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Abstract
Background: Telegenetics is the provision of genetics services at a distance via telecommunication and
information technologies. While telegenetics promises to increase access to underserved populations
with rare diseases, providers must overcome additional challenges to reach remote and marginalized
communities with telegenetics care provision.

Method: We describe a series of case vignettes related to clinical care and barriers that were observed
after using telegenetics in rural Appalachia. This geo-politically de�ned region is known for health
disparities such as lower education levels, higher poverty levels, and greater healthcare shortage areas
than the United States as a whole. 

Results: Although telegenetics improves access to care, the barriers experienced included (1) the digital
divide in access to broadband, (2) telegenetics counseling in geriatric patients with limited computer
literacy, (3) comorbidities that are common in the region, and (4) patients’ adherence to telegenetics
services.

Conclusion: These case studies emphasize the need for intervention studies to address implementation
of telegenetics in populations who experience health disparities. In addition, future attention should also
focus on administrative system evaluation and cost to reduce health disparities in disadvantaged
groups.  

Introduction
Innovative methods are needed to meet the growing demand for genetic services (1). More than
25 million Americans (nearly 1 in 10) have a rare disease (2). Given that 80% of rare diseases are genetic
in origin, access to genetics services has become a focus. However numerous potential challenges to
providing equitable access to healthcare are emerging (3). Further, the growth of genetic testing only adds
to the complicated picture of the provision of genetic services (4). For example, newborn screening has
expanded signi�cantly over the past 30 years (5, 6). With this advancement, the challenges to timely and
accurate diagnosis of rare diseases persists.

While rare diseases can be di�cult to diagnose, diagnostic delays can have devastating effects.
According to a 2019 survey administered to patients with a rare disease or their family members, 42% of
respondents believed that delays were caused by limited access to medical specialization (3)
Telegenetics, i.e., conducting genetic services via telemedicine, is a promising public health tool which
has been successful in increasing the capacity through improved access to genetics care in medically
underserved populations with reduced cost and with high patient satisfaction (7). Telegenetics enables
the provision of high-quality genetic services remotely and can bridge geographic barriers to improve
health equity (7; 8).



Page 3/12

Studies have shown that a signi�cant portion of West Virginians lag residents of other states in access to
technology. According to the US O�ce of Management and Budget and the US Census Bureau, about two
thirds (64%) of West Virginians live in rural areas (9). The Federal Communications Commission (FCC)
reports that 554,124 West Virginians, or 30% of all state residents, do not have any access to high-speed
Internet service (9). Telegenetics was proposed to facilitate access to genetic service in rural populations
where access to a geneticist is not feasible (7). In addition to highspeed Internet that is a required for
reliable telehealth services, patients must have access to the use of communications technologies such
as computers and smart mobile devices which with digital divide, health disparities are common in
impoverished communities (10).

In West Virginia, 20% of the population is older than 65 years (11). Older adults may experience barriers to
telehealth, including hearing, vision, and/or communication impairments, as well as cognitive issues and
socioeconomic factors (12). A study revealed that 82% of elderly patients required assistance from a
family member and/or paid caregiver to complete the visit. Further, among patients who had not used
telehealth, 27% (n = 153) were deemed "unable to interact over video" by providers for reasons including
cognitive or sensory impairment, and 14% lacked access to a caregiver to assist them with technology
(13).

Data indicates that West Virginia consistently ranks among states with the highest percentage of people
experiencing mental health problems and encompass depression, anxiety, schizophrenia, and bipolar
disorder (14). Genetic and genomic testing are performed for different purposes, such as identifying
carriers, predicting a disease onset in presymptomatic individuals, or con�rming a diagnosis, and such
information may have notable psychological effects, such as generating anxiety and depression (15).
There has been signi�cant expansion of telegenetics into genetic counseling for hereditary cancer, as
these services are less likely to involve physical evaluation. A systemic review by Brown et al. (2021)
reported seven studies examining the psychological outcomes after telegenetic counseling; all resulted in
a signi�cant decrease in anxiety and depression after genetic counseling, regardless of the counseling
delivery method. (16). However, none of these studies have examined patients with a preexisting mental
health diagnosis in relation to genetic counseling for a newly identi�ed concern.

Previous studies have noted obstacles with providing telegenetics services, including the fact that 60.2%
of telegenetics visit providers have di�culties coordinating sample collection (17). There is limited data
on patient outcomes, including adherence to recommendations after telegenetics visits. Observationally,
prior to the pandemic, barriers included distance to the closest phlebotomy lab, distance to the post o�ce
to ship saliva samples to the lab, and lack of street address (most of the labs do not ship to PO boxes).

Methods

Setting
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West Virginia University (WVU) Medicine provides most of the state's genetic counseling and has a
contract with the West Virginia Department of Health and Human Resources to conduct newborn
screening. Until 2020, WVU Medicine exclusively used telegenetics in an outpatient setting. An advanced
practice nurse organized the visit, allowing the clinical geneticist at WVU's main campus to consult and
make recommendations. After the COVID-19 pandemic and in March 2020 [Table 1. Figure 1A- 1B], WVU
Medicine Genetics began utilizing telegenetics via video and telephone visits directly to patients at their
homes (18). 

 
Table 1

The number of completed Genetics visits at WVU Medicine over three
years.

Genetics Completed Visits at WVU Medicine

  2019 2020 2021  

Grand total 1602 1489 2314  

In person visits 1575 921 1250  

Telegenetics in an outpatient setting 27 17 29  

Telegenetics via video + 0 396 735  

Telegenetics via telephone + 0 155 300  

Procedure
This work was acknowledged by the WVU IRB as Not Human Subject Research. We utilize case vignettes
to describe the effect of marginalization and shed light on clinical challenges in WV state that is located
within the geopolitically de�ned Appalachian region, a region known for decreased social determinants of
health such as lower education levels, higher poverty levels, and greater healthcare shortage areas than
the United States as a whole (19). We also extrapolate the practical use of telegenetics that may be
generalized to other rural areas and recommend administrative system evaluation, work�ow changes,
and �nancial intervention to improve telegenetics implementation in populations experiencing health
disparity.

Results

Improving access to care to rare disease patients
A 7 year old male was referred to the Department of Pediatrics Genetics for history of an autism spectrum
disorder, dysmorphic features, and developmental delay. A pre-visit handout [Figure 2A] and patient photo
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guide [Figure 2B] were sent to the family via MyChart (personalized secure online patient access portal) to
help the parents prepare for the telegenetics visit. During the live video encounter, the patient’s medical
history and pedigree were obtained. The medical geneticist documented the distinctive features observed
through the use of a video camera. The medical geneticist documented the speci�c patient features in the
medical record in a systematic manner that would be easy for other clinicians caring for the patient to
understand. This documentation was performed with the same standards as in person care. Genetic
testing was recommended, and counseling was provided. Testing was done through a buccal swab kit
that was shipped using a courier service to the patient’s provided address. The family returned the sample
using a postage paid currier service. After analysis of the buccal swab, an identi�able genetic cause was
determined, and a new diagnosis was made. Since the parents were satis�ed with the initial visit, a follow
up evaluation was scheduled via another live video encounter. During the follow up visit, the patient and
family verbalized that they were highly satis�ed with the use of telehealth for this interaction due to a
reduced cost of transportation, saving time due to a 200-mile round trip, and the convenience of home
testing. This vignette is an example of a successful direct-to-patient telegenetics service, which serves as
a model to help early diagnosis and management of patients with a rare disease who reside in a rural
community.

Challenging the digital divide

A 12-year-old male living in rural West Virginia was seen initially in person for developmental delay and
dysmorphic features. Laboratory tests were ordered, and the patient was scheduled for a follow up
telegenetics visit as per parents request to review his genetic test results. At the initiation of the visit, the
provider waited for the family to obtain Internet connection noting a “Loading” message on the provider
screen. After connection was made, the medical geneticist took an updated history, disclosed the results
of genetic test, and provided genetic counseling based on the �ndings. Recommendations were given,
and the parents voiced understanding and agreed with the plan of care. After the completion of the visit,
the mother sent a message using our healthcare system’s online patient portal. indicating that she did not
hear part of the conversation due to a weak Internet connection on their part causing interruptions in
verbal communications. She asked for the genetic diagnosis and the follow up recommendations. The
purpose of genetic counseling is to deliver clinically accurate information regarding genetic risk factors in
a supportive and educational environment. This vignette highlights that while telegenetics can provide
accurate and timely information, lack of stable broadband in impoverished and vulnerable populations,
further diminishes access to care and exacerbates health inequities (20).

Telegenetics use in geriatrics care

A 72-year-old female with a history of breast cancer diagnosed at the age of 47 and treated with a
lumpectomy was referred for genetic evaluation due to an abnormal mammogram and abnormal genetic
test that was ordered by her primary care physician. A live two-way video visit was scheduled to review
her test results, as she lived over 150 miles away from the clinic. The patient reported at the time of the
visit that her caregiver who accompanies her to doctors’ appointments left for the day. After obtaining the
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history, the medical geneticist disclosed with the patient her genetic test results, which were positive for
hereditary breast cancer syndrome. Genetic counseling was provided, and the patient was given
information about how her genetic conditions might affect her current care and other family members.
The patient was interactive and verbalized understanding; however, during counseling, the patient did not
express interest in following with the genetic counseling and requested a follow-up in-person
appointment. The patient stated that visual aids were not clear. She voluntarily added that due to the
complexity of the counseling, concern about her privacy, and absence of her caregiver, she did not feel
comfortable continuing with telegenic care and preferred to return to in-person care. This case vignette
illustrates combined barriers of caring for comorbidities in addition to the low technology literacy needed
for a telegenetics visit. Such barriers need to be assessed and addressed prior to scheduling a
telegenetics visit.

Mental health issues and telegenetics counseling

A 19-year-old female who was seen initially via an in-person visit for her history of melanoma. Detailed
personal and family history were obtained. The patient had a past medical history of anxiety, panic
disorder, and depression. Family history was positive for pancreatic cancer in two third-degree relatives.
Genetic testing was recommended concerning Melanoma-pancreatic cancer syndrome. A multicancer
panel with genes related to melanoma and pancreatic cancer was included. Counseling was provided,
and testing was completed. At the follow-up appointment, the patient requested a video visit, as she lived
more than 200 miles away from the clinic. Testing was positive for her being a carrier of a cystic �brosis
(CF) gene mutation. The patient was counseled about the �nding and was informed about the risk of
pancreatitis associated with being a carrier of the CF gene, as well as the reproductive risk of CF. The
patient voiced understanding. Her mother called after the visit and reported that the patient had anxiety
after the visit fueled by the risk of transmitting the mutation to future children. The patient scheduled a
follow up appointment in person and was seen for re-counseling. During the follow up visit at in person
counseling, the patient verbalized a clear understanding of the genetic testing, and how these positive
results can help lower risk of disease. This vignette illustrates the need of assessing for co-existing
mental health issues prior to the video visit and taken extra measures to mitigate a poor outcome such as
an anxiety attack. Further research is needed to address how to best provide telegenetics to patients with
coexisting mental health conditions.

Remote testing and adherence to visit recommendations

A 34-year-old female with a family history of cancer was seen and was consulted for genetic risk
assessment. After counseling, genetic testing was recommended, and a saliva kit was shipped. The
patient did not have a street address but provided a PO box address. Since kits cannot be delivered to PO
box addresses, the kit was sent to a relative of the patient who lived close by and who could provide a
street address. Three patient reminders were sent to the patient (one letter and two phone calls). The
patient con�rmed that she received the test kit and was planning to send it, but never returned a saliva
sample. Had the patient attended an in-person visit, a sample would have been collected the same day.
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This vignette illustrates that while remote testing is a valuable tool to decrease burden for patients,
challenges of rural locations remain and may impact adherence to visit recommendations. Although
remote testing could be a challenge in West Virginia, patient adherence may also play an important rule.

Discussion
Here we share examples of patients receiving genetic services via telegenetics in rural Appalachia. We
describe our clinic �ow, successful visits, and provider facilitators and barriers to telegenetics in a rural
state. If done properly, a telegenetics practice model could close the access gap to genetic service in
Appalachia. The �rst case vignette illustrates how telegenetics increases the opportunities to utilize
diagnostic genetic testing while decreasing barriers to diagnosis. However, the remaining cases highlight
observed rural risk factors including the digital divide, care of the geriatric patient, mental health and
adherence to testing which could be overwhelming and prevent long-term quality and safety of such a
deliver model. The identi�cation of clinical barriers to implementation highlights the need to investigate
alternative work�ow and assessment of disparities in patients related to access to needed technology,
technology literacy, age, mental health diagnosis, and barriers to remote testing adherence within
Appalachian and other rural communities.

General reviews suggest that telegenetics is an acceptable model to provide genetic service to patients in
rural areas; however, studies have focused on patient-physician satisfaction during the visit (7, 16). There
is a limited number of studies that examined the limitations of accessing telegenetics before and after
the visit [Figure 3]. There is also a gap in the research on the use of telegenetics services in patients with
preexisting psychological issues and the impact of the service in their wellbeing.

Information technology specialists, public health experts, and state Medicaid administrators are involved
in evaluating infrastructure barriers to ease post visit access to assist with adherence to provider
recommendations. This includes access to postal services to provide buccal swab testing, access to local
laboratories for testing and screening, and more importantly, developing a hub for telehealth services.
Efforts to ensure that patients have access to affordable high-speed Internet devices and computer
literacy support to navigate the system can also improve health equity. It can be alarming that the digital
divide can increase inequality, in turn exacerbating social and economic disadvantages suffered by
patients in rural areas such as West Virginia who experience rare diseases.

We also recommend future research studies to examine the usefulness of telegenetics for patients with
other comorbidities, speci�cally mental health issues, hearing loss, blindness, sensory impairment, and
physical limitations. Understanding barriers in certain patient populations could help create a guideline
for patients receiving services and develop strategies to improve access in these unique populations.

Conclusion
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While telegenetics can improve access to care, these examples emphasize the need for intervention
studies to address implementation of telegenetics in populations who experience health disparities.
Healthcare literacy, technology literacy, co-morbidities, and access to adequate broadband to complete a
video visit need to be assessed and addressed prior to the visit. Geriatric populations and those living
with mental illness may need the involvement of family or caregivers in the telegenetics visit. Care
coordination using mobile, or landline phones may be a possible solution. In addition, future attention
should also focus on administrative system evaluation, and cost to reduce health disparities in
disadvantaged groups.
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Figure 1

A.Number of completed visits per visit type per year at WVU Medicine

B. Genetics visits via video and telephone by year.

Figure 2
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2A. Handout given to patients in preparation for the telegenetics visit.

2B. Telegenetics patient photo guide: parents may be asked to take a photograph of the child to closely
assess features and anomalies which could be helpful in considering a diagnosis. 

Figure 3

Proposed model of evaluating telegenetics visits barriers: barriers assessment before the visit, within the
visit and after the visit. 


