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У ЛИЦ МУЖСКОГО ПОЛА В УСЛОВИЯХ ХИМИЧЕСКОГО ЗАГРЯЗНЕНИЯ
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The level of cortisol and testosterone in the morning and evening saliva samples and self-assessment of sleep 
were studied in adolescents and adults living in low and high chemical pollution regions (according the accumulation 
of cadmium in the hair). In the conditions of the relatively normal environment the changes in hormones level in form of 
its rise in the morning and decrease in the evening were noted in both age groups. In the conditions of the toxic stress 
the average levels of hormones increased, the morning-evening gradient disappeared. These conditions were also 
associated with an increase in daytime sleepiness. It was concluded that cadmium has negative impact on the sleep-
wake cycle and the endocrine regulation system. In particular, the changes in hormonal levels indicate the possibility 
of internal desynchronosis.

Keywords: cortisol, testosterone, desynchronosis, cadmium, daytime sleepiness, sleep-wakefulness cycle

Представлены результаты исследования по самооценке качества сна и определению уровней кортизола 
и тестостерона в слюне в утренние и вечерние часы у подростков и взрослых мужского пола, проживающих в 
условиях низкого и высокого химического загрязнения окружающей среды. При низком загрязнении (оценено 
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The environmental condition is characterized 
by progressive growth of anthropogenic 
pollution damaging human health. Xenobiotic 

accumulation in the host provokes changes in 
homeostasis system. Our earlier investigation has 
shown earlier disorders of daily dynamic of visual-
motor reaction and heart rate variability parameters 
during the daytime in teenagers and adults in the 
region with chemical pollution (Nevinnomyssk, 
Stavropol region) [5]. 

Based on official documents (Environmental passport 
of the city of Stavropol; Ecological passport of the city of 
Nevinnomyssk; State report «On sanitary-epidemiological 
situation in the Stavropol area») ecologically unfavorable 
situation in Nevinnomyssk is confirmed, so the region 
was considered as the most polluted area with high 
accumulation level of harmful substances. 

The highly persistent and toxic heavy metal cadmium 
is one of the main pollutants in the region [9]. Cadmium 
concentration in hair of teenagers from Nevinnomyssk 
is 1.9 times higher than in residents from Stavropol. 
Cadmium accumulation is more significant in adults. 
Besides the described region, there are several other 
areas with increased technogenic loading on the south of 
Russia like Volgograd [8] and Vladikavkaz [17]. 

Cadmium is naturally found in environment in little 
quantities. Industrial production and consequent pollution 
cause local accumulation of cadmium in affected regions 
[4]. Cadmium is accumulated in different organs including 
nervous system [4, 19, 21, 24]. Cadmium has the high 
ability to cumulate. Even ingestion of low doses of 
cadmium causes oxidative and toxic stress [18]. Hair of 
autistic children contain a higher 
concentration of heavy metals 
(cadmium included), compared 
to their healthy peers. These 
changes are also associated 
with sleep disorders [1]. 

In the present study, we have 
investigated whether residence 
in polluted region might change 
morning and evening hormonal 
levels in saliva and specificity of 
sleep self-assessment of male 
teenagers and adults.

Material and Methods. 
Our studied group included 
300 health male adolescents 
of 13–14 years old and adults. 
Control and experimental 
groups were distinguished. The 
control group consisted of 67 
students of secondary schools 
and 114 university students 
of Stavropol city (relatively 
chemically clean region). 62 
students of secondary schools 
and 57 students permanently 

residing and studying in Nevinnomyssk were included 
into the experimental group.

Daily hormonal dynamic has been registered by 
cross-sectional study during daytime wakefulness in 
two periods from 7 to 11 am and from 4 to 8 pm. Levels 
of cortisol and testosterone in the saliva were tested by 
ELISA method using reagent kits (DRG, Germany).

Self-assessment of sleep quality was performed 
using «Quality of sleep hygiene» and «Sleep quality» 
express questionnaires. They were developed on the 
base of questionnaires for the subjective assessment of 
sleep quality [6, 15, 26]. Level of the daytime sleepiness 
was estimated with Epworth Sleepiness Scale [10].

Statistical analysis was carried out using selected 
modules of STATISTICA 10.0. The Shapiro-Wilks, non-
parametric Kruskal-Wallis test, U – Mann – Whitney tests. 
The interaction of hormones affecting concentration 
factors were assessed using the two-factor and three-
factor ANOVA. The concentration of hormones specified 
as the median hormone concentrations (interquartile 
range) amounts to Me (25 %; 75 %) nmol/l. Differences 
were considered reliable at p<0.05, and p<0.025 for 
multiple comparison, taking into account the Bonferroni 
correction. 

Results and Discussion. Under conditions of 
the relative ecological well-being during the daytime 
wakefulness the average daily content of cortisol in 
adolescent saliva was 2.83 (2.43; 5.5) nmol/l. Regular 
fluctuations of the cortisol level were detected. It 
increased in the morning hours (figure) to 3.96 (2.70; 
9.48)  nmol/l, and decreased in the evening hours to 
2.5 (2.00; 3.00) nmol/l (р<0.02).

по накоплению кадмия в волосах) выявлена нормальная динамика уровня гормонов с повышением их уровня 
в утренние часы и последующим снижением в вечерние часы. Содержание гормонов в слюне в условиях ток-
сического стресса характеризовалось ростом их средних значений и исчезновением утренне-вечернего гра-
диента уровней. При высоком загрязнении был выявлен повышенный уровень дневной сонливости на фоне 
роста нарушений гигиены сна. Сделан вывод, что при действии кадмия на организм возникают нарушения 
цикла «сон – бодрствование» и системы гормональной регуляции функций организма. В частности, измене-
ния гормональных уровней указывают на возможность внутрисистемного десинхроноза. 

Ключевые слова: кортизол, тестостерон, десинхроноз, кадмий, дневная сонливость, цикл «сон – бодр-
ствование»

Fig. Concentration of cortisol and testosterone in saliva in the morning and evening hours  
in individuals living in different ecological conditions
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Similar evolution was found for testosterone 
concentration. Its level significantly decreased towards 
the evening to 2.56 (2.31; 2.57) nmol/l. The average 
concentration of hormone in saliva amounted to 
2.58 (2.37; 2.73) nmol/l.

In the group of adult residents from Stavropol-city 
the average level of cortisol in saliva was 14.80 (9.07; 
21.40) nmol/l. In the morning hours, the hormone levels 
reached 21.40 (19.50; of 23.90) nmol/l. In the evening 
time cortisol concentration significantly decreased 
to 9.07 (6.20; 13.10) nmol/L. The mean values of 
testosterone in the saliva of adults in the control group 
were about 1.81  (1.65 in; 2.05) nmol/l, reliably ranging 
from 1.96  (1.80; of 2.60)  nmol/l in the morning, to 
1.69  (1.40  m; оf 1.92) nmol/l in the evening (p<0.02). 
The pattern of testosterone changes corresponds with 
the previously described cortisol dynamic.

Residence in a chemically polluted area 
(Nevinnomyssk) was followed by a threefold increase 
of mean cortisol level in adolescent’s saliva (р<0.001) 
in comparison with control group. Double growth of the 
hormone level in the morning was detected in comparison 
with control data (р<0.02), similar statistically significant 
increase was observed in the evening. The received data 
indicate the activation of hypothalamic-pituitary-adrenal 
system in teenagers consistently living in a chemically 
polluted area.

 Cortisol level during the daytime period revealed 
reliable inversion of circadian changes of hormone level 
in saliva. So, in a chemically polluted region, the hormone 
concentration growth was recorded in the evening, while 
in the control group it was, as expected, in the morning. 

In experimental group of adolescents the average 
concentration of testosterone reached 4.70 (4.34; 4.98) 
nmol/l, which was significantly different to control. 
The concentration of testosterone in the morning was 
higher than one in the control group. A similar trend 
was observed in the evening, and the differences were 
statistically significant in both cases. However, there were 

no reliably measured differences between morning and 
evening saliva testosterone concentrations.

In chemically polluted area a threefold increase in 
mean values of cortisol in adult’s saliva up to 48.93 
(46.95; 51.38) nmol/l (p<0.001) was observed. 
Statistically significant fluctuations of hormone morning-
evening changes were not determined. The average 
concentration of testosterone was characterized 
by two-fold excess up to 4.16 (3.64; 4.99) nmol/l in 
comparison with control group of adult people. Despite 
the lack of significant differences of average testosterone 
concentration rhythmical pattern, the tendency to the 
increase in the concentration of hormone in the evening 
hours was observed. 

In general, the level of cortisol in saliva is higher in 
ecologically unfavorable region both in adolescents and 
in adults. It is an indicator of the increasing activity of 
the hypothalamic-pituitary-adrenal system. In contrast 
to the control, the rise of hormone levels in adolescents 
from Nevinnomyssk was registered in the evening, not 
the morning. In adults, the change in saliva cortisol 
concentration over the day was not detected. In sum, 
a violation of morning-evenings fluctuations of the 
hormone during daytime wakefulness was found, which 
indicates a failure in the circadian rhythm of cortisol in 
saliva. An increase in the level of testosterone in the saliva 
compared to the control and a differences’ reducing 
between the morning and evening hours was marked, as 
well.

The results of analysis of variance showed significant 
influence of the studied factors on the level of cortisol 
and testosterone (table 1). Three-factor analysis ANOVA 
revealed as a separate (main effect), and the combined 
effect of the factors «age», «time», «city of residence» 
(interaction factors). The effects differ in different 
severity for concentrations of cortisol in saliva. The level 
of testosterone is influenced only by the factors of age 
(weak effect) and residence (pronounced effect), but the 
interaction of these factors was not significant. 

Table 1
Main effects and interactions of the factors «age», «time of day»  

and «city of residence» on the concentration of cortisol and testosterone in saliva

Factors 
Cortisol Testosterone 

Df F p η2p Df F p η2p
«age» 1/108 1496.8 <0.001* 0.933 1/108 11,3 0.001* 0.09
«time of day» 1/108 35.6 <0.001* 0.248 1/108 2,3 0.132 0.021
«city of residence» 1/108 837.0 <0.001* 0.886 1/108 240.6 <0.001* 0.690
«age»/«time of day» 1/108 12.6 <0.001* 0.104 1/108 0.8 0.384 0.007
«age»/«city  
of residence» 1/108 470.0 <0.001* 0,813 1/108 1.9 0.167 0.018

«time of day»/«city  
of residence» 1/108 19.4 <0.001* 0.153 1/108 2.6 0.111 0.023

«age»/«time of day»/ 
«city of residence» 1/108 7.2 0.008* 0.063 1/108 1.1 0.288 0.010

Stavropol
«time of day» 1/54 38.1 <0.001* 0.414 1/54 18.7 <0.001* 0.258
«age» 1/54 102.4 <0.001* 0.655 1/54 43.3 <0.001* 0.445
«age»/«time of day» 1/54 13.8 <0.001* 0.203 1/54 0.073 0.787 0.001

Nevinnomyssk
«time of day» 1/54 2.1 0.156 0.037 1/54 <0.1 0.961 0.001
«age» 1/54 3105.4 <0.001* 0.983 1/54 1.1 0.296 0.020
«age»/«time of day» 1/54 0.6 0.434 0.012 1/54 1.1 0.303 0.019

The table presents the figures: Df – number of degrees of freedom; F – Fisher criterion; η2p – Eta-squared; a measure of effect 
size for use in ANOVA; – * statistically significant p values between factors allocated.
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Two-way analysis ANOVA for Stavropol (relatively 
chemically pure region) demonstrated a high degree 
of influence of the factors «age» and «time» to the 
hormones concentration in saliva, while the combined 
effect of these factors had a moderate severity and was 
significant only for cortisol. The analysis revealed only a 
strong influence of the factor age on the concentration 
of cortisol in chemically polluted areas (Nevinnomyssk); 
other significant effects were not found. The obtained 
data can serve as a statistical proof of changes in the 
level and diurnal rhythm of cortisol because of pollution.

According to the self-assessment of sleep-
wakefulness cycle in adolescents living in conditions of 
relative ecological well-being the average sleep quality 
was 17.0 points (15; 18), sleep hygiene – 2 points (1; 3), 
the median degree of daytime sleepiness  – 6.0 points 
(3.0; 7.0). Data indicates that there was an acceptable 
sleep quality in compliance with sleep hygiene with some 
increase of sleepiness in the daytime (table 2). The quality 
of sleep among adults in the control group an average was 
about 16 points (from 14 to 18 points). Many surveyed 
followed the sleep hygiene and its average mark was 
about 1 point (1 to 2). Indicators of daytime sleepiness 
were estimated in 5 points (from 2 to 8 points). Therefore, 
relatively favorable night sleep was revealed in this group. 

Residence in a chemically polluted area was followed 
by a decline in sleep quality with increased values of the 
interquartile scale in adolescents. A similar situation 
occurs when daytime sleepiness was studied (p=0.02).

Thus, in a group of adolescents living in a chemically 
unfavorable area, preclinical disorders of the sleep-
wakefulness cycle were detected in form of increasing 
in the number of respondents complaining on sleep 
disorders, according to the survey. In the group of adult 
male persons residing in the chemically polluted area, 
analysis showed some decrease in the self-assessment 
of sleep quality that was accompanied by a significant 
increase of the afternoon drowsiness and irregularity of 
the basic rules of sleep hygiene, manifested in the growth 
of scores and interquartile range. 

According to obtained data, the residence in 
ecologically polluted region leads to the violation of the 
hormonal regulation with a rise of stress hormones and 
disorders of cortisol and testosterones daily fluctuations 
and increasing of the daily sleepiness level that indicates 
the decrease in level of wakefulness. Taking into account 
the high level of pollution by cadmium and other toxic 
substances of the studied area, the possible mechanisms 
can be explained in terms of ideas about different ways of 
exposure to this element on the body.

Table 2
Descriptive statistics data of self-assessment of sleep state (in points)

Ecologicaly fourable area Chemically polluted area 

Р
n М m Me SD

percentile
n М m Me SD 

percentile

25 75 25 75

Adolescent 

Sleep quality 67 16.4 0.3 17.0 2.4 15.0 18.0 62 15.7 0.3 16.0 2.2 15.0 18.0 0.071

Sleep hygine 67 2.1 0.1 2.0 1.1 1.0 3.0 62 2.7 0.2 2.0 1.5 2.0 4.0 0.018*

Daytime 
sleepiness 67 5.3 0.3 6.0 2.7 3.0 7.0 62 6.7 0.4 6.0 3.1 4.0 9.0 0.023*

Adult 

Sleep quality 114 15.9 0.2 16.0 2.5 14.0 18.0 57 15.3 0.3 15.0 2.6 14.0 17.0 0.177

Sleep hygine 114 1.6 0.1 1.0 1.2 1.0 2.0 57 2.6 0.3 2.0 2.3 1.0 3.0 <0.001*

Daytime 
sleepiness 114 5.4 0.3 5.0 3.7 2.0 8.0 57 6.8 0.4 7.0 2.9 5.0 9.0 0.008*

The table presents data parameters: n – the number of observations; M – mean; m – standard error of mean; Me – median; SD – 
standard deviation; interquartile range; * – statistically significant P-value between environmentally friendly and chemically polluted 
areas highlighted.

Cadmium causes functional activity disorders of the 
hypothalamic-pituitary system in males [13, 14]. The 
mechanisms of the unfavorable toxic effects of cadmium 
were studied in more detail in animal experiments.  
A significant influence of the cadmium chloride 
introduction on the hypothalamic arcuate nucleus 
morphofunctional state has been shown in particular, 
involving inhibition of its synthetic activity [11]. The 
passage of cadmium through the blood-brain barrier and 
its effects on the balance of sleep and wakefulness has 
been shown in acute and chronic experiment on Wistar 
rats; intraperitoneal injection of cadmium chloride during 
9 days were accompanied by epileptiform activity on 
the EEG with increasing of the audiogenic convulsions 
predisposition [23]. The cadmium chloride injection at 
5 and 14 days of life lead to structural and functional 
changes of nerve fibers in the basal nucleus and the 
corpus callosum and the cerebral hemispheres of the 
brain [2]. Intraperitoneal administration of cadmium 

chloride causes changes in the structure of the sleep-
wakefulness cycle in rats. The experiments on animals 
found that intake of low doses of cadmium (100 ppm) 
with drinking water in the early stages of intoxication is 
accompanied by an increase in non-REM sleep against 
decrease in locomotor activity during wakefulness [22]. 
These changes in the structure of sleep have been 
associated with oxidative stress that, according to the 
authors, is the basis of violations of the sleep-wakefulness 
cycle [25]. If we consider the data on the important role 
of the hypothalamic-pituitary system in the organization 
of rhythms [7] and toxic action of cadmium on it [21, 22], 
the involvement of this system in the violations of daily 
fluctuations of hormones becomes apparent.

Hypothalamus is the central coordinator of the stress 
response. Stress changes the sleep state and reduces 
the quality of subsequent wakefulness. Non-specific 
manifestation of stress (regardless of its modality and 
duration) is increasing the activating systems activity. That’s 
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why awakenings become more frequent. It decreases the 
stability of sleep as of a functional state [20]. 

Any of these processes lead to pathophysiological 
effects in long-term compensatory mechanisms 
(biochemical, morphological) functioning and are 
accompanied by the development of the nervous and 
mental disorders. The occurrence of such states is 
accompanied by pathological integration in CNS [8], 
and may lead to violation of some links of multioscillatory 
system and the desynchronosis development.

Conclusions. Thus, for persons living in chemically 
polluted area violations of the levels and diurnal dynamics 

of cortisol and testosterone in saliva, preclinical 
misbalance of the sleep-wakefulness cycle, which is 
manifested in the propensity to daytime sleepiness were 
recorded. These changes can indicate early signs of the 
internal desynchronosis state in the hormonal system 
of regulation. Acquired data also suggest the possibility 
of express-evaluation of sleep quality as a marker of 
violations of daily hormones fluctuations in terms of the 
adverse effects of cadmium pollution. This approach may 
be interesting for environmental pathophysiology as a way 
of causes and mechanisms early detection for prevention 
of people morbidity in chemically polluted regions.


