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Elevated levels of low-density lipoprotein (LDL-X) cholesterol, apolipoprotein B (ApoB), and especially oxidized
LDL in plasma are associated with an increased risk of cardiovascular disease (CVD). The aim of the study was to
determine the levels of ApoB and oxLDL in the blood of patients with diabetes mellitus (DM), CVD and COVID-19.
ApoB and oxLDL were determined using enzyme-linked immunosorbent assay kits (Elabscience, USA). The mea-
surements were performed at an optical wavelength of 450 nm. It was found that ApoB and oxLDL levels in the
blood of patients with diabetes and, especially, with COVID-19 are substantially higher than in the blood of
healthy people. Blood levels of ApoB and oxLDL are higher in patients with both COVID-19 and diabetes or CVD as
compared to patients with COVID-19 without comorbidities. Thus, the levels of ApoB and oxidized LDL may be the
promising markers of severe COVID-19.
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Hydrophobic lipids are insoluble in plasma, and, for the delivery to tissues, they have to be
packaged into lipoproteins with cholesterol esters and triglycerides in the core and phospho-
lipids, free cholesterol, and apolipoproteins on the surface. The hydrophobic core of low-density
lipoprotein (LDL) is made of about 170 triglycerides, 1500 cholesterol esters, a hydrophilic coat
composed of 700 molecules of phospholipids, about 500 molecules of unesterified cholesterol,
and a single large copy of the ApoB of 500 kDa [1]. Apolipoprotein B is the primary apolipopro-
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tein and is the carrier for the following lipids: chylomicrons, LDL, very low-density lipoprotein
(VLDL), intermediate-density lipoprotein (IDL), and lipoprotein (a). ApoB is not found in high-
density lipoproteins (HDL), the latter are reconstituted into lipoproteins with ApoA. Hepatic
ApoB has a molecular mass of 540000 Da. There are two circulating forms of ApoB, ApoB48 (from
small intestine) and ApoB100 (from liver) [2].

Under oxidative stress, the oxidation of LDL occurs by the process of lipid peroxidation
primarily involving the phospholipid molecules. Under pathological conditions, ApoB-con-
taining lipoproteins in the plasma penetrate through the damaged endothelium into vascular
subendothelial intima getting oxidized by ROS. Thus, the LDL is modified into oxLDL [1].

It has been found that increased levels of low-density lipoprotein cholesterol (LDL-C), apo-
lipoprotein B, and especially oxLDL in plasma are associated with an increased risk of developing
cardiovascular diseases (CVD). The ApoB/ApoA1 ratio has been found to be associated with
type 2 diabetes and has been proposed as a novel biomarker for its prediction [3]. Meta-analysis
also shows that increased ApoB and decreased ApoA1 levels, as well as the ApoB/A1 ratio,
are risk factors for the first ischemic stroke [4].

Materials and Methods. The study was conducted in the diabetology department of the
Institute. The study protocol was approved by the Institute’s ethics committee. All patients
signed informed consent to conduct the further diagnostic and research study.

Blood was obtained by standard venipuncture and stored in EDTA vacutainer tubes. Plasma
was separated by centrifugation within 10 min after blood sampling. The samples were stored
at —80 °C until use. ApoB/oxLDL was determined (n = 81) using enzyme-linked immuno-
sorbent assay (ELISA) kit (Elabscience, USA). The measurement was carried out at an optical
wavelength of 450 nm on an immunoenzymatic plate analyzer Stat Fax 3200 (Awareness Tech-
nology, USA).

Glycated hemoglobin was determined using one HbA1c FS kit (DiaSys Diagnostic Systems
GmbH (Germany). The measurement was carried out at an optical wavelength of 660 nm.

Statistical analysis and data presentation were performed using the Origin 7.0 software.
The results of the study are presented as M + m. To compare the data groups, Student’s ¢-test
was used. Values of P <0.05 were considered as significant.

Results and discussion. The blood plasma of 60 type 2 diabetes patients and 21 patients
with diabetes, CVD and COVID-19 was used. As a control, we used the blood of healthy people
(n="T7) without concomitant diseases, representative of age. 4 patients had CVD in the anamnesis.
The level of Hb1Ac in diabetic patients was 9.62 + 0.27; BMI — 30.69 + 1.06 kg/m? The fasting
glucose content in the blood of patients with COVID-19 and diabetes was 9.6 = 0.92 mmol/1, at
the time of discharge — 6.72 £ 0.62 mmol/l. Average O, saturation was 87.3 + 0.7 %, which in-
dicates a severe course of the disease.

The average level of ApoB in the blood of healthy people was 1.05 g/L, within the normal
range (norm: 0.55—1.3 g/L for men, and 0.6—1.4 g/L for women) (Table). In diabetic patients,
this indicator is higher — 1.15 g/L. — closer to the upper limit of the norm. In patients with
COVID-19, the content of ApoB in blood is substantially higher, than control and norm values
(see Table, lines 3-6). It is worth to note the difference between patients with COVID-19
without concomitant diseases and COVID-19 with diabetes and especially CVD (see Table, line
5 vs. lines 4 and 6).
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Almost the same pattern was observed with oxLDL (Table). In diabetic patients, the amount
of oxLDL is higher than that of control level. In patients with COVID-19, the content of oxLDL in
blood is much higher than control and diabetic patients levels (see Table, lines 3-6). There was
also the significant difference between patients with COVID-19 without concomitant diseases
and COVID-19 with diabetes and and CVD (see Table, line. 5 vs. lines 4 and 6). Thus, the amount
of ApoB and LDL derivatives, oxLDL, changes in the blood of diabetic and COVID-19 patients
almost synchronously.

It has been proven that a high content of low-density lipoproteins (LDL) causes the accu-
mulation of cholesterol on the walls of blood vessels, significantly increasing the risk of athero-
sclerosis (AS) and CVD [5-7]. Due to the fact that ApoB is the main protein of LDL, which is, in
turn, the main carrier of cholesterol to the cells, the determination of its concentration specifies
the degree of risk of developing coronary heart disease. The concentration of ApoB in the blood
is now considered a more reliable indicator of the risk of developing AS, than total choleste-
rol (TC) or LDL-cholesterol (LDL-C). Along with the determination of the ApoB concen-
tration, the content of apolipoprotein A1 should also be determined. If the ratio of the concen-
trations of ApoB to ApoA1 is more than 1, then the risk of developing coronary heart disease is
very high. It was proposed to set the limits of the norm for ApoB more than 1.2 g/L. For risk
groups, it is recommended to maintain the ApoB content of less than 0.9 g/L regardless of gender.
With regard for the limit values of the ApoB/ApoA1 ratio, it can be used to determine the level of
risk for men <0.9, and for women <0.8) [6, 8].

AS is characterized as a chronic inflammatory response to cholesterol deposition in arteries.
LDL, especially the oxidized form — oxLLDL, plays a crucial role in the occurrence and deve-

Plasma ApoB and oxLDL levels of patients with diabetes, CVD and COVID-19

No. Groups ApoB, g/1 m n
1 Contr. 1.052 0.062 7
2 DM 1.154 0.036" 60
3 COVID-19 average 2.324 0.089"" 21
4 COVID-19 +DM 2.433 0.087" 16
5 COVID-19, healthy 2.123 0.064""* 5
6 COVID-19 +CVD 2.620 0.148™ 4

No. Groups oxLDL, pg/ml m n
1 Contr. 70.45 12.86 7
2 DM 102.07 7.87 60
3 COVID-19 total 256.54 7.01™ 21
4 COVID-19 +DM 268.46 555" 16
5 COVID-19, healthy 232.44 9.8™* 5
6 COVID-19 +CVD 281.50 8.02" 4

Notes. 1 — control; 2 — patients with diabetes mellitus; 3 — average data for all patients with COVID-19;
4 — patients with COVID-19 and diabetes; 5 — patients with COVID-19 without concomitant diseases (7 = 5);
6 — patients with COVID-19 and CVD (n = 4). M = m. There were significant differences between control
and other groups: * P < 0.05; ** P << 0.001; * differences from groups 4, 6 are significant, P < 0.05
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lopment of AS by inducing endothelial cell dysfunction, attracting monocytes/macrophages,
and promoting chronic inflammation. Macrophages engulf oxLLDL to form foam cells that ulti-
mately release pro-inflammatory cytokines and exacerbate local inflammation [7, 9].

We showed that both ApoB and oxLLDL levels increased with high significance (P = 5.85-1078
and 2.46-10~!1, respectively) that evidenced the rise of CVD risk.

The dyslipidemia associated with SARS has been repeatedly confirmed. However, other
authors found that the levels of serum TC, HDL- and LDL-cholesterol were significantly lower in
the COVID-19 patients as compared with normal subjects [9, 10]. It was concluded that patients
with COVID-19 develop hypolipidemia, when symptoms are mild, and that hypolipidemia wor-
sens with disease severity [10]. But those authors use “hypolipidemia” to refer to patients
with total cholesterol <174 mg/dL. This definition of hypolipidemia is improper and substan-
tially wrong in the absence of a genetic diagnosis. The prevalence of subjects at high cardiovascu-
lar risk could explain the observed findings on LDL-C. Low levels of LDL-C in this group were
likely due to a more intensive lipid-lowering treatment [11]. In addition, we studied the content
of ApoB, not LDL-C, and they may have different dynamics. The level of ApoA1 was significant-
ly decreased in the blood of COVID-19 patients [12].

Conclusions. The levels of ApoB and oxLLDL in the blood of patients with diabetes and, es-
pecially, COVID-19 were significantly higher than in the blood of healthy people.

There were differences between patients with COVID-19 without concomitant diseases
and COVID-19 with diabetes or CVD.

The levels of ApoB and oxLLDL may be the promising markers for COVID-19.
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PIBEHD AITOJIIITIOITPOTEIHY B TA oxLLDL
Y IIVTIASMI ITAIIIEHTIB I3 ITABETOM,
CEPHEBO-CYIMHHUMUN 3AXBOPIOBAHHAMU TA COVID-19

[ligBummenuit piBeHb X0IecTeprHy JinomnpoTeiniB Hu3bKoi miasHocti (JIITHIIT-X), anoainonporeiny B (ApoB),
SIKUI B HUX MICTHTBCS, Ta, 0c0b6mB0, okncHernx JITTHIIL y masmi KpoBi acoOitOEThCS i3 MiIBUIIEHUM PU3HKOM
PO3BUTKY cepieBo-cyannnux saxpopiosanb (CC3). Metowo pobotu 6y/io BusHadeHus pisas ApoB ta oxuc-
nenux JIITHIIT y kposi xBopux Ha 1rykposwuii aiaber (11/1), CC3 ta COVID-19. ApoB ra okucuesni JITTHII Bu-
3HAYAMN 32 JOTIOMOT0I0 HabopiB must imyHOobepmerTHoro anamisy (Elabscience, CIIIA). BumipioBautst poBo-
JIAJIA TIPU ONTUYHINA goBkuHi xBumti 450 uM. BeranosieHo, mo piBenb ApoB ta okucuenux JIITHIIL y xkposi
xBopux Ha I1/1 i, oco6mmBo, 3 COVID-19 3Hauno BUIIKI, HiK y KPOBi 3/10poBUX Mojei. Pisenb ApoB Ta okucHe-
Hux JITTHIIL y kposi Bute y martienTis i 3 COVID-19 i 3 giabetom abo CC3 mopisHstHo 3 mariientamu 3 COVID-19
6e3 cymyTHIX 3axXBOpIOBaHb. TaKUM 4nMHOM, piBeHb ApoB ta okucuenux JIITHIIT moxe GyTH 1epCIeKTUBHUM
MapkepoMm Tsikkoro COVID-19.

Kniouosi caosa: COVID-19, diabem 2-20 muny, cepyeso-cyounni saxeopiosanis, anoiinonpomein B, okucneni
JIHIHIII.
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