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Abstract BACKGROUND: It’s indicated negative-perceived stress could induce worse health 
status and change of cortisol secretion. 
OBJECTIVES: To assess salivary cortisol levels in two occupations with a high 
psychosocial workload, but different features, teachers and firefighters.
METHODS: The study population consisted of 142 school teachers and 136 fire-
fighters. Four saliva samples were collected from pedagogical participants during 
their busiest workday. The cortisol measures used were: morning values, evening 
values, slope of decline, ratio (evening value divided by morning value), and area 
under the curve (AUC). 
RESULTS: The salivary cortisol measurements in both genders were almost equal 
regarding morning values, slope, and AUC increase. Evening values were lower 
and the relative reactivity was higher (lower ratio) for female teachers, compared 
to male teachers. There was a tendency of a lower total daytime output of cortisol 
(AUC ground) among female teachers. Firefighters had lower levels of cortisol, 
lower total daytime output, and higher relative reactivity (lower ratio), but lower 
absolute reactivity, regarding both slope and AUC increase.
CONCLUSION: Overall, male teachers might be the group most affected by stress 
in this study, even if some of their cortisol values were almost equal to the female 
teachers’ values. Male teachers also seemed to be more affected by stress, accord-
ing to salivary cortisol, compared to male firefighters, even if there were some 
inconsistencies.

Abbreviations:
ACTH - adrenocorticotropic hormone
AUCg  - area under the curve with the respect to ground 
AUCi  - area under the curve with the respect to increase
CAR - cortisol awakening response
CI - confidence interval
CNS - central nervous system

ED - emergency department nurses
GW - general wards nurses
HPA - hypothalamic- pituitary adrenal axis
Ln - natural logarithm 
RIA - radioimmunoassay
SES - socioeconomic status
WRS - work- related stress
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INTRODUCTION

In the European Union, work-related stress (WRS) is 
the second most common work-related health prob-
lem, after back pain. In the educational sector, WRS 
is one of the most significant health hazards. School 
teachers are among those professionals with the highest 
levels of job stress. Many studies have been conducted 
to investigate sources of teachers’ stress as well as the 
consequences of stress (OSHA 2002). Since Verdugo 
& Vere (2003) report that stress is a contributor to ill-
ness as well as a cause for leaving the teaching profes-
sion. Hasselhorn & Nübling (2004) describes in their 
study the teaching profession as the occupation with 
the highest risk for poor mental health, especially in 
schools for pupils with disabilities and in those engaged 
in complementary education for apprentices. Teacher 
stress may be defined as the experience, of teachers, of 
unpleasant, negative emotions, such as anger, anxiety, 
tension, frustration, or depression (Kyriacou 2001). 
European Agency for Safety and Health at Work has 
mentioned that the problem of teacher stress can be 
linked to the organizational, physical, or social charac-
teristics of work and the work environment. According 
to the European Trade Union Committee for Education 
(2011), there exists five “top stressors” and these are: 
workload/working intensity, role overload, increased 
class size per teacher, unacceptable pupil behavior, 
and bad school management or lack of support from 
management. 

Firefighters, on the other hand, are exposed to work 
stress with quite different characteristics. Their work 
stress consists of high peak stressors of short duration. 
In contrast to teachers’ exposure to lasting work stress, 
the stress exposure in firefighters involves exposure to 
traumatic situations (Milczarek et al. 2011).

Salivary cortisol is routinely used as a biomarker 
of psychosocial stress and related mental or psychic 
diseases, illustrating hypothalamic–pituitary–adrenal 
(HPA) axis activity. Saliva collection is non-invasive 
and salivary biomarkers have the further advantage 
of being suitable for self-collection (Šimůnková et al. 
2009). Many early, large-scale studies of cortisol and 
health focused on “average” cortisol values, particu-
larly urinary measures of cortisol, pooling levels across 
several hours, and analyzing total exposure to cortisol 
across 12 or 24 hours (Seeman et al. 2002). Free cortisol 
represents the biologically active hormone fraction and 
salivary cortisol measures have been considered to be a 
better indicator of adrenocortical function compared to 
serum cortisol (Kirschbaum et al. 1994). 

According to the literature concerning workload 
and psychosocial stress (Steptoe et al. 2000; Masilamani 
et al. 2012), morning cortisol is a suitable marker of 
adrenocortical activity in teachers. Healthy HPA axis 
function is thought to require a strong diurnal pattern. 
Deviations from the typical diurnal cycle of cortisol 
provide valuable information regarding environmental 

influences on the HPA axis and the role of the HPA axis 
in disease processes (Stone et al. 2001). 

The cortisol awakening response (CAR) is a dis-
crete, but distinctive, part of the cortisol circadian cycle 
(Clow et al. 2004). It is defined as the curve composed 
by the cortisol levels immediately after awakening and 
up to about 1 hour after awakening. In healthy subjects, 
cortisol concentrations increase by between 50% and 
160% in the first 30 minutes immediately post-awak-
ening (approximate average increase of 9 nmol, range 
4–15 nmol). This response may also play a significant 
role in the regulatory balance of the immune system 
(Clow et al. 2004). The diurnal cortisol slope is the 
degree of change (typically, a decline) in cortisol levels 
from early morning to late evening. A steeper decline 
in cortisol levels during the day is typically associated 
with better psychosocial and physical health (Adam & 
Gunnar, 2001; Adam 2006; Cohen et al. 2006). 

Another important measure is the total daytime 
output of cortisol, represented by the area under the 
curve (AUC) with respect to ground (AUCg). This is 
calculated as the area under all the cortisol data points 
measured across the day. The AUCg illustrates the aver-
age cortisol output, but does not provide any indication 
of diurnal change (Badrick et al. 2007; Nicolson 2004). 
An AUC reflecting daytime reactivity is the AUC with 
respect to increase (AUCi) (Pruessner et al. 1997). This 
is calculated by subtracting the area below the awak-
ening or evening level from the AUCg. In addition to 
these measures of salivary cortisol, single-time point 
measures of morning or evening levels are common in 
cortisol research (Stewart & Seeman, 2000).

Most studies of WRS have focused on single occupa-
tions only (Steptoe et al. 2000; Masilamani et al. 2012; 
Perroni et al. 2009, Yang et al. 2001). It would be benefi-
cial to compare WRS in different professional groups. 
The aim of the present paper was to assess and compare 
stress levels according to salivary cortisol in primary 
school teachers and firefighters.

MATERIALS AND METHODS

Participants

The sample consisted of 142 primary school teachers 
and 136 firefighters. Participants of both groups were 
informed of the main purpose of this study. After a 
personal meeting, they signed the informed consent. 
All participants received basic instructions on how 
to fill in the questionnaire and perform saliva collec-
tion: for this, they were given a sampling schedule, and 
instructed not to smoke, use chewing gum or consume 
alcohol, and not to perform physical exercise during 
the collection. Further, participants were asked not 
to brush their teeth before collecting the first sample 
in the morning. Rinsing of teeth with pure water to 
remove food residues was allowed during the whole 
sampling period. Exclusion criteria were: presence of 
disease, allergy treated by corticoids, psychiatric dis-
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orders, endocrine disorders such as diabetes mellitus, 
and pregnancy in women. 

Eight teachers were excluded from the study due to 
contraindications (e.g., presence of allergy treated by 
corticosteroids, diabetes mellitus, and depression). 

Saliva collection and analysis

Salivette Cortisol Tubes (Sarstedt, Germany) were 
used for saliva collection. In this study, four samples 
are used: at 7.00 a.m. (30 minutes after waking); at 11 
a.m. (before lunch); at 3 p.m. after work; and at 10 p.m. 
before sleeping. The teachers were asked to perform 
their collection during their busiest work day. Fire-
fighters were asked to perform their collection on a day 
without real emergency situations. Upon completion, 
saliva samples were centrifuged and stored at –20 °C 
until analysis. Salivary cortisol (nmol/l) was measured 
by radioimmunoanalysis with radio ligand I125 (a com-
mercial kit Spectria Cortisol radioimmunoassay (RIA) 
(Orion Diagnostica, Espoo, Finland). The processed 
samples were measured by a gamma counter (Berthold 
Company, Bad Wildbad, Germany). The measurements 
were done by the Department of Steroids and Proteo-
factors of the Institute of Endocrinology in Prague, 
Czech Republic, in their certified laboratory. The 
results for internal controls (low, medium, and high) 
were also included in the assay.

Assessment of possible confounders

General information, like gender, age, place of resi-
dence, marital status, educational level, and years of 
work experience, was obtained from the question-
naire. Participants were divided into two age groups: 
<50 years and ≥50 years. Smoking status was divided 
into current smokers and non-smokers. Physical activ-
ity was categorized into three subgroups, based on the 
question regarding level of physical activity, namely: 
higher physical activity (more than 4 days/week), 
healthy physical activity (more than 1 and less than 
4 days/week), and lower physical activity (less than 2 
days/week). 

Statistical analyses

Analyses were done using IBM SPSS Statistics version 
20 (SPSS Inc., Chicago, IL, USA). Means and standard 
deviation (SD) were used in descriptive statistics. In 
all analyses, cortisol values were transformed using 
the natural logarithm (ln) due to skewed data. The 
results are also presented as back-transformed values. 
Diurnal cortisol level (slope) was measured as the dif-
ference between morning and evening saliva cortisol. 
The ratio, the relative counterpart of the slope, was 
defined as the ratio between evening and morning 
values. Area under the curve with respect to ground 
and AUCi were calculated according to Pruessner et al. 
(2003). Population intervals were calculated as mean ± 
1.96 SD. These intervals were then back transformed 
into nmol/l values. Confidence intervals were calcu-

lated as mean ± 1.96 SEM. These intervals were then 
back transformed into nmol/l. To analyze occupational 
differences, regression analysis was performed, with 
post hoc tests for group comparisons. The outcome was 
ln-transformed cortisol values. Explanatory variables 
were occupational group and gender (three categories: 
female teachers, male teachers, and male firefighters), 
age, physical activity, and smoking status. All tests were 
two-sided and statistical significance was set at p<0.05.

RESULTS

Among the teachers, 72% were women and 28% men. 
The average age of teachers was 41 years, with a 95% 
CI of (39.8; 43.4). Male teachers were older, mean age 
45 years, with a 95% CI of (41.1; 48.6), compared to 
female teachers, mean age 40 years, with a 95% CI of 
(39.8; 43.4). The proportions of respondents accord-
ing to their age showed that 73% were younger than 50 
years. The majority of teachers had a university educa-
tion (95.8%). All firefighters were male. Their average 
age was 37 years, with a 95% CI of (34.8; 37.6): 93% 
were <50 years old. In the group of firefighters, 19% 
had a university degree, whereas 81% responded that 
they had completed high school (see Table 1).

Salivary cortisol levels

Cortisol levels decrease from the morning through the 
working day and are at their lowest in the evening, as 
shown in Figure 1. This general pattern seems be con-
sistent with a normal diurnal cortisol rhythm (Martin 
et al. 2003). Among teachers, the unadjusted pattern of 
salivary cortisol over the working day seemed similar 
for women and men (Figure 1). The male firefighters 
had lower cortisol levels compared to the teachers. 
This pattern was the clearest for the morning values 
(Figure 1). 

According to adjusted values shown in Table 2, 
morning and evening cortisol values in both groups 
were within the range of healthy subjects, but some of 
the results were lower compared to some other stud-
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Fig. 1. Diurnal cortisol rhythm in teachers and firefighters.
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ies. For example, in a Swedish study by Aardal and 
Holm (1995), in healthy females, morning cortisol 
levels reached approximately 12.0 nmol/l; in healthy 
males, levels were around 10.7 nmol/l. Evening corti-
sol was given as 1.8 nmol/l. This discrepancy could be 
expected considering the difference in method (due to 
the RIA recovery method), population, and sampling 
time. Even if mean values were in the healthy range in 
that study, the individual variation was extensive. For 
example, morning values of cortisol among teachers 
ranged from 3.7 nmol/l to 17.9 nmol/l for women and 
from 3.9 nmol/l to 14.2 nmol/l for men (Aardal & Holm 
1995).

Morning cortisol values were similar among female 
teachers (7.9 nmol/l) and male teachers (8.2 nmol/l) in 
our study. Male teachers had statistically significantly 
higher evening cortisol levels (0.5 nmol/l) compared to 
female teachers (0.2 nmol/l).

Diurnal cortisol levels in absolute values were close 
to equal in male (6.6 nmol/l) and female teachers 
(6.4 nmol/l). The relative diurnal change (ratio between 
evening and morning values) indicates better health 
the closer to zero it is. The relative diurnal change was 
0.02 nmol/l for female teachers, which was statistically 
significantly lower than the ratio for male teachers, 
0.05 nmol/l (Table 2).

The total daytime output of cortisol seemed to be 
higher for male teachers compared to female teachers, 
but not statistically significant, while the daytime reac-
tivity, measured by AUCi, was close to equal comparing 
male and female teachers.

Considering the age groups, higher evening cortisol 
was recorded in older men and women compared to 
younger subjects, but statistical significance between 
age groups was seen only in male teachers (p<0.005) 
(not shown in the Table 1). 

Tab. 1. Description of sociodemographic data on participants.

Demographic variables

Teachers Firefighters

All (N=142) Women (N=102) Men (N=40) Men (N=136)

mean SD mean SD mean SD mean SD

Average age (yrs) 41.6 10.73 40.3 10.11 45.0 11.69 36.2 8.19

Work experience (yrs) 15.5 10.39 14.4 9.79 18.4 11.40 12.5 8.59

 

Place of residence n % n % n % n %

City 5 3% 2 2% 3 8% 19 14%

Town 79 56% 59 58% 20 50% 46 34%

Village 58 41% 41 40% 17 42% 71 52%

Educational level            

High school education 6 4% 0 0% 6 15% 110 81%

Lower university degree 0 0% 0 0% 0 0% 11 8%

Higher university degree 136 96% 102 100% 34 85% 15 11%

Marital status            

Married 97 68% 67 66% 30 75% 81 60%

Single 14 10% 9 9% 5 13% 18 13%

Divorced 22 16% 18 17% 4 10% 29 21%

Widowed 2 1% 2 2% 1 2% 2 2%

Partner 7 5% 6 6% 0 0% 6 4%

Smoking status                

Smoker 20 14% 14 14% 6 15% 19 86%

Non-smoker 122 86% 88 86% 34 85% 117 14%

Physical activity          

Higher physical activity 87 61% 69 68% 18 55% 37 27%

Healthy physical activity 54 38% 32 31% 22 45% 98 72%

Lower physical activity 1 1% 1 1% 0 0% 1 1%

SD = standard deviation
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Occupational differences among male teachers and 
firefighters were found in all cortisol measurements 
(Table 2), but were not statistically significant for ratio 
and AUCi. Firefighters had lower levels of cortisol, 
lower total daytime output, and higher relative reactiv-
ity (lower ratio), but lower absolute reactivity, regarding 
both slope and AUCi.

DISCUSSION

Morning and evening salivary cortisol values were 
within the normal range in both teachers and firefight-
ers, although the individual variation was quite large, as 
mentioned in the Results. Overall, the results indicate 
that in this study, male teachers may be most affected by 
stress, even if some cortisol measurements were close 
to equal to the female teachers’ values. Male teachers 
also seemed to be more affected by stress, according to 
salivary cortisol, than male firefighters, even if there 
were some inconsistencies. One possible reason why 
the results do not point to high occupational stress at 
a group level might be that group stress levels may be 
too low to be shown in salivary cortisol (Moya-Albiol 
et al. 2010), while the individual variation might show 
clearly higher values.

Among teachers, the morning saliva cortisol levels 
were similar between men and women. Male teachers 
had higher levels compared to female teachers during 
the working day and also had higher evening cortisol 
levels, indicating a somewhat flatter slope and a clearly 
smaller relative slope for male teachers. These results 
are similar to results shown by Steptoe et al. (2000), 

who recorded higher cortisol values in male teachers. 
The total daytime output of cortisol also tended to be 
higher in male teachers compared to female teachers.

In male teachers, less increased levels may reflect the 
pattern of heightened HPA responsivity to acute chal-
lenge. Perhaps, males tend to interpret confrontations 
with a potentially detrimental situation in a different 
way compared to females. Kirschbaum et al. (1999) pro-
pose that males seem to be have elevated adrenocor-
ticotropic hormone (ACTH) responses and a stronger 
hypothalamic drive in response to stressful stimulation 
compared to females. 

Morning cortisol is a good predictor of unbalanced 
states and/or pathologies such as burnout (Grossi et al. 
2005). Effort–reward imbalance has in earlier studies 
been negatively associated with salivary cortisol levels 
at awakening and positively associated with cortisol 
awakening response (Eller & Nielsen 2012). In the 
present study, the morning values in teachers were 
about 8 nmol/l. The obtained absolute levels of salivary 
cortisol in this study were somewhat lower compared 
to other studies. Masilamani et al. (2012) report a con-
centration of 2.24 nmol/l in Malaysian female teachers 
compared to 2.64 nmol/l in male teachers. In Moya-
Albiol et al. (2010), the morning cortisol concentration 
in teachers scoring high levels of burnout was higher 
(18.92 nmol/l) in comparison to teachers with lower 
levels of burnout (3.254 nmol/l). Pruessner et al. (1999) 
observed a similar overall cortisol concentration to the 
concentration reported, in the mentioned studies, in 
teachers suffering from burnout (15.3 nmol/l). Note 
that in the present study, the upper 2.5th percentile of 

Tab. 2. Salivary cortisol measurements in teachers and firefighters, adjusted for age, physical activity, and smoking status. Statistical 
analyses were performed on natural logarithm (ln) transformed values, but the results are also presented in nmol/l. 

Salivary cortisol 
(nmol/l)

Teachers
(Women: N=102, men: N=40)

Comparing
women and 

men

Firefighters
(Men: N=136)

Comparing
male teachers 

and firefighters

females 95% CI males 95% CI p-value males 95% CI p-value

ln morning cortisol 2.1 (1.86; 2.26) 2.1 (1.87; 2.32) 0.629 1.8 (1.60; 2.00) <0.001

Morning cortisol 7.9 (6.42; 9.59) 8.2 (6.49; 10.22) 6.1 (4.96; 7.43)  

ln evening cortisol –1.8 (–2.87; –0.71) –0.7 (–1.96; 0.48) 0.010 –1.8 (–2.90; –0.72) 0.011

Evening cortisol 0.2   (0.05; 0.49) 0.5 (0.14; 1.62) 0.2 (0.05; 0.48)  

ln diurnal slope 1.9 (1.60; 2.12) 1.9 (1.60; 2.19) 0.768 1.7 (1.42; 1.95) 0.042

Diurnal slope 6.4 (4.96; 8.38) 6.6 (4.93; 8.93) 5.4 (4.13; 7.02)  

ln ratio –3.9 (–4.92; –2.78) –2.8 (–4.05; –1.62) 0.014 –3.6 (–4.69; –2.53) 0.061

Ratio 0.02 (0.007; 0.06) 0.05 (0.017; 0.20) 0.02 (0.009; 0.07)  

ln AUCg 3.9 (3.66; 4.11) 4.1 (3.79; 4.31) 0.064 3.6 (3.37; 3.83) <0.001

AUCg 48.4 (38.98; 60.94) 57.4 (44.25; 74.44) 37.8 (29.13; 46.06)  

ln AUCi 3.6 (3.32; 3.81) 3.5 (3.25; 3.80) 0.679 3.4 (3.10; 3.60) 0.067

AUCi 35.2 (27.60; 45.24) 33.8 (25.80; 44.88) 28.5 (22.19; 36.60)  

AUCg = area under the curve with respect to ground; AUCi = area under the curve with respect to increase; CI = confidence interval.
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the female teachers was estimated to have morning 
cortisol values of ≥17.87 nmol/l. For male teachers, 
this upper 2.5th percentile value was 14.17 nmol/l. Our 
female teachers therefore seemed to have lower aver-
age morning cortisol compared to the male teachers, 
but showed larger variation and, therefore, a larger 
proportion of individuals with extreme cortisol values. 
Bellingrath et al. (2008) showed dysregulation in school 
teachers, not only to burnout, but to vital exhaustion 
and effort–reward imbalance. In our case, a probability 
of low levels of burnout can be assumed. It would be 
useful to verify this in further research. 

In some instances, low early morning cortisol and 
a less marked slope to the daytime rhythm have been 
associated with lower socioeconomic status and evi-
dence of less successful development and decreased 
wellbeing (Brandstädter et al. 1991). Generally, the 
teaching profession is a profession with potentially 
lower socioeconomic status. 

The evening cortisol level was higher in male teach-
ers, and a difference was seen between younger and 
older males. This indicates that aging can be a potential 
confounder regarding increased salivary cortisol, which 
is supported by Ferrari et al. (2001). 

The relative increase in cortisol concentrations in 
the evening and at nighttime is usually linked to a flat-
tening of the cortisol circadian profile. The impairment 
of evening cortisol levels may be a marker of a reduced 
activity of central cholinergic and serotoninergic path-
ways. Raff et al. (1999) likewise describe higher noc-
turnal values in elderly males (2.3 nmol/l) compared to 
females (2.1 nmol/l) but no difference in morning cor-
tisol levels between older subjects and younger controls. 
In a large study by Cohen et al. (2006), associations 
were reported between lower socioeconomic status and 
potentially higher evening salivary cortisol. 

In the present study, male firefighters had a lower 
reactivity of daytime cortisol, which is not a healthy 
sign. However, in our population, the absolute levels in 
the morning and the total daytime output were lower 
among male firefighters. Firefighting is an occupation 
with high variability and unpredictable work demands 
(Bos et al. 2004; Kales et al. 2007), but at the same time 
firefighters are an occupational group highly skewed 
towards physically fit individuals. 

Cortisol values were lower in the firefighters com-
pared to the group of teachers. Perroni et al. (2009) 
evaluated the effect of simulated firefighting on salivary 
cortisol reactivity. No differences emerged between 
pre-intervention and post-intervention; in other words, 
no hormonal changes were attributable to the intense 
physical stress of the simulated intervention. They con-
cluded that the firefighters’ daily work stressors were 
of mild to moderate intensity, or alternatively that the 
firefighters may have adapted to stress.

For a comparison with other occupations, Yang et 
al. (2001) assessed WRS, using salivary cortisol, in two 
groups of nurses. Emergency department (ED) nurses 

perceived higher levels of stress compared to general 
ward (GW) nurses. Morning cortisol was significantly 
lower in ED nurses (9.10 nmol/l, 95% CI [6.62; 12.42]) 
compared to GW nurses (15.45 nmol/l, 95% CI [11.86; 
20.14]). These results are much closer to our results. 
This implies the possibility of using a single morning 
cortisol sample to assess self-perceived stress.

Rosmond et al. (1998) suggest that the variability 
in cortisol values in individuals is determined by the 
difference between morning and evening. Therefore, 
a large decrease in cortisol values, from morning to 
evening, is typically associated with a normal diurnal 
curve. 

By contrast, a flattened curve indicates either lower 
morning values or higher evening values, or both. 
Adam and Kumari (2009) propose that the steeper 
decline in the diurnal slope indicates better psychoso-
cial and physical health. 

In the group of female teachers included in this study, 
a steeper decline in the cortisol slope was obtained. In 
male teachers, it was flattened. These results were most 
clear for the relative diurnal slope. Among firefighters, 
the diurnal pattern seemed to be attenuated. According 
to Kudielka et al. (2006), this situation can be explained 
from a biological perspective. They also argue that 
adaptation to stress involves a successive reduction in 
cortisol response (McEwen 2000). When this happens, 
cortisol levels usually return to normal levels via a pro-
cess called homeostasis (Kaye & Lightman, 2005).

Pruessner et al. (2003) describe overall hormonal 
output as good reactivity to daily stressors. Greater 
hormonal output is usually considered to imply worse 
health status (Hagger-Johnson et al. 2004). Based on 
our results, female teachers showed smaller overall hor-
monal output and higher reactivity to daily stressors, 
whereas male teachers had opposite results – greater 
hormonal output and smaller reactivity to daily stress-
ors. In firefighters, we recorded smaller hormonal 
output and smaller reactivity compared to male teach-
ers. This could be due to their adaptation to stress, as 
mentioned.

LIMITATIONS

The samples in this study included no more than 1 
working day, which limits the ability to examine real 
exposure to stress. To capture stress over a longer term, 
measurements should include several working days and 
one resting day. We also worked with single measure-
ments, which mean lower predictability of potential 
work-related stress. Dickerson and Kemeny (2004) 
reviewed 208 studies of laboratory stressors and deter-
mined that those most likely to produce a consistent 
cortisol response were those that involved uncontrol-
lability or posed a social–evaluative threat (e.g., “others 
will think badly of you …”). However, even within these 
parameters, all stress paradigms do not produce the 
expected cortisol elevation.
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