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Brain Health

What is brain health and why is it important?
Yongjun Wang and colleagues discuss the definition of brain health and the opportunities and 
challenges of future research

The human brain is the command 
centre for the nervous system 
and enables thoughts, memory, 
movement, and emotions by 
a complex function that is the 

highest product of biological evolution. 
Maintaining a healthy brain during one’s 
life is the uppermost goal in pursuing 
health and longevity. As the population 
ages, the burden of neurological disor-
ders and challenges for the preservation of 
brain health increase. It is therefore vital to 
understand what brain health is and why 
it is important. This article is the first in a 
series that aims to define brain health, ana-
lyse the effect of major neurological disor-
ders on brain health, and discuss how these 
disorders might be treated and prevented.

Definition of brain health
Currently, there is no universally recognised 
definition of brain health. Most existing 
definitions have only a general description 
of normal brain function or emphasise one 
or two dimensions of brain health. The US 
Centers for Disease Control and Prevention 
defined brain health as an ability to per-
form all the mental processes of cognition, 
including the ability to learn and judge, use 
language, and remember.1 The American 
Heart Association/American Stroke Asso-
ciation (AHA/ASA) presidential advisory 
defined optimal brain health as “average 
performance levels among all people at that 
age who are free of known brain or other 
organ system diseases in terms of decline 

from function levels, or as adequacy to per-
form all activities that the individual wishes 
to undertake.”2

The brain is a complex organ and has at 
least three levels of functions that affect all 
aspects of our daily lives: interpretation 
of senses and control of movement; 
maintenance of cognitive, mental, and 
emotional processes; and maintenance of 
normal behaviour and social cognition. 
Brain health may therefore be defined as 
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.

Effect of major neurological disorders on brain 
health
Several neurological disorders may disrupt 
brain function and affect humans’ health. 
Medically, neurological disorders that 
cause brain dysfunction can be classified 
into three groups: 

•	 Brain diseases with overt damage to 
brain structures, such as cerebrovas-
cular diseases, traumatic brain injury, 
brain tumours, meningitis, and com-
munication and sensory disorders 

•	 Functional brain disorders with detect-
able destruction of brain connections 
or networks, such as neurodegenera-
tive diseases (eg, Parkinson’s disease, 
Alzheimer’s disease, and other demen-
tias) and mental disorders (eg, schizo-
phrenia, depression, bipolar disorder, 
alcoholism, and drug abuse) 

•	 Other brain disorders without detect-
able structural or functional impair-
ment, such as migraine and sleep 
disorders. 

These neurological disorders may have 
different or common effects on brain health 
and function. For instance, Alzheimer’s 
disease is the main type of dementia, 
with a decline in different domains of 
cognitive function. Mood disorders may 
cause dysfunction in execution, reward 
processing, and emotional regulations. In 
addition to physical disability, aphasia, gait 
and balance problems, and cerebrovascular 
diseases may lead to cognitive impairment 
and dementia, which are neglected by both 
patients and physicians.

Ageing and burden of neurological disorders
Human ageing is mainly reflected in the 
aspects of brain ageing and degradation of 
brain function. The number of people aged 
60 years and over worldwide was around 
900 million in 2015 and is expected to grow 
to two billion by 2050.3 With the increases 
in population ageing and growth, the bur-
den of neurological disorders and chal-
lenges to the preservation of brain health 
steeply increase. People with neurological 
disorders will have physical disability, cog-
nitive or mental disorders, and social dys-
function and be a large economic burden.

Globally, neurological disorders were 
the leading cause of disability adjusted 
life years (276 million) and the second 
leading cause of death (9 million) in 
2016, according to the Global Burden 
of Diseases study.4 Stroke, migraine, 
Alzheimer’s disease and other dementias, 
and meningitis are the largest contributors 
to neurological disability adjusted life 
years.4 About one in four adults will have 
a stroke in their lifetime, from the age of 25 
years onwards.5 Roughly 50 million people 
worldwide were living with dementia in 
2018, and the number will more than triple 
to 152 million by 2050.6 In the following 
decades, governments will face increasing 
demand for treatment, rehabilitation, and 
support services for neurological disorders.

Opportunities and challenges of future 
research on brain health
Opportunities and challenges exist in the 
assessment of brain health, the mecha-
nism of brain function and dysfunction, 
and approaches to promote brain health 
(box 1). 

Defining and promoting optimal brain 
health require the scientific evaluation 
of brain health. However, it is difficult to 
comprehensively evaluate or quantify 
brain health through one metric owing 
to the multidimensional aspects of brain 
health. Many structured or semistructured 
questionnaires have been developed to 
test brain health by self-assessments or 
close family member assessments of daily 
function or abilities. In recent decades new 
structural and functional neuroimaging 
techniques have been applied to evaluate 
brain network integrity and functional 

Key Messages

•   Brain health is the preservation of 
optimal brain integrity and men-
tal and cognitive function and the 
absence of overt neurological disor-
ders

•   Human ageing increases the burden 
of brain dysfunction and neurological 
diseases and the demands for medical 
resources

•   Further studies are required to assess 
brain health, understand the mecha-
nism of brain function and dysfunc-
tion, and explore effective approaches 
to promote brain health.
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connectivity.7 However, these subjective 
or objective measures have both strengths 
and weaknesses. For instance, scales such 
as the mini-mental state examination 
and Montreal cognitive assessment are 
simple and easy to implement but are 
used only as global screening tools for 
cognitive impairment; tests such as the 
digit span, Rey-Osterrieth complex figure 
test, trail making A and B, Stroop task, 
verbal fluency test, Boston naming test, 
and clock drawing test are used mainly 
to assess one or two specific domains of 
memory, language, visuospatial, attention, 
and executive function; and neuroimaging 
techniques, although non-invasive and 
objective, still have disadvantages of test 
contraindications, insufficient temporal 
or spatial resolution, motion artefact, and 
high false discovery rates, which limit their 
clinical transformation. 

Another difficulty in measuring brain 
health is that age, culture, ethnicity, and 
geography specific variations exist in the 
perception of optimal brain health. Patient 
centred assessment of brain function, 
such as self-perception of cognitive 
function and quality of life, should also be 
considered when measuring brain health.8 
Universal acceptable, age appropriate, 
multidimensional, multidisciplinary, and 
sensitive metrics or tools are required to 
comprehensively measure and monitor 
brain function and brain health.

To promote optimal brain health, we need 
a better understanding of the mechanisms 
of brain function and dysfunction. 
Unfortunately, little is known about the 
working mechanism of the brain. Although 
we have made considerable developments 
in neuroscience in recent decades, we 
still cannot totally decipher the relations 
between spatiotemporal patterns of activity 
across the interconnected networks of 
neurons and thoughts or the cognitive and 
mental state of a person.9 Recent progress in 
brain simulation and artificial intelligence 
provides a vital tool to understand biological 
brains, and vice versa.10 11 The development 
of brain inspired computation, brain 
simulation, and intelligent machines was 
emphasised in the European Union and 
China Brain Project.9 12

M e a n w h i l e ,  t h e  m e c h a n i s m s 
behind the brain dysfunction in some 
neurological disorders are still not well 
understood, especially for mental and 
neurodegenerative disorders. Further 
investigation of the mechanisms of 
brain diseases may indicate approaches 
to treatment and improve brain func
tion. Brain imaging based cognitive 
neuroscience may unravel the underlying 
brain mechanism of cognitive dysfunction 
and provide an avenue to develop a 
biological framework for precision 
biomarkers of mood disorders.13

Most common neurological diseases, 
such as cerebrovascular diseases and 
Alzheimer’s disease, have complex 
aetiopathologies, typically involving 
spatial-temporal interactions of genetic and 
environmental factors. However, a single 
genetic factor could account for the disease 
progression of monogenic neurological 
disorders. These diseases could be more 
readily investigated by simplified cross 
species modelling, leading to better 
understanding of their mechanisms and 
greater efficiency in testing innovative 
therapies. Such research may provide 
a window to promote the investigation 
of common neurological disorders and 
general brain health, as discussed by Chen 
and colleagues elsewhere in this series.14

Few effective approaches are available 
to prevent and treat brain dysfunction in 
some major neurological disorders, such as 
dementia. Neurons are not renewable, and 
brain dysfunction is always irreversible. 
Recent trials targeting amyloid clearance 
and the selective inhibition of tau protein 
aggregation failed to improve cognition 
or modify disease progression in patients 
with mild Alzheimer’s disease.15 16 More 
attention has focused on other potential 
therapeutic targets, such as vascular 
dysfunction, inflammation, and the gut 
microbiome, as discussed by Shi and 
colleagues.17 In particular, recent studies 
showed that the early impairment of 
cognition was induced by the disruption 
of neurovascular unit integrity, which may 
cause hypoperfusion and the breakdown 
of the blood-brain barrier and subsequent 
impairment in the clearance of proteins 

in the brain.18 19 Physical activity, mental 
exercise, a healthy diet and nutrition, 
social interaction, ample sleep and 
relaxation, and control of vascular risk 
factors are considered six pillars of brain 
health. The AHA/ASA presidential advisory 
recommended the AHA’s Life’s Simple 7 
(non-smoking, physical activity, healthy 
diet, appropriate body mass index, blood 
pressure, total cholesterol, and blood 
glucose) to maintain optimal brain health.2 
Pan and colleagues discuss how this 
may indicate a new dawn of preventing 
some cognitive impairment and brain 
dysfunction by preventing vascular risk 
factors or cerebrovascular diseases.20

For other neurological disorders with 
potential therapeutic approaches, the main 
aim is to preserve brain function. Impaired 
brain function due to anatomical structural 
damage is underestimated in patients 
with neurosurgical diseases such as brain 
tumours, trauma, and epilepsy. In recent 
years, treatment targets for neurosurgical 
diseases have changed from focusing on 
survival or life expectancy to balancing 
brain structures and functions. Precise 
preservation of brain function requires an 
understanding of the exquisite relation 
between brain structure and function and 
advanced technologies to visualise brain 
structure-function relations.21

Another example of the predicament 
associated with protection of brain function 
is uncertainty in the treatment response in 
epilepsy management. Current standard 
care for epilepsy relies on a trial and 
error approach of sequential regimens of 
antiseizure medications. The time delay 
due to this treatment approach means that 
such treatments may be less effective and 
irreversible damage may occur. Chen and 
colleagues22 describe how recent advances 
in personalised epilepsy management 
based on artificial intelligence, genomics, 
and patient derived stem cells are bringing 
some hope to overcome this predicament in 
epilepsy management and promise a more 
effective strategy.23 24

Brain health is the maintenance of 
multidimensional aspects of brain 
function. However, several neurological 
disorders may affect brain health in one or 
more aspects of brain function. Deciphering 
and promoting the function and health 
of the brain, the most mysterious organ 
in the human body, will have a dramatic 
impact on science, medicine, and society.25 
In the past seven years, a number of large 
scale brain health initiatives have been 
launched in several countries to promote 
the development of neuroscience, brain 

Box 1: Opportunities and challenges of future research on brain health
•	Lack of metrics or tools to comprehensively assess or quantify brain health
•	Little knowledge about the mechanisms of brain function and dysfunction
•	Few effective approaches to prevent and treat brain dysfunction in some major neurological 
disorders, such as dementia

•	Need to precisely preserve brain functions for people with neurosurgical diseases
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simulation, and brain protection.9 
However, further challenges are raised 
by the different key research directions of 
brain projects in different countries. In the 
face of these challenges, Liu and colleagues 
argue that collaboration on brain health 
research is urgently needed.26 As the other 
articles in this series describe, coordinated 
research has enormous potential to 
improve the prognosis of brain disorders.
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