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Abstract: Work-related stress can induce a break in homeostasis by placing demands on the body
that are met by the activation of two different systems, the hypothalamic–pituitary–adrenal axis
and the sympathetic nervous system. Night-shift work alters the body’s exposure to the natural
light–dark schedule and disrupts circadian (daily) rhythms. The greatest effect of night-shift work is
the disruption of circadian rhythms. The impact that these disruptions may have on the pathogenesis
of many diseases, including cancer, is unknown. This study aims to discover the relationship among
three different job activities of security guards and their stress-related responses by evaluating
salivary cortisol levels and blood pressure. Methods: Ninety security guards, including night-time
workers and night-time and daily-shift workers, were recruited for this study. Each security guard
provided two saliva samples before and after three scheduled time points: (i) at 22:00, (ii) at 06:30,
and (iii) at 14:00. Results: The results of the study showed a significant alteration in cortisol levels.
Night-time shift cortisol levels significantly increased before and after the work shifts. A physiological
prevalence of the vagal tone on the cardiocirculatory activity was found during night-shift work.
Conclusions: This study indicates that cortisol levels and blood pressure are sensitive markers of
biological responses to severe work stress. Shift-change consequences may occur at the end of the
night shift when there is a significant increase in the cortisol level and a significant variation in
cardiovascular parameters.
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1. Introduction

Stress is a complex process affected by environmental and psychosocial factors. It initiates a
cascade of information processing in both the peripheral nervous system and the central nervous
system (CNS) [1]. Stress can be acute (short-lasting) or chronic (repetitive or occurring over an extended
period of time) [2]. Under chronic stress conditions, the body remains in a constant state of ‘overdrive’
which causes deleterious effects on the regulation of stress response systems as well as of various of
body’s organs [3,4].

Work-related stress is considered a major risk factor for the onset of physical and mental health
disorders such as cardiovascular diseases, metabolic syndrome, depression, cognitive impairment
and cancer [5–7]. Work pressure may be associated with factors like the use of drugs, respiratory
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tract infections, etc., that may contribute to increase the stress response during the course of human
life [8–14]. Workers define the stress they perceive at work as a “sense of fatigue” [15,16]. Work-related
risk factors including high work demands, low level of job control, the role of a worker within an
organization, and relationships with co-workers and supervisors should be evaluated to improve the
assessment of work-related stress [17].

The physiological stress response is one of the probable mediators of the effects of psychosocial
factors on cancer progression. The stress response involves the activation of several body systems
including the autonomic nervous system and the hypothalamic–pituitary–adrenal (HPA) axis.

The fight-or-flight response is elicited by the production of mediators such as norepinephrine
(NE) and epinephrine (E) from the sympathetic nervous system (SNS) and the adrenal medulla. The
HPA response includes the secretion of corticotropin-releasing hormone from the hypothalamus,
which induces the secretion of adrenocorticotrophic hormone from the anterior pituitary, resulting
in the production of glucocorticoids (GCs) such as cortisol from the adrenal cortex [18]. Additional
neuroendocrine factors are also modulated by stress, including dopamine (DA), prolactin, nerve growth
factor (NGF), substance P, and oxytocin [19–27]. The HPA axis also plays a pivotal role in homeostatic
processes. Furthermore, it is supposed that a dysregulation may be involved in the pathogenesis of
cardiovascular disease, type 2 diabetes, and stroke [28,29].

Stress exposure also provokes a shift in many neurobehavioral processes, such as anxiety/vigilance,
memory, reward salience, pain sensitivity, and coping behavior. These changes in biological functions
produce coordinated and highly adaptive responses that are ascribable to survival in response to a
threat [30–32].

The fast-growing productivity of modern society demands work across time zones. Night-shift
work is increasingly prevalent in variousindustries such as food production, entertainment, security,
health care, and transportation [33–35]. Circadian rhythm disruption induced by electric lighting
during night shifts poses huge challenges for public health, increasing the risk of cardiovascular
diseases, neuropsychiatric and endocrine system disorders, and even cancers, in particular breast
cancer [36–38]. Cancer incidence in industrialized areas is considerably higher than in developing
countries, suggesting that environmental factors of the modern society play a role in cancer etiology.

Since 2007, the International Agency for Research on Cancer (IARC) has identified “shift work
involving circadian rhythm disruption” to be probably carcinogenic (Group 2A) on the basis of “limited
evidence on humans for the carcinogenicity of shift work involving night work” and “sufficient
evidence on experimental animals for the carcinogenicity of light during the daily dark period
(biological night)” [37,39].

Glucocorticoids are essential for the regulation of immune and inflammatory responses.
Physiological concentrations of GCs in the range of 350–950 nmol/L, occurring during physical
or psychological stress, result in the modulation of the transcription of genes involved in inflammatory
response. The activation of the HPA axis and the release of cortisol are considered significant
components of physiological stress in humans [30,31].

Salivary cortisol level has proven to be a valid and reliable reflection of the level of unbound
hormone in blood. The assessment of cortisol in saliva is widely accepted and frequently used in
psychoneuroendocrinology. Due to several advantages, saliva cortisol assessment can be chosen as a
biomarker of psychosocial stress and related mental or psychological disorders, reflecting the activity
of the HPA axis. Plasma-free cortisol concentration proficiently indicates a robust circadian rhythm,
with peak levels in the morning after waking followed by decreasing levels throughout the day. Saliva
collection is non-invasive, and salivary biomarkers have the further advantage of being suitable for
self-collection [40–48].

Based on these discoveries, this study aimed to find the relationship among three different work
activities carried out by security guards, the effect of shift work, and stress-related responses by
evaluating salivary cortisol levels. We also analyzed the correlation between HPA axis responses and



Int. J. Environ. Res. Public Health 2020, 17, 562 3 of 9

comorbidity with cardiovascular diseases. We hypothesized that stress increased during the work
shift, especially in workers involved in night-time operations.

2. Materials and Methods

This research was part of a project evaluating the relationship among different work activities and
related stress responses. In total, 240 (100%) male security guards, belonging to a large Sicilian security
company, were invited to participate in the study by their management. Since 30% (n = 72) of them
refused to participate, the study initially recruited 168 (70%) workers. All participants were informed
about the aim of the study and signed informed consent forms before taking part in it. Respondents
were asked not to mention their name or the name of their organization in the questionnaire to ensure
privacy and anonymity. Data were collected in April 2018, when the temperature was 18 ◦C to 24 ◦C.

All participants underwent medical examination before the study began to collect clinical and
anamnestic information. This included information about age, occupational history, medical history,
physiological anamnesis, current and past medical situation.

At the end of the first medical evaluation, we selected 90 (37.5%) workers (age ranging from 35 to
50 years) without cardiovascular disease and who had not consumed drugs for at least 15 days before
the study began and divided them in 2 groups based on their tasks: night-time workers employed in
monitoring rooms or inspecting the streets and daily operative workers.

The workers were then further divided in the following groups: 30 night-time workers (22:00–06:00)
employed in monitoring rooms (NWM); 30 night-time operative workers (22:00–06:00) inspecting the
streets (NWO), and 30 daily operative workers (06:00–22:00) randomly selected as control group (DW).
All data were managed according to the Italian law for privacy protection (Decree n. 196, January 2003).
The authors obtained authorization by our Ethical Committee. A multidisciplinary team of health
experts collected and analyzed the data using several instruments. On the first visit, all workers were
questioned about their medical history and underwent a physical examination. Pressure measurements
and electrocardiogram (EKG) were acquired by instrumental evaluation from all patients.

2.1. Saliva Samples Collection, Cortisol Determination, and Systolic/Diastolic Evaluation

Saliva cortisol was collected three times (Figure 1). Cortisol levels were determined from saliva
samples, representing the unbound biologically active hormone fraction. Salivary cortisol levels are
highly correlated with total serume-free cortisol levels and are independent of saliva flow rate. A
salivette sampling device was used for ease and hygiene reasons. Participants chewed a salivette for 1
min for each measurement. All samples were stored at −20 ◦C until being assessed. Saliva samples
were brought to a laboratory and processed to determine the cortisol levels. Free-cortisol levels were
measured using a commercial cortisol saliva Elisa (LDN, Nordhorn, Germany). At the same time of
cortisol collections, the diastolic/systolic blood pressure was evaluated (Figure 1).
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2.2. Statistical Analysis

Data obtained from salivary cortisol and systolic/diastolic pressure determination were analyzed
by a one-way ANOVA, followed by Tukey’s multiple-comparison post-hoc test. Data are reported
as mean ± S.D. Statistical significance was set at p < 0.05. Statistical analysis was performed using
GraphPad Prism statistical system (version 7).

3. Results

3.1. Cortisol Levels

The potential relationship between perturbation of the circadian rhythm and type of work done
by the security guards was assessed through salivary cortisol evaluations. The results of a one-way
ANOVA performed on salivary cortisol levels showed a significant effect of the different job types at
different times: F(2,87) = 6.490; p < 0.0024 at Time 0, F(2,87) = 22.37; p < 0.0001 at Time 1. No statistical
differences were recorded at Time 2 (F(2,87) = 0.8466; p = 0.4324).

In detail, Tukey’s multiple-comparison post-hoc test showed a significant increase in salivary
cortisol levels at Time 0 in MWM (q = 4.067, p < 0.05) and in NWO (q = 4.691, p < 0.01) compared to DW
(Figure 2A). At Time 1, the statistical analysis indicated a higher value of salivary cortisol in NWM and
MWO (q = 6.496, p < 0.001; q = 9.203, p < 0.001) compared to DW (Figure 2B).
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Figure 2. Correlation between different job types and related salivary cortisol levels. Data from a
post-hoc Tukey’s multiple-comparison test performed on the effects of shift work on salivary cortisol
levels at time 0 (A), time 1 (B), and time 2 (C). Each value represents the mean ± S.D. of 30 subjects.
DW: daily workers, NWM: night-time monitoring workers, NWO: night-time operative workers. *** p
< 0.001, ** p < 0.01 vs. DW; ◦◦◦ p < 0.001, ◦ p < 0.05 vs. DW.

No statistical differences were detected in salivary cortisol evaluations in NWM compared to
NWO and DW (q = 1.364, p > 0.05; q = 1.752, p > 0.05) and in NWO (q = 0.3882, p > 0.05) compared to
DW at Time 2 (Figure 2C).

3.2. Systolic and Diastolic Blood Pressure

Systolic and diastolic blood pressure was recorded during the three different work shift times.
The results of one-way ANOVA showed a significant variation in systolic and diastolic pressure at
Time 1 (F(2,87) = 36.66; p < 0.0001; F(2,87) = 25.29; p < 0.0001) and Time 2 (F(2,87) = 1.432; p < 0.0001; F(2,87)

= 1.411; p < 0.0001). Tukey’s multiple-comparison test showed a difference in systolic and diastolic
pressure in NWM and NMW only at Time 1 (see Table 1).
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Table 1. Results of Tukey’s multiple-comparison test performed on systolic and diastolic pressure at
the three different time points. Each value represents the means ± S.D. of 30 subjects.

Systolic Blood Pressure Diastolic Blood Pressure

Time 0 Time 0

value q p-value value q p-value
DW 119 ± 9.113 1.743 p > 0.05 vs. NWM DW 83 ± 4.115 1.395 p > 0.05 vs. NWM

NWM 116 ± 12.77 0.3152 p > 0.05 vs. NWO NWM 81 ± 6.084 2.596 p > 0.05 vs. NWO
NWO 120 ± 13.39 1.427 p > 0.05 vs. NWO NWO 80 ± 7.25 1.201 p > 0.05 vs. NWO

Time 1 Time 1

value q p-value value q p-value
DW 114 ± 8.715 8.642 p < 0.001 vs. NWM DW 74 ± 5.792 8.085 p < 0.001 vs. NWM

NWM 102 ± 7.90 11.67 p < 0.001 vs. NWO NWM 66 ± 5.470 9.224 p < 0.001 vs. NWO
NWO 97 ± 7.10 3.026 p > 0.05 vs. NWO NWO 64 ± 6.584 1.139 p > 0.05 vs. NWO

Time 2 Time 2

value q p-value value q p-value
DW 120 ± 5.107 1.846 p > 0.05 vs. NWM DW 80 ± 15.26 2.16 p > 0.05 vs. NWM

NWM 117 ± 13.08 2.242 p > 0.05 vs. NWO NWM 75 ± 10.81 0.2244 p > 0.05 vs. NWO
NWO 118 ± 5.949 0.3954 p > 0.05 vs. NWO NWO 79 ± 9.01 1.936 p > 0.05 vs. NWO

4. Discussion

The current study was undertaken to evaluate the consequences of three different work activities
performed by security guards on the circadian rhythm of cortisol and systolic/diastolic blood pressure.

It is known that, under physiological conditions, cortisol is released according to a circadian
rhythm characterized by the lowest level at the night, the maximum level in the early morning in
response to events such as waking up, and a progressive decrease reaching the minimum value by the
end of the day [49,50].

The results obtained showed that the circadian rhythmicity of cortisol increase in security guards
is influenced by night-time shift work and by the different activities performed. This confirms previous
research indicating that the endogenous physiological feedback of cortisol is influenced by both the
working conditions that alter the sleep waking rhythm and the risk of the activity performed [45].

Our data showed significant quantitative changes in cortisol levels, especially in night-shift
workers who inspect the streets, whose cortisol levels tended to increase significantly both before and
after the shift.

The factors involved in these responses may be different. In addition to sleep deprivation, it is
believed that the particular psychophysical commitment required by the activity conducted on the
road plays a fundamental role [49–54]. Previous research indicated that exposure to shift work during
one’s occupational career causes disruption of the circadian time. by physiologically interacting with
the circadian clock. This may result in impaired HPA axis functionality, which regulates the biological
response to stressful stimuli [55] such as those that security guard night workers are subjected to.

Furthermore, the values of the systolic/diastolic blood pressure were reduced in the morning in
night-time shift workers, while they did not show changes in the afternoon and evening, compared to
those of daily workers. These results suggest that, although the cardiocirculatory activity is substantially
controlled by an endogenous circadian rhythm, the inversion of the sleep/wake rhythm, added to a
psychophysically stressful working condition, accentuates the physiological prevalence of the vagal
tone at night at the end of the shift [56].

The results of this study indicated how cortisol, in night-time shift workers exposed to stressful
situations, could be considered a sensitive indicator of biological responses to high work-related stress
and to the effects induced by activities altering the normal sleep–wake rhythm. The detection of
salivary cortisol proved to be reliable and preferable to the evaluation of blood cortisol, due to its low
invasiveness and to the high compliance of the analyzed subjects [41–48].

Furthermore, the use of this simple salivary test could be useful to monitor cortisol levels as an early
marker in the prevention or assessment of cancer growth and metastasis. This is important considering
recent studies that have identified night-shift work as “probably carcinogenic to humans” (group
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2A) [57], and have suggested that chronic stress provokes the activation of specific tumor-promoting
signaling pathways in cancer cells and the tumor microenvironment [4].

There are some limitations in this study which should be considered in future research. For
example, due to the limited sample size, generalizing the relationship between night-time shift work
and the related cardiovascular stress responses is difficult. Understanding the correlation between
job-related stress and cardiovascular biomarkers could contribute to implementing intervention and
prevention strategies aimed at improving the working conditions and the health of individual workers.
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41. Šušoliaková, O.; Šmejkalová, J.; Bičíková, M.; Hodačová, L.; Málková, A.; Fiala, Z. Assessment of work-related
stress by using salivary cortisol level examination among early morning shift workers. Cent. Eur. J. Public
Health 2018, 26, 92–97.

42. Garcez, A.; Weiderpass, E.; Canuto, R.; Lecke, S.B.; Spritzer, P.M.; Pattussi, M.P.; Olinto, M.T.A. Salivary
Cortisol, Perceived Stress, and Metabolic Syndrome: A Matched Case-Control Study in Female Shift Workers.
Horm. Metab. Res. 2017, 49, 510–519. [CrossRef]

43. Lac, G.; Chamoux, A. Biological and psychological responses to two rapid shiftwork schedules. Ergonomics
2004, 47, 1339–1349. [CrossRef] [PubMed]

44. Bigert, C.; Bluhm, G.; Theorell, T. Saliva cortisol—A new approach in noise research to study stress effects.
Int. J. Hyg. Environ. Health 2005, 208, 227–230. [CrossRef] [PubMed]

45. Simons, S.S.; Cillessen, A.H.; de Weerth, C. Associations between circadian and stress response cortisol in
children. Stress 2017, 20, 52–58. [CrossRef] [PubMed]

46. Weibel, L.; Spiegel, K.; Follenius, M.; Ehrhart, J.; Brandenberger, G. Internal dissociation of the circadian
markers of the cortisol rhythm in night workers. Am. J. Physiol. 1996, 270 Pt 1, E608–E613. [CrossRef]

47. Marchand, A.; Juster, R.P.; Durand, P.; Lupien, S.J. Work stress models and diurnal cortisol variations: The
SALVEO study. J. Occup. Health Psychol. 2015, 21, 182–193. [CrossRef]

48. Kirschbarum, C.; Hellhammer, D.H. Salivary cortisol in psychoneuroendocrine research: Recent
developments and applications. Psychoneuroendocrinology 1994, 19, 313–333. [CrossRef]

49. Yamanaka, Y.; Motoshima, H.; Uchida, K. Hypothalamic-pituitary-adrenal axis differentially responses to
morning and evening psychological stress in healthy subjects. Neuropsychopharmacology 2019, 39, 41–47.
[CrossRef]

50. Perciavalle, V.; Blandini, M.; Fecarotta, P.; Buscemi, A.; Di Corrado, D.; Bertolo, L.; Fichera, F.; Coco, M. The
role of deep breathing on stress. Neurol. Sci. 2017, 38, 451–458. [CrossRef]

51. Ballacchino, A.; Salvago, P.; Cannizzaro, E.; Costanzo, R.; Di Marzo, M.; Ferrara, S.; La Mattina, E.; Messina, G.;
Mucia, M.; Mulè, A.; et al. Association Between Sleep-Disordered Breathing And Hearing Disorders: Clinical
Observation In Sicilian Patients. Acta Med. Mediterr. 2015, 31, 607–614.

52. Hirotsu, C.; Tufik, S.; Andersen, M.L. Interactions between sleep, stress, and metabolism: From physiological
to pathological conditions. Sleep Sci. 2015, 8, 143–152. [CrossRef]

53. Manzella, N.; Bracci, M.; Strafella, E.; Staffolani, S.; Ciarapica, V.; Copertaro, A.; Rapisarda, V.; Ledda, C.;
Amati, M.; Valentino, M.; et al. Circadian modulation of 8-oxoguanine DNA damage repair. Sci. Rep. 2015, 5,
13752. [CrossRef]

54. Ledda, C.; Cinà, D.; Matera, S.; Mucci, N.; Bracci, M.; Rapisarda, V. High HOMA-IR Index in Healthcare Shift
Workers. Medicina 2019, 55, 186. [CrossRef]

55. Nader, N.; Chrousos, G.P.; Kino, T. Interactions of the circadian CLOCK systemand the HPA axis. Trends
Endocrinol. Metab. 2010, 21, 277–286. [CrossRef]

http://dx.doi.org/10.1007/s10552-014-0494-z
http://www.ncbi.nlm.nih.gov/pubmed/25398683
http://dx.doi.org/10.1098/rstb.2014.0120
http://dx.doi.org/10.3322/caac.21218
http://dx.doi.org/10.1016/S1470-2045(07)70373-X
http://dx.doi.org/10.1158/1055-9965.EPI-17-0221
http://dx.doi.org/10.1055/s-0043-101822
http://dx.doi.org/10.1080/00140130410001724237
http://www.ncbi.nlm.nih.gov/pubmed/15370851
http://dx.doi.org/10.1016/j.ijheh.2005.01.014
http://www.ncbi.nlm.nih.gov/pubmed/15971862
http://dx.doi.org/10.1080/10253890.2016.1276165
http://www.ncbi.nlm.nih.gov/pubmed/28027684
http://dx.doi.org/10.1152/ajpendo.1996.270.4.E608
http://dx.doi.org/10.1037/a0039674
http://dx.doi.org/10.1016/0306-4530(94)90013-2
http://dx.doi.org/10.1002/npr2.12042
http://dx.doi.org/10.1007/s10072-016-2790-8
http://dx.doi.org/10.1016/j.slsci.2015.09.002
http://dx.doi.org/10.1038/srep13752
http://dx.doi.org/10.3390/medicina55050186
http://dx.doi.org/10.1016/j.tem.2009.12.011


Int. J. Environ. Res. Public Health 2020, 17, 562 9 of 9

56. Palazzo Adriano, M.; Lo Cascio, N.; Picciotto, D.; Provenzano, G.; Carollo, A.; Notarbartolo, M.; Cannizzaro, E.
Acute effects of daily workshifts on circadian rythm of workers of a power-station: Cardiovascular activity,
blood cortisol levels, leukocytes and oral temperature. Acta Medica Mediterr. 2000, 16, 31–35.

57. IARC Monographs Vol 124 Group. Carcinogenicity of night shift work. Lancet Oncol. 2019, 20, 1058–1059.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S1470-2045(19)30455-3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Saliva Samples Collection, Cortisol Determination, and Systolic/Diastolic Evaluation 
	Statistical Analysis 

	Results 
	Cortisol Levels 
	Systolic and Diastolic Blood Pressure 

	Discussion 
	References

