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DiSLiPIDEMIi VE COVID 19 ENFEKSIYON RiSKi ARASINDAKI iLiSKi

THE RELATIONSHIP BETWEEN DYSLIPIDEMIA AND THE RISK OF COVID 19 INFECTION
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OZET

AMAGC: Son zamanlarda ortaya ¢ikan koronaviriis (COVID-19)
salgini, kiiresel bir halk saghgr sorunu haline gelmistir. Hiper-
tansiyon, diabetes mellitus, obezite, kronik kalp ve akciger
hastaliklari, COVID-19 enfeksiyonu ve ciddi COVID-19 hastaligi
gelisme riskini artirir. Bu calismada; hiperlipideminin tek basi-
na COVID-19 enfeksiyonu gelisme riskini artinp artirmadigini
amacladik.

GEREC VE YONTEM: Bu calismaya COVID-19 tanisi ile hastane-
ye yatirilan ve herhangi bir kronik hastaligi olmayan 134 has-
ta ile 122 saghkh kontrol alindi. Hasta grubunun basvurudan
onceki son 6 aydaki lipid degerlerinin ortalamasi hesaplandi.
Kontrol grubunun da yine son 6 aylik lipid parametrelerinin or-
talamasi alindi.

BULGULAR: iki grup arasinda yas, cinsiyet ve laboratuvar 6zel-
likleri agisindan fark yoktu. COVID-19 hastalari, kontrol denek-
lerine kiyasla 6nemli Ol¢lide daha yiksek trigliserit ve disiik
yogunluklu lipoprotein kolesterol degerlerine ve énemli dl¢lide
disik yuksek yogunluklu lipoprotein kolesterol seviyelerine sa-
hipti (p <0.01).

SONUG: Dislipidemi ve COVID-19 ile ilgili mevcut arastirmalar
sinirl olmakla birlikte, bulgularimiz serum kolesterol diizeyle-
rinin COVID-19 gelisme riski ile dnemli dl¢tide iliskili oldugunu
gostermektedir.

ANAHTAR KELIMELER: Covid-19 Viriis, Dislipidemi, Risk faktor-
leri

Gelis Tarihi / Received: 04.07.2021
Kabul Tarihi / Accepted:11.02.2022

ABSTRACT

OBJECTIVE: The recent coronavirus disease 2019 (COVID-19)
outbreak has become a worldwide public health problem. Hy-
pertension, diabetes mellitus, obesity, chronic heart and lung
diseases increase the risk of development of COVID-19 infec-
tion and severe COVID-19 disease. In this study; we aimed to
investigate whether hyperlipidemia alone increases the risk of
development of COVID-19 infection.

MATERIAL AND METHODS: One hundred-thirty four patients
who were hospitalized with the diagnosis of COVID-19 and did
not have any chronic disease and one hundred-twenty-two he-
althy controls were included in this study. The average of the
lipid values of the patient group in the last 6 months before
admission was calculated. Likewise, the average of the lipid pa-
rameters of the control group in the last 6 months was taken.

RESULTS: There were no differences between two groups with
regard to age, gender, and laboratory characteristics. Triglyceri-
de and Low-density lipoprotein cholesterol values were signi-
ficantly higher and High-density lipoprotein cholesterol levels
were significantly lower in the COVID-19 patients compared to
the control subjects (p < 0.01).

CONCLUSIONS: Although research on the association of dys-
lipidemia with COVID-19 is still insufficient, our findings show
that serum cholesterol levels are significantly associated with
the risk of COVID-19 infection.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) was re-
ported for the first time in December 2019 in
Wuhan, China, as the severe acute respiratory
distress syndrome caused by the The SARS-
CoV-2 (1, 2). The SARS-CoV-2 infection outbreak
has been named by the World Health Organi-
zation (WHO) as COVID-19 (2). The virus spread
very quickly around the world and according to
the data of the WHO, 242 million cases and 4.91
million deaths were reached as of 20.10.2021.

This disease is transmitted from person to per-
son, especially adults are susceptible to CO-
VID-19, and the severity of the disease has been
shown to be related to age and chronic disea-
ses of the patient. It has been shown that the
disease progression is more seriously in people
with comorbidities such as hypertension (HT),
diabetes mellitus (DM), cardiovascular disease.
In a meta-analysis, it was found that 17% of pa-
tients have coexisting HT, 8% DM, 5% cardio-
vascular diseases in and 2% respiratory system
disease (3, 4).

Even in the early stages of the disease, there is
evidence of arterial and venous coagulopathy
in 8-15% of patients (5). Thrombosis of deep
veins may lead to pulmonary embolism and
thrombosis of the arterial system may lead to
stroke and myocardial infarction in these pa-
tients. Thus, coagulopathy is the major contri-
buting factor of mortality in COVID-19. Studies
demostrate that activation of coagulation cas-
cade and endothelial dysfunction is an inde-
pendent factor on the severity and mortality of
the disease (5).

Mortality in COVID-19 patients without comor-
bidity is 0.9%, but the ratio increases as the
comorbidities being added. Mortality reaches
10.5% with coexisting cardiovascular diseases,
7.3% with DM and 6% with HT (6). This may be
attributed to the effect of the hyperinflamma-
tory response combined with endothelial dys-
function.

Hyperlipidemia is one of the major risk factors
of cardiovascular diseases and is a co-factor for
HT, obesity, DM progression. Dyslipidemia ca-
uses vascular endothelial dysfunction and be-
gets many of the metabolic and vascular comp-
lications of these diseases.

Total cholesterol (TC) and Low-density lipopro-
tein cholesterol (LDL-c) levels have been repor-
ted to decrease in patients during the COVID-19
infection process (7); This decrease in LDL-c and
Trigliserid (TG) levels in COVID-19 patients with
dyslipidemia is related to the severity of the di-
sease. This finding suggests a pathophysiologi-
cal interaction between lipid metabolism and
vessel damage (7, 8). High-density lipoprotein
cholesterol (HDL —c) level decreases significant-
ly only in critical cases (8). Therefore, LDL is the
thought to be major factor contributing to the
dyslipidemia in COVID-19 infection.

Dyslipidemia that occurs during COVID-19 infe-
ction is thought to be caused by many complex
biological processes triggered by SARS-CoV-2.
SARS-CoV-2reduces the uptake and biosynthe-
sis of LDL-c by disrupting liver functions. Besi-
desthat, there isa moderate increase in aspartat
aminotransferase (AST), alanin aminotransfera-
se (ALT), and alkaline phosphatase (ALP) levels,
which are markers of hepatic functions, in less
than half of the patients (7, 8).

Both viral infection of endothelial cell (EC) and
endothelial dysfunction at atherosclerotic areas
may trigger thrombotic events at vascular bed.
It has been concluded that cholesterol is requ-
ired for early replication of SARS virus in host
cells (9). Therefore, cholesterol participates in
SARS-CoV-2 replication in host cells, including
ECs. One of the hypothesis is that, the infected
EC triggers coagulopathy and also local and
acute damage of the blood vessels. The other
hypothesis is that, the accumulation of oxidati-
ve LDL-c in the subendothelium forms an early
step of atherogenesis (10). Unstable atherosc-
lerotic plaques that are enriched by inflamma-
tory cells and lipids, release high thrombogenic
contents and trigger the onset of thrombotic
occlusion. The death rate of COVID-19 infection
in patients with cardiovascular disease reaches
10.8% and heart involvement especially in the
form of acute myocardial injury is the major ma-
nifestation.

MATERIAL AND METHOD

The study was performed in Bursa High Specia-
lized Education Research Hospital. It was plan-
ned as an obsevational case-control study. 134
patients who were hospitalized with COVID-19



diagnosis and positive nasopharyngeal swab
PCR test between April 15 and June 15 2020,
were enrolled in the study.

Since hypolipidemia developed during the
COVID 19 infection process, the lipid values of
these patients in the last 6 months before hos-
pitalization were examined. 122 healthy adults
were included in the control group. In the cont-
rol group, all routine biochemical values, inclu-
ding lipid parameters in the last 6 months, were
checked (such as glucose ,irea, creatinine, he-
matocrit, hemogram). The lipid parameters me-
asures in the last 6 months were also evaluated
and averaged.

The exclusion criteria in our study were: Hyper-
tension, diabetes mellitus, dyslipidemia treat-
ment, coronary artery disease (chronic or acute
coronary syndromes), cerebrovascular diseases,
peripheral artery disease, known malignancy,
heart failure (left ventricular ejection fraction;
LVEF 45% or diastolic heart disease), liver dy-
sfunction, renal failure (serum creatinine 110
pmol / L in men and 90 umol / L in women), th-
yroid dysfunction and moderate or severe val-
vular disease.

Ethical Committee

The study was approved by the Bursa High
Education Research Hospital Ethics Committee
(Approval ID: 2020/148 date: 11.04.2020) and
was conducted in accordance with the Helsinki
declaration. Written informed consent was ob-
tained from all patients.

Statistical Analysis

All statistical calculations were made by using
SPSS statistics software (SPSS for Windows 25.0,
Inc., Chicago, IL, USA). Continuous variables are
given as mean =+ SD, categorical variables are
shown as percentages. The normal distributi-
on of continuous variables was tested using
the Kolmogorov-Smirnov test. To compare one
group with another for continuous variables,
Student’s t-test was used. Categorical variables
were compared by using the x> -test. All tests of
significance were two-tailed. Statistical signifi-
cance was defined as p< 0.05.

RESULTS

Of the 134 patients in the study group, 70 were
male, 64 were female, and the mean age was
39.6 years. There were 63 males and 59 fema-
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les in the control group and the mean age was
37.9 years. There was no significant difference
between the groups in terms of age and gender
parameters. The groups had similar characte-
ristics in terms of basic biochemical and hae-
matological values (hemoglobin, hematocrit,
white blood cell count, glucose, creatinine, uric
acid) in blood tests.

TG and LDL-c levels were higher and HDL-c le-
vel was lower in the COVID-19 group compared
to the control group (TG: 267 =+ 101mg/dl and
159 + 56 mg/dl, p < 0.001, LDL-c: 145 + 30 mg/
dl and 100 + 24 mg/dl, p < 0.001, HDL-c: 36 +
7 mg/dl and 42 + 12 mg/d|, p = 0.008, respec-
tively). The difference between the groups was
statistically significant (Table 1).

Table 1: Clinical characteristics of COVID-19 patients and cont-
rol subjects

Variable (mean) Covid 19 group (n=134) Control group (n=122) P value
Age(year) 39.6 5.7 37.945.1 0812
Gender (male/female) 26/24 23/27 0517
Height(cm) 16849 17148 0,231
Weight(kg) 7910 8119 0,345
BMI 28 28 0,857
White Blood Cell count (103/ml) 71225 6,819 0,741
Hemoglobin(g/dl) 13,5418 13,2418 0,287
rit (% 40,4247 38,845,5 0,593
Glucose (mg/di) 98+12 94:10 0421
Cre: ne (1 0,95£0,6 0,76x0,18 0,156
Uric acide (mg/dl) 56419 4,9¢13 0,124
Trigliserid (mg/dl) 267£101 15956 <0,001"
LDL-c (mg/dl) 145+30 100£24 <0,001°
HDL-c (mg/dI) 36+7 42+12 0,008

The covid 19 group and the control group are similar in basic characteristics. However,
LDL-c were significantly higher and HDL-c was again significantly lower.

ensity lipoprotein cholesterol, HDL-c: High-density lipoprotein cholesterol BMI: Body Mass Index )
stically significant values. (p<0.05)

in the covid 19 group, TG and

DISCUSSION

There are two possible mechanisms underlying
the relationship between dyslipidemia and CO-
VID-19 infection. Firstly, hyperlipidemia may
increase coagulopathy in COVID-19 patients
and thus results in endothelial dysfunction (11,
12). In addition, cholesterol is required for the
virus replication in the host cell (13). In the se-
cond manner, liver dysfunction arising in the
course of COVID-19 infection may cause hyper-
lipidemia too. Behind these aspects, there is an
interesting relationship between hypolipide-
mia and severity, prognosis of the disease (14).

Comorbid conditions like hypertension, dia-
betes mellitus, chronic kidney disease, chronic
lung disease, cardiovascular disease, cancer,
obesity may lie behind the suscepitibility of
some patients to COVID-19 infection. These co-
morbidities also increases the risk of mortality
and disease progression of COVID-19. As hy-
perlipidemia is also a predisposing factor for all
these diseases, it may increase susceptibility to
COVID 19 infection. Wei et al. found out that the
major comorbidities in patients with COVID-19
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in Wuhan are HT (32%), DM (12%) and cardio-
vascular disorders (8%) (15). Another study with
388 patients from Italy displayed 47.2% preva-
lence for HT, 22.7% prevalence for DM, 13.9%
prevalence for coronary artery disease. In a
meta-analysis of six studies conducted in China
(including a total of 1527 patients); It has been
shown that the prevalence of HT in COVID-19
patients is 17.1%, the prevalence of cardiovas-
cular/cerebrovascular disorders is 16.4%, and
the prevalence of DM is 9.7% (16).

The mortality risk of COVID-19 infection is qui-
te high in patients with cardiovascular disease
(10.8%) and manifestation of heart involvement
especially seen as acute myocardial damage
(17). Statins are known to have mortality and
morbidity reducing effect on acute coronary
events and may be expected to decrease cardi-
ovascular complications in COVID-19 patients.
Therefore, it seems reasonable to continue sta-
tin treatment in COVID-19 (18). There are stu-
dies disclosing that response to the treatment
is better in patients with pneumonia receiving
statin therapy than non-receivers. In a study
by Grudzinska et al. (18) it has been demonst-
rated that statin treatment reduced in-hospital
mortality in patients with community-acquired
pneumonia. Surprisingly these patients were
older, had diabetes more frequently and longer
hospital stay than the control group. Although
the mechanism is not fully elucidated, the an-
ti-inflammatory and pleiotropic effects of sta-
tins is thought to play a role.

Statins have immunomodulating and anti-inf-
lammatory effects via controlling excessive
cytokine release in the immune system in influ-
enza infection and thus preventing the intense
inflammatory response (19, 20).

It is known that hyperlipidemia has an inflam-
matory effect and causes endothelial damage.
Endothelial damage may increase the risk of
contracting COVID-19 infection. It can be consi-
dered as a stand-alone risk factor for COVID-19
infection, as it both paves the way for comor-
bid diseases and causes endothelial damage.
In our study, healty individuals with the same
characteristics were compared with the group
without a chronic disease who contracted CO-
VID-19 infection. Lipid parameters were signifi-

cantly higher in those with COVID-19 infection.
This suggests that hyperlipidemia may be a risk
factor for COVID-19 infection.

In this study, patients with HT, DM and heart di-
sease were excluded. Our aim was to investiga-
te whether the hyperlipidemia is a risk factor for
COVID-19 infection risk or not. According to the
results, even in the absence of diseases that re-
sult in endothelial dysfunction, hyperlipidemia
alone increases the risk of COVID-19 infection.

There is a complex relationship between CO-
VID-19 infection and lipid metabolism. In the
course of COVID-19 infection, hypolipidemia
develops, the degree of hypolipidemia is clo-
sely related to the severity of symptoms and
mortality. On the other hand, hyperlipidemia
eases endothelial dysfunction, increases coa-
gulopathy and results in increased COVID-19
infection risk and poor prognosis. It is therefore
a risk factor for COVID-19 infection and need to
be controlled to prevent the spread of the CO-
VID-19.

REFERENCES

1. Andersen KG, Rambaut A, Lipkin WI, et al. The proximal
origin of SARS-CoV-2. Nat Med. 2020;26:450-2.

2. Huang C,Wang, Li X, at al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet 2020;395:497-506.

3. Heng L, Shang-Ming L, Xiao-Hua Y, et al. Coronavirus
disease 2019 (COVID-19): current status and future pers-
pective. Int J Antimicrob Agents. 2020;55(5):105951.

4.Yang J, Zheng Y, Gou X, et al Prevalence of comorbidi-
ties in the novel Wuhan coronavirus (COVID- 19) infecti-
on: a systematic review and meta-analysis. Int J Infect Dis.
2020;94:91-5.

5. Helms J, Tacquard C, Severac F, at al. High risk of th-
rombosis in patients with severe SARS-CoV-2 infection:
a multicenter prospective cohort study. Intensive Care
Med. 2020;46:1089-98.

6. Zhonghua L, Xing B, Xue Z . The epidemiological cha-
racteristics of an outbreak of 2019 novel coronavirus
diseases (COVID-19) in China. Epidemiology Working
Group for NCIP Epidemic Response, Chinese Center for
Disease Control and Prevention. 2020;41(2):145-51.

7. Fan J, Wang H, Ye G, et al. Low-density lipoprotein is
a potential predictor of poor prognosis in patients with
coronavirus disease 2019. Metabolism. 2020;15:42-3.

8. Wei X, Zeng W, Su J, Et al. Hypolipidemia is associated
with the severity of COVID-19. J Clin Lipidol. 2020;7:26-
33.



9. Lu Y, Liu DX, Tam JP. Lipid rafts are involved in SARS-
CoV entry into Vero E6 cells. Biochem Biophys Res Com-
mun. 2008;369:344-9.

10. Maiolino G, Rossitto G, Caielli P, et al. The role of oxidi-
zed low-density lipoproteins in atherosclerosis: the myt-
hs and the facts. Mediators Inflamm. 2013;71:46-53.

11. Henry BM, Vikse J, Benoit S, et al. Hyperinflammation
and derangement of renin-angiotensin-aldosterone sys-
tem in COVID-19: a novel hypothesis for clinically suspe-
cted hypercoagulopathy and microvascular immunoth-
rombosis. Clin Chim Acta. 2020;507:167-73.

12. Yang M. SSRN Electronic Journal. Cell Pyroptosis, a
Potential Pathogenic Mechanism of 2019-nCoV Infecti-
on. 2020. https://papers.ssrn.com/sol3/ papers.cfm?abst-
ract_id=3527420 Accessed April 10, 2020.

13. LuY, Liu DX, Tam JP. Lipid rafts are involved in SARS-
CoV entry into 397 Vero E6 cells. Biochem Biophys Res
Commun 2008;369:344-9.

14. Fan J, Wang H, Ye G, et al. Low-density lipoprotein is
a potential predictor of poor prognosis in patients with
coronavirus disease 2019. Metabolism 2020;15:42-3.

15. Wei X, Su J, Yang K, et al. Elevations of serum cancer
biomarkers correlate with severity of COVID-19. J Med Vi-
rol. 2020;(12):45-51.

16. Li B, Yang J, Zhao F, et al. Prevalence 378 and impact
of cardiovascular metabolic diseases on COVID-19 in Chi-
na. Clin Re Cardiol. 2020;109:531-8.

17. Fang L, Karakiulakis G, Roth M. Are patients with hy-
pertension and diabetes mellitus at increased risk for CO-
VID-19 infection? Lancet Respir Med. 2020;8(4):e21.

18. Grudzinska FS, Dosanjh DP, Parekh D, et al. Statin the-
rapy in patients with community-acquired pneumonia.
Clin Med (Lond). 2017;17:403-7.

19.Vandermeer ML, Thomas AR, Kamimoto L, et al. Associ-
ation between use of statinsand mortalityamong patients
hospitalized with laboratory-confirmed influenza virus
infections: a multistate study. J Infect Dis. 2012;205:13-9.

20. Mehrbod P, Omar AR, Hair-Bejo M, et al. Mechanisms
of action and efficacy of statins against influenza. Biomed
Res Int. 2014;87:63-70.

440



