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Abstract

Noise exposure is often found in the industrial environment that exposed workers at risk for increasing blood pressure. 
This study aimed at investigating the association between noise level, duration of noise exposure, age, use of earplugs, 
and body mass index with blood pressure on textile industry workers. An observational study with the cross-sectional 
design conducted during August to October 2016. The study population was 180 textile industry workers in Surakarta 
selected by consecutive sampling method. Statistical analysis used was multiple logistic regression. Results showed 
that variables associated with systolic blood pressure were the use of earplugs (OR=12.7), noise level (OR=7.2), body 
mass index (OR=5.3), age (OR=4.4) and duration of noise exposure (OR=3.5). Variables associated with diastolic 
blood pressure were the use of earplugs (OR=6.9), age (OR=6.6), noise level (OR=6.1), body mass index (OR=4.4), and 
duration of noise exposure (OR=3.1). In clonclusion, the risk factors for blood pressure increased among industrial 
workers are the use of earplug, noise level, body mass index, age and duration of noise exposure.
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Asosiasi antara Faktor Risiko dan Tekanan Darah 
pada Pekerja Industri Tekstil

Abstrak

Paparan kebisingan yang mengekspos pekerja sering ditemukan di lingkungan industri sehingga berisiko terjadi 
peningkatan tekanan darah. Penelitian ini bertujuan mengetahui hubungan tingkat kebisingan, durasi paparan 
kebisingan, usia, penggunaan sumbat telinga, dan indeks massa tubuh dengan tekanan darah pada pekerja industri 
tekstil. Penelitian ini menggunakan jenis observasional dengan desain cross-sectional yang dilakukan pada bulan 
Agustus–Oktober 2016. Populasi penelitian adalah pekerja industri tekstil di Surakarta. Terpilih 180 orang pekerja 
dengan menggunakan metode sampling konsekutif. Analisis statistik yang digunakan adalah regresi logistik 
berganda. Variabel yang berhubungan dengan tekanan darah sistole adalah penggunaan sumbat telinga (OR=12,7), 
tingkat kebisingan (OR=7,2), indeks massa tubuh (OR=5,3), usia (OR=4,4), dan durasi paparan kebisingan (OR=3,5). 
Variabel yang terkait dengan tekanan darah diastole adalah penggunaan sumbat telinga (OR=6,9), usia (OR=6,6), 
tingkat kebisingan (OR=6,1), indeks massa tubuh (OR=4,4), dan durasi paparan kebisingan (OR=3,1). Simpulan, 
faktor risiko peningkatan tekanan darah di kalangan pekerja industri tekstil adalah penggunaan sumbat telinga, 
tingkat kebisingan, indeks massa tubuh, usia, dan durasi paparan kebisingan.

Kata kunci:  Pekerja industri tekstil, tekanan darah
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Introduction

Noise is a physically dangerous risk commonly 
encountered in the workplace of the textile 
industry. The effects of noise exposure on health 
are auditory and non-auditory disorders.1 The 
impact on auditory is the noise-induced hearing 
loss (NIHL) which is the primary concern of 
workers' health in various countries. While 
the effects on non-auditory is a change in the 
endocrine system that causes an increase in blood 
pressure and heart rate.2 An uncontrolled high 
blood pressure, or hypertension causes damage 
to arteries and it also a risk factor for stroke, 
heart attack, and other cardiovascular problems.3 
Hypertension is the leading risk factor for death 
and disability globally, where more than two-
thirds of people with hypertension live.4 In 2010, 
an estimated 9.4 million deaths were due to 
hypertension.5

Previous research in several countries have 
shown the noise level of the weaving machines 
of 88 dB(A) in Sudan,6 95 dB(A) in Srilanka7 
and 95.3 dB(A) in Pakistan.8 In Iran, the noise 
level of the spinning machine was 97–90 dB(A) 
and the weaving machine was 99–100 dB(A).9 
In Indonesia, we measured the noise level of the 
weaving machine was 98 dB(A) in Surakarta as 
the place to do this research.

In addition to noise, several factors that can 
increase blood pressure in workers in the textile 
industry are age,10,11 use of hearing protection 
devices,12 bodies mass index,13 and duration of 
noise exposure.12 Increasing age can increase 
blood pressure especially after 40 years old.11 The 
use of an undisciplined hearing protective device 
at work will also increase the risk of increased 
blood pressure.12 Obesity in workers is also at risk 
of increasing blood pressure than the ideal body 
weight,13 more extended time off work (9.6+7.8 
years) will be more risky for increased blood 
pressure because every day the worker is exposed 
to noise.14

The objective of this study was to examine the 
association of risk factors that influence blood 
pressure increase (age, use of hearing protection, 
body mass index, and duration of noise exposure) 
with systolic blood pressure and diastolic blood 
pressure in textile industry workers in Surakarta.

Methods

The research was an observational analytic 
study with a cross-sectional design. The study 

conducted during August to October 2016. The 
study population was textile industry workers 
in Surakarta, Indonesia. Samples were selected 
consecutively using the cluster random sampling 
technic (participants consisted of two groups, 
i.e., groups exceeding the threshold limit value 
(TLV) and those less than the TLV (the TLV limit 
is 85 dBA), and groups use earplugs and not use 
earplugs, determined randomly). The number 
of samples was 180 people (exposed to noise 
over TLV=99 people, and below TLV=81 people, 
and use of earplugs=74 people and not use of 
earplugs=106 people).

We used a checklist for information on age, 
used of earplugs, and duration of noise exposure. 
Sound level meter type Sanfix GM1356 to 
measure noise level, height meter type SZ-200, 
and body scale to measure body mass index, 
sphygmomanometer type GM-0194SM and its 
accessories to measure blood pressure in this 
research.

The measurement of noise level set on the 
nominal. Other checklist used to collect data on 
age, use of hearing protection devices, body mass 
index, the duration of noise exposure, systolic 
blood pressure, and diastolic blood pressure.  
Statistical analysis used was multiple logistic 
regression. Relationships between variables were 
analyzed using SPSS, version 16.0. The level of 
statistical significance was set at p<0.05.

Results

Participants of this study were textile industry 
workers in Surakarta, Indonesia. They exposed to 
noise more than 85 dB(A) in the department of 
drawing, winding, roving, pallets, spinning, and 
weaving which the average noise intensity was 
91.4 dB(A).  Intensity less than 85 dB(A) found in 
the office administration department, warehouse 
administration, blowing, warping, carding, 
inspecting, finishing, quality control, and packing 
which the average noise intensity was 79.1 dB(A). 
The frequency distribution of the results of the 
complete variable measurement, which includes 
age, use of hearing protection devices, body mass 
index, the duration of noise exposure, systolic 
blood pressure, and diastolic blood pressure are 
shown in Table 1.

All of the independent variables shown 
in Table 1 were further tested by multiple 
logistic regression analysis to determine their 
associations with systolic blood pressure. The 
relationship between noise level, age, use of 
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Table 1 Frequency Distribution of Variables (n=180)

Characteristics Total (Person) Persentage (%)
Noise level (dBA)

≤TLV
>TLV

81
99

45.0
55.0

Age (years old)
≤40 
>40

107
73

59.4
40.6

Use of earplugs
Using 
Not using

74
106

41.1
58.9

Body mass index (kg/m2)
Ideal
Overweight

104
76

57.8
42.2

Duration of noise exposure (years)
≤10 
>10

79
101

43.9
56.1

Systolic blood pressure (mmHg)
≤120
>120

120
60

66.7
33.3

Diastolic blood pressure (mmHg)
≤80
>80

126
54

70.0
30.0

Table 2 Results of the Multiple Logistic Regression between Noise Level, Age, Use of 
Earplugs, Body Mass Index, Duration of Noise Exposure and Systolic Blood 
Pressure

Workers Characteristic
Systolic Blood Pressure

OR p 95%CI≤120
n (%)

>120
n (%)

Total
n (%)

Noise level (dBA)
≤TLV
>TLV

61 (75.3)
59 (59.6)

20 (24.7)
40 (40.4)

81 (100)
99 (100)

7.202 0.001* 2.304–22.509

Age (years old)
≤40 
>40

91 (85.0)
29 (39.7)

16 (15.0)
44 (60.3)

107 (100)
73 (100)

4.390 0.001* 1.801–10.701

Use of earplugs
Using 
Not using

57 (77.0)
63 (59.4)

17 (23.0)
43 (40.6)

74 (100)
106 (100)

12.675 0.000* 3.932–40.845

Body mass index (kg/m2)
Ideal
Overweight

86 (82.7)
34 (44.7)

18 (17.3)
42 (55.3)

104 (100)
76 (100)

5.262 0.000* 2.196–12.606

Duration of noise exposure 
(years)

≤10 
>10

69 (87.3)
51 (50.5)

10 (12.7)
50 (49.5)

79 (100)
101 (100)

3.538 0.016* 1.266–9.834

Note: *significant at 0.05
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hearing protection devices, body mass index, and 
duration of noise exposure with systolic blood 
pressure all showed significant results (p<0.05). 
The full results are shown in Table 2.

All of the independent variables shown 
in Table 1 were further tested with multiple 
logistic regression analysis to determine their 
associations with diastolic blood pressure. The 
relationship between noise level, age, use of 
hearing protection devices, body mass index, and 
duration of noise exposure with diastolic blood 

pressure all showed significant results (p<0.05). 
The full results are shown in Table 3.

Predictor variables (noise level, age, use of 
earplugs, body mass index, and duration of noise 
exposure) contribute to systolic blood pressure 
amounted to 53.3%. Similarly, the predictor 
variables (noise level, age, use of earplugs, body 
mass index, and duration of noise exposure) 
contribute to diastolic blood pressure was 
53.2%. The complete result of the contribution of 
predictor variables to systolic and diastolic blood 

Table 3 Results of the Multiple Logistic Regression between Noise Level, Age, Use of 
Earplugs, Body Mass Index, Duration of Noise Exposure and Diastolic Blood 
Pressure

Workers Characteristic
Diastolic Blood Pressure

OR p 95%CI≤80
n (%)

>80
n (%)

Total
n (%)

Noise level (dBA)
≤TLV
>TLV

65 (80.2)
61 (61.6)

16 (19.8)
38 (38.4)

81 (100)
99 (100)

6.105 0.001* 2.043–18.241

Age (years old)
≤40 
>40

96 (89.7)
30 (41.1)

11 (10.3)
43 (58.9)

107 (100)
73 (100)

6.606 0.000* 2.630–16.591

Use of earplugs
Using 
Not using

57 (77.0)
69 (65.1)

17 (23.0)
37 (34.9)

74 (100)
106 (100)

12.675 0.000* 3.932–40.845

Body mass index (kg/m2)
Ideal
Overweight

88 (84.6)
38 (50.0)

16 (15.4)
38 (50.0)

104 (100)
76 (100)

4.417 0.001* 1.813–10.765

Duration of noise exposure 
(years)

≤10 
>10

71 (89.9)
55 (54.5)

8 (10.1)
46 (45.5)

79 (100)
101 (100)

3.123 0.040* 1.055–9.243

Note: *significant at 0.05

Table 4 Contribution of Predictor Variables to Systolic and Diastolic Blood Pressure

Predictors Predicted Adjusted R2 %
Noise level 
Age
Use of earplugs
Body mass index
Duration of noise exposure

Systolic blood pressure 0.533 53.3

Noise level 
Age
Use of earplugs
Body mass index
Duration of noise exposure

Diastolic blood pressure 0.532 53.2
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pressure was shown in Table 4.

Discussion

Based on the results of this study, the highest risk 
factor for increased blood pressure is workers who 
don’t use earplugs continuously. In this study, the 
prevalence of workers exposed to noise exceeding 
TLV with high blood pressure was 40.4% 
and exposure to noise below TLV 24.7%. The 
prevalence of high blood pressure in workers who 
used earplugs continuously was 23.0% lower than 
the prevalence of high blood pressure in workers 
who did not use earplugs which is 40.6%. Based 
on the results of this study the use of earplugs 
may lower the risk of increased blood pressure 
in workers. The results of this study similar to 
previous research by Saryawati15 in Semarang, 
which showed the prevalence of workers exposed 
to noisy textile industry was 85.7% and exposed 
to noise below TLV 21.9%. The prevalence of high 
blood pressure in workers using earplugs was 
38.9% lower than the prevalence of high blood 
pressure in workers who didn’t use earplugs 
which is 42.9%.

Noise is an environmental stressor; if the 
intensity exceeds the threshold limit value, it 
can lead to stress. The primary neural response 
to stress is the activation of the sympathetic 
nervous system. The hypothalamus helps to 
prepare the body to fight the stress stimulation. 
Blood containing angiotensinogen produced in 
the liver, by the hormone renin (produced by 
the kidney) converted to angiotensin I; By ACE 
(angiotensin I-converting enzyme) contained in 
the lungs, angiotensin I  converted to angiotensin 
II. Angiotensin II increases the secretion of 
antidiuretic hormone (ADH) and thirst. ADH 
is produced in the hypothalamus (pituitary 
gland) and works on the kidneys to regulate 
osmolality and urine volume. By increasing 
ADH, very little urine is excreted out of the body 
(antidiuretic), that it becomes concentrated and 
high in osmolality. By diluting, the extracellular 
fluid volume increased by drawing fluid from 
the intracellular portion, and as a result, blood 
volume increases, which in turn increases blood 
pressure.16 The use of earplugs will protect the 
intensity of noise received by auditory function 
up to 33 dBA, that the level of stress due to noise 
be reduced.17

Obesity associated with hypertension.18 
People who are obese, their heart works harder 

in pumping blood. The blood vessels of fat people 
squeezed in the fatty skin that leads to an increase 
in blood pressure.19

The incidence of hypertension increases with 
age.20 As age increases, there will be a decrease in 
elasticity in the blood vessels so blood pressure 
will automatically rise. Both systolic blood 
pressure and diastolic blood pressure increase 
with age. Systolic blood pressure progressively 
increases until age 70–80 years, whereas diastolic 
blood pressure rises until age 50–60 years and 
then tends to persist or slightly decreases. The 
combination of these changes is likely to reflect 
the recognition of blood vessels' and reduced 
arterial compliance. This results in an increase in 
blood pressure according to age.21

The results of this study indicate that all risk 
factors studied were associated with increased 
systolic and diastolic blood pressure. The four 
most significant independent variables that 
influence the increase in systolic blood pressure 
sequentially were: 1) use of earplugs, 2) noise 
level (Leq), 3) body mass index, and 4) age, 
respectively. While the four largest independent 
variables that influence the increase in diastolic 
blood pressure sequentially were: 1) use of 
earplugs, 2) age, 3) noise level (Leq), and 4) body 
mass index. The similarity is that indiscipline 
in hearing impairment is a major cause of 
increased systolic blood pressure and diastolic 
blood pressure, and duration of noise exposure 
is the least independent variable of the increase 
in systolic blood pressure and diastolic blood 
pressure.

The results of this study are similar with the 
research of Lee et al.22 Stating that there was a 
significant relationship between chronic noise 
exposure and increased systolic blood pressure at 
a metal manufacturing company in Busan, Korea. 
Similarly, according to research by Zamanian et 
al.23 which examined the effect of steel industry 
noise exposure with the intensity of 85, 95, and 
105 dBA for 5 minutes to blood pressure and 
heart rate in 50 industrial workers in Iran. The 
results showed that with 5 min exposure there 
was an increase in blood pressure however it was 
statistically insignificant.23 Kalantary et al.12 stated 
that significant differences in blood pressure 
(systolic and diastolic) between the unexposed 
groups (exposure to 53 dBA noise) and exposed 
group (exposed to noise 85–108 dBA occurred. 
The results of this study are also in line with the 
research of Chen et al.24 which stated exposure to 
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the noise intensity of 87.5 dB (A), the duration of 
noise exposure of 4.21 years and a CNE of 92.28% 
increased systolic and diastolic blood pressure of 
labors.

The noncompliance of using earplugs when 
working is the main factor for increasing of blood 
pressure. This result differs from that of Chen et 
al.24 that states there was no significant difference 
in the prevalence of hypertension among subjects 
using earplugs and those not using earplugs, 
and between continuous and non-continuous 
noise categories (p>0.05). The use of disciplined 
earplugs on workers can statistically decrease 
the level of exposure to noise received.25 By using 
earplugs for two weeks, the average systolic blood 
pressure dropped 5.70 mmHg (p=0.004), and the 
mean of diastolic blood pressure fell 2.13 mmHg 
(p=0.05). Thus, recommending workers to use 
hearing protection equipment in noisy working 
environments, in addition to reducing the effect of 
noise on the hearing system, can also reduce the 
impact of noise on the cardiovascular system.26 
In addition to earplugs, the use of personal 
protective equipment can protect the negative 
impacts of working environment hazards. 
Ramdan et al.27 stated that personal protective 
equipment (PPE) significantly associated with 
photokeratoconjunctivitis symptoms (p=0.004) 
and Respati et al.28 concluded that the use of 
face-masks is related to the knowledge about 
byssinosis (p=0.001).

The significant association between age and 
blood pressure from the results of this study is in 
line with previous research which states that one 
of 1,729 peoples of petrochemical and gas refinery 
workers in Rio de Janeiro, Brazil.29 Similarly, with 
an opinion that suggests getting older, the higher 
the likelihood of developing high blood pressure. 
As we age, blood pressure increases gradually as 
the elasticity of the vessels diminishes.30 The age 
and family history are uncontrollable risk factors 
for high blood pressure.31 The risk of high blood 
pressure increases with age, middle age, or around 
the age of 45 years.21 Increased blood pressure 
with age is mainly due to structural changes in 
the arteries and especially with large arterial 
stiffness. Various studies indicated that increased 
blood pressure associated with an increased 
risk of cardiovascular diseases.21 The likelihood 
of hypertension rises steadily with age in three 
different populations (Ethiopia, Vietnam, and 
Indonesia). The age group of 45–54 and 55–64 
years has a much higher chance of hypertension 

than the youngest age group of 25–34 years.32 
The description suggests that increasing age 
associated with increased blood pressure, and 
an increase will be seen after a person is over 45 
years of age.

The relationship between body mass index 
with systolic and diastolic blood pressure was 
statistically significant; this suggests that obesity 
and high blood pressure are highly correlated 
even in old age. Reducing the rate of hypertension 
by weight change is possible.33 Body mass index is 
directly related to the systolic and diastolic blood 
pressure levels significantly. The prevalence 
of hypertension (≥140/90 mmHg) was higher 
in men compared with women significantly, 
and subjects who were obese and overweight 
compared with subjects with healthy weight 
differed significantly.34

The results of this study indicate that duration 
of noise exposure significantly correlated with 
systolic blood pressure and diastolic blood 
pressure. The results of this study are in line 
with the research Wang et al.35 which states that 
blood pressure was significantly increased with 
working years growing in noisy group. Only in 
noisy group, ECG among workers worked 10-year 
were significantly higher than those who worked 
0-year and workers who worked more than 15 
years increased, which indicating that prolonged 
exposure to noise is a risk factor for high blood 
pressure. The National Institute for Occupational 
Safety and Health (NIOSH) specifies a maximum 
allowable daily noise dose, expressed in 
percentages, a person continuously exposed to 
85 dB(A) over an 8-hour work shift will reach 
100% of their daily noise dose, if the exposure 
level increases to 88 dB(A), workers should only 
be exposed for four hours. Alternatively, for 
every 3-dB decrease in noise level, the allowable 
exposure time is doubled.36

Recommendations for the prevention of 
hypertension in workers are noise control, 
rotation of workers aged over 40 years working 
in non-noisy departments, disciplined workers 
using earplugs, maintaining a healthy diet, and 
workers who work more than ten years rotated to 
departments that not noisy.

Conclusion

Based on the evidence above it can be concluded 
that the risk factors of increased blood pressure 
in textile industry workers are the noise level, 
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use of earplugs, age, and body mass index, and 
duration of noise exposure.
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