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Objectives: Increasing access to health data through biobanks containing genetic information has the potential to expand the
knowledge base and thereby improve screening, diagnosis, and treatment options for many diseases. Nevertheless, although
privacy concerns and risks surrounding genetic data sharing are well documented, direct evidence in favor of the hypoth-
esized benefits of data integration is scarce, which complicates decision making in this area. Therefore, the objective of this
study is to summarize the available evidence on the research and clinical impacts of biobanks containing genetic information,
so as to better understand how to quantify the value of expanding genomic data access.

Methods: Using a rapid review methodology, we performed a search of MEDLINE/PubMed and Embase databases; and
websites of biobanks and genomic initiatives published from 2010 to 2022. We classified findings into 11 indicators including
outputs (a direct product of the biobank activities) and outcomes (changes in scientific and clinical capacity).

Results: Of 8479 abstracts and 101 gray literature sources were reviewed, 96 records were included. Although most records
did not report key indicators systematically, the available evidence concentrated on research indicators such as publications
and gene-disorder association discoveries (63% of studies), followed by research infrastructure (26%), and clinical indicators
(11%) such as supporting the diagnosis of individual patients.

Conclusions: Existing evidence on the benefits of biobanks is skewed toward easily quantifiable research outputs. Measuring a
comprehensive set of outputs and outcomes inspired by value frameworks is necessary to generate better evidence on the
benefits of genomic data sharing.
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Introduction

Health-related data repositories containing human genetic
information (and more broadly big data) have experienced sub-
stantial growth in the last decade.1,2 The global healthcare data
storage market had grown to . $3 billion USD in 2020,3 and it is
estimated that approximately 25 petabytes of genomic data will
be produced worldwide annually by 2023.1 Biobanks, which are
defined as a collection of biological and linked health information
with the goal of supporting research in medicine and health,4,5 are
a common form of data repository that varies in size, research
topic, specimens collected, users, procedures for sample collection
and storage, and other attributes.4,6 There is an implicit assump-
tion that there is substantial value in integrating this type of data
and making it broadly accessible to researchers and clinicians.
Nevertheless, a comprehensive description of the expected ben-
efits from advances in scientific knowledge derived from accessing
and integrating data through biobanks had not been systemati-
cally addressed until recently.7 In contrast, the data privacy con-
cerns and risks associated with greater genomic data access and
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sharing through the establishment and maintenance of biobanks
are well documented in the literature.8-10 Therefore, the paucity of
empirical evidence for the hypothesized direct and indirect ben-
efits of biobanks7 makes demonstrating the value of biobanks (in
broad terms, their efficiency to deliver benefits with respect to
financial and nonfinancial costs11) challenging, even though
balancing the benefits with privacy risks and other costs is crucial
to fostering their sustainability and societal acceptance.12–14

Although the value framework proposed by Rush et al7 pro-
vides some initial guidance on characterizing potential benefits by
outlining a set of indicators primarily focused on outputs such as
publications, patents, grants, collaborations, conference pre-
sentations, and projects supported by the biobank, privacy con-
cerns and risks should ultimately be balanced against concrete
outcomes (eg, scientific discoveries, changes in clinical manage-
ment). From a program evaluation perspective, outputs, defined as
the direct products or services derived from the activities of the
biobank, differ from outcomes, which generally describe measur-
able changes in capacity (scientific, clinical, or other) that are
derived from outputs or other outcomes and that represent
armacoeconomics and Outcomes Research, Inc. Published by Elsevier Inc.
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concrete results15 such as a measurable increase in the scientific
knowledge base, or changes in clinical processes such as diagnosis
and treatment.

Therefore, the objective of this study was to summarize the
available evidence on the outputs and outcomes resulting from
biobanks containing genetic information, in an effort to comple-
ment and build upon the conceptual literature on value frame-
works for biobanks7,16-18 and the emerging evidence on biobank
outputs and outcomes for specific conditions (eg, rare diseases19

and cancer care20). Note that, throughout this study, “outcome”
is used interchangeably with “impact” (which in program evalu-
ation often refers to “ultimate outcomes” that reflect changes in
the state, conditions, or wellbeing of the ultimate beneficiaries of
an initiative). Instead, we emphasize the differences between
outputs and outcomes (whether intermediate or ultimate) and use
the term “indicator” to refer to a unit of measurement for both
outcomes and outputs. Given the high degree of heterogeneity
among relevant studies (which precluded the use of critical
appraisal checklists or quantitative evidence synthesis), as well as
the existing paucity of collected evidence in this area, we identi-
fied a rapid review methodology as the most appropriate and
resource efficient approach. Results from this review will provide
an overarching perspective on the current evidence landscape on
the benefits of biobanks and highlight those areas with the most
need for further evidence generation.

Methods

This study followed a rapid review methodology using rec-
ommendations provided by the Cochrane Rapid Review Methods
Group,21 with the aim of summarizing the literature in a sys-
tematic and reproducible manner while being resource efficient
and streamlining the review process.22,23 Before initiating the
study, a scan was conducted on PROSPERO and Cochrane on July
19, 2021 and no similar protocols were found.

Biobank Definition

We used a broad definition of a biobank that included all forms
of data repositories in which patient-level human genetic infor-
mation is housed. We defined genetic information as both deox-
yribonucleic acid and ribonucleic acid data from any human tissue
sample (including tumor biopsies) obtained using any sequencing
or other genetic testing technology. This definition also includes
genetic data that has been obtained from a biological sample, even
if the biological sample is no longer stored within the biobank.

Search Strategy

The search strategy was jointly developed by a subgroup of
coauthors (E.R.L., N.K., K.B., N.D., L.D.L.) with experience con-
ducting systematic and scoping literature reviews. We conducted
our search on July 23, 2021 (updated February 8, 2022), using the
PubMed/MEDLINE and Embase databases and limited the search
to articles published between January 1, 2010 and February 8,
2022. There have been dramatic changes in the technology used
for genetic sequencing in the last decade, and limiting the search
to 2010 onward captures the more recent and applicable genetic
testing technology and associated stored data. Database searches
were performed using Medical Subject Headings terms and key-
words related to biobanks and biorepositories as well as terms
related to outputs and outcomes. Full search terms are listed in the
Supplemental Methods found at https://doi.org/10.1016/j.jval.2
023.02.017. Furthermore, we used a list of biobanks and genomic
data initiatives from the Global Alliance for Genomics and Health
(accessed July 19, 2021 available from https://www.ga4gh.org)
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and directly checked their websites to identify relevant gray
literature sources. Given the a priori expectation of limited evi-
dence on outputs and outcomes based on the existing literature7
and aiming to assess all available evidence, we allowed for the
inclusion of abstracts (ie, even when no full-text was available) if
information of interest was provided within the abstract. We also
allowed for the inclusion of team suggestions, based on the same
inclusion criteria. The multidisciplinary background of the team
includes medical genetics, genetic counseling, epidemiology,
pharmacy, and health economics. Given the heterogeneity of our
search strategy, we will refer to records, which is defined as any
unique source, whether peer-reviewed publication, biobank
website or resource, or conference abstract.

Study Selection

Eligibility criteria included records published in English,
French, or Spanish that contained information on outputs and
outcomes that could result from the use of a biobank data re-
pository. Information on outputs/outcomes needed to be evidence
based rather than potential/hypothetical indicators, or isolated
examples that were not demonstrative of a tangible, measurable
output/outcome. To capture the impacts on scientific knowledge,
we included reviews or compilations that summarized the bio-
bank contribution to gene and gene-related associations discov-
eries. Nevertheless, due to the volume of records and the inability
to quantify the value of a single discovery, we chose not to include
records reporting on an individual gene- or variant-related (spe-
cific gene change/mutation) finding. All patient types and all
therapeutic areas were considered as long as their data were
collected with intended clinical application related to human
disease. Additional details on the inclusion and exclusion criteria
are described in the Supplemental Methods found at https://doi.
org/10.1016/j.jval.2023.02.017.

Article Screening

Four reviewers (E.R.L., N.K., K.B., N.D.) conducted title and ab-
stract screening, such that 2 reviewers screened each article. We
performed 2 pilot exercises of 100 articles each to calibrate and
adjust our screening criteria. Any disagreements were resolved
through consensus between the 2 reviewers. Four reviewers
(E.R.L., N.K., K.B., L.W.) conducted full-text review using stan-
dardized criteria, such that 2 reviewers assessed each article.
Disagreements were resolved through consensus between the 2
reviewers and, if needed, team discussion.

Data Extraction and Synthesis

Data extraction was performed on all of the included records
by one of 3 reviewers (E.R.L., L.W., N.K.). We piloted the data
extraction form on 4 records before implementing full data
extraction. A second reviewer verified the data extraction sheets
to check that they were complete. Discrepancies were resolved by
consulting the original data source and through consensus be-
tween the 2 reviewers. The fields for data extraction included 3
main areas: (1) record information, (2) descriptive information
about the biobank, and (3) reported output and outcome in-
dicators. An initial set of individual indicators was developed
following items provided by the value framework proposed by
Rush et al7 and the limited systematized evidence existing on
biobank impacts.19 Further indicators were created when outputs/
outcomes found could not be fit into the existing indicators.

Evidence on outputs and outcomes was synthesized using the
Synthesis Without Meta-Analysis reporting guidelines.24 Given
that extracted indicators refer to a specific moment in time and
are not always comparable across records, we sought to describe
ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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the variety, frequency, and direction of change of indicators re-
ported. Consequently, following Synthesis Without Meta-Analysis
guidelines, rather than providing summary statistics for quanti-
tative indicators, we used direction of effect as a standardized
metric and vote counting (ie, providing the number of records
with positive and negative effects) as our synthesis method.24

Finally, we did not conduct a critical appraisal of the included
records given their heterogeneity and because the majority were
descriptive (ie, reporting general results rather than testing a
hypothesis).
Results

From 8479 records initially identified from databases and 101
from gray literature sources, 96 unique records were included in
the final review (46 articles, 32 gray literature resources, and 18
abstracts). The selection process is outlined in Figure 1. We framed
our results as the number of records rather than the number of
biobanks as the unit of analysis with the aim to characterize the
variability and size of the body of evidence around outputs and
outcomes. Consequently, several records can be associated with 1
biobank, and 1 record can include and aggregate outputs/out-
comes across .1 biobank.

The characteristics of the 96 unique records are detailed in
Table 1. Most records were published after 2019 and the most
frequent region/country of publication was the United States
(41%), followed by Europe (31%). We found 5 literature reviews, 3
meta-analyses, and 2 other records that reported the analysis of
several biobanks grouped in a network, with the remaining re-
cords referring to a single biobank, which also includes research
Figure 1. PRISMA diagram.
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PRISMA indicates Preferred Reporting Items for Systematic Reviews and Meta-Analys
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projects or centers associated with a biobank. Although 84 records
addressed the complete biobank data, 12 records included only a
subset of the biobank data. Disease categories were mostly
nonspecific (49%) or centered on cancer (23%).

As a way of organizing and presenting the results of the review,
we developed a taxonomy of outputs and outcomes (described in
Fig. 2), which groups 11 types of indicators into 3 categories: (1)
research infrastructure, (2) research studies, and (3) clinical out-
puts and outcomes. The “research infrastructure” category in-
cludes outputs such as grant funding and collaborations as well as
outcomes such as increased racial, ethnical, or ancestral diversity
in genomic databases. These can provide the foundation for spe-
cific “research studies,” whose outputs and outcomes are
measured with indicators such as the number of gene and variant-
related discoveries, publications, projects, presentations, and
patents. Finally, the “clinical outputs and outcomes” category
contains indicators related to patient care. Additionally, the clas-
sification structure incorporates the translational research process
for population biobanks (converting data into knowledge, fol-
lowed by turning knowledge into clinical practice).25

Overall, we found 208 indicator data points across all 96 re-
cords. Most indicators identified were in the research study
category, followed by research infrastructure and then clinical
(Fig. 3A). Additionally, most records (52 of 96, 54%) reported in-
dicators in only 1 category, and 7 records reported at least 1 in-
dicator in all 3 categories (Fig. 3B). Below we expand on records
found for each category and indicator (Table 219,20,26-119). Further
details on included records and indicators are presented in
Appendix Table 1 found at https://doi.org/10.1016/j.jval.2023.02.
017, and external resources can be consulted for additional back-
ground on genetic terminology.120
Records published before 2010
(n = 308)

Records excluded
(n = 5,367)

ll-text articles excluded, with reasons
(n = 107)

No outcomes of interest (n = 84)
Not a biobank (n = 13)
No genetic information (n = 4)
Full-text could not be obtained and no
available abstract information (n = 2)
Other languages (n = 2)
Additional duplicates (n = 2)

Records identified from
grey literature sources

(n=101)
and team suggestions

(n=3)

Records excluded
(n=70)

ded in final review
n = 96)
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Table 1. Record characteristics (96 unique records).

Characteristics Number of records (%)

Year of publication*

2010-2014 7 (10.9)

2015-2016 9 (14.1)

2017-2018 8 (12.5)

2019-2020 26 (40.6)

2021-2022 14 (21.9)

Region/country of publication†

North America 31 (48.4)

United States 28 (41)

Canada 3 (4.5)

Europe 20 (31.3)

Australia 5 (7.8)

Asia 7 (10.9)

Africa 1 (1.6)

Type of study

Literature reviews 7 (7.3)

Meta-analyses‡ 3 (3.1)

Description of biobank networks 2 (2.1)

Description of a single biobank 84 (87.5)

Disease categories

Not specific 47 (48.9)

Cancer 22 (22.9)

Rare diseases (excluding cancer) 7 (7.3)

Cardiovascular disease 2 (2.08)

Others 15 (15.63)

Scope of data used in analysis

Complete biobank 84 (87.5)

Subcohort§ 12 (12.5)

*Excludes gray literature sources, which were all accessed in 2022.
†Refers to first author and excludes gray literature sources.
‡Meta-analyses refers to the combination of data from a group of biobanks.
§When the analysis provided includes a subcohort (ie, not the entirety of
information available at the moment from the biobank).
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Research Infrastructure

Grants and collaborations
Grants and collaborations can facilitate research, improve

biobank information, and, overall, enhance research and clinical
indicators. This review found 18 records that reported grants or
any type of funding obtained to support the work of the biobank.
Sources of funding, uses (eg, initial funding vs funds obtained by
leveraging biobank data), or specific amounts were not always
specified. In addition, collaborations were reported in 29 records,
and they were established in the form of specific studies, research
groups, or companies using the biobank information or expanding
it through additional data linkages.

Increased representation
One key outcome that facilitates genomics research is the

increased representation enabled by accessing large racially,
ethnically, and/or ancestrally diverse data repositories with the
potential for continuous addition of information and reanalysis.
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Four records reported contributing to reference genetic data for
individuals not of European background. Specific examples
include making accessible genetic information for the Taiwanese
population not previously used in genetic research,44 the creation
of a customized single nucleotide polymorphism array optimized
for the Han Chinese population (Taiwan Biobank),61 a Japanese
reference genome (Tohoku University Tohoku Medical Mega-
bank),62 and a Qatari gene chip containing gene variants specific
to the Qatari population (Qatar Genome Project Biobank).27

Additionally, the benefits of larger samples of individuals were
highlighted in a meta-analysis uncovering the genetics of idio-
pathic pulmonary fibrosis, which allowed the researchers to study
population specific, rare, and sex-dependent variant effects.60

Research Studies

Publications, projects, presentations, and patents
Notably, the most frequently reported indicator (included in 54

records) among all 3 categories was a list or the number of
scientific publications that used samples or data from the biobank.
A subset of these 54 records also included impact factors28,64,66

and citations of the publications that used biobank
information.28-31,45,46 The number of publications using biobank
information varied greatly across records and biobanks, and
reporting was not always consistent in terms of including time-
lines or summary statistics. Among those 28 records that reported
publications with clear timelines, the average number of publi-
cations was 123 per year (SD 323). The UK Biobank29 and the
database of Genotypes and Phenotypes67 reported the most with
an average of 1224 and 1275 annual publications using their data,
respectively, whereas some disease specific biobanks reported
only one publication per year, on average (the Genetics of Type 2
Diabetes Consortium47 and the Cancer Cell Line Encyclopedia
project48). In addition, 38 records reported research projects but
only 1 disaggregated them by progress (ie, approved vs
completed).27 As with publications, the number of projects varied
across records, and time spans for conducting the projects were
not always reported, making comparisons between records diffi-
cult. A fewer number of records included conference pre-
sentations/abstracts or patents (5 and 4 in each category,
respectively).

Gene- and variant-related discoveries
We included 32 records that reported multiple gene- and

variant-related discoveries. Some common areas included the
development of risk scores, pharmacogenomics, newly discovered
genes and/or variants, genome-wide significant loci, and gene-
disorder, and gene-trait associations.

In particular, 3 records96,99,100 reported on the development of
risk scores—a predictive measure of disease susceptibility—from
genetic data in biobanks. One meta-analysis used several biobanks
to show how polygenic risk scores can play a role in prioritizing
risk factors that are modifiable through medical treatment.96 Four
additional records focused on pharmacogenomics, studying how
genetic variants affect patients’ responses to drugs.61,101-103

Notably, a study using the UK Biobank103 found that when 14
genes with known pharmacogenetic variants were examined,
biobank participants were predicted to have an atypical response
to an average of 10 drugs, and 24% of individuals had been pre-
scribed 1 of these drugs.

Other frequently reported examples of this type of outcome
were newly described genes, variants, or genome-wide signifi-
cant loci (ie, new regions within the genome that have been
found to be associated with a condition). For example, a review of
findings discovered using the 100 000 Genomes Project data
ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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Figure 2. Outputs and outcomes synthesized by indicators and categories.
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reported 47% of variants not previously observed in other large
scale publicly available data sets and . 30 novel genes and
disease-causing variants in the noncoding space of the
genome.104 Notably, all 3 meta-analyses and records on biobank
networks reported results related to newly described genes,
variants, or genome-wide significant loci. The largest one, a
meta-analysis of 19 biobanks,97 detected 188 novel genome-wide
significant loci across 14 conditions and uncovered 30 novel loci
specifically for gout. Two meta-analyses60,97 also reported on the
advantages of incorporating non-European samples (a research
infrastructure indicator) as a strategy to increase the identifica-
tion of novel genome-wide significant loci. Although most re-
cords reported new discoveries, others used the biobank to
replicate known associations and indirectly validate the data
used.49,68,105 Finally, 2 records from the UK Biobank reported a
substantial increase in loss-of-function variants observed when
the number of individuals with genetic data in the biobank
increased.50,106 This is particularly significant for the translation
of knowledge into clinical practice because loss-of-function var-
iants can be clinically relevant.
Figure 3. Indicators and records reported.
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Appendix Table 2 found at https://doi.org/10.1016/j.jval.2023.
02.017 expands on those records from literature reviews, meta-
analyses, and descriptions of biobank networks that reported
some gene- and variant-related discovery.

Clinical Outcomes and Outputs

Development of guidelines
Support for guideline development was reported in 4 records

as an output of biobanks. In 1 case, research from the biobank on a
specific oral therapy was widely adopted and recommended in
consensus guidelines for treatment of cytomegalovirus disease.69

For 2 other records, use of the biobank data led to a more stan-
dardized approach for the assessment of muscle strength among
children32 and contributed to formalizing a first of its kind audit
for a surgical technique.89 Finally, a literature review on rare dis-
eases19 concluded that, by facilitating multicenter collaboration,
discussions stemming from research conducted using the biobank
led to expert discussion about treatment protocols and best
practices.
Records (n=96) by number of Categories
with at least one indicator reported

NUMBER OF CATEGORIES REPORTED

52

37

2 31

7
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Table 2. Number of records (and associated references) by indicator and study type.

Categories Indicators Reviews, meta-analysis, and
descriptions of biobank
networks (n = 10)

Description of individual biobanks
and research center/projects
(n = 86)

Number
of records

References Number
of records

References

Research
infrastructure

Grants 2 20,26 16 27-42
Collaborations 2 19,43 27 27,28,30–34,37,39,40,42,44–59
Increased
representation

1 60 4 27,44,61,62

Research studies Publications 7 19,20,26,43,63–65 47 27–31,33–36,38–41,44–48,54,55,57–59,62,66-88
Projects 5 19,20,26,43,64 33 27–29,32,35,39,40,42,48,51,53,55–57,62,

66,69,70,74,75,77,81,83–85,87,89–95
Presentations 5 27,37,39,55,59
Patents 4 29,36,66,70
Gene- and
variant-related
discoveries*

7 26,43,60,63,96–98 22 31,46,49,50,55,61,68,70,76,95,99–110

Clinical outputs
and outcomes

Developed guidelines 1 19 3 32,69,89
Improved diagnosis
and treatment support

5 19,20,26,43,111 14 27,36,70,91,104,109,112–119

*Note that given the broad scope of this indicator one record can report .1 gene- and variant-related discovery. In particular, 29 records reported a total of 32
discoveries, defined as novel findings related to the role of a specific gene, loci, or variant in human disease.
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Improved clinical diagnosis and treatment support
Nineteen records reported an impact in terms of obtaining a

genetic diagnosis, which in some records resulted in opportunities
for management, whether in the form of genetic counseling,26

referrals to additional specialists,27 or pharmacological interven-
tion.112,113 For example, for participants in the Precision Oncology
for Young People Collaborative Program114 and in the 100 000
Genomes Project for rare diseases,63 treatment or medical man-
agement recommendations were provided to 82% and 25% of
participants, respectively. Results also reflected how the use of
data from biobanks to support treatment decisions and diagnoses
is increasing to include cascade testing for relatives and to eval-
uate population-wide screening programs in unselected pop-
ulations.115 Notably, as a result of data stored in biobanks,
diagnoses could be achieved retrospectively, from further infor-
mation being stored and reanalyzed leading to new diagnoses in
individuals who originally had uninformative genetic testing.19,120
Discussion

The evidence summarized by our review suggests that bio-
banks containing genetic information and genomic data initiatives
have succeeded in expanding the scientific knowledge base and
affecting clinical practice and improving care. We created a tax-
onomy to structure our findings that broadens the scope of bio-
bank benefits beyond outputs (a direct product of the biobank
activities) to also include results with impacts on the knowledge
base and clinical practice (the outcomes). Furthermore, indicators
are divided into 3 main categories based on their contribution to
the knowledge translation process: research infrastructure,
research studies, and clinical output and outcomes. We found
most evidence (63% of studies) was focused on research study-
related outputs and outcomes (see Fig. 2), particularly the num-
ber of publications and gene-disorder association discoveries,
with far fewer reporting about clinical impact or practice changes.
Notably, findings on research studies and infrastructure outcomes,
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including increased representation and a wide range of gene- and
variant-related discoveries, highlight the unrealized value in data
sharing and integration through biobanks.

Consistent with our results, a previous systematic review on
biobanks for rare diseases19 found predominance on research
activity outputs. Additionally, a review of high impact publications
from the UK Biobank found no immediate clinically relevant im-
provements in risk prediction, screening, or treatment arose from
the biobank.121 Although we also found no clinical outputs or
outcomes reported among records corresponding to the UK Bio-
bank, we did find some indicators within the clinical category
(Fig. 2) reported by other biobanks, mostly related to genetic
diagnosis, but also treatment and guideline development.

We also found that only 6 records (excluding biobank web-
sites) stated that one of their core objectives was to summarize
results from biobank use (whether at an output or an outcome
level), with the rest only reporting indicators incidentally and
with great disparities in reporting standards. In addition, biobanks
websites, the resource most accessible to all stakeholders, mostly
reported on easily quantifiable outputs such as publications,
grants, and collaborations, rather than outcomes resulting from
biobank activities (eg, new discoveries, improvements in patient
care). The variability of reported indicators, besides a lack of
intentional collection and reporting, could also be driven by failing
to apply a comprehensive value framework. Although some bio-
bank evaluation literature7,16,17 and work on biobank/bioresource
impact factors18,122,123 exists, the most comprehensive model was
only published recently (2020)7 and thus has not been widely
applied. Indeed, among all 96 records included in this review, we
found no intentional use of existing value frameworks for bio-
banks, with one exception,20 which likely contributed to the low
number of records (n = 7) containing at least one indicator in all 3
categories.

Additionally, how biobanks expand the knowledge base and
affect clinical care should be complemented with a close analysis
of internal metrics of biobank operation. These include success-
ful interoperability between biobank-related systems such as
ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
in autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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registries and electronic medical records for detailed and accurate
phenotypic information, as well as quality of sample collection,
processing and analysis, and cost and human resources. Although
not the focus of this review, we should acknowledge that these
factors could represent barriers in successful knowledge trans-
lation and should be investigated in further studies.

Results from this study should be considered in light of its
limitations. First, given the rapid nature of the review and its
associated constraints depending on chosen steps,124 we may have
excluded relevant records reporting outputs/outcomes. Never-
theless, considering the rigor of our review process and inclusion
of a variety of sources, it is likely that excluded studies (if any) did
not affect the trends and main results found by the review. Like-
wise, by including abstracts and not conducting critical appraisals,
the quality of the included evidence likely varies. Second, overlap
among the indicators can exist and that might have not been
acknowledged by the original source. For example, gene-disorder
discoveries that also resulted in publications could be counted
more than once within the research studies category. Similarly,
given that most records only reported output/outcome indicators
incidentally, collection was based on wording use by the authors
without the reviewer conducting data extraction making addi-
tional derivations or assumptions. Consequently, some indicators
might have not been reported though in fact collected by the
biobank. Third, by not including individual gene- and variant-
related discoveries, the number of such discoveries is likely
understated for biobanks that have not published a review or
summary of the findings. Finally, and most importantly, we issue a
word of caution on interpreting the link between greater data
access through biobanks and resulting outputs/outcomes. In most
records included in this review, no alternative scenario to compare
with the use of the biobanks was provided, and in the case of
research centers or projects with an associated biobank, the link
becomes less clear due to the lack of comprehensive reporting of
processes and resources. We should note this is not an issue
exclusive to this study but one that should be discussed further
across the literature on the value of biobanks.

By reviewing and summarizing the existing evidence on bio-
banks outputs and outcomes, this study offers 3 main recom-
mendations for biobank users to improve data collection,
reporting, and impact evaluation. First, we recommend prospec-
tively and intentionally collecting a comprehensive set of out-
comes, outputs, and internal metrics that reflects the impact of
biobank-supported research results on research and clinical
practice and demonstrate value to all potential stakeholders.
Second, we advise to report collected indicators in a standardized
and detailed manner (ie, summary statistics, timelines, progress
status when it comes to projects supported by the biobank,
sources and nature of grants and collaborations) to facilitate
comparability across time and different biobanks and business
models. Third, we recommend informing these efforts in collect-
ing comprehensive data on biobank impact and standardized
reporting by leveraging value frameworks built on the existing
conceptual and applied biobank literature. Moreover, biobanks
containing genetic information should aim to develop a distinct
supplemental value framework comprising genetics-specific in-
dicators. The present review begins this work by including in-
dicators such as gene- and variant-related discoveries, increased
genetic representation, clinical genetic diagnosis, changes in
treatment, and management in its framework. Overall, a useful
tool in systematically planning the collection of relevant indicators
is the performance measurement framework proposed within the
results-based management approach,15 which can be used to
assess biobanks beyond outputs to also focus on comprehensive
impacts. Any new value framework for genetics biobanks could
Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en N
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also incorporate elements of existing learning health systems
frameworks125 given that sharing and storing information through
biobanks allows for reanalysis, new diagnoses, and potential ad-
vancements in other outcomes as new information is added in
each “learning cycle.”
Conclusions

Although privacy and ethical issues associated with greater
data access and sharing through biobanks have been well docu-
mented, the full range of their impacts on health research, clinical
practice, and health outcomes have not been systematically
documented, which undermines our ability to conduct value
assessment of data repositories. Results from this review highlight
that, although there is emerging evidence on the various benefits
stemming from use of biobanks containing genetic information,
greater attention should be paid to the systematic collection and
reporting of indicators, which will require intentional application
of value frameworks specifically designed for biobanks containing
genetic information.
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