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Apolipoprotein B, Non-HDL Cholesterol, and LDL
Cholesterol as Markers for Atherosclerotic
Cardiovascular Disease Risk Assessment

Despite evidence for the superiority of non-HDL cholesterol (HDL-
C) and apolipoprotein B (Apo B) in the accurate estimation of
atherosclerotic cardiovascular disease (ASCVD) risk [1-4], LDL
cholesterol (LDL-C) remains the primary marker recommended
in major lipid guidelines to judge treatment adequacy [5, 6]. Non-
HDL-C values are calculated by subtracting the HDL-C level from
the total cholesterol level, which can reflect LDL-C levels as well
as very low-density lipoprotein cholesterol (VLDL-C), intermedi-
ate-density lipoprotein cholesterol (IDL-C), remnant parts, and li-
poprotein (a) [Lp (a)] levels [7]. Apo B is the main protein that
makes up LDL-C, VLDL-C, IDL-C, and Lp (a). All lipoprotein parti-
cles have a single Apo B molecule; therefore, when Apo B is
measured, it is possible to check the number of VLDL-C, IDL-C,
and Lp (a) particles, including LDL-C, as ASCVD risk factors [2].
Trapping of Apo B in the arterial wall is the main cause of ASCVD,
and cholesterol is the only proatherogenic element deposited af-
ter Apo B is trapped in the arterial wall. Oxidized phospholipids
and Apo B are powerful inducers of inflammation, damage, and
angiogenesis, and Apo B particles are fundamental factors in ar-
terial wall injury [2, 4]. Since VLDL particles are also atherogenic
and Apo B levels can reflect the number of VLDL particles as well
as LDL, the Apo B level can be used to more accurately assess
ASCVD risk than LDL-C and non-HDL-C levels [1, 2, 4, 6].

The 2019 European Society of Cardiology and European Ath-
erosclerosis Society (ESC/EAS) guidelines suggest that Apo B

can more accurately measure ASCVD risk and the adequacy of
lipid-lowering treatment than LDL-C or non-HDL-C and that Apo
B can also be measured more accurately than LDL-C and non-
HDL-C [6]. However, owing to the very high correlations among
LDL-C, non-HDL-C, and Apo B, it has been suggested that Apo
B may in fact not be superior to non-HDL-C and LDL-C for risk
assessment [8, 9].

In this issue of Annals of Laboratory Medicine, Yun, et al. [10]
report that the Apo B level can serve a useful marker for ASCVD
risk assessment in patients with ASCVD risk factors, even those
presenting normal LDL-C levels. Because LDL-C, non-HDL-C,
and Apo B are highly correlated, it is very difficult to distinguish
their individual relationships with ASCVD risk using a general
statistical analysis method. Discordance analysis can be used to
compare highly correlated variables, which could enable com-
parison between patients with average and discordant (higher
or lower than average) cholesterol mass per Apo B particle [2,
111. Johannesen, et al. [1] conducted the first discordance anal-
ysis in patients treated with a statin for myocardial infarction and
assessed death risk according to discordant Apo B, non-HDL-C,
and LDL-C levels. They found that high Apo B or non-HDL-C
but low LDL-C levels were associated with an increased risk of
ASCVD and mortality, whereas high LDL-C but low Apo B or
non-HDL-C levels did not show an association. High Apo B/low
non-HDL-C was associated with a higher all-cause risk than low
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Apo B/high non-HDL-C. In conclusion, Johannesen, et al. [1]
suggested that Apo B is a more accurate ASCVD risk marker
than LDL-C and non-HDL-C in statin-treated patients.

Yun, et al. [10] conducted the first discordance analysis study
for ASCVD risk in adults using Apo B, non-HDL-C, and LDL-C
levels based on Korean Genome and Epidemiology Study data.
They divided patients according to median Apo B, non-HDL-C,
and LDL-C levels and compared the ASCVD risk between the
four discordant groups (high Apo B/low LDL-C, high Apo B/low
LDL-C, high non-HDL-C/low LDL-C, and low non-HDL-C/high
LDL-C) and the four concordant groups (low Apo B/low LDL-C,
high Apo B/high LDL-C, low non-HDL-C/low LDL-C, and high
non-HDL-C/high LDL-C) [10]. The high Apo B/low LDL-C patient
group showed the highest adjusted hazard ratio (aHR) per 1-SD
ASCVD compared to the low Apo B/low LDL-C patient group,
and an increased ASCVD risk was found in patients with high
Apo B and low LDL-C levels [10].

Despite recent reports on the superiority of Apo B for accu-
rate ASCVD risk and treatment target assessment, current guide-
lines still recommend using LDL-C as the primary marker for
ASCVD risk assessment and lipid-lowering therapy [5, 6]. In
2012, Sniderman, et al. [3] estimated that using non-HDL-C
rather than LDL-C as a treatment target indicator would prevent
300,000 more cardiovascular events over 10 yrs in adults in the
United States and using Apo B rather than LDL-C would prevent
500,000 more events. The Apo B level can be conveniently mea-
sured at low cost in routine clinical laboratories and the mea-
surements are more accurate than those of LDL-C or non-HDL-
C [6]. Further in-depth study and evaluation are required to vali-
date the recently proposed candidate primary markers for accu-
rate ASCVD risk assessment [12, 13]. Continuous efforts to de-
termine the best way for ASCVD risk assessment and treatment
target are required.

AUTHOR CONTRIBUTIONS

Yun YM contributed to the manuscript writing.

CONFLICTS OF INTEREST

No potential conflicts of interest relevant to this article were re-
ported.

ORCID

Yeo-Min Yun https://orcid.org/0000-0002-5485-8331

222

Yun YM
Apo B as a marker for cardiovascular disease

REFERENCES

1. Johannesen CDL, Mortensen MB, Langsted A, Nordestgaard BG. Apoli-
poprotein B and non-HDL cholesterol better reflect residual risk than
DL cholesterol in statin-treated patients. J Am Coll Cardiol 2021;77:
1439-50.

2. Sniderman AD, Thanassoulis G, Glavinovic T, Navar AM, Pencina M,
Catapano A, et al. Apolipoprotein B particles and cardiovascular dis-
ease: a narrative review. JAMA Cardiol 2019;4:1287-95.

3. Sniderman AD, Williams K, Contois JH, Monroe HM, McQueen MJ, de
Graaf J, et al. A meta-analysis of low-density lipoprotein cholesteral,
non-high-density lipoprotein cholesterol, and apolipoprotein B as mark-
ers of cardiovascular risk. Circ Cardiovasc Qual Outcomes 2011;4:337-
45,

4. Sniderman AD. ApoB vs non-HDL-C vs LDL-C as markers of cardiovas-
cular disease. Clin Chem 2021;67:1440-2.

5. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS,
et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA guideline on the management of blood cholesterol: execu-
tive summary: a report of the American College of Cardiology/American
Heart Association task force on clinical practice guidelines. J Am Coll
Cardiol 2019;73:3168-209.

6. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L,
et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias:
lipid modification to reduce cardiovascular risk. Eur Heart J 2020;41:
111-88.

7. Verbeek R, Hovingh GK, Boekholdt SM. Non-high-density lipoprotein
cholesterol: current status as cardiovascular marker. Curr Opin Lipidol
2015;26:502-10.

8. Emerging Risk Factors Collaboration; Di Angelantonio E, Sarwar N, Per-
ry P, Kaptoge S, Ray KK, et al. Major lipids, apolipoproteins, and risk of
vascular disease. JAMA 2009;302:1993-2000.

9. Emerging Risk Factors Collaboration; Di Angelantonio E, Gao P, Pen-
nells L, Kaptoge S, Caslake M, et al. Lipid-related markers and cardio-
vascular disease prediction. JAMA 2012;307:2499-506.

10. Yun SY RJ, Kang H, Lee SG, Lim JB. Associations of LDL cholesterol,
non-HDL cholesterol, and apolipoprotein B with cardiovascular disease
occurrence in adults: Korean Genome and Epidemiology Study. Ann
Lab Med 2023;43:237-47.

11. Cantey EP and Wilkins JT. Discordance between lipoprotein particle
number and cholesterol content: an update. Curr Opin Endocrinol Dia-
betes Obes 2018;25:130-6.

12. Yang HS, Hur M, Kim H, Kim SJ, Shin S, Di Somma S, et al. HDL sub-
class analysis in predicting metabolic syndrome in Koreans with high
HDL cholesterol levels. Ann Lab Med 2020;40:297-305.

13. Yang HS, Jeong HJ, Kim H, Hwang HK, Hur M, Lee S. Sex-specific U-
shaped relationships between high-density lipoprotein cholesterol levels
and 10-year major adverse cardiovascular events: a nationwide cohort
study of 5.7 million South Koreans. Ann Lab Med 2022;42:415-27.

Corresponding author: Yeo-Min Yun, M.D., Ph.D.

Department of Laboratory Medicine, Konkuk University School of Medicine,
120-1 Neungdong-ro, Gwangjin-gu, Seoul 05030, Korea

Tel: +82-2-2030-5582, Fax: +82-2-2030-5595, E-mail: ymyun@kuh.ac.kr

Key Words: Atherosclerosis, LDL, Cholesterol, Apolipoprotein B

https://doi.org/10.3343/alm.2023.43.3.221



