable had a 1.974 times 
greater risk of contributing to hypertension in industrial 
workers. This study is in line with Elfiza’s research that 
the hypertension risk ratio in increasing noise per 10 
dB(A) was 1.13 (95% CI: 0.99 to 1.28) with moderate 
heterogeneity (p = 0.003, I2 = 72.1%). It means that noise 
exposure can be a risk factor for hypertension. Another 
study also supports these findings that exposure to long-
term noise at work may lead to increase hypertension in 
industrial workers in the long term (p < 0.01) (19).

Table 2. Egger’s Test Table of Noise Intensity Risk Factors 
for Hypertension Incidence in Industrial Workers

  z p 
sei 2.5502 0.011

Sensitivity test on noise intensity as A risk Factor 
for hypertension in industrial workers

The sensitivity test was used to identify data 
heterogeneity, interpret the effects of research quality 
and prove whether meta-analysis results are relatively 
stable (20). This test compares the pooled prevalence 
ratio in the fixed-effect model and the random effect 
model. It was performed according to a minimum number 
of studies processed for meta-analysis (21).

Table 3. Comparative Sensitivity Test Pooled Prevalence 
Ratio Fixed Model and Random Model

Research 
Variable N Heterogenity

(p-value)

Fixed effect
Models

Random 
Effect
Model

PR 95% 
CI PR 95% 

CI
Risk Factors for 
Long Exposure 
to Hypertension 
Incidence in 
Industrial Workers

4 0.518 1.716 0.23 – 
0.85

1.716 0.23 – 
0.85

Work Period Risk 
Factors Against 
the Incidence of 
Hypertension in 
Industrial Workers

5 < .001 1.271 0.03 – 
0.45

2.316 -0.10 
– 1.79

Risk Factors of 
Smoking Habits 
on the Incidence 
of Hypertension in 
Industrial Workers

7 0.646 1.896 0.37 – 
0.92

1.896 0.37 – 
0.92

Noise Intensity 
Risk Factors for 
H y p e r t e n s i o n 
Incidence in 
Industrial Workers

10 0.333 1.974 0.50 – 
0.87

2.096 0.51 – 
0.96

Table 3 shows independent variables vary 
between studies, the pooled PR value increases from the 
fixed-effect model to the random effect model, and the 
Confident Interval (CI) rises too. The length of exposure 
and smoking habit have pooled PR values that are not 
much different from one model to another at the CI (22). 
While there are variations between studies in terms of 
noise intensity and working period as pooled PR values 
increase from one model to another at 95% Confident 
Interval (23).

work period as A risk Factor for hypertension 
Four articles screened discuss work period 

variable. Their results are described in Figure 4,

Figure 4. Forest Plot of Work Period Risk Factors for 
Hypertension Incidence (33,34,19,35)
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Table 4. Table of Heterogeneity Test Meta-Analysis of 
Working Period on Hypertension Incidence (Fixed and 
Random Effects)

Q df p 
Omnibus test of Model Coefficients 3.052 1 0.081
Test of Residual Heterogeneity 16.812 3 < .001

Note.   P -values are approximate. 

The Random Effect (RE) Model showed the 
estimated Prevalence Ratio (PR) with 95% CI is 0.84. 
The forest plot shows the value of pooled PR (e0.84) is 
2.316 (95% CI -0.10 – 1.79). It means work period has a 
2.316 times greater risk of contributing to hypertension 
in industrial workers. According to the heterogeneity test 
on work period variable, its p-value is smaller than α. 
Since the variation between studies is heterogeneous, 
the random-effect model is used for analysis. Industrial 
workers who have worked for more than five years have 
a 2.316 times greater risk of experiencing hypertension 
than those who have worked under five years. A 
previous study also mentions that years of service and 
the incidence of hypertension in industrial workers are 
significantly related and obtain a p-value of 0.013

Duration of exposure to noise as A risk Factor for 
hypertension 

Four articles published in 2016-2020 examined 
duration of exposure to noise. The FE Model value has 
a PR estimate with a 95% CI value of 0.54. The forest 
plot has a pooled PR value (e0.54) of 1.716. It indicates 
that duration of exposure to noise gives 1.716 times 
greater risk for hypertension to workers. The FE model 
has a 95% confidence level and an interval range of 
0.23 – 0.85. Furthermore, Table 5 explains heterogeneity 
on this variable that has a p-value greater than α (p = 
0.518). This means that the variation between studies is 
homogeneous, and thus the fixed-effect model is used. 
Based on the meta-analysis, length of exposure above 
8 hours per day poses 1.716 times greater risk than that 
less than 8 hours per day.

Figure 5. Forest Plot of Risk Factors for Duration Exposure 
to Hypertension Incidence (34,19,21,22)

Table 5. Heterogeneity Meta-Analysis of Duration Exposure 
to Hypertension Incidence (Fixed and Random Effects)

Q df p
Omnibus test of Model Coefficients 11.800 1 < .001
Test of Residual Heterogeneity 2.270 3 0.518

Note.   P -values are approximate

Smoking habit as A risk Factor for hypertension
Six research articles in this review discuss 

about smoking habit as a risk factor for hypertension.
They were pubslihed around 2017-2021. The FE Model 
demonstrates an estimated PR value of 0.64 with an 
95% CI range of 0.37 - 0.92 and the value of pooled 
PR (e0.64) of 1.896. It indicates smoking has 1.896 times 
greater risk of hypertension. According to Table 6, the 
heterogeneity test shows a p-value is greater than α (p 
= 0.646). In other words, the fixed-effect model is used 
to study the previous studies which are homogenously 
varied (24).

Figure 6. Forest Plot of Smoking Habits Risk Factors on 
Hypertension Incidence (21,22,36,37,35,6)

Table 6. Heterogeneity Test Meta-Analysis of Smoking 
Habits on The Incidence of Hypertension (Fixed and 
Random Effects)

Q df p
Omnibus test of Model Coefficients 21.281 1 < .001
Test of Residual Heterogeneity 3.354 5 0.646

Note.   p -values are approximate.

Table 7. Meta Analysis Results of Noise Intensity, Working 
Period, Length of Exposure, and Smoking Habits on 
Hypertension Incidence in Industrial Workers

Research Variable N
Fixed/Random effect

Models
PR 95% CI

Years of Service 4 2.316 -0.10 – 1.79
Noise Intensity 10 1.974 0.50 – 0.87
Smoking Habits 6 1.896 0.37 – 0.92
Exposure Time 4 1.716 0.23 – 0.85
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DiScuSSion
noise intensity as A risk Factor for hypertension in 
industrial workers

Noise intensity has a significant correlation with 
the incidence of hypertension. To avoid the risk, workers 
have to use personal protective equipment (PPE) such as 
earplugs and/or earmuffs at noise sources. Additionally, 
company management have to maintain equipment/
machinery/heavy equipment routinely to prevent exposure 
to high sound that exceeds the threshold value.

The period  of service is for how long an officer 
works in a place. The period of service is directly 
proportional to exposure to dangers in the workplace. 
Workers who have been more than 5 years in the workplace 
will be more exposed to risk factors for hypertension, one 
of which is noise due to machine production activities. To 
reduce the incidence of hypertension, a company has to 
conduct a job rotation. Rotation may be useful to find out 
the potential of each employee, invest new knowledge in 
employees, and minimize the existing level of attrition..

Long-term repeated noise will result in a lasting 
increase in blood pressure. Continuous increase in 
blood pressure without prevention and control will cause 
hypertension. High noise in the workplace (industry) can 
be overcome if officers more comply with wearing ear 
protection equipment such as ear muffs or ear plugs 
during work. With proper use of PPE, officers will not 
experience noise hyperstimulus. Ear plugs reduce noise 
by ± 30 dBA, while earmuffs reduce higher noise between 
40 -50 dBA. Using the equipment, the noise level received 
by ground handling officers can be reduced to create a 
safer work environment (25).

Sensitivity test on noise intensity as A risk Factor 
for hypertension in industrial workers

Good ear protection devices such as earplugs 
only hold certain frequencies, while the frequency of 
speech is not disturbed (25). Ear plugs can reduce noise 
intensity by 25 dB(A) to 30 dB(A). While the earmuffs can 
be used for high noise intensity (> 95 dB) by protecting 
the entire ear with an adjustable size to various ears. 
Monitoring is important to conduct to indicate if infection 
occurs in the ear while it is in use (26).

work period as A risk Factor for hypertension 
Work period is closely related to noise exposure 

as well. The longer a worker works, the longer he/she is 
exposed to noise. Excessive exposure to noise for a long 
period will lead to emotional instability, which may trigger 
stress. As a result, blood vessels may be narrow due to 
stress, spurring the heart to pump blood harder and then 
leading to hypertension (27).

Duration of exposure to noise as A risk Factor for 
hypertension 

A study conducted to an overhead flight in France 
explains exposure to noise that exceeds a certain period 
possibly causes hypo reaction and hyper-reaction, which 
can indicate a regulation abnormality in the HPA axis 28. 
In addition, research conducted to Quebec workers in 
Canada states that acute and chronic stress, due to the 
length of exposure, can release cytokines, not only as 
markers but also as inflammatory mediators, leading to 
vascular endothelial dysfunction and atherosclerosis. 
To the end of the process, blood pressure chronically 
increases and thus causes hypertension (28).

The length of exposure has a significant 
relationship with the incidence of hypertension. Previous 
research mentions that workers who are exposed to 
noise for more 8 hours per day can develop fatigue, 
increase stress hormones, and narrow blood vessels 
which eventually raise blood pressure rapidly (29).

Smoking habit as A risk Factor for hypertension
In addition, smoking habit has a 1.994 times 

greater risk of hypertension compared to non-smoking 
(30). Smoking habits is related to hypertension (p 
= 0.017). Similar results are explained in an annual 
nationwide household survey in England (30) and a 
study on health primary care in West Cikarang (31).

Cigarettes contain dangerous chemicals such 
as nicotine that activate free radicals. According to the 
latest study in America, vasomotor disfunction induced 
by nitric oxide, inflammation, and modification of lipid 
components, causes atherosclerosis which may change 
blood pressure (22). Research conducted to spaceflight 
workers in America declares that smoking can increase 
20-25% peripheral leukocyte levels and increase the 
activation of inflammatory mediators such as interleukin-6 
(IL-6), C-reactive protein, and tumor necrosis factor α 
(TNF α) (31). The increase in proinflammatory cytokines 
causes raises leukocyte-endothelial interactions as the 
initial process of atherosclerosis.

Cigarette smoke contains about 0.5% to 3% 
nicotine. When it is inhaled, nicotine levels in the blood 
will range from 40-50 mg/ml. It can irritate the heart, make 
the heart rhythm irregular, speed up blood flow, damage 
the inner lining of blood vessels and cause blood clots. 
Nicotine in tobacco may increase blood pressure as well 
after the first puff (32).

With a strong correlation between smoking 
habit and the incidence of hypertension (32), companies 
or industries need to provide a special smoking room 
to avoid smokes circulated outside to non-smoking 
workers (33). Workers with smoking habits should be 
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given education about the dangers of smoking and the 
importance of healthy lifestyle to prevent hypertension 
(34−35). Among the risk factors identified,  this current 
study concludes period of service has the highest 
contribution to hypertension, followed by length of 
exposure to noise (36−37). 
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concLuSion

Risk factors for hypertension include noise 
intensity, work period, duration of exposure, and 
smoking. The meta-analysis results show that noise 
intensity has 1.974 times greater risk; work period has 
2.316 times greater risk; duration of exposure to noise 
gives 1.716 times greater risk;  and smoking posits 
1.896 times greater risk of hypertension in industrial 
workers. Controlling the risks can be done by reducing 
noise intensity, using PPE, conducting work rotation and 
working hours, and providing education about dangers 
of smoking and healthy lifestyles.
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