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INTRODUCTION

Stress can be defined in several ways, and
it is important to use an approach that covers
the different concepts. One definition of stress

8

Noise exposure is one of the major occupational hazardsin many places, and has
severa health effects, including hearing loss and psychological effects such as
sleep disturbancesand mental stress. The objective of thisresearch wasto determine
the rel ationship between noise and stress and other risk factorsthat affect job stress.
A cross-sectional comparativedesigninvolved atotal of 326 workers consisting of
220 workersin high noise conditions and 106 workersin low noise conditions. The
data were collected directly from the respondents by filling out the questionnaire
on worker characteristics, the stress diagnostic questionnaire, and the symptom
checklist 90, through discussionswith company management, and by measurement
of noiselevels. Thejob stress prevalence in workers in high noise conditions was
55% and in those in low noise conditions 24.5%. The results showed that risk
factors such as gender of workers, noise conditions, habitual use of ear plugs, shift
work, and work stressors had asignificant relationship with job stress. Multivariate
analysisindicated that the habit of using earplugswasadominant risk factor causing
job stress. The prevalence of job stressin high noise conditions was higher than
that in workers in low noise conditions. Noise conditions have a significant
relationship with job stress (OR=2.46; 95% Cl 1.33 - 4.55). Workersin high noise
conditionswho did not always use or never had used ear plugshad ahigher chance
of experiencing stress than those in low noise conditions who did not need ear
plugs (OR=21.76; 95% CI 8.09 - 58.52). This study supported that noise exertsits
health effect via stress, since noise often raise stressin various ways.
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at work (job stress, work-related stress) is “the
harmful physical and emotional responses that
occur when the requirements of the job do not
match the capabilities, resources, or needs of
the worker”.®2 Normally the worker should
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make a successful adaptation to the work
environment. The purpose of this adaptation is
to minimize or eliminate discomfort caused by
environmental stressors. Successful adaptation
to a stressor will not cause problems, thus the
resulting stress is an agreeable stress called
eustress or positive stress. If the adaptation is
incomplete or if the stressor is stronger than the
defense mechanism of the individual, then the
result will be disagreeable or uncomfortable
stress. Thiscondition isfrequently called distress
or negative stress.® Negative stress (in the
following discussion to be referred to simply as
‘stress’) may influence health and cause
numerous health problems, including anxiety,
arthritis, cancer, depression, heart disease, high
blood pressure, and insomnia. In severe cases of
job stress occurring over a prolonged period of
time, psychological problems and psychiatric
disorders may develop.® Stress may occur in
various types of occupation, and European
studies have found that the prevalence of stress
varies between different occupations.
Professionalsreported the highest level of stress
(40%), as compared with 17% in elementary
occupations.® Two British studies, one of head
teachers and one of police officers, found the
prevalence of self-reported work-related stress
to be 43% and 41%, respectively.®8 The
prevalence of job stressin the production section
of a Japanese machinery factory was 57.7%.()
Noise is one of the intrinsic occupational
factorsthat may causejob stress. Several studies
indicate that occupational noise exposure is
correlated with blood pressure changes and
cardiovascular disease.®9 A cross-sectional
study showed that there was no significant
association between noise intensity and
increased noise induced heaving 10ss.9 Noise
plays a substantial role in stress causation in
workers. This is due to the fact that certain
individuals are unduly sensitive to noise in
comparison to others. lvancevich is of the
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opinion that repeated excessive noise (around
80dB) for aprolonged period of time may induce
stress.™V High-intensity noise may cause
headaches, drowsiness, high blood pressure,
occupational stress, muscle fatigue, and lack of
concentration. Exposure to excessive noise may
reduce the work ethos and result in increased
absenteeism, thus decreasing work
productivity.® Japanese studiesin male workers
aged 40 to 59 years indicate that around 35%
experience noise-related stress.® Exposure to
moderate levels of noise may also result in
psychological disorders (gastrointestinal, sleep
and psychosomatic disorders) and physical
disorders (high blood pressure and raised levels
of stress hormones).® Among a total of 2,368
company workers, female workers exposed to
noise apparently suffered from somatic
symptoms, anxiety, depression and irritability,
whereas male workers presumably suffered only
fromirritability.® The use of ear mufflersisone
of the means for reducing the intensity of
perceived noise.

If early stress symptoms are found in
workers and the etiologic factors of these
symptoms have been determined, then
immediate steps have to be taken for managing
early stress symptoms in those workers.®%
Stress is caused by multiple factors, thus no
simple solution is available for application.
Different cases of stress call for individualized
solutionsin stress management. One of the most
ideal solutions is preventing the occurrence of
early stress symptoms in workers. This may be
attained by taking care of the core of the stress
problem, this being the cause of stress itself.
Studies on the relationship between noise
caused by spinning machinery and job stress
have been few in number. The aims of the study
was to identify the risk factors of job stress at
aprivate thread spinning company, where noise
is presumably the principal risk factor of job
stress.
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METHODS

Resear ch design

The present study uses a comparative
cross-sectional design for determination of a
relationship between noise and the occurrence
of job stress, conducted from December 2007
until January 2008.

Population and study subjects

The target population under study
comprised therank and fileworkersat a private
spinning company in Citeureup, totalling 601
individuals. The minimal sample size needed
was 326 persons, cal culated using the following
formula: "

n,=Z<?xXpXx(1-p)
d2
=1.962x 0.26 x 0.74
0.05?

= 296

n,=n +10%n,
=296 + 30
= 326

The inclusion criteria in this study were:
workers who had worked for at least 6 months
with the company, and who were willing to
participate in the study and sign a written
consent, The exclusion criterion in this study was
workerswith severe hearing disorders. The study
participants were recruited by proportional
purposive sampling among workers in high and
low noise conditions. For workersin high noise
conditions (> 80 dB) the sample size was 220,
whilst for workersin low noise conditions (< 80
dB) a sample size of 106 was obtained.

Data collection

The variables investigated in this study
consisted of dependent and independent
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variables, where the dependent variable wasjob
stress. The independent variables comprised
personal characteristics (age, educational level,
gender, marital status, length of employment,
use of ear plugs), environmental factors
(occupational stressors in the form of role
conflicts, ambiguity of roles, work load, career
development, work shift and the availablity of
ear plugs), and agent factor (noise). Data were
collected by filling out of three types of
guestionnaire, namely the questionnaire on
worker characteristics, the stress diagnostic
survey questionnaire, and the symptoms
checklist-90 (SCL 90). The questionnaire on
worker characteristics collected data on
workers, namely age, educational level, gender,
marital status, length of employment, work
shift, and the use of ear plugs. The stress
diagnostic survey questionnaire consisted of 30
guestions for measuring work stressor
variables, namely ambiguity of roles, role
conflicts, qualitatively excessive work load,
guantitatively excessive work load, and career
development. Stressors were negative (-) if the
total score was 0-9, while stressors were
positive (+) if the score was > 10. The SCL 90
guestionnaire was used for measuring emotional
mental disorders in workers, and consisted of
90 questions.®® Mental or psychopathological
disorderswere positive (+) if thetotal score was
> 61 and negative (-) if thetotal score was <60.
Data on the use of ear plugs were obtained by
discussions with the facory management.

M easurements

Noise intensity data were obtained from
the results of measurements performed by the
investigators in the production section (high
noise conditions) and in the non-production
sections (low noise conditions). In both cases,
noise level was determined using a Lutron
sound level meter.
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Data analysis

Percentage analysis was performed to
obtain stress prevalence, while simple logistic
regression analysiswas used to test various risk
factors and stress events. To determine the
dominant risk factor affecting the development
of job stress, a multiple logistic regression
analysis was conducted, and the risk factor
affecting stressin the simplelogistic regression
analysis was included in the model. The level
of significance of the bivariate analysis was
p<0.05. For the data analysis the SPSS 13
program was used.

RESULTS

A total of 326 workers participated in this
study, consisting of 55.8% (182/326) males and
44.2% (144/326) females. The mean age of the
workerswas 30.5 years. The number of workers
in sections with low noise conditions was
32.5% (106/326), whilst the number of those
employed in high noise conditions was 67.5%
(220/326). The prevalence of job stressin high
noise conditions was 55.0% whereas the
prevalence of job stress in those in low noise
conditions was 24.5%.

Relationship between risk factors and job
stress

The results of the relationship between
several risk factors and job stress is shown in
Table 1. Gender, use of earplugs and noise
condition were risk factors of job stress among
workers. The risk of job stress among workers
who worked in a high noise condition were 3.76
higher than workers who worked in low noise
condition (OR=3.76; 95% CI = 2.24-6.30).

Dominant risk factor on occurrence of job
stress

To obtain the dominant risk factor
influencing the occurrence of job stress, a
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multiple logistic regression analysis was
performed. All significant variables in the
simple logistic regression analysis were
included in the model.

From Table 2 it is apparent that there were
two significant risk factors, namely noise
conditions and use of ear plugs. A correlation
matrix, demonstrating a high correlation
between noise conditions and use of ear plugs.
This indicated the presence of colinearity
between noise conditions and use of ear plugs.

From Table 3 it may be seen that noise
condition was the dominant risk factor for
occurrence of job stress (OR=2.46; 95% CIl 1.33
- 4.55). From Table 4 it is apparent that the risk
factor ear plug was a dominant risk factor for
the occurrence of job stress, with (OR=21.76;
95% CI 8.09 - 58.52).

DISCUSSION

In high noise conditions the preval ence of
job stress was 55.0%, whereas the prevalence
of job stressin low noise conditions was 24.5%.
The prevalence of job stress of the production
section in this study was lower than the value
of 57.7% obtained in the study by Yoshio et al.
in Japanese workers in the machinery section.”)
The difference may be due to differences in
research design. The study by Yoshio used the
cohort method based on observations made
during a period of 2 years, whereas in the
present study the cross-sectional method was
employed, where study results were based on
observations made at a given point in time.

In the present study gender had a
significant correlation with occurrence of job
stress. Female workers had a 1.57 fold greater
chance for stress than their male counterparts.
The available literature states that working
females experience a higher level of stress in
comparison with males workers.® A 6-year
French cohort study on 8,847 male and 2,886
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Table 1. Relationship between risk factors and job stress

Joh siress

Risk factors Ahsent Present Total OR P gsﬂ:]:.;ggl
n (%0) n (%) n (%)

MNoise cond ition

Lowr 20 T5.5 26 245 106 1000

High a9 450 121 A5.0 220 1000 376 0.000* 224 -6.30
Age (yrs)

=30 21 fd.3 52 37T 133 1000

< 30 Qg 0.7 a5 49 3 193 1000 1.51 nov2 096 - 236
Education

= EhA 132 37 114 463 246 1000

< 3hiA a7 SE8 33 41 2 20 1000 021 0427 048 -1.35
Gender

Ilale 109 0.9 T3 401 182 1000

Female 70 4% 8 74 514 144 1000 1.57 0.043#* 1.01-2.45
Marital Status

Matried 138 3750102 425 240 1000

Single 41 47 7 45 533 Za 1000 1.48 0117 090 2.43
Length of emp loyment

< 6 wears 108 393 T4 407 182 1000

> 6 wears 71 49 3 73 A07 144 1000 1.50 n.o7vl 096 - 2.33
Use of ear plugs

Mot needed 20 T5.5 26 245 106 100.0

Alurays uged a1 632 33 a8 144 1000 1.79 0040 * 102-3132

Mot alwaysinever used 2 10.5 aE BOA 76 1o 615 0.000* 11.11 - 41.55
Work Shifit

Ha 24 636 44 344 128 1000

Ves a5 479 103 521 192 1000 2.07 0.o0z#* 130.-327
Ambhiguity of roles

Ahsent o4 69 .6 41 304 135 1000

FPresent 5 44 5 108 553 191 1000 285 0.000* 179 —455
Role conflict

Ahsent 24 71E 33 282 117 1000

Present a5 455 114 545 209 1000 3.05 0.000* 187 —4 94
Qualiitatively
excessive load

Ahsent T 737 25 263 o5 1000

FPresent 109 473 122 528 231 1000 313 0.00n* 185 —5720
Quantitatively
excessive load

Ahszent T4 T1E 29 282 103 100.0

Fresent 105 47 1 112 a20 2231000 I 8G 0.00n* 173 —474
Career development

Abzent 24 a2 .3 39 317 123 1000

Present 95 4548 108 532 203 1000 2.44 0.000* 153 -301
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Table 2. Dominant risk factor on occurrence of job stress

Risk factor B OR 05.0% C.Ifor OR
Moige conditions 3080 2176 .09 58 52
GFender 0359 1. 079 258
Use of ear plugs

- Alwrays used 45902 055 0.0z 0.13
Witk shift -0.227 1.25 0635 2.40
Atn i guity of roles 0.140 1.15 0.57 231
Role conflict 0.594 121 028 3.73
Caalitatively ex cessive load 0574 177 01 380
Caartitatively ex cessive load 0551 1.73 0.9 3.ED
Career development 0422 152 0zl 285
i otustatit, -3.384 00z

Table 3. Multivariate analysis with inclusion of noise condition risk factor

Risk factors B OR 95.0% C.I1for OR
Moige conditions 0.902 246 1.33 4535
O ender 0.20% 123 0.72 2.08
Work shift -0.305 135 0.75 2.42
Ambiguity of roles 0.320 137 0.73 2.58
Fole conflict 0.44% 1 .56 0.81 2.09
Qualitatively ex cessive load 0.521 1 A& 023 3.39
Quantitatively ex cessive load 0.231 126 0.63 2.50
Career development 0.4:29 1.63 0.91 289
' onstant -3.429 ooz

Tabel 4. Multivariate analysis with inclusion of ear plug risk factor

Ridk factor B SE. Wald Df OR 0500 Clfor OR
Crenuder 0359 0.z01 1.41%8 1 1.43 0.79 2.58
Work shift 0227 1.25 0.63 2,46
Aunld guity of roles 0.140 1.15 0.57 234
Ear plug 44,344 2

Flug 1) 0179 0542 0,273 1 1.19 0.61 2.33
Plug’® 3020 0.505 37.265 1 2178 g.09 5851
Fale corflict 0.59 1.81 0.g2 373
Caalittively ex cessive load 0.574 177 021 389
Cuantitatively ex cessive load 0.551 1.73 0.7 3.E0
Caresr development 0422 1.52 0.81 285
Comstart -3.382 0655 26,629 1 0.03
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female workers reported that female workers
experienced higher stresslevelswhen compared
with males.®® Evans randomly assigned 40
experienced clerical workers (all femalewith a
mean age of 37 years) to either aquiet office or
one with low-intensity office noise (including
speech) for three hours. The study showed that
the workers in the noisy office experienced
significantly higher levels of stress (as
measured by urinary epinephrine).?” A study
of nurses yielded essentially similar results.
Urinary cortisol, adrenaline and noradrenaline
levels were all increased with age in both
genders, with a greater difference in the
younger age group compared with the older
group. These hormones were lower in
premenopausal women compared with male
nurses of similar age.®Y A survey conducted in
Japan found psychosomatic disorders in 88%
of female workers and in only 80% of male
workers.(??)

The habit of using ear plugs in the present
study was significantly correlated with
occurrence of job stress. Workers in high noise
conditionswho always used ear plugshad a1.79
fold greater chance of stressthan workersinlow
noise conditions who did not need ear plugs. On
the other hand, workersin high noise conditions
who never or not always had used ear plugs had
a26.15fold greater chance of stressthan workers
in low noise conditions who did not need ear
plugs. Use of ear plugs is one of the measures
for reducing perceived noise intensity. Workers
who always use ear plugs may still have agreater
chance of experiencing stress compared with
those not needing ear plugs. This may be due to
the fact that use of ear plugs constitutes a stressor
for the workers. The worker may not feel
comfortable using the supplied ear plugs or they
feel compelled to use ear plugs out of feelings
of fear for the company. Another reason may be
that although the workers always use ear plugs,
they do not use them correctly.

14
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The results of this study indicate that all
work stressor variables were sigificantly
correlated with occurrence of job stress. If the
risk factors of ambiguity of roles, role conflicts,
gualitatively excessive work load,
guantitatively excessive work load and career
development are present in the workers, these
workers will have a greater chance of
experiencing stress compared with those
workers without above risk factors. Work shift
also has a significant correlation with
occurrence of job stress. Thisis consistent with
studies conducted in Japan indicating that work
shift is a main source of stress in factory
workers.®?® According to Spurgeon, 10 out of
11 studies show that work shift is correlated
with mental health disorders.%

Theresults of the present study reveal two
significant risk factors for job stress, namely
noise conditions and habitual use of ear plugs.
This indicates the presence of colinearity
between noise conditions and habitual use of
ear plugs. After performing a multivariate
analysis by exclusion of one of those factors, it
was found that habitual use of ear plugs was
the dominant risk factor of job stress, with
OR=21.76 (95% CI 8.09-58.52). This signifies
that workers in high noise conditions who did
not always use or never had used ear plugs had
a21.76 fold greater chance of stress compared
with workers in low noise conditions who did
not need ear plugs. Use of ear plugs is one of
the measures for reduction of perceived noise
intensity levels. The study conducted by
Melamed et al. showed that workers exposed
to noise levels of >80 dB had substantially
elevated cortisol levels.?® After the use of
earmuffs, which decreased the noise levels to
30dB, the cortisol levels were drastically
lowered.®

Studiesin the USA have indicated that the
use of hearing protectorsisincreasing, but there
is still much to be improved in this respect.
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Many factors have been reported as influencing
the use of hearing protectors, such as the
perception of risk likelihood and comfort when
using the hearing protectors.?"2® There should
be socialization on the use of ear plugs among
the workers, control on use of ear plugs by the
workers, and imposition of sanctions on those
workers not using ear plugs.

CONCLUSIONS

The prevalence of job stressin high noise
conditions was 55.0%, and in workers in low
noise conditions the prevalence was 24.5%. Use
of ear plugs is a dominant risk factor for job
stress. Thissignifiesthat workersin high noise
conditions did not always use or never had used
ear plugs.
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