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Abstract

This case-control study aimed to assess pathologic alteration in the serum levels of the atherogenic index,
cholesterol to high-density lipoprotein (HDL) ratio, HDL cholesterol, total cholesterol, triglyceride, HbAlc, and
glucose in 158 COVID-19 patients who were hospitalized in Erbil international hospital, Erbil, Iraq, between
January and May 2020, in the early stage of infection. The patients were confirmed for SARS-CoV-2 on
admission. The laboratory test results were compared between this group and a group of healthy individuals
(n=158). A statistically significant difference was found between the studied factors in healthy controls and
COVID-19 patients, except for low-density lipoprotein (LDL) cholesterol (P=0.13). In the case of COVID-19
patients, total levels of cholesterol and HDL cholesterol were significantly lower than controls (P<0.003).
Triglyceride, VLDL cholesterol, atherogenic index, and total cholesterol to HDL ratio were found to be
significantly higher in COVID-19 patients, compared to controls (P<0.005). Atherogenic index were found to
be positively correlated with triglyceride (r=0.88, P=0.00), HbA1C (r=0.6, P=0.05), and glucose index (r= 0.62,
P=0.05), and the ratio of cholesterol to HDL (r=0.64, P=0.04). In contrast, no correlation was found between
atherogenic index and cholesterol to HDL ratio in controls. The results of the current study indicated that risk
factors for the cardiovascular disease increased in patients with COVID-19 infection, which included
atherogenic index, cholesterol to HDL ratio, as well as the association between atherogenic index, and all were
organized in one cluster. Therefore, lipids can perform a vital physiological function in patients infected with
COVID-19.
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1. Introduction

Viruses are known to be the cause of a large range of
diseases. Coronavirus disease COVID-19 was
discovered in Wuhan city of China in December 2019.
Ever since various cases of interstitial pneumonia have
been reported (1). Several severe systemic
complications, such as acute respiratory distress

syndrome (ARDS) and acute respiratory failure, were
developed very quickly in certain patients due to
COVID-19 infection. As a result of a thorough analysis
of lower respiratory tract samples, a new coronavirus
was detected which was originally named SARS-CoV-
2 in 2019 as a novel coronavirus (2019-nCoV) (2).

The disease quickly spread from Asia to the rest of
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the world and led to the death of thousands of people.
Eventually, the World Health Organization declared
COVID-19 a pandemic disease on March 11, 2020.

SARS-CoV-2 has four structural proteins, including
spick protein (S), an envelope protein (E), membrane
protein (M), and nucleocapsid protein (N). The virus
contains a genome that codes for the four structural
proteins: approximately 30,000 nucleotides (3). Most of
these are dependent on the S protein, which plays a key
role in viral attachment as well as fusion and entry into
cells. As a host receptor, it binds the receptor-binding
domain (RBD) in the subunit S1 to angiotensin-
converting enzyme2 (ACE2) and then connects the
viruses and host membranes via its subunit S2 (4, 5).

High levels of lipid profile, such as triglycerides, and
total cholesterol, as well as their association with high-
density lipoprotein (HDL) lipoprotein, low-density
lipoprotein (LDL), and VLDL lipoprotein, are referred
to as dyslipidemia (6). In case of the absence of an
unfavorable lipid profile, the possibility of attack with
one of the cardiovascular diseases cannot be ruled out
completely (7).

In terms of cardiac risk estimation, the atherogenic
index of plasma (AIP) is a crucial index that can be
used on its own (8). The risk of atherosclerotic
complications increases after changes in one’s lipid
profile (9). AlP is calculated as the logarithm of plasma
TG to HDL-C ratio and is strongly correlated with the
risk of cardiovascular disease (10). The total-
cholesterol-to-HDL ratio is another test that helps to
determine coronary heart disease and stroke. This test is
used as part of regular medical checkups to determine
risk factors for coronary heart disease, with a low level
of HDL cholesterol (11).

To date, very few studies have been carried out on the
lipid profile of patients with COVID-19. A recent
preliminary study found that serum lipid concentrations
were altered compared to those without COVID-19,
indicating that levels of lipid can have an important role
in both viral and internalized levels as well as in
immune activation. Therefore, the current study aimed
to determine how the lipid profiles of patients infected

with COVID-19 changed during the initial phase of
infection.

2. Materials and Methods

2.1. Study Design

This case-control study was carried out to investigate
serum levels of the atherogenic index, cholesterol to
HDL ratio, total cholesterol, triglycerides, HDL
cholesterol, LDL cholesterol, glucose, and HbAlc in
COVID-19 patients (n=158) hospitalized in Erbil
International Hospital between January and May 2020.
The patients were confirmed for SARS-CoV 2 disease
at admission. The laboratory test results of this group
and a group of healthy individuals (controls) were
compared (n=158).
2.2. Laboratory Test

Biochemical parameters (i.e., glucose, LDL-
cholesterol, HDL-cholesterol, total cholesterol, and
triglycerides) were assessed using the
spectrophotometry method, and the Randox kit was
utilized for lipid profile and glucose. HbAlc was
assayed using High-performance liquid
chromatography (HPLC) (12). Atherogenic index,
cholesterol to HDL ratio, and VVLDL cholesterol were
calculated using different equations.
2.3. Statistical Analysis

Statistical analysis was performed in SPSS software
(version 25). All data are presented as mean+SE.
Student independent t-test was used to identify the
significant difference between the study groups. The
bivariate analysis was used to find out the association
among the various biochemical parameters based on
the Pearson test. Cluster analysis was based on the
word method. A P-value less than 0.05 (P<0.05) was
considered statistically significant.

3. Results and Discussion

Participants in the study comprised 158 (78.6%)
COVID-19-positive individuals with a mean+SD age
of 53+14 years and 43 (21.4%) healthy individuals
(controls) with a meantSD age of 44+4 years, as
presented in figure 1.
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The meanzSD total cholesterol and HDL
cholesterol in COVID-19 patients were lower in
positive patients, compared to that in healthy
controls in baseline (126+7.7 vs. 164.5+5.5 mg/dL,
34.2+2.7 vs. 65%3.0, respectively) with P<0.003
(Table 1). It was found that patients with COVID-19
had higher levels of serum triglyceride, glucose,

VLDV cholesterol, atherogenic index, and a greater
ratio of total cholesterol to HDL (179+28.8 vs.
110+3.5, 185+11.9 vs. 90+0.7, 7.6+0.8 vs. 5.2+0.08,
35.645.7 vs. 22+0.7 mg/dL) (0.72 vs. 0.20, 3.7/ 1 vs.
2.7/1), respectively (Table 1). In particular, LDL
cholesterol level was not statistically significantly
distinguished.

Ecov 19 (7856 %)
M Control (21.4 %)

Figure 1. Groups distribution in the current study

Table 1. Comparison of biochemical parameters between COVID-19 patients and healthy controls

p " Patients Control pval
arameters MeanzSE Minimum Maximum MeanzSE Minimum Maximum -value
Glucose 185+1.9 81 383 90+0.7 85 95 0.00
HbA1C 7.6+£0.8 6 11 5.2+0.08 4.8 6.1 0.00
Total Cholesterol 126+7.7 76 179 164.5+5.5 111 199 0.00
Triglyceride 179+28.8 62 357 110+3.5 90 130 0.005
HDL Cholesterol 34.2+2.7 19 54 65+3.0 40 78 0.003
LDL Cholesterol 85.1+7.2 41 124 73.4+3.6 50 60 0.13
VLDV Cholesterol 35.645.7 12.4 75 22+0.7 10 12 0.00
Atherogenic index 0.72 0.50 0.81 0.20 0.4 0.2 0.00
Total-Cholesterol-to-HDL ratio 3.7/1 4]/1 3.3/1 2.5/1 2711 2.5/1 0.00

Infection with the SARS-CoV-2 virus has the
potential to have significant effects on lipid
metabolism. Patients with SARS-CoV-2 infection had
lower initial lipid levels, particularly total cholesterol,
and HDL cholesterol, compared to healthy controls
(P=0.003), while triglyceride levels were higher in
these patients (Table 1). Patients with COVID-19 had
similar alterations in lipid profile values in previous
studies (13-16).

Physiologically, HDL is the most important lipid
type involved in the inflammation and oxidation of
cells, since it consists of several lipoproteins. Apo-
A-l, apo A-Ill, phospholipids, transfer proteins, and
enzymes are all found in HDL. This group of
lipoproteins is crucial for vasodilatation as well as
LDL oxidation-reduction, inflammation, infection,
thrombosis, and apoptosis. HDLs are an anti-
inflammatory lipoprotein that protects from
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oxidation of lipid, reduces the stimulation of T-cells
and the expression of inflammatory intermediaries in
dendritic cells and macrophages (17-19). Antioxidant
functions allow for the elimination of oxidized fats
and the neutralization of certain oxidative mediators.
Moreover, the increase in HDL level may lead to a
reduction of monocyte penetration into the artery
wall (20). Oxidized HDL and LDL can be
upregulated during the inflammatory period and
immune activation were upregulated (15, 21). In the
present study, HDL levels in COVID-19 patients
were significantly lower in the early stage of illness
compared to controls. Therefore, the decrement may
be due to the contribution of HDL in the adjustment
of immune cells through illness. Lipid microdomains
that contain a high concentration of cholesterol play
an essential role in COVID-19 life cycle. The viral
infection depends on how the plasma membrane
elements of the host cell interact with the viral
envelope. The compounds of the target cell surface,
especially cholesterol, are important for enabling
COVID-19 infections. Cholesterol-rich
microdomains  faciliat  interaction between
angiotensin-converting enzyme 2 and spike
glycoprotein on COVID-19 (22). In the current
study, cholesterol levels were low in the first stage of
infection with COVID-19; therefore, the initial
decline of cholesterol level may correlate with the
viral infection. Other markers, such as AlP, that are
defined as Triglyceride-to-HDL-C logarithmic
transformation, and cholesterol to HDL ratio have
been evaluated in the present study. Chronic
diseases, such as cardiovascular disease and diabetes
are associated with AIP. Our studies showed that
patients in the initial phase of COVID-19 had higher
levels of AIP, triglyceride, cholesterol to HDL level,
and lower total cholesterol, compared to healthy
controls. Lipid profile alteration, particularly high
triglyceride, and low HDL-C levels are considered a
cardiovascular disease risk factor. AIP was another

risk factor, and previous studies showed that AIP
was correlated with cardiovascular diseases and
diabetes mellitus. Therefore, COVID-19 affected the
cardiovascular system (23).

The virus’ status may be monitored through
cholesterol and lipoproteins, while the lipid
metabolic and membrane composition pathways
may allow for selective inhibition of the virus cycle
as a basis for antiviral treatment (24). Medical
illnesses that contribute to the common metabolic
changes for high glucose levels and dyslipidemia,
such as cardiovascular comorbidity, hypertension,
and type 2 diabetes mellitus, were observed in
patients with serious consequences of coronavirus
disease (25). In the current study, higher HbAlc,
glucose levels sensitivity, metabolic syndrome, and
adverse cardiovascular events were associated with
an AIP and high cholesterol-to-high-density
lipoprotein (Cholesterol/HDL), indicating that
COVID-19 patients may develop cardiovascular
disease or diabetes. Therefore, we can take those
markers as the predictors of complications in
COVID-19 patients.

The bivariate analysis of glucose, HbAL1C, total
cholesterol, triglyceride, HDL cholesterol, LDL
cholesterol, VLDL cholesterol, atherogenic index,
and total-cholesterol-to-HDL ratio in COVID-19
patients compared to controls are presented in tables
2 and 3, respectively. Atherogenic index was
positively correlated with triglyceride (r=0.88,
P=0.00), HbA1C (r=0.6, P=0.05), glucose (r=0.62,
P=0.05), and cholesterol to HDL ratio (r=0.64,
P=0.04) (Table 2). Moreover, total cholesterol was
positively correlated with HDL cholesterol (r=0.6,
P=0.02) and LDL- cholesterol (r=0.9, P=0.00). No
significant association was observed between other
parameters. HbA1C level was observed to be
negatively correlated with the level of triglyceride,
LDL cholesterol, HDL cholesterol, and total
cholesterol.
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Table 2. Bivariate analysis of presented parameters in patients with COVID-19
Total . . HDL LDL Cholesterol
Parameters Cholesterol Triglyceride Cholesterol  Cholesterol HDALC  Glucose AlP to HDL
r 1 0.515 0.603* 0.910** -0.03 -0.035 0.292 0.379
Total Cholesterol p 0.02 0.00
Trialveeride r 1 0.036 0.319 -0.04 0.339 0.880** 0.416
gy P 0.00
HDL-Cholesterol Ig 1 0.356 -0.03 -0.376 -0.407 -0.591
LDL- Cholesterol Ig 1 -0.02 0.019 0.242 0.587
r 1 0.994 0.6 0.51
HbA1C p 0.05
Glucose r 1 0.622 0.462
P 0.05
r 1 0.647*
AIP p 0.04
Cholesterol to HDL Fr) !
There are significant differences between * and **
Table 3. Bivariate analysis for presented parameters in healthy controls
Total . . HDL- LDL- Cholesterol
Parameters Cholesterol Triglyceride Cholesterol  Cholesterol HDALC  Glucose AlP to HDL
Total Cholesterol r 1 -0.70™" 0.752** 0.103 0.497* 0.098 -0.93** -0.529
P 0.001 0.000 .0026 0.001
Triglyceride r 1 -0.79** -0.008 -0.597** 0.177 0.905** 0.409
P 0.000 0.005 0.002
r 1 -0.133 0.584** 0.250 -0.912** -0.875**
HDL Cholesterol p 0.007 0.002 0.004
LDL Cholesterol IrD 1 -0.230 -0.236 -0.354 0.214
HbALC IrD 1 0.212 -0.643 -0.659
r 1 0.103 -0.480
Glucose p
r 1 0.675
AIP P
r 1
Cholesterol to HDL P

There are significant differences between * and **

The cluster analysis using the words method of
glucose, HbA1C, total cholesterol, triglyceride, HDL
cholesterol, LDL cholesterol, VLDL cholesterol,
atherogenic index, and total-cholesterol-to-HDL ratio
in COVID-19 patients compared to controls are
presented in figures 2 and 3, respectively. The study
parameters were organized in five clusters in COVID-
19 patients. First cluster included AIP, HDL-

cholesterol, cholesterol to HDL ratio, and HbA1C. The
second cluster included the combination of AIP, total
cholesterol, triglyceride, and LDL-cholesterol. The rest
of the clusters were ordered (i.e., total cholesterol,
triglyceride, and LDL-cholesterol) in one group, and
triglyceride and LDL-cholesterol were ordered in
another group. Eventually, total cholesterol and glucose
were ordered in one group.
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Figure 2. Cluster analysis for presented parameters in
COVID-19 patients

In the control group, atherogenic index was positively
correlated with triglyceride (r=0.9, P=0.002), total
cholesterol (r=-0.93, P=0.00), and HDL cholesterol
(r=-0.9, P=0.002) (Table 3). In addition, total
cholesterol was positively correlated with HDL
cholesterol (r=0.7, P=0.00), triglyceride (r=0.7,
P=0.00), and HbALC (r=0.4, P=0.02). Significant
correlations were identified in triglyceride to HDL-
cholesterol (r=0.79, P=0.00), triglyceride to HbAIC
(r=-0.5, P=0.005), HDL-cholesterol to HbAIC (r=0.58,
P=0.007), HDL cholesterol to cholesterol to HDL ratio
(r=-0.87, P=0.004). The other parameters had no
significant association with each other. Whereas
HbALC levels was observed to be inversely associated
with triglyceride, LDL cholesterol, HDL cholesterol,
and total cholesterol levels.

The study parameters were organized into five
clusters in healthy controls. The first cluster included
AIP, cholesterol to HDL ratio, and HbA1C. The second
cluster included the combination of cholesterol to HDL
ratio and HDL cholesterol. The third cluster included
cholesterol to HDL ratio, HDL cholesterol, total
cholesterol, and glucose. The fourth cluster included
triglyceride, glucose, and LDL cholesterol, and the last
cluster included total cholesterol and glucose.
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Figure 3. Cluster analysis of presented parameters in healthy

controls

Bacterial or fungal infections caused a decrease in
total cholesterol, low-density lipoprotein, high-density
lipoprotein, and elevated triglyceride (26). This
phenomenon appeared in viral infection as well, and
the findings of several studies confirmed our results in
the present study (27-30).

In conclusion, the results of this study indicated that the
risk factor for the cardiovascular disease increased in
patients with COVID-19 by an increase in the
atherogenic index, cholesterol to HDL ratio, and the high
association between atherogenic index, and their
organization in one cluster. Therefore, lipids may play an
important physiological role in patients with COVID-19
infection. We also speculate that the lipid abnormalities
observed in COVID-19 patients and healthy controls can
be used to assess indirect cardiac status.
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