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Abstract

Background: Occupational studies investigating the association between blood pressure and 
noise exposure are almost lacking in the Eastern Mediterranean Region countries.

Objective: To determine the association between occupational exposure to high level of 
noise and blood pressure among a group of workers in Jordan. 

Methods: All workers who had been exposing to noise for at least 3 years in 3 plants in 
Madaba governorate in Jordan were included in this cross-sectional study. A structured ques-
tionnaire was used to collect data. The occupational noise level was measured with a portable 
calibrated sound meter. 

Results: We studied 191 male workers, of whom 145 (75.9%) were exposed to a noise level 
higher than the permissible limit of 85 dBA. The mean systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) and the prevalence of hypertension were significantly higher 
among those exposed to higher noise level. In multivariate analysis, workers exposed to high 
level of noise had a significantly higher odds of hypertension compared to those exposed to 
noise level lower than the permissible limit (OR 4.7, 95% CI 1.6 to 13.8). The odds of hyper-
tension increased by 17% (95% CI 10% to 30%) for each dB increase in noise intensity.

Conclusion: Exposure to high level of noise is associated with elevated blood pressure.

Keywords: Hearing loss, noise-induced; Occupational exposure; Hypertension; Manufac-
turing and industrial facilities; Jordan

Introduction

Affecting the auditory system, noise 
is a common hazard that may cause 
hearing loss after both short and 

long exposure.1 Exposure to noise might 
lead to psychosocial, physiological, and 
biochemical changes in the body.2-4 One of 
the physiological responses to noise is the 
circulatory response including vasocon-
striction of the peripheral blood vessels 
and elevated blood pressure.5

Chronic noise exposure has been shown 
to be associated with cardiovascular dis-
eases, including ischemic heart disease 
and high blood pressure.6-15 However, the 
findings of the previous studies were con-
tradictory and inconsistent.6-17 The vari-
ance observed in the findings of previ-
ous studies may be attributed to the use 
of different study designs, differences in 
exposure measurements and the use of 
different cutoff values to define noise ex-
posure; difference in the adjustment for 
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possible confounding factors in the mul-
tivariate analysis would be another cause. 
A recent meta-analysis16 showed a signifi-
cant, though small, association between 
exposure to either traffic or occupational 
noise and high blood pressure. Moreover, 
a review study17 demonstrated increased 
risk of hypertension and increased systolic 
blood pressure (SBP) and diastolic blood 
pressure (DBP) in workers who were ex-
posed to noise levels higher than 85 dBA. 
However, both reviews16,17 revealed limited 
epidemiological evidence.

Occupational studies investigating the 
association between blood pressure and 
noise exposure are almost lacking in the 
Eastern Mediterranean Region countries. 
We conducted this study to determine the 
association between occupational expo-
sure to high level of noise and blood pres-
sure among a group of workers in Jordan. 

Materials and Methods

A cross-sectional study was conducted in 
three industrial plants in Madaba gover-
norate in Jordan. There were nine indus-
trial plants in Madaba. They were divided 
into three groups based on their number 
of workers—two large plants with >100 
workers, three medium plants with 50–
100 workers, and four small plants with 
<50 workers. One plant from each group 
was randomly selected. The first one was 
a bottling plant with 138 workers. It con-

sists of different sections including plas-
tic line section, syrup treatment section, 
can bottled line section, glass bottled 
line, warehouse section, lab section, and 
maintenance section. The second plant 
was a chemical plant with 98 workers. It 
consists of a mixing and compressor sec-
tion, isolation material line (PVC) section, 
warehouse section, maintenance section, 
and lab section. The third plant was a steel 
work plant with iron scissor section, iron 
drill section, and blacksmith section. 

Studied plants were visited between 
January and April 2017 after obtaining 
the official approvals. The total number of 
all workers from three studied plants was 
274. Exposure to high level of noise was 
defined as exposure to a noise level higher 
than the permissible limit of 85 dB for at 
least three years. Those workers who had 
been exposing to noise at least three years 
in these plants were invited to participate 
in the current study. Those who were di-
agnosed with hypertension before starting 
work at the studied plants, as confirmed by 
their records in the plants, were excluded 
from the study. 

Eighty-three workers were excluded 
from the study (63 had work experience 
less than three years and 20 were diag-
nosed with hypertension before starting 
their job) leaving a total of 191 workers to 
be included in the study.

All workers had fixed daytime shift 
(8:00 to 16:00) and were working six days 
a week with 30 minutes break a day.

Ethical approval was obtained from 
the Ethics Committee, Jordan Ministry of 
Health. A consent form was obtained from 
all workers. A structured questionnaire was 
used to collect data on socio-demographic 
characteristics of studied workers, family 
history of hypertension, tobacco use, years 
exposed to noise, and use of protection 
equipment. Data were collected using face-
to-face interview. One researcher collected 
the data between January and March 2017.

TAKE-HOME MESSAGE

 ● About one quarter of Jordanian industrial workers were ex-
posed to a noise level lower than the permissible limit of 
≤85 dBA.

 ● The prevalence of hypertension among workers who were 
exposed to a noise level higher than the permissible limit 
was significantly higher than that among workers who were 
exposed to lower noise levels.

Exposure to Noise and Blood Pressure

For more informa-
tion on risk factors of 
hypertension among 
bank employees see
http://www.theijoem.
com/ijoem/index.php/
ijoem/article/view/344
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The noise level was measured with a 
portable calibrated sound meter (Casella 
sound level meter CEL-450A series instru-
ment, UK) by a well-trained technician 
from the Occupational Health Directorate 
of Jordan. The intensity of noise emitted 
by machines and other instruments was 
recorded near the machines and at various 
sites in the workplace. The average noise 
level in dB was recorded for analyses.

Blood pressure of each participant was 
measured at workplace in a quiet room by 
a calibrated KaWe Mastermed A2 Aneroid 
BP Monitor. The measurement was re-
peated twice for all participants before the 
work shift. Blood pressure was measured 
after 10 minutes of rest while the worker 
sat down on a chair. Hypertension was 
defined according to the WHO criteria—
a SBP ≥140 or a DBP ≥90 mm Hg. Mean 
blood pressure was calculated as (SBP + 
2×DBP)/3.

Height and Weight Measurement

Body weight and height were recorded 
for all participants. Weight was measured 
with a Tanita WB-150MA scale. Height was 
measured with an HR 001 Tanita Leicester 
Portable Height Measure. Body mass in-
dex (BMI) was then calculated. Workers 
who had a BMI between 25.0 and 29.9 kg/
m2 were considered “overweight.” Obesity 
was defined as a BMI ≥30.0 kg/m2

Statistical Analysis

Data were analyzed with IBM SPSS® ver 
20. Differences between proportions were 
tested with χ2 test. Student's t test for in-
dependent samples was used to assess 
the difference between the means of two 
groups of normally distributed variables. 
Logistic regression analysis was used to 
determine the association between noise 
and hypertension after adjusting for other 
variables. A p value <0.05 was considered 
statistically significant. 

Results

Basic Characteristics

This study included 191 male workers with 
a mean age of 36.2 (SD 6.8, range 22 to 55) 
years. The mean noise exposure time in 
the same plant was 10.1 (SD 5.7, range 3 to 
23) years. Socio-demographic and relevant 
characteristics of participants are shown 
in Table 1.

The mean noise level was 87.4 (SD 6.6, 

Table 1: The socio-demographic characteristics of the 
workers

Variable n (%)

Age (yrs)

<30 46 (24.1)

31–40 97 (50.8)

>40 48 (25.1)

Body mass index

Normal 89 (46.6)

Overweight 79 (41.4)

Obesity 23 (12.0)

Years of noise exposure

<10 97 (50.8)

≥10 94 (49.2)

Marital status

Not married 17 (8.9)

Married 174 (91.1)

Use of personal protective devices

Sometimes 36 (18.8)

Always 23 (12.0)

No 132 (69.1)

Family history of hypertension 86 (45.0)

Smoking 91 (47.6)

History of work injuries 11 (5.8)
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range 72.6 to 100.5) dBA. Forty-six (24.1%) 
workers were exposed to noise levels lower 
than the permissible limit of 85 dBA; 145 
(75.9%) were exposed to higher levels. The 
two groups of workers did not differ signif-
icantly in terms of their age, years of noise 
exposure, BMI, use of protective devices, 
and other studied characteristics.

Noise Level and Blood Pressure

The mean blood pressure increased with 
elevated noise level (Fig 1). The mean SBP 
was significantly (p=0.023) higher in the 
group with high noise level exposure (129 
mm Hg) compared with the group with low 
noise exposure (124 mm Hg). Similarly, 
the mean DBP was significantly (p=0.029) 
higher in the exposed group compared 
with non-exposed group (80 vs 78 mm 
Hg).

The prevalence of hypertension among 
workers in the studied three plants was 
31.9% (95% CI 25.3% to 38.6%). The prev-
alence of hypertension among workers ex-
posed to noise levels higher than the per-
missible limit was significantly (p<0.001) 
much higher than that among workers 
exposed to lower noise levels (37.9% vs 

13.0%) (Table 2). The prevalence was sig-
nificantly higher among 36–55-year-old 
workers compared with 22–35-year-old 
married overweight workers. The preva-
lence of hypertension was increased sig-
nificantly with increased years of noise 
exposure.

In multivariate analysis, hypertension 
was significantly associated with exposure 
to noise, age, and obesity (Table 3). After 
adjusting for other variables, workers ex-
posed to noise higher than the permissible 
limit had a significantly higher odds of hy-
pertension compared with those exposed 
to lower levels (OR 4.7, 95% CI 1.6 to 13.8). 
The odds of hypertension increased by 17% 
(95% CI 10% to 30%) for each dB increase 
in noise intensity.

Discussion

We found that about three quarters of 
workers were exposed to noise levels 
higher than the permissible limit. The 
mean blood pressure and the prevalence 
of hypertension were significantly higher 
among workers exposed to high noise level 
compared with those exposed to low lev-
els. Multivariate analysis showed a signifi-
cant association between exposure to high 
noise level and presence of hypertension 
after adjustment for potential confound-
ers. 

Previous studies showed conflicting 
findings in relation to the association be-
tween occupational exposure to noise and 
development of hypertension.7-17 The asso-
ciation between noise exposure and high 
blood pressure was demonstrated in many 
studies of various designs including cross-
sectional and cohort studies. Moreover, the 
association was confirmed in various in-
dustry settings including textile workers,18 
metal industry workers,19 airport work-
ers,20 automotive workers,21 and weaving 
workers.22 However, some studies did not 
support the association between noise ex-

Figure 1: The correlation between noise level and mean blood 
pressure

Exposure to Noise and Blood Pressure
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posure and high blood pressure.9,10,23

Some studies including few longitudi-
nal studies demonstrated a dose-response 
relationship between the risk of hyperten-
sion and different noise parameters includ-
ing the noise intensity, duration of noise 
exposure, and cumulative exposure.24,25 A 
meta-analysis25 of studies published before 
2008 showed a statistically significant in-
crease of SBP and DBP among those with 
exposure to high level of noise compared 
with those exposed to lower levels. Simi-
larly, another meta-analysis of 12 prospec-
tive studies published after 1999 showed 
that exposure to noise at work is associ-
ated with higher risk of hypertension.26 
Moreover, a review by Passchier-Vermeer17 
showed increases in the means of SBP and 
DBP of 3.9 and 1.7 mm Hg, respectively, 
for workers exposed to high levels of noise 
compared with non-exposed workers.17,18 
On the other hand, a meta-analysis of 43 
studies published before 1999 showed that 
the risk of hypertension is increased a little 
(RR 1.14, 95% CI 1.01 to 1.29) with a 5-dBA 
increase in noise intensity.16 The study 
highlighted many limitations in exposure 
characterization, control for possible con-
founders, and the possibility of publication 
bias in the included studies.

The association between exposure to 
high level noise and risk of high blood 
pressure could be mediated by stress and 
its associated biochemical changes. Ex-
posure to high levels of noise might cause 
stress. In response to stress, the secretion 
of a number of hormones and chemical 
substances such as cortisol, adrenaline 
and noradrenaline are enhanced. The in-
crease in concentration of these chemicals 
was shown to result in peripheral vasocon-
striction and increased arterial blood pres-
sure.7,27 Other situations in the workplace 
may also increase the risk of hypertension 
in these places.5

In this study, increased age and obe-
sity were significantly associated with hy-

Table 2: Prevalence of hypertension according to the studied 
characteristics. Figures are n (%).

Parameter Normotensive Hypertensive p value

Noise level

≤85 dBA 40 (87) 6 (13) 0.001

>85 dBA 90 (62.1) 55 (38)

Age (yrs)

<30 42 (91) 4 (9) <0.001

31–40 66 (68) 31 (32)

>40 22 (46) 26 (54)

Body mass index

Normal 64 (72) 25 (28) 0.040

Overweight 56 (71) 23 (29)

Obesity 10 (44) 13 (57)

Years of noise exposure

3–5 50 (89) 6 (11) <0.001

6–10 35 (85) 6 (15)

11–15 29 (66) 15 (34)

>15 17 (34) 33 (66)

Marital status

Not married 16 (94) 1 (6) 0.010

Married 114 (65.5) 60 (34.6)

Family history of hypertension

No 71 (67.6) 34 (32.4) 0.505

Yes 59 (69) 27 (31)

Use of personal protective devices

Sometimes 18 (50) 18 (50) 0.026

Always 15 (65) 8 (35)

No 97 (73.5) 35 (26.5)

Smoking

No 66 (66) 34 (34) 0.420

Yes 65 (71) 26 (29)

S. Nserat, A. Al-Musa, et al
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pertension. This finding has already been 
demonstrated in several studies conducted 
on Jordan population.29,30

One of the limitations of the current 
study was that it included only male work-
ers. One would expect that females have 
higher susceptibility to noise exposure 
than males.25,31 Therefore, the findings 
of this study might only be valid for male 
workers. Other factors that should have 
been considered were the possibility of 
selection bias and lack of information on 
stress hormones. The fact that we assumed 
persons with exposure to noise levels >85 
dB were exposed to same intensity in their 
entire service should also be considered in 
the interpretations of the study findings.

In conclusion, this study showed that 
exposure to high noise level was associated 
with increased blood pressure and higher 
prevalence of hypertension. Evidence-

based effective interventions at workplace 
need to be adopted to reduce the noise lev-
el in industrial plants.

Acknowledgments

Authors would like to acknowledge the 
Training Programs in Epidemiology and 
Public Health Interventions Network (TE-
PHINET) and Jordan Field Epidemiology 
Training Program for their technical sup-
port. 

Conflicts of Interest: None declared.

References

1. Nelson DI, Nelson RY, Concha-Barrientos M, et al. 
The global burden of occupational noise-induced 
hearing loss. Am J Ind Med 2005;48:446-58.

2. Nassiri P, Monazam Esmaeelpour M, Rahimi 
Foroushani A, et al. [Occupational noise exposure 
evaluation in drivers of bus transportation of 
Tehran City.] Iran J Health & Environ 2009;2:124-31. 
[in Persian]

3. Mahendra Prashanth K, Venugopalachar S. The pos-
sible influence of noise frequency components on 
the health of exposed industrial workers-a review. 
Noise Health 2011;13:16-25. 

4. Goyal S, Gupta V, Walia L. Effect of noise stress 
on autonomic function tests. Noise Health 
2010;12:182-6. 

5. Chang TY, Hwang BF, Liu CS, et al. Occupational 
noise exposure and incident hypertension in 
men: a prospective cohort study. Am J Epidemiol 
2013;177:818-25.

6. McNamee R, Burgess G, Dippnall WM, Cherry N. 
Occupational noise exposure and ischaemic heart 
disease mortality. Occup Environ Med 2006;63:813-
9.

7. de Souza TC, Perisse AR, Moura M. Noise exposure 
and hypertension: investigation of a silent relation-
ship. BMC Public Health 2015;15:328. 

8. Gan WQ, Davies HW, Demers PA. Exposure to oc-
cupational noise and cardiovascular disease in the 
United States: the national health and nutrition 
examination survey 1999–2004. Occup Environ 
Med 2011;68:183-90. 

Table 3: Results of the logistic regression 
analysis assuming hypertension as the de-
pendent variable

Predictors Adjusted OR (95% CI)

Noise level

≤85 dBA 1.0

>85 dBA 4.7 (1.6 to 13.8)

Age (yrs)

≤30 1

31–40 2.6 (0.6 to 8.7)

>40 5.0 (1.3 to 19.4)

Body mass index

Normal 1.0

Overweight 0.9 (0.4 to 2.0)

Obesity 4.5 (1.3 to 12.7)

Years of exposure 

<10 years 1

≥10 years 5.5 (2.3 to 13.2)

Exposure to Noise and Blood Pressure



www.theijoem.com Vol 8, Num 4; October, 2017 223223

9. Stokholm ZA, Bonde JP, Christensen KL, et al. Oc-
cupational noise exposure and the risk of hyperten-
sion. Epidemiology 2013;24:135-42. 

10. Inoue M, Laskar MS, Harada N. Cross-sectional 
study on occupational noise and hypertension 
in the workplace. Arch Environ occup Health 
2005;60:106-10.

11. Babisch W. Stress hormones in the research on 
cardiovascular effects of noise. Noise health 
2003;5:1-11.

12. Eriksson C, Rosenlund M, Pershagen G, et al. 
Aircraft noise and incidence of hypertension. Epide-
miology 2007;18:716-21.

13. Zamanian Z, Rostami R, Hasanzadeh J, Hashemi 
H. Investigation of the effect of occupational 
noise exposure on blood pressure and heart rate 
of steel industry workers. J Environ Public Health 
2013;2013:256060. doi: 10.1155/2013/256060.

14. Powazka E, Pawlas K, Zahorska-Markievicz B, Zejda 
JE. A cross-sectional study of occupational noise 
exposure and blood pressure in steelworkers. Noise 
& Health 2002;5:15-22.

15. Bodin T, Albin M, Ardö J, et al. Road traffic noise 
and hypertension: results from a cross-sectional 
public health survey in southern Sweden. Environ-
mental Health 2009;8:38.

16. van Kempen EE, Kruize H, Boshuizen HC, et 
al. The association between noise exposure 
and blood pressure and ischemic heart dis-
ease: a meta-analysis. Environ Health Perspect 
2002;110:307-17.

17. Passchier-Vermeer W, Passchier WF. Noise expo-
sure and public health. Environ Health Perspect 
2000;108 Suppl 1:123-31.

18. Pang LJ, Chen LZ, Fu BY. [Prevalence and influence 
factors of hypertension among mechanic factory 
workers.] Zhong Nan Da Xue Xue Bao Yi Xue Ban 
2005;30:276-9. [in Chinese]

19. Garcia AM, Garcia A. [Relationship between arterial 
pressure and exposure to noise at work.] Med Clin 
(Barc) 1992;98:5-8. [in Spanish]

20. Zare M, Abedi K, RAhiminejad M, et al. Influence 
of aircraft noise on hypertension in airport staff. 

Journal of Babol University of Medical Sciences 
2009;10:54-61

21. Tomei F, Fantini S, Tomao E, et al. Hypertension 
and chronic exposure to noise. Arch Environ Health 
2000;55:319-25.

22. Jarup L, Dudley ML, Babisch W, et al. Hyperten-
sion and Exposure to Noise near Airports (HYENA): 
Study design and noise exposure assessment. 
Environ Health Perspect 2005;113:1473-8.

23. Pourabdiyan S, Ghotbi M, Yousefi HA, et al. [The 
epidemiologic study on hearing standard threshold 
shift using audiometric data and noise level among 
workers of Isfahan metal industry.] Koomesh 
2009;10:253-60. [in Persian]

24. Liu CS, Young LH, Yu TY, et al. Occupational Noise 
Frequencies and the Incidence of Hypertension 
in a Retrospective Cohort Study. Am J Epidemiol 
2016;184:120-8.

25. Chen S, Ni Y, Zhang L, et al. Noise exposure in oc-
cupational setting associated with elevated blood 
pressure in China. BMC Public Health 2017;17:107.

26. Kalantary S, Dehghani A, Yekaninejad MS, et al. The 
effects of occupational noise on blood pressure 
and heart rate of workers in an automotive parts 
industry. ARYA Atheroscler 2015;11:215-9.

27. Ising H, Kruppa B. Health effects caused by noise: 
evidence in the literature from the past 25 years. 
Noise Health 2004;6:5-13.

28. Dajani R, Khader YS, Hakooz N, et al. Metabolic 
syndrome between two ethnic minority groups 
(Circassians and Chechens) and the original inhabit-
ants of Jordan. Endocrine 2013;43:112-9. 

29. Jaddou HY, Batieha AM, Khader YS, et al. Hyperten-
sion prevalence, awareness, treatment and control, 
and associated factors: results from a national 
survey, jordan. Int J Hypertens 2011;2011:828797. 
doi: 10.4061/2011/828797.

30. Shishani K, Dajani R, Khader Y. Hypertension risk 
assessment in the largest ethnic groups in Jordan. J 
Immigr Minor Health 2013;15:43-8.

31. Jarup L, Babisch W, Houthuijs D, et al. Hypertension 
and exposure to noise near airports: the HYENA 
study. Environ Health Perspect 2008;116: 329-33.

S. Nserat, A. Al-Musa, et al

a r t i c l e


