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Clinical relevance of stress biomarkers as health-disease indicators 

Relevancia clínica de los biomarcadores de estrés como indicadores de salud-

enfermedad 

César A. Morales-López a 

 

Abstract: 

Stress is a protective mechanism inherent in living organisms. In humans, it fulfils an adaptive function, capable of generating 

responses at different levels: physiological, metabolic, endocrine, cognitive, among others. Constant exposure to stressful events or 

stimuli is capable of exceeding the person's resources, causing discomfort and progressively wearing down health. Recently, a 

significant increase in stress-associated diseases has been observed. The consequences of this problem are multiple; personal, 

socioeconomic, and professional difficulties. Current evidence shows that daily stress will tend to increase in the upcoming years, 

affecting the quality of life and mental health of the population in general. Both environmental and natural factors as well as the 

economic and social repercussions derived from the current pandemic tend to further aggravate this problem. Given this scenario, 

developing strategies that promote mental health and the prevention of its associated pathologies is a priority. One way to develop 

more effective intervention programs is through the use of biomarkers, many of which show high diagnostic sensitivity and specificity, 

and which represent a wide interest within the clinical area and psychotherapeutic intervention. The objective of this article is to make 

a general review of the main biomarkers used in clinical practice, as well as potential biomarkers that allow the identification of early 

signs of health problems related to mental stress in a more efficient and accessible way. 
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Resumen: 

El estrés es un mecanismo de protección inherente a los organismos vivos. En el ser humano cumple una función de tipo adaptativa, 

capaz de generar respuestas a distintos niveles: fisiológico, metabólico, endocrino, cognitivo, entre otros. La exposición constante a 

eventos o estímulos estresantes, es capaz de sobrepasar los recursos de la persona, provocando malestar y desgastando 

progresivamente la salud. A fechas recientes se ha observado un aumento significativo de enfermedades asociadas al estrés. Las 

consecuencias de esta problemática son múltiples; dificultades personales, socioeconómicas, profesionales. La evidencia actual refleja 

que el estrés cotidiano tenderá a aumentar en los próximos años, afectando la calidad de vida y salud mental de la población en general. 

Tanto los factores ambientales y naturales como las repercusiones económicas y sociales derivadas de la pandemia actual tienden a 

agravar aun más este problema. Ante este escenario, resulta prioritario desarrollar estrategias que promuevan la salud mental y la 

prevención de sus patologías asociadas. Una forma de desarrollar programas de intervención más eficaces es mediante el uso de 

biomarcadores, muchos de los cuales muestran una alta sensibilidad y especificidad diagnóstica, y que representan un amplio interés 

dentro del área clínica y de la intervención psicoterapéutica. El objetivo del presente artículo es hacer una revisión general sobre los 

principales biomarcadores utilizados en la práctica clínica, así como potenciales biomarcadores que permitan identificar de manera 

más eficaz y accesible señales tempranas de problemas de salud relacionados al estrés mental. 

Palabras Clave:  

Psicofisiología, estrés psicológico, regulación autonómica, respuesta al estrés, marcadores fisiológicos 

 

INTRODUCTION 

The progressive increase in health disorders related to 

psychological stress constitutes a public health problem of 

interest, since its consequences can affect different dimensions 

in the functioning of the person, at a cognitive, social and 

physiological level.1 There is multiple evidence on the 

relationship of stress with various pathologies, especially with 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed


Biannual Publication, Mexican Journal of Medical Research ICSa, Vol. 10, No. 20 (2022) 34-43 

35 

 

cardiovascular diseases,1–4 as well as with mental disorders.5 It 

has been discovered that stressful experiences can favor the 

appearance of aggressive behaviors and social violence6 as well 

as an increase in the consumption of alcohol, tobacco and toxic 

substances.7–10 Likewise, bidirectional associations have been 

observed between stress and addictions,11 as well as between 

stress and physiological and mental illnesses.12,13 

 

In order to have a broader understanding of this problem, it is 

necessary to take into account the importance of inter-individual 

differences, since stress affects each person differently; the level 

of vulnerability, previous life experiences, type of stressor 

(social, environmental, academic, economic, family, work, 

etcetera), intensity, duration, frequency and subjective 

perception of stress play an important role in the coping capacity 

of the individual.14,15 Environmental and social factors, such as 

socioeconomic level, support networks and ability to access 

health systems, are also capable of modulating the level of stress 

affectation.16 

 

Stress measurement ranges from paper and pencil tests to the use 

of different biomarkers, such as salivary cortisol or heart rate 

variability (HRV).5 Currently, the implementation of biomarkers 

allows for a quantitative index of stress in the person, parallel to 

their subjective perception, which facilitates the development of 

more accurate diagnoses of stress levels and their negative 

consequences, facilitating the development of better therapeutic 

strategies, capable of reducing the levels of morbidity and 

mortality in the population and the secondary consequences 

associated.17 The advantage of biomarkers lies in their 

objectivity and in the reduced possibility of manipulating or 

altering the results.5 

 

PSYCHOLOGICAL STRESS 

Stress is a mechanism of an adaptive nature, which, when it 

becomes chronic or acute, tends to exceed personal resources, 

causing emotional discomfort.1 Chronic stress is capable of 

causing alterations at the behavioral level that gradually 

deteriorate the capacity for neuronal plasticity and cognition of 

the subject.18 Early detection of psychological stress is not only 

relevant to improve quality of life, but also constitutes a 

preventive advantage in reducing diseases.5 

 

At the physiological level, stress can aggravate chronic diseases 

such as asthma, atherosclerosis, hypertension, chronic pain,1,19 

even triggering ischemic stroke, or cause premature death.1,20 At 

the psychological level, it is related to post-traumatic stress 

disorders of mood and sleep disorders.16,21 

 

STRESS BIOMARKERS 

Initially, biomarkers were defined as biomolecules capable of 

being measured at the blood level, as well as at the level of 

tissues or fluids.22 Currently, this definition has been expanded 

to include any substance or parameter present in the organism 

capable of being measured and reflect the functioning of an 

organ or system,17,23 such as the electrodermal response, blood 

pressure, or cholesterol levels. 

 

Biomarkers fulfill three basic functions: 1) predictive, 2) 

prognostic and 3) monitoring,17,22 which is why they are very 

useful when evaluating the efficacy of a treatment. In the area of 

psychophysiology, they are considered as objective indices of 

different mental disorders, such as depressive, anxiety, and 

sleep-wake disorders, among others.22 The importance of the use 

of biomarkers lies in being able to understand safely, objectively 

and precisely the functioning or the probable alteration caused 

by a disease in the different physiological, biochemical or 

molecular systems of the person, as well as its potential 

repercussions on the mental health of the person.17 

 

CLASSIFICATION 

There is no single classification of biomarkers. Different authors 

and research groups propose different categorizations. For 

example, a systematic review carried out by Condon in 2018,24 

classifies them: 1) based on their physiological system of origin: 

neuroendocrine function and immune function, also called 

primary stress mediators, and 2) based on secondary stress 

responses: neurological, metabolic, musculoskeletal, 

cardiovascular, respiratory and anthropometric. Arango in 2012 

classifies them according to their type: 1) exposure, 2) effect, and 

3) susceptibility.23,25 Dhama and collaborators in 201917 

classified them based on their characteristics as imaging 

biomarkers, such as computed tomography (CT), positron 

emission tomography (PET), magnetic resonance imaging 

(MRI), and non-imaging biomarkers, such as molecular, 

biochemical, or physiological. Likewise, they classify them 

according to their application as diagnostic, prognostic or 

therapeutic biomarkers.17 

 

Despite the different categories proposed, their relevance is 

essential for the development of clinical research, so the 

selection of the type of biomarker to use depends on the type of 

disorder being investigated, the objectives of the research and 

the existing scientific evidence.25 

 

PHYSIOLOGICAL RESPONSE 

Stress perception unfolds at the level of the nervous system a 

complex non-linear network of physiological responses in which 

different regulatory mechanisms are immersed, seeking the 

balance of the organism, which prepares it for the fight-or-flight 

response, in contrast to the relaxation response called rest-and-

digest.1,6,24 Although in general terms the response to stress is 

universal, there are differences depending on the type of stress 

that the person presents. For example, the fight or flight response 

has immediate and short-lived effects, compared to the response 

to acute stress and high intensity or chronic stress that can extend 
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itself over months or years, whereby physiological changes vary 

according to the type of stress.6 

 

Broadly speaking, these changes occur mainly in the autonomic 

nervous system (ANS) and its branches, the sympathetic nervous 

system (SNS) and the parasympathetic nervous system (PNS).24 

The objective of these changes is to maintain the stability of the 

various physiological systems involved, such as the endocrine, 

immune and nervous systems. This process is known as 

homeostasis and is essential for maintaining health.26 

 

Homeostatic balance is regulated by allostasis, a process 

inherent to the organism, of an adaptive and dynamic nature, 

which facilitates rapid internal changes in response to the 

demands of the environment.1,27 In the face of repeated and high-

intensity stress events, the allostatic load increases, becoming 

then maladaptive and overactivating mainly the endocrine and 

cardiovascular systems (allostatic overload), which can result in 

physical and psychological illness.28 Eventually, constant 

exposure to stress causes the baseline values regulated by 

homeostasis, known as set-points, to be altered by the allostatic 

load, causing the correct regulation of the organism to be 

modified. Examples of this dysregulation are higher glucose 

levels, greater insulin resistance, or higher blood pressure in sick 

subjects than in healthy subjects.26 

 

The physiological response process is presented as a complex 

cascade of reactions in different systems, and in which both 

individual variables and multiple environmental factors 

intervene.17,24,28 It is important to bear in mind that it is not the 

stressors themselves that cause disturbances to the person's 

health, whether of a social, occupational or personal nature, but 

rather it is the constant exposure to chemicals released by stress 

that cause the disease.29  

 

NEUROENDOCRINE RESPONSE 

At the neuroendocrine level, stress causes the hypothalamus, 

through the SNS, to activate the adrenal glands located in the 

upper part of the kidneys. Thus, the first response to stress occurs 

in the neuroendocrine system, which, in turn, activates the 

response of the cardiovascular system, increasing breathing and 

heart rate, as well as the immune system. This process favors the 

release of catecholamines (epinephrine and norepinephrine) in 

the sympathetic-adrenal-medullary axis (SAM).28 

 

In parallel, the hypothalamic-pituitary-adrenal (HPA) axis 

produces a hormonal response. The hormones secreted by the 

adrenal cortex have a long-acting response to stress,28 a process 

during which mainly glucocorticoids6,22 are released, capable of 

crossing the blood-brain barrier (BBB), activating areas such as 

the amygdala and the hippocampus.24 

 

In addition to these axes, there are others that have also been 

related to stress, such as the hypothalamic-pituitary-thyroid 

(HPT) axis and the hypothalamic-pituitary-gonadal (HPG) axis, 

which is responsible for the production of hormones such as 

testosterone, progesterone and estradiol, although no significant 

findings related to stress have been reported.15 

 

SAM axis activity 

This axis is responsible for regulating the secretion of 

catecholamines.17 Epinephrine and norepinephrine are the most 

studied biomarkers of the SAM axis, while salivary alpha-

amylase and salivary pH have been measured less frequently.18,22 

Their overactivation can cause cardiovascular changes, 

increasing heart rate and blood pressure.21,27  

 

HPA axis activity 

One of the main structures of the HPA axis is the hippocampus, 

which is capable of inhibiting the high secretion of cortisol, 

however, chronic exposure to stress causes an overproduction of 

cortisol that ends up altering the functioning and size of the 

hippocampus, causing apoptosis of their neurons and preventing 

correct regulation,24 this generates, as a consequence, the 

inability to inhibit the response to stress, even when the stimulus 

disappears, since the feedback inhibitory mechanism is 

damaged.28 It has been observed that the activity of this axis 

tends to decrease in the elderly, probably due to the reduction in 

sleep hours, causing the appearance of various 

neurodegenerative disorders.30 

 

Another fundamental structure of the HPA axis is the amygdala, 

related to emotional processing, specifically to the regulation of 

fear. Chronic stress causes constant exposure to corticotropin-

releasing hormone (CRH), altering the volume and functions of 

the amygdala.24 Secretion of both CRH and vasopressin from the 

hypothalamus stimulates adrenocorticotropic hormone 

production (ACTH) in the pituitary gland, causing the release of 

various glucocorticoids, such as cortisol, into the bloodstream.2 

 

Cortisol levels are one of the most widely investigated 

biomarkers of the HPA axis.14,18,31–33 Due to its low molecular 

weight, cortisol is capable of migrating out of the cell, into the 

extracellular space and into the bloodstream, for which is easily 

detectable in different biofluids.28 Its levels show circadian 

fluctuations, being higher during the morning than at 

nighttime,27,28,34 for which it is convenient to measure it in time 

series, for example, in the morning to from the first 30-60 

minutes after waking up and during the afternoon.22 

 

NEUROLOGICAL RESPONSE 

The main cortical regions involved in psychological stress are: 

1) the anterior cingulate cortex, related to cognitive, affective 

and visceral control processes, as well as cardiovascular 
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responses, 2) the insular cortex, related to cardiac regulation 

caused by psychological stressors and emotional, and 3), the 

amygdala, whose functions allow the integration, storage and 

updating of sensory information from other brain areas.1 

 

The activity of the parasympathetic nervous system is also 

regulated by the tenth cranial nerve, the vagus nerve, which is 

capable of modulating the autonomic cardiac response.35 Porges' 

Polyvagal Theory (2007) and Thayer's Neurovisceral Integration 

Model (2009)36-38 specify the relationship between states of 

psychological stress, the neurocardiac response, and the 

prefrontal cortex, which has been related to affectations at the 

social and cognitive level of the person.35,38 

 

The Central Autonomic Network (CAN) is an internal regulatory 

system through which the brain is capable of modulating 

visceromotor, neuroendocrine, and behavioral responses. It 

comprises multiple cortical structures: anterior cingulate, 

insular, orbitofrontal, and ventromedial prefrontal cortices. This 

network collects sensory information from peripheral organs, 

such as the heart, for which it integrates the functioning between 

the central nervous system (CNS) and the peripheral nervous 

system (PNS).36 

 

IMMUNE RESPONSE 

Like the neuroendocrine function, the immune function also 

generates responses to psychological stress, which can lead to 

chronic diseases or aggravate pre-existing diseases, due to the 

overproduction of pro-inflammatory cytokines capable of 

altering the immune response (Figure 1-A).22 

 

Cytokines 

Cytokines are secreted by immune cells and their function is to 

regulate the immune and inflammatory response. The most 

commonly used cytokines as biomarkers of stress are 

interleukins IL-2, IL-6, IL-12 and tumor necrosis factor alpha 

(TNF-α).15,22 IL-6 has extensive evidence on its association with 

chronic and acute psychological stress, since it is more easily 

detectable than the rest.29 The use of cytokines as biomarkers of 

psychological stress has shown discrepant results, for which 

further research and methodological standardization are 

recommended.15 

 

C-reactive protein (CRP) 

This protein is produced in the liver in response to inflammation 

or infection. It is currently considered as a potential biomarker 

of immune function.22 It has been related to chronic stress and 

burn-out, however, the results are not conclusive and require 

further investigation.15 

 

Natural Killer (NK) cell activity 

Inverse correlations have been observed in NK cell activity and 

high depression scores.22 Likewise, low NK cell activity has 

been found in the face of emotional stress, both in humans and 

animals.15 

 

CARDIOVASCULAR AND RESPIRATORY RESPONSE 

This response is directly related to changes in the ANS, 

specifically in the sympathetic branch. The increase in both heart 

rate and respiratory rate through ASR promotes an immediate 

response to stress. The production of ACTH and corticosteroids 

results in an increase in blood pressure and blood volume.16,28 

 

Heart rate is determined both by the joint activity of the 

sympathetic and parasympathetic (vagal) nerves that occur in the 

sinoatrial node and by intrinsic cardiac mechanisms. There is 

evidence that cortical activity is capable of modulating cardiac 

function, both in animals and in humans.36 

 

One of the most widely investigated biomarkers to measure 

changes in cardiac autonomic response is electrocardiography 

(ECG) and HRV (Figure 1-B), noninvasive methods that are 

highly associated with psychological stress.3,14,26,39,40 Currently, 

HRV is considered one of the most relevant biomarkers for the 

objective measurement of psychological stress.5,41 

 

HRV reflects variations in successive intervals of RR (R wave 

of the QRS complex) or NN (normal-to-normal) peaks. In 

situations of stress, the variability of heartbeat intervals tends to 

be reduced. This decrease in HRV correlates with greater 

sympathetic activation, as well as poorer health.5 Low levels of 

HRV are associated with poor regulation of stress, depression, 

anxiety,42–44 poor cognitive and social performance, as well as a 

general increase of morbidity and mortality in the population,14,16 

for which a low level of HRV is considered a good predictor of 

disease.36 

 

METABOLIC RESPONSE 

The secretion of norepinephrine from the adrenal medulla 

stimulates the production of glucose in the liver, increasing the 

energy necessary for cellular respiration.28 Stress is capable of 

causing metabolic alterations. Overactivity of the HPA axis 

causes chronic secretion of glucocorticoids and catecholamines, 

which generates hypersecretion of insulin and hyposecretion of 

sex and growth hormones, which can result in increased fat from 

adipose tissue, muscle loss, and obesity.24 

 

ANTHROPOMETRIC MEASURES 

Alterations in metabolic response can lead to changes in 

anthropometric measurements. One of the main glucocorticoids, 

cortisol, is directly related to weight gain and abdominal 

obesity.2 In the case of children, it has been observed that chronic 

stress can affect their growth and development, as well as 
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increase the values of body mass index (BMI) and central 

adiposity.24 

 

MAIN STRESS BIOMARKERS 

A compilation of the most investigated biomarkers and their 

relationship to stress are presented in Table 1. Each biomarker 

was categorized based on its system of origin. 

MAIN MEASUREMENT METHODS 

A compilation of the main biomarker measurement methods and 

their general methodological characteristics is presented in Table 

2. 

 

 

 

Figure 1. (A) Representation of the immune and neuroendocrine response. The psychological stressor causes a complex cascade 

response at the central nervous system (CNS) level that affects the immune system and in which it is possible to measure immune cells 

as biomarkers directly associated with stress. (B) Representation of the peripheral nervous system (PNS) and its sympatho-vagal 

division, which produces changes in various systems, particularly at the cardiovascular level. These variations are measurable 

through different methods, especially through ECG. Source: own elaboration based from reviewed literature.22,24 

 

Table 1. Biomarkers related to psychological stress. 

Biomarker type Definition and/or function Measurement Associated disorders 

Anthropometric 

BMI Body weight in relation to height. Estimation of body 

fat percentage, according to age and gender  

Height and 

weight 

Cardiovascular disease 

Growth and height Measurement of growth/height as a function of age 

and sex 

Height Cardiovascular disease 

Waist 

circumference 

Abdominal adiposity estimate Waist 

circumference 

Cardiovascular disease 

Waist-to-height 

ratio 

Estimation of body fat distribution  Waist 

circumference 

and height 

Cardiovascular disease 
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Biomarker type Definition and/or function Measurement Associated disorders 

Waist-to-hip ratio Estimation of central adiposity Circumference of 

the waist and hip 

Cardiovascular disease 

Cardiovascular and respiratory  
Blood pressure Indicates the level of force of the blood against the 

walls of the blood vessels during systole and 

diastole. It is related to the activity of the pituitary 

and adrenal glands 

Blood pressure 

cuff 

Stress, cardiovascular 

disease 

Blood pulse volume Measurement of blood pulse related to heart rate. It is 

an index of the activity of the ANS 

ECG Stress 

Cardiac output Amount of blood pumped per minute by each 

ventricle. It is measured in liters per minute. 

Echocardiography Stress 

Heart rate Number of cardiac contractions during a series of 

time. Directly related to the activity of the ANS 

ECG Stress 

Heart rate 

variability 

Variation in each of the consecutive RR peaks of the 

ECG during a given time series. Directly related to 

ANS activity 

ECG Stress 

RSA Coordinated response of the heart rate with the 

respiratory rate. It is an index of the activity of the 

vagus nerve. Highly reliable biomarker capable of 

reflecting mental stress and workload. It includes 

different mechanisms: central regulation, pulmonary 

and atrial reflex, local mechanism in the sinus node, 

among others 

ECG Stress 

Immune  
CRP Plasma protein produced in the liver as a result of 

inflammation 

Serum, blood, 

plasma, saliva, 

urine 

Cardiovascular disease 

Cytokines (IL-2, IL-

6, IL-12, TNF-α, 

etc.) 

Proteins that interact with other cells in the immune 

system, regulate inflammatory responses to stress 

Serum, plasma, 

saliva 

Chronic-degenerative 

diseases, depression, 

stress 

Fibrogen Glycoprotein produced in the liver, determines plasma 

viscosity 

Serum, urine Cancer, cardiovascular 

disease 

IgA Glycoprotein, is one of the body's main antibodies, 

protects the epithelium from toxins and 

microorganisms 

Serum, saliva, 

urine 

Cancer 

Prolactin Hormone secreted by the anterior pituitary gland. In 

addition to the promotion of lactation, it is related to 

the person's immune status. Its increase has been 

observed in the face of various types of psychosocial 

stress 

Serum, blood, 

plasma 

Stress 

NK cells Lymphocytes of great importance inherent to the 

immune system 

Blood Cancer, viral infection, 

autoimmune diseases 

Metabolic  
Glucose Monosaccharide synthesized in the liver and kidney, 

the body's main source of energy 

Serum, saliva, 

urine 
Diabetes, kidney 

disease 

Insulin Hormone produced in the pancreas, related to glucose 

metabolism 

Serum, saliva, 

urine 
Diabetes, obesity, 

hypertension 

Leptin Hormone secreted in adipose tissue, regulates energy 

homeostasis 

Serum, saliva, 

urine 
Diabetes, cancer, 

hypertension, 

psychiatric diseases, 

reproductive disorders 

Lipids Lipoproteins and triglycerides responsible for 

cholesterol and dietary fat transport 

Serum, saliva Neurological and 

nervous system 

disorders 
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Biomarker type Definition and/or function Measurement Associated disorders 

Neuroendocrine  
HPA axis activity 

Cortisol Corticosteroid secreted in the zona fasciculata of the 

adrenal cortex. Adrenocorticotropic hormone 

(ACTH) determines its production. Related to 

inflammation, metabolism, immune system 

function, appetite, cognitive function, and 

reproduction 

Serum, saliva, 

urine, hair 

Neurodegenerative 

disorders, cognition, 

cardiovascular disease, 

depression 

DHEA-S Steroid hormone produced in the reticular zone of the 

adrenal cortex. It is produced in response to ACTH. 

Its values increase in response to acute psychosocial 

stimuli, since it has neuroprotective, antioxidative, 

anti-inflammatory and antiglucocorticoid effects 

Blood Neurodegenerative 

disorders, cognition, 

cardiovascular disease, 

depression 

Endorphin Neuropeptide released mainly by the pituitary gland 

in response to stress stimuli 

Urine, blood Mental health, stress, 

overexcitement 

Galvanic 

conductance of 

the skin 

Physiological response regulated by the 

hypothalamus. Adrenergic activity activates the 

eccrine and apocrine glands. It serves as an index of 

sympathetic activity. The sweating response related 

to stress is mainly concentrated in the palms of the 

hands and soles of the feet, it is not directly 

associated with environmental temperature, but with 

stressors. Decreases during sleep and rest 

Electrodermal 

activity sensor 

Stress, anxiety 

Oxytocin Neuropeptide produced by the paraventricular nucleus 

from the hypothalamus, released by the posterior 

pituitary gland 

Saliva, blood Mental health, stress, 

social ties 

Peripheral 

temperature 

Physiological response whose regulatory center is 

located in the anterior hypothalamus. It is an index 

of sympathetic activity 

Temperature 

sensor, infrared 

thermal image 

Stress, anxiety 

SAM axis activity 

Catecholamines 

(epinephrine, 

norepinephrine, 

dopamine) 

Neurotransmitters released by the adrenal medulla, 

produced from the activation of the SNS 

Serum, urine Cardiovascular 

disease, stress 

Salivary pH Level of acidity detected in saliva Saliva Cardiovascular 

disease, stress 
Salivary α-

Amilasa  

Enzyme secreted by the salivary gland in response to 

adrenergic activity. Norepinephrine production at 

beta-adrenergic receptors in saliva is stimulated by 

stress. Under conditions of acute stress, it precedes 

the release of cortisol by approximately 13 minutes. 

Saliva Cardiovascular 

disease, stress 

Neurological  
Activity/volume of 

the amygdala 

Structure related to emotional processing and fear MRI, fMRI Stress 

Activity/volume of 

the hippocampus 

Structure involved in learning and memory. Regulates 

glucocorticoid activity in the HPA axis 

MRI, fMRI Stress 

 

Note. ANS = autonomic nervous system; BMI = body mass index; CRP = c-reactive protein; DHEA-S = dehydroepiandrosterone 

sulfate; ECG = electrocardiogram; EMG = electromyography; fMRI = functional magnetic resonance imaging; HPA = hypothalamic-

pituitary-adrenal; IgA = immunoglobulin-A; IL = interleukin; MRI = magnetic resonance imaging; NK = natural killer; RSA = 

respiratory sinus arrhythmia; SAM = sympatho-adrenal-medullary; SNS = sympathetic nervous system; TNF-α = tumor necrosis factor 

alpha.6,15,22,24,29,34,44,45 
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Table 2. Biomarker measurement methods. 

Method Advantages Disadvantages Observations 

Anthropometric 

measurement 

Non-invasive, easy to 

measure 

Medium precision in the 

calculation of adiposity 

Can be performed with more precise 

specialized equipment 

ECG No invasive, direct 

measurement of cardiac 

activity 

Obstructive, requires precise 

instrumentation, can cause 

stress 

Ambulatory monitoring may be performed. 

It is recommended to use the 3-R protocol 

proposed by Laborde and collaborators;38 

1)Resting, 2)Reactivity and 3)Recovery 

EEG Accessibility and relatively 

low cost. 

Presence of artifacts that can 

interfere with the results. 

Requires trained technical 

personnel 

It is recommended to implement it in parallel 

with neuroimaging studies or with 

incorporated video 

Hair Non-invasive, indicates the 

level of stress over time 

Reference values are not very 

clear, longitudinal studies 

with greater statistical 

power are required 

Cosmetic treatments and cleaning habits can 

cause variations 

Neuroimaging Direct measurement of 

brain function 

Obstructive, expensive, can 

cause stress 

MRI measures gray or white matter, fMRI 

measures brain activity and function 

Saliva Noninvasive, easy to obtain, 

reliable, requires no 

assistance of medical 

personnel 

Several scans may be needed 

to assess changes caused 

by circadian fluctuations. 

They only measure short-

term changes. Possible 

traces of blood in the 

sample can bias the results. 

Sleep disorders can alter 

daytime cortisol values. 

Perform preferably on an empty stomach, or 

avoid any food 1-2 hours prior to the study. 

The ingestion of water does not alter the 

tests. Do not perform previous mouth 

brushing. It is recommended to measure it 

at four times throughout the day, during the 

first hours after waking up and during 7 or 

8 at night. 

Serum Reliable and direct 

measurement of 

circulation 

Invasive method, can cause 

stress 

Some biomarkers can be measured in dried 

blood 

Urine Noninvasive Possibility of contamination Transport and storage depends on sample 

type and storage time 

Note. ECG = electrocardiogram; EEG = electroencephalogram; fMRI = functional magnetic resonance imaging; MRI = magnetic resonance 

imaging.2,14,15,24,27,38 

 

 

 

POTENTIAL STRESS BIOMARKERS 

In recent years, different cardiovascular biomarkers have been 

analyzed to study chronic stress, including D-dimer, von 

Willebrand factor, tissue plasminogen activator, and P-selectin. 

These biomarkers are predictors of potential cardiac pathology 

and focus on aspects of blood coagulation. Likewise, serum 

lipoprotein particles have been evaluated by means of nuclear 

magnetic resonance (NMR) spectroscopy.22 

 

Capillary cortisol is a biomarker of great interest related to 

cardiovascular disease and chronic stress,28 its main advantages 

being the ability to know the levels of cortisol secretion for 

several weeks and being non-invasive.2 Regular hair growth is 1 

cm per month, so it is possible to have the total production of 

cortisol in the last 30 days in 1 cm.28 

 

It has been observed that chronic stress is capable of affecting 

various brain structures, especially the prefrontal cortex, which 

is why it is important to advance in the study of biomarkers of 

cognitive function, such as brain-derived neurotrophic factor 

(BDNF), related to synaptic plasticity and neuronal repair.22 

 

The study of telomere length is also capable of providing useful 

information about the person's health status and the 

repercussions of stress; however, the results of various studies 

are not very consistent, so further research is required.22,33 

Likewise, thermal markers such as heat shock proteins (HSPs), 

immune markers and oxidative stress markers are of interest for 

health research.17 

 

The electrochemical components of different biofluids, such as 

sweat, tears, urine or blood, have recently begun to be 

studied.17,28 In the specific case of sweat, interest has arisen in 

determining the concentration of cortisol.6 Likewise, different 

biomarkers have begun to be identified in dermal emissions, 

called volatile organic components (VCO), related to the 

intestinal microbiota and anti-stress hormones such as oxytocin.6 

Blood fibrinogen and leptin are two promising biomarkers that 

require further investigation.23 Likewise, interleukin 1beta (IL-
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1), interleukin 10 (IL-10), biofluids produced in the stratum 

corneum of the skin, and the Symmetry of facial expression,6,34 

whose advantages lie in being non-invasive and self-monitoring, 

are currently being investigated. 

 

FUTURE PERSPECTIVES 

The use of biomarkers is a growing need to understand the 

influence of psychological factors on a person's physical health, 

particularly in stress-related disorders.1,5 Research in this area 

gives rise to more specific interventions in the field of 

psychotherapy, since assuming that all individuals respond in the 

same way to stress is reductionist, which is why it is important 

to advance in the study of this topic and contribute more 

evidence on the effectiveness of the different psychotherapies 

used, such as cognitive-behavioral therapy, mindfulness, 

biofeedback, among others,2,8,9,40,46,47 as well as recognizing the 

importance of inter-subject differences when developing 

interventions based on more effective and personalized 

evidence.15 Current health models require integrative 

perspectives that contemplate both the cognitive, affective and 

behavioral dimension as well as the physiological one, in order 

to measure and understand in its complexity the individual 

differences involved in the health process- disease.36 

 

It has been shown that psychological intervention is capable of 

stabilizing the biochemical levels altered by different diseases,14 

as is the case of cancer (prostate, colon, lung, breast), not only in 

patients, but also in their primary caregivers,29,48 strengthening 

the person's resilience and ability to adapt to adverse 

conditions.16 

 

A much more precise understanding of the relationship between 

stress and health would involve the analysis of different 

biomarkers; analyzing a single marker is not enough to 

understand the complex activity of the autonomic nervous 

system.16 Some authors emphasize the importance of combining 

up to 10 biomarkers belonging to the different systems, such as 

neuroendocrine, metabolic, cardiovascular and anthropometric 

measurements in order to diagnose the level of allostatic load of 

the individual,22 as well as psychometric tests, questionnaires 

and clinical interviews.14,34 

 

Likewise, the growing development of portable devices plays a 

fundamental role in the acquisition of new methods for obtaining 

biomarkers, which implies a highly relevant advance in the field 

of health, facilitating diagnosis and early warnings, as well as 

cost reduction and self-monitoring capabilities.6 

CONCLUSIONS 

The main challenges in the use of biomarkers consist of the need 

to standardize the methodological aspects necessary to obtain 

them, as well as defining the most optimal set of biomarkers for 

a specific investigation and which ones may be more appropriate 

depending on variables such as population, age, disease or 

specific disorder being studied (anxiety disorders, 

neurodegenerative disorders, addictions, cardiovascular disease, 

among others). It is also necessary to explore new non-invasive 

multisystem biomarkers that are capable of providing more 

diagnostic and prognostic information. 
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