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Abstract

Objective—To determine if biomarkers of oxidized lipoproteins are genetically determined. 

Lipoprotein(a) [Lp(a)] is a heritable risk factor and carrier of oxidized phospholipids (OxPL).

Approach and Results—We measured OxPL-apoB, Lp(a), IgG and IgM autoantibodies to 

malondialdehyde-modified low density lipoprotein (MDA-LDL), copper oxidized LDL 

(CuOxLDL) and apoB-immune complexes (ApoB-IC) in 386 monozygotic and dizygotic twins to 

estimate trait heritability (h2) and determine specific genetic effects among traits. A genome wide 

linkage study followed by genetic association was performed. The h2 (scale:0-1) for Lp(a) was 

0.91±0.01 and for OxPL-apoB 0.87±0.02, which were higher than physiologic, inflammatory, or 

lipid traits. h2 of IgM MDA-LDL, CuOxLDL and ApoB-IC were 0.69±0.04, 0.67±0.05, and 

0.80±0.03, respectively, and for IgG MDA-LDL, CuOxLDL and apoB-IC 0.62±0.05, 0.52±0.06, 

and 0.53±0.06, respectively. There was an inverse correlation between the major apo(a) isoform 

and OxPL-apoB (R=-0.49, p<0.001), and Lp(a) (R=-0.48, p<0.001) and OxPL-apoB was modestly 

correlated with Lp(a) (ρ=0.57, p<0.0001). The correlation in major apo(a) isoform size was 

concordant (R=1.0, p<0.001) among monozygotic twins but not dizygotic twins (R=0.40, 

p=0.055). Lp(a) and OxPL-apoB shared genetic co-determination (genetic covariance: ρG = 

0.774±0.032, p=1.09×10-38), though not environmental determination (environmental covariance: 

ρE= 0.081±0.15, p=0.15). In contrast, Lp(a) shared environmental but not genetic co-

determination with autoantibodies to MDA-LDL and CuOxLDL and ApoB-IC. Sib-pair genetic 

linkage of the Lp(a) trait revealed that SNP rs10455872 was significantly associated with OxPL-

apoB after adjusting for Lp(a).
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Conclusions—OxPL-apoB and other biomarkers of oxidized lipoproteins are highly heritable 

cardiovascular risk factors that suggest novel genetic origins of atherothrombosis.

Keywords

heritability; lipoproteins; oxidation; atherosclerosis; thrombosis

Introduction

Cardiovascular disease (CVD) due to atherosclerosis is mediated by a variety of contributing 

pathways including dyslipidemia, oxidation of lipoproteins, inflammation, and thrombosis. 

It is well established that after entering the vessel wall, low density lipoproteins (LDL) may 

undergo lipid peroxidation generating oxidized LDL (OxLDL), which is taken up by 

macrophages leading to foam cell formation. In addition, many bioactive oxidized lipids and 

oxidized lipid protein adducts are formed that we have termed “oxidation-specific epitopes” 

(OSE).1 In addition to providing ligands on OxLDL mediating uptake in macrophages, OSE 

are major intermediaries between dyslipidemia and inflammation. OSE interact with cells in 

the vessel wall, including endothelial cells, smooth muscle cells and macrophages, to 

upregulate inflammatory gene expression and generate pro-inflammatory cytokines,2 leading 

to development of atherosclerosis and vulnerable plaques.3

It has been well documented that measurements of circulating biomarkers of oxidized 

lipoproteins provide insights into the pathophysiology of CVD and clinical risk 

prediction.4-6 These biomarkers include direct measures, such as oxidized phospholipids on 

apoB containing lipoproteins (OxPL-apoB)4 and OxLDL,5, 7 as well as indirect measures 

such as circulating autoantibodies to malondialdehyde-modified LDL (MDA-LDL), copper-

oxidized LDL (CuOxLDL) and apoB-immune complexes (ApoB-IC).8, 9 The measurement 

of circulating OxPL-apoB has been associated with anatomical CVD, prediction of the 

presence and progression of atherosclerosis in a variety of arterial beds as well as with 

death, myocardial infarction and stroke in unselected populations (reviewed in Taleb et al4). 

In addition, it allows reclassification of intermediate Framingham risk patients into higher or 

lower risk categories.4, 10, 11 Autoantibodies to OxLDL can predict both CVD and 

cardiovascular events.8, 11 For example, several studies have documented that circulating 

IgM autoantibodies to OxLDL, which may reflect non-mutated natural antibodies, are 

inversely associated with CVD,11-13 possibly through protective functions of neutralization 

and clearance of these OSE as found on OxLDL and apoptotic cells.1 In contrast IgG 

autoantibodies to oxidized LDL, which are generally acquired antibodies rather than natural 

antibodies, are associated with higher cardiovascular risk.11, 14, 15

With the expanding data on these biomarkers, it would be important to know if they are 

associated with a genetic contribution to cardiovascular risk. In this study, utilizing twin 

pairs that allow us to address this question, we hypothesize that biomarkers of oxidized 

lipoproteins have a heritable component that may underlie their association with CVD.

Methods

see online supplement
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Results

Baseline Characteristics of Study Group

Table 1 displays the baseline characteristics of the study group, representing 386 subjects 

and 193 twin pairs; 129 monozygotic pairs (25 male/male and 104 female/female pairs) and 

64 dizygotic pairs (13 male/male, 38 female/female, and 13 male/female pairs) with mean 

age of 40.3, ranging from 15-84 years. The majority (n=322, 83%) of twins were of white 

(European or Hispanic) ancestry. The physical, physiological, biochemical and lipid 

parameters are typical of this age group. The median Lp(a) levels were 3.1 mg/dl, which is 

somewhat lower than other reports for European Caucasians with median Lp(a) levels 

∼10-15 mg/dl.16 The size of the major and minor apo(a) isoforms are presented and trend to 

be medium to large in size, consistent with the lower Lp(a) levels.

Heritability (h2) of Lp(a), OxPL-apoB and Other Biomarkers of Oxidized Lipoproteins

The fraction of trait variance accounted for by genetic variation, h2, can be estimated by 

variance components in twin pairs (monozygotic versus dizygotic). We evaluated h2 on 

physical (BMI), physiologic (BP), inflammatory (hsCRP), lipid and apolipoproteins (LDL-

C, Lp[a]), and oxidative biomarker (OxPL-apoB, and IgG and IgM autoantibodies to MDA-

LDL and CuOxLDL and ApoB-IC) variables. Lp(a) and OxPL-apoB displayed high h2, at 

∼87-91% of trait variance (Table 2). IgM autoantibodies to MDA-LDL and CuOxLDL and 

IgM apoB-IC had h2 in range of 0.67-0.80, while IgG autoantibodies to MDA-LDL and 

CuOxLDL and IgM apoB-IC had h2 in range of 0.52-0.62. Similar high heritability for these 

parameters was noted when restricting the analyses to European/Caucasian subjects 

(Supplementary Table 1).

Genetic vs. Environmental Covariance of Lp(a), OxPL-apoB and Biomarkers of Oxidized 
Lipoproteins

When two traits are highly correlated, the basis of the correlation may be either shared 

genetic determination (genetic covariance, or pleiotropy; ρG), or shared environmental 

determination (environmental covariance; ρE). Such distinctions can be approached by 

variance components in the classical twin design. Thus, we studied such co-determinations 

for the Lp(a) trait in the twin series (Table 2, Figure 1) and found that the sole Lp(a) 

correlation based on genetic covariance (ρG=0.774±0.032, p=1.09×10-38) was for OxPL-

apoB. By contrast, Lp(a) correlations with other risk traits, including IgG and IgM 

autoantibodies to MDA-LDL and CuOxLDL and apoB-IC, were mediated largely by 

environmental covariance (ρE) (Figure 1).

Relationship between size of apo(a) isoforms among monozygotic and dizygotic twins

As expected, the correlation in major apo(a) isoform size among monozygotic twin pairs 

was completely concordant (R=1.0, p<0.001). In contrast, the correlation size among 

dizygotic twin pairs was lower and of borderline significance (R=0.40, p=0.055) (Figure 2). 

For the minor isoform, the correlation among monozygotic twins was also completely 

concordant (R=1.0, p<0.001), but the correlation size among dizygotic twins was higher 

than the correlation of the major isoform (R=0.74, p=0<0.001).
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Correlations Between Major and Minor apo(a) isoforms, OxPL-apoB, Lp(a) and Biomarkers 
of Oxidized Lipoproteins

A correlation analysis was carried in out in twins pairs with complete data on isoforms, 

OxPL-apoB and other biomarkers of oxidized lipoproteins. A modest positive correlation 

was noted between the major and minor apo(a) isoforms (R=0.48, p<0.001). There was an 

inverse correlation between the major isoform and OxPL-apoB (R=-0.49, p<0.001), and 

Lp(a) (R=-0.48, p<0.001) (Table 3). Neither major or minor apo(a) isoforms correlated with 

other oxidative biomarkers. Lp(a) was modestly correlated with OxPL-apoB (R=0.57, 

p<0.001) and weakly with IgG apoB-IC, IgG MDA-LDL and Cu-OxLDL but not with IgM 

MDA-LDL and Cu-OxLDL or apoB-IC. Modest to strong correlations were noted among 

the IgG and IgM classes of oxidative biomarkers.

In the monozygotic twins, there was an inverse correlation between the major isoform and 

OxPL-apoB (R=-0.51, p<0.001), and Lp(a) (R=-0.46, p<0.001) and between the minor 

isoform and OxPL-apoB (R=-0.36, p<0.001), but not Lp(a) (R=-0.12, p=0.12). In the 

dizygotic twins, there was a similar inverse correlation between the major isoform and 

OxPL-apoB (R=-0.49, p<0.001), and Lp(a) (R=-0.49, p<0.001) but not between the minor 

isoform and OxPL-apoB (R=-0.14, p=0.32), and Lp(a) (R=-0.17, p=0.23).

Genetic Linkage and Association Analyses of the Lp(a) trait

Genetic linkage—To probe specific genomic regions that might underlie the heritability 

of such traits, we first turned to genome-wide microsatellite linkage (or meiotic co-

segregation) in a series of sibling pairs derived from the twins and sibships. For the Lp(a) 

trait, we noticed a broad (∼40 cM) biphasiclinkageregion (with peak LOD=4.36) on 

chromosome 6q (Figure 3A), whose confidence interval included the LPA (Lp(a]) locus on 

chromosome 6q26. Other chromosomes did not display significant LOD peaks. No genome 

wide significant linkages were noted for the other oxidative biomarkers.

Genetic association—To further investigate the LPA locus itself as a source of genetic 

variation that might influence circulating Lp(a) concentration, we conducted dense SNP 

genotyping across the chromosome 6q26 region harboring LPA. The entire ∼135 kbp LPA 

locus (RefSeq NM_005577.2), as well as its proximal promoter, is contained within one 

linkage disequilibrium (LD) block in our subjects, as defined by local cM/Mb 

(recombination rate) boundaries. Dense SNP genotyping across the LPA region, including 

76 SNPs (Supplementary Table II), demonstrated that rs10455872 [A (n=288) > G (n=15)], 

with frequency of the G allele at 2.5%, displays the peak association with significantly 

increased levels of both Lp(a) (p=2.45×10-5) and OxPL-apoB (p=1.94×10-6) (Figure 3B). To 

test if the effect of rs10455872 on OxPL-apoB was independent of its association with 

Lp(a), Lp(a) levels were adjusted in secondary analyses. After adjustment, the association of 

rs10455872 with OxPL-apoB was still significant (beta=-0.25, SE=0.09, p=0.006).

A cartoon of the physical relationships of Lp(a) and OxPL summarizing the specific 

pleiotropic effect of one gene (LPA, snp rs10455872) on two traits: Lp(a) and OxPL-apoB is 

shown in Figure 4.
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Discussion

This study demonstrates that biomarkers of oxidized lipoproteins are highly heritable 

cardiovascular risk factors. Importantly, the heritability of OxPL-apoB, autoantibodies to 

OxLDL and apoB-immune complexes were substantially higher than other physiologic, 

inflammatory, and lipid traits measured in the same subjects. These observations suggest 

previously unexplored genetic origins for atherosclerosis mediated by oxidized lipoproteins.

Since Lp(a) is the major lipoprotein carrier of OxPL,24,25 the high heritability of the 

biomarker OxPL-apoB as a cardiovascular risk factor, as well as its genetic covariance 

(shared heritability) with Lp(a), naturally follows.17, 18 However, it was also demonstrated 

that SNP rs10458872 correlates with OxPL-apoB even after adjusting for Lp(a) levels, 

suggesting pleiotropic effects on OxPL-apoB and Lp(a). This may be due to the fact that 

rs10458872 is associated with smaller apo(a) isoforms that mediate higher Lp(a) levels,19 

which are particularly enriched in OxPL as demonstrated in the Dallas Heart Study.20 Thus, 

rs10458872 may reflect the presence of the most atherogenic and OxPL-enriched Lp(a) 

particles. It is now well accepted that Lp(a) is a highly heritable,21, 22 and likely causal risk 

factor for CVD, particularly with the recent strong supporting data from epidemiological, 

genome wide association and mendelian randomization studies demonstrating its 

independent predictive role in CVD, myocardial infarction and aortic stenosis and 

calcification.19, 23-26 The OxPL-apoB assay quantitates OxPL on apoB-containing 

lipoproteins, but this primarily reflects the OxPL bound to Lp(a), both covalently to apo(a) 

and in the lipid phase of apoB17, 18 (i.e.,Lp(a)-apoB particles), as shown in Figure 4. We 

have previously shown that the correlation of OxPL-apoB with Lp(a) is variable, with 

Spearman range of r=0.13-0.88, depending on racial differences, the underlying genetics of 

the LPA gene, and specifically in the number of kringle IV repeats.20 In general, the OxPL-

apoB correlates best with Lp(a) plasma levels when small apo(a) isoforms are present in 

setting of elevated plasma Lp(a) levels, irrespective of race.20, 27 In the present study, the 

relatively modest correlation between OxPL-apoB and Lp(a) levels (Spearman ρ=0.57, 

p<0.0001) reflects the fact that this twin cohort tended to have medium to large isoforms and 

corresponding lower Lp(a) levels. This variability between OxPL-apoB levels and Lp(a) 

likely reflects the fact that in some studies OxPL-apoB remains an independent predictor of 

CVD risk even when adjusted for Lp(a) levels, similar to this study with the SNP 

rs10455872.28, 29 We previously also showed that the LPA SNP rs3798220, which is 

associated with elevated Lp(a) levels was also associated with elevated OxPL-apoB levels.30 

In aggregate, the current genetic data reinforce the hypothesis that the content of OxPL on 

Lp(a) is an important biological mediator of the enhanced atherogenicity of Lp(a).

In support of the relationship between Lp(a) and OxPL-apoB and the fact that Lp(a) strongly 

binds OxPL,17, 18 these analyses show that the association between Lp(a) and OxPL-apoB is 

mainly determined by genetic factors, as opposed to environmental factors. This is 

supported by the fact that there is overwhelmingly genetic codetermination (measured by the 

genetic covariance of ρG0.77±0.03) but not environmental codetermination (measured by 

ρE) 0.12±0.08 and by the strong correlation between Lp(a) and OxPL-apoB (Spearman 

ρ=0.56). In contrast, although individually highly heritable traits, the associations between 

Lp(a) and autoantibodies to OxLDL and apoB-IC are determined by environmental factors, 
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as supported by weak or absent correlations, as opposed to pleiotropic genetic effects. Thus, 

although autoantibodies to OxLDL and apoB-IC are also highly heritable, they do not share 

significant heritability with Lp(a), or even with OxPL-apoB consistent with different genetic 

origins of heritability. Interestingly, the relationship between the major apo(a) isoform size 

and OxPL-apoB and Lp(a) was similar, with Spearman ρ in the range of r=-0.50. This is 

consistent with prior observations from the Dallas Heart Study in Blacks, Whites and 

Hispanics and supports the notion that the size of the apo(a) isoform can explain 

approximately 25% of both Lp(a) and OxPL-apoB levels.20 In contrast, the minor apo(a) 

isoform had significantly weaker or absent correlation with both OxPL-apoB and Lp(a), 

consistent with its lesser role in mediating plasma Lp(a) levels.

The perfect concordance of the major and minor apo(a) isoforms within monozygotic twin 

pairs is expected based on these subjects carrying identical alleles. Interestingly, in dizygotic 

twins the correlation coefficient ranged from 0.40-0.74, explaining 16-50% of this 

relationship, providing a reflection of the genetic variation at the LPA locus. However, this 

variability only reflects genetic differences in kringle IV repeats and does not take into 

account snps or regulatory elements in the LPA gene mediating expression of Lp(a).31 

Microsatellite linkage in a series of sibling pairs derived from the twins and sibships isolated 

Lp(a) trait determination to chromosome 6q26, encompassing the known location of the 

LPA gene. Further dense SNP genotyping revealed that LPA intronic SNP rs10455872 was 

associated with elevated levels of both Lp(a) and OxPL-apoB, and was independently 

associated with OxPL-apoB when adjusting for Lp(a) levels. The lack of genome wide 

significance for an association of plasma levels of OxPL-apoB and indirect oxidative 

biomarkers suggests either low power or multifactorial etiologies of their respective plasma 

levels.

This study additionally demonstrates that IgG and IgM autoantibodies to OxLDL and apoB-

immune complexes are highly heritable biomarkers. As the experimental and clinical 

database grows on the role of autoantibodies to OxLDL, it has become evident that IgG and 

IgM titers reflect different clinical risk predictions. In general, IgG autoantibody levels to 

OxLDL are associated with higher CVD risk, whereas IgM autoantibodies are associated 

with lower risk.8, 11, 13 In the Bruneck study with prospective 15 year follow-up, IgM 

autoantibodies to MDA-LDL had a fully adjusted hazard ratio 0.69 for death, MI and stroke, 

consistent with an overall protective effect, whereas IgG autoantibodies to MDA-LDL had a 

hazard ratio of 1.2 for predicting a death, MI and stroke.11 These findings are consistent 

with the only other study evaluating the genetic role of such biomarkers by Paavola et al32 

showing h2=0.28-0.65 for IgG, IgM and IgA autoantibodies to OxLDL but studied only in 

subjects with low HDL-C. Their heritability study also included patients with a high 

prevalence of CHD (39%) and on statin therapy, which are known to affect levels of such 

biomarkers.8 In contrast, our twin study had no patients with CAD or on statin therapy, and 

therefore has fewer confounding variables and is thus a more robust assessment of the h2 of 

these biomarkers. However, both studies show a surprisingly strong genetic basis for 

antibody responses to OSE. In part, this may reflect the known genetic underpinnings of 

CAD, as well as a hereditary influence on immune responses.
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In support of the clinical outcomes data, experimental studies in IgM-/-/Ldlr-/-negative mice, 

lacking IgM antibodies, demonstrate a 7-fold acceleration in atherosclerosis compared to 

Ldlr-/- controls.33, 34 In fact, it has also demonstrated in both mice and humans that IgM 

autoantibodies to OSE represent ∼15-30% of the total IgM repertoire, suggesting important 

homeostatic functions.35 The mechanisms through which IgM antibodies may be protective 

are not fully defined, but for the most part they reflect the presence of “natural” antibodies 

that are present at birth and are presumed to be positively selected for their overall benefit to 

maintain homeostasis. These may function in housekeeping roles such as neutralization 

and/or clearance of OSE present on apoptotic cells and oxidized lipoproteins, and in binding 

to and preventing pro-inflammatory effects of OSE.1

Limitations of this study are that this cohort of patients is relatively young, healthy and 

primarily of European Caucasian descent, with relatively low Lp(a) levels. Therefore, there 

are no cardiovascular outcomes associated to link the heritability of these measures to 

clinical outcomes. However lack of CVD allows us to more cleanly interpret the findings of 

heritability, and provides evidence that heritability of these components contributes to the 

innate and adaptive immune response in atherogenesis.

Significance

These findings have clinical implications. First, they support the epidemiological and trial 

data that OxPL-apoB is a strong risk factor for CVD and that it reflects the clinical risk 

mediated by the most atherogenic Lp(a) particles.4, 11, 36, 37 Second, the data imply that 

natural antibodies to OSE, may be useful as diagnostic agents in biomarker assays,4 

molecular imaging approaches targeting oxidation-rich lesions38 and therapeutic 

applications using passive immunization approaches.39 Finally, further understanding the 

potential genetic determinants of CVD may enable insights into the functions of the adaptive 

and innate immune systems, allowing novel immunomodulatory approaches to optimize 

anti-atherogenic strategies to reduce CVD risk or events.1, 40

Conclusion

In this twin study, we demonstrate that biomarkers of oxidized lipoproteins are highly 

heritable cardiovascular risk factors. Advantages of this study include the inclusion of twins 

allowing estimation of heritability, the presence of multiple phenotypes allowing estimation 

of genetic and environmental covariance and presence of multiple ethnicities. This 

observation along with the clinical data that these biomarkers predict CVD risk11 indicates 

novel genetic origins to be probed for risk of atherothrombosis mediated by oxidized 

lipoproteins and Lp(a).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relationship of Lp(a) to shared genetic and environmental determinants
Genetic vs. environmental covariance of Lp(a) with OxPL-apoB, or other biomarkers of 

oxidized lipoproteins (IgG and IgM autoantibodies to MDA-LDL and CuOxLDL and apoB-

IC). Results are shown as the estimate +/- standard error(SE). The diagonal is a line of 

identity (Y=X). Covariance estimates and their SE values are found in Table 2.
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Figure 2. Relationship of apo(a) isoforms in monozygotic and dizygotic twins
Correlation of the major apo(a) isoform as measured by number of K4 repeats within 

monozygotic (A) and dizygotic (B) twin pairs.
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Figure 3. Genetic linkage and association analysis of Lp(a)
3A. Genetic linkage (meiotic cosegregation of marker and Lp(a) trait) in sibling pairs, 

plotted on chromosome 6 (harboring the LPA locus on 6q26). Genetic (meiotic 

recombination) distance is in cM (horizontal axis). LOD score (vertical axis) indicates the 

Log[10] of the odds ratio for linkage. A LOD=4.36 is considered significant at the genome-

wide level.

3B. Genetic association (during dense SNP genotyping) for the Lp(a) and OxPL-apoB traits 

in individuals, plotted (mean +/- SEM) as a function of the peak associated SNP at the LPA 

locus for each trait: intronic variant rs10555872 (A>G). Minor (G) allele carriers display 

coordinate elevations of both Lp(a) and OxPL-apoB. HWE: Hardy Weinberg Equilibrium.
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Figure 4. Postulated sites of OxPL binding to Lp(a)
Cartoon of the proposed relationship of OxPL to Lp(a) denoting that OxPL is present 

covalently bound to apo(a) and also in the lipid phase of apoB. The figure was modified 

from Albers et al 41 with permission.
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Table 1
Characteristics of study group

Trait N Mean

Demographics:

 Sex 386

  Male 92

  Female 294

 Ancestry 386

  European Caucasian 322

  Non-European (non-Caucasian) 64

Age, years 386 40.3 (16.9)

Physical:

 Height (meters) 386 1.67 (0.90)

 Body weight (kilograms) 386 70.0 (16.2)

 Body Mass Index (kg/m2) 386 24.9 (4.91)

Physiological:

 Systolic Blood Pressure (mmHg) 385 117.7 (17.8)

 Diastolic Blood Pressure (mmHg) 384 63.4 (11.7)

 Heart rate (beats/min) 385 71.6 (12.3)

Biochemical:

 Plasma glucose (mg/dL) 386 82.9 (20.1)

 Plasma insulin (μUnit/ml) 384 14.6 (21.9)

 C-reactive protein (mg/L) 375 0.92 (0.38-2.8)

Lipid values

 Total cholesterol (mg/dl) 386 176.7 (35.3)

 Triglycerides (mg/dl) 386 85.5 (71.7-129)

 HDL-C (mg/dl) 386 51.4 (15.3)

 LDL-C (mg/dl) 384 103.6 (30.6)

 Apolipoprotein A-1 (mg/dl) 386 136.2 (27.4)

 Apolipoprotein B (mg/dl) 385 75.8 (20.7)

Oxidative Biomarkers

 Lp(a) (mg/dl) 386 3.1 (2.0-5.5)

 OxPL-apoB, RLU 386 4196 (2819-6856)

 IgG MDA-LDL, RLU 386 5606 (4102-7462)

 IgM MDA-LDL, RLU 386 18802 (13664-27790)

 IgG Cu-OxLDL, RLU 386 4368 (3233-5758)

 IgM Cu-OxLDL, RLU 386 7627 (5207-11774)

 IgG ApoB-IC, RLU 386 15026 (10782-19181)

 IgM ApoB-IC, RLU 386 4415 (4594-9105)

Major apo(a) isoform, # KIV repeats all twins 235 25 (20-27)

Minor apo(a) isoform, # KIV repeats all twins 224 29 (29-34)

Major apo(a) Isoform, # KIV repeats
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Trait N Mean

 Monozygotic twins 167 26 (22-30)

 Dizygotic twins 48 25 (20-28)

Minor apo(a) Isoform, # KIV repeats

 Monozygotic twins 157 32 (27-34)

 Dizygotic twins 48 31 (27-33)

Results are given as mean value +/- SD, or as median (inter-quartile range) if not normally distributed.

RLU is relative light units.
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