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Research Paper
The Effect of Stress Caused by Occupational Noise 
on the Salivary Cortisol Levels of Weaving Industry 
Workers

Background: Machines with reciprocating movements in the textile industry make noise and 
stress. In response to stress, the body releases cortisol at high levels. This study was designed to 
investigate the effects of industrial noise on salivary cortisol and stress in textile industry workers.

Methods: This research is a quasi-experimental and cross-sectional study involving 53 workers 
in the weaving industry in the southern region of Iran. The workers’ stress was evaluated 
subjectively through the Osipow standard job stress questionnaire and objectively by measuring 
cortisol hormone levels in saliva samples using the cobas radioimmunoassay kit. We used the 
sound level meter to measure noise on two consecutive days (working day and rest day).

Results: The average noise levels of the workplace and the resting place were 92.01 and 51.52 
dB, respectively. There is a significant difference in salivary cortisol levels between the working 
morning groups (5.596±1.74 μg/dL) and the morning resting groups (1.41±3.99 μg/dL) and 
between the working evening (5.4593±1.72 μg/dL) and the resting evening (3.5519±1.43 μg/
dL) groups. The salivary cortisol levels were significantly higher in both groups on working 
days than on rest days. The workload score in the questionnaire revealed a significant difference 
between the two groups of men and women regarding job stress (P=0.006).

Conclusion: The results show that workplace noise can have a negative effect on cortisol 
regulation and cause stress. It is believed that this disorder is related to increased sensitivity to 
sound. Therefore, noise exposure should be recognized as a nonspecific stress that activates the 
autonomic nervous system.
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Introduction

umans’ physical, mental, and social health 
is strongly influenced by their work en-
vironment [1, 2]. Among the many fac-
tors that impact this environ-ment, noise 
has become a major concern in recent 

years [3]. The primary noise source in industrial set-
tings stems from the machinery’s moving com-ponents 
[4]. These noise resources produce acoustic emissions 
that have been identified as sources of environmental 
stress [5]. According to the International Labor Organi-
zation (ILO), approximately 3.3 billion individuals are 
employed globally [6]. According to the centers for dis-
ease control (CDC), approximately 22 million workers 
in the United States are exposed to harmful noise each 
year [7]. In Iran, approximately 15% of workshops with 
more than 10 employees are exposed to damaging noise, 
which affects approximately 20% of the workers [8].

Additionally, it can reduce human performance, pro-
ductivity, and concentration and increase the risk of acci-
dents and errors. In the workplace, noise is any unwanted 
or undesirable sound that can adversely affect workers’ 
health, safety, and productivity. It can include continuous 
noise from ma-chinery, intermittent noise from tools or 
processes, or even sudden, loud noises that startle work-
ers [9]. The tolerance threshold for noise in workers is 
the maximum level of noise exposure that workers can 
safely endure without experiencing significant negative 
impacts on their health and well-being [10].

Occupational exposure to above 85 dB for eight hours a 
day can cause high blood pressure, decreased work perfor-
mance, sleep problems, confusion, and stress [11]. Stress 
has numerous negative effects on the body. When humans 
experience stress, the body releases stress hormones such 
as corti-sol and adrenaline. This stress response includes 
physical and mental reactions aimed at helping the body 
cope with the perceived threat or challenge. However, 
prolonged stress can result in chronic elevation of cortisol 
levels, which can cause a range of health concerns. The 
adverse effects of stress on the body include increased 
blood pressure, increased heart rate, gastrointestinal dis-
turbances, muscle weakness, decreased immune system 
func-tion, increased risk for heart disease, further stimu-
lation of stress hormone secretion, and increased risk for 
depression and anxiety [12].

Several reliable indicators are at experts’ disposal for 
measuring and determining stress levels. Cortisol is a 
glucocorticoid hormone produced by the adrenal glands. 
This hormone can be easily detected in blood or urine 

samples, making it a practical and reliable stress indica-
tor. Among the nonaudi-tory effects of noise exposure 
are increased stress hormone levels, which disrupt hor-
monal rhythms by activating the sympathetic adrenal 
medullary and the hypothalamic pituitary adrenal (HPA) 
axes. In this regard, cortisol can be an excellent indica-
tor for evaluating stress levels and performance of the 
HPA axis due to noise exposure [13]. Various factors can 
affect the level of cortisol in the human body. Some of 
these factors were as follows:

1) Stress; cortisol levels increase when individuals 
experience stressful situations such as work pressure, 
family issues, illness, poor nutrition, or unfa-vorable 
conditions; 2) Physical activity; exercise, and physical 
activity can also increase cortisol levels; 3) Sleep; get-
ting enough sleep at the right time can positively affect 
cortisol levels; 4) Diseases; certain diseases, such as 
cancer, Addison disease, Cushing syndrome, and manic-
depressive illness, can cause an increase in cortisol lev-
els in the body; 5) Drugs; certain medications, such as 
corticosteroids, can also increase cortisol levels.

In addition, a combination of factors, along with indi-
vidual genetics, can also impact cortisol levels [14, 15].

Stress indicators such as cortisol are widely used to 
study the biological effects of noise exposure [12]. The 
body’s response to stress leads to the secretion of high 
levels of cortisol. Because this hormone is responsible 
for several stress-related changes in the body, it is also 
called a stress hor-mone [12, 16, 17]. Several studies 
have investigated the impact of noise on blood cortisol 
levels. While some studies have revealed a significant 
difference in cortisol levels before and after noise expo-
sure, others have produced conflicting results [16, 18, 
19]. In contrast, in some other studies, this relationship 
was not confirmed [20, 21]. 

Noise exposure can act as a stressor and adversely im-
pact the body’s secretion of stress system mediators, in-
cluding free hormones such as cortico-tropin, catechol-
amines, norepinephrine, epinephrine, and cortisol. These 
hormones can exert destructive effects on the body [22]. 
Calming music and other stress-reducing activities can 
decrease cortisol levels, while loud or external noise can 
increase them. Studies have demonstrated that individu-
als residing in noisy environments have a greater level of 
cortisol [23]. Before this investigation, no scientific find-
ings addressed the correlations among noise exposure, 
occupational stress and cortisol levels in workers within 
the weaving industry.

H
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Given the multiple sources of noise in this industry 
and the high noise exposure experienced by workers, 
it is essential to examine their stress levels. Therefore, 
this study aims to investigate the impact of occupational 
noise stress on the salivary cortisol levels of textile in-
dustry workers.

Methods

Study participants

This quasi-experimental study was conducted in a 
weaving factory in southeast Iran. In the textile hall, 
many machines, such as blenders, autorollers, double 
layer, double warp, and finishers, made a lot of noise 
when turned on. In this study, the studied population was 
selected from the same exposure groups in one textile 
hall that used the overnight facilities provided by the fac-
tory management. Seventy-two workers had this initial 
condition. Using the Cochran formula (z: 1.96; p=q=0.5; 
d: 0.05), the sample size was calculated to be 61 cases.

The exclusion criteria included hearing impairment, 
headache, head surgery, mental shock (in the last 6 
months), cardiovascular disease, metabolic disorders, 
diabetes, work experience of less than 1 year, and smok-
ing. Eight people were excluded from the study due to 
these conditions. Therefore, 53 workers were selected 
from the textile hall.

Data collection methods

In the first step, written informed consent was obtained 
from all workers. Next, they completed a structured 
checklist containing individual demographic informa-
tion, such as gender, age, weight, height, and work ex-
perience.

In this study, workers’ stress was investigated subjec-
tively and objectively, including using a standard oc-
cupational stress questionnaire and the level of salivary 
cortisol hormone as an indicator of stress. The purpose 
of using the standard occupational stress questionnaire 
was to measure all stressful factors and correctly judge 
the factors affecting the changes in the cortisol hormone 
level as an objective indicator in this study.

The Osipow occupational stress questionnaire (OJSQ) 
is a widely used tool to assess occupational stress and its 
impact on individuals. The primary purpose of this ques-
tionnaire is to measure the stress experienced by people 
in their work environment and provide insight into the 
factors influencing that stress [24].

The study samples were people who worked in a textile 
hall doing the same activity and spent their rest day in the 
boarding house. After the workers filled out the occupa-
tional stress questionnaire, they were examined on two 
consecutive days (one working day and one rest day) and 
two times a day (morning and evening). Choosing one 
group of people and comparing them with themselves 
was to control most factors involved in causing stress, 
including physiological differences, nutrition, activity, 
disease, drug use, and genetics. 

Therefore, in this situation, it seems that the only vari-
able that affects the stress level is the noise exposure. 

Osipow job stress questionnaire

To measure the level of stress, there are several stress 
indices, including the international stress questionnaire, 
the personnel stress questionnaire, Cohen and William-
son’s perceived stress scale, the job strain scale, and 
OJSQ. Among them, OJSQ is useful for measuring and 
comparing individual job stress levels and identifying 
the main factors exacerbating job stress [25, 26]. 

The OJSQ is a widely used tool to assess occupational 
stress and its impact on individuals. The primary pur-
pose of the OJSQ is to measure the stress experienced 
by individuals in their work environment and to provide 
insight into the factors contributing to that stress. Over-
all, the OJSQ is a valuable tool for researchers, organiza-
tions, and individuals to assess and understand occupa-
tional stress levels, which are important for promoting 
employee well-being, improving job performance, and 
maintaining a healthy work environment [27].

This study used the Persian version of the standard 
OJSQ. This questionnaire was first developed in 1987 
by Osipow et al. and its reliability was confirmed by a re-
test method with a 89% Cronbach α. The Persian version 
of this tool has been used in various studies in Iran, and 
its validity and reliability have been confirmed [28]. The 
first part of this questionnaire is related to demographic 
characteristics, including age, gender, type of job, mari-
tal status, employment status, and shift work. The other 
part of the tool contains 60 questions related to job stress 
and is designed based on job role, consisting of 6 sub-
groups, each containing 10 questions. 

The six dimensions included the following: Workload, 
incompetence, duality, role range, role responsibility, 
and physical environment. All questionnaire items were 
designed based on a 5-point Likert scale ranging from 1 
(never) to 5 (always). The overall stress level was esti-
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mated according to the total score of 60 questions. Based 
on the scores obtained, the total stress level was divided 
into 5 categories: Stress below level (60 to 109), nor-
mal level (110 to 159), mild level (160 to 209), moder-
ate level (210 to 259), and severe level (260 to 300). In 
this questionnaire, the stress level of each subgroup of 
stressors is considered in three categories: Mild (scores 
less than 23), moderate (scores between 23 and 36) and 
severe (scores more than 36) [24].

Noise monitoring

The CEL-231 sound dosimeter (Cel Instruments, Ltd., 
Bedford, England) and its calibrator (CEL-110/2) were 
used to measure and monitor the noise. Our assessment be-
gan with a comprehensive visit to the textile factory, where 
we meticulously checked the noise sources and the work-
ers’ exposure. This detailed inspection was crucial for en-
suring the accuracy of the sound dosimeter device, which 
was connected to the workers’ hearing area (clothing collar, 
according to the NSI S12.10-2019 standard recommenda-
tions and ISO 9612:2009 standard). Sound dosimetry was 
performed for 8 hours [19, 29]. To evaluate the employees’ 
exposure to noise, Equation 1 was used [30].

Dosimetry was done on two consecutive days, work-
ing day (in the textile hall) and rest day (in the boarding 
house). 

Equation 1:

1. Leq=10log10[(Dose/100)]

Saliva collection

Saliva samples were collected on the morning and 
afternoon of two consecutive days: A working day ex-
posed to noise in the textile hall, and a rest day exposed 
to normal noise in the boarding house [31].

Participants were asked to place 2 mL of their saliva sam-
ple into a sterile vial upon waking up and before brushing, 
eating, drinking between 6:00 AM and 7:00 AM (the start 
of their shift) and at 2:00 PM (end of working time).

Four saliva samples were collected from each partici-
pant (2 saliva samples at work and two at rest). The col-
lected samples were transferred to the laboratory and 
stored in a freezer at -18 °C until analysis. Salivary corti-
sol was determined using the electrochemiluminescence 
immunoassay, which uses an Elecsys™ immunoassay 
analyzer and the cobas™ salivary kit (Roche Diagnostics 
GmbH, Mannheim, Germany [32].

Statistical analysis

The Kolmogorov‒Smirnov test was used to check the 
normality of the data distribution. All the statistical anal-
yses were performed using SPSS software, version 16.

The t-test and regression analysis were applied in the 
present survey and P<0.05 were considered to indicate a 
statistically significant difference.

Results

Participants’ demographic information is presented in 
Table 1. The Kolmogorov-Smirnov test results indicated 
that the data exhibited a normal distribution. There was 
no significant difference between the male and female 
participants regarding mean age or work experience 
(P>0.05). The results also showed that all participants 
were more exposed to noise on working days than the 
permissible occupational limits (85 dB) (Table 1).

Our data confirmed that the salivary cortisol level was 
higher on working days than during rest for both men 
and women (Table 2). However, the independent t-test 
analysis showed no significant difference between males 
and females in any comparisons. On the other hand, the 
paired t-test data revealed a significant difference among 
participants when comparing cortisol levels on work and 
rest days (P<0.05).

Table 3 provides a clear picture. Out of the six dimen-
sions of stress assessments, only the workload score sig-
nificantly differed between the two groups (P=0.006). 
However, it is important to note that despite this dif-
ference, participants experienced mild stress, with a fi-
nal questionnaire score of 163.3 for men and 160.4 for 
women, falling within the mild stress range of 160 to 209 
(P>0.05). This finding is further supported by the fact 
that the total stress scores were not statistically differ-ent 
between the studied groups, reinforcing the robustness 
of our research.

Discussion

Our findings reveal a significant difference in salivary 
cortisol levels among the groups during morning and 
evening shifts on working days and during noise expo-
sure. This difference in cortisol levels, also reported in 
other studies [19, 33, 34], underscores the importance 
of our research. For instance, a study on car assembly 
workers demonstrated that while moderate noise expo-
sure did not disrupt cortisol secretion, high noise expo-
sure significantly increased cortisol levels [35]. 
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Table 1. Demographic information of workers and sound level

Variables
Mean±SD

Male Women

No. of persons 26 27

BMI (kg/m2) 25.18±1.52 22.9±1.33

Age (y) 31.19±6.45 30.72±5.74

Work experience (y) 7.44±4.24 7.24±3.76

dB-A (Leq)
Workplace 92.01

Restplace 51.52

Table 2. Salivary cortisol levels of workers exposed to noise at work and rest

Day

Mean±SD

P*Salivary Cortisol Levels (µg/dL)

Male Female

Work state
Morning 5.596±1.74 6.552±1.85 0.812

Evening 5.4593±1.72 6.356±1.81 0.872

Rest state
Morning 3.99±1.41 3.68±1.91 0.207

Evening 3.5519±1.43 3.2±1.99 0.108

P** 0.000 0.000

*Independent t-test, **Paired t-test, compared between work and rest days.

Table 3. Comparing job stress levels between men and women based on the osipow questionnaire

Stress Dimensions

Mean±SD

P*
Stress Levels

Stress Levels

Male Female All Participants

Workload 25.11±4.67 22.84±7.174 0.006 24.42±7.43

Incompetence 27.19±6.62 28.68±8.325 0.359 27.95±4.67

Duality 34.52±8.12 32.96±5.697 0.064 33.72±4.53

Role range 27.15±5.97 26.92±7.359 0.216 27.03±6.048

Role responsibility 22.56±7.43 21.64±7.129 0.634 22.09±8.12

Physical environment 26.78±4.57 27.36±6.048 0.216 27.07±6.62

Total stress 163.3±23.01 160.4±28.253 0.367 161.82±23.1
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Other studies examining the effect of noise exposure 
on cortisol showed that exposure to low noise levels 
does not affect changes in cortisol levels [36]. This study 
supports the hypothesis that the psychological stress 
caused by exposure to workplace noise leads to impaired 
cortisol regulation. The average score of the answers 
obtained from the occupational stress questionnaire for 
all participants, all stress subgroups, was at the moder-
ate level, except for role responsibility, which was at the 
mild level with an average score of 22.09. In general, it 
can be concluded that all participants are at the mild level 
(160 to 209) with an average score of 161.82. Therefore, 
different factors did not greatly impact people’s stress.

Our study’s results revealed no significant difference 
between the changes in cortisol levels in the morning 
and evening in the two sex groups, aligning with the 
findings of other studies. However, what sets our re-
search apart is the significant correlation we found be-
tween changes in cortisol concentrations and exposure 
to workplace noise in both men and women, mirroring 
the results of studies by Baudin et al. and Evrard et al 
[37, 38]. These findings suggest a direct relationship be-
tween cortisol changes and workplace noise exposure, 
potentially through noise disturbance, stress, and sen-
sitivity. This finding underscores the role of noise as a 
nonspecific stressor that triggers the autonomic nervous 
system and the endocrine pathway [38].

The use of salivary cortisol in this study, instead of 
blood or cortisol in urine, is due to its ease of measure-
ment, reliability, and noninvasiveness [39, 40]. Howev-
er, it is crucial to acknowledge that cortisol secretion can 
be influenced by a multitude of factors such as season, 
time and week, sampling day, sex, age, BMI, physical 
activity, alcohol consumption, smoking, medication, 
high food intake, sleep quality, occupational activity, 
hormonal contraception and pregnancy [41, 42]. We 
used paired t-tests to control for the effects of confound-
ing variables, such as genetics, nutrition, disease, drug 
use, and activity. Furthermore, saliva sampling was con-
ducted twice during the working day, with the same two 
tests repeated on the resting day. These parameters may 
affect the association between workplace noise exposure 
and cortisol secretion. In the present study, confounders 
were controlled as much as possible by determining both 
sexes’ inclusion criteria and complications.

Several similar reports exist in this field. For example, in 
2021, Dehaghi et al. conducted a study on noise-induced 
stress that measured salivary cortisol levels and found a 
significant correlation between exposure to industrial 
noise and salivary cortisol secretion [35]. Also, Barbares-

co et al. showed that with increasing noise lev-els, salivary 
cortisol levels also increase during the day. After adjusting 
for age, sex, smoking status and time, with a 1 dB increase 
in Leq, salivary cortisol levels in-creased by 0.25 nmol/L 
between the morning and evening [43]. 

However, Stokholm et al. found no significant correla-
tion between salivary cortisol levels and recent or long-
term occupational exposure to occupational noise (70 to 
120 dB A) outside working hours [44].

Conclusion

In conclusion, our study supports the notion that both 
men and women, regardless of their gender, exposed to 
industrial noise experienced similar changes in salivary 
cortisol levels, indicating that noise exposure induced 
job stress universally. Additionally, our findings revealed 
that exposure to workplace noise can alter salivary cor-
tisol levels. The results suggest the need for further in-
vestigation into the variations in salivary cortisol levels 
between morning and evening, causal relationships, and 
the biological mechanisms underlying the impact of 
noise exposure on regulating the HPA axis.

Strengths and limitations

This study had several strong points. In this study, first, 
the studied population’s cortisol levels were compared 
with their own levels rather than those of a control group. 
The subjects were examined over two consecutive days 
(one working day and one rest day) and twice during the 
work shift (morning and evening) to control for various 
factors influencing stress, including physiological differ-
ences, nutrition, activity, disease, drug use, and genetics. 
Second, considering the circadian cycle, the subjects’ 
cortisol levels were measured in the morning and after-
noon. Third, before assessing the subjects’ cortisol lev-
els, they were surveyed using a standard occupa-tional 
stress questionnaire to identify various stress-causing 
factors. The study aimed to examine stress levels in re-
sponse to noise, so exploring different occupational fac-
tors was considered important. Before this research, sim-
ilar studies had yet to investigate this aspect. Fourth, the 
study focused on individuals who had similar exposure 
to noise in both their work and rest environments. Last, 
until this study, no scientific reports had been published 
on the relationships between noise expo-sure, occupa-
tional stress, and cortisol levels in textile workers. 
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One limitation of our investigation is transporting sa-
liva samples to the laboratory promptly after collection.
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