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Abstract. COVID-19 infection (COronaVlrus Disease 2019) is associated with dyslipidemia and cardiovascular complications. It
has been proven that a high content of low-density lipoproteins (LDL) and, especially, oxidized LDL (oxLDL) causes cholesterol
accumulation in blood vessel walls and significantly increases the risk of atherosclerosis and other cardiovascular diseases
(CVD). Aim. The aim of the work was to determine oxLDL content in the blood of 82 patients with diabetes mellitus (DM), who
had a coronavirus infection between 2020 and 2022. Material and methods. Blood was obtained by standard venipuncture
and stored in EDTA tubes. Plasma was separated by centrifugation for 10 min after blood collection. Samples were stored at -80
°C until use. OxLDL was determined using enzyme-linked immunosorbent assay kits (Elabscience, USA). Results. It was shown
that oxLDL level in the blood of patients with type 2 DM (T2DM) and, especially, patients who had recovered from COVID-19,
was significantly higher than in the blood of healthy people. There is also a significant difference between patients with mild
and severe forms of COVID-19. In the absence of treatment with hypoglycemic drugs in patients who had recovered from
COVID-19, the level of oxLDL increases significantly, especially in the absence of insulin treatment. The effect of treatment was
more pronounced in patients with COVID-19, and when treated with inhibitors of sodium-dependent glucose cotransporter
type 2 (SGLT2i), the level of oxLDL decreased almost to control values. Therefore, oxLDL levels remain elevated in diabetic
patients who have recovered from COVID-19, although lower than in the acute disease. Conclusions. OxLDL levels in the
blood of diabetic patients who have recovered from COVID-19 remain elevated, although lower than in the acute form of the
disease. Treatment with hypoglycemic drugs may be a promising strategy to reduce oxLDL levels, and therefore the risk of
atherosclerosis, in individuals who have recovered from COVID-19. OxLDL levels may be an important marker of post-COVID
syndrome.
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DM, obesity, and CVD are factors that compli-
cate the course of COVID-19, and the latter pro-
vokes further complications of these diseases [1, 2,
3]. Currently, more than 200 symptoms of the dis-
ease have been described, including DM, CVD, and

dyslipidemia, which are combined under the term
«post-COVID syndrome» or <long COVID» [4, 5].

It is known that elevated levels of LDL, apo-
lipoprotein B (ApoB), and especially oxLLDL in
blood plasma are associated with an increased risk
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of developing CVD and, primarily, atherosclero-
sis. Under conditions of oxidative stress, which is
happening in obesity and T2DM, LDL oxidation
occurs in the process of lipid peroxidation, mainly
with the participation of phospholipid molecules.
Aldehydes produced during lipid peroxidation
modify ApoB100, the protein part of LDL, forming
Schiff bases with lysine residues of ApoB. In this
way, an oxLLDL is formed. In pathological condi-
tions, plasma lipoproteins containing ApoB pene-
trate through the damaged endothelium into the
subendothelial intima of the vessels, being oxidized
by reactive oxygen species. Thus, LDL is modified
to oxLDL [6, 7].

Atherosclerosis is a chronic inflammatory re-
sponse to cholesterol deposition in the arteries.
LDL, especially oxLLDL, play a crucial role in the
onset and development of atherosclerosis by induc-
ing endothelial cell dysfunction, recruiting mono-
cytes/macrophages, and promoting chronic inflam-
mation. Macrophages engulf oxLDL, forming foam
cells that release pro-inflammatory cytokines and
enhance local inflammation [8-10].

The aim was to investigate the level of oxLDL
in the blood of diabetic patients who had COV-
ID-19 in 2020-2022, with the probable formation
of post-COVID syndrome.

Material and methods

The study was conducted in the Department of
Diabetology and Department of Fundamental and
Applied Problems of Endocrinology of the State In-
stitution «V.P. Komisarenko Institute of Endocri-
nology and Metabolism of the National Academy of
Medical Sciences of Ukraine». The study protocol
was approved by the Institutional Ethics Commit-
tee. All patients signed informed consent for the use
of their biomaterials for further diagnostic and sci-
entific research.

Blood was obtained by standard venipuncture
and stored in EDTA tubes. Plasma was separated
by centrifugation for 10 min after blood collection.
Samples were stored at -80 °C until use. The amount
of oxLDL was determined using enzyme immuno-
assay kits (Elabscience, USA). Measurements were
performed at an optical wavelength of 450 nm on a
Stat Fax 3200 enzyme immunoassay plate analyzer
(Awareness Technology, USA).

Statistical analysis and presentation of the ob-
tained data were performed using Origin 2019b

software. The results of the study are presented as
M=SE. Student’s t-test was used to compare data
groups. P values <0.05 were considered as signifi-
cant.

Results and discussion

The studies used blood plasma from 82 patients
with DM. The blood of healthy people (n=7) with-
out chronic diseases, representative in age, served as
controls. The patients group included 46 female and
36 male with the average age of 61.4 years (range,
30-72). The average body mass index (BMI) of the
patients was excessive and was 28.58+0.537 kg/
m? The average Hb1Ac content of the patients was
9.43%£0.196 %, which indicates decompensation of
DM. The group included 24 patients with type 1
diabetes (T1DM) and 58 — with T2DM.

It was found that the level of oxLDL is more
than 2 times higher in patients with COVID-19
(Fig. 1, col. 3) compared to control values. In pa-
tients with DM, the amount of oxLLDL is also sig-
nificantly higher than the control level. In patients
with DM after COVID-19, the content of oxLDL in
the blood is higher than in patients with DM (Fig.
1, col. 2 and 3), although the amplitude of chang-
es is much lower than in acute COVID-19, where
the level of oxLDL exceeded the control values by
3.8 times, and the indicator of patients with DM —
by 2.6 times [11]. There is also a significant differ-
ence between patients with mild and severe forms
of COVID-19 (Fig. 1, col. 4 and 5). No difference
was observed between vaccinated and unvaccinat-
ed patients (Fig. 1, col. 6 and 7). Thus, the amount
of oxLLDL in the blood of patients with DM who
have had COVID-19 remains high, which indicates
an increased risk of atherogenesis.

There is no significant difference between the
levels of oxLDL in the blood of patients with differ-
ent types of DM, but the amplitude of the increase
in its amount in type 2 DM is significantly higher
than in type 1 DM (Table 1, groups 4 and 5). An
increase in the duration of DM, body weight over
30 kg/m? and COVID-19 disease leads to an in-
crease in the amount of oxLLDL in the blood, and
therefore the risk of atherosclerosis.

Studies have shown that estrogen has a pro-
tective effect against oxidative stress, which could
potentially explain the lower oxLLDL levels in pre-
menopausal women compared with men. However,
as women enter menopause and ovarian production
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Fig. 1. 1. Plasma oxLDL levels in patients with DM who recovered from
COVID-191in 2020-2022 (M£SE).

Note. 1 - control (n=7); 2 — patients with DM (n=50); 3 — patients with DM
after COVID-19 (n=32); 4 — patients with DM after mild COVID-19 (n=24);
5 — patients with DM after severe COVID-19 (n=8); 6 — unvaccinated patients
with DM and/or COVID-19 (n=41); 7 — vaccinated patients with DM and/or
COVID-19 (n=41); differences between the control (1) and other groups are
significant (p<0.05); * — significant differences from the previous groups,
p<0.05.

Table 1. The amount of oxLDL (pg/mL) in blood plasma depending on
the type and duration of DM, BMI, Hb1Ac concentration and gender

N  Groups n M=+SE

1 Control 7 164.13+£30.7

2 TIDM 24 279.56+12.05
3 T2DM 58 321.93+31.66
4 TIDM + COVID-19 1 352,84+48.02?
5  T2DM+ COVID-19 20 451.48+63.82°
6 Duration of DM <15 27 270.99+19.94
7 Duration of DM >15 17 352.59+47.35°
8  Duration of DM <15+ COVID-19 11 411.38+41.8%9°
9  Duration of DM >15 COVID-19 14 419.05+£62.95
10 BMI<30kg/m? 28 296.13+34.99
11 BMI>30kg/m? 17 396.75+45.32"
12 BMI <30 kg/m?+ COVID-19 16 370.62+47.56"
13 BMI>30kg/m?+ COVID-19 1 400.12+£10.38
14 HblAc <7,5% 20 309.72433.03
15 HbTAC >7,5% 25 346.53+41.24
16 Hb1Ac <7,5% + COVID-19 9 402.98+50.47'
17 HbTAc >7,5% + COVID-19 10 418.65+70.66
18 Women 46 2744143845
19  Men 36 283.71£37.29
20 Women + COVID-19 16 353.90+53.61
21 Men+ COVID-19 8 377.73+49.58

Note. All values are significantly different from control, p<0.05; subscripts indi-
cate significant differences relative to the respective group, p<0.05.
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of 17-beta-estradiol decreases, their oxLDL levels
tend to increase, contributing to the reduction of
the cardiovascular protective benefits [12]. This
may be why we did not observe gender differences
in oxLDL levels.

The amount of oxLLDL in blood plasma was also
determined at different levels of left ventricular
ejection fraction (LVEF), estimated glomerular
filtration rate (eGFR) and albuminuria (AU) in
the norm and with pathological changes (Table 2).
The table 2 shows that with disorders of these in-
dicators, the level of oxLLDL is higher (group 2 vs.
groups 4, 9 and 12). There is also a higher response
to the amount of oxLDL to COVID-19 at eGFR
<60 (group 7 vs. 3 and 5).

Table 2. The amount of oxLDL (pg/mL) in blood plasma at different
LVEF (%), eGFR (ml/min/1.73 m? and AU (mg/day)

N  Groups n M=+SE

1 Control 164.13+£30.7

2 DM 50  284.05+19.93

3 DM + COVID-19+ 32 377.36+34.63
4 eGFR <60 17 424.82+62.57?
5 eGFR >60 54 34893+5146
6 eGFR <60+ COVID-19 7 511.29+69.52

7 eGFR>60+ COVID-19 19 5179246376
8 AU <30 17 279.85+41.45
9  AU30-300 27 385.27+4852%%
10 AU <30+ COVID-19 1 387.44+46.68°
11 AU 30-300 + COVID-19 13 364.89+57.24
12 LVEF <40 3 327.69+9.20°
13 LVEF40-50 21 27477£15.87"
14 LVEF>50 21 237.82+23.49"
15 LVEF <40+ COVID-19 - -

16 LVEF 40-50 + COVID-19 15 42250435717
17 LVEF >50+COVID-19 8 389.97+37.24"

Note. Group 2 — average value across the entire group of patients with DM
without COVID-19; all values are significantly different from the control,
p<0.05; superscripts indicate significant differences relative to the correspond-
ing group, p<0.05.

It is known that high levels of oxLDL in circu-
lating immune complexes were associated with an
increased probability of abnormal AU developing,
and also contribute to the development of retinop-
athy in people with TIDM [13, 14].

The study of the treatment effect of patients with
glucose-lowering drugs (GLD) in the blood con-
centration of oxLDL showed that insulin, metform-
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in and SGLT2i drugs effectively (close to control
values) reduce the amount of oxLLDL in the blood
of patients who have had COVID-19 (Table 3,
groups 6, 10 and 14). In the absence of treatment
with these GLD, the level of lipoproteins exceeded
its average amount, which was observed in patients
with DM (Table 3, group 2 vs. groups 3, 7, 11). It is
also noteworthy that in the absence of GLD treat-
ment in patients who have had COVID-19, the
level of oxLLDL increases significantly, especially in
the absence of insulin treatment (Table 3, groups 5, 9,
13). Interestingly, the effect of treatment was more
pronounced in patients with COVID-19 (Table 3,
groups 6, 10, 14).

Table 3. OxLDL levels in plasma of patients with DM and after COVID-19
depending on drug treatment with insulin, metformin and SGLT2i

N  Groups n M=SE %

1 Control 7 164.13£30.77  100.00
2 DM 50  284.05£1993  173.06
3 Insulin - 38 3706243504 22720
4 Insulin + 44 2480243469 15204
5 Insulin -, COVID-19+ 7 591.89+£50.15  362.83
6 Insulin +, COVID-19+ 18 203852390  124.96
7 Metformin - 37 3632744324 22269
8  Metformin + 45 3415044339  209.34
9 Metformin - COVID-19 + 13 415,18+49.07 254.51
10 Metformin+COVID-19+ 12 2428342363 14885
11 SGLT2i - 71 385.97+41.16  236.60
12 SGLT2i+ 1 288.83+41.23  177.06
13 SGLT2i-COVID-19 + 17 4594744070  281.66
14 SGLT2i+ COVID-19 + 6 198.10+24.58 12144

Note. Group 2 — averaged data for diabetic patients with and without GLD
treatment; group 3 — diabetic patients with combined treatment, but without
insulin, as well as groups 7 and 11 — patients with DM with combined treat-
ment, but without the use of metformin or SGLT2j; all values, except for groups
6 and 14, are significantly different from the control, p<0.05; superscripts indi-
cate significant differences relative to the corresponding group, p<0.05.

Therefore, GLD treatment in the post-COVID
period can significantly improve the atherogenic li-
pid profile of diabetic patients.

Determination of oxLDL concentration in blood
plasma depending on the age of patients showed an
increase in its level with age, both in the group with
DM and in patients with DM who had COVID-19,

along with a significant decrease in the amount of
oxLDL in the oldest age group (75-90 years), com-
pared to group 61-75 years (Fig. 2).

—
600 *
500 -
Kk

400 -
300 -
200 : : . .
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Fig. 2. OxLDL concentration in blood plasma depending on the age of
patients.

Note. * — significant differences from the groups 25-44 and 45-60 years,
p<0.05, ** — significant differences from the group 61-75 years, p<0.05.

It has been proven that high levels of LDL and,
especially, oxLDL cause cholesterol accumulation
on the walls of blood vessels and significantly in-
crease the risk of atherosclerosis and other CVDs
[9, 10]. OXLDL exert their harmful effect through
the lectin-like oxLDL receptor 1 [12].

Dyslipidemia associated with SARS-CoV-2 has
been confirmed repeatedly. However, some authors
have found that serum total cholesterol, HDL- and
LDL-cholesterol levels were lower in COVID-19
patients compared to the healthy ones [8, 15]. We
have shown that, in both acute COVID-19 and
post-COVID, only ApoA1 and HDL levels are de-
creased, while oxLLDL, LDL, and ApoB levels are
significantly increased [11, 16], suggesting an in-
creased risk of CVD.

OxLDL contribute to the formation of foam
cells, endothelial activation and the initiation of
inflammatory cascades in the vascular wall. High
levels of oxLDL are associated with the progression
of atherosclerosis, especially in patients with meta-
bolic disorders. In patients with DM, increased free
radical formation and impaired antioxidant defense
are observed, which contributes to an increase in
oxLDL levels even without an additional trigger.
DM is an independent factor in increasing ox LDL.
COVID-19 causes excessive oxidative and inflam-
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matory stress, SARS-CoV-2 infection activates the
production of pro-inflammatory cytokines (IL-6,
IL-17, TNF-a) [16, 17] and increases the level of
reactive oxygen species, which leads to a significant
increase in oxLDL levels in the acute phase of infec-
tion. In patients with DM, this effect is even more
pronounced. After COVID-19, oxLDL levels re-
main elevated. Cohort study [18] shows that even
3-6 months after recovery, oxLDL levels in patients
with DM remain higher than in uninfected individ-
uals. This may be a consequence of long-term met-
abolic imbalance and residual inflammation. Our
data suggest that oxLLDL levels may be one of the
markers of post-COVID syndrome.

OxLDLisakey pathogenetic factor in the devel-
opment of cardiovascular pathology. Also oxLLDL is
a proatherogenic and prooxidant factor that plays
a central role in the progression of endothelial dys-
function, the formation of atherosclerotic plaques
and chronic inflammation. These processes are the
basis for the development of ischemic heart disease
— one of the leading causes of heart failure. OxLDL
directly damages the myocardium, contributing to
cardiomyocyte dysfunction through the activation
of Toll-like receptors 4, the accumulation of free
radicals in the myocardium, impaired mitochon-
drial respiration in cardiomyocytes, the activation
of apoptosis and fibrosis. It is known that elevated
levels of oxLDL are associated with a more severe
course of heart failure. Clinical studies shown that
patients with heart failure have higher oxLDL lev-
els compared to controls. OxLLDL levels correlate
with NYHA symptom severity, decreased LV ejec-
tion fraction, and NT-proBNP levels, and oxLDL
is a predictor of LV remodeling after myocardial
infarction. Monitoring this parameter, especially
after COVID-19, may have clinical significance for
the prevention of cardiovascular events in patients
with DM [18].

Conclusions

1. The level of oxidized low-density lipoproteins
in the blood of diabetic patients who have recov-
ered from COVID-19 remains high, although lower
than in the acute illness.

2. Treatment with hypoglycemic drugs may be
a promising strategy to reduce oxidized LDL lev-
els in individuals who have recovered from COV-
ID-19, and therefore the risk of atherosclerosis.
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PigeHb OKUCNEHUX NINONPOTEIHIB HU3LKOT ryCTUHI
B KpOBIi xBopux Ha fiabet nicna COVID-19

B.M. NMywkapbos', J1.K. Cokonosa’, H.l. JleBuyk’,
B.B. Mywkapbos', A.M. Cokonosa? I.I. Mapkosuu?,
M.A. TpoHbKO'

'Y «IHCTUTYT eHgoKpuHonorii Ta 0bMiHy pedoBKH im. B.IN. KomicapeHka
HAMH YkpaiHn»

’HaLioHanbHWi yHiBEPCUTET OXOPOHM 300pOoB'A Ykpainu im. M.J1. Wynuka
*HauioHanbHa akagemisa MeAnuHNX Hayk YKpaiHu

Pestome. IHdekuia COVID-19 (COronaVirus Disease 2019) nos'AzaHa
3 gucninigemieto Ta cepueBO-CyAVHHUMN yCKNnaaHeHHamu. Joseae-
HO, LLIO BMCOKMI BMICT NiNONPOTEIHIB HMU3bKOI rycTrHum (LDL) Ta, oco-
6n1Bo, okmcneHux LDL (0xLDL) cnpuumHA€e HaKOMMUEHHS xonecTe-
PVIHY Ha CTIHKax CyAMH i 3HauHO 36inblUye pU3nK aTepoCcknepo3sy Ta
HWKX cepLeBo-CyaAVHHUX 3axBoptoBaHb (CC3). MeTa. MeToto pobo-
M 6yno BU3HaueHHA BMiCTy oXLDL y KpoBi 82 XBOPUX Ha LIyKPOBWA
niabet (L), aki B8 nepion i3 2020 no 2022 p. nepeHecn KOPOHa-
BipycHy iHbekUito. MaTepian i meTogn. KpoB OTprMyBany WAXOM
CTaHOaApTHOI BeHenyHKLUiT Ta 36epiranu B npobipkax 3 EATA. Mnasmy
BIAAINANM UeHTpMdYyryBaHHAM npoTarom 10 XBUAKH nicna 3abopy
KpoBi. 3pa3ku 36epiranu npv Temnepatypi -80 °C 40 BUKOPUCTAHHA.
OxLDL Bv3Hayanu 3a gornomoroto Habopie ans iMyHodepmMeHTHO-
ro aHanizy (Elabscience, CLIA). PesynbTaTti. [oKa3aHo, Wo piBeHb
oxLDL y KpoBi xBOpKX Ha LyKpPOBUIA AiabeT 2-ro Tuny i, 0cobnmBo,
nauienTis, wWo nepexsopinu COVID-19 6yB 3HAYHO BULLWM, HiIX Y
KPOBI 300POBUX MtofeN. ICHYE TaKOX AOCTOBIPHA PI3HMLA MiX NaLyi-
€HTaMK 3 lerkoto i Baxkkoto dpopmamu COVID-19. 3a BigcyTHOCTI NiKy-
BaHHA LlYKPO3HMXyBanbHMK Npenapatamu (LI3MM) y nauiexTis, wo

nepexsopinu COVID-19, piseHb 0xLDL 3HauHO 3pocCTaE, 0COONNBO
3a BifJCYTHOCTI NiKyBaHHA iHCYyniHOM. EQeKT nikyBaHHA OyB 6inbLU BU-
paxeHuil came y xBopux Ha COVID-19, a npu nikyBaHHi iHribiTopamm
HaTPIN3aNexHoro KoTpaHcnopTepa rwoko3n 2-ro tvny (iH3KTI-2)
piBeHb OXLDL 3HMXyBaBCA Malxe 4O KOHTPOJbHIUX 3HaueHb. OTxe,
KOHLeHTpauia oxLDL 3anmnwaeTbca BUCOKOI y KpoBi xBopux Ha L[,
Aki nepexsopinn COVID-19, xoua i HUKYOIO HiXK NpY FOCTPOMY 3aXBO-
ploBaHHi. BucHoBKuM. PiseHb oxLDL y Kposi nallieHTis i3 aiabetom,
Aki ogyxanw 8ig COVID-19, 3anMLAETLCA BUCOKMM, XOUA N HUXKUNM,
HiX Npu rocTpiit dopmi 3axBoptoBaHHs. JlikyBarHa LI3M moxe 6yTn
MepCneKTUBHO CTPATETIEl WOAO 3HMKeHHA piBHA OXLDL, a oTxe
i pM3KnKy aTepockneposy, B ocib, wo nepexsopinu COVID-19. PiseHb
oxLDL moxe 6yTn OfHWM i3 BaXMBKX MapKepiB MOCT-KOBILHOMO
CYHOPOMY.

KniouoBi cnoBa: OKMCAEHI NINONPOTEIHM  HW3bKOI  TYCTUHW,
COVID-19, uykposwit aiabeT, OXUPIHHA, CEpLEBO-CYANHHI 3aXBOpIO-
BaHHA.
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