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ABSTRACT | Given the weaknesses of technological advances, and the transformations in the world of work occurred in the 21st 
century, the demands on workers are increasing, with consequent elevation of their physical and psychological load. Such higher load 
might increase the frequency of stress-related diseases, anxiety and depression disorders, which might be seen as a consequence of the 
interaction between other psychosocial variables and the organization of work. An approach to the diagnosis of these diseases involves 
the use of specific biomarkers, which have been used for diagnosis of diseases in several populations, including workers, resulting 
in better prognosis. Chromogranin A might be a useful biomarker for investigation of mental diseases such as anxiety. The salivary 
cortisol has been used to assess the functioning of the hypothalamic-pituitary-adrenal axis in cases of cognitive dysfunction, stress, 
anxiety and depression. Hair cortisol is considered a useful biomarker for assessment of chronic stress associated with depression 
and depressive episodes. Prevention of psychosocial hazards and early diagnosis with the help of biomarkers in combination with the 
clinical interview and examination might reduce presenteeism and absenteeism, and promote improvement of the mental health of 
workers. More thorough knowledge on anxiety, stress and depression, and diagnosis with the help of biomarkers might contribute to 
improve the working and health conditions of workers, with reflection on the quality of the work they perform. 
Keywords | biomarkers; occupational health; anxiety; psychological stress; depression.

RESUMO | Com as fragilidades dos avanços tecnológicos e as transformações ocorridas no mundo do trabalho no século XXI, os 
trabalhadores passaram a ser mais exigidos no ambiente laboral, aumentando a sua carga física e psíquica. Tais cargas podem levar 
ao aumento de doenças relacionadas ao estresse, a quadros ansiosos e depressivos, que podem ser vistas como consequência da inte-
ração entre outras variáveis psicossociais e a organização laboral. Uma possibilidade de diagnosticar tais enfermidades é a utilização 
de biomarcadores específicos, que têm sido utilizados para o diagnóstico de doenças em diversas populações, entre elas a de traba-
lhadores, resultando em melhores prognósticos. A Cromogranina A pode ser um biomarcador útil para investigar doenças mentais 
como a ansiedade. Além desse, o cortisol salivar tem sido utilizado para avaliar o funcionamento do eixo hipotálamo-hipófise-adrenal 
em alterações da função cognitiva, em situações de estresse, ansiedade e depressão. O cortisol presente nos fios de cabelos também 
é considerado um biomarcador útil para avaliar o estresse crônico relacionado à depressão e aos episódios depressivos. A prevenção 
em relação aos riscos psicossociais e o diagnóstico precoce por meio do auxílio dos biomarcadores, junto ao exame clínico e anam-
nese, podem diminuir o presenteísmo e absenteísmo e promover melhorias na saúde mental dos trabalhadores. O aprofundamento do 
conhecimento sobre ansiedade, estresse e depressão e o diagnostico com o auxílio os biomarcadores pode contribuir para a melhoria 
das condições laborais e de saúde dos trabalhadores e, sobretudo, reverter-se na qualidade do trabalho executado por eles.
Palavras-chave | biomarcadores; saúde do trabalhador; ansiedade; estresse psicológico; depressão.
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INTRODUCTION

The Brazilian society has sought advances in workers’ 
health in the past decades by means of public policies 
ranging from healthcare and health promotion actions to 
prevention and surveillance of work-related health prob-
lems. However, such advances are still too weak to improve 
indicators, due to several hindrances to a sound develop-
ment of programs and actions centered on workers’ health1.

Given the weaknesses of the aforementioned advances, 
and the transformations in the world of work which occurred 
in the 21st century, the demands on workers are increasing, 
with consequent elevation of their physical and psycho-
logical load2. Psychosocial factors and the organization of 
work have significant impact on the health, well-being and 
quality of life of workers3.

Psychosocial hazards are all the risk factors or agents 
present in the work environment which might harm the 
mental health of workers. They are associated with daily life 
tensions, including the ones originated in work4, which are 
related to how work is conceived of, organized and performed. 
These factors might eventually impair the mental and/or 
physical health of workers5, and contribute to increase their 
levels of stress. 

Among the psychosocial factors more frequently 
reported by workers, stress, anxiety and depression stand 
out. These conditions might be seen as a consequence 
of the interaction between other psychosocial variables 
and the organization of work, in addition of being a cause 
of work disability6.

These conditions might be diagnosed on the basis of the 
symptoms exhibited by individuals, as well as by means of 
measurement with scales or inventories, which are most often 
responded on Likert scales, and ae frequently used in studies 
to evaluate populations7. Alternatively, these conditions might 
be diagnosed through the use of specific biomarkers. 

Biomarkers are substances or their biologically trans-
formed products (blood, saliva, hair, urine, stools) as well as 
any early biochemical change in biological fluids, tissues or 
the exhaled air which measurement allows establishing the 
intensity of exposure and risk to health8. Biomarkers thus 
consist in predictive tests for some diseases, as e.g., intes-
tinal and liver cancer and mental diseases. Application of 
such tests might be seen as a search and health surveil-
lance strategy9.

Biomarkers have been used to diagnose diseases in 
different populations, including workers. This approach to 
screening might result in better prognosis, given that work 
might make workers ill10. Biomarkers might provide proof 
of mental illness in medical legal examinations, and thus 
contribute to prevent/reduce presenteeism, absenteeism 
and loss of productivity. 

In this regard, we should observe that the use of 
biomarkers does not replace the clinical interview and 
evaluation, which in the opposite are crucial for diag-
nosis. Biomarkers might be used as auxiliary methods to 
confirm diagnosis, and contribute to the establishment 
of the prognosis of a case of mental disease through their 
correlation with the factors investigated in the clinical 
evaluation. Such evaluations should be highly detailed, 
and seek to identify mental, social and occupational stress 
to reach a precise diagnosis based on the List of Work-
Related Diseases, given that mental disorders correspond 
to the International Classification of Diseases (ICD-
10) chapter V. In recent years, the use of biomarkers as 
research method for mental diseases consolidated as an 
innovative indicator with high potential for detection 
and diagnosis worldwide11. Recent studies pointed to 
the effectiveness of biomarkers for assessment of psycho-
social hazards related to occupational health12-14. As a 
result, the use of biomarkers represents an innovative, 
safe and efficacious trend for diagnosis of mental diseases 
among workers and other populations. They favor faster 
diagnostic and better prognosis for workers affected by 
mental disorders, and thus contribute to improve their 
working and living conditions. 

The aim of the present article is to discuss some of the 
mental diseases most often diagnosed among workers, such 
as anxiety, stress and depression, and some biomarkers 
used for their diagnosis. In addition, we describe some 
of the scientific evidence which demonstrates the effi-
cacy of biomarkers. 

METHODS

The present is a theoretical and opinion essay on the use of 
biomarkers to contribute to the diagnosis of mental diseases 
among workers. It is based on a logical and reflexive discus-
sion, with careful argumentation, in addition to substantial 
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interpretation and personal criticism15. The present study 
was developed based on our critical and careful assessment 
and perception of the subject of interest, with support on the 
national and international literature on the use of biomarkers 
for diagnosis of mental diseases.  

For being a theoretical and opinion essay, there was no 
need of clearance by a research ethics committee. 

We formulated guiding points to describe the analyzed 
biomarkers. For this purpose, we surveyed and reflected on 
the main biomarkers discussed in the literature, as well as 
on the main mental diseases among workers, based on the 
significance of results and correlations among the consid-
ered determinants (chromogranin A and anxiety, salivary 
cortisol and stress, hair cortisol and depression). The resulting 
guiding points were: chromogranin A (CgA) as biomarker 
of anxiety, salivary cortisol as biomarker of stress, and hair 
cortisol as biomarker of depression. 

RESULTS AND DISCUSSION 

Chromogranin A as biomarker of anxiety
Pathological anxiety is seen as a psychiatric problem, 

which might be defined as a state of vague and unpleasant 
apprehension, attended by symptoms such as nervous 
stomach, chest tightness, palpitations, faster heart 
rate, trembling, symptoms derived from the activa-
tion of the sympathetic system, or a feeling of insecu-
rity originated the perception of uncertain danger of 
unknown origin16.

Anxiety disorders affect people all across the world. 
At the global level, anxiety is the sixth cause of impairment 
of the state of health. About 264 million people worldwide 
lived with anxiety disorders in 2015, being the Americas 
the third in number of cases, and the global prevalence 
21%17. Anxiety is one of the most prevalent mental diseases 
among workers. It is defined as a mental-emotional state 
able to cause physiological, emotional and social disor-
ders, and eventually also disability when in high level. 
This condition might derive from pressure and stressors 
in the work environment18.

Anxiety might be characterized as a feeling of appre-
hension, with effects on the consciousness and the auton-
omous nervous system. Therefore, high levels of anxiety 
might impair the learning and professional performance19. 

It might be diagnosed based on its symptoms by means of 
scales and inventories7. Another diagnostic approach has 
resource to salivary biomarkers. The saliva is seen as a favor-
able source for diagnosis, because collection is noninvasive 
and does not pose any risk20.

About 98% of the saliva is water, and the other 
components include electrolytes, mucopolysaccharides, 
glycoproteins, antiseptic substances and enzymes. CgA 
is one of the salivary glycoproteins, which is stored in 
secretory vesicles in the adrenal medulla and sympa-
thetic nerves, being released by exocytosis together 
with catecholamines21,22. 

CgA, also known as secretogranin I, is a part of a group 
of proteins present in several neuroendocrine tissues. 
It is abundant in endocrine cells which secrete peptide 
hormones from storage vesicles, and acts in the neuro-
endocrine secretion through binding to the intravesic-
ular calcium23. CgA has called considerable attention as 
a salivary biomarker in healthy individuals and patients 
with chronic diseases. Its main advantage is its durability. 
The interval between a mental stimulus and the peak sali-
vary concentration is short, and remains elevated for up to 
60 minutes following a stimulus, i.e., during the stage of 
recovery. Therefore, salivary CgA might represent a useful 
biomarker for mental diseases24.

A study conducted with nursing students in Japan 
found that the CgA levels increased in stressful situations, 
mainly in the presence of anxiety symptoms associated 
with examination stress25. In another study, the salivary 
CgA increased during stress load tasks, pointing to its 
possible candidacy as a biomarker for mental workload, 
stress and anxiety26. A study on the elevation of the anxiety 
levels upon driving vehicles found positive correlation 
with higher CgA levels27.

Therefore, CgA might be used as aid in the diagnosis of 
mental diseases or symptoms, including anxiety. However, we 
should observe that the clinical interview and examination 
are crucial, and their correlation with changes in the CgA 
levels is relevant to establish a precise diagnosis. In this 
regard, we stress the need for more studies on mental illness 
among workers and its relationship with CgA. 

Salivary cortisol as biomarker of stress
Stress is an occupational hazard for workers, whence 

the relevance of early detection.
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Stress is the term used to designate the body response to 
any stimulus, no matter whether favorable, unfavorable or 
imaginary, which interferes with the body balance. For this 
reason, it is directly related to homeostasis, as it disrupts 
the mutual balance of the body systems, and the balance 
between the body and the outer environment. Stress is 
further considered a biopsychosocial process, because 
its occurrence depends on personal and environmental 
aspects28. The body response is the same for either positive 
or negative events. 

Stress management programs need to be formulated, 
in addition to interventions to eliminate or minimize 
environmental stressors, and actions centered on indi-
viduals to reduce the impact of existing hazards through 
the development of an adequate repertory of individual 
coping strategies29.

The main mediators of stress are steroids produced 
in the adrenal glands, catecholamines (epinephrine and 
norepinephrine) and other hormones, such as dehydroe-
piandrosterone (DHEA), prolactin and growth hormone 
(GH), and cytokines with immune activity30.

The reaction to stressors is often considered as a fight–
or–flight response, because in extreme conditions it prepares 
the body for these two alternatives. The response involves 
elevation of the respiratory and heart rates to increase the 
oxygen flow to the main muscles; skin vasoconstriction to 
reduce bleeding in case of wounds; mobilization of the liver 
and muscle carbohydrates to increase the blood sugar and 
thus provide fuel to reactions; and reinforcement of the 
immune system for defense31.

Occupational stress is a phenomenon that develops in 
the body of workers, and might affect their health. The main 
causes of stress in the work environment are related to the 
work organization, management and system, and the quality 
of human relationships32.

When discussing stress, one should consider two funda-
mental aspects: the situation likely to cause stress (stressor) 
and the individual’s reaction to a stressor (stress response 
or process). When the response is negative, and triggers an 
inadequate adaptive process eventually causing disease, it 
is designated distress. Contrariwise, when the response is 
positive, it is named eustress33.

Stress activates the hypothalamic-pituitary-adrenal 
(HPA) axis, resulting in elevation of the circulating gluco-
corticoids. Exposure to stressors activates the neurons of 

the paraventricular nucleus of thalamus, which secrete 
releasing hormones, such as corticotropin-releasing 
hormone (CRH). CRH is secreted by neuron terminals 
close to the hypophyseal portal system at the median 
eminence of the hypophysis, but might also have effects 
on other areas, such as the amygdala, hippocampus and 
locus coeruleus. CRH acts on the anterior pituitary, where 
it promotes the release of adrenocorticotropic hormone 
(ACTH), which in turn acts on the adrenal cortex, where 
it triggers the synthesis and release of glucocorticoids, 
such as cortisol in humans. The plasma peak glucocorti-
coid concentration occurs some dozens of minutes after 
the onset of stress34,35.

Cortisol is a primary glucocorticoid synthesized from 
cholesterol in the adrenal cortex under the action of ACTH. 
Also known as hydrocortisone, its chemical designation is 
11-ß, 17a, 21-Trihydroxypregn-4-ene-3,20-dione, chem-
ical formula C21H30O5, and molar mass 362.466 g/mol. 
It is essential to life, as it regulates the carbohydrate, protein 
and lipid metabolism. In addition, it maintains the blood 
pressure within the normal range, and inhibits allergic and 
inflammatory reactions36.

There are four methods to measure the cortisol levels 
(blood, saliva, urine and chair). Saliva sample collection 
for cortisol measurement is noninvasive, has low cost, and 
is easy to perform37.

Measurement of the salivary cortisol allows assessing 
the HPA axis function in cases of cognitive dysfunction, 
stress, anxiety, depression, panic syndrome, sleep depriva-
tion among workers allocated to the night shift, and indi-
viduals with chronic fatigue38.

A study performed with hospital nurses in Singapore 
investigated and compared self-perceived occupational 
stress and the salivary cortisol. The results showed that 
the nurses allocated to the emergency department exhib-
ited higher levels of occupational stress, and that the 
morning salivary cortisol was correlated with occupa-
tional stress39. Another study which analyzed the cortisol 
levels as a function of emotions triggered by exposure to 
stressors found correlation between the cortisol response 
and stress40. A study conducted in Japan analyzed the 
effects of psychosocial strain at work on the excretion of 
neuroendocrine stress hormones (epinephrine, norepi-
nephrine and cortisol). The results showed significantly 
lower cortisol concentration in the high-strain group. 
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The lower cortisol concentration in the high-strain group 
might indicate circadian rhythm disturbance induced 
by job strain41.

As a result, the study of cortisol as an aid in stress research 
is calling the attention of investigators interested in further 
developing studies aiming at the control of the effects of 
stress not only on the quality of life of individuals, but also 
on the performance and efficiency of workers in general. 

Hair cortisol as biomarker of depression 
Depression affects more than 350 million people, and is 

one of the main causes of disability worldwide42. It might be 
triggered by several factors, such as loss of a beloved person, 
end of a relationship, financial problems, long working hours, 
pressure, competitiveness and stress43.

However, the biological aspects of depression are the same 
in all cases, and independent from sex. Depression includes 
periods of melancholy, anxiety, weight loss, low-self-esteem, 
self-blame, neurotransmitter release, and consequent reduc-
tion of the function of anatomical structures44.

Within the field occupational health, the fact that long 
working hours are associated with depression, anxiety, 
insomnia and heart disease is well known45. The working 
conditions are a significant determinant of psychological 
well-being and mental disorders, depression in particular46. 
In Brazil, almost 30% of intensive care unit nursing profes-
sionals exhibited depression, and the associated factors 
were: allocation to the night shift, double shifts, and being 
separated or divorced47.

The HPA axis plays a crucial role in the response to 
external and internal stimuli, including psychological 
stressors. Hyperactivity of the HPA axis is a constant 
finding in major depression. Patients with major depres-
sion exhibit increased cortisol concentration in the plasma, 
urine and cerebrospinal fluid (CSF), exaggerated cortisol 
response to ACTH stimulation, and increase of the pitu-
itary and adrenal glands48. 

In regard to long-term biomarkers, the activity of the 
HPA axis might be abnormal; hair cortisol (hair CORT) 
is considered a biomarker of chronic stress49. According to 
some authors, hair CORT might be the best biomarker 
for assessment of chronic stress, because it does not 
require repeated measures, and thus reduces the cost with 
biochemical agents50.

Recent studies on stress evidenced an increasing 
i n te re s t  i n  t h e  m ea s u re m e n t  o f  h a i r  CO RT 1 3. 
However, different groups use different methods for 
analysis, which hinders the comparison and standard-
ization of results51.

The work environment might be considered a rele-
vant psychosocial stressor, and has been associated with 
excessive cortisol release, reduced immune function, and 
increased susceptibility to infections and neoplasms52. 
A study performed with nursing professionals found 
atypical patterns of cortisol secretion and work-related 
chronic stress53.

Some studies showed that hair CORT exhibits rele-
vant properties for large-scale evaluation (3,507 partici-
pants) which confirms that the mental and physical state 
of health is related to this biomarker. The hair CORT levels 
were found increase in major depression13,14. This finding 
might indicate new opportunities for prevention and 
treatment of depression based on diagnosis by means 
of hair CORT.

FINAL CONSIDERATIONS

Prevention of psychosocial hazards and early diagnosis 
with the help of biomarkers might reduce presenteeism 
and absenteeism, and promote improvement of the mental 
health of workers.

More thorough knowledge on anxiety, stress and depres-
sion might contribute to improve the working and health 
conditions of workers, with reflection on the quality of the 
work they perform. Several studies showed that various 
biomarkers might be used in the assessment of these diseases 
among workers in different areas. 

Identification of hazards and mental illness factors in 
the workplace might be considered a means for change. 
Such identification might be performed with the help 
of biomarkers, together with the clinical interview and 
examination. Once these factors are identified, workers 
and managers might discuss them, and suggest possible 
solutions to minimize their effects. As a result, the daily 
routine of workers might become more productive and 
less exhausting, and their human and professional aspects 
attributed their proper value. 
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