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Abstract

Obijective: To evaluate blood lipid profiles in patients with coronavirus disease 2019 (COVID-
19), and to explore the association with disease severity.

Methods: This case—control study included patients with COVID-19, referred to two medical
centers in Kermanshah, Iran (between July 2020 and December 2020), and healthy controls. Lipid
profiles were evaluated in patients who were grouped according to severe (intensive care unit
[ICU]), or less severe (outpatient), forms of COVID-19, and in healthy controls, and were
compared among the three groups.

Results: A total of 132 participants were included, comprising ICU (n =49), outpatient (n = 48)
and control (n=35) groups. Mean cholesterol levels were lower in the patient groups than in
controls; high-density lipoprotein cholesterol (HDL-C) levels were higher in the ICU group
versus outpatients, and low-density lipoprotein cholesterol (LDL-C) levels were lower in the
ICU group versus outpatients. The frequency of diabetes and hypertension was higher in the ICU
group than in the outpatient group. Furthermore, LDL-C level was associated with disease
severity (odds ratio 0.966, 95% confidence interval 0.944, 0.989).
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Conclusion: Lipid profiles differ between severe and less severe forms of COVID-19. LDL-C
level may be a useful indicator of COVID-19 severity.
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Introduction

Since the onset of the coronavirus disease
2019 (COVID-19) pandemic worldwide in
December 2019, various clinical factors
including aging,! D-dimer and C-reactive
protein (CRP) levels,'* albumin depletion,’
and a history of diabetes,” have been
reported as risk factors associated with dis-
ease severity. A previous study in Iran dem-
onstrated that obesity, higher levels of
CRP, blood sugar, D-dimer, and lipid
markers are predictive factors of COVID-
19-related mortality.*

In humans, COVID-19, caused by infec-
tion with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), progresses
rapidly to induce acute respiratory distress
syndrome (ARDS), leading to the appear-
ance of symptoms.” During ARDS due to
COVID-19, changes to the host’s immuno-
logical status occur, including neutropenia,
dendritic cell depletion, natural killer cell
depletion, decreased T (T CD4+ and
CDS8+) and B lymphocytes, and increased
proinflammatory cytokines. Inflammatory
factors attract monocytes, macrophages,
and T cells to the site of inflammation, cre-
ating a complex called the cytokine storm,
which results in host damage to the lungs,
increased endothelial and epithelial perme-
ability of the lungs, impaired gas exchange,
and severe respiratory failure.® Persistent
inflammatory response due to cytokine
storm, which includes the release of proin-
flammatory cytokines (tumor necrosis

factor-c, interleukin [IL]-6, IL-8, and IL-
10),” and lymphopenia, are considered
part of the main life-threatening complica-
tions in patients with SARS-CoV-2 infec-
tion. The direct action of released
cytokines and chemokines leads to massive
cell death that triggers a series of biological
reactions, including the production of
macrophage-derived  eicosanoids  that
increase inflammation.® Increased cytokines
may alter the lipid profile of patients with
COVID-19.° Recent research on disease
severity and lipid profile levels shows that
low levels of total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol
(LDL-C) are associated with disease sever-
ity and mortality.'™'" Elevated plasma tri-
glyceride (TG) levels during infection and
inflammation are also a known phenome-
non.'*!* COVID-19-induced dyslipidemias
are reported to be associated with a notable
decrease in HDL levels and an increase in
the neutrophil-to-lymphocyte ratio, and
this is true even in patients without
comorbidity.'*

High-density lipoprotein cholesterol may
play a role in modulating the immune
system and controlling infectious diseases;
HDL is most likely to bind and neutralize
pathogen lipids (e.g., lipopolysaccharide
and lipoteichoic acid) that over-activate
the immune system in  sepsis.'’
HDL-associated apolipoproteins, such as
apolipoprotein Al (ApoA-I) and apolipo-
protein M (ApoM), interact with receptors
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located in lipid rafts within immune cell
membranes, such as Toll-like receptors on
macrophages,'® and T-cell receptors,'” to
modulate the immune system. During
acute inflammation, LDL and its major
apolipoprotein, ApoB, are oxidized, and
lipid hydroperoxides, derived from the lip-
oxygenase  pathway, together  with
hydroxyl-fatty acids, derived from arachi-
donic acid and linoleic acid, accumulate.
They are esterified in oxidized LDLs to
induce a cascade of intracellular signaling
events that result in the activation of
inflammation and dysfunction of endothe-
lial cells. Increased oxidized phospholipids
in patients whose lungs are infected with the
virus cause the production of macrophage
cytokines and pneumonitis.'®

The induction of dyslipidemias by
COVID-19 is well known, yet there
remain instances of poor treatment choices
for patients with COVID-19. The present
study aimed to evaluate the lipid profile
status in patients with COVID-19 who
were admitted for the first time to either
of two medical centers, Imam Reza and
Golestan Kermanshah, in Iran, and to
explore the association between lipid profile
and disease severity.

Patients and methods

Study population and study design

This case—control study included patients
with COVID-19 who were admitted to
two medical centers: Imam Reza and
Golestan Kermanshah, Iran, between July
2020 and December 2020, and who had
complete lipid profile data (TG, TC,
LDL-C, and HDL-C) in the electronic med-
ical record system at the time of admission,
and before any treatment interventions.
The confirmed diagnosis of COVID-19
was based on a positive SARS-CoV-2
reverse transcription—polymerase chain
reaction result, using specimens derived

from sputum, throat swab, or nasopharynx
swab. Following enrolment, patients were
divided into two categories: intensive care
unit (ICU) group and outpatient group,
depending on the severity of the disease.
Inclusion into the patient groups was not
limited by demographic status (age, sex
and residency) and/or comorbidities.
Patients with a previous history of
COVID-19, or who were receiving treat-
ment for COVID-19 prior to study enrol-
ment, were excluded. Age- and sex-matched
healthy controls were selected from healthy
male and female hospital staff who tested
negative for COVID-19. Inclusion criteria
for the control group comprised no comor-
bidities, such as diabetes, autoimmune dis-
orders, hypertension, deep vein thrombosis,
cancer, or history of hypercholesterolemia,
and no specific medications.

The sample size was based on a previous-
ly published study;'® considering the signif-
icance level of 0.05, the test power was 80%
and d=0.2. Using the following formula,
the required sample size in each group was
calculated to be 48 participants:

n 2 x (217% +Zlfﬁ)2 X Sz7

&

S — St + 83
2

Demographic and clinical characteris-
tics, including sex, age, and comorbidities
were extracted from the electronic medical
record.

Lipid profile testing of patients with
COVID-19 was not routine in the two med-
ical centers at the time of the study, and this
was recognized as a potential study limita-
tion that may affect the sample size.

The study was approved by the institu-
tional review board and ethics committee of
Kermanshah University of Medical Science,
Iran (IR.KUMS.REC.1400.008). Written
informed consent was obtained from
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patients or their families before study inclu-
sion. The reporting of this study conforms
to STROBE guidelines.*”

Lipid profile measuring

Lipid profiles were measured in fasting
blood samples obtained from patients at
first admission to hospital, and from
healthy control participants, using a
Mindray BS-420 biochemical auto-analyzer
(Mindray, Shenzhen, China) and reagent
kits (Biorexfars, Iran), according to the man-
ufacturers’ instructions. TC, TG, HDL-C,
and LDL-C were measured using the choles-
terol oxidase-p-aminophenazone (CHOD-
PAP) method; the glycerol phosphate
oxidase-p-aminophenazone (GPO-PAP)
method; the direct-hydrogen peroxide
method; and the direct-surfactant removal
method, respectively.

Statistical analyses

The obtained data were statistically ana-
lyzed using SPSS statistics software, version
22.0 (IBM, Armonk, NY, USA).
Qualitative variables are presented as fre-
quency (percentage) and were compared
using y°-test and Fisher’s exact test.
Quantitative variables are presented as
mean + SD. Data with normal distribution
were assessed by Kolmogorov—Smirnov
test. Student’s #-test and analysis of vari-
ance were used to compare the means of
independent groups. The risk factor for dis-
ease severity was determined by first per-
forming univariate logistic regression, then
entering significant independent variables
into a multivariate regression model. In all
tests, a P-value <0.05 was considered to be
statistically significant.

Results

A total of 132 participants, comprising the
ICU patient group (n=49), the outpatient
group (n=48), and 35 sex- and

age-matched healthy controls, were includ-
ed in the study (overall mean age, 62.4 +
13.5 years; 89/132 [67%] male; Table 1).

Frequencies in history of diabetes and
hypertension were significantly higher in
the ICU group compared with the outpa-
tient group (P <0.001). There were no sta-
tistically significant between-group
differences in the history of cancer, autoim-
mune disorder, and hypercholesterolemia
(with statin treatment). Nonetheless, there
was a numerical trend towards higher fre-
quencies in the ICU versus outpatient
group (Table 1). A total of 6.1% of the
study population had hypercholesterolemia
with statin treatment, which included lova-
statin, atorvastatin, rosuvastatin, and
simvastatin.

Fifty-five of the patients (56.7%) died of
COVID-19, of whom, 15 patients (27.3%)
belonged to the outpatient group and 40
(72.7%) belonged to the ICU group
(Table 1). The survival rate was significant-
ly different between the two patient groups
(P <0.001).

Analyses of blood lipid profiles revealed
that there was no statistically significant
difference among the three groups in
terms of mean TG (P =0.208; Table 2).

There was a statistically significant dif-
ference between the control group and
both of the patient groups in terms of
mean cholesterol (P=0.013). The lowest
mean cholesterol levels were in the ICU
group and the highest values were observed
in the control group (Table 2). There was
no statistically significant difference in
mean cholesterol levels between the ICU
and outpatient groups (P =0.735).

Mean LDL-C levels were significantly
different among the three groups
(P<0.001), with values decreasing from
the outpatient, control, and ICU groups,
respectively. There was a statistically signif-
icant difference between the outpatient
group and the ICU group (P < 0.001).
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Table |I. Demographic and clinical characteristics of patients with confirmed coronavirus disease 2019
(COVID-19), grouped according to less severe disease (outpatient) or severe disease (ICU), and healthy
controls.

Outpatient group ICU group Control group  Statistical
Variable (n=48) (n=49) (n=35) significance™
Age, years 63+ 143 653+1433  5803+10.23 NS
Male 38 (79.2%) 32 (65.3%) 19 (54.3%) NS
Comorbidity
Diabetes 7 (14.6%) 16 (32.7%) 0 P <0.001
Hypertension 18 (37.5%) 25 (51.0%) 0 P <0.001
Cancer 2 (4.2%) 5 (10.2%) 0 NS
Deep vein thrombosis 2 (4.2%) 2 (4.1%) 0 NS
Autoimmune disorder 4 (8.3%) 9 (18.4%) 0 NS
Hypercholesterolemia (statins) I (2.1%) 7 (14.3%) 0 NS
Survival
Alive 33 (68.8%) 9 (18.4%) 35 (100%) P <0.001
Dead 15 (31.3%) 40 (81.6%) 0

Data presented as mean =+ SD or n (%) prevalence.
ICU, intensive care unit.
*Between patients’ groups (¢>-test).

NS, no statistically significant between-group difference (P> 0.05; analysis of variance, Xz-test, Fisher’s exact test).

Table 2. Lipid profiles in patients with confirmed coronavirus disease 2019 (COVID-19), grouped
according to less severe disease (outpatient) or severe disease (ICU), and in healthy controls.

Outpatient group ICU group Control group Statistical
Variable (n=48) (n=49) (n=35) significance
TG, mg/dL 157.60 + 92.465 149.59 + 63.897 130.31 £29.709 NS
Cholesterol, mg/dL 149.85 +41.135 145.00 +28.518* 165.71 £19.535 P=0.013
LDL-C, mg/dL 69.65 +28.394 52.16 + 17.500 59.46 +6.608 P <0.001
HDL-C, mg/dL 34.06 +7.332 37.08 + 6.757° 39.63+4.531 P=0.001

Data presented as mean =+ SD.
ICU, intensive care unit; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol.

*No statistically significant difference versus outpatient group (P> 0.05; analysis of variance).
NS, no statistically significant between-group differences (P> 0.05; analysis of variance).

Mean HDL-C levels were also signifi-
cantly different between the control group
and both of the patient groups (P =0.001).
Although mean HDL-C level in the outpa-
tient group was lower than the control
group, there was no statistically significant
difference between the two patient groups
(Table 2).

To determine the risk factor for severe
disease in patients with COVID-19 (ICU

patients and outpatients), univariate and
multivariate logistic regression methods
were applied (Table 3). Based on univariate
regression analysis, only LDL-C and
HDL-C variables were shown to be signifi-
cant risk factors for severe COVID-19
(HDL-C: odds ratio [OR] 1.070, 95% con-
fidence interval [CI] 1.001, 1.143, P=0.047,
and LDL-C: OR 0.963, 95% CI 0.941,
0.986, P=0.002). In subsequent multivariate
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Table 3. Analysis of risk factors for the severity of coronavirus disease 2019 (COVID-19) among lipid
profiles of 97 patients with confirmed COVID-19.

Univariate analysis

Multivariate analysis

Statistical Statistical
Variable OR 95% ClI significance OR 95% ClI significance
TG 0.999 0.994, 1.004 NS
Cholesterol 0.996 0.985, 1.008 NS
LDL-C 0.963 0.941, 0.986 0.002 0.966 0.944, 0.989 P=0.004
HDL-C 1.070 1.001, 1.143 0.047

OR, odds ratio; Cl, confidence interval; TG, Triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol.
NS, no statistically significant association (P> 0.05).

regression analysis, LDL-C remained as a
statistically significant risk factor for severe
COVID-19 (OR 0.966, 95% CI 0.944, 0.989,
P =0.004). These results suggest that for one
unit decrease in LDL-C level and one unit
increase in HDL-C level, the risk of severe
COVID-19 and ICU admission increases.

Discussion

In the present study, blood lipid profiles
were investigated in patients with COVID-
19, and the associations between blood lipid
levels and COVID-19 severity were
explored. According to the present results,
there was a statistically significant differ-
ence between the outpatient group and the
ICU group in terms of mean LDL-C levels.
In addition, lower LDL-C level was found
to be associated with disease severity. On
the other hand, although mean HDL-C
level in the outpatient group was lower
than the control group, there was no statis-
tically significant difference between the
two patient groups. Of note, the present
study comprised patients whose lipid pro-
files were obtained prior to treatment
for COVID-19, and the results concur
with previously published studies that
have suggested dyslipidemias are associated
with COVID-19 and other viral infec-
tions, 19-21-23

The present findings demonstrated that
TC levels were lower in patients with severe
and less severe forms of COVID-19 than in
healthy controls, but there was no differ-
ence in TC levels between the ICU and out-
patient groups. There were no differences in
TG levels among the groups. Profiles of
blood HDL-C and LDL-C levels differed
between severe and less severe cases of
COVID-19: the HDL-C level was lower in
the less severe form of the disease than in
the severe form, while the LDL-C level was
higher in patients with less severe COVID-
19. However, only the LDL-C level was
shown to be a risk factor for the severity
of the disease. Previously published clinical
data show that HDL-C concentration
decreases immediately after infection and
there is a significant relationship between
decreased HDL-C levels and poor progno-
sis in infectious diseases.>*2® It is possible
that, due to passing the early course of the
disease, patients in the present study
showed no decrease in HDL-C level in the
severe form of the disease. Risk factors of
COVID-19 were investigated in a case—con-
trol study in northern Iran, and did not find
a significant relationship between serum
HDL levels and risk of death from
COVID-19.* Regarding dyslipidemias in
patients with COVID-19, some studies
have reported a decrease in lipid profiles
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as the disease progresses.''” Contrary to
the present study, Li et al.>’ and Wang
et al.,”® reported a decrease in HDL-C
levels in severe cases of the disease, and
HDL-C was shown to be a risk factor for
disease severity. However, other studies
concur with the present results, and have
reported decreased LDL-C levels as a risk
factor for disease severity.””*°

The relationship between comorbidities
and disease severity in the present study
population were also examined. Among
factors such as diabetes, hypertension, his-
tory of hypercholesterolemia, cancer, auto-
immune disecases, and deep vein
thrombosis, according to the patient’s med-
ical records, the frequencies of only diabetes
and hypertension were significantly differ-
ent between severe and less severe COVID-
19, but neither was considered to be a risk
factor for disease severity. Recently pub-
lished studies on risk factors associated
with disease severity and poor prognosis
support the belief that diabetes and hyper-
tension are the most important risk factors
for rapid progression and poor prognosis of
COVID-19.%%31%

In the present study, only 6.1% of the
total population had a history of hyperlip-
idemia treated with statins (including lova-
statin, atorvastatin, rosuvastatin, and
simvastatin). However, these participants,
along with those who had no previous his-
tory of hyperlipidemia, developed dyslipi-
demias following COVID-19. Following
the outbreak of COVID-19, research has
also been conducted on the effect of existing
drugs on the virus, and articles have been
published on the role of statins in relieving
the symptoms of COVID-19 and other viral
infections.>* > However, there is a dilemma
as to what stage of the disease, and in which
group of patients with COVID-19, is statin
therapy beneficial, and the type and dose of
statin to be given remain unclear.’® A ret-
rospective study of 4447 patients with
COVID-19, at Johns Hopkins Medical

Centre, examined the difference in mortali-
ty between patients taking statins and those
not receiving statins. Evaluation of the
average treatment effect of statin use on
COVID-19-related mortality showed a risk
ratio of 1.00 (95% C10.99, 1.01, P=0.928),
while the association with severe COVID-
19 infection showed a risk ratio of 1.18
95% CI 1.11, 1.27, P<0.001). Thus,
statin use was shown not to be associated
with altered mortality, but it was found to
be associated with an increased risk of
severe COVID-19 infection (by 18%).*” It
is unclear whether hypolipidemia due to
statin use may be associated with pneumo-
nia. SARS CoV-2 alters liver function and
vascular permeability, reducing LDL bio-
synthesis and causing leakage of cholesterol
and plasma lipids into the alveolar space,
thus lowering plasma lipid levels.*
Possible mechanisms of exacerbation of
COVID-19 due to statins include activation
of Toll-like receptors, signaling through
myeloid differentiation primary response
88 (MyD88) and nuclear factor-xB,*>°
and increased expression of angiotensin-
converting enzyme 2.*° Therefore, statins
may lower a cell’s resistance to infection
and in turn, increase the odds that the
patient will have a more severe case of
COVID-19.

The strength of this study is that it was
performed in two medical centers dedicated
to the admission of patients with COVID-
19, and the study population comprised
those patients who had not yet received
treatment for their disease. Thus, the con-
clusion regarding the effect of COVID-19
on lipid profile was achieved without the
influence of therapeutic intervention. The
present results may be limited by the fact
that requests for lipid profile testing
among patients with COVID-19 are not
routine in the present centers; this would
have affected the study sample size due to
the inclusion criteria, and thus, was a limi-
tation of the study. The proportion of the
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present study population with a history of
hyperlipidemia treated with statins may not
be comparable to recently published studies
due to the small sample size. Therefore, to
clarify the role of statins in COVID-19, fur-
ther detailed clinical trials with larger
sample sizes are needed.

In general, dyslipidemias in COVID-19
are probably due to cytokine storm,
impaired immune function, and impaired
lipid metabolism after viral infection.
Since dyslipidemias may lead to cardiovas-
cular disease, particularly hypertension,
lipid profile changes in patients with
COVID-19 should be given increased
consideration.

In conclusion, lipid profiles in patients
with COVID-19 differ from healthy indi-
viduals. In addition, the lipid profile in the
severe form of disease differs from the less
severe form of COVID-19. LDL-C level
may be a useful indicator to determine the
severity of COVID-19.
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