1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mol Psychiatry. Author manuscript; available in PMC 2022 January 01.

-, HHS Public Access
«

Published in final edited form as:
Mol Psychiatry. 2021 January ; 26(1): 3-22. doi:10.1038/s41380-020-00918-w.

A Brain Capital Grand Strategy: toward economic reimagination

Erin Smithl, Diab Ali23, Bill Wilkerson4, Walter D. Dawson®:6:7:8 Kunmi Sobowale®, Charles
Reynolds I1119, Michael Berk11:12.13.14 Helen Lavretsky?, Dilip Jestel®, Chee H. Ng'6, Jair C.
Soaresl?, Gowri Aragam!8, Zoe Wainer!®, Husseini K. Maniji2%-21, Julio Licinio?2, Andrew W.
Lo?23, Eric Storch?4, Ernestine Ful, Marion Leboyer?3, loannis Tarnanas’-8, Agustin
Ibanez’-8:26:27.28.29 Facundo Manes?7-30, Sarah Caddick3!, Howard Fillit32, Ryan Abbott?:33,
lan H. Robertson’-8:34, Sandra B. Chapman34, Rhoda Au3°, Cara M. Altimus36, William
Hynes37, Patrick Brannelly38, Jeffrey Cummings3940, Harris A. Eyrel1.12,18.41

1Stanford University, Palo Alto, CA, USA 2School of Medicine, Ochsner Clinical School, New
Orleans, LA, USA 3Faculty of Medicine, University of Queensland, Brisbane, QLD, Australia
“Mental Health International, Toronto, ON, Canada ®Department of Neurology, School of
Medicine, Oregon Health and Science University, Portland, OR, USA 8Institute on Aging, College
of Urban and Public Affairs, Portland State University, Portland, OR, USA “Global Brain Health
Institute, Trinity College Dublin, Dublin, Ireland 8Global Brain Health Institute, University of
California, San Francisco, San Francisco, CA, USA °Semel Institute for Neuroscience and Human
Behavior and Department of Medicine, David Geffen School of Medicine, University of California,
Los Angeles, CA, USA °Department of Psychiatry, University of Pittsburgh, Pittsburgh, PA, USA
11Deakin University, IMPACT, The Institute for Mental and Physical Health and Clinical Translation,
School of Medicine, Barwon Health, Geelong, VIC, Australia 12Department of Psychiatry,
University of Melbourne, Melbourne, VIC, Australia 2Orygen Youth Health, University of
Melbourne, Melbourne, VIC, Australia *The Florey Institute for Neuroscience and Mental Health,
University of Melbourne, Melbourne, VIC, Australia ®*Sam and Rose Stein Institute for Research
on Aging, University of California, San Diego, San Diego, CA, USA %Department of Psychiatry,
The Melbourne Clinic and St Vincent's Hospital, University of Melbourne, Richmond, VIC,
Australia ’Center of Excellence on Mood Disorders, Louis Faillace Department of Psychiatry and
Behavioral Sciences, UTHealth, Houston, TX, USA 8Brainstorm Laboratory for Mental Health
Innovation, Department of Psychiatry, Stanford University School of Medicine, Palo Alto, CA, USA
9Department of Genetics, Melbourne Medical School, University of Melbourne, Melbourne, VIC,
Australia 2°Neuroscience, Janssen Pharmaceuticals, Johnson & Johnson, Titusville, NJ, USA
21pepartment of Psychiatry and Behavioral Sciences, Duke University School of Medicine,
Durham, NC, USA ??Departments of Psychiatry, Pharmacology, Medicine, and Neuroscience &
Physiology, College of Medicine, SUNY Upstate Medical University, Syracuse, NY, USA

23| aboratory for Financial Engineering, Department of Finance, Sloan Business School,
Massachusetts Institute of Technology, Boston, MA, USA 2*Menninger Department of Psychiatry
and Behavioral Sciences, Baylor College of Medicine, Houston, TX, USA 25Psychiatry
Department, University Paris Est Créteil, INSERM U955, FondaMental Foundation, Cretelil,
France 26Cognitive Neuroscience Center (CNC), Universidad San Andres, Riobamba 1276,

Harris A. Eyre, harris.eyre@gmail.com.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Smith et al. Page 2

C1116ABJ San Andrés, Buenos Aires, Argentina 2’National Scientific and Technical Research
Council (CONICET), Godoy Cruz 2290, Piso 9 (C1425FQB), Buenos Aires, Argentina 26Center
for Social and Cognitive Neuroscience (CSCN), Universidad Adolfo Ibanez, School of Psychology,
Adolfo Ibafiez University, Av. Presidente Errazuriz 3328, Las Condes, Santiago, Chile
29Universidad Autonoma del Caribe, Calle 90 # 46-112, Barranquilla, Atlantico, Colombia
30|nstitute of Cognitive and Translational Neuroscience (INCYT), INECO Foundation, Favaloro
University, Buenos Aires, Argentina 31Thalamic, London, UK 3?Departments of Geriatric Medicine,
Palliative Care and Neuroscience, The Icahn School of Medicine at Mount Sinai, New York City,
NY, USA 33School of Law, University of Surrey, Guildford, UK 3*Center for BrainHealth, The
BrainHealth Project, The University of Texas at Dallas, Dallas, TX, USA 3°Departments of
Anatomy, Neurobiology, Neurology and Epidemiology, Boston University Schools of Medicine and
Public Health, Boston, MA, USA 3¢Center for Strategic Philanthropy, Milken Institute, Washington,
DC, USA 3’New Approaches to Economic Challenges Unit, Organisation for Economic
Cooperation and Development (OECD), Paris, France 38Rainwater Charitable Foundation, Dallas,
TX, USA 3°Chambers-Grundy Center for Transformative Neuroscience, Department of Brain
Health, School of Integrated Health Sciences, University of Nevada Las Vegas, Las Vegas, NV,
USA “°Cleveland Clinic Lou Ruvo Center for Brain Health, Las Vegas, NV, USA 4!Discipline of
Psychiatry, School of Medicine, The University of Adelaide, Adelaide, SA, Australia

Abstract

‘I have not found among my possessions anything which I hold more dear than, or value so much
as, my knowledge of the actions of great people, acquired by long experience in contemporary
affairs, and a continual study of antiquity.” The Prince, Machiavelli

The time is now for a Brain Capital Grand Strategy

Current brain research, innovation, regulatory, and funding systems are artificially siloed,
creating boundaries in our understanding of the brain based on constructs such as aging,
mental health, and/or neurology, when these systems are all inextricably integral.

Grand strategy provides a broad framework that helps to guide all elements of a major, long-
term project. There are converging global trends resulting from the COVID pandemic
compelling a Brain Capital Grand Strategy: widespread appreciation of the rise in brain
health issues (e.g., increase prevalence of mental illness and high rates of persons with age-
related cognitive impairment contracting COVID), increased automation, job loss and
underemployment, radical restructuring of health systems, rapid consumer adoption and
acceptance of digital and remote solutions, and recognition of the need for economic
reimagination. If we respond constructively to this crisis, the COVID pandemic could
catalyze institutional change and a better social contract.

Our current economy is indeed a Brain Economy—one where most new jobs demand
cognitive, emotional, and social, not manual, skills, and where innovation is a tangible
“deliverable” of employee productivity. With increased automation, our global economy
increasingly places a premium on cerebral, brain-based skills that make us human, such as

Mol Psychiatry. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Smith et al.

The brain,

Page 3

self-control, emotional intelligence, creativity, compassion, altruism, systems thinking,
collective intelligence, and cognitive flexibility [1]. Investments in brain health and brain
skills are critical for post-COVID economic renewal, reimagination, and long-term
economic resilience.

Broadly, brain health encompasses emotional, behavioral, 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. A Brain Capital Grand Strategy is urgently needed. Such a plan would be a first-
ever strategic alignment across diverse public and private entities to structure and track
investments that protect brain health and produce brain skills.

This paper discusses the parameters of this Grand Strategy including: a Brain Capital
Investment Plan, examination of Brain Capital from an in-all-policies approach, and a Brain
Capital Index. Underlying such efforts is the notion that Brain Capital can amplify existing
recovery and growth efforts while helping to build long-term global economic capacity that
promotes an equitable and sustainable brain health future. We recommend establishing an
action taskforce comprised of local, state, federal, and global leaders in these key areas to
further advance this work.

our interconnected economy and COVID

A recent Organization for Economic Co-operation and Development (OECD) Policy
Response to COVID noted the global economy relies on complex, nested, interconnected
systems to deliver goods and services [2]. COVID has highlighted that the systems we rely
on in our daily lives (e.g., international supply chains) are vulnerable to sudden and
unexpected disruption beyond our control. Economic systems need the ability to anticipate,
absorb, recover, and adapt to unexpected threats [2]. COVID has clearly highlighted a lack
of resilience within our global economic systems and an economic depression or recession is
likely. A systems approach is critical to prepare the global interconnected socioeconomic
systems for future impacts to reduce the shock. The McKinsey Global Institute recently
published a report noting how investing in public health could accelerate post-COVID
economic recovery [3]. While we agree with this conclusion, we note brain health is an
overlooked, yet critical consideration in the systems approach to boosting economic
resilience.

Psychological resilience is also a key to absorbing and adapting to social and economic
shocks. Brain health disorders account for >US$3 trillion of lost productivity every year [4].
Brain health disorders have a global reach impacting every human either directly or
indirectly. In COVID and similar pandemics, due to social and physical distancing,
unemployment and underemployment, stress, and other factors, there have been significant
increases in issues such as depression, anxiety, social isolation, substance abuse, loneliness,
and cognitive decline in older adults [5-12]. In addition, as observed after the SARS
pandemic, it is expected that COVID survivors may endure long term cognitive and
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psychiatric consequences, including suicide, post-traumatic stress disorders and depression
[13]. The COVID pandemic can be regarded as a brain health catastrophe.

The Brain Economy

The modern global Brain Economy puts a premium on individual brain skills, but even more
importantly, it demands the networking of individual brains to communicate and work
together; this requires social intelligence resting on interpersonal skills and social perception
and related abilities. The jobs of the future, for which we must prepare today, will
increasingly value an individual’s cognitive, emotional, and social brain resources. This is
particularly important given that pressures on present-day jobs will emerge through the vast
infusion of artificial intelligence and robots into workplaces and economies around the
world requiring new workplace and brain function skills [14]. Furthermore, there are
concerns about the developing brain (the workforce of the future) during the COVID
pandemic; experts note reduced face-to-face contact among teenagers and their friends
during the pandemic that could have damaging long-term consequences [8]. Moreover,
cooperation and prosocial ability can be strong force for resilience and better societal
responses [15]. Thus, this is a critical time to affirm the primacy of human and brain capital
—that is, people—in the twenty-first century workplace and at both the production and
consumption ends of the economy. The Brain Capital model demands a platform for a Brain
Capital Investment Plan to stimulate and guide the massive pivot to allow the economic
recovery and renewal that must emerge from the economic wreckage of COVID. The Brain
Capital model provides a platform to consider this restructuring.

The origins of Brain Capital

The concept of Brain Capital was first articulated in 2011 by the Canadian-led Global
Business and Economic Roundtable on Addiction and Mental Health [16]. Its core aim is to
drive innovation in a Brain Economy by optimizing employee brain health and performance.
Broadly, any objective working toward strengthening the global economy must focus on
building and sustaining productive capacity by stimulating investments in brain health
research, education, prevention, and care. Brain capital can be developed, strengthened, and
empowered, as well as deteriorate or be impoverished depending on the stimulation and
dynamics between the person and the social context. How a nation develops and uses its
brain capital and well-being has a significant effect not only on its economic
competitiveness and prosperity but on social cohesion and inclusion [15]. The Brain Capital
model encourages employers to cultivate the cognitive capacity of their employees by
optimizing employee brain health and emphasizes an international partnership of business
and science to develop actionable brain health care [16].

Brain Capital was originally conceptualized to break down siloes between academia and the
business sector recognizing that the reductionistic approach to mental illness has largely
failed, and that the brain is an embodied organ within biological, social, cultural, ecological,
and economic contexts [17-20]. The brain is best understood by transdisciplinary thinking,
which seeks to integrate perspectives from genes, environment, culture, brain, body, mind,
and economics [21].
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Our Brain Capital Grand Strategy

The immediate economic lesson of COVID is that we need a clearly articulated action plan
that extends and expands the existing Brain Capital model. We propose that this plan
synergistically integrates the following components:

1 Insights from human-, psychological-, social-, and cognitive capital, and
neuroscience-based policy.

2. The fundamentals of a Brain Capital Investment Plan.
3. An in-all-policies or holistic policy approach.

4, A Brain Capital Index and other ways of tracking, benchmarking, and
implementing this agenda.

Foundational disciplines informing the development of Brain Capital

As noted above, at the core of expanding the Brain Capital model is the need to incorporate
insights from existing established and interrelated models such as human-, mental-,
psychological-, social-, and cognitive capital, and neuroscience-based policy [22-26].

Human capital is characterized as the aggregate levels of education, training, skills, and
health in a population that, in turn, affects the rate at which technologies can be developed,
adopted, and employed to increase productivity. In response to the current massive
underinvestment in the potential of human capital and its central role in the digital economy;,
the World Bank recently introduced its Human Capital Project. The project seeks to
“understand the link between investing in people and economic growth, and to accelerate
financing for human capital investments” [27]. Monitoring the generation and investment in
human capital facilitates a mechanism to hold governments and donors accountable for
investments in health and education [23, 28]. Currently, there is a relative paucity of
investments in health- and education-related drivers of human capital; for instance, only
1.5% of the World Bank International Development Association concessional grants are for
health and only 1.9% for education. In contrast, a much greater “balance sheet” focus exists
for “tangible” physical capital such as buildings and equipment—a holdover industrial-age
policy ill-suited for the information age [23]. This underinvestment in human capital is
typical of the chronic underinvestment in brain health research and care [29].

Brain Capital can use context and insights drawn from social capital, largely defined as an
individual’s social relationships and participation in civic and community networks that
enables society to function successfully. Social capital can be understood as an inherent
cohesive force that enables collective action within populations. With regards to mental
disorders, social capital may lower risk while increasing intellectual cross-pollination,
resilience capacity, successful adaptation, emotional intelligence, cooperation, and recovery
[24, 30, 31]. Interventions to enhance social capital may be a cost-effective way of
preventing and ameliorating mental health conditions while augmenting social and brain
capital; sample interventions include community engagement and educative programs, and
evidence-based forms of psychological treatment (e.g., cognitive processing therapy and

Mol Psychiatry. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Smith et al.

Page 6

sociotherapy for trauma survivors) [24]. However, the degree to which social capital
interventions impact brain health requires further validation. One long-standing deficit of
social capital is the inadequate attention to the power inequalities that drive poor health,
often linked to macro-social and economic forces beyond the reach of local community
activism. Attention to social movement participation has begun to address this [32].

Psychological capital draws from positive psychology concepts in general and from positive
organizational behavior in particular [25, 26]. It describes how an individual’s psychological
capacity can be developed and managed for performance improvement [33]. Psychological
capital comprises “(1) hope: persevering toward goals and when necessary, redirecting paths
to goals in order to succeed; (2) self-efficacy: having confidence to succeed at challenging
tasks; (3) optimism: making a positive attribution regarding succeeding now and in the
future; (4) resilience: when beset by problems and adversity, sustaining and bouncing back
and even beyond to attain success” [26].

Human cognitive capital is a dynamic rather than fixed capacity that has been defined as an
“accumulating asset that can be drawn upon to create and to take advantage of opportunities
and to sustain well-being, in response to environmental challenge and stress” [34]. Chapman
et al. [35] propose there is potential to harness the brain’s innate neuroplastic abilities to
optimize human performance and to strengthen human cognitive capital simultaneously, by
engaging and enhancing function across their five pillars of brain health, namely, neural
systems, top-down cognitive control processes, psychological well-being and quality of life,
real-life performance, and social agility.

Finally, neuroscience-based public health policies such as early childhood support, nutrition,
quality education, jobs, and skills-training are critical to productivity, flourishing, and brain
health [22, 36, 37]. Key findings and advances in neuroscience hold overt potential to
improve public policy. For example, early child care and early intervention in education
could reduce crime, encourage creativity and community contributions, improve educational
outcomes and productivity in work, and reduce pressure on health and care systems by
preserving mental capital across the age spectrum [22]. Anti-poverty programs based on
scientific evidence about brain health could similarly improve the Brain Capital of people
living in poverty [38]. Neuroscience research across the human life span (ranging from
infant development to older age) could be incorporated into public policy, providing the
opportunity for a cross-governmental approach that places brain capital and well-being at the
heart of policymaking [22, 38].

Formalizing Brain Capital

Under our novel formulation, the concept of Brain Capital would encompass the knowledge,
creative skills, and optimized brain health that people accumulate and can strengthen
throughout their lives that enables them to realize their potential as productive members of
society. Brain Capital should be supported at all levels of policymaking to ensure impact on
human functionality and productivity (Fig. 1). Brain Capital goes beyond reducing and
treating mental illness and embraces the development of creativity, positive psychology, and
innovation to create a better world.
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Proposing a Brain Capital Investment Plan

A range of existing initiatives further the goals of the Brain Capital Investment Plan and
could be useful models for developing new programs in the future. Investment and
innovation approaches, outlined in Table 1, include those in:

1 Supporting health systems in the transition to Value-based Health Care.
2 Government grantmaking.

3 Social impact investing.

4, Taxation and accounting restructuring to support Brain Capital.

5

Information technology company investments (e.g., social media platforms,
search engines, and consumer electronics companies).

6. Established medical innovation company investments (e.g., pharma, biotech, and
medical device).

7. Early stage technologies.

8. Megafunds for developing AD therapeutic innovations.

9. Brain bonds [39] (e.g., Healthy Brains Global Initiative (HBGI)).
10.  Novel forms of corporate structuring (e.g., B Corps).

11.  Philanthropy.

Initiatives aligned with the Brain Capital Investment Plan

The Weill Neurohub

The Weill Neurohub brings together researchers and clinicians at three premier West Coast
research institutions to speed the development of new treatments for neurological and
psychiatric diseases [40]. By leveraging the unique strengths of the University of California,
Berkeley, the University of California, San Francisco (UCSF), and the University of
Washington, the network forges and nurtures collaborations between neuroscientists and
researchers working in an array of disciplines—including engineering, computer sciences,
physics, chemistry, and mathematics— and across institutions. Its researchers and clinicians
have access to novel tools to break through established thinking and inspire powerful
innovation for patients across the West and around the world. This collaborative effort is
underpinned by unmatched computational power and device manufacturing at the Lawrence
Livermore National Laboratory and the Lawrence Berkeley National Laboratory. The Weill
Neurohub funds projects built on one or more of four scientific “pillars” deemed most likely
to fuel the development of high-impact new approaches to neurological and psychiatric
diseases: imaging, engineering, genomics and molecular therapies, and computation and
data analytics. The Weill Neurohub prioritizes the growth of established and emerging,
cross-campus, interdisciplinary interactions by supporting collaborative research projects
with near-term transformational potential; seed-funding novel research ideas led by
pioneering investigators; recruiting new talent to fill knowledge gaps; training the next
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generation of clinicians and scientists; and hosting symposia, retreats, and meetings to share
knowledge, encourage new alliances, and inspire investigators and clinicians.

Healthy Brains Global Initiative (HBGI)

HBGI is developing $10 billion of financing mechanisms to fund increased delivery of brain
science breakthroughs and evidence-based interventions [41]. One Mind and the National
Academy of Medicine are leading the HBGI in collaboration with the World Bank, the
World Health Organization, the US National Institutes of Health, as well as leading
investment banks, grant-making organizations, and research organizations. In the High-
Income settings where HBGI capital may be deployed, the California’s Stem Cell Agency
(CIRM) provides a useful predicate for potential outcomes. CIRM aims to accelerate stem
cell treatments for patients with unmet medical needs [42, 43]. A recent report found that
CIRM has had a major impact on California’s economy, creating tens of thousands of new
jobs, and producing billions of dollars in additional tax revenue for the state—co-benefits to
CIRM’s main goal to improve health and well-being [42, 43].

Behavioral Insight and Neuroscience Unit

One group created the first Behavioral Insight and Neuroscience Unit for social protection
and health policies in Latin America to foster improvements in the most critical life span
stages: early childhood and aging [44]. This Behavioral Insight and Neuroscience Group
offers innovative approaches to solve health and social problems (such as poverty and
malnutrition) in Latin America. The same group, launched the “Mental Capital and
Wellbeing Delivery Unit,” in 2016, a social innovation agency in the Office of the Chief of
Staff of the Province of Buenos Aires with experts from the fields of neuroscience,
education, health, and social policy working to advise government in order to build a
coalition to share best practices, promote evidence-based policies, and make this topic a
priority for Argentina. Understanding the neuroscientific evidence on how to stimulate
cognitive and socio-emotional skills among different type of populations is crucial to
improve the design of government policies. Public policy interventions can focus on
promoting these skills throughout life.

Social Impact Bonds

Pay-for-Success financing, often called Social Impact Bonds, is governmental pay-for-
performance schemes that shift investment risk and metrics of success for interventions.
Instead of governments providing funding, private investors provide upfront capital for a
service provider to deliver an intervention and are repaid only if predetermined metrics of
success are met [45]. In the state of Connecticut, for example, behavioral and mental health
initiatives include psychological interventions such as cognitive behavioral therapy for
incarcerated youth and substance use treatment and attachment-based therapy for parents
with substance misuse [46]. The demonstration called the Connecticut Family Stability
Project illustrates the various stakeholders involved in a Social Impact Bond. Social Finance,
an intermediary, assembled stakeholders including a group of private and nonprofit investors
including BNP Paribas, QBE Insurance, the Laura and John Arnold Foundation, and the
Doris Duke Charitable Foundation invested $11.2 million. The service provider, Family-
based Recovery Services (hosted at the Yale Child Center), provides clinical services to
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families. If the independent evaluator, UConn Health, finds that the predetermined outcomes
of reduction in out-of-home placements, reduction in re-referrals to the Connecticut’s child
welfare agency (Connecticut Department of Children and Families), reduction in substance
use, and successful enrollment in the family-based services are realized, the Connecticut
Department of Children and Families will repay the investors their principal with interest. In
Massachusetts and New York City, social interventions such as employment assistance to
veterans with service-related post-traumatic stress disorder are conducted in conjunction
with the Veterans Administration [46].

The Career Impact Bond (CIB) is a “pay-for-success” financing tool that provides students
with affordable, high-quality workforce training for in-demand careers. This is therefore an
approach to optimizing “brain skills.” CIBs have been developed a pioneered by Social
Finance [47]. This Bond is a student-centered income-share agreement that expands access
to high-quality, industry-recognized career training to people from low-income communities
and those who face barriers to education and employment, such as criminal justice
involvement, immigration status, or low levels of educational attainment or professional
experience. With CIBs, impact investors provide catalytic capital to training providers,
which use the funds to cover a portion of the upfront training costs and deliver critical
support services for typically underserved students. Then students enroll free of charge,
persist, and graduate. Those who gain meaningful employment repay program costs as a
fixed percentage of their income, capped at a certain dollar amount and for a certain period
of time. And those who do not obtain and maintain meaningful employment following
graduation pay nothing. Impact investors and training providers share any payments received
from students who find good jobs and achieve increased economic mobility. This model is
now being trialed with General Assembly, an educational institution focused on teaching
entrepreneurs and business professionals practical technology skills. Project supporters
include the Wilmington Trust, Google.org, and Prudential Financial. The CIB model may
reduce under- and unemployment and associated mental health issues, however, this requires
empirical study.

The BrainHealth Project

The BrainHealth Project is a landmark scientific study that will redefine our understanding
of brain health and our lifelong ability to impact its fitness [48]. The BrainHealth Project’s
bold goal is to achieve for brain health what has been accomplished for heart health—where
every person knows steps to take to keep their brain working longer and stronger. The
Project is the largest, longitudinal, and interventional endeavor to push new frontiers in the
health of our brain. This initiative is led by the Center for BrainHealth, a cognitive
neuroscience research and translational science institute of The University of Texas at
Dallas. BrainHealth researchers and clinicians focus on discovering and translating scientific
breakthroughs about the brain’s capacity and potential to strengthen, endure, and work more
efficiently. The Project is a large-scale scientific collaboration of scientists, educators, and
business leaders. It seeks to: Define brain health: translate the science of neuroplasticity to
embrace the upward potential of the human mind to extend cognitive capacity and
innovative thinking, overcoming the outdated notion of fixed intelligence to reduce stigma
and fear. Measure brain health: create a standardized BrainHealth Index™, a multifaceted
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measure comprised of cognitive, social, psychological well-being, real-life function, and
neural domains, to characterize and track performance on personalized brain health fitness
goals. Enhance/Maintain/Regain brain health: offer evidence-based trainings, self-paced
game-like activities, and quarterly coaching to help individuals stay motivated to continually
take steps to improve and extend their brain health and performance.

Brain Health Living Labs (BHLL)

Alzheimer’s

Alzheimer’s

BHLL is a user-centered, iterative, open-innovation ecosystem, operating in a clinical-
academic setting, integrating concurrent clinical care, research, and innovation processes
within a public-private-consumer partnership. By leveraging the BHLL model, patients,
caregivers, families, medical, allied and community health care workers, health coaches,
technology innovators, engineers, entrepreneurs, researchers, and policymakers can
collaborate and grapple with brain health challenges around the world within a connected
community setting. BHLL-based collaboration should occur during the selection,
integration, implementation, and evaluation of brain health tools and interventions based on
evolving and emerging technologies. This lab model can be integrated into current brain
health clinic infrastructure. We believe this diverse, inter- and transdisciplinary approach is
critical and will yield many unanticipated improvements and advances, especially in
developing the brain health clinic of the future [21]. Examples include: Cleveland Clinic’s
Brain Health Initiative (https://healthybrains.org/), The Oregon Center for Aging and
Technology (https://www.ohsu.edu/oregon-center-for-aging-and-technology), Integrated
Network for Completely Assisted Senior Citizen’s Autonomy, McLean Hospital Technology
and Aging Lab, part of McLean’s Institute for Technology in Psychiatry.

Drug Discovery Foundation (ADDF)

Another notable model to fuel developments in brain health is the ADDF, which uses
venture philanthropy to fund breakthrough research in academia and the biotech industry
with promise for preventing and treating Alzheimer’s disease and other dementias [49]. The
ADDF partners across disciplines with governments, philanthropy, industry, and nonprofits
such as the Bill & Melinda Gates Foundation and the American Association of Retired
Persons (AARP) to achieve this goal [50]. Any proceeds that accrue to the ADDF as a result
of a program’s success are then reinvested in additional research.

disease therapeutics megafund

A bold proposal for the Brain Economy is a public/private partnership for a “megafund”—a
portfolio approach to drug and device development in which multiple projects are
undertaken simultaneously, for the purpose of developing AD therapeutics [51, 52]. At the
time of its first proposal in 2014, the high upfront costs and the simulated risk-reward profile
of a pure Alzheimer’s disease megafund were such that a private-sector-only effort was not
financially compelling, despite the long-term costs of the disease and the importance of the
Brain Economy. In recent years, however, the increase in public funding of early stage
clinical brain research, including the BRAIN initiative and the growth in National Institutes
of Health funding for Alzheimer’s research from $600 million in 2015 to a projected $2.8
billion in 2020, has changed the scientific and investment landscape. In the portfolio, a
larger number of early stage clinical projects will tend to decrease the correlation of success
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or failure between projects, which is a crucial determinant of the financial return to the
megafund. The greater the scientific independence of each early stage project, the less likely
it will be that one failure in therapeutic development will affect another, thus raising the
overall probability of success and its contribution to Brain Capital in terms of scientific
knowledge, therapeutic development, and investment return on capital. Given the high
upfront cost estimates for a large AD portfolio ($38 billion for a portfolio of 64 projects,
according to Lo et al. [52]), a public-private partnership will be necessary for a megafund to
have its full impact on building Brain Capital.

The Global Brain Health Institute (GBHI)

GBHl is a leader in the global community dedicated to protecting the world’s aging
populations from threats to brain health [53]. GBHI seeks to mentor and train a global
community of brain health leaders through the Atlantic Fellows for Equity in Brain Health
program. Funded by the Atlantic Philanthropies and based at the UCSF and Trinity College
Dublin in Ireland, the GBHI works to improve brain health around the world and train and
support a new generation of leaders. Atlantic Fellows at GBHI involve a diverse array of
professions and disciplines including medicine, law, business, social science, journalism,
and the arts (since 2015, 117 fellows have been trained from 37 countries). The program has
funded 65 pilot projects and several Atlantic Fellows have been awarded more than $17
million to implement programs, fund projects, and conduct research in their home regions.
This program supports regional brain health initiatives, such as the Latin American Brain
Health Institute at Chile’s Universidad Adolfo Ibanez (to be launched in 2021); or the Multi-
Partner Consortium to Expand Dementia Research in Latin America (ReDLat, with an
investment of >$7.5 million). The ReDLat will identify the genetic and socioeconomic/
social determinants of health (SES/SDH) risks of neurodegeneration in Latin America and
USA. The cohort involves >4000 participants from Latin America (Argentina, Chile,
Colombia, Brazil, Mexico, Peru) and a US team (UCSF). The basic outcomes are: (1)
genetic contributions to dementia; (2) impact of SES/SDH on clinical-cognitive-
neuroimaging signatures; (3) machine-learning differentiation of genetic and SES/SDH risks
in Latin America vs. USA. This 5-year project fosters synergy and harmonization to assess
underserved dementia populations. UCSF-LAC collaborations are promoted by providing
the following: locally unavailable funding in LAC; scientific and clinical training; LMIC-
HIC associations; support for PhD/postdocs/Fellows; freely shared materials and analysis
pipelines. ReDLat brings underrepresented populations to extend existing datasets with
novel measures supporting future treatments.

These initiatives illustrate diverse financing mechanisms leading to innovative uses of
funding. Furthermore, they impute a broader context for investments beyond public and
philanthropic funds, such as business investments that imply a return on investment. These
funding structures also mitigate financial risks for governments, attract the participation of
new parties in brain health initiatives, increase innovation, and often provide ways to test
approaches that will inform future government policies and funding incentives. There are
plans for Brain Capital to be represented on the tangible asset side of corporate balance
sheets, as opposed to the intangible asset side, however, this work is still in the modeling
stage. For further details please see the recent White Paper on the Human Capital
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Accounting Framework [54]. If secured widely, this would dramatically change the
corporate benefits of supporting Brain Capital.

Embedding Brain Capital in all policies

Brain Capital requires wider-ranging policy measures from an in-all-policies approach,
broadening considerations beyond all sectors and sciences, using evidence-based
interventions, articulating existing policy initiatives from multiple government agencies, and
advocating for the importance of long-term investment in the development of cognitive,
social, and emotional skills throughout the stages of life. Neurosciences and Behavioral
Sciences can collaborate in the design of effective policies and interventions to solve
problems related to health, education, poverty, justice, citizen behavior, care for the
environment, savings, and other relevant areas of society. Health in All Policies (HiAP) is a
predicate for promoting population health and well-being by systematically initiating and
facilitating action within different non-health public policy areas [55, 56] and recognizes and
attempts to address the impact of social determinants of health and illness. Given that brain
health is greatly shaped by the social, economic, physical, and cultural environments in
which people live, work, and play, effective interventions will require an HiAP approach-
reframing health as a cross-sectorial issue for all parts of government [35, 55, 56]. HiAP
approaches have been developed in mental health [56] and dementia prevention [57]. Table 2
highlights key values of a Brain Capital in-all-policies approach.

Toward a Brain Capital Index

The central components of Brain Capital need to be formalized and developed into an
investment plan. Since one cannot manage what one does not measure, developing a Brain
Capital Index (BCI) to track the progress of this approach is critical.

If such an index were investable—as in the case of a mutual fund or exchange-traded fund—
it would encourage investment in the entire space by opening it to the passive investor.
Index-tracking funds have recently passed the $10 trillion mark of assets under management
globally, surpassing assets under active management for the first time. Attracting even a
small fraction of global passive investment using a BCI would transform the Brain Economy
as a whole. Consequently, creating a well-defined and easily computed index is a key part of
the Brain Capital Grand Strategy.

In this context, the Human Capital Index (HCI) provides a valuable example. The HCl is a
tool that quantifies the contribution of health and education to the productivity of a country’s
next generation of workers [58, 59]. Through the HCI, countries can “access how much
income they are foregoing because of human capital gaps, and how much faster they can
turn these losses into gains if they act now” [58]. Ultimately, HCI and the proposed BCI will
enable public and private entities (e.g., governments and corporations) to objectively
measure commonly overlooked indicators that fundamentally underpin overall social and
economic development and monitor outcomes over time. Table 3 shows other models that
can inform a BCI.

There are a range of potential components of the BCI (Fig. 2). Health-related metrics may
include incidence and prevalence metrics, access to care, and relapse rates. As we move
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toward a Brain Economy, educational attainment may be helpful to approximate the Brain
Skills of individuals. The output of value-adding novel products and services may help
assess innovation outputs. Co-benefits of large-scale initiatives should be captured to
understand tax revenue, IP, and employment benefits of such work. There are is also
potential for digital metrics to be captured as we outline below.

Brain imaging and digital biomarkers could contribute to the Brain Capital Index

The components of the BCI are not yet determined, but recent developments may provide
quantitative methods of doing so including neuroimaging and digital biomarkers. A global
example of applied neuroscience relevant to Brain Capital is the Enhancing Neuroimaging
Genetics through Meta-Analysis (ENIGMA) Consortium that includes research groups
across more than 40 countries and identified brain metrics in structure and function from
magnetic resonance imaging that are associated with a wide range of neurological and
psychiatric conditions [60]. In addition to imaging metrics, the ENIGMA Consortium has
identified associated genetic, environmental, demographic, cognitive, and psychosocial
factors involved in clinical syndromes. Advances by ENIGMA along with many other
longitudinal imaging studies help monitor brain health status and provide objective metrics
to help quantify Brain Capital.

Identification and validation of digital biomarkers is beginning to move into mainstream.
Behavioral measures such as patterns of interaction on smartphone devices, may help
provide a continuous indication of mood and cognition to support diagnosis, prognosis, and
treatment monitoring for different neurological and psychiatric conditions [61].

Digital biomarker-based surveillance tools are becoming increasingly ubiquitous and
provide a noninvasive and highly granular approach to assessing mood, cognition, activity,
and other biometrics. Ultimately, digital biomarkers may provide more comprehensive
insights and thus supplement an increasingly hybrid model of care that integrates insights
from technology and clinicians [62]. For example, mental health status (including specific
disorders and related symptomology) can be captured and studied using behavioral and
linguistic cues from social media data [63, 64]. Mental health condition data tracked from
digital cohorts via social media correlate with statistics obtained through traditional
methodologies, suggesting that this approach may be a promising complement to current
epidemiological practices [64]. Artificial intelligence techniques of real time surveillance of
digital medical records, for example, have proven to be superior to clinician assessments of
suicide risk using structured instruments [65, 66]. Indeed, sensitivity and specificity
permitting, digital surveillance tools enhanced by artificial intelligence may usher in a new
era of more responsive and deliberate public health interventions allowing experts to track
the progress or the effects of targeted interventions in near real time [64, 67].

Regardless of biomarker type, a careful process of translation is required to ensure they are
implemented effectively. For example, the working steps of translational psychiatry as
outlined by Licinio and Wong [68] include, in a one-way direction: (TO) discovery (via
preclinical, clinical, and epidemiological science), (T1) bench to bedside, (T2) bedside to
clinical applications (clinical trials), (T3) translation to policy and health care guidelines,
(T4) assessment of health policy and usage, and (T5) global health applications.
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Responsible innovation in Support of Brain Capital Innovation

Technology may well drive the future of public health surveillance by helping to collect and
integrate disparate sources of information and track and quantify the outcomes of Brain
Capital interventions.

Digital surveillance tools will be a core component of the transition to precision public
health [69]. Digital surveillance tools can include mobile apps and link to diverse national
datasets. Although biomarkers may be incorporated into a BCI, extreme caution and ethical
considerations must be taken [70]. Extensive measures will be needed to mitigate the
potential downsides of these new technologies, including education disparities, appropriate
policies, risk management, systems design, research, and regulatory frameworks [69].

Responsible innovation is an increasingly prominent framework and is especially critical
[71]. A recent OECD Recommendation on Responsible Innovation in Neurotechnology
proposed the first international standard in this domain [72]. It “aims to guide governments
and innovators to anticipate and address the ethical, legal and social challenges raised by
novel neurotechnologies while promoting innovation in the field.” It articulates “the
importance of (1) high-level values such as stewardship, trust, safety, and privacy in this
technological context, (2) building the capacity of key institutions like foresight, oversight
and advice bodies, and (3) processes of societal deliberation, inclusive innovation, and
collaboration.” These principles can be usefully adapted to guide the development and
implementation of novel technologies for Brain Capital.

Workforce development supporting a Brain Capital Grand Strategy

Brain health diplomacy is a model that aims to optimally shape global policy, transcend
disciplines, and marshal resources at a sufficient scale to improve national and global brain
health outcomes. This model builds on several existing theoretical frameworks including
health diplomacy, science diplomacy, and innovation diplomacy. Brain health diplomacy
seeks to protect the world’s populations from the variable threats to brain health throughout
the life span but with particular attention paid to late life; to train and connect the next
generation of brain health leaders; to collaborate in expanding preventive measures and
treatments; to transfer knowledge; and to carry out advocacy. Key examples of brain health
diplomacy include the GBHI, the Concussion Legacy Foundation, HBGI, One Mind,
European Brain Council, Alzheimer’s Association, and Alzheimer’s Disease International.
Adapted from the NESTA Innovation Policy Toolkit [73], we elucidated roles relevant to
Brain Health Diplomats including “Exploring and Assessing,” “Influencing and Promoting,”
“Cultivating and Connecting,” “Advocating and Supporting,” and *“Activating and Scaling”
[74].

Robust, transdisciplinary brain health education is critical to support the Brain Capital
strategy. The Brainstorm Lab for Mental Health Innovation provides an example of such
education [75]. It is housed within Stanford University School of Medicine’s Department of
Psychiatry and collaborates with the Schools of Business and Engineering. The Brainstorm
Lab has developed two innovative courses for undergraduate and graduate students: PSYC
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240: Designing for the 2 Billion: Leading Innovation in Mental Health and PSYC 242;
Mental Health Innovation Studio: Entrepreneurship, Technology and Policy [75].

Conclusion

The time is now to catalyze a Grand Strategy. Brain Capital can be a key component in
shaping economic resilience—linked to our digitalized, globalized, complex, and
interconnected yet fragile global economy. Brain Capital resonates with existing efforts and
helps build long-term global economic recovery that promotes brain health and brain skills
helping address urgent challenges caused and exacerbated by COVID. Current policies,
concepts and economic measures neither account for the neuroscientific drivers of
productivity nor the increasingly brain skills-focused workforce demands of the twenty-first
century. Furthermore, current approaches are insufficient to combat the rising complexity of
challenges brought about by COVID. The preservation and development of Brain Capital
positively impacts educational, social, health, institutional, and economic dimensions at the
individual and collective level. Hence, it should be considered a strategic resource for a
country, corporations, and public policies in a brain-based world. A system that fosters
collaboration among all Brain Capital stakeholders and practitioners, including economists,
philanthropists, financiers, governments, public health experts, consumers, entrepreneurs,
and neuroscientists, is needed. It is the intersection and fusion of these disciplines where
unexpected advances will arise [21]. Brain Capital harnesses transdisciplinary development
and innovation and entrepreneurship [21]. Our current reality demands innovation and action
across all levels, sectors, and systems of society and the collective world; brain health will
act as the underlying nutrient and catalysis for progress. We recommend an action taskforce
be established to further articulate and implement Brain Capital.
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BRAIN CAPITAL

Consists of 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

BRAIN SKILLS

BRAIN HEALTH BRAIN ECONOMY

Cognitive, emotional and Where most new jobs demand Creativity, systems integration,

behavi gths, plus ab cognitive, versus manual, skills, entrepreneurship, design thinking,

of disorders. where innovation is a tangible resilience, cognition, social
‘deliverable’ of employee mental cognition, emotional regulation,
productivity self-awareness and self-control

Fig. 1. Overview of the Brain Capital Modél.
This figure provides the definition of Brain Capital, as well as an explanation of sub-

components of Brain Capital i.e. Brain Health, Brain Economy and Brain Skills.
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BRAIN HEALTH

Rate of decline, Incidence, BRAIN SKILLS

prevalence, QALY, DALY, symptoms,
relapse rates, considered
“In All Policies"

Measured via digital and other
biomarkers, considered
“In All Policies’

INVESTMENTS IN SOLUTIONS,
& RESOURCES AND INFRAESTRUCTURE

NOVEL PRODUCT AND
SERVICE OUTPUTS

CO-BENEFITS

Tax revenue, employment,
IP generation, infrastructure

Fig. 2. Potential components of the Brain Capital | ndex.
QALY quality-adjusted life year, DALY disability-adjusted life year.
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