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Conceptual frameworks are useful in research because they can highlight priority research domains, inform decisions about inter-
ventions, identify outcomes and factors to measure, and display how factors might relate to each other to generate and test
hypotheses. Discovery, translational, and implementation research are all critical to the overall mission of genomic medicine
and prevention, but they have yet to be organized into a unified conceptual framework. To fill this gap, our diverse team collabo-
rated to develop the Genomic Medicine Integrative Research (GMIR) Framework, a simple but comprehensive tool to aid the
genomics community in developing research questions, strategies, and measures and in integrating genomic medicine and
prevention into clinical practice. Here we present the GMIR Framework and its development, along with examples of its use for
research development, demonstrating how we applied it to select and harmonize measures for use across diverse genomic medicine
implementation projects. Researchers can utilize the GMIR Framework for their own research, collaborative investigations, and
clinical implementation efforts; clinicians can use it to establish and evaluate programs; and all stakeholders can use it to help allo-
cate resources and make sure that the full complexity of etiology is included in research and program design, development, and
evaluation.

Introduction interpretation is also influenced by an individual’s pheno-

type, family health history, and ancestry, so the same test

As the pace of genomics research continues to accelerate, it
is transitioning from bench to bedside and from a discov-
ery-only technology to one that is demonstrating utility
in clinical care. The complexity of genomic technologies
presents significant and unique challenges. Unlike a chem-
istry panel that is interpreted in the same way regardless of
context or phenotype, genomic tests can have different in-
terpretations and different uses across various areas of
medicine. For example, a primary care provider might
focus on genetic disease risk, a pediatric endocrinologist
might focus on genomic diagnosis, and a pain specialist
might focus on pharmacogenomic results. Disease risk

result may have different implications for clinical manage-
ment in different individuals and be interpreted differently
by different clinicians, individuals, communities, payers,
and policymakers.

Genomic discoveries must be relevant to and meet the
needs of individuals and providers from a variety of back-
grounds and in a range of settings, necessitating inclusion
of diverse populations in all aspects of genomics research,
from discovery to translation to implementation in clinical
care. To avoid undermining the scientific integrity of con-
clusions drawn from research studies, diversity in research
is important. Researchers should ensure the collected data
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use standardized measures that reflect the multidimen-
sional nature of a person’s identity, especially within the
context of race, ethnicity, socioeconomic status, cultural
identity, family background, and geographic ancestry.'
There also is a concerted effort to diversify other domains
of genomics research: from bench to bedside, from rare dis-
ease to common disease focus, from academic to commu-
nity sites, and from European ancestry to diverse ancestry
populations.

Leading the way are two U.S. national research consortia
funded by the NIH National Human Genome Research
Institute (NHGRI). The first, the Clinical Sequencing
Evidence-Generating Research (CSER) consortium (also
funded by the National Institute on Minority Health and
Health Disparities and by the National Cancer Institute),”
is tasked with addressing challenges related to implementa-
tion of sequencing in diverse populations. The second, the
Implementing Genomics in Practice (IGNITE) network, fo-
cuses on implementation of genomic testing and technolo-
gies in diverse clinical settings and populations.** Both
recognize that gaining complete insights about the relative
roles of genomic variation, social context, and physical
environment in human traits, health, and disease requires
greater participation of individuals with ancestors from all
regions of the world.

Today, the opportunity exists to support research in
diverse populations that promises to offer a scientific basis
for challenging the extrapolations made by the current
uses of race and ethnicity.”

This new emphasis on broadening genomics research
has not yet had use of a common conceptual framework
to guide research into translation and implementation
and to feed back into and inform discovery research.
Conceptual frameworks are a way of organizing ideas.®
They can provide a structure that intuitively and clearly
presents underlying factors that may inform or lead to
interventions, concepts that can be measured, outcomes
relevant for evaluation, and connections positing how
these factors might relate to each other. Conceptual
frameworks can focus on discovery research (uncovering
causes and influences of specific factors on specific
disease outcomes), translational research (evaluating
clinical impact of interventions), and/or the emerging
science of implementation research (evaluating best
practices to integrate effective interventions into clinical
care).

Discovery, translational, and implementation frame-
works are critical to the overall mission of genomic medi-
cine and could be but have not yet been combined into a
unified conceptual framework. There are many validated
frameworks in discovery and translational fields, and
frameworks such as the Consolidated Framework for
Implementation Research (CFIR) are emerging in imple-
mentation science.” A unified genomics research frame-
work would integrate discovery (e.g., whether gene-envi-
ronment interactions increase disease risk), translation
(e.g., the effect of gene sequencing of sick individuals on

healthcare utilization and quality of life), and implementa-
tion (e.g., what types of clinical site characteristics facili-
tate or impede use of genomics in routine care). One could
also use a unified framework to examine the wider array of
factors that contribute to health disparities, including
social determinants of health, to test equity-enhancing
strategies and to identify best practices to sustain or scale
successful interventions or programs.®

Existing frameworks, though valuable, are neither
capable of representing the complexity of genomic medi-
cine implementation research nor flexible enough to
address the full spectrum of genomic discovery, transla-
tional, and implementation research needs. CSER and
IGNITE members therefore worked together to build a
framework to comprehensively reflect the needs of
genomic medicine researchers. We developed this frame-
work to highlight priority research domains and factors
across multiple levels—including affected individuals, pro-
viders, health systems, and social environments—to
consider when developing new hypotheses and research
ideas. Our multi-level framework can also be used to
inform the choice of interventions undertaken, select mea-
sures to evaluate the processes that influence their uptake,
evaluate the effects of interventions on individuals and
families, and evaluate the implications for health and
social policy. This inclusive but simple framework may
also be of use to the wider genomics community when
developing research questions, strategies, and measures
and to those actively integrating genomic medicine into
clinical practice. In this paper, we describe the foundation
and results of that work: The Genomic Medicine Integra-
tive Research (GMIR) Framework. Because of the broad
expertise and experience of the diverse experts and stake-
holders involved in its development, GMIR may be gener-
alizable across a variety of clinical settings (e.g., primary
and specialty care, urban and rural settings) and partici-
pant characteristics (e.g., race/ethnicity, socioeconomic
status, access to care).

Material and Methods

Transdisciplinary, Stakeholder-Engaged Collaboration

To ensure that the framework is relevant and useful for the diverse
stakeholders interested in translational genomics research and
practice, we invited individuals from key stakeholder groups—
individuals receiving care, clinicians, health systems leaders,
advocates, researchers, ethicists, funders, policymakers, payers,
and entrepreneurs—to join the development team.” To ensure
we captured a diversity of perspectives and foci, we also included
researchers with genomics, health services, economics, psychol-
ogy, survey, disparities, and implementation research back-
grounds, as well as diverse healthcare providers (primary care,
specialist, physician, nurse, genetic counselor, trainees, and
faculty) from diverse practice sites and settings (rural/urban, aca-
demic/community, inpatient/outpatient). Through virtual and
in-person meetings, we developed consensus on the domains
(major categories) and sub-domains in the framework.
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Conceptualization

Through literature review and consensus-building discussions, our
team agreed on the framework’s foundational principles and
potential uses:

e Built with and for the professionally, geographically, and
socio-demographically diverse stakeholders focused on
genomics discovery and implementation.

e Recognizing the importance of and relevance of the frame-
work for providers and individuals receiving care in diverse
clinical settings, and to achieving health equity.

e Including domains not easily measurable but important to
consider. For example, it is difficult to measure unequal dis-
tribution of resources such as educational opportunities but
it remains crucial to recognize that health is largely deter-
mined by factors outside of medical settings.

e Displaying key factors relevant to genomic discovery and
implementation for consideration when developing research
questions, translating and interpreting findings, and gener-
ating and testing hypotheses regarding potential interac-
tions between factors.

e Identifying constructs and developing or selecting measures
for these key factors.

e Providing a comprehensive framework that will allow inves-
tigation of multiple domains, thus contributing to standard-
ization of outcome measures in genomic medicine.

e For single projects: prioritizing proposed measures intended
for data collection.

e For collaborations: harmonizing and standardizing data
collection and outcomes across studies and facilitating easy
integration with external efforts.

e Generating hypotheses that are testable across diverse popu-
lations.

e Further delineating activities for development and valida-
tion of novel metrics, instruments, and associations, and
identifying gaps to inform future investigations.

Framework Development

While building new research programs to carry out the goals of
the CSER consortium,’ investigators wanted to create a frame-
work with a consistent set of standards around a system of ideas
and objectives. Our team began by studying existing frameworks
to identify relevant domains. These included: a genomics frame-
work developed at one site using stakeholder engagement and
focused on genetic testing for chronic disease risk;'*'" a draft
framework based on experiences in IGNITE, the first NHGRI
translational genomics research network;* and the Consolidated
Framework for Implementation Research (CFIR).” We expanded

Figure 1. The Genomic Medicine Integra-
tive Research (GMIR) Framework

Outcomes

Health & Social
Policy

and refined these frameworks to: aid in
organizing efforts to prioritize and harmo-

nize genomics research initiatives across
T all sites; measure utility domains of
genomic sequencing through individual
and family responses to genomic testing;
and evaluate potential mitigating factors,
stakeholder engagement, and the interplay
of diverse healthcare systems that may affect outcomes associated
with the genomic applications.

To refine and finalize the main domains of the framework, we
assigned each domain to an associated working group whose
members conducted literature review and used their expertise to
add sub-domains under the domain on which they were focused.
We then reviewed this draft framework with CSER members and
partners from other NHGRI networks including IGNITE, the
eMERGE consortium of biorepositories returning genomic results
to participants,'? the Population Architecture using Genomics
and Epidemiology network (PAGE),"*'* and other stakeholders
in our transdisciplinary group. The development process involved
numerous rounds of prioritization and revision to arrive at the
GMIR Framework shown in Figure 1.

Economic Utility

Results

The GMIR Framework

As shown in Figure 1, we organized the GMIR Framework
into four overarching domains: (1) contextual factors, (2)
interventions, (3) processes, and (4) outcomes, each
comprising multiple sub-domains and concepts (see also
Tables 1, 2, 3, and 4). Arrows in the framework illustrate
general associations and known and hypothesized rela-
tionships between the major domains. On the figure’s
left are contextual factors (Table 1) relevant to genomic
discovery and implementation research and practice in
diverse populations and settings: healthcare systems fac-
tors (infrastructure), social determinants, clinician factors,
and individual factors. These sub-domains may influence
each other. For example, healthcare resources such as avail-
ability of genomics specialists and testing labs may influ-
ence access to and usage of these resources by healthcare
providers and individuals.

Contextual factors may also influence the middle boxes
in the figure, i.e., the interventions that researchers and
other practitioners put in place, the processes (Table 2)
prompted by the interventions among clinicians, individ-
uals, and healthcare systems, and how these stakeholders
work together and communicate with each other. For
example, healthcare infrastructure (contextual factors)
may influence the feasibility of implementing different
types of genomics-informed strategies (interventions)
in specific settings. Individual-level factors such as atti-
tudes of providers and the individuals they care for may
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Table 1. Contextual Sub-domains and Concepts

Sub-domains

Concepts

Healthcare System Factors

Medical care

System features

access to and quality of care; EHR type
resources and infrastructure: genomic; mix of individuals receiving care (number, payers, demographics)
type: in/outpatient; academic/community; rural/urban; private/public

culture: openness to change; structural discrimination

Social Determinants

Social

Built environment

networks; support; resources; influence; engagement

housing; poverty; crime; walkability; exposure to pollution, toxins, pathogens; food; racism; unequal
distribution of resources (policies, systems, education, economic)

Clinician Factors

Demographics

Psychosocial

age; race/ethnicity; sex/gender; training; specialty; experience
psychosocial: stress; satisfaction; self-efficacy; reaction to medical uncertainty
stressors/resources: time; access to information; experts; referrals; perceived racism

attitudes, knowledge and understanding: genetic (testing, return of results, expected utility); implicit bias

Individual & Family Factors

Demographics

Bio-psychosocial

age; race/ethnicity; sex/gender; language; literacy; numeracy; income; employment; education;
insurance; self-reported ancestry

biological/clinical: family history; comorbidity; genetics, including genetic ancestry

psychosocial: depression; stress; anxiety; self-efficacy; stigma; racism; perceived racism; activation;

cultural norms; family issues

stressors/resources: family; community; occupational; financial; illness

knowledge, attitudes and understanding: genetic testing, results & their disclosure; intervention;
trust (in testing, results, providers); expected utility; activation

subsequently influence the type of intervention (Table 3)
researchers choose to test, for example, based on what is
feasible and acceptable. Contextual factors will also influ-
ence whether and/or how testing, results disclosure, and
education will proceed (interventions), as well as what pro-
viders recommend to the individuals they care for and
whether individuals follow recommendations (processes).
And, contextual factors may directly affect outcomes (Ta-
ble 4), e.g., demographics such as race and income are
directly associated with morbidity and mortality. Interven-
tions may directly prompt processes and influence out-
comes, and processes may directly affect outcomes: e.g.,
high-risk pathologic variants affect health and provider
recommendations (processes) often impact healthcare uti-
lization (outcomes). Finally, outcomes may loop back and
impact contextual factors: e.g., health policies affect health
infrastructure and severity of people’s illnesses may affect
individual and provider attitudes toward genetic testing
or genomic sequencing.

Concepts, Measures, Harmonization, Hypothesis
Development, and Examples

CSER working groups used the finalized the GMIR frame-
work to identify and review existing measures that mapped
to the domains. We identified myriad measures and prior-

itized those that had been validated, particularly in diverse
populations. Next, we identified gaps for which stake-
holders agreed we needed to develop new scales or mea-
sures. Teams representing working group co-chairs, leads
of each CSER research site, and funders then decided
which measures would be harmonized (implemented by
every site) and recommended (used if sites choose to mea-
sure a specific domain). We subsequently built a repository
of all measures and prioritized measures and data collec-
tion time points that would be successful in the face of
competing requirements, including minimizing individual
burden and ensuring applicability to site-specific clinical
and research contexts. We describe key measures that we
agreed to harmonize below.

Underlying contextual factors we harmonized in CSER
include individual’s demographics, perceived access to
care, clinician and individual knowledge, attitudes, under-
standing of the genomic intervention that is the focus of
the research project, and organizational readiness to
change from the healthcare system perspective.

Interventions harmonized include evaluation of the tech-
nical (laboratory processes) attributes related to differing
bioinformatics pipelines and variant interpretation pro-
cesses, and the tools and resources necessary to inform
case-level reporting and diagnostic yield rates.
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Table 2. Intervention Sub-domains and Concepts

Sub-domains

Concepts

Genomics-informed intervention components

type: of genetic & genomic testing, sequencing

purpose: to evaluate/inform risk assessment, diagnosis, therapy
disclosure of results: how and by whom
education: of individuals receiving care, families, clinicians

Intervention characteristics
Laboratory quality and processes

Genomic findings

cost, evidence, complexity
technical attributes, bioinformatics pipelines, variant interpretation processes

pathogenicity, actionability, diagnostic yield

Processes harmonized include measurement of perceived
utility; provider experience with genomics; provider’s and
tested individual’s understanding of, reactions to, satisfac-
tion with, and psychosocial effects of testing, results
disclosure and medical recommendations; tested individ-
uals following of or adherence to medical recommenda-
tions; and intervention-based attributes (characteristics,
adoption).

Outcomes harmonized include patient-centered and
economic utility using quality of life tools and associated
costs from multiple perspectives, and healthcare resource
utilization. We anticipate that analyses of these outcomes
will broaden the genomic medicine evidence base to
inform health policies and payers that serve diverse
populations.

We are now using the GMIR framework to develop and
refine working group hypotheses that we will test through
research across the CSER network and in collaboration
with other consortia and that will guide analytic plans
across sites. Strengths from this data harmonization effort
include providing an increased sample size for the do-

mains and hypotheses under investigation and allowing
comparison of the same measures across diverse clinical
and population settings.

Below, we outline three examples of how investigators
have used this framework to plan their research, develop
and test hypotheses, and contextualize their findings and
show how we modified the GMIR Framework for these
examples in Figures 2, 3, and 4.

Genomic Chronic Disease Risk in African Ancestry Populations
The presence of two APOLI (MIM: 603743) risk variants,
nearly exclusively found in African ancestry (AA) people,
is associated with a 5- to 10-fold increased risk for hyperten-
sion-related kidney failure and explains a significant pro-
portion of black-white renal disease disparities.'® As part
of the IGNITE Consortium, a NYC community-clinical-aca-
demic team developed a randomized clinical trial to test AA
adults for high-risk APOLI renal disease variants.'® Using a
tailored GMIR Framework (Figure 2), the team engaged with
a range of stakeholders to explore contextual factors (indi-
vidual, provider, and investigator attitudes toward race,
ancestry, APOL1, and kidney disease), what they would

Table 3. Process Sub-domains and Concepts

Sub-domains

Concepts

Healthcare System Processes

Intervention adoption

participation of individuals receiving care, sites, health systems & providers;

uptake adherence; satisfaction; sustained delivery; payer coverage

Implementation climate

implementation readiness; access to resources; knowledge & information;

compatibility with workflow; leadership engagement

Clinician Processes

Intervention-related

Behaviors

adoption; recommendations

cultural appropriateness; communication style

Individual & Family Processes

Biological/clinical processes and markers

Psychological and behavioral processes

biomarkers measured in blood, urine, saliva, sweat

experiences; satisfaction with procedures and materials; understanding of
results; health behavior changes in response to results; psychological
effects of testing and results (positive and negative); impact of medical
recommendations and following of medical recommendations

Communication

Nature & quality of communication between stakeholders

individuals in care, families, providers, labs, payers

stakeholder engagement and input into processes
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Table 4. Outcome Sub-domains and Concepts

Sub-domains Concepts

Patient-centered utility

health status: physical and mental health; quality of life; mortality; health of individuals,

families, communities, populations; perceived, self-reported or personal utility
life and reproductive planning

health equity

Economic utility

cost/value: from individuals receiving care, family, health system and societal perspectives

cost effectiveness and healthcare utilization

Health and social policy

healthcare, educational, public health, environmental and industry policies, laws and regulations

want in an intervention, and what processes and outcomes
they thought would be important to assess.' ' We chose to
assess baseline provider and individual psycho-behavioral
contextual factors and selected an intervention to return
APOL]1 test results to providers through best practice alerts
in electronic health records and to individuals receiving
care through lay persons. Next, we chose to measure the ef-
fect of the intervention on processes including clinical care
and on outcomes (individual’s blood pressure and quality of
life and clinician’s renal testing). We generated and tested
hypotheses based on the framework, such as whether pro-
viders’ experience would increase their preparedness and
confidence in working with individuals who had chronic
disease risk genetic testing.'” The team is also studying
whether underlying and contextual factors (social determi-
nants such as pollution and crime) modify the association
between an intervention component (APOL1 test result)
and an outcome (renal function).

Pharmacogenomic Testing, Addressing Organizational, Pro-
vider, and Technology Barriers, Assessing Effect on Morbidity,
Cost Effectiveness, and Societal Implications
Pharmacogenomic (PGx) variants are potent determinants
of drug disposition or metabolism and significantly
contribute to adverse outcomes of many common therapies.
The PREDICT (Pharmacogenomic Resource for Enhanced
Decisions in Care and Treatment) trial assessed the clinical
and economic effects of preemptively testing a panel of
pharmacogenes across a large population. The contextual
factors assessed related to health systems and clinicians.
The team first assessed the organizational and clinical

context of the implementation to identify and address
barriers, including laboratory testing quality and pro-
cesses, clinician attitudes, organizational and technology
infrastructure, governance mechanisms, and integration
of PGx testing, returning results and clinical decision
support into electronic health records and clinical work-
flows'®'? (Figure 3). Next, the team measured process and
outcomes (clinical and economic) related to EHR-integrated
PGx results, particularly with respect to CYP2C19 (MIM:
609535)-directed antiplatelet therapy after percutaneous
coronary intervention.”’ They evaluated program effective-
ness via measures of genetic data, provider attitudes and be-
haviors, clinical adoption of the program, and examination
of EHR prescribing logs.?"** For the other key outcomes—
economic and societal utility—the investigators discovered
it was challenging to directly measure program costs, so the
team conducted standard cost-effectiveness modeling from
a societal perspective.**

Whole-Exome Sequencing (WES) in Children with Rare
Diseases

As clinicians are increasingly utilizing next-generation
technologies such as WES as diagnostic tools, it is impor-
tant to define the clinical situations in which these tech-
nologies will demonstrate maximal clinical utility and
cultural acceptability, particularly in underrepresented
and underserved populations.”**” The Program in Prena-
tal and Pediatric Genome Sequencing Study is assessing
these factors in diverse pediatric populations with rare
diseases and couples in pregnancy. The GMIR Framework
illustrates aspects of the child’s demographics and social
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GMIR Framework Adapted for Chronic Disease Risk Genetic Testing
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Figure 3. GMIR Framework Adapted for Pharmacogenomic Testing

environment (contextual factors), testing intervention, re-
sults provision, and clinical and personal outcomes that
the team will study (Figure 4). The team used aspects of
the GMIR Framework to plan the intervention. To address
underlying factors of access and infrastructure, the team
will offer testing at institutions that do not have genetic
services and that are heavily utilized by underserved par-
ents (contextual factors), enrolling children during routine
clinical visits (intervention) and comparing testing pro-
vided by genetic and non-genetics providers (process).
This study will assess the effects of disclosing primary
and secondary findings: key outcomes will include eco-
nomic-healthcare utilization and patient-centered utility
measures, including reproductive planning and physical
and emotional state.

Discussion

In the Genomic Medicine Integrative Research (GMIR)
Framework, our team aimed to provide a simple, clear,
and comprehensive framework that genomics researchers
and other stakeholders can use to identify factors that un-
derlie the relationship between genomics and population
health, interventions that may affect translation and im-
plementation of genomics into practice, the processes

Contextual Factors
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that influence implementation, and key outcomes of inter-
est. Our process successfully demonstrates how diverse
stakeholders can develop a unifying genomic framework
by coming to consensus on which factors or domains
should be included; how to use the framework to generate
hypotheses and choose key topics of interest across multi-
ple sites, settings, and projects; how to form subcommit-
tees to focus on these topics; and how to choose and
harmonize measures for topics of interest. Our examples
show how groups with different priority research areas
employed the GMIR Framework to guide their research
and advance the knowledge base for diverse populations.

The GMIR Framework may be useful for other genomic
medicine research groups or consortia that need to select
factors, hypotheses, and measures for individual research
projects. It may also help research groups and consortia set
the context for large-scale, multi-site research and to
generate shared knowledge. There are several strengths of
this framework. It was developed collaboratively by
researchers from multiple institutions and from multiple
disciplines, as well as individuals, clinicians, advocates, fun-
ders, payers, and policymakers, using robust stakeholder
engagement and team science methods. We carefully
collated measures for domains and summarized them on a
website. This list of measures will become more comprehen-
sive over time as we and others identify additional validated
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Figure 4. GMIR Framework Adapted for WGS in Children with Rare Diseases
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measures and develop new measures. While we recognize
the value of other frameworks relevant to genomic medicine
such as ClinGen?® (another NHGRI-funded consortium),
these prior frameworks are relatively limited in scope, while
the GMIR Framework is considerably more comprehensive.

Our team worked to ensure that the GMIR Framework
would be useful for groups studying genomics in diverse pop-
ulations and clinical settings. Awareness of genetic testing or
genomic sequencing as an option, knowledge of the testing
process, implicit bias, overcoming concerns regarding
testing, proximity to healthcare, and demographic factors
exemplify hurdles that can compromise participation at the
individual and interpersonal levels.””*" Cost, insurance
coverage, concerns about stigmatization and discrimination
based on test results, and lack of preparedness of systems to
facilitate testing and disclosure of results are major barriers
to delivering genetic testing equitably at a health system
level. Our framework highlights health equity as a critical
outcome requiring consideration and highlights key sets of
contextual and intervention factors, processes, and out-
comes to consider as potential contributors to disparities.

Members of several research networks are employing
the GMIR Framework, including CSER," IGNITE,"> and
eMERGE, which used elements of this framework to create
a provider survey.'” Other consortia, such as IGNITE-2
(Web Resources) and All of Us,*' may use the framework
to guide selection of hypotheses, measures, and outcomes
for participants who have yet to be recruited. The common
use of the GMER Framework across multiple consortia may
facilitate studies across multiple consortia, increasing
collective exploration and sample size power. Ultimately,
the contextualization of research findings will help make
stronger links back to the underlying healthcare, social
determinant, individual, and provider factors that can
guide best uses of genomic approaches.
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