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Flavio Kapczinski,

This is the second part of the Brazilian S20 mental health report. The mental health working group is
dedicated to leveraging scientific insights to foster innovation and propose actionable recommenda-
tions for implementation in Brazil and participating countries. In addressing the heightened mental
health challenges in a post-pandemic world, strategies should encompass several key elements. This
second part of the S20 Brazilian Mental Health Report will delve into some of these elements,
including: the impact of climate change on mental health, the influence of environmental factors on
neurodevelopmental disorders, the intersection of serious mental iliness and precision psychiatry, the
co-occurrence of physical and mental disorders, advancements in biomarkers for mental disorders,
the use of digital health in mental health care, the implementation of interventional psychiatry, and the
design of innovative mental health systems that integrate principles of innovation and human rights.
Reassessing the treatment settings for psychiatric patients in general hospitals, where their mental
health and physical needs are addressed, should be prioritized in mental health policy. As the S20
countries prepare for the future, we need principles that can advance innovation, uphold human rights,
and strive for the highest standards in mental health care.

Keywords: Mental health policy; environmental factors; precision psychiatry; implementation
science; innovation in mental health care

Introduction

The G20 can serve as a model for the collaborative use
of science to achieve the shared objective of universal
holistic health. This endeavor to enhance physical and
emotional well-being could pave the way for global
implementation. The physical dimension of health encom-
passes aspects such as diet, exercise, sleep patterns,
stress levels, lifestyle choices, and one’s relationship
to the environment. Recent research underscores the
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profound link between physical health, psychological well-
being, and the environment. Conversely, research has
consistently shown that poor physical health can lead to
adverse psychological effects, such as diminished self-
esteem or feeling overwhelmed by daily responsibilities.
A poor environment can also contribute to neuropsychia-
tric disorders.

Ideally, a universal holistic health policy would encom-
pass physical, psychological, social, cultural, and envir-
onmental dimensions. It should consider diverse age
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groups, spanning from early childhood to adulthood, as
well as different cultural backgrounds, tailoring interven-
tions accordingly. Such a policy should be evidence-
based, contextually relevant, resource-efficient, culturally
sensitive, and equity-promoting.

About two-thirds of the world’s population will live in
large urban centers by 2050. Consistent floods, land-
slides, heat waves, and climate threats, accompanied by
worsening social conditions, can increase feelings of
insecurity, particularly for people living in urban centers,
especially among youth and older adults.

Social media has revolutionized the way people create
and consume information. Unlike traditional media broad-
casts, which are passively consumed, social media
depends on users to provide content for their social
contacts.

Many individuals with mental health conditions, includ-
ing common disorders like depression and anxiety, lack
access to adequate public mental health care. Brazilian
epidemiological studies estimate that the mental health
gap is over 50% for adults and adolescents, which is
important because individuals with mental illness often
experience physical health problems that can lead to
increased mortality, poorer health outcomes, and higher
health system costs. The average life expectancy of
those with severe mental illnesses (SMI), such as
acute depression, bipolar disorder, and schizophrenia,
is 20 years shorter than the general population. Because
one-third of patients with severe depression or other SMI
have difficult-to-treat conditions, new interventions are
required, such as the emerging field of interventionist
psychiatry.

As part of the ongoing effort to address developing
challenges in global mental health, the second part of the
S20 Brazilian Mental Health Report will delve into the
following topics: the impact of climate change on mental
health, the influence of environmental factors on neuro-
developmental disorders (NDD), the intersection of SMI
and precision psychiatry, the comorbidity of physical and
mental disorders, advancements in biomarkers for mental
disorders, the integration of digital health in mental
healthcare, the implementation of interventional psychia-
try, and the design of innovative mental health systems
that incorporate principles of innovation and human rights.

Climate change and mental health

The concept of climate insecurity is intricately linked to
environmental aggression, which has multifaceted effects
on the planet." These effects include reduced agricultural
productivity, which is curtailing food availability and
increasing hunger and malnutrition among vulnerable
populations.>® Rising sea levels are contributing to a
scarcity of both drinking water and agricultural irrigation
water.* Climate change is also disrupting the economy
by affecting supply chains, leading to financial losses for
businesses and governments. Increasing air pollution and
frequent heat waves are also exacerbating human health
risks. Environmental aggression also poses a significant
threat to biodiversity, resulting in habitat loss, species
extinction, and ecosystem disruption, triggering migration
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and displacement. In summary, environmental changes
are beginning to jeopardize human survival, creating a
state in which basic needs, such as safety, provisions,
and well-being, will not be met.

The impact of climate change on mental health is
multifaceted, having both direct and indirect effects on
affected populations. Extreme weather events, such as
hurricanes, floods, wildfires,® and heatwaves,® directly
contribute to psychological distress. The indirect effects of
such events include chronic stressors like drought, food
insecurity, displacement due to environmental degrada-
tion, and existential anxiety about the future amid
escalating climatic changes.”® Studies have demon-
strated that extreme weather events increase the
prevalence of post-traumatic stress disorder, depression,
anxiety disorders,® and a wide range of psychological
morbidities that can impair functioning and well-being long
after the initial event.®

Awareness of the threat that climate change poses,
referred to as eco-distress, climate anxiety, or climate
grief, is significantly impacting mental health and psycho-
logical well-being on a global scale.’ Young people
worldwide are showing high levels of concern about
climate change. This emotional state can manifest as
feelings of helplessness, fear for the future, sadness over
environmental loss, and guilt regarding their own ecolo-
gical impact. Engaging in community actions and pro-
environmental movements has shown potential benefits
for youth.® In a recent survey of 10,000 youth (aged 16-
25 years) from 10 countries, 60% expressed significant
concern about climate change, with 45% reporting
disruptions to their daily lives, including sleep patterns
and daily functioning." Young people, recognizing the
future implications of climate change, feel that the
government’s response has been inadequate. While
climate anxiety is not classified as a psychiatric illness,
the reality of the climate crisis is undeniable, and the lack
of substantial government action is evoking an over-
whelming response, particularly among adolescents.'?
This trend is evolving into a moral injury for children and
adolescents.'®

Environmental factors in neurodevelopmental
disorders

The human brain, the most complex system and most
fascinating part of our organism, consists of 86 billion
neurons and weighs about 1.5 kg. Neurons are the basic
unit of the nervous system and are considered the main
elements in the generation, transmission, and processing
of cerebral information.’ The brain is a flexible and
adaptable organ, constantly changing throughout life.
Neuroplasticity, i.e., the brain’s ability to change its
anatomy, connectivity, and networks in response to
external and internal stimuli, allows neurons to structurally
reorganize and form new cells, adjusting their number,
morphology, and function in response to environmental
changes."'® Exposure to environmental toxins, whether
natural or manmade, has been identified as a key fac-
tor in impaired neuroplasticity and disrupted brain



development, contributing to NDD."”""® Although NDD are
highly heritable, a number of environmental risk factors
have also been suggested.?’ Environmental factors
commonly linked to NDD include diet (including food
additives), lead contamination, tobacco and alcohol
exposure during pregnancy, and low birth weight.?°
Current evidence indicates that exposure to pesticides
during neurodevelopment increases susceptibility to
many NDD.2%2" Pesticide use may have been involved
in the rapid increase of autism spectrum disorder in the
last decade.?® This relationship has been attested to by
studies measuring a range of exposure types, from
residential exposure to agricultural drift, whose methodol-
ogies have ranged from questionnaires on insecticide use
to assessing biological specimens to detect metabolites
and pesticides, such as organochlorine and organophos-
phate pesticides.?? The serious effects of indiscriminate
pesticide use on both the environment and human health
are well known.?® In 2019, global pesticide consumption
was approximately 4.19 million metric tons, with China
being the largest consumer (1.76 million metric tons),
followed by the United States (408,000 tons), Brazil
(377,000 tons), and Argentina (204,000 tons).?* Pesticide
contamination is a major environmental and health
concern in Brazil, particularly among Indigenous commu-
nities.?®> Pesticide use in Brazil must be considered a
public health emergency, given the number of people who
live in agricultural areas and near pesticide factories, as
well as the general population, who consume their
residues in food.2® Hence, new experimental, epidemio-
logical, and clinical studies are needed to accurately
determine the effects of environmental toxin exposure on
human health.

Serious mental illness and precision psychiatry

SMI is characterized by significant functional impairment
resulting from a mental disorder. Its prevalence is
approximately 5%, with most cases manifesting before
18 years of age, significantly impeding educational and
employment opportunities for affected individuals.?”®
Beyond personal suffering, the social burden of SMI is
substantial, given that it is one of the most prevalent
causes of lifelong disability and requires significant
resources from the health care system.?%3° The pre-
valence of SMI tends to be higher among minorities and
people in lower socio-economic strata, disproportionately
affecting the most vulnerable segments of society.

SMI treatment faces significant challenges worldwide.
A substantial portion of patients remains untreated®' and,
even among those who receive treatment, evidence-
based interventions are not universally accessible.
Diagnostic delays are commonplace, particularly for
conditions such as schizophrenia and bipolar disor-
der.%®3* Rehabilitation programs have yielded only
modest results, as evidenced by a recent meta-analysis
indicating a persistent education gap between individuals
with schizophrenia and the general population over the
past few decades.®® Urgent action is needed to transform
this situation.
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Precision medicine seeks to enhance the diagnostic
accuracy and treatment efficacy by accounting for
interindividual variability.>*3” The novelty lies not so
much in the objective itself, but in the use of cutting-edge
technologies such as omics, big data, and ecological
momentary assessment. These tools allow tailored
treatments for individual patients at the opportune
moment. In rapidly evolving fields like oncology and
cardiology, novel findings are emerging swiftly. For SMI,
precision psychiatry has the potential to spearhead a
genuine scientific revolution. Some encouraging findings
highlight this potential, including machine learning’s ability
to predict lithium®® and antipsychotic®® response. Genetic
panels have been used to predict severe adverse effects,
such as Steven-Johnson syndrome, which has been
associated with carbamazepine use in Chinese
patients.*° Another noteworthy observation is that ele-
vated C-reactive protein levels in depressed patients are
linked to poor treatment response.*' However, some of
these promising results have been criticized. For
instance, the association between C-reactive protein
and depression in recent studies lost significance after
adjustment for body mass index and potential confound-
ers.*?3 Thus, despite the promise of precision psychia-
try, clinically relevant results are still elusive.

The scarcity of results for precision psychiatry can be
attributed to several factors. While it may be argued that
insufficient time is a factor, the rapid emergence of
results in other medical fields raises legitimate concerns.
However, instead of resorting to arguments about greater
brain complexity, a more fundamental and intrinsic
issue must be addressed: the definition of psychiatric
disorders. In oncology, the search for tumor biomarkers
involves identifying and genotyping specific cell types.
But what cell type causes schizophrenia? What brain
region is responsible for depression? Psychiatric diag-
noses are for syndromes rather than etiological entities,
representing states of brain function. Kéhne & Van Os**
elegantly outlined similar concerns. Although the
diagnosis problem in psychiatry does not actually hinder
the use of precision medicine, it must be taken into
consideration.

Beyond this fundamental problem, two additional
concerns warrant attention. First, most research on
precision medicine has focused on genetics and has
been conducted in high-income countries. This geo-
graphic bias may explain its low replicability, particularly
among ethnic groups not covered by current studies.
Consequently, the best existing algorithms may only be
effective for White European populations, which under-
scores the need to include diverse ethnic groups.*® As
these tools advance and better predict clinical outcomes,
a second concern emerges regarding accessibility: will
these tools be available to all patients with SMI, or will
they be limited to only those who can afford them? This
ethically complex issue highlights the need for new
studies in low- and middle-income countries to develop
better algorithms. However, the irony of these advance-
ments lies in their potential inaccessibility due to high
costs. In general, precision psychiatry must consider
the social and cultural context, since related factors
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significantly influence mental disorders, serving as either
risk factors or affecting prognosis/treatment response.
Although the promise of precision psychiatry is both
clinically and scientifically relevant, the limitations of
psychiatric nosology remain the primary barrier. Progress
will require extensive translational datasets, larger and
more representative international samples, and long-
itudinal studies. Validation and implementation studies,
preferably with a commitment to making advancements
accessible to those in need, are crucial. Otherwise,
advancement will only further widen the social gap.
Beyond these challenges, we must not lose sight of the
centrality of human experience as the core of psychiatric
practice. More than mere words, human experience is the
emerging property of our brain and a focal point for
neuroscience. In conclusion, establishing greater con-
nections between disciplines will be essential to enhan-
cing the lives of individuals with SMI. New technologies
can be exceedingly beneficial, provided they do not lose
sight of the essence of human care and its significance.

Physical and mental comorbidities

There is extensive evidence of a robust association
between mental disorders and physical illness. A con-
siderable proportion of the increased mortality associated
with psychiatric disorders may be attributable to the high
prevalence of comorbid physical conditions, including
cardiovascular, respiratory, metabolic, and other dis-
eases.*® Studies have shown that mental illness exacer-
bates the effects of many physical conditions. For
example, meta-analyses have shown that depression
increases the risk of total stroke, fatal stroke, and
ischemic stroke.*” There is also an association between
depression and an increased risk of myocardial infarc-
tion,*® including a 22% higher risk of all-cause mortality
after an ischemic coronary event.*® This association has
proven so important that the American Heart Association
should consider elevating depression to the status of a
risk factor for adverse medical outcomes in patients with
acute coronary syndrome.*® Higher risks of sudden
cardiac death and recurrent atrial fibrillation have also
been associated with depression.®’

Numerous studies have demonstrated an association
between diabetes and other clinical conditions. A 2019
meta-analysis found that, in individuals with diabetes,
depression is associated with an increased risk of
macrovascular and microvascular complications,®? as
well as increased diabetes-related mortality.>® Data also
indicate that depression increases the risk of obesity,
which is closely associated with cardiovascular and
cerebral complications.®* Even more surprising findings
from studies assessing depression both before and after
cancer diagnosis indicate that higher levels of depressive
symptoms predict increased cancer mortality.>®

Biomarkers in mental disorders

Although the search for the biological substrate of mental
disorders is necessary for more effective therapies and,
above all, preventive strategies through early diagnosis,
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experimental attempts to identify specific markers for
different disorders remain unsuccessful. Thus, current
treatments are symptom-based, not disease modifiers,
and have low response rates.*® Such negative results
may be related, at least in part, to non-specific global
changes in brain biology in certain clinical conditions.> In
fact, the symptoms and clinical manifestations them-
selves are non-specific in different disorders,>” including a
lack of phenotypic specificity observed in clinical practice.
Hence, it is assumed that there may be a common genetic
basis to brain structure and function abnormalities in
these disorders.>® For this reason, experimental strate-
gies should consider both the biological differences and
similarities of different diagnoses. The rationale for this is
that a genetic basis would result in a common vulner-
ability to disturbances in brain maturation, plasticity, and
function.®® The interaction of such a genetic basis with
non-genetic factors could determine the variety of clinical
manifestations and influence pathoplasty.®

The detection and treatment of mental disorders is
restricted by historically established procedures that are
generally based on subjective observation of individuals
suffering from a mental condition.>® As a result, psychia-
tric diagnostic categories, as well as the complete lack of
a reliable biological signature to guide diagnosis, have
been criticized.>® Indeed, one of the fundamental short-
comings of conventional, phenotype-based psychiatry is
that diagnosis is based on a descriptive set of behaviors
rather than objective markers.>® Peripheral biomarker
changes have now been confirmed in a wide range of
mental health problems,®® although they do not respect
diagnostic boundaries and are quite variable between
persons with the same phenotypic diagnosis.?® As a
result, no peripheral biomarkers have been identified
that can assist in the differential diagnosis of mental
disorders.5%:61

For psychiatry to further develop, peripheral blood
marker behavior must be determined on an individual
level across nosological categories.®? Given the complex-
ities of mental disorders, a single or even several
biomarkers related to the same unit of analysis within a
biological system (i.e., a single domain) is unlikely to
provide diagnostic criteria to adequately guide real-world
therapeutic decisions.®' However, investigation of many
potential biomarkers in a wide range of illnesses may
contribute to the understanding of micro-changes in the
neurocircuitry of psychiatric disorders.®’

The most investigated peripheral biomarkers are
generally the same across psychiatric disorders. Com-
pared to healthy controls, brain derived neurotrophic
factor, interleukin-6, tumor necrosis factor-alpha, and C-
reactive protein levels are frequently altered in people
with psychiatric conditions.®3¢® Specifically, brain derived
neurotrophic factor levels are lower in bipolar disorder,
major depressive disorder, and schizophrenia and higher
in autism spectrum disorder.®3¢ Inflammatory cytokines
interleukin-6, TNF-alpha, and C-reactive protein are lower
in post-traumatic stress disorder, bipolar disorder, schizo-
phrenia, and major depressive disorder.*!:6%:67:68 |t i not
surprising that similar compounds would attract attention
across disorders based on publishing trends, but the fact



that the variation patterns have been consistent among
mental disorders indicates biological commonalities in
their peripheral characteristics.

In conclusion, we should be optimistic that biomarkers
can lead to novel therapies and patient-tailored interven-
tions, revolutionizing our capacity to delay disease onset
and improve treatment for complex mental disorders. The
most ambitious goals would be to identify novel pharma-
ceutical targets and justify the use of well-known
medications, given the intricate interplay among geno-
type, lifestyle, nutrition, pharmacological therapy, envir-
onmental exposure, and gut bacteria. Ultimately, given
the complexity of mental illnesses, a connection must
be established between various biomarker types. Thus,
a combination of biomarkers, rather than a single
biomarker, may result in more personalized mental health
care and better outcomes.

Digital mental health interventions

The World Health Organization refers to digital health as
“The field of knowledge and practice associated with the
development and use of digital technologies to improve
health. Digital health expands the concept of eHealth to
include digital consumers, with a wider range of smart-
devices and connected equipment. It also encompasses
other uses of digital technologies for health such as the
Internet of things, artificial intelligence, big data, and
robotics.”®® Such a definition builds common ground in an
area that has grown exponentially over the last 5 years.
As early as 2018, The Lancet Commission on global
mental health and sustainable development’® identified
the transformative potential of digital technologies across
several areas of mental health. They can play a pivotal
role in improving mental health literacy, reducing stigma,
fostering well-being, facilitating screening and diagnosis,
supporting treatment and care, enhancing training
and supervision (thus expanding mental health care
capacities), and strengthening health care systems (by
incorporating artificial intelligence).

In the wake of the COVID-19 pandemic, digital health
has shifted from a mere aspiration to a tangible reality.
It is now used to address numerous health problems
on both individual and population levels. On an individual
level, digital health interventions, such as tele-mental
health, smartphone apps, chatbots, and virtual reality are
being used and/or evaluated for a broad spectrum of
mental health disorders including anxiety, depression,
substance abuse, and schizophrenia.”’ Hundreds of apps
currently provide psychoeducation, improve therapeutic
adherence, and allow patients to identify and manage
their symptoms.”® In addition, the use of avatars is
widespread in various psychotherapeutic or psychological
approaches, including cognitive-behavioral therapy,
behavioral activation, mindfulness, as well as techniques
for managing anxiety and improving sleep.”® Moreover,
digital phenotyping allows the ecological measurement of
behavior, using data collected by mobile devices.” Active
data collection (ecological momentary assessment) is
being used to determine patients’ physical and mental
state in a number of apps. At an early level of
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technological readiness, passive data collection relies
on cell phone instruments, such as actigraphs, acceler-
ometers, and global positioning systems to extract
clinically relevant information. These tools can detect
stress through cell phone usage patterns, identify risk
exposure for binge drinking through geolocation, and
identify opioid poisoning according to breathing patterns
captured through the microphone. In vulnerable groups,
such as older people and lesbian, gay, bisexual, trans-
gender, queer, questioning, intersex, ally youth, interven-
tions that increase mental health literacy can lead to
even greater gains.

Implementing and scaling up these interventions,
however, remains challenging. Despite important
advances in efficacy evaluation for digital health inter-
ventions, innovative research designs are needed to
assess long-term outcomes due to their rapid obsoles-
cence rate and loss of user engagement, retention, and
adherence. Few mental health apps have been tested in
randomized clinical trials, although some have met
regulatory steps for clinical use (Technology Readiness
Level 9). In November 2018, reSET-O, which uses
cognitive-behavioral techniques to treat opioid addiction,
was the first app approved by the U.S. Food and Drug
Administration for use in mental health treatment.”®
A year later, the same company obtained approval for
Somryst, which was developed for chronic insomnia.”®
EndeavorRX, a video game designed to treat attention
deficit hyperactivity disorder, received approval in 2020.””
Finally, NightWare, a digital watch designed to help post-
traumatic stress disorder patients, monitors user physiol-
ogy during sleep to identify the occurrence of night-
mares or disturbing dreams and wakes them through
vibrations.”®

Artificial intelligence, which will be increasingly needed
to integrate and analyze app-collected data and digitally
phenotype medical records, neuroimaging, and biomark-
ers, holds promise for precise diagnosis and personalized
treatment.”® Algorithms can assist in patient diagnosis,
treatment, and monitoring.

On a population level, digital public health is becoming
increasingly visible as means of achieving public health
goals, such as health promotion, disease prevention,
health care system improvement, and universal health
coverage.®° Digital public health is based on technological
advances that allow huge amounts of data to be collected,
processed, and analyzed, which are then used to guide
actions/interventions.8' This was brought to bear on a
large scale during the COVID-19 pandemic, when large
amounts of data (from epidemiological surveillance
systems, as well as global positioning systems and
Bluetooth apps) were processed in real time and guided
virus control strategies. Moreover, electronic medical
records simplify data management. A 2015 study of the
English health care system showed that almost 30% of a
general physician’s consultation time is spent on bureau-
cratic tasks rather than patient care.®? Five out of nine of
the proposals in this document are related to app,
automation, and teleservice technologies and simplified
data collection. Such advances may seem far from public
mental health services, given that the World Mental

5
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Health Report identified information, governance, service,
and resource gaps as major barriers to be overcome.
However, previous experience in other areas has paved
the way for the transformation of mental health services,
given that stakeholders, researchers, and the society
have already witnessed these tools’ potential.

The rapid pace of innovation in digital health presents a
significant opportunity to revolutionize mental health care.
However, a number of novel challenges accompany these
advances, which require thorough examination. Chief
among them are concerns about privacy, confidentiality,
and data security and curation. Mental health data is
highly sensitive and must be handled in a way that avoids
stigma and discrimination.®® The collection and storage of
mental health data can risk patient privacy. Robust
measures are needed to protect against unauthorized
access and misuse. Moreover, the ethical and social
aspects of Industry 4.0 must be considered in mental health.
Technologies must be used ethically and responsibly so that
they do not contribute to greater social inequality or further
stigmatize people with mental disorders.

The “digital health paradox” must also be considered,
i.e., those who could reap the greatest benefits from digital
health often face the greatest barriers to access, primarily
due to issues such as digital exclusion.®® Innovative
technologies can be expensive and inaccessible to many
people, especially in developing countries. Hence, addres-
sing digital exclusion is of paramount importance, since it
can perpetuate and exacerbate structural inequalities
related to sex, race, and socioeconomic status.®®

To fully leverage digital health’s potential to enhance
mental well-being, robust policies and regulations are
imperative. The World Health Organization and the Pan
American Health Organization have emphasized the need
for policies based on principles of transparency, acces-
sibility, scalability, replicability, interoperability, privacy,
security, confidentiality, user-centeredness, and non-
discrimination.®6-87

In conclusion, although digital health and digital public
health may revolutionize mental health care, it is our job
to ensure that the transformation is inclusive, ethically
grounded, and sustainable in the long term. Digital
innovations can only advance mental health care on a
global scale if concerted effort is made to address their
associated challenges.

Interventional psychiatry

Interventional psychiatry involves methodological and
therapeutic innovations that can be of great value to
mental health care in the future. Transcranial electrical
stimulation can be applied remotely and can be self-
administered, making it suitable for home use.®® Trans-
cranial magnetic stimulation was approved for clinical use
in 2010. Its mechanism of action is to modulate brain
circuits through electromagnetic pulses from a coll
positioned over the target region. This technique has
been approved for depression, obsessive-compulsive
disorder, and tobacco addiction. Inducing convulsive
crises through electromagnetic pulses (a technique called
magnetic seizure therapy) can be an effective alternative
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to electroconvulsive therapy, producing fewer side
effects.®® Vagus nerve stimulation consists of implanting
a pacemaker that discharges electrical pulses into the
vagus nerve, resulting in long-term antidepressant
effects. Finally, ketamine is an injectable pharmacological
intervention performed in a hospital environment using
an infusion pump.®® Highly effective, its clinical use has
expanded rapidly in just a few years. Since it often
presents transient effects, it is best indicated for patients
with acute conditions and suicidal ideation.

Centro Nacional de Ciéncia e Inovagao em Satide
Mental

The Centro Nacional de Ciéncia e Inovagdo em Saude
Mental (Center for Research and Innovation in Mental
Health, CISM), a partnership of researchers from three
top-ranked universities in Brazil and two city govern-
ments, is supported with public and private funding. Its
mission is to advance knowledge about mental health
conditions and to improve well-being in the state of Séo
Paulo and surrounding regions through innovative inter-
ventions. The center involves three modules. Module |,
Precision Neuroscience, is expanding brain and beha-
vioral investigations based on the Brazilian Transgenera-
tional High Risk Cohort for Mental Conditions, a robust
database to train researchers and students in academic
institutions. Module Il, Assessment and Incubation of
Digital Interventions in Mental Health, is empirically
testing novel technological innovations for the assess-
ment, prevention, and treatment of mental disorders that
can be incorporated in the public and private health
sectors. Module lll, Transferring Science and Technology
to Society, is assisting with implementation of evidence-
based interventions in two cities, as well as subsequent
dissemination in Brazil and other low-and middle-income
countries.

The Precision Neuroscience Module is currently in the
fourth wave of data collection from a large community-
based cohort of 2,511 probands who are now reaching
young adulthood.®' This wave, in which more than 1,500
participants have already been interviewed, includes
detailed mental health phenotyping, whole genome
sequencing, a carefully designed structural and functional
magnetic resonance imaging protocol, and other clinical
and neurobiological assessments. The probands and
their parents will be interviewed, making this a trans-
generation study. Several important insights have arisen
from the extensive database, and numerous research
questions are being explored through this information
(e.g., more than 100 papers have been already published
using this database).

The Digital Mental Health Module is expanding inter-
action with the innovation and technology sector, raising
awareness among stakeholders of the need for empirical
evidence to support or refute the claims of products such
as mobile health apps for anxiety, depression, or other
mental health problems.”* Hence, this module serves as
a nationally relevant laboratory for pragmatic studies on
technological solutions. It is currently hosting clinical



studies for numerous digital solutions, including a
contingency management app for alcohol use disorder
that connects smartphones with portable breathalyzers
for continuous abstinence measurement, a virtual reality
exergame that encourages high intensity exercise as a
complementary treatment for attention-deficit/hyperactiv-
ity disorder, an algorithm that reads micro-expressions of
facial photographs as a measure of depression symp-
toms, and an app for treating maternal depression
through basic cognitive-behavioral techniques.

The Science Implementation Module is closely con-
nected to the public health systems of two medium-sized
cities in Brazil, developing projects at the intersection of
research and health care to narrow the gap between
evidence-based interventions and their implementation
(bench to bedside).®? One of these projects is a large trial
of digital cognitive-behavioral therapy interventions (with
or without supervision by clinical psychologists) for
common mental health problems like depression, anxiety,
and insomnia in primary care units. Its protocols are
based on proven references from other countries but are
tailored to local social and cultural contexts. A nurse
visitation program for socially vulnerable pregnant teen-
agers is being implemented, which aims to foster
attachment and family support so that the child thrives
emotionally and socially during its first 1,000 days of life.%®
Due to the burden of mental disorders among young
people, a program has been developed to help educators
identify the most common mental health issues among
students and refer them for help. Similar attention is being
given to university students: a large longitudinal survey of
mental disorders among college students is now under-
way to understand and map them and support planning
for future interventions.

In summary, the CISM can help transform mental
health research in Brazil, resulting in translational science
that is more consistent, purposeful, and socially-oriented.
To this end, it will continue investing in studies of high
added value, solidifying partnerships in the public and
private sectors to develop new ideas with innovative
potential, and providing systematic interventions with real-
world impact, improving the lives of people in our
communities who need care.

Modeling innovative mental health systems

The development of mental health systems that are
innovative, guided by scientific evidence, and respectful
of human rights is a pressing issue in the global health
agenda.®*%° As we approach the forthcoming S20 health
meeting, it is imperative to establish principles that will
transform mental health policies and systems among
member countries. This document discusses urgent
priorities for crafting mental health systems that are
equipped to face the challenges of the future.

First, innovative health systems require integration of
technology and community-oriented mental health care.”
The approach is twofold: 1) leveraging centralized digital
services to enable direct care, such as telepsychother-
apy; and 2) employing distributed community inter-
ventions that are brief, standardized, and effective.%61%°
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This approach ensures that technologically extended
mental health care remains sensitive to cultural and
contextual nuances. A paradigm shift is needed away
from top-down solutions and towards the involvement of
individuals who have experienced mental health issues in
shaping care delivery, thus promoting autonomy and
safeguarding human rights.'®

Second, continuity of care is vital and must be
supported by robust electronic health records that enable
measurement-based care.’”'"'% Such systems must
continuously evaluate interventions, resulting in data-
based real-time improvements in care delivery.'%61%”
These records are essential for managing complex cases
through stratified care pathways, which range from
psychoeducation to intensive case management, ensur-
ing tailored care for each patient.’%%1%°

Third, stratified care that recognizes the diversity of
patient needs is another key principle.'"® " This requires
care pathways suited to individual requirements, ensuring
that each patient receives the appropriate level of
intervention — from psychoeducation for some to complex
case management for others."'? Initially, this will involve
shifting from a disease-centered model towards a staging
approach focused on health promotion and disease
prevention, especially community-based initiatives in
schools and workplaces.'% This stratified system entails
progressive therapeutic interventions in accordance with
a dimensional view of mental health issues, paying
special attention to marginalized communities and case
management.®® Interventions designed for marginalized
communities could be supervised by community leaders
to foster trust and increase the relevance of care.''314
To prevent system overload and ensure efficient resource
use, specialized multidisciplinary case management
teams must be formed for individuals with complex needs
to address the multifaceted nature of mental health
issues.'>116

Fourth, the importance of continuous care quality
measurement cannot be overstated.'%*'"7118 Care must
be assessed through instruments that gauge the struc-
ture, process, and outcomes of care, thus encouraging
improvement.”®'"® These instruments must align with
human rights principles, ensuring that services are both
effective and equitable, respectful of individual rights, and
responsive to community needs. Prioritizing people with
lived experience will be critical in performance monitoring,
embracing outcomes that matter to patients, as sug-
gested by models such as valued-based health care.'?°12!

Finally, drastic shift is needed in investment priorities
towards implementation science, which is crucial for
evaluating the efficiency of mental health systems.'®?
This scientific approach will identify factors that enable
or hinder effective mental health service delivery, con-
sequently improving care in S20 nations.'?3

Final considerations and recommendations

This second part of the S20 mental health report, which
was formulated by a group of Brazilian experts, has
focused on the implications of climate change, the role
of environmental factors in NDD, integrating SMI and
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precision psychiatry, the intersection of physical and
mental health conditions, recent progress in biomarker
research, the utilization of digital health solutions, the
implementation of interventional psychiatry approaches,
and the design of future innovative mental health systems
that prioritize both innovation and human rights principles.

The climate crisis has deeply affected global mental
health through chronic stressors that erode social cohe-
sion and exacerbate vulnerabilities among already mar-
ginalized groups. However, because most studies have
been conducted in high-income countries, research is
lacking on the most affected populations in low-and middle-
income countries. There is a notable lack of research on
resilience-building strategies and adapting health care
systems to meet the needs of these populations, particu-
larly among young people. Further research is urgently
needed to comprehensively assess the true extent of
climate change’s impact on mental health and to quantify
its burden on mental health outcomes.

Although autism has traditionally been attributed a high
heritability rate (80-90%), which implies relatively little
influence from environmental factors, recent research
suggests that environmental factors may play a greater
role in autism spectrum disorder, accounting for 40-50%
of the risk.'®* During critical developmental stages, such
as pregnancy and early childhood, studies have indicated
that pesticide exposure could be linked with an increased
risk of NDD, including learning disabilities. Evidence is
also emerging of a potential association between pesti-
cide exposure and autism spectrum disorder. However,
these studies are ongoing, and further research is needed
to comprehensively understand the potential cause-and-
effect relationship between pesticide exposure and
autism spectrum disorder.'®

One key challenge for psychiatry is how to achieve
better outcomes for severe mental disorders. Current
limitations to treatment success may stem from the very
definitions of these disorders themselves. Diagnoses
should ideally reflect underlying brain function, paving
the way for more precise treatment (precision psychiatry).
However, current databases are heavily skewed towards
high-income countries, neglecting the rich tapestry of
human genetic diversity. The future lies in developing truly
personalized treatment that considers individual factors
like genetic predisposition and a deeper understanding of
brain circuit activity. Limited access to treatment creates
additional hurdles, impeding early identification, a critical
factor for a positive prognosis. It also hinders efforts to
combat stigma, promote social support, and establish
effective rehabilitation programs — all essential compo-
nents for addressing individual social needs and the
broader determinants of mental health.

Comorbidity, the simultaneous occurrence of multiple
medical conditions, is a multifaceted phenomenon char-
acterized by interactions that can exacerbate disease
prognosis. The relationship between mental and physical
health is bidirectional, i.e., compromised physical health
can impact mental health, and vice versa. Various factors,
including lifestyle choices, socioeconomic status, and
education level, contribute to the complexity of this
relationship. Neglecting treatment can trigger a positive
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feedback loop, worsening both mental and physical
disorders.

Recognizing comorbidity as a significant public health
concern, concerted efforts are being made to identify and
address it. Screening tools play a crucial role in evaluating
the extent of comorbidity, and tailored treatment plans
encompassing medication, therapy, lifestyle modification,
and support networks are imperative. Psychotherapy, an
interdisciplinary approach involving collaboration between
mental health and medical professionals, is vital for
accurate diagnosis and effective treatment planning.
Comprehensive strategies tailored to individual needs
are essential to enhance the well-being and quality of life
of individuals grappling with comorbidity. Should psychia-
tric patients receive treatment in general hospitals due to
the high prevalence of comorbidity between physical and
mental disorders? Reassessing treatment settings for
psychiatric patients in general hospitals, where their
mental and physical needs are addressed by a multi-
disciplinary team, should be prioritized in mental health
policy. However, there are practical challenges to over-
come, including staff training, the suitability of general
hospitals, implementation costs, stigma reduction, and
bed availability. Coordinating a comprehensive approach
that integrates mental and physical health care would
greatly benefit psychiatric patients and represent a
proactive step towards greater longevity.

Biomarkers are biological indicators that reflect the
underlying state or process of a disease. They should be
easily detectable through blood tests, brain scans, or
other methods, and must be specific to a particular
disorder. Psychiatry has traditionally relied on descriptive
sets of behaviors to diagnose mental health conditions.
While biomarker alterations have been found in various
psychiatric conditions (e.g., brain derived neurotrophic
factor, interleukin-6, tumor necrosis factor-alpha, and C-
reactive protein), they lack the specificity needed for
definitive diagnosis. In essence, a perfect psychiatric
biomarker would be specific to a single disorder and
would be easily detectable through non-invasive means.
Unfortunately, none of the currently identified peripheral
biomarkers have achieved this level of specificity. Thus,
it is likely that a combination of approaches will be
necessary for accurate diagnosis in the future.

There are significant barriers to the widespread use of
digital psychiatry. Those who stand to benefit the most
from digital health interventions often encounter the
greatest obstacles to access. Nevertheless, these inter-
ventions can play a critical role in improved screening and
diagnosis, reduced stigma, increased psychotherapeutic
support, and better integration of artificial intelligence into
data collection and risk behavior surveillance. Although
many new apps and tools are in development, their long-
term effectiveness must be verified through additional
research. It is important to view digital tools as supple-
ments, rather than substitutes, for traditional in-person
care, and they should be seamlessly integrated into
existing health care systems.

Although Industry 4.0 has great potential to revolu-
tionize mental health care, many challenges must be
overcome, the first of which is accessibility. Innovations in



mental health care open a range of possibilities to
transform care and support for patients, offering more
accessible, personalized, and efficient tools. Technolo-
gies such as mobile apps, artificial intelligence, and virtual
reality can significantly improve patient quality of life,
reduce the stigma associated with mental illness, and
optimize health care system resources. However, these
innovations must be accompanied by rigorous clinical
validation processes and regulatory adaptations to ensure
their effectiveness and safety. The road ahead is
challenging, but the potential rewards for patients, health
care professionals, and society are immeasurable,
signaling a new era in mental health treatment.

Interventional psychiatry, a growing sector in mental
health care, employs techniques beyond medication to
address severe or treatment-resistant conditions. It
operates in tandem with, rather than as a substitute for,
traditional therapies, offering a more holistic treatment
approach. Complementing conventional talk therapy and
pharmacotherapy, it involves interventions such as
electroconvulsive therapy, transcranial magnetic stimula-
tion, and ketamine infusion to modulate brain activity.
These interventions are typically sought when conven-
tional methods fail to alleviate conditions like major
depression, obsessive-compulsive disorder, or bipolar
disorder. The objective of these procedures is to activate
or regulate specific brain regions implicated in mood and
emotional regulation.

The CISM is a testament to advances in Brazilian
psychiatry. Selecting two mid-sized cities in the state of
Sao Paulo as epidemiological laboratories, it seeks to
pilot mental health policy interventions that can be scaled
up in Brazil and abroad. The CISM holds promise for
revolutionizing Brazilian mental health research, aiming
for greater consistency, purposefulness, and social
relevance in translational science. In pursuit of this goal,
it is committed to investment in high-value studies, forging
and strengthening partnerships across the public and
private sectors to cultivate innovative ideas. It also strives
to deliver systematic interventions with real-world effects,
ultimately improving the lives of the most vulnerable
members of our communities, in addition to transforming
these interventions into effective public policies.

Innovative mental health systems require cooperation
between sectors that traditionally do not communicate.
Technology and human rights must be integrated to
provide both centralized and distributed services, strati-
fied care, and quality control through continuous mea-
surement. Marginalized groups must be prioritized and
investment must be made in implementation science.
As the S20 countries prepare for the future, we need
principles that can advance innovation, uphold human
rights, and strive for the highest standards in mental
health care.
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