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A B S T R A C T   

High density lipoprotein cholesterol (HDL-C) is a known contributor to atherosclerotic cardiovascular disease 
(ASCVD) risk when HDL-C <40 mg/dL in men and <50 mg/dL in women. There has been much interest in the 
potential cardioprotective properties of HDL-C, as it removes cholesterol from the periphery to the liver for 
exertion and holds inherent anti-thrombotic and anti-inflammatory properties. However, clinical trials raising 
HDL-C pharmacologically have not shown to improve cardiovascular outcomes. In fact, observational studies 
have demonstrated an increased risk of non-cardiovascular mortality and infection when HDL-C >90 mg/dL and 
>70 mg/dL in women and men, respectively. The ability for the HDL particle to effectively transport cholesterol 
from the periphery for excretion in bile is more complex than illustrated on a standard cholesterol panel. There is 
variability in its function, size, density, subclass, reverse cholesterol transport, and cholesterol efflux capacity, 
which impact the particles ability to effectively reduce cardiovascular disease (CVD) risk. Research has shown 
that HDL particles are prone to have a reduction in its efficacy in response to infection, auto-immune disease, 
menopause and cardiometabolic conditions during pregnancy. Additionally, recent studies have shown that low 
HDL-C may not adequately influence ASCVD risk in Black adults. The purpose of this contemporary review is to 
highlight the utility of using HDL-C in assessing CVD risk.   

1. Introduction 

Low levels of high density lipoprotein (HDL) cholesterol (HDL-C), 
high lipoprotein (LDL) cholesterol (LDL-C) and high triglycerides were 
first associated with the development of coronary heart disease in the 
mid 20th century [1,2]. In the 1970s, the Framingham Heart Study 
observed an inverse relationship between HDL-C and cardiovascular 
disease (CVD) risk [2,3]. Low HDL-C is a well-defined risk factor of both 
incident and progression of atherosclerosis [1,4-6]. Alternatively, high 
HDL-C is thought to be cardioprotective, due to greater cholesterol up-
take from the periphery and excretion in the bile. Additionally, HDL 
particles are thought to have anti-oxidative, anti-inflammatory, and 
anti-thrombotic effects, thus further inferring cardiovascular benefit [4, 
7]. For each 1 mg/dL increase in HDL-C, there is a measured reduction in 
CVD mortality by 4.7% in women and 3.7% in men [8]. Given the strong 
association between HDL-C and CVD risk, HDL-C is a core component of 
the pooled cohorts equation, the gold standard in assessing 10-year 
atherosclerotic cardiovascular disease (ASCVD) risk in the United 
States. Using this equation, a higher HDL-C reduces ASCVD risk, though 

more contemporary data has shed light on the potential negative effects 
of high HDL-C. Observational studies highlighting an inverse association 
between very high HDL-C and cardiovascular outcomes, coupled with 
randomized controlled trials demonstrating little cardioprotective 
benefit when pharmacologically increasing HDL-C, have called into 
question the benefit of high HDL-C [9]. The purpose of this review is to 
summarize the most up to date literature regarding the relationship 
between high HDL-C and ASCVD, while also proposing an algorithm to 
guide clinical management. 

2. Pharmacologically raising HDL-C 

Randomized controlled trials have demonstrated that increasing 
HDL-C pharmacologically does not improve cardiovascular outcomes 
[5,10]. High dose niacin has several differential effects on lipoproteins 
levels: it increases HDL-C, decreases plasma triglycerides, lipoprotein 
(a), and impairs hepatic synthesis of very low density lipoprotein [11]. 
Additionally, niacin decreases LDL-C levels by at least 19% [11]. Given 
these beneficial properties, the Atherothrombosis Intervention in 
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Metabolic Syndrome with Low HDL/High Triglycerides: Impact on 
Global Health Outcomes (AIM-HIGH) trial was conducted to understand 
the utility of niacin among patients with low HDL-C, which enrolled over 
3000 patients on high intensity statin therapy. Despite favorable effects 
on HDL-C and triglyceride levels, niacin did not result in a decrease in 
major adverse cardiovascular events [12]. Similarly, the Heart Protec-
tion Study-2 Treatment of HDL to Reduce the Incidence of Vascular 
Events (HPS2-THRIVE) also found that high dose niacin with laropiprant 
(which reduces niacin associated flushing and improves adherence) did 
not reduce major adverse cardiovascular events compared with placebo 
[13]. 

Cholesterol ester transfer proteins (CETP) enable the transfer of 
cholesterol ester from HDL to apolipoprotein B (apoB) associated lipo-
proteins, leading to a decrease in HDL-C and an increase in LDL-C levels. 
Observational studies have demonstrated that individuals with a loss-of- 
function mutation in CETP had a reduction in CVD events via reduction 
in LDL-C and apoB levels [11,14]. The first of the pharmacologic CETP 
inhibitors developed, torcetrapib, was found to increase HDL-C levels by 
70% and reduce LDL-C levels by 25% among patients on background 
statin therapy. However, there was no reduction in CVD events, with 
subsequent termination of the trial as the drug impacted aldosterone 
levels causing a rise in blood pressure [9,11,14]. Another CETP inhibi-
tor, dalcetrapib, increased HDL-C levels without significantly effecting 
LDL-C levels [14]. In a study enrolling high risk patients within 12 weeks 
of an acute coronary syndrome, dalcetrapib increased HDL-C levels by 
roughly 25%, though a reduction in CVD events did not occur [14]. 
Lastly, anacetrapib reduced cardiovascular events and lowered CVD risk 
in clinical trials. However, subsequent studies found that it’s mechanism 
for CVD reduction was primary driven by the reduction in LDL-C and 
apoB, rather than an increase in HDL-C [9,11,15]. Evacetrapib reduces 
LDL-C levels and increases HDL-C levels with a neutral impact on blood 
pressure, but the trial that tested its efficacy was stopped at 26 months 
due to lack of reduction in mortality [11]. In Phase II testing of obice-
trapib, the Randomized Study of Obicetrapib as an Adjunct to Statin 
Therapy (ROSE) found up to a 30% reduction in apoB and a 51% 
reduction in LDL-C when obicetrapib was taken with a high-intensity 
statin, however CVD outcomes trials are ongoing [16] 

3. Elevated high density lipoprotein-C 

Large observational studies including High-Density Lipoprotein 
Cholesterol and Cause-Specific Mortality in Individuals Without Previ-
ous Cardiovascular Conditions: The CANHEART Study have illustrated 
that significantly elevated HDL-C infers an increased risk of mortality, 
which challenges the dogma that elevations in HDL-C are beneficial 
[17]. An HDL-C >90 mg/dL in women and > 70 mg/dL in men was 
associated with higher rates of mortality from cardiovascular and 
non-cardiovascular disease, respectively [10]. Elevated HDL-C levels 
may also increase the susceptibility to infection and increases rates of 
acute macular degeneration. Individuals with very high HDL-C are 
thought to have dysfunctional HDL particles, which are postulated to be 
pro-inflammatory and pro-atherogenic [9,18]. 

The current ACC/AHA ASCVD risk calculator allows for HDL-C up to 
100 mg/dL, while the European Society of Cardiology (ESC) ASCVD risk 
calculator allows for HDL-C up to 90 mg/dL [19,20]. These values, 
however, do not adequately account for the role gender and race play in 
the development of CVD when HDL-C is extremely elevated. A retro-
spective study showed that HDL-C>90 mg/dL among males had an 
increased 10 year associated risk of major adverse cardiac events, 
whereas women had a similar risk at HDL-C >130 mg/dL [21]. Vari-
ability in HDL-C amongst race and ethnic groups have been identified, 
but their implications are unknown. For example, South Asians and 
Hispanics have lower HDL-C levels when compared to White and Chi-
nese adults [22]. In the Reasons for Geographic and Racial Differences in 
Stroke (REGARDS) longitudinal cohort study, low HDL-C was found to 
predict the risk of coronary heart disease in White, but not Black adults. 

High LDL-C and triglyceride levels, however, were more predictive of 
coronary heart disease risk in both races and genders [3]. 

4. High density lipoprotein biological function and structure 

With conflicting data on the relationship between HDL-C and CVD 
risk, there is utility in understanding the complex nature of HDL particle 
function beyond cholesterol transport and excretion. The HDL-C re-
flected on the standard cholesterol panel does not fully encapsulate the 
complexity of HDL particle function, where its cardioprotective benefit 
is reflective of the relationship between its structure and function [7,9]. 
The density, protein content, and size contribute to the heterogeneity of 
HDL particles and as a result, its ability to efficiently remove cholesterol 
from the periphery and transport to the liver, thereby reducing serum 
cholesterol and theoretically lowering the risk of CVD [5,10]. 

The density of HDL is determined by its protein content. These par-
ticles are considered “high-density” because of a larger percentage of 
protein in comparison to lipid, which are its two major constituents [4, 
9]. The most abundant surface protein, apolipoprotein A-I (apoA-I), 
makes up 70% of the HDL particle and plays a pivotal role in its affinity 
for cell surface receptors. ApoA-1 facilitates the removal of excess 
cellular cholesterol through the ATP-binding cassette transporter-1 and 
initiates a cascade where several other proteins are activated to help 
facilitate cholesterol transport [1,9]. When apoA-I binds to cholesterol 
molecules, it changes the composition of the particle which aides in 
packing and transportation to the liver for cholesterol excretion [24]. 
Smaller proteins further subclassified as lipoprotein-specific proteins 
and ancillary proteins, may play roles in facilitating the HDL particles 
ability to suppress inflammation and increase the effectiveness of 
removing cholesterol from the periphery [9]. 

HDL particles can be further subclassified by the size of the particle 
by lighter, larger and lipid-rich HDL2 and heavier, smaller, protein-rich 
HDL3 [25]. The size of the particle is instrumental to the function as it 
plays a role in cholesterol transport. Larger sized HLD particles carry 
larger amounts of cholesterol and bind to receptors that transfer 
cholesterol to the liver [4]. Since smaller HDL particles are protein rich, 
they have increased apoA-1 which activates enzymes involved in reverse 
cholesterol transport [25,26]. Generally, larger HDL particles are 
inversely associated with CVD risk, whereas smaller HDL particles are 
associated with an elevated risk of CVD. Studies have also shown that 
individuals identified as low risk for CVD with large HDL particle size 
(>8.2 nm) had lower carotid intimal thickness [27,28]. However, this 
relationship may be modified in older women during menopause tran-
sition, where large HDL particles may increase the risk of atherosclerosis 
[29]. Further research needs to be done to determine how particle size 
influences CVD risk. 

5. HDL and reverse cholesterol transport 

HDL particles impart cardiovascular benefit by promoting reverse 
cholesterol transport pathways, removing cholesterol from macro-
phages, enabling transport in the plasma, uptake by the liver and ulti-
mately excretion in bile [30,31]. The capacity of HDL to remove 
cholesterol ester from the periphery is determined by HDL-cholesterol 
efflux capacity (HDL-CEC), which is the first step in reverse choles-
terol transport [25,31,32]. HDL-CEC is measurable and defines how 
much cholesterol the HLD particle can accept from macrophages [32, 
33]. Additionally, these pathways have anti-inflammatory and 
anti-atherogenic effects mediated by suppression of hematopoietic stem 
cells, thereby reducing inflammation and inflammasome activation 
[31]. HDL-CEC has also shown benefit in protection against LDL induced 
apoptosis and stimulation of nitric oxide synthase to promote endothe-
lial repair and induce angiogenesis [30]. Regardless of HDL-C content, 
HDL-CEC has been shown to have an independent, inverse relationship 
with coronary and carotid atherosclerosis [25,32]. 

The mechanism to which HDL-CEC functions to provide 
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cardiovascular benefit is mainly propagated by ATP Binding Cassette 
A1, which mediates cholesterol efflux to apoA-I and small HDL particles 
and ATP binding cassette G1, which allows cholesterol efflux to mature 
HDL [31,34]. In vivo studies have shown accelerated atherogenesis in 
mice with deficiencies of both transporters, supporting the role of 
HDL-CEC in determining ASCVD risk. Two observational studies, the 
Dallas Heart Study and EPIC–Norfolk study, both found that increased 
levels of HDL-CEC were associated with decreased risk of ASCVD events 
at 9.4 years and 15 year of follow up, respectively [35,36]. 

6. HDL function and systemic disease 

Chronic inflammatory conditions, like coronary artery disease, dia-
betes mellitus and rheumatologic disorders impart oxidative modifica-
tion of apoA-I, thereby impacting reverse cholesterol transport [3,33, 
37]. Additionally, HDL particles also consist of triglycerides and phos-
pholipids, where the percentage of these lipids play a role in the function 
of HDL-CEC [4,32]. A higher triglyceride content with a lower phos-
pholipid content has been associated with increased cardiovascular 
disease [32]. One study evaluated the composition of HDL in patients 
with recent myocardial infarction; interestingly, their HDL particles 
were smaller in size and predominately composed of triglyceride [38]. 

Anti-inflammatory properties have also been attributed to HDL [37]. 
However, in infectious states and other inflammatory conditions, there 
is a reduction in the level of antioxidant enzymes and cholesterol con-
tent which may result in a reduction of its protective properties against 
atherosclerosis development [33,37]. In these circumstances, inflam-
matory proteins can infiltrate HDL causing a decrease in apoA-I and 
subsequent poor cholesterol clearance [37]. In a study of lipid function 
among women diagnosed with systemic sclerosis, there was an inverse 
relationship between severity of disease and HDL-CEC function, which 
may partially explain why these populations are at greater risk for 
coronary artery disease [33]. We composed a Table 1 that highlights the 
impact of chronic disease states on the HDL particle. 

7. HDL in menopause and gestational hypertensive disorders 

Post-menopausal women are at greater risk for coronary artery dis-
ease, which may be mediated by dysfunction HDL. Among perimeno-
pausal women, larger HDL particles were found to be less effective in 
cholesterol transport from macrophages because of reductions in HDL- 
CEC in each particle [32]. It is also hypothesized that larger HDL par-
ticles are packed with cholesterol ester which may inhibit them from 
participating in reverse cholesterol transport [39]. HDL dysfunction is 
not limited to post-menopausal women, as pre-menopausal women are 
found to have dysfunctional HDL particles postpartum. Gestational 

hypertensive disorders, such as preeclampsia and gestational diabetes, 
are well established risk factors for the development of coronary artery 
disease and stroke [40,41]. Women with a history of preeclampsia are 
two times more likely to develop coronary artery disease and four times 
more likely to develop heart failure than women who did not have these 
conditions during pregnancy [40]. One study showed that women with 
gestational diabetes had decreased activity of apoA-I, which could ul-
timately decrease the cardioprotective benefit of HDL [23]. Addition-
ally, these populations are found to have larger HDL particle diameters, 
which have impaired antioxidant function and are vulnerable to 
oxidation in comparison to the smaller subclasses [23,32]. Finally, 
gestational diabetes may lead to dysfunctional HDL from oxidation and 
decreased HDL-CEC [23]. 

8. Advanced HDL testing 

A standardized method of evaluating HDL solely on cholesterol 
content (HDL-C) may not accurately reflect the particles relationship 
with CVD risk. HDL concentration and size can be measured using ion 
mobility assays and nuclear magnetic resonance (NMR) spectroscopy, 
respectively [1,3,28,42]. HDL measurement via NMR has been shown to 
be more valuable in determining CVD risk in large cohorts, however this 
modality is not available universally and expensive [42]. Similarly, HDL 
protein content can now be assessed to determine the amount of apoA-I 
and other subspecies by various methods of liquid chromatography and 
mass spectroscopy. However their utility in CVD risk stratification has 
not been determined [43,44]. 

9. Conclusion 

In summary, the cholesterol content of the HDL alone does not fully 
encompass the particles association with atherosclerosis and may 
thereby falsely underestimate ASCVD risk, particularly when HDL-C is 
extremely elevated. HDL is prone to modification in response to in-
flammatory and immune modulating conditions such as infection, dia-
betes mellitus, gestational hypertensive disorders, rheumatological 
disorders and menopause. Advanced lipid testing assessing HDL particle 
number, size, and subclasses may prove beneficial in the future, given 
the heterogeneity of the lipoprotein particle and its impact on reducing 
serum cholesterol. However, subdividing HDL into its components 
currently has limited clinical utility, especially given clinical trials have 
shown no reduction in CVD risk when pharmacologically increasing 
HDL-C. 

Until the utility of modifying these various aspects of HDL function 
are evaluated clinically, the focus should remain on assessing primary 
and secondary cardiovascular risk (Central Figure). HDL-C has a mar-
ginal role in secondary prevention and the emphasis should remain on 
LDL-C reduction based on the patient’s risk [45]. Low HDL-C should be 
evaluated with the 10-year ASCVD pooled cohort equation and with 
management based on current lipid guidelines [46,2]. If HDL-C is 
elevated, then risk enhancing factors such as apo-B, lipoprotein(a) and 
high sensitivity c-reactive protein (CRP) levels can be used to refine risk 
and guide the allocation of lipid lowering therapies. Individuals with 
diabetes require at least moderate, if not high intensity statin therapy 
particularly in the setting of high HDL-C. Female specific risk enhancers, 
such as polycystic ovarian syndrome, gestational hypertensive disorders, 
and menopause, which have been found to increase the risk of CVD and 
are associated with dysfunction HDL, should be utilized to guide therapy 
[23,32,47]. If risk enhancers are present, statin therapy should be 
considered and imaging based testing should be obtained if the patient 
has angina. If the patient is without risk enhancers, then lifestyle man-
agement alone may be sufficient, as it remains the cornerstone of CVD 
prevention. Regardless of the level of HDL-C an emphasis on the AHA’s 
“Life’s Essential 8″ to reduce CVD risk is paramount: adequate sleep, a 
healthy diet, exercise, avoid tobacco use and vaping, blood pressure 
control, lipid and glucose management and a healthy weight [48]. 

Table 1 
Medical conditions that can alter HDL particle function.  

Condition Affect on HDL Particle 

Infection Reduced antioxidant potential 
Autoimmune Disorders Reduced ApoA-I 
Systemic Sclerosis Reduced HDL-CEC 
Menopause Increased HDL particle size without increase in ability 

to hold cholesterol  
Decreased reverse cholesterol transport 

Gestational Diabetes Decreased ApoA-I activity  
Decreased HDL-CEC 

Gestational Hypertensive 
Disorders 

Increased HDL particle size  

Impaired antioxidant function 
Metabolic Syndrome Decreased HDL-C 
Diabetes Impaired endothelial protection  

Impaired antioxidant function  
Decreased ApoA-I activity  
Decreased HDL-CEC  
Impaired anti-inflammatory properties  

L.N. Dastmalchi et al.                                                                                                                                                                                                                          



American Journal of Preventive Cardiology 15 (2023) 100511

4

L.N. Dastmalchi et al.                                                                                                                                                                                                                          



American Journal of Preventive Cardiology 15 (2023) 100511

5

Disclosures and authorship 

Dr. Pam Taub reports a relationship with Novartis Pharmaceuticals 
Corporation, Esperion Therapeutics Inc, Amgen Inc, Novo Nordisk Inc, 
Sanofi, Medtronic Inc, Edwards, Merck & Co Inc, and Boehringer 
Ingelheim Pharmaceuticals Inc that includes consulting or advisory. 

Dr. Charles German and Dr. Lily Dastmalchi do not have any finan-
cial disclosures. 

LND conceived of the manuscript, wrote the manuscript, and edited 
the manuscript. CG and PT appraised and provided critical review of the 
manuscript. 

Declaration of Competing Interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 

Pam Taub reports a relationship with Novartis Pharmaceuticals 
Corporation that includes: consulting or advisory. Pam Taub reports a 
relationship with Esperion Therapeutics Inc that includes: consulting or 
advisory. Pam Taub reports a relationship with Amgen Inc that includes: 
consulting or advisory. Pam Taub reports a relationship with Novo 
Nordisk Inc that includes: consulting or advisory. Pam Taub reports a 
relationship with Sanofi that includes: consulting or advisory. Pam Taub 
reports a relationship with Medtronic Inc that includes: consulting or 
advisory. Pam Taub reports a relationship with Edwards that includes: 
consulting or advisory. Pam Taub reports a relationship with Merck & 
Co Inc that includes: consulting or advisory. Pam Taub reports a rela-
tionship with Boehringer Ingelheim Pharmaceuticals Inc that includes: 
consulting or advisory. 

Funding 

No funding was utilized in the preparation of this manuscript. 

References 

[1] von Eckardstein A. Differential diagnosis of familial high density lipoprotein 
deficiency syndromes. Atherosclerosis 2006;186(2):231–9. https://doi.org/ 
10.1016/j.atherosclerosis.2005.10.033. 

[2] Kapur NK, Ashen D, Blumenthal RS. High density lipoprotein cholesterol: an 
evolving target of therapy in the management of cardiovascular disease. Vasc 
Health Risk Manag 2008;4(1):39–57. 

[3] Race-dependent association of high-density lipoprotein cholesterol levels with 
incident coronary artery disease. doi:10.1016/j.jacc.2022.09.027. 

[4] Rothblat GH, Phillips MC. High-density lipoprotein heterogeneity and function in 
reverse cholesterol transport. Curr Opin Lipidol 2010;21(3):229–38. https://doi. 
org/10.1097/mol.0b013e328338472d. 

[5] HDL Cholesterol Efflux Capacity and Incident Cardiovascular Events | NEJM. 
Accessed August 23, 2022. https://www.nejm.org/doi/full/10.1056/nejmoa140 
9065. 

[6] Kosmas CE, Martinez I, Sourlas A, et al. High-density lipoprotein (HDL) 
functionality and its relevance to atherosclerotic cardiovascular disease. Drugs 
Context 2018;7:212525. https://doi.org/10.7573/dic.212525. 

[7] Kontush A. HDL particle number and size as predictors of cardiovascular disease. 
Front Pharmacol 2015;6:218. https://doi.org/10.3389/fphar.2015.00218. 

[8] Gordon DJ, Probstfield JL, Garrison RJ, et al. High-density lipoprotein cholesterol 
and cardiovascular disease. Four prospective American studies. Circulation 1989; 
79(1):8–15. https://doi.org/10.1161/01.CIR.79.1.8. 

[9] von Eckardstein A, Nordestgaard BG, Remaley AT, Catapano AL. High-density 
lipoprotein revisited: biological functions and clinical relevance. Eur Heart J 2022: 
ehac605. https://doi.org/10.1093/eurheartj/ehac605. Published online November 
7. 

[10] Rodriguez A. High HDL-Cholesterol Paradox: SCARB1-LAG3-HDL Axis. Curr 
Atheroscler Rep 2021;23(1):5. https://doi.org/10.1007/s11883-020-00902-3. 

[11] New and Emerging Therapies for Reduction of LDL-Cholesterol and Apolipoprotein 
B: JACC Focus Seminar 1/4 - ScienceDirect. Accessed January 10, 2023. https:// 
www.sciencedirect.com/science/article/pii/S0735109721002497?via%3Dihub. 

[12] Niacin in Patients with Low HDL Cholesterol Levels Receiving Intensive Statin 
Therapy | NEJM. Accessed December 20, 2022. https://www.nejm.org/d 
oi/full/10.1056/NEJMoa1107579. 

[13] Effects of Extended-Release Niacin with Laropiprant in High-Risk Patients | NEJM. 
Accessed January 10, 2023. https://www.nejm.org/doi/full/10.1056/NEJM 
oa1300955. 

[14] Schwartz GG, Olsson AG, Abt M, et al. Effects of dalcetrapib in patients with a 
recent acute coronary syndrome. N Engl J Med 2012;367(22):2089–99. https:// 
doi.org/10.1056/NEJMoa1206797. 

[15] Effects of Anacetrapib in Patients with Atherosclerotic Vascular Disease | NEJM. 
Accessed January 10, 2023. https://www.nejm.org/doi/full/10.1056/nejmoa170 
6444. 

[16] Nicholls SJ, Ditmarsch M, Kastelein JJ, et al. Lipid lowering effects of the CETP 
inhibitor obicetrapib in combination with high-intensity statins: a randomized 
phase 2 trial. Nat Med 2022;28(8):1672–8. https://doi.org/10.1038/s41591-022- 
01936-7. 

[17] Hassan M, Philip P. CANHEART: Is HDL cholesterol a cardiovascular specific risk 
factor? Glob Cardiol Sci Pract 2016;(4):e201634. https://doi.org/10.21542/ 
gcsp.2016.34. 

[18] Kjeldsen EW, Nordestgaard LT, Frikke-Schmidt R. HDL cholesterol and non- 
cardiovascular disease: a narrative review. Int J Mol Sci 2021;22(9):4547. https:// 
doi.org/10.3390/ijms22094547. 

[19] 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. 
Circulation 2019;140(11). https://doi.org/10.1161/CIR.0000000000000678. 

[20] 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. 
Accessed January 10, 2023. https://www.escardio.org/Guidelines/Clinical-Practi 
ce-Guidelines/2021-ESC-Guidelines-on-cardiovascular-disease-prevention-in-clini 
cal-practice. 

[21] Yang HS, et al. 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(4): 
415–27. https://doi.org/10.3343/alm.2022.42.4.415. 

[22] Pu J, Romanelli R, Zhao B, et al. Dyslipidemia in Special Ethnic Populations. 
Cardiol Clin 2015;33(2):325–33. https://doi.org/10.1016/j.ccl.2015.01.005. 

[23] Pasternak Y, Biron-Shental T, Ohana M, et al. Gestational Diabetes Type 2: 
variation in High-Density Lipoproteins Composition and Function. Int J Mol Sci 
2020;21(17):E6281. https://doi.org/10.3390/ijms21176281. 

[24] Chambenoit O, Hamon Y, Marguet D, Rigneault H, Rosseneu M, Chimini G. Specific 
docking of apolipoprotein A-I at the cell surface requires a functional ABCA1 
transporter. J Biol Chem 2001;276(13):9955–60. https://doi.org/10.1074/jbc. 
M010265200. 

[25] Kontush A, Lindahl M, Lhomme M, Calabresi L, Chapman MJ, Davidson WS. 
Structure of HDL: particle Subclasses and Molecular Components. In: von 
Eckardstein A, Kardassis D, editors. High density lipoproteins: from biological 
understanding to clinical exploitation. handbook of experimental pharmacology. 
Springer International Publishing; 2015. p. 3–51. https://doi.org/10.1007/978-3- 
319-09665-0_1. 

[26] van der Velde AE. Reverse cholesterol transport: from classical view to new 
insights. World J Gastroenterol WJG 2010;16(47):5908–15. https://doi.org/ 
10.3748/wjg.v16.i47.5908. 

[27] HDL Size is More Accurate than HDL Cholesterol to Predict Carotid Subclinical 
Atherosclerosis in Individuals Classified as Low Cardiovascular Risk | PLOS ONE. 
Accessed August 23, 2022. https://journals.plos.org/plosone/article? 
id=10.1371/journal.pone.0114212. 

[28] Nuclear Magnetic Resonance Spectroscopy of Lipoproteins and Risk of Coronary 
Heart Disease in the Cardiovascular Health Study | Arteriosclerosis, Thrombosis, 
and Vascular Biology. Accessed August 23, 2022. https://www.ahajournals.org/ 
doi/10.1161/01.atv.0000022015.97341.3a?url_ver=Z39.88-2003&rfr_id=ori:rid: 
crossref.org&rfr_dat=cr_pub%20%200pubmed. 

[29] El Khoudary SR, Ceponiene I, Samargandy S, et al. HDL (High-Density Lipoprotein) 
Metrics and Atherosclerotic Risk in Women. Arterioscler Thromb Vasc Biol 2018; 
38(9):2236–44. https://doi.org/10.1161/ATVBAHA.118.311017. 

[30] Quality Over Quantity: the Role of HDL Cholesterol Efflux Capacity in 
Atherosclerotic Cardiovascular Disease. American College of Cardiology. Accessed 
January 6, 2023. https://www.acc.org/latest-in-cardiology/articles/2017/02/01/ 
07/34/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2017% 
2f02%2f01%2f07%2f34%2fquality-over-quantity. 

[31] Cholesterol efflux pathways, inflammation, and atherosclerosis. Accessed January 
6, 2023. https://www.tandfonline.com/doi/epdf/10.1080/10409238.2021.19 
25217?needAccess=true&role=button. 

[32] HDL (High-Density Lipoprotein) Subclasses, Lipid Content, and Function 
Trajectories Across the Menopause Transition | Arteriosclerosis, Thrombosis, and 
Vascular Biology. Accessed August 23, 2022. https://www.ahajournals.org/doi/ 
full/10.1161/ATVBAHA.120.315355?rfr_dat=cr_pub++0pubmed&url_ver 
=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org. 

[33] Ferraz-Amaro I, Delgado-Frías E, Hernández-Hernández V, et al. HDL cholesterol 
efflux capacity and lipid profile in patients with systemic sclerosis. Arthritis Res 
Ther 2021;23:62. https://doi.org/10.1186/s13075-021-02443-9. 

[34] Yvan-Charvet L, Ranalletta M, Wang N, et al. Combined deficiency of ABCA1 and 
ABCG1 promotes foam cell accumulation and accelerates atherosclerosis in mice. 
J Clin Invest 2007;117(12):3900–8. https://doi.org/10.1172/JCI33372. 

[35] Rohatgi A, Khera A, Berry JD, et al. HDL cholesterol efflux capacity and incident 
cardiovascular events. N Engl J Med 2014;371(25):2383–93. https://doi.org/ 
10.1056/NEJMoa1409065. 

[36] Ideal cardiovascular health influences cardiovascular disease risk associated with 
high lipoprotein(a) levels and genotype: the EPIC-Norfolk prospective population 
study | Elsevier Enhanced Reader. doi:10.1016/j.atherosclerosis.2016.11.010. 

[37] Ansell BJ, Fonarow GC, Fogelman AM. High-density lipoprotein: is it always 
atheroprotective? Curr Atheroscler Rep 2006;8(5):405–11. https://doi.org/ 
10.1007/s11883-006-0038-4. 

L.N. Dastmalchi et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.atherosclerosis.2005.10.033
https://doi.org/10.1016/j.atherosclerosis.2005.10.033
http://refhub.elsevier.com/S2666-6677(23)00052-1/sbref0002
http://refhub.elsevier.com/S2666-6677(23)00052-1/sbref0002
http://refhub.elsevier.com/S2666-6677(23)00052-1/sbref0002
https://doi.org/10.1016/j.jacc.2022.09.027
https://doi.org/10.1097/mol.0b013e328338472d
https://doi.org/10.1097/mol.0b013e328338472d
https://www.nejm.org/doi/full/10.1056/nejmoa1409065
https://www.nejm.org/doi/full/10.1056/nejmoa1409065
https://doi.org/10.7573/dic.212525
https://doi.org/10.3389/fphar.2015.00218
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1093/eurheartj/ehac605
https://doi.org/10.1007/s11883-020-00902-3
https://www.sciencedirect.com/science/article/pii/S0735109721002497?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109721002497?via%3Dihub
https://www.nejm.org/doi/full/10.1056/NEJMoa1107579
https://www.nejm.org/doi/full/10.1056/NEJMoa1107579
https://www.nejm.org/doi/full/10.1056/NEJMoa1300955
https://www.nejm.org/doi/full/10.1056/NEJMoa1300955
https://doi.org/10.1056/NEJMoa1206797
https://doi.org/10.1056/NEJMoa1206797
https://www.nejm.org/doi/full/10.1056/nejmoa1706444
https://www.nejm.org/doi/full/10.1056/nejmoa1706444
https://doi.org/10.1038/s41591-022-01936-7
https://doi.org/10.1038/s41591-022-01936-7
https://doi.org/10.21542/gcsp.2016.34
https://doi.org/10.21542/gcsp.2016.34
https://doi.org/10.3390/ijms22094547
https://doi.org/10.3390/ijms22094547
https://doi.org/10.1161/CIR.0000000000000678
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/2021-ESC-Guidelines-on-cardiovascular-disease-prevention-in-clinical-practice
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/2021-ESC-Guidelines-on-cardiovascular-disease-prevention-in-clinical-practice
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/2021-ESC-Guidelines-on-cardiovascular-disease-prevention-in-clinical-practice
https://doi.org/10.3343/alm.2022.42.4.415
https://doi.org/10.1016/j.ccl.2015.01.005
https://doi.org/10.3390/ijms21176281
https://doi.org/10.1074/jbc.M010265200
https://doi.org/10.1074/jbc.M010265200
https://doi.org/10.1007/978-3-319-09665-0_1
https://doi.org/10.1007/978-3-319-09665-0_1
https://doi.org/10.3748/wjg.v16.i47.5908
https://doi.org/10.3748/wjg.v16.i47.5908
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0114212
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0114212
https://www.ahajournals.org/doi/10.1161/01.atv.0000022015.97341.3a?url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori:rid:crossref.org&tnqh_x0026;rfr_dat=cr_pub%20%200pubmed
https://www.ahajournals.org/doi/10.1161/01.atv.0000022015.97341.3a?url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori:rid:crossref.org&tnqh_x0026;rfr_dat=cr_pub%20%200pubmed
https://www.ahajournals.org/doi/10.1161/01.atv.0000022015.97341.3a?url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori:rid:crossref.org&tnqh_x0026;rfr_dat=cr_pub%20%200pubmed
https://doi.org/10.1161/ATVBAHA.118.311017
https://www.acc.org/latest-in-cardiology/articles/2017/02/01/07/34/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2017%2f02%2f01%2f07%2f34%2fquality-over-quantity
https://www.acc.org/latest-in-cardiology/articles/2017/02/01/07/34/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2017%2f02%2f01%2f07%2f34%2fquality-over-quantity
https://www.acc.org/latest-in-cardiology/articles/2017/02/01/07/34/http%3a%2f%2fwww.acc.org%2flatest-in-cardiology%2farticles%2f2017%2f02%2f01%2f07%2f34%2fquality-over-quantity
https://www.tandfonline.com/doi/epdf/10.1080/10409238.2021.1925217?needAccess=true&tnqh_x0026;role=button
https://www.tandfonline.com/doi/epdf/10.1080/10409238.2021.1925217?needAccess=true&tnqh_x0026;role=button
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.120.315355?rfr_dat=cr_pub++0pubmed&tnqh_x0026;url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori%3Arid%3Acrossref.org
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.120.315355?rfr_dat=cr_pub++0pubmed&tnqh_x0026;url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori%3Arid%3Acrossref.org
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.120.315355?rfr_dat=cr_pub++0pubmed&tnqh_x0026;url_ver=Z39.88-2003&tnqh_x0026;rfr_id=ori%3Arid%3Acrossref.org
https://doi.org/10.1186/s13075-021-02443-9
https://doi.org/10.1172/JCI33372
https://doi.org/10.1056/NEJMoa1409065
https://doi.org/10.1056/NEJMoa1409065
https://doi.org/10.1016/j.atherosclerosis.2016.11.010
https://doi.org/10.1007/s11883-006-0038-4
https://doi.org/10.1007/s11883-006-0038-4


American Journal of Preventive Cardiology 15 (2023) 100511

6

[38] Papathanasiou A, Kostara C, Cung MT, et al. Analysis of the composition of plasma 
lipoproteins in patients with extensive coronary heart disease using 1H NMR 
spectroscopy. Hell J Cardiol HJC Hellēnikē Kardiologikē Epitheōrēsē 2007;49: 
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