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ABSTRACT
Depressive disorder is a widespread psychological condition. It a-ects approximately 5. of 
adults globally. Untreated depression can compromise the quality of life in all its aspects, lead-
ing to deterioration of physical health or even suicide. Currently, the recommended treatment 
is pharmacological therapy, however, not all patients respond to traditional methods, and 
drug treatment is related to many undesirable side e-ects. While antidepressants remain the 
gold standard, non-pharmacological treatment methods are gaining popularity and recogni-
tion in Western medicine. While these methods are not always available as a substitute for 
pharmacotherapy, they can complement and enhance the therapeutic e-ects. In this paper, 
we will cover the newly researched, holistic methods of non-pharmacological treatment of 
depression, including physical exercise, dietary adjustments, psychedelics, or mindfulness, 
as well as the commonly accepted techniques, such as psychotherapy, electroconvulsive 
therapy, or deep brain stimulation. /is review aims to present alternative treatments for 
depression and o-er insight into the complex topic of improving quality of life and obtain-
ing general well-being.

Keywords: depression, depression treatment, depressive disorder, non-pharmacological 
treatment of depression, depression management

STRESZCZENIE
Depresja jest szeroko rozpowszechnionym zaburzeniem psychicznym. Dotyka około 5. do-
rosłych na całym świecie. Nieleczona depresja może pogorszyć jakość życia we wszystkich 
jego aspektach, prowadząc do pogorszenia zdrowia fizycznego, a nawet samobójstwa. Obecnie 
zalecanym leczeniem jest terapia farmakologiczna, jednak nie wszyscy pacjenci reagują na 
tradycyjne metody, a leczenie farmakologiczne wiąże się z wieloma niepożądanymi skutkami. 
ubocznymi. Podczas gdy leki przeciwdepresyjne pozostają złotym standardem, niefarmakolo-
giczne metody leczenia zyskują coraz większą popularność i uznanie w zachodniej medycynie.

Chociaż metody te nie zawsze są dostępne jako substytut farmakoterapii, mogą one uzu-
pełniać i wzmacniać efekty terapeutyczne. W niniejszym artykule, omówimy nowo zbadane, 
holistyczne metody niefarmakologicznego leczenia depresji, w tym ćwiczenia fizyczne, do-
stosowanie diety, psychodeliki lub uważność, jak również powszechnie akceptowane techniki, 
takie jak psychoterapia, terapia elektrowstrząsowa czy głęboka stymulacja mózgu.
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Niniejszy przegląd ma na celu przedstawienie alternatywnych metod leczenia depresji i za-
oferowanie wglądu w złożony temat poprawy jakości życia i uzyskania ogólnego dobrostanu.

Słowa kluczowe: depresja, leczenie depresji, zaburzenie depresyjne, niefarmakologiczne 
leczenie depresji, zarządzanie depresją

Introduction
Depressive disorder also known as depres-
sion is a common psychiatric disorder which 
includes symptoms such as low mood, loss 
of energy, problems with sleeping, suicidal 
thoughts and reluctance to perform daily activ-
ities. Depressive episodes which last for at least 
two weeks di-er from regular mood changes 
or grief periods and significantly reduce the 
quality of life. Depression has a major influence 
on both personal life and work environment 
due to visible lack of pleasure and interest in 
undertaking new or familiar activities.

 /e factors which contribute to becoming 
depressed have biological, psychological and 
social background. /ough some people for 
example victims of sexual abuse or people 
su-ering a bereavement are more likely to fall 
into depression, it can betide anyone.

It is estimated that worldwide 3.8. of 
the population that is approximately 280 
million people su-er from depression. /ere 
is a higher percentage of depressed women 
(6.) and slightly lower of depressed men (4.). 
Depression can ultimately lead to suicide and 
is responsible more than 700 000 deaths every 
year (Depressive Disorder (Depression), no date).

Aim
/e aim of this systematic review is to explore 
unstandardized methods of depression treat-
ment since &0–30. of patients are drug-resist-
ant. Moreover, 63. of depression patients don’t 
respond well to pharmacological treatment 
and the prevalence of side e-ects is high. /is 
paper comprehensively analyses the approved 
non-pharmacological treatment methods as 
well as the alternative approaches as they 
have gained importance in terms of social and 
cognitive aspects.

Materials and methods
/is systematic review paper was wri)en 
according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA). /e eligibility criteria were as 
follows. We included studies that investi-
gated non-pharmacological treatments for 
depressive disorder, irrespective of the patients’ 
nationality, age (adolescents, adults, elderly), 
or gender. Inclusion of all groups underlined 
the importance of assessing success rates for 
all non-pharmacological treatment methods 
mentioned as depression is a widespread 
disease. To ensure the review captured a broad 
range of approaches, studies using both human 
and animal models were considered. Animal 
studies were considered only if they were used 
to test the e8cacy of certain non-pharmacolog-
ical depression treatments. /e inclusion crite-
ria specified that only publications in English 
or Polish were eligible. Types of works chosen 
included: meta-analyses, reviews, systematic 
reviews, books, guidelines. Case reports were 
excluded from the selection criteria. Works 
were primarily chosen according to their title 
and/ or abstract. /en, an in-depth analysis 
of full text or certain sections was made by 
each member of the team. No tools were used 
for text screening. Initially, a 5-year publica-
tion window (20&9 onwards) was applied, 
but due to the established nature of certain 
treatments (e.g., TMS, ECT), earlier studies 
were also included ((96), (9)), (985, (995, 
(99), (998, !000, !00(, !00!, !003, !004, !005, 
!006, !00), !008, !009, !0(0, !0((, !0(!, !0(3, 
!0(4, !0(5, !0(6, !0(), !0(8). /is allowed for 
a comprehensive examination of both recent 
advancements and foundational research. 
Only published manuscripts were eligible 
for inclusion. /e search strategy included 
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finding sources in PubMed and Google Scholar. 
/ese databases were chosen as they serve 
as reliable sources of medical knowledge. 
Additionally, a scientific journal Psychiatria 
Polska was searched through as it provides 
valuable knowledge in the field of psychiatry. 
All sources chosen provide insightful pieces of 
knowledge about non-pharmacological treat-
ment methods for depressive disorder. As the 
scope of our systematic review is broad, many 
di-erent papers researching various topics 
had to be used. All databases were searched 
manually by 5 independent people. A9er initial 
screenings, the final selection was discussed 
and agreed upon by the entire research team 
to ensure consistency and thoroughness. No 
so9ware was used to aid with the data collec-
tion process.

Results
1. Approved Non-pharmacological Treat-

ment Methods
Electroconvulsive therapy
Electroconvulsive therapy (ECT) is widely 
recognized as one of the most e-ective treat-
ments for psychological disorders. It is used to 
treat depression, schizophrenia, bipolar manic 
states, schizoa-ective disorder, schizophreni-
form disorder, and catatonia. (Kellner et al. 
20&2). Its e8ciency has been proven through 
multiple studies, (Rosenquist et al. 20&8; Lex 
et al. 202&) and it has remained one of the most 
powerful tools in depression management, 
despite the cultural stigma. ECT originated 
in the 20th century and the principles of this 
technique have not been significantly modi-
fied since (Leiknes et al. 20&2). ECT is based 
on brain stimulation treatment, achieved by 
applying an electrical charge through the 
brain to induce a seizure lasting around 30 
seconds (Kirov et al. 202&). /e procedure is 
conducted under controlled clinical conditions, 
using general anesthesia along with muscle 
relaxants. /e recommended duration of the 
treatment is 6–&2 sessions, scheduled two or 
three times per week, although these numbers 
can be adjusted depending on the severity 
of the case (/irthalli et al. 2020). Research 

on the molecular level has provided insight 
into the mechanism of ECT, with the forma-
tion of several theories on the basis of action. 
/e monoamine neurotransmi)er theory 
suggests that ECT works by increasing the 
levels of serotonin and norepinephrine, which 
improves neurotransmission and provides an 
antidepressive e-ect (Youssef et al. 20&8). /e 
neuroendocrine theory entails the e-ect of 
pituitary and hypothalamic hormones, which 
 are released upon brain stimulation. /e anti-
convulsant theory ties ECT e-ectiveness to its 
anticonvulsant nature. /is statement could 
 be supported by the fact that there has been 
noted an increase in seizure threshold and 
decrease in seizure duration, as the treatment 
progresses (Kellner et al. 20&2). /e neuro-
trophic theory suggests that ECT enhances 
neurogenesis and neurotrophic signaling in the 
brain, which has  been proven by a recording 
of raised levels of neurotrophic factors, both 
in animals and humans (Takamiya et al.:20&7). 
Despite its e-ectiveness, ECT does involve risk. 
Seizures, although controlled, can negatively 
impact the function of cardiovascular, pulmo-
nary, and central nervous system, therefore 
testing  is needed before initiating the treat-
ment (Kellner et al. 20&2). /e most dangerous 
side e-ect of ECT is impairment of cognitive 
function and memory loss. /ese deficits can 
vary in severity and duration, and they can 
negatively impact quality of life (Lex et al. 
202&; Kirov et al. 202&). Research has proven 
that adjusting the frequency and intensity of 
treatments can mitigate the negative e-ects 
(/rithalli et al. 2020). While the side e-ects 
could lead to deterioration of general health, 
ECT is a great solution, especially for patients 
dealing with treatment-resistant depression. 
In a meta-analysis of 34 studies, the calculated 
response rate reached 60.5. and a remission 
rate of 47.8. (Van Diermen et al. 20&8).

Psychotherapy
Psychotherapy has become the o8cially 
accepted non-pharmacological treatment for 
depression. It is believed that the e-ective-
ness of psychotherapy for personality 
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disorders, anxiety or depression is compara-
ble to the e-ect of drug treatment (Olano 
et al. 2022). /e exception is severe depression, 
in which drug treatment in combination with 
psychotherapy has be)er results. /ere are 
many types of psychotherapy, (Wienicke et al. 
2023) they are behavioral-cognitive, psycho-
analytic, existential-humanistic, systemic 
and psychodynamic therapy. Each type of 
psychotherapy focuses on di-erent parts of 
the complex picture of the patient’s psycho-
social and personality problems. /e choice 
of therapy is individual, depending on the 
needs and preferences of the patient. Patients 
diagnosed with depression are most o9en 
referred to psychodynamic therapy or behav-
ioral-cognitive therapy. Psychodynamic 
therapy (Pearce et al.:2022) is based on the 
principle of an interpretive and supportive 
continuum (Ribeiro et al. 20&7; Porcelan and 
Scribner 2022). Interpretive interventions 
allow the patient to gain insight into his 
behavior and reduce the repetition of his 
problems. Provisional insight enhancement 
intervention is an interpretive intervention 
that makes unconscious impulses, defense 
mechanisms (Ribeiro et al. 20&7) and wishes 
conscious. Reinforcement intervention 
involves strengthening abilities that are 
unavailable to the patient as a result of acute 
stress, (Porcelan and Scribner 2022) or have 
not been fully developed. Psychodynamic 
psychotherapy allows patients to be)er 
understand themselves, their behavior and 
emotions. As a result, patients become more 
aware of their actions and the decisions they 
make. It also a-ects the formation of rela-
tionships with other people. /is happens 
thanks to the transfer of what lies in the 
human unconscious into consciousness. 
Depending on the patient’s condition, 
a distinction is made among psychodynamic 
therapy, short-term therapy lasting up to 25 
sessions and long-term therapy, which is 
be)er at preventing relapse. An extremely 
important aspect is the patient’s relationship 
with the therapist, as this is the only way to 
see the unaware patient. In psychodynamic 

psychotherapy, an important point is the 
phenomenon of transference; that is, the 
identification of the therapist with a close 
person in whose life the patient had confi-
dence. /en all gestures and words of the 
therapist are associated with this imagined 
person, which triggers various emotions in 
the patient. /ese emotions are a starting 
point and can lead to changes in how the 
patient feels about other relationships. /ere 
are many empirical studies that support the 
e-ectiveness of psychodynamic therapy 
(Ribeiro et al.:20&7). A growing body of 
evidence shows that the positive changes 
achieved intensify a9er therapy ends. On 
the other hand, it is not a healing modality 
for everyone, (Olano and Rosenbaum 2022) 
as many do not improve or achieve only 
limited e-ect. Brief psychodynamic therapy 
is implemented when five criteria are met: 
limited time, limited goals, maintaining focus, 
high therapist involvement (Porcelan and 
Scribner 2022) and rapid intervention. 
Because of the limited therapy time, the 
therapist should adapt and overcome unfore-
seen challenges and quickly build a relation-
ship with the patient. During the session, the 
therapist should take the right a)itude 
towards therapy. It should be remembered 
that the patient-therapist relationship is 
extremely important during therapy and 
should be a priority during treatment. Despite 
the many controversies about psychodynamic 
therapy, (Ribeiro et al.:20&7) its impact on the 
treatment of depression is growing. /e e-ec-
tiveness of psychodynamic therapy in the 
treatment of depression is comparable to 
that achieved in drug treatment (Olano and 
Rosenbaum 2022). Behavioral-cognitive 
therapy is the best researched therapeutic 
strategy for any mental disorder. It has been 
confirmed by a very large number of studies. 
/e e-ectiveness of this type of therapy is 
equal or even greater compared to pharma-
cotherapy. It is believed to result in a more 
durable response compared to drug therapy 
(Sudak 20&&; Gautam et al. 2020) and may 
protect against relapse. /e therapeutic 
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concept of behavioral-cognitive coping with 
depression consists of three stages: focusing 
on automatic thoughts, depressogenic cogni-
tive styles, and focusing on the way the person 
relates to others; and the behavioral changes 
necessary to enable the individual to move 
out of the problematic situation (Powell et al. 
2008). An important aspect of therapy, as in 
psychodynamic therapy, is the relationship 
between patient and therapist. /e therapist 
acts as a teacher, working together with the 
patient to achieve the therapy goal and func-
tional thinking, which should result in posi-
tive reinforcement and social interactions 
(Powell et al. 2008; Sudak 20&&). /e facilita-
tor aims to change behavior, which is likely 
to improve the patient’s mood, appetite or 
sleep quality. Because of patients’ memory 
problems and slowed thinking, therapy 
includes summarizing important points 
discovered during sessions. An important 
component of behavioral-cognitive therapy 
is behavioral activation (Sudak 20&&). Its 
main goal of enabling patients to cope with 
negative symptoms. /ese strategies focus 
on engaging the patient, obtaining relevant 
information for therapy and alleviating symp-
toms. /ey are individualized (Powell et al. 
2008) for each patient. Another benefit of 
behavioral activation is the restoration of 
the patient’s correct thought pa)erns, which 
are associated with withdrawal and avoid-
ance. Patients think that life has no meaning, 
they have no energy, they are afraid to take 
risks for fear of failure. In this case, it is very 
important for the therapist to instruct the 
patient and help him or her engage in the 
activity. When the patient has been given 
behavioral activation, the therapist empha-
sizes the cognitive aspect. /is helps patients 
change the beliefs and behaviors that trigger 
a certain state (Sudak 20&&) and identify 
automatic thoughts. A very important advan-
tage of cognitive therapy is that the patient 
is active in his own treatment. /is involves 
the patient finding negative thoughts on his 
own and seeking alternatives for them. He 
finds distorted perceptions and learns about 

the factors that contribute to the mainte-
nance of depressive behavior (Powell et al. 
2008). Cognitive-behavioral therapy is usually 
associated with ;homework’, Patients are 
assigned tasks to complete outside of sessions. 
/is is because the essence of learning new 
skills is practice and must be repeated (Chen 
et al. 2009) before they are automatically 
accepted. It has been proven that patients 
who use skills learned during therapy are 
less likely to relapse. About 70 percent of 
mental disorders already surface before the 
age of 25 and, if not treated e-ectively, can 
progress to a chronic state. People between 
the ages of &8 and 25 are much more likely 
to su-er from mental health disorders, as 
they are more likely to become addicted to 
psychoactive substances (Ritivo et al. 202&) 
and have suicidal thoughts. /e online 
communication skills of adolescents have 
been used in treatment, where they can take 
classes to treat depressive disorders. A rand-
omized controlled trial was conducted 
comparing behavioral-cognitive therapy 
combined with standard psychiatric care in 
adolescents taking place online versus 
conventional psychiatric care in adolescents 
aged &8–30 with diagnosed depressive disor-
ders (Ritivo et al. 202&). All participants 
received classical psychiatric care, that is, 
one session per month, while participants in 
the experimental group received an additional 
intervention consisting of online so9ware. 
/e results obtained confirm that adolescent 
depression (Ritivo et al. 202&) can be e-ec-
tively treated with online so9ware therapy. 
/is means that all possible and proven 
therapies must be used so that as many 
patients as possible have the opportunity to 
recover from depression.

Vagus nerve stimulation
Stimulation of the cervical vagus nerve to 
treat brain diseases is supported by both 
anatomical and functional traits. /e vagus 
nerve contains both sensory a-erent fibers 
and e-erent motor fibers. /e visceromotor 
e-erent fibers originate in the dorsal motor 
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nucleus of the medulla, while the sensory 
a-erent fibers terminate in the nucleus trac-
tus solitarius (NTS), also in the medulla.

/is dual structure allows vagus nerve stim-
ulation (VNS) to impact on various regions 
and functions in the brain. A-erent fibers 
carry sensory information to the brain. /ey 
also influence brainstem nuclei and higher 
brain structures. Di-erent fibers regulate 
autonomic functions, such as heart rate, lung 
function, and digestion. By these functions 
they indirectly a-ect brain activity. /ere-
fore, stimulating the cervical vagus nerve 
can potentially treat neurological a<ictions 
like epilepsy, depression, and inflammatory 
brain diseases by leveraging these pathways.

/e a-erent fibers of the vagus nerve use 
neurotransmi)ers such as substance P, calci-
tonin gene-related peptide and the excitatory 
amino acid L-glutamate. /e nucleus tractus 
solitarius (NTS) projects to several key areas:

 � Medullary motor nuclei.
 � Structures in midbrain: locus coeruleus (LC), 

dorsal raphe nucleus (DRN), brainstem in-
terneurons and parabrachial nucleus (PBN).

 � Forebrain regions such as the hypothala-
mus, amygdala, bed nucleus of the stria 
terminalis (BNST), and insular cortex.

 � What is more, nuclei like the LC and DRN 
project to limbic forebrain regions.
/us, brain areas implicated in depression-

related behaviors are innervated directly or 
indirectly, by projections from a-erent vagal 
fibers terminating in the NTS.

/e procedure of Vagus Nerve Stimulation 
(VNS) involves implanting a stimulation 
generator which is connected to bipolar elec-
trodes. /ey are positioned around the le9 
vagus nerve. Stimulation of the le9 vagus 
nerve, rather than the right, is preferred 
because of the less impact on heart rate. /is 
is used for treating conditions like treatment-
resistant depression (TRD) or epilepsy. /e le9 
vagus nerve innervates the atrioventricular 
node (AV). In contrast, the right vagus nerve 
innervates the sinoatrial (SA) node, which 
has a more significant e-ect on heart rate. 
Stimulation of the vagus nerves a-ects heart 

rate according to these specific innervations. 
/e bipolar stimulating electrode contains 
the cathode at the proximal lead and the 
anode at the distal lead. /is type of arrange-
ment simplifies action potential propagation 
towards the central nervous system by creat-
ing an anodal block at the distal lead.

In 2000, Elger et al. were the firsts who 
observed improvement of mood in patients 
with epilepsy. It was irrespective of their 
seizure reduction. /is study employed 
a double-blind, randomized comparison to 
measure the e-ects of various VNS doses 
without any control group (sham stimula-
tion). Despite the fact that the high doses 
were less tolerated, 70. to 75. of patients 
in this group reached their assigned dose. 
Comparable e8cacy was noted across all 
three dose groups. Following a 22-week treat-
ment period, response rates ranged from &0. 
to 20. in the low-dose group and &9. to 3&. 
in the high-dose group. Continued behavioral 
enhancement was observed over time, with 
25. of non-responders at 22 weeks exhibiting 
a response at 50 weeks. Notably, respond-
ers at 22 weeks, particularly those receiv-
ing medium or high doses, sustained their 
response up to 50 weeks. /e low-strength/
high-frequency group demonstrated superior 
outcomes. Additional prospective studies are 
warranted, especially because of the evidence 
suggesting frequency-dependent e-ects of 
VNS in patients. /e results can be provided 
by functional magnetic resonance imaging 
(fMRI) findings (Carreno and Frazer 20&7).

Single clinical observations of improved 
mood in patients with epilepsy, even in the 
absence of be)er seizure control a9er VNS 
implantation, led to a pilot prospective study 
of the e-ect of VNS on mood in epilepsy 
patients treated with a VNS device or antie-
pileptic drugs. In the VNS group, there was 
a significant improvement in mood at three 
months that appeared independent of any 
improvement in seizure control, suggesting 
that VNS had a distinct e-ect on depressive 
symptoms. /e same finding was reported 
independently in a European study conducted 
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around the same time in a group of patients 
with epilepsy (n:=:&&) with mild depression 
(O’Reardon et al. 2006).

However, despite promising e8cacy in 
treating depression, the surgical risks, high 
costs of the procedure and potential side 
e-ects make it less a)ractive and restrict 
access. (Ventureyra 2000; Fitzgerald 20&3). To 
overcome these barriers to the use of invasive 
VNS (iVNS), a non-invasive method of trans-
cutaneous vagus nerve stimulation (taVNS) 
has been developed that is a)racting more 
and more a)ention.

taVNS
Transcutaneous auricular vagus nerve stimu-
lation (taVNS) by emphasizing its anatomical 
and functional impacts on the brain can be 
used as a therapy for depression. /e research 
which was made by Peuker and Filler (Peuker 
and Filler 2002) identified that specific areas 
of the ear, such as the shells and tragus, are 
innervated by the auricular branch of the 
vagus nerve (ABVN).

/is branch has significant neural projec-
tions to the solitary tract nucleus, which 
connects to extensive regions of the brain 
that are involved in depression (Badran et al. 
20&8; Bu) et al. 2020).

Notably, taVNS has been shown to influ-
ence these brain regions similarly to invasive 
vagus nerve stimulation (iVNS).

Research indicates that taVNS can modulate 
activity in areas such as the orbitofrontal 
cortex, anterior cingulate cortex (ACC), dorso-
lateral prefrontal cortex, superior and medial 
frontal cortex, temporal cortex, parietal area, 
hemi frontal nucleus, and amygdala. /ese 
regions play essential roles in mood regulation 
and they are involved in onset of depression 
(Rush et al. 2005; Conway et al. 2006; Kraus 
et al. 2007; Dietrich et al. 2008; Kosel et al. 20&&; 
Frangos et al. 20&5; Kaczmarczyk et al. 202&).

/us, the modulation of these brain areas 
through taVNS suggests its potential as a non-
invasive therapeutic option for depression, 
o-ering similar benefits to classical iVNS 
without the need for surgical implantation.

Based on the findings of meta-analysis ‘/e 
e8cacy and safety of transcutaneous auricu-
lar vagus nerve stimulation in the treatment 
of depressive disorder: A systematic review 
and meta-analysis of randomized controlled 
trials’ it can be inferred that transcutaneous 
auricular vagus nerve stimulation (taVNS) has 
an e-ective and safe therapeutic e-ect from 
mild to moderate depression with comparable 
e8cacy to antidepressants. Nevertheless, it 
is imperative for practitioners and health-
care providers to exercise prudence in inter-
preting these results, because of low to very 
low quality of evidence. To establish a more 
robust foundation for the e8cacy of taVNS 
across di-erent types and severity levels 
of depression, further multicenter double-
blinded randomized controlled trials (RCTs) 
are warranted. /ese studies are essential 
for enhancing the quality of evidence and 
providing more conclusive insights into the 
therapeutic potential of taVNS in depression 
management (Tan et al. 2023).

Transcranial magnetic stimulation
Transcranial Magnetic Stimulation (TMS) 
is a non-invasive method used in neurology 
since &985 (Tan et al. 2023). It is considered 
as one of the alternative methods for treat-
ment-resistant depression (TRD) and has been 
approved by the Health Canada, U.S. Food and 
Drug Administration (FDA) and the National 
Institutes of Health (NIH) (Barker et al. &985). 
What is unique about TMS, amongst methods 
such as Vagus Nerve Stimulation or Elec-
tro convulsions, is that the procedure does 
not interrupt with the skull structure and is 
performed with a full consciousness of the 
patient (Holtzheimer et al. 20&4).

Over the years, several TMS methods have 
been developed, one example is the Repetitive 
TMS (rTMS). rTMS is a method that involves 
multiple signals over a short period of time 
[39]. International clinical trials proved safety 
and e8cacy of rTMS which allowed for imple-
mentation of this method as an alternative 
for pharmacotherapy in TRD (George et al. 
&995; Janicak et al. 2008; George et al. 20&0). 
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It usually targets the Dorsolateral Prefrontal 
Cortex (DLPFC) of the le9 hemisphere (Kout-
somitros et al. 202&) and it can depolarize 
or hyperpolarize certain cortical neurons 
(George et al. &995). In the procedure, an 
electromagnetic coil is placed on a patient’s 
scalp and short, but powerful (0.5–2 Tesla) 
magnetic fields are provided. /ey penetrate 
to the cortex inducing an electric current in 
neurons (Holtzheimer et al. 20&4). Coils used 
in rTMS vary in shape and can be planar, 
helmets or figures of eight (De Risio et al. 
2020). Additionally, various intensity and 
duration can be applied, but usually &0 Hz 
frequency is used over (Holtzheimer et al. 
20&4; Kim et al. 20&6; Koutsomitros et al. 202&) 
weeks in daily sessions (Perera et al. 20&6). 
rTMS was found to provide approximately 
30–40. remission rate for TRD in various 
studies (Koutsomitros et al. 202&). Animal 
model studies that investigate the impact of 
magnetic field on neurons have shown that 
it can increase levels of BDNF (Janicak et al. 
2008), influence motor learning and stimulate 
neural repair and axon outgrowth (Sherrard 
et al. 20&8; Dufor et al. 20&9) by the action 
of cryptochrome which is a magnetic sensor 
required in reinnervation. Meta-analysis 
done by Hao Li et al. exhibited a positive 
e-ect of rTMS on 48 adult patients with 
TRD (Li et al. 202&). rTMS was found to have 
an antidepressant e-ect also on adolescent 
patients. In a systematic review performed by 
He) et al., &4 studies were identified and all 
of them reported a reduction in depression 
scores in patients aged &4–25 (He) et al. 2020).

/eta Burst Stimulation (TBS) is an alterna-
tive method based on the TMS protocol. TBS 
has been proposed in 2005 and it involves 
lower intensity of impulses and decreased 
stimulation time. TBS, similarly to TMS, 
targets the DLPFC region of the brain. /ere 
are three types of TBS: Intermi)ent TBS 
(iTBS), Continuous TBS (cTBS) and Intermedi-
ate TBS (imTBS) (Huang et al. 2005). Di-er-
ent types vary in train number and the time 
interval, a9er which the pulse is repeated. All 
procedures involve 600 pulses (Huang et al. 

2005). /e major di-erence between TMS 
and TBS for patients is that the deep TMS 
uses a 20-minute protocol, while TBS lasts for 
only 3 minutes (Huang et al. 2005). Decreas-
ing therapy time might be more beneficial in 
terms of finances and time-management for 
patients. Amongst TBS methods, iTBS shows 
most promising results in decreasing depres-
sive symptoms and suicidal thoughts in TRD 
(Mehta et al. 2022; Ekman et al. 2023). TBS was 
shown to provide higher response and remis-
sion rates compared to rTMS. A randomized 
controlled trial on 60 patients with depression 
performed by S. Bulteau et al. over the course 
of 6 months follow-up period exhibited 36.7. 
and 33.3. response rates, and &8.5. and 
&4.8. in the iTBS and &0 Hz rTMS groups 
respectively. However, a di-erent study done 
by Spitz et al. has shown similar outcomes 
for both response and remission rates for 
iTBS and &0 HZ rTMS protocols (Spitz et al. 
2022). Such findings suggest that more trials 
have to be performed in order to determine 
which method provides be)er response and 
remission rates. However, due to decreased 
treatment time, iTBS might be more appeal-
ing to patients. Despite promising results 
for TBS, this method carries a higher risk of 
epileptic seizures than TMS as it provides 
high-frequency pulse stimulation (Zhang 
et al. 2023). Other adverse e-ects include 
headaches and discomfort at the treatment 
site (Cristancho et al. 2020; Zhao et al. 2023). 
Overall, TBS protocols are safe and e8cient 
for decreasing depressive symptoms. /ey 
are promising in terms of reducing patients’ 
hospital exposure and lowering treatment 
costs. More studies are required to determine 
the best TBS method and to evaluate its 
superiority over TMS treatments.

Despite TMS being considered as safe, some 
adverse e-ects might occur. One of the most 
o9en side e-ects reported is transient head-
ache which can be alleviated by simple analge-
sics (Janicak et al. 2008). Another discomfort 
reported a9er TMS sessions is the scalp pain 
and dizziness (Janicak et al. 2008; He) et al. 
202&). Some patients su-ered from serious 
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adverse e-ects such as seizures. However, 
the majority of seizures were reported before 
the implementation of safety protocols. It is 
important to accurately identify seizure as 
it might be mistaken with myoclonic jerks. 
Patients that are at higher risk of TMS-related 
seizure are the ones su-ering from neurologi-
cal disorders that damage the brain structure, 
e.g., stroke, Alzheimer’s, multiple sclerosis. 
Current guidelines recommend documenta-
tion of intake of drugs that can lower the 
seizure threshold. Other factors that lower the 
seizure threshold, e.g., alcohol consumption or 
sleep deprivation should also be considered. 
As stated in the US FDA’s online database, only 
five seizure incidents were reported from 
2009 to 20&5. /e data shows that although 
seizures occur, their numbers are small, even 
in populations at risk. Current data available, 
reduces the ability to accurately quantify 
seizure episodes, thus seizures are considered 
as rare (Rossi et al. 202&).

Deep brain stimulation
Another method of treating depression 
provided with biological background is deep 
brain stimulation (DBS) also used in treat-
ment of diseases such as Parkinson disease, 
essential tremor and dystonia. Research 
continues to implement DBS into treatment 
of Alzheimer disease (Krauss et al. 202&).

Deep brain stimulation is an alternative for 
drug-resistant patients who do not respond to 
less invasive treatments. /is neuromodula-
tion technique supported by functional brain 
research and neuroimaging has both high 
e8ciency and some possible associated risks. 
/e mechanism of deep brain stimulation is 
based on a stimulator implanted in the chest 
skin and an electrode with its end placed in 
the specific brain areas. /e stimulator sends 
impulses through the electrode and thereby 
disables or modifies the function of hyperac-
tive in given disease brain areas and aligns the 
metabolism in relevant brain regions (Krauss 
et al. 202&). Results interpretation is possible 
thanks to neuroimaging (Antosik-Wójci(ska 
et al. 20&5).

Deep brain stimulation disables hyperac-
tive brain areas in patients su-ering from 
depression and increases activity in low active 
regions. /e neurostimulation of any subcor-
tical brain area may influence structures 
responsible for emotions (Krauss et al. 202&). 
/e e8ciency of DBS depends on targeted 
neuroanatomical locations most important of 
which are: subcallosal cingulate gyrus (SCG), 
nucleus accumbens (NAc), ventral capsule/
ventral striatum or anterior limb of internal 
capsule (ALIC), medial forebrain bundle (MFB), 
lateral habenula (LHb) and inferior thalamic 
peduncle (Ca)arinussi et al. 2022). Newest 
studies show that modifying white ma)er 
tracts may be more e8cient for antidepres-
sant response to DBS than targeting gray 
ma)er areas (Dandekar et al. 20&8).

Drug-resistant patients treated with DBS 
have reported sudden serenity whereas 
the research showed decreased blood flow 
in the Brodmann area 25 which activity is 
directly connected to the duration of depres-
sive episodes. (Krauss et al. 202&; Figee et al. 
2022). /e abnormal metabolic activity of the 
subcallosal cingulate gyrus (SCG), including 
Brodmann area 25, is an important part of 
mechanisms of treatment-resistant depres-
sion and therefore SCG remains the most 
targeted region in DBS for treatment-resistant 
depression (Mayberg et al. 2005). Another 
study showed that DBS of habenula reduces 
depressive episodes and exhibits e8cacy in 
working with the brain’s antireward system 
(Hamani et al. 20&0). Recent studies name 
Brodmann area &0 and amygdala as another 
targets crucial for e8cacy of treatment with 
DBS (Zhang et al. 2022).

DBS also a)enuates neuroinflammation 
as well as inhibits pro-inflammatory factors 
that may cause mood improvement (Zhu 
et al. 202&).

Studies showed that approximately 60. of 
refractory patients treated with DBS across 
di-erent targets responded well to the treat-
ment. However, the results vary significantly 
between di-erent patients. (Guo et al. 2023). 
Study investigating the influence of DBS of 
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the nucleus accumbens on drug-resistant 
depressive patients. showed that almost 
50. of examined patients responded well to 
the treatment and had their mental health 
stabilized for the time of four years (Krauss 
et al.:202&). /e constant improvement of 
mental state throughout the years shows 
the e-ectiveness of DBS (Figee et al.:2022).

Despite the proven e-ectiveness (Figee 
et al. 202&) of DBS including improvement 
of mood, activity and ability to feel pleasure, 
there is a risk of inducing some negative 
psychotic symptoms. Even though the number 
of positive responding patients prevails, there 
are some described cases of maniac or even, 
conversely to its objective, depressive episode 
a9er using DBS. Depressive symptoms include 
suicidal thoughts or a)empts and hence need 
to long-term monitor the patients subjected 
to DBS. Furthermore there is risk of neuro-
surgical complications such as infections 
or intracerebral hemorrhage (Krauss et al. 
202&). /e potential risks of using DBS need 
to be factored during selecting the treatment 
method for depressive patients.

Further studies need to be conducted in 
order to completely understand mechanisms 
of deep brain stimulation and its potential 
long-term health consequences as well as its 
safety and overall e8cacy.

2. Potential Non-pharmacological Treat-
ment Methods

Acupuncture
Acupuncture is a method of transcutaneous 
nerve stimulation used to treat many condi-
tions. It is one of many prospective therapies 
for reducing the symptoms of depression. It is 
considered a type of e-ective and safe medical 
practice. Advantages of this method include 
low cost and negligible side e-ects. Acupunc-
ture in combination with drug treatment has 
been proven to produce be)er therapeutic 
e-ects (Bergfeld et al. 2022) than the drug 
alone. It minimizes the side e-ects of anti-
depressants which include nausea, insomnia, 
weight gain and sexual dysfunction (Bergfeld 
et al. 2022). Although the mechanism and 

e8cacy (Bergfeld et al. 2022) of acupuncture 
are not known with certainty, it is claimed to 
modulate neuroplasticity, improve synapse 
function and a-ect microglia (Yang et al. 2022). 
Acupuncture is among the non-pharmaco-
logical treatments for depression. /ere is 
a distinction between isolated therapy and 
complementary therapy, which can be done in 
two styles: manual acupuncture and electroa-
cupuncture (Bergfeld et al. 2022; Wang et al. 
2022). More commonly used in medical prac-
tice is the manual method, which involves the 
percutaneous insertion of a thin metal needle 
into an acupoint (Yang et al. 2022) followed 
by manipulation, needle heating and massage. 
Electroacupuncture (Wang et al. 2022) is based 
on electrical stimulation instead of manual 
manipulation and thus can generate more 
consistent and reproducible results (Bergfeld 
et al. 2022). Depression, as the world’s most 
severe mental disorder (Bergfeld et al. 2022), 
is one of the heterogeneous disorders that 
have arisen due to multiple pathomechanisms. 
Abnormalities lie in inflammation and neuro-
plasticity, among others (Bergfeld et al. 2022). 
/e cause of depression is unknown, but the 
brain is important in its pathogenesis. It is 
claimed that changes in brain structure, chemi-
cal imbalances (Ulloa 202&; Bergfeld et al. 2022) 
and physiological abnormalities are directly 
responsible for the symptoms of depression. 
Structural and functional abnormalities have 
been demonstrated in specific brain regions 
and connections that a-ect cognitive and 
emotional phenomena (Bergfeld et al. 2022) 
occurring in the hippocampus, medial prefron-
tal cortex, anterior cingulate cortex, amygdala 
and semilocular nucleus. /is is initiated at 
the level of cellular aberrations, resulting in 
the reduction of the above-mentioned brain 
areas. Acupuncture can work by regulating 
biochemical pathways and also restoring 
neuronal structures in patients su-ering from 
depression. /e monoamine neurotransmit-
ter serotonin [5-HT] is also suspected to be 
involved in pathomechanism. Serotonin is 
formed by the metabolism of the exogenous 
amino acid tryptophan. Exogenous, which 
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is supplied to the body with the diet. In the 
pathomechanism of depression, serotonin 
undergoes excessive feedback resorption at 
the nerve synapse (Ulloa 202&; Bergfeld et al. 
2022). In addition, there is increased auto-
receptor activity, which inhibits the release 
of serotonin into the synapse (Ulloa 202&). 
Using acupuncture, the postsynaptic receptor 
for serotonin can be upregulated, restoring 
synaptic plasticity while reducing symptoms 
of depression. It has been observed that anti-
depressant drug therapy significantly reduces 
serotonin levels. /is is one of the ways in 
which acupuncture supports antidepressant 
drugs, by increasing levels of ‘FUNCTIONAL 
SEROTONIN’ (Moncrie- et al. 2023). However, 
the theory of serotonin’s involvement in the 
pathomechanism of depression is disputed. 
Most studies do not conclude that reduced 
or absent serotonin activity is observed in 
depressed individuals (Ulloa 202&) relative 
to healthy individuals. Nonetheless, many 
researchers support the supposition that 
serotonin deficiency results in depressive 
symptoms for a number of reasons. In the 
central nervous system, the most important 
component of the immune system is microglia, 
which is activated by pathogens and also by 
damaged synapses and neurons. Microglia 
has two types proinflammatory M& and anti-
inflammatory M2 (Wang et al. 2022). It has 
been shown that microglia, in addition to 
protecting brain tissue, activated proinflam-
matory types as an important part of the 
pathophysiology of depression. /e interac-
tion between inflammation and the brain’s 
immune system can induce an imbalance of 
serotonergic and noradrenergic neurotrans-
mission. /e action of microglia is largely based 
on the secretion of pro-inflammatory (Yang 
et al. 2022) cytokines. /e neurodegeneration 
and DEPRESSIONAL DISORDERS induced 
by these molecules act in two ways. /e first 
is by reducing the activity of the enzyme 
indoleamine 2,3-dioxygenase. As a result, what 
decreases is the level of serotonin. /e second 
involves an imbalance of serotonergic and 
noradrenergic neurotransmission through the 

hypothalamic-pituitary-adrenal axis. /e use 
of acupuncture has contributed to a reduc-
tion in plasma levels of pro-inflammatory 
cytokines and thus a reduction in symptoms 
of depression. For mild and moderate forms 
of depression, isolated acupuncture therapy 
is used. Data collected over the years show 
that acupuncture has such good e-ects that 
additional therapeutic methods (Bergfeld 
et al. 2022; Yang et al. 2022) are not neces-
sary. /is was proven during a multicenter, 
randomized, controlled clinical trial. /e 
subjects included peri-menopausal women 
with associated, moderate depressive symp-
toms. One part received drug treatment, the 
other part acupuncture. /ere were no di-er-
ences among the subjects. In both pharmaco-
logically and non-pharmacologically treated 
patients, improvements in quality of life and 
relief of depressive symptoms were observed 
(Bergfeld et al. 2022). Because of this, acupunc-
ture is a potentially e-ective treatment for 
mild and moderate depression. Severe forms 
of depression (Bergfeld et al. 2022) require 
pharmacological treatment. More than half 
of patients respond well to treatment while 
a significant proportion do not. In addition, 
63. of those taking medication have experi-
enced side e-ects (Bergfeld et al. 2022). More 
than half of patients respond well to treat-
ment while a significant proportion do not. 
In addition, 63. of those taking medication 
experienced side e-ects (Bergfeld et al. 2022). 
A large proportion of patients were forced 
to discontinue treatment by adverse e-ects 
resulting in relapse. Combining drug treat-
ment with acupuncture has been shown 
to have a positive e-ect. It may reduce side 
e-ects, although due to the small number 
of studies it remains questionable. A meta-
analysis and systematic review involving &.046 
people in a randomized controlled clinical trial 
confirmed that acupuncture combined with 
a selective serotonin reuptake inhibitor has 
an early onset of action, is be)er tolerated 
and initiates a strong antidepressant e-ect.
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Physical activity
Physical activity is believed to reduce the 
symptoms of depression and also show (David-
son et al. 2022, Correia et al. 2022) a preven-
tive e-ect in the development of depressive 
disorders. Physical activity refers to any type 
of body movement induced by muscular 
work and resulting in energy expenditure 
(Correia et al. 2022). Although the relation-
ship between activity and depression is not 
fully elucidated, exercise a-ects a number 
of biological and psychosocial processes 
that are related to (Saran et al. 202&) the 
pathophysiology of depression. /e benefits 
of physical activity for depression outweigh 
the risk reduction (Saran et al. 202&). In addi-
tion, exercise a-ects the endocrine system, 
self-esteem, social support, and neuroplas-
ticity in oxidative stress or inflammation. 
Most importantly, it induces a wide range of 
biological changes in the brain, in addition to 
its impact on psychiatric disorders, physical 
activity also a-ects comorbidities that have 
contributed to or exacerbate the development 
of depression. An example is that exercise 
can reduce the risk of cardiovascular disease, 
(Saran et al. 202&; Correia et al. 2022) which 
is elevated in people with depression. It has 
been discovered that a cycle of biochemical 
transformations occurring under the influ-
ence of skeletal muscle activity prevents 
the adverse e-ects of stress by increasing 
production from brain nerve growth factor. 
/is factor stimulates cell di-erentiation, 
promotes neuronal function by stimulating 
repair processes and also enhances memory 
pathways, thus having a beneficial e-ect 
on a-ective and cognitive functioning and 
the patient’s daily activities. An example is 
people who do not engage in physical activity, 
where mental disorders are more likely to 
occur. It is possible to quantify the population 
burden of depression (Davidson et al. 2022) 
that is associated with too li)le physical 
activity and the potential impact of activity 
interventions on public health. /erefore, 
Mendelian randomization studies using the 
whole genome were conducted to support 

potential causal inference. Mendelian rand-
omization is a surrogate method of potential 
causal inference that addresses genetic vari-
ation as a natural experiment in which indi-
viduals are generally assigned to higher and 
lower average levels of non-genetic exposure 
over their lifetime. Higher levels of physi-
cal activity were associated with a reduced 
likelihood of major depression. Genome-
wide association study summary data were 
available for a combined sample of 6&&.583 
adult participants. Mendelian randomization 
evidence suggests a preventive association 
between accelerometer-based activity and 
major depressive disorder (Kandola et al. 
20&9). Using genetic instruments identified 
from large-scale whole-genome association, 
solid evidence supports a protective relation-
ship between physical activity (Kandola et al. 
20&9). and the risk of depressive disorder 
manifestation. Although sports have a posi-
tive e-ect on depression, (Davidson et al. 
2022) some studies reveal that depression can 
cause a decrease in physical activity. /is is 
mainly true for the severe form of the disease, 
where movement causes great su-ering. 
Patients may not be able to cope with (Choi 
et al. 20&9) the simplest activities. It has also 
been suggested that physical activity may 
in some way contribute to the development 
(Kandola et al. 20&9; Davidson et al. 2022) 
of depression. Exercise that is characterized 
by excessive frequency and intensity, that is, 
exercise that exceeds the needs and capa-
bilities of the body, may be associated with 
an increase (Choi et al. 20&9) in oxidative 
stress. /is stress is of great importance in 
the pathomechanism of depression. /e type 
of activity is also important. Of the various 
physical activities, aerobic exercise is the 
most e-ective, and the most widely used. 
/e e-ect of aerobic activities on modify-
ing the volume of the hippocampus, which 
is reduced (Correia et al. 2022) in depressed 
patients, has been confirmed. In addition, 
environmental conditions are of paramount 
importance, as noise or neighborhood depriva-
tion can reduce the mental health benefits of 
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activity. A recent meta-analysis of 49 prospec-
tive cohort studies comprising &.837.794 
averaged by the number of people exposed 
during the follow-up period and the dura-
tion of follow-up found that people with 
high physical activity were &7. less likely to 
be depressed than those with low physical 
activity (Zhang et al. 20&9). Meta-analyses 
conducted collectively on a sample of &.282 
seniors with symptoms of depressive disor-
ders show that the exercise used reduced the 
severity of the disorder and also improved 
the subjects’ physical fitness. Although few 
empirical studies show evidence of ine-ec-
tiveness or confirm the low importance of 
physical activity in reducing symptoms of 
depression. /is research focused on analyz-
ing the correlation between physical activity 
and mental health a)ests that higher physi-
cal activity is associated with a lower risk of 
depression-specific symptoms, especially in 
adolescents (Wienicke et al. 2023). & in 9 cases 
of depression could be avoided if everyone in 
the population was physically active (Saran 
et al. 202&) at the level of current recommen-
dations. /erefore, therapists and physicians 
should encourage their clients to exercise of 
all kinds to fill in the gaps in engaging in poor 
activities that lead to depression.

Probiotics
Recent studies have investigated the influence 
of intestinal microflora on mental state. Clini-
cal studies on animals showed that probiotics 
containing particular bacteria strain influence 
brain operation and the results of behavioral 
tests proving thereby the connection between 
microbial gut bacteria and the central nervous 
system. /is two-way communication called 
;gut-brain axis’ explains why supplementation 
of probiotics may be considered as a potential 
alternative therapy in treatment of depres-
sion (Sudak 20&2).
/e microbiota varies depending on the 

patient’s health state. For instance, children 
diagnosed with autism had an increased 
number of Clostridium bacteria in compari-
son with healthy children (Herman 20&9).

Irritable bowel syndrome suggests a connec-
tion between mental illnesses and inadequate 
bowel function since patients with IBS have 
increased depression morbidity rate (Finegold 
et al. 2022).
/ere are many examples in literature 

showing (Fond et al. 20&4) di-erences in gut 
flora of depressive patients compared to the 
healthy controls. Tests on animals showed 
that intestinal bacterial colonization is crucial 
for proper development of both enteric and 
the central nervous system (Alli et al. 2022). 
/e microbiota and probiotics both increase 
the intestinal wall’s integrity and thus have 
a positive anti-inflammatory e-ect. /ere 
is a significant connection between inflam-
mation and depression hence probiotics are 
a promising treatment method for treatment-
resistant depression. Another way of influ-
encing mental health by probiotics, except 
for regulation of inflammatory markers, is 
regulation of serotonin pathways (Minayo 
et al.:202&). Clinical trials during studies 
consisted of administering the following 
commensal bacterial stains: Lactobacilli (L.), 
Bifidobacteria (B.), Streptococcus (S.), or Lacto-
coccus. Half of studies evaluating e-ects of 
daily probiotic intake on depression (Alli 
et al. 2022) reported improvement in terms 
of depressive episodes whereas the other 
half reported no change regarding depressive 
symptoms. However, some of the bacteria 
such as L. Plantarum P8 or L. Plantarum DR7 
from the studies that concluded no change 
had positive e-ect on other symptoms for 
example reduced stress and anxiety, reduced 
cortisol level or reduced proinflammatory 
cytokines level. Depressed patients who were 
administered probiotics containing L. casei, 
L. acidophilus, and B. bifidum experienced 
general mood improvement (Alli et al. 2022). 
Another study investigating the influence of 
consuming yogurt containing di-erent types 
of Lactobacilli and Bifidobacteria by healthy 
petrochemical workers revealed significant 
mental health improvement.

Probiotic administration was however not 
always successful and many studies showed 
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no di-erence in general mood of patients 
treated with probiotics (Sudak 20&2; Alli 
et al. 2022).

Further studies need to be conducted in 
order to completely explore the details of 
gut-brain axis and possible long-term influ-
ence of using probiotic strains on mental 
health. /e major di-erences in outcomes of 
various studies as well as too small groups 
of treated patients and other limitations 
such as patients’ diet or assessment of the 
dose (Sudak 20&2) preclude drawing a defini-
tive conclusion regarding the e-ectiveness 
of probiotics in treatment of depression. 
However, (Minayo et al. 202&) probiotics, 
especially those containing Lactobacillus 
seem to have an e-ect on depression.

Yoga and mindfulness
Recently yoga and mindfulness have gained 
importance in terms of non-pharmacological 
depression treatment.

Mindfulness-based interventions that is 
MBIs (Liu et al.:20&9) is an alternative therapy 
which is administered in order to improve 
the quality of life of patients with depression 
especially in terms of social and cognitive 
aspects. Mindfulness-based stress reduction 
(MBSR) program is based on focusing on the 
present bodily situation and noticing both 
internal and external experiences and connec-
tion between them, for example correlation 
between mental state and perceived physical 
pain (Chayadi et al.:2022). /is intentional 
awareness has thereby a positive influence on 
both physical and mental conditions. Slightly 
changed version of MBSR which is MBCT 
(mindfulness-based cognitive therapy) was 
incorporated into treatment of depression 
and showed a high success rate (Chayadi et al. 
2022). MBIs show how to accept emotional 
struggles and manage current mental state 
based on the interrelationship between the 
body and the mind (Chayadi et al. 2022). In 
a study conducted on oncology patients MBIs 
reduced symptoms of depression and anxi-
ety. However, due to the individual patients’ 
di-erences, low amount of studies and no 

proven long term e-ectiveness the results 
need to be further proven (Liu et al. 20&9). 
Studies show that MBIs used with children 
and adolescents (Wilkos et al. 20&3) as well 
as university students (Dunning et al. 20&9) 
can also improve their mental health and 
reduce symptoms of depression.

Yoga is also a method used for mental health 
protection including treatment of depression. 
Historical articles prove the e-ectiveness 
of yoga exercises on psychiatric disorders 
(Gallo et al.:2023). Yoga helps to activate the 
parasympathetic nervous system and thereby 
induces relaxation (Gallo et al. 2023) and 
calmness (=ok et al. 2022). Yoga is also due to 
its low exercise intensity a suitable activity 
for pregnant women with depression who 
are o9en excluded from other treatment 
methods including antidepressants. Practic-
ing prenatal yoga had an alleviating influence 
on mental health of pregnant women with 
depression, however had no e-ect on depres-
sion scores for those without depression 
(Gong et al.:20&5). Another study showed 
the e8ciency of mind-body exercise such 
as yoga on Chronic Obstructive Pulmonary 
Disease patients in terms of depression (Lin 
et al. 2022).
/ese techniques show how to accept 

emotional struggles and manage current 
mental state (Chayadi et al. 2022) based on 
the interrelationship between the body and 
the mind. /ese alternative methods seem to 
be e8cient in terms of treating depression, 
however further studies need to be conducted 
in order to completely confirm their e-ective-
ness. Since no negative e-ects were noticed, 
yoga (=ok et al. 2022) and mindfulness can 
be used as a supporting therapy.

Psychodelics
Due to a review, ‘Prevalence and clinical course 
of depression’ by Derek Richards (Li et al. 
20&9) one in three of people who are su-ering 
from a major depressive disorder (MDD) will 
experience more than one depressive episode 
in their lifetime. Also a half of patients with 
depressive disorder do not respect policy of 
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antidepressants intake as soon as 6 months 
a9er initiation of treatment (Richards 20&&). 
Relatedly, new treatments for depression 
are needed. Especially for those who do not 
respond to available antidepressants.

Psychedelic substances are a group of 
psychoactive substances that are associ-
ated with altered state of consciousness and 
perception (Solmi et al. 2022). /ere are two 
main categories of psychedelics; classic sero-
toninergic and atypical. Classic serotonergic 
psychodelics act on 5-HT2A receptors and 
we can distinguish psilocybin, N,N-dimeth-
yltryptamine (DMT), ayahuasca, lysergic 
acid diethylamide (LSD). 3.4-methylenediox-
ymethamphetamine (MDMA) is an atypical 
psychodelic, that act on various receptors.

It is observed that more people are interest-
ed in psychedelics as therapy for depression 
in recent years. Lysergic acid diethylamide 
(LSD) and psilocybin were one of firsts which 
were used for treating drug resistant depres-
sion. /is modulating property on the sero-
tonergic neurotransmission system allows 
use psychodelics also in the treatment of 
major depressive disorder (MDD).

Psilocybin exerts its e-ects through ago- 
nism of the serotonin 5-HT2A receptors 
(González-Maeso et al.:2007; Halberstadt 
and Geyer 20&&; Nichols 20&6). /e 5-HT2A 
receptors are necessary for the psychedelic 
experience, as the subjective e-ects of psilo-
cybin seem to be blocked by 5-HT2A antago-
nists (Madsen et al. 20&9). Psilocybin also has 
a8nity albeit to a smaller extent, for several 
other serotonin receptors such as 5-HT&A 
and 5-HT2C (Vollenweider et al. &998; Erkizia-
Santamaria et al. 2022).

/e serotonergic system plays a crucial role 
in regulating complex emotional behaviors 
(Rickli et al. 20&6). For example, post-mortem 
analyses of depressed and suicidal individuals 
show increased expression of cortical 5-HT2A 
receptors (Pandey et al. 2002; Cools et al. 
20l8), while long-term antidepressant use is 
associated with decreased 5-HT2A receptor 
density (Shelton et al. 2009). Serotonin is 
involved in the feedback inhibition of the 

amygdala through the medial prefrontal 
cortex. (Gòmez-Gil et al. 2004) Amygdala 
hyperactivity is associated with depressive 
symptoms, and its normalization has been 
observed with antidepressant treatment 
(Fisher et al. 2009). As serotonergic agonists, 
psychedelics enhance the inhibition of the 
amygdala, and the resulting decrease in amyg-
dala reactivity is linked to improved mood 
(Carhart-Harris et al.:20&2; Sladky et al. 20&5; 
Kraehenmann et al.:20&6).

Ayahuasca
Ayahuasca is a traditional Amazonian 
brew which is made from the Banisterio-
psis caapi vine and the Psychotria viridis 
leaf. /e psychoactive e-ects are connected 
with specific alkaloids. Banisteriopsis caapi 
contains β-carboline alkaloids such as 
harmine, tetrahydroharmine, and harma-
line, which are inhibitors of monoamine 
oxidase-A (MAO-A). MAO-A is an enzyme 
that normally degrades DMT in the diges-
tive system.
/is inhibition allows DMT to be orally 

active. /ereby it exerts its psychoactive 
e-ects during digestion as part of ayahuasca. 
Psychotria viridis contains N,N-Dimethyl-
tryptamine (DMT), which has a powerful 
psychoactive compound. DMT is known as 
a classic serotonergic psychedelic, primar-
ily acting as an agonist at the 5-HT&A and 
5-HT2A receptors.

Additionally, 5-methoxy-N,N-dimethyl-
tryptamine (5-MeO-DMT) is another related 
short-acting serotonergic psychedelic. It is 
more like DMT, because of primarily acting 
as an agonist at the 5-HT&A and 5-HT2A 
receptors. In contrast, it has a lower binding 
a8nity for dopamine receptors and norepi-
nephrine transporters.
/e interactions with the 5-HT recep-

tors are central to the psychoactive and 
hallucinogenic e-ects of these compounds, 
contributing to the unconscious states during 
ayahuasca use (Carhart-Harris et al. 20&2).

An open-label (Kalfas et al. 2023) revealed 
that Ayahuasca impacts on a reduction up 
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to 82. in depressive scores between base-
line and &, 7 and 2& days a9er drug intake.  
It was according to the Hamilton Rating Scale 
for Depression (HAM-D), the Montgomery-
Asberg Depression Rating Scale (MADRS), 
and the Anxious-Depression subscale of the 
Brief Psychiatric Rating Scale (BPRS).

/e most significant impact was observed on 
depressed mood, feelings of guilt and suicidal 
ideation, which are typical depressive symp-
toms. (Osório et al. 20&5).

Compared to placebo, ayahuasca also 
increased BDNF levels in people with treat-
ment resistant depression and healthy 
controls (Harvey 2003). /is investigation 
was correlated with reduction in MADRS 
scores (rho = −0.55, p < .05). It has also been 
suggested that serotonergic psychedelics may 
possess a unique ability to promote plastic-
ity compared to other serotonergic agents. 
(Carhart-Harris et al. 20&2; Mu)oni et al. 20&9).

Psilocybin
Psilocybin is a naturally occurring plant alka-
loid which can be found in mushroom species, 
also known as ‘magic mushroom,’ It is also 
considered a prodrug of psilocin. Psilocy-
bin influences on agonism of the serotonin 
5-HT2A receptors. (González-Maeso et al. 
2007; Halberstadt and Geyer 20&&; Nichols 
20&6). /e 5-HT2A receptors are necessary 
for the psychedelic experience, because that 
subjective e-ects of psilocybin are seem to 
be blocked by 5-HT2A antagonists (Carhart-
Harris et al. 20&2; Madsen et al. 20&9).

Psilocybin influences on cognitive flexibility, 
cortical neural plasticity, and antidepres-
sant responses in animals (Vaidya et al. &997; 
Harvey 2003; Buchborn et al 20&4; Vargas 
et al 2023).
/e results of ‘/e experimental e-ects 

of psilocybin on symptoms of anxiety and 
depression’: found that half of psilocybin 
antidepressant e-ect occurs at doses of  
&0.&3 mg/70 kg, and 95. of the antidepres-
sant e-ect occurs at doses of 4&.&4 mg/70 
kg, achieving the optimal therapeutic e-ect. 
However, these results must be interpreted 

with caution, as with the exclusion of the only 
study including treatment-resistant patients 
(Hanks and Gonzales-Maeso 20&3). Research 
showed that resistant patients mostly respond 
to higher doses of psilocybin (40 mg/kg).

Among the pool of patients with secondary 
depression, only &6. of patients presented 
MDD as a ‘primary’ diagnosis, other patients 
presenting adjustment and anxiety disorders.

/ese e-ects have also been observed in 
healthy volunteers, with psilocybin caus-
ing sustained improvements in wellbeing 
and optimism (Goodwin et al. 2022). /is 
compound has a well established physiological 
and psychological safety profile, and has been 
rated one of the least harmful and possibly 
‘most beneficial’ drugs of potential misuse 
by experts (Carhart-Harris and Nu) 20&3; 
Gri8ths et al. 20l8).

Additionally animal studies have proved 
that psilocybin has a low addiction and physi-
cal dependence potential (Hasler et al. 2004). 
National surveys report showed low rates of 
abuse (European Monitoring Center for Drugs 
and Drug Addiction). In RCTs conditions, 
psilocybin appears to be well tolerated in the 
long term (Studerus et al. 20&&; Gri8ths et al. 
20&6; Johnson et al. 20&8).

For patients who present a process of 
anxiety or psychotic symptoms, we can 
assume that higher doses of psilocybin may 
reduce therapeutic e-ectiveness by inducing 
dysphoric mood states, such as anxiety and 
fearful delusions. It can be primarily due to 
phenomena like ego-disintegration and loss 
of self-control (Gri8ths et al. 20&6; Perez et al. 
2023). It is essential to note the paradoxical 
e-ect of serotonergic psychedelics, which 
can increase feelings of anxiety (Stoliker et al. 
2022). /e nature of psychedelic experiences 
is dependent on doses. Higher doses are asso-
ciated with ego dissolution and potentially 
leading to a sense of loss of control, subse-
quent anxiety, or short-term psychosis-like 
symptoms (Carhart-Harris et al. 20&4).

Neurobiologically, stimulation of 5-HT2A 
receptors has been linked to positive and 
negative aspects of the acute psychedelic state 
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including positive mood, anxiety, and psycho-
tic symptoms. Carhart-Harris and colleagues 
propose the ‘entropic brain’ hypothesis by 
suggesting that increased cognitive entropy 
may explain paradoxical psychological e-ects 
(Gri8ths et al. 2008; Hirschfeld and Schmidt 
202&). /ese potential reactions prove that 
patients will achieve the ED95 for depres-
sive symptom reduction at lower doses of 
psilocybin.

Additionally, Li and colleagues, in their meta-
analysis, reported that the first or unique dose 
of psilocybin received was generally more 
impactful in decreasing depressive symptoms 
compared to subsequent doses (Rankaduwa 
and Owen 2023). Patients naive to hallucino-
gens might show a more significant response 
to psilocybin due to the novelty of the experi-
ence (Li et al. 2022). However, most studies 
provide narrow information on participants 
who use hallucinogens all their lifetime .

/erefore, the optimal dose of psilocybin for 
treating depression varies significantly among 
di-erent patient subgroups. Caution should 
be exercised regarding dosage, especially for 
patients with psychiatric disorders other than 
depression (Studerus et al. 20&&).

LSD
In contrast, lysergic acid diethylamide (LSD) 
is a semisynthetic psychedelic compound 
(Li et al. 2022). Reports from mid-twentieth 
century indicate that cancer patients who 
received LSD experienced profound psycho-
spiritual insights. /ey led to long-standing 
improvements in mood and anxiety (Passie 
et al. 2008; Haijen et al. 20&8). LSD is consid-
ered to be emotionally more intense than 
psilocybin. Also it has a higher cause of para-
noia. Although high doses can result in severe 
anxiety or panic a)acks. /ese adverse e-ects 
are generally prevented in a clinical se)ing 
with proper psychological support (Kast &967).

LSD is primarily a 5-HT2A receptor partial 
agonist and a 5-HT&A receptor agonist but has 
also been shown to bind to 5-HT2C receptors 
(Egan et al. &998; Osório et al. 20&5; Das et al. 
20&6, De Gregorio et al. 20&8).

LSD positively altered the processing of 
emotional information by decreasing the 
recognition of fearful and sad faces and 
enhancing emotional empathy and proso-
ciality. We are aware of no other published 
data on the acute e-ects of LSD on emotion 
processing.

LSD (lysergic acid diethylamide) has been 
found to impair the recognition of negative 
emotions while enhancing emotional empathy, 
particularly in response to positive emotional 
situations.

Furthermore, LSD demonstrates prosocial 
e-ects, both subjectively and in behavioral 
assessments. /ese findings in healthy indi-
viduals suggest that LSD-assisted psycho-
therapy may be beneficial for patients, as it is 
expected to reduce the perception of negative 
emotions and strengthen the therapeutic 
alliance (Passie et al. 2008).

Summary of psychedelics
As we can observe, psychedelic administra-
tion causes statistically significant impact in 
reduction of depression and anxiety symp-
toms. /ese findings are consistent with prior 
investigations conducted on animals, healthy 
subjects, and anecdotal testimonials. (Kast 
et al. &967; Richards et al. &977; Riba et al. 
200&; Hilber and Chapillon 2005; Farzin and 
Mansouri 2006; Santos et al. 2007; Gri8ths 
et al. 2008; Fortunato et al. 20&0). Visible 
improvement suggests a genuine therapeutic 
e8cacy. What is more, the lack of signifi-
cant reduction of depressing symptoms in 
control patients indicates that the antidepres-
sant and anxiolytic e-ects can be a)ributed 
to psychedelic intervention. Participants 
also described the experience as spiritually 
meaningful, resulting in decreased feeling 
of hopelessness as well as improved a quality 
of life. Psychedelics’ ability to provide acute 
symptom relief in one day is advantageous, 
especially when we compare it to current 
antidepressants, which take several weeks to 
work. /is is because antidepressants delayed 
therapeutic e-ects can lead to non-compli-
ance and contribute to increased morbidity 
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(Tylee et al. 2007; Machado-Vieira et al. 20&0). 
Moreover, psychedelics’ beneficial e-ects are 
maintained with impressive response rates 
for several months. /is could mean that by 
comparison to the typical pharmacotherapy, 
administration is less frequent. In conjunction 
to the fact that exposure to treatment is moni-
tored, it could help to overcome treatment 
resistance stemming from non-compliance 
(Kalfas et al. 2023).

Conclusions
While the current focus is on alternative non-
pharmacological methods for treating depres-
sion, it is worth remembering the already 
established options. ECT, psychotherapy, 
VNS, TMS, and DBS have been implemented 
and recognized for decades. /ey are not 
only e-ective but also widespread. However, 
the rising percentage of depression cases 
has created a demand for new treatment 
methods. Alternative approaches for treat-
ing depressive disorders emerge annually. 
Possibilities range from solutions found in 
traditional Chinese medicine to unexpected 
branches of pharmacology, as shown in the 
‘psychedelics’ section. /e impact of lifestyle 
and mindfulness on cognitive processes and 
well-being is also significant. Some of the 
methods presented are widely accessible and 
a-ordable, making them available to patients 
and specialists. Non-pharmacological treat-
ment methods have been shown to cause 
significantly fewer side e-ects compared to 
traditional approaches, such as antidepres-
sant drugs. Moreover, they can be equally 
e-ective. However, more clinical trials are 
needed to prove the e8cacy and safety of 
non-pharmacological methods for treating 
depression. Hopefully, with access to more 
advanced technology and an increasingly 
open-minded approach to the holistic nature 
of the human mind, scientists will discover 
groundbreaking solutions.
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