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Abstract

Large-scale biobank databases link data from thousands of participants and multiple sources such as electronic health records, surveys, imaging,
and biomarkers. These data infrastructure research initiatives have the potential to inform health care and public health solutions that can address
the needs of different populations, facilitate cross-sector collaboration, and improve the overall responsiveness of health care and public health
systems. Despite this potential, large-scale biobanks are severely underutilized to answer health policy and public health research questions. Part
of the reason is that information available in these data sources is usually collected for purposes such as improving health care within an integrated
health care delivery system or advancing precision medicine. Still, the depth and breadth of these data collection efforts around the world together
with advances in data science and artificial intelligence provide new opportunities to answer important health policy and public health questions
using large-scale biobank data.
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Large-scale biobank databases have revolutionized biomed-
ical research given their size (often hundreds of thousands of
participants), geographic coverage, and inclusion of diverse
populations.’* Many of these databases have the capacity to
link data from electronic health records (EHR), surveys, im-
aging, biomarkers, and include backend database features
that allow their linking to externally sourced information
such as spatial socioeconomic and environmental data. The
UK Biobank integrates data from half a million participants
in the United Kingdom (UK) and has more than 35 000 regis-
tered researchers in 90 countries." A similar effort in the
United States (US) is the All of Us Research Program, a study
from the National Institutes of Health that seeks to integrate
survey, EHR, physical measurement, mobility, and genomic
data from 1 million participants.”

Table 1 describes 6 examples of major large-scale bio-
bank databases around the world that include comprehen-
sive data and are largely accessible to researchers—All of
Us (US), UK Biobank, Taiwan Biobank, China Kadoorie
Biobank, 45 and Up Study (New South Wales, Australia),
and the Korea Biobank Project (South Korea). All these
large-scale biobanks include EHR and genetic data (whole
genome sequencing, genotyping, and pharmacogenomics),
and some of them facilitate the study of populations under-
represented in biomedical research such as ethnic and racial
minority groups (All of Us), include health insurance re-
cords (China Kadoorie Biobank), contain mobility data
(All of Us, UK Biobank, Korea Biobank Project), and have
long follow up periods (45 and Up Study).

Given the comprehensiveness of data included in large-scale
biobanks, these major data infrastructure research initiatives

have the potential to inform public health solutions that can
address the needs of different populations, facilitate cross-
sector collaboration, and improve the overall responsiveness
of public health systems.? Large-scale biobanks can also facili-
tate precision public health given the intentional inclusion of
different populations during the recruitment process.”

Although biomedical scientists have embraced the use of
large-scale biobanks in recent years to advance genetic re-
search, their use is more limited in health policy and public
health research. For example, a PubMed citation search over
the last 10 years of the term “health policy” retrieved 255 cita-
tions out of 15 722 citations that also included the 6 large-scale
biobank databases mentioned above. A similar search using
“genetic” instead of “health policy” results in 27 times more
citations (ie, 6884 citations).

Using biobank databases to address health
policy and public health research questions

There are many important health policy and public health re-
search questions that can be answered using large-scale biobank
databases. For example, both modifiable (eg, hypertension,
obesity) and nonmodifiable (eg, BRCA genes, Apolipoprotein
E €4 gene) factors are associated with prevalent diseases such
as cancer, cardiovascular disease, and Alzheimer’s disease.’
How do the interactions among different risk factors—both
biological and social—impact the design of public health inter-
ventions and inform the prioritization of resources allocated to
the population groups most in need? Screening for health-
related social needs (HRSNs) in health care settings is now re-
quired by the largest health insurance payer, the Centers for
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Table 1. Key large-scale biobank databases around the world.

Biobank/

Genetic data

EHR and insurance ecords Mobility data

Self-reported survey data

Years Geographic

Sample

coverage

hyperlink

Whole genome sequencing,

Collected via wearable

Integrated with EHR data

Demographics, lifestyle,

2017-present US, including US

1 million +

All of Us

genotyping,

health tracking devices

medical history, family

health history
Lifestyle, diet, mental health,

territories

(18 + years of age)

Research

pharmacogenomics
Whole genome sequencing,

Accelerometer, limited

Integrated with National

2006-present UK

500000

Program
UK Biobank

genotyping, whole exome

sequencing
Whole genome sequencing data,

time frame

Health Service records

cognitive function

(40-69 years of age)

Integrated with Taiwan

Lifestyle, medical history,

2012-Present Taiwan

Taiwan Biobank 200 000+

epigenomics, metabolomics

National Health

physical activity, diet,

smoking, alcohol
Demographics, lifestyle,

(20-70 years of age)

Insurance database
Electronic linkage with the

Whole genome sequencing,

2004-present China

512 000+

China Kadoorie

genotyping

national health insurance

system
Integrated with clinical/

medical history, medication

use
Lifestyle, medical history,

Biobank

Genotyping, phenotyping

2006-present New South Wales,

45 and Up Study 250 000+

hospital and pharmacy
records, cancer registry

Integrated with national

environmental factors

Australia

(45 + years of age)

Genotyping, planned whole

Limited, collected

Lifestyle, dietary habits,

2008-present South Korea

500000+

Korea Biobank

genome sequencing, exome

health records through physical
sequence

medical history, family

history

(40-69 years of age)

Project

activity surveys
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Medicare & Medicaid Services, but implementing screening
tools for HRSNs can be costly.® Which populations in a given
community/region or health system should be prioritized to
achieve a high return on investment?

The Public Health 3.0 framework is a call to action to de-
velop a public health data infrastructure in the US that is reli-
able, timely, and actionable for all key stakeholders involved
in improving population health everywhere.” With an enor-
mous amount of data points collected by different entities
(eg, hospitals, community-based organizations, county de-
partment of health) to improve population health, what is
the most important information that is needed from different
populations to inform policies and programs designed to bene-
fit the most people?

Questions like these ones are currently partially answered
using existing data collection efforts such as the National
Health Interview Survey and the Behavioral Risk Factor
Surveillance System. However, findings based on these data-
bases often come with limitations in implications for popula-
tion groups with small sample size, diversity of population
reached, and the data breadth included to more fully address
gaps in public health knowledge.

Strengths of large-scale biobank databases
Population sample size

Large-scale biobanks allow us to get around sample size con-
straints and may help us obtain estimates for indicators for
which there is either fragmented data or, simply, no national
data (eg, the percentage of adults with diabetes who do not
have this health condition under control®; discrimination in
medical care’). These indicators can also be estimated for
population groups that are usually excluded or not reported
in many studies given a small number of participants, specific
geographic areas such as a county or state, and study partici-
pants across time. The multiple sources of data typically inte-
grated in large-scale biobanks (eg, EHRs, self-reported
surveys, biomarkers) can also facilitate data reliability assess-
ments and the validation of estimates.

Population diversity

Advancing health equity by developing policies and programs
to support marginalized populations is an important goal but
there is limited evidence of what works for groups experiencing
health disparities.'®!" All of Us, for example, focuses recruit-
ment efforts on the inclusion of populations underrepresented
in biomedical research (defined by race/ethnicity, sexual orien-
tation and gender identity, urban or rural residence, access to
health services, age, household income, education, and disabil-
ity).? Over 80% of All of Us participants identify with at least
one of these populations and, as such, data from the study can
be used to better understand health disparities within and
across these population groups.” The data volume and geo-
graphic heterogeneity of All of Us could also serve as a source
of information for public health practitioners who are inter-
ested in adapting evidence-based interventions for a given geo-
graphic area or population.'®

Data diversity

Large-scale biobanks could potentially be used to conduct
public health monitoring where timely disease detection is
critical.'? This requires a data infrastructure that enables the
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exchange and integration of different types of data from
multiple public and private entities that support health
(ie, health care systems, state governments, national public
health agencies, and the general public). Building such in-
frastructure is a major undertaking; large-scale biobanks
could serve as testing sites to develop models for a national
and integrated health data infrastructure. Potential uses of
this data infrastructure range from infectious disease mon-
itoring to addressing chronic health conditions such as
hypertension and diabetes.'?

Considerations when using large-scale biobank
data

We have provided a few examples to demonstrate the utility of
large-scale biobank databases for health policy and public
health research. Other promising uses include identifying the
needs of populations that do not utilize public health services
or the health care delivery system, designing value-based ini-
tiatives that incorporate multiple data sources of quality indi-
cators, and supporting population health management efforts
that better integrate HRSNs. Despite these potential uses and
benefits, there are several key issues that need to be considered
when using large-scale biobank data. Most biobank studies
rely on volunteers instead of participants selected though
population-based sampling, which means that findings may
not be nationally representative and may not reflect the true
experience of the different population groups included in the
study. This concern can be ameliorated with the use of data
calibration strategies to adjust estimates and align them with
known values obtained from trusted data sources such as well-
designed national health surveys.'?

While large-scale biobanks integrate data from multiple
sources, consolidated databases may only capture a limited
profile of study participants. Participation in biobank studies
is also highly dependent on recruitment and retention strat-
egies. Missing data may be a concern if participant engage-
ment is low.

Conclusion

With the increased use of artificial intelligence and machine
learning in research, the use of massive health-related databases
to generate new knowledge will only grow.'* Large-scale
biobanks are at the forefront of biomedical research efforts—
particularly in genetic research and precision medicine—but
they are sharply underutilized to answer health policy and public
health research questions. Scientists with an interest in ad-
dressing health policy and public health issues and chal-
lenges should explore different opportunities to answer
important research questions with the best available data
even though this information may have been collected large-
ly to improve health care within an integrated health care de-
livery system or advancing precision medicine.'” Although
the intended use of large-scale biobank data has not been
strictly aligned with answering health policy and public
health research questions, the depth and breadth of these
data collection efforts around the world together with ad-
vances in data science open up exciting opportunities to an-
swer important and timely health policy and public health
questions that can help us improve health equity and popu-
lation health.
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