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Purpose of review

Familial hypercholesterolemia is a treatable genetic disorder of cholesterol metabolism. Genetic testing is
the most specific method for diagnosing familial hypercholesterolemia, but it remains underutilized.
Implementation science aims to bridge the gap between evidence and practice and, thereby, support
improved familial hypercholesterolemia care. This review presents the current evidence on the use of
implementation science to improve the use of genetic testing for familial hypercholesterolemia.

Recent findings

Recent research has focused on developing implementation strategies to improve the use of genetic testing,
particularly cascade testing of at-risk blood relatives of known familial hypercholesterolemia cases.
Stakeholder informed strategies aimed at improving communication between families and detection of
familial hypercholesterolemia in primary care have been developed and implemented. Findings
demonstrate implementation science methods can help remove barriers and improve the uptake of cascade
genetic testing.

Summary

Significant gaps in familial hypercholesterolemia care emphasize the importance of practical and realistic
approaches to improve the detection of this preventable cause of premature heart disease, and recent
efforts using implementation science have shown some promising results. More implementation science
studies are needed that address the considerable gaps in familial hypercholesterolemia care, including the
underutilization of genetic testing, so that all individuals receive the best clinical care.
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INTRODUCTION

Familial Hypercholesterolemia is an autosomal dom-
inant inherited disorder that causes elevated LDL
cholesterol (LDL-c) from birth. Familial hypercholes-
terolemia is a common condition affecting approxi-
mately 1 in 311 people worldwide [1]. Familial
hypercholesterolemia is considered a tier 1 genomic
application by the Centers for Disease Control and
Prevention (CDC), which means it is a preventable
cause of cardiovascular disease and death, supported
by strong evidence-based guidelines [2]. Despite
national and international guidelines [3–6], signifi-
cant gaps in care remain, and familial hypercholester-
olemia continues to be underdiagnosed and
undertreated [7]. Gaps in familial hypercholesterole-
mia care have prompted a growing emphasis on
research efforts that utilize implementation science
methods to improve the detection and management
of familial hypercholesterolemia [4]. Efforts span the
familial hypercholesterolemia journey fromdiagnosis
rs Kluwer Health, Inc. All rights rese
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to management and include implementation science
methods to address barriers and facilitators, guide
implementation phases, develop context specific
strategies, and evaluate outcomes [8

&

,9
&

,10,11
&&

]. This
review covers recent research published since
rved. www.co-lipidology.com
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KEY POINTS

� Genetic testing is the most specific way to diagnose
familial hypercholesterolemia and should be a part of
routine screening for familial hypercholesterolemia.

� Despite strong evidence-based guidelines, familial
hypercholesterolemia remains underdiagnosed
and undertreated.

� Implementation science methods should be included in
research efforts to reduce the evidence to practice gap
in genetic testing for familial hypercholesterolemia.
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February 2023 on the use of implementation science
to reduce the recognized gap in care in genetic testing
for familial hypercholesterolemia.
DETECTION OF FAMILIAL
HYPERCHOLESTEROLEMIA

The detection of familial hypercholesterolemia
begins with screening of individuals through a
review of plasma LDL-c, family history, and possi-
bly genetic testing [12]. Most screening programs
begin by identifying individuals with familial
hypercholesterolemia using clinical tools such as
the Dutch Lipid Clinic Network (DLCN) or Simon
Broome criteria with recommendations to confirm
the diagnosis through genetic testing [13

&

]. Several
strategies are used to screen for familial hypercho-
lesterolemia, including opportunistic, systematic,
universal, and selective approaches [13

&

]. For
example, during routine medical examinations
healthcare providers can opportunistically screen
patients based on an LDL-c concentration of at
least 190mg/dl (>4.9mmol/l), while systematic
approaches include the step-by-step process of test-
ing at-risk relatives for a known pathogenic variant
[13

&

], an approach with high sensitivity and spe-
cificity [14]. Universal screening focuses on specific
populations such as children, which is in line with
evidence-based guidelines that recommend detec-
tion and treatment for familial hypercholesterole-
mia begin as early in life as possible [15]. Significant
progress in diagnosing familial hypercholesterole-
mia has been made in several countries where
screening programs may include phenotypic and
or genetic testing [16,17]. However, Slovenia is the
only country with a national universal screening
program with over 50% of referred children genet-
ically confirmed to have familial hypercholester-
olemia [18]. As such, there is a need for global
improvements in the use of genetic testing for
familial hypercholesterolemia.
42 www.co-lipidology.com
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BENEFITS OF GENETIC TESTING FOR
FAMILIAL HYPERCHOLESTEROLEMIA

The benefits of genetic testing are well established,
as evidenced by its inclusion in evidence-based
guidelines for individuals with a high likelihood
of familial hypercholesterolemia based on pheno-
typic assessment [13

&

,19]. Genetic testing is the
most specific approach for diagnosing familial
hypercholesterolemia, which can lead to improved
access to therapies, better management, and greater
adherence to treatment plans, particularly when
testing is carried out in childhood [13

&

,20]. Genetic
testing in childhood is especially important when
clinical signs are not yet present as early initiation of
therapy can significantly reduce the risk of devel-
oping premature cardiovascular disease [21].
Genetic testing may also have prognostic value as
research has shown individuals with elevated LDL-c
(�190mg/l) and certain gene changes are at greater
risk for coronary artery disease compared with those
with elevated LDL-c and no mutation [22]. Finally,
genetic testing facilitates cascade screening (testing
of at-risk relatives of an individual with genetically
confirmed familial hypercholesterolemia [23]). The
benefits of genetic testing have led to its recognition
as an essential component of successful familial
hypercholesterolemia screening programs [24], with
expert recommendations for integrating genetic
testing as a standard element of care [23].
GENETIC TESTING IS UNDERUTILIZED
DESPITE THE BENEFITS: A GAP IN
FAMILIAL HYPERCHOLESTEROLEMIA
CARE

Several studies highlight the significant gaps in fam-
ilial hypercholesterolemia care, including the under-
utilization of genetic testing [7,25,26]. Genetic
testing for familial hypercholesterolemia may be
underutilized owing to several factors, including lim-
ited awareness and knowledge of familial hypercho-
lesterolemia, restricted or limited access to testing
services, concerns about discrimination and privacy,
and fears around cost and insurance coverage [27–
29]. However, genetic testing is reimbursed in some
healthcare systems and some jurisdictions prevent
insurance discrimination [30]. Some providers may
underestimate the clinical benefit of genetic testing
and instead rely on phenotypic assessments [31].
There is limited acceptance in the United States for
familial hypercholesterolemia cascade testing with
less than 10% of children genetically confirmed
[32,33], while in Canada, despite international rec-
ommendations, genetic testing remains underutil-
ized with testing services unavailable in some
Volume 36 � Number 2 � April 2025
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provinces [28]. The lowuse of genetic testing, despite
its clear benefits in improving familial hypercholes-
terolemia care, emphasizes the need to address this
gap in care.
WHY IS IMPLEMENTATION SCIENCE
IMPORTANT TO IMPROVE GENETIC
TESTING FOR FAMILIAL
HYPERCHOLESTEROLEMIA?

Implementation science is the scientific study of
methods to support the systematic uptake of evi-
dence-based guidelines into routine practice [34].
Implementation science theories, models and
frameworks have been used to address the signifi-
cant gaps in familial hypercholesterolemia care by
identifying barriers and facilitators, developing sol-
utions using context-specific strategies, and moni-
toring and evaluating progress [35

&

,36
&&

]. There are
increasing calls to incorporate implementation sci-
ence frameworks into research designs across all
stages to address evidence to practice gaps in com-
plex healthcare systems [37–39]. This has been
described in recent publications that provide a com-
prehensive overview of current evidence-based
guidelines for familial hypercholesterolemia care,
along with general and specific strategies for imple-
mentation [13

&

,40
&

]. The following section presents
recent studies that have applied implementation
science methods to improve the use of genetic test-
ing for familial hypercholesterolemia.
BARRIERS AND FACILITATORS TO
GENETIC TESTING FOR FAMILIAL
HYPERCHOLESTEROLEMIA

Several studieshavedescribedbarriers and facilitators
to translating guidelines around the detection and
management of familial hypercholesterolemia into
practice [41,42,43

&

,44
&&

,45]. In a systematic reviewby
Hendricks et al. [42], barriers and facilitators to fam-
ilial hypercholesterolemia genetic testing were
mapped across the five domains of the Consolidated
Framework for Implementation Science (CFIR)
(Fig. 1). The CFIR domains include: 1) characteristics
of the intervention, 2) outer setting, 3) inner setting,
4) characteristics of individuals, and 5) implementa-
tion process, and are used to guide the assessment of
factors that influence the implementation of evi-
dence-based guidelines [46]. Some of the barriers
identified byHendricks-Sturrup et al. [42], alongwith
their respective domains (in brackets), include: the
cost and convenience of genetic testing (character-
istics of intervention), discrimination following a
positive result (outer setting), poor reporting of fam-
ily history (inner setting), genetic testing considered
0957-9672 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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outside of provider scope of practice (characteristics
of individuals), and that risk stratification and man-
agement are based on phenotype rather than geno-
type (process). Fahim et al. [47

&

], also used theCFIR to
investigate the barriers and strategies for implement-
ing genetic testing, particularly for familial hyper-
cholesterolemia. Similarly, Sarkies et al. [43

&

],
describe the barriers and facilitators to implementing
guidelines for familial hypercholesterolemia detec-
tion, including the underutilization of genetic test-
ing. The study engaged key stakeholders to identify
the barriers and facilitators to implementing best
practice and factors were identified at the patient,
provider and system level. Using a mapping process,
they explored the relationships between barriers and
facilitators, which could then be used to inform the
development of comprehensive implementation
strategies. Although some countries have addressed
a fewof thesebarriers (i.e. cost and reimbursement for
genetic testing are now subsidized by the Australian
government under the country’s universal health
insurance scheme) several challenges remain across
multiple levels and need to be addressed [48].
IMPLEMENTATION STRATEGIES TO
IMPROVE THE USE OF GENETIC TESTING
FOR FAMILIAL HYPERCHOLESTEROLEMIA

Implementation strategies are specific methods or
techniques used to promote the adoption, integra-
tion, and sustainability of evidence-based interven-
tions into practice [49]. Recent research has focused
on developing and tailoring implementation strat-
egies that address knownbarriers to theuse of genetic
testing for familial hypercholesterolemia. Literature
reviews, key informant interviews, focus groups, and
or engagement sessions with key stakeholders (i.e.,
patients, families, and healthcare providers) have
been used to develop, refine, and optimize strategies
at the patient, provider, and system level
[8

&

,9
&

,44
&&

,50
&&

,51
&&

]. Implementation strategies that
have been used to improve the use of genetic testing
for FH include: 1) supporting the communication of
an familial hypercholesterolemia diagnosis with at-
risk relatives and 2) improving familial hypercholes-
terolemia detection in primary care.
STRATEGIES TO SUPPORT
COMMUNICATION OF A FAMILIAL
HYPERCHOLESTEROLEMIA DIAGNOSIS
WITH AT-RISK RELATIVES

An important step for increasing familial hypercho-
lesterolemia detection includes identifying at-
risk relatives, a task commonly carried out by the
first family member diagnosed with familial
rved. www.co-lipidology.com 43
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FIGURE 1. Consolidated Framework for Implementation Research (CFIR). Image adapted by the Center for Implementation
https://thecenterforimplementation.com/toolbox/cfir and based on Damschroder LJ, Reardon CM, Opra Widerquist MA,
Lowery J. 2022. Conceptualizing outcomes for use with the Consolidated Framework for Implementation Research (CFIR): the
CFIR Outcomes Addendum.
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hypercholesterolemia (i.e. referred to as the pro-
band). This approach typically includes providing
a family letter to the proband to pass on to their
relatives, however, this method has shown little
success [52]. The Identification, Methods, Patient
Activation and Cascade Testing for FH (IMPACT FH)
is a multistage study that examines the impact of
communication strategies to improve the uptake of
cascade testing [53]. As part of a patient-centred
cascade testing program, the study utilized feedback
from patients and their families to inform the refine-
ment of three implementation strategies (i.e. a fam-
ily letter, digital tools, or a direct approach by a
healthcare provider) to communicate with relatives
about familial hypercholesterolemia [50

&&

]. This
study found offering different communication
options is important and highlights the value of
end user feedback in improving the success of cas-
cade testing programs.
44 www.co-lipidology.com
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STRATEGIES TO IMPROVE DETECTION OF
FAMILIAL HYPERCHOLESTEROLEMIA IN
PRIMARY CARE
Two studies have focused on improving cascade
screeningwithin primary care [8

&

,54]. In these studies,
implementation science methods were embedded
into the study design, which included a step-by-step
approach to develop and refine implementation strat-
egies to support primary care physicians in carrying
out cascade screening. Implementation mapping is a
step-by-step process used to develop and inform
appropriate and effective strategies that are specific
to the setting or context in which they will be applied
[55]. Jones et al. [9

&

], describe how implementation
mapping canbeused todevelop strategies that address
gaps in care across the familial hypercholesterolemia
journey from diagnosis to management. This
approach was used in the Collaborative Approach to
Reach Everyone with Familial Hypercholesterolemia
Volume 36 � Number 2 � April 2025
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FIGURE 2. Exploration, preparation, implementation and sustainment framework. Image from Moullin JC, Dickson KS,
Stadnick NA, Rabin B, Aarons GA. 2019. Systematic review of the Exploration, Preparation, Implementation, Sustainment
(EPIS) framework. Implement Sci 14(1):1.
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(CARE-FH) clinical trial aimed at improving familial
hypercholesterolemia awareness, identification, and
management in primary care [54]. Datawere collected
through interviews, clinicalobservations, surveys, and
deliberate engagement sessions and were used to
develop and refine an implementation strategy sup-
port package. The package included specific strategies
focused on patient outreach, clinician education and
training, clinician notification, and standardized
screening documentation using electronic health
record tools. Similarly, guided by the Exploration,
Preparation, Implementation, Sustainment (EPIS)
framework (Fig. 2), Birkenhead et al. [8

&

], developed
a primary–tertiary shared care model to increase cas-
cade genetic testing in primary care. Cascade genetic
testing is subsidizedunder theMedical Benefits Sched-
ule (MBS) and can be ordered by general practitioners
for patients who have a first-degree or second-degree
relativewithaconfirmedpathogenicvariant. Indevel-
oping themodel, a barrier to implementingguidelines
for familial hypercholesterolemia care was a lack of
0957-9672 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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awareness of familial hypercholesterolemia and the
MBS Item [43

&

]. As such, the model of care includes a
stakeholder informed cascade testing package to
advise general practitioners of the MBS item and
how to undertake cascade genetic testing [8

&

]. The
package also includes the option of providing a saliva
sample for genetic testing to help address barriers to
sample collection that have previously been reported
[42]. In both studies, clinician level barriers, including
limited knowledge and time, were addressed by facil-
itating theorderingofgenetic testing throughstep-by-
step guidelines and education around familial hyper-
cholesterolemia. Additional support to improve the
use of genetic testing was provided through an infor-
mation video [44

&&

] and a direct phone line to the
tertiary clinic [8

&

]. Strategies to improve capacity for
general practitioners to undertake genetic testing are
important as providers tend to prioritize diagnostic
sensitivity aimed at catching as many potential fam-
ilial hypercholesterolemia cases as possible, over spe-
cificity, whichmight lead to more false positives [56].
rved. www.co-lipidology.com 45
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FIGURE 3. Conceptual model of implementation research (CMIR). Image from Proctor et al. [57].
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OUTCOMES OF IMPLEMENTATION
STRATEGIES TO IMPROVE THE USE OF
GENETIC TESTING

The next phase involves implementing and evalu-
ating the outcomes of implementation strategies
when applied in real-world settings [8

&

,53,54]. The
Conceptual Model of Implementation Research
(CMIR) describes implementation outcomes across
three distinct categories: implementation/process
outcomes, health service outcomes, and patient
health outcomes (Fig. 3) [57]. Implementation out-
comes are distinct from service (i.e. increase in
genetic testing) or clinical (i.e. reduction in LDL-c)
outcomes and reporting on all three is important to
ensure the long-term effectiveness of a program. The
CMIR was used in the IMPACT FH program, and
positive implementation outcomes were reported
[11

&&

]. For example, a communication strategy that
helped relatives order a mail in genetic testing kit
made is easier to complete the cascade testing. In
relation to service outcomes, Jones et al. [58

&&

] found
when probands selected at least one implementa-
tion strategy to communicate their familial hyper-
cholesterolemia diagnosis with relatives, there was a
significant increase in the uptake of cascade testing
(i.e. relatives were more likely to undergo cascade
testing if probands selected at least one of the three
strategies). Furthermore, 25.7% (29/113) compared
with 3.8% (1/26) of first-degree relatives had genetic
testing when at least one strategy was selected. The
study also reported that significantly more first-
degree relatives (42.5 vs. 3.5%) completed genetic
testing after the strategies were implemented. Pro-
bands were also more likely to choose a strategy
(vs. no strategy) if they had an appointment with
the genetic counsellor. Additionally, Morgan et al.
46 www.co-lipidology.com
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[51
&&

], explored the impact of genetic counselling on
genetic testing and found significantly more first-
degree relatives completed cascade testing when the
proband completed genetic counselling than pro-
bandswho did not have genetic counselling.Within
the primary care setting, preliminary findings (not
yet published) have shown implementation strat-
egies that support primary care physicians to carry
out cascade screening can successfully increase
genetic testing [59].

An important element of implementation sci-
ence methods includes gathering input from end
users who will be directly involved in implementing
(or impacted by) the evidenced-based guidelines.
This helps ensure engagement, support, and buy-
in, and increases the likelihood of successful uptake.
Studies that describe the barriers and facilitators to
implementing evidence-based guidelines conclude
that a structured and systematic implementation
science approach is needed to ensure research out-
comes reach those meant to benefit. The studies
included in this review have all used this approach.
Furthermore, a key element of all studies was
tailoring or refining strategies based on input from
stakeholders. This is a critical component of imple-
mentation science to ensure that interventions are
effectively adapted to the specific context and
needs of a target population, thereby enhancing
the likelihood of successful and sustainable imple-
mentation.
CONCLUSION

Future research should prioritize detection through
universal screening and integrating different imple-
mentation science approaches to help overcome
Volume 36 � Number 2 � April 2025
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barriers to improve familial hypercholesterolemia
care. Efforts should also focus on understanding
the patient experience, a core element in improving
outcomes. The unique challenges that exist at the
patient, provider, and system levels within health-
care highlight the need for innovative solutions that
are not only specific and tailored, but also adaptable,
to ensure success. Implementation science can help
identify and address these challenges and reduce the
long-standing gaps in familial hypercholesterolemia
care.
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