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ABSTRACT
Objective  Lipoprotein(a) (Lp(a)) is an important genetically 
determined risk factor for atherosclerotic vascular 
disease (ASCVD). With the development of Lp(a)-lowering 
therapies, this study sought to characterise patterns of 
Lp(a) levels in a global ASCVD population and identify 
racial, ethnic, regional and gender differences.
Methods  A multicentre cross-sectional epidemiological 
study to estimate the prevalence of elevated Lp(a) in 
patients with a history of myocardial infarction, ischaemic 
stroke or peripheral artery disease conducted at 949 sites 
in 48 countries in North America, Europe, Asia, South 
America, South Africa and Australia between April 2019 
and July 2021. Low-density lipoprotein cholesterol (LDL-C) 
and Lp(a) levels were measured either as mass (mg/dL) or 
molar concentration (nmol/L).
Results  Of 48 135 enrolled patients, 13.9% had prior 
measurements of Lp(a). Mean age was 62.6 (SD 10.1) 
years and 25.9% were female. Median Lp(a) was 18.0 
mg/dL (IQR 7.9–57.1) or 42.0 nmol/L (IQR 15.0–155.4). 
Median LDL-C was 77 mg/dL (IQR 58.4–101.0). Lp(a) in 
women was higher, 22.8 (IQR 9.0–73.0) mg/dL, than in 
men, 17.0 (IQR 7.1–52.2) mg/dL, p<0.001. Black patients 
had Lp(a) levels approximately threefold higher than white, 
Hispanic or Asian patients. Younger patients also had 
higher levels. 27.9% of patients had Lp(a) levels >50 mg/
dL, 20.7% had levels >70 mg/dL, 12.9% were >90 mg/dL 
and 26.0% of patients exceeded 150 nmol/L.
Conclusions  Globally, Lp(a) is measured in a small 
minority of patients with ASCVD and is highest in black, 
younger and female patients. More than 25% of patients 
had levels exceeding the established threshold for 
increased cardiovascular risk, approximately 50 mg/dL or 
125 nmol/L.
 

Trial registration number

INTRODUCTION
Lipoprotein(a) (Lp(a)) has long been recog-
nised as an important genetically determined 

risk factor for development of atherosclerotic 
cardiovascular disease (ASCVD).1 Recent 
European and American guidelines have 
identified Lp(a) as a risk-enhancing factor 
for development of ASCVD.2 3 However, 
Lp(a) is not commonly measured in clinical 
practice, in part because no currently avail-
able treatments exist with established benefits 
on vascular outcomes. Recent developments 
in messenger RNA targeted gene silencing 
therapies have made it possible to lower time-
averaged Lp(a) levels as much as 90% in 
patients with elevated levels.4–6 A large phase 
III clinical trial, Lp(a)HORIZON is now 
underway, studying the investigational drug 
pelacarsen, an antisense oligonucleotide, to 
determine if lowering Lp(a) can reduce the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Most prior studies investigated lipoprotein(a) levels 
in selected populations in single countries or ethnic 
groups, mostly in patients without pre-existing ath-
erosclerotic vascular disease (ASCVD).

WHAT THIS STUDY ADDS
	⇒ The current study reports Lp(a) levels in a popula-
tion with documented ASCVD and identifies racial, 
ethnic, regional and gender differences.

	⇒ Median levels in these patients were higher than 
reported in prior studies and highest in younger and 
female patients.

	⇒ Only 14% of these patients with ASCVD had known 
Lp(a) levels prior to the study.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

	⇒ The study identifies the need for global efforts to 
encourage measurement of Lp(a) so that patients 
with ASCVD can receive emerging treatments when 
they become available.
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incidence of major adverse cardiovascular outcomes in 
patients with pre-existing ASCVD. As a prelude to the 
initiation of this trial, the current Lp(a)HERITAGE study 
sought to determine Lp(a) levels in a large global popula-
tion with ASCVD and identify patients suitable for enrol-
ment in Lp(a)HORIZON.

With the development of therapies effective at lowering 
Lp(a), it is important to understand the prevalence and 
patterns of elevated Lp(a) levels in a diverse population 
with pre-existing ASCVD. Most prior studies have exam-
ined either a general population that included both 
primary and secondary prevention patients,1 moderate-
sized cohorts7 or performed measurements in single coun-
tries or regions.1 7–10 Currently available studies measured 
Lp(a) levels primarily in high-income countries, resulting 
in limited availability of data in a global population that 
includes both high-income and low-income and middle-
income countries within Europe, the Americas, Asia and 
Africa. To make the current study relevant to emerging 
treatments, the Lp(a)HERITAGE study included only 
patients with documented ASCVD. An important goal of 
this study was to better understand the global prevalence 
of elevated Lp(a) and identify racial, ethnic, regional 
and gender differences in Lp(a) levels. Additional goals 
included understanding how results differ across alter-
native measurement systems based on Lp(a) mass versus 
concentration and the relationship between levels of 
Lp(a) and low-density lipoprotein cholesterol (LDL-C).

METHODS
Study design and participants
The Lp(a)HERITAGE study was designed to examine 
the prevalence of elevated Lp(a) levels in patients with 
a history of ASCVD. Patients were eligible if they had a 
history of myocardial infarction (MI) or ischaemic stroke 
≥3 months and ≤10 years prior to the initial study visit 
or symptomatic peripheral artery disease (PAD). Symp-
tomatic PAD was defined as intermittent claudication 
with ankle-brachial index (ABI) ≤0.90 and/or lower 
limb amputation or re-vascularisation due to lower limb 
ischaemia. Patients were excluded if they were currently 
enrolled in clinical studies with investigational drugs.

Demographic and baseline characteristics were 
collected on all patients including age, sex, race, ethnicity 
and category of previous ASCVD diagnosis. Race was self-
reported. No information about medication, current or 
past, was collected. LDL-C and Lp(a) levels were deter-
mined using the following requirements: LDL-C values 
were accepted if obtained ≤1 year before the study visit 
and Lp(a) values were accepted if tested ≤5 years before 
the study visit. If results were not available as specified, 
blood testing was performed by local laboratories for the 
determination of LDL-C and/or Lp(a). No additional 
laboratory values regarding safety were collected since 
there was no investigational product and medical device 
tested.

The database for the Lp(a)HERITAGE study was main-
tained by the sponsor. After completion of the study, a 
copy of the database was transferred to the Cleveland 
Clinic Center for Clinical Research (C5R). The reported 
analyses were verified by both statisticians employed by 
the sponsor and C5R. The lead author and the C5R statis-
tician (KW) had complete access to the data and attest to 
the accuracy of the data.

Statistical analysis
Assuming that approximately 25% of patients with estab-
lished ASCVD have Lp(a) levels ≥50 mg/dL with no 
major heterogeneity in sampling, approximately 45 000 
patients were needed to assess a two-sided 95% CI with 
a half-width of 0.4%, corresponding to approximately 
1.6% relative error. These calculations were made using 
EAST V.6.4. The statistical analysis plan (SAP) prespec-
ified categories of interest, including the number and 
percentage of patients with Lp(a) 30 mg/dL, 30–50 mg/
dL and ≥50 mg/dL and in subgroups with Lp(a) level 
≥10 mg/dL, 20 mg/dL, 30 mg/dL, 40 mg/dL, 50 mg/
dL, 60 mg/dL, 70 mg/dL, 80 mg /dL, 90 mg/dL and 100 
mg/dL. Histograms depicting the distribution of Lp(a) 
were generated.

The SAP prespecified secondary end point assessment 
using descriptive summary statistics (mean, median, 
IQR, minimum and maximum) for Lp(a) for categories 
of interest (<30 mg/dL, 30–50 mg/dL and ≥50 mg/dL), 
and subgroups with Lp(a) level ≥60 mg/dL, 70 mg/dL, 
80 mg/dL, 90 mg/dL and 100 mg/dL. Lp(a) levels are 
summarised by region, country and other subgroups of 
interest. Demographic variables are summarised using 
descriptive summary statistics (mean, median, SD, IQR, 
minimum and maximum) for continuous variables and 
frequency and percentage for categorical variables. A 
limited number of comparisons were made using the 
Wilcoxon rank sum test. Because the study is purely 
descriptive with no randomised comparator groups, p 
values should be interpreted as exploratory.

RESULTS
A total of 48 992 patients were screened and 48 363 
enrolled at 949 sites in 48 countries between April 2019 
and July 2021. Of these, 48 135 had sufficient data for 
inclusion in the study, 29 765 with Lp(a) levels obtained 
in units of mg/dL and 18 370 with levels obtained in 
nmol/L. Only 13.9% of patients had Lp(a) measure-
ments prior to enrolment. The mean age and SD for 
all patients was 62.6 (SD 10.1) years, slightly higher in 
women 64.3 (SD 9.8) years than men 62.0 (SD 10.2) 
years. Table 1 shows median Lp(a) and LDL-C levels for 
all patients including those whose values were measured 
in mass units, mg/dL, or molar concentration, nmol/L. 
For patients with Lp(a) measured in mg/dL, the median 
level was 18.0 mg/dL (IQR 7.9–57.1). For patients with 
levels obtained in nmol/L, the median value was 42.0 
nmol/L (IQR 15.0–155.4). The median LDL-C level for 
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the entire population was 77 mg/dL (IQR 58.4–101.0). 
Female patients represented 25.9% of the population 
and males 74.1%. Lp(a) levels in women, measured in 
mg/dL were higher, 22.8 (IQR 9.0–73.0) mg/dL, than 
levels in men, 17.0 (IQR 7.1–52.2) mg/dL, p<0.001. Simi-
larly, for patients measured using molar concentration, 
women had higher levels, 54 nmol/L (IQR 18.2–185.7) 
vs 37.8 (IQR 13.7–143.2) for men, p<0.001. Women also 
had higher LDL-C levels 82.0 mg/dL (IQR 62.0–111.0) 
compared with 75.0 (IQR 58.0–98.0) for men, p<0.001.

Table 1 also shows levels of Lp(a) and LDL-C by race, 
age category and ethnicity. Older patients had slightly 
lower values for both Lp(a) and LDL-C, although these 
differences were small. Lp(a) levels in white, Hispanic 
and Asian patients were similar, however, as reported in 
previous studies, levels were substantially higher in black 
or African-American patients, p<0.001. The associations 
between Lp(a) value and gender or race were similar 
across region. The higher levels observed in younger 
patients was primarily driven by differences observed 
in North America and Europe (online supplemental 
eTable 1). Figure 1A shows a histogram displaying the 
frequency of Lp(a) for patients with values obtained 
in mg/dL and figure 1B shows the results for patients 
with levels obtained in nmol/L. The fraction of patients 
with levels exceeding thresholds for increased cardio-
vascular risk indicate that 27.9% of patients had Lp(a) 
levels (equal or above) ≥50 mg/dL, 20.7% had levels 

(equal or above) ≥70 mg/dL and 12.9% had (equal or 
above ≥90 mg/dL, whereas 26% of patients exceeded 
150 nmol/L.

Online supplemental eTable 2 reports age and median 
Lp(a) for men and women at, or exceeding, the 70 mg/
dL and 90 mg/dL thresholds. Women at, or exceeding, 
the 70 mg/dL threshold were slightly older than men 
and their median levels were higher, similar to the overall 
population. Figure  2A shows the relationship between 
Lp(a) and LDL-C levels with median LDL-C levels consis-
tently trending higher with increasing Lp(a) levels. 
The median LDL-C was 85.1 mg/dL in patients with a 
Lp(a) level ≥150 mg/dL and 75.0 mg/dL for patients 
with an Lp(a) level <10 mg/dL, p value for trend <0.001. 
Figure 2B shows that younger patients had higher levels 
than older patients, a median of 19.7 mg/dL (IQR 8–62) 
for individuals in the bottom age quintile (ages 18–54 
years) compared with 17.0 mg/dL (IQR 8.0–50.2) in the 
top age quintile (ages 72–90 years), p<0.001.

Table  2 shows Lp(a) levels in the prespecified cate-
gories, <30 mg/dL, 30–50 mg/dL and ≥50 mg/dL and 
subgroups with Lp(a) level ranging from ≥10 mg/dL to 
≥100 mg/dL. Online Supplemental eFigure 1 illustrates 
deciles of Lp(a) for patients with values expressed in mg/
dL and nmol/L. Determination of the deciles was based 
on patients with values measured in mg/dL rather than 
nmol/L. The top decile of patients had median Lp(a) 
levels of 134 mg/dL and 329 nmol/L, respectively. The 

Table 1  Lipoprotein(a) (Lp(a)) and low-density lipoprotein cholesterol (LDL-C) by gender, age and race or ethnicity (n=48 135)

Category Number (%)

Lp(a) mg/dL
Median (IQR)
(n=29 765)

Lp(a) nmol/L
Median (IQR)
(n=18 370)

LDL-C mg/dL
Median (IQR)
(n=47 988)

All patients (both genders) 48 129* 18.0 (7.9–57.1) 42.0 (15.0–155.4) 77.0 (58.4– 101.0)

 � Male, n (%) 35 670 (74.1) 17.0 (7.1–52.2) 37.8 (13.7–143.2) 75.0 (58.0– 98.0)

 � Female, n (%) 12 459 (25.9) 22.8 (9.0–73.0) 54 (18.2–185.7) 82.0 (62.0– 111.0)

 � P values for gender comparison <0.001 <0.001 <0.001

Age category (years) 48 135

 � <65, n (%) 25 579 (53.1) 19.0 (7.9–61.1) 44.0 (15.0–161.0) 78.0 (59.1– 104.0)

 � ≥65, n (%) 22 556 (46.9) 17.0 (7.9–53.0) 40.0 (15.0–150.3) 75.0 (58.0– 98.6)

 � P value for ages ≥65 <65 <0.001 0.04 <0.001

 � <75, n (%) 42 472 (88.2) 18.0 (7.8–58.6) 42.0 (14.9–157.0) 77.0 (58.8– 101.7)

 � ≥75, n (%) 5663 (11.8) 17.0 (8.0–49.5) 40.7 (16.0–144.5) 75.0 (58.0– 97.0)

 � P value for ages ≥75 or <75 0.01 0.92 <0.001

Race or ethnicity 48 135

 � White, n (%) 32 339 (67.2) 19.0 (8.0– 71.0) 37.0 (14.0–152.0) 77.0 (58.0– 102.5)

 � Black/African-American, n (%) 2023 (4.2) 60.0 (22.2–93.0) 125.8 (53.9–229.6) 81.2 (60.4– 110.0)

 � Asian, n (%) 11 286 (23.5) 17.1 (7.3–39.8) 37.2 (15.0–102.0) 74.6 (58.0– 94.7)

 � Other, n (%) 2458 (5.1) 13.0 (5.6–44.2) 25.9 (10.0–89.0) 83.0 (63.0– 114.0)

 � Hispanic/Latino, n (%) 6014 (12.8) 20.0 (8.0–68.1) 34.5 (11.7–118.0) 80.0 (61.0– 109.0)

 � P value for black patients compared with 
other races or ethnicities

<0.001 <0.001 <0.001

*Six patients with missing/unknown gender.

https://dx.doi.org/10.1136/openhrt-2022-002060
https://dx.doi.org/10.1136/openhrt-2022-002060
https://dx.doi.org/10.1136/openhrt-2022-002060
https://dx.doi.org/10.1136/openhrt-2022-002060
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lowest decile of patients had median Lp(a) levels of 2.8 
mg/dL and 7.0 nmol/L.

Table  3 reports results for patients based on their 
cardiovascular disease history. The largest number 
of patients, 35 088 (72.9%) qualified for participa-
tion based on a history of MI, whereas 6037 (12.5%) 
had experienced a prior ischaemic stroke. Another 
4433 (9.2%) qualified due to a known history of PAD. 
A smaller number of patients 2577 (5.4%) reported 
having multiple event types. Table 4 reports Lp(a) and 
LDL-C levels for patients by geographic region. Western 
Europe contributed the largest number of patients 12 309 
(25.6%) followed by Eastern Europe 9639 (20.0%) and 
North America 9245 (19.2%). Lp(a) levels were gener-
ally similar in most regions except North America where 
levels were higher, 48.0 (IQR 11.0–104.0) mg/dL and 
52.3 (IQR 15.6–168.9) nmol/L compared with all other 
regions combined, p<0.001 for both. The median levels 
measured in mg/dL were more than twice as high in 
North America compared with Western Europe, but only 
moderately higher in patients measured using nmol/L. 
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Figure 1  (A) Frequency of lipoprotein(a) (Lp(a)) 
measurements for patients whose values were measured in 
mg/dL. The fraction of patients with values f ≥70 and 90 mg/
dL (21% and 13%, respectively) are indicated by vertical 
lines. (B) Frequency of Lp(a) measurements for patients 
whose values were measured in nmol/L. The fraction of 
patients whose values were equal or above the commonly 
used threshold of 150 nmol/L (26%) is indicated by a vertical 
line.
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Figure 2  (A) Relationship between lipoprotein(a) (Lp(a)) and 
low-density lipoprotein cholesterol (LDL-C) measurements. 
The bar charts demonstrate the increase in LDL-C related 
to lipid content of Lp(a) particles. IQR are shown for each 
category, <10 mg/dL, IQR 57.6–98.0; 10–49 mg/dL, IQR 60.0–
103.0; 50–99 mg/dL, IQR 61.9–103.1; 100–150 mg/dL, IQR 
64.6–107.5; ≥150 mg/dL, IQR 66.0–108.3. (B) Relationship 
between age and Lp(a) levels. Patients in the youngest 
quintile for age tended to have higher levels than patients in 
the oldest quintile. IQR, age 18–54 years, IQR 8.0–62.6; 55–
60, IQR 7.1–60.6; 61–66, IQR 8.0–59.5; 67–71, IQR 7.7–54.0; 
72–90, IQR 8.0–50.2.

Table 2  Lipoprotein(a) (Lp(a) in range and threshold 
categories for patients with values measured in mg/dL

Lp(a) category (mg/
dL)

Number (%) 
patients
N=29 765

Median Lp(a) value 
mg/dL (IQR)

<30 18 326 (61.6) 9.5 (5.0–15.6)

≥30–<50 3127 (10.5) 38.4 (33.9–44.0)

≥50 8312 (27.9) 86.4 (69.0–119.0)

≥10 20 336 (68.3) 36.7 (17.1–79.0)

≥20 14 117 (47.4) 60.9 (34.0–93.9)

≥30 11 439 (38.4) 73.5 (47.9–103.3)

≥40 9697 (32.6) 81.5 (59.0–111.7)

≥50 8312 (27.9) 86.4 (69.0–119.0)

≥60 7183 (24.1) 93.0 (76.5–126.0)

≥70 6145 (20.7) 100.0 (83.9–132.6)

≥80 5017 (16.9) 110.0 (90.4–141.0)

≥90 3824 (12.9) 124.0 (103.0–153.0)

≥100 3098 (10.4) 132.0 (114.0–163.0)
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LDL-C values showed the opposite directional patterns 
with the lowest median LDL-C in North America, 69.2 
mg/dL (IQR 53.0–93.0), and highest in Eastern Europe, 
88.2 mg/dL (IQR 68.1–117.9), both p<0.001 compared 
with all other regions.

Online supplemental eTable 3 reports the number of 
patients included in the study from each participating 
country and levels of Lp(a) and LDL-C for each country. 
Median Lp(a) levels varied widely among countries with 
no specific patterns. In countries with high enrolment, 
LDL-C levels were lowest in the USA, Canada, the UK, 
France, India and Italy, and highest in Eastern Euro-
pean countries such as the Russian Federation, Slovakia, 
Hungary and Bulgaria.

DISCUSSION
There were several goals of the Lp(a)HERITAGE study, 
including characterisation of Lp(a) patterns in a large 
global secondary prevention population and increasing 
awareness of the importance of Lp(a) as a risk factor for 
ASCVD. The study also sought to identify patients poten-
tially suitable for enrolment in the pivotal phase III Lp(a)
HORIZON trial that is studying cardiovascular outcomes 
for the investigational drug pelacarsen in patients with 
elevated Lp(a) and pre-existing ASCVD. Identification 
of patients with elevated Lp(a) eligible for participation 
in clinical trials of emerging therapies is challenging 
because this biomarker is not commonly measured even 
in patients with premature ASCVD. To our knowledge, 
this is the first large study to report Lp(a) and LDL-C 
levels in patients with ASCVD in an ethnically and region-
ally diverse global population. Several pioneering Danish 

Table 3  Lp(a) levels by atherosclerotic disease history

Type of event
Patients
N=48 135

Lp(a) mg/dL
Median (IQR)
(n=29 765)

Lp(a) nmol/L
Median (IQR)
(n=18 370)

LDL-C mg/dL
Median (IQR)
(n=47 988)

Cardiovascular history

 � MI, n (%) 37 383 (77.7) 18.2 (8.0–58.5) 40.9 (14.8–155.0) 75.0 (58.0–98.0)

 � Ischaemic stroke, n (%) 7568 (15.7) 14.3 (7.0–45.8) 41.0 (15.0–150.7) 83.0 (62.0– 112.1)

Any PAD 5925 (12.3)

 � Limb artery revascularisation, n (%) 3475 (7.2) 19.6 (7.9–62.9) 54.0 (18.0–175.0) 77.7 (59.0– 102.0)

 � Leg amputation, n (%) 421 (0.9) 26.8 (8.6–80.8) 41.1 (18.4–162.3) 78.0 (57.5– 101.0)

 � Symptomatic PAD with ABI ≤0.9, n (%) 3557 (7.4) 21.2 (8.0–70.0) 57.3 (17.9–185.0) 83.0 (62.0– 111.0)

Medical history (n=48 135)

 � Prior MI, n (%) 35 088 (72.9) 18.2 (8.0–57.9) 40.0 (14.5–152.8) 75.0 (58.0– 97.8)

 � Prior ischaemic stroke, n (%) 6037 (12.5) 14.0 (7.0–41.9) 40.0 (15.0–142.0) 85.0 (63.8– 114.0)

 � Prior PAD, n (%) 4433 (9.2) 21.0 (8.0–66.5) 50.0 (16.8–171.8) 83.0 (62.0– 110.0)

 � Multiple events, n (%) 2577 (5.4) 18.3 (7.7–69.0) 54.3 (16.9–182.0) 76.2 (57.6– 102.5)

P<0.001 compared with patients with history of MI.
ABI, ankle brachial index; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); MI, myocardial infarction; PAD, peripheral 
artery disease.

Table 4  Lipoprotein(a) (Lp(a)) level by geographic region

Region

Patients with 
Lp(a) measured 
in mg/dL
N=29 765
N (%)

Lp(a) mg/dL
N=29 765
Median (IQR)

Patients with 
Lp(a) measured in 
nmol/L
N=18 370
N (%)

Lp(a) nmol/L
Median (IQR)

Patients with 
LDL-C values
N=47 988
N (%)

LDL-C mg/dL
Median (IQR)

East Asia 6730 (22.6) 14.1 (6.0–31.3) 209 (1.1) 35.1 (14.0–100.8) 6936 (14.5) 75.8 (60.7– 94.0)

South Asia 3347 (11.2) 24.4 (10.8–56.2) 418 (2.3) 30.5 (10.8–92.0) 3762 (7.8) 74.0 (56.0– 97.0)

Eastern Europe 5467 (18.4) 15.0 (7.0–58.0) 4172 (22.7) 31.7 (12.0–128.2) 9626 (20.1) 88.2 (68.1– 117.9)

Western Europe 8676 (29.2) 19.4 (8.1–74.0) 3633 (19.8) 42.0 (19.0–169.0) 12 221 (25.5) 73.0 (56.0– 95.0)

Latin America 3761 (12.6) 19.7 (8.0–67.0) 1272 (6.9) 29.8 (10.0–101.0) 5019 (10.5) 82.0 (62.2– 112.0)

North America 1208 (4.1) 48.0 (11.0–104.0) 8037 (43.8) 52.3 (15.6–168.9) 9228 (19.2) 69.2 (53.0– 93.0)

Other 576 (1.9) 17.8 (8.0–49.2) 629 (3.4) 59.0 (22.0–150.0) 1196 (2.5) 82.0 (61.9–108.3)

LDL-C, low-density lipoprotein cholesterol.
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studies included 2527 patients with a history of ASCVD 
and a recent UK Biobank study included 22 401 patients 
with incident ASCVD, but both were single country 
studies and not regionally or ethnically diverse.10 11

In the Lp(a)HERITAGE study, median Lp(a) levels 
were 18 mg/dL, IQR (7.9–57.1) and 42.0 (IQR 15.0–
155.4) nmol/L. Although historical values were permitted 
by the study protocol, 86.1% of Lp(a) levels were acquired 
after informed consent was obtained. Slightly >10% 
of patients exhibited very high Lp(a) levels with values 
exceeding 100 mg/dL (table  2). The median Lp(a) 
levels in this top decile were 134 mg/dL and 329 nmol/L 
(online supplemental eFigure 1). For patients with values 
expressed in mg/dL, approximately 21% exceeded 70 
mg/dL and 13% exceeded 90 mg/dL (figure 1A). In the 
Lp(a)HORIZON study, the 70 mg/dL threshold is used 
as an entry criterion and the 90 mg threshold is defined as 
a subpopulation of interest. The levels of 70 and 90 mg/
dL represent approximately the 75th and 90th percen-
tiles in the general population. Levels >70 and 90 mg/
dL are associated with an approximately 40% and 70% 
greater risk of major adverse cardiovascular events.1 8 11 
For patients measured in nmol/L, 26% exceeded 150 
nmol/L (figure 1B). These levels were generally similar 
to other studies in secondary prevention populations. In 
the UK Biobank study, median Lp(a) levels were moder-
ately lower in patients with ASCVD, 29 nmol/L, but levels 
in the Copenhagen City Heart Study were very similar to 
the current study, 22 (IQR 9–54) mg/dL in women and 17 
(6–41) mg/dL in men.9 11 However, direct comparisons 
between studies are challenging because the selection 
criteria and specific assays used in prior studies varied 
widely. Most other large datasets, such as the Emerging 
Risk Factor Collaboration studied Lp(a) levels in pooled 
community-based prospective cohort studies without pre-
existing ASCVD to examine the relationship between 
baseline levels and subsequent events.1

Several additional insights emerged from the Lp(a)
HERITAGE study. As illustrated in table 1 table 2, glob-
ally, Lp(a) was measured more often in mass units (mg/
dL), 62% of patients, than units of molar concentration 
units (nmol/L). Because there is no reliable conversion 
factor for values obtained with these two unit systems, 
there is a need to harmonise measurement methods used 
globally. Despite recommendations to measure Lp(a) 
levels in units of molar concentration, conversion to this 
measurement approach varies by region and individual 
laboratories.12 An additional issue in standardisation is 
measurement variability related to the antibody used in 
ELISA methods.13

Approximately three-fourths of enrolled patients were 
male and both Lp(a) and LDL-C levels were higher in 
women compared with men (table 1 and online supple-
mental eTable 1). This finding most likely reflects the 
lower incidence of ASCVD in women and the greater 
importance of both Lp(a) and LDL-C as risk-enhancing 
factors in women. Similarly, younger patients had 
higher Lp(a) and LDL-C levels, again emphasising the 

importance of both lipoproteins as drivers of premature 
ASCVD (table 1). As noted in all prior studies, expressed 
in either unit system, black patients had substantially 
higher Lp(a) levels, approximately threefold higher 
than white, Hispanic or Asian patients (table 1). LDL-C 
levels were similar among patients of differing race and 
ethnicity with exception of Asian patients who had lower 
levels.

No clear differences in Lp(a) levels were evident 
based on the qualifying atherosclerotic event (table 3). 
Although Lp(a) levels appeared similar, LDL-C levels 
were higher in patients with ischaemic stroke 85.0 mg/dL 
(IQR 63.8–114.0) or PAD 83.0 mg/dL (IQR 62.0–110.0) 
compared with MI 75.0 mg/dL (IQR 58.0–98.0), all 
comparisons p<0.001. The higher Lp(a) levels in North 
American patients (table  4) likely reflect a higher frac-
tion of black patients or selection bias in enrolment of 
these patients. LDL-C levels were lower in North Amer-
ican, 69.1 mg/dL, likely reflecting the effectiveness of 
guideline-directed care in recent years. LDL-C levels 
in Eastern Europe were higher, a finding commonly 
observed in other trials of lipid-modifying therapies. Both 
Lp(a) and LDL-C levels were mostly similar in individual 
countries (online supplemental eTable 2), although 
Lp(a) levels were higher in countries with a larger popu-
lation of black patients (USA, South Africa and Brazil).

LDL-C levels were progressively higher in patients 
with increasing Lp(a) levels (figure 2A). This relation-
ship has been previously reported, but the magnitude 
of LDL-C increase in the current study was smaller 
than prior studies, which had suggested that about 
30% of Lp(a) mass is measured in current LDL-C 
assays.14 In the Lp(a)HERITAGE study, if we assume 
that the extent of LDL-C lowering is similar irrespec-
tive of Lp(a) levels, the increase in LDL-C linked to 
higher Lp(a) levels suggests that on average <10% 
of Lp(a) is comeasured in LDL-C assays (figure 2A). 
However, we cannot exclude that the patients with the 
highest Lp(a) levels had the most severe ASCVD and 
therefore were treated more intensively with LDL-C-
lowering therapies. Another recent study in patients 
with elevated Lp(a) showed the effect of Lp(a) on 
LDL-C measurement may range from 6% to 55% with 
median values of approximately 10%–20%.15 The 
current study also provides some evidence regarding 
the relationship between measurements of Lp(a) using 
the two different unit systems (mg/dL and nmol/L). 
The overall ratio of nmol/L to mg/dL measurements 
was 2.33:1, similar to the previously reported ratio of 
2.4:1.16 However, in the current study, this ratio varied 
from 1.7:1 in the lowest decile to 2.45:1 in the highest 
decile (online supplemental eFigure1). Another 
recent study also reported that this ratio rises with 
increasing Lp(a) levels.17

Global awareness of the need to measure Lp(a) in 
patients with ASCVD was an important goal of the Lp(a)
HERITAGE study. The development of RNA-based 
therapies to lower Lp(a) makes it critically important 
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for physicians to begin determining Lp(a) in high-risk 
patients. However, nearly 90% of Lp(a) values obtained 
in the Lp(a)HERITAGE study were collected after the 
informed consent was signed. Accordingly, it seems 
apparent that globally, physicians are managing the vast 
majority of patients with pre-existing ASCVD without 
knowledge of their Lp(a) levels. This finding suggests that 
major global educational programmes will be required to 
encourage physicians to measure Lp(a) in routine clin-
ical practice. Development of effective therapies can only 
influence outcomes if physicians and patients are aware 
of Lp(a) levels.

The Lp(a)HERITAGE study has several limita-
tions. First, the study was purely descriptive in design, 
reducing the reliability of statistical comparisons between 
subgroups. Second, local laboratory values were used and 
differing methods for measurement of Lp(a) may have 
influenced the results.18 Third, a prior cardiovascular 
event or PAD was a key inclusion criterion and historical 
data were used for both Lp(a) and LDL-C, both of which 
may have introduced referral bias. Fourth, both mass and 
molar concentration units were permitted, precluding 
uniform comparison of subgroups of interest.

SUMMARY
Despite these limitations, several useful insights 
emerged from the Lp(a)HERITAGE study. Most 
patients with ASCVD are currently managed without 
knowledge of their Lp(a) levels. Approximately one-
quarter of the global population with ASCVD have 
elevated Lp(a) levels with 10% of the population 
exhibiting levels >100 mg/dL. Women and younger 
patients tended to have higher levels of both LDL-C 
and Lp(a) reflecting the influence of both lipopro-
teins on premature ASCVD. Lp(a) represents one of 
the few untreatable ASCVD risk factors, an observa-
tion that may soon change if current gene-silencing 
therapies are successful.
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