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ABSTRACT
BACKGROUND: Lipoprotein(a) (Lp(a)) is an 
inherited, independent, and causal risk factor 
for atherosclerotic cardiovascular disease 
(ASCVD). 

OBJECTIVE: To assess the burden of elevated 
Lp(a) for patients with ASCVD in a real-world 
setting in the United States.

METHODS: This retrospective cohort study 
assessed US patients with available Lp(a) 
measurement and established ASCVD using 
Optum’s Clinformatics Data Mart database 
(2007-2020). Index date was defined as the 
first diagnosis of an ASCVD event. Patient 
demographics, medications, health care 
resource utilization (HCRU), and occurrence 
of cardiovascular events were assessed for 
patients with elevated (≥150 nmol/L) vs nor-
mal (≥65 nmol/L) Lp(a) levels, within the first 

year of index date. HCRU was characterized 
by inpatient hospitalization, inpatient length 
of stay (LOS), outpatient visits, and emergency 
department (ED) visits. All comparative analy-
ses of patients with elevated (≥150 nmol/L) 
vs normal (≥65 nmol/L) Lp(a) levels within the 
first year of index date were adjusted for age, 
sex, baseline statin use, and diabetes. 

RESULTS: 8,372 patients with ASCVD and 
Lp(a) measurement in nmol/L were included 
in this study. Patient demographics and 
baseline clinical characteristics were similar 
among those with normal and elevated Lp(a). 
However, the proportion of patients receiv-
ing statins and β-blockers at baseline were 
significantly higher in the elevated vs normal 
Lp(a) group (54.76% vs 42.91%, P < 0.0001, and 
30.92% vs 27.32%, P = 0.0183, respectively). 
At 1 year of follow-up, the rates per 100 
person-years for ASCVD-related inpatient 
hospitalizations, outpatient hospitalizations, 

and ED visits were higher among patients 
with elevated Lp(a) compared with normal 
Lp(a) (13.33 vs 9.46, 89.08 vs 85.10, and 2.89 
vs 2.29, respectively). The mean LOS per 
ASCVD-related hospitalization was 7.21 days 
in the elevated and 6.26 days in the normal 
Lp(a) group (P = 0.3462). During the 1-year 
post-index follow-up period, 15% of patients 
in the elevated Lp(a) group required revas-
cularization compared with 10% of patients 
in the normal Lp(a) group (P = 0.0002). The 
odds of composite myocardial infarction, 
ischemic stroke, and revascularization occur-
rence of events within the first year of index 
was significantly higher in the elevated Lp(a) 
group compared with the normal Lp(a) group 
(1.46; 95% CI = 1.20-1.77; P < 0.05).

CONCLUSIONS: HCRU within the first 
year of ASCVD diagnosis is substantial 
among patients with ASCVD and elevated 
Lp(a). Relatively higher rates of inpatient 

Plain language summary

One in five people worldwide have 
elevated lipoprotein(a) (Lp(a)), an inherited 
risk factor for atherosclerotic cardiovas-
cular disease (ASCVD). This study shows 
the impact of elevated Lp(a) on increased 
ASCVD-related health care resource 
utilization in US patients with ASCVD.

Implications for  
managed care pharmacy

Elevated Lp(a) is an inherited, independent, 
and causal ASCVD risk factor, affecting 1 
in 5 people worldwide. This study provides 
novel insights on the increased health care 
resource utilization associated with elevated 
Lp(a) in US patients with ASCVD. Wider 
knowledge and screening of Lp(a) may 
aid identification of high-risk patients and 
overall cardiovascular disease management, 
aiming to reduce the economic burden 
associated with ASCVD.
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hospitalizations, increased LOS per hospitalization, and requirement 
of revascularization procedures within the first year of ASCVD index 
diagnosis were observed in patients with elevated Lp(a) compared 
with normal Lp(a) levels. Lp(a) testing in routine clinical practice 
could help in identification of high-risk patients with ASCVD and play 
an important role in the overall cardiovascular risk management, 
aiming to reduce the HCRU associated with ASCVD.

The past decade has seen an increase in interest in and 
knowledge of the relationship between lipoprotein(a) 
(Lp(a)) and atherosclerotic cardiovascular disease (ASCVD). 
Epidemiological, meta-analysis, genome-wide association, 
and Mendelian randomization studies1-4 have established 
Lp(a) as an inherited, independent, and causal ASCVD risk 
factor.2,5 Lp(a) levels are largely genetically determined and 
are not significantly modified by diet and exercise.1 Elevated 
Lp(a) levels are associated with greater cardiovascular (CV) 
risk, including atherosclerosis,6 and affect an estimated 1 in 
5 people worldwide.2,7,8 

The 2018 American College of Cardiology/American 
Heart Association,9 Canadian Cardiovascular Society,10 2019 
National Lipid Association,11 and American Association 
of Clinical Endocrinologists and American College of 
Endocrinology12 suggest that Lp(a) values greater than or 
equal to 50 mg/dL or greater than or equal to 100 nmol/L10-12  
or greater than or equal to 125 nmol/L9 are considered 
elevated and risk enhancing. Lp(a) testing is generally 
recommended in individuals with a history of premature 
ASCVD and in individuals with familial hypercholesterol-
emia, but many guidelines outside of the United States (eg, 
Canada, China, India, Poland, and France) are in the process 
of transitioning from recommending screening in at-risk 
individuals to screening in all adults.10 The European Society 
of Cardiology and European Atherosclerosis Society guide-
lines currently recommend that Lp(a) measurement should 
be considered at least once in each adult person’s lifetime to 
identify those with very high inherited Lp(a) levels greater 
than 180 mg/dL (> 430 nmol/L) who may have an elevated 
lifetime risk of ASCVD equivalent to the risk associated 
with heterozygous familial hypercholesterolemia.13 Despite 
the recommendations in guidelines and existing evidence 
on the association of elevated Lp(a) levels with increased 
ASCVD risk, Lp(a) measurement and profiling in patients 
has not been widely adopted in routine clinical practice. 

ASCVD remains the leading cause of morbidity and mor-
tality across the globe.14 In the United States, an estimated 
15.4 million adults have coronary artery disease, approxi-
mately 8.5 million individuals suffer from peripheral artery 
disease (PAD), and 7 million individuals have had a stroke.15 

ASCVD also has a substantial economic impact with 
US-specific expenditures of $126 billion in 2015, which is 
projected to increase by more than 2.5-fold to $309 billion in 
2035.16 Although the national impact of rising costs related 
to ASCVD management has been actively studied, there is 
a lack of studies evaluating health care resource utilization 
(HCRU) among patients with ASCVD with elevated Lp(a) 
levels. Therefore, the objective of this study is to investigate 
the burden related to elevated Lp(a) on occurrence of CV 
events and ASCVD-related HCRU, quantified as inpatient 
hospitalizations, inpatient length of stay (LOS), outpatient 
visits, and emergency department (ED) visits, in a US cohort. 

Methods
STUDY DESIGN
This is a noninterventional, retrospective cohort study of 
patients with ASCVD with an Lp(a) measurement in nmol/L, 
using the US Optum Clinformatics Data Mart (CDM) data-
base. The study period was from January 1, 2007, to June 
30, 2020. The identification period was from January 1, 
2008, to June 30, 2019 (Supplementary Figure 1, available in 
online article).

The CDM database captures anonymized inpatient 
and outpatient medical claims, pharmacy claims, and 
laboratory results from enrollees of a large commercial 
and Medicare Advantage plan and is geographically diverse 
across all 50 states, including the District of Columbia. 
During the study period, there were 68,243,631 enrollees 
in the Optum CDM database, of whom 0.37% had an avail-
able Lp(a) measurement (nmol/L or mg/dL). Because no 
identifiable or protected health information was accessed 
during this study, institutional review board approval or 
waiver of authorization and informed consent were not 
required.

STUDY POPULATION
The study population included adult patients (aged ≥ 18 
years) with an Lp(a) measurement in nmol/L and an estab-
lished ASCVD diagnosis (defined by a prior myocardial 
infarction [MI], ischemic stroke [IS], transient ischemic 
attack, prior revascularization, or a diagnosis of PAD, 
unstable angina, or stable angina) during the identifica-
tion period. The International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) and ICD-
10-CM codes were used to identify the ASCVD diagnosis 
and events (Supplementary Table 2). Logical Observation 
Identifier Names and Code 43583-4 (nmol/L) was used to 
identify Lp(a) measurements. For each patient, the earliest 
Lp(a) measurement during the study period was considered. 
Assuming that Lp(a) level does not change significantly over 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf
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cause of the outpatient visit. General practitioner visits or 
rehabilitation visits were identified using diagnosis-related 
group code, revenue code, the type of provider, or place of 
service in medical tables. Cardiology visits were defined by 
outpatient encounters with cardiology-related ICD codes 
including established CVD and ASCVD visits. Rehabilitation 
after an event was defined by rehabilitation visits with a 
diagnosis of MI, stroke, or PAD. 

Annualized rates of patients with at least 1 MI, stroke 
(ischemic or hemorrhagic), or coronary revascularization 
event were reported and compared for normal and elevated 
Lp(a) groups. In addition, odds ratios (ORs) were reported 
to compare the occurrence of MI, ischemic stroke (fatal or 
nonfatal), and coronary revascularization events, between 
normal and elevated Lp(a) groups.

STATISTICAL METHODS
Continuous variables were summarized as either mean±SD 
or median (IQR), whereas all categorical variables were 
summarized as frequencies and percentages. Patient 
demographics were compared using t-tests for continuous 
variables and Fisher’s exact test for categorical variables. 
P values for categorical variables were calculated using 
Fisher’s exact tests, due to imbalance of groups, and for 
continuous variables using t-tests. The Mann-Whitney 
U-test was used to compare median statistics. 

Inpatient hospitalizations, outpatient visits, ED visits, and 
rate of composite MI, stroke (ischemic or hemorrhagic), or 
coronary revascularization are presented as annualized rates 
per 100 person-years within the 1-year follow-up period. 
Annualized rate was calculated as the number of encounters 
divided by person-years in follow-up. Poisson regression was 
used with the Lp(a) group as the primary exposure, using log 
follow-up time as an offset. Variances were calculated with a 
robust sandwich estimator22; 95% CIs and P values compar-
ing incidence rates for normal and elevated Lp(a) groups 
come directly from the regression model. Adjusted incidence 
rates for the normal and elevated Lp(a) groups are the 
least-squares means centered at the mean covariate values 
in our dataset. Covariate adjustment was done for age (as 
continuous), sex, baseline statin use, and baseline diabetes. 

Logistic regression was used to calculate and compare 
ORs for occurrence of MI, IS (fatal or nonfatal), or coronary 
revascularization, between normal and elevated Lp(a), with 
the Lp(a) group as the primary exposure. Adjusted ORs 
are the exponentiated coefficient on the Lp(a) variable 
with P values coming directly from the regression model. 
Covariate adjustment was done for age (as continuous), 
sex, baseline statin use, and baseline diabetes. All analyses 
were performed using SAS statistical package, version 3.8.1 
(SAS Institute). 

time, the earliest measurement, which was the first mea-
surement during study period regardless of enrollment 
criteria, was considered in this study.17 Lp(a) measurements 
with missing values and/or multiple Lp(a) measurements on 
the same day were excluded. 

The index date was defined as the first diagnosis of 
ASCVD during the identification period, following 1 year 
of continuous enrollment. Patients were followed up to  
1 year from the index date, until the end of enrollment, or 
the end of the study period, whichever occurred first. The 
ASCVD population was further stratified based on the Lp(a) 
thresholds: normal Lp(a) (< 65 nmol/L) or elevated Lp(a) 
(≥150 nmol/L).18-21

ASSESSMENTS AND OUTCOMES
Baseline patient characteristics were reported at index date. 
Patient characteristics included demographics, comorbidi-
ties, procedures, medications, and laboratory values. HCRU, 
procedures, and medications were reported at 1 year post-
index. HCRU included the following variables: inpatient 
hospitalization, inpatient LOS, outpatient visits, and ED visits.

Inpatient hospitalizations were defined using inpatient 
encounters with valid admission dates and LOS from 
Inpatient Confinement tables. The number of hospitaliza-
tions per patient were counted based on the admission 
dates. When ED visits were followed by hospitalizations, in 
which the primary reason for ED visit and hospitalization 
were the same, the LOS and ED visit duration were summed 
for total LOS. ED visits were defined by “emergency room” 
encounters in Medical and Inpatient Confinement tables. As 
with inpatient visits, the primary diagnosis of the ED visit 
was used to define whether an ED visit was specifically for 
cardiovascular or for other causes. ICD-9 and ICD-10 codes 
were used to capture and classify the primary diagnosis 
for the hospitalization and ED visit. Intensive care unit in 
hospitalizations was identified using revenue code. For 
patients with 1 or more hospitalizations, the LOS was the 
sum of LOSs of all the hospitalizations within 1 year after 
the index date. Total LOS can be larger than 365 days for 
patients whose discharge date is 1 year after admission 
date. The LOS per hospitalization was defined as the total 
LOS (days in the 12-month follow-up period) divided by 
the total number of hospitalization visits (in the 12-month 
follow-up period). Cardiology visits were defined by outpa-
tient encounters with cardiology-related ICD codes.

Outpatient visits were defined as those occurring in an 
outpatient setting and included office/clinic visits, ambula-
tory care, and procedure visits (labs and imaging), home 
visits, urgent care, nursing homes, and potentially other 
outpatient-related types in the medical tables. The primary 
diagnosis of the outpatient visit was used to define the 
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Results
In total, 8,372 patients met our study inclusion crite-
ria of ASCVD and had Lp(a) measurement in nmol/L 
(Supplementary Figure 2). Of these, 7,633 patients had data 
available for the full 1-year follow-up period.

BASELINE CHARACTERISTICS
Demographics and clinical characteristics across nor-
mal Lp(a) (< 65 nmol/L) and elevated Lp(a) (≥ 150 nmol/L) 
groups are presented in Table 1. The baseline demograph-
ics and clinical characteristics were similar across normal 
and elevated Lp(a) groups in terms of age, health plan, index 
diagnosis, procedures, baseline medications, and comorbid-
ities. However, the proportion of female patients appeared 

β-blockers 1,191 (27.32) 529 (30.92) 0.0053

Antiplatelets 228 (5.23) 108 (6.31) 0.1047

Fibrates 216 (4.95) 56 (3.27) 0.0038

Ezetimibe 105 (2.41) 73 (4.27) 0.0002

PCSK9i (alirocumab, 
evolocumab) 2 (0.05) 2 (0.12) 0.3164

None of the above 
treatments  1,394 (31.97) 445 (26.01) < 0.0001

Lp(a), median (Q1, Q3)  23.00 (14.00, 39.00) 221.00 (180.00, 
291.00) < 0.0001

Laboratory values, mean (SD)a 

LDL-C, mg/dL 104.81 (37.39), 
n = 2,085

113.35 (41.23), 
n = 774 < 0.0001

HDL-C, mg/dL 54.65 (18.25), 
n = 2,071

57.38 (17.70), 
n = 768 0.0004

Total cholesterol,  
mg/dL

186.64 (43.95), 
n = 2,088

197.24 (48.64), 
n = 781 < 0.0001

Triglycerides, mg/dL 139.68 (88.30), 
n = 2,092

136.47 (114.59), 
n = 775 0.4806

Hs-CRP, mg/L 4.91 (14.63), n = 494 4.47 (6.26), 
n = 175 0.5859

Baseline cardiovascular comorbidities, n (%)b 

Hypertension 3,165 (72.59) 1,268 (74.11) 0.2346

Atrial fibrillation 345 (7.91) 119 (6.95) 0.2171

Cardiac amyloidosis 5 (0.11) 1 (0.06) 1.0000

Chronic kidney disease 
(stage III) 372 (8.53) 173 (10.11) 0.0578

Chronic kidney disease 
(stage IV-V) 89 (2.04) 30 (1.75) 0.5371

Heart failure 334 (7.66) 158 (9.23) 0.0469

Aortic valve stenosis 232 (5.32) 100 (5.84) 0.4153
aThis endpoint was identified in the baseline period (12 months before the 
index date, including the index date).
bThis endpoint was identified any time before the index date, not including 
the index date.
ACEIs = angiotensin-converting enzyme inhibitors; ARBs = angiotensin II 
receptor blockers; ASCVD = atherosclerotic cardiovascular disease;  
HDL-C = high-density lipoprotein cholesterol; hs-CRP = high-sensitivity 
C-reactive protein; IS = ischemic stroke; Lp(a) = lipoprotein(a); LDL-C = low-density 
lipoprotein cholesterol; MI = myocardial infarction; PAD = peripheral artery 
disease; Q = quartile; TIA = transient ischemic attack.

Characteristics
Normal Lp(a) 
(< 65 nmol/L) 

Elevated Lp(a)
 (≥150 nmol/L) P value

Total, n 4,360 1,711  

Age, mean (SD), years 65.70 (12.12) 65.24 (11.70) 0.1967

Sex, n (%)

Male 2,202 (50.50) 744 (43.48)
< 0.0001

Female 2,158 (49.50) 967 (56.52)

Health plan type, n (%)

Commercial 1,547 (35.48) 619 (36.18)
0.5670

Medicare 2,811 (64.47) 1,092 (63.82)

Index ASCVD diagnosis, n (%)

MI, PAD, or IS 3,107 (71.26) 1,272 (74.34) 0.0170

MI 943 (21.63) 457 (26.71) < 0.0001

PAD 1,999 (45.85) 797 (46.58) 0.6066

IS 818 (18.76) 351 (20.51) 0.1200

TIA 536 (12.29) 174 (10.17) 0.0210

Unstable angina 370 (8.49) 161 (9.41) 0.2666

Stable angina 998 (22.89) 387 (22.62) 0.8384

Postrevascularization 372 (8.53) 180 (10.52) 0.0172

Index diagnosis not MI, 
PAD, or IS 1,807 (41.44) 660 (38.57) 0.0421

Procedures, n (%) 

Dialysis 44 (1.01) 12 (0.70) 0.2982

Revascularization 328 (7.52) 154 (9.00) 0.8914

Baseline medications, n (%) 

Statin 1,871 (42.91) 937 (54.76) < 0.0001

ACEIs/ARBs 1,814 (41.61) 729 (42.61) 0.4878

Demographics and Clinical 
Characteristics of the ASCVD Population, 
Stratified by Normal and Elevated Lp(a) 
Concentration, at Baseline (Index)

TABLE 1

higher in those with elevated Lp(a) (56.52%) compared with 
patients with normal Lp(a) (49.50%). 

The most common index diagnosis across normal and 
elevated Lp(a) groups was PAD (45.85% and 46.58%), MI 
(21.63% and 26.71%), and IS (18.76% and 20.51%), respectively. 
The leading medication prescribed at baseline across the 
normal and elevated Lp(a) groups was statins (42.91% and 
54.76%), showing a significant difference in the elevated 
Lp(a) group (P < 0.0001). The most common comorbidity at 
baseline across the normal and elevated Lp(a) groups was 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf
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hypertension (72.59% and 74.11%; P = 0.2346). Demographics 
and clinical characteristics across subgroups of patients 
with MI, PAD, and IS are presented in Supplementary 
Table 1.

RATE OF INPATIENT HOSPITALIZATIONS
At 1 year of follow-up, inpatient hospitalization rates 
were significantly higher in the elevated Lp(a) group than 
the normal Lp(a) group for ASCVD-specific hospitaliza-
tions (13.33 vs 9.46; P < 0.0001), IS hospitalizations (4.01 vs 
2.17; P = 0.0019), and postrevascularization hospitaliza-
tions (5.34 vs 3.99; P = 0.0037) (Figure 1). A numerical trend 
of higher hospitalization rates was observed for all other 
assessed primary diagnoses for hospitalization. 

Consistent trends were also shown in the sub-
groups of patients with MI, PAD, and IS index diagnoses 
(Supplementary Figures 3-5). In the subgroup of patients 
with MI index diagnosis, inpatient hospitalization rates at  
1 year of follow-up were significantly higher in the elevated 
Lp(a) than in the normal Lp(a) group for IS hospitalizations 
(3.20 vs 0.70; P = 0.0018) and postrevascularization hospital-
izations (9.54 vs 6.36; P = 0.0108). In the subgroup of patient 

with IS index diagnosis, inpatient hospitalization rates were 
significantly higher in the elevated Lp(a) group than in the 
normal Lp(a) group for ASCVD-specific (28.35 vs 18.07; 
P = 0.0083) and IS (19.57 vs 10.74; P = 0.0041) hospitalizations. 
In the smallest subgroup of patients with PAD index diag-
nosis, the rates of inpatient hospitalizations were observed 
to be numerically higher in the elevated Lp(a) group than in 
the normal Lp(a) group. 

INPATIENT LOS
In the 1 year of follow-up, the mean (SD) LOS per ASCVD-
specific hospitalization was higher in the elevated Lp(a) 
group than in the normal Lp(a) group (7.21 [12.0] days vs 6.26 
[8.51] days; P = 0.3462). Particularly, the mean (SD) LOS per 
MI-related hospitalizations was higher in the elevated Lp(a) 
group (11.26 [22.0] days) than in the normal Lp(a) group (6.53 
[7.11] days; P = 0.2222); however, none of those result were 
statistically significant (P > 0.05).

In the subgroup of patients with MI, PAD, or IS as index 
diagnosis, there was no statistically significant difference in 
the mean LOS per ASCVD-related hospitalizations between 
elevated and normal Lp(a) groups.
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FIGURE 1 Rate of Inpatient Hospitalizations per 100 Person-Years for Patients With Normal and Elevated 
Lp(a), Within 1 Year of Follow-Up

Annualized rate was calculated as the number of encounters divided by person-years in follow-up. Poisson regression was used with Lp(a) group as the primary 
exposure, using log follow-up time as an offset. Variances were calculated with a robust sandwich estimator. 95% CIs and P values comparing incidence rates 
for normal and elevated Lp(a) groups come directly from the regression model. Adjusted incidence rates for the normal and elevated Lp(a) groups are the least-
squares means centered at the mean covariate values in our dataset. Covariate adjustment was done for age (as continuous), sex, baseline statin use, and baseline 
diabetes.
aElevated Lp(a) vs normal Lp(a) group P value < 0.05.
ASCVD = atherosclerotic cardiovascular disease; ICU = intensive care unit; IS = ischemic stroke; Lp(a) = lipoprotein(a); MI = myocardial infarction; PAD = peripheral 
artery disease; PR = postrevascularization; UA = unstable angina.

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf


524 Burden of lipoprotein(a) for patients with atherosclerotic cardiovascular disease:  
A retrospective analysis from the United States 

JMCP.org | May 2023 | Vol. 29, No. 5

proportion of patients receiving ACEIs/ARBs, β-blockers, 
antiplatelet therapy, and ezetimibe in the normal Lp(a) 
group at baseline was 41.61%, 27.32%, 5.23%, and 2.41%, 
respectively, which increased to 48.0%, 39.13%, 17.41%, and 
3.69% at 1 year post-index. Similarly, in the elevated Lp(a) 
group, the proportion of patients receiving ACEIs/ARBs, 
β-blockers, antiplatelet therapy, and ezetimibe at baseline 
was 42.61%, 27.32%, 6.31% and 4.27%, respectively, which 
increased to 50.67%, 44.54%, 21.86% and 7.01% at 1 year 
post-index.

COMPOSITE MI, STROKE, AND REVASCULARIZATION 
RATES AND OCCURRENCE OF EVENTS
During the 1-year follow-up period, the rate of composite 
MI, stroke (ischemic or hemorrhagic), or revascularization 
was significantly higher in the elevated Lp(a) group than in 
the normal Lp(a) group (10.19 vs 7.88; P < 0.0001) (Figure 3). 
The rate of coronary revascularization was significantly 
higher in the elevated Lp(a) group than in the normal Lp(a) 
group (6.81 vs 5.40; P = 0.0003). Although the rates of MI and 
stroke (ischemic or hemorrhagic) were numerically higher 
in the elevated Lp(a) group than in the normal Lp(a) group, 
the difference was not significant (P > 0.05) (Figure 6). 

Figure 4 presents odds ratios (ORs) (95% CIs) comparing 
the occurrence of composite MI, IS (fatal or nonfatal), 
and coronary revascularization events in the elevated vs 
normal Lp(a) groups. The OR (95% CI) for composite MI, 
IS, and coronary revascularization was 1.46 (1.20-1.77). This 
suggests an increased odds associated with elevated Lp(a) 
levels. Increased odds of coronary revascularization were 
also observed to be associated with elevated Lp(a), with an 
OR (95% CI) of 1.53 (1.23-1.91).

Discussion
This real-world study using US claims data provides the first 
insights on the increased health care resource use of patients 
with elevated Lp(a) compared with those with normal Lp(a). 
Within the first year of ASCVD diagnosis, elevated Lp(a) was 
associated with higher rates of inpatient hospitalizations and 
increased LOS per hospitalization and higher risk of cardio-
vascular events (MI, stroke, and coronary revascularization). 

For MI-related hospitalization, it was observed that the 
mean LOS per hospitalization was almost double in the 
elevated Lp(a) group compared with the normal Lp(a) group. 
The doubled LOS, although not statistically significant, 
may suggest that patients with elevated Lp(a) experience 
a more severe course of disease, but future investigation is 
warranted. It was also observed that within the first  year 
of ASCVD diagnosis, a significantly higher proportion 

RATE OF OUTPATIENT AND ED VISITS 
Rates of outpatient and ED visits are presented in 
Supplementary Figures 6 and 7, respectively. Significantly 
higher rates of cardiology outpatient visits were reported 
in the elevated Lp(a) group compared with the normal 
Lp(a) group (468.10 vs 410.56; P = 0.0007). The rates of total 
outpatient and ED visits at 1 year of follow-up were numeri-
cally, but not statistically (P > 0.05), higher in the elevated 
Lp(a) than in the normal Lp(a) group for ASCVD-specific, 
MI-related, PAD-related, and IS-related visits. 

PROCEDURES AND MEDICATIONS AT BASELINE AND 
AT 1 YEAR POST-INDEX 
The proportion of patients who had a revascularization pro-
cedure at baseline was 7.52% in the normal Lp(a) and 9.0% 
in the elevated Lp(a) group (P = 0.8914). At 1 year post-index, 
15% of patients in the elevated Lp(a) group underwent revas-
cularization compared with 10% of patients in the normal 
Lp(a) group (P = 0.0002).

The most common medications prescribed at base-
line were statins, β-blockers, and angiotensin-converting 
enzyme inhibitor/angiotensin II receptor blockers (ACEIs/
ARBs) (Figure 2). The proportion of patients receiving 
statins and β-blockers at baseline in the elevated Lp(a) 
group was significantly higher compared with the normal 
Lp(a) group (54.76% vs 42.91%, P < 0.0001, and 30.92% vs 
27.32%, P = 0.0183, respectively). A significant difference was 
also observed in the proportion of patients receiving anti-
platelet therapy and ezetimibe in elevated Lp(a) vs normal 
Lp(a) group (6.31% vs 5.23%, P < 0.0001, and 4.27 vs 2.41, 
P < 0.0001, respectively). However, there was no significant 
difference in the proportion of patients receiving ACEIs/
ARBs in the elevated Lp(a) and normal Lp(a) groups: 42.61% 
and 41.61% (P = 0.7076), respectively. 

Similar findings were observed at the 1-year post-index 
follow-up period comparing elevated and normal Lp(a) 
groups with significant results for statins (70.19% vs 57.66%; 
P < 0.0001), β-blockers (44.54% vs 39.13%; P = 0.0001), plate-
let therapy (21.86% vs 17.41%, P < 0.0001), and ezetimibe (7.01 
vs 3.69; P < 0.0001), and findings were nonsignificant for 
ACEIs/ARBs (50.67% vs 48.0%; P = 0.0636). 

Across both normal and elevated Lp(a) groups, a relative 
increase was observed in the proportion of patients receiv-
ing statins, ACEIs/ARBs, β-blockers, antiplatelet therapy, 
and ezetimibe during the 1-year post-index follow-up 
period compared with the proportion of patients receiving 
these medications at baseline (Figure 2). The proportion of 
patients receiving statins increased from 42.91% at baseline 
to 57.66% at 1-year post-index follow-up in the normal Lp(a) 
group and 54.76% to 70.19% in the elevated Lp(a) group. The 

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-365_SM-1681920298.pdf
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FIGURE 2 Proportion of Patients With Normal and Elevated Lp(a) Receiving Medications at Baseline and 
During the 1-Year Post-Index Period Across the Lp(a) Groups

Elevated Lp(a) vs normal Lp(a) group comparisons were statistically significant (P < 0.05) for all medications except ACEIs/ARBs, both at baseline and at 1 year  
post-index.
ACEIs = angiotensin-converting enzyme inhibitors; ARBs = angiotensin II receptor blockers; BB = β-blocker; Lp(a) = lipoprotein(a); PCSK9i = PCSK9 inhibitor.
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percutaneous coronary intervention costs in the United States 
($20,146) were nearly one-third of the mean coronary bypass 
graft surgery costs in US studies ($57,577).33 This review 
indicates that the worldwide cost burden of CVD remains 
significant. Although comparison of results is hampered by the 
differences in study design, several themes emerge. The find-
ings from the literature suggest that in the United States and 
Europe, revascularization procedures and MI are CV events 
with the highest acute costs. The increased occurrence of 
coronary revascularization procedures and rates of MI-related 
hospitalizations and LOS observed among patients with ASCVD 
with elevated Lp(a) in this study therefore highlights important 
health care cost implications for the US population.

It was observed in our study that within 1 year of follow-
up, a significantly higher proportion of patients received 
statins in the elevated Lp(a) than in the normal Lp(a) group. 
Direct Lp(a) testing in clinical practice would help in identify-
ing patients with increased disease risk and introduce statin 
or other lipid-lowering therapies early. A future study with a 
longer follow-up period will help ascertain this relationship 
and even explore the potential association of Lp(a) testing 
with changes in other health behaviors.

These findings indicate that early identification of at-risk 
patients by Lp(a) testing can play an important role in reduc-
ing HCRU and easing the economic burden on the US health 
care system. However, based on the data for the current 
study, it was observed that less than 1% of patients with 
ASCVD had Lp(a) measurements, indicating a lack of Lp(a) 
screening and awareness in routine clinical practice.

LIMITATIONS
Although our study provides an understanding of routine 
practice in the United States, the results should be interpreted 
within the context of potential limitations. First, owing to the 
nature of the claims data, the diagnoses and data recorded 
may be subject to coding errors. In the Optum CDM database, 
approximately 30% of patients had laboratory data; how-
ever, for our ASCVD cohort, 68.5% had available laboratory 
data. Therefore, only a subset of patients who had an Lp(a) 
measurement in the real world may have been included in 
this study. Second, as Lp(a) is not tested routinely, the results 
may have had a selection bias, as it was uncertain who the 
patients receiving the test were and whether this was at ran-
dom or for a specific cause. Third, only Lp(a) levels reported 
in nmol/L were included in this analysis, and the majority of 
Lp(a) measurements reported in nmol/L pertain to patients 
with Medicare, which is not representative of the entirety 
of the ASCVD population with an Lp(a) measurement in the 
United States. Measurements in nmol/L were the more con-
temporary measurements in the Optum database and were 
supported by current clinical guideline recommendations 

of patients with elevated compared with normal Lp(a) 
levels required revascularization procedures. Indeed, the 
odds (OR = 1.53) of having coronary revascularization were 
significantly higher in the elevated Lp(a) group. The occur-
rence of composite MI, IS, and coronary revascularization 
was also found to be significantly higher with elevated 
Lp(a) (OR = 1.46). These results are in line with a recent 
multicenter, retrospective observational study assessing 
765 patients with acute coronary syndrome from China, 
which reported significantly higher incidence of recurrent 
CV events and revascularization in the high-Lp(a) group 
(Lp(a) ≥  30 mg/dL) than in the low-Lp(a) group (Lp(a) < 30 
mg/dL) (P < 0.05).23 In another study among patients who 
underwent coronary artery bypass grafting, elevated Lp(a) 
levels were significantly associated with an increased rate of 
1-year vein graft occlusions and long-term CV outcomes.24

In our study, we observed trends of increased HCRU 
among patients with elevated Lp(a). It is evident from the 
literature that despite treatment, patients with ASCVD 
remain at high risk for CV events, placing a significant and 
increasing burden on the US health care system.16,25,26 The 
United States spends an estimated $126 billion direct costs 
annually for patients with coronary artery disease,27 $21 
billion for PAD,28 $19 billion for stroke,29 and $75 billion for 
acute coronary syndrome.30 

 The study by Zhao et al examined HCRU and total health 
care costs for patients with ASCVD in a commercially 
insured population in the United States.31 The total mean 
(SD) health care cost per patient during the first year of 
follow-up was estimated to be $8,699 ($25,655), with inpa-
tient care representing the majority (53%; $4,587 [$22,486]) 
of ASCVD-related total costs, followed by outpatient 
care (31%; $2,727 [7,862]) and pharmacy costs (16%; $1,385 
[$1,838]).31 An HCRU study among patients with ASCVD in 
Italy indicated that the rates of hospitalization for CV events 
are high and are associated with significant costs, with hos-
pitalization accounting for most of the total costs.32 Given 
our observed increased rate and LOS of hospitalizations, 
and higher inpatient and outpatient resource utilization 
due to elevated Lp(a), this may suggest that elevated Lp(a) 
contributes substantially to the economic burden related to 
ASCVD, which was previously unrecognized. 

A review conducted by Nicholson et al synthesized interna-
tional cost estimates of CV events based on studies published 
during 2007-2012 and adjusted all costs for inflation to 2013 
values.33 The coronary revascularization—coronary bypass graft 
surgery—cost in the United States averaged $57,577 (median 
$61,445), with a range of cost estimates from $17,731 to $124,221 
in 11 studies. The percutaneous coronary intervention cost 
in the United States averaged $20,146 (median $19,429), with 
a range from $16,104 to $25,641 based on 6 studies. Mean 
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