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Abstract. Diabetes mellitus (DM) and cardiovascular diseases (CVDs) are factors that, on the one hand, complicate the course of
COVID-19 (COronaVirus Disease 2019), and on the other hand, provoke further complications of these diseases. Aim. The aim of
the study was to determine the level of apolipoprotein A1 (ApoAT1), apolipoprotein B (ApoB), lipids, C-reactive protein (CRP) and
interleukin-6 (IL-6) in the blood of 122 patients with DM and COVID-19 2-3 years after the disease. Material and methods. ApoA1,
ApoB, CRP, IL-6, low-density lipoproteins (LDL), high-density lipoproteins (HDL) and triglycerides (TG) were measured using ELISA
kits (Elabscience, USA). Results. Determination of the impact of COVID-19 on the level of ApoAT and ApoB in the blood plasma
of patients with DM 2-3 years after the disease showed that only the level of ApoB changed significantly. At the same time, the
ApoB/ApoAT ratio, which indicates the risk of CYDs, increased from 0.361 to 0.404. Gender differences in blood plasma levels of
ApoA1 and ApoB in patients with DM and COVID-19 were noted for ApoA1, and the level of ApoAT varied depending on the
type of DM. The study of apolipoproteins content dependence on the body mass index and the level of glycated hemoglobin
(HbATc) showed a decrease in the ApoAT and an increase in the ApoB concentration in people with a body mass index over
30 kg/m2 and with HbA1c concentration of more than 7%. Determination of COVID-19 effect on the lipid profile in blood plasma
of patients with DM 2-3 years after the disease showed that the levels of LDL and TG significantly increased, and the level of
HDL decreased. At the same time, there was no difference between the mild and severe course of COVID-19. Conclusion. There
is a significant weakening of the body's response to the amplitude of changes in the lipids and, especially, apolipoproteins
concentration in the blood of patients who contracted COVID-19 2-3 years ago compared to the acute disease.

Keywords: COVID-19, diabetes mellitus, cardiovascular diseases, apolipoprotein A1, apolipoprotein B, C-reactive protein,
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DM and CVDs are factors that, on the one hand,
complicate the course of COVID-19, and on the
other — provoke further complications of these
diseases [1-3]. More than 200 symptoms of the
disease have been described, which are united by
the term <«long covid», including DM, CVDs and
hyperlipidemia [4, 5]. Levels of ApoAl, ApoB,
HDL cholesterol, LDL cholesterol, and oxidized
LDL (oxLDL) in plasma are associated with the
risk of CVDs [6, 7]. In addition to the potential
cardioprotective function, HDL and ApoAl -
the main apolipoproteins of HDL - are also
characterized by antidiabetic properties [6, 8]. It
has been established that the ApoB/ApoA1 ratio is
associated with type 2 DM and is proposed as a new
biomarker for predicting the risk of CVDs [9]. Lipid
profile (LDL, HDL, TG) is also associated with the
risk of DM and CVD developing. A meta-analysis
shows that a decrease in ApoA1 level and an increase
in ApoB level and the ApoB/A1 ratio are risk factors
for the first ischemic stroke [10]. Previously, we
noted significant changes in the amount of ApoAt,
ApoB, oxLLDL, as well as in the ApoB/A1 ratio in the
blood of patients during COVID-19 [11-13].

CRP and IL-6 are important indicators of
inflammation in DM and initiators of the severe
course of COVID-19 [14-16].

The aim of the study was to determine the
dynamic of ApoA1, ApoB, lipids, CRP and IL-6 levels
in the blood of patients with DM who contracted
COVID-19, 2-3 years after the acute illness.

Material and methods

The research was conducted in the Department
of Diabetology and the Department of Fundamental
and Applied Problems of Endocrinology of the SI
«V.P. Komisarenko Institute of Endocrinology and
Metabolism of NAMS of Ukraine». The research
protocol was approved by the Ethics Committee
of the Institute. All patients signed informed
consent for the use of biomaterials for further
diagnostic and scientific research. In the process
of carrying out the research, the principles of
bioethics were followed: the main provisions of the
Council of Europe Convention on Human Rights
and Biomedicine dated 04.04.1997, Good Clinical
Practice from 1996, the Helsinki Declaration of
the World Medical Association on the ethical
principles of scientific research of medical research
with human participation (1964-2000) and order of

the Ministry of Health of Ukraine No. 281 dated
November 1, 2000.

Blood was obtained by standard venipuncture
and stored in EDTA tubes. Plasma was separated by
centrifugation within 1 hour after blood sampling.
Sampleswerestored at-20 °Cuntil use. ApoA1, ApoB,
CRP, IL-6, LDL, HDL and TG were determined
using enzyme-linked immunosorbent assay kits
(Elabscience, USA). Measurements were performed
atan optical wavelength of 450 nm on a Stat Fax 3200
(Awareness Technology, USA) immunoenzymatic
tablet analyzer. HbAlc was determined using the
One HbA1c FS kit (DiaSys Diagnostic Systems
GmbH, Germany). Measurements were performed
at an optical wavelength of 660 nm.

Statistical analysis of data was performed using
Origin 7.0 software. Study results are presented as
M=SE. Student’s ¢-test, non-parametric methods
and correlation analysis were used to compare
groups of data. Values were considered significant
at p<0.05.

Results and discussion

Management of DM and comorbidities followed
American Diabetes Association/European Associa-
tion for the Study of Diabetes guidelines for
patients at high cardiovascular risk was similar in
all groups. COVID-19 occurrence in patients was
determined by the PCR method. The severity
degree ascertainment of COVID-19, as well as
its treatment, was performed in accordance with
the protocol «Providing medical assistance in the
treatment of the coronavirus disease COVID-19»,
approved by the order of the Ministry of Health of
Ukraine No. 762 from April 2, 2020.

The examined group consisted of 122 patients
(57 men and 65 women) with type 1 DM (n=31)
and type 2 (n=91) DM with various comorbid
pathologies. DM was diagnosed according to the
criteria of the American Diabetes Association,
updated in 2021. Diagnosis and treatment of
comorbid diseases were carried out according to
protocols approved by the Ministry of Health
of Ukraine. The control group included healthy
individuals who have not confirmed COVID-19.

The patients of the research groups were
representative in terms of age, sex, DM duration
and the state of carbohydrate metabolism
compensation. The average age of the patients was
61.4 years (30-72 years).
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The group with a severe course of COVID-19
(n=19) included patients who used oxygen during
treatment or were ill 2 or more times. The same
number of patients was in the group with mild
COVID-19. The patients had COVID-19 in 2020-
2022.

The average body mass index of the patients
was excessive and amounted to 28.58+0.54 kg/m?>.
The average HbA1c content of the patients was
9.43£0.20%, which indicates the presence of DM.

Determination of ApoA1, ApoB, CRR and
IL-6 in blood plasma of patients with DM and
COVID-19

Hydrophobic lipids do not dissolve in blood
plasma and to deliver them to tissues they are
packaged in lipoproteins with cholesterol esters,
TGs in the core and phospholipids, free cholesterol
and apolipoproteins on the surface. ApoAl, the
main protein component of HDL, is a polypeptide
of 243 amino acids with a molecular weight of 28
kDa [17].

The hydrophobic core of LDL consists of
approximately 170 TGs, 1.500 cholesterol esters,
a hydrophilic shell consisting of 700 phospholipid
molecules, about 500 unesterified cholesterol
molecules, and one large copy of ApoB with a
molecular weight of 500 kDa [18]. ApoB is the main
apolipoprotein and is a carrier for the following
lipids: chylomicrons, very low-density lipoproteins,
intermediate-density lipoproteins, and lipoproteins
(a). ApoB is not contained in HDL, the latter are
restored to lipoproteins from ApoA [19].

We measured the levels of ApoA1, ApoB, which
are associated with DM and its cardiovascular
complications, as well as CRP and IL-6, as markers
of inflammation in DM and COVID-19.

The study of COVID-19 impact on ApoA1 and
ApoB levels in the blood plasma of patients with
DM 2-3 years after the disease showed that only
the level of ApoB significantly increased (Table 1).
The ApoB/ApoAl ratio, which indicates the risk
of CVDs, increased from 0.361 to 0.404, remaining
within the normal range. These indicators are
in sharp contrast with the results of ApoA1 and
ApoB determination in the blood of patients with
COVID-19, when the level of ApoB exceeded its
amount in healthy individuals by 2.3 times, and in
patients with DM by more than 2 times. The level
of ApoA1 in the blood of patients with COVID-19
was more than 7 times lower than that of controls,
and compared to patients with DM, it was 4.7 times
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lower [11-13]. In the blood of some patients with
COVID-19 the level of ApoA1 decreased almost
to zero values — 0.09 g/L. The ApoB/ApoA1 ratio
increased to 9.041, which indicated an extremely
high risk of CVDs [11].

Table 1. Impact of COVID-19 on the level of ApoA1, ApoB, IL.-6 and
CRP in the blood plasma of patients with DM

Indicators DM (n=60) DM after COVID-19
(n=38)

ApoAT1, g/L 2.22+0.05 2.17+£0.05

ApoB, g/L 0.80+0.02 0.88+0.02*

IL-6, pg/mL 5.58+042 6.62+0.39

CRP. mg/L 3.51+0.19 3914044

Note. * - differences between two groups are significant, p<0.05.

Gender differences were noted for ApoAt, IL-6
and CRP (Table 2). No changes were observed for
ApoB.

Table 2. Gender differences in the levels of ApoA1/B, IL-6 and CRP
in blood plasma of patients with DM and COVID-19

Indicators Men (n=57) Woman (n=65)
ApoAT, g/L 1.92+0.04 2.24+0.05*
ApoB, g/L 0.84+0.02 0.82+0.02

IL-6, pg/mL 541040 4.51+0.18%

CRP, mg/L 3.05£0.11 3.93+0.20%

Note. * — differences between two groups by gender are significant, p<0.05.

Indicators of ApoA1l, ApoB and CRP were
worse in T2DM than in T1DM (Table 3). The level
of IL-6 did not change.

Table 3. Levels of ApoA1, ApoB, IL-6 and CRP in blood plasma of patients
depending on the type of DM

Indicators T1DM (n=31) T2DM (n=91)
ApoAT1, g/L 2.31£0.05 1.97£0.04*
ApoB, g/L 0.77+0.02 0.86+0.02*
IL-6, pg/mL 4.969+0.19 4538+0.27
CRP, mg/L 2.45%0.06 3.56+0.12%

Note. * - differences between two groups by type of DM are significant, p<0.05.

Since the duration of DM is important for
the course of both COVID-19 and T2DM, the
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dependence of ApoA1, ApoB, IL-6, and CRP on
this indicator was determined. Significant changes
were noted only for ApoB (Table 4).

Table 4. Differences in the levels of ApoA1/ApoB, IL-6 and CRP in the blood
plasma of patients with DM and COVID-19 depending on DM duration

DM duration <15 years (n=91) =15 years (n=31)
ApoAT1, g/L 2.13+0.05 1.99+0.04

ApoB, g/L 0.81+0.02 0.88+0.02*

IL-6, pg/mL 5.06+0.35 5.53+0.31

CRP, mg/L 443£0.35 4.18+0.25

Note. *— differences between two groups by DM duration are significant,
p<0.05.

In addition, the correlation between the indi-
cators of ApoA1/CRP (-0.21766, p=0.02501) and
ApoB/CRP (0.2254, p=0.02018) was confirmed.

IL-6 and CRP were the strongest predictors of
severity in hospitalized patients with COVID-19
[14]. Elevated CRP in combination with elevated
serum lactate and a high lactate/albumin ratio
may assist clinicians in identifying patients
with COVID-19 who are at risk for mechanical
ventilation and death during hospitalization [15].
High levels of IL-6 have been detected in several
highly pathogenic coronavirus-infected diseases,
such as severe acute respiratory syndrome in 2002,
Middle East respiratory syndrome in 2012, and
COVID-19,and the IL-6 pathway has been shown to
be pivotal in the pathogenesis of hyperinflammatory
state [16]. It can be seen that the body’s response to
these indicators is significantly weakened (Tables
1,3, 4).

Determination of lipid metabolism parameters
in the blood plasma of patients with DM and
COVID-19.

Determination of COVID-19 impact on the lipid
profile in the blood plasma of patients with DM
2-3 years after the disease showed that the levels
of LDL and TGs increased, and the level of HDL
decreased (Fig. 1 a-c). At the same time, there
was no significant difference between the mild and
severe course of COVID-19.

Recent evidence suggests that, by regulating
cellular cholesterol homeostasis, HDL and ApoA1
may also regulate inflammatory responses in
endothelial cells and other cell types activated
by proinflammatory stimuli in the arterial intima
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Fig. 1a. HDL amount in the blood plasma of patients depending on
the severity of COVID-19 course.

Note. 1 — control, 2 — DM, 3 — newly diagnosed DM, 4 — DM+mild
COVID-19, 5 — DM+severe COVID-19. * — differences from control are
significant, p<0.05; ** — p<0.01.
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Fig. 1b. LDL amount in the blood plasma of patients depending on
the severity of COVID-19 course.

Note. 1 — control, 2 = DM, 3 — newly diagnosed DM, 4 — DM + mild
COVID-19, 5 — DM + severe COVID-19. * — differences from control are
significant, P < 0.01; + — deviations from group 2 (DM) are significant,
p<0.05; N - deviations from group 3 are significant, p<0.05

TG
mmol/L
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Fig. 1c.TGamountin blood plasma of patients with DM and COVID-19.

Note. T — control, 2 = DM, 3 — newly diagnosed DM, 4 — DM + mild
COVID-19, 5 — DM + severe COVID-19. * - differences from control are
significant, p<0.05; For group 4 — p=0.1
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[20]. It was established that the increased level of
HDL and ApoA1 in plasma is associated with a
reduced risk of developing CVDs. In addition to
their potential cardioprotective function, HDL
and ApoA1 are also characterized by antidiabetic
properties. Elevated plasma HDL and ApoAtl
improve glycemic control in patients with type 2
DM due to increased pancreatic B-cell function and
increased insulin sensitivity. Therefore, treatment
that increases HDL levels may be beneficial in
CVDs associated with DM and COVID-19 [21].
ApoA1 also stimulates glucose uptake in vivo in
skeletal and cardiac muscles [8].

LDL amount in the blood plasma of patients with
DM and COVID-19 increases significantly, which is
also consistent with our data on the increase in the
amount of ApoB in acute COVID-19 [11]. It should
be noted that LDL amount in the blood plasma of
patients in the group with newly diagnosed type 2
DM is higher compared to group 2 (Fig. 1b).

Under oxidative stress conditions, LDL
oxidation occurs in the process of lipid peroxidation,
with the participation of phospholipid molecules.
In pathological conditions, plasma lipoproteins
containing ApoB penetrate through the damaged
endothelium into the subendothelial intima of
vessels, being oxidized by ROS (reactive oxygen
species). Thus, LDL is modified to oxLDL, which
contribute to the formation and progression of
atherosclerotic plaque through several mecha-
nisms, including the induction of endothelial
cell activation and dysfunction, the formation of
foam cells by macrophages, and the migration and
proliferation of smooth muscle cells [7, 22].

The level of TGs significantly increased in
the blood of patients with newly diagnosed DM
and in patients with DM who experienced severe
COVID-19 (Fig. 1c). No significant changes were
observed in patients of groups 2 and 4, but an
upward trend can be noted.

According to other authors, lipid profiles were
significantly affected by COVID-19 with decreased
levels of total cholesterol, HDL cholesterol, LDL
cholesterol, and increased TGs concentrations
compared to control subjects. The amount of
ApoA1l in the plasma of patients decreased by
55% compared to controls [17, 23, 24]. In patients
with COVID-19, hypolipidemia was observed,
which was positively correlated with the severity
of the disease [25]. On the other hand, one of
the symptoms of <«long covid» is hyperlipidemia
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[1-3]. According to our data, the quantity of LDL
(Fig. 1b) and ApoB [11-13] significantly increased.

Conclusions

Thus, we note a significant weakening of the
body’s response to the amplitude of changes
in the concentration of lipids and, especially,
apolipoproteins in patients who fell ill with
COVID-19 2-3 years ago compared to the acute
disease.

Determination of COVID-19 eftect on the lipid
profile in the blood plasma of DM patients 2-3 years
after the disease showed that the levels of LDL and
TGs increased, and the level of HDL decreased.

There was no difference between mild and severe
course of COVID-19.
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ApoA1 — apolipoprotein A1l
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CRP - C-reactive protein

CVDs — cardiovascular diseases

DM - diabetes mellitus

HDL - high-density lipoproteins

IL-6 — interleukin-6

LDL - low-density lipoproteins

oxLDL — oxidized low-density lipoproteins
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TlinigHnii npodpinb i pigHi C-peakTusHoro binka Ta
iHTepneiiKkiny-6 y xBopux Ha uykposuil piaber y
Ni3HbOMY MOCTKOBIZHOMY nepiofi

M.[. TpoHbKo, O.1. KoB3yH, J1.K. Cokonosa,
B.M. NMywkapbos, H.l. JleBuyk, B.B. lMonosa,

H.B. leTbmaH, B.B. lNywKapbos
LY «IHCTUTYT eHAOoKpUHONOTT Ta 0OMiHY peyoBswH im. B.I. KomicapeHka
HAMH Ykpainun»

Pestome. LlykpoBnii giabet (L) i cepueBo-cyanHHi 3axsopioBaHHa (CC3)
€ daKTopamu, AiKi, 3 0gHOro BOKY, yCKnaaHoTb nepebdir KOPOHaBipyCHOT
iHbekuii 2019 poky (COronaVlrus Disease 2019, COVID-19), a 3 iHworo —
NPOBOKYIOTb NOAANbLUI YCKNAAHEHHA LvX 3aXxBOptoBaHb. MeTa. [locniantn
piBeHb anoninonpoteiHy A1 (ApoA1), anoninonpoteiny B (ApoB), ninigis,
C-peaktusHoro 6inka (C-reactive Protein, CRP) Ta iHTepneiikiHy-6 (IL-
6) y kposi 122 xsopux Ha LU i COVID-19 yepe3 2-3 poku nicna 3axso-
ptoBaHHA. Matepian i metogu. ApoAl, ApoB, CRP, IL-6, ninonpoteinn
Hu3bKoT WinbHocTi (Low Density Lipoproteins, LDL), ninonpoTteinn Bucokoi
winbHocTi (High Density Lipoproteins, HDL) Ta tpurniuepuan (TG) 8u3-
Hauanwu 3a gonomorolo Habopis Ana iMyHodepmeHTHoro aHanisy (ELISA)
dipmn («Elabscience», CLLIA). Peaynbratu. Bri3HauenHa snnusy COVID-19
Ha piBHi ApoAT Ta ApoB, y nna3mi kposi xsopwx Ha L[l uepe3 2-3 poku
MiCNA 3aXBOPIOBAHHA MOKa3ano, WO BipOriAHO 3MIHIOBABCA TiflbKN PIBEHb
ApoB. Pasom i3 Tm cnieigHoweHHA ApoB/ApoAT, Ake CBIAUNTL NPo pu-
3nk CC3, 3pocTano 3 0,361 fo 0,404. TenaepHi BIaMIHHOCTI piBHIB ApoAT
Ta ApoB y nna3mi Kposi xBopux Ha LI Ta COVID-19 bynun sinmiyeHi ana
ApoAT, TakoX piBeHb ApoAT 3MiHIOBaBCA 3anexHo Big Tvny L. Bus-
YeHHs 3aneXHOCTI BMICTY anoninonpoTeiHis Big iHaekcy mMacu Tina (IMT)
Ta piBHA rnikoaHoro remornobiny (HbA1c) nokasano 3HmxeHHa BMiCTy
ApoAT i 3pocTaHHsA KoHUeHTpallii ApoB B oci6 3 IMT noHag 30 kr/m? Ta
3 KoHUeHTpauielo HbATc binbwe 7%. BusHaueHHsa snausy COVID-19 Ha
ninigHui npodinb y nnasmi Kposi xsopux Ha L yepes 2-3 poku nicna
3aXBOPIOBAHHA nokasano, wo LDL Ta TG 3poctany, a pieeHb HDL 3Hu-
XyBaBcA. [py UbOMY He BIAMIYANOCA PI3HULI MiX NErkUM i BaxkKAM
nepebirom COVID-19. BucHoBOK. CnocTepiraeTbCs 3HauHe 0cnabneHHs
peakuii opraHiamy WoA0 aMnAiTyan 3MiH KOHUEHTpaUT niniais Ta, ocobnu-
BO, anoninonpoTeiHiB y KPoBi NauieHTiB, AKi nepexsopinv Ha COVID-19
2-3 POKM TOMY MOPIBHAHO 3 TOCTPUM 3aXBOPIOBAHHAM.

Kniouosi cnoBa: COVID-19, uykposuii Aiabet, cepLeBo-CyAMHHI 3axBo-
pioBaHHA, anoninonporteid A1, anoninonpoteid B, C-peakTuBHMIA 6inoK,
iHTEpNEnKIH-6.
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