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Genomic medicine implementation protocols in the PhenX
Toolkit: tools for standardized data collection
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PURPOSE: The PhenX Toolkit (www.phenxtoolkit.org), an online catalog of recommended measurement protocols, facilitates cross-
study analyses for research with human participants. The PhenX Steering Committee recommended genomic medicine
implementation as a new research domain, with the following scope: genomic knowledge and education (both patients and
providers); implementation science; changes in management and treatment; return of results; patient outcomes; and ethical, legal,
and social issues (ELSI) associated with genomic research.
METHODS: A seven-member expert Working Group convened in October 2019 to identify well-established measurement protocols
for a new genomic medicine implementation domain and used the established PhenX consensus process to select measurement
protocols for inclusion in the PhenX Toolkit.
RESULTS: The Working Group recommended 15 measurement protocols for inclusion in the PhenX Toolkit, with priority given to
those with empirical evidence supporting validity. Consortia funded by the National Institutes of Health, and particularly the
National Human Genome Research Institute, proved critical in identifying protocols with established utility in this research domain,
and identified protocols that were developed through a rigorous process for scope elements that lacked formally validated
protocols.
CONCLUSION: Use of these protocols, which were released in September 2020, can facilitate standard data collection for genomic
medicine implementation research.
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INTRODUCTION
Genomic medicine includes genetic and genomic testing used to
stratify risk of future disease and diagnose current symptoms to
enable patient and providers to make more informed decisions
about prevention and treatment. The genomic medicine research
community can benefit from the use of common, validated
instruments to allow for comparison and aggregation of data across
studies. The genomic medicine implementation (GMI) domain in the
PhenX Toolkit (www.phenxtoolkit.org) comprises 15 measurement
protocols that may be used to elicit knowledge of genomics,
evaluate communication strategies for disclosing genetic test results,
and assess genomic medicine programs.
The objective of PhenX (consensus measures for phenotypes and

exposures) is to identify and promote the use of standard
measurement protocols that improve the consistency of data
collection and allow for cross-study analyses and increased
statistical power. PhenX, which began in 2007, is funded by the
National Human Genome Research Institute (NHGRI), with addi-
tional funding from other National Institutes of Health (NIH)
institutes and centers. Measurement protocols are selected by
Working Groups (WGs) of experts, vetted via consultation with
the broader community, and made available to the public via
the PhenX Toolkit (www.phenxtoolkit.org).1,2 The PhenX Toolkit
currently includes more than 860 measurement protocols in 28

research domains and six collections with additional depth for
research in substance abuse and addiction, mental health, tobacco
regulatory, blood sciences, social determinants of health, and
COVID-19. PhenX measurement protocols are available as Research
Electronic Data Capture (REDCap) data dictionaries that can be
uploaded directly to REDCap for electronic data collection. The
PhenX Toolkit currently has more than 3,500 registered users and
has been recommended in more than 400 NIH funding opportu-
nities and notices and cited in 337 publications.

MATERIALS AND METHODS
The PhenX Steering Committee (SC) developed an initial scope for a GMI
domain that guided the selection of a seven-member WG. The WG
members were selected to reflect the depth and diversity of the genetics
and genomics field, including by discipline. The members include medical
and molecular geneticists, a genetic counselor, a medical oncologist, a
genome informatician, an implementation scientist, and a pediatrician/
bioethicist. The WG was guided in its deliberations by an SC liaison who is
a statistical and computational geneticist and an NIH project scientist who
oversees the PhenX effort.
The PhenX consensus process includes defined criteria for inclusion of a

measurement protocol in the PhenX Toolkit.1 The protocols must be well
established, preferably open source, and low burden to both investigators
and participants. The goal of this process is to identify protocols that are
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recommended and used by experts and nonexperts alike. In October 2019,
the WG convened, outlined the scope of the domain (Table 1), and
recommended protocols for each element of the scope.
The PhenX consensus process also includes an email outreach that

invites members of the broader scientific community to review and
provide feedback on protocols being considered by a WG.
In May–June 2020, the WG solicited feedback from the PhenX listserv of

subscribers and NHGRI Genomic Medicine–related consortia. Nearly 200
individuals visited the protocols for review, and the feedback provided was
carefully considered by the WG before making final selections. The
protocols were reviewed and approved by the PhenX SC and added to the
PhenX Toolkit in September 2020. As with other PhenX research domains,
the GMI protocols will be reviewed periodically to determine if each GMI
protocol should remain as is, replaced with another protocol, or retired
from the PhenX Toolkit. This ensures that this domain remains scientifically
relevant and up to date.

RESULTS
After recommending 18 measurement protocols for scientific
community outreach, the WG identified 15 protocols for the GMI
domain in the PhenX Toolkit (see Table 2).
Priority was given to protocols with empirical evidence

supporting validity, although protocols that had undergone
formal validation were not generally available for most of the
scope elements. The efforts of consortia (funded by NIH and
NHGRI) therefore proved critical in identifying measures with
established utility, even if they had not yet been rigorously
validated. The WG identified protocols from consortia including
the Clinical Sequencing Evidence-Generating Research (CSER)
Consortium, Electronic Medical Records and Genomics (eMERGE)
Network, and Implementing GeNomics In pracTicE (IGNITE)
Consortium. The PhenX Toolkit includes program evaluation and
implementation science protocols from resources such as Reach
Effectiveness Adoption Implementation Maintenance (RE-AIM)
and the Consolidated Framework for Implementation Research
(CFIR).
These measurement protocols address the following:

● Understanding of genetic information, including baseline
knowledge and understanding of genetics and genomics,
clinician and patient understanding of genetic test results
(including pharmacogenetics), and the implications of the
genetic test results for patient and family.

● Impact of genomic interventions on patients, patients’
families, and providers, including psychosocial impact of
testing, decision satisfaction/regret, information seeking,
information sharing, patient empowerment, provider assess-
ment of the genomic intervention, and adherence to clinical
guidelines.

● Preimplementation assessment of organizational characteris-
tics and readiness to change to adopt genetic services.

For each protocol, the PhenX Toolkit provides details about how
the protocol should be administered, whether any special training
or resources are necessary, and any specific instructions that can
contribute to the standardization of data collection. The PhenX
Toolkit also lists references documenting the development and
use of the protocols intended to help users understand potential
limitations, such as use with diverse populations and availability in
non-English languages. The Toolkit provides the tools to admin-
ister these protocols (with data dictionaries and data collection
worksheets) to facilitate incorporation of the protocols into
studies. In addition, PhenX protocols are available as data
dictionaries in Research Electronic Data Capture (REDCap), and
PhenX variables are available in the database of Genotypes and
Phenotypes (dbGaP).

DISCUSSION
Genomic medicine is a relatively new and emerging field,
highlighting the importance of rigorously assessing the impact
of genomic medicine interventions to guide implementation and
also to develop and iteratively improve best practices. As work in
this field broadens, genomic medicine research will be conducted
by an increasingly diverse group of investigators, some of whom
will not have expertise in assessing which measurement protocols
to use to assess impact of interventions. Therefore, there was a
need to evaluate and develop a multidimensional set of protocols
that could be easily implemented and standardized across studies.
The WG focused on protocols that have been widely utilized

and are the most robust protocols currently available. Despite
initial concern that there was not yet sufficient consensus to
recommend common protocols, the WG was able to identify many
protocols that represent the current state of genomic medicine
research. Additional topics were considered such as health-care
utilization and economic impact, but were excluded because they
deserve dedicated attention in future work.
Entire protocols in the GMI domain should be used as

constructed when possible, but the WG recognized that all items
in a protocol may not be relevant to a particular study. When
possible, individual items should be used as originally written to
allow for maximal comparability across studies. Use of the same
protocols and associated metadata (e.g., data element diction-
aries) across studies will allow for direct comparisons across
interventions to support a stronger base for evidence-based
practice.
The PhenX Toolkit currently provides recommended GMI

protocols that will be invaluable to the growing community of
genomic medicine researchers. With time and publication of
additional studies, we anticipate that certain protocols will emerge
as the most predictive and informative. In many genomic studies,
impact of genomic testing has been minimal, and it is possible
that the protocols used to assess impact have not focused on the
right questions. For example, as protocols more sensitive to
change in health behaviors or attitudes are developed, it will be
necessary to reassess their utility. In addition, the social
determinants of health protocols in the Toolkit support the GMI
domain, but additional GMI protocols for specific populations may
be necessary. Notably, the major gaps identified in the WG’s
deliberations were protocols to address health-care utilization,
cost of interventions, and economic impact. Payers and policy-
makers will require evidence of clinical utility and need to assess
economic impact; therefore, this area is one of high priority for
further development.
The protocols in the domain provide the opportunity to gather

useful quantitative data. However, in many cases, rich qualitative
data gathered through focus groups, semistructured interviews,
and similar approaches will be needed to complement the data
gathered via surveys.

Table 1. Scope of the genomic medicine implementation domain.

Return of results—to providers

Return of results—information seeking

Return of results—family communication

Implementation science—baseline

Implementation science—follow-up

Genomic knowledge—patient and provider

Change in management and treatment

Ethical, legal, and social implications (ELSI)

Patient outcomes
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Conclusion
Use of the GMI protocols in the PhenX Toolkit will facilitate
collection of comparable data across genomic medicine studies to
allow for direct comparison of interventions and pooling of data
across studies to increase sample sizes. Given the expense and
time required to complete these studies and the desire to advance
the field of genomic medicine as efficiently and as effectively as
possible, use of common protocols is critical and will help realize
the NHGRI Strategic Vision for implementation science.3
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