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Aims To validate the reported increased atherosclerotic cardiovascular disease (ASCVD) risk associated with very high
lipoprotein(a) [Lp(a)] and to investigate the impact of routine Lp(a) assessment on risk reclassification.

...................................................................................................................................................................................................
Methods
and results

We performed a cross-sectional case-control study in the Amsterdam UMC, a tertiary hospital in The
Netherlands. All patients in whom a lipid blood test was ordered between October 2018 and October 2019 were
included. Individuals with Lp(a) >99th percentile were age and sex matched to individuals with Lp(a) <_20th per-
centile. We computed odds ratios (ORs) for myocardial infarction (MI) and ASCVD using multivariable logistic re-
gression adjusted for age, sex, and systolic blood pressure. Furthermore, we assessed the additive value of Lp(a) to
established ASCVD risk algorithms. Lipoprotein(a) levels were determined in 12 437 individuals, out of whom 119
cases [Lp(a) >99th percentile; >387.8 nmol/L] and 119 matched controls [Lp(a) <_20th percentile; <_7 nmol/L] were
included. Mean age was 58 ± 15 years, 56.7% were female, and 30.7% had a history of ASCVD. Individuals with
Lp(a) levels >99th percentile had an OR of 2.64 for ASCVD [95% confidence interval (CI) 1.45–4.89] and 3.39 for
MI (95% CI 1.56–7.94). Addition of Lp(a) to ASCVD risk algorithms led to 31% and 63% being reclassified into a
higher risk category for Systematic Coronary Risk Evaluation (SCORE) and Second Manifestations of ARTerial dis-
ease (SMART), respectively.

...................................................................................................................................................................................................
Conclusion The prevalence of ASCVD is nearly three-fold higher in adults with Lp(a) >99th percentile compared with matched

subjects with Lp(a) <_20th percentile. In individuals with very high Lp(a), addition of Lp(a) resulted in one-third of
patients being reclassified in primary prevention, and over half being reclassified in secondary prevention.
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Keywords Lipoprotein(a) • Cardiovascular risk • Reclassification

Introduction

Lipoprotein(a) [Lp(a)], consisting of a lipid-laden apoB-100 particle
covalently bound to an apolipoprotein(a) [apo(a)] tail, is an independ-
ent and likely causal risk factor for atherosclerotic cardiovascular dis-
ease (ASCVD).1–4 Individuals with very high Lp(a) levels (>430 nmol/
L; �180 mg/dL) are considered to have a more than three-fold
increased lifetime risk of ASCVD, which is comparable to heterozy-
gous familial hypercholesterolaemia (FH) patients.5 Even though very
high Lp(a) is�2.5 times more prevalent than heterozygous FH (1:100
vs. 1:250), the vast majority of individuals remains unidentified be-
cause standard lipid profiling does not include Lp(a) measurement.5–7

The 2019 European Society of Cardiology (ESC)/European
Atherosclerosis Society (EAS) Guidelines for the management of dys-
lipidaemias recommend to measure Lp(a) at least once in every

person’s life.8 Yet, routine lipid assessment does not include Lp(a) in
the majority of hospitals, nor do modern-day ASCVD risk algorithms
such as the Systematic Coronary Risk Evaluation (SCORE)9 and
Second Manifestations of ARTerial disease (SMART) incorporate
Lp(a).10 The cause of this deviation from guidelines is likely multifac-
torial.11 First, national guidelines still report conflicting cut-offs for
Lp(a) elevation, which is further complicated by the use of a wide var-
iety of Lp(a) assays, reporting either Lp(a) mass or particle concentra-
tion. Second, the use of Lp(a) as a dichotomous rather than
continuous parameter results in minimal improvements in risk stratifi-
cation: Lp(a) levels of 50 mg/dL would be considered to carry the
same risk as very high Lp(a) levels (>180 mg/dL), even though the lin-
ear relationship between increasing Lp(a) levels and ASCVD risk has
been well established. Finally, the absence of available specific Lp(a)

Graphical Abstract

Overview of study design and results of included participants in this study. Controls were matched to cases according to age and sex.
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lowering interventions has restricted therapeutic consequences of
Lp(a) elevation.

In the present study, we set out to evaluate the clinical impact of a
single routine measurement of Lp(a) on cardiovascular disease
(CVD) risk reclassification and the potential implications for
guideline-based preventive therapy in patients with very high Lp(a)
levels.6 To this end, we aimed to substantiate the increased ASCVD
risk associated with very high Lp(a) levels. Next, we determined what
proportion of these individuals would be reclassified to a higher risk
category by adding Lp(a) to the SCORE and SMART algorithms. For
this purpose, we routinely measured Lp(a) during 1 year in all individ-
uals undergoing clinical lipid profiling in a tertiary hospital setting.

Methods

Study design and participants
Lipoprotein(a) levels were determined in all patients who underwent
clinical lipid profiling between October 2018 and October 2019 in the
Amsterdam University Medical Centre. Patients were defined as case if
they had very high Lp(a) levels >99th percentile, consistent with the 2019
ESC/EAS Guidelines.12 Cases were matched by age and sex to a random
selection of individuals with low Lp(a) levels (<_20th percentile) from the
same sample in a 1:1 ratio. All patients aged 18 years or older who fulfilled
the criteria for case or control were included. All data were collected
from electronic medical records. Patients were asked for consent for the
use of clinical data through an opt-out procedure, which was approved.

Lipid measurements
Lipoprotein(a) concentrations were measured in nmol/L by an isoform
independent, second-generation assay (Roche Diagnostics, Mannheim,
Germany). Plasma levels of total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and triglycerides were measured in a core labora-
tory from the same plasma sample as Lp(a). Low-density lipoprotein chol-
esterol (LDL-C) was calculated using the Friedewald formula and
corrected for Lp(a) cholesterol by subtracting 17.3% of total Lp(a) mass
from LDL-C, based on recent insights from a direct Lp(a) cholesterol
quantification assay.13

Primary and secondary outcomes
The primary outcome consisted of ASCVD prevalence, which was a
composite of prior fatal or non-fatal myocardial infarction (MI), revascula-
rization therapy (coronary artery bypass graft surgery and percutaneous
coronary intervention), ischaemic stroke, and peripheral arterial disease.
Prevalence of MI was studied as a key secondary outcome. Other sec-
ondary outcomes consisted of the use of lipid-lowering therapy (LLT),
the achievement of LDL-C treatment targets for primary and secondary
prevention and the effect of Lp(a) addition to established ASCVD risk
algorithms on risk classification. Patients without data available on the pri-
mary outcome were excluded.

Statistical analysis
Baseline characteristics are described as mean ± standard deviation for
normally distributed data, as median [interquartile range (IQR)] for non-
normally distributed data or as number (percentage) for count data, and
were compared using the unpaired T-test, Mann–Whitney U test, and v2

test, respectively. Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated for the primary and secondary outcomes using multivari-
able logistic regression. Models were adjusted for age, sex, and systolic
blood pressure.

To determine the achievement of LDL-C treatment targets in a pri-
mary prevention setting, we first stratified patients without clinically mani-
fest CVD into established risk categories based on their 10-year
predicted risk of CVD mortality according to the SCORE.9 Patients with
a 10-year predicted risk <5% were classified as low risk, 5–10% as inter-
mediate risk, and >_10% as high risk. Next, we calculated the percentage
of high- and intermediate-risk patients who achieved LDL-C levels
<2.6 mmol/L, which is the recommended target by Dutch national guide-
lines in patients with a 10-year risk of CVD mortality >_5%.14 To assess
the achievement of LDL-C treatment targets in secondary prevention,
we applied the same Dutch guidelines, which recommend an LDL-C level
<1.8 mmol/L in all patients with overt CVD.14 For both primary and sec-
ondary prevention, we also calculated the proportion of patients treated
with LLT that reached their guideline-recommended treatment target of
2.6 and 1.8 mmol/L, respectively.

To assess the additive value of Lp(a) levels to established ASCVD risk
algorithms, we first calculated the 10-year predicted risk of recurrent vas-
cular events using the SMART and the 10-year predicted risk of CVD
mortality using SCORE for patients with and without overt ASCVD, re-
spectively.9,10 Randomly missing variables were imputed using multiple
imputation by chained equations. We created 25 imputed copies of the
original data set and pooled the estimates from the regression analyses.
For SMART, the 10-year predicted risk of recurrent ASCVD events was
classified into five categories: <10% was classified as low risk, 10–20% as
moderate risk, 20–30% as high risk, 30–40% as very high risk, and >_40%
as extremely high risk.10 Next, we multiplied the SCORE and SMART
score with ORs for Lp(a) increase above the population average from
two observational cohorts in both primary and secondary prevention.
For primary prevention, we added Lp(a) to the SCORE algorithm using
the following formula: 10-year predicted SCORE risk� 1.16 ^ [(Lp(a) in
nmol/L� 28.2 nmol/L)/105 nmol/L]. This formula was based on the ob-
servation by Langsted et al.3 that every 105 nmol/L Lp(a) increase above
the median level results in a hazard ratio of 1.16 for CVD mortality. For
secondary prevention, we added Lp(a) to the SMART algorithm using
this formula: 10-year predicted SMART risk� 1.04 ^ [(Lp(a) in nmol/
L� 28.2 nmol/L)/50 nmol/L]. This formula was based on the observation
by Patel et al.15 that every 50 nmol/L Lp(a) increase above the median
level results in a hazard ratio of 1.04 for recurrent ASCVD events. All
statistical analyses were performed using R software, version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics
Between October 2018 and October 2019, Lp(a) levels were deter-
mined in 12 437 patients who underwent clinical lipid profiling
(Graphical abstract) in our centre. In our study population, the 99th
Lp(a) percentile corresponded to 387.8 nmol/L. Twenty-four
patients were not included in the analysis because they refused con-
sent through the opt-out procedure for data collection from their
electronic medical records. Of the remaining 12 413 patients, 122
individuals with very high Lp(a) levels fulfilled the inclusion criteria,
three of which were excluded because of missing data on the primary
outcome. The included 119 cases were matched to an equal number
of control subjects with Lp(a) <_20th percentile. The mean age of all
included patients was 57.8± 15 years and 56.7% (135) were female
(Table 1). In total, 30.7% (73) patients had a history of ASCVD. The
median Lp(a) in the very high Lp(a) group was 460 nmol/L (IQR 418–
533), compared with 7 nmol/L (IQR 7–7) in the low Lp(a) group
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..(Table 1; P < 0.001). As expected, uncorrected LDL-C levels were
higher in the very high Lp(a) group compared to the low Lp(a) group
(3.01± 1.30 vs. 2.53 ± 1.03 mmol/L; P = 0.003), while corrected LDL-
C levels were lower in the very high Lp(a) group (2.08 ± 1.32 vs.
2.52± 1.03 mmol/L; P = 0.007). Use of antihypertensive and antiplate-
let therapy was significantly higher among individuals with very high
Lp(a) levels than in controls. Missing data percentages were 1.3% for
systolic blood pressure, 7.1% for smoking, 5.9% for LDL-C, 4.2% for
HDL-C, 4.6% for total cholesterol, and 7.6% for estimated glomerular
filtration rate (eGFR). The baseline table shows the original, non-
imputed values.

Prevalence of atherosclerotic
cardiovascular disease and myocardial
infarction
The prevalence of ASCVD was 40.3% in the very high Lp(a) group
compared with 21.0% in the low Lp(a) group (P = 0.002). Prevalence
of MI was also significantly higher in patients with very high Lp(a) lev-
els compared to patients with low Lp(a) levels (22.7% vs. 8.4%;
P = 0.004). Multivariable-adjusted ORs were 2.64 (95% CI 1.46–4.88,
P = 0.002) for ASCVD and 3.39 (95% CI 1.56–7.93, P = 0.003) for MI

(Table 2). Mean age of first ASCVD event was 54± 12 years in the
very high Lp(a) group and 58 ± 11 years in the low Lp(a) group
(P = 0.232). For MI, this was 56 ± 11 and 60± 9 years for very high
and low Lp(a) levels, respectively (P = 0.315). Since eGFR differed sig-
nificantly between the two groups at baseline, we performed an add-
itional regression analysis including eGFR, which did not materially
impact the findings.

Use of lipid-lowering therapy and
achievement of low-density lipoprotein
cholesterol targets
In the very high Lp(a) group, 70.3% patients used at least one type of
LLT, compared with 42.0% patients with low Lp(a) levels (Table 3;
P < 0.001). In patients with very high Lp(a) levels, LLT predominantly
consisted of statins (90.4%), followed by ezetimibe (50.6%), PCSK9
inhibitors (13.3%), and fibrates (2.4%). In the low Lp(a) group, this
was 90.0%, 20.0%, 6.0%, and 4.0% for statins, ezetimibe, PCSK9 inhibi-
tors, and fibrates, respectively. Two or more types of LLT were used
by 33.9% patients with very high Lp(a) levels and 8.4% patients with
low Lp(a) levels (Table 3; P < 0.001). In primary prevention, 51.3% of
patients with intermediate or high risk according to SCORE reached

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of patients with very high and low lipoprotein(a) levels

Lp(a) >99th percentile Lp(a) �20th percentile P-value

Number of individuals 119 119

Age (years) 59 (14) 57 (16) 0.372

Women 68 (57.1) 67 (56.3) 1.000

Lp(a) (nmol/L) 459.6 (417.9–532.7) 7.0 (7.0–7.0) <0.001

Total cholesterol (mmol/L) 5.14 (1.57) 4.73 (1.30) 0.032

LDL cholesterol, Lp(a) corrected (mmol/L) 2.08 (1.32) 2.52 (1.03) 0.007

HDL cholesterol (mmol/L) 1.47 (0.47) 1.46 (0.46) 0.894

Triglycerides (mmol/L) 1.29 (0.92–1.84) 1.29 (0.78–1.84) 0.875

Body mass index (kg/m2) 26.9 (4.9) 25.4 (5.1) 0.456

Systolic blood pressure (mmHg) 134 (17) 131 (18) 0.097

Diastolic blood pressure (mmHg) 81 (12) 79 (12) 0.238

eGFR (mL/min/1.73 m2) 64 (23) 74 (18) 0.001

Hypertension 72 (60.5) 49 (41.2) 0.004

Diabetes mellitus type 2 28 (23.5) 16 (13.4) 0.066

Current smoker 18 (15.9) 24 (22.2) 0.308

Lipid-lowering therapy 83 (70.3) 50 (42.0) <0.001

Antihypertensives 75 (63.0) 58 (48.7) 0.037

Antidiabetics 27 (23.1) 18 (15.3) 0.174

Antiplatelet therapy 49 (41.5) 26 (21.8) 0.002

Anticoagulants 8 (6.8) 12 (10.1) 0.508

ASCVD 48 (40.3) 25 (21.0) 0.002

Myocardial infarction 27 (22.7) 10 (8.4) 0.004

Revascularization therapy 27 (22.7) 9 (7.6) 0.002

Ischaemic stroke 12 (10.1) 7 (5.9) 0.339

Peripheral arterial disease 11 (9.2) 8 (6.7) 0.632

Data are presented as mean (standard deviation) for normally distributed continuous variables, median (interquartile range) for non-normally distributed continuous variables,
and number (percentage) for categorical variables. ASCVD consisted of fatal or non-fatal myocardial infarction, revascularization therapy (coronary artery bypass graft surgery
or percutaneous coronary intervention), ischaemic stroke, and peripheral arterial disease.
ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; Lp(a), lipoprotein(a); HDL, high-density lipoprotein.
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..their recommended LDL-C target of <2.6 mmol/L. In secondary pre-
vention, 27.4% of patients reached their recommended LDL-C target
of <1.8 mmol/L. The proportion of patients in both primary and sec-
ondary prevention treated with LLT reaching their recommended
LDL-C target was 39.8% in the very high Lp(a) group compared to
58.0% in the low Lp(a) group (P = 0.041).

Risk reclassification
After incorporating Lp(a) levels into the SCORE algorithm, the mean
estimated 10-year CVD mortality risk increased from 2.8% to 3.9% in
the primary prevention subset. In the very high Lp(a) group, this
resulted in the upward reclassification of 31.0% of patients (Table 4
and Figure 1A). Incorporation of Lp(a) levels in the SMART algorithm
led to an increase in the mean estimated 10-year recurrent ASCVD
risk from 24.8% to 32.5% in the secondary prevention subset. This
led to reclassification of 62.5% of patients with very high Lp(a) levels
to a higher risk category (Table 4 and Figure 1B).

Discussion

We show that patients with Lp(a) levels >99th percentile have an
OR of 3.4 for MI and 2.6 for ASCVD compared with age- and sex-
matched patients with low Lp(a) <_20th percentile. Incorporation of
Lp(a) into ASCVD risk algorithms resulted in the reclassification of
31% and 63% of individuals with very high Lp(a) levels to a higher risk
category for SCORE (primary prevention) and SMART (secondary
prevention), respectively. Despite more intensive LLT, patients with
very high Lp(a) levels were less likely to achieve their LDL-C treat-
ment target than patients in the low Lp(a) group. Collectively, these
data underscore the profound impact of a single Lp(a) measurement

on risk reclassification of patients with very high Lp(a) levels, lending
further support to routinely measure Lp(a) in patients evaluated for
cardiovascular risk management.

Atherosclerotic cardiovascular disease
risk associated with very high
lipoprotein(a)
The observed risks of ASCVD and MI in individuals with very high
Lp(a) levels in our study are in accordance with the previously
reported three- to four-fold increased risk observed in population
studies, which evaluated both genetically predicted and plasma Lp(a)
concentrations.1,5,15 This confirms that the ASCVD risk associated
with very high Lp(a) is equivalent to that of heterozygous FH.
Importantly, very high Lp(a) may even have a greater impact on the
overall population burden of ASCVD, since very high Lp(a) elevation
is an approximately two to three times more prevalent condition
than heterozygous FH. Unfortunately, in absence of routine Lp(a)
testing the vast majority of individuals with very high Lp(a) remains
unidentified, even after having experienced an ASCVD event. Timely
identification as well as treatment initiation in these individuals, even
in absence of specific Lp(a) lowering therapies, could greatly reduce
their ASCVD burden.

Impact of lipoprotein(a) on
cardiovascular risk stratification
Several studies have evaluated the effect Lp(a) addition to ASCVD
risk prediction scores, reporting improved risk classification.12,16–18

However, overall improvements were modest due to the use of spe-
cific Lp(a) cut-offs rather than continuous values, the use of different
Lp(a) assays, and the previous lack of predictive power to adequately

............................................. ....................................

....................................................................................................................................................................................................................

Table 2 Odds ratios for atherosclerotic cardiovascular disease and myocardial infarction

Model 1: ASCVD Model 2: MI

OR 95% CI P-value OR 95% CI P-value

Lp(a) >99th percentile 2.64 1.45–4.89 0.002 3.39 1.56–7.94 0.003

ASCVD consisted of fatal or non-fatal myocardial infarction, revascularization therapy (coronary artery bypass graft surgery or percutaneous coronary intervention), ischaemic
stroke, and peripheral arterial disease.
ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; Lp(a), lipoprotein(a); MI, myocardial infarction; OR, odds ratio.

....................................................................................................................................................................................................................

Table 3 Use of lipid-lowering therapy in primary and secondary prevention

Lp(a) >99th percentile Lp(a) �20th percentile P-value

Primary prevention

>_1 lipid-lowering drug 39/70 (55.7%) 28/94 (29.8%) 0.001

>_2 lipid-lowering drugs 22/70 (31.4%) 4/94 (4.3%) <0.001

Secondary prevention

>_1 lipid-lowering drug 44/48 (91.7%) 22/25 (88%) 0.931

>_2 lipid-lowering drugs 18/48 (37.5%) 6/25 (24%) 0.367

Data are presented as numbers, percentages, or ratios.
Lp(a), lipoprotein(a).
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assess the risk of ASCVD associated with very high Lp(a) levels.
Contemporary Lp(a) assays and large-scale data from population stud-
ies have substantiated the linear relationship between increasing Lp(a)
levels and ASCVD risk. By providing a quantitative risk estimate per
unit Lp(a) increase, we were able to incorporate the risk associated
with Lp(a) into ASCVD risk algorithms on the individual patient level

instead of the previously used 50 mg/dL cut-off. The observed high rate
of reclassification in patients with very high Lp(a) but no ASCVD in the
present study underscores a valuable role for Lp(a) in refining ASCVD
risk assessment in patients at the far end of the Lp(a) spectrum. In pri-
mary prevention, 75% of patients with very high Lp(a) were initially
classified as low risk according to the conventional SCORE algorithm.

........................................................................................... ..................................................................

....................................................................................................................................................................................................................

.................................................................................................................. ............................................................

.........................................................................................................................................................................................................................

Table 4 Reclassification tables of lipoprotein(a) addition to clinical risk algorithms in the very high lipoprotein(a)
group

A

SCORE without Lp(a)

SCORE with Lp(a) Reclassified into higher risk category

High risk Intermediate risk Low risk Total Number Total (%)

High risk 4 4

Intermediate risk 11 1 12 11 15.5

Low risk 0 11 44 55 11 15.5

Total 16 12 44 71 22 31.0

B

SMARTwithout Lp(a) SMARTwith Lp(a) Reclassified into higher risk category

Extremely

high risk

Very high risk High risk Moderate risk Low risk Total Number Total (%)

Extremely high risk 10 10

Very high risk 4 0 4 4 8.3

High risk 3 5 0 8 8 16.7

Moderate risk 0 1 11 6 18 12 25.0

Low risk 0 0 0 6 2 8 6 12.5

Total 16 7 11 12 2 48 30 62.5

(A) Risk reclassification table of Lp(a) addition to SCORE in primary prevention. (B) Risk reclassification table of Lp(a) addition to SMART in secondary prevention. Data are
presented as numbers or percentages. Numbers in red represent the number of Lp(a) patients with very high Lp(a) who were reclassified into a higher risk category.
Lp(a), lipoprotein(a); SCORE, Systematic Coronary Risk Evaluation; SMART, Second Manifestations of ARTerial disease.

Figure 1 Risk reclassification in patients with very high lipoprotein(a) in primary and secondary prevention setting. Stacked bar charts showing the
proportional distribution of patients in the very high lipoprotein(a) group across different risk categories based on the SCORE (A) and SMART (B) al-
gorithm without lipoprotein(a) (left bar) and after addition of lipoprotein(a) (right bar). Lp(a), lipoprotein(a); SCORE, Systematic Coronary Risk
Evaluation; SMART, Second Manifestations of ARTerial disease.
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.The majority of these patients would not have qualified for cardiovas-
cular risk management in absence of the Lp(a) screening. After incor-
porating their Lp(a) levels into the SCORE algorithm, one-third of
primary prevention patients with high Lp(a) were reclassified into a
higher risk category. In secondary prevention, more than half of all
patients with very high Lp(a) were reclassified into a higher risk cat-
egory after incorporation of Lp(a) into the SMART algorithm.

Target attainment in individuals with
very high lipoprotein(a)
Our study demonstrates that patients with ASCVD and very high Lp(a)
levels were less successful in attaining their LDL-C treatment target
than patients with low Lp(a) levels, despite higher as well as more inten-
sive use of LLT. With over 90% of patients with ASCVD and very high
Lp(a) levels using at least one lipid-lowering drug and a combination of
several LLTs, only one in four achieved the recommended LDL-C tar-
get of 1.8 mmol/L in secondary prevention. The large difference in the
proportion of treated patients reaching their LDL-C target between
very high vs. low Lp(a) subjects most likely reflects the inability to po-
tently reduce LDL-C levels in very high Lp(a) subjects, because meas-
ured LDL-C in these patients mainly reflects high Lp(a) cholesterol.
Statin therapy has even been shown to increase circulating Lp(a) levels
by�10–20%.6,19 With standard of care LLTs being less effective, these
patients could benefit from more intensive LDL-C lowering [e.g. by
PCSK9 inhibitors, which also modestly lower Lp(a)], or a specific Lp(a)
lowering compound such as apo(a) antisense, when approved.20–22

Study limitations
Several limitations of this study require closer attention. First, data
were ascertained through electronic patient records, which may
have contained incomplete or outdated information. Second, the
researchers collecting the data from electronic medical records were
not blinded to participants’ exposure status, i.e. Lp(a) values, which
may have introduced bias in collecting the data. To minimize any po-
tential bias, data collection was checked by a third independent re-
searcher. Third, due to privacy and capacity restrictions, we were
only able to assess the group of patients with very high Lp(a) levels. It
is likely that there would be considerable reclassification at lower
Lp(a) levels as well. Last, data were obtained in a large academic hos-
pital, which may limit generalizability to the general population, since
Lp(a) levels and prevalence of other ASCVD risk factors in included
patients could be higher than in the general population as a result
from hospital selection bias. Future studies will need to address these
questions to validate the generalizability of our observations.

Conclusions

The prevalence of ASCVD and MI is approximately three-fold higher
in adults with Lp(a) levels >99th percentile compared to adults with
Lp(a) levels <_20th percentile. The incorporation of Lp(a) into estab-
lished ASCVD risk algorithms results in reclassification for one-third
of individuals with very high Lp(a) in primary prevention and more
than half of individuals with very high Lp(a) in secondary prevention.
Our findings highlight the profound impact of Lp(a) on cardiovascular
risk stratification, lending further support to routine measurement of
Lp(a) as an integral part of cholesterol measurement.
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9. Conroy RM, Pyörälä K, Fitzgerald AP, Sans S, Menotti A, De Backer G, De
Bacquer D, Ducimetière P, Jousilahti P, Keil U, Njølstad I, Oganov RG, Thomsen
T, Tunstall-Pedoe H, Tverdal A, Wedel H, Whincup P, Wilhelmsen L, Graham
IM; SCORE Project Group. Estimation of ten-year risk of fatal cardiovascular dis-
ease in Europe: the SCORE project. Eur Heart J 2003;24:987–1003.

10. Dorresteijn JAN, Visseren FLJ, Wassink AMJ, Gondrie MJA, Steyerberg EW,
Ridker PM, Cook NR, van der Graaf Y; on behalf of the SMART Study Group.
Development and validation of a prediction rule for recurrent vascular events
based on a cohort study of patients with arterial disease: the SMART risk score.
Heart 2013;99:866–872.

11. Furlan L, Azcarate P, Redberg RF. Screening for lipoprotein(a) levels in persons
at low risk for cardiovascular disease: a teachable moment. JAMA Intern Med
2021;181:539.

The need for routine assessment of Lp(a) 775
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/29/5/769/6386706 by guest on 11 O
ctober 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..12. Kamstrup PR, Tybjærg-Hansen A, Nordestgaard BG. Extreme lipoprotein(a) levels
and improved cardiovascular risk prediction. J Am Coll Cardiol 2013;61:1146–1156.

13. Yeang C, Witztum JL, Tsimikas S. Novel method for quantification of
lipoprotein(a)-cholesterol: implications for improving accuracy of LDL-C meas-
urements. J Lipid Res 2021;62:100053.

14. Federatie Medisch Specialisten. Multidisciplinaire richtlijn Cardiovasculair risicoma-
nagement (CVRM): Streefwaarde van LDL-C bij CVRM, https://richtlijnendatabase.
nl/richtlijn/cardiovasculair_risicomanagement_cvrm/risicofactor_interventie_bij_
cvrm/lipiden_bij_cvrm/streefwaarde_van_ldl-c_bij_cvrm.html (1 September 2021).

15. Patel AP, Wang M, Pirruccello JP, Ellinor PT, Ng K, Kathiresan S, Khera AV. Lp(a) (lip-
oprotein[a]) concentrations and incident atherosclerotic cardiovascular disease: new
insights from a large National Biobank. Arterioscler Thromb Vasc Biol 2021;41:465–474.

16. Verbeek R, Sandhu MS, Hovingh GK, Sjouke B, Wareham NJ, Zwinderman AH,
Kastelein JJP, Khaw K-T, Tsimikas S, Boekholdt SM. Lipoprotein(a) improves car-
diovascular risk prediction based on established risk algorithms. J Am Coll Cardiol
2017;69:1513–1515.

17. Willeit P, Kiechl S, Kronenberg F, Witztum JL, Santer P, Mayr M, Xu Q, Mayr A,
Willeit J, Tsimikas S. Discrimination and net reclassification of cardiovascular risk
with lipoprotein(a): prospective 15-year outcomes in the Bruneck study. J Am
Coll Cardiol 2014;64:851–860.

18. Delabays B, Marques-Vidal P, Kronenberg F, Waeber G, Vollenweider P,
Vaucher J. Use of lipoprotein(a) for refining cardiovascular risk prediction
in a low-risk population: the CoLaus/PsyCoLaus study. Eur J Prev Cardiol

2020.
19. Willeit P, Ridker PM, Nestel PJ, Simes J, Tonkin AM, Pedersen TR, Schwartz GG,

Olsson AG, Colhoun HM, Kronenberg F, Drechsler C, Wanner C, Mora S,
Lesogor A, Tsimikas S. Baseline and on-statin treatment lipoprotein(a) levels for
prediction of cardiovascular events: individual patient-data meta-analysis of statin
outcome trials. Lancet 2018;392:1311–1320.

20. Marston NA, Gurmu Y, Melloni GEM, Bonaca M, Gencer B, Sever PS, Pedersen
TR, Keech AC, Roselli C, Lubitz SA, Ellinor PT, O’Donoghue ML, Giugliano RP,
Ruff CT, Sabatine MS. The effect of PCSK9 (Proprotein Convertase Subtilisin/
Kexin Type 9) inhibition on the risk of venous thromboembolism. Circulation
2020;141:1600–1607.

21. Tsimikas S, Karwatowska-Prokopczuk E, Gouni-Berthold I, Tardif J-C, Baum SJ,
Steinhagen-Thiessen E, Shapiro MD, Stroes ES, Moriarty PM, Nordestgaard BG,
Xia S, Guerriero J, Viney NJ, O’Dea L, Witztum JL. Lipoprotein(a)

reduction in persons with cardiovascular disease. N Engl J Med 2020;382:
244–255.

22. Mahmood T, Minnier J, Ito MK, Li QH, Koren A, Kam IW, Fazio S, Shapiro MD.
Discordant responses of plasma low-density lipoprotein cholesterol and lipopro-
tein(a) to alirocumab: a pooled analysis from 10 ODYSSEY phase 3 studies. Eur J
Prev Cardiol 2021;28:816–822.
VC The Author(s) 2021. Published by Oxford University Press on behalf of the

European Society of Cardiology.

776 N.S. Nurmohamed et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/29/5/769/6386706 by guest on 11 O
ctober 2022

https://richtlijnendatabase.nl/richtlijn/cardiovasculair_risicomanagement_cvrm/risicofactor_interventie_bij_cvrm/lipiden_bij_cvrm/streefwaarde_van_ldl-c_bij_cvrm.html
https://richtlijnendatabase.nl/richtlijn/cardiovasculair_risicomanagement_cvrm/risicofactor_interventie_bij_cvrm/lipiden_bij_cvrm/streefwaarde_van_ldl-c_bij_cvrm.html
https://richtlijnendatabase.nl/richtlijn/cardiovasculair_risicomanagement_cvrm/risicofactor_interventie_bij_cvrm/lipiden_bij_cvrm/streefwaarde_van_ldl-c_bij_cvrm.html

	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8

