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Abstract 

Background This project aimed to optimize communication strategies to support family communication about 
familial hypercholesterolemia (FH) and improve cascade testing uptake among at‑risk relatives. Individuals and fami‑
lies with FH provided feedback on multiple strategies including: a family letter, digital tools, and direct contact.

Methods Feedback from participants was collected via dyadic interviews (n = 11) and surveys (n = 98) on commu‑
nication strategies and their proposed implementation to improve cascade testing uptake. We conducted a thematic 
analysis to identify how to optimize each strategy. We categorized optimizations and their implementation within the 
project’s healthcare system using a Traffic Light approach.

Results Thematic analysis resulted in four distinct suggested optimizations for each communication strategy and 
seven suggested optimizations that were suitable across all strategies. Four suggestions for developing a comprehen‑
sive cascade testing program, which would offer all optimized communication strategies also emerged. All optimized 
suggestions coded green (n = 21) were incorporated. Suggestions coded yellow (n = 12) were partially incorporated. 
Only two suggestions were coded red and could not be incorporated.

Conclusions This project demonstrates how to collect and analyze stakeholder feedback for program design. We 
identified feasible suggested optimizations, resulting in communication strategies that are patient‑informed and 
patient‑centered. Optimized strategies were implemented in a comprehensive cascade testing program.
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Background
Familial hypercholesterolemia (FH) is one of the most 
common genetic disorders, causing increased risk of pre-
mature atherosclerotic cardiovascular disease (ASCVD) 
[1, 2]; however, early diagnosis and treatment can sig-
nificantly improve prognosis and be lifesaving [3]. Indi-
viduals with FH can be diagnosed through genetic testing 
of the main genes associated with FH (LDLR, APOB, 
PCSK9) and through clinical methods including low 
density lipoprotein (LDL) cholesterol testing, physical 
exam, and collection of a family health history [1, 4, 5]. 
Cascade testing, or the stepwise and systematic screening 
of at-risk relatives in the family, is an effective method of 
identifying additional individuals with FH, as most indi-
viduals with FH have an autosomal dominant form of 
the condition [6, 7]. However, FH cascade testing is not 
routinely performed in the U.S. and the burden of shar-
ing risk information about FH and motivating family to 
pursue testing is left to the proband, or first person diag-
nosed with FH.

Probands report a myriad of challenges trying to com-
municate with their family about FH including difficulty 
recalling and sharing complex risk information, navi-
gating geographic and emotional distance with at-risk 
relatives, and inability to motivate relatives to pursue 
diagnosis and treatment [8, 9]. Probands may be pro-
vided Dear Family Letters to share with at-risk relatives 
that aim to support family communication and cascade 
testing, but such passive methods remain suboptimal 
[10]. Recently, a systematic review found passive meth-
ods resulted in < 1 new relative with FH identified per 
proband on average [11]. Comparatively, more active 
methods such as clinicians directly contacting relatives 
resulted in a higher rate of new relatives with FH identi-
fied per proband [11]. Further, individuals with FH have 
expressed interest in receiving assistance from clinicians 
to share FH-related health risks with family [8, 9, 12].

Innovative, active communication strategies such as 
digital tools and direct contact are potential solutions 
to reduce the communication burden on probands and 
improve FH cascade testing uptake [13, 14]. Digital tools 
like chatbots can support patient activation by delivering 
standardized medical information designed by clinicians 
at the user’s pace and by increasing access to genetic 
counseling and testing resources [15, 16]. Chatbots are 
digital conversational agents that communicate in ways 
mirroring human dialogue and have been implemented 
in healthcare systems to scale the delivery of genetic 
information [15]. Direct contact is another novel, active 
method that has the potential to reduce proband burden 
and improve cascade testing uptake. Historically, pro-
grams outside the U.S. in which a clinician directly con-
tacts at-risk relatives with a proband’s permission have 

been highly effective in identifying additional individuals 
in the family with FH [7, 11].

Chatbots and direct contact strategies can also help 
at-risk relatives navigate to cascade testing resources. 
Recent evidence found individuals with FH and clini-
cians described these novel communication strategies 
as both acceptable and appropriate as well as feasible to 
implement in current practice [17]. Moreover, there is 
evidence suggesting offering a combination of passive 
and active communication strategies to probands shar-
ing an FH diagnosis with at-risk relatives can lead to a 
higher proportion of relatives being tested [18]. However, 
more research is needed to inform the development of a 
patient-centered program offering multiple communica-
tion strategies to FH probands to facilitate cascade test-
ing [19].

This project aimed to gather perspectives from indi-
viduals and families with FH to optimize existing com-
munication strategies (i.e., Dear Family Letter, chatbots) 
and design a new communication strategy (i.e., a direct 
contact program) to improve FH cascade testing uptake. 
We document feedback from participants on how to (re)
design communication strategies and create a compre-
hensive cascade testing program offering the strategies 
to probands to facilitate their family communication and 
improve FH cascade testing uptake. We also describe 
how the transdisciplinary team with expertise in FH, 
pharmacy, genomic medicine, health communication, 
and implementation science incorporated participants’ 
feedback and what suggested optimizations the team 
could or could not feasibly incorporate. Results may 
inform other healthcare systems on how to develop, opti-
mize, and incorporate innovative, patient-centered com-
munication strategies to facilitate cascade testing uptake.

Methods
Setting
The Identification Methods, Patient Activation, and Cas-
cade Testing for FH (IMPACT-FH) research study took 
place at Geisinger, a central Pennsylvania-based inte-
grated healthcare delivery system. The Geisinger health-
care system consists of multiple hospitals and outpatient 
facilities, serving approximately 1.5 million patients 
annually. Additionally, Geisinger offers a health insur-
ance plan, which is synchronized with clinical decisions 
made within the healthcare system to ensure high-qual-
ity care is accessible and affordable to plan members 
(approximately a third of Geisinger patients). The (re)
designed communication strategies were targeted to 
individuals with FH identified through Geisinger’s 
MyCode® Community Health Initiative (MyCode) [19]. 
MyCode is a population-based genomics project that 
includes electronic health records (EHRs) data as well 
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as genomic data generated from exome sequencing [20]. 
MyCode also includes a genomic screening initiative that 
returns actionable genetic results (including FH results) 
to patient-participants, called the MyCode Genomic 
Screening and Counseling Program (GSCP) [21]. The 
MyCode GSCP is equipped with 14 genetic counselors, 
2 medical geneticists, 4 genetic counseling assistants, 
administrative leadership support, and study support 
staff, all at varying levels of funded time and effort. Addi-
tionally, MyCode GSCP offers genetic counselling and 
provides patient-facing resources such as chatbots and 
detailed summaries of genomic findings as well as pro-
vider-facing resources to help explain results and next 
steps. Finally, Geisinger has a multidisciplinary lipid 
clinic (MDLC), staffed with a lipidologist, genetic counse-
lor, and pharmacist [22]. The MDLC cares for individuals 
with severe lipid disorders, such as FH, within the health 
system. Qualitative findings from this study were applied 
to create a comprehensive cascade testing program (i.e., 
IMPACT-FH Cascade Testing Program) to offer the opti-
mized communication strategies to probands receiving 
an FH result from MyCode to facilitate family communi-
cation and cascade testing uptake.

Design
This project used a parallel mixed method design (inter-
views and surveys) to gather feedback from individuals 
and families with FH to optimize communication strat-
egies to improve FH cascade testing uptake. The com-
bination of methods ensured the project team could 
identify different perspectives on FH and cascade testing, 
characterize family dynamics relevant to offering opti-
mized strategies, and triangulate findings that capture 
the breadth and depth of stakeholder feedback [23, 24]. 
Employing multiple methods to collect feedback also 
enabled wider recruitment and participation than solely 
conducting interviews.

The current project is part of a larger mixed-method 
study, “Identification Methods, Patient Activation, and 
Cascade Testing for Familial Hypercholesterolemia 
(IMPACT-FH)”, that aims to examine the optimized com-
munication strategies’ effectiveness in facilitating FH cas-
cade testing uptake in a prospective, pragmatic trial [19]. 
This project follows the Standards for Reporting Qualita-
tive Research (SRQR) [25]. The interview guide and sur-
vey were developed for this study by the transdisciplinary 
research team and have not been published elsewhere 
(see Supplementary Materials for interview guide and 
surveys).

Data collection
We used a combination of purposive and snowball sam-
pling to recruit participants. To be eligible, participants 

had to be (a) English speaking, and (b) diagnosed with 
FH through genetic testing or clinical criteria, (c) an at-
risk family member, and/or (d) a family member (i.e. 
spouse) of someone with FH [26]. Eligible participants 
were invited to either complete a dyadic interview or 
respond to an online survey. Eligible participants were 
allowed to only participate in one method (either dyadic 
interview or survey).

Participants were recruited from Geisinger’s MyCode 
(MyCode) [20, 21], Geisinger’s MDLC [22], and via the 
Family Heart Foundation. The Family Heart Founda-
tion is a national patient-centered research and advocacy 
organization that works to improve identification and 
care of genetic lipid disorders including FH and elevated 
Lipoprotein(a).

To complete dyadic interviews, the participant with an 
FH diagnosis was invited to and asked to recruit a fam-
ily member to join. Participants who completed inter-
views received a $20 Amazon gift card. Participants were 
invited to complete surveys via email and through posts 
on the Family Heart Foundation’s social media accounts. 
Survey participants could also invite their family mem-
bers to complete a survey. Survey participants recruited 
from Geisinger were entered into a raffle to win one of 
five $50 Amazon gift cards.

Participants of each method were asked to review 
existing communication strategies including a Dear 
Family Letter (Supplemental Fig.  1a), a Family Shar-
ing Tool (FST) [27] for the proband to utilize, [27] and 
a Cascade Chatbot for relatives to receive and use. The 
FST is a flat webpage for probands to encourage com-
munication of their FH result to family and allows them 
to send a Cascade Chatbot to their relatives (Supplemen-
tal Fig. 2a). The Cascade Chatbot is received by relatives 
and discusses the proband’s result, associated health risks 
for relatives, and recommended care for at-risk relatives 
(Supplemental Fig.  3a) [16]. Participants were provided 
a description on how clinicians could directly contact at-
risk relatives with the proband’s permission. Questions 
among both methods focused on gathering participants’ 
perspectives on (1) how to optimize the letter, FST, and 
Cascade Chatbot, (2) how to design the direct contact 
strategy, (3) how to offer low-cost genetic testing options, 
(4) what strategy or combination of strategies they would 
use and why, and (5) additional suggestions for how to 
facilitate cascade testing for at-risk relatives.

Dyadic interviews were conducted by phone and audio-
recorded. Transcripts were de-identified, checked for 
accuracy, and analyzed by the team. Responses to demo-
graphic questions and open-ended survey responses were 
exported from the survey, de-identified, and checked for 
accuracy by ensuring there was only one response per IP 
address, before inclusion in the full data set. Open-ended 
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survey responses were moved to a spreadsheet to organ-
ize responses to each survey question on how to improve 
and design the strategies. Open-ended survey responses 
were then segmented by the type of strategy they gave 
feedback on. Interview transcripts and open-ended sur-
vey responses were iteratively read and analyzed concur-
rently. Descriptive statistics for participant demographics 
were analyzed using SPSS version 26.

Data analysis
Two authors (G.C.S., N.L.W) kept operational memos 
and de-briefed after each interview to discuss emergent 
themes, refine probes, and discuss when saturation was 
being reached. The two authors noted that saturation was 
being reached after the ninth dyadic interview as no new 
data was surfacing from interviews about using the strat-
egies with family and feedback on how to optimize the 
strategies became repetitive of previous interviews. At 
this time two more dyadic interviews were scheduled and 
conducted as planned to ensure saturation of concepts 
and feedback was reached for interviews. Before closing 
the survey, open-ended survey responses were reviewed 
by the two authors, who determined that saturation had 
been achieved and responses added to insights from 
dyadic interviews [26, 28].

Interviews and open-ended survey data were themati-
cally analyzed using the constant comparative method 
to identify key points of participant feedback on how to 
optimize each communication strategy and develop a 
comprehensive program offering the strategies to sup-
port FH cascade testing uptake [29]. The two authors 
engaged in first-cycle coding by independently open-
coding three interview transcripts. The two coders met to 
review one another’s coding, discuss discrepancies, iter-
ate on the coding approach, and develop a codebook [30]. 
They proceeded to secondary-cycle coding by iteratively 
reviewing transcripts and survey responses and meeting 
to discuss codes to identify patterns, organize, and syn-
thesize codes [28]. To ensure rigor, the coding team was 
expanded during axial coding to iteratively define and 
refine themes, descriptions, and examples and system-
atically group themes under hierarchical categories [29]. 
All coders had access to independently review transcripts 
and open-ended survey data in each phase of coding. The 
transdisciplinary coding team (G.C.S., N.L.W., L.K.J., 
C.D.A., K.M.M., A.C.S) included experts in genomic and 
precision medicine, pharmacy, implementation science, 
FH diagnosis and care, and an individual with FH. The 
diversity of the coding team ensured credibility of analy-
sis that represents multi-faceted, crystallized qualitative 
findings [31].

The final data analysis step was to demonstrate how 
participant feedback was incorporated to optimize 

communication strategies for patient-participants receiv-
ing an FH result from MyCode. The transdisciplinary 
team utilized a Traffic Light approach to categorize 
how feasible participants’ suggested optimizations were 
within the context of the project and healthcare set-
ting [32]. Green lights represent optimizations that fully 
addressed the participants’ feedback and could success-
fully be made (were feasible) within our setting. Yellow 
lights represent optimizations that partially incorporated 
the participant feedback. Red lights represent optimiza-
tions that could not be incorporated.

Results
Overall, 120 participants were included in the project 
(see Table 1 for participant demographics). Eleven family 
dyads (n = 22) completed joint phone interviews between 
July–August 2020. Additionally, 98 separate participants 
responded to surveys conducted August–September 
2020. Qualitative data between interviews and surveys 
provided consistent feedback on topics reported below. 
Of note, survey participants tended to express more hesi-
tancy about whether genetic testing was necessary com-
pared to clinical methods for identifying FH. Most survey 
participants reported being diagnosed with FH via clini-
cal methods (cholesterol/lipid testing, physical exam, and 
family history), with about 32% having had FH genetic 
testing.

Optimizing the Dear Family Letter resulted in a Family 
and Healthcare Professional Packet
Participants described finding the letter useful overall 
but recommended making printed and digital copies of 
the letter available, clarifying how to use the genetic test-
ing report provided as part of the letter, incorporating 
edits to make the letter more personal so it might grab 
a relative’s attention, and eliminating jargon (Table  2). 
Using the Traffic Light approach, all suggested optimiza-
tions were categorized as green and incorporated except 
for the recommendation to remove logos. This sugges-
tion was categorized as yellow because the letter still 
needed to identify the participating organizations. Based 
on these participant responses and recommendations 
to clarify the genetic testing report and make the letter 
more personal, we expanded the Dear Family Letter into 
a Family and Healthcare Professional Packet (Supple-
mental Figs. 1a and 1b).

Optimizing the Family Sharing Tool resulted in a Family 
Sharing Chatbot and Cascade Chatbot with new 
functionality
Participants described the FST and Cascade Chatbot as 
easy-to-use tools that could help at-risk relatives learn 
about FH in a non-threatening format. Participants 
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recommended expanding the FST to be more interac-
tive. They also recommended including a genetic testing 
ordering module in the Cascade Chatbot. These recom-
mendations would enhance the technical capabilities of 
both tools. Participants also discussed their perceptions 
of the ideal types of users for chatbots (Table  3). Using 
the Traffic Light approach, four suggested optimizations 
were categorized as green (i.e., expand the FST, include 
an ordering module in the Cascade chatbot, offering 
additional options for sending a Cascade chatbot, and 
describing the chatbots as easy to use despite age/com-
fort with technology), two were yellow (i.e., Cascade 
chatbot reminders and overcoming perceptions that 
younger family members would prefer a chatbot), and 
one was red (i.e., offering a live chat function). The FST 
was expanded into a Family Sharing Chatbot (FSC) based 
on participants’ feedback on making the FST more inter-
active, similar to the Cascade Chatbot (Supplemental 
Figs. 2a and 2b). A genetic testing ordering module was 
added to the Cascade Chatbot based on participants’ 
recommendations to make it simple and accessible for 

at-risk relatives to pursue cascade testing for FH (Supple-
mental Fig. 3b).

Designing the FH Outreach and Support Program for direct 
contact
Participants described how a clinician directly contact-
ing their at-risk relatives to share information about FH 
and cascade testing could potentially motivate their fam-
ily members to act. To create an acceptable direct con-
tact strategy, participants recommended that an expert 
in FH who has a connection to the proband conduct 
the direct contact, relatives should be primed via a let-
ter before direct contact takes place, clinicians within 
the same healthcare system of the proband and at-risk 
relative(s) should automatically coordinate contact with-
out consent from the proband, and probands should be 
given the opportunity to partner with clinicians for direct 
contact (Table 4). Using the Traffic Light approach, two 
participant recommendations were categorized as green 
(i.e., having an expert with a connection to the proband 
and good communication skills perform direct contract, 

Table 1 Participant demographics

Overall Sample (N = 120)

Sex Female (75%)

Male (25%)

Highest Educational Attainment Some high school/high school/GED (14.2%)

Some college/trade/technical degree (15.8%)

Associate’s degree (6.7%)

Bachelor’s degree (35%)

Post‑graduate degree (27.5%)

Prefer not to answer (0.8%)

FH Diagnosis/Risk Status Diagnosed (90.8%)

At‑risk (5%)

Spouse/Caregiver (4.2%)

Dyadic Interview (N = 22)

Age Ranges 25 – 34 (18.2%)

35 – 44 (13.6%)

45 – 54 (22.7%)

55 – 64 (13.6%)

 > 65 (31.8%)

Dyadic Relationships Sisters (n = 3)

Spouse (n = 2)

Mother‑Daughter (n = 3)

Mother‑Son (n = 2)

Father‑Daughter (n = 1)

Survey Responses (N = 98)

Participant Type Individual with FH from Geisinger (n = 19, 19.4%)

Individual with FH from the Family Heart Foundation 
(n = 72, 73.5%)

Family member of an individual with FH (n = 7, 7.1%)

Age 14–80 years old (M = 55.94, SD = 13.45)
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priming relatives before direct contact), while the other 
four recommended optimizations were categorized as 
yellow (i.e., having a PCP perform direct contact, giv-
ing a specific timeline for direct contact, automati-
cally contacting an at-risk relative’s clinician within the 
same healthcare system as the proband, active proband 
involvement in direct contact). The direct contact strat-
egy was designed based on participant recommendations 
and formally named the FH Outreach and Support Pro-
gram. As part of the program, genetic counselors who 
worked with the original FH proband were the clini-
cians performing direct contact. First, probands received 
a flyer describing the program to help them consider 
whether to choose direct contact to help inform their at-
risk relatives about their FH result (Supplemental Fig. 4). 
If probands chose direct contact, a primer letter was sent 
to alert the proband’s relative that they would be con-
tacted by a clinician (Supplemental Fig. 5).

Cross‑cutting optimizations among strategies
Participants provided suggested optimizations that 
applied across strategies. Participants recommended pro-
viding credible, informative resources on FH for further 
information-seeking, including resources among strat-
egies to help at-risk relatives navigate next action steps. 
This included clarifying the costs for cascade genetic 

testing and lipid testing, providing at-risk relatives with 
an option to connect directly with a clinician about their 
FH risks, stressing that the strategies are from a credible 
source and are trustworthy, improving strategies to get 
through the noise of spam/scams relatives may receive, 
and encouraging probands to give relatives a “heads up” 
before the strategy reaches the relative. Using the Traf-
fic Light approach, seven participant recommendations 
were categorized as green, four recommendations were 
yellow, and one recommendation was red (Table 5). We 
implemented the green and yellow suggested optimi-
zations across strategies, such as providing links to the 
Family Heart Foundation’s website for more information 
and resources, providing detailed instructions and multi-
ple resources to help at-risk relative navigate next action 
steps, and using clear, transparent language comparing 
costs across options for cascade testing.

Designing a comprehensive program—The IMPACT‑FH 
Cascade Testing Program
As participants described their feedback on each com-
munication strategy, they also described that they 
would like to use one or more of the strategies for each 
of their relatives as part of a comprehensive program. 
Participants recommended designing a multi-pronged 

Table 2  Optimizingthe Dear Family Letter resulted in a Family and Healthcare Professional Packet
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program that provides options for probands regarding 
which strategies they could select to communicate their 
FH result with different family members. They also rec-
ommended offering the Cascade Chatbot to relatives 
within other strategies (i.e., QR code within packet), 
providing something tangible relatives could review 
and store (i.e., printed materials such as the packet, a 
transcript from the chatbot, direct contact primer let-
ter), and encouraging future probands to tailor their 
strategy choices for each at-risk relative (Table  6). 
Using the Traffic Light approach, all suggested optimi-
zations were categorized as green except for the sugges-
tion that probands should contact family members to 
check their preferences to choose their preferred strat-
egy, which was yellow. Based on this feedback, the team 
designed the IMPACT-FH Cascade Testing Program to 
provide the optimized, patient-centered strategies and 
provide probands choices among strategies over time. 
For the IMPACT-FH Cascade Testing Program, the 
team designed a workflow organizing how optimized 
strategies could function independently or in concert 
to facilitate family communication and cascade testing 
uptake (Supplemental Fig. 6).

Discussion
Developing a comprehensive program including patient-
centered, innovative communication strategies can 
potentially overcome the challenges probands and their 
relatives face as they manage complex risk informa-
tion about FH and pursue cascade testing [33]. Findings 
from this project identify key recommendations from 
individuals and families with FH to (re)design commu-
nication strategies and build a comprehensive cascade 
testing program. Using a Traffic Light approach [32], this 
project described how optimizations were mapped on to 
participant feedback and how optimizations could be fea-
sibly incorporated within the study’s healthcare system. 
Finally, the process of analysis utilized in this project can 
inform similar approaches to collect critical feedback 
from the populations similar programs seek to serve. 
This approach also illustrates how to translate feedback 
to implement optimizations both in genomic and preci-
sion health as well as more broadly to areas of equity and 
inclusion efforts or community-based programs.

Incorporating feedback for optimizing the Dear Family 
Letter into a Family and Healthcare Professional Packet 
was relatively straightforward as most participant sug-
gestions were to adjust the language and expand the 

Table 3  Optimizingthe family sharing tool resulted in a family sharing chatbot and cascade chatbot with new functionality
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single-page letter into a more comprehensive resource 
for relatives and their clinicians. Optimizations geared 
toward the relative’s clinician included a letter from a 
genetic counselor and an FAQ sheet notifying the clini-
cian of the proband’s FH result, describing what the result 
could mean for the relative’s health, and providing simple 
steps for how the clinician could order cascade testing. 
Future research should examine how at-risk relatives and 
their clinicians respond to and use this type of resource. 
Recently, a web-based tool to enhance family communi-
cation by providing a digital letter for probands to share 
with relatives and educational modules was evaluated 
positively by individuals with FH and genetic counselors 
[14], which shows further promise for the optimizations 
made in this study. Additionally, while participants rec-
ommended expanding the letter into a packet, the addi-
tional information and length may seem overwhelming 
to some individuals and warrants further research. Over-
all, optimizations made to the letter alone may still face 
persistent limitations as it is a passive, proband-mediated 
strategy for family communication about FH and may 
need to be combined with other strategies to improve 
cascade testing uptake [10, 11].

Participants’ recommendations to expand the FST into 
a FSC and design a cascade test ordering module in the 
Cascade Chatbot were incorporated in partnership with 
the project’s healthcare system, a genetic testing labora-
tory, and a third-party physician ordering company [16, 
19]. Incorporating a module within the Cascade Chat-
bot for a patient-initiated genetic testing order/mail-in 
genetic testing kit can improve access and ease of cascade 
testing uptake for at-risk relatives and improve FH diag-
nosis. With these optimizations chatbots can increase 
access to genetic testing and counseling resources [15]. 
However, some participant recommendations were not 
feasible to fully incorporate, such as reminders for rela-
tives to return to the Cascade Chatbot if they start but do 
not complete the chat and including a live chat function 
with a human. For instance, developing a live chat would 
require an expert in FH be available any time a proband 
or relative opens the chatbot, which would significantly 
increase the workload of clinicians and their extend-
ers (e.g., nurse, physician assistant). While our health-
care system and MyCode program cannot support a live 
chat due to limited availability of staff and experts in FH, 
other settings or environments equipped with larger staff 

Table 4  Designingthe FH outreach and support program for direct contact
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Table 5  Cross‑cutting optimizations among strategies
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trained by experts in FH may be able to feasibly facilitate 
a live chat with probands and relatives.

Although chatbots are more interactive strategies and 
can include direct access to genetic testing ordering, 
using the FSC to send a Cascade Chatbot to relatives still 
represents challenges inherent with proband-mediated 
communication strategies [11]. Probands may choose not 
to open or complete the FSC and not to send the Cas-
cade Chatbot to relatives. Limitations to the reach and 
engagement with chatbots may also be due to technol-
ogy access barriers. Although implementation of digi-
tal and mobile health tools are steadily increasing to fill 
gaps in healthcare, these tools can also increase dispari-
ties limiting their use to individuals who have technology 
skills and access to broadband connection to the Inter-
net (i.e., the digital divide) [34]. It is promising that chat-
bots have been successfully integrated into the MyCode 
GSCP and participants in this study expressed interest 
in using and improving the chatbots [16, 35]. However, 
the digital divide and probands assumptions about rela-
tives’ comfort with technology may limit the impact of 
the Cascade Chatbot to improve cascade testing uptake 
[11]. To address this limitation, our team added language 
to the FSC to combat these misperceptions. Relatives also 
can directly access the Cascade Chatbot as part of the 

IMPACT-FH Cascade Testing Program by requesting a 
Cascade Chatbot via contact information provided in the 
packet and/or when a genetic counselor performs direct 
contact.

Participant feedback on designing a direct contact 
program was implemented as much as feasibly possible 
to create the FH Outreach and Support Program. While 
participants often described wanting their primary care 
provider (PCP) to perform direct contact, they ulti-
mately explained that the two most important charac-
teristics were for the clinician to be an expert in FH and 
have a connection to the family. Asking PCPs to perform 
direct contact presents several key challenges including 
the lack of feasibility to incorporate direct contact into 
PCPs’ already full workload, lack of reimbursement for 
PCPs’ time, and limitations in their knowledge and con-
fidence discussing genetic conditions and treating FH 
[17, 36, 37]. As such, genetic counselors were chosen to 
perform direct contact. Genetic counselors’ expertise is 
in line with qualities that participants desiring for the 
clinician performing direct contact, as genetic counse-
lors are extensively trained in discussing genetic disor-
ders, applying communication skills to disclose genetic 
risk information, and psychological support provision 
to patients and families. Other types of clinicians could 

Table 6  Designinga comprehensive program—the IMPACT‑FH Cascade Testing Program



Page 11 of 13Campbell‑Salome et al. BMC Health Services Research          (2023) 23:340  

perform direct contact if they are seen as experts and 
trusted sources of FH information and have strong com-
munication skills, which could improve the feasibility of 
implementing direct contact programs widely [17]. Par-
ticipants also recommended coordination of care within 
the healthcare system so the proband’s clinician could 
automatically share the FH diagnosis with at-risk rela-
tives’ clinicians seamlessly, without first gaining permis-
sion from the proband. This suggested optimization 
represents ethical and legal challenges related to shar-
ing private health information, as some clinicians may 
feel uncomfortable directly contacting a relative’s pro-
vider without the proband’s express permission, although 
it may be acceptable based on HIPAA requirements 
depending on state law [38, 39]. Beyond ethical and legal 
questions, system level barriers to clinician communica-
tion also limit wider implementation of this suggested 
optimization as not all clinicians and healthcare systems 
use EHRs that are interoperable to facilitate sharing risk 
information. Methods from implementation science can 
be utilized to design strategies for these complex care 
coordination programs that involve clinician to clinician 
communication regarding genetic information and to 
evaluate their effectiveness.

The Traffic Light approach is a method used in imple-
mentation science settings to explain how suggested 
adaptations have been incorporated into other projects 
[32, 40]. Utilizing the Traffic Light approach to describe 
suggested optimizations in this project improves the 
generalizability to other healthcare settings [32]. This 
approach facilitated the categorization of suggested 
optimizations based on their feasibility. Further, this 
approach demonstrates how to incorporate stakeholder 
feedback to optimize strategies and design healthcare 
programs. By assigning colors to suggested optimizations 
and describing the decisions for making and incorporat-
ing optimizations, other healthcare settings can decide 
what may be feasible for their patients, clinicians, and 
system.

A final key contribution of this work is the develop-
ment of a comprehensive, multi-pronged program, the 
IMPACT-FH Cascade Testing Program, consisting of 
multiple optimized communication strategies to be uti-
lized by probands receiving an FH result. Participants 
not only provided feedback on how to (re)design each 
communication strategy, but also provided recom-
mendations on how to offer the strategies to probands, 
enable probands to choose a combination of strategies 
over time, and allow probands to customize their strat-
egy choice(s) for each relative. Thus, the IMPACT-FH 
Cascade Testing Program was developed to describe 
and offer the optimized strategies to probands with FH, 
with the key tenet of allowing probands to tailor their 

choices for each at-risk relative and to switch strategies 
if the first choice did not work (Supplemental Fig.  6). 
Future research should examine how relatives respond 
to the proband’s strategy choices and use these opti-
mized strategies to make decisions about their FH risk. 
Participant recommendations for offering a combina-
tion of passive and active communication strategies 
supports previous findings that offering multiple com-
munication methods and types of clinical support can 
improve cascade testing uptake [18]. Future research 
should pragmatically test how such a program can 
improve cascade testing uptake and examine how 
probands and relatives use the optimized communica-
tion strategies [19] and what additional improvements 
can be made to these strategies.

Generalizability of this project is limited as the sam-
ple reported relatively high educational attainment, did 
not include non-English-speaking participants, and sur-
vey participants needed Internet access [41]. Further, all 
dyadic interview participants identified as Caucasian, 
and ethnicity and race were not collected in surveys. 
More diverse participants and those with lower educa-
tional attainment may experience meaningful differences 
when managing information about FH and pursuing cas-
cade testing and could provide different suggested opti-
mizations. As participants were recruited via Geisinger’s 
MyCode®, MDLC, and the Family Heart Foundation, 
they may have represented a group that is more active 
in pursuing information and testing for FH. Addition-
ally, it is possible that some family members of interview 
participants completed survey responses, which may 
have created few instances with similar feedback due to 
a shared family communication experience or prefer-
ences. Although this is possible, authors took care dur-
ing recruitment and data refinement to ensure survey 
responses were unique and that interview participants 
were not included in survey recruitment. Further, while 
our final optimized program and strategies are based on 
what was feasible within our healthcare system, others 
can review our data and utilize the Traffic Light approach 
to re-categorize suggested optimizations based on the 
resources available in their own system. For instance, 
Geisinger had genetic counselors return FH results to 
probands via MyCode® [21] and perform direct con-
tact to at-risk relatives, and had certain facilitators (e.g., 
well-established genetic counseling program, previously 
established chatbot integration) that set the healthcare 
system up well to support optimizations. Finally, there 
may be other ways to establish a comprehensive cascade 
testing program outside of any one healthcare system, 
such as non-profit patient advocacy groups, that may 
address some of the implementation barriers encoun-
tered by this project.
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Conclusion
Overall, findings demonstrate the importance of offering 
choices to probands when providing patient-centered, 
innovative communication strategies to facilitate fam-
ily communication about FH and cascade testing uptake. 
This project documents participant feedback to (re)
design communication strategies and build a compre-
hensive patient-centered program to facilitate cascade 
testing uptake. Further, we demonstrate how feedback 
was implemented within the healthcare system and 
describe why some feedback could not be fully incorpo-
rated into the final optimized program. Other healthcare 
systems can learn from the Traffic Light approach to 
determine what feedback from participants can be feasi-
bly implemented at their site to support family commu-
nication and FH cascade testing uptake. These learnings 
may inform family communication and cascade testing 
approaches for other genetic conditions.

Abbreviations
FH  Familial Hypercholesterolemia
ASCVD  Atherosclerotic cardiovascular disease
LDL  Low density lipoprotein
IMPACT‑FH  Identification Methods, Patient Activation, and Cascade Testing for 

Familial Hypercholesterolemia
SRQR  Standards for Reporting Qualitative Research
GSCP  Genomic Screening and Counseling Program
MDLC  Multi‑disciplinary lipid clinic
FST  Family Sharing Tool
FSC  Family Sharing Chatbot
FAQ  Frequently Asked Questions
PCP  Primary care provider

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913‑ 023‑ 09304‑y.

Additional file 1: Supplemental Figure 1a. Original Dear Family Letter. 
The original Dear Family Letter template with lab report for probands to 
share with at‑risk relatives. Supplemental Figure 1b. Optimized Family 
and Healthcare Professional Packet. The optimized Dear Family Letter 
template with a flyer on FH, FAQs for relatives, a letter for the relative’s 
Healthcare Professional, and FAQs for the healthcare professionals.

Additional file 2: Supplemental Figure 2a. The original Family Sharing 
Tool (FST). The original FST with questions and answers for probands. The 
FST included a separate page to facilitate sharing of the Cascade Chatbot 
to at‑risk relatives. Supplemental Figure 2b. The Family Sharing Chatbot 
(FSC). The FST was optimized into a FSC to be conversational and interac‑
tive chat to encourage probands to share information about their FH 
result with at‑risk relatives.

Additional file 3: Supplemental Figure 3a. The Cascade Chatbot. The 
Cascade Chatbot is designed to share information about the proband’s 
FH result with at‑risk relatives, provide the relative information about FH, 
and connect them with resources for cascade testing. Supplemental 
Figure 3b. The genetic testing ordering module additionto the Cascade 
Chatbot. The optimized Cascade Chatbot includes a module for at‑risk 
relatives to order family variant testing through a mail‑order genetic 
testing kit.

Additional file 4: Supplemental Figure 4. Flyer for the FH Outreach and 
Support Program. The flyer is sent to probands in a packet they receive 

after receiving their FH result from MyCode and describes important 
points related to the direct contact program.

Additional file 5: Supplemental Figure 5. Primer Letter for the FH Out‑
reach and Support Program. The Primer Letter template for relatives the 
proband chooses to be contacted directly by a genetic counselor as part 
of the FH Outreach and Support Program.

Additional file 6: Supplemental Figure 6. IMPACT‑FH Cascade Testing 
Program Workflow. Probands can choose multiple strategies for each 
of their at‑risk relatives. All probands are provided with the Family and 
Healthcare Professional Packet and a flyer describing the FH Outreach and 
Support Program for direct contact after they receive their FH result even 
if they choose other communication strategies.

Additional file 7. 

Additional file 8. 

Additional file 9. 

Additional file 10. 

Additional file 11. 

Acknowledgements
We thank the participants who took part in this project to improve the com‑
munication strategy and design the comprehensive program.

Authors’ contributions
All authors have read and approved the manuscript. Conceptualization: G.C.S., 
L.K.J., N.L.W., A.B., A.K.R., A.C.S., Data curation: N.L.W., A.B., Formal analysis: 
G.C.S., L.K.J., N.L.W., K.M.M., C.D.A., A.C.S., Funding acquisition: A.C.S., A.K.R, L.K.J., 
Investigation: G.C.S., L.K.J., N.L.W., A.B., K.M.M., C.D.A., A.K.R., A.C.S., Methodol‑
ogy: G.C.S., L.K.J., N.L.W., A.B., K.M.M., C.D.A., A.K.R., A.C.S., Project administration: 
A.B., N.L.W., I.G.L., Resources: N.L.W., C.D.A., T.J.S., E.S., Writing – original draft: 
G.C.S., L.K.J., N.L.W., K.M.M., C.D.A., A.C.S., Writing – review & editing: G.C.S., L.K.J., 
N.L.W., C.D.A., K.M.M., A.B., I.G.L., M.P.M., M.N.M., A.K.R., T.J.S., E.S., M.L.B.S., E.T., 
K.W., A.C.S.

Funding
Research reported in this publication was supported by the National Heart, 
Lung, and Blood Institute of the National Institutes of Health under award 
number: R01HL148246. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the National Institutes 
of Health.

Availability of data and materials
The qualitative data that support the findings of this project are available on 
request from the corresponding author (G.C.S.). The data are not publicly avail‑
able due to them containing information that could compromise participant 
privacy/consent.

Declarations

Ethics approval and consent to participate
Upon review, the Geisinger IRB determined that this project was not a 
systematic investigation designed to develop or contribute to generalizable 
knowledge as defined at 45 CFR 46.102(1), and was therefore not research. 
All procedures performed in studies involving human participants were in 
accordance with the ethical standard of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. Participants agreed verbally to 
participate in interviews and in writing to complete surveys.

Consent for publications
Before interviews, researchers reviewed the goals of the project and asked 
participants if they wished to participate and agreed to be recorded. When 
participants gave verbal consent, interviews were conducted. This was appro‑
priate as participants were given information about the study ahead of the 
interview, which was reviewed before interviews and participants were given 
time to ask questions and consider if they wished to participate. Although, 

https://doi.org/10.1186/s12913-023-09304-y
https://doi.org/10.1186/s12913-023-09304-y


Page 13 of 13Campbell‑Salome et al. BMC Health Services Research          (2023) 23:340  

the Geisinger IRB determined that this project was no research, authors did 
consult the Geisinger IRB on the ethical conduct of the project. For surveys, 
the first webpage described the goals and procedures of the project for 
participants and participants had to give written consent.

Competing interests
Tara Schmidlen is an employee and shareholder of Invitae. Emilie Simmons 
was an employee and shareholder of Invitae at the time the project was 
conducted. Amy Sturm has been a consultant for Invitae.

Author details
1 Department of Genomic Health, Geisinger, , Danville, PA, USA. 2 Department 
of Population Health Sciences, Geisinger, Danville, PA, USA. 3 Geisinger Heart 
and Vascular Institute, Geisinger, Danville, PA, USA. 4 The Family Heart Founda‑
tion, Pasadena, CA, USA. 5 Geisel School of Medicine at Dartmouth, Dartmouth 
Hitchcock Medical Center, Lebanon, NH, USA. 6 Invitae, San Francisco, CA, USA. 
7 Cardiac Genome Clinic, Ted Rogers Centre for Heart Research, The Hospital 
for Sick Children, Toronto, ON, Canada. 

Received: 12 May 2022   Accepted: 17 March 2023

References
 1. Abul‑Husn NS, et al. Genetic identification of familial hypercholesterolemia 

within a single U.S. health care system. Science. 2016;354(6319).
 2. Grundy SM, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/

APhA/ASPC/NLA/PCNA Guideline on the Management of Blood Choles‑
terol: Executive Summary: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines. J Am 
Coll Cardiol. 2019;73(24):3168–209.

 3. Luirink IK, et al. 20‑Year Follow‑up of Statins in Children with Familial Hyper‑
cholesterolemia. N Engl J Med. 2019;381(16):1547–56.

 4. Khera AV, et al. Diagnostic Yield and Clinical Utility of Sequencing Familial 
Hypercholesterolemia Genes in Patients With Severe Hypercholesterolemia. 
J Am Coll Cardiol. 2016;67(22):2578–89.

 5. Chora JR, et al. Analysis of publicly available LDLR, APOB, and PCSK9 variants 
associated with familial hypercholesterolemia: application of ACMG guide‑
lines and implications for familial hypercholesterolemia diagnosis. Genet 
Med. 2018;20(6):591–8.

 6. Hadfield SG, et al. Family tracing to identify patients with familial hypercho‑
lesterolaemia: the second audit of the Department of Health Familial Hyper‑
cholesterolaemia Cascade Testing Project. Ann Clin Biochem. 2009;46(Pt 
1):24–32.

 7. Umans‑Eckenhausen MA, et al. Review of first 5 years of screening for famil‑
ial hypercholesterolaemia in the Netherlands. Lancet. 2001;357(9251):165–8.

 8. Hardcastle SJ, et al. Patients’ perceptions and experiences of familial hyper‑
cholesterolemia, cascade genetic screening and treatment. Int J Behav Med. 
2015;22(1):92–100.

 9. van den Nieuwenhoff HW, et al. Family communication regarding inherited 
high cholesterol: why and how do patients disclose genetic risk? Soc Sci 
Med. 2007;65(5):1025–37.

 10. Dheensa S, Lucassen A, Fenwick A. Limitations and Pitfalls of Using Family 
Letters to Communicate Genetic Risk: a Qualitative Study with Patients and 
Healthcare Professionals. J Genet Couns. 2018;27(3):689–701.

 11. Lee C, et al. New Case Detection by Cascade Testing in Familial Hypercho‑
lesterolemia: A Systematic Review of the Literature. Circ Genom Precis Med. 
2019;12(11):e002723.

 12. Benson G, et al. Medication adherence, cascade screening, and lifestyle 
patterns among women with hypercholesterolemia: Results from the 
WomenHeart survey. J Clin Lipidol. 2016;10(4):937–43.

 13. Sturm AC. Cardiovascular Cascade Genetic Testing: Exploring the Role of 
Direct Contact and Technology. Front Cardiovasc Med. 2016;3:11.

 14. Bangash H, et al. Web‑Based Tool (FH Family Share) to Increase Uptake of 
Cascade Testing for Familial Hypercholesterolemia: Development and Evalu‑
ation. JMIR Hum Factors. 2022;9(1):e32568.

 15. Snir M, et al. Democratizing genomics: Leveraging software to make genet‑
ics an integral part of routine care. Am J Med Genet C Semin Med Genet. 
2021;187(1):14–27.

 16. Schmidlen T, et al. Patient assessment of chatbots for the scalable delivery of 
genetic counseling. J Genet Couns. 2019;28(6):1166–77.

 17. Jones LK, et al. Acceptability, Appropriateness, and Feasibility of Automated 
Screening Approaches and Family Communication Methods for Identifica‑
tion of Familial Hypercholesterolemia: Stakeholder Engagement Results 
from the IMPACT‑FH Study. J Pers Med. 2021;11(6):587.

 18. Leonardi‑Bee J, et al. Effectiveness of cascade testing strategies in relatives 
for familial hypercholesterolemia: A systematic review and meta‑analysis. 
Atherosclerosis. 2021;338:7–14.

 19. Campbell‑Salome G, et al. Developing and Optimizing Innovative Tools 
to Address Familial Hypercholesterolemia Underdiagnosis: Identification 
Methods, Patient Activation, and Cascade Testing for Familial Hypercholes‑
terolemia. Circ Genom Precis Med. 2021;14(1):e003120.

 20. Carey DJ, et al. The Geisinger MyCode community health initiative: an elec‑
tronic health record‑linked biobank for precision medicine research. Genet 
Med. 2016;18(9):906–13.

 21. Schwartz MLB, et al. A Model for Genome‑First Care: Returning Secondary 
Genomic Findings to Participants and Their Healthcare Providers in a Large 
Research Cohort. Am J Hum Genet. 2018;103(3):328–37.

 22. Jones LK, et al. Evaluation of a multidisciplinary lipid clinic to improve the 
care of individuals with severe lipid conditions: a RE‑AIM framework analysis. 
Implement Sci Commun. 2021;2(1):1–10.

 23. Law WK, et al. Decision‑making about genetic health information 
among family dyads: a systematic literature review. Health Psychol Rev. 
2021;16(3):412‑29.

 24. Thurmond VA. The point of triangulation. J Nurs Scholarsh. 2001;33(3):253–8.
 25. O’Brien BC, et al. Standards for reporting qualitative research: a synthesis of 

recommendations. Acad Med. 2014;89(9):1245–51.
 26. Creswell JW, et al. Best practices for mixed methods research in 

the health sciences. Bethesda (Maryland): National Institutes of 
Health. 2011;2013:541–5.

 27. Han PKJ, et al. Uncertainty in health care: Towards a more systematic pro‑
gram of research. Patient Educ Couns. 2019;102(10):1756–66.

 28. Saldaňa J. The coding manual for qualitative researchers. Lontoo: SAGE 
Publications Ltd; 2009. p. 3.

 29. Charmaz K. Constructing grounded theory: A practical guide through 
qualitative analysis. Thousand Oaks: Sage; 2006.

 30. Bernard HR, Wutich A, Ryan GW. Analyzing qualitative data: Systematic 
approaches. Los Angeles: SAGE publications; 2016.

 31. Ellingson LL. Engaging crystallization in qualitative research: An introduc‑
tion. Thousand Oaks: Sage; 2009.

 32. Rolleri LA, et al. Adaptation guidance for evidence‑based teen pregnancy 
and STI/HIV prevention curricula: from development to practice. Am J Sex 
Educ. 2014;9(2):135–54.

 33. Roberts MC, et al. Delivery of cascade screening for hereditary conditions: a 
scoping review of the literature. Health Aff. 2018;37(5):801–8.

 34. Sieck CJ, et al. Digital inclusion as a social determinant of health. NPJ Digit 
Med. 2021;4(1):52.

 35. Schmidlen T, et al. Use of a chatbot to increase uptake of cascade genetic 
testing. J Genet Couns. 2022;31(5):1219–30.

 36. Jones LK, et al. Barriers, facilitators, and solutions to familial hypercholester‑
olemia treatment. PLoS One. 2020;15(12):e0244193.

 37. deGoma EM, et al. Treatment Gaps in Adults With Heterozygous Familial 
Hypercholesterolemia in the United States: Data From the CASCADE‑FH 
Registry. Circ Cardiovasc Genet. 2016;9(3):240–9.

 38. Henrikson NB, et al. What guidance does HIPAA offer to providers consider‑
ing familial risk notification and cascade genetic testing? J Law Biosci. 
2020;7(1):071.

 39. Hazin R, et al. Ethical, legal, and social implications of incorporating genomic 
information into electronic health records. Genet Med. 2013;15(10):810–6.

 40. Tomioka M, Braun KL. Implementing evidence‑based programs: a four‑
step protocol for assuring replication with fidelity. Health Promot Pract. 
2013;14(6):850–8.

 41. Collier D, Mahoney J. Insights and pitfalls: Selection bias in qualitative 
research. World politics. 1996;49(1):56–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Optimizing communication strategies and designing a comprehensive program to facilitate cascade testing for familial hypercholesterolemia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Setting
	Design
	Data collection
	Data analysis

	Results
	Optimizing the Dear Family Letter resulted in a Family and Healthcare Professional Packet
	Optimizing the Family Sharing Tool resulted in a Family Sharing Chatbot and Cascade Chatbot with new functionality
	Designing the FH Outreach and Support Program for direct contact
	Cross-cutting optimizations among strategies
	Designing a comprehensive program—The IMPACT-FH Cascade Testing Program

	Discussion
	Conclusion
	Anchor 21
	Acknowledgements
	References


