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The vast majority of individuals with heterozygous
familial hypercholesterolemia (FH) remain undiagnosed
despite a prevalence of approximately 1:250 - 1:300 in
the general population [1-3]. If left untreated, FH results in
atherosclerotic cardiovascular disease (ASCVD) as early as
age 30 and increases the risk of experiencing a premature
cardiac event by 20-fold [1-2]. Most individuals with FH
respond to lipid lowering drug therapy, thereby, reducing
their risk of a cardiac event by up to 80% [1-2]. Machine
learning models (MLM) have been developed and validated
to identify undiagnosed individuals with FH based on
deidentified electronic medical record (EMR) data;
however, strategies to integrate them into clinical care
are lacking. Our team integrated the Flag Identify Network
and Deliver FH (FIND-FH®) MLM developed by the Family
Heart Foundation (FHF) into a direct-to-patient outreach
process at Dartmouth Health (DH) system, an academic
medical center with a local population enriched for FH
due to French-Canadian ancestry [4-12]. Our experience
highlights the role clinicians play in implementing novel
diagnostic strategies and provides some practical insights
for those endeavoring to use MLM in their clinical practice

[6].

The process of using a machine learning model for
outreach [Figure A], begins with contracting terms of use
and secure data transfer. Prior to using FIND-FH®, a de-
identified, secure data transfer was completed between
DH and the FHF, where the model was run. Coordination
between our health system and FHF required consultation
with information technology specialists and approval at a
system level. The FIND-FH® model was run in April 2021
and the EMR data of individuals flagged by the model
were returned to DH and re-identified. Outreach design
and implementation was performed from January 2023
to March 2024 after obtaining funding for outreach design
and expert chart review.

FIND-FH® was applied to 147,412 unique patient
records and identified 388 adult patients at risk for
FH. Lipidologists and cardiologists used FH clinical
criteria to review the charts of flagged individuals and
validate the model in our clinical environment. FH is
clinically diagnosed based on a weighted combination
of physical findings, personal or family history of
hypercholesterolemia, premature ASCVD, and the low-
density lipoprotein cholesterol (LDL-C) concentration,
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Contract secure data transfer per institutional guidance

147,412 eligible adult individuals screened with FIND-FH® at DH
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388 individuals flagged as at risk for FH
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Experts in cardiology and lipidology review charts of
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180 individuals validated as at risk for FH
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149 individuals had a PCP
to contact

~13.5 hours of physician (~12 hrs) and study staff
(~1.5 hrs) work sending messages to PCPs
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,Patient Outreach:

Message with information about FH, the FIND FH program,

164 individuals received written outreach
*Excluding those who scheduled directly or were removed by their PCP

~5.8 hours of physician (~0.5 hrs) and study staff
(~5.3 hrs) work sending messages to patients

and invite to schedule a visit

Call up to 3 times to explain their individual risk of FH and
invite to schedule a visit

)
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Provide information sheet to those that are unreachable or
\decline to schedule

123 individuals received up to 3 calls to schedule a visit

{ ~39 hours of physician work calling patients

-
Scheduled Visits:

!

Evaluate for FH and other ASCVD Risk Factors

Intervene to reduce risk
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o

72 individuals seen in clinic after ~ 2.6 hours of pre-work per 1 clinical encounter

Figure 1 Outreach Process by Recruitment Yield and Time Investment

especially untreated. Patients were excluded from
outreach if they had an established diagnosis of FH, were
established in the lipid clinic, had insufficient information
to suspect FH, had a low likelihood of FH, had moved,
were deceased, or had alternative medical priorities at
the time of review. We found that the EMR often lacked
one or more of the necessary data elements including 1)
the International Classification of Diseases code E78.01 to
exclude patients known to have FH, 2) a detailed family
history with the age of onset of ASCVD, 3) a physical exam
noting pertinent findings including arcus senilis prior
to age 45, xanthelasma, or tendon xanthoma, 4) LDL-C
values, and 5) patient vital status, including whether they
continued to receive care in our health system. Reviewing
free text and scanned media was necessary for thorough
chart review but time consuming. Allowing for 20 minutes
per chart, physician data abstractors spent approximately
129 hours on the process of chart review for all 388 flagged
individuals.

We found that expert review removed more than
half of the flagged patients from outreach [54%;
208/388] including 115 [30%] individuals who had a
low suspicion for FH with a median LDL of 122.5 mg/dL
(interquartile range 98.6-143.8 mg/dL) and 32 [15%]

that had insufficient information to suspect FH. By
removing patients less likely to have FH, expert review
reduced the patient burden associated with potential false
positives, reduced the outreach workload, and increased
community trust in the process of identification; however,
the review process was labor-intensive and introduced
delays between identification and outreach. The higher
median LDL-C [172 mg/dL (interquartile range 132-216
mg/dL) vs. 134 mg/dL (interquartile range 102-154 mg/
dL)], and likelihood of having an LDL-C greater than 190
mg/dL [37% vs. 7%] among those selected for outreach
compared to those excluded from outreach suggest that
expert review identified the patients most appropriate for
contact by clinical criteria.

A total of 180 [46%; 180/388] individuals were
selected for outreach. The outreach process was designed
with a step to allow primary care providers (PCPs) to “opt
out” of the program. This approach removed provider
nonresponse as a barrier to participation and respected
feedback from PCPs and members of the public that PCPs
should be involved. A total of 149 patients had a DH PCP
to notify about the elevated risk of FH. Among PCPs, 105
were able to receive a message via the EMR. Physicians
on the outreach team spent approximately 7 minutes per
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message to personalize the communication, resulting in
12 hours of labor. The remaining providers received a
standardized letter paid for and mailed by the research
support team, for an additional 1.5 hours of work. Seventy
percent (105/149) of PCP messages did not receive a
response. Among 44 PCP responders, only 4 objected to
participation. Some PCPs discussed the program with their
patients resulting in a total of 8 scheduled patients.

After PCP notification, a total of 164 individuals
remained eligible for direct patient outreach. Individuals
were first contacted in writing with information about FH
and aninvitation to schedule a visit, resulting in 7 scheduled
visits. The majority received a letter mailed by study
support staff [98%, 160/164], and four patients received
a personalized EMR message from a physician. Assuming
2 minutes to address and mail each letter, the study team
performed about 5.3 hours of work and team physicians
spent 30 minutes messaging the final four patients directly
via the EMR. After providing written communication,
physicians with expertise in cardiovascular medicine and
lipidology called each individual up to 3 times to discuss the
program and schedule a visit. Ultimately, 236 total phone
calls were made by a physician team member to achieve
53 additional scheduled visits. Allowing an average of 10
minutes to review the chart, complete the call, and track
the attempt, this step added about 39 hours of physician
work.

The outreach process yielded a total of 72 clinical visits
[19%; 72/388] and 58 new diagnoses of possible/probable
or definite FH [15%; 58/388] for a detection rate of 1:6.69.
While this substantially improves on the rate of diagnosis
when screening the general population (1:250, 0.4%), the
validation and outreach process was labor intensive (~187
hours of labor to achieve 72 clinical visits, or 2.6 hours of
pre-work per clinical encounter).

After a single visit, a majority of patients 62 (86%)
had changes to their lipid lowering therapy, weight
management, antihypertensives, or diabetes regimen, or
referrals to smoking cessation or nutrition regardless of
their diagnosis, highlighting a substantial opportunity to
improve preventative care in this selected population of
individuals at high risk for ASCVD.

Overall, our experience highlights the strengths and
potential pitfalls of machine learning-based outreach
programs. Through expert review, we found that the rate
of detection of possible FH using the FIND-FH® MLM in
our cohort was lower than expected based on validation
studies but superior to general population screening.
Expert review and outreach increased PCP and community

trust in the process of identification but introduced a
significant workload on team physicians. Future efforts
should consider methods to facilitate expert review, such
as providing the elements flagged by the MLM. Improving
the accuracy of machine learning identification, EMR
interoperability, and standardization of key data elements
will enhance the scalability of these types of programs.
Once patient identification and chart review are reliable
and reproducible, non-physician team members could be
leveraged to perform data abstraction and some elements
of outreach. Calls from study team physicians were the
highest yield in terms of scheduling, so future outreach
should have clinicians focus on patient calls and visits.
Incorporating MLM based “flags” in the EMR at the time
of a clinical visit with a member of the patient’s usual
care team may negate the need for outreach from an
unfamiliar provider. MLMs hold promise for improving
identification of individuals with FH and reducing their
risk of premature heart attack and stroke, however, the
pre-work required to validate MLM with expert chart
review and perform patient outreach with physicians
is cost prohibitive in an environment where clinician
reimbursement and productivity are determined based
on relative value units (RVU). Importantly, the lessons
learned about patient activation in patients with FH will
be relevant to a larger population of patients with ASCVD
and hypercholesterolemia who are not at their LDL goal.
More work is needed to build confidence in MLM for
identification of hypercholesterolemia in the clinical
environment and allow seamless integration of these tools
into clinical practice to improve ASCVD outcomes more
broadly.
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