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BACKGROUND: Familial hypercholesterolemia (FH) is the most common cardiovascular genetic disorder and, if left untreated, is 
associated with increased risk of premature atherosclerotic cardiovascular disease, the leading cause of preventable death 
in the United States. Although FH is common, fatal, and treatable, it is underdiagnosed and undertreated due to a lack of 
systematic methods to identify individuals with FH and limited uptake of cascade testing.

METHODS AND RESULTS: This mixed-method, multi-stage study will optimize, test, and implement innovative approaches for both 
FH identification and cascade testing in 3 aims. To improve identification of individuals with FH, in Aim 1, we will compare and 
refine automated phenotype-based and genomic approaches to identify individuals likely to have FH. To improve cascade 
testing uptake for at-risk individuals, in Aim 2, we will use a patient-centered design thinking process to optimize and develop 
novel, active family communication methods. Using a prospective, observational pragmatic trial, we will assess uptake and 
effectiveness of each family communication method on cascade testing. Guided by an implementation science framework, in 
Aim 3, we will develop a comprehensive guide to identify individuals with FH. Using the Conceptual Model for Implementation 
Research, we will evaluate implementation outcomes including feasibility, acceptability, and perceived sustainability as well as 
health outcomes related to the optimized methods and tools developed in Aims 1 and 2.

CONCLUSIONS: Data generated from this study will address barriers and gaps in care related to underdiagnosis of FH by 
developing and optimizing tools to improve FH identification and cascade testing.
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Familial hypercholesterolemia (FH) is the most com-
mon cardiovascular genetic disorder and, if left 
untreated, is associated with increased risk of pre-

mature atherosclerotic cardiovascular disease (ASCVD), 

the leading cause of preventable death in the United 
States).1 Because of lifelong exposure to elevated low-
density lipoprotein cholesterol (LDL-C) levels, individuals 
with FH are at very high risk of premature ASCVD without 
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early and aggressive lipid lowering therapy.2 Indeed, 
17 500 deaths annually and a significant percentage 
of heart attacks in people under 45 are attributable to 
FH.3–5 Individuals with FH have up to a 20-fold increased 
risk of ASCVD relative to non-FH individuals with normal 
LDL-C.6 Importantly, when FH is diagnosed and treated 
early in life, the risk of ASCVD is greatly reduced.3,7,8

Individuals with FH can be identified via clinical crite-
ria and/or genetic testing. Because FH is an autosomal 
dominant genetic condition, screening at-risk relatives of 
individuals with FH (cascade testing) is highly effective 
in identifying additional individuals with FH who require 
treatment.9,10 However, in the United States, neither FH 
identification nor cascade testing is systematically per-
formed. When index patient identification and cascade 
testing are routinely performed, ascertainment is vastly 
improved, preventive interventions begin at a younger 
age, and outcomes improve.10 Although FH is common, 
fatal, and treatable, estimates show 90% or 1.1 million 
people in the United States with FH are undiagnosed.8

Approximately 1 in 220 individuals has a genetic vari-
ant that predisposes them to FH; however, not every 
individual with clinically diagnosed FH has an identifiable 
genetic variant, suggesting this approximated prevalence 
represents an underestimate of total FH prevalence.1,3 
The presence of pathogenic variants in FH-associated 
genes including LDLR, APOB, and PCSK9 increases the 
risk of ASCVD from 2 to 10 times over age-matched 
individuals without a variant at equivalent LDL-C lev-
els.1,6,11 The Centers for Disease Control and Prevention 
has identified FH as a Tier 1 genomic condition, prioritiz-
ing approaches to overcome barriers to identification of 
FH as having significant potential for a positive public 
health impact.

To improve FH care, the US health care system needs 
new strategies to find undiagnosed individuals and 
implement existing evidence-based guidelines.2 Innova-
tive strategies to identify individuals with FH have been 
developed, including use of DNA sequencing of large 
populations and use of information technology-based 
strategies to identify individuals likely to have FH.1,12,13 
Although facilitators and barriers to identification, cas-
cade testing, and FH treatment have been studied, to 
date, no study has unified case-finding and clinical care 
models to demonstrate the best mechanisms for identify-
ing individuals with FH in the US health care system.

The IMPACT-FH (Identification Methods, Patient Acti-
vation, and Cascade Testing for FH) Study is a collabora-
tion among transdisciplinary researchers from Geisinger, 
an integrated health care system, and expert stakeholders 
from the FH Foundation, a patient-centered research and 
advocacy organization dedicated to improving FH care. In 
IMPACT-FH, we will develop, test, optimize, and implement 
innovative approaches for both FH identification and cas-
cade testing to address the significant population health 
problem of FH underdiagnosis. We will compare and opti-
mize machine-learning and genomic approaches to iden-
tify individuals likely to have FH. Tools to assist individuals 
with FH in communicating risk information to their rela-
tives will be developed, optimized, and tested in a prospec-
tive trial. Using an implementation science framework, we 
will examine the outcomes of acceptability and feasibil-
ity of these FH identification and FH risk communication 
methods among patient, family, and provider stakeholders. 
A comprehensive guide for FH identification will be devel-
oped that can be used in other health care settings.

METHODS
Overview
IMPACT-FH is a multistage study with 3 aims employing 
multiple methods. This study was approved by the Geisinger 
Institutional Review Board and all participants gave informed 
consent. Figure 1 shows the workflow of IMPACT-FH for all 
aims. The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request.

Setting
IMPACT-FH will leverage Geisinger’s Pennsylvania-based inte-
grated health care delivery system to study identification strat-
egies for individuals with FH. Geisinger’s MyCode Community 
Health Initiative (MyCode) is a population-based genomics 
project that includes electronic health records (EHRs) data 
as well as genomic data generated from exome sequencing.14 
Through MyCode, Geisinger collaborates with the Regeneron 
Genetics Center to combine high-throughput DNA sequencing 
with longitudinal EHR data for large-scale precision medicine 
research and genomic medicine implementation, creating the 
DiscovEHR cohort.15 MyCode also includes a genomic screen-
ing initiative, the MyCode Genomic Screening and Counseling 
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Program (GSCP), through which patient-participants receive 
actionable genetic results, including those for FH.14,16 MyCode 
currently has over 265 000 patient-participants enrolled with 
exome sequencing completed on ≈145 000.

STUDY AIMS
Aim 1: Develop and Optimize Methods for FH 
Identification
Aim 1 will compare and refine 3 approaches to improve 
identification of individuals likely to have FH. The first 2 
approaches will utilize automated natural language pro-
cessing and machine learning algorithms to screen patients 
for FH, an approach that can efficiently analyze variables 
in EHRs to classify and predict outcomes.12,17 Specifically, 
we will use Flag Identify Network Deliver FH (FIND FH) 
and Screening Employees and Residents in the Commu-
nity for Hypercholesterolemia (SEARCH) to analyze struc-
tured and unstructured data in EHRs including laboratory 
results, prescriptions, personal history, family history, clini-
cian notes, and other variables.12,13 In contrast to clinical 
diagnostic criteria for individual patients, these automated 
approaches screen large populations to identify individuals 
who should be evaluated clinically for FH. Finally, a third 
genomic-based approach will identify individuals with or 
likely to have FH due to the presence of pathogenic or 
likely pathogenic variants associated with FH.1,18,19

Data Collection and Analysis
We will evaluate these 3 FH identification methods 
(FIND FH, SEARCH, and the genomic-based approach) 
by applying each independently on the DiscovEHR 
cohort and comparing their performance as described 
below (Figure 2).

Incomplete family history information in the EHR is 
a limitation of identification methods. SEARCH, in par-
ticular, can use EHR information from family members 
to enhance accuracy for the proband (the first individ-
ual diagnosed with FH in the family). We will assess 2 
methods for providing additional family history informa-
tion for SEARCH:

1. The Pedigree Reconstructions and Identification 
of the Maximally Unrelated Set, a validated soft-
ware package,20 identifies related individuals using 
genomic data.

2. The Relationship Inference from the Electronic 
Health Records algorithm infers pedigrees from 
emergency contact information stored in the EHR.21

We will validate the accuracy of pedigrees built via Ped-
igree Reconstructions and Identification of the Maximally 
Unrelated Set and Relationship Inference from the Elec-
tronic Health Records by manual chart review of a subset 
of patients who have had a pathogenic or likely patho-
genic FH variant disclosed from MyCode and received 
genetic counseling. We will then use the method(s) with 

Figure 1. Workflow of aims for IMPACT-FH (Identification Methods, Patient Activation, and Cascade Testing for Familial 
Hypercholesterolemia).
IMPACT-FH is a multi-stage, mixed-methods study composed of 3 aims that will lead to the improvement of FH identification methods, 
optimized communication tools to improve cascade testing uptake, and a comprehensive guide for improved FH identification.
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Figure 2. Workflow for evaluation and refinement of familial hypercholesterolemia (FH) identification methods in Aim 1.
Aim 1 will reconstruct family histories via automated methods and rigorously compare and evaluate 3 approaches for FH identification to 
refine these tools. EHR indicates electronic health record; PRIMUS, Pedigree and Identification of the Maximally Unrelated Set; RIFTEHR, 
The Relationship Inference from the Electronic Health Records; and SEARCH, Screening Employees and Residents in the Community for 
Hypercholesterolemia.
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the highest accuracy compared with manual review to 
reconstruct each individual’s family history. SEARCH will 
be re-run with the augmented family history information 
to assess its respective change in accuracy.21

To evaluate the performance of the automated phenotyp-
ing approaches (FIND FH and SEARCH), we will conduct 
manual chart review for a subset of individuals identified as 
probable/definite, possible, and inconclusive/unlikely FH. A 
standardized electronic form capturing phenotypic informa-
tion based on FH clinical diagnostic criteria will be devel-
oped. A random sample of participants may be re-contacted 
to capture additional family history information as needed. 
Then, each patient will be scored using the Dutch Lipid 
Clinic Network (DLCN) criteria3,22 and the American Heart 
Association (AHA) FH diagnostic criteria.3 These scores will 
be used to compare performance of the automated identi-
fication approaches. We chose to use both the DLCN and 
the AHA criteria, as the DLCN criteria provide higher speci-
ficity but may lack sensitivity, while the AHA criteria afford 
greater sensitivity but are less specific. Both schemas incor-
porate genetic information; DLCN adds 8 points (confirm-
ing a diagnosis) whereas AHA criteria establish a diagnosis 
with the presence of an LDL-C raising genetic variant.3,22 
For the purposes of comparison, the DLCN criteria will 
be binned into 3 categories; definite and probable criteria 
will be combined into “Probable FH”, “Possible FH” will be 
retained, and inconclusive and unlikely will be combined into 
“Unlikely FH”. These 3 bins are appropriate as the purpose 
of these automated approaches is not for FH diagnosis but 
to screen large populations for individuals who should be 
further evaluated clinically for FH.22

Positive predictive value (PPV) and negative predictive 
value will be calculated for FIND FH and SEARCH. “Prob-
able FH” and “Possible FH” will be grouped together for 
the purposes of calculating PPV. PPV will be compared 
across automated approaches using the Generalized Esti-
mating Equations (GEE) model among those identified 
as FH cases. Specifically, we will use the DLCN score as 
the benchmark to which we will compare the automated 
approaches. The data will be structured such that each 
patient will have 2 records for their FIND FH and SEARCH 
classifications. The DLCN score will be the outcome vari-
able, and the automated approach result and approach 
name (indicator variable that identifies each approach) will 
be treated as the independent variables.23 We will model 
the PPVs directly by assuming a binomial distribution and 
identity link. The GEE model will estimate robust stan-
dard errors to account for the correlated data. We will fit 
a similar model to estimate and compare negative predic-
tive value for those identified as “Unlikely FH” by the auto-
mated approaches. The same methodology will also be 
used to compare the automated approaches against the 
AHA criteria, which may be a more relevant benchmark 
in a screening context due to the higher sensitivity of the 
AHA compared with the DLCN criteria. Additionally, we 
will re-run SEARCH incorporating pedigree information 

from the automated pedigree reconstruction methods 
(Pedigree Reconstructions and Identification of the Maxi-
mally Unrelated Set and Relationship Inference from the 
Electronic Health Records) and compare PPVs and nega-
tive predictive values to the pedigree-naïve SEARCH run 
using the same method described above.

After constructing pedigrees and evaluating identi-
fication approaches, individuals with an FH-associated 
genetic variant who were not detected by FIND FH or 
SEARCH will be assessed using principal component 
analysis as a cohort to identify features from the EHR 
that can be incorporated into these phenotype-based 
approaches to better identify those at risk for FH. We will 
compare characteristics of those with an FH-associated 
genetic variant to those without to identify features that 
can be used to improve the accuracy of the phenotyp-
ing and genomic approaches. We will use these findings 
to refine these automated approaches and construct 
improved versions that can be validated on a cohort of 
≈45 000 additional patients newly recruited to the Dis-
covEHR cohort, who will have genomic data available 
later during the course of this study. We will also use 
clinical information identified through the phenotypic 
approaches to better inform interpretation of genetic vari-
ants; we will review variants not initially identified through 
the genomics approach for participants with probable/
possible FH based on the phenotyping approaches.

Aim 2: Optimize and Test Strategies to Improve 
Family Communication and Uptake of FH 
Cascade Testing
Cascade testing of family members can be highly effec-
tive in identifying additional individuals with FH.10,24 Cas-
cade testing relies on identifying an FH proband with 
subsequent testing of all at-risk relatives, a cycle that 
is repeated, or cascaded, through the family until all at-
risk individuals are tested.16 In the United States, cas-
cade testing for FH is not systematically performed.24 
Based on preliminary data, Geisinger’s MyCode GSCP 
has returned FH results to 114 individuals, who reported 
401 living first-degree relatives, but only 3.5% (14/401) 
of living, at-risk relatives have completed cascade test-
ing. While “Dear Family” letters have been used to sup-
port family communication and cascade testing, such 
passive methods that rely on the proband to transmit 
genetic risk information to relatives are suboptimal.24,25 A 
recent systematic review indicated this indirect method 
resulted in, on average, <1 new relative with FH iden-
tified per proband.24 Probands have also reported chal-
lenges to sharing genetic information with relatives and 
have expressed interest in receiving support from health 
care providers to assist them in communicating with their 
family about FH.26 While there is support from payers, 
public health, and clinicians about the importance of 
cascade testing, how best to inform relatives of risk and 
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implement cascade testing has yet to be determined in 
the United States.24 Novel, active, acceptable strategies 
such as digital tools and direct contact have been pro-
posed as solutions.27

One such digital tool is the chatbot, which is a com-
puter-based conversational agent that interacts with 
people in ways mirroring human dialogue. Use of chat-
bots can result in activated patients, who have confi-
dence and knowledge to engage in health-promoting 
behaviors, such as cascade testing.28,29 Chatbots have 
been designed to support genetic uses cases and 
deliver standardized medical information designed by 
clinicians at the user’s pace.30 Geisinger’s MyCode 
GSCP currently uses 2 types of chatbots to encour-
age family communication and cascade testing for FH, 
called the Family Sharing Tool for probands and the 
Cascade Chatbot for at-risk relatives. Based on prelimi-
nary findings, to date, 59% of the 308 probands who 
have received the Family Sharing Tool opened it and 
62% of the 376 relatives who received the Cascade 
chatbot opened it. These preliminary findings suggest 
chatbots may be effective communication tools to sup-
port family communication and cascade testing for FH. 
See Figure 3 for an example of a chatbot.

Direct contact of at-risk relatives by providers to share 
the proband’s result may improve uptake of FH cas-
cade testing by overcoming challenges related to pas-
sive approaches to family risk communication.24–27 In the 
United States, current standard of care puts the burden 
on probands to notify and encourage at-risk relatives to 
undergo testing. Programs outside the United States uti-
lizing direct contact have been shown to be more effec-
tive in promoting the uptake of cascade testing.10,24,31 In 
qualitative data from focus groups and interviews with 
MyCode patient participants, all participants stated that 
it would be acceptable for Geisinger to contact relatives 
directly to educate them and facilitate cascade testing. 
Further, 64 MyCode patient participants completed sur-
veys on direct contact. When participants were asked 
how helpful it would be if Geisinger offered to contact 
their relatives to inform them of their genetic risk, 42% 
indicated very (26.56%) or somewhat (15.6%) helpful, 
and only 15.6% of participants indicated not helpful at all. 
Additionally, 42% indicated they would be extremely or 
somewhat likely to use a direct contact program. Finally, a 
recent survey study found 85% of participants with FH in 
the United States and 100% of international participants 
with FH reported their willingness to provide contact 
information for certain at-risk relatives to a clinician for 
the purpose of directly informing relatives.31 Preliminary 
data and recently published research demonstrate poten-
tial acceptability for the development and implementation 
of a direct contact program in the United States.

This aim will develop, improve, and test strategies of 
family communication about FH to motivate uptake of 
cascade testing. It will proceed in 2 phases: a design 

thinking process followed by a pragmatic trial. The first 
phase will use a design thinking process in which key 
stakeholders design and optimize communication meth-
ods to improve cascade testing uptake among at-risk 
relatives. Design thinking is a patient-centered methodol-
ogy, which re-frames the problem in human-centric ways 
and begins with empathic engagement with the people 
most affected by, and knowledgeable about, what needs 
to be changed.32 In the second phase, optimized commu-
nication methods and strategies will be integrated into 
the MyCode GSCP for patient-participants, and a pro-
spective, observational, comparative-effectiveness prag-
matic trial will assess uptake and effectiveness of each 
novel communication method on cascade testing.

Figure 3. Example of Chatbot.
Chatbots are a form of mobile health technology that can 
communicate genetic risk information at the user’s pace in a familiar 
conversational format.
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Data Collection
For the design thinking process, we will use purposive 
sampling to recruit patient stakeholders from Geisinger 
and the FH Foundation who have a clinical or genetic 
diagnosis of FH. We will then use snowball sampling, 
asking patient stakeholders to recruit an at-risk relative 
to participate in the design thinking process. All partici-
pants will be age 18 years or older and speak English. 
To better represent diverse family relationships and 
dynamics, we will ask participants to recruit both relation-
ally close (eg, siblings) and distant family members (eg, 
cousins). Stakeholders will participate in a combination 
of survey methods and dyadic interviews to optimize the 
“Dear Family” letter, the chatbot, and the direct contact 
program for clinicians to share FH results with at-risk 
relatives. Results from the design thinking process will 
drive changes to the letter and chatbot and inform the 
design of a clinical direct contact program for individuals 
receiving FH results from the GSCP.

For the pragmatic trial phase of Aim 2, individuals 
receiving results from MyCode for a genetic diagno-
sis of FH will be offered the improved communication 
methods to share results with their at-risk relatives. The 
genetic counselors disclosing the results will utilize a 
phone script to inform probands of their FH risk variant, 
recommend sharing with at-risk relatives, and collect 
data about all living at-risk relatives. These probands will 
be provided the “Dear Family” letter and the choice of 
which additional communication method (chatbot and/
or direct contact) they prefer to use for each of their 
at-risk relatives. Genetic counselors will note probands’ 
choices and collect relatives’ contact information if the 
proband chooses to use direct contact. Probands who 
choose to use the chatbot will receive a link to a Fam-
ily Sharing Tool, a mechanism that allows them to send 
a cascade chatbot to their relatives via text message, 
email, or Facebook Messenger. To facilitate seamless 
logistics for relatives’ cascade testing, each communi-
cation method will be offered via the development of a 
new program called Contact and Support, Counseling, 
and DNA testing Empowerment. Contact and Support, 
Counseling, and DNA testing Empowerment will include 
logistics for cascade testing including at-home sample 
collection, physician ordering, and no cost testing via 
Invitae for all relatives within a set period of time from 
proband result receipt. For those whose testing occurs 
outside the window, Invitae will coordinate with relatives’ 
insurance and provide a self-pay option. Cascade testing 
uptake will be measured at 6 months post-return of the 
proband’s FH result. If the proband’s at-risk relative(s) 
did not complete cascade testing within the 6 months, 
the proband will be offered another communication 
method for their at-risk relative(s) and cascade testing 
uptake will be re-assessed at 12 months post-return of 
result. For example, if the proband chose to use direct 

contact for a relative and testing was not performed by 
6 months, then the proband will be offered a chatbot for 
that relative at 6 months, and cascade testing uptake will 
be measured at 12 months.

Data Analysis
Qualitative data from the design thinking process will 
be audio recorded and transcribed verbatim. Transcripts 
will be uploaded to www.Atlas.ti for qualitative analysis. 
The research team will iteratively analyze transcripts 
and notes from the design thinking process for themes. 
The study team will start by open coding for emergent 
(de novo) codes, which will then be categorized for how 
participants discussed optimizing the letter, chatbot, and 
designing a direct contact program.33 In the final stage 
of analysis, axial coding will be used to collapse catego-
rized codes into themes and subthemes to better assess 
how to optimize and design the communication methods 
for the prospective, observational comparative effective-
ness pragmatic trial.

All quantitative data from the pragmatic trial will be 
fully described using means, SDs, medians, and inter-
quartile ranges for continuous variables, and frequencies 
and percentages for categorical variables. If necessary, 
continuous variables will be transformed via the natural 
logarithmic or a similar approach to achieve an approxi-
mately normal distribution. Analysis at 6 months will be 
conducted on 3 groups: (1) usual care (letter only), (2) 
usual care and direct contact, and (3) usual care and 
chatbot. We will perform comparisons across the 3 
groups using GEE for linear and logistic regressions to 
account for correlation because of the clustering of at-
risk relatives within probands. GEE will be used to com-
pare percent cascade testing uptake across the groups. 
As this is a nonrandomized study design, baseline vari-
ables may differ across the 3 groups, possibly confound-
ing unadjusted comparisons. To address this, the GEE 
models will include any potential confounding variables 
identified a priori to estimate an unbiased effect of com-
munication method. A similar, secondary analysis will be 
performed at 12 months on those at-risk relatives that 
did not complete cascade testing by 6 months. Addi-
tionally, we will assess demographics (eg, sex, age, etc) 
associated with the proband selecting a given method. 
GEE regression models will be fit with the baseline vari-
ables to identify factors associated with choice. Results 
will be represented as odds ratios and 95% CI.

Aim 3: Develop a Comprehensive Guide 
for Improved FH Identification Informed by 
Implementation Science
By using an implementation science framework, this 
aim will develop a comprehensive guide for other health 
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care settings to identify individuals with FH. We will use 
the Conceptual Model for Implementation Research to 
evaluate implementation outcomes including feasibility, 
acceptability, and perceived sustainability as well as cas-
cade testing uptake related to optimized methods and 
tools developed in Aims 1 and 2 (See Figure 4).34

Data Collection
We will conduct 2 focus groups for patient stakeholders 
and 3 focus groups for clinician stakeholders to explore 
levels of acceptability, feasibility, and perceived need of 
different FH identification methods. Focus group mod-
erators will explain how machine learning algorithms can 
be used to analyze EHRs to identify individuals at high 
risk for FH and elicit feedback from stakeholders. Mod-
erators will also introduce novel communication methods 
such as chatbots and direct contact to gather feedback 
on their acceptability and feasibility for improving cas-
cade testing. Demographic data will be collected by a 
questionnaire administered at each stakeholder focus 
group. Stakeholder participants, including patients and 
clinicians, will be recruited from national conferences 
held by nonprofit organizations such as the FH Founda-
tion, the National Lipid Association, and from Geisinger’s 
clinics, the MyCode program, and a community hospi-
tal in New England not affiliated with a medical school. 
Patient stakeholders will be 18 years or older and have a 
clinical or genetic diagnosis of FH. Clinician stakehold-
ers will have been or are currently treating individuals 
diagnosed with FH.

Then, we will conduct semistructured interviews via 
telephone with probands from the pragmatic trial of 

Aim 2, the proband’s at-risk relatives, as well as clini-
cian stakeholders. Approximately 40 probands and 40 
at-risk relatives will be selected to participate based on 
which communication method they used to ensure an 
equal number of interviews from probands who chose 
to communicate their results to at-risk relatives via letter, 
chatbot, direct contact, or a combination. Interviews with 
probands will gather information on why they chose cer-
tain communication methods for each relative, how their 
at-risk relatives responded, and assess the proband’s 
experience and satisfaction with each communication 
method. Interviews with at-risk relatives will gather their 
experiences and satisfaction with the communication 
method, their decisions regarding cascade testing, and 
demographic data. We will conduct ≈10 interviews with 
clinician stakeholders whose patients participated in the 
direct contact program.

Finally, we will conduct 2 focus groups with clinician 
stakeholders to gather perceptions of the acceptability, 
feasibility, and perceived sustainability of the developed 
comprehensive guide for FH identification. These focus 
groups will assess what is needed to implement a com-
prehensive program to improve identification and cas-
cade testing of FH in health care settings and develop 
implementation strategies that can be disseminated to 
other settings.

Data Analysis
All interviews and focus groups will be digitally recorded 
and transcribed verbatim. Transcripts will be uploaded 
to www.Atlas.ti for qualitative analysis utilizing the Con-
ceptual Model for Implementation Research.33 This 

Figure 4. Conceptual model of implementation research.
The conceptual model of implementation research provides the analytical framework guiding development of the comprehensive guide to 
improve familial hypercholesterolemia identification for Aim 3.
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framework approach ensures rigor in the qualitative 
analytic process and is useful for data that are gath-
ered based on predetermined constructs. The frame-
work method begins with deductive analysis, while also 
allowing for inductive analysis as new themes emerge 
from the data. Although focus group and interview tran-
scripts will be analyzed separately, all transcripts will 
initially be coded using an a priori codebook developed 
from the guides, summaries, and Conceptual Model for 
Implementation Research. De novo codes will be added 
to any other relevant sections of transcript text not fit-
ting the a priori codes. Team members will indepen-
dently, iteratively code 2-3 transcripts at a time, then 
discuss their coding to adjust the codebook and create 
a working analytic framework by grouping codes into 
categories or themes. This process will continue until 
the code list is static, all transcripts are coded, and the 
analytic framework is finalized.

DISCUSSION
Implementation of evidence-based research into practice 
relies on passive diffusion, is inconsistent, and can take 
upwards of 17 years.35 This gap between evidence-based 
guidelines and their implementation into routine clinical 
practice is one of the most critical issues facing health 
care and public health today.36 Multiple barriers and facil-
itators to FH diagnosis and cascade testing have been 
identified37 and exist at the patient, provider, and health 
care system levels.38 These barriers include low levels of 
lipid screening of pediatric individuals,39 diagnostic cri-
teria that are not optimized to facilitate FH identification 
in EHRs, suboptimal self-reported family history data, 
proband concerns about having the appropriate commu-
nication skills to inform family members about their risks, 
with resultant low FH identification and recruitment of 
at-risk relatives to cascade testing.

According to the National Heart, Lung, and Blood Insti-
tute, work addressing barriers and gaps in care related to 
underdiagnosis of FH creates an opportunity to expand 
translational research agendas in genomics, precision 
medicine, and implementation science. To address these 
gaps, IMPACT-FH partners researchers with expertise in 
genetics, clinical lipidology, health communication, and 
implementation science with stakeholders from the FH 
Foundation, including individuals with FH, those with 
expertise in technology-based tools for FH identification, 
and health care providers dedicated to improving FH 
care. Through qualitative and implementation science 
methodologies, IMPACT-FH will use patient-engaged 
learnings to build tools for individuals with FH and health 
care providers that focus on outcomes most important to 
these individuals, and their families.

Improving identification and diagnosis of individuals 
with FH is a pivotal first step in the treatment and man-
agement of elevated LDL-C levels, preventing ASCVD, 

and alerting at-risk relatives about the need for cascade 
testing. Historically, identification of individuals with FH 
has relied on recognition of clinical and family history fea-
tures such as lipid levels, premature ASCVD, and physical 
features such as xanthomas and corneal arcus.22 Genetic 
testing for FH can identify 60% to 80% of clinically sus-
pected FH cases and population-based genomic screen-
ing programs can identify individuals with FH pathogenic 
or likely pathogenic variants who do not meet clinical 
diagnostic criteria.1,37,40 Previous research has found FH 
genetic testing improves diagnosis and is associated with 
improved adherence to recommended treatment and 
lower LDL-C and total cholesterol levels.1,7,38,40–42 Evalu-
ating FH identification models and automating pedigree 
construction can lead to the creation of a novel ensemble 
model that incorporates elements of both genomic- and 
phenotype-based approaches to more accurately identify 
individuals likely to have FH43 who need further clinical 
evaluation.

Optimizing and applying innovative communication 
methods to improve family communication and subse-
quent uptake of cascade testing will provide new tools 
for application in precision health and genomic medicine 
at large. IMPACT-FH will pioneer the first clinical direct 
contact program in the United States, which may be rep-
licated and adapted for other genetic health conditions to 
improve cascade testing. Results from the pragmatic trial 
will provide data on uptake of communication methods, 
including direct contact, as well as compare the effec-
tiveness of each method for improving cascade testing.

By using tools from implementation science, IMPACT-
FH rigorously examines how to best disseminate and 
implement improved methods of identification and cas-
cade testing to other health care settings. Specifically, 
IMPACT-FH will provide tools for other organizations 
interested in identifying their FH patient population, and 
these tools may also be generalizable to other actionable 
genetic conditions. Developing tools and the compre-
hensive guide for FH identification informed by imple-
mentation science will ensure findings from IMPACT-FH 
are transferrable to other health care sites. For example, 
health care sites with biobanks and exome data can use 
findings from the evaluation of FH identification models 
to identify individuals in their system likely to have FH. 
Health care sites without a biobank or exome data can 
use findings from IMPACT-FH on automated approaches 
to analyzing their EHR data for FH identification. Fur-
ther, tools and programs for optimizing communication 
methods could apply to cholesterol testing uptake when 
genetic testing is not easily accessible.

The FH Foundation will help export findings from 
IMPACT-FH to be implemented in communities external 
to Geisinger. The FH Foundation has the only national FH 
registry, collecting comprehensive, longitudinal data on 
individuals with FH. As partners in research on IMPACT-
FH, the FH Foundation will communicate findings of this 
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study broadly to 33 major lipid clinics across the country. 
In the future, the FH Foundation can share chatbots with 
individuals included in the FH registry to provide additional 
information about FH and support individuals as they share 
information about FH with at-risk relatives. Finally, clinicians 
from the FH Foundation may be involved in a Direct Con-
tact program to help individuals with FH share information 
about FH with at-risk relatives to improve FH identification 
and cascade testing. Indeed, the FH Foundation has far-
reaching impact to export IMPACT-FH findings.

The IMPACT-FH study design and populations 
involved have limitations. First, the automated approaches 
for improved FH identification will be evaluated based on 
clinical diagnostic criteria from the DLCN and the AHA. 
These diagnostic criteria may have reduced sensitivity 
(DLCN) and specificity (AHA) and may also miss individu-
als with an FH-associated genetic risk variant if they do 
not have high LDL-C levels or other features of FH noted 
in their EHR.1,3 The pragmatic trial in Aim 2 is specific to 
patient-participants in the MyCode GSCP, which may limit 
the generalizability of findings on effectiveness of the 
optimized communication methods to improve cascade 
testing for FH in other patient populations. Although anal-
ysis for the pragmatic trial will include the combination of 
methods, a proband chooses to share FH risk information 
with their at-risk relatives, it will not include uncontrolled 
ways probands may communicate and attempt to moti-
vate cascade testing among relatives. Further, cascade 
testing uptake results from the pragmatic trial may be 
an underestimation as we may be unable to track at-risk 
relatives who pursue clinical testing (eg, lipid panel test-
ing) or genetic testing outside of Invitae. The qualitative 
methods used in Aim 3 to develop the comprehensive 
guide may limit generalizability as results may not capture 
all important viewpoints and feedback from stakeholders 
and we may not reach thematic saturation. Finally, without 
testing the comprehensive guide for improved FH identi-
fication and cascade testing uptake in other health care 
settings, transferability may be limited.

IMPACT-FH will provide fruitful areas for future 
research. First, researchers can implement the refined 
approaches from Aim 1 on EHR and genomic data in 
health care systems and measure implementation out-
comes including acceptability and feasibility, among oth-
ers, by assessing satisfaction and perception of need 
by providers and subsequent identification of individuals 
with FH. Second, future research on family communica-
tion of FH risks and cascade testing uptake could exam-
ine how optimized communication methods from Aim 
2 may need further adaptation for clinical populations 
outside the GSCP. Finally, future research can extend 
and improve on the comprehensive guide from Aim 3 by 
testing and adapting it to other health care settings and 
programs. Attempts to utilize and replicate findings from 
IMPACT-FH can further adapt the innovative methods of 
this research to improve FH identification and care.

In conclusion, IMPACT-FH will develop and optimize 
innovative, patient-centered solutions through collabora-
tive research between Geisinger and the FH Foundation 
that can be applied in real-world settings to combat the 
public health problem of the >1.1 million undiagnosed 
individuals with FH in the United States.8
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