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GRAPHICAL ABSTRACT

Increasing Provider Awareness of Lipoprotein(a) Testing for Cardiovascular Risk: A comparative study

(]:B))) ing Provider FLi in(a) Testing for Cardi Risk: A ive study

« Lp(a) testing: Recommended once per lifetime

Background “A' « Current issue: Low Lp(a) testing rates among providers

Study Question 7  Does sending a pre-visit message via EHR increase Lp(a) testing orders?

StudyDesign  Participants: rq. 7,918 providers
Groups: yﬂ Message group: A No message group:
1,835 providers 6,083 providers
Results: .+ Ordered Lp(a) test: 17% (304) + Ordered Lp(a) test: 5% (286)
+ Received test results: 10% (187) « Received test results: 4% (225)
+ Response rate:* 62% (187/304) + Response rate:* 79% (225/286)

208, + Overall adoption rate: 8% (590/7918)
Patients « Overall response rate: 70% (412/590)

Conclusions + Providers receiving a pre-visit message were more likely to order Lp(a) test
'+ Orders varied by specialty: NPs/PAs 100%, Lipidologists/Endocrinologists: 78%

* Received resuls of ordered tests)

ARTICLE INFO ABSTRACT

Keywords: Background: Lipoprotein(a) [Lp(a)] is a low-density lipoprotein variant with atherogenic, thrombogenic, and pro-
ASCVD inflammatory properties that may have numerous pathologic effects, including dyslipidemia. Screening for Lp(a)
atherosclerosis is clinically significant, due to its causal role in atherosclerotic cardiovascular disease (ASCVD). Among clini-
CVD risk screening cians, however, there remains a general lack of both clinical awareness of Lp(a) and adequate tools to track Lp(a)
cardiovascular disease

testing in patients.
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patient consultation
implementation science

proactive provider messaging the provider.
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Objective: To study factors affecting Lp(a) screening by: i) determining the effectiveness of messaging providers at
a large community health system about Lp(a) screening and measuring the subsequent percentage of Lp(a) tests
requested; and ii) by determining the percentage of patients who obtained Lp(a) testing after being advised by

Methods: From December 2022 through March 2023, messages detailing the need for Lp(a) screening were sent
via the Epic EHR™ to providers of patients meeting criteria for Lp(a) testing in advance of scheduled patient
appointments. In this prospective study, providers were randomized into 2 groups: those receiving the pre-
appointment message (Group 1) and those not receiving the pre-appointment message (Group 2).

Results: Sending pre-appointment messages correlated with more Lp(a) orders (16.6 % v. 4.7 %, P < 0.001) and
consequently with more tests performed (10.2 % v. 3.7 %, p < 0.001). Among provider types, nurse practitioners
and physician assistants had the highest number of Lp(a) results per order (Z = 16.40, P < 0.001), achieving
30.8-39.1 % more test results, even if they did not receive the pre-appointment message. Distribution of Lp(a)
values in patients was 59.7 % < 29 mg/dL; 9.7 % > 29 and < 50mg/dL; and 30.6 % > 50 mg/dL.

Conclusion: Providers who received pre-appointment messages via an EHR were associated with requesting more
tests and consequently receiving more Lp(a) results, compared with providers who did not receive messages.

1. Introduction

Lipoprotein(a) [Lp(a)] is a low-density lipoprotein variant produced
in the liver and containing apolipoprotein(a). Previous research has
shown a direct genetic component of Lp(a) [largely attributed to
apolipoprotein(a)], with Lp(a) being considered the most common
genetically transmitted dyslipidemia. The genetic component affecting
the concentration of Lp(a) has been localized to the LPA gene [1]. This
gene generally affects the size of apolipoprotein(a), which is inversely
related to the concentration of Lp(a) in the plasma. The combined effect
of the size and concentration of apolipoprotein(a) (as determined by the
LPA gene), underlies the wide variety of Lp(a) concentrations
throughout the population and its variation in different races [2,3]. Due
to this genetic component, Lp(a) levels remain relatively stable over a
patient’s lifetime and therefore may be used for a one-time Lp(a)
screening [4].

In recent years, lipoprotein(a) has garnered attention for its potential
role as an indicator for cardiovascular risk, in addition to traditional
lipid markers [2,3,5]. Lipoprotein(a) is an independent risk factor for
cardiovascular disease (CVD), due to its atherogenic and prothrombotic
properties [4]. Screening for Lp(a) is important, due to the causal rela-
tionship between Lp(a) plasma levels and atherosclerotic cardiovascular
disease (ASCVD) [6]. Thus, testing is indicated for individuals at high
risk for developing CVD, including those with a personal or family his-
tory of premature ASCVD (before age 55 in males or age 60 in females);
severe hypercholesterolemia (LDL >190 mg/dL); familial hypercholes-
terolemia; and/or or calcific aortic valve stenosis [4,7-9]. Between 2018
and 2022 Lp(a) measurement was added to the clinical guidelines of 5
prominent organizations [2,3,6,10,11]. Recent National Lipid Associa-
tion (NLA) guidelines advise Lp(a) testing for all adults aged 18 years
and older. (This update occurred after our study was conducted) [2,3].

Despite evidence that elevated Lp(a) levels are linked to cardiovas-
cular morbidity and mortality, there are barriers to ordering Lp(a)
screening, including: lack of awareness among providers of its signifi-
cance and overall implications for cardiovascular health [12]; lack of
reimbursement for the test; absence of FDA-approved treatment options
with established benefits for vascular outcomes; and non-availability or
lack of resources for the Lp(a) test [13,14]. The gap in treatment options
has led to a focus on developing new drug therapies. Currently, there are
medications with promising results in the clinical trial pipeline. This
reinforces further the importance of Lp(a) screening [15-20].

This study aimed to increase both physicians’ and patients’ aware-
ness of Lp(a) by determining if proactive communication with providers
about Lp(a) screening is effective, and by measuring the percentage of
patients who obtained Lp(a) testing. We also determined the distribution
of Lp(a) results among those who were tested, to identify potential
pathways for improving Lp(a) awareness, screening, and identification
of patients who may benefit from additional cardiovascular risk-
reduction strategies.

2. Methods

This prospective, randomized trial of 7918 patients took place in a
large community health system in northern Kentucky and southeastern
Indiana, between December 2022 and March 2023. The study was
approved by the St. Elizabeth Health Care Institutional Review Board
and a waiver for informed consent was approved. From our institution’s
lipid registry (established in 2020) [21-24] and utilizing 2217,562
de-identified records in the Epic EHR™, approximately 45,000 in-
dividuals met the National Lipid Association (NLA) guidelines for Lp(a)
testing. Of these, 7918 (18 %) were enrolled based on the inclusion
criteria (Table 1, Fig. 1), including personal or family history of pre-
mature ASCVD; severe or familial hypercholesterolemia; calcific aortic
valve stenosis and scheduled appointment with a specialty provider in
the next six months.

Sample size was based on the availability of patients meeting the
inclusion criteria with the understanding that sample sizes in the
thousands are ideal to achieve reasonable statistical power for propor-
tion methods associated with binary variables. We used a 1:1 computer-
generated randomization scheme to match patients based on gender, age

Table 1
Inclusion and exclusion criteria.

Inclusion Criteria Definition

Personal or family history of ASCVD Before age 55 in males or age 60 in
females with EHR record of:
implantable cardiac defibrillator
angina pectoris

acute myocardial infarction

ST or non-ST-elevated myocardial
infarction

myocardial infarction
complications

acute or chronic ischemic heart
disease

cerebral infarction

arterial embolus thrombosis or
atheroembolism

Dutch Lipid Clinic Network (DLCN)
score > 6

or meeting American Heart
Association criteria[23]

LDL >190 mg/dL

Familial hypercholesterolemia [25]

Severe hypercholesterolemia

Calcific aortic valve stenosis [26]

No previously recorded Lp(a) result

Scheduled appointment in the next 6 months
with: physician, nurse practitioner,
physician’s assistant, or pharmacist in
selected specialties

cardiology

family medicine

internal medicine
endocrinology
medication management

Exclusion criterion
Previous Lp(a) result documented in
patient’s EHR
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group, and Dutch Lipid Clinic Network (DLCN) score. There was no
blinding for this prospective study.

Providers were randomized into 2 groups: either to receive (Group 1)
or not receive (Group 2) a pre-appointment message. Due to time con-
straints, this method was not fully implemented and thus required an
unplanned change to the protocol. Consequently, only one-half (n =
1835) of Group 1 providers were sent the message, resulting in an
approximate 1:3 pseudo-randomization. Despite pseudo-randomization,
demographic balance between the groups remained intact.

Providers in Group 1 were sent a standardized staff message via Epic
approximately one week prior to the patient’s scheduled appointment
(Fig. 2). The subject line, “Lp(a) evaluation - lab needed” generated a
report to document the message was sent. For this iteration of the study,
we did not field test the message with physicians and did not document
whether the message was read. Because no pre-appointment message
was sent to providers in Group 2, we used the lipid registry database to

Total population served in the health
system EHR =2,217,562

Population meeting

the NLA guidelines

for LP(a) testing =
45,000

Population meeting the NLA guidelines for
Lp(a) testing and scheduled for an
appointment within 6 months from start of

Population meeting the NLA guidelines for
LP(a) testing, scheduled for appointment
within 6 mos, and appt is with selected
specialties = 7,918 (study population)
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determine if an Lp(a) test was ordered and /or resulted for patients in
both groups.

Data for both groups were collected from the Epic reports after the
patient visit. Subjects were de-identified and statistical analyses were
performed by the Northern Kentucky University Burkardt Center (a
statistical collaboration center). The pre-specified primary outcome
measure was the ordering of a Lp(a) laboratory test (a binary yes/no
variable). Secondary outcomes included: receiving the Lp(a) lab test
result (yes/no); the numeric value of that result; and the potential
relationship between coronary artery disease (CAD) and the test result.
Descriptive summary statistics include counts and percentages to sum-
marize categorical variables, while means and standard deviations
summarize quantitative variables. Both the primary outcome, ‘requested
Lp(a),” as well as the secondary outcome, ‘resulted Lp(a),” were analyzed
for between-group differences using Z-tests and confidence intervals for
proportions. Further outcomes were examined using Chi-square tests,

study =12,166

Randomized to
Group 1=3,959

Randomized to
Group 2 =3,959

Group 1: Received a
message = 1,835

Lp(a) requested (304)

gender, and Dutch Lipid Clinic Network score.

Did not receive a
message* =2,124

Lpa resulted (187)

*2,124 of the patients randomized to Group 1 did not have providers who received a message due to time constraints of the study. This
resulted in a 1:3 pseudo-randomization with the demographics of Group 1 and 2 remaining relatively well-balanced based on age,

Did not receive a
message = 3,959

Group 2: Did not
receive a message
(2,124+3,959 = 6,083)

Lp(a) requested (286)

Lp(a) resulted (225)

Fig. 1. Distribution of patients meeting Lp(a) testing criteria in a healthcare population in northern Kentucky.
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Hello {DR/MS/MR}

valve narrowing are indicated for Lp(a) testing.

LPA).

here:

Thank you for your participation,

{Ms/Mr} has been identified as meeting criteria to have a lipoprotein(a) [Lp(a)] test.
Elevated Lp(a) has been identified as a risk factor for development of cardiovascular disease due
to its atherogenic and prothrombotic properties. Patients who have a personal/family history of

CAD, a diagnosis of familial hypercholesterolemia, ever had a LDL 2190, and/or calcific aortic

This patient has an upcoming appointment with you on ***

A one-time Lp(a) screening assessment can be done to help risk stratify your patient for
future cardiovascular complications. This assessment is done via a blood draw that does not
require fasting. Testing can be performed standalone or in addition to concurrent blood draw
orders. This test for this patient can be {added to the lab the patient had done within the previous
2 days; can be ordered with labs scheduled to be done within the next 7 days; or can be ordered
prior to or at the appointment as there are no labs currently ordered}. This lab test is inexpensive

and typically covered by insurance plans. The lab order can be found under Lipoprotein (a) (aka

If the Lp(a) comes back within normal limits, no further intervention is needed. If the test

comes back elevated, you may want to share the patient-friendly education document found

https://www.lipid.org/sites/default/files/elevated_lipoprotein_a.pdf

The Cardiometabolic Risk Reduction Research Team

Fig. 2. Standardized provider staff message.

Mann-Whitney test (specifically for Lp(a) levels), and logistic regression
analysis.

3. Results

Forty-five thousand patients (2 %) of the St. Elizabeth healthcare
population met the criteria for Lp(a) testing [5,7] of these, 7918 patients
were enrolled. Table 2 shows the distribution of Lp(a) values for the
enrolled population. It is grouped by: the presence or absence of known

ASCVD; whether or not Lp(a) was tested; and Lp(a) test results, when
available.

Table 3 shows the distribution of Lp(a) results for the total popula-
tion and when grouped by the presence or absence of ASCVD
(Figure S1).

Table 4 shows the number of Lp(a) tests ordered and the number of
test results returned in both Groups 1 and 2. Group 1 (message sent)
showed a 10.1-13.6 % greater likelihood of ordering the Lp(a) lab (P <
0.001, Table 4) and were 5-8 % more likely to receive test results (P <
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Table 2
Distribution of Lp(a) levels for the total study population and for those with ASCVD.
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Group Lp(a) Tested Lp(a) Not tested
Total Lp(a) tested Lp(a) <29 Lp(a) >29 Lp(a) >29 or < 50 Lp(a) >50
Total population 7918 412 246 166 40 126 7506
(*5.2%) (3.1 %) (2.1 %) (0.5 %) (1.6 %) (95 %)
('100 %) ('59.7 %) ('40.3 %) (9.7 %) (730.6 %)
ASCVD 2623 (33 %) 192 108 84 16 68 2431
(2.4 %) (1.3 %) (1.1 %) (0.2 %) (0.9 %) (*30.7 %)
(146.6 %) ('26.2 %) ('20.4 %) (3.9 %) ('16.5 %) ('92.7 %)
('7.3 %) (4.1 %) (3.2 %) (0.6 %) (°2.6 %)
("100 %) (856.3 %) (743.8 %) ('8.3 %) ('35.4 %)
No ASCVD 5295 (67 %) 220 138 82 24 58 5075
(¥2.8 %) (*1.7 %) (*1.0 %) (¥0.3 %) (¥0.7 %) (*64.1 %)
('53.4 %) ('33.5 %) ('19.9 %) ('5.8 %) ('14.1 %) ('95.8 %)
(‘4.2 %) (12.6 %) (1.5 %) (0.5 %) (‘1.1 %)
(°100 %) (§62.7 %) (§37.3 %) (°10.9 %) (§26.4 %)
" % of patients tested for Lp(a) per total population enrolled.
" 9% of patients tested for Lp(a) per total tested for Lp(a).
* % of patient tested for Lp(a), per subgroup (ASCVD or not).
§ 9 of patient tested for Lp(a), per subgroup (ASCVD or not) AND tested for Lp(a).
Table 3
Lp(a) results for total study population and when grouped for ASCVD.
Variable Lp(a) N Mean StDev Min Q1 Median Q3 Max
Total study population 412 44.87 53.93 2.00 6.00 19.50 71.00 293.00
ASCVD
Yes 192 52.59 59.72 2.00 6.25 21.0 80.00 293.00
No 220 38.39 47.52 2.00 6.00 17.0 54.75 240.00
3.1. Lp(a) orders and results among specialty providers
Table 4
Lp(a) ordered and resulted in Groups 1 and 2. .
p(@) p To analyze this paradox, we cross referenced the results (Table 4) by
Lp(a) Ordered Lp(a) Resulted adjusting for the requesting provider’s specialty. Importantly, random-
Group 1 Group 2 (No Group 1 Group 2 (No ization of Groups 1 and 2 did not account for the specialty of the pro-
(Message) Message) (Message) Message) vider receiving the message or ordering the test. Fig. 3 shows Lp(a)
Sample Size 1835 6083 1835 6083 results based on the specialty group. Nurse practitioners/physician as-
Event 304 286 187 225 sistants achieved the highest number of results per order (Z = 16.40, P <
Sample 0.166 0.047 0.102 0.037 0.001), having 30.8-39.1 % more results compared with other spe-
percent R . . . . . 0
95 % CI for (0.149, (0.042, (0.088, ©.032, cialties (Fig. 3). This was .foll(‘)wed by end‘c>cr1nolc?g}sts, w1t}} 15-30 %
percent 0.183) 0.053) 0.117) 0.042) more results compared with internal/family medicine providers (Z =
Sample 0.119 0.0649 5.54, P < 0.001). There was no evidence of a difference between car-
Difference

95 % CI for

(0.101, 0.136) (0.050, 0.080)

Difference
Z-Value 13.05 8.70
p <0.001 <0.001

0.001, Table 4).

Despite more test orders and results occurring in Group 1, signifi-

cantly more tests (as a percentage of those ordered) were completed by
patients in Group 2 (P < 0.001, Table 5) and providers in Group 2 who
ordered the test had an estimated 9.9-24.4 % higher result rate.

Table 5
Lp(a) ordered vs Lp(a) resulted in Groups 1 and 2.

Group 1 (message) Group 2 (no message)

Lp(a) ordered 304 286

Lp(a) results obtained 187 225

Percent of resulted Lp(a) 0.615 0.787

95 % CI for percent resulted Lp(a) (0.558, 0.670) (0.735, 0.833)
Percent sample difference 0.172

95 % CI for difference (0.099, 0.244)

Z-value 4.64

P <0.001

diovascular and internal/family medicine specialties (Z = 1.14, P =
0.253) (Fig. 3, Table S1, Figure S2a, S2b).

3.2. Impact of messaging among specialty providers

Fig. 4 shows results based on the specialty group and whether or not
the provider was sent a pre-visit message. Nurse practitioners and
physician assistants obtained an Lp(a) result for every test ordered,
regardless of whether a pre-visit message was or was not sent (Fig. 4).
There also is evidence that other specialty groups who were not sent the
pre-visit message may have obtained more Lp(a) results compared with
those who were sent the message, but this did not reach statistical sig-
nificance [(cardiology: (Z = —1.37, P = 0.170); internal/family medi-
cine: (Z= —1.35, P = 0.178)]. Among endocrinologists who were not
sent the pre-visit message, 87 % obtained more Lp(a) test results,
compared with those who were sent a message (Z=—4.08, P < 0.001).

3.3. Comparing Lp(a) values among study groups

There was no significant difference in the Lp(a) values between the
study groups (P = 0.725) (Fig. 5).
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mmm (p(a) Resulted*: 410 (70%)
= Lp(a) Not Resultedt: 165 (28%)
175

169 (78%)

150

125

100

100 (53%)

89 (47%)

84 (100%)

Number of Tests

57 (60%)

48 (22%)

28 (29%)

0(0%)

Nurse Practitioner & Endocrinology, Cardiology

Diabetes & Metabolism

Physician Assistant

Family & Internal
Medicine

Specialty Provider

Fig. 3. Lp(a) Tests requested by specialty provider (n = 585).
* 2 patients did not have specialty of provider recorded in the EHR, {Test ordered by provider, but not completed by patient

Nurse Practitioner & PA

Endocrinology, Diabetes & Metabolism

0 (0.0%)

51 (100.0%)

mmm Message Sent (Resulted) . ..
mmm Message Sent (Not Resulted) Famlly & Internal Medicine
mmm No Message Sent (Resulted)

I No Message Sent (Not Resulted)

Cardiology

Fig. 4. Lp(a) Results by specialty provider and whether message sent or not.

3.4. Comparing Lp(a) values among different comorbidities with coronary artery disease (CAD) (P = 0.023), compared with those
without CAD. Notably, this difference was not observed among in-

A pooled analysis of Lp(a) results from both Groups 1 and 2 revealed dividuals with other comorbidities, including diabetes (DM), hyperten-

a significant increase in median Lp(a) levels exclusively in individuals sion (HTN), obesity, or those with varying levels of HCC scores (Fig. 6).
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138 (61%)

108 (58%)

100

mmm Group 1 (Message Sent)
Group 2 (Message Not Sent)

67 (30%)

59 (32%)

20 (11%)

Lp(a) 30-49 mg/dL
Lp(a) Levels

Lp(a) =50 mg/dL

Fig. 5. Lp(a) Results by Lp(a) level and study group.

a
2
5
2 80
I
a
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1
P
@
-]
£
3
40
20 (9%)
20
ol
Lp(a) 0-29 mg/dL
%
N=168
2
N=283
2
p=0.023
s p=0.481
5 N=207 N=244
3
k=)
£
31
3
3
s
=
5
1 p=0,054
N=282
2
10
8
& *° <& ° &
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Fig. 6. Median Lp(a) in different studied comorbidities.

N=17
N=268
N=356
N=144
N=20
p=0.976
p=0,596
) & © ES N
N ) 5 7
& ® d & &

Comorbidity

* Hierarchical Condition Category (HCC) score is used in health care to assess the severity of a patient’s health status and to predict future healthcare costs. HCC
scores help adjust payments based on the health status and expected resource needs of individuals, particularly within Medicare and other risk-adjustment programs.

Our study was not adequately powered to assess the impact of Lp(a) on
CAD.

4. Discussion

Lipoprotein(a) is a well-established, independent, continuous causal
risk factor for ASCVD [6,8,23,27]. Guidelines from the National Lipid
Association (NLA)[7] others [4,7,28] recommend measuring Lp(a) in
individuals who have various clinical diagnoses and the 2024 NLA

updates recommend measuring Lp(a) once in every person’s lifetime,
regardless of family history [2,3,6,10,11]. The NLA guidelines also
acknowledge a need for educational materials to increase Lp(a) aware-
ness among clinicians, patients, and other stakeholders [2].

Our investigation adhered primarily to previous NLA recommenda-
tions outlined by Wilson, Jacobson et al. in 20,197 and 20,22° to identify
patients eligible for Lp(a) testing, and corroborates other studies
regarding the importance of early, proactive identification of those with
a high Lp(a) in order to manage CVD risk [14,23,29]. To date, there is a
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low adoption rate for ordering Lp(a) testing and most patients requiring
the test do not receive it through specialty or routine clinical care, except
through an intervention program [27,30]. For example, only 0.3 % of
more than 112 million individuals screened or treated for ASCVD be-
tween 2012 and 2019 in the US Family Heart Foundation integrated
dataset, were tested for Lp(a) [31]. In our study, only 17 % (7918) of the
45,000 who qualified for Lp(a) testing were scheduled for an upcoming
clinical care appointment with a specialist provider, while the remaining
(83 %) did not have an upcoming opportunity for testing in the near
future. There also was only a 17 % response rate (304 of 1835, Table 4)
for test orders from providers receiving the message; a 5 % response rate
(286 of 6083, Table 4) from providers who were not sent the message,
and an 8 % adoption rate for tests orders for the entire enrolled patient
population.

Of patients enrolled in our study, 33 % had known ASCVD, but none
had the test prior to enrollment. Of the 8 % for whom the test was
requested, 412 (5 % of total enrolled), 70 % underwent Lp(a) testing,
whereas 177 (30 %) did not have the test done, despite being advised.
Failure to have testing done despite being advised might reflect some of
the barriers suggested by other studies, including a lack of awareness
and perceived lack of clinical value both by providers and patients,
providers’ continued perception of limited reimbursement for the test,
and a lack of robust clinical decision support tools to help address the
gap in knowledge [2,27,30].

Of the 33 % of patients in our study with ASCVD, only 7 % completed
Lp(a) testing. This is comparable to the 5 % completion rate found by
Wilkinson et al., of 2710 participants with calcific aortic stenosis [26]. In
the Lp(a) HERITAGE [14] study, 14 % of patients had historical data of
Lp(a) prior to the study start and the remainder (86 %) had the test after
enrollment. Most programs established for proactively identifying Lp(a)
[14,32,33] recruited patients with a history of ASCVD to improve
management of secondary prevention. We found a notable increase in
median Lp(a) levels (Fig. 6) when compared with individuals without
diagnosed CAD. The mean Lp(a) concentration was 52 mg/dL in subjects
with CAD (Table 3), which aligns with other research showing Lp(a)
levels above 50 mg/dL as an independent predictor for CAD [31].

It is important not to limit Lp(a) testing only to those with known
ASCVD, given the importance of CVD primary prevention, including
lifestyle modification, pharmacologic intervention, and cascade
screening for elevated Lp(a) [5,25,27,31,34,35]. In our study, for
example, 47 % of patients tested for Lp(a) had known ASCVD (Table 2)
which is higher than the 31 % reported by McGown et al. [31]. It is
unknown whether or not the 14 % of patients with no known ASCVD but
clinically significantly elevated Lp(a) (Table 2) had undiagnosed
ASCVD. This is particularly important, since some patients in our study
(n = 6, Figure S1) did not yet have known CVD, but had an Lp(a) >180
mg/dL (a risk equivalent to those with FH[36]) and consequently
required aggressive treatment intervention.

Notably, in the subset of patients with evidence of ASCVD (n = 2623,
33 %), 44 % had Lp(a) levels >29 mg/dL and 35 % > 50 mg/dL
(Table 2). These percentages were higher than those reported in the Lp
(a) HERITAGE study by Nissen et al. [14], in which 38 % had Lp(a) >29
mg/dL and 28 % had levels >50 mg/dL. It might be possible that our
population has a higher prevalence of elevated Lp(a) levels compared
with other populations, which might contribute partially to the higher
prevalence of CVD compared with the rest of the USA [2]. These findings
align with the Lp(a) HERITAGE study that showed a trend among pa-
tients with ASCVD: a higher percentage of those with Lp(a) >50 than
those with Lp(a) >29, but lower than 50 mg/dL (Tables 2 and 3). In
addition, 40 % and 31 % of patients in our study showed elevated Lp(a)
levels exceeding 29 mg/dL and 50 mg/dL, respectively (Fig. 3). This is
similar to the prevalence reported in a previous US-based study at a
tertiary referral center involving 915 patients [37]. These figures are
slightly higher than figures in the NLA 2019 scientific statement [7,37]
and may be due to the focused inclusion criteria for our study, including
patients that may have a higher chance of having an elevated Lp(a) with
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CVD.
4.1. Messaging

The messages sent in this study served two main purposes: i) to
motivate providers to order the Lp(a) test and ii) to increase their
awareness of the test’s importance [5,14,27]. Our results show that
sending pre-appointment messages via the EHR to providers with pa-
tients at high risk for having an elevated Lp(a) (Group 1), was associated
with a higher number of provider orders for Lp(a) testing (17 %) and
consequently a higher number of Lp(a) results (10 %), compared with
providers who were not sent a message (Group 2) (P < 0.001) (Table 4).
In the Lp(a)HERITAGE study, 86 % of Lp(a) testing occurred after pa-
tients were enrolled into the study. This is due to the difference in study
design: the HERITAGE study used active patient recruitment at research
centers, whereas our study incorporated an existing clinical EHR
framework to integrate Lp(a) messaging into routine, ongoing clinical
care.

Paradoxically, our study showed a statistically higher percentage of
patients having the Lp(a) test done (with results) among providers who
were not sent the staff message (Group 2), compared with providers who
were sent the message (Group 1) (Table 5). We found this was associated
primarily with provider specialty: with nurse practitioners and physi-
cian assistants, followed by endocrinologists receiving more results for
orders sent; followed by cardiology and internal medicine/family
medicine providers (Fig. 3). Results showed that more Lp(a) results were
obtained by endocrinologists who did not receive the EHR message
(Fig. 4). This is mostly likely due to the longstanding lipid clinic hosted
by St. Elizabeth Healthcare [21] and staffed by lipid specialists [38],
clinical pharmacists, and a dietitian. This clinic has been a referral hub
for patients with FH [23] and is adopting the same concept for the Lp(a)
clinic [29,39-41]. This corroborates other studies, such as Eidensohn
et al. review of EHR records from their center’s lipid clinic showing
increases in Lp(a) testing over the study period [41]. Further exploration
of the distribution of providers ordering Lp(a) is available in the sup-
plemental material.

5. Study limitations

Although this study was completed prior to release of the updated
NLA guidelines [2], the guidelines suggest that until Lp(a) testing be-
comes widespread, it is reasonable to incorporate it into order sets for
specific conditions, as we have done in our study. [2] We were not able
to undertake a full demographic characterization for our study popula-
tion, as other studies have [14,41] but we estimate that most patients
recruited into our study were from the northern KY area where there is a
high prevalence of CVD. Kentucky is ranked as having the 8th highest
mortality rate from cardiovascular disease in the country and heart
disease is the leading cause of death in this state [2]. The unplanned
protocol change, and lack of blinding may have introduced biases to this
study. This study highlights the challenges of implementing randomized
interventions in clinical settings, but still supports the generalizability of
its findings, particularly given the large sample size (n = 7918), which
provides robust data for statistical analysis despite protocol modifica-
tions. Not all providers read EHR staff messages (especially messages
sent by medical students) and we did not record whether or not the sent
messages were read, and we did not test the effectiveness or readability
of the message content. In addition, we did not evaluate the modifica-
tion of CVD risk awareness (among patients and providers), or man-
agement in patients with high Lp(a), (including lifestyle changes or lipid
lowering therapies). Lastly, the Lp(a) assay at our hospital uses mg/dL,
which is sensitive to the size of the apo(a) isoform and may report values
that deviate from the real concentration [4,27].
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6. Strengths

This study establishes a platform for identifying patients who qualify
for Lp(a) testing (based on previous and current NLA guidelines[5]) that
can be incorporated into existing clinical workflows [27,42]. The
EHR-based intervention and its integration into clinical workflows
facilitate understanding of real-world implications for practice. It is not
limited only to patients with known ASCVD; therefore, primary and
secondary CVD risk management strategies can be optimized for pa-
tients with a high Lp(a). Our study included stakeholder providers in
both primary care and specialty service lines (cardiology, endocri-
nology, and/or lipidology), including physicians, physician assistants,
and advanced nurse practitioners. This meets the ‘sustainable program’
requirements identified by Schubert, et al., in which buy-in from
multi-level stakeholders, cost effectiveness, and sufficient human re-
sources are needed to support successful screening initiatives [43].

7. Conclusion

To our knowledge, this is the first prospective, randomized study that
leverages electronic health records (EHR) to proactively identify quali-
fied patients and to target pre-appointment messages to healthcare
providers prompting them to include Lp(a) testing in their regular care
routine. This proactive intervention may be useful in heightening
awareness, especially since it now can be automated in an EMR. The
study highlights the importance of Lp(a) screening for primary and
secondary CVD prevention and is the first study to incorporate Lp(a)
screening into an existing clinical workflow (EHR) in a prospective,
randomized manner, among a variety of provider types, to support
future primary and secondary CVD prevention. Sending messages to
select providers was associated with more tests ordered and conse-
quently more Lp(a) results received, compared with providers who were
not sent messages. However, results also revealed important trends
among and within specialty providers that will be useful in targeting
future message design, delivery, and incorporation into clinical work-
flow. We found a differential pattern within each specialty: a minority of
providers ordered the majority of Lp(a) tests, and a variable number
received results. This reflects the diverse scope of interest in lipidology
within specialty groups, further reinforcing the importance of Lp(a)
screening and revealing future opportunities for workflow innovation to
increase testing.

Author agreement

All authors have participated in this research and/or article prepa-
ration. All authors have approved the final article and supplementary
information.

All authors agree to be accountable for all aspects of the work related
to the accuracy or integrity of any part of the work.

Author contribution
All authors have participated in this research and/or article prepa-

ration. All authors have approved the final article and supplementary
information.

Use of AI and Al-assisted technologies statement

During the preparation of this work, the authors did not use any
automated authoring tools or services.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

American Journal of Preventive Cardiology 21 (2025) 100895

CRediT authorship contribution statement

Wael E. Eid: Writing — review & editing, Writing — original draft,
Validation, Supervision, Software, Resources, Project administration,
Methodology, Investigation, Data curation, Conceptualization. Emma
Hatfield Sapp: Writing - review & editing, Writing — original draft,
Conceptualization. Callen Conroy: Writing — original draft, Data cura-
tion. Coby Bessinger: Data curation, Conceptualization. Cassidy L.
Moody: Data curation, Conceptualization. Ryan Yadav: Data curation,
Conceptualization. Reece Tolliver: Writing — review & editing, Writing
- original draft, Validation, Software, Methodology, Formal analysis.
Joseph Nolan: Writing — review & editing, Writing — original draft,
Validation, Supervision, Software, Methodology, Formal analysis,
Conceptualization. Suzanne M. Francis: Writing — review & editing,
Writing — original draft, Validation, Supervision, Resources, Project
administration, = Methodology, Investigation, Data  curation,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank Amy N. McBride, MS, MAP for editorial assistance.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ajpc.2024.100895.

References

[1] Schmidt K, Noureen A, Kronenberg F, Utermann G. Structure, function, and
genetics of lipoprotein (a). J Lipid Res 2016;57(8):1339-59. https://doi.org/
10.1194/j1r.R067314.

Koschinsky ML, Bajaj A, Boffa MB, et al. A focused update to the 2019 NLA

scientific statement on use of lipoprotein(a) in clinical practice. J Clin Lipidol 2024;

18(3):e308-19. https://doi.org/10.1016/j.jacl.2024.03.001.

Koschinsky ML SD, Boffa MB. What’s next for lipoprotein(a)? A national lipid

association report from an expert panel discussion. J Clin Lipidol 2024:18. https://

doi.org/10.1016/j.jacl.2024.06.005. Press.

Cegla J, France M, Marcovina SM, Neely RDG. Lp(a): when and how to measure it.

Ann Clin Biochem 2021;58(1):16-21. https://doi.org/10.1177/

0004563220968473.

Wilson DP, Jacobson TA, Jones PH, et al. Use of Lipoprotein(a) in clinical practice:

a biomarker whose time has come. A scientific statement from the National Lipid

Association. J Clin Lipidol 2022;16(5):e77-95. https://doi.org/10.1016/j.

jacl.2022.08.007.

Thomas PE, Vedel-Krogh S, Nordestgaard BG. Measuring lipoprotein(a) for

cardiovascular disease prevention - in whom and when? Curr Opin Cardiol 2024;39

(1):39-48. https://doi.org/10.1097/HCO.0000000000001104.

Wilson DP, Jacobson TA, Jones PH, et al. Use of Lipoprotein(a) in clinical practice:

a biomarker whose time has come. A scientific statement from the National Lipid

Association. J Clin Lipidol 2019;13(3):374-92. https://doi.org/10.1016/j.

jacl.2019.04.010.

[8] Arsenault BJ, Kamstrup PR. Lipoprotein(a) and cardiovascular and valvular

diseases: a genetic epidemiological perspective. Atherosclerosis 2022;349:7-16.

https://doi.org/10.1016/j.atherosclerosis.2022.04.015.

Vikulova DN, Grubisic M, Zhao Y, et al. Premature atherosclerotic cardiovascular

disease: trends in Incidence, risk factors, and sex-related differences, 2000 to 2016.

J Am Heart Assoc 2019;8(14):e012178. https://doi.org/10.1161/

JAHA.119.012178.

[10] Pearson GJ, Thanassoulis G, Anderson TJ, et al. 2021 Canadian cardiovascular
society guidelines for the management of dyslipidemia for the prevention of
cardiovascular disease in adults. Can J Cardiol 2021;37(8):1129-50. https://doi.
0rg/10.1016/j.cjca.2021.03.016.

[11] Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the
management of dyslipidaemias: lipid modification to reduce cardiovascular risk.
Eur Heart J 2020;41(1):111-88. https://doi.org/10.1093/eurheartj/ehz455.

[12] Solfrizzi V, Panza F, D’Introno A, et al. Lipoprotein(a), apolipoprotein E genotype,
and risk of Alzheimer’s disease. J Neurol Neurosurg Psychiatry 2002;72(6):732-6.

[2

=

[3

=

[4

=

[5

]

[6

[}

[7

—

[9

i}


https://doi.org/10.1016/j.ajpc.2024.100895
https://doi.org/10.1194/jlr.R067314
https://doi.org/10.1194/jlr.R067314
https://doi.org/10.1016/j.jacl.2024.03.001
https://doi.org/10.1016/j.jacl.2024.06.005
https://doi.org/10.1016/j.jacl.2024.06.005
https://doi.org/10.1177/0004563220968473
https://doi.org/10.1177/0004563220968473
https://doi.org/10.1016/j.jacl.2022.08.007
https://doi.org/10.1016/j.jacl.2022.08.007
https://doi.org/10.1097/HCO.0000000000001104
https://doi.org/10.1016/j.jacl.2019.04.010
https://doi.org/10.1016/j.jacl.2019.04.010
https://doi.org/10.1016/j.atherosclerosis.2022.04.015
https://doi.org/10.1161/JAHA.119.012178
https://doi.org/10.1161/JAHA.119.012178
https://doi.org/10.1016/j.cjca.2021.03.016
https://doi.org/10.1016/j.cjca.2021.03.016
https://doi.org/10.1093/eurheartj/ehz455
http://refhub.elsevier.com/S2666-6677(24)00263-0/sbref0012
http://refhub.elsevier.com/S2666-6677(24)00263-0/sbref0012

W.E.

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Eid et al.

Catapano AL, Tokgozoglu L, Banach M, et al. Evaluation of lipoprotein(a) in the
prevention and management of atherosclerotic cardiovascular disease: a survey
among the Lipid Clinics Network. Atherosclerosis 2023;370:5-11. https://doi.org/
10.1016/j.atherosclerosis.2023.02.007.

Nissen SE, Wolski K, Cho L, et al. Lipoprotein(a) levels in a global population with
established atherosclerotic cardiovascular disease. Open Heart. 2022;9(2). https://
doi.org/10.1136/0openhrt-2022-002060.

Baragetti A, Da Dalt L, Norata GD. New insights into the therapeutic options to
lower lipoprotein(a). Eur J Clin Invest 2024:e14254. https://doi.org/10.1111/
eci.14254.

Kronenberg F. Lipoprotein(a): from Causality to Treatment. Curr Atheroscler Rep
2024;26(3):75-82. https://doi.org/10.1007/511883-024-01187-6.

Mukherjee D, Nissen SE. Lipoprotein (a) as a biomarker for cardiovascular diseases
and potential new therapies to mitigate risk. Curr Vasc Pharmacol 2023. https://
doi.org/10.2174/0115701611267835231210054909.

Nicholls SJ. Therapeutic potential of lipoprotein(a) inhibitors. Drugs 2024;84(6):
637-43. https://doi.org/10.1007/540265-024-02046-z.

Nicholls SJ, Nissen SE, Fleming C, et al. Muvalaplin, an oral small molecule
inhibitor of lipoprotein(a) formation: a randomized clinical trial. JAMA 2023;330
(11):1042-53. https://doi.org/10.1001/jama.2023.16503.

O’Donoghue ML, GL JA, Knusel B, et al. Study design and rationale for the
olpasiran trials of cardiovascular events and lipoprotein(a) reduction-DOSE finding
study (OCEAN(a)-DOSE). Am Heart J 2022;251:61-9. https://doi.org/10.1016/j.
ahj.2022.05.004.

Eid WE, Sapp EH, McCreless T, Nolan JR, Flerlage E. Prevalence and characteristics
of patients with primary severe hypercholesterolemia in a multidisciplinary
healthcare system. Am J Cardiol 2020;132:59-65. https://doi.org/10.1016/j.
amjcard.2020.07.008.

Eid WE, Sapp EH, Flerlage E, Nolan JR. Lower-intensity statins contributing to gaps
in care for patients with primary severe hypercholesterolemia. J Am Heart Assoc
2021;10(17):e020800. https://doi.org/10.1161/JAHA.121.020800.

Eid WE, Sapp EH, Wendt A, Lumpp A, Miller C. Improving familial
hypercholesterolemia diagnosis using an EMR-based hybrid diagnostic model.

J Clin Endocrinol Metab 2022;107(4):1078-90. https://doi.org/10.1210/clinem/
dgab873.

Li Q, Campan A, Ren A, Eid WE. Automating and improving cardiovascular disease
prediction using Machine learning and EMR data features from a regional
healthcare system. Int J Med Inform 2022;163:104786. https://doi.org/10.1016/j.
ijmedinf.2022.104786.

Ellis KL, Perez de Isla L, Alonso R, Fuentes F, Watts GF, Mata P. Value of measuring
lipoprotein(a) during cascade testing for familial hypercholesterolemia. J Am Coll
Cardiol 2019;73(9):1029-39. https://doi.org/10.1016/].jacc.2018.12.037.
Wilkinson MJ, Ma GS, Yeang C, et al. The prevalence of lipoprotein(a)
measurement and degree of elevation among 2710 patients with calcific aortic
valve stenosis in an academic echocardiography laboratory setting. Angiology
2017;68(9):795-8. https://doi.org/10.1177/0003319716688415.

Ciffone N, McNeal CJ, McGowan MP, Ferdinand KC. Lipoprotein(a): an important
piece of the ASCVD risk factor puzzle across diverse populations. Am Heart J Plus
2024;38:100350. https://doi.org/10.1016/j.ahjo.2023.100350.

Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease: executive summary: a report of the
american college of cardiology/american heart association task force on clinical

10

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

American Journal of Preventive Cardiology 21 (2025) 100895

practice guidelines. Circulation 2019;140(11):e563-95. https://doi.org/10.1161/
CIR.0000000000000677.

Jones LK, McMinn M, Kann D, et al. Evaluation of a multidisciplinary lipid clinic to
improve the care of individuals with severe lipid conditions: a RE-AIM framework
analysis. Implement Sci Commun 2021;2(1):32. https://doi.org/10.1186/543058-
021-00135-8.

Bhatia HS, Hurst S, Desai P, Zhu W, Yeang C. Lipoprotein(a) testing trends in a
large academic health system in the United States. J Am Heart Assoc 2023;12(18):
€031255. https://doi.org/10.1161/JAHA.123.031255.

McGowan M, Wilemon K, Ahmed C, Myers K, MacDougall D. Characterization of
Lipoprotein(a) measurement in a large US healthcare dataset. J Clin Lipidol 2022;
16(3, Supplement):e36-7. https://doi.org/10.1016/j.jacl.2022.05.009.

Madsen CM, Kamstrup PR, Langsted A, Varbo A, Nordestgaard BG. Lipoprotein(a)-
Lowering by 50 mg/dL (105 nmol/L) may be needed to reduce cardiovascular
disease 20% in secondary prevention: a population-based study. Arterioscler
Thromb Vasc Biol 2020;40(1):255-66. https://doi.org/10.1161/
ATVBAHA.119.312951.

Trinder M, Francis GA, Brunham LR. Association of monogenic vs polygenic
hypercholesterolemia with risk of atherosclerotic cardiovascular disease. JAMA
Cardiol 2020;5(4):390-9. https://doi.org/10.1001/jamacardio.2019.5954.
Chakraborty A, Chan DC, Ellis KL, et al. Cascade testing for elevated lipoprotein(a)
in relatives of probands with high lipoprotein(a). Am J Prev Cardiol 2022;10:
100343. https://doi.org/10.1016/j.ajpc.2022.100343.

Qureshi N, Humphries SE, Seed M, Rowlands P, Minhas R, Group NGD.
Identification and management of familial hypercholesterolaemia: what does it
mean to primary care? Br J Gen Pract 2009;59(567):773-6. https://doi.org/
10.3399/bjgp09X472674.

Hedegaard BS, Bork CS, Kaltoft M, et al. Equivalent impact of elevated lipoprotein
(a) and familial hypercholesterolemia in patients with atherosclerotic
cardiovascular disease. J Am Coll Cardiol 2022;80(21):1998-2010. https://doi.
org/10.1016/j.jacc.2022.09.021.

Varvel S, McConnell JP, Tsimikas S. Prevalence of elevated Lp(a) mass levels and
patient thresholds in 532 359 patients in the United States. Arterioscler Thromb
Vasc Biol 2016;36(11):2239-45. https://doi.org/10.1161/ATVBAHA.116.308011.
Clinical lipid specialist. American Board of Clinical Lipidology; 2022. https
://www lipidspecialist.org/certchoose/cls/.

Stuart W, Smellie A. Do we need lipid clinics? Shifting the balance between
secondary and primary care. Ann Clin Biochem 2005;42(Pt 6):463-7. https://doi.
org/10.1258/000456305774538201.

Tsimikas S, Stroes ESG. The dedicated "Lp(a) clinic": a concept whose time has
arrived? Atherosclerosis 2020;300:1-9. https://doi.org/10.1016/j.
atherosclerosis.2020.03.003.

Eidensohn Y, Bhatla A, Ding J, Blumenthal RS, Martin SS, Marvel FA. Testing
practices and clinical management of lipoprotein(a) levels: a 5-year retrospective
analysis from the Johns Hopkins Hospital. Am J Prev Cardiol 2024;19:100686.
https://doi.org/10.1016/j.ajpc.2024.100686.

Nurmohamed NS, Kaiser Y, Schuitema PCE, et al. Finding very high lipoprotein(a):
the need for routine assessment. Eur J Prev Cardiol 2022;29(5):769-76. https://
doi.org/10.1093/eurjpc/zwab167.

Schubert TJ, Gidding SS, Jones LK. Overcoming the real and imagined barriers to
cholesterol screening in pediatrics. J Clin Lipidol 2024;18(3):e297-307. https://
doi.org/10.1016/j.jacl.2024.02.008.


https://doi.org/10.1016/j.atherosclerosis.2023.02.007
https://doi.org/10.1016/j.atherosclerosis.2023.02.007
https://doi.org/10.1136/openhrt-2022-002060
https://doi.org/10.1136/openhrt-2022-002060
https://doi.org/10.1111/eci.14254
https://doi.org/10.1111/eci.14254
https://doi.org/10.1007/s11883-024-01187-6
https://doi.org/10.2174/0115701611267835231210054909
https://doi.org/10.2174/0115701611267835231210054909
https://doi.org/10.1007/s40265-024-02046-z
https://doi.org/10.1001/jama.2023.16503
https://doi.org/10.1016/j.ahj.2022.05.004
https://doi.org/10.1016/j.ahj.2022.05.004
https://doi.org/10.1016/j.amjcard.2020.07.008
https://doi.org/10.1016/j.amjcard.2020.07.008
https://doi.org/10.1161/JAHA.121.020800
https://doi.org/10.1210/clinem/dgab873
https://doi.org/10.1210/clinem/dgab873
https://doi.org/10.1016/j.ijmedinf.2022.104786
https://doi.org/10.1016/j.ijmedinf.2022.104786
https://doi.org/10.1016/j.jacc.2018.12.037
https://doi.org/10.1177/0003319716688415
https://doi.org/10.1016/j.ahjo.2023.100350
https://doi.org/10.1161/CIR.0000000000000677
https://doi.org/10.1161/CIR.0000000000000677
https://doi.org/10.1186/s43058-021-00135-8
https://doi.org/10.1186/s43058-021-00135-8
https://doi.org/10.1161/JAHA.123.031255
https://doi.org/10.1016/j.jacl.2022.05.009
https://doi.org/10.1161/ATVBAHA.119.312951
https://doi.org/10.1161/ATVBAHA.119.312951
https://doi.org/10.1001/jamacardio.2019.5954
https://doi.org/10.1016/j.ajpc.2022.100343
https://doi.org/10.3399/bjgp09X472674
https://doi.org/10.3399/bjgp09X472674
https://doi.org/10.1016/j.jacc.2022.09.021
https://doi.org/10.1016/j.jacc.2022.09.021
https://doi.org/10.1161/ATVBAHA.116.308011
https://www.lipidspecialist.org/certchoose/cls/
https://www.lipidspecialist.org/certchoose/cls/
https://doi.org/10.1258/000456305774538201
https://doi.org/10.1258/000456305774538201
https://doi.org/10.1016/j.atherosclerosis.2020.03.003
https://doi.org/10.1016/j.atherosclerosis.2020.03.003
https://doi.org/10.1016/j.ajpc.2024.100686
https://doi.org/10.1093/eurjpc/zwab167
https://doi.org/10.1093/eurjpc/zwab167
https://doi.org/10.1016/j.jacl.2024.02.008
https://doi.org/10.1016/j.jacl.2024.02.008

	Increasing provider awareness of Lp(a) testing for patients at risk for cardiovascular disease: A comparative study
	1 Introduction
	2 Methods
	3 Results
	3.1 Lp(a) orders and results among specialty providers
	3.2 Impact of messaging among specialty providers
	3.3 Comparing Lp(a) values among study groups
	3.4 Comparing Lp(a) values among different comorbidities

	4 Discussion
	4.1 Messaging

	5 Study limitations
	6 Strengths
	7 Conclusion
	Author agreement
	Author contribution
	Use of AI and AI-assisted technologies statement
	Funding sources
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


