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Abstract
Background. The working environment of nurses is associated with the presence of many stressors, for
instance working the night shift and sleep deprivation, which may impair the secretion of various
substances, such as prolactin, cortisol or cytokines. One of the groups particularly exposed to stress due
to the speci�city of work is oncological nurses.

Aim. The aim of this work is to undertake an attempt at assessing the impact of work environment on
psychological and biochemical parameters of occupational exposure to stress among nurses and to
examine mutual correlations between the studied variables.

Design and participants. Cross-sectional research design with the study group consisting of 90 registered
nurses including 60 nurses working in oncology units and 30 primary health care nurses,

Method. A diagnostic survey was used to collect psychological and socio-demographic data. The
following research tools were used: State-Trait Anxiety Inventory (STAI), Satisfaction With Life Scale
(SWLS) and the authors' questionnaire. Also, serum levels of cortisol, prolactin, C-reactive protein, tumour
necrosis factor α, interleukin 6 and urine cortisol levels were assessed.

Results. Psychological parameters signi�cantly correlate with selected biochemical variables. A higher
level of trait anxiety was associated with higher levels of proin�ammatory cytokines in serum and a
higher level of cortisol in urine.

Conclusions. This study provides evidence that work-related stress is associated with selected
proin�ammatory cytokines and hormones. There are psychological strategies and relaxation techniques
which nurses should use as they signi�cantly reduce the level of perceived stress and positively in�uence
the values of the biochemical markers of stress.

Highlights
What is already known about the topic?

Due to growing cancer incidence and an increase in staff shortage, oncology nurses are exposed to
work-related stress and may struggle to maintain adequate work e�ciency and satisfactory quality
of life.

There is insu�cient research into the biochemical consequences of work-related stress and burnout
among oncology nurses.

What does this paper add?

The higher trait anxiety level among nurses was associated with a higher level of serum
proin�ammatory cytokines and urine cortisol.
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Nurses with a higher level of state anxiety and trait anxiety reported a lower level of satisfaction with
life.

Background
Stress is an extremely complex response, which can be de�ned in two inextricably linked aspects: as a
biological and psychological phenomenon [Grygorczuk]. Two systems are primarily involved in its
biological component: the hypothalamic-pituitary-adrenal system and the sympathetic adrenal system
[Landowski]. The central nervous system sends signals to immune response cells through both of these
systems. They produce cytokines and neurotransmitters which impact the functioning of the brain
[Stokłosa]. In psychology, the concept of stress is approached in various ways but regardless of the type
of approach, it should be described as an imbalance between the requirements and the capabilities of an
individual [Heszen].

Work-related stress is the second most commonly reported health problem. Nearly a quarter of employees
believe that occupational stress negatively affects their health. According to data from the European
Agency for Safety and Health at Work, it accounts for 50-60% of absence from work due to health
reasons. Potential sources of stress at work include working environment and conditions, working time
distribution (shift patterns), workload and individual characteristics of the employee [Potocka]. It has
been proven that workplace stress is associated with an increased incidence of many conditions,
including metabolic syndrome or cardiovascular diseases, which are the leading causes of death in the
world [Jarczok], [Esler et al.]. However, the consequences of occupational stress are multidimensional and
their impact reaches beyond an employee's health. They also affect the functioning of the whole
organisation, for instance through the deteriorating quality of work, absenteeism or increased employee
turnover [Potocka].

 

Neurophysiology of stress reaction

Among the complexities of the biological mechanisms of stress, two systems should be distinguished:
the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic adrenal system [Landowski], [Padgett,
Glaser], [Foley, Kirschbaum]. The central nervous system sends signals through both these systems to the
lymphoid organs, which are most often innervated by the noradrenergic �bres. Close relationships may
develop between immune cells (lymphocytes and macrophages) and nerve endings. Norepinephrine
directly affects T and B lymphocytes and, consequently, their activity. In peripheral lymphatic organs,
however, this neurotransmitter intensi�es the primary humoral response [Stokłosa]. Stress induces
excessive corticoliberin (CRH) secretion in the hypothalamus – the �rst link in HPA. CRH secretion can
also be stimulated by cytokines, primarily interleukin 1. This neurohormone, in turn, induces corticotropin
(ACTH) secretion by the anterior pituitary gland  [Zimecki]. This reaction can also be induced by cytokines
such as IL-1, IL-6 and TNFα [Stokłosa]. The adrenocorticotropic hormone induces the secretion of adrenal
corticosteroids, mainly cortisol [Zimecki]. This leads to immunosuppression through transcriptional and
post-transcriptional inhibition of cytokine expression but the same mechanism activates receptor
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expression for the same the cytokines [Stokłosa]. In addition, glucocorticosteroids enhance the effects of
catecholamines. Negative feedback may become ine�cient because the activation of the limbic system
and the hypothalamus outweighs their feedback inhibition caused by an increase in blood cortisol level
[Zimecki].

The effects of the hormones secreted as a response to stress, primarily catecholamines and cortisol, but
also growth hormone (somatotropin) and prolactin on the cells of the immune system induce the
secretion of cytokines such as IL-1, IL-6 and TNFα. The increase in the concentration of the last two
cytokines may lead to major health disorders [Glaser]. It should be noted that the immune system cells
may be an ecotopic source of hormones but they primarily have autocrine and paracrine effects. They
mostly produce pituitary hormones such as prolactin or corticotropin. It is worth noting that they cannot
be instantly released because they are not stored in cells - they must be produced de novo [Stokłosa].

Like other cytokines, interleukin 6 has pleiotropic effects. It is secreted mainly by monocytes and
macrophages and plays an important role in the acute phase response, which is part of non-speci�c
immunity, anti-infective response and haemopoiesis [Gołąb]. It plays a major role in the production of the
C-reactive protein (CRP) in the liver [Yudkin]. It is also one of the major pyrogens, as are IL-1 and TNFα. A
relationship has been shown between increased levels of interleukin 6 and the incidence of many
diseases such as cancer, cardiovascular diseases, type 2 diabetes, osteoporosis [Glaser], rheumatoid
arthritis [Gołąb], depression [Służewska et al.] and intestinal diseases [Atreya, Neurath]. Higher interleukin
6 levels have been associated with an increased risk of death from cardiovascular conditions [Su et al.],
lung diseases [De Lauretis et al.], and age because they are observed in elderly patients [Harris et al ].

Tumour necrosis factor α (TNFα) is produced primarily by macrophages [Chu]. This cytokine causes
apoptosis and necrosis of cancer cells. The receptors for this cytokine are located on the surface of
almost every human cell. Its effects include enhancing the cytotoxicity of macrophages and monocytes.
TNFα and IL-6 stimulate B cell proliferation and differentiation [Gołąb]. Tumour necrosis factor α is the
key mediator of acute and chronic in�ammation, it plays an important role in many autoimmune
diseases such as multiple sclerosis, systemic sclerosis, rheumatoid arthritis and Crohn's disease [Chu].
Chronically elevated TNFα levels lead to cachexia, protein and lipid catabolism [Gołąb]. Increased plasma
TNFα and IL-6 levels have been shown to correlate positively with higher insulin resistance associated
with obesity [Kern], psoriasis [Arican et al.], systemic lupus erythematosus activity [Sabry et al.], and also
with sarcopenia in elderly patients [Visser].

 

The psychological approach to stress

The concept of stress is debated in psychology and there are many approaches to describing this
phenomenon. Nearly all of them are based on two dimensions. One refers to extrinsic factors, while the
other refers to intrinsic factors. The differences in particular approaches consist in highlighting and
describing those factors [Terelak].
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            The �rst trend involves emphasising extrinsic factors and is based on stimuli as described by
Irwing Janis who examined patients undergoing surgery. The argument against this approach is its
ambiguity because individual differences make a certain event stressful for one person when it is not
stressful for someone else. The second tendency relates to speci�c human responses - reactions. David
Mechanic was in favour of this approach, describing stress as a reaction of discomfort. This approach
does not account the overall stress response and proved to be inconclusive [Heszen].

Currently, most psychologists de�ne stress as a transaction between the requirements of the environment
and the capabilities of an individual. Susan Folkman and Richard Lazarus subscribe to this approach to
stress in their popular paradigm [Grygorczuk].

 Anxiety is a concept which positively correlates with stress response [Roberti et al.]. It has been shown
that professions which involve helping others are associated with an increased occurrence of negative
emotions, including anxiety, under the in�uence of stressors [Kliszcz et al.]. Many researchers have
expressed the view that anxiety is an objectless emotion so it is not directly related to a stress factor and
may occur in a completely safe situation. It may also appear in contact with an object which is only a
potential source of danger. Anxiety is accompanied by autonomic nervous system stimulation, which is
manifested in increased epinephrine, norepinephrine and cortisol secretion [Werka, Zagrodzka]. In the
popular approach proposed by Spielberger two types are distinguished: state anxiety and trait anxiety.
The former, state anxiety, is de�ned a subjective, conscious and transient situational condition, which is
accompanied by stimulation of the autonomous system. Trait anxiety is de�ned by Spielberger as an
acquired behavioural disposition which determines an individual's perception of objectively harmless
situations as threatening and causing a disproportionately strong anxiety reaction. Spielberger et al.
designed the State-Trait Inventory Surveys (STAI)  [Wrześniewski et al.] for assessing state and trait
anxiety.

 

Nurses' work environment and levels of stress, anxiety and satisfaction with life

Stressors are common in the environment in which nurses work. Emotionally charged relationships with
patients should be emphasised as one of such stressors. What is more, maintaining attentional focus,
constant observation, instant response to dynamic changes in a patient's condition, feelings of lack of
control, interpersonal con�icts, inability to alleviate the patient's ailments or feelings of not living up to
expectations, are all important sources of nurses' occupational stress [Ogińska-Bulik], [Khamisa et al.].
Psychological stress is one of the components of burnout syndrome. It is more common in helping
professions, for instance, nurses, doctors, therapists and social workers. This syndrome consists of three
elements: emotional exhaustion, depersonalization and a reduced sense of personal accomplishments
[Maslach et al.], [Wilczek-Rużyczka]. One study found that burnout levels correlate positively with the
number of medical errors made by trainee doctors [West et al.]. This suggests that there may be similar
dependencies for other professions, including nurses.
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Among nurses, certain groups are particularly exposed to stress and the resulting burnout syndrome, i.e.
oncological nurses [Demanded, Gaworska-Krzemińska], [Emilia et al.], [Emold et al.], [Gomez-Urquiza et
al.], [Potter et al.], pediatric and psychiatric nurses [Sęk]. Due to the increasing number of cancer patients,
the need for oncology nurses' services [Yu et al.] is also increasing. A metaanalysis by Toh et al. revealed
a correlation between professional dissatisfaction, stress and burnout and shortages of nursing staff in
oncology units. Stress, lack of job satisfaction and burnout may lead to resigning from working with
oncology patients. In turn, the shortage of oncology nurses and excessive workload have a negative
impact and contribute to more stress, job satisfaction and burnout [Toh et al.]. The work of nurses in
oncology wards is also associated with a lower, subjectively assessed quality of life [Ergün et al.]. In
addition, as a result of occupational stress, oncology, hospice, emergency, pediatric and other nurses
become susceptible to secondary post-traumatic stress disorder (also referred to as "compassion
fatigue") [Beck]. This condition is the result of the exposure to individuals who have experienced trauma
[Wang et al.]. Oncology nurses most often reported di�culties in falling asleep, irritability, obtrusive
thoughts about patients, reduced activity level and the sense of foreshortened future, which is common in
post-traumatic stress disorder [Beck]. In addition, compassion fatigue can reduce the quality of nursing
care [Wang et al.]. The results from two Chinese studies involving large groups of oncological nurses
indicate that the study groups of nurses had a low quality of professional life [Wang et al.], [Yu et al.]. A
higher level of compassion fatigue was revealed by nurses with more years of professional experience
and passive methods of coping with stress. Cognitive empathy, support and training received from
organizations counteracted the low level of professional life quality, whereas passive coping with stress
and neuroticism negatively impacted the quality values [Yu et al.].

Increased levels of occupational stress can also contribute to accumulating suppressed negative
emotions including anxiety in people with a high level of socialization. This may lead to developing
psychosomatic disorders, such as headache, appetite disorders, insomnia, or menstrual cycle disorders
[Jin et al.], [Kane], [Kliszcz et al.]. The study conducted by Nyklewicz and Krajewska-Kułak suggests that
death is a strong predictor of state anxiety in nurses work. What is important, the vast majority of
respondents showed ine�cient ways of coping with stress [Nyklewicz, Krajewska-Kułak]. Studies
conducted among Australian nurses have revealed that elevated levels of state anxiety are associated
with chronic fatigue, mood disorders and external locus of control [Samara et al.].

Methods
Aim

The aim of this paper is to assess the relationship between state anxiety, trait anxiety and life
satisfaction, and the selected biochemical parameters of occupational exposure to stress among
oncological nurses.

 

Design and participants
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The study group consisted of 60 oncological nurses, i.e. subjects whose exposure to occupational stress
and the consequent burnout is above average as indicated by previous studies. The control group
consisted of 30 primary health care nurses. The study was conducted after obtaining approval from the
Independent Bioethics Commission for Research at the Medical University of Gdańsk (NKBBN / 411 /
2015-2016). Obtaining the consent of the management of the institutions where the study was conducted
was an obligatory condition. The participation in the study was voluntary and required the informed
consent of respondents. The respondents were informed on how to complete the questionnaires. The
laboratory analyzes were performed at the Central Clinical Laboratory of the University Clinical Centre in
Gdańsk and all participants received their results. The study included subjects who worked as a nurse,
worked in oncological units (study group), or in the primary health care (control group) and had at least 6
months of work experience in a given type of facility. Nurses with physiological conditions (e.g.
pregnancy or lactation) or pathological conditions (e.g. hyperprolactinemia, adrenal gland disorders,
autoimmune diseases, medications) which affected the level of examined biochemical parameters were
excluded from the study.

 

Method

A blood sample was collected for testing at 8:00 along with the �rst urine sample. Serum levels of
reactive protein C (CRP), prolactin, cortisol, interleukin 6 (IL-6) and tumour necrosis factor α (TNFα) were
tested. Urine was tested for cortisol levels. In addition, standardized psychological questionnaires were
used: State-Trait Anxiety Inventory (STAI) by Spielberger and Satisfaction With Life Scale (SWLS) by
Diener, and an original survey questionnaire was used to analyse the demographic variables. Nurses were
asked to complete the questionnaires immediately after venous blood collection for laboratory tests. On
the day of the examination, the nurses were on the day shift at work.

Statistical analysis
All statistical calculations were performed with the use of the statistical package StatSoft. Inc. (2014).
STATISTICA (data analysis software system) version 12.0. The W Shapiro-Wilk test was used to verify
whether the quantitative variable originated from a standard distribution population. The Leven test was
used to test the equal variance hypothesis. The signi�cance of the differences between the two groups
(independent variable model) was tested with the Student's t-test (or Welch's test when the assumption of
homogeneity of variance is not met) or Mann-Whitney's U test (when the conditions of the Student's t-test
applicability are not met or for ordinal scale variables). The signi�cance of the differences between more
than two groups was veri�ed with the F (ANOVA) or Kruskal-Wallis test (when ANOVA applicability
conditions were not met). In the case of statistically signi�cant differences between groups, post hoc
tests (for Tukey F test and Kruskal-Wallis Dunn test) were used. Chi-square tests of independence were
used for qualitative variables (Yates correction for cell count below 10, checking Cochran conditions,
exact Fisher test).
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A correlation analysis with the Pearson and/or Spearman correlation coe�cients was used to determine
the association between force and direction between variables. For all the calculations the level of
signi�cance was set at p ≤ 0.05.

Results
The results of psychological questionnaires were interpreted in three respects. The �rst one was the raw
sum of points obtained. The second one was a sten score consistent with the standardization of the
questionnaires used in the study. The third one was the interpretation of the obtained sten scores, which
were characterized as low sten from 1 to 3, average sten from 4 to 7, or high sten from 8 to 10.

The results of biochemical tests were interpreted within or above normal value range as per the reference
values of the Central Clinical Laboratory of the University Clinical Centre in Gdansk, Poland.

No statistically signi�cant correlation was found between the results of the STAI questionnaire regarding
the state anxiety and the results of the SWLS questionnaire regarding life satisfaction between oncology
and non-oncology nurses. In should be noted, however, that non-oncology nurses had a signi�cantly
higher STAI trait score compared to oncology nurses (p = 0.0241) - Table 1.
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Table 1
Comparative characteristics of the examined group of oncological and

non-oncological nurses in terms of the result distribution of the STAI
state, STAI trait and SWLS questionnaires

  oncology

(N = 60)

non-oncology

(N = 30)

P-value

STAI state (raw result)     0.40411

mean (SD) 38.7 (7.9) 40.2 (8.3)  

range 21.0–59.0 25.0–58.0  

median 38.5 39.0  

95%CI [36.6;40.7] [37.1;43.3]  

STAI state (sten)     0.60162

mean (SD) 5.2 (1.6) 5.5 (1.7)  

range 1.0–9.0 2.0–9.0  

median 5.0 5.0  

95%CI [4.8;5.6] [4.9;6.2]  

STAI state interpretation     0.33772

low 17 (28.3%) 6 (20.0%)  

medium 30 (50.0%) 15 (50.0%)  

high 13 (21.7%) 9 (30.0%)  

STAI trait (raw result)     0.02411

mean (SD) 39.6 (7.4) 43.6 (8.1)  

range 26.0–61.0 26.0–60.0  

median 39.0 43.0  

95%CI [37.7;41.6] [40.5;46.6]  

STAI trait (sten)     0.12982

mean (SD) 3.9 (1.6) 4.5 (1.8)  

range 1.0–8.0 1.0–8.0  

median 4.0 4.0  

95%CI [3.5;4.3] [3.8;5.2]  
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  oncology

(N = 60)

non-oncology

(N = 30)

P-value

STAI trait interpretation     0.20992

low 39 (65.0%) 16 (53.3%)  

medium 18 (30.0%) 8 (26.7%)  

high 3 (5.0%) 6 (20.0%)  

  oncology

(N = 60)

non-oncology

(N = 30)

P-value

SWLS (raw result)     0.83301

mean (SD) 20.2 (5.4) 20.4 (5.1)  

range 8.0–31.0 7.0–31.0  

median 20.5 20.5  

95%CI [18.8;21.6] [18.5;22.3]  

SWLS (sten)     0.84211

mean (SD) 5.5 (1.9) 5.5 (1.9)  

range 1.0–10.0 1.0–10.0  

median 5.5 5.5  

95%CI [5.0;5.9] [4.8;6.2]  

SWLS interpretation     0.64702

low 18 (30.0%) 8 (26.7%)  

medium 21 (35.0%) 15 (50.0%)  

high 21 (35.0%) 7 (23.3%)  

Along with the increase in the levels of state anxiety and anxiety trait, the level of life satisfaction
decreased - Table 2.
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Table 2
Correlation within the examined group of nurses in terms of the distribution of SWLS

questionnaire results and STAI state questionnaire results

  SWLS (raw result) SWLS (sten) SWLS interpretation

  R P-value R P-value R P-value

STAI state (raw result) -0.23 0.0294 -0.23 0.0297 -0.24 0.0242

STAI state (sten) -0.25 0.0184 -0.25 0.0193 -0.26 0.0126

STAI state interpretation -0.25 0.0170 -0.25 0.0184 -0.28 0.0068

STAI trait (raw result) -0.46 0.0001 -0.43 0.0001 -0.44 0.0001

STAI trait (sten) -0.49 0.0001 -0.46 0.0001 -0.47 0.0001

STAI trait interpretation -0.47 0.0001 -0.44 0.0001 -0.45 0.0001

Oncology nurses had a signi�cantly lower IL-6 value compared to non-oncology nurses (p = 0.0001),
which was associated with a higher percentage of normal IL-6 values among oncology nurses (p = 
0.0001). No statistically signi�cant relationships were found for the remaining parameters - Table 3.
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Table 3
Comparative characteristics of the examined group of nurses in terms of

biochemical parameters

  oncology

(N = 60)

non-oncology

(N = 30)

P-value

CRP     0.31251

mean (SD) 2.4 (4.4) 2.7 (3.1)  

range 0.1–31.9 0.3–12.4  

median 1.3 1.4  

95%CI [1.3;3.6] [1.6;3.9]  

CRP interpretation     0.44361

within the normal value range 56 (93.3%) 25 (83.3%)  

above normal value range 4 (6.7%) 5 (16.7%)  

PRL     0.27511

mean (SD) 241.0 (98.9) 279.5 (136.0)  

range 88.0-513.6 96.7-697.3  

median 236.3 253.4  

95%CI [215.4;266.5] [228.7;330.3]  

PRL interpretation     0.61061

within the normal value range 60 (100.0%) 28 (93.3%)  

above normal value range 0 (0.0%) 2 (6.7%)  

Serum cortisol     0.25501

mean (SD) 320.8 (135.9) 338.8 (121.4)  

range 161.0-855.0 118.0-599.0  

median 295.0 343.0  

95%CI [285.7;355.9] [293.5;384.1]  

Cortisol serum interpretation     0.90121

within the normal value range 55 (91.7%) 28 (93.3%)  

above normal value range 5 (8.3%) 2 (6.7%)  
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  oncology

(N = 60)

non-oncology

(N = 30)

P-value

Urine cortisol     0.15041

mean (SD) 162.8 (194.0) 102.8 (159.4)  

range 1.0-739.0 1.0-653.0  

median 91.5 56.0  

95%CI [112.7;212.9] [43.2;162.3]  

IL-6     0.00011

mean (SD) 2.1 (2.6) 20.3 (34.0)  

range 1.0-14.2 1.0-177.0  

median 1.0 9.6  

95%CI [1.4;2.7] [7.6;33.0]  

IL-6 interpretation     0.00011

within the normal value range 57 (95.0%) 13 (43.3%)  

above normal value range 3 (5.0%) 17 (56.7%)  

TNFα     0.12661

mean (SD) 7.8 (2.3) 18.6 (18.9)  

range 4.0-16.3 1.0-77.3  

median 7.6 10.0  

95%CI [7.3;8.4] [11.5;25.6]  

TNFα interpretation      

within normal value range 36 (60.0%) 13 (43.3%) 0.20071

above normal value range 24 (40.0%) 17 (56.7%)  

An increase in CRP is signi�cantly associated with a decrease in the level of state anxiety. An increase in
the PRL description is signi�cantly associated with a decrease in the level of state anxiety. The results are
presented in Table 4.
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Table 4
Correlations between state anxiety and biochemical parameters

  STAI state (raw result) STAI state (sten) STAI state interpretation

  R P-value R P-value R P-value

CRP -0.25 0.0166 -0.23 0.0319 -0.23 0.0299

CRP description -0.32 0.0022 -0.28 0.0085 -0.26 0.0145

PRL 0.04 0.7419 0.05 0.6392 0.03 0.7618

PRL description -0.15 0.1474 -0.16 0.1300 -0.21 0.0452

Serum cortisol 0.10 0.3672 0.05 0.6308 0.06 0.5484

Serum cortisol description -0.01 0.9404 0.03 0.8122 0.01 0.9676

Urine cortisol 0.15 0.1502 0.20 0.0550 0.19 0.0719

IL-6 0.07 0.4886 0.06 0.5434 0.12 0.2793

IL-6 description -0.01 0.9041 -0.02 0.8434 0.01 0.9332

TNFα 0.06 0.5683 0.06 0.5759 0.06 0.5526

TNFα description 0.06 0.5759 0.04 0.7105 0.05 0.6649

An increase in urine cortisol is signi�cantly associated with an increase in the level of trait anxiety (sten)
and description.

The increase in IL-6 is signi�cantly associated with an increase in the level of trait anxiety. An increase in
the level of trait anxiety (raw results) is signi�cantly associated with an increase in IL-6, IL-6
interpretation, TNFα and TNFα interpretation. The results are presented in Table 5.
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Table 5
Correlations between trait anxiety and biochemical parameters

  STAI trait (raw result) STAI trait (sten) STAI trait interpretation

  R P-value R P-value R P-value

CRP 0.15 0.1577 0.08 0.4606 0.03 0.8104

CRP description -0.07 0.5254 -0.07 0.5401 -0.10 0.3614

PRL -0.04 0.6833 0.02 0.8327 0.06 0.5619

PRL description -0.16 0.1255 -0.19 0.0761 -0.12 0.2700

Serum cortisol -0.01 0.9622 -0.01 0.9351 -0.04 0.6875

Serum cortisol description -0.03 0.7819 0.01 0.9453 0.07 0.4941

Urine cortisol 0.13 0.2279 0.21 0.0478 0.25 0.0166

IL-6 0.32 0.0023 0.24 0.0253 0.22 0.0412

IL-6 description 0.21 0.0479 0.16 0.1319 0.15 0.1616

TNFα 0.24 0.0226 0.20 0.0559 0.14 0.1930

TNFα description 0.24 0.0213 0.18 0.0904 0.14 0.1925

Discussion
Earlier studies conducted in Lithuania and Hong Kong indicate a relatively low level of stress among
primary care nurses [Galdikienė et al.], [Lee] and satisfaction with the content of their work but it needs to
be noted that insu�cient salaries and poor working conditions affect the levels of perceived job
satisfaction [Delobelle et al.]. In our research, the level of satisfaction with life was within the population
norm for Poland. In addition, no statistically signi�cant differences were found between the level of life
satisfaction of primary health care nurses and oncology nurses. Research conducted in China and Turkey
indicates a low level of satisfaction among oncology nurses [Wang et al.], [Ergün et al.]. In research
conducted by Piotrkowska et al, the lower level of life satisfaction was associated with shift patterns,
which was not demonstrated in our research. Another contributing factor is additional work outside the
primary employment institution [Piotrkowska et al.].

In Poland, primary health care nurses showed low to medium level of occupational burnout [Wilczek-
Rużyczka, Plewa], [Dębska, Cepuch]. In another study, the level of emotional exhaustion and
depersonalization in the primary care nurses group was higher than in other studied specializations
(intensive care, surgery, internal medicine). What is more, nurses from this group more often reported
psychological burden in many dimensions (low satisfaction, problems and con�icts, monotony, feeling
overwhelmed, dulling work, nervousness) than other nurses [Dębska et al.]. In our research, the group of
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primary health care nurses presented a higher level of trait anxiety, which translates to susceptibility to
stress.

A meta-analysis of Polish studies on coping with stress among Polish nurses showed that the most
popular approach was task-focused [Kwak et al.], which is considered the most effective because it
addresses the cause of stress. However, it should be noted that this meta-analysis involved a relatively
small number of publications. Studies by Turkish scientists also indicate that oncology nurses usually
manage stress effectively [Isikhan et al.]. The studies of primary health care nurses also indicate that
effective stress coping styles predominate in this professional group [Dębska, Cepuch] and in the group
of oncology nurses [Marciniak, Ślusarska et al.].

What may seem surprising, serum and urine cortisol levels do not correlate with the studied psychological
parameters. However, the results obtained by other researchers are not conclusive. In some studies, such
a positive correlation was proved [Schulz et al.], [Janota, Załuska], [Evolahti et al.]. No relationship
between cortisol levels and psychosocial parameters was reported by some researchers [Takatsuji et al.],
[Fischer et al.], [Gerra et al.]. One Norwegian study found no relationship between psychosocial factors at
work and cortisol levels in saliva samples collected at 8 am among nurses. However, such relationships
were observed in the samples collected in the afternoon and evening. The result of the study was also
affected by smoking and drinking coffee [Harris et al.]. Also, the conclusions from the meta-analysis of
research into salivary cortisol level and perceived stress indicate that this relationship is weak [Hjortskov
et al.].

Biochemical markers of psychological stress have been studied in nurses. One of such studies, which
was conducted in Brazil on 57 nurses, revealed that cortisol values were higher on a working day than on
a non-working day. Nurses who worked double working days showed higher levels of cortisol [Pires de
Rocha et al.].

A study by Wingenfeld et al. assessed the effect of burnout on salivary cortisol levels. It included 279
German nurses. The Maslach Burnout Inventory (MBI) was used to assess occupational burnout. Nurses
who met two of the three burnout criteria (emotional exhaustion, depersonalization and a reduced sense
of personal accomplishment) showed higher levels of cortisol released during the day as compared to
nurses who met one or no criteria [Wingenfeld et al.]. Our study did not reveal a relationship between
serum cortisol levels and state anxiety or trait anxiety as per STAI. A study conducted by Noto et al. did
not show a correlation between the level of anxiety and salivary cortisol and chromogranin A
concentration. However, a correlation was reported between salivary amylase and anxiety - salivary
amylase level increased when questionnaire-assessed anxiety increased, too [Noto et al.]. A study
conducted among skydivers showed that people who had more experience in parachuting had a more
severe response to acute stress manifested by an increase in serum corticotropin and cortisol levels than
those who took the jump for the �rst time, or their experience was small [Kowalczyk, Chicken]. It is worth
noting that the markers of the hypothalamic-pituitary-adrenal axis stabilize in response to repetitive stress
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stimuli [Foley, Kirschbaum], [von Känel et al.]. The lack of a similar relationship in our research may be
due to the fact that nurses experience chronic stress in everyday work [Grochowska et al.].

The level of objectively assessed stress does not need to be related to the subjectively assessed level. A
prospective cohort Swiss study, which included 82 nurses, found a relationship between subjectively
measured stress and salivary cortisol levels. Samples for testing were taken in three 9-day periods.
Subjects with higher levels of stress showed higher levels of cortisol. However, no relationship was found
between objectively measured stress and salivary cortisol concentration [Metzenthin et al.]. One study
concerned the psychological and biochemical assessment of stress and involved a group of 514 nurses
who responded to questions designed to create criteria for the objective assessment of stress. Of these,
38 nurses were selected and given weekly blood and saliva biochemical tests over 9 months. Salivary
leukocyte count and TNF-α, IL1β, IFN-γ, cortisol and immunoglobulin A (IgA) levels were determined in the
tested samples. Individuals with high levels of objectively assessed stress had lower leukocyte count
than those with low levels of stress, while salivary IgA was higher in those with higher stress levels. The
TNF-α level was on the border of statistical signi�cance and its values were lower in subjects with a
higher level of objective stress. Subjectively assessed stress did not affect the level of the studied
parameters including cortisol [Lee et al.].

A British study which included 315 nursing staff members of both sexes assessed urinary cortisol and
catecholamines - adrenaline and noradrenaline. All hormone levels were higher in the male group. It was
also shown that their level increased with age in both sexes. In women receiving hormone replacement
therapy (HRT), all tested hormone levels were lower than in women of a similar age who did not receive
HRT [Deane et al.].

In the study assessing depression and distress versus interleukin 6 concentration, a statistically
signi�cant positive correlation was reported between those aspects [Lutgendorf et al.]. Similar results
were obtained among persons diagnosed with post-traumatic stress disorder compared to the control
group [Maes et al.]. Childhood events can play a role in the immune response to stress. Subjects who
were abused as children had higher IL-6 levels in response to acute stress compared to the control group
[Carpenter et al.]. An increase in IL-6 in response to a stress stimulus has also been observed in laboratory
animals [Chourbaji et al.]. In the study in which the level of cytokines was assessed in patients with
bipolar disorder in a manic episode, an increase in IL-6 levels was observed, while TNFα levels were not
signi�cantly different in remission or in comparison with the control group. In the depressive episode, no
relationship was observed between these cytokines [Remlinger-Molenda et al.].

An American study which included 26 patients with advanced cancer and 26 caregiver family members
showed that stress levels were associated with increased levels of salivary cortisol and interleukin 6. The
subjects were included in the Mindfulness-Based Stress Reduction program (MBSR). STAI and PSS 10
questionnaires were also used in this study, and the SF-36 survey was used to assess the quality of life.
After participating in the program, both patients and their caregivers exhibited lower levels of anxiety
(both state and trait), stress, and salivary cortisol and IL-6 [Lengacher et al.]. Also, another study of
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oncology nurses indicates that mindfulness interventions can signi�cantly reduce stress and burnout
levels and have a positive effect on the subjects’ overall well-being [Duarte, Pinto-Gouveia]. Falco et al.
also come to similar conclusions and con�rm that work-related stress is caused by the features of the
work environment which trigger pathophysiological reactions. They assessed the impact of work
requirements and work resources as per the job demands-resources model on interleukin 6 values in
health care workers, including nurses. Subjects with high work autonomy and high interpersonal con�ict
at work had lower IL-6 levels compared to subjects with low work autonomy and high interpersonal
con�ict. The IL-6 value was moderated by emotional requirements, autonomy at work and social support
[Falco et al.]. Also a study by Arnetz et al. indicates a positive correlation between stress levels and serum
interleukin 6 [Arnetz et al.].

It should be noted that IL-6 levels are higher in response to stress when more time has elapsed between
stress exposure and sample collection, which suggests that the immune response to stress is spread over
time [Rohleder et al.]. Moreover, IL-6 secretion is not modi�ed in response to stress [von Känel et al.],
which may suggest the reasons for the correlation observed in our study.

Despite the effect of interleukin 6 on serum C-reactive protein levels, only a negative correlation between
CRP levels and state anxiety was observed in our study. It is di�cult to assess this correlation because C-
reactive protein is not secreted immediately in response to IL-6. Some studies indicate a positive
correlation between stress levels and serum C-reactive protein levels [Hapuarachchi et al.], [Xu et al.],
[Liukkonen et al.], [Hamer et al.]. It should be noted that some studies do not associate the level of C-
reactive protein with stress [Labad et al.], [Baumert et al.], which was also the observation made in a large
meta-analysis [Marsland et al.]. There are studies which indicate a marginal association [Steptoe et al.].

There is some evidence that prolactin is sensitive to stress stimulus [Lennartsson], [Sobrinho et al.],
[Sabioncello et al.]. However, there are also reports of contradictory �ndings [Matalka et al.], [Marquez et
al.], [Munro et al.]. No such correlations were observed in our analysis, which may partly be due to the fact
that shift work may also interfere with prolactin secretion [Touitou et al.], [Weibel, Brandenberger],
although there are available research results which do not con�rm this in�uence [Korompeli et al.].
Research conducted among Swedish women on sick leave and health care workers showed that their
levels of prolactin were lower those in the control group of healthy people, but only the difference between
the participants on sick leave and the control group was statistically signi�cant. No statistically
signi�cant differences in tumour necrosis factor α concentration were found in this study. The interleukin
6 result was on the border of statistical signi�cance. In this study, signi�cant differences were found in
the levels of EGF (epidermal growth factor), MCP1 (monocyte chemoattractant protein) and VEGF
(vascular endothelial growth factor). The authors of this study suggest that the last three parameters
mentioned above can be used in screening for psychosocial stress among women [Åsberg et al.].

The impact of stress on the level of tumour necrosis factor α is not clear. Studies conducted by Indian
researchers have shown that TNFα levels were lower among people with high levels of anxiety as
measured with the STAI questionnaire. Our research indicates the opposite - a higher level of trait anxiety
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was associated with an increase in TNFα concentration, while state anxiety was not associated with its
concentration. Many studies indicate its increase in response to stress [Prather et al.], in D-type
personality [Denollet et al.], during acute sleep deprivation [Chennaoui et al.], and even a signi�cant
increase in TNFα among lonely people [Jaremka et al.]. In addition, it has been shown that stress
response may not be associated with an increased level of TNFα [Grassi-Oliveira] but an increased
concentration of soluble receptors for this factor [Slavich et al.], [Conraads et al.] [Denollet et al.], [Grassi-
Oliveira].

It should be mentioned that there are effective methods to reduce stress among nurses and their
e�ciency was con�rmed by biochemical tests. In a study in Taiwan, 54 randomly selected nurses whose
work experience was shorter than a year were assessed for stress with the use of a 10-point VAS scale
and serum cortisol tests. Heart rate, blood pressure and �nger temperature values were also recorded. The
baseline average cortisol level was 9.97 µg / dL in the group of nurses who then were given an
intervention treatment i.e. resting and listening to music for 30 minutes. The average cortisol level after
the intervention was 4.97 µg / dL. The perceived stress, blood pressure and heart rate values were
signi�cantly lower, while body temperature was higher. The average cortisol level in our study was
11.82 µg / dL [Lai, Li]. Another study, which assessed the effect of music on stress levels, included 60
nurses who were divided into three groups: listening to calm music, listening to stimulating music and
quietly resting. State and trait anxiety was assessed in the STAI questionnaire. In addition, pulse rate,
blood pressure, interleukin 6, interleukin 10 and tumour necrosis factor α were assessed. In this group of
patients, cytokines values were below measurable. Of all remaining parameters, only arterial pressure
was higher in the subjects who listened to stimulating music as compared to the group listening to calm
music [Lai et al.].

Conclusions
The study showed a relationship between anxiety - trait and the level of tested cytokines - interleukin 6
and tumour necrosis factor α. Higher levels of anxiety - trait were associated with higher levels of the
tested cytokines in both study groups of nurses. Both anxiety - state and anxiety - trait were associated
with a decrease in life satisfaction among the surveyed nurses. Primary health care nurses were
characterized by a higher level of trait anxiety than oncological nurses. This suggests that nurses with a
higher level of trait anxiety choose allegedly safer and less burdensome work environment.

To counteract the effects of occupational stress, nurses should use veri�ed psychological strategies as
well as relaxation techniques which can signi�cantly reduce the level of anxiety and improve the values
of biochemical markers which correlate with it.
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