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Global priorities for large-scale
biomarker-based prospective cohorts
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The focus of this paper is on strategic approaches for establishing population-based prospective cohorts
that collect and store biological samples from very large numbers of participants to help identify the deter-
minants of common health outcomes. In particular, it aims to address key issues related to investigation of
genetic, as well as social, environmental, and ancestral, diversity; generation of detailed genetic and other
types of assay data; collection of detailed lifestyle and environmental exposure information; follow-up and
characterization of incident health outcomes; and overcoming obstacles to data sharing and access
(including capacity building). It concludes that there is a need for strategic planning at an international level
(rather than the current ad hoc approach) toward the development of a carefully selected set of deeply char-

acterized large-scale prospective cohorts that are readily accessible by researchers around the world.

Strategic need for large, long-term,
prospective cohorts in different
settings

Prospective cohort studies in which indi-
viduals from some particular population
are assessed in detail at the start of the
study (ideally with stored bio-samples),
with their health then followed for many
years to identify well-characterized inci-
dent cases of disease, allow the relevance
of both genetic and non-genetic risk fac-
tors (and of the interactions between
them) for many different conditions to be
investigated in the same setting. Howev-
er, depending on the duration of follow-
up, only a relatively small proportion of
the participants in a prospective study
are likely to develop any particular condi-
tion, even one that is relatively common.
Consequently, prospective studies need
to involve large numbers of participants

(e.g., hundreds of thousands) followed
for a prolonged period of time so that suf-
ficiently large numbers of cases of any
particular disease become available to
support reliable investigation of its deter-
minants.

Prospective cohort studies avoid many
of the biases inherent to retrospective
case-control studies in which individuals
who have developed some particular dis-
ease are compared with control individ-
uals without that disease, but some po-
tential biases still need to be considered
in their analysis and interpretation. For
example, prodromal disease may affect
the values of risk factors recorded at the
start of a prospective study, although
the effects of such reverse causation
can usually be minimized by restricting
analyses to individuals without particular
diseases at the start or by excluding

events that occur during the first few
years of follow-up (or even longer for
some conditions, such as chronic lung
disease or dementia). Non-representative
sampling may lead to selection bias if
prognostic variables influence participa-
tion, although the magnitude of such ef-
fects may well be small by comparison
with other potential sources of bias, as
well as with the random errors due to a
lack of sufficient numbers of cases of
the diseases of interest. That is, both sys-
tematic errors due to biases and random
errors due to too few cases need to be
considered equally seriously.

Large prospective cohorts with stored
biological samples and prolonged follow-
up involve a costly long-term commitment,
so planning new studies should involve
careful consideration of the specific evi-
dence gaps that they would fill. It should
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Box 1. Strategic needs for biospecimen-based prospective cohorts

Scale: reliable assessment of associations with risk factors requires studies in which many thou-
sands of incident cases of each health outcome of interest are recorded.

Range: evaluation of the full range of internal and external exposures, and of rates of different
diseases, requires studies to be established in some carefully selected populations.

Depth: detailed characterization of participants in carefully selected existing, as well as new, co-
horts would allow more comprehensive investigation of risk factor associations.

Follow-up: the ability to follow the health of participants long term, and to characterize their
health outcomes fully, is required for sensitive and specific disease associations.

Quality: data on health-related exposures and disease outcomes that are complete and of high
quality facilitate the reliable investigation of the determinants of disease.

be noted that, whereas associations of risk
factors with disease that are identified
within a particular study should be
enduring (subject to the range of risk factor
levels and disease rates studied: Box 1),
the risk factor levels and disease rates
within the population studied are likely to
change over time and differ from those
found in other populations. Consequently,
what is required is not that these prospec-
tive cohorts are representative of any
particular population, but instead that
they provide generalizable information
about the full range of risk factor levels
for many different diseases.

In order that the prospective cohorts
established around the world are able
collectively to provide widely generaliz-
able information about associations be-
tween risk factors and health outcomes,
there is a need to ensure that sufficiently
large numbers of participants are
included to cover the full range of many
different internal (e.g., genetic and ethnic)
and external (e.g., lifestyle and environ-
ment) exposures. Diversity in all its as-
pects is an important value in biomedical
research. Much attention has been drawn
to the lack of racial, ethnic, and ancestral
diversity in genetic studies, in particular
genome-wide association studies.” Exist-
ing cohorts may include greater ethnic
and socio-economic diversity than is
often considered to be the case (for
example, people of African ancestry in
some United States-based cohorts).
Even so, there is a need to establish addi-
tional cohorts in carefully selected set-
tings in different parts of the world in order
to support investigation of the full range of
all types of diversity of risk factors. More-
over, rates of most health outcomes differ
hugely between different populations,
and this diversity should also be encom-
passed by different studies.? The ability
to investigate the associations of a wide
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range of different exposures with a wide
range of different disease rates is likely
to generate widely generalizable findings
(for example, rare genetic variants may
identify novel therapeutic targets; risk fac-
tor levels below the “normal” range in a
population may yield novel preventative
strategies).

The SARS-CoV-2 pandemic has high-
lighted the value of having large prospec-
tive cohorts with detailed information
about exposures (including genetic data
and stored biological samples), combined
with ongoing follow-up of their health out-
comes, to help respond rapidly to health
crises. For example, such studies have al-
lowed researchers to identify those indi-
viduals at particular risk of a bad outcome
from SARS-CoV-2, which has helped in
the development of strategies for protect-
ing vulnerable individuals.”® They have
also provided efficient structures for add-
ing specific information (e.g., cohort-wide
antibody testing) that allows researchers
to study longer-term effects of infections
with different severities on health out-
comes.”® In developing strategies for
improved pandemic preparedness in the
future, prospective cohorts in different
populations will have an important role
to play.

Value of detailed characterization

of risk exposures and health
outcomes

As well as ensuring that large-scale pro-
spective cohorts are established that
involve a sufficiently wide range of expo-
sures, it is important to consider how to
ensure that each such study involves suf-
ficiently detailed characterization of the
participants to allow the full range of ex-
posures to be studied. Consequently, a
strategy of investing not only in establish-
ing additional cohorts in carefully selected
settings but also in enhancing the charac-
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terization of selected cohorts is likely to be
of greatest value for global research
(assuming the data would be made widely
available to researchers; Box 1) and
the populations that are studied. Such
enhanced characterization might include
collection of different types of biological
sample (e.g., blood, urine, and stool) that
can support many different types of as-
says (e.g., genetic, proteomic, metabolo-
mic, and metagenomic); comprehensive
assessment of previous lifestyle, environ-
ment, and health; extensive range of
anthropometric, physical, and psycholog-
ical measures; and detailed imaging and
remote monitoring data. The addition of
data on environmental exposures (e.g.,
direct assessment at the level of individ-
uals; linkage to geo-spatial data at area
level) would enhance understanding of
their relevance to incident disease.

The recent focus in large retrospective
and prospective studies has been on ge-
netic determinants of disease, chiefly as
a consequence of the technological ad-
vances that have been made in increased
throughput and reduced cost of genetic
assays (initially for genotyping but
now for large-scale exome and genome
sequencing).”'® As a consequence of
this ability to conduct genetic assays at
a very large scale, there has been an ex-
plosion of information about associations
of genetic variation with both risk factors
for disease and with many different
health outcomes.”’ The opportunity is
now arising to generate similar large-
scale information about proteomic, me-
tabolomic, and other -omic measures,
which will be of value for elucidating
causal pathways. As has been the case
with genetics, it seems likely that different
approaches will be used (i.e., different
types of assay platforms), each of which
provides complementary information. In
considering assays beyond genetics, it is
important to recognize that (by contrast
with the genome) values in these other
-omic domains are likely to vary consider-
ably over time within individuals. Conse-
quently, a potentially valuable enhance-
ment of participant characterization in
prospective  studies would involve
repeated assessment of the whole cohort
during follow-up (including collection of
biological samples and, indeed, other
types of non-genetic exposure, such as
lifestyle and environment) in order that
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the impact of changes over time on dis-
ease trajectories can be assessed
comprehensively.

In contrast to retrospective case-control
studies, which start with well-character-
ized health outcomes, prospective cohorts
start with very large numbers of people
who are characterized at baseline and
then need to have their health followed reli-
ably for many years in order to determine
which of them develop any particular con-
dition. Serious concerns in prospective co-
horts are participant retention, losses to
follow-up, and continuity of information
on disease onset. Missing health out-
comes that occur during follow-up is not
likely to produce material bias in the esti-
mates of associations of risk factors with
disease (unless retention is related to
both the risk factor and the disease
outcome), but it will reduce statistical po-
wer to detect associations.’” Conse-
quently, in choosing where to establish
prospective cohorts, it is prudent to ensure
that secure long-term follow-up of the
health of the participants can be readily
maintained. Inaccurate attribution of health
outcomes or lack of specificity (e.g., not
being able to separate ischemic and hem-
orrhagic strokes) may well lead to materi-
ally biased estimates of associations.
Consequently, there would be value in ob-
taining supplementary information specific
to particular health outcomes from medical
records (e.g., histology, imaging), as well
as by using novel tools (e.g., remote
assessments via mobile phones and
other internet-enabled devices) and imple-
menting advanced analytic tools (e.g., arti-
ficial-intelligence-assisted data mining), to
enhance both the accuracy and the speci-
ficity of diagnoses in ways that are scalable
tolarge numbers of different types of health
outcome.

Future priority setting: Incentives

for researchers and communities

Access to detailed data about very large
numbers of participants from a limited
number of prospective cohorts in carefully
selected settings, with detailed information
about the health outcomes occurring dur-
ing prolonged follow-up, is likely to be of
greater value for international research
than a larger number of less well-charac-
terized cohorts. The International Hun-
dredK + Cohorts Consortium (IHCC)
Global Cohorts Atlas (https://atlas.

ihccglobal.org/)'® can help to identify
both those cohorts that are likely to provide
the greatest return on further investment in
their enhancement and those settings in
which additional cohorts might best fill
gaps in the range of risk factors and health
outcomes that can be studied (i.e., in order
to address all forms of diversity). Previous
experience in setting up cohorts in
different settings can help to ensure that
any new cohorts are established in ways
that increase the likelihood of their suc-
cessful recruitment and long-term follow-
up.'* Emphasizing the utility of the findings
that emerge from such cohorts for the pop-
ulation in which they are embedded may
encourage engagement from national gov-
ernments, health care providers, and the
wider public, facilitating their long-term
maintenance. All of these factors are likely
to be critical to ensuring the financial and
operational (e.g., field work, sample stor-
age, etc.) sustainability of such studies,
and new funding strategies should also
be considered (including the involvement
of diverse types of financial institution
and private companies interested in the
potential for enabling important discov-
eries).

There is also a need to consider how
best to incentivize the scientists who do
the work to develop and maintain such re-
sources (i.e., what is a reasonable aca-
demic return for them) especially in
resource-poor settings where analytic ca-
pacity is often limited. This is likely to
require some periods of protected access
for the creators of cohorts, as well as for
other local researchers, in order to maxi-
mize benefits for the local community. In
addition, funders should consider how
best to invest in developing research ca-
pacity in such settings (e.g., core support,
training opportunities) to enhance the
ability of local researchers and to develop
the “cohort leaders of tomorrow.” Efforts
should also be made to explain the value
of such studies for improving health na-
tionally to governments and the wider
public. The development of technical so-
lutions (e.g., locally hosted cloud-based
platforms that allow use of data to be
monitored) may help to address concerns
about allowing access by external re-
searchers to genetic and other biomedical
data (such as the restrictions on use that
exist explicitly in India and China, and
implicitly in some other locations), as
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well as facilitating collaboration and
cooperation between different cohorts. '®
In addition, such approaches may make
it possible for researchers with limited
local computing facilities not only to ac-
cess but also to analyze these increas-
ingly large prospective cohort datasets
provided they are given sufficient guid-
ance and support as the data become
increasingly complex.

In conclusion, large prospective co-
horts with stored biological specimens
may well transform our understanding of
the causes, prevention, and treatment of
disease globally. For example, infections
that are common in many low- and mid-
dle-income countries (such as malaria
and tuberculosis) may have associated
genetic and environmental risk factors
(other than the relevant pathogen) that
make infection or progression to disease
more probable. Likewise, studies of risk
factors for chronic diseases that are com-
mon in high-income countries may
become increasingly relevant to devel-
oping countries as lifestyles in their popu-
lations change. However, given the
financial and organizational cost of estab-
lishing, maintaining, and enhancing large
prospective cohorts, a globally strategic
approach to their establishment is
required. Such an approach would help
to ensure that these cohorts are sustain-
able and accessible by the international
research community as a whole for the
widest possible range of investigation
into the genetic and non-genetic determi-
nants of many different health conditions
across informatively diverse populations.

ACKNOWLEDGMENTS

This commentary was written by a working group
created jointly by the International Common Dis-
ease Alliance (ICDA) and the International Hun-
dredK+ Cohorts Consortium (IHCC).

AUTHOR CONTRIBUTIONS

The conceptualization of this paper derived from a
series of discussions among the authors. The first
author produced the initial draft and revised the pa-
per in accordance with comments and edits pro-
vided by all of the co-authors who approved the
final version.

DECLARATION OF INTERESTS

R.C. is the principal investigator (Pl) and CEO of UK
Biobank; Z.C. is the co-PI of the China Kadoorie

Cell Genomics 2, 100141, June 8, 2022 3



https://atlas.ihccglobal.org/
https://atlas.ihccglobal.org/

¢? CellPress

OPEN ACCESS

Biobank; M.G. is the PI of the Million Veteran Pro-
gram; G.G. is the chief medical and scientific offi-
cer of the All of Us Program; P.K.. is the director
of Proyecto OriGen; A.M. is the head of the Esto-
nian Biobank; and N.M. is on the advisory board
of Cell Genomics.

REFERENCES

1. Bustamante, C.D., De La Vega, F.M., and
Burchard, E.G. (2011). Genomics for the world.
Nature 475, 163-165.

2. Global Burden of Diseases and Injuries Collab-
oration (2020). Global burden of 369 diseases
and injuries in 204 countries and territories,
1990-2019: A systematic analysis for the
Global Burden of Disease Study 2019. Lancet
396, 1204-1222.

3. World Health Organization (2021). World
Health Statistics 2021: Monitoring Health for
the SDGs, Sustainable Development Goals.
https://apps.who.int/iris/bitstream/handle/10665/
342703/9789240027053-eng.pdf.

4. Ho, F.K,, Celis-Morales, C.A., Gray, S.R., Kati-
kireddi, S.V., Niedzwiedz, C.L., Hastie, C., Fer-
guson, L.D., Berry, C., Mackay, D.F., Gill, J.M.,
et al. (2020). Modifiable and non-modifiable
risk factors for COVID-19, and comparison to
risk factors for influenza and pneumonia: re-
sults from a UK Biobank prospective cohort
study. BMJ Open 70, e040402.

4 Cell Genomics 2, 100141, June 8, 2022

. Mutambudzi, M., Niedwiedz, C., Macdonald,

E.B., Leyland, A., Mair, F., Anderson, J.,
Celis-Morales, C., Cleland, J., Forbes, J., Gill,
J., et al. (2020). Occupation and risk of severe
COVID-19: Prospective cohort study of 120
075 UK Biobank participants. Occup. Environ.
Med. 78, 307-314.

. Seligman, B., Ferranna, M., and Bloom, D.E.

(2021). Social determinants of mortality from
COVID-19: A simulation study using NHANES.
PLoS Med. 78, e1003490.

. Douaud, G., Lee, S., Alfaro-Almagro, F.,

Arthofer, C., Wang, C., McCarthy, P., Lange,
F., Andersson, J.L.R., Griffanti, L., Duff, E.,
et al. (2022). SARS-CoV-2 is associated with
changes in brain structure in UK Biobank. Na-
ture 604, 697-707.

. Bai, W., Raman, B., Peterson, S.E., Neubauer,

S., Raisi-Estabragh, Z., Aung, N., Harvey,
N.C., Allen, N., Collins, R., and Matthews,
P.M. (2021). Longitudinal changes of cardiac
and aortic imaging phenotypes following
COVID-19 in the UK Biobank Cohort. Preprint
at medRxiv. https://doi.org/10.1101/2021.11.
04.21265918.

. Uffelmann, E., Huang, Q.Q., Munung, N.S., de

Vries, J., Okada, Y., Martin, A.R., Martin, H.C.,
Lappalainen, T., and Posthuma, D. (2021).
Genome-wide association studies. Nat Rev
Methods Primers 7, 59.

10.

11.

12.

13.

14.

15.

Cell Genomics

Martin, A.R., Kanai, M., Kamatani, Y., Okada,
Y., Neale, B.M., and Daly, M.J. (2019). Clinical
use of current polygenic risk scores may exac-
erbate health disparities. Nat. Genet. 57,
584-591.

Buniello, A., MacArthur, J.A.L., Cerezo, M.,
Harris, L.W., Hayhurst, J., Malangone, C.,
McMahon, A., Morales, J., Mountjoy, E., Sollis,
E., et al. (2019). The NHGRI-EBI GWAS Cata-
log of published genome-wide association
studies, targeted arrays and summary statis-
tics 2019. Nucleic Acids Res. 47, D1005-
D1012.

Bennett, D.A. (2003). Review of analytical
methods for prospective cohort studies using
time to event data: Single studies and implica-
tions for meta-analysis. Stat. Methods Med.
Res. 712, 297-319.

Manolio, T.A., Goodhand, P., and Ginsburg, G.
(2020). The International Hundred Thousand
Plus Cohort Consortium: Integrating large-
scale cohorts to address global scientific chal-
lenges. Lancet Digit Health 2, e567-e568.

Chen, Z. (2020). Population Biobank Studies: A
Practical Guide (Springer).

Langmead, B., and Nellore., A. (2018). Cloud
computing for genomic data analysis and
collaboration. Nat. Rev. Genet. 719, 325.


http://refhub.elsevier.com/S2666-979X(22)00074-X/sref1
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref1
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref1
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref2
https://apps.who.int/iris/bitstream/handle/10665/342703/9789240027053-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/342703/9789240027053-eng.pdf
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref4
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref5
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref6
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref6
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref6
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref6
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref7
https://doi.org/10.1101/2021.11.04.21265918
https://doi.org/10.1101/2021.11.04.21265918
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref9
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref9
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref9
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref9
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref9
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref10
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref10
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref10
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref10
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref10
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref11
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref12
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref12
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref12
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref12
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref12
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref13
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref13
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref13
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref13
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref13
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref14
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref14
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref15
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref15
http://refhub.elsevier.com/S2666-979X(22)00074-X/sref15

	Global priorities for large-scale biomarker-based prospective cohorts
	Outline placeholder
	Strategic need for large, long-term, prospective cohorts in different settings
	Value of detailed characterization of risk exposures and health outcomes
	Future priority setting: Incentives for researchers and communities

	Acknowledgments
	References


