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The students’ cortisol levels reflecting stress are associated with the anxiety and depression manifestations, which is important in terms of the educational process
hygienic optimization. The study aimed to assess the correlation on students’ blood levels of cortisol with anxiety and depressive conditions at various stages
of training. A total of 200 1-year students, who were taught during the academic year 2023-2024, took part in the comparative cross-sectional study. Serum
cortisol levels were determined by enzyme immunoassay (ELISA), and the HADS scale was used to detect anxiety and depressive disorders. Signs of anxiety
depression at training stages were detected in 34.4-43.6% (p = 0.189) and 18.2-24.7% (p = 0.256) of students. In the end of the academic year the share
of clinical form in the structure of anxiety increased by 19.3% and that in the structure of depression increased by 4.3%. The cortisol levels associated with anxiety
were higher in spring, than on autumn — 32.3% (p = 0.001), including 35.3% with subclinical form (p = 0,001), 28.4% with clinical form (o = 0.028); the values
associated with depression were 53.9% higher in spring (p = 0,001), including 55.4% with subclinical form (p = 0.001), 45.6% with clinical form (o = 0.052). There
was no association of cortisol levels with anxiety in autumn (- = 0.07, p = 0.488), there was a moderate positive one in spring (" = 0.51, p = 0.001), including the following:
girls in autumn had r = 0.03, p = 0.771, in spring r = 0.49, p < 0.001, while boys in autumn had r = 0.18, p = 0.296, in spring r = 0.57, p = 0.001, respectively.
A nonlinear log model showed a significant effect of anxiety (F = 16.26, p < 0.001), explaining 7.7 % of variance. The findings are important for the development
of preventive programs focused on stress management in students.
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ACCOLINALINA KOPTU3OJA C TPEBOXXHO-AEMPECCUBHLIMU COCTOAHUAMN Y CTYOEHTOB
HA PASJIN4HbIX 3TAMNAX OBYYEHUA
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OTpaxkaloLLmnii CTPecc YPOBEHb KOPTN30a Y CTYAEHTOB CBS3aH C MPOSIBNEHUAMY TPEBOXHOCTN 1 AENPECCUM, YTO BAXKHO C TOYKN 3PEHNUS MUIMEHNYECKO
onTMMmM3aLmK y4ebHoro npotecca. Llenbto nccnefoBaHyst 66110 OLEHWTb B3aMMOCBSI3b YPOBHS KOPTU30MA B KPOBW CTYAEHTOB C TPEBOXHO-AENPECCUBHbIMM
COCTOSIHMSIMM Ha pasHbix aTanax obyyeHns. B cpaBHUTENBHOM MonepeYHoM 1UccnefoBaHun npuHsanm ydactine 200 cTygeHToB 1-ro kypca, obydaBLumxcs
B 2023-2024 y4ebHOM rofy. YpoBeHb KOPTU30Ma B CbIBOPOTKE KPOBW ONpenensim MeETOAoM UMMYyHOMDEPMEHTHOrO aHanm3aa (VIDA), Ana BbIABNEHNA TPEBOXHO-
[ENPEecCUBHbIX COCTOSIHW 1cnonb3oBan Lkatny HADS. TMpursHaki TpeBorv 1 Aenpeccun no stanam oby4deHns BoiseneHbl y 34,4-43,6% (o = 0,189) n 18,2-24,7%
(0 = 0,256) cTyneHToB. B KOHLE roga obyqeHnst 00N KIMHUHECK BblpaXXeHHON (hopMbl B CTRYKTYPE TPeBOrv yBenmdunack Ha 19,3%, B CTpyKType denpeccun —
Ha 4,3%. lNokagdaTenu KopTM3ona npu TPeBore BECHOW BbIlLE, Yem OceHbto, — Ha 32,3% (p = 0,001), B TOM 4u1cne npu cybknnHmndeckon dopme Ha 35,3%
(o =0,001), Npy KNMHNHECKM BblpaXkeHHOM dhopme Ha 28,4% (p = 0,028); npu fenpeccm BECHOM oHu BbiLe Ha 53,9% (o = 0,001), B TOM 4YiCne Npu CyOKIMHUHECKON
hopme Ha 55,4% (p = 0,001), Npu KNNHUYECKU BblpaxkeHHOW dhopme Ha 45,6% (p = 0,052). Accoumaumst ypoBHSI KOPTM30/a C TPEBOrON OCEHbIO OTCYTCTBYET
(r=0,07, p = 0,488), BecHo OHa ymMepeHHas npamas (r = 0,51, p = 0,001), B Tom uncne y gesylek oceHbto r = 0,03, p = 0,771, BecHon r = 0,49, p < 0,001,
a 'y toHowew ocerbto r = 0,18, p = 0,296, BecHon r = 0,57, p = 0,001 cOOTBETCTBEHHO. HenmHenHas norapudmmnyeckas Mogeb nokasana 3HaumMblin addexT
TpeBoxxHoCcTU (F = 16,26, p < 0,001), obbsicHaoWmMiA 7,7 % aucnepcun. PesynstaTbl MCCNEA0BaHNS UMEIOT 3HaYeHre NS pas3paboTKu NpodhunakTU4ecKmx
nporpamMm, HanpasNeHHbIX Ha yNpaBfieHe CTPECCOBOW Harpy3KOW CTYAEHTOB.
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OPUTMHAJIbHOE MCCJIEQJOBAHNE

Modern students experience significant psycho-emotional
stress associated not only with gaining independence
and the educational process specifics, but also with the need
to adapt to new social conditions, as well as the professional
and personal identity development [1, 2]. The transition
to adulthood increases stress: students face high academic
demands, competition, and expectations of success; some have
to combine study with work, live away from family, and arrange
their daily lives [3-6]. The complex influence of factors leads
to the increased mental health vulnerability, contributing
to susceptibility to anxiety disorders, depression, and chronic
stress [7, 8]. Thus, the study of the body's stress responses
is becoming especially important, and data on the prevalence of such
conditions and the factors influencing those become necessary
for the development of adequate preventive measures [9, 10].

The conditions that lead to the development of chronic stress
also negatively affect the body’s physiological parameters,
in particular the of the hypothalamic-pituitary-adrenal (HPA)
axis activity. Cortisol is a key hormonal marker of stress,
reflecting the HPA axis activation and ensuring the body’s
adaptive responses to psycho-emotional stimuli [11]. Studying
the relationship between cortisol levels and manifestations
of anxiety and depression makes it possible to determine
the stress response biological mechanisms, identify groups
at risk, and develop preventive measures to maintain the students’
psycho-emotional and physical health [12].

Previous research suggests that women and men
may respond differently to stressful stimuli, and seasonal
fluctuations affect hormonal levels and psycho-emotional state
[13]. However, the data on the relationship between anxiety,
depression, and cortisol levels in students, considering these
factors, remain limited and contradictory.

The study aimed to assess the correlation between
the student’s blood levels of cortisol and anxiety and depressive
conditions at various stages of training.

METHODS

A comparative cross-sectional study was conducted involving
two independent groups of 1st-year students assessed
in the beginning (autumn, n = 99) and in the end of the academic
year (spring, n = 101). A total of 200 students (140 girls
and 60 boys), whose average age was 19.8 + 0.6 years, took
part in the study. All participants had previously undergone
a medical examination and were in good health. Inclusion
criteria: no earlier diagnosed anxiety or depressive disorder with
the confirmation of belonging to the first or second health group.
Exclusion criteria: the third health group and the diagnosis
of mental disorder. The representative sample was calculated
using the Epi Info software tool (http://www.cdc.gov/epiinfo/)
with the 95% confidence level. The minimum sample size
was 174 subjects, based on the number of 1st-year university
students in the academic year 2023-2024.

No specific assessment of dietary patterns, dietary restrictions,
and physical activity was conducted in the period immediately
preceding the study. To standardize the testing conditions,
blood samples were collected by puncture of the cubital vein
in the fasting state from 8 to 9 a.m. by the nurse at the university
clinic. Serum cortisol levels were determined by enzyme-linked
immunoassay (ELISA; ELISA Test for Quantitative Determination
of Cortisol in Human Serum. Human GmbH, REF 55050;
Germany) with the minimal sensitivity of 2.5 ng/mL. Optical
density was measured using the AMR-100 microplate reader
(Allsheng; China) at a wavelength of 450 nm using an automatic
Bio-Plex Pro Il Wash Station (Bio-Rad; Austria).

The Hospital Anxiety and Depression Scale (HADS)
representing a clinical instrument allowing one to detect
and quantify symptoms of anxiety and depression was used
to assess psycho-emotional state. The method includes two
subscales (each of 7 items) focused on anxiety and depression,
respectively. For each item, the respondent assigns a score ranging
from O to 3 points, after which a total score is calculated
for each subscale (maximum score 2). The results are interpreted
based on three ranges: 0-7 points indicate that there
are no symptoms, 8-10 points correspond to a subclinical
form, and 11 points or higher indicate a clinical form of the disorder.
Thus, HADS provides a differentiated assessment of anxiety
and depression severity, increasing the accuracy of the emotional
state diagnosis [14].

Statistical data processing was performed using the STATISTICA
12.0 software (StatSoft, Inc.; USA). The sample distribution
was tested for normality using the Kolmogorov-Smirnov
test. Mean values were compared using the Student’s t-test
for independent samples, the analysis of share differences
was conducted using the Z-test, and the Spearman’s rank
correlation coefficient was used to assess the correlation
between continuous variables. The differences were considered
significant at p < 0.05. The 95% confidence intervals (95% CI)
were calculated for quantitative indicators.

A general nonlinear log model was constructed using
sigma-restricted parameterization to assess the impact
of psychosocial, biological, and climatic factors on blood
cortisol levels in students. Severity of anxiety and depression
on the HADS scale, gender, season, and the "gender — season"
interaction were included in the model as independent variables.
The model made it possible to assess the contribution of each
factor to the variability of cortisol levels.

RESULTS

Testing showed that the proportion of students with no signs
of anxiety was significantly (1.6 times) higher than the proportion
of students with anxiety symptoms. Among girls, it was 1.4 times
higher than in individuals with anxiety, while among boys,
it was 2.2 times higher. In autumn, the proportion of students
without anxiety was 1.9 times higher, while in spring, there
were no significant differences in the proportional distribution
of individuals having and not having anxiety symptoms. Furthermore,
only in the cohort examined in autumn was the subclinical form
of anxiety encountered 1.8 times more often, than the clinical
form (Table 1).

Among the examined individuals, no signs of depression
were observed 3.7 times more often, than depressive
symptoms. Furthermore, the proportion of individuals with
the subclinical depression form was 2.9 times higher, than
the proportion of individuals with the clinical form. Depression
was diagnosed 4.4 times less often in girls. In individuals with
depression, the subclinical form occurred 4.2 times more
often, than the clinical one. Among boys, the proportion
of individuals without depression was 2.5 times higher, than
that of individuals with depressive symptoms. No significant
differences in the prevalence of depressive symptoms
or the distribution of subclinical and clinical forms between girls
and boys were found. In autumn, the proportion of students
with no signs of depression was 4.5 times higher, than that
of students with depression, while the subclinical form was
reported 3.5 times more often, than the clinical one. In spring,
the proportion of students with no signs of depression
was 3.0 times greater, than the proportion of those with
depressive symptoms. Furthermore, the subclinical form
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Table 1. Structure of student distribution based on the presence of anxiety signs, %
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including the form
Comparison groups No signs of anxiety Signs of anxiety P
subclinical clinical
1 2 3 4
. p,, <0.001
Sample size 61 39 53.8 46.2 P, =0.336
) p,, =0.008
Girls 57.9 421 55.9 441 P =0197
p, , <0.001
Boys 68.3 31.7 47.4 52.6 pr.=0.988
P 0.163 0.177 0.512 0.536
) p,,=0.393
Spring 56.4 43.6 45.4 54.6 -2
p,,=0.793
p., <0.001
Autumn 65.6 34.4 64.7 35.3 1-2
p,,=0.015
P 0.181 0.189 0.09 0.452

Note: * — significance of differences for groups with various anxiety severity; “* — significance of differences for groups of males and females and for seasons of the year.

occurred 4.0 times more often, than the clinical one. Seasonal
differences in the detection rates of anxiety and depressive
conditions, as well as subclinical and clinical forms, were
non-significant (Table 2).

Cortisol levels were significantly (1.3 times) higher in individuals
with anxiety, than in those without it (o < 0.001); with the subclinical
form, it was 1.3 times higher than in individuals with no signs
of anxiety (p < 0.001), and with the clinical form it was 1.3 times
higher (o < 0.001). There were no differences in levels between
the subclinical and clinical forms.

[t was found that cortisol levels of girls with anxiety were
higher compared to that of girls with no anxiety: by 34.7%.
There were no differences in hormone levels between
the subclinical and clinical forms. An increase in cortisol levels
(by 22.3%) was also observed in boys with anxiety. In cases
of subclinical anxiety, cortisol levels did not differ from those
in the group without anxiety, whereas in individuals with the clinical
form these were significantly higher—by 28.5%. The values did
not differ between the subclinical and clinical forms.

Intergroup differences in blood cortisol levels (between
males and females) were significant only in the group without
signs of anxiety, where boys had higher cortisol levels.
No differences between gender groups were found regarding
the presence of the assessed signs, including in the subclinical
and clinical forms.

In autumn, there were no differences in cortisol levels
between individuals with and without anxiety (including
subclinical and clinical forms). In spring, Students with anxiety
had cortisol levels 56.8% higher, than students without anxiety.
This same ratio was true for both subclinical and clinical anxiety:
cortisol levels exceeded those in the group without anxiety
by 58.5% and 55.5%, respectively. At the same time, seasonal
differences proved to be significant: in autumn, cortisol levels
in the group of students showing no signs of anxiety were
1.1 times higher, than in spring. An opposite trend was observed
in the group of students showing signs of anxiety: cortisol levels
were 1.3 times higher in spring, than in autumn, in individuals
with both subclinical and clinical forms of anxiety (Table 3).

Students with signs of depression had significantly higher
cortisol levels than students without depression (by 24.3%).
In individuals with subclinical depression, the levels were 1.3 times
higher than in those without depression, whereas in cases
of clinical depression, the differences from the group with
no depression were non-significant. The values did not differ
between the subclinical and clinical forms.

Cortisol levels in female students with depression were
significantly higher (by 28.2%), than in those without depression.
In individuals with subclinical depression, these 31.3% higher
compared to that in individuals with no depression, whereas
no differences were reported for the clinical form. Cortisol

Table 2. Structure of student distribution based on the presence of depression signs, %

including the form
Comparison groups No signs of depression Signs of depression p*
subclinical clinical
1 2 3 4

. p,, < 0.001
Sample size 78.5 21.5 74.4 25.6 p.. <0.001
. p, , <0.001
Girls 81.4 18.6 80.8 19.2 Py <0.001
p, , < 0.001
Boys 7.7 28.3 64.7 35.3 P;j ~0.095

P 0.123 0.128 0.912 0.085
. P, , < 0.001
Spring 75.3 24.7 72 18 pr. <0.001
p,, < 0.001
Autumn 81.8 18.2 77.7 22.3 P =0015

P 0.258 0.256 0.675 0.66

Note: * — significance of differences for groups with various depression severity; ** — significance of differences for groups of males and females and for seasons of the year.
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Table 3. Cortisol levels in individuals showing and not showing signs of anxiety, nmol/L, M + ¢ (95% ClI)

including the form
Comparison groups No signs of anxiety Signs of anxiety ou
subclinical clinical
1 2 3 4

P, , <0.001
Girls 316.5 + 14.1 426.5 + 16.8 421.2 +19.4 433.3 +29.5 p,, <0.001
(288.3-344.7) (392.8-460.2) (381.6-460.9) (372.5-494.0) p, , <0.001
p,,=0.724
p,,=0.013
Bovs 365.6 +17.8 447.3 + 26.8 422.3 +43.9 469.7 + 32.7 P, =0.196
4 (329.4-401.7) (390.9-503.6) (320.9-523.7) (395.6-543.7) p,_,=0.011
p, , = 0.393

P 0.04 0.535 0.978 0.488
p,, < 0.001
Sorin 307.9 +19.4 482.9 +17.7 488.1 + 20.1 478.7 + 28.2 p,_, <0.001
pring (269.0-346.8) (447.2-518.7) (446.0-530.3) (420.3-537.0) p,., <0.001
p,, = 0.793
p,, = 0.637
Autumn 355.0 +12.2 365.0 £17.8 360.8 + 21.6 372.8 +32.7 p,,=0.812
(330.6-379.4) (328.7-401.4) (315.9-405.7) (300.7-444.9) p,_, = 0.575
p,, = 0.753

P 0.037 < 0.001 < 0.001 0.028

Note: * — significance of differences for groups with various anxiety severity; ** — significance of differences for groups of males and females and for seasons of the year.

levels did not differ between subclinical and clinical forms
of depression. Differences in the levels of this hormone
in males having and not having depression, including with
various depression severity, were non-significant. There were
no differences in cortisol levels in gender groups.

In autumn, cortisol levels did not differ based on the fact
of having or not having depression; however, in spring, the levels
were significantly higher (by 50.7%) in individuals with depression
compared to those with no depression. The differences
compared to data for subclinical and clinical depression
reached 55.6% and 38.1%, respectively, whereas there were
no differences between the data for the subclinical and clinical
forms. Furthermore, in spring, cortisol levels in individuals with
depression exceeded the levels measured in autumn by 53.9%,
including by 55.4% with the subclinical form (Table 4).

The correlation analysis revealed a significant association
between cortisol levels and the fact of having anxiety: the association
was positive, of moderate strength (rs = 0.33; p < 0.001).
Moderate positive correlations were found in both girls and boys.
No significant correlation was detected in autumn. The most
pronounced association was observed in spring: a moderate-
to-strong, positive association (Table 5). A positive association
was also reported for individuals with depression: a positive
one of moderate strength. The associations were positive,
of moderate strength in the groups of both females and males.
In autumn, there was no significant correlation between cortisol
levels and depressive symptoms; moderate-to-strong, positive
correlation was reported in spring (Table 5).

When constructing a nonlinear regression model to test
the influence of psychosocial and demographic factors on blood
cortisol levels in students, high overall model significance
was determined (F = 214.00, p < 0.001). In general, the model
explained 62.5% of cortisol level variance, and 37.5%
of variance were not taken into account. Anxiety proved
to be the most significant factor: the statistical significance
was achieved for it (F = 16.26, p < 0.001). As for depression,
no significant association with cortisol levels was revealed
(F =0.16, p = 0.691). Gender demonstrated borderline statistical
significance (p = 0.049) and explained 2.0% of cortisol level
variance. Other factors included in the model were non-significant.
However, it should be noted that the model residual variance

turned out to be rather high (SS = 3 031 396.73, MS = 15 625.76),
which suggests that there are unaccounted-for factors
capable of influencing cortisol levels, including dietary habits,
sleep quality, physical activity, chronic stress, and individual
characteristics of HPA axis regulation.

DISCUSSION

The study results demonstrate a complex pattern of correlations
between the students’ psycho-emotional state and cortisol
levels. Thus, in the combined sample, the proportion of individuals
with signs of anxiety was 1.8 times higher than the proportion
of individuals with signs of depression (p < 0.001), including
the proportion of students with subclinical signs of anxiety
was 1.4 times lower than the proportion of students with subclinical
signs of depression (p = 0.026), and the proportion of students
with clinical signs of anxiety was 1.8 times higher than
the proportion of students with clinical signs of depression
(o = 0.027). The average HADS scores were significantly higher
in spring, than in autumn: 1.1 times higher for anxiety nokasa-
Tenb (p = 0.040), 1.2 times higher for depression (p = 0.031).

Cortisol levels were higher in individuals showing signs
of anxiety, than in those showing signs of depression. A significant
positive correlation and a significant contribution to the model's
variance indicated that students with higher anxiety levels had
elevated stress hormone levels. These data confirm the results
of previous studies, in which a strong correlation between
the depression severity and the HPA axis activation was reported
[15, 16].

In contrast to anxiety, depression did not have a significant
effect on cortisol levels within the nonlinear model, although
correlation analysis showed moderate positive associations.
This suggests that in healthy students, mild and subclinical
manifestations of depression may not lead to pronounced HPA
axis activation. This finding is consistent with other research
results, according to which subclinical depressive symptoms
showed a weak correlation with the cortisol concentration [17].

Data on the prevalence of anxiety among the students
in the studied cohort confirm that anxiety symptoms are more
common in the student population, than depressive symptoms
[18]. Seasonal differences reflected by the fact that average
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Table 4. Cortisol levels in individuals showing and not showing signs of depression, nmol/L, M + ¢ (95% ClI)

ORIGINAL RESEARCH

including the form
Comparison groups No signs of depression Signs of depression foul
subclinical clinical
1 2 3 4
p,_, = 0.001
Girls 344.7 + 12.4 4423 +27.2 452.5 + 32.1 399.5 +43.8 p,_, = 0.001
(320.1-369.4) (386.1-498.4) (385.5-519.5) (277.8-521.2) p,_, = 0.365
p,_, = 0.455
p,, =0.085
Bovs 3746 + 175 434.0 + 30.9 440.7 + 441 421.7 + 38.3 p,,=0.108
4 (339.3-401.7) (368.5-499.5) (342.3-539.0) (323.1-520.3) p,,=0.114
p, , =0.850
P 0.195 0.844 0.688 0.71

p,_, < 0.001
Sorin 341.3+17.6 514.4 +19.5 531.2+25.8 4713 +12.9 P, , <0.001
pring (306.2-376.4) (474.0-554.8) (476.6-585.8) (439.7-502.3) p, , <0.028
p,,=0.174
p,,=0.258
Autumn 363.8 + 11.1 3342 +17.8 341.9 + 23.8 323.8 + 60.0 p, ,=0.458
(341.8-385.9) (283.9-384.5) (277.5-406.3) (132.5-515.0) p, ,=0.439
p, ,=0.780

P 0.274 < 0.001 < 0.001 0.052

Note: *— significance of differences for groups with various depression severity; ** — significance of differences for groups of males and females and for seasons of the year.

anxiety and depression severity was higher in spring, than
in autumn, which was probably due to academic workload
and stressful events of the academic year, as well as general
seasonal factors affecting emotional well-being [19].

Cortisol levels in students with anxiety were significantly
higher than in those without it. This effect was reported
for both subclinical and clinical anxiety forms. In girls, anxiety
was associated by a similar rise in cortisol levels in both
forms, whereas in boys, a significant increase was reported
only in cases of clinical anxiety. Seasonal analysis showed
that differences between the groups with and without anxiety
were more pronounced in spring, than the autumn, which
was consistent with the correlation analysis data: there was

a positive correlation (moderate-to-strong) in spring, whereas
no significant correlation was observed in autumn. These
findings are in line with the data of previous studies, in which
elevated cortisol levels were observed in students and young
adults under conditions of anxiety and stress [20].

In the context of depression, cortisol levels in students
with the subclinical form were higher compared to the group
without depression. There were no gender differences in the groups
with depression. Seasonality was evident only in spring,
when the correlation was moderate and significant, whereas
no association was observed in autumn. The findings are consistent
with the results of the earlier study, in which a correlation between
symptoms of depression and anxiety and the characteristics

Table 5. Characteristics of correlations between the students’ blood cortisol levels and the signs of anxiety and depression

Comparison groups Spearman’s rank correlation coefficient, rs Correlation strength and direction Significance, p
Anxiety
Total sample 0.33 Moderate positive < 0.001
Girls 0.35 Moderate positive < 0.001
Boys 0.37 Moderate positive 0.003
Spring 0.51 Moderate positive < 0.001
Autumn 0.07 No 0.488
Girls spring 0.49 Moderate positive < 0.001
Boys spring 0.57 Moderate positive 0.001
Girls autumn 0.03 No 0.771
Boys autumn 0.18 No 0.296
Depression
Total sample 0.25 Moderate positive < 0.001
Girls 0.22 Moderate positive 0.007
Boys 0.30 Moderate positive 0.016
Spring 0.45 Moderate positive < 0.001
Autumn 0.02 No 0.180
Girls spring 0.39 Moderate positive < 0.001
Boys spring 0.62 Moderate positive < 0.001
Girls autumn 0.08 No 0.509
Boys autumn 0.03 No 0.841
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of the cortisol response to stressful situations was identified
in young people, even in those having no clinical diagnosis [21].

The nonlinear model confirmed the findings of the correlation
analysis: anxiety was the most significant predictor of cortisol
levels, while the gender factor showed borderline significance.
Furthermore, the residual variance was 37.5%, which suggested
that there were additional factors, not included in the analysis,
such as dietary habits, chronic stress, sleep quality, physical
activity, and individual features of the HPA axis regulation.
These findings are in line with the reported data showing that
physiological stress responses in students, including the HPA
axis activation and elevated cortisol levels, were associated
with emotional and psychological manifestations of stress,
such as anxiety and depression, particularly in the context
of academic demands [22].

Thus, the results obtained demonstrate that the students’
cortisol levels are strongly associated with the anxiety severity
and are less dependent on depression. Despite the fact that
the cortisol level increase absolute values were within the reference
ranges, these provided important information. Cortisol has a systemic
effect on the body: it intensifies catabolic processes associated
with the increased consumption of proteins, fat, vitamins,
and minerals. This can deplete energy resources and reduce
the body's adaptive capabilities [23]. Long-term adverse
changes may manifest as the muscle mass loss, the development
of osteoporosis, visceral fat accumulation, and the increased

References

1. Shestera AA, Trankovskaya LV, Kaptsov VA, Nagirnaya LN.
Sovremennaya kharakteristika sostoyaniya zdorov'ya studentov
vysshikh uchebnykh zavedenij i faktorov, ego formiruyushchikh
(obzor literatury). Gigiena i sanitariya. 2024; 11 (103): 1361-7
(in Rus.). DOI: 10.47470/0016-9900-2024-103-11-1361-1367.

2. LiW, Zhao Z, Chen D, Peng Y, Lu Z. Prevalence and associated
factors of depression and anxiety symptoms among college
students: a systematic review and meta-analysis. J Child Psychol
Psychiatry. 2022; 63 (11): 1222-30. DOI: 10.1111/jcpp.13606.

3.  Ramon-Arbués E, Gea-Caballero V, Granada-Lépez JM, Juéarez-
Vela R, Pellicer-Garcia B, Antédn-Solanas |. The prevalence
of depression, anxiety and stress and their associated factors
in college students. Int J Environ Res Public Health. 2020; 17 (19):
7001. DOI: 10.3390/ijerph17197001.

4. Paiva U, Cortese S, Flor M, Moncada-Parra A, Lecumberri A,
Eudave L, et al. Prevalence of mental disorder symptoms among
university students: An umbrella review. Neurosci Biobehav Rev.
2025; 175: 106244. DOI: 10.1016/j.neubiorev.2025.106244.

5. Tarasov AV, Rakhmanov RS, Bogomolova ES, Skoblina NA, lvanova S,
Sukhikh SA, et al. Study of the effects of a diet with functional foods
on the adaptogenicity of first-year students to the student lifestyle.
Sustainability. 2023; 15 (12): 9594. DOI: 10.3390/su15129594.

6. Timofeev DA, Sazanova GYu, Tsvigajlo MA, Vlasova MV, Dolgova EM.
Vysokij uroven' trevozhnosti kak znachimyj faktor riska v otsenke
zdorov'ya i sotsial'nogo samochuvstviya studentov meditsinskogo
universiteta. Problemy sotsial'noj gigieny, zdravookhraneniya i istorii
meditsiny. 2023; 31 (6): 1390-5 (in Rus.). DOI: 10.32687/0869-
866X-2023-31-6-1390-1395.

7. Quan L, Lu W, Zhen R, Zhou X. Post-traumatic stress disorders,
anxiety, and depression in college students during the COVID-19
pandemic: a cross-sectional study. BMC Psychiatry. 2023; 23 (1):
228. DOI: 10.1186/512888-023-04660-9.

8. Haruna U, Mohammed AR, Braimah M. Understanding the
burden of depression, anxiety and stress among first-year
undergraduate students. BMC Psychiatry. 2025; 25 (1): 632. DOI:
10.1186/512888-025-07069-8.

9.  Al-Garni AM, Shati AA, Aimonawar NA, Alamri GM, Alasmre LA,
Saad TN, et al. Prevalence of depression, anxiety, and stress

risk of cardiovascular disease, effects on the immune, reproductive,
and nervous systems, cognitive decline, and emotional
instability [24-28].

In the university settings, preventive work may include
the early detection of anxiety signs, the optimization of work-
rest regime, and measures to reduce stress. The reported
strengthening of the association between anxiety and cortisol
levels in spring indicates the feasibility of closer monitoring
of students' psycho-emotional state during periods of increased
academic workload. Preventive measures in the university
settings may include the early detection of anxiety signs,
psychological support for students, the work-rest regime
optimization, and measures to reduce stress.

CONCLUSIONS

Signs of anxiety were detected more often than signs of depression
among 1s-year students, with no significant seasonal differences
in their prevalence. In spring, cortisol levels associated with anxiety
and depression were higher, than in autumn, and the association
between cortisol and anxiety and depressive symptoms
was more pronounced. The most significant correlation
reported was between cortisol levels and anxiety, as confirmed
by the nonlinear model results. The obtained data justify
the importance of early detection of anxiety states and the reduction
of stress among students, particularly at the end of the academic year.

among students enrolled at King Khalid University: a cross-
sectional study. BMC Public Health. 2025; 25 (1): 354. DOI:
10.1186/512889-025-21277-7.

10. Vrabkova I, Varikova I. Analysis of university students' perception
of mental health. BMC Public Health. 2025; 25 (1): 3868. DOI:
10.1186/512889-025-25213-7.

11. Nijakowski K, Gruszczynski D, Laganowski K, Furmanczak J,
Brozek A, Nowicki M, et al. Salivary morning cortisol as a potential
predictor for high academic stress level in dental students:
A preliminary study. Int J Environ Res Public Health. 2022; 19 (5):
3132. DOI: 10.3390/ijerph19053132.

12. Vojtovich AA. Analiz povedencheskikh riskov u podrostkov
s ogranichennymi vozmozhnostyami zdorov'ya, imeyushchikh
razlichnye urovni trevozhnosti. Rossijskij mediko-biologicheskij
vestnik imeni akademika I. P. Pavlova. 2019; 27 (4): 468-74
(in Rus.). DOI: 10.23888/PAVLOVJ2019274468-474.

13. Spiliak B, Vilibi¢ M, Glavina A, Crnkovi¢ M, Seserko A, Lugovi¢-
Mihi¢ L. A review of psychological stress among students
and its assessment using salivary biomarkers. Behav Sci (Basel).
2022; 12 (10): 400. DOI: 10.3390/bs12100400.

14. Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983; 67 (6): 361-70. DOI:
10.1111/].1600-0447.1983.tb09716.x.

15. Nagane M, Oyama Y, Tamalu F, Miwa N. Salivary cortisol as a marker
for assessing the problem-focused coping style of stressed
students during the first year of university: An experimental study.
Health Sci Rep. 2023; 6 (6): 1280. DOI: 10.1002/hsr2.1280.

16. Hakeem MK, Sallabi S, Ahmed R, Hamdan H, Mameri A, Alkaabi M,
et al. A dual biomarker approach to stress: hair and salivary
cortisol measurement in students via LC-MS/MS. Anal Sci Adv.
2025; 6 (1): 70003. DOI: 10.1002/ansa.70008.

17. Suh M. Salivary cortisol profile under different stressful
situations in female college students: moderating role of anxiety
and sleep. J Neurosci Nurs. 2018; 50 (5): 279-85. DOI:
10.1097/JNN.0000000000000394.

18. Ballestar-Tarin ML, Ibafez-Del Valle V, Mafla-Espafia MA,
Navarro-Martinez R, Cauli O. Salivary brain-derived neurotrophic
factor and cortisol associated with psychological alterations

POCCUNCKNIN BECTHUK TUITMEHBI | 3, 2026 | RBH.RSMU.PRESS



ORIGINAL RESEARCH

19.

20.

21.

22.

in university students. Diagnostics (Basel). 2024; 14 (4): 447. DOI:
10.3390/diagnostics 14040447

Jiang BC, Zhang J, Yang M, Yang HD, Zhang XB. Prevalence and
risk factors of depressive and anxiety symptoms and functional
constipation among university students in Eastern China. World J
Psychiatry. 2025; 15 (6): 106451. DOI: 10.5498/wjp.v15.i6.106451.
Modzelewski S, Naumowicz M, Suprunowicz M, Oracz AJ,
Waszkiewicz N. The impact of seasonality on mental health
disorders: A narrative review and extension of the immunoseasonal
theory. J Clin Med. 2025; 14 (4): 1119. DOI: 10.3390/jcm14041119.
Fiksdal A, Hanlin L, Kuras Y, Gianferante D, Chen X, Thoma MV,
et al. Associations between symptoms of depression and
anxiety and cortisol responses to and recovery from acute
stress. Psychoneuroendocrinology. 2019; 102: 44-52. DOl:
10.1016/j.psyneuen.2018.11.035.

Mendes SS, Martino MMF, Borghi F, Rocha-Teles CM,
Souza AL, Grassi-Kassisse DM. Psychological stress factors
and salivary cortisol in nursing students throughout their
training. Rev Esc Enferm USP. 2022; 56: 20220078. DOI:
10.1590/1980-220X-REEUSP-2022-0078en.

Jutepatypa

1.

10.

11.

RUSSIAN BULLETIN OF HYGIENE | 3, 2026 | RBH.RSMU.PRESS

LLlectepa A. A., TpaHkosckas J1. B., Kanuos B. A., Harvpras J1. H.
CoBpeMeHHas xapakTepyrCTKa COCTOSIHMS 300POBbS CTYAEHTOB
BbICLUMX y4ebHbIX 3aBefeHuin 1 (HakTopoB, ero hopMUPYOLLIX
(0630p nuTepaTtypsbl). [MrveHa n caHntapusa. 2024; 11 (103):
1361-7. DOI: 10.47470/0016-9900-2024-103-11-1361-1367.

Li W, Zhao Z, Chen D, Peng Y, Lu Z. Prevalence and associated
factors of depression and anxiety symptoms among college
students: a systematic review and meta-analysis. J Child Psychol
Psychiatry. 2022; 63 (11): 1222-30. DOI: 10.1111/jcpp.13606.
Ramon-Arbués E, Gea-Caballero V, Granada-Lépez JM, Juarez-
Vela R, Pellicer-Garcia B, Antén-Solanas I. The prevalence
of depression, anxiety and stress and their associated factors
in college students. Int J Environ Res Public Health. 2020; 17 (19):
7001. DOI: 10.3390/ijerph17197001.

Paiva U, Cortese S, Flor M, Moncada-Parra A, Lecumberri A,
Eudave L, et al. Prevalence of mental disorder symptoms among
university students: An umbrella review. Neurosci Biobehav Rev.
2025; 175: 106244. DOI: 10.1016/j.neubiorev.2025.106244.
Tarasov AV, Rakhmanov RS, Bogomolova ES, Skoblina NA, lvanova S,
Sukhikh SA, et al. Study of the effects of a diet with functional foods
on the adaptogenicity of first-year students to the student lifestyle.
Sustainability. 2023; 15 (12): 9594. DOI: 10.3390/su15129594.
Tumodbees L. A., CazaHoga I'. 0., Lipuranno M. A., Bnacosa M. B,,
[onroea E. M. BbICOKMIN ypOBEHb TPEBOXKHOCTUN KaK 3HAYMMbIN
(haKTop prcKa B OLIEHKE 3[0POBbSt U COLMAITIBHOMO CaMO4yBCTBYSA
CTY[EHTOB MEOMLMHCKOrO yHMBEpcuTeTa. 1pobnemMbl CoLmansHON
FUrVeHbl, 30paBOOXPaHeHNs 1 nctopuy megnumnHel. 2023; 31 (6):
1390-5. DOI: 10.32687/0869-866X-2023-31-6-1390-1395.
Quan L, Lu W, Zhen R, Zhou X. Post-traumatic stress disorders,
anxiety, and depression in college students during the COVID-19
pandemic: a cross-sectional study. BMC Psychiatry. 2023; 23 (1):
228. DOI: 10.1186/512888-023-04660-9.

Haruna U, Mohammed AR, Braimah M. Understanding the
burden of depression, anxiety and stress among first-year
undergraduate students. BMC Psychiatry. 2025; 25 (1): 632. DOI:
10.1186/512888-025-07069-8.

Al-Garni AM, Shati AA, Aimonawar NA, Alamri GM, Alasmre LA,
Saad TN, et al. Prevalence of depression, anxiety, and stress
among students enrolled at King Khalid University: a cross-
sectional study. BMC Public Health. 2025; 25 (1): 354. DOI:
10.1186/512889-025-21277-7.

Vrabkova |, Vaikova |. Analysis of university students' perception
of mental health. BMC Public Health. 2025; 25 (1): 3868. DOI:
10.1186/512889-025-25213-7.

Nijakowski K, Gruszczynski D, taganowski K, Furmanczak J,
Brozek A, Nowicki M, et al. Salivary morning cortisol as a potential
predictor for high academic stress level in dental students:

23.

24.

25.

26.

27.

28.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kaur J, Gandhi J, Sharma S. Physiology, Cortisol. [Updated 2025
Dec 1]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing, 2026. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK538239/.

Mazgelyté E, Kartiauskaiteé D. Cortisol in metabolic syndrome. Adv
Clin Chem. 2024; 123: 129-56. DOI: 10.1016/bs.acc.2024.06.008.
Alotiby A. Immunology of stress: A review article. J Clin Med.
2024; 13 (21): 6394. DOI: 10.3390/jcm13216394.

Oo WY, Lim CL, Goh MH, Koh RY. Serum cortisol and cardiovascular
disease risk — a potential biomarker. Curr Cardiol Rev. 2025; 21
(8): €1573403X328499. DOI: 10.2174/011573403X3284992411
06064553.

George MY, Abdel Mageed SS, Mansour DE, Fawzi SF. The cortisol
axis and psychiatric disorders: an updated review. Pharmacol Rep.
2025; 77 (6): 1573-99. DOI: 10.1007/s43440-025-00782-x.

Zhu J, Zhou S, Jiang M, Wang W, Yan J. Impact of mild
cortisol excess on osteoporosis and the mediating role
of sarcopenia-related traits: A Mendelian randomization
study. Medicine (Baltimore). 2025; 104 (35): e44153. DOI:
10.1097/MD.0000000000044153.

A preliminary study. Int J Environ Res Public Health. 2022; 19 (5):
3132. DOI: 10.3390/ijerph19053132.

BontoBnd A. A. AHanmM3 NoBedEHYECKUX PUCKOB Y MOAPOCTKOB
C OrpaHV4eHHbIML BO3MOXXHOCTAMM 3[40POBbS, UMEIOLLMX
pasfnYHble YPOBHWU TPEBOXHOCTU. Poccuickuii meamko-
Ononorn4ecknin BeCTHUK MMeHn akagemuka W. T1. Masnosa.
2019; 27 (4): 468-74. DOI: 10.23888/PAVLOVJ2019274468-474.
Spiliak B, Vilibi¢ M, Glavina A, Crnkovi¢ M, Seserko A, Lugovié-
Mihi¢ L. A review of psychological stress among students
and its assessment using salivary biomarkers. Behav Sci (Basel).
2022; 12 (10): 400. DOI: 10.3390/bs12100400.

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983; 67 (6): 361-70. DOI:
10.1111/j.1600-0447.1983.tb09716.x.

Nagane M, Oyama Y, Tamalu F, Miwa N. Salivary cortisol as a marker
for assessing the problem-focused coping style of stressed
students during the first year of university: An experimental study.
Health Sci Rep. 2023; 6 (6): 1280. DOI: 10.1002/hsr2.1280.
Hakeem MK, Sallabi S, Ahmed R, Hamdan H, Mameri A, Alkaabi M,
et al. A dual biomarker approach to stress: hair and salivary
cortisol measurement in students via LC-MS/MS. Anal Sci Adv.
2025; 6 (1): 70003. DOI: 10.1002/ansa.70003.

Suh M. Salivary cortisol profile under different stressful
situations in female college students: moderating role of anxiety
and sleep. J Neurosci Nurs. 2018; 50 (5): 279-85. DOI:
10.1097/JNN.0000000000000394.

Ballestar-Tarin ML, Ibafez-Del Valle V, Mafla-Espafia MA,
Navarro-Martinez R, Cauli O. Salivary brain-derived neurotrophic
factor and cortisol associated with psychological alterations
in university students. Diagnostics (Basel). 2024; 14 (4): 447. DOI:
10.3390/diagnostics14040447.

Jiang BC, Zhang J, Yang M, Yang HD, Zhang XB. Prevalence and
risk factors of depressive and anxiety symptoms and functional
constipation among university students in Eastern China. World J
Psychiatry. 2025; 15 (6): 106451. DOI: 10.5498/wjp.v15.i6.106451.
Modzelewski S, Naumowicz M, Suprunowicz M, Oracz AJ,
Waszkiewicz N. The impact of seasonality on mental health
disorders: A narrative review and extension of the immunoseasonal
theory. J Clin Med. 2025; 14 (4): 1119. DOI: 10.3390/jicm14041119.
Fiksdal A, Hanlin L, Kuras Y, Gianferante D, Chen X, Thoma MV,
et al. Associations between symptoms of depression and
anxiety and cortisol responses to and recovery from acute
stress. Psychoneuroendocrinology. 2019; 102: 44-52. DOI:
10.1016/j.psyneuen.2018.11.035.

Mendes SS, Martino MMF, Borghi F, Rocha-Teles CM,
Souza AL, Grassi-Kassisse DM. Psychological stress factors
and salivary cortisol in nursing students throughout their



23.

24.

25.

OPUTMHAJIbHOE MCCJIEQJOBAHNE

training. Rev Esc Enferm USP. 2022; 56: 20220078. DOI:
10.1590/1980-220X-REEUSP-2022-0078en.

Kaur J, Gandhi J, Sharma S. Physiology, Cortisol. [Updated 2025
Dec 1]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing, 2026. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK538239/.

Mazgelyté E, Karciauskaité D. Cortisol in metabolic syndrome. Adv
Clin Chem. 2024; 123: 129-56. DOI: 10.1016/bs.acc.2024.06.008.
Alotiby A. Immunology of stress: A review article. J Clin Med.
2024; 13 (21): 6394. DOI: 10.3390/jcm13216394.

26.

27.

28.

Oo WJ, Lim CL, Goh MH, Koh RY. Serum cortisol and cardiovascular
disease risk — a potential biomarker. Curr Cardiol Rev. 2025; 21 (3):
e1573403X328499. DOI: 10.2174/011573403X328499241106064553.
George MY, Abdel Mageed SS, Mansour DE, Fawzi SF. The cortisol
axis and psychiatric disorders: an updated review. Pharmacol Rep.
2025; 77 (6): 1573-99. DOI: 10.1007/s43440-025-00782-x.

Zhu J, Zhou S, Jiang M, Wang W, Yan J. Impact of mild cortisol
excess on osteoporosis and the mediating role of sarcopenia-related
traits: A Mendelian randomization study. Medicine (Baltimore). 2025;
104 (35): e44153. DOI: 10.1097/MD.0000000000044153.

POCCUNCKNIN BECTHUK TUITMEHBI | 3, 2026 | RBH.RSMU.PRESS



