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Prognostic significance of HDL-C on long-term mortality
in patients with COVID-19 pneumonia in the Turkish
population: A potential mechanism for population
differences
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ABSTRACT

Coronavirus disease 2019 (COVID-19) is diagnosed by the evidence of the presence of multiple phenotypes, including thrombosis, inflam-
mation, and alveolar and myocardial damage, which can cause severe illness and mortality. High-density lipoprotein cholesterol (HDL-C)
has pleiotropic properties, including anti-inflammatory, anti-infectious, antithrombotic, and endothelial cell protective effects. The aim of this
study was to investigate the HDL-C levels and one-year mortality after the first wave of patients with COVID-19 was hospitalized. Data from
101 patients with COVID-19 were collected for this single-center retrospective study. Lipid parameters were collected on the admission. The
relationship between lipid parameters and long-term mortality was investigated. The mean age of the non-survivor group (n = 38) was 68.8 +
14.1 years, and 55% were male. The HDL-C levels were significantly lower in the non-survivors group compared with the survivors (26.9 + 9.5
vs 36.8 + 12.8 mg/dl, respectively p < 0.001). Multivariate regression analysis determined that age, C-reactive protein, D-dimer, hypertension,
and HDL-C as independent predictors for the development of COVID-19 mortality. HDL-C levels <30.5 mg/dl had 71% sensitivity and 68%
specificity to predict one-year mortality after COVID-19. The findings of this study showed that HDL-C is a predictor of one-year mortality
in Turkish patients with COVID-19. COVID-19 is associated with decreased lipid levels, and it is an indicator of the inflammatory burden and
increased mortality rate. The consequences of long-term metabolic dysregulations in patients that have recovered from COVID-19 still need

to be understood.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1].
COVID-19 is diagnosed by the evidence of multiple pheno-
types, including thrombosis, inflammation, and alveolar and
myocardial damage, which can cause severe illness and mor-
tality [2]. The disease course of COVID-19 is highly heteroge-
neous. Patients can present as completely asymptomatic or as
having a mild influenza-like illness. In some cases, COVID-19

can progress rapidly into an extensive lung injury that requires
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intubation [3]. Over the past two years, several developments
have modulated the disease phenotype of COVID-19. The
availability of effective vaccines and resources, effective treat-
ment algorithms, and the identification of novel variants with
different clinical features have all added to the complexity of
the COVID-19 phenotype. The SARS-CoV-2 disease targets
the endothelium [4]. The expressions of serine proteases in
human cells and angiotensin-converting enzyme 2 provide
pathogenic mechanisms for SARS-CoV-2 cellular entrance
and replication [5,6]. Comorbidities, such as hypertension
(HTN) and diabetes mellitus (DM), are associated with a poor
prognosis in COVID-19 [7-9].

Host defense mechanisms against viral infection and
disease progression in COVID-19 remain to be elucidated.
High-density lipoprotein cholesterol (HDL-C) has pleio-
tropic effects in infectious diseases [10,11]. The current
understanding of the role of HDL-C in COVID-19 is slowly
unfolding [10]. HDL-C plays a critical role in the immune
system due to its pleiotropic effects [11]. HDL-C sequesters
pathogen lipids, such as lipopolysaccharide, which mediate
the dysregulated inflammation and organ dysfunction in sep-
sis [12]. Therefore, differences in HDL-C levels and function

can potentially contribute to individual variabilities in the
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mortality of COVID-19. HDL-C has both antioxidant and
anti-inflammatory effects [13]. Recombinant HDL-C therapy
has become a new treatment for severe sepsis [14]. Patients
with severe COVID-19 and mortality have been displayed to
have lower HDL-C concentrations [15]. As society enters a
post-COVID-19 era, the determinants of short- and long-term
mortality from the first wave of COVID-19 are of interest.

Three decades ago, the Turkish Heart Study reported that
the Turkish population had very low levels of HDL-C. The
low HDL-C levels in Turkey were caused, at least in part, by
genetic factors [16]. While research has been heavily focused
on viruses and vaccines for the past two years, it is now under-
stood that the host's immune responses are just as important
in determining the outcomes of COVID-19.

Protective proteins, such as HDL, are crucial in under-
standing all aspects of host defense. The effect of HDL-C in
COVID-19 has been investigated previously [11,17,18], but
its long-term prognostic significance has not yet been inves-
tigated. Populational differences exist in HDL-C levels and
COVID-19 outcomes. The studies of the association of HDL-C
levels and COVID-19 outcomes remain of clinical interest.

This study aims to investigate the effect of HDL-C on long-
term prognosis in patients with COVID-19.

MATERIALS AND METHODS

Study population

This retrospective, single-center, cohort study included
101 patients hospitalized for COVID-19 pneumonia between
1 April 2020 and 31 December 2020. There was a significant
surge in the number of cases in Turkey during the first wave
of the COVID-19 outbreak. The vaccination process in Turkey
started early in 2021 with the CoronaVac vaccine. The Pfizer-
BioNTech vaccine doses were available later in 2021. None
of the patients was vaccinated at the time of the study or had
recurrent disease. None of the patients had the time to com-
plete full dose vaccination by the time of follow-up. Patients
with missing information (i.e., their lipid levels or a chest-com-
puterized tomography [CT] during the same admission) or
who had a negative polymerase chain reaction (PCR) test
result for SARS-CoV-2 were excluded from the study. Patients
with chronic kidney disease (glomerular filtration rate <30 ml/
min), chronic obstructive lung disease, an interstitial lung dis-
ease with reduced total lung capacity, history of cancer, under-
lying terminal illness, and use of lipid-lowering medications
were excluded from the study. The study population is shown
as a flow chart in Figure 1.

The following criteria were used for inclusion in the
study: Age >18; positive PCR test for SARS-CoV-2; diagnosis
of COVID-19 pneumonia; laboratory tests that included lipid
levels on hospital admission. We only included patients who
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600 Hospitalized COVID-19 cases screened in
medical record system

499 Cases excluded
-No available medical information / follow-up
-Nonconfirmed cases
- -No available lipid profile
-Without chest CT scans
-Under lipid-lowering medications
-Severe comorbidities

101 Patients with a lipid profile in the medical
record sy at time of admission and confirmed
COVID-19 included

T T

Survivor
(63 patients)

Non-survivor
(38 patients)

FIGURE 1. Flowchart of the study.

completed chest X-ray and chest CT in the same hospital
admission. Patient data were obtained from the hospital med-
ical record system. The correlation between the lipid parame-
ters and disease-related indices was analyzed.

PCR test for COVID-19 diagnosis

Reverse transcription PCR (RT-PCR) test kits provided
by the Ministry of Health, using Biospeedy COVID-19
RT-qPCR, were used to establish a diagnosis of COVID-19.
Swab samples, including viral transport mediums, were stud-
ied using the RT-qPCR method according to the manufac-
turer’s instructions (Bioeksen, Istanbul, Turkey). The test kit
detects the SARS-CoV-2 RNA-dependent RNA polymerase
(RdRp) single-gene fragment, which is specific to SARS-
CoV-2 (FAM Channel). On 19 March 2020, the World Health
Organization published a document that declared the “single
discriminatory target is considered sufficient in areas where
COVID-19 virus is widely spread”” The human Ribonuclease
P was selected as the internal control (HEX channel). Gene
amplification reactions and signal detections were performed
in the LightCycler 480 System (Roche Diagnostics GmbH,
Mannheim, Germany). Samples with a positive signal in the
internal control and RdRp region were considered positive,
while samples with a positive signal in the internal control and
a negative result in the RdRp region were considered negative.
Cycle threshold (Ct) values that were below 40 were consid-
ered positive. If the Ct value was zero, the test was considered
negative. The PCR tests were conducted approximately 16 h

after the test was ordered.

Grading of computerized tomography evidence of
disease

A chest CT severity score (CT-SS) was developed to
assess the severity of COVID-19 pneumonia in all cases.
Yang et al. described the staging of the CT-SS [19]. The CT-SS

includes ground glass appearances, crazy paving patterns, and
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consolidations. The 18 segments of both lungs were divided
into 20 regions. The lung opacities in all 20 lung regions were
subjectively evaluated for the chest CT using a system that
attributed scores of o, 1, or 2, depending on a parenchymal
opacification of 0%, <50%, or >50%, respectively. The CT-SS is
calculated as the sum of the scores in the 20 lung segments,
ranging from o to 40 [19]. This study used a combination of
clinical assessments, thorax CTs, and RT-PCRs to diagnose
COVID-19 [20].

Biochemical examinations

The lipid profile and glucose level were measured using the
enzymatic colorimetric-assay method in an automated ana-
lyzer (Abbott Architect c16000). An automated hematology
analyzer was used for the complete blood count analysis. The
participants were asked to fast for 12 hours prior to the blood
draw. The blood samples were stored at 4°C before the analysis
that took place within 12 hours of retrieval. A low HDL-C level
was defined based on the international criteria (<40 mg/dl or
<50 mg/dlin men and women, respectively). Non-HDL-C lev-
els were calculated as the total cholesterol (TC) level minus
the HDL-C level. The cutoff value for the triglycerides (TG)
was defined as 150 mg/dl [21].

HDL-C assay

The fasting blood was drawn and stored at —80°C for anal-
ysis. The HDL-C values were measured using Roche Cobas
6000 automated platform with a cso1 analyzer using Food
and Drug Administration-approved HDL-C kits from Roche
Diagnostics, GmbH, Mannheim, Germany. The Roche HDLC4
test principle is homogeneous enzymatic colorimetric and also
a direct method. In this assay, non-HDL lipoproteins, such as
low-density lipoprotein (LDL), very low-density lipoprotein
(VLDL), and chylomicrons are combined with polyanions
and a detergent forming a water-soluble complex. The HDL-C
reacts with cholesterol esterase, cholesterol oxidase, and per-

oxidase to form a colored pigment that is measured optically.

Follow-up and endpoints

The primary endpoint was the mortality rate at the end
of year one. Patient data and mortality information were
obtained from the hospital medical records and health registry
system. The associations between HDL-C levels and disease
severity indices such as CT-SS and inflammatory biomarkers
were studied as secondary endpoints in the study.

Ethical statement

The study was approved by the authors’ institutional
research ethics committee and the Turkish Ministry of Health
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(protocol number 2020-06-02T18_44_32) in accordance
with the institutional and national research ethics standards.
The study was conducted in accordance with the principles
expressed in the Declaration of Helsinki. The Institutional
Review Board approved the study protocol.

Statistical analysis

The Kolmogorov—Smirnov test was used to analyze the
normality of the data. Continuous variables with a normal dis-
tribution were expressed as the mean =+ standard deviation, and
variables with a nonparametric distribution were expressed as
the median (interquartile range). Categorical variables were
expressed as percentages when appropriate. A non-paramet-
ric Mann—Whitney U test was used to compare the unpaired
samples with the nonparametric distribution, and Students
t-test was used to compare the parametric with a normal dis-
tribution. After performing the univariate analysis, variables
with a statistical significance were selected for the multivari-
ate logistic regression analysis using the stepwise method. The
results of the univariate and multivariate regression analyses
were presented as the odds ratio (OR) with a 95% confidence
interval (CI). p < 0.05 was considered statistically significant.
Power analysis was performed to calculate the sample size by
taking into account the previous studies in the literature. The
minimum acceptable probability of preventing type I and II
errors was 95% and 80%, respectively. Assuming the normal
HDL-C level of 50 mg/dl and a 25% difference between the
groups, the minimum sample size is calculated as 76. The sta-
tistical analysis was performed using the SPSS program (ver-
sion 20.0 for Windows, SPSS Inc. Chicago, IL).

RESULTS

The study population

The clinical and demographic characteristics of 101 hospi-
talized COVID-19 pneumonia patients included in the study
are presented in Table 1. The mean population age was 62.5
+16.5 years (56/45, Male/Female). Comorbidities were com-
monly observed in the study group, including HTN (45%),
DM (33%), and coronary artery disease (19%). Patients were
divided into two groups according to mortality at year one.
Mortality was observed in 38 (37.6%) patients at the one-year
stage. Laboratory findings, including hemoglobin (Hgb), lym-
phocyte, neutrophil to lymphocyte ratio (NLR), creatinine,
urea, C-reactive protein (CRP), procalcitonin, high-sensitiv-
ity troponin I (hs-Tnl), and D-dimer levels, were significantly
different between the non-survivor and the survivor groups
(p < 0.05). HTN was observed significantly more frequently
in patients in the non-survivor group than in the survivors

(p = 0.025). There was no statistically significant difference
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TABLE 1. Demographic and clinical characteristics of survivor/non-survivor patients

Variables

Total (n=101) Survivors (n=63) Non-survivors (n=38) p-value
Age (years), SD 62.5+16.5 58.6+16.7 68.8+14.1 0.002
Male, n (%) 56 (55.4) 35 (55.6) 21 (55.3) 0977
TC (mg/dl) 142.0+43.1 155.0+43.5 122.1+34.2 <0.001
TG (mg/dl) 132.0 (90.0-193.7) 111.0 (81.0-151.0) 170.0 (131.0-265.0) 0.001
HDL-C (mg/dl) 33.0+£12.5 36.8412.8 26.9+9.5 <0.001
LDL-C (mg/dl) 75.0 (52.0-105.5) 89.0 (68.0-114.0) 50.0 (37.0-73.0) <0.001
Hgb (g/dl) 12.3+1.7 12.7+1.7 11.8+1.7 0.011
WBC (10°/ul) 8.2 (5.0-10.8) 6.6 (4.9-10.5) 84 (53-11.3) 0.190
N/L ratio 9(2.7-11.7) 39(24-7.1) 9.6 (4.0-22.6) <0.001
Neutrophile (10%/ul) 5.33 (3.66-9.24) 4.42 (349-7.71) 745 (4.23-10.29) 0.066
Lymphocyte (10%/ul) 1.00 (0.60-1.40) 1.23 (0.80-1.62) 0.60 (0.40-1.02) <0.001
Creatinine (mg/dl) 097 (0.75-1.2) 0.83(0.71-1.12) 1.09 (0.78-1.63) 0.013
Urea (mg/dl) 43.0 (26.0-69.0) 325 (23.0-47.0) 68 (39.0-89,5) <0.001
CRP (mg/]) 17.8 (7.5-97.8) 4(21-23.0) 93.9 (25.4-180.0) <0.001
Procalcitonin (ng/ml) 0.12 (0.03-0.65) 0.05 (0.00-0.12) 0.64 (0.19-2.01) <0.001
Hs-Tnl (ng/1) 0.014 (0.00-0.10) 0.00 (0.00-0.025) 0.054 (0.147-0.145) <0.001
D-dimer (mcg/ml) 0.95 (0.62-2.41) 0.79 (0.60-1.68) 1.49 (0.79-4.53) 0.004
CT-SS 18.0 (6-26) 14 (6-24) 21 (10-29) 0.116
HTN, n (%) (45) 23 (36) 21 (60) 0025
DM, n (%) 32(33) 19 (30) 13 (37) 0.588
CAD, n (%) (19) 9 (14) 10 (29) 0.087
Treatment/Medications
Tocilizumab, n (%) 16 (16) 13 (20) 3(8) 0.089
Steroid, n (%) 42 (41) 21 (33) 21 (55) 0.030
Anti-viral, n (%) 92 (91) 58 (92) 34(89) 0.658
Anti-bacterial, n (%) 85 (84) 54 (86) 31(82) 0581
IMV, n (%) 41 (40) 15 (24) 26 (68) <0.001
ACE-I/ARB, n (%) 47 (46) 23 (36) 24 (63) 0.009
Beta-blocker, n (%) 30 (29) 18 (28) 12 (31) 0.749
CCB,n (%) 28 (27) 16 (25) 12 (31) 0.501
Insulin, n (%) 12(11) 6(9) 6(15) 0.346

Variables with normal or skewed distributions are expressed as meanztstandard deviation, and median and interquartile range (IQR), respec-
tively. ACE-I: Angiotensin converting enzyme inhibitors; ARB: Angiotensin receptor blockers; CAD: Coronary artery disease; CCB: Calcium channel
blocker; CRP: C-reactive protein; CT-SS: Computerized tomography of chest severity score; DM: Diabetes mellitus; Hgb: Hemoglobin; HDL-C: High
density lipoprotein cholesterol; hs-Tnl: High-sensitivity troponin I; HTN: Hypertension; IMV: Invasive mechanical ventilation; LDL-C: Low-density
lipoprotein cholesterol; TC: Total cholesterol; N/L ratio: Neutrophile/lymphocyte ratio; TG: Triglycerides; WBC: White blood cells

in CT-SS between the groups. The patients were compared
according to the treatments received during COVID-19. The
use of steroids and angiotensin-converting-enzyme inhibi-
tors/angiotensin-receptor blockers was higher in the non-sur-

vivor group than in the survivor group (Table 1).

Lipid levels

The patients included in the study were compared accord-
ing to their lipid levels. The TC, LDL-C, and HDL-C levels
were lower (p < 0.001) in the non-survivor group than in
the survivor group, while TG levels were higher (p = 0.001)

(Table 1 and Figure 2).

Predictors of mortality

A logistic regression analysis was performed to find the
predictors of mortality. The covariates in univariate analyses
were the patients’ age, gender, HDL-C, TC, DM, HTN, CAD,
hs-Tnl, procalcitonin, CRP, Hgb, CT-SS, creatinine, urea, NLR,
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D-dimer, and steroid use. Parameters that were significant
in univariate analysis were evaluated with multivariate anal-
ysis. Age (OR: 1.056, 95% Cl: 1.182-1.323; p = 0.004), HDL-C
(OR: 0.90, 95% Cl: 0.852-0.957; p = 0.023), HTN (OR: 2.985,
05%Cl: 1.048-8.025; p = 0.041), CRP (OR: 1.018, 95% Cl: 1.001-
1.035; p = 0.003), and D-dimer (OR: 1.112, 95% Cl: 1.001-1263;
p = 0.039) were significant parameters that were associated
with long-term mortality (Table 2). The measure of the predic-
tive power of this regression model according to Nagelkerke
R-square is good (69%) (R* : 0.692), and also the goodness of
fit of the Theron model according to the Chi-square test is
present (Chi-square: 56.1; degrees of freedom: 9; p < 0.001).
These results showed that the regression model used for this
study was correctly specified.

The specificity and sensitivity of the cutoff values for
HDL-C were evaluated using the receiver operating character-
istic analysis to predict mortality at year one. The areas under
the curve (AUC) were measured as 0.75 for HDL-C (95%ClI:
0.65-0.84, p = 0.001). The HDL-C had 71% sensitivity and 68%
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FIGURE 2. Box plot figure displays that HDL-C levels are signifi-
cantly lower in non-survivors compared to the survivors (26.9
+ 9.5 vs 36.8 £ 12.8, p < 0.001, respectively). HDL-C: High-
density lipoprotein cholesterol.
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FIGURE 3. The specificity and sensitivity of the cutoff values
for HDL-C are evaluated by ROC analysis to predict the long-
term mortality. The AUC was measured as 0.75 (95% Cl 0.65-
0.84, p =0.001) for HDL-C. HDL-C had 71% sensitivity and 68%
specificity to predict the mortality at year one with a cutoff
value of 30.5 mg/dl. ROC: Receiver operating characteristics;
HDL-C: High-density lipoprotein cholesterol; AUC: Area under
the curve.

specificity in predicting mortality at year one, with a cutoff
value of 30.5 (mg/dl) (Figure 3). The HDL-C levels were lower
in men than in women (30.56 + 9.27 mg/dl vs 35.93 + 15.16 mg/
dl; p = 0.041) (Table S1). The best performing value of HDL-C
(29.5 mg/dl) in male patients to predict mortality was associ-
ated with 70% sensitivity and 72% specificity. The AUC of the
HDL-C for predicting mortality was 0.749 (95%Cl: 0.614—0.883;

Bosn ] Basic Med Sci. 2022;22(6):1016-1024

1020

TABLE 2. Univariate and multivariate analyses of predictors of
mortality in patients with COVID-19 pneumonia

) Univariate Multivariate
Variable
OR 95%Cl  p-value OR 95%C1  p-value

Age 1.043 1.014-1.073  0.004 1056 1.182-1.323  0.004
Gender 1.012  0450-2274 0977

HDL-C 0906 0.857-0.958 <0.001 0901 0.852-0.957 0.023
TC 0976 0.962-0989 0.001 0779 0.376-1.616  0.503
DM 1368 0.572-3271 0481

HTN 2609 1.116-6.096 0027 2985 1.048-8.025 0.041
CAD 2400 0.867-6.641  0.092

Hs-Tnl 1.006 0.993-1.019  0.396

procalcitonin - 2489 1.266-4.894  0.008 1513 0.692-2.984  0.546
CRP 1.021 1.012-1031 <0.001 1018 1.001-1.035 0.003
Hgb 0735 0576-0939 0014 0947 0.659-1413 0437
CT-SS 1.031 0993-1.070 0.116

Creatinine 1.229 0.821-1.840 0.316

Urea 1.023 1.008-1.038 0.002 0952 0.852-1.196 0.173
N/L ratio 1.010 0.988-1.031  0.375

D-dimer 1.141  1.002-1299  0.047 1.112 1.001-1263  0.039
Steroid 2353 1.068-5.714 0030 2.098 0.518-8.833 0.441

Nagelkerke R-square value is 69% (RzN: 0.692), Chi-square test value
is 56.1 (X%:56.1, df: 9, p<0.001). COVID-19: Coronavirus disease
2019; CAD: Coronary artery disease; CRP: C-reactive protein;

CT-SS: Computerized tomography severity score;

N/L ratio: Neutrophile/lymphocyte ratio; DM: Diabetes mellitus;
HDL-C: High-density lipoprotein cholesterol; Hgb: Hemoglobin;

Hs-Tnl: High-sensitivity troponin I; HTN: Hypertension; TC: Total cho-
lesterol; Cl: Confidence interval

p = 0.002) (Figure S1). The best performing value of HDL-C
(30.5 mg/dl) in women patients in predicting mortality was
associated with 68% sensitivity and 71% specificity. The AUC of
the HDL-C for predicting mortality was 0.730 (95%Cl: 0.576—

0.884; p = 0.01) (Figure S2).
DISCUSSION

The eftects of HDL-C on the COVID-19 outcome are of
interest. In this study, we aimed to show the effect of HDL-C
in patients with COVID-19 on their long-term prognosis.
The main findings of our study are that, first, TC, LDL-C,
and HDL-C were lower, and TG levels were higher in the
non-survivor group compared with the survivors. Second,
age, CRP, D-dimer, HTN, and HDL-C were independent pre-
dictors of mortality. Third, HDL-C levels below 30.5 mg/dl
had a 71% sensitivity and 68% specificity to predict one-year
mortality after COVID-19.

The previous studies report that age is a major risk factor
for COVID-19 and adverse health outcomes, including hos-
pitalization, intensive care unit admission, and death [22].
Similarly, CRP and D-dimer levels are associated with the dis-
ease progression and severity of COVID-19 and may predict
mortality in hospitalized patients [23,24]. Recent meta-an-
alyzes to identify at-risk populations with poor prognosis
found that age, male sex, DM, and HTN were associated with
higher mortality [7,25]. This study confirms the findings of the
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previous studies by identifying age, CRP, D-dimer, and HTN
as predictors of one-year mortality. Conflicting reports exist
on the association between HDL-C levels and poor COVID-
19 outcomes [26]. Lipid profile changes have been reported
since the early stages of the COVID-19 pandemic. Qin et al.
reported reductions in TC and LDL-C levels in a retrospective
study of 248 patients with COVID-19 [27]. Another retrospec-
tive study of 102 patients in Mexico showed that low TC and
LDL-C levels were associated with more severe COVID-19
disease [28]. Consistent with those studies, TC, LDL-C, and
HDL-C levels were lower, and TG levels were higher in the
non-survivor group of this study.

A recent systematic review and meta-analysis compared
the serum lipid levels of patients with COVID-19 vs healthy
controls; severe vs non-severe COVID-19; and deceased vs
surviving patients with COVID-19. Among 441 articles identi-
fied, patients with COVID-19 had lower TC and HDL-C levels
compared with controls. Patients with severe COVID-19 had
lower TC, LDL-C, and HDL-C levels on admission compared
with patients with a non-severe disease. Deceased patients
had lower TC, LDL-C, and HDL-C levels on admission com-
pared with survivors [29]. However, studies differ in their time
frame during the pandemics. Over the past two years, several
developments have modulated the disease course of COVID-
19. The availability of effective vaccines and the identification
of several novel variants with different features added to the

complexity of the COVID-19 phenotype. Therefore, studies of

the association between lipid levels and COVID-19 outcomes
are affected by the changes in the disease course.

Studies emanating from Turkey report that lipid levels and
temporal changes in lipid profiles predict short-term mortal-
ity in patients with COVID-19 [30,31]. The future studies are
needed to learn about the consequences of long-term meta-
bolic dysregulations after COVID-19. Alterations in lipid levels
can affect the onset of complex chronic diseases (e.g., cardio-
vascular diseases) among COVID-19 survivors.

Little is known about the biological basis for variations in
HDL-C levels among individuals and populations. For instance,
genome-wide association studies could not explain the differences
in HDL-C [32]. Populational, geographical, ethnic, and racial differ-
ences commonly occur in HDL-Clevels. The eftects of COVID-19
on HDL-Clevels are also highly heterogeneous [33].

Genetic epidemiology studies confirm that environmen-
tal, social, and genetic factors contribute to the Turkish pop-
ulations high prevalence of low HDL-C levels [34]. Turkish
people have low levels of HDL subclass 2, apolipoprotein
A-l-containing lipoproteins (LpA-I), and pre-beta-1 HDL,
and increased levels of HDL3, and LpA-I/A-II particles. The
Turkish Heart Study by Mahley from the Gladstone Institute
and coworkers revealed that very low levels of plasma HDL-C
existed in the Turkish population [34]. Mahley suggested
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that genetic factors partially explain the low HDL-C levels
in the Turkish population [34]. Studies by Onat et al. indi-
cate that low-grade inflammation, HDL dysfunction, and
metabolic syndrome are highly prevalent in the Turkish pop-
ulation. Inflammation can abolish the protective effects of
HDL-C [35,36]. Elevated hepatic lipase activity is clearly asso-
ciated with low plasma HDL-C levels in many studies. Results
of a recent genome-wide scan for plasma HDL-C in Turkish
people revealed a linkage on chromosome 15q22, where the
hepatic lipase gene is located, and that low HDL-C levels were
80% heritable [37]. The HDL-C levels are affected by modifi-
able environmental factors, particularly smoking and obesity.
Cholesterol ester transfer protein 7aqlB gene polymorphism
adds to the environmental risk factors that lower plasma
HDL-C levels in Turkish people [38].

It is not surprising that lipid levels change significantly in
the setting of COVID-19. Cholesterol is an essential constitu-
ent of the cell membrane and signal production. Cholesterol is
the precursor of steroids and hormones that are related to the
stress response. Membrane cholesterol facilitates viral entry
into host cells. LDL receptor-related protein-1 (LRP1) is a large
multifunctional receptor that plays a role in diverse biological
processes [39]. The previous studies indicated that LRP1 could
be a defense mechanism against acute viral infections. The
LRP1 expression is increased after Herpesviridae infection [40].
Eliminating LRP1 with either small interfering RNA knock-
down or antibody-mediated inhibition of LRP1 increases intra-
cellular cholesterol and eventually the infectious viral yield.

Lipid levels display important effects from the diagnosis to
the treatment of viral diseases. Specific side-chain cholesterol
oxidation products of the oxysterols family have been shown
to inhibit a large variety of both enveloped and non-envel-
oped human viral pathogens. A redox imbalance can explain
the individual variability of COVID-19. Coronaviruses exploit
a hosts cholesterol metabolism to accommodate viral rep-
lication requirements and interfere with the hosts immune
responses [41]. An in vitro study shows the inhibitory activity
of the redox active oxysterol 27-hydroxycholesterol (27-HC)
against SARS-CoV-2 without significant cytotoxicity. Serum
levels of 27-HC were decreased by 50% in severe COVID-
19 cases compared with the matched control group [42].

Inflammation and COVID-19 can lower the circulating
levels of lipids [43]. COVID-19 is associated with a decrease in
lipid levels, which serves as an indicator of the severe inflam-
matory burden. Inflammatory cytokine storms increase the
mortality rate in COVID-19 [31]. The consequences of long-
term metabolic dysregulations in the recovered patients from
COVID-19 still need to be understood. Long-term effects of
COVID-19 can affect the onset of complex chronic diseases
(e.g., cardiovascular disease or cancer) and threaten global
health in the future.
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Limitations

The limitations of the study are that it is single-centered,
retrospective, and the number of patients is relatively low. The
association studies between COVID-19 outcomes and HDL-C
levels can display a reverse causality. Patients with low HDL-C
levels have multiple comorbidities, such as vascular diseases.
The patients’ HDL-C levels drop acutely during sepsis, and
lower levels of HDL-C during sepsis are associated with worse
clinical outcomes [12]. Before conclusions can be drawn about
the association between low HDL-C levels and COVID-19
mortality, the cardiometabolic risk of patients, population
characteristics, and health system dynamics in the first wave
of COVID-19 studies must be assessed. Preanalytical factors
can affect lipid levels [44]. Different methodologies exist for
HDL-C determination (e.g., homogenized vs precipitation),
and methodological differences can alter HDL-C levels and
account for populational differences [45].

CONCLUSIONS

We report that, among the lipoproteins known to have
important roles in viral infections and the immune system,
HDL-C predicts long-term mortality in COVID-19. This study
confirms what is known and what remains to be explored in
the populational differences in driving disease pathogenesis
and outcome. The future horizons and high-throughput tech-
nology platforms can provide an understanding of the role of
HDL-C in a host’s biology and defense against COVID-19.
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FIGURE S1. The specificity and sensitivity of the cutoff values
for HDL-C are evaluated by ROC analysis to predict the long-
term mortality for male patients. The best performing value of
HDL-C (29.5 mg/ dL) in male patients to predict one-year mor-
tality was associated with 70% sensitivity and 72% specificity.
The AUC of the HDL-C for predicting mortality was 0.749 (95%
Cl 0.614-0.883; p = 0.002). HDL-C: high-density lipoprotein
cholesterol; AUC: area under the curve

1 - Specificity

FIGURE S2. The specificity and sensitivity of the cutoff values
for HDL-C are evaluated by ROC analysis to predict the long-
term mortality for female patients. The best performing value
of HDL-C (30.5 mg/dL) in female patients in predicting one-
year mortality was associated with 68% sensitivity and 71%
specificity. The AUC of the HDL-C for predicting mortality was
0.730 (95% Cl 0.576-0.884; p = 0.01). HDL-C: high-density
lipoprotein cholesterol; AUC: area under the curve

TABLE S1. The HDL-C levels according to gender in patients with COVID-19

Variable Female

Male p-value

HDL-C (mg/dL) 30.56 +9.27

35.93 +15.16 0.041

HDL-C: high-density lipoprotein cholesterol
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