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SUMMARY
Objective: Early morning shifts have a negative effect on the hypothalamic-pituitary-adrenal axis. The aim of this study was to comprehensively 

assess the extent of occupational stress in early shift workers of the car industry by using salivary cortisol as an objective marker during a workday 
and on a day off.

Methods: For this cross-sectional epidemiological type of study, a survey included 55 suitable volunteers from the car industry. Five saliva samples 
were collected according to the following schedule: during one work day in the morning, during the morning shift from 6 a.m. – 2 p.m., then after 
the shift was completed, 3 hours after work and in the evening before going to sleep. Control samples were taken from the same participants on 
a day off. Radioimmunoanalysis was used as the main analytical method, and the effect of factors and between-factor interactions on the levels 
of salivary cortisol during the workday were assessed using an ANOVA model. 

Results: The cortisol diurnal rhythm was as expected, with the highest values in the morning and declining to the lowest values in the evening 
hours. Concentrations of salivary cortisol showed higher values during the workday, especially higher concentrations of evening cortisol and at-
tenuated cortisol slope. Based on the results, irregular shift work has a greater increase in cortisol excretion after waking in the morning and a 
slower progressive recovery of the organism during the workday. In addition, cortisol levels were significantly higher in older women than in older 
men but did not differ in younger subjects. 

Conclusions: Salivary cortisol levels are a suitable objective marker of stress and can be used as a good predictor of occupational stress by 
public health services for the purposes of primary prevention.  
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INTRODUCTION

In modern societies, more and more people work during 
“non-standard” working hours, including shift and night work, 
which are recognized risk factors for health, safety and social 
well-being. In recent years, many studies have reported troubles 
in psychological and social well-being, performance efficiency 
and increased stress levels (1). The arrangement of working hours 
has become a crucial factor in work organization and acquires 
different values according to the economic and social conse-
quences that can arise at different periods of the company’s and 
worker’s life. Working hours have been extended to evening and 
night hours, as well as to the weekend, and hours of duty have 
become increasingly variable. Shift work (including night-shift 
work) may have various negative physiological and psychosocial 
effects that can affect health (2–5). Night work and rotating shift 
schedules interfere with the normal internal circadian rhythm and 

sleep-wake cycle (6). There are a variety of shift systems that 
differ greatly with respect to their structure. In this context, shift 
work is the most widely used tool of working time organization, 
as it enables round-the-clock activities not only in relation to rigid 
technological conditioning and necessary social services, but also 
to the support of productive and economic choices, as well as a 
wider use of leisure time (7). The most recent European statistics 
show that among various possible shift systems, alternating day 
(morning and afternoon) shifts are the most frequently used (8). 

Normally, cortisol follows a robust circadian rhythm, with 
peak levels in the morning after waking, followed by decreasing 
levels throughout the day. More night-shift work, however, can 
lead to flattened cortisol profiles (9). Salivary cortisol is com-
monly used as a biomarker of psychosocial stress and related 
mental or psychological diseases, demonstrating activity of the 
hypothalamic-pituitary-adrenal (HPA) axis. Saliva collection is 
non-invasive and salivary biomarkers have the further advantage 
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of being suitable for self-collection (10). Most previous studies of 
endocrine markers have focused on relationships of shift work and 
night work, and less is known about the effects of early-morning 
shift work. The main goal of this study was to analyze how the 
diurnal cortisol profile is affected during an early morning shift 
(measured by salivary cortisol), together with an assessment of 
organism recovery on a day off.

MATERIALS AND METHODS

Procedure
Our study consisted of 60 healthy shift workers in the 

car industry, but five participants were later excluded due to 
breaches of the study rules. Participants were informed of the 
study main goal, and a meeting with them was organized by 
the responsible person where they signed informed consent. All 
participants providing consent received basic instructions on 
how to work with a questionnaire and collect their own saliva 
according to a time schedule given. They were also informed of 
the main confounding factors, smoking status and their level of 
physical activity (mainly during work), which were recorded on 
a separate list. The following exclusion criteria were applied: 
psychiatric disorders, endocrine disorders such as diabetes 
mellitus, the presence of disease, and any allergy treated by 
corticoids. Women could not be pregnant. Salivette Cortisol 
Tubes (Sarstedt, Germany) were used for standardized saliva 
collection. Five saliva samples were obtained from each person 
according to the following schedule during one workday: first 
sample in the morning, followed by another sampling during the 
morning shift from 6 a.m. – 2 p.m., then immediately after their 
shift, 3 hours after work and the last sample was collected in the 
evening before going to sleep. In the same group of participants, 
this time schedule of collection was also followed to collect 
control samples during a day off. After overall completion, 
samples were centrifuged and stored at –80°C. The concentra-
tion of salivary cortisol was measured by a radioimmunoassay 

method using a gamma counter (Berthold Company, Germany). 
Internal controls (low, medium and high) were included in the 
assay for analyzing follow-up accuracy.

Data Management and Statistical Analysis 
The effect of factors and between-factor interactions on cor-

tisol levels was assessed using an ANOVA model consisting of 
the following between-subject factors: Gender (men vs. women), 
Age (≤ 40 years old vs. > 40 years old), Physical Activity (low 
vs. high), Smoking Status (non-smokers vs. smokers), and the 
within-subject factor interactions Time and Gender × Age, Gen-
der × Time, and Gender × Age × Time. The ANOVA model was 
followed by least significant difference multiple comparisons. 
Because of the skewed data distribution and non-constant variance 
in most dependent variables, these were transformed by power 
transformations to achieve data symmetry and homoscedastic-
ity prior to further data processing (11). The homogeneity and 
distribution of the transformed data were checked by residual 
analysis as described elsewhere (12, 13). The statistical software 
Statgraphics Centurion, version XV from Statpoint Inc. (Herndon, 
Virginia, USA) was used for the ANOVA testing.

RESULTS

Socio-demographic Data
Our study group consisted of 33 women (60%) and 22 men 

(40%). The average age was 37 ± 10 years of age. Female shift 
workers were older (average age 38.2 ± 9.2 years), compared to 
male shift workers (average age 35.4 ± 10 years). Using the age 
cut-off of 40 years, 61.8% of participants were younger (mean 
age 30.1 ± 5.2 years), compared to 38.1% of older participants 
(average age 48.3 ± 5.2 years). Most participants (56.4%) had a 
high school education, 16.4% had a higher university degree, and 
the rest of participants (27.3%) had not completed high school 
(Tables 1, 2 and 3).

Demographic variable

Shift workers (N = 55)

p-valueAll groups (N = 55) Women (N = 33) Men (N = 22)

Mean ± SD Mean ± SD Mean ± SD
Age 37.0 ± 10.27 38.2 ± 9.20 35.4 ± 10.00 0.348
Length of practice 9.14 ± 7.70 10.5 ± 8.12 7.09 ± 6.68 0.094
BMI 25.91 ± 3.98 25.59 ± 4.41 26.39 ± 3.29 0.442

Table 1. Description of demographic data according to gender, age, length of practice, and BMI

Demographic variable

Shift workers (N = 55)

p-valueAll groups (N = 55) Younger < 40 (N = 34) Older ≥ 40 (N = 21)

Mean ± SD Mean ± SD Mean ± SD
Length of practice 9.14 ± 7.70 5.76 ± 3.54 14.61 ± 9.40 < 0.001
BMI 25.91 ± 3.98 24.94 ± 3.95 27.49 ± 3.59 < 0.01

Table 2. Description of demographic data according to age groups 
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Demographic variable 
Shift workers (N = 55) Women (N = 33) Men (N = 22)

n % n % n %
Place of residence 

City 7 12.7 2 6.0 5 22.7
Town 38 69.1 26 78.8 12 54.5
Village 10 18.2 5 15.2 5 22.8

Educational level
Higher university degree 9 16.4 13 39.4 2 9.1
High school education 31 56.7 17 51.5 14 63.6
Vocational certificate 15 26.9 3 9.1 6 27.3

Marital status 
Married 31 56.4 23 69.7 8 36.4
Single 19 34.5 7 21.2 12 54.5
Divorced 4 7.3 2 6.1 2 9.1
Widowed 1 1.8 1 3.0 0 0.0

Table 3. Description of demographic data according to place of residence, educational level, and marital status

Salivary Cortisol Levels
We found the highest peak of cortisol in the morning, followed 

by a decrease throughout the day to the lowest values around 
10 p.m. to midnight (14). As shown in Figure 1, cortisol levels 
during the workday were higher in women compared with men, 

as the Gender factor was highly significant (Gender: F = 31.2, 
p < 0.001), while the factor Age was insignificant. However, there 
was a highly significant Gender × Age interaction (Gender × Age: 
F = 27.6, p < 0.001), which means that there was a significantly 
different age relationship for men and women. The higher cortisol 
levels in women were only present in older participants (p < 0.001, 
least significant multiple comparisons), while they did not differ 
in younger men and women.  In addition, the course of the diurnal 
rhythm did not significantly depend on gender, and the Physical 

Fig. 2. Effect of factors and between-factor interactions on 
salivary cortisol levels on a day off .
ANOVA model – the significances of factors and interaction were as follows: Gender: 
F = 26.7, p < 0.001; Age: F = 0.6, p = 0.428; Activity: F = 2.1, p = 0.151; Smoking: F = 1.9, 
p = 0.174; Time: F = 182.4, p < 0.001; Subject: F = 8, p < 0.001; Gender × Age: F = 3.3, 
p = 0.071; Gender × Time: F = 7.1, p < 0.001; Gender × Age × Time: F = 1.5, p = 0.214. 
The model, symbols and drawings are the same as for Figure 1.

Fig. 1. Effect of factors and between-factor interactions on 
salivary cortisol levels during a workday.
The ANOVA model consists of a between subject factor, the subject factors Gender, 
Age, Physical Activity, Smoking Status, and the within-subject factor Time and Gender 
× Age, Gender × Time, and Gender × Age × Time interactions. Panel A illustrates the 
Gender × Age interaction: the circles and triangles with error bars represent group 
means with 95% confidence intervals for women and men, respectively, while Panel 
B shows the Gender × Time interaction. The significances of factors and interaction 
were as follows: Gender: F = 31.2, p < 0.001; Age: F = 0.3, p = 0.578; Activity: F = 3.3, 
p = 0.071; Smoking: F = 0.1, p = 0.746; Time: F = 148.5, p < 0.001; Subject: F = 3.6, 
p < 0.001; Gender × Age: F = 27.6, p < 0.001; Gender × Time: F = 1.7, p = 0.154; Gender 
× Age × Time: F = 2.1, p = 0.085 
p – p-value, F – F statistic
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Fig. 3. Comparison of the effect of factors and between-factor interactions on salivary cortisol levels between the workday and 
the day off.
ANOVA model – the significances of factors and interaction were as follows: Gender: F = 37.7, p < 0.001; Age: F = 0.1, p = 0.812; Activity: F = 6.6, p = 0.111; Smoking: F = 1.8, 
p = 0.182; Education: F = 1.3, p = 0.278; Stage: F = 55.2, p < 0.001; Time: F = 250.8, p < 0.001; Subject: F = 7.1, p < 0.001; Gender × Age: F = 9.8, p = 0.002; Gender × Stage: 
F = 0.7, p = 0.39; Gender × Time: F = 4.4, p = 0.002; Age × Stage: F = 7, p = 0.009; Age × Time: F = 0, p = 0.999; Stage × Time: F = 2.7, p = 0.033; Gender × Age × Stage: 
F = 2.3, p = 0.133; Gender × Age × Time: F = 1.8, p = 0.128; Age × Stage × Time: F = 0, p = 0.999; Gender × Age × Stage × Time: F = 0.1, p = 0.995. The model, symbols and 
drawings are the same as for Figures 1 and 2.

Activity factor and Smoking Status were also not significant. As 
expected, the within-subject factor Time, reflecting the diurnal 
cortisol rhythm, was highly significant. The inter-individual vari-
ability represented by the Subject factor was highly significant 
(F = 3.6, p < 0.001) as well. As shown in Figure 2, cortisol levels 
on the day off were also higher in women than in men, as the 
Gender factor was highly significant (F = 26.7, p < 0.001), while 
the Age, Physical Activity, and Smoking Status factors as well as 
the Gender × Age interaction were not significant. As in the case of 
workdays, there was a significantly different course of the diurnal 

rhythm (Gender × Time: F = 7.1, p < 0.001) for women and men. 
The inter-individual variability represented by the Subject 

factor was highly significant (Subject: F = 8.0, p < 0.001) as in 
the case of workdays.

As seen in Figure 3, the statistically different results of sali-
vary cortisol levels between the workday and the day off were 
found mainly in the Gender factor, Time factor, Stage factor, 
Subject factor as well as the Gender × Age interaction, Gender 
× Time interaction, Age × Stage interaction and Stage × Time 
interaction. 
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DISCUSSION

This study presents an assessment of occupational stress in 
shift workers, in particular in early morning shift workers of the 
car industry. One of the main reasons for choosing this group of 
workers is the fact that many previous endocrine studies were 
has been conducted in relation to work at night (15). However, 
the morning cortisol value has been described as a predictor 
of pathological states (16). Overall, the mean concentration 
of morning cortisol in our participants was 8.22 nmol/l during 
the workday, while the mean concentration during the day off 
reached 6.34 nmol/l. When we took into account the influence 
of gender, female shift workers had a higher morning cortisol 
concentration (mean 8.40 nmol/l) than male shift workers (mean 
6.75 nmol/l). These results are within the normal range for 
salivary cortisol in adults. Compared to other studies, however, 
our results are quite lower. The Swedish researchers Aardal and 
Holm found average values around 12 nmol/l in females and 
10.7 nmol/l in males (17). Another Swedish study by Larsson et 
al. showed similar results (18), with a higher concentration of 
morning cortisol measured in 838 females (average levels around 
12.15 nmol/l) than in males (average levels around 11.1 nmol/l). 
They also found no statistically significant differences between 
a workday and a day off. We might say that gender did not have 
any influence on the concentration of cortisol. Another study 
by Lundberg et al. focused on work related stress in working 
females demonstrated the reliability of morning cortisol as a 
valid indicator of physical overload and proposed using morning 
salivary cortisol as a tool for reducing work overload (19). The 
fact that the overall decline of morning cortisol levels from the 
workday to the day off is caused by eliminating the work over-
load was confirmed by Rydstedt et al. The decline was not very 
sharp, however, it indicated that factors other than just chronic 
stress are involved (20). Average evening cortisol levels for all 
participants were 1.48 nmol/l during the workday, declining to 
0.75 nmol/l on the day off. Females had a mean concentration 
of 1.56 nmol/l and males had a mean concentration around 1.34 
nmol/l during the workday (a non-significant difference). But 
these values gradually decreased to a mean concentration of 0.76 
nmol/l in female shift workers and to a mean concentration of 
0.75 nmol/l in male shift workers. This result was statistically 
significant (p < 0.001). Based on the study by Rydstet et al., who 
assessed the influence of long-term chronic stress (especially in 
females), we conclude that this factor had a negative effect on 
evening cortisol levels (21). 

According to Kunz-Ebrecht et al., higher cortisol levels on 
workdays than on days off have often been reported among day-
time workers and have commonly been interpreted as an effect of 
anticipated workday stress (22). In a large study by Cohen et al., 
associations were reported between lower socioeconomic status 
and potentially higher evening salivary cortisol (23), indicating 
a need for greater recovery in those workers. In case of cortisol 
diurnal rhythm, Dahlgren et al. noted that in shift workers a diurnal 
slope of cortisol changed by fatigue and satiety can be observed 
(24). A study of British researchers (25) found that early morning 
shift workers had higher concentrations of cortisol, which was 
related to slower declining diurnal curves and greater hormonal 
output, as indicated by worse health (26). The main reasons were 
assumed to be: a lack of sleep, rising early and expected work 

stress. In our study, we did not take into account the quality or time 
of sleeping. Lower socioeconomic status may also be connected 
with a less marked slope (27). Taken together, we can say that 
shift work is characteristic of a lower socioeconomic status and 
decreased well-being. Depending on age, the group of younger 
participants (≤ 40 years old) had lower cortisol concentrations 
throughout the day than their older colleagues (> 40 years), espe-
cially during the workday. Many studies have shown that elevated 
levels of cortisol in older participants may be due to physiological 
ageing and, according to some researchers, restrictions of sero-
tonergic and cholinergic pathways as well (28). Cortisol values 
can also differ when comparing different occupations. 

The study of Susoliakova et al. compared a group of 142 
elementary school teachers and 136 male firefighters (29). 
Teachers’ average concentrations of morning cortisol were 
around 7.9 nmol/l and evening cortisol 0.27 nmol/l. The average 
values were lower for male firefighters (morning cortisol 5.64 
nmol/l and evening cortisol 0.18 nmol/l). Their diurnal cortisol 
slope was also less pronounced, which is sign of worse health. 
The study of Perroni et al. concluded that the firefighters’ daily 
work stressors were of a different intensity and that an adapta-
tion to stress may play a role (30). Yang et al. assessed salivary 
cortisol in two groups of nurses – emergency department nurses 
and nurses from the general ward. Emergency department nurses 
showed elevated levels of stress compared to general ward nurses 
(31), and average levels of morning cortisol was significantly 
lower in emergency department nurses (9.10 nmol/l), compared 
to general ward nurses (15.45 nmol/l). Steroids have often been 
studied because salivary-free steroids hormones can give good 
information on serum-free levels (32). Testosterone, dehydroe-
piandrosterone (DHEA) could be a suitable example of other 
hormones with salivary cortisol.

CONCLUSIONS

The results of this study demonstrate that occupational stress 
can be assessed by salivary cortisol levels, especially using 
measurements including the day off after a workday. The study 
was limited by the rather low number of participants, and a more 
detailed examination of cortisol levels and the actual exposure to 
work-related stress would require a broader study. 

For the purposes of primary prevention, the following recom-
mendations should be considered: 
-	 occupational stress should be regularly monitored;
-	 the possibility of non-work factors influencing work perform-

ance should be taken into account;
-	 an extensive longitudinal study should be performed (ideally 

with a higher number of participants from different occupa-
tions);

-	 in case of shift work, comparisons between morning, afternoon 
and night shifts should be taken into account.
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