Apolipoprotein B and Atherosclerosis

Apolipoprotein B-100 (apoB) is the major structural protein found on all atherogenic lipoprotein
particles' and has been shown to be a causal factor in the development of atherosclerosis (asCVD)?2 It
is believed to be due to its presence on the outer surface of low density lipoprotein particles (LDLp) -
which comprise the bulk of the atherogenic lipoproteins found in serum. This causality has been
independently confirmed by a statistical/ genomic analysis known as mendelian randomization®.

Biochemical and physiological experiments have shown that apoB is central to developing
atherosclerotic lesions in the arterial wall®. ApoB-containing lipoproteins enter the arterial
subendothelial layer, are subjected to oxidation and other post translation modifications and become
bound within the arterial intimal®. This entrapment signals cytokines to trigger an inflammatory
response, leading to foam cell formation and plaque buildup in the arterial wall®.

Other aggregating factors for asCVD - ranked by hazard ratios, include low cardiovascular fitness
1.657, smoking status 1.56°, age (>45yr) 1.47% diabetes 1.25%, and hypertension 1.16® These risk
factors are considered insufficient for the atheroma to progress in the absence of LDL particles®.

Structure : ApoB’s structural properties may provide a clue to its atherogenicity. Amino acid
residues external to the particle membrane can be modified by oxidation", glycation'® and
ceramidylation'®. These modifications in exposed areas of the amino acid sequence could lead to
conformational changes in the particle - possibly resulting in smaller (and therefore more dense) LDL
particles'.

It is generally assumed that all apoB containing lipoprotein particles promote atheroma formation, but
its not clear whether they are equally atherogenic. VLDL particles and their remnants are an
independent marker for risk in individuals with low LDL-C'. Furthermore residual asCVD risk
improved in individuals with fewer remnant VLDL particles'”. Components of these particles subjected
to oxidation represent a particularly inflammatory version of apoB. In addition to apoB, phospholipids
in the lipid outer layer are also susceptible to oxidation'. Antibodies against oxidized lipoprotein-
associated phospholipids (oxPL) and oxidized apoB (LDL have been developed but are not currently
commercially available. Future trials investigating these modified forms of lipoprotein particles may
solve this question. Consequently current American College of Cardiology guidance is to lower all
apoB in serum to below at least 130 mg/dl in order to reduce atherogenic risk*®.

Interventions : Current guidance recommend pharmaceutical interventions and lifestyle changes to
lower the risk of atherosclerosis. Table 1 shows the relative benefit of various drugs and lifestyle
choices in lowering (HR<1) asCVD risk. Whilst the percentage gains might appear modest, the
prevalence of atherosclerosis in humans will result in thousands of lives being saved.



Table 1: Hazard ratios (relative risk) of interventions in reducing asCVD events

Intervention Hazard Ratio Confidence Interval
95%

ACEi/ARB 0.94 0.91-0.97 8
Statins 0.87 0.80-0.93 8
Metformin 0.88 0.84-0.91 8
DPP4 i 0.97 0.91-1.03 8
GLP-1RA 0.76 0.68-0.85 8
SGLT2 i 1.00 0.78-1.28 8
PCSKO9i 0.83 0.76-0.91 19
Inclisiran 0.74 0.58-0.94 20
Bempedoic acid 0.80 0.72-0.89 2
Nutrition — Med Diet 0.95 0.91-0.98 2
CV fitness (low) 1.65 1.12-2.44 7

ACEI — angiotensin II converting enzyme inhibitor; ARB — angiotensin receptor blocker; DPP4i — dipeptidyl peptidase IV inhibitor; GLP-1RA — glucagon
like peptide 1 receptor agonist; SGLT2i — sodium glucose cotransporter 2 inhibitor; PCSK9i - proprotein convertase subtilisin/kexin type 9 inhibitor;

Nutrition Med Diet - Mediterranean diet; CV fitness — cardiovascular fitness.

Lp(a) - It doesn’t end there. A fusion variant exists which has the apoB protein covalently bound to
another protein called apo(a) in the liver. This larger variant, known as Lp(a), is approximately 6x more
atherogenic than apoB on a per particle basis*. The American College of Cardiology has stated that
Lp(a) levels appear to be genetically determined and don’t vary through life. Current guidance is to test
for it once after the age of five.

Lp(a) is a complex molecule with a variable molecular weight. The apo(a) moiety can have varying
repeat regions within its sequence known as kringles®*. Kringle IV in particular may bind to oxidised
phospholipids (oxPL) on other LDL particles thereby trapping them in the arterial wall”’. There is
currently no treatment to lower Lp(a). Patients with >30mg/dl are considered high risk for asCVD
events whilst a level below 14 mg/dl is considered low risk®.

The case for testing apoB

Discordance : Investigators found that there was discordance between LDL-C / apoB and clinical
outcomes in some patients with diabetes®. Gene variants can influence lipoprotein turnover further
skewing the discrepancy in some people. Pharmaceutics such as statins generally lower cholesterol



metrics far more than particle parameters. In the above scenarios clinical outcomes/risk track the
underlying apoB metrics more closely than LDL-C *.

To assess the optimal marker of cardiovascular risk, a recent cohort study looked at CVD events in a
UK Biobank population (n=389529)*. They followed apoB, LDL-C and non HDL-C amongst other
parameters. The correlation coefficients showed an increased sensitivity for apoB of 5% over non
HDL-C and 4% over LDL-C. Given the sample size, this was a statistically significant result (p<
0.001). Nevertheless cholesterol remains the preferred asCVD biomarker despite its slightly inferior
association with the disease. LDL-C is cheap, readily available, well understood and supported by a
vast body of literature.

Treatment targets — apoB - Clinical opinion is currently divided into two groups. The first group have
adopted a “the lower the better” approach, especially in higher risk populations. This presents more
patients with potentially favourable clinical outcomes but the approach is not without its economic
challenges. Quite simply the cost of new generation lipid-lowering therapy is beyond the reach of
many. The second group rely on observational studies to establish treatment targets. This approach has
its own limitations which are outlined below.

A recent study reported a J-shaped association between apoB and asCVD events*. They found that in a
general population (n=14035 followed for a median 23.2 years) there was a relative increased risk of
mortality from coronary heart disease or stroke. An optimal apoB range between 100 mg/dl and 130
mg/dl was observed. These studies have a number of limitations which may affect the results.
Observational studies can identify correlations between apoB levels and clinical events. There could be
a number of confounding factors affecting the mortality curves produced by these studies. In this case
the results were in agreement with the 2019 ACC guidelines'®. Many physicians feel that the 130 mg/dl
threshold is too lenient for patients with multiple risk factors and a target of below 70 mg/dl being
preferred®.

Summary

Atherogenic vesicles in human serum are a heterogenous collection of lipoprotein particles which vary
widely in size, modification status and cargo content. Unsurprisingly traditional markers of
cardiovascular risk are less reliable than the causal particles themselves. A single copy of apoB is
present on every atherogenic particle — the apoB assay captures all the asCVD risk, is economical,
clinically practicable and a better predictor of clinical outcomes.

ApoB deserves more attention.



References

10.

11.

12.

13.

14.

15.

16.

Yang CY, Gu ZW, Weng SA, et al. Structure of apolipoprotein B-100 of human low density
lipoproteins. Arteriosclerosis. 1989;9(1):96-108. doi:10.1161/01.atv.9.1.96

Cholesterol Treatment Trialists' (CTT) Collaboration, Fulcher J, O'Connell R, et al. Efficacy
and safety of LDL-lowering therapy among men and women: meta-analysis of individual data
from 174,000 participants in 27 randomised trials. Lancet. 2015;385(9976):1397-1405.
doi:10.1016/S0140-6736(14)61368-4

Richardson TG, Sanderson E, Palmer TM, et al. Evaluating the relationship between circulating
lipoprotein lipids and apolipoproteins with risk of coronary heart disease: A multivariable
Mendelian randomisation analysis. PLoS Med. 2020;17(3):e1003062. Published 2020 Mar 23.
doi:10.1371/journal.pmed.1003062

Behbodikhah J, Ahmed S, Elyasi A, et al. Apolipoprotein B and Cardiovascular Disease:
Biomarker and Potential Therapeutic Target. Metabolites. 2021;11(10):690. Published 2021 Oct
8. d0i:10.3390/metabo11100690

Tabas I, Williams KJ, Borén J. Subendothelial lipoprotein retention as the initiating process in
atherosclerosis: update and therapeutic implications. Circulation. 2007;116(16):1832-1844.
doi:10.1161/CIRCULATIONAHA.106.676890

Linton MF, Yancey PG, Davies SS, et al. The Role of Lipids and Lipoproteins in
Atherosclerosis. In: Feingold KR, Anawalt B, Blackman MR, et al., eds. Endotext. South
Dartmouth (MA): MDText.com, Inc.; January 3, 2019

Aker A, Saliba W, Bahouth F, Naoum I, Zafrir B. Cardiorespiratory Fitness and Risk of
Cardiovascular Events and Mortality in Middle Age Patients without Known Cardiovascular
Disease. J Clin Med. 2023;12(22):7011. Published 2023 Nov 9. d0i:10.3390/jcm12227011
Miao B, Hernandez AV, Alberts MJ, Mangiafico N, Roman YM, Coleman CI. Incidence and
Predictors of Major Adverse Cardiovascular Events in Patients With Established Atherosclerotic
Disease or Multiple Risk Factors. J Am Heart Assoc. 2020;9(2):e014402.
doi:10.1161/JAHA.119.014402

Canto JG, Kiefe CI, Rogers WJ, et al. Atherosclerotic risk factors and their association with
hospital mortality among patients with first myocardial infarction (from the National Registry
of Myocardial Infarction). Am J Cardiol. 2012;110(9):1256-1261.
doi:10.1016/j.amjcard.2012.06.025

Yang C, Gu ZW, Yang M, Gotto AM Jr. Primary structure of apoB-100. Chem Phys Lipids.
1994;67-68:99-104. doi:10.1016/0009-3084(94)90128-7

Tsimikas S, Witztum JL. Oxidized phospholipids in cardiovascular disease. Nat Rev Cardiol.
2024;21(3):170-191. doi:10.1038/s41569-023-00937-4

Younis NN, Soran H, Pemberton P, Charlton-Menys V, Elseweidy MM, Durrington PN. Small
dense LDL is more susceptible to glycation than more buoyant LDL in Type 2 diabetes. Clin Sci
(Lond). 2013;124(5):343-349. d0i:10.1042/CS20120304

Kasumov T, Li L, Li M, et al. Ceramide as a mediator of non-alcoholic Fatty liver disease and
associated atherosclerosis. PLoS One. 2015;10(5):e0126910. Published 2015 May 20.
doi:10.1371/journal.pone.0126910

Segrest JP, Jones MK, De Loof H, Dashti N. Structure of apolipoprotein B-100 in low density
lipoproteins. J Lipid Res. 2001;42(9):1346-1367.

Salinas CAA, Chapman MJ. Remnant lipoproteins: are they equal to or more atherogenic than
LDL?. Curr Opin Lipidol. 2020;31(3):132-139. doi:10.1097/MOL..0000000000000682
Lawler PR, Akinkuolie AO, Chu AY, et al. Atherogenic Lipoprotein Determinants of
Cardiovascular Disease and Residual Risk Among Individuals With Low Low-Density



https://doi.org/10.1097/MOL.0000000000000682
https://doi.org/10.1371/journal.pone.0126910
https://doi.org/10.1042/CS20120304
https://doi.org/10.1038/s41569-023-00937-4
https://doi.org/10.1016/0009-3084(94)90128-7
https://doi.org/10.1016/j.amjcard.2012.06.025
https://doi.org/10.1161/JAHA.119.014402
https://doi.org/10.3390/jcm12227011
https://doi.org/10.1161/CIRCULATIONAHA.106.676890
https://doi.org/10.3390/metabo11100690
https://doi.org/10.1371/journal.pmed.1003062
https://doi.org/10.1016/S0140-6736(14)61368-4
https://doi.org/10.1161/01.atv.9.1.96

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lipoprotein Cholesterol. J Am Heart Assoc. 2017;6(7):e005549. Published 2017 Jul 21.
doi:10.1161/JAHA.117.005549

Lawler PR, Akinkuolie AO, Harada P, et al. Residual Risk of Atherosclerotic Cardiovascular
Events in Relation to Reductions in Very-Low-Density Lipoproteins. J Am Heart Assoc.
2017;6(12):e007402. Published 2017 Dec 9. d0i:10.1161/JAHA.117.007402

Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the Primary
Prevention of Cardiovascular Disease: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines [published
correction appears in Circulation. 2019 Sep 10;140(11):e649-e650] [published correction
appears in Circulation. 2020 Jan 28;141(4):e60] [published correction appears in Circulation.
2020 Apr 21;141(16):e774]. Circulation. 2019;140(11):e596-e646.
doi:10.1161/CIR.0000000000000678

Deedwania P, Murphy SA, Scheen A, et al. Efficacy and Safety of PCSK9 Inhibition With
Evolocumab in Reducing Cardiovascular Events in Patients With Metabolic Syndrome
Receiving Statin Therapy: Secondary Analysis From the FOURIER Randomized Clinical
Trial. JAMA Cardiol. 2021;6(2):139-147. doi:10.1001/jamacardio.2020.3151

Ray KK, Raal FJ, Kallend DG, et al. Inclisiran and cardiovascular events: a patient-level
analysis of phase III trials. Eur Heart J. 2023;44(2):129-138. doi:10.1093/eurheartj/ehac594
Ray KK, Nicholls SJ, Li N, et al. Efficacy and safety of bempedoic acid among patients with
and without diabetes: prespecified analysis of the CLEAR Outcomes randomised trial. Lancet
Diabetes Endocrinol. 2024;12(1):19-28. doi:10.1016/52213-8587(23)00316-9

Stewart RA, Wallentin L, Benatar J, et al. Dietary patterns and the risk of major adverse
cardiovascular events in a global study of high-risk patients with stable coronary heart

disease. Eur Heart J. 2016;37(25):1993-2001. doi:10.1093/eurheartj/ehw125

Bjornson E, Adiels M, Taskinen MR, et al. Lipoprotein(a) Is Markedly More Atherogenic Than
LDL: An Apolipoprotein B-Based Genetic Analysis. J Am Coll Cardiol. 2024;83(3):385-395.
doi:10.1016/j.jacc.2023.10.039

Alebna P (2023) American College of Cardiology
https://www.acc.org/latest-in-cardiology/articles/2023/09/19/10/54/an-update-on-lipoprotein-a
Parthymos I, Kostapanos MS, Mikhailidis DP, Florentin M. Lipoprotein (a) as a treatment target
for cardiovascular disease prevention and related therapeutic strategies: a critical overview. Eur
J Prev Cardiol. 2022;29(5):739-755. doi:10.1093/eurjpc/zwab052

Farzam K, Senthilkumaran S. Lipoprotein A. [Updated 2022 Sep 2]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK570621/

Schmidt K, Noureen A, Kronenberg F, Utermann G. Structure, function, and genetics of
lipoprotein (a). J Lipid Res. 2016 Aug;57(8):1339-59. doi: 10.1194/jlr.R067314. Epub 2016 Apr
13. PMID: 27074913; PMCID: PMC4959873.

Razavi AC, Bazzano LA, He J, et al. Discordantly normal ApoB relative to elevated LDL-C in
persons with metabolic disorders: A marker of atherogenic heterogeneity. Am J Prev Cardiol.
2021;7:100190. Published 2021 May 4. doi:10.1016/j.ajpc.2021.100190

Wilkins JT, Li RC, Sniderman A, Chan C, Lloyd-Jones DM. Discordance Between
Apolipoprotein B and LDL-Cholesterol in Young Adults Predicts Coronary Artery
Calcification: The CARDIA Study. J Am Coll Cardiol. 2016;67(2):193-201.
doi:10.1016/j.jacc.2015.10.055

Glavinovic T, Thanassoulis G, de Graaf J, Couture P, Hegele RA, Sniderman AD. Physiological
Bases for the Superiority of Apolipoprotein B Over Low-Density Lipoprotein Cholesterol and
Non-High-Density Lipoprotein Cholesterol as a Marker of Cardiovascular Risk. J Am Heart
Assoc. 2022;11(20):e025858. doi:10.1161/JAHA.122.025858



https://doi.org/10.1161/JAHA.122.025858
https://doi.org/10.1016/j.jacc.2015.10.055
https://doi.org/10.1016/j.ajpc.2021.100190
https://www.ncbi.nlm.nih.gov/books/NBK570621/
https://doi.org/10.1093/eurjpc/zwab052
https://www.acc.org/latest-in-cardiology/articles/2023/09/19/10/54/an-update-on-lipoprotein-a
https://doi.org/10.1016/j.jacc.2023.10.039
https://doi.org/10.1093/eurheartj/ehw125
https://doi.org/10.1016/S2213-8587(23)00316-9
https://doi.org/10.1093/eurheartj/ehac594
https://doi.org/10.1001/jamacardio.2020.3151
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/JAHA.117.007402
https://doi.org/10.1161/JAHA.117.005549

31. Marston NA, Giugliano RP, Melloni GEM, et al. Association of Apolipoprotein B-Containing
Lipoproteins and Risk of Myocardial Infarction in Individuals With and Without
Atherosclerosis: Distinguishing Between Particle Concentration, Type, and Content. JAMA
Cardiol. 2022;7(3):250-256. doi:10.1001/jamacardio.2021.5083

32. Rong S, Li B, Chen L, et al. Association of Low-Density Lipoprotein Cholesterol Levels with
More than 20-Year Risk of Cardiovascular and All-Cause Mortality in the General Population. J
Am Heart Assoc. 2022;11(15):e023690. doi:10.1161/JAHA.121.023690

33. Elshazly MB, Quispe R. The Lower the ApoB, the Better: Now, How Does ApoB Fit in the
Upcoming Era of Targeted Therapeutics?. Circulation. 2022;146(9):673-675.
doi:10.1161/CIRCULATIONAHA.122.061188



https://doi.org/10.1161/CIRCULATIONAHA.122.061188
https://doi.org/10.1161/JAHA.121.023690
https://doi.org/10.1001/jamacardio.2021.5083

