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ABSTRACT
Background: Psychological stress is a reaction to an unexpected situation that favours adaptation and response to the 
event. However, when psychological stress is chronic or very intense, it can induce changes in various systems and 
tissues, causing diseases or aggravating existing ones. Objective: To briefly analyse the pathophysiological conditions 
caused by psychological stress. Method: A narrative review of the scientific literature on pathophysiological conditions 
as a consequence of psychological stress was performed. Results: Psychological stress can induce various conditions 
at the gastrointestinal, immune and cardiovascular levels. This is mainly due to the neurobiological and endocrine re-
sponse because when faced with a stressful stimulus, a deregulated release of glucocorticoids and catecholamines is 
generated, altering the normal physiology of the organism. Gastrointestinal disorders are mainly due to goblet cell 
dysfunction, resulting in intestinal hyperpermeability, inflammation and infection. Changes at the immune level lead 
to an increase in inflammatory responses but a decrease in the protective activities of the immune system. Finally, 
cardiovascular conditions include atherosclerosis, increased blood pressure and stroke. Conclusion: Psychological stress 
can induce real physiological pathologies and, in some cases, fatal ones. Some of the molecular mechanisms involved 
in these pathologies have already been studied and identified. Knowledge of these molecular mechanisms can help 
clinicians and therapists to improve the treatment and therapy of patients.
Keywords: Psychological Stress, Glucocorticoids, Immunity, Cardiovascular Diseases, Brain-gut Axis.

RESUMEN
Introducción: El estrés psicológico es una respuesta a una situación inesperada que favorece la adaptación y la respues-
ta ante dicho evento. Sin embargo, cuando el estrés psicológico es crónico o muy intenso, se pueden desencadenar 
afecciones en diversos sistemas y tejidos, generando enfermedades o empeorando las ya existentes. Objetivo: Analizar 
brevemente las afecciones fisiopatológicas causadas por el estrés psicológico. Método: Se realizó una revisión narra-
tiva con la literatura científica sobre las afecciones fisiopatológicas debidas al estrés psicológico. Resultados: El estrés 
psicológico puede desencadenar diversas afecciones a nivel gastrointestinal, inmunitario y cardiovascular. Esto se debe 
principalmente a la respuesta neurobiológica y endócrina, ya que ante estímulos estresores, se genera una liberación 
desregulada de glucocorticoides y catecolaminas que alteran la fisiología normal del organismo. Las afecciones a nivel 
gastrointestinal se deben principalmente a la disfunción de las células caliciformes, dando como consecuencia hiperper-
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BACKGROUND
Throughout the life of the human being, events occur that do 
not turn out as expected; sometimes they are better, but at oth-
er times, they are worse, and can lead to psychological stress 
and frustration. Psychological stress is a physiological response 
to an unexpected or unfavorable event for the person who per-
ceives it. This response favors an adaptation for a better action 
and response to the situation (Piqueras Rodríguez et al., 2009). 
Therefore, stress may have a protective effect in the short run, 
during minutes or hours, when the individual needs to stay 
alert (Antoni y Dhabhar, 2019). However, when this response is 
very intense or chronic, it may lead to negative emotions such 
as fear, anxiety, anger, and sadness (Piqueras Rodríguez et al., 
2009). 
Since the human being is predisposed to adaptation, the emo-
tional perception to adverse situations and the intensity and 
duration of their reaction to them depends, among other fac-
tors, on the discrepancy between what has been achieved and 
what is expected based on previous experiences and learning 
(Mustaca, 2018). When these states are very intense or chronic, 
they can affect the person’s quality of life by contracting mental 
illness or physical disorders (Piqueras Rodríguez et al., 2009).
Psychological stress was already frequent worldwide, but this 
and other mental disorders have increased because of the COV-
ID-19 pandemic (Cooke et al., 2020; Nochaiwong et al., 2021), 
affecting general population, including health professionals as 
well (Mathur et al., 2020), and some opinions suggest that COV-
ID-19 related stress may continue even after the pandemic is 
over (Łaskawiec et al., 2022). 
However, and unfortunately, due to modern lifestyles and so-
cial demands and expectations, the impacts of psychological 
stress are greatly underestimated (Güler et al., 2019; Izawa et 
al., 2016; Nakamura-Taira et al., 2018), and there is an urge to 
raise greater awareness in this regard. Therefore, it is impor-
tant to inform the population about the importance of psycho-
logical stress and the influence it can have on people’s health. 
Among these pathologies are gastrointestinal conditions (He 
et al., 2018), immune system affections (Ilchmann-Diounou & 
Menard, 2020) and cardiovascular conditions (Vancheri et al., 
2022), which can have an important clinical impact on people. 
Therefore, we consider it necessary to carry out a brief narra-
tive review on this topic aimed at psychologists, doctors, com-
munity pharmacists and even patients or anyone interested in 
the topic.
This review aims to briefly describe pathophysiological dis-
orders such as gut, cardiovascular, and immune system affec-

tions as consequence of psychological stress and some of the 
involved mechanisms according to recent scientific research.

METHODS
This article is a brief narrative review on the pathophysiological 
consequences of psychological stress. To this end, a non-sys-
tematized bibliographic search of specialized scientific literature 
was carried out in databases such as PubMed, Google Schol-
ar and SciELO using key words such as “psychological stress”, 
“pathophysiological disorders”, “stress and stressors”, “gut 
health”, “immune system”, “cardiovascular system” and “neu-
robiology of stress”. Only refereed scientific publications were 
considered. Those in English language published in the last five 
years (from 2018 to March 2023) were prioritized, although 
the inclusion of some older articles and in Spanish language 
was also allowed as they were previously identified. Original 
research articles were included, as well as other narrative and 
systematic reviews. Likewise, to complement some definitions, 
sources were consulted from official websites such as the World 
Health Organization (WHO) site.

RESULTS
Stress and stressors 
According to the World Health Organization, stress is “a state 
of worry or mental tension generated by a difficult situation” 
(World Health Organization, 2023). This typically occurs when 
an individual feels unable to cope with an adverse situation or 
negative environmental stimulus (Epel et al., 2018; Huh et al., 
2021). Each individual has a different response to these situ-
ations, so it is important to take into account the concept of 
“perceived stress”, which is the way in which an individual un-
derstands the amount of stress to which they are exposed (Huh 
et al., 2021) so that the individual produces psychological and 
emotional responses to these situations, such as the appear-
ance of overwhelming sensations, anxiety or a feeling of loss of 
control and insufficiency (Epel et al., 2018).
Therefore, psychological stress response is subjective and its 
measurement and perception complex, because it involves ex-
ternal stressors and the individual`s abilities to cope with them, 
which varies among individuals (Vancheri et al., 2022). So, an 
individual may have a response against a real or perceived (but 
not real) threat to the well-being which may be exacerbated 
(van der Sluis & Hoekstra, 2020). This response is acute when 
the experience it is brief but intense, or chronic when it is con-
stant in time. Acute psychological stress may be a result of quick 
events, such as an interview, an accident, or natural disasters 
such as earthquakes and hurricanes, among others, whereas 

meabilidad intestinal, inflamación e infecciones. Las alteraciones a nivel inmunitario generan un aumento en las respuestas inflam-
atorias pero una reducción en las actividades protectoras del sistema inmune. Por último, las afecciones cardiovasculares incluyen 
ateroesclerosis, aumento de la presión arterial y derrames cerebrales, entre otros. Conclusión: El estrés psicológico puede causar 
patologías fisiológicas reales y, en algunos casos, mortales. Algunos de los mecanismos moleculares implicados en estas patologías 
ya han sido estudiados y establecidos. Conocer estos mecanismos moleculares puede ayudar a los médicos y terapeutas a mejorar 
el tratamiento y la terapia del paciente.
Palabras claves: Estrés Psicológico, Glucocorticoides, Inmunidad, Enfermedades Cardiovasculares, Enfermedades Inflamatorias 
del Intestino.
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chronic stress is the result of long term or repetitive exposure 
to stressors or stressful situations, such as prolonged family or 
job-related problems, low socioeconomic status, diseases, or 
loneliness, among others (Vancheri et al., 2022). Therefore, 
acute stress may be beneficial in some situations because its re-
sponse may help the individual to adapt to an adverse situation 
in a moment of need, but chronic stress is considered harmful 
because it can produce some pathophysiological disorders as a 
result (Antoni & Dhabhar, 2019).

Sex and age differences against psychological stress
Regarding sex and age differences, it is difficult to establish a 
correlation with psychological stress because it depends on 
very personal or specific circumstances. For example, COVID-19 
pandemic increased psychological stress in general population; 
a study conducted in China during the pandemic stablished that 
unemployment increased psychological stress, but it was also 
found that people under 45 years old and females were found 
to be more affected by this circumstance (Yan et al., 2021). In 
another study conducted also in China, it was shown that psy-
chological stress was correlated with an increase for hyperten-
sion in women, but not in men (Hu et al., 2015).
Altogether, this suggest that women are more vulnerable against 
psychological stress than men. However, as it was mentioned 
before, it is difficult to establish a clear general correlation, as 
it was shown in a review study in which the authors concluded 
that despite many research articles suggest that there is in in-
deed a stronger link in women between stress and sleep with 
inflammation because of hormone differences, in some cases, 
methodologies of measurement are poor and the results are 
largely mixed (Dolsen et al., 2019). The same can be said about 
age differences, as different events affect people differently. For 
example, in a study, it was established that young adults were 
indeed more vulnerable to stress during COVID-19 pandemic 
due to isolation (Birditt et al., 2021), but other situations or cir-
cumstances in life such as retirement can cause great stress to 
older people, and it has been established that men are more 
vulnerable to it (Berezina et al., 2019). 

Neurobiology and endocrinology of psychological stress
When the human being is exposed to a stressor, acute stress 
is caused because the nervous systems immediately respond 
by activating the sympatho-adrenal medullary system (SAMS) 
which then causes the release of catecholamines (Turner et al., 
2020). At the same time, there is also an activation of the lim-
bic-hypothalamo-pituitary adrenal axis (LHPAA), causing a se-
cretion of high levels of corticotropin releasing factor (CRF) from 
hypothalamus. CRF then binds in the pituitary gland, resulting in 
the production of adrenocorticotropic hormone (ACTH), which 
then stimulates the production of stress hormones such as glu-
cocorticoids, including cortisol and corticosterone that affects 
immunity and hearth health as described later (van der Sluis 
and Hoekstra, 2020).
Several neurotransmitters are also involved in psychological 
stress response. One of the most important ones is dopamine. 
Dopamine is a neuromodulator because it modulates sensitiv-
ity to other neurotransmitters. For example, it modulates the 

influence of glutamate in other neurons (Wise & Robble, 2020). 
Acute stressors induce a pronounced activation of the dopa-
mine system, and it has been seen that children with traumas 
have elevated urinary dopamine metabolites and that acute 
psychosocial stressors induce greater dopamine release in peo-
ple with low self-reported maternal care. It is interesting that 
even after a single stress exposure, long-lasting changes in the 
dopamine system may occur in a similar way to that induced by 
addictive drugs and that a long-term exposure to psychological 
adversity is related to a diminished dopaminergic function (Ap 
Bloomfield et al., 2019).
On the other hand, the excitatory neurotransmitter glutamate, 
and the inhibitory neurotransmitter gamma aminobutyric acid 
(GABA) are also important. Basolateral amygdala (BLA) is a re-
gion of the brain that plays an important role in fear learning 
and memory, and it consist of 80% of excitatory neurons (glu-
tamatergic neurons) and 20% of inhibitory neurons (GABAergic 
neurons). It has been shown that acute stressors induce higher 
expression of glutamate receptors in BLA and a large increase 
in excitatory neurotransmitter glutamine pool which can cause 
acute and chronic nerve cell injuries, causing degeneration 
and death of glutamatergic neurons. In fact, similarly to what 
happens with the dopamine system, prolonged stress causes a 
low expression of glutamine receptors and glutamine response 
overall, causing a biochemical imbalance and BLA structural 
changes, therefore causing behavioural disorders (Wang et al., 
2021). Interestingly, GABAergenic response seems to be the 
opposite; a study carried with magnetic resonance spectrosco-
py method on healthy human subjects showed that prefrontal 
GABA decreased by 18% in a threat-of-shock condition relative 
to the safe condition, showing a rapid presynaptic down-reg-
ulation of GABAergic neurotransmission in response to acute 
psychological stress. This makes sense, because GABA is the 
main inhibitory neurotransmitter and GABA receptor agonists 
that enhance GABA transmissions such as benzodiazepines are 
used as anxiolytics (Hasler et al., 2010).
Norepinephrine is another important neurotransmitter in-
volved in psychological stress responses. Locus coeruleus (LC) is 
the main norepinephrine secretor in the brain. Norepinephrine 
is secreted by the LC during acute stress which activates BLA 
and all that it entails, as previously described (Giustino et al., 
2020). Furthermore, it has been reported that norepinephrine 
released by daily stressed young adults induces vasoconstric-
tion, which may lead to cardiopathies (Greaney et al., 2020) as 
described later.
Overall, this means that the brain transduces the emotional 
stimuli (stressor) perceived by the person (stress perception) 
into hemodynamic, neuroendocrine and immune changes to 
generate a “fight or flight” response (stress response) (Vancheri 
et al., 2022). However, this response produces an energy ex-
penditure and metabolism for an activity that may not even-
tuate, which is why the response is considered “metabolically 
unjustified” (Turner et al., 2020).

Psychological stress measurement
As it was mentioned earlier, psychological stress measurement 
is complex because it depends on subjective perceptions. How-
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ever, they are reliable tools available for this purpose. The sim-
plest ones are self-report questionaries, such as the Perceived 
Stress Scale (PSS-10), the Job Content Questionnaire, the Job 
Stress Survey, the Coping Strategy Indicator, the Stress and Cop-
ing Process Questionnaire, the Coping Inventory for Stressful 
Situations, among many others. The PSS-10 is the most used 
tool to measure perception of stress for clinical and research 
purposes. It was developed by Cohen, Kamarck and Memelstein 
in 1983, and it contains 10 questions on current levels of per-
ceived stress; six items measure stress itself and four measure 
coping strategies to it (Frisone et al., 2021). 
However, there are other tools which may be more objective 
because they rely on technology to measure stress via bio-sig-
nals evaluation, imageology or biomarkers and metabolites de-
tection. For example, as it was mentioned before, nuclear mag-
netic resonance can be useful to measure neurotransmitters 
related to perceived stress (Hasler et al., 2010). Similarly, heart 
activity measurement tools such as electrocardiogram, blood 
volume pressure, heart rate and heart rate variability meas-
urements are useful to detect perceived stress on patients and 
how stress affects their cardiovascular system. However, elec-
troencephalogram (EEG) is probably the most used technique 
to detect changes in neuronal activity associated with exter-
nal stimuli, therefore, it is useful to measure stress responses, 
especially by measuring the EEG asymmetry index because it 
reveals emotional arousal; most research studies support the 
statement that under stress conditions there is generally great-
er frontal right alpha activity in relation to the left alpha activity 
(Giannakakis et al., 2022).
However, now days technological advances can be exploited 
even further in various exciting ways. For example, there is a 
lot of promising research regarding real-time stress monitoring 
using wearable devices. Such instruments would be very bene-
ficial, not only for regular patients, but also for people with es-
pecially dangerous or stressful occupations such as firefighters, 
police officers, athletes, soldiers, among others (Parlak, 2021). 
For example, in a study, scientist developed a wearable instru-
ment to measure EEG asymmetry index in human subjects to 
study stress in real time. This instrument was built with off-the 
shelf instruments and dry electrodes. Its response was com-
pared with standardized stress test, observational question-
naires, and performance measurements. It reached more than 
90% accuracy (Arpaia et al., 2020). On the other side, one of the 
most promising approaches in this regard is real-time cortisol 
measurement. This has been successfully reported in several re-
search works, and it has been reached mainly via development 
of immune-electrochemical sensors using enzymes or antibod-
ies. These devices detect and measure cortisol on saliva and 
other human fluids (Parlak, 2021). 

Effect of psychological stress on gut
Microbiota is the set of microorganisms that coexist on human 
surfaces and cavities. These includes bacteria, archaea, bacte-
riophages, eukaryotic virus, and fungi. These microorganisms, 
especially bacteria, are mutualistic organism, therefore, they 
have several important functions that brings benefit to human 
health; they train host immunity, digest some food, modify 

drug and toxin structures, regulate gut endocrine action and 
neurological signalling, among other activities (Fan & Pedersen, 
2020). 
However, gut microbiota is not directly in contact with gastro-
intestinal epithelium; it lies on a layer of mucus that creates a 
coat, protecting intestinal tissue from bacteria and other bi-
ological and mechanical stress (Paone & Cani, 2020). In addi-
tion, this mucus layer also provides nutrients and adhesion for 
microbe growth (He et al., 2018). The main constituent of this 
mucus layer are mucins, which are large, complex, glycosylated 
proteins produced and secreted by goblet cells (Paone & Cani, 
2020). 
Goblet cells produce mucins in response of nervous stimuli 
(via a brain-gut axis), and it has been shown that acute stress 
increases mucus release (He et al., 2018). This acute stimulus 
enhances the mucosal barrier and protects a leaky epithelium 
against microbial infection, but on the long term, it has been 
shown that exaggerated and prolonged stimulation of goblet 
cells reduces their numbers and, therefore, decreases mucus 
secretion (Söderholm et al., 2002). Additionally, the protective 
function of the mucus layer is also reduced because psycho-
logical stress also alters O-glycosylation of mucins, resulting in 
flattening of the layer and a consequent loss of cohesion (He et 
al., 2018). All of this results in intestinal hyperpermeability, a 
consequent intestinal inflammation and possible infection (Sö-
derholm et al., 2002; Wei et al., 2019). That’s why psychological 
stress may produce gastrointestinal symptoms. 
Additionally, as it was mentioned before, LHPAA stimulation 
releases CRF, which increases oxidative damage in the colon, 
leading to inflammatory responses and increasing intestinal 
permeability and bacterial translocation. It also causes to mi-
crobiota dysbiosis, which leads to gastrointestinal diseases such 
as irritable bowel syndrome (Zhang et al., 2023). 

Effect of psychological stress on immune system
Immune system activates inflammatory response in a hostile 
environment to preserve cellular and organ integrity. Therefore, 
it is a natural and necessary response against biotic and abi-
otic stress. However, alterations of immune system due to dis-
eases may cause an insufficiency or an overactivity. Insufficient 
response may cause immunodeficiency, resulting in infections 
and cancer, while an overactivity may lead to autoimmune dis-
orders (Kjekshus, 2015).
When glucocorticoids are released after a stressful situation, 
they can modulate immune response; it has been established 
that they attenuate immune responses and inflammatory pro-
cesses by attenuating signalling pathways of the inflammatory 
process, diminishing leukocyte transmigration, and decreasing 
levels and production of chemo-attractants that are important 
for immune cells to fight infectious agents (Ilchmann-Diounou 
& Menard, 2020). They also cause apoptosis of B and T lympho-
cytes, causing adaptive immune deficiency (Xu et al., 2020). This 
is why glucocorticoids are used as pharmacological agents to 
treat immune-related disorders, such as autoimmune diseases 
in which the organism has exaggerated immune responses (Ilch-
mann-Diounou & Menard, 2020). However, when considering 
chronic stress, these immune alterations may lead to chronic 



Interacciones, 2023, Vol. 9, e327 ISSN 2411-5940 (print) / e-ISSN 2413-4465 (digital)

5

infection, chronic inflammatory autoimmune diseases or even 
cancer. Additionally, stress-induced sympathetic adrenergic sig-
nalling can inhibit immune responses in infection diseases (Bae 
et al., 2019).
Nevertheless, it has also been established in animal models 
and in humans that stressful events and stress-related disor-
ders such as post-traumatic stress disorder is associated with 
an increase in pro-inflammatory markers, such as various inter-
leukins (Il) and TNFα, among others. This obviously leads to an 
exaggerated immune response and damage in several tissues, 
including intestinal barrier which produces intestinal hypoper-
meability (Ilchmann-Diounou and Menard, 2020), aggravating 
gut health described in the previous section. 
Overall, this means that stress is related to an up-regulation of 
inflammation and a down regulation of protective immunity; a 
combination of factors that can lead to serious damage on an 
individual’s health and can also aggravate other preexisting dis-
eases such as cancer, since affected immune cells may not con-
trol cancer cells effectively and may act as stromal cells (Antoni 
& Dhabhar, 2019).

Effect of psychological stress on cardiovascular system 
The most common cardiovascular disease (CVD) is atheroscle-
rosis or coronary artery disease (CAD). This disease consists of 
lipid accumulation and inflammation of large arteries, and can 
lead to other cardiovascular affections and stroke (Björkegren 
& Lusis, 2022).
Chronic stress is related to increase of CVD due to acceleration 
of atherosclerosis. This is because greater amygdala activity 
caused by stress is associated with carotid artery intima-media 
thickness, enhanced blood pressure reactions and inflammato-
ry responses. Besides, there is a maladaptation of the neuroen-
docrine pathways involved in the response to stress (Vancheri 
et al., 2022).
Additionally, because of the LHPAA stimulation, stress also fa-
vours glucocorticoids secretion from adrenal glands, accelerat-
ing atherosclerosis (Björkegren & Lusis, 2022). This is because 
glucocorticoids reduce nitric oxide concentration, which is a key 
driver of vasodilation. Glucocorticoids can also promote vascu-
lar contractility via regulation of various expression factors of 
enzymes and proteins involved in vascular contractility (Macle-
od et al., 2021). This also explains why corticosteroid therapy is 
associated with CAD (Björkegren & Lusis, 2022).
Acute stress can also have cardiovascular consequences; as it 
was mentioned before, seconds after the exposure to the stress-
or, a large sympathetic nervous system activity is produced, 
causing release of catecholamines adrenaline and noradrena-
line into circulation, therefore causing an increase in hearth rate 
and blood pressure and peripheral microvascular constriction. 
This circumstance also favours atherosclerosis development. 
Besides, significant acute stress may trigger cardio-pathologi-
cal events such as angina, arrhythmias, stress cardiomyopathy, 
myocardial infarction, stroke, or sudden death (Vancheri et al., 
2022).
There is also clinical evidence in real patients: in a study car-
ried in Sweden with data from 1987 to 2013, it was observed 
that stress related disorders are associated with several CVDs 

independently of family background or psychiatric comorbidi-
ties (Song et al., 2018). These findings show the importance of 
stress related disorders awareness because these pathologies 
may affect anyone regardless of their family history of diseases.

CONCLUSIONS
Psychological stress can cause real physiological pathologies, 
and not just psychological perception of somatic symptoms 
as some people may believe. Some of the molecular mecha-
nisms involved in these physiological pathologies caused by 
psychological stress have already been studied and established. 
Knowing these molecular mechanisms may help physicians and 
therapists to improve patient`s treatment and therapy. This is 
important because this is a case of a disorder that causes other 
disorders, and in some cases, fatal ones. This is why psycho-
logical stress must not be overlooked or underestimated by pa-
tients nor physicians. 

ORCID
Francisco López-Naranjo: https://orcid.org/0000-0002-2140-7382
Rebeca Córdova-Moreno: https://orcid.org/0000-0002-6755-1240
Ivo Heyerdahl-Viau: https://orcid.org/0000-0002-8252-2552

AUTHORS’ CONTRIBUTION
Francisco López-Naranjo: Conceptualization, investigation, writing, review, su-
pervision, and approval of the final version.
Rebeca Córdova-Moreno: Review, supervision, and approval of the final version.
Ivo Heyerdahl-Viau: Conceptualization, methodology investigation, writing, ed-
iting, translation, and approval of the final version. 

FUNDING SOURCE
This study did not receive funding.

CONFLICTO DE INTERESES
The authors declare that there were no conflicts of interest in 
the collection of data, analysis of information, or writing of the 
manuscript.

ACKNOWLEDGMENTS
Not applicable.

REVIEW PROCESS 
This study has been reviewed by external peers in double-blind 
mode. The editor in charge was David Villarreal-Zegarra. The re-
view process is included as supplementary material 1.

DATA AVAILABILITY STATEMENT
Not applicable.

DISCLAIMER
The authors are responsible for all statements made in this article.

REFERENCES
Antoni, M. H., & Dhabhar, F. S. (2019). The impact of psychosocial stress and 

stress management on immune responses in patients with cancer. Cancer, 
125(9), 1417–1431. https://doi.org/10.1002/CNCR.31943.

Ap Bloomfield, M., Mccutcheon, R. A., Kempton, M., Freeman, T. P., & How-
es, O. (2019). The effects of psychosocial stress on dopaminergic function 
and the acute stress response. Elife, 8, e46797. https://doi.org/10.7554/
eLife.46797.001.



Interacciones, 2023, Vol. 9, e327 ISSN 2411-5940 (print) / e-ISSN 2413-4465 (digital)

6

Arpaia, P., Moccaldi, N., Prevete, R., Sannino, I., & Tedesco, A. (2020). A Weara-
ble EEG Instrument for Real-Time Frontal Asymmetry Monitoring in Worker 
Stress Analysis. IEEE Transactions on Instrumentation and Measurement, 
69(10), 8335–8343. https://doi.org/10.1109/TIM.2020.2988744.

Bae, Y. S., Shin, E. C., Bae, Y. S., & Van Eden, W. (2019). Editorial: Stress and 
immunity. Frontiers in Immunology, 10, 245. https://doi.org/10.3389/FIM-
MU.2019.00245/BIBTEX.

Berezina, T. N., Buzanov, K. E., Zinatullina, A. M., Kalaeva, A. A., & Melnik, V. P. 
(2019). The expectation of retirement as a psychological stress that affects 
the biological age in the person of the Russian Federation. Religación: Re-
vista de Ciencias Sociales y Humanidades, 4(18), 192-198. 

Birditt, K. S., Turkelson, A., Fingerman, K. L., Polenick, C. A., & Oya, A. (2021). 
Age differences in stress, life changes, and social ties during the COVID-19 
pandemic: Implications for psychological well-being. The Gerontologist, 
61(2), 205-216. https://doi.org/10.1093/geront/gnaa204.

Björkegren, J. L. M., & Lusis, A. J. (2022). Atherosclerosis: Recent developments. 
Cell, 185(10), 1630–1645. https://doi.org/10.1016/J.CELL.2022.04.004.

Cooke, J. E., Eirich, R., Racine, N., & Madigan, S. (2020). Prevalence of post-
traumatic and general psychological stress during COVID-19: A rapid re-
view and meta-analysis. Psychiatry Research, 292, 113347. https://doi.
org/10.1016/J.PSYCHRES.2020.113347.

Dolsen, M. R., Crosswell, A. D., & Prather, A. A. (2019). Links between stress, 
sleep, and inflammation: are there sex differences? Current psychiatry re-
ports, 21, 1-6. https://doi.org/10.1007/s11920-019-0993-4.

Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A., Slavich, G. M., Puterman, 
E., & Mendes, W. B. (2018). More than a feeling: A unified view of stress 
measurement for population science. Frontiers in neuroendocrinology, 49, 
146-169. https://doi.org/10.1016/j.yfrne.2018.03.001.

Fan, Y., & Pedersen, O. (2020). Gut microbiota in human metabolic health 
and disease. Nature Reviews Microbiology, 19(1), 55–71. https://doi.
org/10.1038/s41579-020-0433-9.

Frisone, F., Sicari, F., Settineri, S., & Merlo, E. M. (2021). Clinical Psychologi-
cal Assessment of Stress: A Narrative Review of the Last 5 Years. Clinical 
Neuropsychiatry, 18(2), 91. https://doi.org/10.36131/CNFIORITIEDI-
TORE20210203.

Giannakakis, G., Grigoriadis, D., Giannakaki, K., Simantiraki, O., Roniotis, A., & 
Tsiknakis, M. (2022). Review on Psychological Stress Detection Using Bio-
signals. IEEE Transactions on Affective Computing, 13(1), 440–460. https://
doi.org/10.1109/TAFFC.2019.2927337.

Giustino, T. F., Ramanathan, K. R., Totty, M. S., Miles, O. W., & Maren, S. (2020). 
Locus coeruleus norepinephrine drives stress-induced increases in basolat-
eral amygdala firing and impairs extinction learning. Journal of neurosci-
ence, 40(4), 907-916. https://doi.org/10.1523/JNEUROSCI.1092-19.2019.

Greaney, J. L., Surachman, A., Saunders, E. F. H., Alexander, L. M., & Almeida, 
D. M. (2020). Greater Daily Psychosocial Stress Exposure is Associated 
with Increased Norepinephrine-Induced Vasoconstriction in Young Adults. 
Journal of the American Heart Association, 9(9). https://doi.org/10.1161/
JAHA.119.015697.

Güler, Y., Şengül, S., Çaliş, H., & Karabulut, Z. (2019). Burnout syndrome should 
not be underestimated. Revista Da Associação Médica Brasileira, 65(11), 
1356–1360. https://doi.org/10.1590/1806-9282.65.11.1356.

Hasler, G., Van Der Veen, J. W., Grillon, C., Drevets, W. C., & Shen, J. (2010). 
Effect of acute psychological stress on prefrontal GABA concentration 
determined by proton magnetic resonance spectroscopy. American Jour-
nal of Psychiatry, 167(10), 1226–1231. https://doi.org/10.1176/APPI.
AJP.2010.09070994.

He, J., Guo, H., Zheng, W., & Yao, W. (2018). Effects of Stress on the Mucus-mi-
crobial Interactions in the Gut. Current Protein & Peptide Science, 20(2), 
155–163. https://doi.org/10.2174/1389203719666180514152406.

Huh, H. J., Kim, K. H., Lee, H. K., Jeong, B. R., Hwang, J. H., & Chae, J. H. (2021). 
Perceived Stress, Positive Resources and Their Interactions as Possible Re-
lated Factors for Depressive Symptoms. Psychiatry Investigation, 18(1), 59. 
https://doi.org/10.30773/PI.2020.0208.

Hu, B., Liu, X., Yin, S., Fan, H., Feng, F., & Yuan, J. (2015). Effects of psychological 
stress on hypertension in middle-aged Chinese: a cross-sectional study. PloS 
one, 10(6), e0129163. https://doi.org/10.1371/journal.pone.0129163.

Ilchmann-Diounou, H., & Menard, S. (2020). Psychological Stress, Intestinal 
Barrier Dysfunctions, and Autoimmune Disorders: An Overview. Frontiers 
in Immunology, 11, 1823. https://doi.org/10.3389/FIMMU.2020.01823/
BIBTEX.

Izawa, S., Nakamura-Taira, N., & Yamada, K. C. (2016). Stress Underestimation 

and Mental Health Outcomes in Male Japanese Workers: a 1-Year Prospec-
tive Study. International Journal of Behavioral Medicine, 23(6), 664–669. 
https://doi.org/10.1007/S12529-016-9557-8.

Kjekshus, J. (2015). Inflammation: Friend and Foe. EBioMedicine, 2(7), 634. 
https://doi.org/10.1016/J.EBIOM.2015.05.029.

Łaskawiec, D., Grajek, M., Szlacheta, P., & Korzonek-Szlacheta, I. (2022). 
Post-Pandemic Stress Disorder as an Effect of the Epidemiological Situation 
Related to the COVID-19 Pandemic. Healthcare, 10(6), 975. https://doi.
org/10.3390/HEALTHCARE10060975.

Macleod, C., Hadoke, P. W. F., & Nixon, M. (2021). Glucocorticoids: Fuelling 
the Fire of Atherosclerosis or Therapeutic Extinguishers? International 
Journal of Molecular Sciences, 22(14), 7622. https://doi.org/10.3390/
IJMS22147622.

Mathur, S., Sharma, D., Solanki, R. K., & Goyal, M. K. (2020). Stress-related disor-
ders in health-care workers in COVID-19 pandemic: A cross-sectional study 
from India. Indian Journal of Medical Specialities, 11(4), 180.

Mustaca, A. E. (2018). Frustração e condutas sociais. Avances En Psicologia Lati-
noamericana, 36(1), 65–81. https://doi.org/10.12804/revistas.urosario.
edu.co/apl/a.4643.

Nakamura-Taira, N., Izawa, S., & Yamada, K. C. (2018). Stress underestimation 
and mental health literacy of depression in Japanese workers: A cross-sec-
tional study. Psychiatry Research, 262, 221–228. https://doi.org/10.1016/J.
PSYCHRES.2017.12.090.

Nochaiwong, S., Ruengorn, C., Thavorn, K., Hutton, B., Awiphan, R., Phosuya, C., 
Ruanta, Y., Wongpakaran, N., & Wongpakaran, T. (2021). Global prevalence 
of mental health issues among the general population during the coronavi-
rus disease-2019 pandemic: a systematic review and meta-analysis. Scien-
tific Reports, 11(1), 10173. https://doi.org/10.1038/S41598-021-89700-8.

Paone, P., & Cani, P. D. (2020). Mucus barrier, mucins and gut microbiota: 
The expected slimy partners? In Gut, 69(12), 2232-2243. https://doi.
org/10.1136/gutjnl-2020-322260.

Parlak, O. (2021). Portable and wearable real-time stress monitoring: A crit-
ical review. Sensors and Actuators Reports, 3, 100036. https://doi.
org/10.1016/J.SNR.2021.100036.

Piqueras Rodríguez, J. A., Ramos Linares, V., Martínez González, A. E., & Obli-
tas Guadalupe, L. A. (2009). Emociones negativas y su impacto en la salud 
mental y física. Suma Psicológica, 16(2), 85–112. https://www.redalyc.org/
pdf/1342/134213131007.pdf.

Söderholm, J. D., Yang, P. C., Ceponis, P., Vohra, A., Riddell, R., Sherman, P. M., & 
Perdue, M. H. (2002). Chronic stress induces mast cell-dependent bacterial 
adherence and initiates mucosal inflammation in rat intestine. Gastroen-
terology, 123(4), 1099–1108. https://doi.org/10.1053/gast.2002.36019.

Song, H., Fang, F., Arnberg, F. K., Mataix-Cols, D., Fernández De La Cruz, L., Alm-
qvist, C., Fall, K., Lichtenstein, P., Thorgeirsson, G., & Valdimarsdóttir, U. A. 
(2018). Stress related disorders and risk of cardiovascular disease: popu-
lation based, sibling controlled cohort study. Jama, 319(23), 2388-2400. 
https://doi.org/10.1136/bmj.l1255.

Turner, A. I., Smyth, N., Hall, S. J., Torres, S. J., Hussein, M., Jayasinghe, S. U., Ball, 
K., & Clow, A. J. (2020). Psychological stress reactivity and future health 
and disease outcomes: A systematic review of prospective evidence. Psy-
choneuroendocrinology, 114, 104599. https://doi.org/10.1016/J.PSYNEU-
EN.2020.104599.

van der Sluis, R. J., & Hoekstra, M. (2020). Glucocorticoids are active players 
and therapeutic targets in atherosclerotic cardiovascular disease. Molec-
ular and Cellular Endocrinology, 504, 110728. https://doi.org/10.1016/J.
MCE.2020.110728.

Vancheri, F., Longo, G., Vancheri, E., & Henein, M. Y. (2022). Mental Stress and 
Cardiovascular Health&mdash;Part I. Journal of Clinical Medicine, 11(12), 
3353. https://doi.org/10.3390/JCM11123353.

Wang, S., Liu, X., Shi, W., Qi, Q., Zhang, G., Li, Y., Cong, B., & Zuo, M. (2021). 
Mechanism of Chronic Stress-Induced Glutamatergic Neuronal Damage in 
the Basolateral Amygdaloid Nucleus. Analytical Cellular Pathology (Amster-
dam), 2021, 8388527. https://doi.org/10.1155/2021/8388527.

Wei, L., Li, Y., Tang, W., Sun, Q., Chen, L., Wang, X., Liu, Q., Yu, S., Yu, S., Liu, C., 
& Ma, X. (2019). Chronic Unpredictable Mild Stress in Rats Induces Colonic 
Inflammation. Frontiers in Physiology, 10, 1228. https://doi.org/10.3389/
FPHYS.2019.01228/BIBTEX.

Wise, R. A., & Robble, M. A. (2020). Dopamine and addiction. Annu-
al Review of Psychology, 71, 79–106. https://doi.org/10.1146/an-
nurev-psych-010418-103337.

World Health Organization. (2023). Stress. Retrieved September 5, 2023, from 



Interacciones, 2023, Vol. 9, e327 ISSN 2411-5940 (print) / e-ISSN 2413-4465 (digital)

7

https://www.who.int/news-room/questions-and-answers/item/stress.
Xu, C., Lee, S. K., Zhang, D., & Frenette, P. S. (2020). The Gut Microbiome Reg-

ulates Psychological-Stress-Induced Inflammation. Immunity, 53(2), 417-
428. https://doi.org/10.1016/J.IMMUNI.2020.06.025.

Yan, S., Xu, R., Stratton, T. D., Kavcic, V., Luo, D., Hou, F., Fengying, B., Rong, J., 
KangxinG, S., & Jiang, Y. (2021). Sex differences and psychological stress: 
responses to the COVID-19 pandemic in China. BMC public health, 21(1), 
1-8. https://doi.org/10.1186/s12889-020-10085-w.

Zhang, H., Wang, Z., Wang, G., Song, X., Qian, Y., Liao, Z., Sui, L., Ai, L., & Xia, 
Y. (2023). Understanding the Connection between Gut Homeostasis and 
Psychological Stress. The Journal of Nutrition, S0022-3166. https://doi.
org/10.1016/J.TJNUT.2023.01.026.


