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BACKGROUND: Limited information is available regarding clinician and participant behaviors after disclosure of genomic risk
variants for familial hypercholesterolemia (FH) from a population genomic screening program.

METHODS: We conducted a retrospective cohort study of MyCode participants with an FH risk variant beginning 2 years
before disclosure until January 16, 2019. We analyzed lipid-lowering prescriptions (clinician behavior), medication adherence
(participant behavior), and LDL (low-density lipoprotein) cholesterol levels (health outcome impact) pre- and post-disclosure.
Data were collected from electronic health records and claims.

RESULTS: The cohort included 96 participants of mean age 57 (22-90) years with median follow-up of 14 (range, 3-39)
months. Most (90%) had a hypercholesterolemia diagnosis but no specific FH diagnosis before disclosure; 29% had an
FH diagnosis post-disclosure. After disclosure, clinicians made 36 prescription changes in 38% of participants, mostly
in participants who did not achieve LDL cholesterol goals pre-disclosure (81%). However, clinicians wrote prescriptions
for fewer participants post-disclosure (71/96, 74.0%) compared with pre-disclosure (81/96, 84.4%); side effects were
documented for most discontinued prescriptions (23/25, 92%). Among the 16 participants with claims data, medication
adherence improved (proportion of days covered pre-disclosure of 70% [SD, 24.7%] to post-disclosure of 79.1% [SD,
27.3%]; P=0.05). Among the 52 (54%) participants with LDL cholesterol values both before and after disclosure, average
LDL cholesterol decreased from 147 to 132 mg/dL (F=0.003).

CONCLUSIONS: Despite disclosure of an FH risk variant, nonprescribing and nonadherence to lipid-lowering therapy
remained high. However, when clinicians intensified medication regimens and participants adhered to medications, lipid
levels decreased.
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ited disorder of cholesterol metabolism that leads to
premature atherosclerotic cardiovascular disease.
Approximately 17 500 deaths per year and 3% to 10% of
heart attacks in people under 45 years of age are attrib-
utable to FH." Individuals with variants in FH-associated

Familial hypercholesterolemia (FH) is a common inher-

genes have triple the risk for atherosclerotic cardio-
vascular disease at any LDL (low-density lipoprotein)
cholesterol (LDL-C) level® due to lifelong exposure to
cholesterol,? Those with FH require early, aggressive, and
sustained lipid-lowering therapy® to reduce atheroscle-
rotic cardiovascular disease rates.
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Nonstandard Abbreviations and Acronyms

FH familial hypercholesterolemia
LDL low-density lipoprotein
LDL-C low-density lipoprotein cholesterol

Reports from many countries including the United
States have shown underprescribing of lipid-lowering
therapies for individuals with FH.*" However, some
countries that have genomic screening programs for
FH have signaled an improvement in both prescribing
of and adherence to lipid-lowering therapies after dis-
closure of a result® In addition, pharmacogenomic infor-
mation is available from these programs, which provides
insights into lipid management. For example, a variant in
the SLCOT1BT1 gene is associated with muscle-related
side effects of statin therapies and thus is a potential
cause of nonadherence. However, the status of this vari-
ant in individuals with FH often remains unknown.®"!

Several health care systems in the United States
and other countries have initiated population-based
genomic screening programs.'?”'® These programs
provide FH diagnoses by identifying disease-causing
variants in FH-associated genes. As genomic screen-
ing becomes more widespread to identify individuals
with FH, it will be important to understand the impact
of the return of these results on medication prescrib-
ing, adherence, and health outcomes such as lipid
levels that are predictive of atherosclerotic cardiovas-
cular disease risk.

We have previously reported on the initial 28 par-
ticipants who received an FH result from the MyCode
Community Health Initiative (MyCode), a population-
based genomic screening program at Geisinger.'® This
study suggested positive changes in clinician and par-
ticipant behaviors after disclosure of a risk variant in
an FH-associated gene to participants and their cli-
nician.'” The objective of the current study is to use
additional disclosed results from this program to eval-
uate clinician and participant behaviors after receiving
a genomic risk result for FH and its impact on medica-
tion prescribing, medication adherence, and lipid level
outcomes.

METHODS

Full description of the study methods is included in the
Supplemental Material. The data that support the findings of
this study are available from the corresponding author upon
reasonable request. This study is part of the Rational Integration
of Clinical Sequencing RO1 project, which was approved by
the Geisinger Institutional Review Committee; a waiver of the
Health Insurance Portability and Accountability Act authoriza-
tion was obtained.
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RESULTS
Demographics

A total of 96 participants had a variant in an FH-associated
gene and met inclusion criteria from the 92 455 participant
cohort. Mean age was 57 (SD, 17) years, 61 of 96 (63.5%)
were female, and 33 of 96 (34.4%) had documented statin
intolerance. Median length of follow-up from FH risk variant
disclosure to the end of the study period was 14 months
(range, 3-39). Before the genomic risk result disclosure,
most participants, 86 of 96 (89.6%), had a diagnosis of
hypercholesterolemia documented in the electronic health
record, but no one (0%) had a specific diagnosis of FH
(Intemational Classification of Diseases, Tenth Revision, diag-
nostic code E78.01). After disclosure, 28 of 96 (29.2%) had
the specific FH diagnosis code E78.01, added to their prob-
lem list by their clinician. Eighteen participants (18.8%) had
a history of myocardial infarction or stroke. Seventy-seven
participants (80.2%) had LDL-C values before disclosure
with a mean (SD) of 1562 (68) mg/dL. Among these, 10 of
77 (13.0%) achieved their LDL-C targets relevant to pri-
mary (LDL-C,<100 mg/dL) or secondary (LDL-C, <70 mg/
dL) prevention. Table 1 details the demographics.

Clinician Behavior After Learning About an
FH-Associated Genomic Risk Result for Their
Participant

Clinicians wrote prescriptions for fewer participants after
result disclosure (pre-disclosure, 81/96 [84.4%)] versus
post-disclosure, 71/96 [74.0%]; Table 2). Of these, 19
participants did not have an LDL-C value available for
review in the electronic health record, 10 participants
were at their LDL-C target and did not require medication
intensification, and 67 participants were not yet at goal
before disclosure. Clinicians made prescription changes
post-disclosure in 36 of 96 (37.5%) participants, most of
whom were among the 67 participants who had not yet
achieved their LDL-C target (29/36, 80.6%). The most
common change was intensifying the medication regimen
(23736, 63.8%) including use of a high-intensity statin or
adding or switching to a prescription for ezetimibe or a
PCSK9 inhibitor (n=6). All PCSK9 inhibitors prescribed
were made after disclosure. Clinicians made no changes
to participants’ medication regimens in 36 of 96 (37.5%).
Clinicians discontinued lipid-lowering prescription for 12
of 96 participants, and 12 of 96 never had a prescription.
Clinicians documented reasons for not prescribing or dis-
continuing medication in most (23/24, 95.8%) of these
participants, including statin intolerance (n=8), pregnancy
(n=6), fear of side effects (n=2), concerns regarding
costs (n=3), no health insurance (n=1), active military
(n=1), refusal to take a statin (n=1), and sought alterna-
tive treatment (n=1). About three-quarters of participants
(70/96, 73%) had a lipid panel ordered by their clinician
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Table 1. Participant Characteristics
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Table 2. Clinician Behavior

Study Subcohort with at Study population
population least 18 m postdisclo- (n=96)
Characteristic (n=96) sure follow-up (n=30) e Pre-dis- | Post-dis-
Demographics closure closure
Age, y; mean (SD), range 57 (17), 22-90 | 61 (15), 27-85 Participants with lipid-lowering therapy prescrip- | 81 (84.4) | 72 (75.0)
I 0
Female sex, n (%) 61 (63.5) 19 (63.3) tion, n (%)
. . . o
Follow-up period, mo, median | 14 (3-39) 35 (18-39) High-intensity statins, n (%) 58 (60.4) | 85 (57.3)
(range) Low/moderate-intensity statins, n (%) 23 (24.0) | 14 (14.6)
Race/ethnicity Ezetimibe, n (%) 13 (13.5) | 24 (25.0)
White, n (%) 95 (99.0) 30 (100.0) Niacin, n (%) 2 (2.1) 2(2.1)
Black or African American, | 1 (1.0) 0 (0.0) Bile acid sequestrants, n (%) 4 (4.2) 4 (4.2)
n (%) PCSKS inhibitor, n (%) 000 |6(63)
FH diagnosis, n (%) 26 (27.1) 11 (36.7) Fenofibrate 2 (2.1) 1(1.0)
FH gene Lipid panel orders
P/LP LDLR, n (%) 66 (68.8) 16 (53.3) Participants with an order for a lipid panel, n (%) ‘ 78 (81.2) ‘ 70 (72.9)
P/LP APOB, n (%) 30(31.3) 14 (46.7) Change in prescriptions after disclosure
SLCO1BT1 status Among the entire study cohort n=96
TIT, n (%) 60 (62.5) 17 (56.7) Prescription change, n (%) 36 (37.5)
T/C, n (%) 33 (34.4) 11 (36.7) Intensification, n (%) 23 (63.9)
C/C, n (%) 3(3.1) 2 (6.7) No change in intensity or switch within the 6 (16.7)
Statin intolerance, n (%) 33 (34.4) 16 (53.3) same medication class, n (%)
History of Ml/stroke event, 18 (18.8) 7 (23.3) Decrease in intensity, n (%) 7(19.4)
n (%) No prescription change, n (%) 36 (37.5)
Hypercholesterolemia known | 86 (89.6) 26 (86.7) No prescription, n (%) 24 (25.0)
previously, n (%) . - .
Among participants with no LDL-C value in pre- n=19
FH diagnosed previously, 0 (0.0) 0 (0.0) disclosure
n (%
(%) Prescription change, n (%) 5 (26.3)
T/T: wild type for risk alleles (low risk); T/C: heterozygous for risk alleles Intensification, n (%) 5 (100.0)
(high risk); and C/C: homozygous for risk alleles (high risk). FH indicates familial ! §
hypercholesterolemia; M|, myocardial infarction; and P/LP, pathogenic or likely No change in intensity or switch within the 0(0.0)
pathogenic. same medication class, n (%)
Decrease in intensity, n (%) 0 (0.0)
No prescription change, n (%) 4(21.1)
after learning about their FH result. Additional details on No prescription, n (%) 10 (52.6)

medications prescribed and laboratory orders are avail-
able in Table 2. Figure 1 demonstrates paths of clinician
prescription changes from pre- to post-disclosure strati-
fied by participants who started on therapy in predisclo-
sure (n=81) and those who did not (h=15).

In the multivariate regression analysis, only predisclo-
sure LDL-C levels influenced clinician prescribing (Table
S1). Clinicians were 14.6x more likely to change medi-
cation regimens or 22.9x more likely to issue no pre-
scription in participants when LDL-C levels were >190
mg/dL compared with reference (LDL-C, <100 mg/dL;
P=0.024 and P=0.023, respectively). No differences in
prescribing behavior were observed in the 100 mg/dL
<LDL-C 190 mg/dL or LDL-C <100 mg/dL groups.

Participant Behavior After Learning About Their
FH Genomic Risk Variant

Less than half (40/96, 41.7%) of the participants opted
to complete a no-cost appointment with a genetic coun-
selor to discuss their FH result, offered to all participants
as part of the MyCode Genomic Screening and Counseling

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549

Among participants who already achieved LDL-C | n=10
goals in predisclosure

Prescription change, n (%) 2 (20.0)
Intensification, n (%) 0 (0.0)
No change in intensity or switch within the 2 (100.0)
same medication class, n (%)

Decrease in intensity, n (%) 0 (0.0)

No prescription change, n (%) 7 (70.0)

No prescription, n (%) 1(10.0)

Among participants who had not yet met LDL-C n=67
goals in predisclosure

Prescription change, n (%) 29 (43.3)
Intensification, n (%) 18 (62.1)
No change in intensity or switch within the 4(13.8)
same medication class, n (%)

Decrease in intensity, n (%) 7 (24.1)

No prescription change, n (%) 25 (37.3)

No prescription, n (%) 13 (19.4)

Statin intensity was defined based on the 2020 ACC/AHA cholesterol guide-
lines. ACC indicates American College of Cardiology; AHA, American Heart
Association; LDL-C, low-density lipoprotein cholesterol; and PCSK9, Proprotein
convertase subtilisin/kexin type 9.
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Program. About three-quarters (70796, 72.9%) of partici-
pants had at least 1 lipid panel drawn after learning their
result, which was approximately equivalent to the proportion
that had a panel drawn before learning the result (77/96,
80.2%). In the subset of 16 participants with continuous
Geisinger Health Plan coverage, only 4 of 16 (25.0%) had
changes post-disclosure in the medication regimens. There
was no change in the participants who were adherent to
their medication regimens (obtaining a proportion of days
covered of >80%), but mean medication adherence rates
improved (proportion of days covered, mean [SD]: pre-
disclosure, 70.0% [24.7%)] versus post-disclosure, 79.1%
[27.3%]; P=0.05). Additional details on medication adher-
ence are available in Table 3. Statin intolerance was present
in a substantial proportion of participants (33/96, 34.4%),
but SLCO1B1 variant status showed no correlation with
the documentation of intolerance (data not shown).

Impact of Clinician and Participant Behaviors
on Lipid Levels
In a subset of 52 participants with predisclosure and post-

disclosure lipid values (Table 4), LDL-C was significantly
reduced after disclosure (LDL-C, mean [SD]: pre-disclosure,

Behavior Impact of FH Genomic Risk Return

147 [64] mg/dL versus post-disclosure, 132 [63] mg/
dL; A=0.003; a 7.7% reduction in mean level). One-third
(16/562, 28.8%) of participants achieved LDL-C goal after
disclosure. Figure 2 with each scatter plot representing
one participant demonstrates how participants move with
relative to their LDL-C goal from pre- to post-disclosure,
as well as the magnitude of lipid level change. Having a
high (LDL-C, 2190 mg/dL) predisclosure LDL-C level
(P=0.034) or having a history of myocardial infarction/
stroke (P=0.043) was associated with participants being
less likely to achieve LDL-C target levels (Table 5). Clinician
prescribing behavior was not associated with participants
achieving LDL-C target goals (Table 5). About a third of
participants (6/20, 30%) who had prescription changes
made by their clinician were able to achieve LDL-C goals
(Table 5). While some participants achieve LDL-C goals
with no changes, most did not (Table 5).

Sensitivity Analysis

Consistent with observation in the entire cohort, among
the subcohort of patients with at least 18 months of
postdisclosure follow-up, clinicians wrote prescriptions
for fewer participants in the post-disclosure period but
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Figure 1. Clinician behavior of
prescription change.

A, Among patients with lipid-lowering
therapy prescription pre-disclosure
(n=81). B, Among patients without
lipid-lowering therapy prescription pre-
disclosure (n=15).

/o
V

Pre-disclosure

B Among patients who had not yet met LDL-C goals in pre-disclosure

@ Among patients with no LDL-C value in pre-disclosure

Post-disclosure

B Prescription change
B Among patients who had already achieved LDL-C goals in pre-disclosure B No prescription change
@ No prescription

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549

October 2022 413



Jones et al

Table 3. Participant Behavior

Behavior Impact of FH Genomic Risk Return

Table 4. Lipid Levels

Subset of participants with n=52
el el i) Ll Lipid panel results Pre-disclosure | Post-disclosure | P value
Adherence Pre-disclosure Post-disclosure LDL-C level, mg/dL; mean 147 (63.7) 132 (63.3) 0.003*
PDC, mean (SD) 70.0% (24.7%) | 79.1% (27.3%) | 0.05* (SD)
PDC >80%, n (%) 9 (56.2) 10 (62.5) 0.5t LDL-C level <130 mg/ | 25 (48.1) 32 (61.5)
PDC <80%, n (%) 7 (43.8) 6 (375) dL. n (%)
Prescription refills I&EL-C(O/Ie)veI <100 mg/ 10 (19.2) 19 (36.5)
, n (%
Participants with medica- | 16 (100) 16 (100)
tion refills, n (%) tl?;)C level <70 mg/dL, 3 (5.8) 3 (5.8)
0,
High-intensity statins, 13 (81.2) 13 (81.2) HDL-C. ma/dL: mean 51 (178) 50 (19.6)
n (%) SOyt , mg/dL; . X
Low/moderate-intensity | 3 (18.8 2(125
ow/moderate-intensily ( ) ( ) Triglycerides, mg/dL; mean | 132 (83.6) 118 (75.2)
statins, n (%) (SD)t
Ezetimi 0 1(6.2 2(125
zetimibe, n (%) 62 (125) Total cholesterol, mg/dL; | 221 (70.7) 202 (59.9)
Statin intensity was defined based on the 2020 ACC/AHA cholesterol guide- mean (SD)t
lines. ACC indicates American College of Cardiology; AHA, American Heart As- Change in LDL-C after disclosure
sociation; and PDC, proportion of days covered.
*Wilcoxon signed-rank test is used to detect statistical difference between LDL-C change, %; mean —7.7 (25.8)
predisclosure and post-disclosure. (SD)
tMcNemar exact test is used to compare participants’ PDC ratio in predisclo- Obtainment of target LDL-C levelst
sure and post-disclosure for a PDC cutoff of 80%.
Pre-disclosure at goal n=9 (17.3)
did make prescription changes for about 40% of the par- PTS")diSC'OSUfe atgoal, | 6(66.7)
. . %
ticipants mainly among those have not yet met LDL-C ne
goal in predisclosure. However, in the subcohort, the Zg:lt'i's(;')‘)’sure notat | 3(33.3)
majority of the prescription changes were intensification D' : s 000
. . ecrease In post, 5
(10/19, 83%) versus in the entire cohort (23/36, 64%: n (%) P
Table S2). The lipid Ieyel also showed a reduction trend in Inorease in post, n (%) | 3 (100.0)
the subcohort post-disclosure; however, the change was :
L ) No change in post, 0 (0.0)
not significant (LDL-C, mean [SD]: pre-disclosure, 155 n (%)
[73] mg/dL versus post-disclosure, 142 [78] mg/dL; Predisclosure not at goal | et (82.7)
P=0.23). The subcohort had fewer participants at goal )
) . Post-disclosure at goal, 9 (20.9)
at the end of follow-up compared with the entire cohort n (%)
(Table S3). These differences in outcomes might have Post-disclosure not at 34 (70.1)
to do with a harder-to-treat population of the subcohort goal, n (%)
with a higher percentage of participants with pathogenic Decrease in post,§ 20 (58.8)
or likely pathogenic APOB (14/30, 47% versus 30/96, n (%)
31%) and history of myocardial infarction/stroke (7/30, Increase in post, n (%) | 5 (14.7)
23% versus 18/96, 19%) and a much higher statin intol- No change in post, 9 (26.5)

erance rate (16/30, 53% versus 33/96, 34%:; Table 1).

DISCUSSION

We studied the impact of disclosing genomic risk vari-
ants in FH-associated genes to unselected individuals
who participated in a population genomic screening ini-
tiative. We found substantial changes to both clinician
and patient behavior after return of FH genomic risk
result. After disclosure, clinicians intensified medication
regimens in about a third of the participants who did not
achieve LDL-C targets before disclosure and in a quar-
ter of all participants. Clinicians had documented various
reasons for decisions regarding switches in the statin
medication class and discontinuation of medications.
Approximately 42% of participants sought follow-up to
discuss their genomic risk variants in an FH-associated

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549

n (%)

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density
lipoprotein cholesterol.

“Paired t test to detect difference in LDL-C level between pre- and post-dis-
closure.

tn=43 as 9 participants did not have postdisclosure values.

#For those on treatment for primary prevention, the target LDL-C was <100
mg/dL, and for secondary prevention, the target LDL-C was <70 mg/dL.

§Decrease and increase change in postdisclosure is only counted as valid
change when the percentage of LDL-C level change is >8%.

gene with a genetic counselor. Only 62.5% of participants
had good adherence to their lipid-lowering therapies at
the end of the observation period, but this result showed
a positive trend compared with predisclosure. There was
no relationship of documented statin intolerance to vari-
ants in SLCO1B1. About one-third of the participants
were able to achieve the LDL-C goal and had an average
7.7% reduction in LDL-C post-disclosure. Having a high
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Figure 2. LDL (low-density lipoprotein) cholesterol (LDL-C) levels pre- and post-disclosure.
*Decreased and increased change in post-disclosure is only counted as valid change when the percentage of LDL-C level change is >8%.
tLDL-C value is <100 mg/dL for primary prevention or <70 mg/dL for secondary prevention.

LDL-C level >190 mg/dL before disclosure or a history
of myocardial infarction/stroke are risk factors that made
participants less likely to achieve their lipid level goal. We
performed a sensitivity analysis of those participants with
>18 months of follow-up and observed consistent trends
in this subcohort compared with the entire cohortin terms
of prescription change and lipid outcomes. However, this
cohort tended to have higher levels of statin intolerance
and higher percentage of cardiovascular events; more
prescription intensifications were made, but worse lipid
outcomes were achieved.

While most individuals had a diagnosis of hypercho-
lesterolemia, no participant had a specific diagnosis of
FH on their problem list before return of the genomic
risk result. This result is not unexpected, as data from
a recent meta-analysis show that the prevalence of FH
is unknown in 91% of countries worldwide'® and only
10% of individuals are aware of their diagnosis. There
are a variety of reasons for the underdiagnosis of FH'®;
current work in the field is focused on using automated
methods to identify individuals with FH by combining
various data sets including clinical, claims, and genetic
data.?°22 However, after the return of the genomic risk
result for FH, clinicians documented the FH diagno-
sis (International Classification of Diseases, Tenth Revi-
sion, code E78.01) in 29% of their participants, which,
while an improvement, still means over two-thirds do not
have the diagnosis documented in the electronic health
record. Further exploration of clinician reluctance to
modify the problem list, a key resource for care coordi-
nation, is warranted. A potential intervention to consider
is the implementation of a lifetime genetic record that
populates the problem list with key genetic diagnoses
that require longitudinal management.

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549

Our results suggest that the confirmation of diagno-
sis of FH is a barrier to FH care; however, its impor-
tance in comparison to other major barriers such as
managing statin-associated muscle symptoms (real or
perceived), clinician and patient knowledge gaps related
to FH care, access to medications such as PCSK9
inhibitors, among others is unknown. The National Lipid
Association has published guidance on how to effec-
tively manage statin-associated muscle symptoms, while
still reducing cardiovascular disease burden.?® Clinician
and patient knowledge related to FH impacts care from
identification to treatment.?*=?" Once identified, access
to treatment can be difficult. Low prescribing of PCSK9
inhibitors due to access problems is consistent with a
large cohort study conducted by the Family Heart Foun-
dation (previously the FH Foundation).?®

An interesting and concerning observation in our
study was the decrease in the number of participants
receiving prescriptions for lipid-lowering therapies
after clinicians and participants learned about the FH
genomic risk result. This is similar to what was reported
in our pilot study,' although others have seen an
increase in the number of prescriptions after return of
a genomic risk result.'® However, these changes may
be a reflection of trends in prescription behavior over
time independent of FH genomic risk disclosure, and
the short follow-up time (minimum 3 months) limited
our ability to detect longer term changes. One poten-
tial driver of this phenomenon is that clinicians were
revisiting participants’ prescriptions after learning their
genomic risk for FH and uncovered side effects or other
issues their participants are having related to initiation
and adherence to lipid-lowering therapies, in particular
to statin therapy. In fact, unlike previous work, we were
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Table 5. Participant Characteristics, Clinician Prescribing
Behavior Change and Participant Lipid Levels

Lipid levels (n=52)
Post-disclo- Post-disclo-
sure at goal, sure not at
n (%) goal, n (%) P value*
Participant characteristics n=15 n=37
Predisclosure LDL-C level 0.034
LDL-C <100 mg/dL 6 (60.0) 4 (40.0)
100 mg/dL <LDL-C <190 8 (26.7) 22 (73.3)
mg/dL
LDL-C 2190 mg/dL 1(8.3) 11 (91.7)
Sex 0.99
Female 9 (28.1) 23 (71.9)
Male 6 (30.0) 14 (70.0)
Age at result disclosure 0.99
Age <45 2 (28.6) 5(71.4)
Age >45 13 (28.9) 32 (71.1)
MI/stroke event 0.043
Yes 1(7.1) 13 (92.9)
No 14 (36.8) 24 (63.2)
Statin intolerance 0.23
Yes (either clinically docu- 6 (21.4) 22 (78.6)
mented statin intolerance or
has T/C or C/C)
No 9 (37.5) 15 (62.5)
Clinician prescription change in post-disclosure 0.08
Prescription change 6 (30.0) 14 (70.0)
Intensification 3 7
No change in intensity or 3 1
switch within the same
medication class
Decrease in intensity 0 6
No prescription change 9 (39.1) 14 (60.9)
No prescription 0 9 (100.0)

T/C: heterozygous for risk alleles (high risk); and C/C: homozygous for risk
alleles (high risk). LDL-C indicates low-density lipoprotein cholesterol; and M,
myocardial infarction.

*Fisher exact test to compare analyze associations between participant char-
acteristics or clinician prescription change and whether participants’ lipid levels
achieved goal.

able to describe reasons for medication discontinuation
or nonprescribing where we reveal participant-reported
side effects from medication was the primary reason,
although some medically appropriate discontinuations
were also noted (eg, pregnancy).

Similar to our work, Hollands et al?® found, through
semistructured interviews with participants being tested
for FH, that the impact of learning about a genetic FH
diagnosis had a relatively small impact on changing
participants’ health behaviors. In our findings, ~42%
of participants sought follow-up with a genetic coun-
selor, which could be due to short follow-up time or due
to learning about their result from their primary care
clinician. In comparison, Geisinger analyzed genetic

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549
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counseling visits across return of genomic risk results
for all conditions returned through MyCode and found
a higher uptake of genetic counseling visits (55.3%)
in other conditions.*® However, when pre- and postdis-
closure genetic counseling was integrated into a mul-
tidisciplinary lipid clinic for FH at Geisinger, almost all
participants opted for the visit?® One potential reason
for lower uptake of genetic counseling in this study
could be the requirement of scheduling and completing
an additional visit, supporting the integration of genetic
counseling services into other specialty care. Use of
chronic medications, such as lipid-lowering therapies,
can be difficult for participants to initiate and sustain.
Individuals with FH have reported low (63%) medica-
tion adherence rates when surveyed.®' We found similar
rates of adherence to lipid-lowering therapies as oth-
ers.® We did not find any relation of side effects with
pharmacogenomic information, and recent research
suggests statin side effect complaints may be related to
participant perception as opposed to statin side effect
complaints associated with physiological or pharmaco-
genetic factors as currently understood.®

Another important finding from our work is 30% of
participants with a prescription change were able to
achieve LDL-C goals, even with a relatively short follow-
up time. Others have found similar achievement of LDL-C
targets (21%) after return of a genomic risk result.3* The
Dutch FH Program, which aimed to identify all individuals
in the Netherlands with FH through assessment of both
clinical and genetic markers and conducted cascade
screening on at-risk individuals, found a 10.3% reduc-
tion in LDL-C in those on treatment?® which is higher
than the 7.7% reduction in our findings. However, the
Dutch program focused on a different cohort, first iden-
tifying probands through lipid clinics and then cascade
testing at-risk relatives, and also observed a significant
increase in prescribing treatment to individuals with
FH.'® We found that participants with LDL-C (>190 mg/
dL) and those with previous cardiovascular events had
more difficulty achieving LDL-C targets, which is con-
sistent with literature.®3 This observation could mean
that these individuals had higher baseline LDL-C levels
with lower LDL-C thresholds, more severe disease, were
intolerant to statin medications, or may require more
intensive therapies such as PCSK9 inhibitors to achieve
adequate reduction in cardiovascular risk. The findings
of this study have relevance to the initiation phase of
implementation. It indicates that clinician and participant
health behavior related to FH care should be a subject
of future studies to understand how to address and
overcome these barriers to care.

In addition to clinician- and patient-level interven-
tions, there is a need for system-level and policy inter-
ventions to improve FH care. Barriers identified in
this study might be part of a larger systemic problem
related to lipid management including the removal of
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metrics for LDL-C in 2013. Further research explor-
ing multilevel interventions to improve lipid manage-
ment are needed. These could include implementation
of guidelines for lipid management that align with and
support clinician workflow, use of quality improvement
programs within health care systems, patient-focused
interventions to improve awareness of FH, and policy
interventions that address system barriers to lipid man-
agement. These interventions must be coupled with
robust measurement tools to assess their effectiveness
and should include both patient- and provider-centric
measures that include outcomes related to service and
satisfaction.

Limitations

There are a few limitations to this work. First, there was
no comparison group to discern other factors that might
have impacted care other than the introduction of the
genomic risk result for FH. The impact of time trends
effect was not evaluated, that is, some of the changes
might occur as trends over time independent of FH
genomic risk disclosure. A separate study at Geisinger
to investigate longitudinal trends in lipid levels over the
10-year time span is underway. Second, even though
some individuals had longer follow-up, most only had =1
year of follow-up. This may have impacted our results as
general hypercholesterolemia is typically cared for on a
yearly basis with annual lipid measurement, which may
have explained the absence of lipid values in 20% of
the population. Also, initiatives to improve the medica-
tion reconciliation process, which is a known problem
at Geisinger and other US health care systems, may
have accounted for the larger apparent discontinuation
of prescriptions after result disclosure but could reflect
more accurate determination of actual medication use,
that is, identifying participants not taking medication who
were misclassified as on medication based on errors in
reconciliation.

Conclusions

Changes in clinician behavior, patient behavior, and
intermediate outcomes were seen after the disclosure
of genomic information on FH. Clinicians intensified
lipid-lowering regimen. Patients sought genetic coun-
seling, had lipid panels drawn, and were more adherent
to their lipid-lowering medications. As a result, there
was a reduction in lipid levels and increased attain-
ment of target cholesterol goals, though a minority
achieved the LDL-C goal, meaning a significant care
gap remains. Nonprescription by providers and nonad-
herence to lipid-lowering therapy by patients remained
high. Future studies on clinician behavior should focus
on prescribing; studies on patients should focus on
nonadherence to lipid-lowering therapies, with a goal
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of improving the percentage of patients getting to
LDL-C treatment goal.

ARTICLE INFORMATION
Received August 9, 2021; accepted June 1, 2022.

Affiliations

Geisinger, Danville, PA (L.K.J,, N.C, D.AH., M.N.B, TK, D.N.H, V.S, AC.S,
S.5.G., M.S.\W, J.H.). University of Washington, Seattle (D.L.V,, S.J.S.). Geor-
gia State University, Atlanta (S.R.S.). Vanderbilt University Medical Center,
Nashville, TN (J.F.P).

Sources of Funding

This study is funded by the National Institutes of Health/National Human Ge-
nome Research Institute (grant number RO1 HG009694-01; project title: Ratio-
nal Integration of Clinical Sequencing).

Disclosures

LK. Jones is a consultant for Novartis, and cochair of the Health Quality and
Research Committee of the National Lipid Association. Dr Peterson serves on
the advisory board for Natera. A.C. Sturm is funded by National Institutes of
Health, NHLBI RO1, 5ROTHL148246-02 (IMPACT-FH [Identification Methods
Patient Activation and Cascade Testing for Familial Hypercholesterolemial), the
Chair of the Advisory Board for the All of Us Genetic Counseling Resource,
SAB Member of The FH Foundation, and consultant for 23andMe, Invitae. Dr
Gidding is a consultant for Esperion. D.N. Hartzel is a part-time contractor for
Tempus. The other authors report no conflicts.

Supplemental Material
Supplemental Methods
Tables S1-S4

References 3,30,37-39,40-43

REFERENCES

1. Rodriguez F, Knowles JW. Enough evidence, time to act! Circulation.
2016;134:20-23. doi: 10.1161/CIRCULATIONAHA.116.023010

2. Khera AV, Won HH, Peloso GM, Lawson KS, Bartz TM, Deng X
van Leeuwen EM, Natarajan P, Emdin CA, Bick AG, et al. Diagnostic yield and
clinical utility of sequencing familial hypercholesterolemia genes in patients
with severe hypercholesterolemia. J Am Coll Cardiol. 2016,67:2578-2589.
doi: 10.1016/jjacc.2016.03.5620

3. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS,
Braun LT, de Ferranti S, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA Guideline on the management of blood cholesterol: a report of the
American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation. 2019;139:e1082—-e1143. doi:
10.1161/CIR.0000000000000625

4. Benn M, Watts GF, Tybjaerg-Hansen A, Nordestgaard BG. Familial hyper-
cholesterolemia in the danish general population: prevalence, coronary
artery disease, and cholesterol-lowering medication. J Clin Endocrinol Metab.
2012;97:3956-3964. doi: 10.1210/jc.2012-1663

5. Barkas F, Liberopoulos E, Liamis G, Elisaf M. Familial hypercholesterolemia
is undertreated in clinical practice. Hellenic J Atheroscler. 2016;7:120—130.

6. Shi Z, Yuan B, Zhao D, Taylor AW, Lin J, Watts GF. Familial hypercholester-
olemia in China: prevalence and evidence of underdetection and under-
treatment in a community population. Int J Cardiol. 2014;174:834-836. doi:
10.1016/jijcard.2014.04.165

7. deGoma EM, Ahmad ZS, O'Brien EC, Kindt |, Shrader P, Newman CB,
Pokharel Y, Baum SJ, Hemphill LC, Hudgins LC, et al. Treatment gaps in
adults with heterozygous familial hypercholesterolemia in the united states:
data from the CASCADE-FH registry. Circ Cardiovasc Genet. 2016;9:240—
249. doi: 10.1161/CIRCGENETICS.116.001381

8. Umans-Eckenhausen MA, Defesche JC, van Dam MJ, Kastelein JJ. Long-
term compliance with lipid-lowering medication after genetic screening
for familial hypercholesterolemia. Arch Intern Med. 2003;163:656-68. doi:
10.1001/archinte.163.1.65

9. Link E, Parish S, Armitage J, Bowman L, Heath S, Matsuda F, Gut |,
Lathrop M, Collins R; SEARCH Collaborative Group. SLCO1B1 Variants
and statin-induced myopathy — a genomewide study. N Engl J Med.
2008;359:789-799.

October 2022 417



Jones et al

10.

20.

21.

22.

23.

24,

25.

Circ Genom Precis Med. 2022;15:¢003549. DOI: 10.1161/CIRCGEN.121.003549

Voora D, Shah SH, Spasojevic I, Ali S, Reed CR, Salisbury BA,
Ginsburg GS. The SLCO1B1*5 genetic variant is associated with statin-
inducedsideeffects.JAmCollCardiol. 2009;64:1609-1616.doi: 10.1016/.
jacc.2009.04.063

. Ramsey LB, Johnson SG, Caudle KE, Haidar CE, Voora D, Wilke RA,

Maxwell WD, McLeod HL, Krauss RM, Roden DM, et al. The clinical phar-
macogenetics implementation consortium guideline for SLCO1B1 and
simvastatin-induced myopathy: 2014 update. Clin Pharmacol Ther.
2014,96:423-428. doi: 10.1038/clpt.2014.125

. Abul-Husn NS, Soper ER, Braganza GT, Rodriguez JE, Zeid N, Cullina S,

Bobo D, Moscati A, Merkelson A, Loos RJF, et al. Implementing genomic
screening in diverse populations. Genome Med. 2021;13:17. doi:
10.1186/513073-021-00832-y

. Umans-Eckenhausen MA, Defesche JC, Sijbrands EJ, Scheerder RL,

Kastelein JJ. Review of first b years of screening for familial hypercholes-
terolaemia in the Netherlands. Lancet 2001;357:165—168. doi: 10.1016/
S0140-6736(00)03587-X

. Lemke AA, Amendola LM, Thompson J, Dunnenberger HM, Kuchta K,

Wang C, Dilzell-Yu K, Hulick RJ. Patient-reported outcomes and experiences
with population genetic testing offered through a primary care network. Genet
Test Mol Biomarkers. 2021;25:152-160. doi: 10.1089/gtmb.2020.0275

. Lemke AA, Amendola LM, Kuchta K, Dunnenberger HM, Thompson J,

Johnson C, libawi N, Oshman L, Hulick PJ. Primary care physician experi-
ences with integrated population-scale genetic testing: a mixed-methods
assessment. J Pers Med. 2020;10:E165. doi: 10.3390/jpm 10040165

. Carey DJ, Fetterolf SN, Davis FD, Faucett WA, Kirchner HL, Mirshahi U,

Murray MF, Smelser DT, Gerhard GS, Ledbetter DH. The Geisinger mycode
community health initiative: an electronic health record-linked biobank for
precision medicine research. Genet Med. 2016;18:906-913. doi: 10.1038/
gim.2015.187

. Jones LK, Kulchak Rahm A, Manickam K, Butry L, Lazzeri A, Corcoran T,

Komar D, Josyula NS, Pendergrass SA, Sturm AC, et al. Healthcare utiliza-
tion and patients’ perspectives after receiving a positive genetic test for
familial hypercholesterolemia. Circ Genom Precis Med. 2018;11:¢002146.
doi: 10.1161/CIRCGEN.118.002146

. Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. Worldwide preva-

lence of familial hypercholesterolemia: meta-analyses of 11 million subjects.
J Am Coll Cardiol. 2020;75:2553-2566. doi: 10.1016/}jacc.2020.03.057

. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L,

Descamps OS, Wiklund O, Hegele RA, Raal FJ, Defesche JC, et al; European
Atherosclerosis Society Consensus Panel. Familial hypercholesterolaemia is
underdiagnosed and undertreated in the general population: guidance for
clinicians to prevent coronary heart disease: consensus statement of the
European Atherosclerosis Society. Eur Heart J. 2013;34:3478-390a. doi:
10.1093/eurheartj/eht273

Campbell-Salome G, Jones LK, Masnick MF, Walton NA, Ahmed CD,
Buchanan AH, Brangan A, Esplin ED, Kann DG, Ladd IG, et al. Develop-
ing and optimizing innovative tools to address familial hypercholester-
olemia underdiagnosis: identification methods, patient activation, and
cascade testing for familial hypercholesterolemia. Circ Genom Precis Med.
2021;14:e003120. doi: 10.1161/CIRCGEN.120.003120

Birnbaum RA, Horton BH, Gidding SS, Brenman LM, Macapinlac BA,
Avins AL. Closing the gap: identification and management of familial hyper-
cholesterolemia in an integrated healthcare delivery system. J Clin Lipidol.
2021;15:347-357. doi: 10.1016/jjacl.2021.01.008

Myers KD, Knowles JW, Staszak D, Shapiro MD, Howard W, Yadava M,
Zuzick D, Williamson L, Shah NH, Banda JM, et al. Precision screening for
familial hypercholesterolaemia: a machine learning study applied to elec-
tronic health encounter data. Lancet Digit Health. 2019;1:e393-e402. doi:
10.1016/52589-75600(19)30150-5

Jacobson TA. NLA task force on statin safety-2014 update. J Clin Lipidol.
2014;8(3 Suppl):S1-S4. doi: 10.1016/jjacl.2014.03.003

Jones LK, Tilberry S, Gregor C, Yaeger LH, Hu Y, Sturm AC, Seaton TL,
Waltz TJ, Rahm AK, Goldberg A, et al. Implementation strategies to improve
statin utilization in individuals with hypercholesterolemia: a systematic
review and meta-analysis. Implement Sci 2021;16:40. doi: 10.1186/
s13012-021-01108-0

Jones LK, McMinn M, Kann D, Lesko M, Sturm AC, Walters N, Chen N,
Fry K, Brownson RC, Gidding SS, 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;2:32. doi:
10.1186/543058-021-00135-8

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Behavior Impact of FH Genomic Risk Return

Jones LK, Brownson RC, Williams MS. Applying implementation science to
improve care for familial hypercholesterolemia. Curr Opin Endocrinol Diabetes
Obes. 2022;29:141-151. doi: 10.1097/MED.0000000000000692

Jones LK, Sturm AC, Seaton TL, Gregor C, Gidding SS, Williams MS, Rahm AK.
Barriers, facilitators, and solutions to familial hypercholesterolemia treatment.
PL0oS One. 2020;15:¢0244193. doi: 10.1371/journal.pone.0244193

Baum SJ, Toth PP, Underberg JA, Jellinger P, Ross J, Wilemon K.
PCSK9 inhibitor access barriers-issues and recommendations: improv-
ing the access process for patients, clinicians and payers. Clin Cardiol.
2017;40:243-254. doi: 10.1002/¢lc.22713

Hollands GJ, Armstrong D, Macfarlane A, Crook MA, Marteau TM. Patient
accounts of diagnostic testing for familial hypercholesterolaemia: com-
paring responses to genetic and non-genetic testing methods. BMC Med
Genet 2012;13:87. doi: 10.1186/1471-2350-13-87

Buchanan AH, Lester Kirchner H, Schwartz MLB, Kelly MA, Schmidlen T,
Jones LK, Hallquist MLG, Rocha H, Betts M, Schwiter R, et al. Clinical out-
comes of a genomic screening program for actionable genetic conditions.
Genet Med. 2020;22:1874-1882. doi: 10.1038/s41436-020-0876-4
Senior V, Marteau TM, Weinman J; Genetic Risk Assessment for FH Trial
(GRAFT) Study Group. Self-reported adherence to cholesterol-lower-
ing medication in patients with familial hypercholesterolaemia: the role
of illness perceptions. Cardiovasc Drugs Ther. 2004;18:475-481. doi:
10.1007/510657-004-6225-z

Casula M, Scotti L, Tragni E, Merlino L, Corrao G, Catapano AL. Drug treat-
ment and adherence of subjects <40 years with diagnosis of heterozygous
familial hypercholesterolemia. Atherosclerosis. 2016;254:172-178. doi:
10.1016/j.atherosclerosis.2016.10.020

Herrett E, Williamson E, Brack K, Beaumont D, Perkins A, Thayne A,
Shakur-Still H, Roberts |, Prowse D, Goldacre B, et al; StatinWISE Trial
Group. Statin treatment and muscle symptoms: series of randomised, pla-
cebo controlled n-of-1 trials. BMJ. 2021;372:n13b. doi: 10.1136/bmj.n135
Pijlman AH, Huijgen R, Verhagen SN, Imholz BPF, Liem AH, Kastelein JJ,
Abbink EJ, Stalenhoef AF, Visseren FL. Evaluation of cholesterol lowering
treatment of patients with familial hypercholesterolemia: a large cross-sec-
tional study in The Netherlands. Atherosclerosis. 2010;209:189—-194. doi:
10.1016/j.atherosclerosis.2009.09.014

Duell PB, Gidding SS, Andersen RL, Knickelbine T, Anderson L, Gianos E,
Shrader P, Kindt |, O'Brien EC,McCann D, et al. Longitudinal low density lipopro-
tein cholesterol goal achievement and cardiovascular outcomes among adult
patients with familial hypercholesterolemia: the CASCADE FH registry. Ath-
erosclerosis. 2019;289:85-93. doi: 10.1016/j.atherosclerosis.2019.08.007
Schmidt N, Dressel A, Grammer TB, Gouni-Berthold |, Julius U, Kassner U,
Klose G, Konig C, Koenig W, Otte B, et al. Lipid-modifying therapy and
low-density lipoprotein cholesterol goal attainment in patients with familial
hypercholesterolemia in Germany: the CaReHigh registry. Atherosclerosis.
2018;277:314-322. doi: 10.1016/j.atherosclerosis.2018.08.050
Schwartz MLB, McCormick CZ, Lazzeri AL, Lindbuchler DAM, Hallquist MLG,
Manickam K, Buchanan AH, Rahm AK, Giovanni MA, Frisbie L, et al. A model
for genome-first care: returning secondary genomic findings to participants
and their healthcare providers in a large research cohort. bioRxiv. 2017.
Williams MS, Buchanan AH, Davis FD, Faucett WA, Hallquist MLG,
Leader JB, Martin CL, McCormick CZ, Meyer MN, Murray MF, et al. Patient-
centered precision health in a learning health care system: Geisinger's
genomic medicine experience. Health Aff (Millwood). 2018;37:7567-764.
doi: 10.1377/hlthaff.2017.1557

Buchanan AH, Manickam K, Meyer MN, Wagner JK, Hallquist MLG,
Williams JL, Rahm AK, Williams MS, Chen ZE, Shah CK, et al. Early cancer
diagnoses through BRCA1/2 screening of unselected adult biobank par-
ticipants. Genet Med. 2018;20:554-558. doi: 10.1038/gim.2017.145
Karve S, Cleves MA, Helm M, Hudson TJ, West DS, Martin BC. Good and
poor adherence: optimal cut-point for adherence measures using admin-
istrative claims data. Curr Med Res Opin. 2009;256:2303-2310. doi:
10.1185/03007990903126833

Nau DP. Proportion of days covered (PDC) as a preferred method of measur-
ing medication adherence. Pharmacy Quality Alliance; 2012.

Bookstein L, Gidding SS, Donovan M, Smith FA. Day-to-day variability of
serum cholesterol, triglyceride, and high-density lipoprotein cholesterol lev-
els. Impact on the assessment of risk according to the National Cholesterol
Education Program guidelines. Arch Intern Med. 1990;150:1653-1657.
Appleton CA, Caldwell G, McNeil A, Meerkin M, Sikaris K, Sullivan DR,
Thomas DW, Tognarini DP. Recommendations for lipid testing and reporting
by Australian pathology laboratories. Clin Biochem Rev. 2007;28:32—-45.

October 2022 418





