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Abstract: Psychoneuroendocrineimmunology (PNEI) brings together knowledge acquired since
the 1930s from endocrinology, immunology, neuroscience, and psychology. With PNEI, a model
of research and interpretation of health and disease is emerging, which sees the human body as a
structured and interconnected unit, where the psychological and biological systems are mutually
coordinated. In the PNEI view, many factors could influence mental health, with the endocrine
system involved in mediating the effects of environmental stress on mental health and inflammation
in the onset and course of psychiatric disorders as a result of individual and collective conditions
and behaviors. Among these, nutrition is one way by which the environment impacts physiology:
indeed, many pieces of research showed that several elements (e.g., probiotics, fish oil, zinc) have a
positive effect on mental disorders thus being potentially augmentation agents in treatment. Still,
physical activity can moderate depressive symptoms, while prolonged stress increases the risk of
psychopathology. Taken together, the PNEI-based approach may inform prevention and treatment
strategies, also in the field of mental health care.
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1. Introduction

Since the 19th century, disorders and diseases of the mind have been split into neu-
rological and psychiatric disorders and entrusted to two different medical approaches.
Neurological disorders are by definition the result of brain injury and have in the last
centuries achieved the status of true pathologies. Psychiatric disorders, on the other hand,
have long been lost in the fog of mental symptoms without “focal brain injury”. The last
century has seen a shift from the domain of psychoanalytic psychiatry in the first half
to the domain of biological psychiatry and psychopharmacology. The turning point in
psychiatry came in the late 1970s, when the American Psychiatric Association [1], speaking
through its Chairman Melvin Sabshin, launched into a “vigorous effort to re-medicalize
Psychiatry” fighting on two fronts: against the historic power of psychoanalysis and the
fledgling mortal threat represented by anti-psychiatry [2]. With the third edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM), published in 1980, a complete
adherence of Psychiatry to the biomedical model is achieved. The psychiatric identity
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crisis seemed to be definitively resolved. In fact, after two decades of apparent triumph,
the crisis has reappeared.

Gardner C, Kleinman A. on New England Journal of Medicine wrote: “Biologic psychiatry
has far failed to produce a comprehensive theoretical model of any major psychiatric
disorder, any tests that can be used in a clinic to diagnose clearly defined major psychiatric
disorders, or any guiding principle for somatic treatments to replace the empirical use of
medications” [3].

The promises of biological psychiatry, based on the extensive and punctual use of
psychotropic drugs, have been broken on the rocks of controlled empirical research that
has documented the not sufficiently effectiveness of the chemical molecules proposed in
the last 50 years in the face of significant adverse effects on numerous systems including
the central nervous system, if used beyond the necessary time [4], also of selected birth
deficits as in the case of the use of antidepressants during pregnancy [5].

Of course, “biologic knowledge is foundational to good psychiatry” [3], but what
biology? Human biology is modulated by mental activity. The in vivo investigation of
the human brain, through brain-imaging, has shown that psychological interventions
have effects on the function and anatomical structure of brain circuits [6]. In addition,
the epigenetic investigation has further demonstrated that psychological and body-mind
interventions induce changes in gene expression coding for brain receptors and neuro-
transmitters, thus providing a way of scientific explanation on the mechanisms of action of
effective psychological interventions in the treatment of mental disorders [7,8]. At the same
time, nutrition and physical activity play a significant role in the modulation of mental
and emotional states. The evidence of effectiveness is now numerous, as shown by studies
describing advantages from the administration of certain nutrients as augmentation thera-
pies, and the good effects of physical activities on brain plasticity and epigenetics [9–12].
Ignoring these pieces of evidence is no longer possible for those who deal with mental
health, both as a single professional and as a dedicated health facility.

A barrier to accepting this evidence is the reductionist biomedical paradigm, which
divides the mind from body and society from biology.

Armstrong and Asch in a recent commentary [13] highlight two opposing models of
disease, social and biological, that have dominated the medical approach for more than a
century. According to the Authors, this divide limits impact of biomedical achievements.

In the light of these shreds of evidence, a more integrated vision of medicine is
needed, a different paradigm that considers all the active aspects in contributing to the
health of the individual, including the role of the endocrine system. This paradigm can be
conceptualized as Psychoneuroendocrineimmunology.

Psychoneuroendocrineimmunology (PNEI) brings together, in a single model, knowl-
edge acquired since the 1930s from endocrinology, immunology, neuroscience, and psy-
chology. The PNEI model of health and disease sees the human body as a complex and
interconnected unit, where the psychological and biological systems are mutually coordi-
nated. The new integrated approaches provide the theoretical and practical basis to the
prevention and treatment of non-communicable diseases, those of competence of both
internists and psychiatrists; likewise, allow to go beyond the historical-philosophical con-
trast between mind and body, and overcome the twentieth-century scientific reductionism
which assign the body to the medicine and the psyche to the psychology.

This narrative review on nutrition, exercise, and stress management for treatment and
prevention of psychiatric disorders is therefore Psychoneuroendocrineimmunology-based
with a focus on stress and the neuroendocrine system.

2. A New Psychopathological Model

Biology is undergoing an exciting moment, at present underway, bridging the abyss
that has separated the area of human biology from that of social history. The biological
sciences are the driving force of a landmark revolution. The reductionist and determinist
framework has given way to a new vision that no longer sees the genome as a headquarters
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imparting instructions to the organism, but rather as an adaptive device that responds
to environmental requirements by regulating gene expression. Epigenetics is a rapidly
expanding science that researches molecular mechanisms through which the environment
and individual life act based on the information contained in the genome. These new lines
of research clarify the relations existing among the very early stages of life, starting from
conception, and the health of the child and adult [14]. They offer us an explanation of the
molecular mechanisms, stress-related and inflammation-based, with which characteristic
features influence our mental health (pollution, diet, sedentary lifestyle, stress, social
position, gender).

Mental balance can be influenced by a variety of factors: endogenous and biological,
such as the microbiota and the immune system [15], environmental, such as exposure to
environmental pollution [16]; behavioral, such as nutrition [17] and sedentary lifestyle
[18,19], social status [20,21].

In this view, the endocrine system plays a pivotal role in mediating the effect of the
environmental stress on the health of individuals through direct effects [22] and epigenetic
modifications [23].

In short, it is possible to bring to the horizon of contemporary medicine the evaluation
of the individual as a whole (see Figure 1 showing depression as an example).
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Figure 1. The bidirectional relationship between depression and inflammation. The image illustrates the inflammatory
effects of several factors, starting with stress. The release of inflammatory cytokines by immune cells alters the metabolism of
fundamental neurotransmitters such as serotonin, norepinephrine, dopamine, BDNF, and glutamate, reducing the levels of
the first four and increasing those of the last. These alterations negatively affect the activity of strategic brain areas and their
mutual connections. There are psychological consequences, with the inability to experience pleasure (anhedonia), anxiety,
depression, and poor self-esteem; and biological, with alterations in the medial prefrontal cortex, the anterior cingulate
cortex, the basal ganglia, the amygdala, the hippocampus, and the insula. 5-HT = serotonin; BDNF = brain-derived nerve
factor; DA = dopamine; dACC = dorsal anterior cingulate cortex; mPFC = medial prefrontal cortex; NE = norepinephrine;
sgACC = subgenual anterior cingulate cortex. Reprinted with permission from: F. Bottaccioli, A.G. and Bottaccioli (2020).
Copyright 2020 Edra.

3. Inflamed Mind

Immunopsychiatry is an emerging research area investigating immune dysregulation
in the pathogenesis of mental disorders, with specific regard to depression [24,25]. Recently,
several meta-analyses documented clinical depression as a pro-inflammatory state [26,27],
and anti-inflammatory added on standard treatment showed improvement of psychotic
disorders [28]. The two dimensions, the psychological and the biological, must always
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be kept together; only in this way can we explain why inflammation can, for example,
make a person less available to novelties (by altering the hippocampus and substantia
nigra) [29] and more willing to see dangers rather than opportunities (by altering the ventral
striatum) [30], as experimental studies on healthy volunteers showed, who were subjected
to inflammatory stimuli while their brain was in the functional magnetic resonance scanner.

However, from the new studies on the role of inflammation, research, and clinical
practice, under the powerful push of the pharmaceutical industry, may be looking to
propose the use of anti-inflammatory drugs, either traditional or new ones, to be paired
with psychiatric drugs. This option, in the case of traditional anti-inflammatories, is not
without risk, as documented by a large study on the Danish population [31], which even
indicates a strong increase in mortality, especially from cardiovascular causes, linked to the
combination of antidepressants and some anti-inflammatories, including diclofenac and
paracetamol. A risk that would further add to an extortionate expenditure if it were decided
to spread the use of anti-TNF-a monoclonal antibodies, as several parties have proposed.

Inflammation, as the main pathway that influences the genesis and consolidation of
mental disorders, occurs not only as a result of stress but also from individual (obesity,
inflammatory diseases) and collective (pollution) conditions and behaviors (inflammatory
diet, sedentary lifestyle, taking medicines and drugs) [32]. Below we review the main
physiological and clinical evidence of nutrition, exercise, and stress management for the
treatment and prevention of psychiatric disorders.

4. Nutrition

“There is growing scientific evidence that shows that dietary modifications have
strong positive and negative effects on health over the course of one’s life”—wrote the
World Health Organization in a 2003 document [33], indicating the return of the centrality
of nutrition for human health after its blackout in the second half of the twentieth century.
The next recent advancement of note is epigenetic research. Epigenetics is the study of
changes in gene expression that are not caused by genetic mutations and that may be
heritable. Epigenetics indicates a pattern of gene expression that conditions cell activity
in response to environmental stimuli. All cells can receive an epigenetic signature: neu-
rons, immune cells, tissue cells of various organs. It is an adaptive change. This type of
signature, linked to the state of health of the organism, may be reversible, and this is a very
important point because it means that change in a particular behavior (diet, stress, drugs)
can reprogram the structure of the cell.

Epigenetic research leads to a new vision of food which traditionally has been viewed
as an energy supply and a provider of elements for tissue replacement, as fuel to burn
for the body’s activities, and also as building blocks to build and maintain the human
body. In fact, food is one of the main ways in which the environment, methodically, forms
the epigenome and, in this way, influences adaptive responses, metabolism, the immune
system, and the brain; in short, the whole physiology of the body.

In the last decades, diet has become a topic of great interest in psychiatry [34]
both because people with severe psychiatric disorders have a poor-quality diet and because
it has become clear that diet can positively influence the state of mind and psychiatric
symptoms. In a seminal paper, in 2008, it was documented that excessive caloric intake
causes inflammation of the hypothalamus [35], a crucial cerebral area both to energy bal-
ance and neuroendocrine system control-stress system including. In addition, further
biological pathways could plausibly link diet with mental health: inflammation, oxida-
tive stress, mitochondrial signaling, tryptophan–kynurenine metabolism, gut microbiota
composition [36].

It is documented that the intake of red meat increases inflammation. A meta-analysis
based on 241,738 participants showed a significant association between red and processed
meat intake and risk of depression [37]. Recently it was shown that a high-fat diet ele-
vates glucose-dependent insulinotropic polypeptide (GIP), which promotes hypothalamic
inflammation and insulin resistance [38]. GIP is a gut-derived hormone.
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The Gut-brain axis, although poorly considered in medical education [39], has won
a prominent place in neuroscientific research, which highlights gut-brain bidirectional
relation [40]: the brain controls hunger and satiety, and the gut influences the modulation
of social behavior, emotion, stress response. The picture has become more completed with
the study of gut microbiota, which includes vast ecosystems composed of an exorbitant
number of microbes, including viruses, fungi, bacteria. They have several important
roles in digestion, metabolism, vitamin, and short-chain fatty acids (SCFAs) synthesis,
and immune regulation. Numerous neuroactive substances are released from the micro-
biota and, through blood circulation and ascending autonomic nervous fibers (vagus nerve
particularly), reach the brain. Those substances are neurotransmitters (GABA, dopamine,
noradrenaline, acetylcholine); SCFAs, including acetate, butyrate, propionate, and lactate;
bile acids and tryptophan metabolites. Furthermore, the intestinal mucosa harbors a large
portion of the immune system, called the mucosal immune system, which interfaces with
the microbiota, controlling its potentially pathogenic strains. An excessive presence of
the latter can cause an inflammatory response, which can be increased by an alteration of
the intestinal barrier. Stress, with cortisol overproduction, makes the intestinal wall more
permeable to microorganisms (leaky gut) increasing pro-inflammatory cytokines which
can then signal to the brain via circulatory and autonomic systems [41].

The Gut-brain axis is, therefore, more correctly referred to as the microbiota-gut-
brain axis. Intestinal microbiota alterations have been related to mood disorders, anx-
iety, and depression, and also to Schizophrenia, Bipolar disorder, Anorexia nervosa,
and other neuropsychiatric diseases such as Alzheimer’s, Parkinson’s, Autism, and Multi-
ple Sclerosis [42].

According to a recent review, the gut microbiota of patients with Major Depression
Disease (MDD) shows profound taxonomic changes associated with increased bacterial
pro-inflammatory products, reduced Short Chain Fatty Acids (SCFAs) synthesis, impaired
intestinal barrier integrity, and altered neurotransmitter production [43].

Scientific research about butyrate, a short-chain fatty acid metabolite derived from
intestinal bacterial fermentation of dietary fibers, has demonstrated that it improves learn-
ing and memory in animal models through molecular epigenetic changes in histone tails.
Experimental models provided by Leclercq et al. show that the transplantation of gut
microbiota from alcoholic patients to germ-free mice reduces b-hydroxybutyrate synthesis
and affects hepatic and adipose tissue metabolism resulting in neurological and behavioral
alterations in recipient mice [44]. In summary, an anti-inflammatory diet, like the Mediter-
ranean diet [45], can beneficially influence mental health by modulating inflammation,
oxidative stress, metabolites microbiota-based, and other pathways that from peripheric
systems reach to the brain.

5. Nutraceutical and Diet Supplements
5.1. Probiotics

Dynan (2103) proposed to classify probiotics affecting mood and cognitive state as psy-
chobiotics [46]. Recently [47], has been proposed to include all probiotics and prebiotics that
influence microbiota-brain relationships in the class of psychobiotics. The microorganisms
recognized as agents with psychotropic function are: including Streptococcus thermophiles,
Bifidobacterium animalis, Bifidobacterium bifidum, Bifidobacterium longum, Streptococcus ther-
mophiles, Lactobacillus bulgaricus, Lactococcus lactis, Lactobacillus acidophilus, Lactobacillus
plantarum, Lactobacillus reuteri, Lactobacillus paracasei, Lactobacillus helveticus, Lactobacillus
rhamnosus, and others [48].

A clinical study showed that four weeks of therapy with Bifidobacterium longum-based
probiotics reduced anxiety and stress, improved cortisol secretion and visuospatial memory
in 22 healthy volunteers [49].

In a randomized controlled trial with a placebo, the consumption of 3 g/day of oral
suspension containing nine probiotic strains for 12 weeks significantly reduced anxiety in
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subjects with inflammatory risk factors [50]. However, in order to confirm these preliminary
results, more numerous randomized controlled trials (RCTs) are needed.

The Cryan and Dinan group recently conducted a systematic review and detected
nine RCTs. Four RCTs included patients with schizophrenia, five RCTs patients with
depression, and one RCT patient with generalized anxiety disorder (GAS). The authors’
analysis concludes that, although with low effect size, probiotics could improve depressive
symptoms and anxiety, without significate results for schizophrenia.

A meta-analysis including ten clinical trials and 685 participants was conducted to
study the effectiveness of probiotics on participants under stress conditions or with a
depression or anxiety diagnosis [51]. Subgroup analysis showed that probiotics were
effective on depressive symptoms just in patients with depression, instead no significant
changes were observed under stress elicitation and in anxiety patients.

Conversely, a systematic review and meta-analysis of RCTs including 1146 volunteers
revealed that probiotics can mitigate subjective stress, but more evidence from clinical trials
is needed to confirm these results [52].

In conclusion, probiotics hold promise as an adjunct to the treatment of mental disor-
ders, depression in particular, while there is much less evidence for anxiety and symptoms
stress-related.

5.2. Fish Oil

The long-chain polyunsaturated fatty acid (LCPUFAs) omega-3 family is the most
abundant fatty acid type in fish oil. Meta-analyses showed that, in people with depression
and other psychiatric disorders, there is a reduction in LCPUFAs in the cell membrane [53].
Some randomized controlled trials give a net superiority of omega-3 over placebo (olive
oil) [54], while a Cochrane Review does not draw a definitive conclusion because, it ar-
gues, although the statistical superiority of omega-3 is evident compared to the placebo,
the clinical significance of these results is not yet clear [55]. However, recently the In-
ternational Society for Nutritional Psychiatry Research (ISNPR) has reached the highest
agreement on the statement for omega-3 PUFAs oral supplementation, recommended it as
an adjunctive treatment for adults diagnosed with MDD [56].

Fish oil has also been tested in the treatment of other mental disorders, such as
schizophrenia, which is characterized by high comorbidity of metabolic disorders and low-
grade inflammation. A 12-weeks randomized controlled trial tested the efficacy of omega-3
fatty acid in reducing triglyceride levels and TNF-α cytokine among 80 patients with both
schizophrenia and metabolic syndrome who were taking olanzapine in monotherapy [57].
Subsequently, the same research team showed that fish oil supplementation provided bene-
ficial effects on cognitive function in patients comorbid with schizophrenia and metabolic
syndrome. The clinical feature is paralleled by an enhanced brain-derived neurotrophic
factor (BDNF) and reduced TNF-α levels [58].

There are promising findings in experimental research on omega-3 fatty acids admin-
istration in several psychiatric disorders, including major depression, bipolar disorder,
personality disorders, high-risk subjects to psychotic event, attention-deficit hyperactiv-
ity disorder, and autism spectrum disorders. Initial findings in this field are promising
according to a recent systematic review [59].

Fish oil has been investigated in the prevention of the first psychotic episode (FEP). G.
Paul Amminger, Vienna University, actually at Centre for Youth Mental Health,
The University of Melbourne, in the last decade led to a series of clinical and laboratory
studies. A first RCT demonstrated a reduction in conversion into the FEP of ultra-high-risk
(UHR) subjects treated with fish oil supplementation [60]. A significant reduction of the
risk for transition to psychosis and psychiatric morbidity in general, with a prolonged
median time of 6.7 years, was observed [61]. In a subsequent RCT including 304 patients,
fish oil adjunct to good-quality psychosocial treatment showed no evidence of superior
efficacy for ω-3 PUFAs. The outcome’s analysis was equally positive in both ω-3 PUFA
and placebo groups, with low transition rates and overall symptomatic improvement [62].
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However, the analysis of erythrocyte PUFA levels in the omega-3 group showed that n-3
index (derived from n-6: n-3 ratio, docosahexaenoic acid (DHA), and eicosapentaenoic acid
(EPA) level) negatively correlated with psychopathology scores, as well as with psychotic,
depressive and manic symptoms [63].

Deficiencies in membrane PUFAs, in particular the omega-3 (n-3) series, can drive to
poor control of cerebral inflammation, contributing to molecular processes underlying psy-
chotic disorders. This inflammation-related molecular evidence deserves further research
and clinical trials.

5.3. Zinc

This mineral is a necessary component of the synthesis of hundreds of enzymes and
other proteins. It is required for the correct structure and maintenance of cell membranes
and is involved in the regulation of the immuno-neuro-endocrine network. One of its
deficits creates neurological problems, among others. Zn deficiency affects almost 17% of
the global population [64]. In a Japanese study, about 20% of the elderly and over a third of
children under the age of 4 had a zinc deficiency [65]. Depressed and older patients [66],
have a reduction in zinc levels in their blood. Studies on animal models and, in the last
ten years, human studies have documented the efficacy of zinc supplementation in associa-
tion with standard treatment [67] or even in monotherapy [68]. The mechanism of action of
zinc appears to be as a glutamate antagonist at the NMDA receptor level and so in this way,
it increases BDNF, neural plasticity, and neurogenesis. However, cerebral zinc homeostasis
is crucial because zinc high level is associated with neurodegenerative diseases [69].

5.4. N-Acetylcysteine (NAC)

This molecule has a potent antioxidant effect since it enters into synthesis with glu-
tathione, the main tripeptide antioxidant at the cytoplasmic level in cells. Glutathione
(GSH) plays a relevant role in the brain as an antioxidant. Recently, low GSH levels have
been observed in several psychiatric diseases, including stress-related psychopatholo-
gies [70]. NAC has been used with positive effects in several psychiatric disorders
(i.e., depression, schizophrenia, bipolar disorder, and obsessive-compulsive disorder
(OCD)). In an RCT involving OCD patients, N-acetylcysteine was given to one group
(NAC, 2 g per day) in addition to the antidepressant fluvoxamine for 10 weeks; another
group took the same antidepressant along with a placebo. The recording of symptoms at
four, eight, and ten weeks showed a statistically significant reduction in symptoms in the
NAC group compared to the placebo [71]. Other RCTs have documented moderate efficacy
of NAC. The N-acetylcysteine treatment reaches clinical benefit in some cases of refractory
OCD reducing anxiety symptoms in treatment-resistant OCD patients [72]. As remarked
by the recent position statement by the International College of Obsessive-Compulsive
Spectrum Disorders, NAC is involved in the modulation of glutamate signal implicated in
the pathogenesis of OCD [73].

An RCT on approximately 250 patients with depression showed that, after 16 weeks
of treatment, adding 2 g per day of NAC to standard treatment (pharmacological or
psychotherapeutic) produces effects superior to the placebo [74]. A systematic review of
NAC warns that further confirmations are needed to definitively conclude on the efficacy
of the amino acid in the treatment of depression [75].

Systematic review and meta-analysis of RCTs recently showed that N-acetylcysteine
seems to reduce Clinical Global Impression-Severity Scale (CGI-S) score, although no
specific improvements in symptoms have been assessed [76]. More human research is
recommended because animal research continues to document the beneficial effects of
NAC on depressive and anxiety behaviors [77].
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5.5. Vitamin D

Low levels of vitamin D have been found in studies in depressed patients [78].
The first controlled studies showed that improving the levels of the vitamin in the blood,
also improves the mood and well-being of young and old [79].

A prospective study on 139,128 adults included in the UK Biobank found the associa-
tions between low serum vitamin D level at the baseline (years 2006–2010) and new-onset
depression at the follow-up period in 2016 [80].

Association between gestational and post-partum depression has been investigated.
A systematic review of multicenter studies comprising 8583 women found that Vitamin D
deficiency is a risk factor that predisposes to gestational and postpartum depression [81].
Vitamin D supplementation could therefore represent a promising therapy for reducing
depressive symptoms in women during the peri-partum period.

6. Physical Activity

It has been estimated that physical activity leads to several benefits such as an im-
provement in glucose metabolism and a lower risk of many cardiovascular diseases [82].
Moreover, researchers described a positive effect of exercise on psychological symptoms
and psychiatric disorders [82]. Relatedly, Guidelines have been developed by numerous
scientific societies and authorities, such as the UK Royal College of Psychiatrists [83],
European Psychiatric Association, which recommend “structured exercise training as an
effective first-line treatment option for moderate depression, and as adjunctive intervention
for improving symptomatic recovery in several mental illness” [84]. Two recent meta-
review, that is, which examined the meta-analysis and systematic reviews of controlled
studies, have concluded that there is “convergent evidence indicating the use of physical
activity in primary prevention and clinical treatment across a spectrum of mental disor-
ders” [85], including depression, anxiety, attention-deficit hyperactivity disorder (ADHD),
substance use disorder, and reduction schizophrenia symptomatology [86].

The combination of meditation and movement, which is widespread in oriental
traditions, is of great interest. One example of this is Tai Ji Quan; however, it can also be
practiced by applying meditative techniques such as concentration and focusing on normal
physical exercise. Experiences in this sense are being carried out on patients who present
high levels of anxiety or uncontrolled emotions and also lack of fluidity of movement [87],
and depression [88].

Several theories tried to explain the mechanisms through which physical activity
acts on mental health. For instance, regular physical activity has high scientific evidence
of modification in the brain of three essential neurotransmitters: dopamine, serotonin,
and norepinephrine. At the same time, cannabinoids and brain growth and plasticity factors
(IGF-1) reach the brain, having entered the bloodstream through muscular contraction.
A finding established by research on animals as well as humans is the increase in brain-
derived nerve factor (BDNF), which has antidepressant and nerve-plasticity stimulating
functions [89].

According to other biologic hypotheses, the thermogenic one, the increase of temper-
ature in certain brain region after exercise is involved in the reduction of muscle tension
leading thus relaxation and lower anxiety levels [90]. Other authors stated that, in biologi-
cal terms, exercise acts like an antidepressant medication; in this context, habitual physical
activity decreases the levels of stress hormones produced by the HPA axis contribut-
ing to ameliorate depressive symptoms and reduce the stress reactivity [91]. However,
physical activity must be managed with caution since it could lead to negative effects
(e.g., vulnerability to infections, behavioral and psychological disorders) when it is prac-
ticed in a compulsive and addicted way [92]. This is particularly true in patients with eating
disorders, in which exercise is driven by body dissatisfaction and general body image
alterations. Indeed, Riva and colleagues (2021) described a worse clinical picture in patients
with acute anorexia nervosa who practiced high physical activity compared to patients
without habitual exercise [93]. However, if controlled and added to treatment protocols,
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physical activity could be effective even on core features of eating disorders (e.g., body
dissatisfaction, drive for thinness), as shown by Balciuniene and colleagues (2021) [94].
Moreover, physical activity can be effectively added to psychotherapy and nutritional
protocols for patients with obesity and binge eating disorders [95]. To conclude, physical
activity could represent an effective and economic tool to promote psychological wellbeing,
especially in the case of depressive and anxious symptoms, on which the scientific evidence
is prevalent.

7. Stress Management and Psychological Interventions

Stress is a physiological response of the organism, multisystemic and integrated,
to any need: of a biological nature (e.g., viral infection), and of a mental nature (emotional
and/or cognitive). A response that in the short term (acute stress) promotes dynamic
phenomena of adaptation of the organism to the most varied environmental conditions but
which, if it occurs too frequently and/or for long periods (chronic stress), and most impor-
tantly, if the stress is beyond our ability to control (coping), can have long-lasting dysfunc-
tional effects on different biological systems (nervous, immune, endocrine and metabolic)
and pathological consequences on various organs and systems (allostatic load) [96].

Prolonged stress leads to hypotrophy and reduced activity of the Prefrontal Cor-
tex, a key brain structure implied in working memory, context appraisal, executive,
and self-regulatory functions. Hippocampus, which is crucial for memory, mood,
and Hypothalamus-Hypophysis-Adrenal (HPA) axis regulation, can be injured by chronic
stress via cortisol exposure [97]. Moreover, multiple adverse events during lifespan cor-
relate with th reduction of many brain areas involved in emotions regulation, like the
medial prefrontal cortex, anterior cingulate cortex, and insular cortex. These morpholog-
ical and functional changes in neural circuits enhance long-term risks for psychopathol-
ogy occurrence, in particular depression, anxiety, post-traumatic stress disorder (PTSD),
and addiction [98]. Research on neurobiology of psychiatric diseases evidences structural
remodeling of the hippocampus and PFC, as well as clinical conditions characterized
by chronic stress often associated with cognitive deficits, dysregulated cortisol secretion,
altered metabolic signals, and immune imbalance which finally result in inflammation [99].
Epigenetics is regarded as a molecular pathway mediating the transduction of chronic
stress into multiple potential patterns of gene expression [100]. Epigenetic signature of
HPA axis, namely the gene coding for the glucocorticoid receptor (NR3C1), as well as the
signature gene coding NFkB, main inflammatory intracellular pathway, and other signa-
ture genes related to neurotransmitters (serotonin, GABA) and neurohormone (oxytocin),
neuropeptide (BDNF), enzyme (mono-amino-oxidase A, MAO-A), it is thought to be some
of the molecular mechanism underlying the pathogenesis of the psychiatric disorder.

Research in this field is growing. A recent study compared methylation levels of
the oxytocin receptor gene in patients with obsessive compulsive disorder (OCD) and
healthy controls. Increased methylation was found in the OCD group. In this group,
hypermethylation was associated with stressful life events. Interestingly, even in healthy
controls, childhood adversities were linked to increased methylation of the oxytocin re-
ceptor gene [101]. Therefore, early life stress and major life stress events can produce a
decrease in gene expression of the oxytocin receptor with alteration of the neurohormone
signal, which is essential for social relationships.

When psychological and mind-body interventions work, it not only improves the
mental state and well-being of the person but changes the epigenetic signatures [102].
It has been deeply described the mechanistic pathways involved in epigenetic reversion of
HPA axis activity and in the down-regulation of inflammatory transcriptional response
(mainly via NF-kB) that underpin the ability to respond effectively to stress, thus improving
resilience and clinical and biological recovery of both mood and immunity balance [103].
It has been demonstrated a reduced methylation of the BDNF gene, thus leading to en-
hanced gene expression, in patients with eating disorders who undergo behavioral therapy
sessions, and this correlated with clinical improvement of specific symptoms. In patients
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with PTSD, Prolonged Exposure Therapy (PET) leads to neurobiological responses which
can be measured through epigenetic modifications in key stress-related genes. In fact,
in greater responders to psychotherapy intervention, there is a significant reduction in
methylation of the GR gene (NR3C1) that directly correlates with higher baseline levels
of cortisol (frequently low in PTSD), and a decrease in cortisol reactivity under stress
tasks [104,105].

A growing body of research has investigated the effects of mind-body therapies
(MBTs), like meditation, tai chi, qi gong, yoga, on biological markers of mind inflammation.

A seminal review by Bower and Irwin [106] which have included 26 trials, con-
firmed the anti-inflammatory effects of MBTs on circulating markers of inflamma-
tion, such as c-reactive protein (CRP). Two controlled studies PNEIMED (Meditation
Psychoneuroendocrineimmunology-based), in healthy middle-aged and young volunteers,
showed a reduction of salivary cortisol under basal and stressful conditions [9,107].

A field of growing interest concerns cellular aging as measured by the length of
telomeres, which are the end cap of chromosomes. Telomeres give stability to the genetic
material contained in chromosomes. A shortening of the telomere length is a marker
of cellular aging, exposing it to aging-related diseases, including cancer, autoimmunity,
and depression.

A systematic review, which investigated the effects of meditation on telomere length,
found positive effects on telomere length of two randomized controlled trials and three
case control studies of high and moderate quality, although only one randomized trial and
one case control study obtained statistical significance [108].

Recently, a systematic review and meta-analysis of RCTs regarding the effects of
psychosocial interventions on the immune system [109] found that, across 56 RCTs and
4060 participants, psychosocial interventions, including Cognitive Behavioral Therapy and
other psychotherapy, are associated with a reduction of inflammatory markers and an
increase of antiviral immunity.

8. Conclusions

In conclusion, the regulation of stress and its impact on the brain is central to the
physical and mental health of the individual. While medicine has a clear understanding
of the use of drugs to treat people, much scientific evidence points to the central role of
nutrition, exercise, and stress management in personal care. In close connection with the
immune system and the brain, the HPA axis is crucial for the balance between physiological
reactivity and distress. Chronic alterations of this system, epigenetic modification, stress
management anomalies, inflammatory nutrition, dysbiosis, sedentary lifestyle should be
considered in the health promotion and the treatment of mental disorders.
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