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ABSTRACT

Background: Post-COVID-19 syndrome (PCS), characterized by symptoms that persist for more than 4 weeks after initial infection, 
could increase cardiovascular risk. High-density lipoproteins (HDL) have antiatherogenic functions, such as the ability to promote 
reverse cholesterol transport (RCT) and antioxidant activity. In this regard, paraoxonase 1 (PON 1) plays a key role. 
Objective: The aim of this study was to evaluate HDL functions in patients with PCS and compare them with asymptomatic patients 
(AP) and controls.
Methods: The study included 9 patients with PCS, 18 AP and 10 controls. Complete blood count, basic lipoprotein profile, apolipo-
proteins A-I and B, and inflammatory markers were measured using automated methods. PON 1 activity was evaluated by a spec-
trophotometric assay and the 3 steps of RCT, cellular cholesterol (efflux CCE), lecithin-cholesterol acyltransferase (LCAT) activity 
and cholesteryl ester transfer protein (CETP) activity were evaluated by radiometric assays.
Results: There were no differences in sex, age or general parameters. The AP group had higher PON activity than the control group 
(94±76 vs. 183±111 vs. 148±58 nmol/mL.min, in controls, AP and PCS, respectively; p=0.049). There were no differences in RCT. 
Cellular cholesterol efflux (r=-0.45; p=0.049) and CETP (r=-0.38; p=0.028) had a negative correlation with neutrophil-to-lympho-
cyte ratio. LCAT had an inverse correlation with ferritin (r=-0.34; p=0.046).
Conclusions: Increased antioxidant activity of PON 1 would represent a defensive mechanism against oxidative stress after infec-
tion. All the RCT steps had a negative correlation with inflammatory markers. Our findings may explain, at least in part, the link 
between COVID-19 and atherosclerosis.
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RESUMEN

Introducción: El síndrome post COVID (SPC), que se caracteriza por síntomas que se extienden superando las 4 semanas post-
infección, podría desencadenar aumento en el riesgo cardiovascular. Las lipoproteínas de alta densidad (HDL) presentan funciones 
antiaterogénicas, como su capacidad para promover el transporte inverso del colesterol (TIC) y su actividad antioxidante, en la que 
es clave la enzima paraoxonasa 1 (PON 1). 
Objetivo: Evaluar funcionalidad de HDL en pacientes con SPC comparados con pacientes asintomáticos (PA) y controles.
Material y métodos: Se incluyeron 9 individuos con SPC, 18 PA y 10 controles. Se midieron el hemograma, el perfil lipoproteico bási-
co, las apolipoproteínas A-I y B, y marcadores inflamatorios por métodos automatizados. La actividad de PON 1 se evaluó empleando 
un método espectrofotométrico y los 3 pasos del TIC, eflujo de colesterol (ECC), y actividades de lecitina:colesterol aciltransferasa 
(LCAT) y proteína transportadora de colesterol esterificado (CETP), por métodos radiométricos.
Resultados: No se observaron diferencias en sexo, edad, ni parámetros generales. El grupo PA presentó mayor actividad PON que 
los controles (94±76 vs. 183±111 vs. 148±58 nmol/mL.min, en controles, PA y SPC, respectivamente; p=0,04). No se observaron 
diferencias en el TIC. El ECC (r=-0,45; p=0,049) y CETP (r=-0,38; p=0,028) correlacionaron negativamente con el índice neutrófi-
los/linfocitos. LCAT correlacionó inversamente con la ferritina (r=-0,34; p=0,046).
Conclusiones: El incremento de PON 1 en el grupo PA representaría un mecanismo de defensa frente al estrés oxidativo post-
infección. Todos los pasos del TIC mostraron una correlación negativa con marcadores inflamatorios. Nuestros resultados podrían 
explicar, en parte, el vínculo entre COVID y ateroesclerosis.
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INTRODUCTION
The coronavirus disease described in December 2019 
(COVID-19) is an infection caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-Cov-2). (1) 
Post-COVID-19 syndrome (PCS) is a multisystemic 
disease characterized by signs and symptoms that de-
velop during or after an acute infection and persist for 
more than 4 weeks after symptom onset. (2) The most 
common clinical symptoms are fatigue, dyspnea, chest 
pain, cough, myalgia, headache, and palpitations. (3) 
This condition can cause a significant decline in the 
quality of life of those affected. (4) It is estimated that 
at least 10% of infections result in PCS, affecting 65 
million people worldwide. (5)

SARS-CoV-2 enters the host cells due to the inter-
action of the viral spike protein with the angiotensin-
converting enzyme 2 (ACE2) receptor. (6) As a result, 
ACE2 is less available to catalyze the conversion of 
angiotensin II to angiotensin 1-7 and angiotensin II 
levels increase. Under this condition, angiotensin II 
binds the angiotensin II type 1 receptor (AT1R), which 
stimulates oxidized nicotinamide dinucleotide phos-
phate (NADPH) activity. This results in reducing O2 
to superoxide and increasing the production of other 
reactive oxygen species (ROS). (7,8). This is the main 
mechanism leading to increased oxidative stress in pa-
tients with COVID-19 and is facilitated by the pro-in-
flammatory context, as the identification of the virus 
promotes the release of cytokines that recruit mac-
rophages and neutrophils. These cells are responsible 
for the production of ROS and other mediators that 
contribute further to oxidative stress and cytokines 
synthesis. Cytokine release is prolonged and dispro-
portionate and is known as cytokine storm, which is 
closely related to disease severity. (9,10) It can cause 
tissue damage and symptoms that persist beyond the 
acute stage of infection and may be responsible, at 
least in part, for the development of PCS. Increased 
oxidative stress impairs mitochondrial function and 
affects cell proliferation, extracellular matrix remod-
eling, and lung defensive mechanisms. (11) In this 
context, the role of antioxidants has become relevant 
and even proposed as therapy for PCS. (12,13) 

Some patients, while they were suffering from 
COVID-19, had lower levels of high-density lipopro-
tein cholesterol (HDL-C), the only lipoprotein frac-
tion with antiatherogenic properties. This decrease 
was associated with disease severity and exacerbated 
cytokine storm. (14,15) In addition, HDL-C levels 
were significantly associated with prolonged virus 
clearance time. (16,17) This highlights the potential 
antiviral role of HDL, which, in addition to promot-
ing reverse cholesterol transport, has antithrombotic, 
antiapoptotic, anti-inflammatory, and antioxidant 
functions. The antioxidant activity of HDL is due to 
the paraoxonase (PON) 1 which is located on it and 
prevents low-density lipoprotein (LDL) from oxida-
tion. (18) For these reasons, the evaluation of HDL 
function becomes relevant in a context of high oxida-

tive stress and inflammation with high risk of cardio-
vascular disease such as PCS.

The aim of the present study was to assess the pri-
mary cardioprotective functions of HDL, including its 
antioxidant activity and its ability to facilitate reverse 
cholesterol transport. This process encompasses three 
steps: a) cellular cholesterol efflux, b) esterification 
of free cholesterol by the enzyme lecithin-cholesterol 
acyltransferase (LCAT), and c) cholesteryl ester trans-
fer protein (CETP) transfer of cholesterol from HDL 
to apoB-containing lipoproteins in exchange for tri-
glycerides, a process with therapeutic relevance. (19) 
Impairment of some HDL functions may be associated 
with slow clearance of SARS-CoV-2 from the body and 
progression to PCS.

METHODS
Study design and population
We conducted a cross-sectional, observational and collabora-
tive study between Favaloro Foundation University Hospital 
and the Laboratory of Lipids and Atherosclerosis, School of 
Pharmacy and Biochemistry, University of Buenos Aires, be-
tween June 2021 and February 2022. The inclusion criteria 
included men and women between 20 and 60 years with a 
history of COVID-19 confirmed by polymerase chain reaction 
(PCR) between 4 and 12 weeks prior to inclusion and who 
signed the informed consent form. This period corresponds 
to the symptomatic PCS defined in the National Institute 
for Health and Care Excellence (NICE) 2020 guidelines. (2) 
Based on the presence of persistent symptoms, a group of 
patients with PCS (PCS group, n=9) was compared with a 
group of patients who had experienced the disease and sub-
sequently evolved without any symptoms (AP group, n=18). 
A control group of patients with no diagnosis of COVID-19 
was incorporated in the last year (control group, n=10).  The 
following exclusion criteria were considered: symptoms prior 
to COVID-19, body mass index (BMI) > 35 kg/m2, presence 
of comorbidities (chronic kidney disease, type 1 or type 2 dia-
betes mellitus, chronic liver disease, chronic inflammation, 
structural or functional heart disease, lung disease), patients 
treated with ACE inhibitors, angiotensin II receptor antago-
nists, statins or corticosteroids, and pregnancy. The study 
protocol was approved by the Committee on Ethics of Faval-
oro Foundation and followed the recommendations of the 
Declaration of Helsinki and subsequent amendments. 

Evaluation of the clinical and anthropometric characteristics 
All the selected subjects underwent clinical examination, 
and their medical history was recorded. Weight and height 
were measured to calculate BMI. Blood pressure (BP) was 
measured three times with a certified sphygmomanometer 
(Welch-Allyn, USA), and the average of the last two determi-
nations was considered. To verify the persistence of symp-
toms and to assess functional capacity, a 6-minute walk test 
was conducted, and the rating of perceived exertion was 
measured using the Borg scale. (20,21) 

Samples 
Blood samples were obtained from the antecubital vein after 
a 12-hour fast. Samples were collected in tubes containing 
clot accelerator and gel serum separator and in Na2EDTA 
tubes and centrifuged at 1500 rpm for 15 minutes. Serum 
and/or plasma samples was separated, as appropriate, and 
aliquots were stored at 4 ºC and -70 ºC.

HIGH DENSITY LIPOPROTEINS IN POST COVID SYNDROME / Belén Davico et al.



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 92 Nº 2 / APRIL 2024126

ing the chi-square test. All the statistical calculations were 
performed using Infostat (National University of Cordoba, 
Cordoba, Argentina) and SPSS 26.0 software packages (Chi-
cago, Illinois, USA) A two-tailed p value < 0.05 was consid-
ered statistically significant.

RESULTS
There were no differences in the distribution of sex, 
age, height, weight, BMI, and BP among the 3 groups 
evaluated in the study (Table 1). Patients in the PCS 
group presented dyspnea (69%), palpitations (54%) 
and asthenia (46%) as the main symptoms. Consist-
ent with these symptoms, subjects in the PCS group 
reported a higher score on the Borg scale in the 6-min-
ute walk test (1.6±1.0 vs.  1.2±1.0 vs. 3.5±1.9; control 
group, AP, and PCS, respectively; p=0.017).  There 
were no significant differences in any of the general 
biochemical parameters or in the complete blood 
count (Table 1).

Furthermore, plasma levels of total cholesterol, 
LDL-C, HDL-C, triglycerides, Apo A-I or B did not dif-
fer significantly (Table 2). The inflammatory markers 
(hs-CRP, ferritin and neutrophil-to-lymphocyte ratio) 
were similar among the 3 groups (Table 3).

When the three steps of reverse cholesterol trans-
port were analyzed, none of them showed significant 
differences (Figure 1). However, all three presented 
associations with other parameters. The results indi-
cated a negative correlation between cellular choles-
terol efflux and the neutrophil-to-lymphocyte ratio 
(r = -0.45; p=0.049), an inverse correlation between 
LCAT activity and the acute phase reactant ferritin 
(r = -0.34; p= < 0.046), while CETP activity demon-
strated a positive correlation with triglyceride levels (r 
= 0.47; p < 0.01) and a negative correlation with the 
neutrophil-to-lymphocyte ratio (r = -0.38; p =0.028).

The AP group had higher PON activity than the 
control group, with no significant differences in ARE 
activity between the three groups (Figure 2). In addi-
tion, all groups showed a similar phenotypic distribu-
tion of the Q192R genetic variant of the PON1 gene, 
allowing for comparison between groups. 

DISCUSSION
The results show that PCS is not associated with 
changes in reverse cholesterol transport in the groups 
analyzed. However, we observed a change in HDL an-
tioxidant function represented by higher PON activ-
ity in patients who resolved symptoms compared to 
healthy controls. This function is particularly impor-
tant during viral infections, since the performance 
and survival of immune cells is under redox control 
and depends on ROS levels (28) which are increased in 
PCS. Therefore, the increased PON activity could be 
explained as a defensive mechanism against increased 
oxidative stress. In fact, this has already been de-
scribed in other conditions associated with increased 
oxidative stress such as physical activity. (29,30)

In addition to PON activity, ARE activity, which 
is not affected by genetic variants and is considered 

Determination of general and specific biochemical 
parameters 
Plasma levels of blood urea nitrogen and creatinine and 
complete blood count were determined in accordance with 
standard methods. 

Characterization of the inflammatory status 
High-sensitivity C-reactive protein (hs-CRP) and ferritin 
concentrations were determined by immunoturbidimetric 
assays on a COBAS c 501 analyzer (Roche S.A.Q. e I., Swit-
zerland). Neutrophil-to-lymphocyte ratio was calculated as 
an inflammatory marker. (22)

Determination of lipids, liproproteins, and apolipoproteins 
Plasma levels of triglycerides, total cholesterol, and HDL-C 
were measured according to standard methods. LDL-C was 
calculated using the Friedewald formula or the Sampson 
formula according to triglyceride levels. Apo B and apo A-I 
concentrations were determined by immunoturbidimetric 
assays on a COBAS c 501 analyzer (Roche, Basel, Switzer-
land). 

Paraoxonase 1 activity 
PON 1 activity was evaluated by a spectrophotometric assay 
using two substrates: paraoxon (paraoxonase activity itself, 
PON) and phenylacetate (arylesterase activity, ARE). Both 
activities were measured following a previously described 
method with minimal modifications. (23) The phenotypes 
for the Q192R genetic variant of the PON1 gene were esti-
mated by the double substrate method. (24)

Evaluation of the ability of HDL to promote cellular 
cholesterol efflux 
HDL was isolated by selective precipitation using 45% poly-
ethylene glycol (6000) and 0.2 M Tris-HCl buffer (pH = 8.2). 
The ability of HDL to promote cellular cholesterol efflux was 
analyzed using the human monocyte cell line THP-1. (25)

Determination of lecithin cholesterol acyltransferase activity  
LCAT activity was determined using a radiometric assay 
based on a modified version of the protocol of Aguilar-Espi-
noza et al. (26)

Determination of cholesteryl ester transfer protein 
CETP was measured with a radiometric assay previously de-
scribed with minimal modifications. (27) 

Statistical analysis 
The sample size was estimated using Open Epi software 
(MIT, USA) considering 80% power and an alpha level of 
0.05. We chose PON activity as the dependent variable and 
used previous unpublished data from the group in similar 
populations. The sample size was estimated in 8 subjects 
per group. Quantitative variables were expressed as mean 
and standard deviation, or median and interquartile range 
(Q1-Q3), according to their distribution. The assumption of 
normal distribution of the population for each variable was 
evaluated using descriptive statistics (comparison of means 
and medians), graphics (histogram and quantile-quantile 
plot) and goodness-of-fit tests (Kolmogorov-Smirnov test 
and Shapiro-Wilk test). ANOVA or Kruskal-Wallis test was 
used to compare continuous variables according to data dis-
tribution. The correlations were evaluated using Pearson's 
correlation coefficient for parametric variable or Spear-
man's correlation coefficient for non-parametric variables. 
The differences in categorical variables were compared us-
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a marker of PON 1 concentration, was also analyzed. 
(24) Therefore, the presence of increased PON activ-
ity with preserved ARE activity would indicate a spe-
cific increase in the intrinsic activity of the enzyme 
without changes in its concentration. This response, 
observed in patients whose symptoms have resolved 
and not in patients with PCS, may explain, at least in 
part, the persistence of symptoms in PCS patients. In-
deed, previous studies have indicated that HDL may 
play an antiviral role, particularly in the context of 
COVID-19. (17) In addition, the antioxidant activity 
of HDL attributable to PON 1, as well as its general 
antiatherogenic properties, may have an influence in 
suppressing the replication of SARS-Co-V2. (17) Con-
sistent with this, a previous study showed that PON1 
Q192R polymorphism was associated with less severe 
COVID-19. (31)

It is worth noting that the inflammatory markers 
measured in our population were not elevated. How-
ever, there is a negative correlation between each step 

of reverse cholesterol transport and some of these 
markers. This would confirm the previously reported 
impact of persistent inflammation on HDL function 
and the development of atherosclerotic cardiovascular 
disease. (32,33) In fact, in a previous paper we showed 
the negative association between the presence of vas-
cular-specific inflammation and reverse cholesterol 
transport in obese children and adolescents. (34) 

Persistent symptoms in the PCS group were as-
sociated with a higher score reported on the Borg 
scale for the 6-minute walk test. This test has been 
widely used to measure functional exercise capacity, 
(35) which has been found to be impaired in patients 
after acute SARS-CoV-2 infection. (36) The discrep-
ancy between symptoms and inflammatory mark-
ers may be attributed to the heterogeneity of these 
markers reported in different studies. As we have 
previously explained, persistent inflammation may 
play an important role in the development of PCS. 
(9,10) However, the evidence is inconclusive. A re-

PCS

PCS

Control group

Control group

Parameter

Parameter

AP

AP

Table 1. Anthropometric and 
biochemical parameters

Table 2. Determination of 
lipids, lipoproteins and apoli-
poproteins

Sex (F/M)

Age (years)

BMI (kg/m2)

Urea (mg/dL)

Creatinine levels (mg/dL)

Hematocrit (%)

Hemoglobin (g/dL)

Leucocytes (x103/mm3)

Neutrophils (%)

Lymphocytes (%)

Eosinophils (%)

TC (mg/dL)

LDL-C (mg/dL)

HDL-C (mg/dL)

TG (mg/dL)

Apo B (mg/dL)

Apo A-I (mg/dL)

Apo B / Apo A-I

non-HDL-C (mg/dL)

TC / HDL-C

LDL-C / HDL-C

TG / HDL-C

9/9

36 ± 13

22.9 (20.6 – 30.4)

33 ± 8

0.85 (0.80 – 1.00)

41 ± 4

13.9 ± 1.2

6.7 ± 1.6

57 ± 8

34 ± 11

3 (2 – 4)

183 ± 45

110 ± 35

54 ± 15

80 (52 - 118)

84 ± 35

157 (140 - 171)

0.57 ± 0.27

129 ± 42

3.4 (2.9 – 4.0)

2.2 ± 1.0

1.6 (0.9 – 2.4)

7/2

41 ± 11

24.4 (23.4 – 30.9)

30 ± 10

0.80 (0.70 – 0.90)

40 ± 3

13.6 ± 1.2

6.5 ± 1.3

54 ± 8

34 ± 8

4 (2 – 5)

194 ± 31

122 ± 27

56 ± 13

81 (64 - 85)

91 ± 13

160 (149 – 171)

0.57 ± 0.12

138 ± 27

3.5 (3.3 – 3.9)

2.3 ± 0.7

1.6 (1.1 – 1.8)

7/3

31 ± 10

22.2 (20.5 – 22.5)

36 ± 5

0.90 (0.80 – 0.90)

41 ± 3

13.6 ± 1.3

5.4 ± 1.1

52 ± 10

38 ± 10

2 (2 – 3)

187 ± 21

106 ± 19

61 ± 13

79 (73 - 93)

82 ± 22

184 (162 – 228)

0.45 ± 0.14

125 ± 21

3.2 (2.8 – 3.4)

1.8 ± 0.6

1.3 (1.1 – 1.7)

AP: asymptomatic patients; BMI: body mass index; F: female; M: male; PCS: post-COVID syndrome. 
Variables are expressed as mean ± SD, or median and interquartile range (Q1-Q3), according to their distribu-
tion.

AP: asymptomatic patients; Apo: apolipoprotein; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein; PCS: post-COVID syndrome; TC: total cholesterol; TG: triglycerides. 
Variables are expressed as mean ± SD, or median and interquartile range (Q1-Q3), according to their distribu-
tion.
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cent study demonstrated that persistent inflamma-
tion was present in approximately 60% of patients 
with PCS. (37) Furthermore, the persistence of in-
flammation would be determined by several factors, 
such as the severity of the acute infection, age, or 
BMI. (37) A meta-analysis analyzing 113 inflamma-
tory markers in PCS reported that hs-CRP and fer-
ritin were not elevated even in the presence of per-
sistent inflammation. (38) The inflammatory status 
of patients with PCS would be defined by markers of 
low-grade inflammation such as interferon. (37,38) 
Thus, the diversity present in patients with PCS 
may explain the lack of differences in inflammatory 
markers found in our study. However, the presence of 
low-grade inflammation cannot be excluded, which 
may partly explain the negative association between 
inflammatory markers and HDL function observed 
in PCS patients. 

CONCLUSIONS
Increased antioxidant activity of PON1 would repre-
sent a defensive mechanism against oxidative stress 
that only reaches statistical significance in the AP 
group. Consequently, the negative correlation be-
tween inflammatory markers and each step of reverse 
cholesterol transport indicates the potential for a det-
rimental effect of the inflammatory process on this 
crucial function of HDL. Our findings may explain, 
at least in part, the link between PCS and athero-
sclerosis.
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Fig. 2. Paraoxonase 1 activity. 
Panel A: PON activity. Panel 
B: ARE activity. 

Fig. 1. Evaluation of the three 
steps of reverse cholesterol 
transport. Panel A: cellular 
cholesterol efflux. Panel B: 
LCAT activity. Panel C: CETP 
activity

PCSControl groupParameter APTable 3. Inflammatory mark-
ers. Determination of lipids, 
lipoproteins and apolipo-
proteins Neutrophil-to-lymphocyte 

ratio

hs-CRP (mg/dL)

Ferritin (ng/mL)

1.86

(1.26 – 2.21)

0.20 (0.19 – 0.20)

140 (56 – 249)

1.64

(1.41 – 1.93)

0.19 (0.19 – 0.20)

78 (57 – 165)

1.56

(0.91 – 2.18)

0.20 (0.19 – 0.20)

51 (29 – 171)

AP: asymptomatic patients; hs-CRP: high-sensitivity C-reactive protein; PCS: post-COVID syndrome.
Variables are expressed as mean ± SD, or median and interquartile range (Q1-Q3), according to their distribu-
tion

AP: asymptomatic patients; CETP: cholesteryl ester transfer protein; LCAT; lecithin-cholesterol acyltransferase; 
PCS: post-COVID syndrome.

AP: asymptomatic patients; ARE: arylesterase; PCS: Post-COVID syndrome; PON: paraoxonase. 
*p=0.049 between AP and control group.
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