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Integration of genetic information into health care can improve 
health outcomes through improved diagnosis, risk assessment, 
prognosis, and treatment decisions. However, to fully real-
ize the benefits of genetic information, it will be important to 
identify successful models of care,1 particularly for the field of 
adult genetics, which is growing due to increasing recognition 
of adults with genetic conditions and expanding genetic testing 
opportunities for adult-onset conditions.2

Delivery models for genetic consultative services were 
recently described in a systematic review of genetics in health3; 
they include (i) the traditional model of multidisciplinary spe-
cialist clinics or coordinated services between geneticists and 
other specialists—the latter is favored for adult-onset condi-
tions—and (ii) the emerging model, in which genetic services 
are integrated directly within primary care and other special-
ties. The emerging model can be supported by information 
technology and software applications assisting in genetic risk 
assessment4,5 or by embedding genetic nurse coordinators or 
genetic counselors within clinics.6,7

The traditional model of multidisciplinary specialist clin-
ics is generally organized as a regional genetic center, usually 
affiliated with an academic medical center, offering clinics for 
various patient-care needs (e.g., prenatal, cancer genetic, and 
pediatric genetic needs).3 These regional centers can provide 
expertise to smaller genetics clinics in the community, like 
a hub-and-spoke network.3 This can be achieved by the core 
(hub) facility accepting referrals from the peripheral clinics 
(spokes) or through the use of (i) “telegenetics,” which brings 
core genetic services into peripheral clinics via videotelecon-
ferencing,8,9 and (ii) telephone genetic consultation, which pro-
vides core genetic services directly to patients.10,11

The health professionals providing clinical genetic con-
sultative services are genetic specialists (medical geneticists, 
genetic counselors, and nurse geneticists) or non–genetics 
health-care professionals who are increasingly using genetics 
in routine care, including primary-care providers, other spe-
cialists, nurses, psychologists, and social workers.3 The lack of 
medical geneticists has been recognized as a serious problem 
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services for adults, we examined the prevalence and organizational 
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these services in the Veterans Health Administration.

Methods: We conducted a Web-based survey of Veterans Health 
Administration clinical leaders. We summarized facility charac-
teristics using descriptive statistics. Multivariate logistic regression 
assessed associations between organizational characteristics and 
consult availability.

Results: We received 353 survey responses from key informants 
representing 141 Veterans Affairs Medical Centers. Clinicians could 
obtain genetic consults at 110 (78%) Veterans Affairs Medical Cen-
ters. Cancer genetic and neurogenetic consults were most common. 
Academic affiliation (odds ratio = 3.0; 95% confidence interval: 
1.1–8.6) and provider education about genetics (odds ratio = 2.9; 
95% confidence interval: 1.1–7.8) were significantly associated with 

consult availability. The traditional model of multidisciplinary spe-
cialty clinics or coordinated services between geneticists and other 
providers was most prevalent, although variability in the organiza-
tion of these services was described, with consults available on-site, 
at another Veterans Affairs Medical Center, via telegenetics, or at 
non–Veterans Health Administration facilities. The emerging model 
of nongeneticists integrating genetics into their practices was also 
reported, with considerable variability by specialty.

Conclusion: Both traditional and emerging models for genetic con-
sultation are available in the Veterans Health Administration; how-
ever, there is variability in service organization that could influence 
quality of care.
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compromising the delivery of genetic services with the tradi-
tional model,12 and the lack of training and awareness of genet-
ics among non–genetics health-care providers is a challenge for 
the emerging model.13–19

The Veterans Health Administration (VHA) is the larg-
est integrated health-care system in the United States, serving 
more than 8.3 million Veterans at 153 Veterans Affairs Medical 
Centers (VAMCs).20 The VAMCs are located within 21 Veterans 
Integrated Service Networks (VISNs) nationwide. Multiple 
VAMCs and their respective community-based outpatient clin-
ics are connected within each network, and each network is 
connected to the central office in Washington, DC. Resources 
for health-care delivery are typically organized at the facility 
or network level. We conducted a Web-based survey of clini-
cal leaders of various specialties in the VHA to determine the 
prevalence of the traditional and emerging models of genetic 
consultative service delivery, learn how these services are orga-
nized, and identify the health-care professionals who provide 
these services in the VHA.

At the time of the survey, we were aware of at least five 
VAMCs (Boston, MA; Houston, TX; Los Angeles, CA; Salt 
Lake City, UT; and Seattle, WA) that provide clinical genetic 
consultative services via medical geneticists on-site. In 2010, 
to expand genetic service delivery in the VHA, the agency 
launched the national Genomic Medicine Service based in Salt 
Lake City, UT, which staffs genetic counselors to provide tele-
genetic services to Veterans at VAMCs across the United States. 
Thus, given the variety of possible genetic consultative services, 
the VHA offers a unique opportunity to describe the organiza-
tion of these services for adults.

MATERIALS AND METHODS
Design
We conducted a cross-sectional, Web-based, structured key 
informant survey to ascertain organizational-level information 
about clinical genetic consultative services available at each 
VAMC. (Survey items are available upon request.) Informed by 
findings from qualitative, semistructured interviews with VHA 
clinical leaders from a variety of clinical specialties,21 we devel-
oped surveys for five clinical specialties: primary care, neurol-
ogy, medical oncology, gastroenterology, and cardiology. The 
questions asked in each of the surveys were identical but were 
customized by referring to each specialty by name for specialty-
specific items. Once the prototype survey was developed, we 
conducted cognitive pretesting with four primary-care clini-
cians, followed by review for content, language, and ease of use 
by a national VHA committee including chief medical officers 
and other clinical and administrative leaders. With this input, 
the survey was then finalized for each specialty. The Greater Los 
Angeles VAMC Institutional Review Board approved all study 
procedures.

Setting and participants
Survey responses from chiefs of primary care, neurology, medi-
cal oncology, cardiology, and gastroenterology at each VAMC 

were included in this study. Chiefs were identified through 
publicly available sources (e.g., facility websites) and by con-
tacting the chief of Staff (i.e., medical director) of each VAMC. 
The primary-care chief was identified for most (142) of the 153 
VAMCs. However, not all VAMCs have chiefs in other special-
ties. We were able to identify 110 neurology, 101 cardiology, 103 
gastroenterology, and 103 medical oncology chiefs.

Data collection
Surveys for each specialty were in the field for 4–6 months. 
Before the launch of each specialty survey, an introductory 
e-mail was sent to eligible respondents from the national VHA 
director of each specialty and the national VHA director of 
genomic medicine. Up to six reminder e-mails were sent to 
nonresponders, followed by several phone calls, if necessary. 
Before the close of data collection, a final e-mail was sent from 
the national director encouraging participation from nonre-
spondents. Data collection across all specialty surveys occurred 
from November 2011 through September 2012.

Outcomes of interest
For this study, we focused on survey responses that described 
the availability and delivery of genetic consults, and we char-
acterized facilities as having the traditional model or the 
emerging model for delivery of clinical genetic consults. We 
characterized genetic consultative services provided by medical 
geneticists with or without genetic counselors as the traditional 
model, and services provided by nongeneticists with or without 
genetic counselors were characterized as the emerging model.

We asked, “To the best of your knowledge, can clinicians at 
[name of VAMC] obtain a clinical genetic consult (either on- 
or off-site) for their Veteran patients?” If genetic consults were 
available, the chiefs were asked about the types offered, includ-
ing consults in cancer genetics, neurogenetics, cardiovascular 
genetics, reproductive genetics, pharmacogenetics, and “other.” 
Facilities were characterized as having genetic consults avail-
able if at least one chief per facility reported their availability.

We also asked about the arrangements for each type of genetic 
consult; chiefs could select availability of consults on-site at 
their facility, at another VAMC, via telegenetics (telephone or 
videoteleconferencing), or at a non-VHA facility, or they could 
answer that they did not know. The VHA national Genomic 
Medicine Service based in Salt Lake City probably provided the 
telegenetic services because memoranda of understanding had 
been established with these facilities at the time of the survey 
(V. Venne, personal communication).

The facilities were then characterized according to a hierar-
chy regarding the type of arrangements reported, beginning 
with on-site consults available, followed by consults available 
at another VAMC, via telegenetics, and, finally, at a non-VHA 
facility. For example, if at least one type of consult was avail-
able on-site, then a facility was characterized as having on-site 
consults regardless of other reported arrangements. When a 
type of consult was available on-site, we asked about the types 
of clinicians providing the service. Response options included a 

 Volume 16  |  Number 8  |  August 2014  |  Genetics in medicine



611

Delivery of genetic services  |  SCHEUNER et al Original Research Article

specialist for the condition of concern (e.g., oncologist for can-
cer genetic consults, neurologist for neurogenetic consults), a 
medical geneticist, a genetic counselor, another type of physi-
cian, or another type of health-care provider. We did not ask 
about the types of clinicians providing the service at another 
VAMC or a non-VHA facility because we were advised that it 
would be unlikely that chiefs would be able to answer this ques-
tion. One facility was excluded from analyses because the types 
of genetic consult arrangements were not described.

Because clinical services are organized at the facility or VISN 
level within the VHA, in order to characterize the model of 
genetic service delivery for VAMCs obtaining genetic consults 
from another VAMC we characterized these facilities as having 
the traditional model of genetic consultative service delivery if 
they were located within a VISN that had a medical geneticist at 
a VAMC providing genetic consults, whereas facilities located 
within a VISN that had a nongeneticist providing genetic 
consults were characterized as having the emerging model of 
genetic consultative service delivery.

To assess the emerging model of integrating genetic services 
within primary care and other specialties, we asked about the 
availability of tools within the electronic health record (EHR) 
designed to assist with genetic risk assessment and ordering 
of genetic tests, and about clinical activities typically expected 
from these clinicians relating to genetic risk assessment, test-
ing, and management. The survey described specific scenarios 
for evaluation of patients who have signs and symptoms of a 
hereditary condition (diagnostic evaluation), are asymptomatic 
and at risk for a genetic disorder due to family history or other 
characteristics (predisposition evaluation), have a genetic test to 
inform drug selection or dosing (pharmacogenetic testing), and 
reproductive decision-making by patients (carrier screening for 
a recessive disorder). For each scenario, the chiefs were asked if 
their clinicians were expected to perform the pre- and postana-
lytic steps in the genetic testing process described in Figure 1.

Independent variables
Most independent variables were obtained from the sur-
vey responses. However, the Area Resource File (http://arf.
hrsa.gov) served as the source describing the area surround-
ing each VAMC, including the population density, whether 
it was a primary-care-shortage area, the number of male and 
female veterans per 100,000 population, and the number of 
medical geneticists per 100,000 population. Academic affilia-
tion (defined as an affiliation with a medical school or medical 
school training program for residents) was derived by exam-
ining national VHA organizational data, including lists of aca-
demic affiliations found at the Department of Veterans Affairs 
Office of Academic Affiliations website (http://www.va.gov/
oaa), key informant organizational surveys, and local VHA 
website facility descriptions.

Statistical analysis
We computed descriptive statistics to summarize the char-
acteristics of facilities. We used t-tests to compare means of 

quantitative variables and χ2 analyses for homogeneity to 
compare the frequency distributions of categorical variables. 
Multivariate logistic regression was used to assess associations 
between availability of genetic consults and organizational 
characteristics that were significantly different (P < 0.05) in 
frequency between VAMCs with and without genetic consults 
available. All statistical analyses were performed using SAS sta-
tistical software, version 12.0 (SAS Institute, Cary, NC).

RESULTS
Overall, 353 chiefs (63.1%) responded to the survey. Response 
rates for each specialty were as follows: primary care, 77.5% 
(110/142); neurology, 68.2% (75/110); medical oncology, 58.3% 
(60/103); cardiology, 54.5% (55/101); and gastroenterology, 
51.5% (53/103). These chiefs represented 141 (92.2%) of the 153 
VAMCs, with an average of 2.5 (range: 1–5) chiefs responding 
per facility.

Organizational characteristics associated with genetic 
consultative services
The ability to obtain genetic consults within the VHA or at a 
non-VHA facility was reported for 110 (78.0%) of the 141 
VAMCs. Table 1 reviews the characteristics of the VAMCs 
according to consult availability. There were no significant dif-
ferences in the proportions of chiefs responding from VAMCs 
with or without genetic consultative services made available 
within the VHA or at a non-VHA facility, and no significant 
differences were observed according to their regional location 
in the United States. There were only 10 on-site genetics experts 
(defined as providers with any formal genetics training, such 
as a master’s or PhD degree in human genetics or board certi-
fication in medical genetics or genetic counseling), and there 
were no significant differences in frequency of these experts at 
VAMCs with genetic consultative services compared with those 
without these services. However, availability of a local genet-
ics champion (defined as someone who takes a leadership role 
in developing and/or promoting genetic services at his or her 
VAMC) was more frequent at VAMCs with genetic consulta-
tive services available compared with VAMCs without these 
services (31.2 vs. 9.7%; P = 0.017). Academic medical center 
affiliation was more commonly reported for VAMCs with 
genetic consultative services (89.0 vs. 65.5%; P = 0.002), and 
the number of medical geneticists per 100,000 population was 
more than twice that for VAMCs with genetic consultative ser-
vices compared with VAMCs without these services (0.27 vs. 
0.12; P = 0.046). Templates for comprehensive family-history 
documentation or decision support for ordering genetic tests 
were not available in the EHR at a majority of VAMCs, and they 
were neither more nor less frequent at facilities with genetic 
consultative services. Provider education on genetic topics was 
significantly more frequent at VAMCs with genetic consultative 
services (90.1 vs. 9.9%; P < 0.001).

In a logistic regression analysis including the four variables 
that were significantly more frequent at VAMCs with con-
sultative services (i.e., genetics champion on-site, number of 
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geneticists per 100,000 population, academic affiliation, and 
genetics education for providers), we found only academic 
affiliation (odds ratio = 3.0; 95% confidence interval: 1.1–8.6) 
and provider education on genetic topics (odds ratio = 2.9; 95% 
confidence interval: 1.1–7.8) to be significantly associated with 
genetic consultative services available within the VHA or at a 
non-VHA facility.

Types of genetic consults available
Chiefs from 70.2% (99/141) of the VAMCs reported the ability 
to refer Veterans for cancer genetic consults, followed by neuro-
genetic, 51.8% (73/141); reproductive genetic, 41.8% (59/141); 
cardiovascular genetic, 33.3% (47/141); and pharmacogenetic 
consults, 29.1% (41/141). Another 19.9% (28/141) of facilities 
also had “other” genetic consults available, which were usually 
described as consultative services for polyposis, thrombophilia, 
or general genetic concerns. Among the 110 VAMCs that could 
refer Veterans for genetic consults, 48.2% (53/110) had only one 
or two types of consults available, and these were usually cancer 

genetic and/or neurogenetic consults, and 41.8% (46/110) of 
the VAMCs had four or more types of consults available.

Organization of genetic consultative services
There was considerable variability in how genetic consulta-
tive services were made available at VHA facilities (Figure 2). 
Among the 110 VAMCs that could refer a Veteran for a 
genetic consult, only 15.5% reported availability of a genetic 
consult within the VHA system (either on-site, at another 
VAMC, and/or via telegenetics). More than half (56.4%) 
had genetic consultative services available only at non-VHA 
facilities, and most of these (83.9%, 52/62) were through 
arrangements with academic medical centers. The remain-
ing 27.3% of VAMCs obtain genetic consults from non-VHA 
facilities in combination with VHA-based care (i.e., genetic 
consults available on-site, at another VAMC, or through tele-
genetics) for the same and/or different types of consults. One 
facility with genetic consultative services did not describe its 
arrangements.

Figure 1   This framework represents the total genetic testing process conceptualized by the Centers for Disease Control and Prevention to assess 
the quality of genetic testing services. The framework has three phases: preanalytic, analytic, and postanalytic. The pre- and postanalytic phases comprise 
the clinical activities that relate to delivery of typical genetic consultative services—the focus of our study. The preanalytic phase begins with recognition of a 
patient who may have an inherited genetic condition or risk, usually based on personal or family history (step 1). If genetic testing is available and indicated, a 
genetic testing strategy is developed to refine the initial risk assessment or differential diagnosis (step 2). Informed consent (step 3) typically follows with varying 
degrees of formality (e.g., verbal or written), including discussion of the benefits, risks, limitations, and alternatives to testing. If the patient agrees to genetic 
testing (step 4), the test is ordered (step 5), and a specimen is sent to a laboratory (step 6). If the patient declines genetic testing, then recommendations are 
based on personal and family history (step 12). For certain situations, the preanalytic steps may be curtailed if genetic testing occurs as part of routine protocol 
in the laboratory, such as testing on tumor tissues; these situations may not require genetic consultation. There may be additional steps as well, such as an 
approval process that occurs somewhere between steps 5 and 8. The analytic phase comprises genetic testing activities performed in the laboratory (steps 7 
through 9). The postanalytic phase comprises activities relating to management specific to a genetic risk or diagnosis, which may or may not include results 
of genetic testing. If genetic testing is performed, the ordering clinician receives a report (step 10), who then discloses the implications of the test result to the 
patient (step 11), and recommendations for management are made (step 12). Reprinted from ref. 36.
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Availability of on-site genetic consultative services
Among the 21 VAMCs that provided on-site genetic consul-
tation, only four reported having a breadth of services, i.e., 
with at least four types of consults available (Table 2). These 
facilities had a medical geneticist on-site providing these 
comprehensive services, and for certain types of consults, 
non–genetic specialists were also involved, consistent with 
the traditional model of genetic service delivery involving 
multidisciplinary specialist clinics and coordination between 
genetics and other specialists. These four sites were among 
those already known to have on-site services before the sur-
vey. We did not identify any other VAMCs with an on-site, 
traditional delivery model. VAMCs with on-site medical 
geneticists generally did not obtain genetic consults through 
other arrangements, such as a non-VHA facility, via telege-
netics, or another VAMC.

At the 17 other facilities with on-site genetic consults, only 
one or two types of consults were available, provided by non–
genetic specialists, consistent with the emerging model of 
genetic consultative services delivery; one facility had a genetic 
counselor and oncologist providing cancer genetic consults. 
Unlike the VAMCs with on-site medical geneticists, facilities 
with non–genetics specialists providing genetic consultative 
services typically obtained the same or different types of con-
sults from a non-VHA facility, via telegenetics, or from another 
VAMC.

Consults available at another VHA facility
Chiefs of 19 facilities indicated that genetic consults were avail-
able at another VAMC and not on-site, and at all but four of 
these facilities there were other arrangements for genetic con-
sults with non-VHA facilities (13) or via telegenetics (2). One 
VAMC had cancer genetic consults on-site but also obtained 
these consults, as well as neurogenetic and reproductive genetic 
consults, from another VAMC.

The four VAMCs with a medical geneticist providing genetic 
consults on-site were located in four different VISNs, and 11 
VAMCs reported obtaining genetic consultative services from 
another VAMC located in these four VISNs. Of the remaining 
VAMCs that obtained genetic consults from another VAMC, 
five were located within five different VISNs, each of which 
had a facility with a non–genetics specialist providing genetic 
consultative services, and four were located within three other 
VISNs; however, no chiefs reported availability of genetic con-
sultative services at a facility in those VISNs.

Consults available via telegenetics
There were 13 VAMCs that obtained genetic consults via tele-
genetics. Two VAMCs obtained five or more types of genetic 
consultative services via telegenetics; however, both also 
obtained these consults on-site or at a non-VHA facility. One 
VAMC obtained cancer genetic and neurogenetic consults via 
telegenetics, yet both were also available at another VAMC. Ten 

Table 1  Characteristics of Veterans Affairs Medical Centers (VAMCs) represented by the survey respondents according to 
availability of genetic consults

Characteristics of VAMCs
Genetic consults 

availablea (n = 110)
Genetic consults not 

available (n = 31) P value

Proportion of chiefs responding per site, mean (SD) 0.7 (0.24) 0.7 (0.30) 0.938

Region in the United States (%)b

  Northeast 17.4 29.0 0.410

  Midwest 24.8 25.8

  South 39.5 25.8

  West 18.4 19.4

Population size >1,000,000 in area served (%)b 21.1 19.4 0.834

County is a primary care shortage area (%)b 49.5 48.4 0.483

Number of male veterans per 100,000 population, mean (SD)b 6,781.7 (2,404.7) 7,391.7 (2,476.6) 0.218

Number of female veterans per 100,000 population, mean (SD)b 708.0 (497.6) 811.3 (608.8) 0.334

Number of geneticists per 100,000 population, mean (SD)b 0.27 (0.42) 0.12 (0.21) 0.046

Academic medical center affiliation (%)c 89.0 65.5 0.002

On-site genetics expert (%)d 8.3 3.2 0.337

On-site genetics champion (%)e 31.2 9.7 0.017

Template in the EHR for family history documentation (%) 27.5 12.9 0.094

Tool in the EHR to facilitate selection of genetic tests (%) 8.3 6.5 0.742

Provider education on genetic topics (%) 90.1 9.9 <0.001

One facility that reported availability of genetic consultative services but did not describe the arrangements was excluded.

EHR, electronic health record; VHA, Veterans Health Administration.
aAt least one chief per facility reported availability on-site, at another VHA facility, or via telegenetics. bThe Area Resource File served as the source for these variables. 
cAcademic affiliation was defined as an affiliation with a medical school or medical school training program for residents. Academic affiliation was derived by examining 
national VA organizational data, including lists of academic affiliations found at the Department of Veterans Affairs Office of Academic Affiliations website (http://www.
va.gov/oaa), key informant organizational surveys conducted by E.M.Y., and local VHA website facility descriptions. dGenetics expert was defined as a provider with formal 
genetics training, such as a master’s or PhD degree in human genetics or board certification in medical genetics or genetic counseling. eGenetics champion was defined as 
someone who takes a leadership role in developing and/or promoting genetic services.
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facilities obtained only one type of consult via telegenetics (can-
cer genetic, 7; neurogenetic, 2; and “other” genetic, 1), and at 
six of these VAMCs these services were also available at a non-
VHA facility (4), on-site (1), or at another VAMC (1).

Clinical genetic activities of non–genetics providers: the 
emerging model of genetic services delivery
Integration of genetic consultative services within primary care 
and other nongenetic specialties was assessed by asking the 
chiefs about activities relating to genetic risk assessment, test-
ing, and management for a patient with signs and symptoms of 
a genetic condition (diagnostic evaluation); for a patient with 
a family history of a common disorder (predisposition evalu-
ation); for selection of a genetic test to inform drug selection 
or dosing (pharmacogenetic testing); and for reproductive 
decision-making by a patient; Figure 3). The chiefs reported 
that their clinicians were involved in activities relating to a 
diagnostic genetic evaluation (averages ranging from 28.3 to 
52.8%) and a predisposition evaluation (averages ranging from 
21.4 to 43.4%) more often than in activities relating to carrier 
testing (averages ranging from 13.4 to 25.2%) or pharmacoge-
netic testing (averages ranging from 12.3 to 21.2%). Most chiefs 
expected their clinicians to recognize patients who may ben-
efit from genetic testing (averages ranging from 21.2 to 52.8%), 
followed by ordering tests and recommending management 
based on genetic test results. Fewer expected their clinicians 

to discuss familial implications of genetic test results or to 
obtain informed consent for genetic tests. In general, across all 
the indications for testing, a greater percentage of neurology, 
oncology, and gastroenterology chiefs indicated that their clini-
cians were expected to perform the activities listed compared 
with the primary-care and cardiology chiefs.

DISCUSSION
Both the traditional and emerging models of genetic consulta-
tive service delivery exist within the VHA health-care system. 
Cancer genetic and neurogenetic consults were most common, 
with reproductive, cardiovascular genetic, and pharmacoge-
netic consults available less often. The traditional model of mul-
tidisciplinary specialist clinics or coordinated services between 
geneticists and other specialists was most prevalent, although 
considerable variability in the arrangements for these services 
was described, which may translate to differences in the quality 
of care provided.

The most common arrangement for the traditional model 
was referral to non-VHA facilities—usually academic medi-
cal centers—and we observed a significant association between 
academic affiliation and ability to obtain a genetic consult. 
Academic medical centers are the typical setting for the tradi-
tional genetic service model;3,12 thus, medical geneticists and 
other specialists with genetics expertise are likely providing 
these services. Although the quality of genetic care provided 

Figure 2 T here were 31 Veterans Administration Medical Centers (VAMCs) without available genetic consults, and 110 VAMCs had genetic 
consults available. There were 21 VAMCs with on-site consults available, including six with on-site consults only, 10 with on-site consults and consults at 
non-VHA facilities, one with on-site and telegenetic consults; three with on-site, telegenetic, and non-VHA consults; and one with on-site consults and consults 
available at another VAMC. There were 19 VAMCs with consults available at another VAMC, including two with consults also available via telegenetics, and 
13 with genetic consults also available at a non-VHA facility. There were three VAMCs that had only telegenetic consults available and four VAMCs that had 
both telegenetic consults and genetic consults available at a non-VHA facility. There were 62 VAMCs with consults only available at non-VHA facilities. VHA, 
Veterans Health Administration.

On-site only (7)*

On-site and
non-VHA
(10) and

telegenetics (3)

On-site and
telegenetics

(1)

Another VAMC only (4)

* One facility reported cancer genetic consults On-site and at another VAMC.

Another VAMC and
telegenetics (2)

Telegenetics
only (3)

Non-VHA only (62)

Another VAMC
and non-VHA

(n = 13)

Telegenetics
and non-VHA

(4)
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Table 2  Traditional and emerging models of genetic service delivery at the 21 Veterans Affairs Medical Centers (VAMCs) 
with on-site genetic consults

VAMC
Type of consults 

availablea Arrangement Specialty of cliniciansb

Traditional model of genetic service delivery

A Cancer genetic On-site Medical geneticist, genetic counselor

Neurogenetic On-site Medical geneticist, neurologist

Cardiovascular genetic On-site Medical geneticist, genetic counselor, cardiologist

Reproductive genetic On-site Medical geneticist, genetic counselor

Pharmacogenetic On-site Not recorded

Other genetic consult On-site Medical geneticist, genetic counselor

B Cancer genetic On-site Medical geneticist, genetic counselor, oncologist

Neurogenetic On-site Medical geneticist, genetic counselor, neurologist

Cardiovascular genetic On-site Medical geneticist, genetic counselor, cardiologist

Reproductive genetic On-site Medical geneticist, genetic counselor, women’s health physician

Pharmacogenetic On-site Medical geneticist, pharmacist

C Cancer genetic On-site Medical geneticist

Neurogenetic On-site Medical geneticist

Cardiovascular genetic On-site Medical geneticist; other physician, not specified

Other genetic consult Not reported Not reported

D Cancer genetic On-site/non-VHA facility Medical geneticist, genetic counselor, oncologist

Neurogenetic On-site/non-VHA facility Medical geneticist, genetic counselor

Cardiovascular genetic On-site Medical geneticist, genetic counselor

Reproductive genetic On-site Medical geneticist, genetic counselor

Pharmacogenetic On-site Medical geneticist, genetic counselor

Traditional model of genetic service delivery via telegeneticsc

E Cancer genetic On-site, telegenetics, non-VHA 
facility

Oncologist/genetic counselor

Neurogenetic Telegenetics, non-VHA facility Genetic counselor

Cardiovascular genetic Telegenetics, non-VHA facility Genetic counselor

Reproductive genetic Telegenetics, non-VHA facility Genetic counselor

Pharmacogenetic Telegenetics, non-VHA facility Genetic counselor

Other genetic consult Telegenetics, non-VHA facility Genetic counselor

F Cancer genetic Telegenetics Genetic counselor

Neurogenetic On-site Neurologist

Cardiovascular genetic Non-VHA facility

G Cancer genetic Telegenetics/non-VHA facility Genetic counselor

Neurogenetic Non-VHA facility

Cardiovascular genetic Non-VHA facility

Reproductive genetic Non-VHA facility

Pharmacist On-site Pharmacist

Emerging model of genetic service delivery

H Cancer genetic On-site/non-VHA facility Oncologist, other physician

Neurogenetic On-site/non-VHA facility Neurologist

Cardiovascular genetic Non-VHA facility

Reproductive genetic Non-VHA facility

Pharmacogenetic Non-VHA facility Not reported

Other genetic consult Not reported

VHA, Veterans Health Administration.
aOther genetic consult = evaluation for thrombophilia, polyposis, and general genetic concerns. bWe asked survey respondents only about the types of clinicians providing 
genetic consultative services on-site; we did not ask them to identify the types of clinicians providing genetic consultative services at non-VHA facilities or at another 
VAMC. cWe assumed that telegenetic services were provided by the genetic counselors staffing the VHA national Genomic Medicine Service. dWe were unable to 
determine the delivery model for genetic services at four facilities because the type of clinician providing on-site genetic services was not reported.

Table 2  Continued on next page
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I Cancer genetic On-site/non-VHA facility Oncologist

Neurogenetic Non-VHA facility

Cardiovascular genetic Non-VHA facility

Reproductive genetic Non-VHA facility

Pharmacogenetic On-site/non-VHA facility Pharmacist

J Cancer genetic Non-VHA facility

Neurogenetic Non-VHA facility

Cardiovascular genetic Non-VHA facility

Reproductive genetic Non-VHA facility

Pharmacogenetic Non-VHA facility

Other genetic consult On-site/non-VHA facility Other physician

K Cancer genetic On-site/non-VHA facility Oncologist

Neurogenetic Non-VHA facility

Cardiovascular genetic Non-VHA facility

Reproductive genetic Non-VHA facility

Pharmacogenetic Non-VHA facility

L Cancer genetic On-site Not reported

Neurogenetic Not reported Not reported

Pharmacogenetics Not reported Not reported

M Cancer genetic On-site Oncologist, genetic counselor

Neurogenetic Non-VHA facility

Other genetic consult Not reported Not reported

N Cancer genetic On-site Oncologist

Neurogenetic Not reported Not reported

O Cancer genetic Non-VHA facility

Neurogenetic On-site/non-VHA facility Neurologist

P Cancer genetic On-site Other physician, genetic counselor

Q Neurogenetic On-site/non-VHA facility Neurologist

Unable to determine delivery modeld

R Cancer genetic Non-VHA facility

Neurogenetic Non-VHA facility

Cardiovascular genetics On-site/non-VHA facility Not reported

Reproductive genetic Non-VHA facility

S Cancer genetic On-site/another VHA facility Not reported

Neurogenetic Another VHA facility

Cardiovascular genetic Another VHA facility

Reproductive genetic Another VHA facility

T Cancer genetic Not reported Not reported

Neurogenetic Not reported Not reported

Other genetic consult On-site/telegenetics Not reported/genetic counselor

U Cancer genetic On-site Not reported

Other genetic consult On-site Not reported

VHA, Veterans Health Administration.
aOther genetic consult = evaluation for thrombophilia, polyposis, and general genetic concerns. bWe asked survey respondents only about the types of clinicians providing 
genetic consultative services on-site; we did not ask them to identify the types of clinicians providing genetic consultative services at non-VHA facilities or at another VAMC. 
cWe assumed that telegenetic services were provided by the genetic counselors staffing the VHA national Genomic Medicine Service. dWe were unable to determine the 
delivery model for genetic services at four facilities because the type of clinician providing on-site genetic services was not reported.

Table 2  (Continued)

VAMC
Type of consults 

availablea Arrangement Specialty of cliniciansb
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Figure 3 I ntegration of genetic services within primary care and other non-genetic specialties was assessed by asking the chiefs about 
activities relating to genetic risk assessment, testing, and management for a patient with signs and symptoms of a genetic condition 
(diagnostic testing); for a patient with a family history of a common disorder (predisposition testing); for selection of a genetic test to inform 
drug selection or dosing (pharmacogenetic testing); and for reproductive decision-making by patients (carrier testing for a recessive disorder). 
N/A, not applicable. 

52.8% (45.5−86.7%)

28.3% (19.1−60.0%)

41.2% (8.1−77.3%)

35.4% (21.8−76.0%)

43.4% (23.6−82.7%)

43.4% (38.2−73.3%)

21.4% (10.9−45.3%)

30.3% (18.2−58.7%)

27.2% (14.6−56.0%)

34.7% (21.8−66.7%)

21.2% (8.2−45.3%)

12.3% (1.8−31.7%)

16.9% (3.6−41.7%)

N/A

16.9% (4.6−41.5%)

25.2% (18.2−44.0%)

13.6% (9.4−32.0%)

16.3% (3.6−36.0%)

17.6% (9.1−34.7%)

13.4% (5.7−28.0%)

Mean (range)Percent of chiefs expecting their clinicians to perform each activity

0

Recognize patient
who may benefit

Informed consent

Order test

Discuss familial
implications

Recommend
management

Diagnostic testing

Recognize patient
who may benefit

Informed consent

Order test

Discuss familial
implications

Recommend
management

Predisposition testing

Recognize patient
who may benefit

Informed consent

Order test

Discuss familial
implications

Recommend drug
dosing

Pharmacogenetic testing

Recognize patient
who may benefit

Informed consent

Order test

Discuss familial
implications

Discuss reproductive
options

Carrier testing

Primary care Cardiology Gastroenterology Oncology Neurology

20 40 60 80 100 %

Genetics in medicine  |  Volume 16  |  Number 8  |  August 2014



618

SCHEUNER et al  |  Delivery of genetic servicesOriginal Research Article

at non-VHA facilities may be superb, off-site consultations 
threaten to compromise coordination of care, a measure of 
quality.22 Patients who switch providers will experience at least 
temporary discontinuity of care, which may adversely affect 
health outcomes and overall health-care costs.23–25

Only four VAMCs reported having services consistent with 
a core genetic center with a medical geneticist, often working 
together with genetic counselors and other specialists to pro-
vide consultative services for a breadth of genetic conditions, 
including cancer genetic, neurogenetic, cardiovascular genetic, 
and reproductive genetic consults. About 20% of VAMCs obtain 
genetic consultative services from another VAMC, and, given 
the network structure of the VHA, it appears likely that at least 
half of these VAMCs receive these services from one of the four 
VAMCs that have a medical geneticist on-site. Thus, although 
few in number, medical geneticists in the VHA can have a rela-
tively large impact on delivery of genetic consultative services.

Telegenetics is another arrangement that enables expansion 
of the traditional model within the VHA. Telegenetics increases 
access to genetics professionals,9 and generally patients and 
providers are satisfied with telegenetics services.26,27 It is likely 
that the 13 VAMCs reporting the ability to obtain genetic con-
sults via telegenetics had arrangements with the VHA national 
Genomic Medicine Service staffed by genetics counselors 
based at the Salt Lake City VAMC. However, our findings 
suggest that telegenetics alone may not suffice because most 
facilities with telegenetics also had other arrangements for the 
same types of consults (i.e., genetic consults provided by on-
site clinicians or at another VAMC or a non-VHA facility). It 
may be that in-person consults are preferred for some patients 
or by certain referring clinicians, or telegenetic services may 
have limited capacity to accommodate all referrals. Clarifying 
these referral patterns is important to understanding the role 
of telegenetics for genetic consultation.

The emerging model of genetic consultative service delivery 
was also reported within the VHA, although there was con-
siderable variability by specialty. Neurology, oncology, and 
gastroenterology chiefs consistently described higher expecta-
tions for their clinicians with respect to genetic risk assessment, 
testing, and management compared with cardiology and pri-
mary-care chiefs; this is probably due to increased knowledge 
and confidence regarding genetics among these specialists28,29 
and increased awareness about genetics through marketing to 
specialists.30 Activities related to diagnostic and predisposition 
testing were more often performed by a non–genetic specialist 
than was pharmacogenetic testing or carrier screening. Tools 
supporting the emerging model that assist with genetic risk 
assessment and testing were rarely available within the EHR 
of VAMCs surveyed, although a recent study showed that a 
clinical reminder in the EHR can improve primary care clini-
cians’ recognition and appropriate referral of veterans at risk 
for hereditary cancer at the greater Los Angeles VAMC.4

Nongeneticists also provided genetic consults at VAMCs 
with on-site services available. However, our findings suggest 
that the types of consults were limited (e.g., neurologists only 

provided neurogenetic consults and oncologists only provided 
cancer genetic consults), and other arrangements for these 
consultative services, such as referral to another VAMC or a 
non-VHA facility, were typical, suggesting limited capacity of 
the nongeneticists to provide genetic consultative services even 
within their specialty. For example, a neurologist might have 
expertise with hereditary movement disorders but not heredi-
tary neuropathies or hereditary forms of dementia; therefore, 
the latter would require referral elsewhere.

Clinicians with greater genetics knowledge have higher levels 
of confidence in assessing genetic risk and are more comfort-
able with identifying patients who may benefit from genetic 
services.31,32 In addition, awareness of available genetic services 
is associated with referral.31,33,34 Provider education on genetic 
topics was a key factor associated with ability to obtain a genetic 
consult within the VHA. Our results suggest that facilities that 
make consults available are more likely to offer provider educa-
tion on genetic topics to ensure appropriate utilization of these 
services or clinicians educated about genetics may drive the 
availability of genetic consultative services at their facilities.

Several limitations of our study deserve mention. Although 
the VHA is the largest integrated health-care system in the 
United States,20 our findings may not be relevant to other set-
tings, particularly solo or small group practices. The VHA, 
however, is an example of an existing accountable care orga-
nization that provides systems-based care using a patient-cen-
tered medical home model supported by a world-class EHR 
system. As such, what we have described for the VHA regarding 
delivery of genetic consultative services may become important 
as providers transition to practice within such organizations as 
promoted by the Patient Protection and Affordable Care Act.35 
However, with our survey results, we can describe only the 
existing arrangements for genetic care models and make infer-
ences about the quality of care provided.

In conclusion, both the traditional and emerging models of 
genetic consultative service delivery are available to Veterans 
receiving care at VAMCs. There is considerable variability in 
the organization of the traditional model, and the breadth of 
services available within the VHA depends on the type of cli-
nician providing these services, with medical geneticists pro-
viding a greater breadth of services than nongeneticists. There 
is also variability within the emerging model, with specialists 
more likely to integrate genetics activities into their practice, 
particularly for diagnostic and predisposition genetic testing. 
This variability in both the traditional and emerging models 
could compromise the quality of the genetic care provided. 
Future studies are needed to more directly assess the quality 
of care delivered according to the organization of the service 
delivery for the available genetic care models in the VHA.
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