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The use of whole-genome/exome sequence in select clini-
cal  settings to improve health and prevent disease, considered 
to be improbable a few years ago, is now approaching reality. 
However, the advent of “next-generation” sequencing tech-
nologies presents a paradox: the prospect of managing ever-
increasing amounts of genomic data is in itself an obstacle to 
the vision of genome-informed health care. Here, we present 
our view that the solution to integrating these data into the flow 
of health care lies in a genome-enabled electronic health record 
(EHR).1 Such EHRs would receive, store, and present complex 
genomic information for clinical use, incorporate clinical deci-
sion support to help providers practice individualized medicine, 
and provide links to relevant knowledge resources. Although 
adoption of EHRs is increasing, the majority of EHR systems 
are not  configured to deal with genetic data,2 particularly data 
from whole-genome/exome sequences. This article summarizes 
the challenges in implementing genomic medicine using the 
EHR and discusses the role various stakeholders might play in 
addressing these challenges.

HealtH-Care Providers and Patients
Health-care providers will need to learn more about the “new” 
genetics and recognize that genetic variants may influence 
response to drugs and susceptibility to common “complex” as 
well as Mendelian diseases. An optimized EHR will leverage 
genomic knowledge and linked resources to facilitate interpre-
tation and application of genomic data in the clinical setting. 
Interpretation of genomic data will be influenced by family his-
tory, and thus improved methods of acquiring and representing 
family history in the EHR are needed. Successful integration 
of genomics into clinical care will require minimizing the bur-
den on providers by using tools such as pictograms and deci-
sion aids to communicate genomic information to patients. 
Web-based, secure, and user-friendly portals can empower 
patients to know more about how their genomic information 
is used for assessing disease risk, prognostication, and tailored 
drug therapy. Providers and patients should be aware that the 
genetic risk for diseases is probabilistic, not deterministic, and 
often can be modified by lifestyle and environmental factors. 

Communication of genome sequencing results should take into 
consideration patients’ preferences about what risk information 
they wish to know and have placed in their EHR.

BioetHiCists, GenetiC Counselors, and 
PoliCy Makers

There is an emerging consensus about patients’ right to receive 
or decline to receive their own data, and patients should be 
empowered to choose to seek and use such data in an informed 
manner. However, the right to not receive or to decline par-
ticular types of information may clash with the obligations of 
the physician when critically important health information 
is available. Before genome sequencing, patients will require 
counseling about the potential burden of genetic knowl-
edge and implications for family members or reproductive 
choices. Perceived concerns about insurance and employabil-
ity will remain despite the passage of the Genetic Information 
Nondiscrimination Act, especially in the realm of long-term 
care and life and disability insurance. Once genome s equencing 
is completed, patients need to be educated about the interpre-
tation and implications, and the options available for follow-
ing up the results. Such pre- and post-test counseling could be 
conducted by medical geneticists or genetic counselors using 
Web-based patient portals as aids; however, due to shortage 
of such providers, training of other care providers may be 
necessary. As for all health data, it is important to maintain 
confidentiality of genetic data and regulate third-party access. 
Patients are likely to be concerned about how genetic testing 
would be paid for and how such testing may affect insurability. 
Finally, reporting of genome sequencing results might be con-
strained by intellectual property restrictions, and this issue will 
need to be addressed by regulatory bodies.

CliniCal MoleCular GenetiCists
Variants to be reported from clinical genome sequenc-
ing must be assayed in a Clinical Laboratory Improvement 
Amendments–certified laboratory. Clinically actionable vari-
ants from the sequence would then be placed in the EHR as 
structured data with accompanying interpretation. Whether 
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“actionable” variants identified by next-generation sequencing 
would need validation on an orthogonal platform, before report-
ing, is unclear. It is possible that advances in  next-generation 
sequencing platforms will improve analytic validity to the point 
of obviating need for confirmatory testing. Health Level Seven 
is a standard for transferring data between information sys-
tems, and the Health Level Seven organization has published an 
implementation guide outlining health-care data standards for 
reporting structured genetic test results.3 Regulatory guidance 
for genome sequencing tests may facilitate its use in the clinical 
setting. An early task would be to develop guidelines for how 
and under what circumstances whole-genome/exome sequenc-
ing and potential future re-analyses would be reimbursed.

BioinforMatiCians
Individual genomes contain large numbers of variants that are 
not in reference genomes, and their role in disease susceptibil-
ity or drug response is unknown. Extensive effort is needed to 
annotate variants of uncertain clinical significance present in 
whole-genome data sets and to identify “actionable variants” to 
report to providers. This could be greatly facilitated by a curated 
database of actionable variants that stores validated genotype–
phenotype associations, such as proposed in a recent request 
for applications (HG-12-016) issued by the National Human 
Genome Research Institute. As our knowledge base increases, 
genome sequence data may need to be reinterpreted periodi-
cally, creating the need to recontact patients and their providers. 
If new genomic information does not meet a minimal threshold 
for clinical utility and validity, there is little point in reporting it 
(and, indeed, potential harm in doing so).

inforMation teCHnoloGy sPeCialists
Eventually, germline whole-genome sequencing has the poten-
tial to be an efficient one-time test, provided the sequence data 
are highly accurate and can be stored and accessed as clinically 
indicated at various times in an individual’s life span. However, 
placing whole-genome sequence data sets in individual EHRs 
may prove problematic. One solution is to store sequence data 
outside the EHR and place a “minimal” data set of variants of 
established clinical utility in the EHR for linkage to clinical 
decision support. The sequence could be re-interrogated as new 
genotype–phenotype associations are identified and additional 
variants of clinical relevance can then be ported to the EHR 
to be available for clinical decision making. Alternatively, such 
interrogation can be need-based, i.e., ordered by a care provider 
to help answer a specific clinical question.

MediCal inforMatiCs exPerts
To enable providers to deal with complex and rapidly evolv-
ing genomic data, the EHR will need to be a source of guid-
ance at the point of care. By linking curated, annotated, and 
actionable genetic variants to clinical decision support, specific 
recommendations for further screening/testing and individual-
ized drug therapy could be made. To trigger clinical decision 
support, genetic variants must be represented in a structured, 

“machine readable” format. Genomic decision support systems 
should enable shared decision making by patients and their 
caregivers and be readily updatable as new, clinically relevant 
information is acquired. Partnerships between academia and 
EHR vendors may expedite the development of decision sup-
port modules for implementing genomic medicine.

researCHers
Whole-genome sequence data, when linked to the rich  phenotypic 
information in the EHR, can identify novel genotype–phenotype 
associations and advance our knowledge of disease pathophysi-
ology.4 Investigators in the Electronic Medical Records and 
Genomics (eMERGE) Network have demonstrated that pheno-
types of interest can be mined for genomic association studies 
using electronic phenotyping algorithms.5 Many research ques-
tions could be addressed faster and at lower cost as compared 
with assembling and phenotyping large cohorts de novo. Patients 
need to be informed and active partners in advancing EHR-based 
genomic research, and providers need to ensure that patient pri-
vacy and quality of care is maintained. Although many questions 
might be answered from existing data in EHRs, prospective stud-
ies will likely still be needed to inform clinical decision making. 
Considerable resources are required for such studies and the gen-
eralizability of tightly controlled clinical trials is also limited. The 
research community needs to reach a consensus regarding when 
EHR-derived data are “good enough”.

Individualized medicine based on advances in genomics has 
the potential to improve the health of both individuals and pop-
ulations, by enabling early detection of disease, targeted screen-
ing, and tailored therapy. A genome-enabled EHR is essential 
to translate advances in genomics if such improvements are to 
be realized. Such an EHR would include point-of-care clinical 
decision support tools, links to genomic knowledge resources, 
and the ability to query the genome sequence as needed. Active 
involvement of various stakeholders is needed to enable inte-
gration of genomic information into the EHR.
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