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categories “not” and: 1) carried out in “animals”; 2) depressive disorder due to other medical 



Sectional Studies developed by the Joanna Briggs Institute [16]. The ‘Risk of Bias’ 



The reviewers achieved a 95.6% agreement, as indicated by Cohen’s Kappa Coefficient of 
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strategies or ECT), (2) duration of the current depressive episode (1 point for ≤12 months; 2 for 

–24 months; and 3 for > 24 months), and (3) baseline symptom severity (scored from 1 for 





https://doi.org/10.6084/m9.figshare.2869087


–

–

–

–

–

–

–

–

–

–



–

–

–

–

variant of MTHFR is associated with depression in the British Women’s Heart and Health Study 
–

–

–

–

–

–

–

–

–

–

–



–

–

–

–

–

–

–

–

–

–

–

49. Thase ME, Rush AJ. When at first you don’t succeed: Sequential strategies for antidepressant 
–



–

–



Patients’ 

● ●

●

●

●

●

●

●

●

● ●

●

●

●

dichotomized into “T 

● ●
–



carriers” and “non T 
carriers” groups.

●

● ●

●

●

● ●

●

●

●

●

●

●

●

● ● ●



● ●

●

●

●

●

●



“remission” was 

score ≤ 7 points 



• TT: 17.3%
• CT: 58.6%
• CC: 24.2%

• C: 46.5% / T: 53.5%

• CC: 41.12%
• CT: 46.38%
• TT: 12.5%

• C: 64.21% / T: 35.79%

• AA: 47.02% 
• AC: 44.04%
• CC: 8.94%.

• A: 69.04% / C: 30.96%

• TT: 11.0%
• TC: 47.0%
• CC: 41.0%

• CC: 31.0%
• CT: 48.62%
• TT: 20.4%.

• C: 55.3% / T: 44.7%

• CC: 28.5%
• CT: 50.0%
• TT: 21.5%.

• C: 53.5% / T: 46.5%

• CC: 9.6%
• AC: 42.4%
• AA: 48.0%.

• C: 30.8% / A: 69.2%

• CC: 7.3%
• AC: 42.6%
• AA: 50.1%.

• C: 28.6% / A: 71.4%

• CC: 23.9%
• CT: 70.4%

https://www.jneuropsychiatry.org/peer-review/mthfr-gene-polymorphism-positive-treatmentresistant-depression-prevalence-and-treatment-recommendations.html
https://pubmed.ncbi.nlm.nih.gov/23280573/
https://pubmed.ncbi.nlm.nih.gov/23280573/


• TT: 5.7%.

• C: 59.1% / T: 40.9%

• CC: 51.6%
• CT: 41.6%
• TT: 6.8%.

• C: 72.4% / T: 27.4%

• TT: 18.4%
• TC: 49.3%
• CC: 32.3%

• C: 58.0% / T: 42.0%

• CC: 0.0%
• AC: 32.4%
• AA: 67.6%.

• C: 16.2% / A: 83.2%













– –

–

mailto:julianabrumpsiq@gmail.com


156). Diagnostic accuracy, Cohen’s kappa coefficient, 

–

–



–



METHODS









significant improvement (≥50 %) after two acceptable 











–

₁₇

₁₇



— —

the instrument’s validity. Participants classified as TRD exhibited significantly greater depressive 

ATRQ definitions (p < 0.01). This underlines the importance of discriminating “true” 
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(>50%) or reduced (≤50%) enzymatic activity groups. Depressive severity was assessed using the 

Patients with reduced predicted MTHFR enzymatic activity (≤50%) exhibited a

0.04), a greater frequency of recurrent depressive episodes (≥3 episodes: 86.2% vs 63.3%; p = 

activity group (all p ≤ 0.05). Rates of high ACEs 
exposure (ACEs ≥ 4) d
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ABSTRACT 

Depression is a complex condition shaped by dynamic interactions between genetic vulnerability, 

environmental exposures, and epigenetic mechanisms. This experience report describes a pilot 

educational intervention designed to train healthcare professionals in the epigenetics of Depression 

using a Training of Trainers (ToT) model combined with case-based learning (CBL). The epigenetics 

module was delivered as part of a broader training program in mental disorders, and the epigenetics 

component consisted of an interactive session integrating theoretical instruction, a structured clinical 

case, guided discussion questions, and learning objectives focused on gene–environment 

interactions, adverse childhood experiences (ACEs), lifestyle factors, and pharmacogenetic 

considerations. A total of 47 healthcare professionals from diverse disciplines participated in the 

program. Qualitative outputs indicated that participants developed an expanded understanding of 

depression. Reports suggested increased sensitivity to non-specific clinical presentations, such as 

somatic complaints and functional impairment, and greater awareness of how life history and 

contextual factors may contribute to depressive vulnerability. This experience suggests that ToT and 

CBL-based educational strategies may support the dissemination of epigenetic knowledge among 

healthcare professionals and promote its application in practice. Future studies incorporating 

structured quantitative assessments are needed to evaluate educational outcomes and long-term 

impact.

Keywords: Epigenetics; Training of Trainers; Major Depressive Disorder; Healthcare Professionals; 
Health Education. 

INTRODUCTION

Major Depressive Disorder (MDD) is a multifactorial condition involving a complex interplay 

between genetic variants and the environment, with disrupting gene expression and consequent 

clinical outcomes, such as early age of illness onset, poor treatment response, and other clinical 

variables1-4. This aligns with emerging perspectives on precision medicine in neuropsychiatry, which 

emphasize the importance of integrating genetic, environmental, and lifestyle factors for 

personalized treatment planning.5-7. Environmental stressors, particularly adverse childhood 



experiences and recent life stress, can be mediated, at least in part, through epigenetic 

mechanisms8. Alterations in DNA methylation, histone modifications, and noncoding RNA expression 

can induce persistent changes in gene regulation, thereby contributing to dysregulation of 

neuroendocrine function, impaired neuroplasticity, altered neurotransmission, and neuroglial 

dysfunction—processes central to the pathophysiology of MDD9-11. The heritability estimate of MDD 

is 40.0%12-14, suggesting that environmental factors account for a substantial proportion of risk for 

development and prognosis. of MDD. 

Understanding epigenetic mechanisms is essential for healthcare professionals, particularly 

in relation to MDD. There is growing interest in the co-occurrence of adverse childhood experiences 

(ACEs) such as child abuse and neglect as a plausible mediating mechanism linking early adversity 

to depressive symptoms in young adulthood15. DNA methylation, a key epigenetic process, is 

influenced by chronic stress and early-life trauma, both of which have been linked to increased 

vulnerability to MDD16,17. The stress-diathesis model, widely used in suicide research, further 

illustrates how genetic susceptibility interacts with environmental stressors18. Adverse childhood 

experiences—including emotional, physical, and sexual abuse, as well as neglect—may define 

ecophenotypic variants of depression, underscoring the need for early recognition and preventive 

strategies19. Importantly, the epigenetic consequences of childhood trauma may contribute to 

treatment resistance in adults with MDD20. The association between MDD and ACEs has 

increasingly focused on epigenetic mechanisms, particularly DNA methylation, which represents the 

most extensively studied modification linking childhood trauma to long-term psychopathology21-23.

 The education on the epigenetics of MDD could prepare health professionals to teach others 

about how epigenetic mechanisms, particularly DNA methylation, influence gene expression and 

disease susceptibility.

Training of Trainers (ToT) programs use methods such as interactive sessions, experiential 

learning, multimedia resources, real clinical case, and practical exercises24,25. This approach has 

been often utilized to address workforce shortages in scenarios where urgent care was needed, such 



as war zones, epidemics, low-income countries, by upskilling staff, improving their performance, 

commitment, and retention26-28.

This pilot experience aims to describe the development and implementation of an Epigenetics 

of Depression module embedded within a broader mental health training program for healthcare 

professionals, focusing on knowledge dissemination and perceived applicability in clinical practice.

2. MATERIALS AND METHODS 

2.1 Educational Program Context

The educational intervention described in this study was part of a broader continuing education 

program entitled “Educate to Prevent: Focus on Mental Health”, delivered in the city of Londrina, 

Brazil from March to July 2025. This structured program comprised of 13 thematic classes and a 

total workload of 72 hours. The course addressed major mental disorders, diagnostic frameworks, 

psychosocial determinants, and translational approaches to mental health care. The Epigenetics of 

Depression module analyzed in this manuscript was delivered during the first week of the program 

and represented one specific component within this comprehensive educational initiative.

2.2 Description of the Epigenetics of Depression Module

The Epigenetics of Depression module aimed to introduce healthcare professionals to gene–

environment interactions, adverse childhood experiences (ACEs), and epigenetic mechanisms 

involved in vulnerability to depression. The module emphasized translational concepts relevant to 

clinical practice, including stress-related epigenetic regulation, neuroplasticity, and implications for 

prevention and personalized care. It was designed as an introductory component of the broader 

course, serving as a conceptual foundation for subsequent discussions on mental health disorders.

2.3 The TOT Model 

The module was developed according to the Training of Trainers (ToT) educational model29, 

which focuses on capacity building and knowledge dissemination through trained healthcare 



professionals. Within this framework, participants were encouraged not only to acquire conceptual 

knowledge but also to develop skills to share this information within their professional and community 

settings. The ToT approach prioritizes scalability, sustainability, and community impact, particularly 

in contexts with limited access to specialized mental health education30.

The ToT model assesses the impact of a training program by establishing learning outcomes 

and employing a “learning-by-doing” approach. Healthcare professionals trained through this model 

develop skills to teach others about depression epigenetics within their communities, and the 

process concludes with a report documenting competency transfer. Our course intended to develop 

skills and knowledge by mentoring healthcare professionals to teach others through resources such 

as online materials on the platform and participate in instructor-led online classes.

 Participants analyzed a clinical case to understand how ACEs can impact gene expression 

and increase depression risk later in life. The program emphasized practical application, with tutors-

professors and postgraduate students guiding participants in both theoretical and hands-on settings. 

Trained healthcare professionals were expected to share their knowledge within their communities, 

enhancing understanding of epigenetic changes related to stress response and depression.

2.4 Case-based learning (CBL)  

CBL is a healthcare training method that uses real or simulated patient scenarios to teach 

clinical reasoning and decision-making skills31. By analyzing case studies, professionals can actively 

apply theoretical knowledge to realistic situations, improving their problem-solving abilities. This 

approach promotes critical thinking, strengthens patient assessment, and supports retention and 

professional competence32. 

CBL was implemented through the discussion of a structured clinical case of recurrent 

depression that was assessed using an integrated clinical framework that combined psychiatric 

diagnosis, psychosocial history, and pharmacogenetic information. Beyond the diagnosis of 

recurrent major depressive disorder, the case description included: (i) assessment of adverse 

childhood experiences (ACESs) using the Adverse Childhood Experiences Questionnaire; (ii) 

evaluation of pharmacogenetic markers related to antidepressant response and one-carbon 



metabolism through genetic variants of MTHFR33; and (iii) functional and clinical characteristics 

relevant to treatment complexity.

The clinical case was intentionally designed as a pedagogical tool to translate epigenetic 

concepts into clinical reasoning. In the educational context, epigenetics was presented not as a 

laboratory-based assessment, but as a conceptual framework to understand how environmental 

exposures, such as ACEs, may interact with genetic vulnerability to influence depression severity, 

chronicity, and treatment response. The clinical case was used to exemplify this gene–environment 

interaction, integrating childhood trauma with pharmacogenetic and metabolic susceptibility.

Specific learning objectives included: (i) recognizing how ACEs may induce epigenetic 

vulnerability through altered DNA methylation capacity; (ii) understanding how reduced predicted 

MTHFR (methylenetetrahydrofolate reductase) enzymatic activity may amplify stress-related 

biological susceptibility; and (iii) integrating genetic, environmental, and lifestyle factors into 

individualized treatment planning. During case discussions, participants were encouraged to apply 

these concepts to real clinical scenarios from their own practice, fostering reflective learning and 

practical knowledge transfer.

Description of the clinical case 

The clinical case involved a 42-year-old female physiotherapist, currently unemployed, 

married, and mother of a three-year-old child, presenting with a five-year history of anxiety and 

depressive symptoms.

History of Present Illness: The patient reported that her paternal grandfather passed away 

five years ago, triggering panic attacks. She was initially treated with Duloxetine, which alleviated 

her symptoms, but discontinued the medication due to side effects (decreased libido and weight 

gain). Three years ago, she experienced postpartum depression and resumed Duloxetine alongside 

psychotherapy, with partial improvement. She stopped the medication again due to intolerance to 

side effects. Over the past six months, she reported worsening fatigue, low energy, excessive self-

demand, persistent sadness, irritability, social isolation, and somatic anxiety symptoms (shortness 



of breath, tachycardia, and initial insomnia). She denied suicidal ideation or prior suicide attempts 

and noted that she had never achieved full remission of depressive symptoms.

Past Medical History: Type I diabetes mellitus (diagnosed at age 12) and hypothyroidism 

secondary to Hashimoto’s thyroiditis.

Personal and Childhood History: Raised primarily by her paternal grandparents due to 

parental separation, with intermittent contact with both parents. During childhood, she exhibited 

perfectionist tendencies and high self-demand. She sought psychological counseling at age 16 to 

cope with diabetes management.

Family History: Father with alcohol dependence disorder (abstinent for several years) and 

mother undergoing treatment for obsessive-compulsive disorder (OCD).

Lifestyle and Habits: No substance use reported; sedentary lifestyle.

The patient filled in the Patient Health Questionnaire-9 (PHQ-9)34,35, an easy and useful 

instrument for making criteria-based diagnoses of depression in a primary care context, as follows 

in Table 1.

Early Detection of Adverse Childhood Experiences (ACEs)

Beyond detection of signs and symptoms of depression, it was necessary to understand the 

role of personal history of childhood trauma. 

The Adverse Childhood Experiences (ACEs) Questionnaire is a widely used screening 

instrument for the early identification of childhood trauma and household adversity and has been 

validated to the Portuguese language36,37. The 10-item short form assesses five types of 

maltreatment—physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional 

neglect—and five types of household dysfunction.

A cumulative score of four or more affirmative (“Yes”) responses indicates a significantly 

increased risk for serious long-term health, social, and functional impairments.

Key Components of the ACE Questionnaire are described below: 

Maltreatment:



• Emotional abuse: Being insulted, sworn at, humiliated, or threatened with physical 

harm.

• Physical abuse: Being slapped, pushed, pulled, hit, or injured by a caregiver or 

household member.

• Sexual abuse: Experiencing sexualized touching, fondling, or attempted or completed 

intercourse.

• Physical neglect: Lack of adequate food, shelter, clean clothing, or physical protection.

• Emotional neglect: Absence of affection, emotional support, or a sense of being 

valued and loved.

Household Dysfunction:

• Domestic violence: Mother or stepmother treated violently by a partner.

• Substance abuse: Living with someone who abused alcohol or illicit drugs.

• Mental illness: A household member who was depressed, mentally ill, or suicidal.

• Parental separation or divorce: Disruption of the caregiving environment due to 

separation.

• Incarcerated household member: A family member who was imprisoned during 

childhood.

Scoring and Clinical Implications

Each of the 10 categories is scored dichotomously (1 point for “Yes,” 0 for “No”), regardless 

of the frequency or severity of exposure. Higher cumulative ACE scores are strongly associated with 

increased risk of adverse adult outcomes, including cardiovascular disease, cancer, stroke, 

substance use disorders, and mental health conditions. Individuals with ACEs scores of four or 

higher demonstrate approximately a 12-fold increased risk of suicide attempts and a seven-fold 

increased risk of alcoholism38.

The patient´s answers to the Adverse Childhood Experiences Questionnaire are presented 

in Table 2.



After this initial assessment, she began to be followed up as an outpatient for Recurrent 

Depressive Disorder and Generalized Anxiety Disorder.

A pharmacogenetic report was presented as an illustrative case example (Figure 1) to support 

discussion on gene–environment interactions, epigenetic mechanisms, and individualized clinical 

reasoning. The subject in this clinical case had a 60.0% MTHFR enzymatic deficiency, carrying 

MTHFR 677 C>T and 1298 A>C genetic variants, in addition to a childhood maltreatment history. 

This case exemplifies the precision medicine approach in neuropsychiatry, where genetic markers 

are considered alongside environmental factors to inform treatment decisions7. Research shows that 

variants in MTHFR combined with experiences of multiple childhood maltreatment, significantly 

contribute to more recurrent depression33 and that this subset of MDD patients could benefit from 

supplemental use of L-methyl folate 15mg per day39.

In this clinical case, new therapeutic strategies were considered following a pharmacogenetic 

testing displayed in Figure 1. The patient had already undergone various psychopharmacological 

regimens; however, she did not exhibit the expected therapeutic response and treatment adherence 

due to intolerance and adverse side effects. Notably, she also had drug metabolism alterations 

confirmed in the cytochrome P450 system genes that could explain these tolerability difficulties. 

Following the results of the pharmacogenetic test, the combination of methyl folate (15 

mg/day) with escitalopram (15 mg/day) resulted in a significant improvement in functionality, allowing 

the patient to resume social activities, practice physical exercise and improve family relationships.

This case reported an individual who carried genetic variants in MTHFR (677C>T and 

1298A>C) and who had experienced childhood maltreatment, and exposure to other contextual 

stressors with major risk factors for the development of depression. In addition, MTHFR enzymatic 

activity reduction was probably associated with increased folate deficiency and increased 

homocysteine levels, childhood trauma could increase risk of MDD 

recurrence as well as the development of more severe depressive symptoms19,40.



Accumulating evidence suggests that MTHFR variants may contribute to vulnerability profiles 

associated with depression severity and recurrence41, particularly when combined with 

environmental, nutritional, or clinical factors, rather than acting as independent predictors.

 Furthermore, for individuals with depression who carry MTHFR variants, clinicians may  

develop specific clinical treatment strategies, such as folate or methyl folate supplementation to 

improve depressive symptoms42. 

2.5 Participants

A total of 47 healthcare professionals from the local community participated in the training 

course. Participants represented diverse professional backgrounds, including family physicians, 

nurses, psychologists, social workers, and nutritionists. Participants were recruited from different 

healthcare settings and represented varying levels of professional experience. The training was 

offered as part of a voluntary continuing education initiative from HUTEC - foundation that manages 

research projects, continuing education programs, and the provision of services in various fields of 

knowledge in Londrina, Brazil - and no formal baseline assessment of prior knowledge was 

conducted. 

2.6 Educational Materials and Knowledge Dissemination

Educational materials included live online classes, structured case discussions, and an e-

book developed by the teaching team. The e-book contained a dedicated chapter on Epigenetics of 

Depression and adverse childhood experiences, designed to support knowledge consolidation and 

subsequent dissemination. The training also explicitly addressed common misconceptions about 

epigenetics, reinforcing that epigenetic mechanisms should not be interpreted as deterministic or 

used as standalone diagnostic tools, but rather as complementary concepts within an integrative 

clinical framework.

In line with the ToT model, participants were encouraged to adapt and share the acquired 

knowledge within their professional networks and community contexts.



At the end of the module, participants received structured discussion questions focused on 

risk factors, treatment adherence, genetic variants, and integrative care in depression to stimulate 

critical reflection, clinical reasoning, and translation of epigenetic concepts into real-world practice. 

These educational materials are publicly available on Figshare (DOI: 

https://doi.org/10.6084/m9.figshare.30068353).

Participants were expected to be able to:

(i) identify key clinical and psychosocial factors involved in major depressive disorder with 

medical and psychosocial comorbidities;

(ii) evaluate strategies to improve adherence to pharmacological treatment;

(iii) understand the impact of genetic variants—particularly those affecting folate 

metabolism—on antidepressant metabolism and treatment response; and

(iv) apply an integrative treatment model incorporating biological, psychological, and social 

dimensions of care. 

Knowledge consolidation and post-training evaluation occurred through a reflective learning 

process. Participants were encouraged to apply the discussed concepts in their own clinical or 

community settings and, in subsequent weekly sessions of the broader training program, to share 

real-life cases, professional experiences, and challenges encountered in practice. 

2.7 Faculty and Tutors Involved in the Training Program

The Epigenetics of Depression module was delivered by a multidisciplinary teaching team 

composed of four instructors with complementary expertise. The faculty included: (1) a senior 

psychiatrist and faculty member from the Department of Clinical Medicine and Psychiatry at the State 

University of Londrina (UEL), with extensive experience in mood disorders and clinical teaching; (2) 

a doctoral candidate in Health Sciences (Psychiatry) at State University of Londrina (UEL), with 

research focus on treatment-resistant depression, genetic variants of MTHFR, and epigenetic 

mechanisms; (3) a faculty member from the Department of Pharmaceutical and Pharmacological 

https://doi.org/10.6084/m9.figshare.30068353


Sciences, contributing expertise in pharmacogenetics, drug metabolism, and molecular mechanisms 

relevant to antidepressant response; and (4) a faculty member from the Department of Pediatrics, 

providing perspectives on developmental vulnerability, early-life stress, and adverse childhood 

experiences.

This interdisciplinary composition was intentionally designed to integrate clinical psychiatry, 

molecular and pharmacological mechanisms, developmental perspectives, and translational 

research, aligning with the program’s objective of bridging epigenetic theory and real-world clinical 

practice43.

2.8 Ethical Considerations

This educational initiative was conducted in accordance with ethical principles for educational 

research. Participation was voluntary, and no identifiable personal or clinical data were collected for 

research purposes.

3. RESULTS 

3.1. Educational Outputs

Participants completed applied learning activities in the form of reflective reports or case 

reports, designed to integrate epigenetic concepts into real-world clinical, academic, or personal 

contexts.

Learning objectives and guided discussion questions were provided to support critical 

analysis of clinical cases, gene–environment interactions, and integrative treatment strategies.

Submissions were uploaded to the course platform within a defined period and reviewed by 

instructors. In subsequent weekly meetings, participants engaged in collective discussions, during 

which they presented real cases encountered in their workplace settings and reflected on how the 

newly acquired knowledge informed clinical reasoning and interdisciplinary collaboration. These 

outputs aimed to promote conceptual understanding, clinical reasoning, and interdisciplinary 

dialogue rather than rote knowledge acquisition.



3.2. Evidence of Knowledge Application and Dissemination

Evidence of knowledge application and dissemination emerged through an iterative, 

formative assessment process embedded in the course structure (Figure 2). Following the 

epigenetics module, participants applied acquired knowledge to their professional settings, bringing 

real clinical cases and practical experiences to subsequent weekly sessions.

Group discussions facilitated collective reflection on how epigenetic mechanisms—such as 

DNA methylation pathways, early-life stress, and metabolic vulnerability—could inform patient 

assessment, treatment planning, and preventive strategies. Instructor feedback and peer exchange 

supported the expansion of clinical perspectives and adaptation of concepts to diverse healthcare 

contexts.

This cyclical process of application, reflection, feedback, and discussion demonstrated active 

knowledge transfer beyond the classroom environment. Participants were able to contextualize 

epigenetic concepts within their own practice settings. The interdisciplinary group of health care 

professionals approach is particularly valuable given the growing evidence that lifestyle-oriented 

medical interventions can reduce the incidence and severity of depression through epigenetic 

mechanisms.

Among the different modules offered throughout the training program, the chapter dedicated 

to depressive disorders stood out for its broad applicability across participants’ diverse professional 

and social contexts. The content addressed clinical aspects of depressive disorders, differentiation 

between sadness and depressive episodes, risk factors, warning signs, referral pathways, and the 

importance of qualified listening and stigma reduction. At the end of the module, participants were 

invited to complete a knowledge transfer activity, applying the acquired concepts to real-life 

professional or interpersonal situations.

As an illustrative example of the submitted activities, a primary healthcare professional 

reported reassessing the clinical approach to a patient who frequently attended the health unit with 

nonspecific somatic complaints. Following the training, the participant expanded the clinical 



assessment to include targeted questions about mood, sleep, anhedonia, and hopelessness, 

identifying symptoms compatible with a moderate depressive episode. The report highlighted that, 

prior to the training, clinical management had been limited to investigation of organic causes; after 

the course, the professional implemented appropriate referral, improved clinical documentation, and 

coordinated care with the local psychosocial healthcare network.

Beyond individual clinical practice, the participant described sharing this experience during a 

multidisciplinary team meeting, reframing recurrent somatic complaints as potential manifestations 

of unrecognized psychological distress. This discussion led to the joint development of strategies for 

depressive symptom screening within the primary care unit and strengthened interprofessional 

collaboration among nursing, medical, and social work staff. The participant emphasized that the 

main learning outcome was a shift in professional posture—from an exclusively symptom-focused 

approach to an expanded, patient-centered perspective attentive to subjective dimensions of 

suffering and comprehensive care.

In another report, a social worker described applying the acquired knowledge in a non-

institutional context, recognizing persistent signs of social withdrawal and hopelessness in a close 

acquaintance. The training facilitated a more confident and empathetic approach, enabling validation 

of the individual’s distress without judgment and encouragement to seek professional mental health 

support.

Collectively, these examples illustrate that the knowledge transfer activity extended beyond 

the academic setting, promoting concrete changes in professional practice and interpersonal 

relationships. Group discussion of these reports in subsequent sessions supported critical reflection 

on interventions, exchange of strategies among participants, and reinforcement of ethical, 

humanized approaches to depressive disorders. Figure 3 summarizes the conceptual framework 

used during the training sessions to support discussion on gene–environment interactions, 

epigenetic mechanisms, and the role of pharmacogenetics in individualized depression care.



Across these reports, participants emphasized that exposure to epigenetic concepts 

contributed to a broader clinical perspective on depression. By understanding how life experiences, 

chronic stress, and environmental factors can influence biological vulnerability, healthcare 

professionals reported increased awareness that depressive presentations may emerge beyond 

classical diagnostic complaints. This perspective supported a more integrative clinical reasoning, in 

which somatic complaints, general medical conditions, and psychosocial stressors were recognized 

as potential indicators of underlying depressive processes, rather than isolated or purely organic 

phenomena.

4. DISCUSSION

This experience report enhances our understanding of how a ToT model combined with CBL 

can train healthcare professionals to acquire knowledge about depression epigenetics to train others. 

As artificial intelligence applications continue to transform mental health care through mood tracking 

and treatment personalization, healthcare professionals will need even stronger foundational 

knowledge in epigenetics to effectively interpret and apply these emerging technologies44.

Rather than evaluating clinical outcomes, the present study focuses on educational 

processes, knowledge application, and dissemination strategies within a structured mental health 

training program.  Although no formal longitudinal follow-up was conducted, the educational design 

encouraged continued application of the content through structured knowledge-transfer activities, 

peer discussions in subsequent course modules, and reflection on real-world professional 

experiences. These elements supported ongoing engagement with the concepts beyond the initial 

session, while long-term educational outcomes remain a target for future research.

MDD is a complex condition of both genetic and environmental factors, with an interplay 

between them45. Furthermore, research found a positive correlation between  genetics and  

environmental factors such as adverse childhood experiences, and stress can influence 

susceptibility for developing depression later in life2,4. 

The clinical case enabled participants to explore epigenetic and environmental mechanisms 

in individuals with recurrent depressive episodes.  Twin and molecular genetic studies indicate that 



depression has a moderate heritable component, with heritability estimates commonly around 30–

40%12-14,23, while also underscoring its polygenic architecture and contributions of environmental 

exposures.

These factors, including early life stress, trauma, and other adverse experiences, can alter 

gene expression by modifying DNA histone proteins, leading to long-lasting changes in brain function 

and behavior22,43. Epigenetic mechanisms such as alterations in chromatin structure, histone 

modifications, DNA modifications, noncoding RNA regulation, and RNA modifications may contribute 

to the progression of MDD in response to stressful experiences and adverse environmental 

exposures46, as postulated in Figure 4. 

Although the presence of MTHFR variants is often discussed within a pharmacogenetic 

framework, their relevance in this case extends to epigenetic regulation47. Reduced predicted 

MTHFR enzymatic activity compromises the availability of methyl groups required for one-carbon 

metabolism, which directly impacts DNA methylation processes. DNA methylation is a core 

epigenetic mechanism involved in gene expression regulation, neuroplasticity, and stress 

responsivity. Therefore, in the context of early-life adversity, impaired methylation capacity may 

represent a biological pathway linking genetic vulnerability to epigenetic dysregulation and increased 

susceptibility to depressive episodes.

Meanwhile, ACEs are linked to a higher risk of health problems, which involves sustained 

activation of the stress response system, and have a role in the mediation of epigenetics 

mechanisms. Traumatic  experiences during childhood can cause changes in the limbic-

hypothalamic-pituitary-adrenal axis, resulting in increased levels of catecholamines (“fight or flight” 

response), cortisol, and proinflammatory cytokines and cascading effects24. Childhood maltreatment 

affects the physiological response and activity of the HPA axis48.  Childhood trauma might modulate 

epigenetic pathways through methylation changes in genes, and is associated with glucocorticoid-

mediated stress response, which may lead to accelerated epigenetic aging process in later life49. 

The mechanisms of ACEs may modulate epigenetic altering the function of the HPA axis and 



glucocorticoid receptor gene that  can trigger  DNA methylation patterns  being a likely way early life 

events have long-term effects16. 

Emerging evidence indicates that an unhealthy lifestyle may be associated with alterations 

in epigenetic processes linked to depression. Emerging evidence indicates that an unhealthy lifestyle 

may be associated with alterations in epigenetic processes linked to depression50. This research 

highlights how lifestyle choices involving diet, physical activity, sleep, social relationships, and stress 

influence epigenetic processes positively or negatively, and thereby play a significant role in 

determining whether one does or does not suffer from depression.

Socially negative lifestyle factors, such as childhood adversity, childhood sexual abuse, and 

social rejection were found to be associated with genetic hypermethylation and single-nucleotide 

polymorphism patterns that increase production of pro-inflammatory mediators, downregulate anti-

inflammatory markers, and alter the expression of opioid and glucocorticoid receptors involved in the 

stress response8,51,52. 

Growing evidence indicates that lifestyle-based psychoeducation can substantially contribute 

to the primary prevention of depressive disorders, particularly when healthcare professionals are 

systematically trained to promote core pillars of mental health such as restorative sleep, balanced 

nutrition, regular physical activity, and social connectedness53,54. These lifestyle domains influence 

molecular pathways involved in stress responsivity, inflammation, mitochondrial function, and 

epigenetic regulation, which are all implicated in the onset and progression of depression. Training 

healthcare professionals to integrate these principles into clinical practice may enhance early 

identification of at-risk individuals, strengthen protective factors55, and foster beneficial epigenetic 

modifications that support neuroplasticity and emotional regulation56-58. As illustrated in Figure 5, 

lifestyle-oriented psychoeducation provides a low-cost, scalable, and biologically informed strategy 

to mitigate vulnerability and reduce the incidence of depressive symptoms at the population level.

From an educational perspective, the clinical case functioned as a translational tool, allowing 

participants to connect molecular mechanisms with real-world clinical scenarios encountered in their 

own professional settings. The reflective questions and applied tasks encouraged participants to 



identify epigenetic risk factors, discuss integrative treatment strategies, and critically reflect on how 

lifestyle, psychosocial context, and biological vulnerability interact in depression. The introduction of 

epigenetic concepts appeared to function as a conceptual bridge between biological vulnerability 

and lived experience. Rather than focusing on molecular mechanisms in isolation, participants were 

encouraged to understand epigenetics as a framework that links environmental exposures, stress, 

and life history to clinical manifestations of depression. This approach may explain why healthcare 

professionals reported greater sensitivity to nonspecific presentations, such as somatic complaints 

or functional impairment, and a broader recognition of depression risk beyond strict diagnostic 

criteria. By framing depressive disorders within an epigenetic and biopsychosocial model, 

participants reported greater attention to contextual factors, improved clinical questioning, and more 

appropriate referrals within psychosocial care networks. Although patient outcomes were not directly 

assessed, such changes in professional behavior represent meaningful practice-level outcomes with 

potential downstream effects on patient care.

The field of epigenetics in mental health continues to evolve rapidly, with several recent 

publications offering valuable insights that complement our findings. Recent work on precision 

medicine approaches in neuropsychiatry highlights the growing importance of integrating genetic, 

environmental, and lifestyle factors for personalized treatment planning.7 Additionally, emerging 

research on artificial intelligence applications in mood disorders suggests new frontiers for predicting 

treatment response and monitoring epigenetic changes44. These developments reinforce the value 

of training healthcare professionals in epigenetics, as they will need to interpret increasingly complex 

biological data in clinical practice. 

This experience report has several limitations. First, the absence of a standardized baseline 

knowledge assessment limits the ability to quantify learning gains. Second, educational outcomes 

were primarily assessed through reflective reports, case discussions, and observed application in 

professional contexts, which may be subject to reporting bias. Third, the sustainability and long-term 

impact of knowledge dissemination were not systematically evaluated. 



Despite the positive educational outcomes, potential barriers to implementing similar training 

programs should be acknowledged, including time constraints, variability in baseline knowledge, and 

limited institutional support. Integrating complex epigenetic concepts into routine clinical practice 

may also require ongoing reinforcement. 

Future studies should incorporate mixed-method evaluation frameworks to assess 

educational effectiveness more rigorously.

Cultural considerations are particularly relevant for educational interventions in mental 

health58. Although the training was implemented within a specific regional and cultural context, the 

program was designed to be adaptable to different healthcare settings. The emphasis on case-based 

learning, reflective discussions, and community-oriented knowledge transfer allows content to be 

contextualized according to local sociocultural realities, healthcare resources, and professional 

roles. Nevertheless, the present study did not formally evaluate cultural adaptations across diverse 

settings, which represents an important direction for future implementations and research.

5. CONCLUSIONS

This experience report suggests that a ToT and CBL approach incorporating epigenetic 

concepts into mental health education is feasible and may support healthcare professionals in 

broadening their understanding of gene–environment interactions in depression. While the findings 

are exploratory and based on qualitative educational outputs, they indicate potential for knowledge 

dissemination and reflective practice, warranting further evaluation using structured outcome 

measures. By supporting healthcare professionals in identifying adverse life events within their 

communities and contextualizing these factors within epigenetic frameworks, such initiatives may 

contribute to early recognition of vulnerability and inform preventive and supportive strategies to 

mitigate the long-term impact of childhood trauma.
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Table 1: Patient Health Questionnaire-9 (PHQ-9) answers from the case study.

How often have you been 

bothered by the following in the 

past 2 weeks?

Not at all Several 

days

More than 

half of the 

days

Nearly 

every day

1 - Little interest or pleasure in 

doing things?

X



2 - Feeling down, depressed, or 

hopeless?

X

3 - Trouble falling or staying 

asleep, or sleeping too much?

X

4 - Feeling tired or having little 

energy?

X

5 - Poor appetite or overeating? X

6 - Feeling bad about yourself - 

or that you are a failure or have 

let yourself or your family down?

X

7 - Trouble concentrating on 

things, such as reading the 

newspaper or watching 

television?

X

8 - Moving or speaking so slowly 

that other people could have 

noticed? Or so fidgety or 

restless that you have been 

moving a lot more than usual?

X

9 - Thoughts that you would be 

better off dead, or thoughts of 

hurting yourself in some way?

X



Table 2: The Adverse Childhood Experiences Questionnaire answers from the case study. 

Ask Answer 

1. Did either your parents or other adults in the home frequently 

or very frequently: offend, insult, belittle, humiliate you? Or act 

in a way that made you fear being physically harmed? 
Yes

2. Did a parent or other adult in the home frequently or very 

frequently: push, grab, slap, or throw objects at you? Or ever 

hit you in a way that left marks or physical injuries? 
No

3. Has any adult or person at least 5 years older ever: touched 

or fondled you or caused you to touch their body in a sexual 

way? Or attempted to have or had oral, anal or vaginal sex with 

you?

No

4. Did you often or very often feel that: No one in your family 

loved you or thought you were important or special? Or that 

your family members did not care about each other's well-

being, did not feel close to each other, or did not support each 

other?  

Yes

5. Did you often or very often feel that: You didn't have enough 

to eat, had to wear dirty clothes, and had no one to protect you? 

Or were your parents too drunk or on drugs to take care of you 

or take you to the doctor if you needed them? 

Yes



6. Did your parents ever separate or divorce? Yes

7. Your mother or stepmother: Was she often or very often 

pushed, grabbed, slapped, or had objects thrown at her? Or 

was she sometimes, often, or very often kicked, bitten, 

punched, or hit with heavy objects?

No

8. Have you lived with someone who suffered from drinking or 

alcoholism, or who used illicit drugs?
 Yes

9. Have you lived with someone who was depressed, had a 

psychiatric problem, or attempted suicide?
Yes

10. Have any family members been arrested? No



Pharmacogenetic profile of the patient illustrating genotypes and predicted phenotypes for 

antidepressant response and metabolism.



–



Figure 2. Knowledge transfer and formative assessment cycle used in the Epigenetics of 
Depression training module.



Figure 3. Healthcare professionals train their communities.  Integration of epigenetic and 
pharmacogenetic insights into the clinical management of Major Depressive Disorder (MDD).



Figure 4. Conceptual model illustrating how early-life stress may influence depressive vulnerability 
through epigenetic regulation.



Figure 5. Conceptual model illustrating how positive lifestyle interventions may induce beneficial 

epigenetic modifications that support mental health and reduce depressive vulnerability.



Figures legends.

Figure 1. 

This figure illustrates a pharmacogenetic report used as an educational resource during the case-

based learning component of the training program. The report summarizes variants in 

pharmacodynamic genes (HTR2A, SLC6A4) and pharmacokinetic genes (CYP2C9, CYP2C19, 

CYP2D6), as well as folate-related variants (MTHFR C677T and A1298C).

The combined MTHFR genotype indicates reduced predicted enzymatic activity, which was 

discussed in the training context as a potential modifier of one-carbon metabolism and DNA 

methylation capacity, supporting the conceptual link between genetic vulnerability and epigenetic 

mechanisms. Pharmacokinetic results classify the patient as an intermediate metabolizer for 

CYP2C9, CYP2C19, and CYP2D6, while pharmacodynamic findings suggest a potentially favorable 

response to selective serotonin reuptake inhibitors (SSRIs).

Importantly, this pharmacogenetic profile was not used as a prescriptive clinical tool, but rather as a 

didactic example to illustrate how genetic, environmental, and clinical information can be integrated 

to support individualized and biologically informed clinical reasoning within the epigenetics education 

framework.

Abbreviations: CPIC, Clinical Pharmacogenetics Implementation Consortium; CYP, cytochrome 

P450; CYP2C9, cytochrome P450 family 2 subfamily C member 9; CYP2C19, cytochrome P450 

family 2 subfamily C member 19; CYP2D6, cytochrome P450 family 2 subfamily D member 6; 

HTR2A, 5-hydroxytryptamine receptor 2A gene; MTHFR, methylenetetrahydrofolate reductase; 

SLC6A4, solute carrier family 6 member 4 (serotonin transporter gene).

Genotype notation: A, C, G, and T represent nucleotide alleles; homozygous genotypes are indicated 

by duplicate letters (e.g., A/A, T/T), and heterozygous genotypes by mixed alleles (e.g., A/T). L and 

S represent the long and short alleles of the SLC6A4 promoter polymorphism (5-HTTLPR).



Star allele notation: CYP genotypes are represented using star alleles (e.g., *1, *2, *5), where each 

star allele corresponds to a known functional variant. Diplotypes (e.g., *1/*2, *1/*5) are used to infer 

pharmacokinetic phenotypes (e.g., normal, intermediate, or poor metabolizer).

Figure 2. Following the thematic session, participants were assigned an applied task (reflective 

report or case report) aimed at integrating epigenetic concepts into real-world clinical, academic, or 

personal contexts. Submissions were uploaded to the educational platform within up to 20 days and 

reviewed by instructors. In subsequent meetings, collective discussions were conducted, promoting 

critical reflection, expansion of clinical practices, and peer learning. This iterative cycle emphasized 

formative evaluation and real-world knowledge application rather than formal pre- and post-training 

testing.

Figure 3. This figure presents a conceptual and educational framework used during the training 

sessions to illustrate how genetic, environmental, and clinical factors may be integrated in the 

understanding and management of major depressive disorder (MDD).

(A) Healthcare professionals engage in community education to recognize early-life stressors and 

adverse experiences that may influence gene expression through epigenetic mechanisms.

(B) Standard antidepressant treatment is discussed as frequently relying on a trial-and-error process, 

which may be associated with variable efficacy and tolerability.

(C) Pharmacogenetic testing is presented as a potential supportive tool in selected clinical scenarios, 

such as repeated treatment failure, significant adverse effects, atypical family treatment responses, 

or patient interest in individualized care.

(D) Gene-informed strategies are explored as a means to support clinical reasoning regarding 

antidepressant selection and dosing, based on individual genetic profiles.

(E) Within an educational context, these approaches are discussed in relation to potential clinical 

benefits, including improved treatment tolerability, enhanced adherence, and more efficient symptom 

management.



Importantly, this framework was used for educational purposes only, aiming to support reflective 

clinical reasoning and understanding of precision psychiatry concepts, rather than to establish 

prescriptive clinical recommendations.

Figure 4. Adverse childhood experiences (ACEs) are associated with epigenetic modifications, 

including histone modifications, DNA methylation changes, and alterations in non-coding RNA 

pathways, which may influence synaptic plasticity and stress responsivity and contribute to 

vulnerability to depressive phenotypes.

This schematic integrates evidence from preclinical and translational studies and is intended as a 

conceptual illustration of putative biological pathways, rather than a direct or deterministic causal 

representation.

Abbreviations: ACE, adverse childhood experiences; BDNF, brain-derived neurotrophic factor; DNA, 

deoxyribonucleic acid; FKBP5, FK506-binding protein 5; HDAC, histone deacetylase; H3K9me2, 

histone 3 lysine 9 demethylation; miR-16, microRNA-16; miR-124, microRNA-124; miR-146a, 

microRNA-146a; NR3C1, nuclear receptor subfamily 3 group C member 1 (glucocorticoid receptor 

gene); RNA, ribonucleic acid.

Figure 5.  Lifestyle-related factors—such as restorative sleep, balanced nutrition, regular physical 

activity, and social connectedness—are discussed as potential modulators of molecular pathways 

involved in stress responsivity and neuroplasticity.

Within an educational context, these behaviors are presented as being associated with adaptive 

epigenetic processes, including histone acetylation, modulation of DNA methylation patterns, and 

regulation of microRNAs, which may support neuronal resilience and emotional regulation.



This figure was used to illustrate how lifestyle-oriented strategies could represent low-cost and 

scalable approaches for mental health promotion and primary prevention, rather than as prescriptive 

therapeutic recommendations.
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“O Estudo tem por finalidade avaliar a o uso de um aplicativo de celular e 





anos.”

“Segundo a Organização Mundial da Saúde (OMS) os problemas de saúde 



"ansiedade" e‘depressão’, além de apresentarem 



em dispositivos eletrônicos móveis, para programas de educação em saúde (21).”

“Hipótese: 1. Os pacientes portad

”



“Objetivo Primário: Avaliar se o uso de aplicativo de celular e de ebook para 

diagnóstico submetido apenas ao tratamento convencional.”

“Objetivo Secundário: a) Avaliar, por meio de escalas validadas no Brasil, 

convencional.”



“Riscos: O estudo 

–

uma assistência psicológica sem nenhum tipo de gasto financeiro.”

“Benefícios: O uso de um aplicativo de smatphone e de ebook como 

beneficios para a população de pacientes adolescentes.”

Na justificativa da Emenda a pesquisadora afirma que é “Ensaio clínico 

ntrole.” Serão acrescentados 
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