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Increased levels of high-density lipoprotein cholesterol (HDL-C) and apolipoprotein A1 (ApoA1) in plasma is
associated with a reduced risk of developing cardiovascular diseases (CVD). In addition to its potential cardio-
protective function, HDL and ApoA1, the main HDL apolipoprotein, also have antidiabetic properties. The aim
of the study was to determine the level of ApoAT in the blood of patients (n = 81) with type 2 diabetes mellitus
and COVID-19. ApoAT1 was determined by enzyme-linked immunosorbent assay (ELISA) (Elabscience, USA). The
measurements were performed at an optical density of 450 nm. We showed that the level of ApoAT in the blood of
patients with type 2 diabetes and especially with COVID-19 was significantly lower than in the blood of healthy
people. Blood ApoAT levels did not show a further decrease in patients with both COVID-19 and diabetes compared
with patients with COVID-19 without diabetes. Thus, the level of ApoAT1 may be one of the promising markers of
severe COVID-19.
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It has been found that increased levels of high-density lipoprotein cholesterol (HDL-C) and
apolipoprotein A1 (ApoA1) in plasma are associated with a reduced risk of developing cardio-
vascular diseases (CVD). In addition to its potential cardioprotective function, HDL and ApoAt,
the main HDL apolipoprotein, also have antidiabetic properties. Increases in the plasma HDL
and ApoAl1 levels improve the glycemic control in patients with type 2 diabetes mellitus by
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Plasma ApoAT1 level of patients with diabetes and COVID-19 (g/1):  ApoAl

1 — control (n = 7); 2 — patients with type 2 diabetes mellitus T

(n = 60); 3 — patients with diabetes and COVID-19 (n = 16);

4 — patients with COVID-19 (n =5). M = m. * — differences from 15

control are significant, P < 0.0001; + — differences from group 2 are ' *

significant, P < 0.0001 : %
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enhancing pancreatic B-cell function and increasing insu-

lin sensitivity [1]. ApoA1 also stimulates glucose uptake 0.5
in vivo into skeletal and cardiac muscles [2]. The ApoB/
ApoA1 ratio has been found to be associated with type 0
2 diabetes and has been proposed as a novel biomarker

for its prediction [3]. Meta-analysis also shows that decreased ApoA1 levels and increased
ApoB 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 In-
stitute. The study protocol was approved by the Institute’s ethics committee. All patients sig-
ned the informed consent to conduct further diagnostic and research studies.

Blood was obtained by standard venipuncture and stored in EDTA vacutainer tubes. Plasma
was separated by centrifugation for 10 min after blood sampling. The samples were stored at
—80 °C until use. ApoA1 was determined (n = 81) using enzyme-linked immunosorbent assay
(ELISA) kit (Elabscience, USA). The measurement was carried out at a 450-nm optical wave-
length on an immunoenzymatic plate analyzer Stat Fax 3200 (Awareness Technology, USA).

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

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, the 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 and COVID-19 was used. As a control, we used the blood of healthy people (n=7) with-
out concomitant diseases, representative of age. 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 /I, at the time of discharge — 6.72 = 0.62 mmol/I.
Average O, saturation was 87.3 + 0.7 %, which indicates a severe course of the disease.

It can be seen in Fig. that the average level of ApoA1 in the blood of healthy people is in
the upper normal range (1.88 g/1). In diabetic patients, this indicator is significantly lower —
1.21 g/1 — closer to the lower limit of the norm. In patients with diabetes and COVID-19, the
content of ApoA1 in blood is approximately 0.25 g/1, which is more than 4 times lower than
normal values. It is of interest that there are no differences between patients with COVID-19
and diabetes and patients with only COVID-19 (Fig.). In the blood of some patients with
COVID-19, the level of ApoA1 decreased to almost zero values — 0.09 g/1.

The fact that the level of ApoA1 in blood does not decrease in patients with COVID-19 and
diabetes compared to patients without diabetes, indicates that COVID-19 creates a complex of
significantly more powerful factors affecting the content of ApoA1, and such a decrease reaches
a lower limit.
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A decrease in the level of ApoA1 in the blood of diabetic patients and an increase in the risk
of CVD were noted in many studies [5—8].

It was also pointed out that ApoA1 was identified as the seed of the protein complex, and
APP (Amyloid beta A4 protein), EGF (epidermal growth factor), and complement C3 were
the main bottlenecks in the network. ApoA1 carries anti-inflammatory properties that could
assist in the regulation of the immune response. The obtained data indicate that upregulation of
C3 and downregulation of ApoA1 in urine affect respiratory rigidity and, thus, the severity of
COVID-19. Moreover, dysregulation of APP and ApoA1 may contribute to the possible side
effects of COVID-19 on the nervous system [9, 10].

Conclusions. The level of ApoA1 in the blood of patients with diabetes and especially
COVID-19 was significantly lower then in blood of healthy people.

The level of ApoA1 may be one of the promising markers of COVID-19.
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PIBEHD AIIOJIIITIOIIPOTEIHY A1 Y IIJIA3MI KPOBI XBOPUX
HA IIYKPOBUI AIABET TA XBOPUX HA IIYKPOBUM AIABET
13 COVID-19 IK MOKJINBUI MAPKEP 3AXBOPIOBAHHS

[ligBummenutt piBeHb XoJsecTepwHy JinonpoteiniB Bucokoi miimbprocTti (JIIIBII-X) Ta anmominomporeiny Al
(ApoA1l) y na3mi acoIiioeThCs i3 3HMYKEHUM PU3UKOM PO3BUTKY CEPIEBO-CYJIMHHUX 3aXBOPIOBaHb. OKPiM 110-
TeHIiHo1 KapaionporektopHoi ¢pyukirii, JITITBIIL Ta AnoA1, ocnosuuii anosrinonporein JITIBII, Takox MaioTh
nporugiabeTyHi BiacTuBocTi. BusHauerno pisenb ApoA1 y kposi xBopux (7= 81) Ha I[yKpoBwuii giaGeT 2-r0 THITY
ta COVID-19. ApoA1 BusHavaiu 3a gornomoroio HaGopy s imyHodepmentHoro ananizy (ELISA) (Elab-
science, CIITA). BumiproBatHst TIPOBOIUIIN TIPU ONTUYHIN oBkuHI xBuuii 450 M. TTokasaHo, 110 piBerb ApoAl
y KPOBi XBOPUX Ha IyKpoBuii miabet 2-ro Tumy i, ocobanso, 3 COVID-19 6yB 3HauHO HIKYNM, HiXK ¥ KPOBi 3/10-
poBux Jozieit. Pisenb ApoA1l y KpoBi He IeMOHCTPYE MOAAJIBIIOTO 3HUKEHHS y aiienTiB sk 3 COVID-19, tak i
3 miabetom TopiBHsHO 3 xBopumu Ha COVID-19 6e3 miabety. PiBerb ApoA1l mMoke GyTH OTHNUM i3 TTEPCTIEKTHB-
HUX Mapkepis Tskkoro nepebiry COVID-19.

Kmiouosi crosa: COVID-19, diabem 2-20 muny, anoxinonpomein A1.
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