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Foreword
The brain is by far the most complex organ of 
the human body, allowing us to sense, feel, think, 
move and interact with the world around us. The 
brain also helps regulate and influence many 
of our body’s core functions including those 
of the cardiovascular, respiratory, endocrine 
and immune systems. A multitude of factors 
can affect our brain health from as early as 
pre-conception. These factors can pose great 
threats to the brain, leading to immense missed 
developmental potential, global disease burden 
and disability. Yet, these factors also represent 
great opportunities for action. Optimizing brain 
health across the life course means addressing 
five major groups of determinants, namely: 
physical health; healthy environments; safety 
and security; life-long learning and social 
connection; as well as access to quality services.

Advances in neuroscience and neuroimaging 
– in combination with other disciplines such 
as artificial intelligence, machine learning and 
data science – are drivers of research into the 
human brain, lifting multisectoral discourse and 
discovery to entirely new levels. This is a cause 
for great excitement and optimism.

However, if the factors that have a dire impact on 
brain health are left unaddressed, we shall fail 
both to promote everyone’s full potential and to 
reduce the burden of neurological conditions, 
thereby impeding not only health but also social 
and economic development globally. We will 
achieve bold global commitments – such as 
the United Nations Sustainable Development 
Goals, WHO’s Triple Billion targets and the 
recently-adopted Intersectoral global action plan 
on epilepsy and other neurological disorders 

2022–2031 – only if we work together to address 
brain health at all societal levels and across all 
sectors of society. 

With this WHO position paper I am pleased 
to present a conceptual framework for 
optimizing brain health across the life course 
that will help us to raise awareness of the 
pressing need to establish brain health as a 
global priority. As such, this position paper 
represents an important tool for supporting the 
implementation of the new intersectoral global 
action plan. Let’s not forget, optimizing brain 
health across the life course will improve health 
outcomes and well-being for all people in all 
corners of the world.
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Executive summary
Lack of brain health is often invisible; 
make it visible! Brain health affects us 
all. Not only the person with a brain 
condition but also their family, friends, 
colleagues, etc.” 

Anja Minheere, Netherlands
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Introduction 
Brain health is an evolving concept that is 
attracting increasing attention not only from 
the health sector but also from wider society, 
stimulating rich debate – and for good reasons. 
The brain and central nervous system (CNS) 
are widely recognized as the command centre 
of the human body, controlling both conscious 
and unconscious body functions and thereby 
influencing every aspect of life. If our brains 
are challenged by disease or other factors, this 
poses significant risks not only to the individual’s 
overall health and well-being but also global 
development and productivity. Optimizing brain 
health, on the other hand, can lead to a wide 
array of benefits for the individual and society.

One way to stress the importance of optimizing 
brain health is to quantify the impacts of missed 
developmental potential in children which lead 
to cycles of poverty and health inequities.  
For example, in 2017, 43% of children under 
the age of 5 years in low- and middle-income 
countries (nearly 250 million children) were 
at risk of not reaching their developmental 
potential due to extreme poverty and stunting. 
The costs of inaction are high, with the financial 
losses alone for this missed developmental 
potential projected to be around 26% lower 
annual earnings in adulthood. Moreover, too 
few countries globally have family-friendly policy 
protections in place with the aim of safeguarding 
child brain development, such as programmes to 
offer tuition-free pre-primary school education, 
legislation to support breastfeeding, or paid 
maternity and paternity leave. Additionally, 
growing hazards from environmental pollutants 
imperil brain health globally. For example, 
WHO estimates that 99% of all people 
worldwide breathe polluted air in their ambient 
environment, which poses grave threats to brain 
development in early life and brain health across 
the life course. Other compelling arguments 
for optimizing brain health throughout our 
lives are the morbidity and mortality caused by 
neurological disorders worldwide. Neurological 

disorders led by stroke, migraines, dementia and 
meningitis are currently the number one cause 
of disability globally. In addition, neurological 
disorders are the second leading cause of death, 
responsible for 9 million deaths per year. Global 
trends over the past three decades – largely 
driven by worldwide demographic changes and 
population ageing – suggest that these numbers 
will only increase. Nearly one in three people 
globally will develop a neurological disorder at 
some point in their lifetime, which means that 
virtually all readers of this paper will be touched by 
neurological disorders, either directly or indirectly. 
Further, the financial costs of neurological 
disorders are enormous, with common 
neurological disorders accounting for US$789 
billion in the United States of America alone.

Unfortunately, global action on brain health is 
grossly insufficient. Despite growing threats to 
brain health, there is limited policy response to 
address brain health comprehensively and there 
are inadequate services to promote and optimize 
brain health for people with lived experience. 
Regardless of the huge global burden, access 
to services and support are both inadequate 
and unevenly distributed across country income 
brackets and between urban and rural areas 
within countries. Numerous barriers to accessing 
timely and responsive services for neurological 
disorders exist globally, including the limited 
number of health workers with neurology-
specific training in lower-resource settings. 
For example, there is a 70-fold difference 
in the availability of neurologically-trained 
workforce between high-income countries and 
low-income countries. Additional barriers to 
accessing services include limited social and 
financial protections for people with neurological 
disorders, lack of access to medicines and 
diagnostics, as well as stigma and discrimination. 

The World Health Organization (WHO) worked 
with a group of international experts, including 
people with lived experience of neurological 

Box 1.

What is brain health and what does optimizing 
brain health mean?

Brain health can be defined as the state of brain functioning across cognitive, sensory, 
social-emotional, behavioural and motor domains, allowing a person to realize their full 
potential over the life course, irrespective of the presence or absence of disorders.

Continuous interactions between different determinants and a person’s individual context 
lead to lifelong adaptation of brain structure and functioning.

Optimizing brain health improves mental and physical health and also creates positive social 
and economic impacts, all of which contribute to greater well-being and help advance society.

disorders, to develop a position paper on 
optimizing brain health across the life course 
through an iterative process of desk reviews, 
consultations and peer review. The position 
paper provides a conceptual framework of brain 
health and brain health optimization (see Box 1). 

The paper outlines the determinants of brain 
health, describes the impact that optimizing 
brain health would have for the individual as 
well as for society, and offers practical policy 
solutions and future directions for the field.

A framework for  
brain health optimization 
Numerous concepts and definitions of brain 
health exist and have gained traction in various 
settings in recent years. Many definitions of brain 
health focus on older life, with implications for 
specific neurological conditions (e.g. dementia or 
stroke), while others focus mainly on one domain 
of brain functioning (e.g. cognition), which also 

holds implications for specific neurological 
conditions (e.g. dementia). Some definitions of 
brain health span multiple domains of brain 
functioning, developmental phases across the 
life course, and disorder categories (including 
mental health, neurological, substance use and 
pain conditions). 
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The brain’s ability to grow and build strong 
neuronal connections, as well as adapt, repair and/
or compensate over time in ways that allow us to 
sense, feel, think, move and interact in the world 
around us is key to brain health. Additionally, the 
brain directs many of our body’s core involuntary 
functions (e.g. breathing and heart rate, endocrine 
and immune functions). 

It is important that brain health extends beyond 
conceptions of disease (or the absence thereof) 
and focuses on brain structure and brain 
functioning across cognitive, sensory, social-
emotional, behavioural and motor domains. 
Brain health exists on a continuum that can be 
considered to range from well-being to disorders 
and disability across each of the aforementioned 
domains. There are many disorders affecting 

the CNS including cerebrovascular diseases 
such as stroke; epilepsy; headache disorders 
such as migraine; neurodegenerative disorders 
such as dementia and Parkinson disease; 
neurodevelopmental disorders such as autism 
spectrum disorder; neuroinfections such as 
meningitis, HIV, neurocysticercosis, or cerebral 
malaria; neuroimmunological disorders such 
as multiple sclerosis; tumours of the brain; and 
traumatic injuries. 

Importantly, while many brain health definitions 
include mental health conditions, WHO considers 
mental and brain health as two separate but 
closely-related concepts. In fact, brain health is a 
crucial determinant of mental health across the 
life course. 

Addressing brain health determinants 
Many factors are known to have an impact 
on brain health at different stages of life 
(e.g. perinatal, infancy, early childhood, 
adolescence, adulthood and older age). Stages 
of brain development are characterized by 
neuroplasticity, pruning and senescence – 
i.e. rapid growth of neuronal connections 
in utero and in early childhood, directed 
shedding of neuronal connections in later 
childhood and adolescence, and neuronal 
loss in adulthood. While these stages were 
traditionally conceptualized as consecutive 
and non-overlapping, we now know that this is 
not the case. We can improve our brain health 
throughout our lifetimes by minimizing risk 
factors, as well as by enhancing protective 
factors that promote neuroplasticity, or the 

brain’s ability to grow, create new connections 
and recover or compensate for injuries. 

Of note, no single factor is solely deterministic 
for a person’s brain health outcomes. Broadly 
speaking, however, brain health can be optimized 
through actions across the following clusters: 
physical health, healthy environments, safety 
and security, learning and social connection, 
and access to quality services. Brain health 
determinants are often interlinked and can 
be affected by various types of adversities. 
Importantly, structural inequities associated 
with racism, ethnic and religious discrimination, 
or other systematic causes of oppression and 
marginalization constitute important macro-level 
sources of adversity.
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Access to quality services
Managing many risk factors of brain health will require access to quality 
health and social services. Despite best efforts to minimize risk factors, 
many people still develop conditions that affect the CNS at some point 
in their lifetime. Therefore, access to quality services represents an 
important determinant of brain health and, similarly, strengthening health 
and social care systems so that they provide equitable access to diagnosis, 
treatment, care and rehabilitation, as and when needed, is crucial for 
optimizing brain health for all. 

Physical health 
A person’s physical health and their health behaviours can impact their 
brain health in innumerable ways across their life course. This is because 
there are multi-directional interactions between the brain and the body. 
Important aspects of physical health that influence the brain include: 
maternal health and the intrauterine environment; genetic and epigenetic 
factors; nutrition; infections;  noncommunicable diseases and sensory 
impairments; health behaviours (including good-quality sleep, physical 
activity and substance use); and traumatic injuries.

Healthy environments
Healthy environments can also have a profound impact on brain health, 
especially during developmentally sensitive stages such as early childhood, 
adolescence and older age. There has been increasing information in 
recent years on environmental factors that affect brain health, including 
pollutants found in air, water and food. Neurotoxic chemicals include heavy 
metals and inorganic compounds, pesticides, organic solvents and other 
organic compounds. In addition, natural disasters (e.g. volcanic eruptions), 
man-made disasters (e.g. nuclear explosions or chemical spills), climate 
change contributing to ambient air pollution and increased risk of wildfires 
threaten the brain health of individuals and society as a whole.

Safety and security 
Physical safety and financial security can also impact brain health over the life 
course in multiple ways. Physical safety is the absence of actual physical harm 
(including abuse, maltreatment and neglect) and the threat of physical harm; 
it requires stable and safe housing, and safety within the home and broader 
community. Financial security is not merely the absence of poverty, but also 
the absence of strain or stress due to financial concerns; it means that one 
can reasonably afford the necessities of life – including food, housing, health 
care, education and transport. Both physical safety and financial security can 
have impacts on individuals and their families, as well as the communities in 
which people live.

Learning and social connection
Access to opportunities for learning and social connection are important 
determinants for brain health across the life course and overlap in multiple 
ways. Learning in early life, for instance, is closely connected with responsive 
and nurturing caregiving. Similarly, formal learning relies on schools and 
other educational institutions, while cognitive stimulation in adulthood 
is often linked to employment and social networks within communities. 
Additionally, interventions aimed at optimizing brain health – especially in 
early life – may involve support for both learning and social connection.

Brain health 
determinants 



When I attend meetings I make sure to start well rested.  
So, my clients and colleagues mostly see the 'old me'. But if 
a meeting runs over or is too busy, my energy level drops 
to zero and my overstimulation starts to show. Inside my 
brain works the same but way slower and I just can't get 
the words out of my mouth. So, nowadays we all joke: 

“Because Carola is attending, we all have to work more 
effectively and on time.” It feels good to laugh about it.  
And it really helps me to still do the work I love.”

Carola Deurwaarder, Netherlands

Executive summaryOptimizing brain health across the life course: WHO position paper

xixxviii

Impacts of optimizing brain health 
Optimizing brain health improves mental and 
physical health and also creates positive social and 
economic impacts, all of which contribute to greater 
well-being and help advance society, irrespective of 
the presence or absence of disorders. 

First, addressing the determinants of brain 
health through promotion and prevention can 
reduce the incidence of disorders that affect 
the CNS. Additionally, because optimizing brain 
health improves brain structure and functioning 
across all domains (cognitive, sensory, social-
emotional, behavioural and motor), it can also 
lead to lower rates of mental health conditions 
and substance use. Importantly, measures taken 
to address determinants of brain health not only 
reduce the incidence of neurological, mental 
health and substance use conditions, but can also 
improve the quality of life for people living with 
these conditions. Optimizing brain health can 
additionally have impacts on physical health as 
the brain plays a role in regulating cardiovascular, 
endocrinological and immunological health. For 
example, the brain controls many autonomic 
processes including our heart rate, breathing rate 
and blood pressure. Importantly, the brain is also a 
crucial mediator of the impacts of social adversity 
on several health outcomes across the life course. 

Optimizing brain health not only reduces health-
care costs by virtue of improving overall health 
and reducing the incidence of many chronic 
health conditions – neurological, mental, 
substance use and physical – but additionally 
leads to multiple social and economic benefits 
across the life course, which are perhaps 
understood best in early life. For example, 
investment in early child development for 
children who are at risk can bring about great 
gains across the life course, including improving 
school retention and graduation rates, reducing 
teenage pregnancy, reducing incarceration 
rates and increasing employment and wealth. All 
of these outcomes contribute to greater well-
being for the individual and society at large and 
thereby increase human potential globally. This 
sentiment is reflected in the emergence of terms 
inspired by the fields of economics or ecology – 
such as “brain capital”, “healthy brain years” or 
“cognitive footprint”. This terminology recognizes 
the immense impact of brain functioning on 
societies and at the same time attempts to 
quantify potential losses to society if we fail to 
preserve brain health.

Future directions for optimizing 
brain health 
Global momentum is building to address brain 
health comprehensively. In 2022, the World Health 
Assembly adopted the Intersectoral global action 
plan on epilepsy and other neurological disorders 
2022–2031. The action plan envisages “a world 
in which brain health is valued, promoted and 
protected across the life course; neurological 
disorders are prevented, diagnosed and treated, 
and premature mortality and morbidity are 
avoided; and people affected by neurological 
disorders and their carers attain the highest 

possible level of health, with equal rights, 
opportunities, respect and autonomy.” All policy 
and programmatic actions to optimize brain 
health and implement the new action plan will 
require multi-stakeholder collaboration. They must 
be integrated across all sectors of society: 
health and social care; education; legislature and 
governance; finance and economy; employment; 
infrastructure, urban planning and housing; and 
ecology, nature and climate. 

Brain health is a rapidly expanding field, hugely 
benefitting from advances in neuroscience 
and research. While much is known about the 
determinants of brain health, there is much 
left to be discovered about new and emerging 
determinants (e.g. environmental exposures, use 
of new technologies), novel treatment options, and 
the impacts of brain health interventions. There 
is an ongoing need to generate evidence in basic 
and clinical research, implementation science, and 
epidemiological and health economics research.

In addition, as of 2022, no simple, direct or global 
measure of brain health across the life course 
exists. Due to the multi-dimensionality of the 
concept, capturing the full spectrum of brain 
health across all domains of brain functioning and 
taking into account the wide range of brain health 
determinants is challenging. Yet, operationalizing 
brain health and developing validated metrics and 
tools for measuring brain health will be vital for 
closing knowledge gaps and understanding the 
impacts of interventions as well as the returns on 
investment for brain health. 

Conclusion 
Optimizing brain health for all is paramount to 
ensuring human health and well-being globally. 
It is central to achieving global commitments 
such as the new Intersectoral global action plan 
on epilepsy and other neurological disorders 
2022–2031, WHO’s Triple Billion targets, the 
United Nations Sustainable Development Goals 
and the 2021 Geneva Charter for Well-being. 
Efforts to optimize brain health require multi-

stakeholder collaboration and must be 
integrated across all sectors of society. In return, 
robust investments in actions that optimize 
brain health across the life course promise 
to improve multiple health outcomes and lift 
development and well-being globally. Multisectoral 
engagement and collaboration are urgently 
needed in order to move the brain health agenda 
forward for all people.
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1. Introduction 
Neurological illnesses are pervasive, 
affecting those afflicted not only 
physically but often mentally, 
emotionally and socially. You must be 
an active participant in optimizing your 
brain health. Self-care which includes 
exercise, nutrition, sleep and stress 
reduction are all beneficial.” 
Soania Mathur, Canada
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1.1 Why is brain  
health important?

1. “Brain capital” refers to the “knowledge, creative skills and optimal brain health 
that people accumulate throughout their lives, enabling them to realize their 
potential as productive members of society” (1—3)

2. “Healthy brain years”, in reference to healthy life expectancy, is a concept that 
WHO is presently working on with partners to quantify the burden associated with 
brain diseases, for example, to estimate years at birth that a person can expect to 
live with optimal brain functioning.

3.  “A cognitive footprint, as with a carbon footprint, can be either negative (impair 
cognition) or positive (enhance cognition). It could be used to assess and model 
potential cognitive effects of medical and public health interventions through to 
social and wider public policies” (4).

Brain health is an evolving concept that has emerged in the 
academic literature in recent decades and has become increasingly 
popular within science, research, journalism and the general 
public, stimulating rich debate – and for good reasons. The brain 
and CNS are widely recognized as the command centre of the 
human body, controlling both conscious and unconscious body 
functions and thereby influencing every aspect of life. If our brains 
are challenged by disease or other factors, this poses significant 
risks not only to the individual’s overall health and well-being but 
also to global development and productivity. 

In other words, brain health is not only a crucial outcome in and of itself, 
but also an important mediator for other health and societal outcomes. 
Promoting brain development and protecting brain health across the 
life course present important opportunities for cross-sectoral action 
and intervention to benefit individuals and societies. This is reflected in 
the emergence of terms inspired by the fields of economics or ecology – 
such as “brain capital”,1 “healthy brain years”2 or “cognitive footprint”3  
(1—4). This terminology recognizes the immense impact of brain 
functioning on societies and at the same time attempts to quantify 
potential losses to society if we fail to preserve brain health. 

The immense potential for action, paired with advances in 
neuroscience and neuroimaging – as well as the emergence of, 
and collaboration with, nonmedical disciplines such as artificial 
intelligence, machine learning and data science – continue to drive 
research into the human brain and spark multisectoral discourse. 
With this position paper, WHO provides a conceptual framework for 
optimizing brain health across the life course and makes the case 
for establishing brain health as a global policy priority. 

Brain health is 
not only a crucial 

outcome in and 
of itself, but also 

an important 
mediator for 

other health and 
societal outcomes

43% 
of children under 
the age of five in 
low- and middle-
income countries 
were at risk of 
not reaching their 
developmental 
potential due to 
extreme poverty 
and stunting

One way to stress the importance of optimizing brain health is 
to quantify the impacts of missed developmental potential in 
children which lead to cycles of poverty and health inequities (5). 
The long-term consequences of missed developmental potential 
not only have an impact on children and their families, but also 
on the communities they live in. For example, in 2017 43% of 
children under the age of five in low- and middle-income countries 
(nearly 250 million children) were at risk of not reaching their 
developmental potential due to extreme poverty and stunting 
(6). The costs of inaction are high: the financial losses alone for 
these children as a result of missed developmental potential are 
projected to be around 26% lower annual earnings in adulthood 
(7). Moreover, too few countries have family-friendly policy 
protections in place to safeguard child brain development – 
such as programmes that offer tuition-free pre-primary school 
education, legislation that supports breastfeeding, or paid 
maternity and paternity leave (8). In addition, growing hazards 
from environmental pollutants imperil brain health globally. WHO 
estimates that 99% of all people worldwide breathe polluted 
air in their ambient environment, posing grave threats to brain 
development in early life and brain health across the life course (9).
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Other compelling arguments for optimizing brain health 
throughout our lives are demographic change, worldwide 
population ageing and the associated increase in age-related 
disorders affecting the brain. For instance, neurological disorders 
are the leading global cause of disability-adjusted life years 
(DALYs) and the second leading cause of death (16.5% of all deaths 
globally), responsible for 9 million deaths in 2016 (10), with nearly 
8 million of these deaths caused by stroke and dementia (see 
Figure 1). Global trends over the past three decades propelled by 
demographic changes and population ageing suggest that these 
numbers will continue to increase. Almost one in three people 
globally will develop a neurological disorder at some point in 
their lifetime (11) – which means that virtually all readers of this 
paper will be touched by neurological disorders, either directly or 
indirectly. Further, the financial costs of neurological disorders are 
enormous, with common neurological disorders incurring US$ 789 
billion in the United States of America (USA) alone (12). 

Unfortunately, global action on brain health is grossly insufficient. 
Irrespective of the growing threats to brain health, there is limited 
policy response to address brain health comprehensively and there 
are inadequate services to promote and optimize brain health for 
people with lived experience. Despite the huge global burden, 
access to services and supports are both inadequate and unevenly 
distributed across country income brackets and between urban 
and rural areas within countries. Numerous barriers to accessing 
timely and responsive services exist globally – including limited 
health workers with neurology-specific training in lower-resource 
settings, limited social and financial protections for people with 
lived experience, and a lack of access to medicines and diagnostics, 
as well as the continued presence of stigma and discrimination 
(13). Figure 1 summarizes key facts and figures on the global brain 
health-related burden, the inequitable access to relevant services 
worldwide and inadequate policy responses globally.

One in three 
people globally 

will develop a 
neurological 

disorder at some 
point in their 

lifetime
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Figure 1. 

Key facts and figures on the global 
need for action on brain health

Worldwide, only 15 countries
report having three essential, family-friendly 
national policies that provide caregivers with resources 
and time needed for their child’s development (8).

85 million children 
under the age of 5 globally were not protected  
by any of these essential policies (8).

Nearly 250 million children 
in low- and middle-income countries risk not reaching their 
developmental potential due to extreme poverty and stunting (6).

Missed developmental potential 
due to poverty and stunting is projected to cause 26% lower  
annual earnings  in adulthood (7).

1 2 3

Growing environmental threats to brain health1  

1. See Section 3.2 of this position paper for more details

2.  For further information see: Synergies in addressing the burden of epilepsy and other neurological disorders. 
Consolidated report by the Director-General (A73/5). Item 11.6. Geneva: World Health Organization; 2020. (https://cdn.
who.int/media/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2, accessed 16 July 2022).

• Air pollution

• Heavy metals

• Certain pesticides

• Industrial solvents

• Other toxic chemicals

Global burden 
associated with 
brain health

Over 70% of people with neurological disorders  
reside in low- and middle-income countries  
Yet, access to services is grossly insufficient.2 

Neurological disorders
are the #1 cause  of DALYs, 
with the biggest contributors 
being stroke, migraine, 
dementia, meningitis and 
epilepsy (10).

Neurological disorders are 
the second leading 
cause of death (10).

Only 1 in 10
people living with  dementia  
in low- income countries 
receive a diagnosis.

Only 1 in 4 
people with epilepsy receive 
treatment.

Only 1  low- 
income country 
had warfarin available  for stroke 
prevention compared with 73% 
 of high-income countries.

Stroke  units 
 are operational  in >90% 
of high-income countries, 
compared with only 18% of low- 
and middle-income countries.

Distribution of 
neurological 
workforce 
is grossly uneven.  
There is 7.1 neurological 
workforce/100K population 
in high-income countries 
 vs 0.1/100K in low-income 
countries.

2 years
of tuition-free pre-
primary school 
education.

6 months
of paid breast-
feeding breaks.

6  months 
of paid maternity  leave 
and one  month of paid 
 paternity leave.

Over 200 
chemicals 
are known to be 
neurotoxic.

Over 200 million 
people are exposed  
to arsenic in their 
ground water.

99% 
of the world 
breathes 
polluted air (9).

https://cdn.who.int/media/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2
https://cdn.who.int/media/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2
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1.2 Intergovernmental  
response to date
In recent years, neurology and brain health 
more broadly have slowly gained attention in 
both domestic and international policy agendas. 
Most notably, in May 2022, the World Health 
Assembly adopted the Intersectoral global 
action plan on epilepsy and other neurological 
disorders 2022–2031 (14). The Intersectoral 
global action plan envisages “a world in which: 
brain health is valued, promoted and protected 
across the life course; neurological disorders 
are prevented, diagnosed and treated, and 
premature mortality and morbidity are avoided; 
and people affected by neurological disorders 
and their carers attain the highest possible 

level of health, with equal rights, opportunities, 
respect and autonomy”. In service of this vision, 
the strategic objectives of the Intersectoral 
global action plan cover essential components of 
brain health optimization, namely: 1) promotion 
of brain health; 2) prevention of neurological 
disorders; and 3) effective, timely and responsive 
services for people with neurological disorders. 
The Intersectoral global action plan proposes 
actions for countries, the WHO secretariat and civil 
society partners to take in optimizing brain health, 
alongside global targets. For more details on the 
Intersectoral global action plan, see Figure 2.

Figure 2.  

Overview of the Intersectoral global 
action plan on epilepsy and other 
neurological disorders 2022–2031

The goal of the action plan is  
to reduce the stigma, impact and burden of neurological 
disorders – including associated mortality, morbidity and 
disability – and to improve the quality of life of people with 
neurological disorders, their carers and families.

The strategic objectives of the 
action plan include the following:

1. raise the prioritization and 
strengthen governance; 

2. provide effective, timely 
and responsive diagnosis, 
treatment and care; 

3. implement strategies for 
promotion and prevention;

4. foster research and 
innovation and strengthen 
information systems; and

5. strengthen the public health 
approach to epilepsy.

• people-centred primary health 
care (PHC) and universal health 
coverage (UHC);

• an integrated approach to  
care across the life course;

• evidence-informed policy 
and practice;

• intersectoral action;

• empowerment and involvement  
of persons with neurological 
disorders and their carers; and

• gender, equity and human rights. 

The action plan relies on the 
following guiding principles:
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Optimizing brain health is closely linked to advancing other high-
level, intergovernmental commitments such as the 2030 Agenda for 
Sustainable Development (15), the United Nations Decade of Healthy 
Ageing 2021–2030 (16), the Geneva Charter for Well-being (17) and 
WHO’s Triple billion targets (18).4  Relevant international multilateral 
commitments – covering a wide spectrum of health conditions, 
disciplines and sectors in support of a global brain health agenda – 
are summarized in Annex 1 and demonstrate how intertwined and 
crucial brain health is for advancing global policy agendas.

4.  WHO’s Triple billion targets envision 1 billion more people enjoying better 
health and well-being, 1 billion more people benefitting from universal health 
coverage, and 1 billion more people better protected from health emergencies. 
The promotion of brain health is an essential aspect of being able to enjoy better 
health and well-being, while increasing access to universal health coverage is 
needed to enhance prevention of neurological disorders and ensure effective and 
timely services for people with those disorders. Finally, it is crucial to protect brain 
health and development during humanitarian crises and health emergencies.

1.3 About this  
position paper
This position paper, which is a technical complement to the 
Intersectoral global action plan, is intended as a tool for facilitating 
dialogue, galvanizing action and mobilizing resources for brain 
health globally. Accordingly, the objectives of this position paper are:

• to conceptualize brain health and present a framework  
for brain health optimization;

• to present an overview of the determinants of brain health  
and how to address them; and

• to demonstrate the relevance of optimizing brain health within 
the broader context of public health and society and to offer 
practical policy solutions and future directions for the field. 

The primary target audience for this paper includes policy-makers, 
health officials and programme managers. The paper may also 
be helpful for clinicians, researchers, and organizations involved 
in brain health or public health, as well as persons with lived 
experience and their families.

Optimizing  
brain health

is closely linked 
to advancing 

other high-level, 
intergovernmental 

commitments 

Chapter 1 
 summarizes the global context of 

brain health and describes recent 
intergovernmental progress in 

addressing brain health.

Chapter 3 
 provides a broad overview of the 

determinants of brain health 
and how to address these 

determinants, namely: physical 
health, healthy environments, 

safety and security, learning and 
social connection, and access to 

quality services.

Chapter 5 
 discusses future directions for 

optimizing brain health, including 
examples of policy actions 

across sectors, driving brain 
health research by generating 

and synthesizing evidence, 
and developing metrics to 

operationalize and measure brain 
health in order to move the brain 

health agenda forward.

Chapter 2 
 presents a conceptualization of 

brain health and the framework for 
brain health optimization.

Chapter 4 
 discusses the outcomes of brain 

health optimization for health,  
well-being and society.
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1.4 Methodology of  
this position paper
This position paper was developed through an 
iterative process of desk reviews, drafting and 
consultations with a wide range of technical 
experts and people with lived experience. The 
position paper is envisioned as a technical 
complement to the Intersectoral global action 
plan and was developed concurrently with the 
action plan. 

In 2021, WHO published a discussion paper (19) 
and subsequently a first draft of the Intersectoral 
global action plan on epilepsy and other 
neurological disorders 2022–2031 (20) for public, 
web-based consultations. Comments were 
received during both consultations from WHO 
Member States, United Nations agencies, civil 
society organizations, academics, researchers 
and people with lived experience, as well as 
carers and families. Comments received during 
the public consultations not only informed the 
revision of the Intersectoral global action plan, 
but also the drafting of this position paper. 

In addition, WHO conducted a scoping exercise 
of different brain health definitions and related 
initiatives aimed at optimizing brain health using 
sources of academic and grey literature, as well as 
other relevant WHO definitions such as those for 
mental health (21), early child development (22) 
and intrinsic capacity (23). Annex 2 includes a list 
of brain health definitions and related initiatives 
that were identified in this scoping exercise. 

Of particular relevance are two recently 
conducted systematic literature reviews and 
concept analyses (24, 25) that identified existing 
definitions and attributes of brain health, 
including the antecedents of brain health (e.g. 
determinants) and the consequences of brain 
health (e.g. outcomes and impact).

WHO shared the results of this scoping 
exercise in virtual consultations and meetings 
in October and November 2021 with a wide 
range of technical experts in brain health, early 
childhood development, brain–body medicine, 
environmental health and people with lived 
experience. In total, over 100 people from 
close to 40 countries from all WHO regions 
participated in the virtual consultations. 

As a result of these consultations, the definition 
of brain health and the framework for brain 
health optimization were refined on an 
iterative basis. Feedback received during the 
consultations was incorporated into the draft of 
this position paper, which was then circulated for 
peer review by expert reviewers during March 
and April 2022. 

The evidence presented in this position paper 
is largely based on the findings from systematic 
reviews and large cohort studies. However, as 
this is a rapidly expanding field, original, high-
quality peer-reviewed articles have also been 
included where relevant. 



2. A framework 
for brain health 
optimization

Brain health allows health workers and 
society as a whole to consider concepts such 
as educational status, financial situation or 
social security as fundamental components 
of neurodevelopment and the general well-
being of individuals." 

Salvador Ramirez, Mexico
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Figure 3. 
Number of studies referencing “brain health” each year
To estimate the number of studies that have been published related to brain health a search in PubMed was 
conducted using the search term “brain health”. The number of studies published per year was extracted and 
the cumulative number of studies is presented in the figure from 1989 to 31 December 2021. 

Cumulative 
(1989 - 2021)

Cumulative 
(1989 - 2005)

Cumulative 
(1989 - 2015)

Cumulative
(1989 - 2010)

FIG. 1
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Many definitions of brain health to date have 
focused on older life, with implications for 
specific neurological conditions (e.g. dementia 
or stroke), while others concentrated mainly on 
one domain of brain functioning (e.g. cognitive 
function) which also has implications for specific 
neurological conditions. Some definitions have 
spanned multiple domains of brain functioning, 
developmental phases across the life course 
or wider disorder categories (including mental 
health, substance use and pain conditions) – 
which would be more in line with WHO’s overall 

5. The ICF views disability and functioning as outcomes of interactions between health conditions (diseases, disorders and 
injuries) and contextual factors, including external environmental factors and personal factors.

6. WHO defines mental health as a state of well-being in which an individual realizes his or her own abilities, can cope with the 
normal stresses of life, can work productively and is able to make a contribution to his or her community.

7. WHO defines intrinsic capacity as the composite of all the physical and mental capacities of an individual. These interact with 
the environment (i.e. all the factors in the extrinsic world that form the context of an individual’s life) to determine a person’s 
functional ability. 

definition of health as “a state of complete 
physical, mental and social well-being and not 
merely the absence of disease or infirmity” (27). 
Similarly, going beyond conceptions of disease 
and instead focusing on abilities and well-being 
is consonant with the International Classification 
of Functioning, Disability and Health (ICF) 5 – a 
multi-purpose framework for describing and 
organizing information on functioning and 
disability (28) – and also WHO’s definitions of 
mental health (21) 6 and intrinsic capacity (23).7   

2.1 What is brain health?
Brain health is the state of brain functioning across cognitive, sensory, social-emotional, behavioural 
and motor domains, allowing persons to realize their full potential over the life course (see Box 2). 
Brain health is expressed in the brain’s ability to grow and build strong neuronal connections, as well 
as to adapt, repair and/or compensate over time in ways that allow us to sense, think, feel, move and 
interact in the world around us. Additionally, the brain directs and affects many of our body’s core 
involuntary functions, including cardiorespiratory, endocrine and immunological functions.

Box 2. 

What is brain health? 

• Brain health is the state of brain functioning across cognitive, sensory, social-emotional, 
behavioural and motor domains, allowing a person to realize their full potential over  
the life course, irrespective of the presence or absence of disorders.

• Continuous interactions between different determinants and a person’s individual context 
lead to lifelong adaptation of brain structure and functioning.

• Optimizing brain health improves mental and physical health and also creates positive 
social and economic impacts, all of which contribute to greater well-being and help 
advance society.

The term “brain health” first appeared in the 
academic literature in 1989 (25), preceding 
the designation of “The Decade of the Brain” 
from 1990 to 1999 in the USA (26). Brain health 
became exponentially popular in the literature 

some 10 years ago (see Figure 3), with different 
definitions emerging over time. Annex 2 
summarizes different definitions and related 
initiatives that have been identified by the 
scoping review for this position paper.



Neurological complications
associated with infections
• Cysticercosis
• COVID-19 
• Encephalitis
• Guillain-Barré syndrome
• HIV
• Malaria
• Meningitis
• Rabies
• Syphilis
• Tetanus
• Zika virus

Common neurological 
conditions
• Dementia
• Epilepsy
• Headaches disorders
• Motor neuron disease 
• Multiple sclerosis 
• Parkinson disease
• Stroke

Injuries
• Spinal cord injury
• Traumatic brain injury

Congenital conditions
• Congenital birth defects 
• Down syndrome 
• Neural tube defects
• Other genetic defects

Neurodevelopmental 
disorders
• Attention-deficit/hyperactivity 
  disorder
• Autism spectrum disorders 
• Cerebral palsy 
• Fetal alcohol syndrome 
• Idiopathic developmental 
   intellectual disability 

Tumours
• Tumours of the 

   nervous system 
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Our brains develop rapidly in early life and 
continue to adapt over our lifetimes as a result 
of complex, ongoing interactions between our 
genetics, environment and circumstances, as 
well as the interactions between the brain and 
the rest of the body, leading to continuous 
adaptations of brain structure and functioning. 
The different stages of brain development 
across the life course – such as neuroplasticity, 
pruning and senescence that are characteristic 
of the lifelong adaptations of the brain as we 
age – are depicted in Figure 4. These stages 
are primarily characterized by rapid growth 
of neuronal connections in utero and in early 

childhood (neuroplasticity), directed shedding 
of neuronal connections in later childhood and 
adolescence (pruning), and neuronal loss in 
adulthood (senescence) (29). While these stages 
were traditionally conceptualized as consecutive 
and non-overlapping, we now know that even 
the ageing brain can continue to change and 
adapt. In fact, brain health can be improved 
across the life course by minimizing risk factors, 
as well as by enhancing protective factors that 
promote neuroplasticity – i.e. the brain’s ability 
to grow, build new connections and recover or 
compensate for injuries. 

Figure 4.  

Stages of brain development across the life course

Extending the definition of brain health beyond 
conceptions of disease (or the absence thereof) 
by focusing instead on brain structure and 
cognitive, sensory, social-emotional, behavioural 
and motor functioning, means understanding 
brain health on a lifelong continuum. This 
brain health continuum ranges from well-

being to disorders and disability for each of 
the aforementioned domains of functioning. 
Disorders that have an impact on the brain 
can emerge throughout the life course and 
are characterized by disruptions in usual brain 
growth, damage to brain structure and/or 
impaired brain functioning (30). 

FIG. 2

Stages of brain development 
across the life course

Neuroplasticity Pruning Neuronal loss

Perinatal
period

Infancy Early
childhood 

Adolescence Early
adulthood

Mid-life Older age

Generally, neurology as a discipline includes 
disorders that can have an impact on the brain 
or spinal cord (i.e. CNS), the peripheral nervous 
system, neuromuscular junction and muscles. 
This position paper, however, mainly covers 
disorders affecting the CNS (see Figure 5). 
While some of these conditions are rare, they are 
nevertheless responsible for high morbidity and 
mortality (14). WHO is currently collaborating with 
the Institute for Health Metrics and Evaluation 

(IHME) and the Global Burden of Disease Study 
collaborators to quantify the brain burden 
associated with these conditions.

Importantly, while some brain health definitions 
include mental health conditions, WHO considers 
mental health and brain health as two separate 
but closely related concepts. In fact, brain health is 
a crucial determinant of mental health across the 
life course (see Box 3). 

Figure 5. 

Disorders affecting the CNS
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Box 3. 

WHO definition of mental health  
and its relationship with brain health 

WHO defines mental health as a state of well-being in which an individual realizes his or her 
own abilities, can cope with the normal stresses of life, can work productively and is able 
to make a contribution to his or her community. Mental health is more than the absence 
of mental health conditions or disabilities; it is fundamental to our collective and individual 
ability as humans to think, emote, interact with each other, earn a living and enjoy life (21).

Brain health is an important determinant of mental health across the life course. Many of the risk 
and protective factors that impact mental health (e.g. social adversities, air pollution, physical 
activity) are likely mediated through changes in brain structure and/or function (31—34). 

See Section 4.1 for more information.

2.2 What is brain  
health optimization?
Optimizing brain health is paramount to ensuring that individuals 
can achieve their full potential for both health and well-being. 
Optimizing brain health preserves and improves brain structure 
and function, reduces the risk of developing CNS disorders, and 
promotes overall health. As noted, brain health is the result of 
complex, continuous interactions between a person’s genetics, 
environment and circumstances. Multiple interconnected 
determinants can affect brain functioning and structure from 
pre-conception through to the end of life. These determinants 
influence the way our brains develop, adapt and respond to 
stress and adversity, to different degrees across stages of our 
neurodevelopment (see Figure 4). It is essential to address 
these determinants in order to minimize risk factors and enhance 
protective factors and thereby optimize brain health to the  
extent possible. 

Optimizing 
brain health is 
paramount to 
ensuring that 

individuals can 
achieve their  
full potential
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Figure 6

Framework for brain health 
optimization
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The proposed framework for brain health optimization (Figure 6) 
describes five overarching, interconnected categories of brain health 
determinants that affect a person’s brain function and structure 
(detailed in Chapter 3). By addressing these determinants for 
all people, we not only optimize brain health across the life course 
but also improve mental and physical health as well as create 
positive social and economic impacts (detailed in Chapter 4), all 
of which contribute to greater well-being and help advance society, 
irrespective of the presence or absence of disorders. 

Efforts to optimize brain health should be made for everyone, 
respecting the principles of inclusion and empowerment. 
Importantly, individuals’ needs may vary at different points in their 
lives depending on their personal and medical circumstances 
and the social and cultural contexts in which they live. Brain 
health can be affected by various types of adversity, and brain 
health determinants are often interlinked. Structural inequities 
associated with systemic causes of discrimination, oppression and 
marginalization (e.g. on the basis of race, ethnicity, gender, age) 
constitute important macro-level sources of adversity (35). It is 
essential to address adversities to promote health equity, which is 
achieved when everyone can attain their full potential for health 
and well-being (36). Additionally, efforts to optimize brain health 
should combat stigma, prejudice and discrimination specifically 
faced by people with lived experience and their carers.

Lastly, strategies to optimize brain health require multisectoral and 
interdisciplinary collaboration that involve all sectors of human society 
with integrated, person-centred approaches focused on promotion, 
prevention, timely diagnosis, treatment and care, as well as the active 
engagement of persons with lived experience. The rationale for 
integrating brain health across sectors, as well as recommendations 
for policy actions and future steps, are discussed in Chapter 5.

Efforts to optimize 
brain health 

should be made 
for everyone, 

respecting the 
principles of 

inclusion and 
empowerment 



3. Determinants  
of brain health

After my diagnosis, I realized the need to 
keep my brain healthy and active. I started 
exercising; paid more attention to my diet and 
stopped my very stressful activities as owner 
of a film production company. All this I should 
have done way before, because prevention 
is the key. In 2019, I had a deep brain 
stimulation system implanted. This helps a lot. 
The underlying disease still progresses but 
the symptoms like tremors and shaking are 
pretty much under control.” 

Kaie Klaassen, Netherlands



Determinants of brain health

2928

Optimizing brain health across the life course: WHO position paper

Figure 7.  

Determinants of brain health across the life course

Since many determinants have an impact on 
the brain to different degrees across various life 
stages (e.g. perinatal, infancy, early childhood, 
adolescence, adulthood and older age), a life-
course approach is needed to understand the 
determinants of brain health. WHO and its 
partners have previously developed frameworks, 
guidelines and other technical documents 
detailing the determinants of brain development 
in early childhood and adolescence, as well as 
the brain health of older adults (37—39). 

Early childhood 
represents a time of highest plasticity and thus 
extraordinary potential for intervention. It is 
estimated that a child’s brain creates over 1 
million new neuronal connections each second 
in the first few years of life (40). Nurturing 
care8 positively influences structural brain 
development in early life and allows children 
to thrive and reach their potential, while 
disruptions to or the absence of nurturing care 
can lead to changes in brain development that 
have long-term negative impacts (37). Many of 
the components of nurturing care continue to 
affect on brain health as a child becomes an 
adolescent and grows into adulthood.

8. The components of nurturing care are: 1) good health, 2) adequate nutrition, 3) safety and security,  
4) responsive caregiving and 5) opportunities for early learning. 

Adolescence
is additionally a time of great potential. The 
process of pruning means that the brain 
undergoes dramatic changes with active 
remodelling of neuronal circuits that were 
established early in life. In fact, during 
adolescence processes leading to increasingly 
efficient functioning within and across brain 
networks peak in the context of increased 
autonomy and independence (41). In other 
words, the second decade of life represents an 
important opportunity to respond to a person’s 
circumstances, especially in relation to cognitive 
and social-emotional functioning as well as 
habits and health behaviours. Multiple family, 
cultural, societal, economic and environmental 
factors can influence adolescent development 
– including school connectedness, social and 
gender norms and community cohesion among 
other factors (38). 

Adulthood and older age
present additional opportunities for intervention 
as the brain continues to adapt in response to 
our circumstances. Numerous determinants 
are known to have impacts on brain health in 
mid-life and later life, including: physical activity, 
diet, tobacco and alcohol use, cognitive activity 
and metabolic factors (including weight, blood 
pressure, cholesterol and insulin sensitivity) 
(39). Determinants of healthy ageing that are 
also relevant to brain health include levels of 
education, healthy lifestyles, social connection 
and enabling environments (42).

A child’s brain creates over 1 million 
new neuronal connections each second 
in the first few years of life 

Addressing brain health determinants is a crucial element of brain 
health optimization for everyone, including people with lived 
experience. This chapter gives an overview of the determinants of 
brain health, which can be clustered into five categories, namely: 
physical health, healthy environments, safety and security, 
learning and social connection, and access to quality services 
(Figure 7). Many determinants can act at both the individual or 
societal levels, and it is important to note that no single factor is 
solely deterministic of a person’s brain health outcomes. The brain 
is an ever-changing system with its structure and functioning 
reflecting complex interactions between a person’s genetics, 
environment and circumstances.
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3.1 Physical health 
There are multi-directional interactions between the brain 
and the body. A person’s physical health can influence their brain 
health in many ways across the life course. Important aspects of 
physical health that influence brain health include:
• maternal health and the intrauterine environment
• genetic and epigenetic factors
• nutrition
• infections 
• noncommunicable diseases (NCDs) 
• sensory impairments
• health behaviours
• traumatic injuries.

Maternal health and the intrauterine environment 
Many factors influence maternal health and the uterine environment 
which in turn have an impact on the baby’s brain development. 
These factors include the mother’s nutritional status, stress, 
physical or mental health conditions, congenital infections, toxic 
exposures during pregnancy (including from the environment such 
as air pollution and pesticides or from substance use), and access to 
prenatal care and safe labour and delivery (43). 

Maternal malnutrition (including undernutrition and overnutrition) has 
been shown to affect brain development (44). In particular, deficiencies 
of specific nutrients during pregnancy can have serious impacts; for 
instance, maternal folate deficiency can cause congenital neural tube 
defects and maternal iron deficiency can impact neurodevelopmental 
outcomes and may also potentially increase the risk of schizophrenia 
(45—47). In addition, certain physical health conditions such as 
maternal diabetes can affect a baby’s neurodevelopment, especially if 
left untreated (43, 48). Likewise, mental health conditions in pregnant 
women can also affect neurodevelopmental outcomes; for instance, 
maternal depression has been linked to intrauterine growth restriction, 
preterm birth, low birthweight, stunting and an increased risk of 
developmental impairment (22). In addition, several congenital 
infections can harm brain development in utero – such as rubella 
virus, cytomegalovirus, herpes simplex virus, Zika virus, syphilis, 
malaria and toxoplasmosis (49, 50). Additionally, exposure to severe 
stressors in pregnancy (faced by either parent) can have an impact 
on child development, and this may be mediated by increased 
inflammation and epigenetic changes (51).

Exposure to air pollution, pesticides, heavy metals and other toxic 
chemicals during pregnancy can also affect brain development 
(see Section 3.2) (52—54). Maternal substance use – including 
tobacco, alcohol or drug use – can also affect a baby’s brain in 
utero through direct toxic effects on neuronal development and 
additionally in infancy by affecting mother–infant interactions (55). 

Finally, access to perinatal care for mother and child, including safe 
labour and delivery, are crucial for ensuring that mothers receive all 
necessary health and social services during pregnancy and birth so 
that they and their child can be as healthy as possible (56, 57). 

Genetic and epigenetic factors 
Many genetic factors have been found to be related to brain 
structure and to have impacts on the domains of brain 
functioning. As an example, polymorphisms, or variations, of 
genes relating to brain-derived neurotrophic factor (BDNF) – a 
factor that is needed for neuronal growth and neuroplasticity – 
has been found to be linked to differences in cognition (specifically 
related to memory and executive function) (58). Genetic factors 
are also implicated in several neurodevelopmental disorders 
such as Down syndrome, Fragile X syndrome, Rett syndrome, 
Prader Willi syndrome, amongst others (59). On the other hand, 
for many neurodevelopmental and neurological disorders, while 
genetic links have been identified, the disorders are likely caused 
by interactions between certain genetic profiles and the person’s 
environment leading to epigenetic changes, i.e. changes in 
gene expression. Examples include autism spectrum disorders, 
Alzheimer disease and other dementias, Parkinson disease, and 
certain forms of epilepsy (60—63). 

Nutrition 
Adequate nutrition (and the absence of undernutrition or 
overnutrition) is vital for brain health. As discussed earlier, adequate 
nutrition during pregnancy is crucial for healthy brain development 
in utero. Breastfeeding is also an important factor for brain 
development because of its exclusive benefits not only for nutrition 
but also for immune protection and mother-infant bonding (37). 

Nutrition remains an important determinant of brain health across 
the life course, with nutritional deficiencies, especially in later life, 
being linked with the onset of cognitive decline and dementia. 
On the other hand, healthy, balanced diets and healthy weight 
management for adults are known to reduce these risks (39). 
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Infections  
Numerous infections can harm the brain directly 
by attacking the nervous system, while others 
may cause neurological sequelae from secondary 
inflammatory processes. Infections causing 
meningitis and encephalitis (of viral, bacterial or 
fungal origin) contribute significantly to the global 
burden of neurological disease. Other infections 
that can have a direct impact on the brain include 
enterovirus, HIV, neurocysticercosis, malaria, polio, 
syphilis, rabies, toxoplasmosis and Zika virus. 
These infections can also cause sequalae such 
as neurodevelopmental disorders in children, 
vision and hearing loss, epilepsy, and cognitive or 
motor impairment and may necessitate specialized 
follow-up care, including rehabilitation. 
Some infectious diseases do not attack the 
nervous system directly but may nevertheless 
affect brain health through other mechanisms, 
including systemic inflammation triggering 
neuroinflammation (such as seasonal influenza, 
HIV, malaria and COVID-19 (64, 65). Similarly, a 
history of a wide range of infectious diseases 
requiring hospitalization has been linked to 

increased incidence of dementia, irrespective 
of whether the infection primarily affected 
the CNS or not (66). However, many infections 
can be prevented through infectious disease 
control strategies – including robust and routine 
immunization (in childhood and adulthood), 
vector control and access to sexual and 
reproductive health services. 

Additionally, global pandemics can affect 
brain health in many ways, either directly 
or indirectly. For instance, the Zika virus 
epidemics in 2016 were linked with multiple 
neurological manifestations – including Guillain-
Barré syndrome, neuropathy and myelitis. 
Zika infection during pregnancy in particular 
was found to cause microcephaly and other 
congenital malformations in infants (67).  
The COVID-19 pandemic has also had multiple 
impacts on brain health, including direct impacts 
by the SARS-CoV-2 virus on the nervous system 
as well as indirect impacts on the determinants 
of brain health. Further information is contained 
in WHO’s Scientific brief on neurology and 
COVID-19 (68) and Box 4. 

Global pandemics can affect 
brain health in many ways, either 
directly or indirectly

Box 4. 

COVID-19 and brain health

The COVID-19 pandemic continues to have far-reaching impacts on brain health, both 
directly by the SARS-CoV-2 virus and indirectly through the multitude of stressors brought 
on by the pandemic. 
First, SARS-CoV-2 has been associated with over two dozen neurological symptoms and 
over 10 neurological diagnoses during the acute phase of illness, including headaches, 
changes in smell and taste, muscle aches, fatigue, delirium (or confusion), strokes and 
seizures. A meta-analytic review of data from over 145 000 COVID-19 cases found that one 
in every 50 patients were diagnosed with stroke and, in patients over the age of 60 years, 
the presence of any neurological manifestation was associated with a mortality rate nearly 
twice as high (69). 

Second, post-COVID-19 condition is increasingly associated with neurological sequelae, 
including fatigue, headaches, sleep disturbances and cognitive dysfunction (70). These 
reports are reflected in WHO’s definition of post-COVID-19 condition, which indicates 
common symptoms such as fatigue and cognitive dysfunction among others (71).

Moreover, COVID-19 has disproportionately affected people with pre-existing neurological 
disorders. Chronic neurological disorders have been associated with increased mortality 
in hospitalized COVID-19 patients. Additionally, people with neurological disorders have 
also experienced disruptions to essential services and routine neurological care (72, 73). 
WHO’s first pulse survey on the continuity of essential health services during the COVID-19 
pandemic, released in August 2020, revealed that 48% of 105 countries surveyed reported 
at least partial disruptions in all services for NCDs and mental health (74). WHO’s second 
and third rounds of the global pulse survey on the continuity of essential health services 
during the COVID-19 pandemic found that disruptions to essential mental, neurological  
and substance use services persist: at the end of 2021, at least one third of countries  
were still reporting disruptions to services for mental health, neurological and substance 
use disorders (75, 76).

Furthermore, the pandemic incurred myriad social consequences that included widening 
disparities and adversities, increased social isolation and loneliness, as well as limited 
opportunities for play/leisure activity, physical activity and intellectual stimulation – all 
of which are known to affect brain health across the life course (see Figure 7) (77). 
Early data regarding development in infancy have been concerning; for instance, one 
cohort study of children born during the pandemic found that these children had lower 
neurodevelopmental scores at 6 months of age than children who were born before the 
pandemic (78). Additionally, a 2020 survey of participants from 101 countries found that 
21% of respondents experienced severe loneliness during the pandemic and around 20% 
were socially isolated (79). 
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Noncommunicable diseases (NCDs)  
such as cardiovascular disease, respiratory disease, diabetes and 
associated risk factors are harmful to brain health. High blood 
pressure, obesity and diabetes in particular are well-known risk factors 
for both stroke and dementia. Together, these risk factors are thought 
to be responsible for 4% of the dementia prevalence globally (80). 

Importantly, early prevention to reduce the risk of chronic health 
conditions is crucial; a recent large cohort study showed that multi-
morbidity (i.e. having two or more chronic conditions) in mid-life 
leads to well over twice the risk of developing dementia (81). In 
relation to stroke, high blood pressure is linked to over 60% of the 
DALYs due to stroke globally, while high body mass index (indicative 
of overweight and obesity) is linked to over 20% and high fasting 
sugar (indicative of insulin resistance) is linked to over 10% (82). 

Sensory impairments
are increasingly recognized as a risk factor for brain health – 
especially later in life. For instance, hearing loss is responsible for 
8% of the dementia prevalence globally; importantly, the use of 
hearing aids may be able to obviate this risk (80). Recent studies 
suggest that vision impairment may also confer risk for cognitive 
decline in older adults (83, 84).

Health behaviours 
including the quantity and quality of sleep, physical activity and 
substance use can also have impacts on brain development and 
brain health. Good-quality sleep (and a sufficient quantity of 
it) is essential for healthy child development (85). The quantity 
of sleep also has a profound impact on brain health in older 
age; for instance, sleeping six hours or less nightly in the 6th 
and 7th decades of life confers a 30% higher risk of dementia 
(86). Abnormal sleep durations (short or long) have also been 
linked with an increased risk of stroke (87). The impact of sleep 
disturbance on the brain may be at least partially explained by 
increased inflammation because sleep disturbance is linked to 
increased C-reactive protein and interleukin-6, both of which are 
indicative of inflammation in the body (88).

Adequate physical activity is also essential for childhood 
development and can have impacts on cognitive function and 
educational attainment (89). Similarly, physical activity is known to 
affect brain health across the life course, with physical inactivity 
being responsible for nearly 8% of DALYs due to stroke globally 
(82) as well as 2% of global dementia prevalence (80). Increased 
physical activity, on the other hand, has been shown to have 
neuroprotective and neuroplastic benefits for the brain later 
in life. Physical activity is thought to enhance neuroplasticity in 

multiple ways, including by increasing levels of BDNF and other 
neurotrophic factors and buffering inflammation in the body (90).  
A recent systematic review found that physical activity in older 
adults was linked to preserved structure in the brain’s frontal and 
temporal areas, including prefrontal cortex and hippocampal grey 
matter volume, which are important for emotional processing and 
memory (91). Similarly, physical activity can also improve brain 
health in the context of neurological disorders such as Alzheimer 
disease, Parkinson disease, Huntington disease and multiple 
sclerosis or during post-stroke rehabilitation (92, 93).

Smoking is associated with an increased risk of multiple CNS 
disorders, including stroke, dementia and multiple sclerosis. For 
instance, smoking is responsible for nearly 21% of the DALYs due to 
stroke globally, while second-hand smoke exposure is responsible 
for over 2% (82). 
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Alcohol can have a direct impact on brain health (via cortical 
atrophy and cerebellar degeneration), as well as an indirect impact 
through complications from nutritional deficiencies (such as 
Wernicke’s encephalopathy and Korsakoff syndrome or pellagra), 
impact on cardiovascular and other systems or complicated 
withdrawal (seizures, delirium tremens, injuries). Harmful use of 
alcohol confers an increased risk for dementia with a gradient, 
when higher alcohol use is associated with increased risk of 
dementia. It has also been shown that alcohol use with loss of 
consciousness irrespective of the overall alcohol consumption is 
associated with an increased risk of dementia (80, 94, 95) . The 
harmful use of alcohol is attributable to about 3 million deaths 
annually and is a causal factor in more than 200 disease and injury 
conditions, thus affecting a person’s overall health and physical 
safety (see Section 3.3 on additional links with physical safety, 
violence, and road traffic accidents).

Traumatic injuries can be harmful to the CNS in multiple ways 
depending on their severity and frequency across the life course. 
Apart from the direct and immediate structural harm that they 
can cause to the nervous system, traumatic brain injuries (TBIs) 
have been linked to longer-term processes that are harmful to the 
brain. For example, severe TBIs have been associated with hyper-
phosphorylated tau pathology within the brain, a process which 
has been implicated in neurodegenerative disorders (96). TBIs, 
even those that are mild, have been associated with neurological 
disorders such as epilepsy and stroke (97, 98). Further, TBIs  are 
also thought to be responsible for 3% of the dementia prevalence 
globally (80); while the risk is higher for severe TBIs or repeated 
TBIs, mild TBIs still confer increased risk (99). Several societal 
and individual factors – such as community violence, domestic 
and intimate partner violence, contact sports without adequate 
head protection, road traffic accidents, war, conflict and other 
humanitarian emergencies – can increase the risk of damage to 
the brain and other parts of the CNS (see Section 3.3). 

3.2 Healthy environments
Healthy environments (such as clean air and water, access to 
green spaces, safe use of chemicals, protection from radiation, 
and stable climate) can have a profound impact on brain health 
across the life course, especially during developmentally sensitive 
stages such as early childhood, adolescence and older age. There 
has been increasing information in recent years on environmental 
factors that affect brain health, including pollutants found in air, 
water and food. This section addresses the brain health impacts 
of heavy metals, pesticides, industrial solvents, air pollution and 
natural and man-made disasters.

Currently 214 chemicals are recognized as neurotoxic to the human 
brain, while over 1000 are recognized as neurotoxic to animals. The 
number of chemicals recognized as neurotoxic to humans has risen 
in recent years as research in this field expands (100). Categories 
of neurotoxic chemicals include heavy metals and inorganic 
compounds, pesticides, organic solvents and other organic 
compounds. Within these categories, 12 industrial chemicals are 
currently known to be neurotoxic for developing brains (100). 

Heavy metals 
Heavy metal exposure in childhood can have lifelong 
consequences, but heavy metals can also be toxic to adults 
who may be exposed to them in occupational or household 
contexts (101). Lead and methylmercury specifically pose serious 
threats to developing brains in utero, throughout infancy and 
during early childhood and are associated with the onset of 
neurodevelopmental disorders (102—104). It is estimated that 
lead and methylmercury exposure are responsible for over 24 
million lost IQ points in children under the age of 5 years in the 
USA alone (100). Importantly, preventive measures can reduce 
many sources of lead and mercury, such as banning lead from 
fuel and household paint and reducing the use of mercury in 
thermometers, restorative dentistry and consumer products. 

Arsenic exposure, which is also linked to neurodevelopmental and 
other neurological disorders, is a global problem; according to 
recent estimates, arsenic contamination in groundwater exists in 
close to 108 countries, putting 230 million people at risk (100, 105). 
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Pesticides and industrial solvents  
Pesticides, including commonly used organophosphates, are 
recognized as harmful for brain health. Pre-natal exposure to 
organophosphates (such as chlorpyrifos) are known to have an 
impact on neurodevelopment and are associated with cognitive, 
behavioural and motor difficulties in children (106). Exposure to 
organophosphates is estimated to be responsible for close to 17 
million lost IQ points in children under the age of 5 years in the USA 
(100). Low levels of organophosphate exposure in adulthood, which 
is a risk in many occupations such as farming and pest control, 
are also linked to changes in cognitive function (107). Additionally, 
pesticides that are widely used including paraquat and chlorpyrifos 
are associated with an increased risk of Parkinson disease (101). 

Commonly used industrial solvents can also have neurotoxic 
effects. For example, trichloroethylene (TCE) which is used as a 
refrigerant, degreasing solvent and cleaning agent is known to 
have harmful impacts on neurodevelopment and also changes 
in cognition, vision, psychomotor and other nervous system 
functions (108). TCE is also linked with an increased risk of 
Parkinson disease (101). 

Air pollution 
is increasingly being recognized as a major global threat to brain 
health. WHO estimates that 99% of all people worldwide breathe 
polluted air in their ambient environment which threatens brain 
development and health across the life course (9).

Air pollution is harmful for developing brains. Exposure to 
air pollution during pregnancy and early childhood has been  
associated with neurodevelopmental delays; emerging studies also 
raise concern for potential links between air pollution and autism 
spectrum and attention deficit hyperactivity disorders (109—112). 
In 2019, air pollution exposure was thought to be responsible for 
a loss of at least 1.96 billion performance IQ points in children in 
Africa alone (113). Recent cohort studies utilizing neuroimaging 
help to elucidate the impacts of air pollution on the developing 
brain, linking exposure to air pollution in pregnancy and childhood 
to a smaller hippocampus (which is important for emotional 
functioning, learning and memory) and a larger amygdala (fear 
centre) by pre-adolescence (114). Similarly, the exposure to traffic-
related air pollution by 1 year of age has been linked to reduced 
volume of brain grey matter and cortical thickness by early 
adolescence, which has implications for cognitive functions such  
as attention (115).

In addition, air pollution is linked to the development of neurological 
disorders in adulthood, including stroke, dementia and Parkinson 
disease (101). For instance, 30% of the global stroke burden is 
attributable to ambient or household air pollution (116). Additionally, 
exposure to fine particulate matter or PM 2.5, nitrogen dioxide, 
nitrous oxides and carbon monoxide is associated with the 
development of dementia (117). Interestingly, improving ambient air 
quality may improve brain health outcomes by slowing the rate of 
cognitive decline, as suggested by recent analyses of a longitudinal 
cohort study across 48 states in the USA (118). 

Multiple mechanisms have been proposed for how air pollution 
may affect the human brain, including direct neurotoxicity, 
neuroinflammation, oxidative stress, impaired energy metabolism 
and injury to brain vessels (119, 120). These mechanisms can lead 
to changes in brain architecture during developmentally sensitive 
periods and brain functioning across the life course. 

Natural disasters 
such as volcanic eruptions can also have direct impacts on the 
brain health of whole populations by releasing toxic chemicals 
and gases, and polluting the air people breathe downwind 
from the volcano (121). Volcanic eruptions can also lead to mass 
displacement and housing and financial insecurity, all of which 
can have an impact on brain health. Man-made disasters such 
as nuclear explosions and chemical spills have also been linked 
to neurological syndromes as a direct consequence of either 
radiation or heavy metal exposures (122, 123). Additionally, 
climate change is contributing to ambient air pollution as well as 
increasing the risk and severity of wildfires. Wildfires can harm 
brain health directly by releasing fine particulate matter and can 
also lead to indirect impacts through separation from or loss of 
loved ones, mass displacement and financial strain (124).99% 
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3.3 Safety and security
Physical safety and financial security can have 
impacts on brain health over the life course. 
Physical safety is the absence of actual physical 
harm (including abuse, maltreatment and 
neglect) and the threat of physical harm; it 
requires stable and safe housing, and safety 
within the home and within the broader 
community. Financial security is not merely 
the absence of poverty but also the absence 
of strain or stress due to financial concerns; 
it means that one can reasonably afford the 
necessities of life, including food, housing, health 
care, education and transport. Both physical 
safety and financial security can have impacts on 
individuals, their families and the communities 
in which they live. This section addresses 
aspects of physical safety and financial security 
that affect brain health, as well as exposure to 
humanitarian crises which can be major safety 
and security risks.

Physical safety
In addition to the impact of traumatic brain 
injuries on the individual (as discussed in 
Section 3.1), exposure to violence within the 
home and community can have indirect impacts 
on brain health. Section 3.4 explains in more 
detail how adverse childhood experiences 
including physical abuse can impact brain 
development. Recent neuroimaging studies also 
suggest that exposure to violence within the 
neighbourhood has an impact on developing 
brains and has been associated with lower 
hippocampus volume in adolescents and altered 
hippocampus functioning in children and 
adolescents (125, 126). The hippocampus is a 
part of the brain within the limbic system, which 
is important for emotional functioning, learning 
and memory. 

Financial security 
As with physical safety, emerging evidence 
suggests that financial security at both the 
individual and community levels can have 
impacts on brain health. For instance, lower 
income and financial strain have both been 
associated with an increased risk of developing 
dementia in older adults (127). 

Recent studies have shown that living in 
neighborhoods at greater socioeconomic 
disadvantage may be linked with decreased 
brain volume in both children and adults, as well 
as with lower neurocognitive performance in 
children (128, 129). Neighbourhood disadvantage 
during childhood has also been associated 
with decreases in the growth of myelin (brain 
white matter) during adolescence and young 
adulthood (130). Similarly, neighbourhood 
disadvantage may also confer increased risk  
of dementia (131). 

Importantly, the impacts of both neighbourhood 
disadvantage and exposure to violence in 
early life can be mitigated by positive family 
functioning and parenting (132). Interventions in 
early life can bring great gains for brain health 
across the life course, which will be discussed 
further in Section 4.2. 

Humanitarian crises and emergencies 
These pose numerous threats to brain health for 
individuals and communities. It is important to 
protect the brain development of children and 
the brain health of all people affected during 
epidemics, natural or man-made disasters, 
conflicts and other emergencies. There are 
many impacts to anticipate and consider at the 
onset of humanitarian crises and emergencies. 
The origin and duration of a humanitarian 
crisis or emergency will influence the depth 
and breadth of the impact it has on the brain 

health of individuals and communities. (For 
more information on the Zika epidemics and 
COVID-19 pandemic, see Section 3.1. For more 
information on volcanic eruptions, climate 
change and wildfires, see Section 3.2).

All humanitarian crises and emergencies can 
cause new social adversities and psychosocial 
stressors, or heighten existing ones, for large 
parts of the community. During periods of crises 
the most vulnerable populations – who already 
face one or more social adversities – may be 
subject to further adversities and be distanced 
from sources of financial, legal and social 
support and protection. Chronic stress due to 

socioeconomic adversity can lead to disruptions 
in brain-directed stress physiology and a 
multitude of inflammatory conditions which, for 
example, have been hypothesized to worsen 
COVID-19 outcomes in vulnerable populations – 
including racial and ethnic minorities (133). 

Wars and other conflicts can cause separation 
from (or loss of) loved ones as well as mass 
displacement, financial insecurity, traumatic 
injuries, and disruption or impairment of health 
and social systems. Special considerations should 
be made for people living with neurological 
disorders who may be affected by disruptions in 
routine services after mass displacement (134).
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3.4 Learning and social connection
Lifelong learning, including access to education, and social 
interactions are important determinants for brain health across 
the life course. They overlap in multiple ways. For instance, 
learning in early life is closely connected with responsive and 
nurturing caregiving – i.e. the social interactions that a child has 
with his or her primary caregiver. Formal learning relies on schools 
and other educational institutions, while cognitive stimulation 
in adulthood is often linked to employment and social networks 
within communities, all of which also represent important sources 
of interaction with peers and other human beings and provide 
social support and social connection. Consequently, interventions 
aimed at optimizing brain health – especially in early life – often 
involve support for both learning and social interactions. 

Support for lifelong learning 
Opportunities for early cognitive, social and emotional learning 
are crucial for brain development in infancy and early childhood. 
Such opportunities may include loving and supportive interactions 
with caregivers that stimulate the growing mind through talking, 
singing, playing and reading (8). In addition to early learning 
from caregivers, access to formal education in childhood and 
adolescence is associated with better brain health outcomes. 
Higher rates of educational attainment are associated with better 
cognitive function later in life, which may be due to the impact 
of education on cognitive reserve (80). Although opportunities 
for cognitive stimulation may have the greatest impact on 
brain architecture in early life (from early childhood through 
adolescence), studies show that lifelong learning and cognitive 
stimulation in adulthood and later life – including speaking another 
language, reading, playing music, and intellectual engagement 
– also confer benefits for brain health (80). Employment can 
also be an important source of cognitive stimulation in adults. A 
recent multicohort study utilizing data from five countries showed 
that people with cognitively stimulating jobs had a lower risk of 
developing dementia than persons with non-stimulating jobs. In 
the same study, people with higher cognitive stimulation in their 
jobs had lower levels of certain proteins that are known to impair 
the creation of neuronal axons and synapses; this may provide 
some insight into how cognitive stimulation may be protective 
against dementia in later life (135). 

Social connection
In early childhood, the responsiveness of a 
caregiver influences the structural development 
of a child’s brain and stimulates the creation of 
neuronal connections in the brain. All children 
face stress and many may face serious adversities 
in their life, but the way in which these stressors 
affect them vary greatly according to the kind of 
support they receive from caregivers. Adverse 
childhood experiences (ACEs) may include the 
following: maltreatment (physical abuse, sexual 
abuse, neglect); parental maladjustment (parental 
mental health conditions, substance use, parental 
criminal behavior, family violence); interpersonal 
loss (parental divorce, parental death, other 
parental loss); and other childhood adversities 
(physical illness, family economic adversities).9 

Loving and responsive interactions between a 
child and his or her caregiver are referred to 
as “serve and return” interactions and have a 
positive impact on the structural development 
of a child’s brain (136). Caregivers can serve 
as important buffers to ensure that the 
stresses faced by children remain tolerable 
(137). Importantly, the absence of a supportive 
and responsive caregiver in the setting of 
prolonged exposure to one or more adversities 
leads to “toxic stress.” (138). Toxic stress can 
cause changes in the development of brain 
architecture, including areas of the brain that are 
responsible for modulating our body’s responses 
to stress (overactivation of the amygdala, 
hypothalamus and pituitary and weaking of the 

9. For more information on, and full definition of, ACEs see the WHO/World Mental Health Survey Initiative at  
https://www.hcp.med.harvard.edu/wmh/ (accessed 6 July 2022).

prefrontal cortex and anterior cingulate), with 
lifelong implications for a person’s vulnerability 
for stress-related mental and physical health 
conditions (139—142). In recent years, studies 
have provided insights into the intergenerational 
impact of ACEs, with lower brain volumes and 
changes in neural connectivity involving the 
amygdala (fear centre) seen in infants of mothers 
who experienced maltreatment or emotional 
neglect from their own caregivers (143, 144). 

Importantly, the quality of attachments and 
social connection a person has throughout their 
life affects their brain health. During adolescence 
and adulthood, the quality of attachments, social 
connection and social support continue to have 
impacts on brain health. Greater numbers of 
social connections as an adult are associated 
with larger volumes of multiple brain structures 
in the cerebral cortex, and the quality of social 
connections are additionally linked with areas 
of the brain associated with memory (145, 146). 
The availability of social support in older adults 
has been linked to networks that involve areas 
of the brain that are responsible for executive 
functioning, emotional regulation and memory 
(147). Additionally, social support in the form 
of supportive listening correlates with higher 
cognitive resilience in older adults (148). On the 
other hand, social isolation and loneliness in 
older adulthood are associated with a higher 
risk of developing cognitive impairment and 
dementia (80, 149). 

Toxic stress can cause changes in the 
development of brain architecture, 
including areas of the brain that  
are responsible for modulating  
our body’s responses to stress
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3.5 Access to quality services
Managing the many risk factors of brain health will require access 
to quality health and social services. Despite best efforts to 
minimize risk factors, many people still develop conditions that 
affect their CNS at some point in their lifetime, and this is likely to 
continue in the future. Consequently, access to quality services is 
an important determinant of brain health. Similarly, strengthening 
health and social care systems so that they provide equitable 
access to diagnosis, treatment, care and rehabilitation as and 
when needed is crucial for optimizing brain health for all. 

Access to effective, timely and responsive services is essential – 
particularly for people with CNS disorders so that they can fulfill 
their developmental potential, exercise their functional abilities 
and improve their quality of life. To achieve this, services need 
to be available within the community and grounded in evidence-
based policies and practices that cover the full spectrum of 
care, namely diagnosis, treatment, rehabilitation, palliative 
and social care. Within the context of UHC, it is crucial to have 
affordable and equitable access to these services at the primary-
care level without discrimination or risk of financial hardship. 
Likewise, continuity of these services should be ensured during 
humanitarian crises and emergencies. 

Furthermore, services need to be people-centred and responsive 
to a person’s unique needs. Services should be tailored to 
different stages of life and should ensure continuity of care across 
providers and sectors – particularly for children and adolescents 
with neurodevelopmental and/or neurological disorders as they 
transition into adulthood. Services should be culturally sensitive, 
gender appropriate and accessible to vulnerable groups such 
as: racial and ethnic minorities and indigenous people; refugees, 
internally displaced people and migrants; and people facing 
socioeconomic disadvantage, domestic and gender-based 
violence, or incarceration, among others.

Services should also take a human rights-based approach, 
consistent with the United Nations Convention on the Rights of 
Persons with Disabilities (CRPD) (150). Providing people with lived 
experience and their carers with evidence-based and accessible 
information relevant to their care can empower them to make 
informed choices about their care. A rights-based approach also 
addresses the fact that many people with CNS disorders and their 

Strengthening 
health and social 

care systems so 
that they provide 
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and rehabilitation 
as and when 
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for optimizing 

brain health for all

carers encounter major barriers to accessing care 
because of stigma, prejudice and discrimination 
both in the health-care system and in their 
communities (101, 151—153). Importantly, people 
with lived experience and their carers should 
never be blamed for their circumstances or health 
conditions. Box 5 presents ways to address 
stigma and discrimination.

In line with the Intersectoral global action plan on 
epilepsy and other neurological disorders 2022–
2031 (14), the following sections of the position 
paper summarize specific aspects of effective and 
responsive services that are required to optimize 
brain health across the life course for everyone. 

Box 5. 

Addressing stigma faced by people 
with CNS disorders and their carers 

Stigma, prejudice and discrimination remain pervasive challenges faced by people living 
with CNS disorders, their carers and families. These negative attitudes contribute to 
multiple forms of social exclusion.

Stigma against CNS disorders is widespread in all sectors of society (154—156). People 
living with these conditions often face discriminatory actions, violations of their rights and 
social exclusion by members of the public – and at times even by health-care providers. 
As a result, people with CNS disorders may find themselves excluded from education, 
employment or housing and may have difficulty in accessing health care. 

Stigma usually results from a lack of understanding and information or from 
misinformation. Stigma can be combatted by correcting myths and misconceptions 
and replacing them with correct information to improve public understanding. It is very 
important to involve people with CNS disorders in the planning and implementation 
of these interventions in order to empower them to make their own decisions. In fact, 
interventions grounded in interpersonal contact are shown to be the most effective means 
to combat stigma and discrimination (29). 

Examples of actions to combat stigma include the following (152):
• treat people with lived experience positively and with respect;
• avoid stigmatizing language and encourage others to do the same;
• use people-centred language such as a “person with a specific disorder/condition”  

or “person with lived experience”; and
• work with people with lived experience, their carers and families to organize 

programmes to raise awareness and dispel myths about neurological disorders,  
the nervous system and the brain. 
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Integrated, interdisciplinary care at all  
levels of the health and social care system
Conditions affecting the brain – especially neurodevelopmental 
and many neurological disorders such as dementia, Parkinson 
disease or multiple sclerosis – can have an impact on a person’s 
cognitive, sensory, social-emotional, behavioural and motor 
functioning. As such, these disorders affect activities of daily 
living, mobility and self-care, creating very complex care needs. In 
addition, many conditions affecting the brain are chronic and/or 
progressive. Consequently, people living with these conditions may 
require long-term care. As a result, services for optimizing brain 
health need to provide a wide range of coordinated, integrated 
health and social care, guided by evidence and delivered by a 
competent and motivated interdisciplinary workforce at primary, 
secondary and tertiary levels.

Besides neurology, neurosurgery, general medicine and nursing, 
the disciplines required for optimizing brain health include 
radiology, (neuro)psychology, neurorehabilitation, occupational 
therapy, physical therapy, speech-language pathology, palliative 
care, mental health and psychosocial support, as well as spiritual 
care, social work and welfare (e.g. for advice on advance care 
planning and disability supports). 

These complex service needs are largely unmet globally (13) and 
need to be strengthened, particularly at the primary care and 
community levels. In addition, pre-service and ongoing training, 
continuing medical education, and adequate supervision and 
support are needed for both specialists and non-specialists. 
However, training, supervision and support are not consistently 
available for health and social care workers in all areas (151, 157). 
Where needed, options should exist to invest in health workers 
with fewer years of training and to provide services limited to 
their scope. The promotion of self-care (according to established 
guidelines) can also go a long way to reducing the burden of care 
at secondary and tertiary levels, especially in settings where highly 
skilled workers are not readily available (157). 

Lastly, specialized facilities are sometimes used to treat certain 
conditions affecting the CNS – such as stroke units, spinal injury 
units, neurorehabilitation centres and neurosurgical facilities for 
surgical procedures relating to epilepsy, tumors and ischaemic 
strokes or intracranial bleeds. Such specialized care units may 
improve mortality and morbidity for some conditions, such as stroke 
(158) or spinal cord injuries (159), but their accessibility is uneven 
across countries and income settings (13, 160) and evidence is 
scarce for other conditions such as dementia. This situation requires 
further evaluation at national and international levels.

Access to essential medicines,  
diagnostics and other health products
Medicines and diagnostics – as well as other health products such 
as assistive technology, biological products and cell and gene 
therapy – are essential for optimizing brain health as they can 
reduce mortality and morbidity and improve the quality of life. 

Certain neurological disorders – such as epilepsy, stroke, treatable 
neurometabolic diseases or multiple sclerosis – require treatment 
with medicines for many years and sometimes for a lifetime. The 
abrupt withdrawal of certain medications, such as antiseizure 
medicines, may be life-threatening. Consequently, it is essential to 
ensure that access to high-quality, safe and affordable neurological 
medicines is sustained over time. Policies should be in place to 
monitor supply chains and stock-outs in health facilities and to 
address possible disruptions, particularly in health emergencies 
and humanitarian crises. Medications for neurological disorders 
should be used appropriately in order to avoid unnecessary 
polypharmacy and increased risks of adverse effects, including 
physiological dependency and addiction to controlled substances.

Similarly, appropriate use of diagnostics such as laboratory tests, 
neuroimaging or electroencephalography are essential tools for 
optimizing brain health as they allow for early and rapid detection 
of pathologies, disorders and risk factors. Diagnostics also support 
disease monitoring and can inform the utilization of targeted, 
effective interventions which may slow disease progression and 
reduce complications.

Assistive technologies that compensate for functional impairments 
and losses enable people to live healthy, productive, independent 
and dignified lives within their communities and reduce the need 
for formal health and support services. Examples of assistive 
technologies include hand rails, wheelchairs, walkers, motorized 
mobility detectors, fall detectors, hearing aids, braille displays and 
writing equipment, spectacles, simplified mobile telephones, time 
management products and pill organizers (161).

Unfortunately, there is limited access to essential medicines 
for neurological disorders within primary care settings. The 
availability of imaging modalities including computed tomography 
(CT), magnetic resonance imaging (MRI) and access to assistive 
technologies also remain inequitable globally (13, 162—164).  
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Carer support
Because many neurodevelopmental and 
neurological disorders are chronic and/or have 
long-lasting impacts, people living with such 
conditions may need substantial ongoing care. 
In many parts of the world, this care is provided 
informally by unpaid carers, mostly female family 
members or close friends, making them an 
invaluable cornerstone of service provision. It is 
estimated that more than half of the global care 
costs associated with dementia are attributable 
to informal care, with family members of people 
with dementia globally providing approximately 
90 billion hours of informal care (excluding 
supervision time) in 2019 (about  5 hours per 
day per person with dementia) (151). Further, 
approximately 70% of informal dementia care 
globally is provided by women (151), highlighting 
a tremendous gender imbalance. Carers face 
numerous financial, social and psychological 
stressors (e.g. role strain; financial losses due to 
reduced, or lack of, income; social isolation; and 
bereavement in the event of loss). 

Carers’ roles and the challenges they face may 
vary depending on the condition, whether they 
are caring for children, adolescents or adults, 
and the carer’s age, health status and abilities. 
Caregiving responsibilities often widen gender 
gaps and often have a negative impact on the 
carer’s own physical and mental health, which 
in turn can lead to the breakdown of informal 
home-based care arrangements and costly 
institutional long-term care.  

Consequently, support to carers is an essential 
element of optimizing brain health (14, 101, 151). 
This entails building capacity in the health and 
social care workforce to identify and manage 
carer stress effectively as well as to provide 
access to information, training and services 
for carers. Effective training programmes and 
support represent important elements in 
building carers’ capacity not only to protect their 
own well-being but also to help address a variety 
of care needs, including neurorehabilitation, and 
to provide overall better care in the long term 
(151). Box 6 gives two examples of carer support 
resources developed by WHO. 

Carer support schemes – such as social, tax 
and disability benefits – can lessen the social 
and financial strain that carers may otherwise 
feel. The schemes represent powerful policy 
mechanisms that not only support carers and 
affected families but also strengthen the national 
health and social care system by enabling family 
carers to care for longer.

Importantly, the stigma, prejudice and 
discrimination that many informal carers 
face, like people with neurological disorders 
themselves, represent significant barriers for 
carers seeking help and support. Due attention 
should therefore be given to addressing 
stigma and any form of discrimination through 
awareness-raising and through supportive 
policies and legislation that promote full 
inclusion and empowerment of people with lived 
experience and their carers. 

Carers face numerous financial, 
social and psychological stressors

Box 6.

Examples of carer support  
resources developed by WHO

Support for caregivers of 
children with developmental 
disabilities or delays
In April 2022, WHO launched a caregiver 
skills training (CST) programme for 
caregivers of children with developmental 
delays or disabilities, including autism 
(165—169). The goal of the CST is to teach 
parents and other caregivers day-to-
day skills that help boost the well-being 
and development of their children. 
The programme was designed to be 
implemented by non-specialist providers 
and has been piloted in a face-to-face 
format in 30 countries. 

An online version of this training 
programme is also available. The online 
training includes prerecorded information 
sessions on topics such as using everyday 
routines as opportunities for children to 
learn and engaging with children through 
play and problem-solving. The training 
also includes sessions to help caregivers 
improve their own well-being. There are 
additionally quick-tip videos, quizzes and 
reminders to support sustained learning. 
For more information see: https://www.who.
int/teams/mental-health-and-substance-use/
treatment-care/who-caregivers-skills-training-
for-families-of-children-with-developmental-
delays-and-disorders. 

Support for carers  
of people with dementia
To support people living with dementia and 
their carers, WHO developed iSupport, a 
knowledge and skills training programme 
(170). iSupport is a self-help tool which aims to 
prevent and/or decrease mental and physical 
health problems associated with caregiving, 
and to improve the quality of life of carers. 

iSupport consists of five modules with 
accompanying exercises, namely: 1) 
introduction to dementia; 2) being a carer; 
3) caring for me; 4) providing everyday 
care; and 5) dealing with behaviour 
changes. iSupport can be used as an 
online programme and can also be printed 
as a manual and used offline. iSupport is 
currently being adapted in 36 countries 
and 31 languages. 

iSupport Lite was released in 2020 in 
order to support carers of people living 
with dementia, especially during the early 
phases of the COVID-19 pandemic when 
usual community-based supports were 
unavailable in many places. iSupport Lite 
includes a set of short, practical support 
messages for carers. iSupport Lite 
offers tips for carers in video, poster and 
question and answer formats. 
For more information on iSupport, see: http://
www.isupportfordementia.org

https://www.who.int/teams/mental-health-and-substance-use/treatment-care/who-caregivers-skills-training-for-families-of-children-with-developmental-delays-and-disorders
https://www.who.int/teams/mental-health-and-substance-use/treatment-care/who-caregivers-skills-training-for-families-of-children-with-developmental-delays-and-disorders
https://www.who.int/teams/mental-health-and-substance-use/treatment-care/who-caregivers-skills-training-for-families-of-children-with-developmental-delays-and-disorders
https://www.who.int/teams/mental-health-and-substance-use/treatment-care/who-caregivers-skills-training-for-families-of-children-with-developmental-delays-and-disorders
https://www.who.int/teams/mental-health-and-substance-use/treatment-care/who-caregivers-skills-training-for-families-of-children-with-developmental-delays-and-disorders
http://www.isupportfordementia.org
http://www.isupportfordementia.org
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A stroke 30 years ago forced me to cut down 
work to three days a week. Fortunately, I 
received a benefit in the Netherlands that 
compensated for the lost income. Having to 
rest every day, while others can just carry on 
living, has been depressing for me. But this 
way I can still contribute a little to society. I 
was very lucky because the company that I 
worked for had the flexibility to accommodate 
my needs. If that was not possible I would 
have become unemployed.” 

Henk Lindeman, Netherlands
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Optimizing brain health leads to a wide range of health-related 
and societal benefits. First, optimizing brain health leads to reduced 
neurological disorders and fewer mental health and substance use 
conditions. It also improves the quality of life for people with these 
conditions. Optimizing brain health also affects physical health 
more broadly, as the brain controls many of the body’s important 
physiological processes. Moreover, optimizing brain health across 
the life course can have a multitude of social and economic impacts, 
including: lower health-care costs, lower rates of disability, increased 
school retention and lower rates of dropouts, lower rates of crime 
and incarceration, higher productivity and greater wealth. All these 
outcomes contribute to greater well-being for the individual and for 
society at large and are discussed in this chapter. 

4.1 Impact on health  
and well-being
Impacts on neurological disorders, mental health 
and substance use conditions 
As noted in Chapter 3, addressing brain health determinants can, 
through promotion and prevention, reduce the incidence of CNS 
disorders. Additionally, because the optimization of brain health 
improves brain structure and functioning across all domains 
(cognitive, sensory, social-emotional, behavioural, motor), it can 
lead to lower rates of mental health conditions and substance use. 
Social adversities for example are associated with mental health 
conditions, and this is thought to be at least partially mediated by 
changes to brain structure and function, especially in early life (31, 
34, 171, 172). As discussed earlier, interventions that address brain 
health determinants can have positive impacts on brain structure 
and function, and in doing so, can also have benefits for mental 
health. For example, positive family functioning and parenting 
have been found to lessen the impacts of neighbourhood 
disadvantage on brain development in adolescence, which may be 
protective for mental health (132). In addition, a recent systematic 
review identified mother–child and peer relationships as targets 
for interventions to prevent substance use in young people 
exposed to adversity (173). 

For some of the determinants discussed in this paper (or 
interventions to address them), there are clear associations with 
mental health. Separately, there are emerging studies showing the 
impacts of these determinants and interventions on brain structure 
and function, though how exactly these impacts contribute to 
mental health benefits or harm are not yet completely understood. 

For example, a recent overview of Cochrane 
reviews shows that physical activity is linked to 
multiple health benefits including mental health 
(32). As discussed in Section 3.1, physical activity 
is thought to improve the brain’s neuroplasticity 
in multiple ways including by increasing levels 
of BDNF and other neurotrophic factors and 
buffering inflammation in the body (90). Some 
of these mechanisms may also be beneficial for 
mental health (32, 174). As another example, 
a recent meta-analytic review found that air 
pollution exposure is associated with the risk 
of depression, anxiety and suicide risk (33). As 
discussed in Section 3.2, air pollution is thought 
to impact the brain via multiple mechanisms 
including direct neurotoxicity, neuroinflammation, 
oxidative stress, impaired energy metabolism 
and injury to brain vessels (119, 120).  Such 

mechanisms may also be partially responsible for 
the observed associations between air pollution 
and mental health conditions (33). 

Importantly, measures taken to address 
determinants of brain health may not only reduce 
the incidence of neurological, mental health and 
substance use conditions, but can also improve 
the quality of life for people living with these 
conditions. For instance, a recent meta-analysis 
found that physical exercise as an intervention 
improved quality of life for people with Alzheimer 
disease, Parkinson disease, Huntington disease, 
multiple sclerosis, depression and schizophrenia 
(92). As another example, mind–body therapies 
aimed at stress reduction can improve quality of 
life for people with dementia (175) and Parkinson 
disease (176). See Box 7 for more information  
on mind–body therapies.

Optimizing brain 
health leads to 
a wide range of 
health-related 

and societal 
benefits

Box 7.

Mind–body interventions for stress reduction

Growing evidence demonstrates the benefits of a 
variety of mind–body interventions for brain health 
– and for overall health – in the face of chronic stress 
or adversity. Mindfulness meditation for example 
has been used for decades for stress reduction 
and has been shown to enhance neuroplasticity 
in multiple brain regions including the anterior 
cingulate, insula, temporo-parietal junction, and 
fronto-limbic and default mode networks (177); 
these areas of the brain play important roles in 
attention, emotional regulation and awareness 
of the body. Some studies additionally suggest 
that meditation practices may help preserve brain 
structure, protect against cognitive decline as we 
get older and potentially improve some aspects of 
cognitive function such as executive function and 
attention (178). Additionally, the practice of yoga is 
now thought to help regulate the hypothalamic–

pituitary–adrenal (HPA) axis (as demonstrated 
by lower cortisol peaks throughout the day) with 
subsequent downstream impacts including lower 
blood pressure, resting heart rate and other 
metabolic markers such as fasting glucose and 
cholesterol (179).

Moreover, a recent systematic review of clinical and 
nonclinical studies found that multiple mind–body 
interventions (including mindfulness and other 
meditation techniques, relaxation response, breath 
regulation, stress management and resilience 
training programmes, yoga, Tai Chi and Qigog) are 
associated overall with gene expression changes 
that lead to downregulation of inflammatory 
processes that are upregulated in response to 
chronic stress (180). Mind–body interventions may 
therefore mitigate the impacts of adversity on the 
brain-directed stress response.
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Impacts on physical health 
As Chapter 3 shows, there are multi-directional relationships between 
the brain and physical health. Many aspects of physical health (including 
maternal health, genetics, nutrition, infections, NCDs and sensory 
impairments, sleep, physical activity, substance use, and traumatic 
injuries) can influence brain health across the life course. At the same 
time, the brain can actually have an impact on physical health because 
the brain plays a role in regulating cardiovascular, endocrinological 
and immunological health. The brain also mediates our responses to 
stress and adversities which can have impacts on our physical health 
(see Section 3.4 for impacts of toxic stress on brain development). In 
this way, the brain has an important role in maintaining allostasis, or the 
stability of our body’s physiological and metabolic systems in the face of 
environmental change (141, 142). Over time, excessive activation of our 
stress response leads to allostatic overload with metabolic wear and tear 
and inflammatory dysregulation, lowering the threshold for  
the development of stress-related health conditions (181, 182). 

Chronic stress in adulthood can also cause changes in the brain, 
most notably overactivation of the amygdala and HPA axis, with 
weakening of mitigating cortical structures and subsequent impacts 
on the body’s response to repeated stressors and inflammation (183). 
As just one example, individual studies have linked socioeconomic 
adversity in adulthood to cardiovascular events such as heart attacks, 
mediated by a brain-directed stress cascade beginning with increased 
amygdalar activation leading to downstream bone marrow changes and 
cardiovascular arterial inflammation (184, 185). Similarly, recent studies 
showed that increased amygdalar activity due to psychosocial stress in 
adulthood is associated with higher adiposity (a risk factor for overweight 
and obesity) and incident diabetes (186, 187). Lower amygdalar activity 
has actually been associated with a lower risk of cardiovascular events in 
the face of chronic stress, which means that reducing amygdalar activity 
has the potential to improve neurobiological resilience to stress (188).  

In other words, brain-directed stress responses can influence health 
trajectories across the life course, in addition to a multitude of other 
important factors such as lifestyle, behavioural risk factors and access to 
health care (189). Actions aimed at optimizing brain health by reducing 
stress and buffering the HPA axis can also improve health outcomes. 
Such interventions may include social connection and support (190, 
191), physical exercise, healthy diets, good-quality sleep and mind–body 
interventions, all of which have been shown to protect brain integrity and 
function, with the potential to buffer stress axes and reduce excessive 
inflammation, leading to benefits for both mental and physical health. 

4.2 The social and economic impact  
of brain health optimization

Brain-directed 
stress responses 

can influence 
health trajectories 

across the  
life course

Optimizing brain health additionally leads to multiple social and 
economic benefits across the life course, though these are best 
understood in early life. For instance, Chapter 3 noted the impact 
of toxic stress on the developing brain. The costs of inaction in early 
life for children at risk are high, with toxic stress linked to school 
attrition, incarceration and lower economic productivity (171, 192). 
On the other hand, investment in early childhood development 
can bring about great gains across the life course by mitigating or 
counteracting at least some of these negative impacts (193).  

Early interventions to foster and promote childhood development 
have been proven to be cost-effective. In fact, the highest returns 
on investment for social interventions are in early life, given 
how rapidly a child’s brain responds to their environment. The 
Heckman equation for the economic impact of investment in 
education yields a steep parabolic curve, with the highest returns 
on investment for the early childhood and pre-school period. While 
intervening early is critical and the most cost-effective, continued 
support through childhood and adolescence still offers substantial 
gains from the Kindergarten through 12th grade period and more 
modest gains in post-school age job training (194).  

Box 8 provides more information on the importance of early 
interventions for improving child development.

Early 
interventions 
to foster 
and promote 
childhood 
development 
have been proven 
to be cost-
effective
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Box 8. 

The importance of intervening 
early for child development

Nurturing care and interventions to promote early childhood development yield lifelong 
benefits. They are designed to protect against, or compensate for, adversities that are 
known to affect healthy brain development in children (193). Biological and psychosocial 
evidence supports the notion of intervening as early as possible to protect and promote 
child development (193, 195). 

For instance, interventions such as the High Scope Perry Preschool study, which 
offered pre-school and parental support through home visits for at-risk children (196), 
have demonstrated incredibly positive long-term results including higher educational 
performance and future earnings, lower rates of teenage pregnancy, as well as fewer crime, 
arrests and prison time in adulthood (193). 

Although the cost-benefit ratios between different studies cannot be compared due to 
different estimation methods, robust evidence overall suggests a positive return to society 
with early interventions (197). The High Scope Perry Preschool study for instance reported  
a return on investment over the course of 40 years reaching close to US$ 13 for every  
dollar invested (196). 

Though the case for investment is strongest for early childhood interventions, supporting 
programmes that intervene beyond the age of three also translate into positive return 
and are crucial to ensuring continuity of these efforts made in early life, and for promoting 
positive development throughout childhood and adolescence.

Moreover, as noted in Section 4.1 efforts to optimize brain health have the potential to 
improve overall health and reduce the incidence of many chronic health conditions. This 
would in turn be expected to reduce health and social care costs. Further investigations 
are warranted in order to fully understand the returns on investment for actions aimed 
at addressing brain health determinants (see Sections 5.2 and 5.3). 



5. Future directions 
for brain health 
policy, research 
and data

The brain is a complex organ and although 
medicine has made leaps and bounds since 
the 90s, when it comes to understanding the 
brain, there is lots more to be discovered to 
fully grasp all its intricacies.” 

Veronique Theberge, New Zealand 



Future directions for brain health policy, research and data

60

Optimizing brain health across the life course: WHO position paper

In a post-industrial era, the demand on societies for a highly 
skilled and knowledgeable workforce is rapidly increasing (198). 
Optimizing brain health and investing in building cognitive and 
brain capital (e.g. by addressing brain health determinants 
including education, health care and healthy environments) is 
fundamental to meet these modern societal challenges and to 
drive innovation (4). This necessitates integrated action across 
all sectors of society in order to address adequately all the brain 
health determinants across the life course. 

As brain health is a rapidly evolving field, there is an ongoing need 
to develop evidence-based guidance in the areas of promotion, 
prevention, diagnosis, treatment, care and rehabilitation of CNS 
disorders. WHO has generated – and will continue to generate – 
norms and standards for addressing the determinants of brain 
health and optimizing brain health for all (see Annex 3), with the 
goal that these norms and standards will be translated into policy 
and programmatic recommendations with practical relevance. 

This chapter discusses future directions for optimizing brain 
health across the life course, with the goal of improving overall 
population health and well-being. The chapter outlines exemplar 
actions for each brain health determinant across a wide range of 
sectors that together help optimize brain health for individuals and 
populations based on the Intersectoral global action plan on epilepsy 
and other neurological disorders 2022‒2031 (see Section 5.1). 
However, current and future actions rely on the robust generation 
of evidence by the science, research and technology sector (see 
Section 5.2). Likewise, arriving at commonly accepted and validated 
measurements for brain health across the life course will be 
crucial to understand the impacts of interventions and returns on 
investment for brain health (see Section 5.3). 

5.1 Intersectoral actions for optimizing 
brain health across the life course 

Investing in 
building cognitive  

and brain capital 
is fundamental 

to meet modern 
societal challenges 

and to drive 
innovation

The Intersectoral global action plan on epilepsy and other 
neurological disorders 2022–2031 provides a comprehensive 
roadmap for actions for countries, international partners and 
intergovernmental agencies to optimize brain health in line with 
this position paper. The action plan includes related voluntary 
global targets and indicators to monitor progress in service of the 
goals and objectives of the action plan (14). 

Meeting these global targets and implementing key actions listed 
in the action plan will necessitate intersectoral collaboration. 
As this position paper outlines, brain health determinants span 
multiple sectors of society and addressing them requires a 
coordinated whole-of-society approach – including, for example, 
health and social care, education, legal, finance, employment, 
infrastructure/urban planning and environmental sectors.  
Table 1 provides a wide range of examples for intersectoral action. 
The list is not exhaustive but rather an attempt to demonstrate 
how different sectors can play important roles in optimizing brain 
health for all across the life course. 
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Table 1

Exemplar intersectoral actions to address  
brain health determinants

Physical health

Health and social care sector Education Legislature and governance
Finance and 
economy Employment

Infrastructure, urban 
planning and housing

Ecology, nature  
and climate

• Increase access to perinatal, child 
and adolescent health care, including 
neurodevelopmental assessments.

• Improve access and appropriate use of 
essential medicines and diagnostics. 

• Implement infectious disease 
management, eradication/control and 
immunization programmes.

• Run targeted prevention efforts to 
address obesity, hypertension, high 
cholesterol and diabetes.

• Improve post-accident emergency care 
and long-term rehabilitation.

• Promote tobacco cessation and 
reduction of harmful alcohol use,  
as well as physical activity and healthy 
diets.

• Include growth monitoring 
and neurodevelopmental 
assessments in school health 
programmes.

• Design school curricula to teach 
children and adolescents about 
brain health promotion in an 
age-appropriate way.

• Implement healthy food 
programmes in schools.

• Include quality physical activity 
programmes in schools.

• Require helmet use for contact 
sports within schools to reduce 
the incidence of head injuries.

• Strengthen social and financial 
protection schemes under UHC, 
such as general health insurance 
for primary care.

• Strengthen breastfeeding and 
national food and nutrition 
policies and action plans.

• Implement WHO’s Framework 
Convention on Tobacco Control.

• Implement and strengthen 
legislation pertaining to helmet 
and seatbelt use as well as drink–
driving.

• Dedicate a portion of 
the health budget to 
promoting brain health. 

• Dedicate funding for 
school food and physical 
activity programmes.

• Introduce tobacco, 
alcohol and sugar 
taxation schemes.

• Promote physical 
activity and other 
healthy behaviours in 
the workplace, such as 
smoke-free workplaces.

• Implement safety 
measures for roads and 
vehicles.

• Improve safety of 
home and community 
environments to reduce 
the risk of falls and 
traumatic brain injury, 
especially for older 
adults.

• Design cities to promote 
access to outdoor 
spaces for safe physical 
activity.

• Encourage urban 
planning and 
infrastructure 
development that 
improve access to 
outdoor spaces for 
safe physical activity 
and alternatives to a 
sedentary lifestyle.

• Strengthen vector control for 
infectious diseases (e.g. Zika 
virus, malaria, taenia solium).

• Coordinate closely for the 
implementation of water, 
sanitation and hygiene 
actions to increase access to 
safe/clean drinking-water.



Future directions for brain health policy, research and data

6564

Optimizing brain health across the life course: WHO position paper

Healthy environments

Health and social care sector Education Legislature and governance
Finance and 
economy Employment

Infrastructure, urban 
planning and housing

Ecology, nature  
and climate

• Train health workers to recognize risks to 
brain health, signs and management of 
environmental toxicants.

• Implement testing of lead poisoning for 
infants and children.

• In partnership with humanitarian actors, 
strengthen emergency preparedness 
plans for natural and man-made disasters 
to ensure access to services for people 
with pre-existing or emergency-induced 
CNS disorders such as traumatic injuries.

• Design school curricula to teach 
children and adolescents in 
an age-appropriate way about 
environmental impacts on brain 
health.

• Strengthen regulatory and legal 
measures to accelerate the global 
phase-out of lead paint.

• Strengthen legislation prohibiting 
pesticides and other chemicals 
known to be harmful to human 
health and development.

• Strengthen legislation to reduce 
the use of fossil fuels, provide 
incentives for the use of cleaner 
energy alternatives and cleaner 
cooking stoves.

• Enact environmental protection 
laws to ensure clean air (ambient 
and household) and water.

• Dedicate a portion 
of the health budget 
to identifying and 
managing environmental 
risks to health.

• Dedicate funding 
for monitoring of 
environmental health-
related legislation.

• Invest in civil engineers, 
scientists, educational 
and health workers.

• Protect workers 
against/limit exposure 
to pesticides, heavy 
metals such as mercury, 
industrial solvents and 
other high-priority 
chemicals known to be 
neurotoxic.

• Design new buildings 
to promote cleaner 
household and indoor 
air.

• Design cities to improve 
walkability and use of 
public transport versus 
personal vehicles.

• Protect the population 
against/limit exposure to 
pesticides, heavy metals 
such as mercury, industrial 
solvents and other high-
priority chemicals known to 
be neurotoxic.

• Monitor air and water quality 
with routine testing, make 
results publicly available 
and implement measures to 
improve air and water quality.

• Strengthen national capacity 
to prepare for, respond to, and 
recover after natural disasters, 
chemical spills and radiological 
and nuclear emergencies.

Safety and security

Health and social care sector Education Legislature and governance
Finance and 
economy Employment

Infrastructure, urban 
planning and housing

Ecology, nature  
and climate

• Train health and social care workers 
to recognize signs of violence, abuse, 
maltreatment and neglect (especially of 
children, adolescents and older adults) 
and establish appropriate protective 
mechanisms. 

• Streamline protection of brain health and 
neurological care within response plans 
for humanitarian crises.

• Train education workers 
to identify cases of abuse, 
maltreatment and neglect in 
children and adolescents.

• Implement policies and 
programmes to:

• prevent abuse/maltreatment/ 
neglect of children, adolescents 
and older adults; 

• protect survivors of violence, 
including domestic/intimate 
partner violence; and

• reduce violence at community 
level.

• Introduce social and financial 
protection schemes to increase 
financial security, prevent 
catastrophic health spending and 
prevent poverty.

• Dedicate funding for 
housing protection 
programmes, as well 
as social and financial 
protection schemes.

• Abide by fair labour and 
minimum wages Acts 
and legislation.

• Design communities 
and neighbourhoods to 
enhance physical safety 
(e.g. adequate lighting, 
frequent transportation 
stops).

Table 1 (continued)
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Table 1 (continued)

Learning and social connection

Health and social care sector Education Legislature and governance
Finance and 
economy Employment

Infrastructure, urban 
planning and housing

Ecology, nature  
and climate

• Implement interventions for responsive 
caregiving and early learning.

• Train health and social care workers to 
identify loneliness and social isolation 
across the life course.

• Increase access to early 
childhood learning programmes.

• Increase access to formal 
education and inclusive 
education.

• Implement interventions to 
promote adolescent brain health 
and development.

• Design school curricula to teach 
children and adolescents how 
to combat stigma, prejudice 
and discrimination in an age-
appropriate way.

• Implement laws and legislation 
that:

• mandate school attendance for 
primary and secondary school-
age children;

• prohibit child labour; and

• aim to protect the rights of, 
and reduce stigma, prejudice 
and discrimination against, 
vulnerable populations, people 
with CNS conditions and their 
carers.

• Eliminate school fees.

• Introduce payment 
schemes for childcare 
and early childhood 
education programmes.

• Strengthen adequate 
monitoring to ensure 
that children are not 
used for labour. 

• Promote lifelong 
learning in the 
workplace.

• Design cities, towns 
and communities to 
ensure easy access to 
school for children and 
adolescents, as well as 
access to workplaces, 
social and leisure 
activities for adults.

Access to quality services

Health and social care sector Education Legislature and governance
Finance and 
economy Employment

Infrastructure, urban 
planning and housing

Ecology, nature  
and climate

• Develop evidence-based coordinated 
health and social care services and 
integrate CNS disorders into existing 
relevant health services (at all three 
levels), ensuring continuity of care across 
levels and disciplines.

• Establish, strengthen and train skilled 
interdisciplinary health and social care 
teams to diagnose, treat and manage CNS 
disorders and identify/treat carer stress.

• Expand the role of specialists to train and 
supervise generalists.

• Improve availability and appropriate use 
of essential medicines and diagnostics 
for CNS disorders, including workforce 
training on their use.

• Provide accessible and evidence-based 
information on available resources for 
carers in the community.

• Develop mechanisms to involve people 
with neurological disorders and their 
carers in care planning.

• Include growth monitoring 
and neurodevelopmental 
assessments in school health 
programmes for early diagnosis 
and intervention.

• Provide robust primary, 
secondary and university-level 
education for the future health 
and social care workforce, 
including continuing education.

• Implement social and financial 
protection schemes for people 
with CNS disorders and their 
carers (e.g. general health 
insurance, disability pension, 
tax benefits, or flexible working 
hours).

• Establish transparent regulatory 
frameworks for health products 
and diagnostics.

• Develop mechanisms to involve 
people with CNS disorders and 
their carers in policy-making and 
legal review.

• Dedicate a portion of 
the health budget to 
the management and 
prevention of CNS 
disorders, including 
access to essential 
medicines.

• Implement social and 
financial benefits/
financial protection for 
carers.

• Address projected 
health workforce needs 
in the future.

• Establish compensation 
and incentives for 
workforce trained in 
CNS disorders to work in 
underserved areas.

• Implement employment 
protection schemes 
for carers (e.g. leave or 
flexible working hours).

• Ensure availability of 
public transportation to 
access health facilities 
within the community.



Future directions for brain health policy, research and data

6968

Optimizing brain health across the life course: WHO position paper

Box 9. 

Country spotlight: Norway’s brain health strategy

Norway’s Ministry of Health and Care Services 
created the National brain health strategy 
(2018–2024) with the aim of improving 
brain health through improved health and 
care services for patients and users. The 
Norwegian brain health strategy primarily 
concerns the responsibility of the health and 
care services in municipalities and in the 
specialist health service. The strategy also 
emphasizes a person’s ability to promote their 
own brain health and/or to master life with 
impaired function due to a brain disease.

To support the development of the Norwegian 
brain health strategy, a brain team was 
established within the Norwegian Directorate 
of Health in order to make the concept of brain 
health known, to achieve broad support on 
the National brain health strategy (2018-2024) 
and to identify synergies between ongoing 
assignments, initiatives and activities within 
the directorate. The Directorate of Health has 
many assignments, measures and activities 
that concern brain health. Because of the wide 
range of issues that relate to brain health, it 
has been necessary to establish an overview 
of initiatives and activities that can contribute, 
either directly or indirectly, to achieving goals 
for the different areas of the strategy. 

Additionally, a partnership was established to 
bring together academic communities and 
organizations for patients and consumers 
around a common understanding of and 
approach to brain health. Establishing this 
partnership was necessary as many 
organizations are involved in brain health in 
Norway although many are not coordinated.

The mandate of the partnership is to serve 
as an arena for dialogue and cooperation, to 
contribute to coordinated implementation of 
goals and initiatives, to discuss challenges and 
solutions for the strategy and to contribute to 
implementing agreed measures.

The National brain health 
strategy has four main objectives.
1. Good brain health all of your life – 

prevention and quality of life.
2. More patient-oriented health and care 

services and better care of next of kin.
3. Good course – from symptom to 

diagnosis, treatment, habilitation and 
rehabilitation.

4. Good knowledge and quality through 
research and innovation.

The Norwegian government believes that 
every country that invests in brain health 
should ensure there is cooperation between 
the authorities, professional communities and 
consumer organizations. It is necessary to spend 
time gaining a common understanding of what 
brain health is and what the needs are. Together, 
efforts must be made to create common goals 
and measures. There is no doubt that this work 
must have a long-term perspective, and brain 
health is an area that must have continuous 
attention and be integrated into a holistic 
perspective of human health.

Source: Norwegian Directorate of Health.

In addition, civil society can play a fundamental role in driving 
popular discourse about brain health, raising population 
awareness, and reducing stigma, prejudice and discrimination 
to ensure that everyone’s brain health is valued, promoted and 
protected across the life course. The media and communication 
sector can additionally support these efforts by amplifying public 
health messages.

Growing numbers of countries are establishing policies, strategies 
or programmes specific to brain health in order to address 
the need for multisectoral action. Boxes 9 and 10 highlight 
the approaches taken by Norway and Uruguay. These national 
responses allow for raising the profile of brain health within a 
country, prompting cross-sectoral collaboration, and encouraging 
efficient use of resources and planning.

Civil society 
can play a 

fundamental role 
in driving popular 

discourse about 
brain health, 

raising population 
awareness, and 

reducing stigma
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Box 10. 

Country spotlight: Uruguayan Brain Health 
Programme

The Brain Health Programme of the Ministry 
of Public Health of Uruguay was created 
in March 2020. It fulfills an advisory role in 
health policies in the area of neurology. The 
programme aims to improve the prevention 
and treatment of neurological disorders 
and rehabilitation of patients through the 
coordination of efforts between different 
providers, academia and civil society 
organizations. Uruguay’s Brain Health 
Programme considers that improved brain 
health leads to improved health of the body 
because of the brain’s salutogenic potential, 
and that brain health contributes to better 
quality of life and healthy ageing. Brain 
health requires specific care that is tailored 
according to each stage of life and the social 
and cultural context. Optimizing brain health 
means making the relevant tools for each life 
stage universally available to the population. 

The Brain Health Programme has been 
involved in a number of initiatives since its 
inception, namely:

• promoting and disseminating campaigns 
for the prevention of neurological 
disorders among the general public;

• including the “pillars of brain health” 
in school curricula (including the 
Mediterranean diet, physical activity, 
quality of sleep, avoiding toxins and 
controlling vascular risk factors);

• improving the perception of the risk of 
alcohol and cannabis use in adolescents 
and young people;

• planning vaccinations for 
neuroinfections;

• establishing updated guidelines 
for specific approaches to different 
neurological conditions, including 
therapies with proven cost-effective 
benefits;

• improving neurological care services  
at the public and private levels;

• ongoing training of health professionals 
linked to the area of neurology, and 
improving the knowledge of neurological 
disorders among family doctors and 
general practitioners; 

• developing scientific research relating  
to neurology; and

• improving services for neurological 
rehabilitation through tele-rehabilitation, 
with special emphasis on inclusion, in 
coordination with the System of Care  
and the Ministry of Social Development. 

Connections have been established with 
international public health organizations 
and neurological research reference centres 
abroad for the purpose of fulfilling these 
objectives. Specific action plans have been 
developed and in the case of stroke, 
the action plan has been recognized as 
innovative and equitable by the World Stroke 
Organization and other bodies.

Source: Uruguay Ministry of Public Health

5.2 Driving brain health research
Substantial progress has been made in 
improving our understanding of the human 
brain and its fundamental role in regulating 
conscious and unconscious body functions. We 
also have a fuller understanding of the impact 
of different determinants on brain health, the 
pathophysiological mechanisms of certain 
brain diseases, and novel treatment options. 
Nevertheless, much remains to be discovered. As 
mentioned in Section 4.1, for some brain health 
determinants, epidemiological associations have 
been made in relation to other health outcomes 
and basic science and clinical studies have 
shown impacts of these determinants on the 
brain, but there are yet to be large-scale studies 
or meta-analyses proving exactly how brain 
changes due to specific determinants lead to a 
specific health outcomes.

Ongoing brain health research initiatives should 
cover the essential components of brain health 
optimization in ways that harmonize investigative 
approaches across disciplines, facilitate 
knowledge exchange internationally, reduce 
redundancies and increase equity and inclusion. 
Because our knowledge regarding brain health 
determinants, many CNS disorders and the 
impacts of therapeutics and other interventions 
is incomplete, more research is needed at all 
levels of science. This also requires the systematic 
synthesis and review of existing evidence to 
inform the development of new norms and 
standards. Areas of essential brain health and 
neuroscience research include the following: 

Basic research 
• Improve understanding of neurophysiology 

related to brain development and brain health 
including understanding brain structure, 
function and disease development.

• Develop tools and assessments to 
evaluate, quantify and monitor brain health 
parameters in regards to domains of 
functioning and disease development.

• Understand the influence and interplay of the 
multitude of determinants in brain health.

• Understand causes and mechanisms of brain 
injury, repair and compensation.

Intervention research
• Investigate novel strategies to promote  

brain health and enhance mechanisms for 
brain resilience. 

• Support the design of prevention strategies 
and identification of risk factors across the 
life course.

• Develop efficient and cost-effective 
pharmacological and non-pharmacological 
treatments for neurological disorders.

Implementation research, including 
health systems evaluation
• Improve the monitoring of interventions, the 

systematic uptake of research findings and 
the application of evidence-based strategies 
in practice.

• Design strategies for implementation that 
take equity and diversity measures into 
account.

Epidemiological and cost of  
disease research
• Acquire representative data on brain 

development, developmental disabilities  
and neurological disorders.

• Understand the impact on health systems and 
the economic cost of neurological disorders.

• Monitor emerging threats to brain health.
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Box 11. 

WHO’s Dementia research blueprint

The development of WHO’s Dementia research blueprint builds on the prior success of 
previous WHO research and development prioritization exercises for infectious diseases (200, 
201). As the first such blueprint for NCDs, the Dementia research blueprint aims to accelerate 
global dementia research and innovation and make the research more productive and 
efficient. It will also promote research capacity-building in low-resource settings and ensure 
inclusiveness at all stages from generation to implementation. 

More specifically, the Dementia blueprint will support the identification of gaps and the 
definition of actions and milestones to achieve strategic research goals. It will also foster 
the establishment of collaboration and data-sharing initiatives, promotion of the availability 
of open access data, equitable access to research funding, and the institution of co-
research environments. Finally, the blueprint will also promote the involvement of people 
with lived experience of dementia and their carers throughout all stages of research, from 
conceptualization to implementation. It is hoped that the blueprint will catalyze processes for 
increased investment in dementia research and innovation, provide direction for harmonized 
dementia research and innovation, and ultimately raise the profile of and facilitate policy-
making in the area of dementia.

The complexity surrounding brain and neuroscience research 
requires coordination and close collaboration between all 
stakeholders as well as strong partnerships between the public 
and private sectors. Dedicated research funding for brain health 
must be a priority at intergovernmental, national and regional 
levels and should be both driven and supported by governments. 
Funding could be supplied by ministries of health and finance, 
national research councils and funding bodies, intergovernmental 
agencies, national medical associations or relevant allied health 
associations, and private/industry donors as well as philanthropic 
institutions interested in brain health. Research efforts must be 
rooted in equity, diversity and inclusiveness, thus necessitating 
greater research capacity across regions and differing income 
settings. This will require multi-stakeholder engagement and 
collaboration for consensus-building and priority-setting, a 
process in which the involvement of people with lived experience 
of neurological conditions will be critical.

Importantly, financing streams for brain health research should 
be sustainable in order to support the kinds of longitudinal cohort 
studies that are needed to understand the lifelong determinants 
of brain health and the impacts of interventions and treatments. 
The road from evidence generation to guidelines and policy change 
can be long. For instance, early cohort studies looking at physical 
activity were initiated in the 1960s, and nearly 50 years later both 
meta-analyses of longitudinal studies and randomized controlled 
trials were published, leading to guidelines highlighting the 
importance of physical activity for brain health (199), including the 
WHO guidelines on Risk reduction of cognitive decline and dementia.

Priority-setting is crucial in order to identify existing knowledge 
gaps and to plan harmonized approaches to close them. Priority-
setting exercises may also involve technical experts (i.e. with clinical, 
academic, research and policy backgrounds spanning the fields of 
medicine, child development, social determinants of health, and 
environmental health and climate change), representatives from the 
private sector, civil society representatives from nongovernmental 
organizations, and groups representing persons with lived 
experience. To facilitate global priority-setting, WHO is currently 
developing the Dementia research blueprint which is the result of 
global collaboration (see Box 11). 

Dedicated 
research  

funding for 
brain health 

must be a 
priority 
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Box 12. 

The Global Scale for Early Development

The Global Scale for Early Development (GSED) package is created by a WHO-led international 
team to measure child development in children from birth to 3 years of age at the population 
level globally. The GSED has two measures: a caregiver short form (SF) that can be administered 
through surveys to generate population-level estimates of child development, and a 
complementary long form (LF) that includes direct assessment of children and is intended for 
programme evaluations. As an additional measure, the psychosocial form (PF) was created to 
index non-normative developmental patterns that provide a window into early manifestations of 
children’s mental health challenges. The GSED has been developed through a global consortium 
of scientists, and it is currently in the process of being validated in seven countries. 

For more information, see: https://www.who.int/teams/mental-health-and-substance-use/data-research/
global-scale-for-early-development (accessed 6 June 2022).

5.3 Operationalizing 
and measuring  
brain health 
Closely related to brain health research and innovation is the 
issue of operationalizing and measuring brain health. As of 
now, no simple, direct or global measure of brain health exists 
(4). Due to the multi-dimensionality of the concept, capturing 
the full spectrum of brain health across all domains of brain 
functioning while taking into account the wide range of brain 
health determinants is a challenging task. While several clinical or 
neuroimaging measures have been proposed to quantify brain 
health (most typically cognitive function) these are not yet able to 
capture the full complexity of the human brain, nor do they yield a 
single reliable metric that can be used across ages as a proxy for 
brain health at individual and population levels (4, 25).

In recent years, the fields of neuroscience, neurology and 
radiology have made inroads into understanding the impacts of 
various determinants and interventions on brain health in terms 
of what we can see on brain imaging (structurally or functionally), 
as well as on aspects of clinical functioning. The recently published 
brain charts for the human lifespan (202) represent one such 
achievement, offering for the first-time reference charts for 
the human brain across the life course, including previously 
undocumented neurodevelopmental milestones. This work 
demonstrates the importance of international collaboration, data 
sharing and data harmonization and represents an essential step 
towards quantifying brain health using neuroimaging. 

However, clinical tools used across studies to measure cognitive 
or other brain functions vary and have in most cases not 
been validated across geography, cultures, ethnicities and 
variations between formal versus informal education. Greater 
funding is required to support efforts to address barriers to the 
development of brain health metrics and tools that are widely 
validated across varied settings. The development of accepted 
and validated metrics and tools will be critical to understanding 
the impacts of determinants, interventions and returns on 
investment for brain health. Such tools would have great clinical 
and public health relevance (30). 

The development of brain health risk and resiliency scales may 
translate our collective understanding of the science of brain 
health promotion into clinical tools for use in understanding 
an individual’s risk for health outcomes on the basis of their 

current health status and exposure to risk and 
protective factors. These tools may be useful for 
monitoring and gauging responses to treatment 
in people who have neurological disorders, and 
may also be useful for an individual’s health 
and social care plan. Various brain health 
scales have already been developed – such as 
the Brain Health Self-Efficacy Scale in China 
and the Resilience Index and Cognitive Clock 
in the USA – although these scales have yet 
to be validated across cultures (203—205). 
WHO is currently leading efforts to develop 
internationally validated scales to measure early 
child development (see Box 12). 

Brain health risk and resilience scores may be 
developed for cities and societies in the interest 
of public health. Metrics for instance may include 
measures for air pollution, water quality, levels of 
violent crime/homicide, access to early childhood 
education programmes, and access to safe spaces 
for physical activity – all of which are important 

markers of well-being in societies (80, 206, 207). 
Ideally, such metrics would be used to inform 
advocacy efforts in order to support intersectoral 
collaboration to promote the brain health of whole 
societies and monitor progress over time. 

The development of widely validated brain health 
metrics will also allow for identifying effective 
interventions to improve brain health and, 
ultimately, to translate implementation science 
on the scale-up of priority interventions into the 
formulation of investment “best-buys” for brain 
health. Tracking the impacts of interventions 
aimed at optimizing brain health and the returns 
on these investments will additionally allow for a 
more robust understanding of the relationships 
between brain health and outcomes within 
neurology, other areas of health and society at 
large. Similarly, tracking returns on investments 
and developing “best-buys” will inform policy 
development and resource rationalization.

As of now,  
no simple, 

direct or global 
measure of 

brain health 
exists



The importance of brain health cannot 
be overstated. When you think about 
it, activities to promote brain health 
benefit your entire body. They can lead 
to socializing with others and encourage 
a person to consider making positive 
life changes. It sounds and is easy; with 
multiple long-term benefits.” 

Jim Mann, Canada
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In conclusion, optimizing brain health for all is paramount to 
ensuring human health and well-being globally. It is central 
to achieving global commitments outlined in the Intersectoral 
global action plan on epilepsy and other neurological disorders 
2022–2031, WHO’s Triple Billion targets, the United Nations 
Sustainable Development Goals, and the 2021 Geneva Charter 
for Well-being. Efforts to optimize brain health require multi-
stakeholder collaboration and must be integrated across all 
sectors of society in order to address the determinants of 
brain health, namely physical health, healthy environments, 
safety and security, learning and social connection, and access 
to quality services. In return, robust investments in actions 
that optimize brain health across the life course promise to 
improve multiple health outcomes and lift development and  
well-being globally. Multisectoral engagement and collaboration 
are urgently needed in order to move the brain health agenda 
forward for all people.

Optimizing brain 
health for all is 

paramount to 
ensuring human 
health and well-

being globally
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Annexes
Annex 1. Resolutions and  
global commitments relevant  
to brain health
Health systems 
• United Nations Political declaration of the 

high-level meeting on universal health 
coverage (2019) (1)

• Declaration of Astana on primary health care 
(2018) (2)

• Resolution on access to essential medicines 
(WHA67.22) (2014) (3)

• Global strategy on human resources for 
health: Workforce 2030 (2016) (4)

• Resolution on improving access to assistive 
technology (WHA71.8) (2018) (5)

• Resolution on health technologies 
(WHA60.29) (2007) (6)

Mental health (including 
neurological and substance  
use disorders)
• Comprehensive mental health action plan 

2013–2030 (7)
• Global action plan on the public health 

response to dementia 2017–2025 (8)
• Global strategy to reduce the harmful use of 

alcohol (2010) (9)
• Action plan (2022–2030) to effectively 

implement the global strategy to reduce the 
harmful use of alcohol as a public health 
priority (10)

• Resolution to address the global burden of 
epilepsy and the need for coordinated action 

at the country level to address its health, 
social and public knowledge implications 
(WHA68.20) (2015) (11)

• Comprehensive and coordinated efforts 
for the management of autism spectrum 
disorders (WHA67.8 ) (2014) (12)

• Mental health preparedness for and 
response to the COVID-19 pandemic 
(WHA74.14) (2021) (13)

Noncommunicable diseases
• Global action plan for the prevention and 

control of noncommunicable diseases 
2013–2030 (14)

• Global disability action plan 2014–2021 (15)
• Political Declaration of the 3rd high-

level meeting of the General Assembly 
on the prevention and control of non-
communicable diseases (2018) (16)

• WHO’s rehabilitation 2030 initiative (17)

Infectious diseases 
• Global health sector strategy on HIV 2016–

2021: towards ending AIDS (18)
• Global technical strategy for malaria  

2016–2030 (19)
• Global strategy and targets for tuberculosis 

prevention, care and control after 2015 (20)
• Defeating meningitis by 2030: a global 

roadmap (2020) (21) 

Neglected tropical diseases 
• Decision of the WHO Executive Board on 

neglected tropical diseases (EB146(9)) (2020) (22)
• Ending the neglect to attain the Sustainable 

Development Goals: a road map for neglected 
tropical diseases 2021–2030 (2020) (23)

Family and Child Health
• Global strategy for women’s, children’s and 

adolescent’s health 2016–2030 (24)
• Nurturing Care Framework (2018) (25)

• Global accelerated action for the health of 
adolescents (AA-HA!): guidance to support 
country implementation (2017) (26)

• INSPIRE: Seven strategies for ending violence 
against children (2016) (27)

Ageing and Health 
• Global strategy and action plan on ageing 

and health (2016–2020) (28)
• The Decade of Healthy Ageing (2021–2030) (29)
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framework for helping children survive and thrive to 
transform health and human potential. Geneva: World 
Health Organization; 2018 (https://apps.who.int/iris/
handle/10665/272603, accessed 22 May 2022).

25. Global accelerated action for the health of 
adolescents (AA-HA!): guidance to support country 

implementation: brochure. Geneva: World Health 
Organization; 2017 (https://apps.who.int/iris/
handle/10665/255416, accessed 8 June 2022).

26. INSPIRE: seven strategies for ending violence against 
children. Geneva: World Health Organization; 2016 
(https://apps.who.int/iris/handle/10665/207717, 
accessed 13 June 2022).

27. Global strategy and action plan on ageing and health. 
Geneva: World Health Organization; 2017 (https://
apps.who.int/iris/handle/10665/329960, accessed 8 
June 2022).

28. The United Nations Decade of Healthy Ageing. 
Geneva: United Nations; 2020 (https://www.
decadeofhealthyageing.org/, accessed 25 June 2022).

29. Prüss-Üstün A, Wolf J, Corvalán CF, Bos R, Neira MP. 
Preventing disease through healthy environments: 
a global assessment of the burden of disease 
from environmental risks. Geneva: World Health 
Organization; 2016 (https://apps.who.int/iris/
handle/10665/204585, accessed 25 June 2022).

30. Climate change and human health : risks and 
responses : summary. Geneva: World Health 
Organization; 2003 (https://apps.who.int/iris/
handle/10665/42749, accessed 8 June 2022).

31. Sustainable Development Goals. New York (NY):  
United Nations; 2015 (https://sdgs.un.org/goals, 
accessed 23 May 2022).

Annex 2. Different definitions of 
brain health and relevant initiatives 
aimed at promoting brain health

Different definitions of brain health  
(in chronological order by online publication date) 

Author(s) 
Gorelick et al. (2)

Year
2017

Other affiliated institutions
American Heart Association and American 
Stroke Association

Country or countries
United States of America

Definition text (if available)
“Optimal brain health can theoretically be 
defined as an optimal capacity to function 
adaptively in the environment. This could be 

Author(s) 
United States of America (1)
Year 
1990

Other affiliated institutions 
United States Library of Congress

Country or countries 
United States of America

Definition text (if available) 
The Decade of the Brain 
 “…The need for continued study of the brain is 
compelling: millions of Americans are affected 
each year by disorders of the brain ranging 
from neurogenetic diseases to degenerative 

disorders such as Alzheimer’s, as well as stroke, 
schizophrenia, autism, and impairments of 
speech, language, and hearing….””

Comments 
“Presidential Proclamation 6158 (17 July 1990) on 
the Decade of the Brain: 
 “To enhance public awareness of the benefits to 
be derived from brain research, the Congress, 
by House Joint Resolution 174, has designated 
the decade beginning January 1, 1990, as the 
”Decade of the Brain”” and has authorized and 
requested the President to issue a proclamation 
in observance of this occasion.”

https://apps.who.int/iris/handle/10665/342995
https://apps.who.int/iris/handle/10665/342010
https://apps.who.int/iris/handle/10665/342010
https://apps.who.int/iris/handle/10665/338565
https://apps.who.int/iris/handle/10665/338565
https://www.everywomaneverychild.org/wp-content/uploads/2017/10/EWEC_GSUpdate_Brochure_EN_2017_web.pdf
https://www.everywomaneverychild.org/wp-content/uploads/2017/10/EWEC_GSUpdate_Brochure_EN_2017_web.pdf
https://www.everywomaneverychild.org/wp-content/uploads/2017/10/EWEC_GSUpdate_Brochure_EN_2017_web.pdf
https://www.everywomaneverychild.org/wp-content/uploads/2017/10/EWEC_GSUpdate_Brochure_EN_2017_web.pdf
https://apps.who.int/iris/handle/10665/272603
https://apps.who.int/iris/handle/10665/272603
https://apps.who.int/iris/handle/10665/255416
https://apps.who.int/iris/handle/10665/255416
https://apps.who.int/iris/handle/10665/207717
https://apps.who.int/iris/handle/10665/329960
https://apps.who.int/iris/handle/10665/329960
https://www.decadeofhealthyageing.org/
https://www.decadeofhealthyageing.org/
https://apps.who.int/iris/handle/10665/204585
https://apps.who.int/iris/handle/10665/204585
https://apps.who.int/iris/handle/10665/42749
https://apps.who.int/iris/handle/10665/42749
https://sdgs.un.org/goals
https://sdgs.un.org/goals
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Author(s) 
Centers for Disease Control and Prevention (CDC) (4)

Year
2020

Other affiliated institutions
Division of Population Health, National Center 
for Chronic Disease Prevention and  
Health Promotion

Country or countries
United States of America

 
 

Definition text (if available)
"A concept that involves making the most of the 
brain’s capacity and helping to reduce some risks 
that occur with aging. Brain health refers to the 
ability to draw on the strengths of the brain to 
remember, learn play, concentrate and maintain a 
clear, active mind.”

Comments
Mainly focuses on cognitive domain, with strong 
emphasis on links between the heart and brain. 
Some determinants discussed include heart 
health, diet, smoking and physical activity.

assessed in terms of competencies across 
the domains of ‘thinking, moving and feeling,’ 
encompassing, for example, the abilities [to] 
pay attention, perceive and recognize sensory 
input; to learn and remember; to communicate; 
to problem solve and make decisions; to have 
mobility; and to regulate emotional status.”

Comments
Brain health on a continuum, broader 
perspective than absence of disease, life course 
scope (pregnancy onwards), identifies seven 
metrics for optimal brain health originating from 
AHA’s Life’s Simple 7.

Author(s) 
McCance Center for Brain Health (3)

Year
2018

Other affiliated institutions
Harvard Medical School,  
Massachusetts General Hospital

Country or countries
United States of America

Definition text (if available)
“Brain health is the state that emerges from 
an interaction between genetic endowment 
and environmental exposures, bolstering 
individual resilience to stress in the face of 

neurodegenerative, vascular and inflammatory 
risk factors and culminating in the promotion 
of healthy brain functioning and prevention of 
brain disease.”

Comments
Aims to change the “brain care paradigm” to 
include promotion from prenatal care onwards. 
Mission is “to reduce human suffering and 
maximize human potential through better  
brain health".

Author(s) 

Harerimana et al. (5)

Year
2020

Other affiliated institutions
Lawson Health Research Institute

Country or countries
Canada

Definition text (if available)
“The brain’s ability to optimally adapt to internal 
and external human conditions through 
cognitive and emotional responses across  

one’s lifespan, which result in sustainable  
positive changes in brain structures and 
functional features.”

Comments
Functional brain circuity, neuroplasticity,  
brain reserve, physical well-being,  
life-satisfaction.

Author(s) 

Wang et al. (6)

Year
2020

Other affiliated institutions
Capital Medical University;  
China National Clinical Research Center  
for Neurological Diseases

Country or countries
China

Definition text (if available)
“The preservation of optimal brain integrity and 
mental and cognitive function at a given age in 
the absence of overt brain diseases that affect 
normal brain function.”

Comments
Defines brain disorders as those with “overt 
damage to brain structures”, functional brain 
disorders with “detectable destruction of 
brain connections or networks”, and other 
brain disorders “without detectable structural 
or functional impairment”. Highlights lack of 
metrics to assess brain health.
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Author(s) 
Smith et al. (7)

Year
2020

Other affiliated institutions
Stanford University, OECD

Country or countries
Multiple

Definition text (if available)
“…brain health encompasses emotional, 
behavioural, and cognitive strengths across the 
life span. Compromised brain health greatly 
increases the risk of disorders across the life 
span (e.g. depression, anxiety, substance misuse, 
dementias and neurocognitive disorders) and 

hinders the achievement of each individual’s full 
human potential. The concept of Brain Capital 
encompasses both brain health and brain skills 
as contributors to this Brain Economy.”

Comments
“Brain capital, brain skills, brain economy, 
human cognitive capital as a dynamic capacity, 
introduces a Brain Capital Investment Plan. 
As part of OECD’s New Economic Challenges 
Neuroscience Inspired Policy Institute”

Author(s) 

Dawson et al. (8)

Year
2020

Other affiliated institutions
Oregon Health and Sciences University, Global 
Brain Health Institute

Country or countries
Multiple

Definition text (if available)
See comments for details.

Comments
Focuses on determinants of brain health (social 
and biological) organized by the individual, 
community and macro levels. Proposes 
brain health diplomacy model to “transcend 
disciplinary boundaries and mobilize resources 
at sufficient scale to improve brain health”.

Author(s) 

Chen et al. (9)

Year
2021 
 

Other affiliated institutions
Trinity College Dublin

Country or countries
Ireland

Definition text (if available)
“a life-long dynamic state of cognitive, emotional 
and motor domains underpinned by physiological 
processes. It is multidimensional and can 
be objectively measured and subjectively 
experienced. Brain health is influenced by 
ecobiopsychosocial determinants, resulting in a 
continuum of quality of life and wellness.”

Comments
Continuum across the life course; 
multidimensionality; along a continuum;  
not based on the absence of disease; 
measurable concept.

Author(s) 

Hachinski et al. (10)

Year
2021

Other affiliated institutions
Western University, London, Ontario

Country or countries
Canada

Definition text (if available)
“Brain health in adults is a state of complete 
physical, mental, and social wellbeing through 
the continuous development and exercise of  
the brain.”

Comments
Suggests that “a combined set of neurological, 
mental health, and wellbeing core elements 
would begin to unify the three fields and help 
to understand their interactions.” Additionally 
discusses the need for physical, psychological 
and socioeconomic measures of brain health.

Author(s) 
Bassetti et al (11)

Year
2022

Other affiliated institutions
European Academy of Neurology

Country or countries
Multiple

Definition text (if available)
“The EAN Brain Health Strategy: One Brain, One 
Life, One Approach”

Comments
The EAN Brain Health Strategy includes 5 pillars: 
1) to “contribute to a global and international 
brain health approach”; 2) to support “the 
implementation of integrated and people-
centred campaigns”; 3) to foster research; 
4) to promote education; and 5) to raise the 
awareness of the public about neurological 
disorders and brain health.
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Relevant brain health initiatives (in alphabetical order)

Initiative

European Brain Council (12)

Organization/ institution
European Brain Council

Country or countries
Europe

Definition
See comments for details

Comments
“Main mission is to promote brain research with 
the ultimate goal of improving the lives of the 
estimated 179 million Europeans living with brain 
conditions, mental and neurological alike.”  
Scope of brain disorders includes 
“developmental, psychiatric,  
neurodegenerative and pain-related disease”.

Initiative 

Global Council on Brain Health (13)
Organization/ institution
American Association of Retired Persons, Age UK

Country or countries
United States of America and United Kingdom

Definition
Focuses on brain health “relating to people’s 
ability to think and reason as they age, including 

aspects of memory, perception and judgment”.

Comments
Identifies several determinants (or factors) of 
brain health including physical activity, sleep, 
nutrition, vascular risk, social engagement, 
cognitively stimulating activities, among others.

Initiative 
Healthy Brains Global Initiative (14)
Organization/ institution
Multiple

Country or countries
Multiple

Definition
See comments for details.

Comments
Vision is “a world where no one is limited by 
neurological or mental health problems and a 
healthy brain span is equivalent to life span”.

Initiative 
McKinsey Health Institute Brain Health Programme (15)
Organization/ institution
McKinsey Health Institute

Country or countries
Multiple

Definition
“Brain health is a term inclusive of positive 
mental health and the full range of mental, 
substance use, and neurological conditions – is a 
critical determinant of overall health. Regardless 
of age, income, or geography, brain health 
materially impacts every person’s life. 
Brain health is broader than the absence of 
disease. It includes improving overall cognitive 

functioning, resilience, and the state of well-
being in which an individual realizes his or her 
own abilities, can cope with the normal stresses 
of life, can work productively, and is able 
contribute to his or her community.”

Comments
The McKinsey Health Institute (MHI) addresses 
brain health challenges globally, such as social 
norms (including stigma), prevention, early 
detection, treatment effectiveness, integration 
of care, and workforce availability – as well as 
opportunities to further support positive  
mental health.

Initiative: 
Neuroscience-inspired Policy Initiative (16)
Organization/ institution
OECD

Country or countries
Multiple

Definition
“The concept of Brain Capital considers brain 
skills and brain health as an indispensable part 
of the knowledge economy.  
The global economy increasingly places a 
premium on cerebral, brain-based skills that 
make us human, such as self-control, emotional 

intelligence, creativity, compassion, altruism, 
systems thinking, collective intelligence, and 
cognitive flexibility.”

Comments
OECD’s Neuroscience-inspired Policy Initiative 
examines and drives ideas originating in 
neuroscience and medicine to economic and 
social policy, including productivity, gender 
equality, mental health, education and others.
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Annex 3. WHO technical tools, 
norms and standards to address 
brain health determinants and 
optimize brain health for all
The list below provides examples of WHO 
technical tools, norms and standards that 
address brain health determinants and thus 
help to optimize brain health for all. The list is 
organized around the same categories as in 
Annex 1 and does not claim to be exhaustive.

Mental health (including 
neurological and substance  
use disorders)
• Social determinants of mental health  

(2014) (1)

• mhGAP Intervention Guide (mhGAP-IG)  
for mental, neurological and substance use 
(2016) (2)

• WHO Guidelines on risk reduction of 
cognitive decline and dementia (2019) (3)

• Epilepsy: a public health imperative (2019) (4)

• Doing what matters in times of stress: an 
illustrated guide (2020) (5)

• Improving early childhood development: 
WHO guideline (2020) (6)

• Guidelines on mental health promotive and 
preventive interventions for adolescents: 
helping adolescents thrive (2020) (7)

• WHO Helping adolescents thrive toolkit 
(2021) (8)

• WHO Parkinson disease technical brief  
(2022) (9)

• SAFER: A world free from alcohol related 
harms (2022) (10)

• Integration of mental health and HIV 
interventions (2022) (11)

• Caregiver skills training for families of 
children with developmental delays or 
disabilities (2022) (12–16)

Noncommunicable diseases
• Life course approach to prevention and 

control of non-communicable diseases  
(2019) (17)

• WHO guidelines on physical activity and 
sedentary behavior (2020) (18)

• WHO package of essential noncommunicable 
(PEN) disease interventions for primary 
health care (2020) (19)

• WHO UHC compendium online database (20)

Infectious diseases
• Zika strategic response plan (2016) (21)

• WHO toolkit for the care and support of 
people affected by complications associated 
with Zika virus (2017) (22)

• Neurology and COVID-19: scientific brief 
(2021) (23)

• WHO Guidelines for malaria (2022) (24)
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Neglected tropical diseases 
• Helminth control in school-age children: a 

guide for managers of control programmes 
(2011) (25)

• WHO guidelines on management of Taenia 
solium neurocysticercosis (2021) (26)

• WHO recommendations on antenatal care for 
a positive pregnancy experience (2016) (27)

• WHO recommendations: intrapartum  
care for a positive childbirth experience 
(2018) (28)

• Nurturing care for early childhood 
development: a framework for helping 
children survive and thrive to transform 
health and human potential (2018) (29)

• Standards for healthy eating, physical 
activity, sedentary behaviour and sleep in 
early childhood education and care settings: 
a toolkit (2021) (30)

Ageing and Health 
• Integrated care for older people (ICOPE): 

guidance for person-centred assessment 
and pathways in primary care (2019) (31)

• Integrating health in urban and territorial 
planning: a sourcebook (2020) (32)

• WHO Advocacy brief: Social isolation and 
loneliness among older people (2021) (33) 

Environment and climate change
• Childhood lead poisoning (2010) (34)

• Children’s exposure to mercury compounds 
(2010) (35)

• WHO Guideline for clinical management of 
exposure to lead (2021) (36)

• WHO Global air quality guidelines: 
particulate matter (PM2.5 and PM10), ozone, 
nitrogen dioxide, sulfur dioxide and carbon 
monoxide (2021) (37)

• Mental health and climate change: Policy 
brief (2022) (38)

Health systems 
• A conceptual framework for action on the 

social determinants of health (2010) (39)

• WHO Housing and health guidelines  
(2018) (40)

• National workforce capacity to implement 
the essential public health functions 
including a focus on emergency 
preparedness and response (2022) (41)

• Tool to assess the impact of human 
resources for health investments on HIV, TB 
and malaria services and health outcomes 
(2022) (42)

• Integrating social determinants of health 
into health workforce education and training 
(2022) (43)
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