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COVID-19, LIPID PROFILE DISORDERS, RENIN-
ANGIOTENSIN-ALDOSTERON SYSTEM IMBALANCE:
PECULIARITIES OF PATHOGENESIS AND TREATMENT
(LITERATURE REVIEW)

Objective: The present study aimed to determine the peculiarities of
pathogenesis and treatment of patients with lipid profile disorders, renin-
angiotensin-aldosteron system imbalance and coexistent COVID-19.

Materials and methods. Articles published in 2020-2025 in the
PubMed, Scopus, and Google Scholar electronic databases were
analyzed.

The limitations of the review are narrative character of the work,
different type and design of analyzed publications, parameters of the
patients, the presence of conflicting results regarding to the effectiveness
of individual therapeutic approaches.

Results and discussion. The connection between severe acute
respiratory syndrome coronavirus 2 and angiotensin-converting enzyme
2 leads to the inactivation of this enzyme, increased vasoconstriction and
progression of arterial hypertension.

The increased levels of serum amyloid A in patients with COVID-19
displace ApoA-I situated on high density lipoprotein, which leads to the
impairment of reverse cholesterol transport, disorders of endothelium
and promotion of oxidative stress.

Prescription of rosuvastatin is considered for patients with COVID-
19 if it is indicated because of antiinflammotory properties, protection of
endothelial cells and further reduction the risk of hospitalization and
mortality. Evidence suggests that prolongation of treatment with
rosuvastatin is effective for people which have received it before
because of lipid profile disorders, coexistent ischemic heart disease,
heart failure or increased cardiovascular risk.

The continuation of angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers (ramipril, losartan, valsartan)
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prescribed previously for treatment of arterial hypertension, heart failure,
coexistent lipid profile disorders during hospitalization in patients with
COVID-19 as associated with decreased mortality.

Not all clinical trials suggested the improvement of clinical outcomes
and mortality rate after using statins and renin-angiotensin-aldosteron
system inhibitors.

Conclusions. Management with rosuvastatin, angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers prescribed previously
because of arterial hypertension, lipid profile disorders, heart failure,
ischemic heart disease and increased cardiovascular risk may be beneficial
to continua or initiation treatment with those drugs at first in patients with
COVID-19 if contraindications are absent because these changes become
more severe in the case of such comorbidity for achievement the goal
ranges of blood pressure and low density lipoproteins, improvement of
endothelial function, reduction the progression of oxidative stress,
decrease mortality and prevention of cardiovascular complications.

Keywords: dyslipidemia, COVID-19, angiotensin-converting enzyme
2, statins.
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COVID-19, TMOPYIIEHHSI JINIJHOTO  CHEKTPY,
JACBAJAHC PEHIH-AHTIOTEH3MH-AJTBJIOCTEPOHOBOI
CHCTEMH : OCOBJIUBOCTI MATOTEHE3Y TA JIKYBAHHSI
(OTJISI IITEPATYPH)

Mera: JlocnipkeHHs IPOBEICHE 3 METOI0 BHBUCHHS 0COOIMBOCTEH
MaroreHedy Ta JIKyBaHHS TAI[iEHTIB i3 MNOPYIIEHHSMH JIIiJHOTO
CIEKTPY, MUCOATaHCOM PEHIH-aHT10TCH3MH-AIBI0CTEPHOBOT CHCTEMH Ta
cynyTtHboto iHpekuiero COVID-19.

Martepianun Tta Meromm: IIpoanHani3oBaHO CTaTTi, OMyOJiKOBaHI
npotsirom 2020-2025 pp y emextpoHHHX 6a3ax ganux PubMed, Scopus,
and Google Scholar.

OO0MexxeHHs1  OLJIsIAY: HapaTHBHHH  Xapakrtep  poOOTH,
HEOJHOPITHICTh BKIFOYSHHUX JOCTI[KEHb, BIAMIHHOCTI Yy IU3aifHi
JIOCJIIIKEHb Ta XapaKTepPHCTHKAX MAali€HTiB, HASBHICTh CyNEpedIMBUX
Pe3yJIbTATIB 11010 e)EKTUBHOCTI OKPEMHUX TEPANICBTHYHMX ITiIXO/IIB.

PesyabTaTn Ta ix o6rosopennsi. Penentop Ha SARS-CoV-2
3B’S13y€ThCS 3 PELIEITOPOM JIO aHTIOTEH3UH-TIEPETBOPIOIOYOTO (DEPMEHTY
2, IHaKTUBYIOYM HOro Ta MPHU3BOJSYM JIO CTHUMYJISILii HEpEeTBOPEHHS
anrioten3uny | y anriotensun II, cmasmy CyOuH, ITiJBUIICHHS
apTepiabHOTO TUCKY, 1110 MOTpedy€e HOro MOHITOPUHTY Ta 3HIKEHHS 3a
JIOTIOMOT'0I0 aHTHTINEPTEH3UBHOI Tepartii.

[TinBuieHHs: BMicTy OUIKIiB CHPOBAaTKOBOTO aMiIoiy A y mMarieHTiB
i3 COVID-19 cnpuse 3amimenHio  anominomnporeiny — A-l
PO3TalIOBAaHOTO HA IIOBEPXHI XOJIECTEPUHY JIINONPOTEINiB BUCOKO]
IITBHOCTI, MOPYIIEHHIO iX QYHKIIH, SKi OJIATaI0Th y TPAHCIIOPTYBaHHI
XOJIeCTepHHY 3 TepHU(PEepHUHUX TKAHWHU [0 NEUYiHKH, IOKpaIleHHI
AHTUOKCHUIAHTHOI aKTUBHOCTI €HJIOTEIIi10, III0 00YMOBIIIOE HEOOXiTHICTh
T TO3HIDKYI04O1 Tepatii.

[Tpu3HaueHHsT PO3yBacTaTHHY MOXE pO3INISAATHCS 33 HasBHOCTI
BIAMOBIAHMX KIIHIYHMX I[IOKa3aHb s mnamieHtie i3 COVID-19, a
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NPOJOBXKEHHsT HOro TNpHHOMY T[IOKa3aHe Yy pas3l IONepesHbOro
3aCTOCYBaHHS 3 MPUBOTY BepU(PIiKOBAHUX MMOPYIICHB JIITITHOTO CTIIEKTPY
KpOBi, CYITyTHBOI iMIEMiYHOI XBOpOOHM CepIlst, CepIeBOi HEIOCTATHOCTI
a00 T IBUIIEHOTO KapIiOBACKYISIPHOTO PU3UKY.

[Ipononraris Tepamii iHri6iTOpaMu aHTiOTEH3UH-TIEPETBOPIOIOYOTO
(hepmeHTy/0IOKaTOpaMu PEeleNTOpaMU O aHTIOTCH3MHY (PaMillpHiIoM,
JI03apTaHOM, BaJICAPTaHOM) IIOKa3aHa Y XBOPUX Ha apTepialbHy
TINEePTEeH31k0, CEPIICBY HEMOCTATHICTh, TUCIIIIIEMII0, TOCITITAIi30BaHUX
3 mpuBony COVID-19.

He Bci panmomi3oBaHi KOHTPOJIBOBAHI TOCTIKCHHS MiATBEPAMIN
3HMKCHHS CMEPTHOCTI a00 MOKpPAIICHHS KIIHIYHUX HACIIAKIB Ha TIi
Teparii CTaTHHAMU.

BucnoBok. IlponorkeHHS TpuiioMy po3yBacTaTHWHY, iHTIOITOpiB
AHT10TEH3WH-TIEPETBOPIOI0YOTO (hepMEHTY/OIOKaTOpIiB PEUenTopiB 10
AHTIOTCH3WHY, NPHU3HAYCHHUX IIOTEPENHBO Yy 3B’SA3Ky 3 HASIBHICTIO
apTepiagbHOI TiMepTeH3il, NOpyIIeHb JIMITHOTO CHEKTPY KpPOBI,
cepleBoi HEIOCTATHOCTI, iMeMiYHOI XBOpOOM ceplsl Ta MiJBHUIIEHOTO
CepILeBO-CYJUHHOTO PU3UKY a00 MEepBHHHE X 3aCTOCYBaHHS JIOLIBHE Y

xBopux Ha COVID-19 3a BigcyTHOCTI MpPOTHUIOKa3aHb 3 METOIO

JIOCSITHEHHS  IJIbOBUX DIBHIB apTepiajlbHOTO THUCKY,
(yHKI[IOHATIBHOTO
OKCHIAaTHBHOTO

MOKpAIEeHHS

CTaHy  CHIOTEIIIO,

cTpecy,

3HW)KEHHST ~ BHPaXXCHOCTI

3MEHIICHHS  pIBHA  CMEpPTHOCTI  Ta

TOTIepePKEHHS KapAiOBaCKYJISIPHUX yCKIIaHEHb.
Karouosi

cioBa: jgucrmimigemis, COVID-19,  irriGitopu

AHTI0TEH3WH-TICPETBOPIOIOYOT0 (PEPMEHTY, CTATHHH.

Aemop, eionosioanvhuit 3a nucmyeanusa: Yepnayvka Onvea Muxonaigna, xagedpa GHympiuHvboi ma cimelnol

meduyunu, Cymcokuil Oepaicasnutl ynisepcumem, Cymu, Yrpaina

e-mail: om.chernatska@med.sumdu.edu.ua

INTRODUCTION

Today a lot of people are still infected by
Coronavirus disease-19 (COVID-19) which has been
appeared five years ago and provoked a lot of disorders,
invalidization and dearth [1].

Dyslipidemia potentially increases mortality and
severity of COVID-19. Moreover, the association was
stronger in old age men with arterial hypertension (AH)
[2]. A large observational study of more than 2 millions
people with COVID-19 reported that dyslipidaemia was
determined in three percents of patients after the first
month of infection [3]. In addition, there was the
association between duration of staying in hospital and
appearance of lipid profile disorders [4]. Choi et al.
suggested that lipid profile disorders may play a
significant role in the severity of COVID-19 [5].

Jiang X. et al. have demonstrated that in the case of
absence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, angiotensin-
converting enzyme 2 (ACE 2) has nephroprotective
action. But the age-related increase of its expression
within lungs and kidneys may be relevant to the risk of
COVID-19 [6]. SARS-CoV-2 uses ACE 2 as a cellular
entry receptor [7].

SARS-CoV-2 causes imbalance between ACE 1 and
ACE 2, renin-angiotensin-aldosteron system (RAAS)
activation, which leads to COVID-19 progression,
especially in patients with comorbidities, such as AH,
diabetes mellitus, and cardiovascular diseases (CVD)
[8].

Resultly in people with COVID-19 it is considerable
to continue using drugs for inhibition of RAAS

previously prescribed for management of such
coexistent pathology.
Therefore, = SARS-CoV-2-mediated  endothelial

dysfunction and impaired vascularization induced by
chronic diseases increase the appearance of CVD. Pre-
existing comorbidities may also be directly associated to
higher rates of SARS-CoV-2 organ damage, as
demonstrated in post-mortem analyses of the lungs,
pharynx, kidneys, liver, and heart [9].

COVID-19 is  associated with  long-term
cardiovascular (CV) complications, potentially driven
by persistent inflammation, coagulopathy, and
endothelial dysfunction [10].

The understanding the peculiarities of SARS-CoV-2
action on lipid profile and RAAS is reasonable for
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further treatment of such patients especially with
comorbidities.

MATERIALS AND METHODS. The authors have
analysed 46 articles written in 2020-2025 in PubMed,
Scopus, and Google Scholar. In general we have found
95 publications. There are comprehensive reviews;
meta-analyses; RCTs; prospective cohort studies; case-
control studies; multicenter, prospective studies;
international, open science, cohort analysis; prospective,
parallel group, randomised, controlled, open-label trial
among them.

Data were retrieved using predefined keywords
“dyslipidemia”, “COVID-19”, “angiotensin-converting
enzyme 27, “statins”, “lipid profile disorders”,
angiotensin-aldosteron system”, “angiotensin-
converting enzyme inhibitors”, “angiotensin receptor
blockers”.

The inclusion criteria are COVID-19, arterial
hypertension, hypercholesterolemia, dyslipidaemia,
stroke in anamnesis, chronic kidney disease, coronary
artery disease, type 2 diabetes mellitus.

The organ
transplantation, acute kidney injury, and other infection
diseases in the period of exacerbations.

THE LIMITATION OF THE REVIEW are
narrative character of the work, different type and
design of analyzed publications, parameters of the
patients, the presence of conflicting results regarding to
the effectiveness of individual therapeutic approaches.

RESULTS AND DISCUSSION

Relationship between ACE 2 and COVID-19

The inflammatory response in moderate and severe
COVID-19 has been variously described as a pro-
inflammatory cytokine storm [11]. There are the
elevation of interleukin (IL)-6, IL-8 and IL-1p, D-dimer,
IL-37 [12, 13, 14], activation of coagulation pathways
and extracellular trap formation [11].

A lot of people with lipid profile disorders have
confirmed AH. RAAS inhibitors in combination with
calcium channel blockers CCBs or diuretics are the
first-line therapy for treatment of AH [15].

We try to analyze relathionship between the RAAS
and COVID-19 for better understanding the advantages
and disadvantages of using ACE inhibitors and ARB for
reduction of BP and systemic inflammation in people
with such comorbidity.

SARS-CoV-2 enters into host cells after binding
with ACE 2 receptor [16], and both SARS-CoV-2 and
ACE 2 are assimilated by endocytosis. The surface of
the last one is downregulated, resulting in Ang II
accumulation [17] and overactivation of RAAS [18].

renin-

exclusion criteria are  cancer,

In physiological conditions, the ACE metabolizes
angiotensin I (Ang I) to angiotensin II (Ang II). The last
one increases vasoconstriction, inflammation, fibrosis,

lung damage and edema. ACE 2 inactivates Ang I and
protect vessels from the actions of this enzyme. SARS-
CoV-2 reduses the expression of ACE2, which leads to
overactivation of lung damage and edema [18],
conversion of Ang I in Ang II, which lead to
vasoconstriction.

The ACE 2 receptors are particularly overexpressed
on intestinal epithelial cells of the gut, endothelial and
smooth cells of blood vessels, heart (adipocytes,
fibroblasts, myocytes, coronary arteries), lung
(macrophages, bronchial and tracheal epithelial cells,
type 2 pneumocytes), brain, testis, and tubular epithelial
cells in kidneys [19].

ACE?2 is a transmembrane protein which involved in
counterbalancing the function of ACE [20]. There are
two parts of it. They are the N-terminal extracellular
protease ectodomain and a short cytoplasmic C-
terminus. Protease enzymatic activity is situated in the
ectodomain called protease domain, containing the
carboxypeptidase catalytic site. The receptor binding
site for SARS-CoV-2 is more toward the N-Terminus,
involving the N-terminal helix [21;22].

A coronavirus has spike proteins, commonly called
S-protein, distributed on its lipid layer. It has two
functional units called S1 and S2. While S1 contains the
receptor-binding domain (RBD) for binding to ACE 2
[23]. Connection between spike protein RBD and ACE
2 brings the virion into proximity with the host cell
surface membrane. It induces conformational changes in
this domain that initiate the process of membrane fusion
[21;24]. Spike protein facilitates entry into the cell with
subsequent damage by alveolar macrophages [25].

Furthermore, suggest that SARS-CoV-2
infection considered as a dual phase phenomenon.
Therefore, in the first phase, expression a higher number
of ACE 2 receptors stimulate the viral penetration. In
the second phase of infection, ACE 2 receptors may be
protective of SARS-CoV-2 mediated acute lung injury
[18].

ACE 2 targeted strategy could be employed as a
potential therapeutic intervention for the treatment of
COVID-19 disease [19;26;27].

In conclusion, SARS-CoV-2 connects with ACE 2
and inactivate it which leads to the conversation of Ang
I to Ang II and increased constriction of vessels. The
action of ACE is also the stimulation of this
conversation. Based on this finding it is reasonable to
continua prescription of ACE inhibitors in patients with
COVID-19 for reduction vasoconstriction and prevent
cardiovascular complications in future.

Lipoprotein changes in COVID-19

The level of high density lipoprotein-cholesterol
(HDL-C) is low in COVID-19 patients with
dyslipidemia [28; 29] and independently associated with

weE
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severity and mortality [30]. These particles have the
greatest affinity for binding and neutralization of
pathogen-associated lipids (eg, lipopolysaccharide,
lipoteichoic acid) that mediate the excessive immune
activation [25;31].

HDL  also the  production  of
cyclooxygenase-2, which is responsible for secretion of
anti-inflammatory prostaglandins [32].

It has been suggested that overactivation of immune
system due to SARS-CoV-2 infection causes a surge of

induces

proinflammatory factors, referred to as “cytokine
storm,” resulting in host organ damage, such as
increased endothelial and epithelial permeability of the
lungs, impaired gas exchange and severe respiratory
failure with a high mortality rate [25;33;34].

The inflammation due to cytokine storm, immune
response and vascular dysfunction are the main factors
of long COVID. The key links between SARS-CoV-2,
obesity, dyslipidemia are determined on Figure 1 [35].

Associations to COVID-19 related events

-

L | SARS-CoV-2 positive 4
,,,,, % @ E ICU admission f
1
sars-cov-2 . Death

S\_ diseases |
S I
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Need for IMV £
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adverse COVID-19 outcomes
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Figure 1. Key links between COVID-19, obesity and dyslipidemia (Source:
https://doi.org/10.3389/fnut.2022.927092)

Paraoxonase 1 (PON1) is an enzyme with protective dyslipoproteinemia, leading to low HDL-C and
role against poisoning by organophosphate metabolites. increased LDL-cholesterol (LDL-C) levels, elevated
It is used as a biomarker of diseases resulted by triglycerides, increased lipoprotein oxidation, low
oxidative stress, inflammation and liver disorders [36]. apolipoprotein E (ApoE) levels, and impaired

This enzyme is synthesized primarily in the liver and
appears mainly in serum, where is associated to HDL.
Impaired PON 1 function on HDL, and excessive
inflammatory response leads to further lipid oxidation
[37]. Excessive production of oxidative HDL stimulates
the lipoprotein transport alteration and impairment of
the reverse cholesterol transport (RCT) pathway [38].
Oxidized LDL is also a powerful stimulator that can
activate endothelial cells and monocytes and increase
the expression of inflammatory proteins and receptors
[28;39]. These lipoproteins can also induce endothelial
cell apoptosis through LDL receptor-1-mediated nuclear
factor-kB signal, caspase 3 and 9 which leads to
elevation of monocyte levels, platelet activation, and
vascular smooth muscle cell migration induced by
collagen exposure [28;40;41]. This culminates
decreased return of cholesteryl esters to the liver either
directly after interaction with hepatic scavenger receptor
B1 or indirectly after transfer to LDL by cholesteryl
ester transfer protein. The results of studies showed that
the lung injury of COVID-19 patients was caused by
endothelial cell pyroptosis and apoptosis [28].
Moreover, the “cytokine storm” underlying
COVID-19 produces immune-mediated inflammatory

in

inflammation resolution [25].

Resultly there is the increase of proinflammatory
cytokines and chemokines promoting attraction of
macrophages, neutrophils, and T-cells. This leads to
uncontrolled inflammation and immune dysregulation,
which culminates in the modulation of HDL [25]. This
leads to the structural changes of HDL granules and
accumulation of serum amyloid A (SAA), which
increased dynamically to the severity of COVID-19
disease [42].

The results of meta-analysis defined same results.
SAA concentrations were significantly higher
patients with severe COVID-19 and non-survivors
(SMD = 1.20, 95% confidence interval 0.91-1.49, P <
0.001) [43].

It can elevate to 1000-fold within the first 2448 h
of an acute phase response [43]. The production of SAA
is increased in the liver as a result of elevated tumor
necrosis factor (TNF), IL-1B, IL-6, and interferon
gamma (IFN-y) [43;44].

Moissl-Blanke AP et al in comprehensive review
summarizes that lipophilic SAA proteins interact with
specific receptors and have been implicated in tissue

in

remodeling through metalloproteinase, local tissue
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changes in atherosclerosis [45]. SAA proteins displaced
apolipoprotein A-I (ApoA-I) situated on HDL which
leads to the impairment of HDL’s atheroprotective
functions such as improving of endothelium function,
RCT and antioxidative activity [46]. RCT defined as a
migration of cholesterol from the periphery to the liver
[25;47]. SAA prevents the ability of HDL to protect
low-density lipoprotein (LDL) from pro-atherogenic
modifications such as oxidation and glycation [48].

It is possible that severe COVID-19 may contribute
to lipoprotein X (LpX) accumulation independently of
liver function [49]. This abnormal lipoprotein
predominantly composed of phospholipids, free
cholesterol and albumin [50]. Sometimes it can be a
cause of hyperlipidemia [51].

Resultly, the increased levels of SAA proteins in
patients with COVID-19 displace ApoA-I situated on
HDL which leads to the impairment of HDL’s functions
such as migration of cholesterol from the periphery to
the liver, improving of endothelium qualities, and
antioxidative activity.

Atherosclerotic cardiovascular disease incidence is
increased during acute COVID-19 infection. It has been

recommended to use lipid-lowering medication in the
period of active infection [53].

TREATMENT OF COVID-19.

Peculiarities of statins prescription in COVID-19.

Statins are well-known medications with a huge
number of pleiotropic effects [30]. These drugs are used
for treatment of COVID-19 and can reduce pro-
inflammatory cytokines such as IL and TNF [53].

Statins in high dose is prescribed for LDL-lowering
to achieve the goal ranges respectively to the levels of
CVD risk according to SCORE-system (IA). For people
with low risk LDL should be less than 3,0 mmol/l (IIb-
A), moderate — 2.6 mmol/l (ITa-A), high — 1.8 mmol/l
(IA), very high — 1.4 mmol/l (IA). For patients with
high or very high risk the reduction of LDL more than
50% too (IA).
Furthermore, this drugs is the first step of treatment of
hypertriglyceridemia with more than 2.3 mmol/l levels
of TG (IB) [54].

Liu C et al. determined that statins inhibit viral life
cycle, reduce inflammation and modulate immune
response to COVID-19 [35]. The mechanisms are
defined on Figure 2.

from baseline is recommended
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Figure 2. The relationship between statins and COVID-19 (Source: https://doi.org/10.3389/fnut.2022.927092)

Igbal Z et al, suggested that statin therapy prescribed
for dyslipidaemia, hyperlipidaemia, atherosclerotic heart
disease should be continued in patients with confirmed
diagnosis of COVID-19. It should be stopped if creatine
kinase rises 10-fold to levels above 2000 IU/L in
asymptomatic patients or at a lower level of 5-fold
upper limit of normal in symptomatic patients (I, B-R),
or dose reduced if ALT or AST is greater than 3 times
the upper limit of normal (I, B-R) [53].

Igbal Z et al, summarized the data about interactions
between statins and other antiviral medications [53].
Atorvastatin, simvastatin, and lovastatin should be
avoided in patients treated with remdesivir that is
connected with Cytochrome P450 pathway of
metabolism [53].

Low-doses of rosuvastatin and atorvastatin was
recommended in patients with COVID-19 treated with
lopinavir/ritonavir [53]. Lovastatin and simvastatin are
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contraindicated in such patients because of the increased
risk of rhabdomyolysis [55].

Atorvastatin is metabolized by CYP3;A and
rosuvastatin by CYP,Co [56]. Atorvastatin prescribed
previously for treatment of dyslipidaemia and coexistent

ischemic heart disease, heart failure showed a
statistically ~significant reduction in the risk of
hospitalization (aOR=0.83; 95% CI: 0.74-0.92,

p<0.001) and mortality (aOR=0.70; 95% CI: 0.53-
0.93, p=0.014) in patients with COVID-19
population-based case-control study based on 2821
cases and 52 318 controls [57].

However the results of other RCT showed that in
COVID-19 patients, atorvastatin (20 mg/day) was not
associated with a significant reduction of thrombosis
and all-cause mortality. On the other hand, such
treatment was safe [58].

According to the results of COLSTAT trial
prescription of rosuvastatin (40 mg/day) with colchicine
for the treatment of hospitalized COVID-19 patients
was safe and recommended. The authors suggested that

in

rosuvastatin has direct antiviral properties by binding
and inhibiting the active site of the main protease
enzyme of SARS-CoV-2. Patients treated by statins
previously received rosuvastatin 40 mg as other
participants of RCT [59].

Other RCT showed the effectiveness of
emtricitabine, tenofovir, disoproxil, colchicine and
rosuvastatin (40 mg/day) during 14 days for reduction
of 28-day all-cause mortality by 22%. Rosuvastatin was
prescribed as a protector of endothelial cells. The
patients treated by statins previously were excluded
from this RCT [60].

Furthermore, respectively the of
prospective cohort study rosuvastatin increase 25-OH
vitamin D levels in blood. It could be mediated by
Niemann-Pick C1 like 1 membrane transporter which
stimulates the intestinal absorption of vitamin D. Low
levels of this vitamin are associated with higher risk of
cardiovascular morbidity and mortality [61].

Resultly, rosuvastatin has additional pleotropic

to results

effect connected with the elevation of vitamin D levels.

Combination with ezetimibe is recommended if the
goal of LDL is not achieved by the maximum dose of
statin (IB). If such two drugs are not effective in
patients with high CVD risk the adding of PCSK9
inhibitor is recommended (IA) [54].

Not all clinical trials suggested the improvement of
clinical outcomes and mortality rate after using statins
and renin-angiotensin-aldosteron system inhibitors.

Peculiarities of ezetimibe and PCSKY inhibitor in
patients with COVID-19

Israel A et al. in case-control study suggested that
ezetimibe, decreased the risk of hospitalization

(OR=0.488, 95% CI [0.377 to 0.622], p < 0.001) in
COVID-19 patients. Same effect was confirmed for
rosuvastatin (OR=0.673, 95% CI [0.596 to 0.758], p <
0.001), which was prescribed because of comorbidity
such as ischemic heart disease (IHD) and heart failure
(HF) in about a quarter of hospitalized and non-
hospitalized people with COVID-19 [62].

On the opinion of Vuorio A et al, the combination of
statins and a PCSK9 inhibitor for patients with
hypercholesterolaemia can improve the prognosis of
COVID-19 via the efficient lowering of the LDL
cholesterol level and via preventing the reduction in the
expression of antiviral genes, notably those of the type I
interferons [63].

Resultly,  prescription  of
recommended for all patients with COVID-19 because
of antiinflammotory properties and protection of
endothelial cells for reduction the mortality and risk of
hospitalization. It is recommended to continua treatment
with rosuvastatin for people which have received it
before because of lipid profile disorders, coexistent

rosuvastatin is

IHD, HF or increased cardiovascular risk.

It has been shown that blockade of RAAS exerts
potent anti-atherosclerotic effects, not only through the
anti-hypertensive pathway, but also through anti-
inflammatory, anti-proliferative
properties [64]. That is why it is considerable to
prescribe inhibitors of this system in patients with
dyslipidemia and COVID-19.

Effects of RAAS in COVID-19

People with elevated blood pressure (BP) and a
SCORE2 or SCORE2-OP CVD risk of > 10% have the
increased risk for CVD for the purposes of risk-based
management of their elevated BP (IB) [15].

Resultly, reduction of BP with antihypertensive
drugs is important.

Among all medications ACE inhibitors, angiotensin
receptor blockers (ARBs), dihydropyridine calcium
channel blockers (CCBs), and diuretics (thiazides and
thiazide-like drugs such as chlorthalidone and
indapamide) have demonstrated the most effective

and antioxidant

reduction of BP and CVD events, and are therefore
recommended as first-line treatments to lower BP (IA)
[15].

Yehualashet AS et al, in review suggested that the
inhibitors of RAAS can restore the balance between
ACE1l and ACE2 in patients with COVID-19 [65].
Several studies have also confirmed the protective
effects of ARBs during COVID-19 by increasing ACE2
levels [66].

Respectively the results
prospective study the continuing of ACE inhibitors /
ARB during hospitalization was associated with

decreased mortality (OR 0.22, 95% CI 0.073-0.67; P =

to of multicenter,
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0.008). AH was confirmed in 94 %, IHD in 17,6 %,
dyslipidaemia in 33,5 %, heart failure in 16,3 %, obesity
in 40 %, smoking in 20 %, chronic kidney disease
(CKD) in 15 % of patients treated by RAAS blockers
before COVID-19. Lisinopril and losartan were the
most frequently used ACE-I (46 of 90) and ARB (71 of
155), respectively [67;68].

RAAS blockers can decrease mortality of COVID-
19 by 35 % [69]. These drugs reduce inflammation [70],
the risk of severity in 29 % and mortality in 43 % in
hypertensive  patients  [71].  However,
investigators did not suggest the significant association
between ACE inhibitors, ARBs and plasma ACE2
consentration [72].

Morales D et al, in international, open science,
cohort analysis has been found that ACE inhibitors,
ARBs and its combination with hydrochlorothiazide and
amlodipine (cilazapril, ramipril/hydrochlorothiazide,
losartan/hydrochlorothiazide, valsartan/amlodipine)
decrease hospitalization in patients with COVID-19
with previously diagnosed AH [72]. Metabolic disorders

some

occurring with nephropathy are associated with the
production of free radicals resulting in structural-
functional disturbances of the cellular membranes of
different organs and systems [73]. RAAS inhibitors
protect kidney from damage [15].

Furthermore, losartan has the additional effect
connected with significantly reduction of uric acid
levels [74], which is important for prevention of CV
complications [75].

PROSPECTS FOR FUTURE RESEARCH

On the other hand, the results of prospective, parallel
group, randomised, controlled, open-label trial showed
that discontinuation of RAAS inhibitors in COVID-19
had no significant effect on the maximum severity of
COVID-19 but may lead to a faster and better recovery
[76].

The continuing of ACE inhibitors/ARB (ramipril,
losartan, valsartan) prescribed previously for treatment
of AH with HF, coexistent lipid profile disorders during

hospitalization in patients with COVID-19 was
associated with decreased mortality.
CONCLUSIONS

The connection between SARS-CoV-2 and ACE 2
leads to the inactivation of this enzyme, further
conversation of Ang I to Ang II, increased constriction
of vessels and progression of AH.

The increased levels of SAA in patients with
COVID-19 displace ApoA-I situated on HDL, which
leads to the impairment of HDL’s functions such as
cholesterol  transport, of
endothelium qualities, and antioxidative activity.

Management with rosuvastatin, ACE inhibitors/ARB
prescribed previously because of AH, lipid profile
disorders, HF, IHD and increased cardiovascular risk
may be beneficial to continua or prescribed at first in the
absence of contrindications in patients with COVID-19.

It is considerable not only for achievement the goal
ranges of BP and LDL, but for improvement endothelial
function, reduction the progression of oxidative stress,
decrease mortality and prevention of cardiovascular
complications.

reverse improvement

Prospect for future research is the assessment of markers of COVID-19 and lipid profile in patients with this
coexistent pathology after prescription of statins, RAAS inhibitors and carnitine.

ETHICAL CONSIDERATIONS

The study was conducted without involving human subjects.

AUTHOR CONTRIBUTIONS

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take full

responsibility for the integrity of all aspects of the work.

FUNDING

None.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.

REFERENCES

1. LiangY, Liang L, Liang B. COVID-19 susceptibility
and severity for dyslipidemia: a mendelian
randomization investigation. Heliyon.

2023;16:9(9):€20247.
https://doi.org/10.1016/j.heliyon.2023.20247

321


https://doi.org/10.1016/j.heliyon.2023.e20247

Eastern Ukrainian Medical Journal. 2026;14(2): 314-325

10.

12.

13.

Atmosudigdo IS, Pranata RR, Lim MA, Henrina J,
Yonas E, Vania R, et al. Dyslipidemia increases the
risk of severe COVID-19: a systematic review, meta-
analysis, and meta-regression. J Clin Exp Hepatol.
2021 Feb 8. https://doi.org/10.1016/j.jceh.2021.01.007
Xu E, Xie Y, Al-Aly Z. Risks and burdens of incident
dyslipidaemia in long COVID: a cohort study. Lancet
Diabetes Endocrinol. 2023;11(2):120-128.
https://doi.org/10.1016%2FS2213-8587(22)00355-2
Li S, Sarangarajan R, Jun T, Kao Y, Wang Z, Hao K,
et al. In-hospital use of ACE inhibitors/angiotensin
receptor blockers associates with COVID-19 outcomes
in African American patients. J Clin Invest.
2021;131(19):e151418.
https://doi.org/10.1172/JC1151418

Choi GJ, Kim HM, Kang H. The potential role of
dyslipidemia in COVID-19 Severity: an Umbrella
Review of Systematic Reviews. J Lipid

Atheroscler. 2020 Sep;9(3):435-448.
https://doi.org/10.12997/j1a.2020.9.3.435

Jiang X, Eales JM, Scannali D, Nazgiewicz A, Prestes
P, Maier M, et al. Hypertension and renin-angiotensin
system blockers are not associated with expression of

angiotensin-converting enzyme 2 (ACE2) in the
kidney. Eur Heart J. 2020;41(48),4580-4588.
https://doi.org/10.1093/eurheartj/chaa794
Gonzélez-Rayasa JM, Rayas-Gomez AL. COVID-19
and ACE-inhibitors and angiotensin receptor blockers:

The need to differentiate between early infection and
acute lung injury. Rev Colomb Cardiol.
2020;27(3):129-131.
https://doi.org/10.1016/j.rccar.2020.04.005
Beyerstedt S, Casaro EB, Rangel EB. COVID-19:
angiotensin-converting enzyme 2 (ACE2) expression
and tissue susceptibility to SARS-CoV-2 infection.
Eur J Clin Microbiol Infect Dis. 2021;40(5):905-919.
https://doi.org/10.1007/s10096-020-04138-6

Puelles VG, Liitgehetmann M, Lindenmeyer MT,
Sperhake JP, Wong MN, Allweiss L, et al. Multiorgan
and renal tropism of SARS-CoV-2. N Engl J Med.
2020;383:590-592.
https://www.nejm.org/doi/10.1056/NEJMc2011400
Hovornyan A, Ilashchuk T. Kidney involvement in
acute COVID-19 and long-term cardiovascular
outcomes: The role of inflammation and endothelial
dysfunction. Ukr J Nephrol Dialys. 2025;3(87):62—
70. https://doi.org/10.31450/ukrind.3(87).2025.07
Chalmers JD, Crichton ML, Goeminne PC, Cao B,
Humbert M, Shteinberg M. Management of
hospitalised adults with coronavirus disease 2019

(COVID-19): a European Respiratory Society living
guideline. ERJ. 2021;57(4):2100048.
https://doi.org/10.1183/13993003.00048-2021
Demikhova N, Kuts L, Bokova S, Merisalu E,
Vlasenko O. Diagnostic and therapeutic potential of

interleukin-37 in kidney diseases: A mini-review. Ukr
J Nephrol Dialys. 2025;2(86):90-97.
https://doi.org/10.31450/ukrjnd.2(86).2025.09
Tokajian S, Merhi G, Al Khoury C, Nemer G.
Interleukin-37: A Link Between COVID-19, Diabetes,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

and the Black Fungus. Front Microbiol. 2022 Jan
13;12:788-741.
https://doi.org/10.3389/fmicb.2021.788741

Ni W, Yang X, Yang D, Bao J, Li R, Xiao Y, et al.
Role of angiotensin-converting enzyme 2 (ACE2) in
COVID-19. Critical Care. 2020;13;24(1):422.
https://doi.org/10.1186/s13054-020-03120-0

2024 ESC Guidelines for the management of elevated
blood pressure and hypertension: Developed by the
task force on the management of elevated blood
pressure and hypertension of the European Society of
Cardiology (ESC) and endorsed by the European
Society of Endocrinology (ESE) and the European
Stroke Organisation (ESO). Eur Heart J.
2024;45(38):3912-4018.
https://doi.org/10.1093/eurheartj/chac178

Silhol F, Sarlon G, Deharo JC, Vaisse B.
Downregulation of ACE2 induces overstimulation of
the renin—angiotensin system in COVID-19: should
we block the renin—angiotensin system? Hypertens
Res. 2020;43:854-856.
https://doi.org/10.1038/s41440-020-0476-3

Deuel JW, Lauria E, Lovey T, Zweifel S, Meier MI,
Ziist R, et al. Persistence, prevalence, and
polymorphism of sequelae after COVID-19 in
unvaccinated, young adults of the Swiss Armed
Forces: a longitudinal, cohort study (LoCoMo). Lancet
Infect Dis. 2022;22(12):1694-1702.
https://doi.org/10.1016/S1473-3099(22)00449-2
Shirbhate E, Pandey J, Patel VK, Kamal M, Jawaid T,
Gorain B, et al. Understanding the role of ACE-2
receptor in pathogenesis of COVID-19 disease: a
potential approach for therapeutic intervention.
Pharmacol Rep. 2021;73(6):1539-1550.
https://doi.org/10.1007/s43440-021-00303-6

Santos RAS, Sampaio WO, Alzamora AC, Motta-
Santos D, Alenina N, Bader M, et al. The
ACE2/Angiotensin-(1-7)/Mas axis of the renin-
angiotensin system: focus on angiotensin-(1-7).
Physiol Rev. 2018;98:505-553.
https://doi.org/10.1152/physrev.00023.2016

Chung MK, Zidar DA, Bristow MR, Cameron SJ,
Chan T, Harding CV, et al. COVID-19 and
Cardiovascular Disease: From Bench to Bedside. Circ
Res. 2021 Apr 16;128(8):1214-1236.
https://doi.org/10.1161/CIRCRESAHA.121.317997
Lan J, Ge J, YulJ, Shan S, Zhou H, Fan S, et al.
Structure of the SARS-CoV-2 spike receptor-binding
domain bound to the ACE2 receptor. Nature.
2020;581:215-220. https://doi.org/10.1038/s41586-
020-2180-5

Yalcin HC, Sukumaran V, Al-Ruweidi MKAA,
Shurbaji S. Do changes in ACE-2 expression affect

SARS-CoV-2 virulence and related complications: a
closer look into membrane-bound and soluble forms.
Int J Mol Sci. 2021;23;22(13):6703.
https://doi.org/10.3390/ijms22136703

Walls AC, Park YJ, Tortorici MA, Wall A, McGuire
AT, Veesler D. Structure, function, and antigenicity of
the SARS-CoV-2 spike glycoprotein. Cell.

322


https://doi.org/10.1016/j.jceh.2021.01.007
https://doi.org/10.1016%2FS2213-8587(22)00355-2
https://doi.org/10.1172/JCI151418
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521969/
https://doi.org/10.12997/jla.2020.9.3.435
https://doi.org/10.1093/eurheartj/ehaa794
https://doi.org/10.1016/j.rccar.2020.04.005
https://doi.org/10.1007/s10096-020-04138-6
https://www.nejm.org/doi/10.1056/NEJMc2011400
https://doi.org/10.31450/ukrjnd.3(87).2025.07
https://doi.org/10.1183/13993003.00048-2021
https://doi.org/10.31450/ukrjnd.2(86).2025.09
https://doi.org/10.3389/fmicb.2021.788741
https://doi.org/10.1186/s13054-020-03120-0
https://doi.org/10.1093/eurheartj/ehae178
https://doi.org/10.1038/s41440-020-0476-3
https://doi.org/10.1016/S1473-3099(22)00449-2
https://doi.org/10.1007/s43440-021-00303-6
https://doi.org/10.1152/physrev.00023.2016
https://doi.org/10.1161/CIRCRESAHA.121.317997
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.3390/ijms22136703

Eastern Ukrainian Medical Journal. 2026;14(2): 314-325

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2020;181:281-292.
https://doi.org/10.1016/j.cell.2020.02.058

Sorokin AV, Karathanasis SK, Yang ZH, Freeman L,
Kotani K, Remaley AT. COVID-19-

Associated dyslipidemia: Implications for mechanism
of impaired resolution and novel therapeutic
approaches. FASEB J. 2020 Aug;34(8):9843-9853.
https://doi.org/10.1096/1].202001451

Bourgonje AR, Abdulle AE, Timens W, Hillebrands
JL, Navis GJ, Gordijn SJ, et al. Angiotensin-
converting enzyme 2 (ACE2), SARS-CoV-2 and the
pathophysiology of coronavirus disease 2019
(COVID-19). J Pathol. 2020;251(3):228-248.
https://doi.org/10.1002/path.5471

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger
N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS?2 and is blocked by a
clinically proven protease inhibitor. Cell.
2020;181:280.
https://doi.org/10.1016/j.cell.2020.02.052

Rader DJ, Alexander ET, Weibel GL, Billheimer J,
Rothblat GH. The role of reverse cholesterol transport
in animals and humans and relationship to
atherosclerosis. J Lipid Res. 2009;50:189-194.
https://doi.org/10.1194/i1r.R800088-JLR200

Wang G, Zhang Q, Zhao X, Dong H, Wu C, Wu F, et
al. Low high-density lipoprotein level is correlated
with the severity of COVID-19 patients: an
observational study. Lipids Health Dis.
2020;19(1):204. https://doi.org/10.1186/s12944-020-
01382-9

Karathanasis SK, Freeman LA, Gordon SM, Remaley
AT. The changing face of HDL and the best way to
measure it. Clin Chem. 2017;63(1):196-210.
https://doi.org/10.1373/clinchem.2016.257725
Stepanova N, Rysyev A, Rusyn O, Ostapenko T,
Snisar L, Kompaniets O, et al. High-density
lipoproteins and clinical outcomes of COVID-19 in
hemodialysis patients: A multicenter, propensity-score
matched case-control study. Ukr J Nephr Dial.
2022;1(73):22-30. https://orcid.org/0000-0002-1070-
3602

Zhang QH, Zu XY, Cao RX, Liu JH, Mo ZC, Zeng Y,
et al. An involvement of SR-B1 mediated PI3K-Akt-
eNOS signaling in HDL-induced cyclooxygenase 2

expression and prostacyclin production in endothelial
cells. Biochem Biophys Res Commun.
2012;420(1):17-23.
https://doi.org/10.1016/j.bbrc.2012.02.103

Ceron JJ, Tecles F, Tvarijonaviciute, A. Serum

paraoxonase 1 (PON1) measurement: an update. BMC
Vet Res. 2014;10:74. https://doi.org/10.1186/1746-
6148-10-74

Leng Z, Zhu R, Hou W, Feng Y, Yang Y, Han Q, et
al. Transplantation of ACE2(-) mesenchymal stem

cells improves the outcome of patients with
COVID-19 pneumonia. Aging Dis. 2020;11(2):216—
228. https://doi.org/10.14336/AD.2020.0228

Ballout RA, Kong H, Sampson M, Otvos JD, Cox AL,
Sean Agbor-Enoh S, et al. The NIH Lipo-COVID

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

study: a pilot NMR investigation of lipoprotein
subfractions and other metabolites in patients with
severe COVID-19. Biomedicines. 2021;9:1090.
https://doi.org/10.3390/biomedicines9091090

Liu C, Yan W, Shi J, Wang S, Peng A, Chen Y, et al.
Biological actions, implications, and cautions of
statins therapy in COVID-19. Front. Nutr.
2022;9:927092.
https://doi.org/10.3389/thut.2022.927092

Mackness MI, Arrol S, Durrington PN. Paraoxonase
prevents accumulation of lipoperoxides in low-density
lipoprotein. FEBS Lett. 1991;286:152—154.
https://doi.org/10.1016/0014-5793(91)80962-3
Khovidhunkit W, Shigenaga JK, Moser AH, Feingold
KR, Grunfeld C. Cholesterol efflux by acute phase
high density lipoprotein: role of lecithin: cholesterol
acyltransferase. J Lipid Res. 2001;42(6):967-975.
https://pubmed.ncbi.nlm.nih.gov/11369805/

Trpkovic A, Resanovic I, Stanimirovic J, Radak D,
Mousa SA, Cenic-Milosevic D, et al. Oxidized low-
density lipoprotein as a biomarker of cardiovascular
diseases. Crit Rev Clin Lab Sci. 2015;52(2):70-85.
https://doi.org/10.3109/10408363.2014.992063

Lee T, Chau L. Fas/Fas ligand-mediated death
pathway is involved in oxLDL-induced apoptosis in
vascular smooth muscle cells. Am J Physiol Cell
Physiol. 2001;280(3):709-718.
https://doi.org/10.1152/ajpcell.2001.280.3.C709
Chen L, Yang G, Zhang X, Wu J, Gu Q, Wei M, et al.
Induction of MIF expression by oxidized LDL via
activation of NF-kappaB in vascular smooth muscle
cells. Atherosclerosis. 2009;207(2):428-433.
https://doi.org/10.1016/j.atherosclerosis.2009.05.021
Sun X, Wang T, Cai D, Feng Y, Yang Y, Han Q, et al.
Cytokine storm intervention in the early stages of
COVID-19 pneumonia. Cytokine Growth Factor Rev.
2020;53:38-42.
https://doi.org/10.1016/j.cytogfr.2020.04.002

Ragab D, Salah EH, Taeimah M., Khattab R., Salem
R.The COVID-19 cytokine storm; what we know so
far. Front. Immunol. 2020;11:1446.
https://doi.org/10.3389/fimmu.2020.01446

Zinellu A, Paliogiannis P, Carru C, Mangoni AA.
Serum amyloid A concentrations, COVID-19 severity
and mortality: An updated systematic review and
meta-analysis. Int J Infect Dis. 2021 Apr;105:668—
674. https://doi.org/10.1016/1.1jid.2021.03.025

Uhlar CM, Whitehead AS. The kinetics and magnitude
of the synergistic activation of the serum amyloid A
promoter by IL-1 beta and IL-6 is determined by the

order of cytokine addition. Scand J Immunol.
1999;49(4):399-404. https://doi.org/10.1046/j.1365-
3083.1999.00515.x

Sack GH. Serum Amyloid A (SAA) Proteins. Subcell
Biochem. 2020;94:421-436.
https://doi.org/10.1007/978-3-030-41769-7_17
Moissl-Blanke AP, Delgado GE, Kramer BK,
Siekmeier R, Duerschmied D, Mérz W, et al. Serum
Amyloid A (SAA) and Its Interaction with High-
Density Lipoprotein Cholesterol (HDL-C): A

323


https://doi.org/10.1016/j.cell.2020.02.058
https://pubmed.ncbi.nlm.nih.gov/32588493/
https://pubmed.ncbi.nlm.nih.gov/32588493/
https://pubmed.ncbi.nlm.nih.gov/32588493/
https://pubmed.ncbi.nlm.nih.gov/32588493/
https://doi.org/10.1096/fj.202001451
https://doi.org/10.1002/path.5471
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1194/jlr.R800088-JLR200
https://doi.org/10.1186/s12944-020-01382-9
https://doi.org/10.1186/s12944-020-01382-9
https://doi.org/10.1373/clinchem.2016.257725
https://orcid.org/0000-0002-1070-3602
https://orcid.org/0000-0002-1070-3602
https://doi.org/10.1016/j.bbrc.2012.02.103
https://doi.org/10.1186/1746-6148-10-74
https://doi.org/10.1186/1746-6148-10-74
https://doi.org/10.14336/AD.2020.0228
https://doi.org/10.3390/biomedicines9091090
https://doi.org/10.3389/fnut.2022.927092
https://doi.org/10.1016/0014-5793(91)80962-3
https://pubmed.ncbi.nlm.nih.gov/11369805/
https://doi.org/10.3109/10408363.2014.992063
https://doi.org/10.1152/ajpcell.2001.280.3.C709
https://doi.org/10.1016/j.atherosclerosis.2009.05.021
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32257537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32257537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=32257537
https://doi.org/10.1016/j.cytogfr.2020.04.002
https://doi.org/10.3389/fimmu.2020.01446
https://doi.org/10.1016/j.ijid.2021.03.025
https://doi.org/10.1046/j.1365-3083.1999.00515.x
https://doi.org/10.1046/j.1365-3083.1999.00515.x
https://doi.org/10.1007/978-3-030-41769-7_17

Eastern Ukrainian Medical Journal. 2026;14(2): 314-325

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Comprehensive Review. Int J Mol Sci. 2025 Dec
25;27(1):241.https://doi.org/10.3390/ijms27010241
LiuY,PanY, Yin Y, Chen W, Li X. Association of
dyslipidemia with the severity and mortality of
coronavirus disease 2019 (COVID-19): a meta-
analysis. Virol J. 2021;18(1):157.
https://doi.org/10.1186/s12985-021-01604-1
Verdecchia P, Cavallini C, Spanevello A, Angeli F.
The pivotal link between ACE2 deficiency and SARS-
CoV-2 infection. Eur J Intern Med. 2020;76:14-20.
https://doi.org/10.1016/j.¢jim.2020.04.037

Fellin R, Manzato E. Lipoprotein-X fifty years after its
original discovery. Nutr Metab Cardiovasc Dis.
2019;29:4-8.
https://doi.org/10.1016/j.numecd.2018.09.006
Cwiklinska A, Mickiewicz A, Kowalski R, Kortas
SB, Kuchta A, Mucha K, et al. Detection of
Lipoprotein X (LpX): a challenge in patients with
severe hypercholesterolaemia. ] Med Biochem.
2020;39:283-289. https://doi.org/10.2478/jomb-2019-
0038

Najafi N, Davoudi A, Izadyar H, Alishahi A,
Mokhtariani A. The effect of ACE inhibitors and
ARBs on outcomes in hospitalized patients with
COVID-109. Irish Journal of Medical
Science.2023;192(3):1517-1523.
https://doi.org/10.1007/s11845-022-03096-6

Lima Martinez MM, Contreras MA, Marin W,
D’Marco L. Statins in COVID-19: is there any
foundation? Clin Investig Arterioscler.
2020;32(6):278-281.
https://doi.org/10.1016/j.arteri.2020.06.003

Igbal Z, Ho JH, Adam S, France M, Syed A,

Dermot N, et al. Managing hyperlipidaemia in patients
with COVID-19 and during its pandemic: An expert
panel position statement from HEART UK.
Atherosclerosis. 2020;313:126—136.
https://doi.org/10.1016/j.atherosclerosis.2020.09.008
Mach F, Baigent C, Catapano AL, Koskinas KC,
Casula M , Badimon L, et al. 2019 ESC/EAS
Guidelines for the management of dyslipidaemias:
lipid modification to reduce cardiovascular risk: The
Task Force for the management of dyslipidaemias of
the European Society of Cardiology (ESC) and
European Atherosclerosis Society (EAS). European
Heart Journal. 2020 Jan;41(1):111-188.
https://doi.org/10.1093/eurheartj/ehz455

Driggin E, Madhavan MV, Bikdeli B, Chuich T, Justin
Laracy J, Biondi-Zoccai G, et al. Cardiovascular
considerations for patients, health care workers, and
health systems during the COVID-19 pandemic. ] Am
Coll Cardiol. 2020;75:2352—
2371.https://doi.org/10.1016/j.jacc.2020.03.031
Hirota T, Ieiri . Drug-drug interactions that interfere
with statin metabolism. Expert Opin Drug Metab
Toxicol. 2015;11(9):1435-47.
https://doi.org/10.1517/17425255.2015.1056149
Visos-Varela I, Zapata-Cachafeiro M, Pintos-

Rodriguez S, Bugarin-Gonzalez R, Gonzélez-Barcala
FJ, Herdeiro MT, et al. Outpatient atorvastatin use and

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

severe COVID-19 outcomes: A population-based
study. J Med Virol. 2023 Jul;95(7):¢28971.
https://doi.org/10.1002/jmv.28971

INSPIRATION-S Investigators. Atorvastatin versus
placebo in patients with covid-19 in intensive care:
randomized controlled trial. BMJ.
2022;7:376:¢068407. https://doi.org/10.1136/bmj-
2021-068407

Shah T, McCarthy M, Nasir I, Archer H, Ragheb E,
Kluger J, et al. Design and rationale of the
colchicine/statin for the prevention of COVID-19
complications (COLSTAT) trial. Contemp Clin Trials.
2021 Nov;110:106547.
https://doi.org/10.1016/j.cct.2021.106547
Gaitan-Duarte HG, Alvarez-Moreno C, Rincon-
Rodriguez CJ, Yomayusa-Gonzalez N, Cortes JA,
Villar JC. Effectiveness of rosuvastatin plus
colchicine, emtricitabine/tenofovir and combinations
thereof in hospitalized patients with COVID-19: a
pragmatic, open-label randomized trial.
EClinicalMedicine. 2022;43:101242.
https://doi.org/10.1016/j.eclinm.2021.101242

Yavuz B, Ertugrul DT, Cil H, Ata N, Akin KO, Yalcin
AA, et al. Increased levels of 25 hydroxyvitamin D
and 1,25-dihydroxyvitamin D after rosuvastatin
treatment: A novel pleiotropic effect of statins?
Cardiovasc Drugs Ther. 2009;23(4):295-9.
https://doi.org/10.1007/s10557-009-6181-8

Israel A, Schaffer A, Cicurel A, Cheng K, Sinha S,
Schiff E et al. Identification of drugs associated with
reduced severity of COVID-19 - a case-control study
in a large population. Elife. 2021Jul27;10:e68165.
https://doi.org/10.7554/eLife.68165

Vuorio A, Kovanen PT. PCSK?9 inhibitors for
COVID-19: an opportunity to enhance the antiviral
action of interferon in patients with
hypercholesterolaemia. J. Intern. Med. 2021;
289(5):749-751. https://doi.org/10.1111/joim.13210
Montecucco F, Mach F. Statins, ACE inhibitors and
ARBs in cardiovascular disease. Best Pract Res Clin
Endocrinol Metab. 2009 Jun;23(3):389—400.
https://folia.unifr.ch/global/documents/1 18062
Yehualashet AS, Belachew TF. ACEIs and ARBs and
their correlation with COVID-19: a review. Infection
and drug resistance. 2020;16:13:3217-3224.
https://doi.org/10.2147/IDR.S264882

Gao C, Cai Y, Zhang K, Zhou L, Zhang Y, Zhang X,
et al. Association of hypertension and antihypertensive
treatment with COVID-19 mortality: a retrospective
observational study. Eur Heart J. 2020;41:2058-2066.
https://doi.org/10.1093/eurheartj/ehaa433

Hakeam HA, Alsemari M, Duhailib ZA, Ghonem L,
Alharbi S, Pharm EA, et al. Association of
Angiotensin-Converting Enzyme Inhibitors and
Angiotensin II Blockers With Severity of COVID-19:
A Multicenter, Prospective Study. Journal of

Cardiovascular Pharmacology and Therapeutics.
2020;26(3):244-252.
https://doi.org/10.1177/1074248420976279

324


https://doi.org/10.3390/ijms27010241
https://doi.org/10.1186/s12985-021-01604-1
https://doi.org/10.1016/j.ejim.2020.04.037
https://doi.org/10.1016/j.numecd.2018.09.006
https://doi.org/10.2478/jomb-2019-0038
https://doi.org/10.2478/jomb-2019-0038
https://doi.org/10.1007/s11845-022-03096-6
https://www.sciencedirect.com/author/57191169384/luis-dmarco
https://doi.org/10.1016/j.arteri.2020.06.003
https://www.atherosclerosis-journal.com/article/S0021-9150(20)30504-9/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(20)30504-9/fulltext
https://doi.org/10.1016/j.atherosclerosis.2020.09.008
https://doi.org/10.1093/eurheartj/ehz455
https://www.jacc.org/doi/10.1016/j.jacc.2020.03.031#au4
https://www.jacc.org/doi/10.1016/j.jacc.2020.03.031#au5
https://www.jacc.org/doi/10.1016/j.jacc.2020.03.031#au5
https://www.jacc.org/doi/10.1016/j.jacc.2020.03.031#au6
https://doi.org/10.1016/j.jacc.2020.03.031
https://doi.org/10.1517/17425255.2015.1056149
https://doi.org/10.1002/jmv.28971
https://doi.org/10.1136/bmj-2021-068407
https://doi.org/10.1136/bmj-2021-068407
https://doi.org/10.1016/j.cct.2021.106547
https://doi.org/10.1016/j.eclinm.2021.101242
https://doi.org/10.1007/s10557-009-6181-8
https://doi.org/10.7554/eLife.68165
https://doi.org/10.1111/joim.13210
https://folia.unifr.ch/global/documents/118062
https://doi.org/10.2147/IDR.S264882
https://doi.org/10.1093/eurheartj/ehaa433
https://doi.org/10.1177/1074248420976279

Eastern Ukrainian Medical Journal. 2026;14(2): 314-325

68.

69.

70.

71.

72.

Chernatska O, Grek A. COVID-19 and chronic kidney
disease: peculiarities of treatment. Ukr J Nephr Dial.
2022;1(74):83-89.
https://doi.org/10.31450/ukrjnd.2(74).2022.11

Ip A, Parikh K, Parrillo JE, Mathura S, Hansen E,
Sawczuk IS, et al. Goldberg SL. Hypertension and

renin—angiotensin—aldosterone system inhibitors in
patients with Covid-19. MedRxiv. 2020.
https://doi.org/10.1101/2020.04.24.20077388

Guo X, Zhu Y, Hong Y. Decreased mortality of
COVID-19 with renin-angiotensin-aldosterone system
inhibitors therapy in patients with hypertension: a
meta-analysis. Hypertension. 2020;76:e13—e14.
https://doi.org/10.116 1/HYPERTENSIONAHA.120.1
5572

Yang Z, Macdonald-Dunlop E, Chen J, Zhai R, Li T,
Richmond A, et al. Genetic Landscape of the ACE2
Coronavirus Receptor. Circulation.
2022;145(18):1398—
1411.https://doi.org/10.1161/CIRCULATIONAHA.12

1.057888

Morales DR, Conover MM, You SC, Pratt N, Kostka
K, Duarte-Salles T, et al. Renin-angiotensin system
blockers and susceptibility to COVID-19: an
international, open science, cohort analysis. The

INFORMATION ABOUT THE AUTHORS

73.

74.

75.

76.

Lancet Digital Health. 2021;3:e98—¢114.
https://doi.org/10.1016/S2589-7500(20)30289-2
Kolianyk IO, Gerush IV. The state of the liver
hydrogen sulfide system in rats with experimental
nephropathy under conditions of melatonin
introduction. Bull Med Biol Res. 2021;3(1):66-70.
https://doi.org/10.11603/bmbr.2706-
6290.2021.1.12089

Saad M. Hyperuricemia and Gout: The Role of
Losartan. Sr Care Pharm. 2023;38(9):359-360.
https://doi.org/10.4140/tcp.n.2023.359

Chernatska OM, Prystupa LN, Fadieieva HA,
Liashenko AV, Smiianova YO. Arterial hypertension
associated with hyperuricemia: features of heart
damage. Wiad lek. 2020;73(5):943-946.
https://wiadlek.pl/wp-
content/uploads/archive/2020/WLek202005119.pdf
Bauer A, Schreinlechner M, Sappler N, Dolejsi T, Tilg
H, Aulinger BA, et al. Discontinuation versus
continuation of renin-angiotensin-system inhibitors in
COVID-19 (ACEI-COVID): a prospective, parallel
group, randomised, controlled, open-label trial. Lancet
Respir Med. 2021 Aug;9(8):863-872.
https://doi.org/10.1016/S2213-2600(21)00214-9

Yepuanbka Oabra MukoJjaiBHa, K.Meq.H., https://orcid.org/0000-0001-9093-6862

om.chernatska@med.sumdu.edu.ua

Kagenpa BHyTpimHboi Ta ciMeiliHoi meaunuan, CymMchbkuil nep>xaBHui yHiBepcuteT, Cymu, YKpaina

I'yna Bikropis IBaniBua, k.mMen.H., https://orcid.org/0000-0003-3869-5162

vi.gula@med.sumdu.edu.ua

Kadenpa BHyTpiuHpoi Ta cimeiiHoi meaununn, CyMchkuil nepxaBHui yHiBepcutet, Cymu, YKpaiHa,

JlntBunens Mapuna OJjiekcanapiBua, https://orcid.org/0009-0001-1391-9812

Jlikap-inTepH, cnenianpHicTs — Tepamis, O0yxiBcbka BJIIJI, M. O0yxiB, Ykpaina, marina.litvinec 1203 @gmail.com
KotbkoBa Onexcanapa MukoJiaiBHa, https://orcid.org/0009-0008-7182-1603

balusash@gmail.com

Received: 20.07.2025

Accepted for publication: 15.05.2026

Published: 23.06.2026

Jlikap-iaTepH, creniaapHICTh - Teparis, KniBcbka Michka KimiHIYHA jikapHS Ne6, m. KuiB, Ykpaina,

325


https://doi.org/10.31450/ukrjnd.2(74).2022.11
https://doi.org/10.1101/2020.04.24.20077388
https://doi.org/10.1161/HYPERTENSIONAHA.120.15572
https://doi.org/10.1161/HYPERTENSIONAHA.120.15572
https://doi.org/10.1161/CIRCULATIONAHA.121.057888
https://doi.org/10.1161/CIRCULATIONAHA.121.057888
https://doi.org/10.1016/S2589-7500(20)30289-2
https://doi.org/10.11603/bmbr.2706-6290.2021.1.12089
https://doi.org/10.11603/bmbr.2706-6290.2021.1.12089
https://doi.org/10.4140/tcp.n.2023.359
https://wiadlek.pl/wp-content/uploads/archive/2020/WLek202005119.pdf
https://wiadlek.pl/wp-content/uploads/archive/2020/WLek202005119.pdf
https://doi.org/10.1016/S2213-2600(21)00214-9
https://orcid.org/0000-0001-9093-6862
mailto:om.chernatska@med.sumdu.edu.ua
https://orcid.org/0000-0003-3869-5162
mailto:vi.gula@med.sumdu.edu.ua
https://orcid.org/0009-0001-1391-9812
mailto:marina.litvinec1203@gmail.com
https://orcid.org/0009-0008-7182-1603
mailto:balusash@gmail.com

