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ABSTRACT

Introduction and objectives: Advanced lipoprotein phenotyping is a better predictor of atherosclerotic
cardiovascular risk than cholesterol concentration alone. Lipoprotein profiling in heart failure (HF) is
incompletely characterized. We aimed to describe the lipoprotein profile in patients with chronic HF
compared with a matched control population.
Methods: This cross-sectional study was performed from May 2006 to April 2014 and included
ambulatory patients with chronic HF. Lipid concentrations and the size of main lipoprotein fractions
(high-density lipoprotein [HDL], low-density lipoprotein [LDL], and very low-density lipoprotein) and
the particle concentration of their 3 subfractions (large, medium and small) were assessed using 'H
magnetic resonance spectroscopy.
Results: The 429 included patients with chronic HF were compared with 428 matched controls. Patients
with chronic HF had lower total cholesterol and lower mean LDL (1115 vs 1352 nmol/L; P < .001) and
HDL (25.7 vs 27.9 pwmol/L; P < .001) particle concentrations, with this last difference being mediated by a
significantly lower concentration of the small subfraction of HDL (15.2 vs 18.6 pmol/L; P < .001). Mean
very low-density lipoprotein, LDL, and HDL particle size was significantly higher in patients with HF vs
controls. All HDL-related differences from controls persisted after adjustment for New York Heart
Association functional class or body mass index. We found strong negative correlations of known cardiac
biomarkers (N-terminal pro-brain natriuretic peptide and interleukin-1 receptor-like 1) with total and
small LDL and HDL fractions and HDL particle size.
Conclusions: Patients with chronic HF significantly differ in their lipoprotein profile compared with
unaffected controls. Further research is needed to better understand the pathogenic relevance of this
difference.

© 2021 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L.U. All rights reserved.
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Perfil lipoproteico por espectroscopia nuclear magnética en pacientes
con insuficiencia cardiaca cronica comparado con controles emparejados

RESUMEN

Introduccion y objetivos: El fenotipado avanzado de lipoproteinas es mejor predictor del riesgo
aterosclerdtico que el colesterol. El perfil de lipoproteinas en la insuficiencia cardiaca (IC) no esta
completamente caracterizado. Nuestro objetivo fue describir el perfil de lipoproteinas en IC cronica
en comparacién con una poblacién de control emparejada.

Meétodos: Estudio transversal entre mayo 2006 y abril 2014, que incluyé pacientes ambulatorios con IC
cronica. Las concentraciones de lipidos y el tamafio de las principales fracciones de lipoproteinas
(lipoproteinas de alta densidad [HDL], lipoproteinas de baja densidad [LDL] y lipoproteinas de muy alta
densidad) y concentracion de sus subfracciones (grandes, medianas y pequefias) se evaluaron mediante
espectroscopia de resonancia magnética.

Resultados: 429 pacientes con IC cronica se compararon con 428 controles. Los pacientes con IC crénica
presentaron menor colesterol total y menor concentracion de particulas de LDL (1.115 frente a
1.352 nmol/L; p <0,001) y HDL (25,7 frente a 27,9 pmol/L; p < 0,001), esta Gltima mediada
principalmente por la reduccién de la subfraccion pequefia de HDL (15,2 frente a 18,6 wmol/L; p
< 0,001). El tamafio medio de las particulas lipoproteinas de muy alta densidad, LDL y HDL fue
significativamente mayor en los pacientes con IC. Todas las diferencias relacionadas con la particula HDL
persistieron después del ajuste por clase funcional o indice de masa corporal. Encontramos fuertes
correlaciones negativas entre biomarcadores cardiacos (fraccion aminoterminal del propéptido
natriurético cerebral y interleucina-1 tipo de receptor 1) con concentraciones de LDL y HDL, sus
subfracciones pequeiias y el tamaiio de la particula HDL.

Conclusiones: Los pacientes con IC cronica difieren significativamente en su perfil de lipoproteinas en
comparacioén con controles emparejados. Se necesitan mas investigaciones para comprender mejor la
relevancia patogénica de esta diferencia.

© 2021 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

HDL: high-density lipoprotein

HF: heart failure

Hs-TnT: high-sensitivity troponin T
LDL: low-density lipoprotein
NYHA: New York Heart Association
VLDL: very low-density lipoprotein

INTRODUCTION

Cardiovascular disease is the leading cause of morbidity and
mortality in developed countries. Atherosclerotic-associated
events such as myocardial infarction and ischemic stroke are
increasing annually worldwide,' and heart failure (HF) is also a
growing cause of cardiovascular morbidity and mortality. In some
regions, the prevalence of HF is predicted to increase by more than
50% by 2030.?

Consequently, individual cardiovascular risk stratification is
recommended and typically assessed using classic lipid profile
components such as total cholesterol, triglycerides, low-density
lipoprotein (LDL) cholesterol (LDL-C), and high-density lipoprotein
(HDL) cholesterol (HDL-C).> However, this classic risk stratification
accounts for atherosclerotic-mediated diseases but not for HF.
Moreover, although high levels of LDL-C and low levels of HDL-C
are known risk factors for future cardiovascular events, statin
therapy does not abolish the total cardiovascular risk, even when
LDL-Cis normalized. In addition, attempts to reduce cardiovascular
risk by increasing circulating levels of HDL-C have been
unsuccessful.*~” As a result, interest has focused on studying the
detailed lipoprotein profile rather than total cholesterol, triglyc-
erides, or LDL-C and HDL-C alone. Lipoprotein tests based on 2-
dimensional (2D) diffusion-ordered 'H-magnetic resonance (MR)

spectroscopy have emerged as novel tests for analyzing lipoprotein
parameters beyond LDL-C, including particle concentration (-P),
composition, and size.®° Indeed, LDL-P, HDL-P, and their subfrac-
tions have been described as better predictors of cardiovascular
risk than LDL-C or HDL-C.!°-!*> However, studies so far have
focused mainly on atherosclerotic risk and not in the HF
population, and the few that have examined changes in the
lipoprotein profile in HF have largely involved the HDL-P and HDL
subfractions, globally suggesting that they are involved in risk of
HF, especially when patients exhibit a decrease in small HDL
particle subfraction.'~!” To date, knowledge is lacking on how the
entire lipoprotein profile is affected in ambulatory patients with
chronic HF.

The aim of our study was to describe the profile of a complete
lipoprotein analysis using 2D diffusion-ordered MR spectroscopy
in a population with chronic HF and to compare these findings with
those in a clinically matched cohort without HF. To determine
whether differences could also be detected with disease progres-
sion, we analyzed the correlation of the observed results with
New York Heart Association (NYHA) class and classic cardiac
biomarkers of inflammation, fibrosis and remodeling (interleukin-
1 receptor-like 1 [ST2]), injury (high-sensitivity troponin T [hs-
TnT]), and cardiac stretch (N-terminal pro-brain natriuretic
peptide [NT-proBNP]).

METHODS
Study population and design

This retrospective observational and comparative study,
performed from May 2006 to April 2014, included ambulatory
patients with chronic HF referred to a structured multidisciplinary
HF unit at a large tertiary university hospital in the North-Western
metropolitan area of Barcelona in Catalonia, Spain. Patients were
referred to the HF unit mainly by the cardiology or internal



866 A. Teis et al./Rev Esp Cardiol. 2022;75(11):864-873

medicine departments, and to a lesser extent by the emergency or
other hospital departments. The criteria for referral to the HF unit
were HF according to the European Society of Cardiology guide-
lines, at least 1 previous HF hospitalization, and/or reduced left
ventricular ejection fraction.'® Patients were considered for the
study regardless of HF etiology and were included if they were
aged > 18 years and had an available baseline blood sample.

Matched control cohort

We compared the data for the HF patients with those of control
individuals recruited from the Dia@bet.es study,'® a national,
cross-sectional, population-based study conducted from 2008 to
2010, designed to examine the prevalence of diabetes and
impaired glucose regulation in Spain. This cluster sampling study
included 5072 participants randomly selected from the entire
Spanish region. We applied a nearest neighbor matching process
(MATCHit technique?®) to select the best control matches from the
Dia@bet.es cohort for each individual in the case group by sex, age,
body mass index (BMI), diabetes and statin therapy simultaneous-
ly, optimizing the overall distance among cases and matched
controls. No control participants had previous cardiovascular
disease. To make the cohorts more comparable, hypertension or
dyslipidemia were not exclusion criteria.

During the baseline visit in both cohorts, patients provided
written consent for use of their clinical data for research purposes.
The study was approved by the respective local ethics committee
(code: EO 10-076 and PI 13-095). The study was performed in
compliance with the law protecting personal data and in
accordance with the international guidelines on clinical investiga-
tion of the World Medical Association’s Declaration of Helsinki.?!

Lipoprotein analysis by 'H resonance spectroscopy

Baseline blood samples were obtained in the fasting state
between 09:00 hours and 12:00 hours and stored at -80°C
without previous freeze-thaw cycles. A 250-p.L aliquot of serum
from each patient was shipped on dry ice to Biosfer Teslab (Reus,
Spain) for lipoprotein analysis using the Liposcale Test.® This
advanced lipoprotein profile includes characterization of the lipid
content (ie, cholesterol and triglycerides) and mean normalized
size (-Z) of each lipoprotein class and -P of the large, medium, and
small lipoprotein subfractions. Cutoff values were as follows:
> 60 nm, 45-60 nm, and 35-45 nm, respectively, for large, medium,
and small very low-density lipoproteins (VLDL); 22.5-27 nm, 20-
22.5 nm, and 18-20 nm, respectively, for large, medium, and small
LDL; and 9-13 nm, 8.2-9 nm, and < 8.2 nm, respectively, for large,
medium, and small HDL. The variation coefficients for the -P
ranged from 2% to 4% and were lower than 0.3% for particle sizes.
The HDL-C/P ratio was calculated as an estimate of the cholesterol
content of the HDL particles.!”?? To calculate the ratio, units of
HDL-C were transformed to pmol/L.

Biomarker assays

NT-proBNP levels were determined using an immunoelectro-
chemiluminescence method (Elecsys; Roche Diagnostics,
Switzerland), which had inter-run coefficients of variation of
0.9% to 5.5%. We measured hs-TnT levels using an electrochemi-
luminescence immunoassay with the Modular Analytics E 170
(Roche Diagnostics, Spain). The hs-TnT assay had an analytical
range of 3 to 10 000 ng/L, and the coefficients of variation was 9% at
the 99th percentile value of 13 ng/L. ST2 levels in plasma samples
were measured using a high-sensitivity sandwich monoclonal

immunoassay (Presage ST2 assay; Critical Diagnostics, United
States), which had a within-run coefficient of < 2.5% and a total
coefficients of variation of 4%.

Statistical analysis

Continuous variables are expressed as means + SD or medians
[quartiles Q1-Q3] for normal and nonnormal distributions, respec-
tively. The normality of continuous variables was assessed by Q-Q
plots. Differences between groups were assessed by the Student
t-test, analysis of variance, the Mann-Whitney U test, or the Kruskal-
Wallis test, depending on the number of comparisons and the
distributions of the quantitative variables. The significance of
the differences in qualitative variables was assessed using the chi-
square or Fisher exact test. Because the lipoprotein profile can vary
with clinical status, comparison of cholesterol, triglycerides, and
lipoprotein profile between HF patients and controls using BMI and
NYHA functional class was also performed. An adjustment for
multiple comparisons was performed by the Bonferroni technique.
Spearman rank correlations were used to test the correlations of HDL
and LDL parameters with demographic and clinical data, and with
ST2, hs-TnT, and NT-proBNP. A 2-sided P < .05 was considered
significant. All statistical analyses were performed using STATA
V.13.0 (College Station, United States).

RESULTS
Population characteristics

The final study cohort consisted of 429 patients with chronic
HF, with ischemic heart disease (47.8%), dilated cardiomyopathy
(16.3%), and hypertensive cardiomyopathy (10%) as the most
frequent etiologies. Results were compared with those for
428 control individuals (figure 1). Baseline characteristics of both
cohorts are described in table 1. Both cohorts were mainly white
(99.6%) and young-old (67.2 vs 66.3 years), with a high proportion
of men (72.7% vs 68.5%). The cohort with chronic HF had a mean
left ventricular ejection fraction of 35.5 4 14.4%, with NYHA class
II-IV HF in 22%. In the patient cohort, mean ST2 was 51.2 + 39.9 ng/
mL, mean hs-TnT was 44.6 + 62.3 ng/L, and mean NT-proBNP was
5393.1 & 18040.0 ng/L. The cohort with chronic HF also had a higher
proportion of patients with hypertension (67.1% vs 46.9% in the
control cohort; P < .001), whereas the control cohort had a higher
proportion of participants with dyslipidemia (81.3% vs 65.0% in the HF
cohort; P < .001). Patients with chronic HF had a lower mean BMI
(27.3 vs 28.1kg/m?; P=.011) and worse overall renal function
(estimated glomerular filtration rate, 54.0 vs 86.9 mL/min/1.73 m?;
P <.001).

Analysis of lipid profile and lipoprotein subclasses

Total cholesterol, triglycerides, and a complete lipoprotein
profile for each cohort are detailed in table 2. Patients with chronic
HF had significantly lower serum total cholesterol (195.3 vs
215.4 mg/dL among controls; P < .001), mainly because of lower
LDL-C (110.6 vs 129.9 mg/dL; P <.001) and HDL-C (48.6 vs
51.9 mg/dL; P <.001). VLDL-C was significantly higher among
patients with HF vs controls (19.0 vs 18.1 mg/dL; P =.022). Total
triglycerides did not differ between the 2 groups.

In the chronic HF population vs the controls, values were lower
for overall LDL-P (1155 vs 1352 nmol/L) and HDL-P (25.7 vs
27.9 pmol/L; both P <.001). Detailed subfraction analysis
highlighted that the overall lower LDL-P was attributable to lower
values for all 3 subfractions. The overall lower total HDL-P
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Figure 1. Flow chart of the selection of both cohorts. HF, heart failure.

concentration was mainly the result of lower small HDL (15.2 vs
18.6 wmol/L; P <.001); however, HDL medium and large
subfractions were significantly higher in the cohort with chronic
HF (10.23 vs 8.99 for medium and 0.29 vs 0.27 mol/L for large; P
< .001). There was a relative negative difference of 8.5% for small
HDL and relative positive differences of 8.3% for medium and 0.2%
for large HDL (figure 2). No significant differences were observed in
VLDL-P. Regarding lipoprotein particle size, all 3 (VLDL, LDL, and
HDL) particles were larger in samples from patients with HF than
in controls. Additionally, the calculated HDL-C/P ratio, an estimator
of the degree of cholesterol content in the HDL particles, was
higher in the chronic HF population (49.26 vs 47.99; P < .001)
(figure 3). Differences in lipoprotein profile according to ischemic
etiology were also assessed in a sensitivity analysis; this additional
analysis yielded consistent results, with these differences being
more accentuated in the ischemic group (table 1 of the
supplementary data).

Comparison of lipid profile and lipoprotein subfractions by
NYHA functional class

We found significantly lower total serum cholesterol concen-
trations across NYHA I-II and III-IV class patients compared with

Table 1
Baseline patient characteristics
Heart failure Controls P
n=429 n=428
Age,y 67.2+134 66.3+£12.4 316
Male sex 312 (72.7) 293 (68.5) 170
Diabetes 194 (45.2) 165 (38.5) 051
Hypertension 288 (67.1) 195 (46.9) <.001
Dyslipidemia 279 (65.0) 348 (81.3) <.001
Statins 335 (78.1) 338 (79.0) 753
BMI 27.3+48 28.1+43 .011
eGFR, mL/min/1.73 m®>  54.0 [36.4-81.1]  86.9 [68.8-108.3] <.001

BMI, body mass index; eGFR, estimated glomerular filtration rate calculated by
Cockroft-Gault formula.

Unless otherwise indicated, the results are expressed as No. (%) for categorical
variables or mean+standard deviation or median [25th-75th] percentiles for
quantitative variables.

controls, with even lower concentrations of total cholesterol in
those with III-IV NYHA class HF (table 3). Significantly lower
concentrations of VLDL-C were found in patients with NYHA III-IV
class HF, and lower concentrations of HDL-C were found in those
with NYHA I-II class HF compared with controls. We also observed
a trend to lower LDL-C with worsening NYHA functional class.

Total LDL-P and HDL-P was lower in patients with HF vs
controls, with a significant downward trend with worsening NYHA
functional class (P < .001). Like the entire cohort, these differences
were mainly the result of significant differences in small
subfractions, regardless of NYHA class severity, and were in
keeping with those observed in the entire cohort with chronic HF.
Lipoprotein particle size increased with worsening NYHA class,
with VLDL-Z, LDL-Z, and HDL-Z the largest among the patients with
NYHA III-1V class HF (P < .001).

The HDL-C/P ratio showed an increasing trend with worsening
NYHA functional class and was highest in patients with NYHA III-IV
class HF (P <.001) (figure 4).

BMI did not alter the pattern of differences in lipoprotein
profiles between patients with chronic HF and controls (table 2 of
the supplementary data).

Correlations between LDL and HDL particle measures and
clinical and biological parameters

We investigated correlations between HDL and LDL particles
and other clinical and biological parameters in the HF population
(table 4). Briefly, left ventricular ejection fraction showed a
significant positive correlation with the total serum concentration
and the small subfraction of HDL-P. Significant negative associa-
tions were observed for NT-proBNP, hs-TnT, and ST2 with total
LDL-P and HDL-P. All 3 biomarkers showed a significant positive
association with HDL-Z and a negative association with the small
LDL subfraction, which was maintained for NT-proBNP and ST2 for
the small HDL subfraction. Conversely, NT-proBNP and ST2
showed positive associations with the HDL-C/P ratio and LDL-Z.

DISCUSSION
This study provides a detailed description of a lipoprotein

profile analyzed by 2D diffusion-ordered MR spectroscopy in a
real-life cohort of outpatients with chronic HF compared with
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Table 2
Comparison between cholesterol, triglycerides and lipoprotein subclasses between individuals with heart failure and controls
Heart failure Controls P
n=429 n=428
Total cholesterol, mg/dL 195.29 +37.86 215.39+34.59 <.001
Total triglycerides, mg/dL 115.62 [92.67-149.05] 115.66 [89.76-145.64] 941
VLDL particle number, nmol/L
Total 51.75 [38.25-72.06] 50.08 [34.96-72.27] 735
Large 1.39 [1.09-1.74] 1.40 [1.03-1.92] 081
Medium 5.63 [4.14-7.54] 420 [2.94-5.83] <.001
Small 44.32 [32.82-62.98] 43.11 [30.21-65.24] 422
VLDL-C, mg/dL 19.04 [14.52-26.61] 18.14 [11.74-24.82] .022
VLDL-TG, mg/dL 69.58 [50.82-96.21] 65.32 [46.25-92.24] 935
VLDL-Z, nm 42.17+0.20 41.90+0.42 <.001
LDL particle number, nmol/L
Total 1155+£275.7 1352+£283.9 <.001
Large 179.8+38.0 182.3+39.8 347
Medium 339.9+125.2 377.6 £135.7 <.001
Small 635.4+137.3 792.2+176.0 <.001
LDL-C, mg/dL 110.62 +£27.87 129.92 +£28.32 <.001
LDL-TG, mg/dL 17.32+5.76 17.30£5.13 585
LDL-Z, nm 21.04+0.24 20.92+0.39 <.001
HDL particle number, pmol/L
Total 25.68 +5.43 27.86 +4.84 <.001
Large 0.29 [0.26-0.33] 0.27 [0.25-0.30] <.001
Medium 10.23+1.99 8.99+1.50 <.001
Small 15.15+4.92 18.59+4.20 <.001
HDL-C, mg/dL 48.57 £10.41 51.91+11.07 <.001
HDL-TG, mg/dL 16.61 [14.41-19.95] 17.19 [14.28-20.49] 585
HDL-Z, nm 8.32 [8.25-8.51] 8.24 [8.19-8.31] <.001
HDL-C/P ratio 49.26 +£5.89 47.99+£4.00 <.001

-C, cholesterol content; HDL, high-density lipoprotein; HDL-C/P, HDL cholesterol per HDL particle ratio; LDL, low-density lipoprotein; -TG, triglyceride content; VLDL, very

low-density lipoprotein; -Z, mean normalized particle size.

The results expressed as mean =+ standard deviation or median [25th-75th] percentiles.

a cohort matched for age, sex, diabetes, and statin therapy. Our
study indicates that significant derangements in lipoprotein profile
are present in chronic HF. In this disease, serum total cholesterol
concentrations were significantly lower than in controls, mainly
because of lower LDL-C and HDL-C. Patients with chronic HF also
had higher values of all 3 lipoprotein particle sizes (VLDL-Z, LDL-Z,
and HDL-Z) and lower overall LDL-P and HDL-P, the latter because
of a lower small HDL subfraction. Finally, the observed disruption
was consistent regardless of NYHA functional class, with a trend to
worsening with increasing classification.

Serum total cholesterol concentrations, LDL-C, and LDL-P were
lower in the cohort with chronic HF. A possible explanation is that
total cholesterol and LDL may have declined because of advanced
chronic HF. The progressive decrease in total cholesterol con-
centrations as NYHA functional class worsened could align with
this hypothesis. Moreover, low total and LDL cholesterol levels
have been previously associated with a worse prognosis and higher
overall mortality in patients with HF, regardless of etiology.?>
However, this last explanation, known as the *“cholesterol
paradox,” although plausible, is usually associated with cachex-
ia.?*?> In contrast, we found differences in cholesterol concentra-
tions between patients with HF and controls in the overweight and
obesity ranges of BMI but not with BMI < 25. Alternatively, in vitro
studies have suggested that circulating cytokines, acting as
causative agents of increased mortality, may decrease lipoprotein
particle and cholesterol levels by dampening hepatic lipoprotein

production and increasing LDL receptor activity. If so, LDL would be
considered an independent predictor of mortality and not only a
marker of nutritional status.?%2’

The overall lower LDL-P and HDL-P observed in the HF cohort,
with the latter attributable to fewer small HDL-Ps, was also
reported by Poto¢njak et al. and Hunter et al.'*"'® Although both
authors used different methods to analyze small HDL particles,
they correlated this finding with increase mortality in patients
with acute HF and in a cath-lab-based HF population, respectively.
Likewise, we have recently reported an association of lower levels
of the small HDL subfraction with cardiovascular death in patients
with HF.!” Here we observed a progressive change in these
parameters with worsening NYHA functional class and a signifi-
cant positive correlation of total HDL-P and small HDL subfraction
with left ventricular ejection fraction. These findings, along with a
negative correlation of these disruptions with NT-proBNP and ST2
levels, suggest a probable association not only with HF itself but
also with the severity of the disease. This observation aligns with
previous reports.'>?® Qverall, these results strongly imply the
importance of HDL in HF. Whether these derangements in HDL are
simply a marker in HF or are relevant in the pathophysiological
process remains to be elucidated. It should be considered that
HDL particles may exert beneficial effects on overall myocardial
function. Experimental reports have demonstrated that HDL may
protect against ischemia and reduce myocardial remodeling.?®
Moreover, small dense HDL particles may exert anti-inflammatory
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Figure 2. Proportion of HDL lipoprotein subfractions in patients with chronic heart failure and matched controls. Comparison of differences in the proportion of
small, medium, and large subfractions of HDL particles between chronic HF (orange) and controls (blue). HDL-P, high-density lipoprotein particle concentration;
HF, heart failure. The chi-square test was used for comparisons.
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Figure 3. Lipoprotein profile in patients with chronic HF vs matched controls. Schematic overview of the lipoprotein disruption observed in the chronic HF
population compared with matched controls. Overall reduction in LDL-P and HDL-P particle concentration, with the latter being mediated by a significant decrease
in the small subfraction of HDL. Overall increase in particle size, with an increase in cholesterol content of the HDL particles, expressed as an increase in the HDL-C/P
ratio. HDL, high-density lipoprotein; HDL-C/P, HDL cholesterol per HDL particle ratio; HF, heart failure; LDL, low-density lipoprotein; VLDL, very low-density
lipoprotein; -Z, mean normalized particle size.
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Table 3
Comparison between cholesterol, triglycerides and lipoprotein subclasses between individuals with heart failure and controls according to NYHA class
Heart failure Controls P
NYHA III-IV NYHA I-11
n=93 n=336 n=428
Total cholesterol, mg/dL 191.5+40.3 196.3+37.1 215.39+34.59 <.001*P
Total triglycerides, mg/dL 103.8 [90.1-135.2] 118.3 [94.5-151.2] 115.7 [89.8-145.6] 207
VLDL particle number, nmol/L
Total 44.14 [36.23-58.10] 54.29 [39.37-73.93] 50.08 [34.96-72.27] .088
Large 1.27 [1.05-1.58] 1.42 [1.11-1.80] 1.40 [1.03-1.92] 039
Medium 4.53 [3.65-6.57] 5.90 [4.32-7.74] 420 [2.94-5.84] <.001%
Small 38.33 [31.35-49.88] 47.33 [33.43-64.51] 43.11 [30.21-65.24] .078
VLDL-C, mg/dL 17.13 [13.28-23.84] 19.96 [15.23-27.76] 18.14 [11.74-24.82] .007°
VLDL-TG, mg/dL 58.84 [48.29-79.09] 72.97 [52.73-97.43] 65.32 [46.25-92.24] .083
VLDL-Z, nm 42.17+£0.19 42.16+0.20 41.90 £ 0.42 <.0012"P
LDL particle number, nmol/L
Total 1128 £280.3 1162 +2744 1352+£283.9 <.001°P
Large 180.1+38.4 179.7+£37.9 182.3+39.8 .640
Medium 345.0+131.3 338.5+123.6 336.6 +£135.7 <.001*°
Small 603.6 +136.2 644.1 £136.5 792.2+176.0 <.001%"
LDL-C, mg/dL 108.40 +27.98 111.23£27.85 129.92 +£28.32 <.001%"
LDL-TG, mg/dL 17.98 +£6.59 17.14+£5.50 17.30+£5.13 417
LDL-Z, nm 21.12+0.25 21.02+0.24 20.92+0.39 <.0012b<
HDL particle number, pmol/L
Total 2494 +6.16 25.88 +5.20 27.86 £4.84 <.0012"
Large 0.31 [0.27-0.35] 0.30 [0.26-0.32] 0.27 [0.25-0.30] <.0012P<
Medium 11.06 +2.35 10.00+1.81 8.99+1.50 <.0012P<
Small 13.57+5.18 15.59+4.76 18.59+4.20 <.0013P<
HDL-C, mg/dL 49.04+11.78 48.44+10.01 51.91+11.07 <.001*°
HDL-TG, mg/dL 16.29 [14.68-19.96] 16.77 [14.27-19.87] 17.19 [14.28-20.49] 751
HDL-Z, nm 8.38 [8.32-8.47] 8.31 [8.25-8.38] 8.24 [8.19-8.31] <.0012P<
HDL-C/P ratio 51.27+5.70 48.70+5.83 47.99 +£4.00 <.0013b<

-C, cholesterol content; HDL, high-density lipoprotein; HDL-C/P, HDL cholesterol per HDL particle ratio; LDL, low-density lipoprotein; NYHA, New York Heart Association; -
TG, triglyceride content; VLDL, very low-density lipoprotein; -Z, mean normalized particle size.
The results are expressed as mean + standard deviation or median [25th-75th] percentiles.

Significant values P <.05.
¢ Controls vs NYHA I-II.
b Controls vs NYHA III-1V.
€ NYHA I-1I vs II-1V.

properties in endothelial cells and inhibit oxidized LDL-induced
apoptosis.>®

Regarding lipoprotein particle size, we observed a larger size of
all 3 (VLDL, LDL, and HDL) particles in patients with chronic HF
compared with the controls. Triglycerides usually drive changes in
lipoprotein diameter, but the 2 groups had fairly similar plasma
triglycerides, suggesting that the larger size is a specific feature of
chronic HF. Overall lipoprotein particle size has been associated
with atherosclerotic cardiovascular risk,>' but described as mainly
mediated by more large HDL-P and small dense LDL-P,*!*2 which
does not concur with our observations. In our cohort with chronic
HF, the larger amounts of LDL-Z and HDL-Z were secondary to the
lower values for the small LDL and HDL subfractions, respectively.
As for the HDL particle count, HDL-P size has previously been
positively associated with overall cardiovascular risk,>? all-cause
mortality,'® and cardiovascular death in HE.!” As with our findings
for small HDL, we also observed a positive gradation of VLDL-Z,
LDL-Z, and HDL-Z with NYHA functional class. Hunter et al.'®
reported a similar positive association of HDL-Z with degree of left

ventricular dysfunction, finding the smallest HDL-Z in patients
without HF and the greatest for those with HF with reduced
ejection fraction, while those with HF and preserved ejection
fraction fell in between. Moreover, in this study, we observed a
positive association of HDL-Z with cardiac biomarkers, emphasiz-
ing a probable relationship of HDL-Z with both the presence and
severity of HF.

Previous studies have explored the HDL-C/P ratio as a surrogate
of the cholesterol content.'”?>33 Evidence demonstrates that
cholesterol-overloaded HDL-P is associated with the progression of
carotid atherosclerosis in a disease-free population and with
cardiovascular mortality in a chronic HF population. In the present
study, we found that patients with chronic HF had cholesterol-
overloaded HDL-P compared with controls. As for the HDL-P
concentration, in the small subfraction of HDL and HDL-Z, the HDL-
C/P ratio appeared to be important in terms of both the presence
and the severity of the HF process. The cholesterol overloading of
HDL-P in HF is not well understood, and whether it is secondary to
an alteration in HDL remodeling, cholesterol transport/efflux of
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Figure 4. HDL lipoprotein profile disruption across NYHA functional class in patients with chronic HF compared with a matched control cohort. Box plots comparing
total HDL-P (A), small HDL subfraction (B), mean HDL particle size (C), and calculated HDL-C/P ratio (D) across NYHA functional class in HF patients vs matched
controls with no HF. HDL cholesterol per HDL particle ratio; HDL-C/P, HDL cholesterol per HDL particle ratio; HF, heart failure; NYHA, New York Heart Association; -
P, particle concentration; -Z, mean normalized particle size. Significant values P < .05:

2 Controls vs NYHA I-II;
b Controls vs NYHA III-IV
€ NYHA I-11 vs HI-IV.

HDL or to an anomalous clearance of large HDL needs to be further
explored. The detailed pathophysiological mechanism of this
finding in HF should be investigated.

Prior evidence is controversial regarding the influence of the
cholesterol content of the HDL particle and the particle number of
HDL-C with cardiovascular risk in long-term follow-up and it could
be explained by the complex physiopathological mechanisms
involved in its metabolism.>* The question of whether all
differences observed in our study in the HF population have a
true impact on long-term cardiovascular outcomes deserves more
attention in future research.

Limitations

This study has some limitations. With the observational design,
we can describe differences between lipoprotein profile in patients
with chronic HF compared with unaffected controls, but we cannot
draw definitive conclusions from the results, which can only be
used to generate hypotheses. As the study participants with HF
were selected from a specialized HF unit, these results cannot
be extrapolated to other HF populations, such as those with acute
HF or primary health care HF patients. Due to the long period of
inclusion, we cannot exclude an influence on the results of the
study induced by changes in the diagnosis and treatment of HF and
dyslipidemia during this period. HDL exerts multiple functions
such as cholesterol efflux, antioxidant, and anti-inflammatory

activity>®; indeed, HDL functionality has been demonstrated to be
more predictive of impaired outcomes than HDL concentration for
HEF.>537 We have not measured any parameters of HDL functional-
ity and we could not establish differences between the HF and non-
HF population in these parameters. Similarly, we did not measure
nutritional or inflammatory parameters and we could not rule out
their influence on the observed results. Numerous other variables
could be used as matching criteria in control selection, and the
observed differences could vary.

The strengths of our study are that total cholesterol, triglycer-
ides, and lipoprotein profile are representative of real-life patients
with chronic HF. The control group was selected by matching for
several clinical variables, such as age, sex, diabetes, and statin
therapy, which could all affect the lipoprotein test results, making
the observed differences more likely to be exclusively secondary to
HF. Moreover, because lipoprotein levels may vary with clinical
status, a detailed subgroup comparison accounting for BMI and
NYHA functional class is also described. The results could serve as
reference values for chronic HF in future studies.

CONCLUSION

In an outpatient population with chronic HF, significant
derangements in serum concentrations of total cholesterol and
several lipoprotein particles were found in comparison with a
matched control group. A detailed description of each variable has
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Table 4
Correlation between 'H-MR-spectroscopy LDL and HDL lipoproteins with clinical and biochemical parameters in HF patients-
LVEF, % NT-proBNP, ng/L Hs-TnT, ng/L ST2, ng/mL
LDL particle number, nmol/L
Total 0.09 -0.24 —0.28 —-0.18
(0.00;0.18) (-0.33;-0.14) " (—0.40;-0.16) " (-0.29;-0.07)"
Large 0.11 -0.11 -0.21 —0.05
(0.01;0.20)* (—0.21;-0.01)* (-0.32;-0.09)" (-0.15;0.05)
Medium 0.11 —0.13 -0.19 —0.05
(0.03;0.20)* (-0.22;-0.03)" (-0.31;-0.06)" (-0.15;0.06)
Small 0.05 —0.32 -0.32 —0.30
(—0.04;0.14) (-0.41;-0.24)" (—0.44;-0.20) " (—0.40;-0.19) "
LDL-C, mg/dL 0.09 —-0.20 -0.30 -0.16
(-0.01;0.18) (-0.30;—-0.11)"" (-0.41;-0.19) " (-0.27;-0.05)"
LDL-Z, nm 0.08 0.23 0.10 0.24
(—0.02;0.17) (0.14;0.32) (—0.03;0.23) (0.14;0.35)""
HDL particle number, pmol/L
Total 0.18 -0.21 -0.27 -0.19
(0.08;0.27)"" (-0.31;-0.12)" (-0.39;-0.15) " (—0.30;-0.07)"
Large 0.12 0.02 -0.07 —0.02
(0.03;0.22) * (-0.07;0.12) (—0.20;0.06) (—0.13;0.09)
Medium 0.13 0.26 0.07 0.19
(0.03;0.23)" (0.16;0.35)" (—0.06;0.20) (0.08;0.30)"
Small 0.14 —0.34 -0.32 —0.28
(0.04;0.23)" (-0.42;-0.25)" (—0.44;0.21) (-0.39;0.18)
HDL-C, mg/dL 0.15 -0.08 -0.24 —0.09
(0.06;0.25)" (-0.17;0.01) (-0.36;-0.12) " (-0.20;0.02)
HDL-Z, nm —0.05 0.41 0.29 0.35
(—0.14;0.05) (0.33;0.49) (0.18;0.41) " (0.25;0.45)""
HDL-C/P ratio —0.01 0.29 0.05 0.23
(—0.10;0.09) (0.20;0.38) " (—0.07;0.17) (0.12;0.33)"

-C, cholesterol content; HDL, high density lipoprotein; HDL-C/P, HDL cholesterol per HDL particle; HF, heart failure; hs-TnT, highly-sensitive cardiac troponin T; LDL, low-
density lipoprotein; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide; ST2, interleukin-1 receptor-like 1; -Z, mean normalized

particle size.

The results express Spearman rank correlation coefficients and 95% confidence intervals.

Level of significance:
" P <.05,
" P<.01,
" P <.001.

been presented so that the findings could serve in future as
reference values in chronic HF. Overall, the population with
chronic HF had lower serum total cholesterol concentrations and
lower LDL-P and HDL-P concentrations, with the HDL-P findings
being mediated by a significantly lower small HDL subfraction.
Lipoprotein particle size was significantly larger in chronic HF, and
these patients also had an elevated HDL-C/P ratio. The final causes
for the differences observed in lipoprotein profile in HF are
probably multifactorial, and should be elucidated in future
research.

Of note, all HDL derangements detected in the patients with
chronic HF were consistent regardless of NYHA functional class or
BMI, although with a significant trend to worsening with
worsening NYHA functional class. This pattern suggests that
HDL particles should be further interrogated in the setting of HF to
better understand their pathogenic role.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Lipoprotein particle analysis has emerged as a promis-
ing novel marker of atherosclerotic-based cardiovascu-
lar events. However, information regarding how
lipoprotein particles vary in HF is lacking.

WHAT DOES THIS STUDY ADD?

- This article provides a detailed description of cholester-
ol and lipoprotein particles in patients with chronic HF
compared with a matched control group, serving as
possible reference values for future HF studies. In
summary, patients with chronic HF have reduced LDL
and HDL particle concentrations, with the latter being
mediated by a reduction in the small HDL subfraction,
making HDL particles larger and richer in cholesterol
content. This pattern suggests that HDL particles should
be further interrogated in the setting of HF to better
understand their pathogenic role.

APPENDIX. SUPPLEMENTARY DATA
Supplementary data associated with this article can be found in

the online version available at https://doi.org/10.1016/j.rec.2021.
09.008
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