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Further information on the genetic control of Lp(a) concentration 1 

Further to the main text and Figure 1 and detailed discussion in a recent review 1, this section 2 
summarizes the most important characteristics of the genetic regulation of lipoprotein(a) 3 
[Lp(a)] concentration.  4 

The LPA gene locus explains up to 90% of Lp(a) variance.2, 3 About 30-70% of Lp(a) 5 
concentration is attributed to apo(a) isoform size, which is determined by the number of 6 
Kringle IV (KIV) repeats. There is an inverse correlation between the number of KIV repeats and 7 
Lp(a) concentration.4 Individuals with a low number of KIV repeats (up to 22 repeats) have small 8 
apo(a) isoforms and usually have median Lp(a) concentrations 4-5 times higher than those who 9 
carry only large isoforms (> 22 KIV repeats). This inverse relationship is most probably caused 10 
by more efficient maturation of smaller apo(a) proteins in the endoplasmatic reticulum.5, 6 11 

Two well-known single nucleotide polymorphisms (SNPs), rs10455872 and rs3798220, are 12 
usually observed with small apo(a) isoforms and are associated with high Lp(a) concentrations.7 13 
However, this so-called "tagging" (meaning that they are simply proxies of the mentioned two 14 
SNPs) is far from perfect since only about 50% of small isoform carriers are also carriers of one 15 
or both of the mutated variants of these two SNPs.8 Additionally,  these two SNPs might not 16 
have direct functional consequences. 17 

 The complex relationship between apo(a) isoform and Lp(a) concentration is also modified by 18 
several functional SNPs (see Figure 1 in the man manuscript for overview), resulting in a large 19 
variance in individual Lp(a) concentrations within each isoform group.1 The LPA gene contains a 20 
large number of loss of function mutations with a wider range of allele frequencies. Some of 21 
these occur only in defined isoform size ranges and concomitantly influence the Lp(a) 22 
concentration trait (reviewed in 1).  23 

With the introduction of new methods, exploration of the highly repetitive KIV type-2 region for 24 
mutations and polymorphisms is only now possible,  more than 500 have been discovered 9 and 25 
functional characterization is ongoing. Among these are  two splice site variants, 4925G>A and 26 
4733 G>A, which are highly frequent (22% and 38% are carriers, respectively) and result in a 27 
pronounced decrease in Lp(a) concentration (by ≈30 and 13 mg/dL, respectively) and a lower 28 
risk for cardiovascular disease.10, 11 These two variants are the second and third strongest 29 
relative contributors to  Lp(a) concentration beyond apo(a) isoform size.11 30 

Ethnic differences in Lp(a) concentration are partially explained by genetic variants in the LPA 31 
gene, in particular loss of function variants such as rs41272114 12 or rs143431368 13 which vary 32 
considerably in frequency between ethnic groups.  33 

 34 
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Extended discussion of non-genetic influences on Lp(a) concentration 1 

This is an extended discussion to information in the text and Table 1 of the main document. 2 

Although Lp(a) plasma concentrations are under strong genetic regulation, non-genetic factors 3 
also play a role.  Some but not all studies reported that short-term (3–8 weeks) isocaloric 4 
replacement of saturated fatty acids with carbohydrate or unsaturated fats increased Lp(a) 5 
concentration by 10-15%.14  In a recent randomized feeding trial, a low carbohydrate-high  6 
saturated fat diet lowered Lp(a) concentration moderately (by 15% compared with a high 7 
carbohydrate diet) and improved insulin resistance in a dose-dependent manner.15 8 

Hormones may also influence Lp(a) concentration, especially those with important roles in lipid 9 
metabolism, such as thyroid hormone. In a recent systematic review and meta-analysis, 10 
treatment of overt hyperthyroidism increased Lp(a) concentration, whereas treatment of overt 11 
hypothyroidism decreased Lp(a) concentration.16 Growth hormone replacement therapy in 12 
men also increased Lp(a) concentration.17 While endogenous sex hormones do not appreciably 13 
impact Lp(a) concentration, some studies reported elevation in Lp(a) concentration during 14 
pregnancy, returning to baseline concentrations postpartum. There is, however, evidence that 15 
administration of exogenous androgens and oestrogen reduces Lp(a) concentration. A meta-16 
analysis of oral postmenopausal hormonal therapy showed a mean 25% reduction in Lp(a) 17 
concentration independent of the type of therapy.18 Most studies suggest that physical activity 18 
has no or minimal impact on Lp(a) concentration, although there are conflicting data, 19 
particularly among younger or diabetic populations.19, 20 20 

Kidney function also impacts Lp(a) concentration.21, 22 Lp(a) concentration increases with 21 
decreasing glomerular filtration rate, being highest in patients with end-stage kidney function 22 
treated by peritoneal dialysis or in those with nephrotic syndrome.23, 24 In the latter group, it is 23 
assumed that these very high concentrations are caused by increased hepatic synthesis of 24 
several proteins triggered by the pronounced loss of proteins via urine and dialysate.21 In other 25 
conditions,  elevated Lp(a) concentration seems to be related to  impaired catabolism and is 26 
mainly observed in patients with large apo(a) isoforms.21 Following kidney transplantation, 27 
Lp(a) concentration decreases independent of the modality of immunosuppressive therapy.25  28 

Hepatocellular damage has been associated with reduced Lp(a) concentration in parallel with 29 
disease progression, leading some to suggest Lp(a) is a marker of hepatic cell damage.26 30 
Whether this also applies to non-alcoholic fatty liver disease is uncertain.27  31 

Finally, pre-clinical models suggest that inflammation influences Lp(a) concentration.28 32 
Clinically, reduction in Lp(a) concentration was reported in severe, life-threatening acute phase 33 
conditions (sepsis, severe burns), whereas increased levels were reported in several 34 
inflammatory conditions.29 A modest increase related to interleukin (IL)-6 concentrations was 35 
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reported in population studies, with a reduction in Lp(a) concentration during treatment with a 1 
monoclonal antibody targeting IL-6 (tocilizumab) in rheumatoid arthritis patients.30 The latter 2 
effect has been attributed to the IL-6 responsive element in the LPA promotor region.31 In 3 
human immunodeficiency virus patients with baseline Lp(a) concentrations >20-30 mg/dL, 4 
treatment with protease inhibitors or antiretroviral therapy was associated with increased Lp(a) 5 
concentration.32, 33 6 

In population studies, the clinical impact of inflammation on Lp(a) concentration is small. For 7 
example, among 34,829 individuals in the Copenhagen City Heart Study/Copenhagen General 8 
Population Study, Lp(a) concentration was only slightly higher in those with higher C-reactive 9 
protein (CRP) levels (3 mg/dL difference in Lp(a) concentration when comparing individuals with 10 
CRP <1 vs> 10 mg/L), and the association of baseline Lp(a) with ASCVD risk was not modified by 11 
baseline inflammation status.34 In the JUPITER study, in which individuals were recruited on the 12 
basis of elevated CRP concentration, Lp(a) concentration remained remarkably stable over a 13 
one-year period irrespective of treatment (statin or placebo; intraclass correlation coefficient 14 
0.92 and 0.93, respectively).35 Moreover, there is no evidence of differences in Lp(a) 15 
concentration in coronary artery disease patients with or without inflammatory disease, or of a 16 
causal association with low-grade inflammation.36 Given the extent of uncertainty in this area, 17 
further study is indicated.   18 

Finally, while air pollution has been shown to influence several cardiovascular risk factors, 19 
studies investigating effects on Lp(a) are sparse. A recent US-based study which measured Lp(a) 20 
regularly over a period of one year reported that  long-term exposure to fine particle matter 21 
(PM2.5) had Lp(a)-increasing effects which were stronger than for any other 22 
lipoprotein/apolipoprotein.37 These fine particles cause oxidative stress and inflammation and 23 
disturb the normal function of lipoproteins and apolipoproteins.  24 

  25 
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Supplementary material on Lp(a) and diabetes mellitus 1 

Meta-analysis of studies investigating the association of Lp(a) and diabetes mellitus 2 

A random effects meta-analysis was performed to estimate the pooled effect size. This analysis 3 
used the generic inverse variance method for meta-analysis on estimates 38 that uses regression 4 
estimates and standard errors as input, and the DerSimonian-Laird method to estimate the 5 
between-study variance 39, implemented as a metagen function in meta R package. Log relative 6 
risks were used as input to the meta-analysis function.40, 41 While most studies estimated 7 
relative risk for the lowest quintile using the upper quintile as a reference, Langsted et al used 8 
quartiles 42, Kaya et al used tertiles 43, and Gudbjartsson et al 44 contrasted the lowest decile 9 
with pooled data for the other nine deciles. To align the relative risks on the same scale, two 10 
approaches could have been used – either converting all relative risks to the same scale of Lp(a) 11 
measurement, or to perform rank-based conversion. Lp(a) measurements are sensitive to 12 
specific calibration criteria used by the laboratories which varies across the laboratories. 13 
Additionally, conversion of ranks is more conservative. Therefore, a more conservative 14 
approach was adopted with conversion of the ranks. Assuming linearity of log relative risks 15 
across percentile categories, non-quintiles log relative risks were converted to a quintile scale 16 
using the following formulas: 17 

• Middle percentile of the top quintile was 90%, middle percentile of the bottom quintile was 18 
10%, therefore, quintile_logRR was contrasting 90%-10%=80%  19 

• Middle percentile of the top quartile was 75+12.5=87.5%, middle percentile of the bottom 20 
quartile was 12.5%, therefore quartile_logRR was contrasting 87.2%-12.5%=75% hence 21 
conversion formula was: logRR_quintile=quartiles_logRRx80/75 22 

• Middle percentile of the top tertile was 66+16.5=82.5%, middle percentile of the bottom 23 
tertile was 16.5%, therefore tertile_logRR was contrasting 83.5%-16.5%=66% hence 24 
conversion formula was: logRR_quintile=tertile_logORx80/66 25 

• Middle percentile of the top deciles was 55%, middle percentile of the bottom decile was 26 
5%, therefore decile_logRR was contrasting55%-5%=50% hence conversion formula was: 27 
logRR_quintile=decile_logRRx80/50 28 

 29 
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Supplementary Table 1: Overview of studies investigating the association of Lp(a) 1 
concentration with diabetes mellitus.  2 

    Group comparisons and risk estimates 

Citation  Cohort 
No. of 

subjects 
No. of 
cases Lp(a) (mg/dL) Relative Risk (95% CI) 

Mora (2010)45 Women’s 
Health Study 26,746 1,670 3.9 vs 45.3 1.28 (1.10-1.49) 

Tolbus (2017)46 CCHS 8,390 832 1 vs 48 1.33 (1.12-1.58) 

Kamstrup (2013)47 
Langsted (2021)42 

CCHS/CGPS 
CGPS 

29,106 
70,286 

2,157 
3,519 

4 vs 55  
4.7 vs 29b 

1.26 (1.09-1.45) 
1.39 (1.26-1.54) 

Ye (2014)48 EPIC-Norfolk 18,490 593 5.3 vs 35.3 1.59 (1.23-2.05) 

Kaya (2017)43 Turkey 1,685 90 6.5 vs 17.2c 1.79 (1.01-3.23) 

Paige (2017)49 Bruneck 815 94 3.6 vs 27.1 1.37 (0.74-2.53) 

Gudbjartsson 
(2019)44 

Iceland, case 
control 10,295 1,548 <3.5d vs ≥3.5 1.44 (1.21-1.71) 

TOTAL 
 

165,813 10,503   
a This table provides the originally described estimates reported in the mentioned publications which is 3 
different for three of the studies 42,43,44  from those in Figure 5 of the manuscript and Supplementary 4 
Figure 1 where non-quintile log relative risks were converted to a quintile scale. 5 
b Q, quartiles; c tertiles; d lowest decile;  6 

CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study 7 

 8 
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Supplementary Figure 1: Sensitivity analysis on Lp(a) and diabetes mellitus 1 

Analysis as in Figure 5 of the main manuscript but excluding the Kamstrup et al study47 (for 2 
potential overlap with the Tolbus et al. 46 and Langsted et al. 42 studies) in Panel A or when 3 
excluding the case-control study by Gudbjartsson et al. 44 in Panel B. 4 

  5 
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Should aspirin be given to patients with high Lp(a)? 1 

Based on current data, there are no clinical indications for targeting aspirin use according to 2 
Lp(a) levels. In a post hoc analysis of the Women’s Health Study, a randomized  primary 3 
prevention trial, treatment with aspirin  (100 mg every other day) versus placebo in women 4 
with Lp(a) >65 mg/dL did not significantly reduce cardiovascular events over a 10-year period 5 
(age-adjusted hazard ratio 0.75 (95% CI: 0.48−1.18, p=0.22).  In a subgroup analysis, carriers of 6 
the rs3798220 variant with baseline median Lp(a) ≈80 mg/dL significantly benefitted from 7 
aspirin treatment (HR 0.44, 95% CI: 0.20–0.94, p = 0.03).50 This gives the impression that aspirin 8 
might be beneficial at extreme Lp(a) levels. However, as this subgroup analysis was based on 9 
only 19 patients with events in the carrier group, these data await replication.  Individuals with 10 
high Lp(a) levels might be considered for aspirin therapy if they have other indications for 11 
aspirin therapy (e.g. very high ASCVD risk and low bleeding risk). 12 

 13 

  14 
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Supplemental Text for Figure 2C, 2D and 2E of the main document: 1 

Panels C and D of Figure 2 were constructed by using natural cubic splines to plot the hazard 2 
ratio for increasing levels of Lp(a) and the lifetime risk of major cardiovascular events among 3 
422,409 participants of the UK Biobank who self-identified as being of either White (n=415,274) 4 
or Black (n=7,135) ancestry. Age was used as the time scale. Participants were censored at the 5 
age of first major cardiovascular event (defined as the composite of the first occurrence of fatal 6 
or non-fatal myocardial infarction, fatal or non-fatal ischemic stroke, or coronary 7 
revascularization [percutaneous coronary intervention or coronary artery bypass graft 8 
surgery]). The natural cubic spline analysis used knots at the 5th 10th, 25th, 50th, 75th, 90th 9 
and 95th percentile of plasma Lp(a) levels, and 19.7 nmol/L as the reference value.  Panel C 10 
shows the results for 415,274 participants of European ancestry in the UK Biobank for whom 11 
measured Lp(a) values were available; and Panel D shows the results of the same analysis 12 
among 7,135 participants of Black ancestry in the UK Biobank for whom measured Lp(a) values 13 
were available. Analyses were adjusted for age at enrolment, sex, and the first 10 principle 14 
components of ancestry. 15 

Panel E of Figure 2 was constructed by dividing 415,274 participants of European ancestry in 16 
the UK Biobank with measured Lp(a) values  into six groups with increasing median Lp(a) 17 
concentrations:  18 

1. a reference group with median Lp(a) 16 nmol/L or approximately 7 mg/dL (n=290,193);  19 
2. a group with median Lp(a) 70 nmol/L or approximately 30 mg/dL (n=34,284);  20 
3. a group with median Lp(a) 115 nmol/L or approximately 50 mg/dL (n=32,380);  21 
4. a group with median Lp(a) 175 nmol/L or approximately 75 mg/dL (n=32,404);  22 
5. a group with median Lp(a) 230 nmol/L or approximately 100 mg/dL (n=14,406);  23 
6. and a group with median Lp(a) 350 nmol/L or approximately 150 mg/dL (n=11,607).  24 

The cumulative incidence curves for major cardiovascular events (MCVEs, defined as the 25 
composite of the first occurrence of fatal or non-fatal myocardial infarction, fatal or non-fatal 26 
ischaemic stroke, or coronary revascularization [percutaneous coronary intervention or 27 
coronary artery bypass graft surgery]) up to age 80 years was then plotted for participants 28 
within each group. Analyses were adjusted for age at enrolment, sex, and the first 10 principle 29 
components of ancestry. 30 

  31 
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Supplemental Text for Figure 4 of the main document: 1 

In the analyses presented in Panels A and B of Figure 4, an LPA instrumental variable genetic 2 
score was constructed by counting the number of Lp(a)-increasing risk (minor) alleles at 3 
variants rs10455872 and rs3798220 inherited by 440,368 UK Biobank participants of European 4 
ancestry. Each participant was then assigned to one of three groups based on the number of 5 
Lp(a)-increasing alleles they inherited:  6 

• reference group (participants who inherited no (0) Lp(a) increasing minor alleles at either 7 
rs10455872 or rs3798220);  8 

• group 1 (participants who inherited one Lp(a) increasing minor allele at either rs10455872 9 
or rs3798220);  10 

• group 2 (participants who inherited two Lp(a) increasing minor alleles – either one minor 11 
allele at both rs10455872 and rs3798220, two minor alleles at rs10455872, or two minor 12 
alleles at rs3798220).  13 

The median Lp(a) level (in nmol/L) was then calculated for participants in each group. 14 

In Panel A, the hazard ratio for the risk of major cardiovascular events (MCVEs, defined as the 15 
composite of the first occurrence of fatal or non-fatal myocardial infarction, fatal or non-fatal 16 
ischaemic stroke, or coronary revascularization [percutaneous coronary intervention or 17 
coronary artery bypass graft surgery]) is presented, both for the entire population expressed as 18 
a Hazard Ratio per 100 nmol/L higher Lp(a) level; and as an ordinal analysis providing the 19 
Hazard Ratio for participants in each group defined by the LPA instrumental variable genetic 20 
score as compared to the reference group (persons without any Lp(a) increasing alleles). This 21 
analysis included all major cardiovascular events (n=27,187) with a conformed date (age) at first 22 
occurrence (and therefore included both events that were prevalent at the time of enrolment 23 
into the UK Biobank, and incident events that occurred during a median of 11.2 years of follow-24 
up. The results were very similar when restricted to either prevalent or incident events.   25 

In Panel B, the hazard ratio for venous thrombotic events (defined as the first occurrence of 26 
either a deep venous thrombosis or a pulmonary embolism) is presented, both for the entire 27 
population expressed as hazard ratio per 100 nmol/L higher Lp(a) level; and as an ordinal 28 
analysis providing the hazard ratio for participants in each group defined by the LPA 29 
instrumental variable genetic score as compared to the reference group (persons without any 30 
Lp(a) increasing alleles). This analysis used age as the time scale and included all venous 31 
thrombotic events (n=15,789) with a confirmed date (age) at first occurrence that were 32 
prevalent at the time of enrolment into UK Biobank. Analyses were restricted to prevalent 33 
analyses because the date of diagnosis for incident deep venous thrombosis was not available 34 
for all incident events. The results were very similar when analyses included prevalent deep 35 
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venous thrombosis and both prevalent and incident pulmonary embolism (for which the date of 1 
occurrence were available).  2 

Analyses in Figure 4 were adjusted for age at enrolment, sex, and the first 10 principal 3 
components of ancestry. 4 

  5 
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Supplemental Text for Figure 6 of the main document: 1 

Panel A shows the estimated remaining lifetime risk of experiencing a major cardiovascular 2 
event (MCVE, defined as the composite of the first occurrence of fatal or non-fatal myocardial 3 
infarction, fatal or non-fatal ischaemic stroke, or coronary revascularization [percutaneous 4 
coronary intervention or coronary artery bypass graft surgery]) among 415,274 participants of 5 
European ancestry in the UK Biobank for whom measured Lp(a) values were available.  6 

Participants were initially divided into categories of baseline estimated lifetime risk  (5%, 10% , 7 
15%, 20%, and 25%)  calculated using the Joint British Societies (JBS3) Lifetime Risk Estimating 8 
algorithm (derived from a similar UK population). This algorithm includes age, sex, total 9 
cholesterol, high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), blood 10 
pressure treatment (yes/no), tobacco smoking (never, former, current), type 2 diabetes, family 11 
history of premature coronary heart disease, and body mass index (BMI) (using default setting 12 
of mean Townsend deprivation index). 13 

Within each estimated baseline lifetime risk category, participants were then further divided 14 
into six categories defined by increasing baseline measured Lp(a) concentration, thus creating 15 
the following groups: 16 

• a reference group with median Lp(a) 16 nmol/L or approximately 7 mg/dL;  17 
• a group with median Lp(a) 70 nmol/L or approximately 30 mg/dL;  18 

• a group with median Lp(a) 115 nmol/L or approximately 50 mg/dL;  19 

• a group with median Lp(a) 175 nmol/L or approximately 75 mg/dL;  20 

• a group with median Lp(a) 230 nmol/L or approximately 100 mg/dL;  21 
• a group with median Lp(a) 350 nmol/L or approximately 150 mg/dL.  22 

The number of participants within each group is presented in the following Supplementary 23 
Table 2: 24 
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Supplementary Table 2: Number of UK Biobank Participants 1 

The number of UK Biobank Participants in groups is stratified by estimated lifetime risk of MCVE 2 
and Lp(a) level measured at time of enrolment 3 

For participants within each group, the estimated lifetime risk of experiencing a MCVE was 4 
calculated using JBS4. The additional impact of measured Lp(a) level on estimated lifetime risk 5 
was calculated by including Lp(a) level as an independent exposure in the JBS3 Lifetime Risk 6 
Estimating Algorithm – assuming Lp(a) had an effect independent of all other risk factors and a 7 
constant proportional hazard of 1.35 per 100 nmol/L higher Lp(a). The validity of the estimated 8 
lifetime risk was then assessed by comparing the estimated lifetime risk for participants within 9 
each group calculated using JBS3 and the ‘observed’ lifetime risk estimated by plotting the 10 
cumulative incidence of MCVEs up to age 80 years for participants within that group.   11 

  12 

Estimated Lifetime risk of Major Cardiovascular Event (%)
5% 10% 15% 20% 25% Total

Number of Participants 26,257 107,357 119,863 87,987 73,809 415,274

Measured Lp(a) level mg/dl (nmol/L)

median Lp(a) 7 mg/dl (16 nmol/L) - reference 18,349 75,021 83,760 61,485 51,578 290,193
median Lp(a) 30 mg/dl (70 nmol/L) 2,168 8,863 9,896 7,264 6,094 34,284
median Lp(a) 50 mg/dl (115 nmol/L) 2,047 8,371 9,346 6,861 5,755 32,380
median Lp(a) 75 mg/dl (175 nmol/L) 2,049 8,377 9,353 6,866 5,759 32,404
median Lp(a) 100 mg/dl (230 nmol/L) 911 3,724 4,158 3,052 2,560 14,406
median Lp(a) 150 mg/dl (350 nmol/L) 734 3,001 3,350 2,459 2,063 11,607
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Supplemental Text for Figure 7 of the main document: 1 

Panel A shows the cumulative absolute life-time risk of experiencing a major cardiovascular 2 
event (MACE, defined as the composite of the first occurrence of fatal or non-fatal myocardial 3 
infarction, fatal or non-fatal ischaemic stroke, or coronary revascularization [percutaneous 4 
coronary intervention or coronary artery bypass graft surgery]) among 440,368 UK Biobank 5 
participants of European descent. For each sex, these were randomly divided into three  6 
groups:  7 

• Group 1: reference group with population average Lp(a) [16-17 nmol/L] and LDL-C levels 8 
[3.5-3.6 mmol/L] who had NO Lp(a)-increasing alleles at either variants rs10455872 or 9 
rs3798220;  10 

• Group 2: a group with higher lifetime exposure to Lp(a) [136-138 nmol/L) due to inheriting 11 
one copy of either the rs10455872 or rs3798220 Lp(a)-increasing alleles, but with 12 
population average LDL-C levels [3.5-3.6 mmol/L]; 13 

• Group 3: a group with BOTH higher lifetime exposure to Lp(a) [136-138 nmol/L) due to 14 
inheriting one copy of either the rs10455872 or rs3798220 Lp(a)-increasing alleles AND 15 
lifetime exposure to 0.5 mmol/L lower LDL-C [3.0-3.1 mmol/L) due to inheriting a 16 
combination of LDL-C lowering genetic variants. 17 

The partitioning into these three groups is based on instrumental genetic variable scores. Thus, 18 
partitioning is random because each genetic variant included in the instrumental variable 19 
genetic scores is inherited randomly. As a result, the only differences between participants 20 
within each group are the Lp(a) and/or LDL-C levels.  21 

For participants within each group, the cumulative incidence curves for MCVEs up to age 80 22 
years was plotted. 23 

The Figure shows that at all ages, the cumulative incidence of major cardiovascular events is 24 
elevated for both men and women who have lifetime exposure to higher Lp(a) levels as 25 
compared to participants who have population median Lp(a) levels – and the same LDL-C levels. 26 
However, the Figure also shows that both men and women who randomly inherit 27 
approximately 120 nmol/L higher Lp(a) due to carriage of a rs10455872 or rs3798220 variant, 28 
AND who inherit approximately 0.5 mmol/L lower lifetime exposure to LDL-C due to a 29 
combination of genetic variants – have nearly identical lifetime risk of major cardiovascular 30 
events with superimposable cumulative incidence curves at all ages. This implies that the 31 
increased risk of major cardiovascular events caused by lifelong exposure to 120 nmol/L higher 32 
Lp(a) can be mitigated by maintaining 0.5 mmol/L lower lifetime exposure to LDL-C. 33 

This finding illustrates the potential to estimate how much intensification of risk factor 34 
modification, in this case LDL-C lowering, is needed to mitigate the increased risk of major 35 
cardiovascular events caused by a person’s Lp(a) level.  36 
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Clinical Practice Guidelines recommend more intense risk factor modification among persons 1 
with elevated Lp(a) levels. The data in the Table of Panel B of Figure 7 provides specific 2 
quantitative guidance for how risk factor modification, in this case LDL-C lowering, should be 3 
intensified to mitigate the increased risk of major cardiovascular events caused by increasingly 4 
higher Lp(a) levels. We note here that the proportional reduction in major cardiovascular 5 
events decreases with decreasing duration of LDL-C lowering. As a result, the magnitude of LDL-6 
C lowering intensification needed to mitigate the increased risk caused by Lp(a) will increase 7 
the later in life that LDL-C lowering is initiated.  8 

We can calculate how much LDL-C lowering must be intensified to mitigate the increased risk 9 
caused by any level of Lp(a) depending on the age at which LDL-C lowering is initiated using the 10 
following process: 11 

1. Estimate the hazard ratio for a given level of Lp(a) – assuming a fixed proportional hazard of 12 
1.35 nmol/L (among both men and women) 13 

2. Take the reciprocal of this hazard to estimate the proportional reduction in risk needed to 14 
mitigate the increased risk caused by a given Lp(a) level 15 

3. Estimate the magnitude of LDL-C lowering (in mmol/L) required to achieve this proportional 16 
risk reduction as a function of the age at which LDL-C lowering is initiated and continuing 17 
until age 80 years. 18 

Specifically, we can use the algorithm proposed by the EAS in their 2018 Consensus Statement 19 
on the Causality of LDL 51. From Table 2 of this manuscript we see that: 20 

• The expected proportional risk reduction per mmol/L lower LDL for any specific duration 21 
can be calculated as: 22 
[(1-e(-0.249 + (X – 5) * (-0.0152))] ; where X = number of years of LDL lowering 23 

• With rearrangement and simplification, we can solve for the magnitude of LDL lowering 24 
needed to achieve the proportional risk reduction required to specifically mitigate the 25 
increased risk caused by a given Lp(a) level when 26 
Y = ln(RR) ÷ [(X * (-0.0126)) – (-0.1601)] 27 

 Where Y = magnitude of LDL lowering (in mmol/L) needed to achieve the desired 28 
proportional risk reduction; X = (80 -Age at initiation of LDL lowering intensification); and 29 
RR = the desired proportional risk reduction (calculated as 1 ÷ HR for specific Lp(a) level). 30 

Using this process, we estimated the magnitude of intensification of LDL lowering (in mmol/L) 31 
required to mitigate the increased risk of major cardiovascular events caused by Lp(a) levels in 32 
the 70th, 82.5th, 90th, 93.75th, 97.5th, and 99th percentiles as compared to the population median 33 
Lp(a) levels. The magnitude of the intensification of LDL-C lowering was further estimated when 34 
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initiating LDL-C lowering at 30, 40, 50, and 60 years of age (and extending until age 80 years). 1 
The results of this analysis are presented in Panel B of Figure 7.  2 

An easy-to-use online Lp(a) Risk and Benefit algorithm can provide convenient and specific 3 
guidance on how much LDL-C intensification is needed to mitigate the risk caused by a person’s 4 
Lp(a) level depending on the age at which LDL-C lowering is initiated. A similar approach can be 5 
used for other traditional risk factors, as implemented in this risk calculator. This information 6 
should motivate testing of Lp(a) and inform the clinical use of measured Lp(a) levels. However, 7 
where the main part of the risk is substantial and mainly attributable to Lp(a), lowering of 8 
traditional risk factors such as LDL-C  will be insufficient to mitigate the increased risk. In these 9 
cases specific Lp(a)-lowering therapies are urgently required. The online Lp(a) Risk and Benefit 10 
algorithm is available at the European Atherosclerosis Society website (www.eas-11 
society.org/LPA_risk_and_benefit_algorithm).  12 

 13 
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Supplementary Figure 2. Overview of lipoprotein(a) synthesis and metabolism. 1 

Lipoprotein(a) [Lp(a)] biosynthesis occurs in the liver. Apolipoprotein(a) (apo(a)) production is 2 
regulated transcriptionally, with protein folding and processing in the endoplasmic reticulum 3 
(ER) and possibly other compartments of the secretory system. Lp(a) assembly occurs 4 
intracellularly or on the surface of hepatocytes. Non-covalent association between apo B100 5 
and apo(a) occurs within hepatocytes, with a possible role for the cell membrane in supporting 6 
covalent association with an LDL-like particle at the surface of hepatocytes.52-54  7 

Lp(a) is principally cleared and catabolized by the liver (and to lesser extent the kidney) via 8 
multiple putative receptor-mediated pathways. Those implicated include the LDL receptor 9 
(LDLR), scavenger receptor class B member 1 (SRB1) and the plasminogen receptors PLGR and 10 
PLGRKT.  Internalization of Lp(a) can lead to uncoupling of apo(a) and the LDL-like moiety, 11 
which in turn are degraded in the lysosome or recycled to form newly synthesized Lp(a) 12 
particles. The rate of assembly and secretion of Lp(a) is mainly determined by the size of apo(a) 13 
gene transcripts and hence by the LPA gene. Dashed arrows indicate incompletely understood 14 
mechanisms. Figure reproduced from 55 with permission. 15 
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Supplementary Figure 3. Summary of proposed pathogenic mechanisms for Lp(a). 1 

Proinflammatory effects of Lp(a) related to oxidized phospholipids (OxPL) may underlie both 2 
atherosclerosis and aortic valve stenosis. Possible procoagulant/antifibrinolytic effects of Lp(a) 3 
require further clinical validation.  4 

 5 

 6 

EC endothelial cell; IL interleukin; PAI=1 Plasminogen activator inhibitor type 1; Plg, plasminogen; SMC, 7 
smooth muscle cell; TFPI, tissue factor pathway inhibitor 8 

 9 
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Supplementary Figure 4. Lp(a) and global cardiovascular risk.  1 

Data from the population-based EPIC-Norfolk Study (11.5 years follow-up) for subjects with 2 
Lp(a) levels >50 mg/dL (>~125 nmol/L), were stratified according to a "Cardiovascular Health 3 
Score" with the categories "Unhealthy" (reference group with a score of 0-4), "Intermediate" 4 
(score of 5-9) and "Healthy" (score 10-14)56.  The overall score was calculated based on these 5 
seven health metrics, giving 2 points for an ideal metric, 1 point for an intermediate metric, and 6 
0 points for a poor metric, thus yielding an overall Cardiovascular Health Score between 0 and 7 
14. A detailed description of each of these health metrices is described below. Compared with 8 
an unhealthy score (reference group), those with a healthy Cardiovascular Health Score had  9 
two-thirds lower risk despite similar median Lp(a) levels (66-68 mg/dL in all three groups). 10 
Figure taken and adapted with permission from Kronenberg 57. 11 

 12 

The authors describe the score as follows:  13 

"Ideal cardiovascular health metrics were classified as ideal, intermediate or poor according the 14 
seven risk factors identified by the American Heart Association, as previously described 58.  15 

• Body mass index (BMI) was classified as ideal if < 25 kg/m2, as intermediate if 25–30 kg/m² 16 
or as poor if ≥ 30 kg/m².  17 

• A healthy diet score (HDS) was based on intake of five dietary components. The first 18 
component was intake of sufficient amounts of fruit and vegetables; a consumption of 4.5 or 19 
more cups per day was classified as meeting the guidelines. Second, the weight of estimated 20 
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daily fish consumption was multiplied by seven and divided by 3.5 oz (portion size); if the 1 
value was ≥2, the participant was considered to consume two or more servings per week. 2 
Third, for fibre-rich whole grains, participants consuming three or more servings per day of 1 3 
oz each were considered to meet the guidelines. The fourth and fifth HDS components were 4 
low sodium intake (<1500 mg per day was classified as healthy) and low consumption of 5 
sugar-sweetened beverages (<450 kcal per week was classified as healthy). The HDS was 6 
calculated as the sum of the number of healthy food items, yielding a HDS range of 0–5. HDS 7 
was categorized as ideal (≥4), intermediate (2–3), or poor (<2).  8 

• Physical activity was defined as ideal, intermediate and poor if the status was active, 9 
moderately active or moderately inactive, and inactive, respectively, as previously described 10 
59.  11 

• Smoking status was classified as ideal, intermediate or poor if the study participant had 12 
never smoked, previously smoked, or was a current smoker, respectively.  13 

• Blood pressure was defined as ideal if systolic pressure was <120 mmHg and diastolic 14 
pressure was <80 mmHg, as intermediate if systolic pressure was 120–139 mmHg or 15 
diastolic pressure was 80–89 mmHg without antihypertensive drug treatment or if the blood 16 
pressure was at goal on treatment, or poor if systolic pressure was ≥140 mmHg or diastolic 17 
pressure was ≥90 mmHg.  18 

• Total cholesterol levels were classified as ideal (<5.2 mmol/L), intermediate (5.2–6.2 19 
mmol/L) or when cholesterol levels were treated to goal, or poor (≥6.2 mmol/L).  20 

• Diabetes mellitus status was ascertained by means of (1) self-report of diabetes medication 21 
use or (2) a Hba1c ≥ 6.5 mmol/L. Participants meeting one of these criteria were attributed a 22 
value of 0 while individuals without diabetes mellitus were attributed a value of 2." 23 

 24 

 25 
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Supplementary Figure 5. Lp(a) assays.  1 

Panel A: Schematic illustration of apo(a) isoform-dependent measurement of Lp(a) concentration 2 
using antibodies directed against the repeated KIV type 2 (KIV2) domain. Panel B shows an apo(a) 3 
isoform-independent assay using antibodies directed against the unique apo(a) kringle V domain. 4 
(Figure used and adapted with permission from reference60). 5 

In a systematic comparison of apo(a) isoform-dependent and isoform-independent assays,61 6 
Lp(a) was underestimated by ~10% in samples with smaller isoforms and overestimated by up to 7 
35% in samples from large isoform carriers. This relative bias, however, translates in both cases 8 
to an average absolute bias of ±10 nmol/L (or 4 mg/dL) which is - clinically speaking - not very 9 
much. Comparison of the Denka immunoturbidometric assay, with quality characteristics similar 10 
to the reference Northwest Lipid Metabolism and Diabetes Research Laboratories (NLMDRL) 11 
assay, to six commercially available assays, showed biases between -25% and +35%62.  12 

 13 
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Supplementary Figure 6. Proposed model of care for elevated Lp(a) 1 

The model should incorporate clinical (detection, risk stratification, consultation, management) 2 
and implementation (use frameworks, address barriers, leverage enablers, change behaviour 3 
and practice) strategies.  4 

Challenges to implementation include the lack of uniform advice on screening and Lp(a) 5 
threshold values for clinical action; use of different Lp(a) assays and units for reporting Lp(a); 6 
variations in reimbursement strategies for Lp(a) testing; and lack of global diagnostic codes for 7 
elevated Lp(a).63 8 

 9 
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Supplementary Table 3. Baseline absolute risk for cardiovascular disease and incremental 1 
impact of elevated Lp(a) concentration. 2 

The Table shows baseline risk categories (5%, 10% , 15%, 20%, and 25%) estimated from 3 
conventional risk factors and the incremental increased risk caused by increasingly greater Lp(a) 4 
concentrations of 30 to 150 mg/dL (75 to 375 nmol/L). Data are derived from UK Biobank 5 
participants of European ancestry assuming constant proportional hazards of the effect of Lp(a) 6 
on the risk of ASCVD at all levels of baseline risk.  7 

 8 
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