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Background: Noise exposure is known as a risk factor for hearing loss and one of its effects is noise-induced stress. Cortisol as a stress 
hormone is used in noise-induced stress assessments.
Objectives: The aim of this study was to measure and compare saliva cortisol concentrations in the morning and evening in normal work 
day and rest day in both case and control groups and to assess the association between industrial noise exposure and salivary cortisol 
concentrations in the two groups.
Patients and Methods: This study included 200 male participants (100 industrial workers and 100 office employees). Morning and 
evening saliva samples were collected at 7 AM and 4 PM respectively. Noise exposure levels were assessed by sound level meter and noise 
dosimeter. All measurements were performed in two days; rest day and then in working day. Descriptive statistics, paired and independent 
sample t-test and regression analysis were used with α = 0.05.
Results: There was no significant difference between morning salivary cortisol concentrations in the two groups on the rest and work 
days. A significant higher level was observed comparing evening cortisol concentrations in work day with rest day in worker group, but 
this was not observed in the control group. The evening cortisol in the working day in worker group was significantly higher than control 
group.
Conclusions: Our study revealed that industrial noise exposure with levels higher than 80 dBA has a significant effect on salivary cortisol 
elevation.
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1. Background
Noise exposure is known as the main risk factor of noise 

induced hearing loss in industrial workers. Noise effects 
are very variable on human, and it can result in psycho-
logical distress and physiological reactions (1-3). Expo-
sure to noise is not specific to working in industries and 
can be present in many rest-related activities and ambi-
ent conditions such as transportation (4). Many stud-
ies have shown that noise exposure has different effects 
rather than auditory ones. These extraauditory effects of 
noise can be observed on performance efficiency of in-
tellectual, attention and memory tasks (2), which all are 
contributed to main causes of stress while working in a 
noise-polluted environment (3). Noise-induced stress has 
been under investigation in some working environments 
(5, 6). Activation of the hypothalamic-pituitary-adrenal 
axis (HPA) and subsequent secretion of cortisol are con-
sidered as major components of the physiological stress 
response in humans (7). In some of the studies, saliva 

and/or serum cortisol were assessed as a stress hormone, 
which its salivary secretion in normal individuals can be 
monitored easily as a noninvasive method compared to 
other forms (5, 8). Moreover, salivary cortisol level is a 
valid indicator of the plasma free cortisol concentration 
(9-13). Cortisol is the major glucocorticoid produced in 
the adrenal cortex (14). Cortisol production has a circadi-
an rhythm, with levels peaking in the early morning and 
dropping to the lowest values at night (15-18). Levels rise 
independently of circadian rhythm in response to stress 
(19). In the recent years, salivary cortisol has become a 
popular measure of HPA activity in stress research for 
several reasons. First, plasma unbound (and physiologi-
cal active) cortisol and salivary cortisol are highly corre-
lated. Second, unlike urinary cortisol excretion, the time 
lag between changes in plasma cortisol and salivary cor-
tisol is very short (1 to 2 minutes). Third, saliva flow rate 
has no impact on salivary cortisol levels. Finally, saliva 
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samples can be easily obtained noninvasively, whereas 
plasma cortisol findings may be biased by venesection 
stress (20, 21).

2. Objectives
As a result, high levels of industrial noise, known as a 

main stressor, can be accessed via monitoring salivary 
cortisol in exposed individuals (22). Therefore, the pres-
ent study was designed to; 1) measure and compare sa-
liva cortisol concentrations in the morning and evening 
in normal work day and rest day in the two groups, and 
2) assess the association between industrial noise ex-
posure and salivary cortisol concentrations in the two 
groups workers.

3. Patients and Methods
This study included 200 male participants (100 indus-

trial workers and 100 office employees). All volunteer 
participants received the information regarding the aim 
and scope of the study. Self-reporting general health sta-
tus questionnaire was completed by the participants (3). 
The noise pattern in the factory was continuous noise. 
Morning and evening saliva samples were collected at 
7:00 AM and 4:00 PM respectively and were refrigerated 
to be carried to the laboratory for further analysis. The 
sampling procedure consisted of a before-after design, 
so that the first round of saliva samples was collected in 
the two groups at rest day. The instructions to perform 
noise measurement and saliva sampling procedure were 
completely provided to the two groups. Besides, they 
were trained regarding recording awaking time in the 
morning, sampling timing, its preservation and time 
recording guideline. The participants received two test 
tubes, practical instructions and the noise dosimeter 
device. The participants were instructed to collect the 
first saliva sample at 7:00 AM and the second one at 4:00 
PM. Furthermore, they were instructed to turn the noise 
dosimeter on shortly after awaking in the morning and 
turn it off at 4:00 in the evening after collection of saliva 
sample. All participants woke up at 6:00 to 6:15 AM in 
the rest and working days according to their daily rou-
tines. The second round of noise measurement and sa-
liva sampling was performed during a normal working 
day, while they were all performing their usual tasks and 
instructed not to use ear protection devices. Saliva sam-
pling was performed again at 7:00 am and 4:00 pm and 
noise exposure levels were monitored and recorded ac-
cordingly. Saliva samples were collected at 7:00 AM and 
4:00 PM, with a 5 mL volume in clean vials. Tooth brush-
ing, food and drink intake should be avoided 30 minutes 
before sampling. Demeditec Elisa kit (the mechanism is 
radioimmunoassay) was used for the quantitative mea-
surement of free cortisol in saliva (Demeditec Diagnos-
tics, Germany). The intra- and inter-assay variability rates 
were less than 7.1% and 6.9%, respectively. A sound level 
meter (type 2236, Brüel & Kjær, UK) was used to deter-

mine ambient noise levels in the workplace and at the 
80 locations where the participants worked. Only steady-
state noise levels were recorded and work stations with 
peak sounds were eliminated from the study. Noise lev-
els ranged from 80 to 88 dBA. To assess personal noise 
exposure of each participant, noise dosimeter (Cel-272, 
UK) was used. Leq as the equivalent steady sound level of 
a noise energy-averaged over time was calculated using 
the below formula (23):

Leq = 10 log10 ((Dose/100)  (8/T)) + 85 dBA
Where dose = a noise exposure dose, in percentage ac-

quired in T hours, Leq = A-weighted, sound level linearly 
energy averaged over T hours, T = the sampling time, in 
hours, of the measurement. Examining the data of sali-
vary cortisol showed positively skewed distributions, 
so logarithmic transformations were performed for all 
data for further statistical analyses under normal data as-
sumptions. To investigate the difference between morn-
ing and evening cortisol concentrations, morning corti-
sol concentrations minus evening concentrations were 
calculated. Means and confidence intervals were used 
to present the data; all confidence intervals and P values 
were two sided. The level of statistical significance was 
considered 0.05. Paired sample t-test and independent 
sample t-test were used in the analysis. General linear 
models were used in the multivariate analysis. Further-
more, linear regression models were used to investigate 
associations between noise exposure and evening saliva 
cortisol concentrations. Results were expressed mainly 
as regression coefficients and 95% Confidence Interval 
(CI). The data analyses were performed using SPSS 19 for 
Windows (IBM, USA).

4. Results
Mean age and mean work experience in industrial 

workers and office employees were 39.8 ± 6.4 years, 17.1 
± 6.6 years and 38.5 ± 5.1years, 15.3 ± 6.4 years, respec-
tively. Figure 1 to 4 show frequency distributions and Log 
transformed frequency distributions of morning and 
evening saliva cortisol levels in rest and work days in the 
two groups, respectively. For all the 200 participants on 
the rest day, morning salivary cortisol was significantly 
higher than evening cortisol (P < 0.05). According to Ta-
ble 1, no significant difference was obtained for morning 
cortisol levels between rest day and working day in the 
two groups (P = 0.117, P = 0.12). In the workers group, eve-
ning cortisol concentrations showed a strong significant 
difference (higher level) between rest day and working 
day measurements (P < 0.001), but in the control group, 
such difference was not observed. Besides, the difference 
between morning and evening cortisol concentrations 
at rest day samples was significantly higher than that 
of working day (just observed in workers group) (P < 
0.001). Table 2 shows that there were no significant dif-
ference in comparing saliva cortisol concentrations in 
morning and evening samples of the two groups. Again 
such result was seen for work day morning samples, but 
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not for evening samples of work day. Evening saliva cor-
tisol concentrations of work day of the workers group 
was significantly higher than that of control group (P < 
0.001). Table 3 shows linear regression coefficients and 
95% CIs for cortisol levels in saliva from evening samples 
based on noise levels (Leq, 8h). As the table, shows, there 

was no association between noise level lower than 75 
dBA in rest day of both groups and evening saliva corti-
sol concentrations. However, there was a strong signifi-
cant association between noise exposure levels higher 
than 80 dBA and evening salivary cortisol concentration 
assessed in the working day.
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Figure 1. In Workers Group (A) Untransformed Frequency Distribution of morning Saliva Cortisol Levels in Rest Day; (B) Log Transformed Frequency 
Distribution of Morning Saliva Cortisol Levels in Rest Day; (C) Untransformed Frequency Distribution of Evening Saliva Cortisol Levels in Rest Day; (D) Log 
Transformed Frequency Distribution of Evening Saliva Cortisol Levels in Rest Day.
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Figure 2. In Control Group (A) Untransformed Frequency Distribution of Morning Saliva Cortisol Levels in Rest Day. (B) Log Transformed Frequency 
Distribution of Morning Saliva Cortisol Levels in Rest Day. (C) Untransformed Frequency Distribution of Evening Saliva Cortisol Levels in Rest Day. (D) Log 
Transformed Frequency Distribution of Evening Saliva Cortisol Levels in Rest Day.
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Figure 3. In workers Group (A) Untransformed Frequency Distribution of Morning Saliva Cortisol Levels in Working Day. (B) Log Transformed Frequency 
Distribution of Morning Saliva Cortisol Levels in Working Day. (C) Untransformed Frequency Distribution of Evening Saliva Cortisol Levels in Working 
Day. (D) Log Transformed Frequency Distribution of Evening Saliva Cortisol Levels in Working Day.
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Figure 4. In Control Group (A) Untransformed Frequency Distribution of Morning Saliva Cortisol Levels in Working Day. (B) Log Transformed Frequency 
Distribution of Morning Saliva Cortisol Levels in Working Day. (C) Untransformed Frequency Distribution of Evening Saliva Cortisol Levels in Working 
Day. (D) Log Transformed Frequency Distribution of Evening Saliva Cortisol Levels in Working Day.

Table 1.  Comparison of Salivary Cortisol Concentrations in Morning and Evening Samples of Rest Day and Working Day of Study 
Population (Case and Control) a

Case Group Control Group

Rest day Work day P Valueb Rest day Workday P Valueb

GM 95% CI GM 95% CI GM 95% CI GM 95% CI

Morning cortisol concentration 15.0 12.0-19.0 14.0 11.25-17.6 0.117 12.3 11.2-13.5 12.4 11.2-13.7 0.12

Evening cortisol concentration 5.2 4.2-6.3 8.0 6.5-10.2 0.001 5.5 4.9-6.1 6 5.4-6.7 0.1

Morning and evening differencec 9.8 7.0-12.0 6 4.0-7.0 0.001 6.8 6.1-7.6 6.4 6.1-7.6 0.14
a Abbreviations: CI, confidence interval; GM, Geometric Mean.
b P value was calculated using paired sample t-test.
c The morning and evening difference was calculated by morning minus evening cortisol concentration (nmol/L).
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Table 2.  Comparison of Salivary Cortisol Concentrations Between Rest Day and Working Day of Case and Control Groups

Rest Day Work Day

 Worker Control P Valuea  Worker Control P Valuea

GM 95% CI GM 95% CI GM 95% CI GM 95% CI

Morning cortisol 
concentration

15.0 12.0-19.0 12.3 11.2-13.5 0.1 14.0 11.25-17.6 12.4 11.2-13.7 0.22

Evening cortisol 
concentration

5.2 4.2-6.3 5.5 4.9-6.1 0.34 8.0 6.5-10.2 6 5.4-6.7 0.05

Morning and evening 
difference

9.8 7.0-12.0 6.8 6.1-7.6 0.18 6 4.0-7.0 6.4 6.1-7.6 0.4

a P value was calculated using independent sample t-test.

Table 3.  Linear Regression Coefficients for the Association Between Noise Exposure and Evening Salivary Cortisol Concentrationsa

Leq, 8h, 
dB

Rest Day Work Day

Worker Control Worker Control

Number 95% CI P Valuea Number 95% CI P Valuea Number 95% CI P Valuea Number 95% CI P Valuea

< 70 61 0.12 (-0.27-0.6) 0.6 60 -0.44 (-0.2-0.2) 0.7 - - - 50 0.15(-0.19-0.5) 0.5

≥ 70 –≤ 80 39 0.69 (-1.2-2.5) 0.4 40 0.75(-1.4-2.3) 0.3 45 -0.65 (-1.66-0.35) 0.1 50 0.7(-1.8-3) 0.1

> 80 - - - - - - 55 3.67 (1.43-5.91) 0.002 - - -
a P value < 0.05.

5. Discussion
In this study, in case and control groups, morning saliva 

cortisol concentrations for both rest and work days were 
similar with no significant difference. For the two groups 
in rest day samples, the morning salivary cortisol con-
centrations were roughly 2.5 to 3 times higher than the 
evening levels, as shown by previous studies (24-26). In 
control group, the evening cortisol levels in work day and 
rest day schedules were similar. Nevertheless, in workers’ 
group (exposure with noise higher than 80 dBA in 45 par-
ticipants), this was significant in the amount of cortisol 
secretion (P < 0.05). Very similar to our findings, Hebert 
et al. assessed the effects of noise exposure on cortisol 
levels and subjective stress in patients with tinnitus and 
controls without tinnitus. Their results showed higher 
cortisol levels for both groups immediately before, imme-
diately after, and 10 minutes after the end of noise expo-
sure than other time points. Their Overall results showed 
that noise exposure influences cortisol response and 
subjective stress (27). Melamed et al. assessed the effects 
of chronic industrial noise exposure on urinary cortisol, 
fatigue and irritability in 32 healthy industrial workers. 
These workers were chronically exposed to high ambi-
ent noise levels (> 85 dBA) without using ear protectors. 
The results of this study showed that the urinary cortisol 
level at the end of the workday was significantly higher 
(P < 0.05) under chronic noise condition compared to at-
tenuated noise condition (3). This findings support the 
results of the present study. Waye et al. assessed salivary 
free cortisol concentrations, rated stress and annoyance 
in 32 subjects before, during and after doing some tasks 

for 2 hours during exposure to ventilation noise, with 
dominant low frequencies. The study showed physiologi-
cal evidence (saliva cortisol) of increased stress related 
to noise sensitivity and noise exposure during work (6). 
Waye et al. in another study assessed the effects of night-
time exposure to traffic noise or low frequency noise on 
the cortisol awakening response and subjective sleep 
quality. This study showed that night time exposure to 
low frequency noise may affect the cortisol response 
upon wake up and also lower cortisol levels after awak-
ening were associated with subjective reports of lower 
sleep quality and mood (28). Gitanjali et al. performed a 
study to find out whether acute exposure of healthy in-
dividuals to loud occupational noise during the daytime 
would cause changes in their nocturnal sleep, architec-
ture, heart rate during sleep and serum cortisol levels. 
Their results showed that serum cortisol levels increased 
significantly after exposure to noise (29).

Miki et al. assessed urinary and salivary stress hormone 
levels while performing arithmetic calculations in a 
noisy environment. Their results showed higher cortisol 
levels during performing the task in noisy environment 
compared to pretask levels of cortisol, and cortisol in 
quiet conditions (30). These results all support the find-
ings presented in this paper, as noise exposure in indus-
trial settings increases saliva cortisol concentrations sig-
nificantly. Although there are some other studies which 
found no significant association between noise exposure 
and salivary cortisol increase (5, 31-33); noise levels men-
tioned in these studies were not of industrial kind, it was 
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in general road traffic noise or air craft noise with levels 
under 60 dBA. In this study, the noise exposure sched-
ule and its nature for control group was similar to these 
studies and similarly no significant effect was obsereved 
due to noise exposure on salivary cortisol elevation. In 
conclusion, exposure to noise levels below 75 dBA can-
not be contributed to secretion of salivary cortisol above 
the normal levels. In workers’ group, exposure to high 
levels of industrial noise (> 80 dBA) strongly and signifi-
cantly increased evening saliva cortisol levels. This study 
showed that exposure to industrial noise levels above 80 
dBA can increase salivary cortisol level above the normal 
levels. In addition, our study revealed that industrial 
noise and ambient noise with levels below 80 dBA has no 
significant effect on salivary cortisol elevation. More ex-
tensive studies should be performed on industrial noise 
exposure effects on stress-induced responses in affected 
subjects. Salivary cortisol investigation as a simple and 
noninvasive method has demonstrated its feasibility in 
this study and is suggested to be used in future studies 
in this field.
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