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Abstract: Patients admitted for acute coronary syndrome (ACS) usually have high cardiovascular
risk scores with low levels of high-density lipoprotein cholesterol (HDL-C) and high low-density
lipoprotein cholesterol (LDL-C) levels. Here, we investigated the role of lipoprotein functionality
as well as particle number and size in patients with a first-onset ACS with on-target LDL-C levels.
Ninety-seven patients with chest pain and first-onset ACS with LDL-C levels of 100 ± 4 mg/dL and
non-HDL-C levels of 128 ± 4.0 mg/dL were included in the study. Patients were categorized as
ACS and non-ACS after all diagnostic tests were performed (electrocardiogram, echocardiogram,
troponin levels and angiography) on admission. HDL-C and LDL-C functionality and particle
number/size by nuclear magnetic resonance (NMR) were blindly investigated. A group of matched
healthy volunteers (n = 31) was included as a reference for these novel laboratory variables. LDL
susceptibility to oxidation was higher and HDL-antioxidant capacity lower in the ACS patients than
in the non-ACS individuals. ACS patients had lower HDL-C and Apolipoprotein A-I levels than
non-ACS patients despite the same prevalence of classical cardiovascular risk factors. Cholesterol
efflux potential was impaired only in the ACS patients. ACS-STEMI (Acute Coronary Syndrome—ST-
segment-elevation myocardial infarction) patients, had a larger HDL particle diameter than non-ACS
individuals (8.4 ± 0.02 vs. 8.3 ± 0.02 and, ANOVA test, p = 0.004). In conclusion, patients admitted
for chest pain with a first-onset ACS and on-target lipid levels had impaired lipoprotein functionality
and NMR measured larger HDL particles. This study shows the relevance of HDL functionality
rather than HDL-C concentration in ACS patients.

Keywords: ACS; NSTEMI; STEMI; lipoprotein functionality; HDL-C; LDL-C; cholesterol efflux

1. Introduction

Coronary artery disease (CAD) is the major cause of mortality worldwide and is
characterized by the chronic and initially silent development of atherosclerotic plaques
in the coronary arteries [1,2]. Acute coronary syndromes (ACSs) are unstable and abrupt
clinical manifestations of atherosclerosis, including a wide range of presentations such
as unstable angina, non-ST-segment-elevation myocardial infarction (NSTEMI) and ST-
segment-elevation myocardial infarction (STEMI) [3].

High levels of low-density lipoprotein cholesterol (LDL-C) is the leading effector
for atherosclerosis development and, also, for recurrent cardiovascular events after an
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initial ACS [4]. Conversely, high-density lipoprotein cholesterol (HDL-C) is a strong
independent predictor that inversely correlates with the risk of CAD and its thrombotic
complications [5–9]. However, there are controversial results regarding HDL-C levels and
CAD coming from Mendelian randomization studies [10] and pharmacological studies
raising HDL-C levels [11]. Therefore, a new concept has arisen considering that cholesterol
carried by HDL (HDL-C) does not reflect HDL functionality; in fact, it is the HDL micelle
and not HDL-C that has shown different anti-atherogenic properties [12–14]. Moreover,
traditional measures of cholesterol quantify the cholesterol and triglyceride content of
lipoproteins in milligrams per decilitre and use the amount of cholesterol measured to
assess risk. However, individuals can vary in their lipoprotein particle numbers and sizes,
meaning that even though they might have equivalent cholesterol levels, they can vary
in their risk for cardiovascular disease (CVD). Measuring particle number and size by
nuclear magnetic resonance (NMR) spectroscopy could be a better read-out for CVD risk
assessment [15,16].

Clinical registries have highlighted that a large percentage of patients admitted for an
ACS have non-elevated LDL-C levels [8,9] and that atherosclerotic plaques can be detected
even in patients with very low levels of LDL-C [17]. Therefore, HDL function and its
interplay with other lipid and non-lipid molecules represent a challenge in ACS risk and
onset [18,19].

Based on this evidence, we designed a real-world clinical study (as indicated in the
Graphical Abstract) to investigate HDL/LDL functionality and lipoprotein particle number
and size in patients with a first-onset ACS presentation having LDL-C and non-HDL-C with
average levels of 100 ± 3.6 mg/dL and 128 ± 4.0 mg/dL, respectively, and intermediate
cardiovascular risk scores.

2. Results
2.1. Patient Characteristics

Ninety-seven subjects (72 men, 25 women) with an average age of 64.9 ± 1.2 years
who were initially recruited for the study were included in the final analysis. Categoriza-
tion of the patients according to electrocardiogram pattern on admission (Table 1) found
that (NSTEMI) patients were older (mean ± SEM; 70.3 ± 1.9) and more likely to have
hypertension, diabetes mellitus (DM) and dyslipidaemia than STEMI patients. Conversely,
STEMI patients were younger (mean ± SEM; 60.0 ± 1.7) and had higher smoking habits.
No differences regarding body mass index (BMI) were reported between groups (p = 0.354).
HDL-C and apolipoprotein A-I (ApoA-I) levels were significantly lower in (ACS) patients
compared with non-ACS patients. Nevertheless, no differences were observed in LDL-C
and non-HDL-C levels between groups. The STEMI group had lower left ventricular
ejection fraction (LVEF) and higher cardiac damage (troponins) than the NSTEMI and
non-ACS groups (Student’s t-test, p = 0.007 and p < 0.001, respectively) and more subse-
quent intervention for revascularization (χ2 test, p < 0.001) and coronary stents (χ2 test,
p = 0.007). Interestingly, preadmission medication use was higher in the NSTEMI and non-
ACS groups, the use of acetylsalicylic acid (ASA) (χ2 test, p = 0.044), angiotensin receptor
blocker (χ2 test, p = 0.048), calcium antagonists (χ2 test, p = 0.022) and beta-blockers (χ2 test,
p = 0.004) being significantly higher.

As shown in Table S1, patients had an average of 100 ± 3.6 mg/dL of LDL-C at arrival,
as well as 146 ± 8.8 mg/dL of triglycerides and 128 ± 4.0 mg/dL of non-HDL-C (on-target
levels for primary prevention).
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Table 1. Patient characteristics: Electrocardiogram classification. The chi-squared test was applied for
categorical variables and the ANOVA test for numerical variables. The Bonferroni post hoc test was
run for two group comparisons after ANOVA: *, Significant differences versus non-ACS; ‡, Significant
differences between STEMI and NSTEMI. Values of p < 0.05 are considered significant. Abbreviations:
ACS = acute coronary syndrome, ApoA-I = Apolipoprotein A-I, NSTEMI = non-ST-segment-elevation
myocardial infarction, STEMI = ST-segment-elevation myocardial infarction, BMI = body mass index,
COPD = chronic obstructive pulmonary disease, BNP = B-type natriuretic peptide, LVEF = left
ventricular ejection fraction. GOT = glutamic-oxaloacetic transaminase, GPT = glutamic-pyruvic
transaminase, ACE inhibitor = angiotensin-converting enzyme inhibitor, OAD = oral anti-diabetic
agents, DPP-4 inhibitors = dipeptidyl peptidase 4 inhibitors.

ACS (n = 70)

p-Value
Non-ACS (n = 27) NSTEMI

(n = 31)
STEMI
(n = 39)

Age (years, mean ± SEM) 65.8 ± 2.6 70.3 ± 1.9 60.0 ± 1.7 *‡ 0.001
Male/Female, n 14/13 26/5 32/7 0.007
Weight (Kg) 84.1 ± 5.1 79.5 ± 2.7 85.2 ± 2.5 0.375
BMI (Kg/m2, mean ± SEM) 29.6 ± 1.4 27.7 ± 0.6 28.7 ± 0.7 0.354
Risk Factor, n (%)
Diabetes Mellitus 8 (30%) 10 (32%) 6 (15%) 0.210
Hypertension 15 (55%) 25 (81%) 15 (38%) 0.002
Obesity (>30%) 8 (30%) 7 (23%) 13 (33%) 0.517
Dyslipidaemia 11 (41%) 17 (55%) 11 (28%) 0.078
Smoking habits 4 (15%) 5 (16%) 22 (56%) <0.001
COPD 0 (0%) 3 (10%) 2 (5%) 0.251
Lipid profile
Total cholesterol (mg/dL) 182.2 ± 8.6 167.5 ± 6.6 169.1 ± 5.6 0.292
Triglycerides (mg/dL) 140.3 ± 11.1 154.2 ± 21.4 143.6 ± 11.7 0.811
LDL-C (mg/dL) 102.4 ± 8.4 95.8 ± 5.4 101.8 ± 5.2 0.715
HDL-C (mg/dL) 52.0 ± 2.8 44.3 ± 2.4 * 39.4 ± 1.7 * <0.001
ApoA-I (mg/ml) 1.8 ± 0.1 1.5 ± 0.1 * 1.4 ± 0.1 * <0.001
HDL-C/LDL-C 0.61 ± 0.07 0.50 ± 0.04 0.43 ± 0.03 * 0.021
Triglycerides/HDL-C 3.1 ± 0.3 4.2 ± 0.8 4.1 ± 0.5 0.395
Non-HDL-C (mg/dL) 130.2 ± 8.8 123.1 ± 6.7 129.6 ± 5.7 0.734
Lp(a) (mg/dL) 27.3 ± 5.9 35.1 ± 6.1 49.7 ± 7.3 * 0.058
Cardiac parameters
BNP (pg/mL) 401 ± 220 1600 ± 556 2082 ± 594 * 0.081
Troponin-I (ng/L) 720 ± 484 9355 ± 3208 83,307 ± 17,824 *‡ <0.001
LVEF (%) 59.4 ± 1.5 57.2 ± 1.5 51.7 ± 1.9 *‡ 0.007
Hepatic and renal parameters
GOT (UI/l) 24.2 ± 2.8 40.2 ± 8.1 66.2 ± 11.4 *‡ 0.006
GPT (UI/l) 24.7 ± 3.9 31.6 ± 5.1 40.1 ± 4.0 * 0.050
Creatinine (mg/dL) 0.8 ± 0.06 1.0 ± 0.05 * 0.9 ± 0.04 0.060
Medication at admission, n (%)
Acetylsalicylic acid 7 (26%) 7 (23%) 2 (5%) 0.044
Clopidogrel 2 (7%) 0 (0%) 1 (3%) 0.259
Angiotensin II receptor blocker 12 (44%) 14 (45%) 8 (20%) 0.048
ACE inhibitor 2 (7%) 4 (13%) 2 (5%) 0.493
Diuretics 7 (26%) 6 (19%) 4 (10%) 0.245
Calcium antagonists 2 (7%) 8 (26%) 2 (5%) 0.022
Beta-Blockers 8 (30%) 9 (29%) 1 (3%) 0.004
Omeprazole 6 (22%) 11 (35%) 3 (8%) 0.016
Statins 8 (30%) 11 (35%) 9 (23%) 0.521
Fibrates 1 (4%) 1 (3%) 2 (5%) 0.916
OADs 4 (15%) 7 (23%) 3 (8%) 0.212
Metformin 5 (16%) 4 (13%) 2 (5%) 0.228
DPP-4 inhibitors 2 (7%) 2 (6%) 1 (3%) 0.631
Others, n (%)
Coronary stent 0 (0%) 7 (23%) 12 (31%) 0.007
Cathetherization/Revascularization 8 (30%) 15 (48%) 32 (82%) <0.001
Risk Scores (%)
Framingham risk score 10.4 ± 1.4 17.9 ± 1.2 12.1 ± 1.1 <0.001
European Heart Score 2.7 ± 0.3 4.6 ± 0.3 3.1 ± 0.3 <0.001
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2.2. Lipoprotein Particle Number and Size

As shown in Table 2, ACS patients (especially STEMI) had a decreased number of
small HDL particles (HDL-P) (ANOVA test, p < 0.001) compared with non-ACS individuals.
Overall, ACS patients had a larger HDL particle diameter than non-ACS individuals
(8.4 ± 0.02 vs. 8.3 ± 0.02 and, ANOVA test, p = 0.004). The triglyceride content (mg/dL)
was similar in all lipoproteins.

Table 2. Lipoprotein particle number and size. Results are expressed as mean ± SEM. The ANOVA
test was applied for multiple comparisons; the Bonferroni post hoc test was run for two group
comparisons after ANOVA: *, significant changes versus non-ACS group; ‡, significant changes
between NSTEMI and STEMI groups. Values of p < 0.05 are considered significant. Abbrevia-
tions: ACS = acute coronary syndrome, NSTEMI = non-ST-segment-elevation myocardial infarc-
tion, STEMI = ST-segment-elevation myocardial infarction, VLDL = very low density lipoprotein,
IDL = intermediate density lipoprotein, HDL = high density lipoprotein, TG = triglycerides.

ACS (n = 69)

p-ValueNon-ACS
(n = 25)

NSTEMI
(n = 30)

STEMI
(n = 39)

Triglyceride content in lipoprotein
particles (mg/dL)
VLDL-TG 85.6 ± 6.9 77.2 ± 5.6 87.1 ± 6.5 0.504
IDL-TG 11.4 ± 0.3 11.2 ± 0.5 12.1 ± 0.6 0.428
LDL-TG 14.1 ± 0.9 13.4 ± 0.7 15.0 ± 0.7 0.312
HDL-TG 13.9 ± 0.5 12.2 ± 0.5 12.3 ± 0.7 0.148
VLDL particle number (nmol/L)
Small VLDL-P 54.7 ± 4.7 48.9 ± 3.8 54.8 ± 4.3 0.549
Medium VLDL-P 5.7 ± 0.4 5.6 ± 0.3 6.8 ± 0.4 ‡ 0.066
Large VLDL-P 1.5 ± 0.1 1.4 ± 0.1 1.5 ± 0.1 0.488
Total VLDL-P 61.9 ± 5.1 55.9 ± 4.2 63.1 ± 4.7 0.513
LDL particle number (nmol/L)
Small LDL-P 691.9 ± 28.6 642.8 ± 19.6 677.5 ± 24.7 0.387
Medium LDL-P 367.3 ± 32.4 312.8 ± 17.1 336.7 ± 14.9 0.225
Large LDL-P 194.3 ± 9.9 184.9 ± 4.8 191.3 ± 4.9 0.594
Total LDL-P 1253.5 ± 62.7 1140.5 ± 35.2 1205.5 ± 40.6 0.257
HDL particle number (nmol/L)
Small HDL-P 18.3 ± 0.8 14.8 ± 0.7 * 13.8 ± 0.6 * <0.001
Medium HDL-P 10.6 ± 0.4 10.7 ± 0.3 10.0 ± 0.2 0.171
Large HDL-P 0.31 ± 0.01 0.30 ± 0.01 0.30 ± 0.01 0.501
Total HDL-P 29.2 ± 1.0 25.8 ± 0.8 * 24.1 ± 0.6 * <0.001
Average particle diameter (nm)
VLDL 42.1 ± 0.05 42.1 ± 0.04 42.2 ± 0.04 * 0.119
LDL 21.0 ± 0.06 21.0 ± 0.04 21.0 ± 0.04 0.913
HDL 8.3 ± 0.02 8.4 ± 0.02 * 8.4 ± 0.02 * 0.004

Particle numbers of each lipoprotein class (expressed in percentage) are provided
in Table S2. ACS patients (especially STEMI) had a lower percentage of small very low-
density but a higher percentage of medium small very low-density particles (VLDL-P)
compared with non-ACS individuals (Student’s t-test for unpaired samples, p = 0.026
and p = 0.020, respectively). Furthermore, ACS patients (especially STEMI) had a lower
percentage of small HDL particles (HDL-P) (ANOVA test, p = 0.004) but higher medium
(ANOVA test, p = 0.004) and large HDL-P percentages (ANOVA test, p = 0.012) compared
with non-ACS individuals.

As shown in Tables S3 and S4, the reference group of volunteers without cardiovascular
disease had a lower proportion of pro-atherogenic LDL particles despite having higher
levels of LDL-C, though these differences did not reach statistical significance. However,
similarly to non-ACS individuals, the reference group had a smaller average particle
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diameter of HDL compared with ACS patients (Bonferroni post hoc test: reference vs.
NSTEMI p = 0.004 and reference vs. STEMI, p < 0.001).

2.3. Assays for Lipoprotein Functionality

Although patients had on-target LDL-C levels (lower than the reference healthy group),
LDL susceptibility to oxidation was higher in patients than in the reference individuals
(p < 0.001, Figure 1A), presenting approximately a 10 min faster LDL oxidation (time to
half maximum) even in the presence of medication. In addition, HDL antioxidant capacity
and cholesterol efflux were also impaired in ACS patients compared with the reference
group (Figure 1B,C; Student’s t-test, p = 0.002 and p = 0.038, respectively).
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Figure 1. Lipoprotein functionality in the reference group (n = 31) vs. patients (n = 97). (A) Time
to half-maximum oxidation (minutes). (B) HDL inhibition of oxidation (%) and (C) cholesterol
efflux capacity (CEC [%]). Results are expressed as median and quartile 1–3 range (horizontal lines).
Student’s t-test values of p < 0.05 for independent samples are considered significant.

Differences in lipoprotein function are shown in Table 3. ACS patients exhibited a
diminished capacity to promote cholesterol efflux with respect to the reference subjects
(CEC (%):19.5 ± 0.6 vs. 22.3 ± 1.4; Student’s t-test, p = 0.041). By TRAP analysis (% of
oxidized LDL inhibition), both non-ACS and ACS groups exhibited an impaired HDL-
antioxidant capacity compared with the healthy population (ANOVA test, p = 0.005).

Table 3. Differences between the reference and non-ACS/ACS groups. Results are expressed as
mean ± SEM. The ANOVA test was applied for multiple comparisons and the Bonferroni post hoc
test was run for two group comparisons after ANOVA: *, significant changes versus the reference
group; ‡, significant changes between Non-ACS and ACS groups. Values of p < 0.05 are considered
significant. Abbreviations: ACS = Acute Coronary Syndrome, TRAP = The Total-Radical-Trapping
Antioxidative Potential, CD max = Maximum of Conjugated Dienes, V max = Maximum Velocity,
BNP = B-Type Natriuretic Peptide, LVEF = Left Ventricular Ejection Fraction.

Patients (n = 97)

p-Value
Reference Group (n = 31) Non-ACS (n = 27) ACS

(n = 70)

HDL functionality
TRAP (% HDL inhibition capacity) 76.9 ± 1.9 66.3 ± 3.2 * 68.9 ± 1.5 * 0.005
Cholesterol Efflux (% CE) 22.3 ± 1.4 19.7 ± 1.0 19.5 ± 0.6 * 0.116
HDL baseline oxidation (RFU) 4.8 ± 0.3 5.0 ± 0.4 5.2 ± 0.2 0.671
LDL susceptibility to oxidation
CD max (nmol CD/mg LDL) 363 ± 4.1 369 ± 13.0 345 ± 6.7 ‡ 0.071
V max (CD/min/mg LDL) 4.3 ± 0.1 5.5 ± 0.6 * 4.7 ± 0.3 0.095
Time to half-maximum (min) 69.3 ± 1.0 61.0 ± 2.3 * 59.3 ± 1.7 * <0.001
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2.4. HDL Oxidation Inversely Correlates with Cholesterol Efflux Capacity (CEC)

In the reference group, induced HDL oxidation (determined by fluorometry) was
inversely correlated with the CEC (Figure 2); interestingly, a similar relationship was
found in non-ACS patients (Figures 2A and S1). However, ACS-STEMI patients had a
significantly lower slope and Y-intercept value than the reference group (p = 0.029 and
p = 0.012, respectively) after inducing HDL oxidation (Figures 2B and S2) (p = 0.003 and
p < 0.001, respectively). In summary, there was a significant alteration in HDL function in
ACS patients; in fact, in the STEMI group there was no relation to CEC. Both non-oxidized
HDL and oxidized HDL was unable to promote CEC in STEMI patients.
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capacity (CEC [%]) and (B) copper-oxidized HDL (AFU) vs. CEC [%]. Results for the reference
individuals, Non-ACS, NSTEMI and STEMI patients. Slope differences of groups versus the reference
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Abbreviations: ACS = Acute Coronary Syndrome, CEC = Cholesterol Efflux Capacity, NSTEMI = Non-
ST-Segment-elevation myocardial infarction, STEMI = ST-Segment-Elevation Myocardial Infarction,
HDL = High Density Lipoprotein.

We have carefully analysed the time of blood collection with respect to patient admis-
sion to observe changes in the lack of HDL function in STEMI patients (Table S5). There
was no time effect on the reduced HDL function regarding CEC and TRAP or in particle
size distribution in samples collected just after admission or more than 24 h later. ACS
patients that had percutaneous coronary intervention and whose blood was collected more
than 24 h later had the lowest plasma HDL/ApoA-I levels. Therefore, HDL functionality
was not altered during the acute phase in ACS patients.

3. Discussion

Our study in a cohort of real-world patients with non-elevated LDL-C levels and
admitted for a first ACS, demonstrates the importance of taking into account HDL/LDL
functionality and lipoprotein particle number/size in ACS patients as an improved read-out
for CVD risk assessment, rather than just measuring the cholesterol carried in the lipopro-
teins. Since clinical features and classical risk factors are similar to other reports [8,9,17],
we believe that our results might be representative and translatable to clinical practice.

HDL benefits on cardiovascular protection are mainly conferred by its capacity to
promote cholesterol efflux, preventing and stabilizing atherosclerotic lesions [14,20–22] and
its potential to protect LDL from oxidative damage [23]. The results of our study expand
the understanding on the effects of HDL and LDL in ACS. A previous analysis from our
institution revealed that a low level of HDL-C was the variable more closely related to being
admitted for an ACS than a non-ACS [5]. In this new study, we were able to demonstrate
that HDL particles were clearly dysfunctional, especially in patients admitted for STEMI,
expanding the knowledge in this controversial field.
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The results of our study showed that the HDL anti-atherogenic functional capacities
were impaired in ACS patients, especially in the STEMI group with higher cardiac damage
(elevated troponins). Interestingly, the degree of HDL-C oxidation was inversely correlated
with the CEC in the reference and non-ACS patients. Oxidative stress and inflammation
may occur in ACS patients and is capable of inducing pro-atherogenic modifications in
lipoproteins, switching them into a dysfunctional state [24]. The degree of HDL-C oxidation
was inversely correlated with the CEC in the reference healthy volunteers and non-ACS
patients but not in the ACS patients because HDLs were already modified in these patients
at baseline. This fact is especially evident in the STEMI patients. Hence, these observations
suggest that HDL particles from subjects at the highest risk of an ACS may already have
modifications in the circulation altering their functionality that are not modifiable by
inducing in vitro oxidation. Nevertheless, whereas LDL-C levels were lower in patients
than in the reference group, all patients had LDL particles with increased susceptibility to
oxidation and impaired HDL antioxidant capacity. Moreover, cholesterol efflux capacity
was significantly diminished only in ACS patients. In fact, HDL particles in ACS patients
(especially the STEMI) were enlarged, probably depicting a shift into a dysfunctional state
given that they are the small HDL-P ones linked to an increased cholesterol efflux and
antioxidant capacities [25–27]. Therefore, not only the levels but also the functions of
lipoproteins have a clear high impact on their contribution to ACS onset and presentation.

Some studies have suggested, based on the observation that individuals with higher
levels of large HDL particles have a lower risk of CVD, that larger HDL particles are
more protective against CVD than smaller HDL particles [28,29]. On the contrary, other
studies showed that small, dense HDL particles may actually be more protective against
CVD than larger particles [30–32]. This controversy suggests that the relationship between
HDL particle size and CVD risk is complex and may depend on other factors such as the
presence of other lipid abnormalities or genetic factors [33]. Another issue is the difficulty
in accurately measuring HDL particle size. Different methods can yield different results,
and there are currently no standardized methods for measuring HDL particle size [34].
Hence, though we observed that ACS patients with dysfunctional lipoproteins have larger
HDL-P, more research is needed to fully understand this relationship.

Clinical registries are concordant in the findings that patients with HDL-C > 40 mg/dL
have a lower incidence of cardiovascular events [5,8]. Nonetheless, the therapies that
were designed to increase HDL-C levels, such as Cholesteryl Ester Transfer Protein (CETP)
inhibitors [35] or nicotinic acid [36], did not reduce the incidence of major cardiovascu-
lar events. Thereafter, HDL functionality is probably impaired by some pharmacologic
strategies in what reflects one of the many gaps in the knowledge of HDL particles. Our
results, show significant differences in HDL particle functionality that might warrant future
investigations to improve HDL functionality in subjects with high cardiovascular risk.

Our study has the limitations of being cross-sectional, performed in a single centre and
having a small sample size and a low number of women. Moreover, due to logistic factors
that cannot be controlled in the clinical practice, samples were obtained after admission
at different times. However, despite the described limitations and the heterogeneity of
groups, the study is based on a well-characterized real-world cohort of patients admitted
for first-onset chest pain with on-target LDL-C levels.

In conclusion, patients treated as per guidelines in their primary care management
with intermediate CVD risk that suffered a first chest pain episode had an impaired lipopro-
tein function, which might lead to a higher oxidative status, and an altered number/size
of lipoprotein particles irrespective of the LDL-C level and optimal treatment. Interest-
ingly, triglycerides transported by all lipoproteins were within the normal range as well as
non-HDL-C levels. This study shows the relevance of changes in lipoprotein functionality
and in particle number/size on first onset ACS presentation. The on-going follow-up of
this cohort might add more information about recurrent events and long-term mortality
according to the determinations obtained at baseline.
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4. Materials and Methods
4.1. Clinical Diagnosis of Chest Pain Categories

Ninety-seven patients admitted from January 2018 to April 2018 into “Hospital San
Juan de Alicante” with chest pain were clinically diagnosed as ACS (ACS; n = 70) or non-
ACS patients (non-ACS; n = 27) with high cardiovascular risk. Patients were classified
as ACS or non-ACS after all diagnostic tests were performed, including an exercise test,
echocardiogram or angiography. In addition, ACS patients were further categorized by
electrocardiogram pattern on admission into NSTEMI (n = 31) and STEMI (n = 39) (Table 1).

Non-ACS was diagnosed by the exclusion of acute ischemia (no troponin elevation and
no dynamic or electrocardiographic changes suggestive of myocardial ischemia), inducible
ischemia (conclusive stress test) or unstable or severe coronary lesions in the angiography,
as previously published [5]. Demographic characteristics of the patients, risk factors for
coronary artery disease (smoking, hypertension, dyslipidaemia and diabetes mellitus),
medical history, laboratory data during the hospitalization, vital signs on admission, treat-
ment and diagnosis at discharge were collected from all patients. A history of heart failure
was codified if patients had at least one hospitalization with such diagnosis at discharge or
the typical signs and symptoms of heart failure and a compatible echocardiogram. Patients
underwent an echocardiography within 48 h of admission, and the left ventricular ejec-
tion fraction (LVEF) was calculated using Simpson’s method [37]. Patients were excluded
from the study if they had age > 85, previous history of ischemic heart disease or heart
failure, diagnosis of hypo- or hyperthyroidism, presence of previous valve disease, initial
haemoglobin < 10 g/dL, initial presentation of ACS as cardiogenic shock, treatment with
anti-retrovirals, pregnancy or died in the first <24 h or before the first blood test after a
fasting night could be obtained (see Flowchart in Figure 3).
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All patients had moderate cardiovascular disease (CVD) risk following the European
Heart Score (below 5% and higher than 1%) [38] and the Framingham Risk Score (10–19%) [39]
(Table 1).

Additionally, a reference group of 31 healthy, non-treated, overweight or obese vol-
unteers without additional risk factors or clinical symptoms of disease was included for
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baseline comparative purposes of the novel techniques investigated in this study. Patient at
admission and volunteer characteristics are shown in Table S1.

The study complies with the Declaration of Helsinki and was approved by the Ethics
Committee of Clinical Research of “Hospital San Juan de Alicante”, Spain (Ref 17/314;
7 June 2017); informed consent was obtained from all subjects.

4.2. Biochemical and Laboratory Parameters

Blood samples were obtained within a mean ± SEM of 2.60 ± 2.02 days. Briefly,
blood samples were collected without anticoagulant or in EDTA-containing vacutainer
tubes for serum and plasma preparation. Routine standard biochemical determinations
including troponins and haemogram were performed for the on-going ACS registry of our
institution [5]. Aliquots of both serum and plasma were kept at −80 ◦C for the specific
assays involved in this study.

4.3. LDL and HDL Sample Preparation and Purity Control

LDL (density 1.019 to 1.063 g/mL) and HDL (density range 1.063–1.210 g/mL) were
obtained from 1 mL plasma-EDTA from individual samples by sequential ultracentrifu-
gation according to the method originally described by Havel et al. [40] and modified by
De Juan-Franco et al. [41]. To avoid lipoperoxidation, all solutions contained 1 mmol/L
EDTA and 2 µmol/L butylated hydroxytoluene (BHT) and centrifugations were performed
at 4 ◦C using rotors stored in a cold room. Briefly, plasma was adjusted to a density of
1.019 g/mL with a concentrated salt solution (potassium bromide) and centrifuged at
225,000× g for 18 h in a Beckman L-60 preparative ultracentrifuge with a fixed-angle type
50.4 Ti rotor (Beckman, Brea, CA, USA). After removal of the top layer containing very low
and intermediate density lipoproteins (VLDL and IDL), the density of the infranatant was
adjusted to 1.063 g/mL, followed by centrifugation for 20 h at 225,000× g before LDL was
collected from the top of the tube. Lastly, the process was repeated adjusting the plasma
density to 1.210 g/mL and samples were ultracentrifuged at 225,000× g for 24 h at 4 ◦C to
allow HDL to float and separate from lipoprotein-deficient serum.

In addition, LDL to be used in the TRAP assay was isolated from a pool of plasma
(180 mL) obtained from normolipidemic subjects and obtained as described above in a
Beckman Optima L-100 XP with a fixed-angle type 50.2 Ti (Beckman, Brea, CA, USA).

LDL and HDL fractions were dialyzed against phosphate-buffered saline (PBS) for
24 h. After dialysis, LDL and HDL protein content was determined by the colorimetric BCA
assay (Pierce) and adjusted to 100 µg/mL with PBS. Samples were left protected from light
at 4 ◦C until analysis. LDL and HDL purity was routinely analysed by electrophoresis (2 µL
sample) in agarose gels using a commercial assay (SAS-MX Lipo 10 kit, Helena Biosciences,
London, UK) as described by the providers.

4.4. Conjugated Diene Assay

Susceptibility of LDL to copper-induced oxidation was assessed by determining
the formation of conjugated dienes. Briefly, freshly prepared LDL samples adjusted to
100 µg/mL with PBS were analysed in 96 well plates by incubation with a copper (II) sul-
phate (CuSO4•5H2O) solution at a final concentration of 5 µM. The change of absorbance
was monitored for 2 h 30 min at 37 ◦C using a SpectraMax 190 Microplate reader (Molecular
Devices, San José, CA, USA) by continuously following the formation of conjugated diene,
a product of lipid peroxidation with absorbance peak at 234 nm. The total amount of conju-
gated diene was calculated using the molar extinction coefficient of 29,500 M−1cm−1 [42].

4.5. HDL Antioxidant Potential

The antioxidant potential of HDL was assessed by performing the total-radical-
trapping antioxidative potential (TRAP) test [43]. This method is based on the capability
of HDL to prevent LDL (control LDL) oxidation. Briefly, HDL and LDL lipoproteins were
diluted in PBS 1× to a final concentration of 100 µg protein/mL. HDL from each individual
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subject was incubated for 4 h at 37 ◦C with copper (II) sulphate (CuSO4•5H2O) at final
concentration of 20 µM either alone or in the presence of LDL control (plasma pool). As a
baseline value, the LDL sample was incubated alone with and without CuSO4 during the
same time period. Oxidation was stopped by adding 50 µL of EDTA 1 mM. Thereupon,
100 µL of each sample was transferred to a fluorescence 96-well plate (Corning®, TC Black
plate with clear bottom, New York, NY, USA). Eventually, samples were incubated with
50 µL of freshly prepared DCFH-DA (2′,7′-dichlorodihydrofluorescein diacetate, Molec-
ular Probes, Eugene, OR, USA) at a final concentration of 10 µM for 1 h 30 min at 37 ◦C
and 100 rpm. Dichlorofluorescin-diacetate was employed as the marker of the oxidative
reaction [44]. Lipid oxidation products convert DCFH to DCF, which produces intense
fluorescence. The intensity of fluorescence was determined with a Typhoon FLA9500 set at
λex = 500 nm and λem = 520 nm. Final fluorescence measurements were expressed as the
percentage of inhibition of oxidized LDL in the presence of HDL relative to the oxidation
level when LDL was incubated in absence of HDL.

4.6. HDL Cholesterol Efflux Capacity Assay

The cholesterol efflux capacity (CEC) of HDL was determined in cholesterol-loaded
murine macrophages as previously reported [45]. To this end, J774A.1 mouse macrophages
(at passage seven) were cultured in RPMI 1640 (Roswell Park Memorial Institute medium)
containing 10% of heat-inactivated FBS (Foetal bovine serum), 2 mM glutamine, 100 U/mL
penicillin, 100 U/mL streptomycin and 10 µg/mL gentamicin at 37 ◦C in a humidified
atmosphere of 5% CO2. For the experiments, macrophages (1.5 × 105 cells/well) were
seeded in 6-well culture plates (Falcon 6-well Clear Flat Bottom TC-treated culture plate,
Corning®, New York, NY, USA) and labelled for 48 h with [1α, 2α (n)-3H]-cholesterol]
(GE Healthcare, Chicago, IL, USA) at 1 µCi per well. Cells were equilibrated overnight
in 0.2% bovine serum albumin and thereafter incubated with RPMI media containing 5%
ApoB-depleted serum (4 h, 37 ◦C) to promote cholesterol efflux from the [3H] cholesterol-
labelled cells. ApoB-depleted serum was obtained by precipitation of ApoB particles with
a solution containing phosphotungstic acid (0.484 mM) and MgCl2 (22 mM). ApoA-I and
ApoB measurements in ApoB-depleted serum samples were determined by immunotur-
bidimetric assays using commercial kits adapted to a COBAS 501c autoanalyzer (Roche
Diagnostics, Basilea, Switzerland). ApoB reported values in ApoB-depleted serum were
below 0.06 mg/mL.

The radioactivity signal was quantified in both media and cells and the percentages
of cholesterol efflux calculated by expressing the radioactive cholesterol released to the
medium as the fraction (%) of the total radioactive cholesterol present in the well (radioac-
tivity in the cell + radioactivity in medium).

4.7. Lipoprotein Particle Number and Size Measurements

Lipoprotein size was directly measured in serum (500 µL) by nuclear magnetic reso-
nance (NMR) as described by Mallol et al. [46] using the two-dimensional diffusion-ordered
1H-NMR spectroscopy (2D DOSY) Liposcale® (Biosfer Teslab, Reus, Spain). Briefly, particle
concentration was obtained from the measured amplitudes and attenuation of their spec-
troscopically distinct lipid methyl group NMR signals using the 2D diffusion-ordered 1H
NMR spectroscopy (DSTE) pulse. The methyl signal was surface fitted with nine Lorentzian
functions associated with each lipoprotein subtype of the LDL: large, medium and small.
The area of each Lorentzian function was related to the lipid concentration of each lipopro-
tein subtype, and the size of each subtype was calculated from their diffusion coefficient.
The particle numbers for each lipoprotein subtype were calculated by dividing the lipid
volume by the particle volume of a given class. The lipid volumes were determined by
using common conversion factors to convert concentration units into volume units [47].
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4.8. Statistical Analysis

Statistical analyses were conducted using StatView 5.0.1 software (SAS Institute, Cary,
NC, USA) and SPSS software (IBM SPSS Statistics 25.0.0, New York, NY, USA) except
when indicated. Data are expressed by the number of cases (qualitative variable) and
as mean ± standard error of the mean (SEM) or median [IQR] for the quantitative vari-
able. The normal distribution of variables was analysed by the Kolmogorov–Smirnov test.
Differences between characteristics of the groups were analysed by unpaired Student’s
t-test or an analysis of variance (ANOVA) for parametric variables. A Bonferroni post
hoc test was run for two group comparisons after ANOVA. Slope differences between
groups in regression analysis were assessed by analysis of covariance (ANCOVA). When
normality failed, Mann–Whitney or Wilcoxon tests was performed for non-parametric
variables. When needed, chi-squared analysis was performed as indicated in the Results
section. All reported p-values are two-sided, and a p-value of 0.05 or less was considered to
indicate statistical significance.

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms24065391/s1.
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Badimon, L.; et al. HDL (High-Density Lipoprotein) Remodeling and Magnetic Resonance Imaging-Assessed Atherosclerotic
Plaque Burden: Study in a Preclinical Experimental Model. Arter. Thromb. Vasc. Biol. 2020, 40, 2481–2493. [CrossRef]

15. Urbina, E.M.; McCoy, C.E.; Gao, Z.; Khoury, P.R.; Shah, A.S.; Dolan, L.M.; Kimball, T.R. Lipoprotein particle number and size
predict vascular structure and function better than traditional lipids in adolescents and young adults. J. Clin. Lipidol. 2017,
11, 1023–1031. [CrossRef]

16. Mora, S.; Otvos, J.D.; Rosenson, R.S.; Pradhan, A.; Buring, J.E.; Ridker, P.M. Lipoprotein particle size and concentration by nuclear
magnetic resonance and incident type 2 diabetes in women. Diabetes 2010, 59, 1153–1160. [CrossRef] [PubMed]

17. Fernández-Friera, L.; Fuster, V.; López-Melgar, B.; Oliva, B.; García-Ruiz, J.M.; Mendiguren, J.; Bueno, H.; Pocock, S.; Ibanez, B.;
Fernández-Ortiz, A.; et al. Normal LDL-Cholesterol Levels Are Associated With Subclinical Atherosclerosis in the Absence of
Risk Factors. J. Am. Coll. Cardiol. 2017, 70, 2979–2991. [CrossRef] [PubMed]

18. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado,
V.; Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce
cardiovascular risk: The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and
European Atherosclerosis Society (EAS). Eur. Heart J. 2020, 41, 111–188. [CrossRef]

19. Reiner, Z. Managing the residual cardiovascular disease risk associated with HDL-cholesterol and triglycerides in statin-treated
patients: A clinical update. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 799–807. [CrossRef]

20. Ozaki, Y.; Tanaka, A.; Nishiguchi, T.; Komukai, K.; Taruya, A.; Satogami, K.; Kashiwagi, M.; Kuroi, A.; Matsuo, Y.; Ino, Y.; et al.
High-density lipoprotein cholesterol as a therapeutic target for residual risk in patients with acute coronary syndrome. PLoS ONE
2018, 13, e0200383. [CrossRef]

21. Qiu, C.; Zhao, X.; Zhou, Q.; Zhang, Z. High-density lipoprotein cholesterol efflux capacity is inversely associated with cardiovas-
cular risk: A systematic review and meta-analysis. Lipids Health Dis. 2017, 16, 212. [CrossRef]

22. Badimon, J.J.; Badimon, L.; Fuster, V. Regression of atherosclerotic lesions by high density lipoprotein plasma fraction in the
cholesterol-fed rabbit. J. Clin. Invest. 1990, 85, 1234–1241. [CrossRef] [PubMed]

23. Tomás, M.; Latorre, G.; Sentí, M.; Marrugat, J. Función antioxidante de las lipoproteínas de alta densidad: Un nuevo paradigma
en la arteriosclerosis. The antioxidant function of high density lipoproteins: A new paradigm in atherosclerosis. Rev. Esp. Cardiol.
2004, 57, 557–569. [CrossRef] [PubMed]

24. Rosenson, R.S.; Brewer, H.B., Jr.; Ansell, B.J.; Barter, P.; Chapman, M.J.; Heinecke, J.W.; Kontush, A.; Tall, A.R.; Webb, N.R.
Dysfunctional HDL and atherosclerotic cardiovascular disease. Nat. Rev. Cardiol. 2016, 13, 48–60. [CrossRef] [PubMed]

http://doi.org/10.1161/CIRCOUTCOMES.118.005375
http://doi.org/10.21037/atm.2016.06.33
http://doi.org/10.1161/JAHA.120.018897
http://www.ncbi.nlm.nih.gov/pubmed/33289416
http://doi.org/10.1007/s11936-012-0221-6
http://www.ncbi.nlm.nih.gov/pubmed/23129439
http://doi.org/10.1016/j.recesp.2011.07.022
http://doi.org/10.1001/archinte.163.13.1549
http://doi.org/10.1001/jama.2009.1619
http://www.ncbi.nlm.nih.gov/pubmed/19903920
http://doi.org/10.1016/j.jacc.2007.07.086
http://www.ncbi.nlm.nih.gov/pubmed/18174036
http://doi.org/10.1056/NEJMoa064278
http://www.ncbi.nlm.nih.gov/pubmed/17898099
http://doi.org/10.1016/S0140-6736(12)60312-2
http://doi.org/10.1038/nrd2489
http://doi.org/10.1016/S1567-5688(11)70885-6
http://www.ncbi.nlm.nih.gov/pubmed/22152280
http://doi.org/10.1111/j.1749-6632.2012.06480.x
http://doi.org/10.1161/ATVBAHA.120.314956
http://doi.org/10.1016/j.jacl.2017.05.011
http://doi.org/10.2337/db09-1114
http://www.ncbi.nlm.nih.gov/pubmed/20185808
http://doi.org/10.1016/j.jacc.2017.10.024
http://www.ncbi.nlm.nih.gov/pubmed/29241485
http://doi.org/10.1093/eurheartj/ehz455
http://doi.org/10.1016/j.numecd.2013.05.002
http://doi.org/10.1371/journal.pone.0200383
http://doi.org/10.1186/s12944-017-0604-5
http://doi.org/10.1172/JCI114558
http://www.ncbi.nlm.nih.gov/pubmed/2318976
http://doi.org/10.1016/S0300-8932(04)77146-8
http://www.ncbi.nlm.nih.gov/pubmed/15225502
http://doi.org/10.1038/nrcardio.2015.124
http://www.ncbi.nlm.nih.gov/pubmed/26323267


Int. J. Mol. Sci. 2023, 24, 5391 13 of 13

25. Camont, L.; Chapman, M.J.; Kontush, A. Biological activities of HDL subpopulations and their relevance to cardiovascular
disease. Trends Mol. Med. 2011, 17, 594–603. [CrossRef]

26. Du, X.M.; Kim, M.J.; Hou, L.; Le Goff, W.; Chapman, M.J.; Van Eck, M.; Curtiss, L.K.; Burnett, J.R.; Cartland, S.P.; Quinn,
C.M.; et al. HDL particle size is a critical determinant of ABCA1-mediated macrophage cellular cholesterol export. Circ Res. 2015,
116, 1133–1142. [CrossRef]

27. Kontush, A.; Chantepie, S.; Chapman, M.J. Small, dense HDL particles exert potent protection of atherogenic LDL against
oxidative stress. Arter. Thromb. Vasc. Biol. 2003, 23, 1881–1888. [CrossRef]

28. Li, J.J.; Zhang, Y.; Li, S.; Cui, C.J.; Zhu, C.G.; Guo, Y.L.; Wu, N.Q.; Xu, R.X.; Liu, G.; Dong, Q.; et al. Large HDL Subfraction But
Not HDL-C Is Closely Linked With Risk Factors, Coronary Severity and Outcomes in a Cohort of Nontreated Patients With Stable
Coronary Artery Disease: A Prospective Observational Study. Medicine 2016, 95, e2600. [CrossRef]

29. Sokooti, S.; Flores-Guerrero, J.L.; Kieneker, L.M.; Heerspink, H.J.L.; Connelly, M.A.; Bakker, S.J.L.; Dullaart, R.P.F. HDL Particle
Subspecies and Their Association With Incident Type 2 Diabetes: The PREVEND Study. J. Clin. Endocrinol. Metab. 2021,
106, 1761–1772. [CrossRef] [PubMed]

30. Duparc, T.; Ruidavets, J.B.; Genoux, A.; Ingueneau, C.; Najib, S.; Ferrières, J.; Perret, B.; Martinez, L.O. Serum level of HDL
particles are independently associated with long-term prognosis in patients with coronary artery disease: The GENES study. Sci.
Rep. 2020, 10, 8138. [CrossRef]

31. Tanaka, S.; Diallo, D.; Delbosc, S.; Genève, C.; Zappella, N.; Yong-Sang, J.; Patche, J.; Harrois, A.; Hamada, S.; Denamur, E.; et al.
High-density lipoprotein (HDL) particle size and concentration changes in septic shock patients. Ann. Intensive. Care. 2019, 9, 68.
[CrossRef] [PubMed]

32. Tang, X.; Mao, L.; Chen, J.; Zhang, T.; Weng, S.; Guo, X.; Kuang, J.; Yu, B.; Peng, D. High-sensitivity CRP may be a marker of HDL
dysfunction and remodeling in patients with acute coronary syndrome. Sci. Rep. 2021, 11, 11444. [CrossRef]

33. Weissglas-Volkov, D.; Pajukanta, P. Genetic causes of high and low serum HDL-cholesterol. J. Lipid Res. 2010, 51, 2032–2057. [CrossRef]
34. Hafiane, A.; Genest, J. High density lipoproteins: Measurement techniques and potential biomarkers of cardiovascular risk. BBA

Clin. 2015, 3, 175–188. [CrossRef] [PubMed]
35. Lincoff, A.M.; Nicholls, S.J.; Riesmeyer, J.S.; Barter, P.J.; Brewer, H.B.; Fox, K.A.A.; Gibson, C.M.; Granger, C.; Menon, V.;

Montalescot, G.; et al. Evacetrapib and Cardiovascular Outcomes in High-Risk Vascular Disease. N. Engl. J. Med. 2017,
376, 1933–1942. [CrossRef]

36. The HPS2-THRIVE Collaborative Group. Effects of extended-release niacin with laropiprant in high-risk patients. N. Engl. J. Med.
2014, 371, 203–212. [CrossRef] [PubMed]

37. Cordero, A.; Martínez Rey-Rañal, E.; Moreno, M.J.; Escribano, D.; Moreno-Arribas, J.; Quintanilla, M.A.; Zuazola, P.; Núñez, J.;
Bertomeu-González, V. Predictive Value of Pro-BNP for Heart Failure Readmission after an Acute Coronary Syndrome. J. Clin.
Med. 2021, 10, 1653. [CrossRef] [PubMed]

38. SCORE2 and SCORE2-op (No Date) European Society of Cardiology. 2021. Available online: https://www.escardio.org/
Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts (accessed on 28 November 2022).

39. Hard Coronary Heart Disease (10-Year Risk). 2001. Available online: https://www.framinghamheartstudy.org/fhs-risk-
functions/hard-coronary-heart-disease-10-year-risk/ (accessed on 28 November 2022).

40. Havel, R.J.; Eder, H.A.; Bradgon, J.H. The distribution and chemical composition of ultracentrifugally separated lipoproteins in
human serum. J. Clin. Investig. 1955, 34, 1345–1353. [CrossRef] [PubMed]

41. De Juan-Franco, E.; Pérez, A.; Ribas, V.; Sánchez-Hernández, J.A.; Blanco-Vaca, F.; Ordóñez-Llanos, J.; Sánchez-Quesada,
J.L. Standardization of a method to evaluate the antioxidant capacity of high-density lipoproteins. Int. J. Biomed. Sci. 2009,
5, 402–410. [PubMed]

42. Esterbauer, H.; Striegl, G. Continuous Monitoring of in Vitro Oxidation of Human Low Density Lipoprotein. Free. Radic. Biol.
Med. 1989, 6, 67–75.

43. Valkonen, M.; Kuusi, T. Spectrophotometric assay for total peroxyl radical-trapping antioxidant potential in human serum. J. Lipid
Res. 1997, 38, 823–833. [CrossRef] [PubMed]

44. Aldini, G.; Yeum, K.J.; Russell, R.M.; Krinsky, N.I. A method to measure the oxidizability of both the aqueous and lipid
compartments of plasma. Free. Radic. Biol. Med. 2001, 31, 1043–1050. [CrossRef]

45. Padro, T.; Muñoz-García, N.; Vilahur, G.; Chagas, P.; Deyà, A.; Antonijoan, R.M.; Badimon, L. Moderate Beer Intake and
Cardiovascular Health in Overweight Individuals. Nutrients 2018, 10, 1237. [CrossRef]

46. Mallol, R.; Rodríguez, M.A.; Heras, M.; Vinaixa, M.; Cañellas, N.; Brezmes, J.; Plana, N.; Masana, L. Surface fitting of
2D diffusion-edited 1H NMR spectroscopy data for the characterization of human plasma lipoproteins. Metabolomics 2011,
7, 572–582. [CrossRef]

47. Jeyarajah, E.J.; Cromwell, W.C.; Otvos, J.D. Lipoprotein particle analysis by nuclear magnetic resonance spectroscopy. Clin. Lab.
Med. 2006, 26, 847–870. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.molmed.2011.05.013
http://doi.org/10.1161/CIRCRESAHA.116.305485
http://doi.org/10.1161/01.ATV.0000091338.93223.E8
http://doi.org/10.1097/MD.0000000000002600
http://doi.org/10.1210/clinem/dgab075
http://www.ncbi.nlm.nih.gov/pubmed/33567068
http://doi.org/10.1038/s41598-020-65100-2
http://doi.org/10.1186/s13613-019-0541-8
http://www.ncbi.nlm.nih.gov/pubmed/31197574
http://doi.org/10.1038/s41598-021-90638-0
http://doi.org/10.1194/jlr.R004739
http://doi.org/10.1016/j.bbacli.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/26674734
http://doi.org/10.1056/NEJMoa1609581
http://doi.org/10.1056/NEJMoa1300955
http://www.ncbi.nlm.nih.gov/pubmed/25014686
http://doi.org/10.3390/jcm10081653
http://www.ncbi.nlm.nih.gov/pubmed/33924437
https://www.escardio.org/Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts
https://www.escardio.org/Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts
https://www.framinghamheartstudy.org/fhs-risk-functions/hard-coronary-heart-disease-10-year-risk/
https://www.framinghamheartstudy.org/fhs-risk-functions/hard-coronary-heart-disease-10-year-risk/
http://doi.org/10.1172/JCI103182
http://www.ncbi.nlm.nih.gov/pubmed/13252080
http://www.ncbi.nlm.nih.gov/pubmed/23675165
http://doi.org/10.1016/S0022-2275(20)37249-7
http://www.ncbi.nlm.nih.gov/pubmed/9144097
http://doi.org/10.1016/S0891-5849(01)00684-0
http://doi.org/10.3390/nu10091237
http://doi.org/10.1007/s11306-011-0273-8
http://doi.org/10.1016/j.cll.2006.07.006
http://www.ncbi.nlm.nih.gov/pubmed/17110242

	Introduction 
	Results 
	Patient Characteristics 
	Lipoprotein Particle Number and Size 
	Assays for Lipoprotein Functionality 
	HDL Oxidation Inversely Correlates with Cholesterol Efflux Capacity (CEC) 

	Discussion 
	Materials and Methods 
	Clinical Diagnosis of Chest Pain Categories 
	Biochemical and Laboratory Parameters 
	LDL and HDL Sample Preparation and Purity Control 
	Conjugated Diene Assay 
	HDL Antioxidant Potential 
	HDL Cholesterol Efflux Capacity Assay 
	Lipoprotein Particle Number and Size Measurements 
	Statistical Analysis 

	References

