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Abstract. Today, there is a dramatic global increase in the incidence of diabetes mellitus
(DM), one of the most common diseases worldwide and non-infectious pandemic. It has
been established that the annual growth of this disease is in a geometric progression. Over
the past 25 years, the number of people diagnosed with DM worldwide increased more
than 4 times, reaching 589 million people aged 20-79, according to the data of International

Diabetes Federation.
According to expert forecasts, this number will increase to 643 million by 2030 and to V/IK:616-008.853+612.112+616.379-
783 million by 2045. Approximately 90% of all patients suffering from this disease are 008.64+616-036.21+616-052.8

patients with type 2 diabetes (T2D). A similar progressive increase in the incidence of DM
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is observed in Ukraine too. The coronavirus pandemic has had a global impact on human

health worldwide, including the endocrine system, causing significant disruptions due © M.D. Tron'ko, V.V. Popova,
to an unprecedented increase in mortality and morbidity. The data obtained confirm that 0.V. Furmanova, 0.A. Vyshnevs'ka,
the onset of T2D in post-COVID period is characterized with significant impairments in 0.1 Kovzun

innate and adaptive immunity, necessitating immediate study and a thorough fundamental

understanding of the general pathophysiology and clinical and immunological patterns of

post-COVID pathogenesis in patients with onset of T2D with different body mass index (BMI), Jiensis Creative Commons Attribution
which potentially determines the choice of therapeutic strategy in this category of patients. 4.0 International (CC BY 4.0)
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Despite the large volume of publications devoted to the combination of COVID-19 and T2D,
these studies were mainly performed in patients with T2D with different disease durations.
At the same time, published data on the leukocyte composition, the VNL inflammatory index
(the ratio of the absolute number of neutrophils to the absolute number of lymphocytes),
and the subpopulation composition of lymphocytes in the peripheral blood (PB) in patients
with the debut of T2D in the post-COVID period are extremely limited and contradictory.
Blood subpopulation composition indicators are currently among the key characteristics
of immune function. These parameters are particularly important in patients with newly
diagnosed T2D in the post-COVID period. However, data on leukocyte composition, VNL
parameters, and lymphocyte immunophenotype in patients with newly diagnosed T2D with
different BMI in the post-COVID period are extremely limited and debatable. Information on
the relationship between systemic inflammatory markers and BMI parameters in patients with
newly diagnosed T2D in the post-COVID period is virtually nonexistent. Thus, the objective
of the study was to investigate the total leukocyte count, the leukocyte composition of the
PB, the VNL inflammation index, and determine the lymphocyte immunophenotype (CD3+T,
CD4+T, CD8+T, CD20+, and CD56+ cells) in the blood of patients with newly diagnosed T2D
with different BMI on the background of a history of COVID. Materials and methods. The
study included 98 patients with onset of T2D within 3 months of COVID-19, with varying
BMI, and 94 patients with onset of T2D with varying BMI and disease manifestation in the
pre-pandemic period. The comparison groups consisted of 93 normoglycemic individuals
with varying BMI after COVID-19 and 88 normoglycemic individuals with varying BMI and
without COVID-19 in anamnesis. Results. It was established that for patients with the debut
of T2D and different BMI in post-COVID, compared to patients with newly diagnosed T2D
and different BMI in the pre-COVID period, significant leukocytosis (an increase in the total
number of leukocytes by almost 1.5 times, p <0.001), neutrophilosis (an increase in the
absolute number of neutrophils by almost 2.0 times, p<0.001), monocytosis (an increase
in the absolute number of monocytes by almost 2.0 times, p <0.001), lymphopenia (a
decrease in the relative number of lymphocytes by almost 2.0 times, p<0.001) and an
increase in the VNL inflammatory index by more than 2.0 times in patients with the debut
of T2D after coronavirus disease were likely characteristic. Similar changes in the leukocyte
composition, which were found in patients with the debut of T2D and different BMI in the
post-COVID period, but less significant, were also observed in normoglycemic individuals
with different BMI in the post-COVID period and were completely absent in normoglycemic
people with different BMI in the pre-COVID period, which indicates the key importance of the
changed post-COVID state of immunity in the pathogenesis of the debut of T2D in patients
with different BMI after a previous coronavirus disease. For patients with T2D in the post-
COVID period, a decrease in the absolute number of all lymphocyte subpopulations is likely
characteristic compared to patients in the pre-COVID period and groups of normoglycemic
individuals in the pre-COVID and post-COVID periods. When distributing patients depending
on BMI into 4 subgroups: 1) 25.5 kg / m? 2) 25.9-29.9 kg / m?; 3) 30.0-34.9 kg / m?; 4) >
35.0 kg/m>- a progressive decrease in CD3+ T-, CD4+ T-, D8+ T-, CD20+- and CD56+-cells
was revealed compared to patients with newly diagnosed T2D in the pre-COVID period,
in whom, on the contrary, a progressive increase in all lymphocyte subpopulations was
noted. A similar increase in the absolute number of CD4+ T cells depending on BMI was
also noted in normoglycemic individuals, but it was less pronounced. Conclusion. Changes
in the leukocyte composition and lymphocyte subset composition in patients with the debut
of T2D depend not only on the BMI value, but are also due to the systemic inflammatory
state of post-COVID-19 background, which exacerbates the chronic low-grade inflammation
that forms the pathogenetic basis of DM2 debut. For patients with newly diagnosed T2D in
the post-COVID period, a decrease in the content of all lymphocyte subpopulations in the
peripheral blood is characteristic, which is most pronounced with concomitant obesity, which
indicates the immunosuppressive effect of coronavirus disease on the immune system in
patients with the debut of T2D and different BMI in the post-COVID period. The changes we
have identified in the leukocyte and subpopulation content in patients with the debut of DM2
with different BMI in the post-COVID period explain the bidirectional relationship between
DM2 and coronavirus disease and determine the strategic choice of further pathogenetic
therapy for this category of patients.

Key words: type 2 diabetes, coronavirus disease, immunity, blood subpopulation composition,
VNL inflammatory index, immunophenotype of blood lymphocytes.
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lMoka3HWKK NnenKoLUTapHOro CKNazay KpoBi, iHAeKcYy 3ananeHHs BHA
Ta cy6nonynauiifHoro cTany nimchouuTie KPoBi Y XBOPUX 3 BNEpLLe
BUABJIEHHUM LIYKPOBUM fliabeTom 2 Tuny 3 pi3HUM iHAEKCOM Macu
Tina B NOCTKOBIHMIA nepioA

M.[1. TpoHbKo, B.B. lMonosa, 0.B. ®ypmanosa, 0.A. BuwuHeBcbKa, 0.1. KoB3yH
LY «lHcTutyT eHgokpuHosorii Ta 06miHy peyosuH im. B.I1. KomicapeHka HAMH Ykpainn», Knip

Pestome. Betyn. Hapasi Big6yBaeTbes rnobanbHe aApamartiyHe 36inbLUeHHS 3aXBOPHOBAHOCTI
Ha L[, ke € OfIHiEI0 3 HAMMOLUMPEHILLMX HO30JI0ri B YCbOMY CBITi Ta HABYyNo xapakTepy
HeiHeKLiinHoi naHgemii. BCTaHOBIEHO, L0 LLIOPIYHE 3POCTAHHA LIbOr0 3aXBOPHBAHHA
BiAOYBAETHCA Y FEOMETPUYHIN nporpecii. Tak, 3a 0CTaHHi 25 POKiB KinbKiCTb XBOPUX
Ha JiabeT y CBiTi 36inbLimnacs 6inbl HX y 4 pasu i CTAHOBUTb HUHI 589 MNH, BiKOM
20-79 pokis, 3rigHo 3 gaHumu MixxHapogHoi doepepaii giabery.

3a nNporHo3amu ekcnepTiB, Us KiNbKicTb 3pocTe Ao 643 mnH ao 2030 poky i 4o 783 MnH Ao
2045 poky. Mpn6nn3Ho 90 % BCix NaLieHTiB, SKi CTPOXAAIOTh Ha Lie 3aXBOPHOBAHHA CKNALAKTh
xBopi Ha LLJ2. AHanoriyHe NnporpecuBHe 3pOCTaHHA 3axBOPHOBAHOCTI Ha LI cnocTepiraioTb
i B Ykpaiui. [angemis KopoHasipyCHOI XBOPO6M rnobanbHO BNAKHYNA HA 340P0B’A NAeN
B YCbOMY CBiTi, B TOMY YUCIIi i HA EHAOKPUHHY CUCTEMY, CTIPUYUHSAKYM 3HAYHNIA PYAHIBHUI
BNAKB Yepe3 6e3npeLeeHTHe MiABULLEHHS CMEPTHOCTI Ta 3aXBOPHOBAHOCTI. OTpuMaHi
JaHi NiaTBEPKYIOTh, WO npu Ae6toTi L2 B NOCTKOBIAHMIA Nepiog MatoTb MiCLe 3HaYHi
NOPYLIEHHS BPOLKEHOr0 Ta ajanTUBHOMO IMYHITETY, L0 AUKTYE HEOOXiAHICTb HEeBiAKNAa-
HOI0 BUBYEHHSA i IMUBUHHOr0 (PYHAAMEHTTILHOr0 PO3YMIHHA 3arafibHoi narodisionorii 1a
KIiHIKO-IMYHOJIOTYHNX 3aKOHOMIPHOCTE MOCTKOBIAHOMO NATOreHe3y y XBOpux 3 fe6toTamm
L2 1a pisHumM IMT, L0 NOTeHLINHO BU3Ha4Yae BMGIp TepaneBTUYHOI CTPATErii y Liel kaTeropii
XBOPUMX. HeaBaxxato4m Ha BeNMKIiA 06CAT ny6nikaLliin, npucesyeHnx noeaHanHio COVID-19
i L2, ui mocnigpKeHHs nepeBaXKHo 6YN1 BUKOHAHI y XBOPUX Ha L2 3 pisHuMu TepmiHamu
3aXBOPIOBaHHA. B TOI e 4ac paHi ny6nikauin, LOA0 NeiKoLMTapHoro cknagy, iHaekcy
3ananeHHs BHJT (BigHOLLIEHHS a6CONOTHOT KinbKOCTi HEMTPOWINIB 10 aBCOMKOTHOI KiflbKOCTI
nimgpouuTis), cyénonynauinHoro cknagy nimdounTis B nepudepuyHin kposi (MK) y xsopux
3 peo6totom LI12 B mocTkoBigHOMY nepiofi BKpail 06MexeHi Ta cynepeyunusi. [okasHuKu
cy6nonynaLinHoro cknafy KpoBi Ha Hapasi € OOHUMN i3 KNOHOBUX XapaKTePUCTUK PYHK-
Lii imyHiTeTy. Oco6nnBe 3Ha4eHHS Li NapameTpyu MaloTb Y XBOPUX HA BMEPLUE BUSABIIEHNI
Lykposuin fiabet 2 tuny (LJ2) B nocTkosigHoMy nepiofi. MpoTe AaHi JoCnimKeHb Woao
NeNKOLMTApHOro CKnamy, NokasHukis BHI1 ta cTany iMmyHoeHoTUNY NiMADOLUUTIB Y XBOPUX
Ha BnepLue BusBrenuin L2 3 pisHum ingekcom macu Tina (IMT) B nocTkoBigHOMY nepioi
BKpail Mano4ucenbHi Ta auckytabenbHi. Maiixe BigCYTHs iHGhOpMaLLisi NP0 B3aEMO3B 430K MiXK
CUCTEMHUMUW MapKepamu 3ananeHHs Ta nokasHukamu IMT y XBopux i3 BNepLLe BUSBIIEHUM
L2 B nocTkoBigHOMY nepiofi. Takum YMHOM, METOH PO6OTY CTano LOCHiIKEHHS 3aranbHoi
KinbKOCTI NeikounTis, nerkouutapHoro cknagy MK, ingekcy sananeHHs BHJ1, Bu3Ha4yeHHs
nokasHukis imyHodbeHoTuny nimountis (CD3+T-, CD4+T-,CD8+T-,CD20+-i CD56+-kni-
TWH) KPOBI y XBOPMX 3 BrepLue sussneHum L2 i pisium IMT Ha Tn1i nepeHeceHoro Kosify.
Marepianu Ta metoaun. [lo focnimxeHHs 6ynu 3anyyeHi 98 xsopux 3 gebrotom L2, wo
Bif6YBCA NpOTAroM 3 MicsLiB nicns nepeHeceHoro kosigy, 3 pisHum IMT Ta 94 xsopux 3
ne6rotom L2 Ta pisHum IMT 3 maHichecTauieto 3aXBOproBaHHs B nepeanaHaeMivHnii nepiog.
[pynu nopiBHAHHA cknanu 93 HOPMOTTIKEMIYHNX NFOLEN NiCNA NEPEHECEHOr0 KOPOHABIPYCHOTO
3axBOPIoBaHHs 3 pisHUM IMT Ta 88 Hopmornikemivnux 3 pisHum IMT 6€3 KOBiZly B aHaMHE3i.
PesynbTati. BcTaHoBNEHO, WO Ang xsopux 3 ge6totom L2 3 pisHum IMT B nocTKoBigi
NOPiBHAHO 3 XBOPUMM 3 BrepLue BussieHum L2 3 pisHum IMT B nepekoBifi xapakTepHi
BIpOTiJHi 3HA4YHWIA NENKOUMTO3 (NiABULLEHHS 3aranbHOi KilbKOCTi JIENKOLMTIB Manxe
B 1,5 pasu, p<0,001), HeNTpohiNbO3 (NiABMLLEHHS aBCONIOTHOI KiNbKOCTI HEMTPOMIniB
maixe B 2 pasu, p<0,001), MOHOLMTO3 (NiLBULLEHHA aBCONIOTHOI KiNbKOCTI MOHOLMTIB
maike B 2 pasu, p<0,001), nimdounToneHis (3MeHLLEHHS BiJHOCHOI KiflbKOCTi NiM)oLuTIB
maixe B 2 pasu, p<0,001) Ta nigsuileHHs iHgekcy 3ananenHs BHJT 6inblue Hix B 2 pasu
(p<0,001), W10 CBigYUTL NPO CyMapHe MiJBULLEHHS PiBHA CUCTEMHOr0 3ananeHHs y XBOpux
3 pebrotamu L2 nicns nepeHeceHOro KOPOHaBiPYCHOrO 3axBOPHOBaHHA. 104i6HI 3MiHN
NeNKOLMTApHOro cknagy, o 6ynu BuseneHi y xsopux 3 geéootom L2 3 pisHum IMT B
NOCTKOBIfj, ae MeHLL 3Ha4yLLi, CNocTepirany i B HOPMOTMiKeMiYHUX ntofei 3 pisHum IMT
B NOCTKOBIAi T2 6yN1 30BCiM BifICYTHI y HOPMOTNiKeMi4HNX 3 pisHum IMT B nepeakoBigHOMY
nepioAi, L0 CBIJYUTL NPO KITKOYOBE 3HA4YEHHS 3MIHEHOr0 NMOCTKOBILHOr0 CTaHY iMYHITETY
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B natoreHesi ae6toty L2 y xsopux 3 pisHum IMT nicnsi nepeHeceHoro KOpoHaBipyCcHOro
3axBOpOBaHHA. [Ana xBopux Ha L[12 B NOCTKOBIZHOMY Mepiofi XapakTepHe BiporigHe
3HUKEHHA aBCOTHOI KifbKOCTI BCiX cybrnonynauii NimoLnTiB NOPiBHAHO 3 XBOPUMM B
JIOKOBiIHOMY MepioAi Ta rpynamMm HOPMOrTiKeMiYHUX K0 B JOKOBIAHOMY Ta NOCTKOBIAHOMY
nepionax. Mpu po3nogini xsopux 3anexHo Bifg IMT Ha 4 nigrpynu: 1)25,5 kr/m?; 2) 25,9-
29,9 kr/m2; 3) 30,0-34,9 kr/m?; 4) > 35,0 Kr/M2 — BUSIBNEHO NPOrpecytoye 3HMmKeHHs CD3+ T-,
CD4+ T-, D8+ T-, CD20+- i CD56+-KNiTUH NOPIBHAHO 3 XBOPUMMU Ha BnepLue BusisneHui L2
B [IOKOBIIHOMY NepioAi, B AKNX BiA3Ha4anocs, HaBnaku, nporpecytoye 30inbLIeHHS BCiX Cy6-
nonynauii nimcouuTis. MoaidHe niaBuLLEHHS abcontoTHOro Yyucna CD4+ T-KNiTUH 3anexHo
BiA IMT Big3Ha4Yanm TakoxX i B HOPMOITIKEMIYHUMX NIt0feid, ane 6yno MeHW BUpaxeHum. ns
XBopux Ha LIJ2 B noCTKOBIAHOMY nepiofi xapakTepHe BiporigHe 3HWXEHHS abCOJTHOI
KifIbKOCTI BCiX cybnonynauin niMmdouuTis NOPiBHAHO 3 XBOPUMM B [OKOBIAHOMY Nepiofi Ta
rpynamu HOPMOTTIIKEMIYHMX NtoJei B [OKOBIAHOMY Ta MOCTKOBigHOMY nepioaax. MomibHe
nigBuLLeHHst abcontoTHoro yncna CD4+ T-kniTuH 3anexxHo Bif IMT Big3Ha4anoch TakoX i B
HOPMOTTIKEMIYHNX NIOAENA, ane BOHO 6yNno MeHLL BUPaXKeHUM. BUCHOBKW. 3MiHV B neikoLu-
TapHOMY Ta cybrnonynsuiitHomy cknagi nimdouuTis y xBopux 3 aedrotom L2 3anexarb He
TiNbKK Big 3Ha4eHb IMT, ane il 3yMOBJIEHi CUCTEMHWUM 3anaibHUM CTaHOM MOCTKOBILHOIO T/1a,
LLO MiACUITIOE XPOHiYHE 3ananeHHs HU3bKOro CTYNeHs, iKe CTAHOBUTb NATOreHeTUYHIIA 6a3uc
ne6toty LU2. [Ing nauieHTis 3 Bnepiue BussieHum LI12 B nOCTKOBIAHOMY Nepiofli XapakTepHe
3HWKEHHS BMICTY B MepudepryHin KpoBi BCix cybrnonynauiil nimdoLmTiB, IKe MakCUManbHO
BUPXEHE NP CyNyTHHOMY OXXUPIHHI, L0 CBIAYNTb NP0 iMYHOCYNPECWUBHUIA BNIMB KOPOHO-
BiPYCHOI0 3aXBOPIOBAHHSA HA CTaH iMYHHOI cucTeMm y XBopux 3 aebrotom L2 3 pizHum IMT
B MOCTKOBIAHOMY nepiofi. BusineHi HaMu 3MiHN B NENKOLMTapHOMY Ta B cyononynsuiitHomy
BMiCTi y xBopux 3 Ae6totom L2 3 pisHum IMT B OCTKOBIAHOMY NepioAi NOSCHIOKTH BOCTO-
POHHiI 3B’430K MixX LI[12 i KOpOHaBipyCHUM 3aXBOPHOBAHHAM Ta 06YMOBJIHOKOTh CTPATEri4HMINA
BMGIP NOJANbLLIOT NATOreHeTUYHOT Tepanii Liel KaTeropii Xsopux.

KntoyoBi cnoBa: giabet 2 Tuny, KOPOHaBipyCcHa XBOP06a, iIMYHITET, NENKOLUTAPHWIA cKnap

KpoBi, BHJT iHaekc, imyHodeHOTUN NiMAOLNTIB KPOBI.

It is currently generally accepted that type
2 diabetes mellitus (T2D) is a disease that is based
on systemic low-intensity chronic inflammation
and is characterized by the presence of character-
istic inflammatory biomarkers of inflammation (leu-
kocytosis, monocytosis, neutrophilosis, increased
VNL inflammatory index, increased levels of C-re-
active protein and pro-inflammatory cytokines) [1,
2, 3, 4]. According to modern concepts, one of the
key pathophysiological mechanisms of coronavirus
disease 2019 (COVID-19) is immune system dys-
function both during the development of the dis-
ease and in the post-COVID period. However, the
role of the immune system in the pathogenesis of
T2D in the post-COVID period is currently almost
unstudied. In particular, data on the subpopulation
composition and relative and absolute number of
blood lymphocytes in patients with newly diag-
nosed T2D in the post-COVID period are sporadic
and debatable [5]. A number of studies have al-
ready established that in patients with newly diag-
nosed T2D in the pre-COVID period, an increase in
lymphocyte subpopulations in the PB was noted
[6, 7, 8]. Also, many studies have reliably estab-
lished that there is a direct correlation between the
increase in the number of blood lymphocyte sub-
populations and the BMI level in patients with newly
diagnosed T2D who developed the disease in the
pre-pandemic period [9]. In patients with the debut
of T2D, which occurred already in the post-COVID
period, the situation, according to research, is the

opposite. A number of recent studies have found
that the number of peripheral blood lymphocyte
subpopulations in patients with newly diagnosed
T2D in the post-COVID period is reduced [10, 11].
Thus, the number of CD4+ and CD8+ T-lympho-
cytes in patients with newly diagnosed T2D in the
post-COVID period is lower than in patients without
DM after a coronavirus disease [12]. Currently, data
on the immunophenotype of lymphocytes in the
peripheral blood of patients with newly diagnosed
T2D in the post-COVID period are few and ambig-
uous. The question of the impact of COVID on the
subpopulation composition of blood lymphocytes
in patients with newly diagnosed T2D and different
BMI is also open.

For studying immunophenotype of lympho-
cytes (CD3+ T-, CD4+ T-, CD8+ T-, CD20+, and
CD56+ cells) in blood of patients with newly di-
agnosed T2D and different BMI in the post-COVID
period, 98 patients with newly diagnosed T2D who
had recovered from COVID-19 and varied in BMI,
and 94 patients with onset T2D and varied in BMI
with disease manifestation in the pre-pandem-
ic period were included in the invastigation. The
groups were equally distributed by gender and had
no history of cardiovascular, oncological, or other
systemic diseases. The comparison groups con-
sisted of 93 normoglycemic individuals with varied
BMI after COVID-19 and 88 normoglycemic indi-
viduals without a confirmed history of COVID-19,
recruited in the pre-COVID period. These indi-
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viduals were normoglycemic healthy individuals
with varied BMI. Based on BMI, the groups of
patients with onset T2DM and the normoglyce-
mic individuals were divided into four subgroups,
each with a different BMI. The group of patients
with the onset of T2D in the pre-COVID period:
1) with normal BMI (<25.0 kg/m?) — 25 patients;
2) BMI from 25.0 to 29.9 kg/m? — 23 patients;
3) BMI from 30 to 34.9 kg/m> — 25 patients;
4) BMI above 35.0 kg/m? — 21 patients. The group
of patients with the onset of T2D after COVID-19:
1) with normal BMI (<25.0 kg/m?) — 22 patients;
2) BMI from 25.0 to 29.9 kg/m? — 27 patients;
3) BMI from 30 to 34.9 kg/m?— 26 patients; 4) BMI
above 35.0 kg/m? — 23 patients. A group of nor-
moglycemic people with different BMI after corona-
virus disease: 1) with normal BMI (<25.0 kg/m?) —
23 people; 2) BMI from 25.0 to 29.9 kg/m?> —
25 people; 3) BMI from 30 to 34.9 kg/m?> — 24
people; 4) BMI above 35.0 kg/m?> — 21 people. A
group of normoglycemic people with different BMI
without a confirmed history of coronavirus disease,
that is, recruited in the pre-COVID period: 1) with
normal BMI (<25.0 kg/m?) — 21 people; 2) BMI
from 25.0 to 29.9 kg/m? — 24 people; 3) BMI from
30 to 34.9 kg/m? — 23 people; 4) BMI over 35.0 kg/
m? — 20 people.

The body mass index was defined as the ratio
of body weight in kg to the square of the height
in meters. According to the generally accepted
international classification, BMI values between
18 and 24.9 kg/m? are defined as normal, from 25.0
to 29.9 kg/m? — overweight, 30.0-34.9 kg/m? —
grade 1 obesity, 35 — 39.9 kg/m? — grade
3 obesity. The diagnosis of T2D was established
according to the recommendations of the Amer-
ican Diabetes Association [13]. The level of gly-
cosylated hemoglobin, cholesterol, lipoproteins
and triglycerides were determined fasting by a

Table 1
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biochemical method with the HummasStar 600 au-
tomatic analyzer (Germany). Systolic and diastol-
ic blood pressure — on an automatic tonometer
UA778 (Japan), according to the recommenda-
tions of the American Heart Association.

The total number of leukocytes in the PB was
determined using a hematological analyzer, and
the leukocyte composition was determined both
using the analyzer and in blood smears stained
according to Pappenheim using cacodylate buffer
(Ph 6.85) per 200 identifiable cells.

The content of lymphocytes of various immu-
nological phenotypes (CD3+T-, CD4+T-, CD8+T-,
CD20+T-, and CD56+T-cells) was determined
by flow cytometry using a FACStar Plus Becton
Dickenson laser cytofluorimeter (USA) and a
panel of “BectonDickinson” (USA) and “Dakopat”
(Denmark). For this purpose, mononuclear cells
from heparinized PB were isolated by differential
centrifugation in a Ficoll-Urostat density gradient
(Sweden) with subsequent incubation in plastic
dishes for 1 hour in a CO2 incubator to eliminate
monocytes. The purified lymphocyte fraction
was treated with specific monoclonal antibodies
labeled with fluorescein isothiocyanate or phy-
coerythrin. Statistical processing of the obtained
data was carried out using the variation statistics
method by the standard statistical calculation
package in the LibreOffice Calc program.

The results of the general clinical and clinical
laboratory studies of patients with the onset of
T2D and different BMI against the background of
a previous coronavirus disease and patients with
newly diagnosed T2D and different BMI before
COVID-19 and comparison groups consisting of
a group of normoglycemic people after COVID-19
with different BMI after a previous coronavirus
disease, that is, recruited in the pre-pandemic pe-
riod, are presented in Table 1.

Clinical and laboratory parameters of the total number of patients with newly diagnosed T2D with different BMI in pre- and post-
COVID period and healthy normoglycemic people with different BMI in pre-and post-COVID

Normoglycemic people

Patients with the debut

Clinical and laboratory with different BMI P1 of T2D with different BMI
parameters =181 - =192 - P2 P P4
After COVID Without COVID After COVID Without COVID

n=93 n=88 n=98 n=94
Age. years 52 (42-71) 51 (40-67) >0.05 54 (44-73) 53 (41-72) >0.05 >0.05 >0.05
BMI. kg/m? 24.93+0.58 24.13+0.12 >0.05 30.89+0.16 30.43+0.27 >0.05 <0.05 <0.05
HbA1c. % 5.34+0.07 5.23+0.06 >0.05 8.2+0.06 7.89+0.03 >0.05 <0.05 <0.05
SBP. mmHg 128.34+2.73 127.54+1.67 >0.05 148.16+2.85 145.43+1.12 >0.05 <0.05 <0.05
Cholesterol. mmol/I 4.90 (4.50-5.20)  4.40 (4.00 -4.90) >0.05 5.68 (4.10-5.72) 5.30 (4.795.80) >0.05 <0.05 <0.05
Triglycerides. mmol/I 1.30(1.10-2.26)  1.15(1.10-2.26) >0.05 2.34 (1.14-3.30) 2.16 (1.12-3.30) >0.05 <0.05 <0.05
Low-density lipoproteins. mmol/l 24(0.7—3.0) 2.95(0.90—3.0) >0.05 3.12 (0.84-3.32) 3.09 (0.86-3.40) >0.05 <0.05 <0.05
High-density lipoproteins. mmol/l  1.45 (1.30 —1.60)  1.80 (1.68-1.95) >0.05 1.12 (0.84-1.55) 1.34 (0.85-1.57)  >0.05 <0.05 <0.05

Notes: P1 — between groups of normoglycemic people in post-COVID and pre-COVID periods;

P2 — between patients with the debut of T2D in post-covid and pre-covid periods;

P3 — between normoglycemic individuals and patients with the debut of T2D in post- COVID period;
P4 — between normoglycemic individuals and patients with the debut of T2D in the pre-COVID period.
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Table 2

The results of the examination of patients
with newly diagnosed T2D presented in Table 1
indicate a probable increase in BMI, glycosylated
hemoglobin levels, some lipid profile parameters,
and systolic blood pressure compared to healthy
normoglycemic individuals. The results of the ex-
amination of groups of patients with the onset of
T2D in the pre- and post-COVID periods and the
examination of groups of normoglycemic individ-
uals in the post- and pre-COVID periods did not
differ significantly for any of the parameters ex-
amined. Gonversely, differences in the parameters
examined between groups of patients with newly
diagnosed T2D with different BMI in the pre- and
post-COVID periods and healthy normoglycemic
individuals with different BMI in the pre- and post-
COVID periods were probable.

When studying the leukocyte composition
(Table 2), it was found that in patients with newly
diagnosed T2D in the pre-COVID period, statisti-
cally significant leukocytosis was detected com-
pared to the group of normoglycemic people in
the pre-COVID period, which is consistent with the
data of other authors [14].

The results of the study of patients with the
onset of T2D in the post-COVID period compared
to normoglycemic individuals with different BMI,
who were examined in the post-COVID period, re-
vealed a significant increase in the total leukocyte
count, which is also consistent with the results of
some studies [15]. The greatest increase in leuko-
cyte count was observed in the group of patients
with the onset of T2D in the post-COVID period
compared to the group of patients with newly di-
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agnosed T2D in the pre-COVID period, which is
consistent with the data of other authors [16]. As
can be seen from Table 2, leukocytosis in the two
groups of patients with the debut of T2D com-
pared to that in the two groups of normoglycemic
individuals was due to a significant increase in the
number of neutrophils. The neutrophilosis level
in patients with the debut of T2D in the pre- and
post-COVID periods indicates an increase in the
number of neutrophils in the post-COVID period,
both relative and absolute. Thus, the study results
established that the debut of T2D with different
BMI in the post-COVID period is characterized by
significant, reliable neutrophilosis. Similar chang-
es were observed in monocytes in patients of
two groups with the debut of T2D compared with
those in two groups of normoglycemic individu-
als. Monocytosis was due, as shown in Table 2,
to a significant increase in the number of mono-
cytes in both the post- and pre-COVID periods.
An increase in monocytes was also detected in
normoglycemic individuals during similar periods.
When studying the level of monocytosis between
the groups of patients with the debut of T2D in
the post- and pre-COVID periods, an increase in
the number of monocytes was found in the post-
COVID period. When studying the level of lym-
phocytes in two groups of patients with the debut
of T2D compared with those in the two groups
of normoglycemic individuals, a significant de-
crease in the number of lymphocytes was found,
as shown in Table 2. However, the maximum de-
crease in the lymphocyte count was determined in
patients with the debut of T2D in the post-COVID

The total number of leukocytes, leukocyte composition and NLR index in patients with newly diagnosed T2D with different BMI in
pre- and post-COVID periods and healthy normoglycemic people with different BMI in pre- and post-COVID patients (M+m)

Normoglycemic people with different

Patients with T2D debute with

BMI P1 different BMI
Leukocyte composition n=181 n=192 P2 P3 P4
After COVID Without COVID After COVID Without COVID
n=93 n=88 n=98 n=94
Leukocytes. 101 8.36+0.13 6.16+0.27 <0.001 10.16+0.34 7.32+0.16* <0 <0.05 <0.001
Neutrophils. % 66.33+1.02 58.37+1.12 <0.001 70.82+0.79 62.44+1.35 <0.001 <0.001 <0.05
Neutrophils. 10%I 5.54+0.17 3.56+0.16 <0.001 7.20+0.12 4.20+0.16 <0.001  <0.05 <0.001
Eosinophils. % 1.06+0.13 2.01£0.25 <0.001 1.46+0.16 1.75+0.12 <0.001 <0.001 >0.05
Eosinophils. 101 0.34+0.01 0.18+0.01 <0.001 0.15+0.03 0.17+0.01 <0.001 <0.001 >0.05
Basophils. % 0.18+0.05 0.29+0.03 <0.05 0.32+0.09 0.43+0.09 <0.05 <0.05 <0.05
Basophils. 1091 0.01+0.00 0.02+0.01 >0.05 0.03+0.01 0.03+0.01 >0.05 <0.05 <0.05
Monocytes. % 9.27+0.18 7.36+0.39 <0.001 10.70+0.28 9.26+0.21 <0.001 <0.001 <0.001
Monocytes. 10%I 0.77+0.03 0.45+0.05 <0.001 1.0620.02 0.68+0.02 <0.001 <0.001 <0.001
Lymphocytes.% 21.89+1.17 31.09+1.13 <0.001 16.70+0.64 26.78+0.63 <0.001 <0.001 <0.001
Lymphocytes. 10%/1 1.83:0.03 1.92+0.00 50.05 1.69:0.08 194:006  <0.05 <005 <005

Notes: P1 — between groups of normoglycemic people in post- and pre-COVID periods; P2 — between patients with the debut of
T2D in post- and pre-COVID periods; P3 — between normoglycemic individuals and patients with the debut of T2D in post-COVID
period; P4 — between normoglycemic individuals and patients with the debut of T2D in the pre-COVID period.
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period compared to the group of patients with the
debut of T2D in the pre-COVID period. Thus, the
results of the study established that the debut of
T2D with different BMI in the post-COVID period
is accompanied by significant lymphocytopenia,
which is due to the immunosuppressive effect of
both the onset of T2D and newly diagnosed T2D,
in contrast to patients with the debut of T2D with
different BMI in the pre-COVID period, in which
lymphocytopenia is due only to the presence of
low-grade inflammation, which is a key feature of
the onset of T2D in the pre-COVID period. The re-
sults of the study also established that the onset
of T2D with different BMI in the post-COVID period
is associated with a significant increase in the VNL
index, which is a marker of the maximum increase
in the level of systemic inflammation in patients
with the onset of T2D against the background of
post-COVID, which is also consistent with the re-
sults of publications of other authors [16].

Our data obtained during a flow cytometric
study of the immunophenotype of blood lympho-
cytes (CD3+ T-, CD4+ T-, CD8+ T-, CD20+-, and
CD56+-cells) revealed that a significant decrease in
most subsets of these cells is characteristic of the
group of patients with newly diagnosed T2D in the
post-COVID period. This is similar to the group of
patients diagnosed with T2D in the pre-COVID peri-
od and, accordingly, the groups of normoglycemic
individuals in the pre-COVID and post-COVID peri-
ods, which is currently included in the concept of
the pathogenetic development of T2D in the post-
COVID period, in which the most vulnerable is the
chain of innate immunity, which is most damaged
at the debut of T2D against the background of a
previous coronavirus disease (Table 3).

Table 3
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The data obtained in this study are consistent
with the results of studies on this issue by other
authors [17, 18, 19]. When dividing the entire ex-
amined cohort of patients with newly diagnosed
T2D both in the pre-COVID and post-COVID pe-
riods into four subgroups depending on BMI:
< 25.0 kg/m?, 25.0-29.9 kg/m?, 30-34.9 kg/m?,
35 kg/m? of the CD3+T, CD4+T, CD8+T, and
CD56+T lymphocyte subpopulations. The studies
conducted, as shown in Table 4, demonstrated
that in patients with the onset of T2D and different
BMI in the pre-COVID period, the levels of all stud-
ied T-lymphocyte subpopulations were sharply
increased. The greatest changes in subpopulation
composition were observed in patients with on-
set of T2D and a BMI greater than 35 kg/m?2. In
patients with newly diagnosed T2D and varying
BMI, the post-COVID period showed a complete-
ly opposite relationship: the levels of all studied
T-lymphocyte subpopulations were sharply re-
duced, compared to normoglycemic individuals in
both the post-COVID and pre-COVID periods, as
well as in patients in the pre-COVID period. The
degree of this reduction likely correlated with the
progressive increase in BMI (Table 4).

Discussion Thus, the conducted studies have
established that for patients with the debut of T2D
and different BMI in post-COVID period, compared
to patients with newly diagnosed T2D and differ-
ent BMI in pre-COVID period, are characteristic
probable significant leukocytosis (an increase
in the total number of leukocytes by almost 1.5
times, p < 0.001), neutrophilosis (an increase in
the absolute number of neutrophils by almost
2.0 times, p < 0.001), monocytosis (an increase
in the absolute number of monocytes by almost

Relative and absolute number of lymphocytes of different immunophenotypes in patients with newly diagnosed DM2 with different
BMI in the post-COVID and pre-COVID periods and healthy normoglycemic people with different BMI after COVID and without pre-

vious coronavirus disease (M=m)

Immunopheno-type of CD Normoglyce-mic

Patients with T2D

Normoglyce-mic people  Patients with

people in the pre- in the pre-COVID P4 in the post-COVID T2D in the post- P3 P1 P2

lymphocytes COVID period period period COVID period
1.CD3+T-cells (%) 56.91+0.41 58.69:057  <0.05 55.12+0.21 54.02:016 <005 <005  <0.05
2. CD3+T-cells (10%) 1.07:0.01 113:003  <0.05 1.0120.02 0.86:003 <005 5005 <0.05
3. CD4+T-cells (%) 36.49+0.41 39.94:058  <0.05 35.27+0.31 31376018 <005 <005 <0.05
4. CD4+T-cells (10%) 0.69:0.01 0.88:0.02 <005 0.64:0.01 059:008 <005 <005 <0.05
5. CD8+T-cells (%) 22.08+0.41 2379053  <0.05 21.03+0.12 19.31:053 <005 <005 <005
6. CD8+T-cells (10%) 0.410.03 048:002  <0.05 0.39:0.01 0.36:0.01 005 <005 <0.05
7. CD20+T-cells (%) 10.51£0.25 1155:023  <0.05 9.12:0.21 8.15:0.31 005 <005 <0.05
8. CD20+T-cells (10/) 0.20:0.02 0.22:0.01 >0.05 0.18:0.01 0.15:0.01 005 5005 <0.05
9. CD56+T-cells (%) 10.21£0.21 11.34:028 <005 9.10:0.13 802:010 <005 <005 <0.05
10. CD56+T-cells (10%1) 0.20£0.03 0.25+0.01 <0.05 0.17+0.01 0.14£0.01 <005 <005 <0.05

Notes: P1 — between groups of normoglycemic people in the post-Covid and pre-Covid periods; P2 — between patients with the
debut of DM2 in the post-Covid and pre-Covid periods; P3 — between normoglycemic people and patients with the debut of DM2
in the post-Covid period; P4 — between normoglycemic people and patients with the debut of DM2 in the pre-Covid period.
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Table 4
Relative (%) and absolute (109/1) number of lymphocytes of different immunophenotypes (CD) in the PB of patients with newly diag-
nosed T2D depending on BMI in the pre- and post-COVID periods

BMI in patients with newly diagnosed type 2 mellitus

cD pre-Covid post-Covid
25.0- 25.0- 25.0- 30.0-

<25.0 kg/m? 299 kg/m? 29.9 kg/m? Over 35.0 kg/m? <25.0 kg/m? 29.9 kg/m? 34.9 kg/m? Over 35.0 kg/m?
1. 56.99+0.34 57.97+0.42* 58.94+0.54# 60.88+0.359 55.01£0.12a 54.03+0.01**b 53.07£0.16##c 52.13+0.27ggd
2. 1.06+0.01 1.12+0.01 1.1520.01# 1.30+0.05¢ 1.00+0.03a 0.91£0.01**b 0.84+0.02##c 0.73+0.03ggd
3. 36.37+0.15 37.52+0.12* 42.61+0.13# 43.27+0.169 35.15+0.14a 34.05£0.25**b 29.12+0.15##c 27.17+0.12ggd
4. 0.73+0.03 0.82+0.01* 0.94+0.02# 1.07+0.01g 0.67+0.01a 0.61+0.03**b 0.57+0.01##c 0.51+0.02ggd
5. 23.01+0.12 23.42+0.10* 24.16+0.15# 24.57+0.13g 21.04+0.15a 20.01+0.21**b 19.0620.10##c 17.160.159gd
6. 0.44+0.01 0.46+0.01* 0.49+0.01# 0.54+0.02g 0.41+0.01a 0.38+0.01**b 0.34+0.01##c 0.31+0.01ggd
7. 10.03x0.15 11.01+0.21* 12.04+0.54# 13.03+0.19g 9.78 +0.10a 8.71+0.32**b 7.63+0.31##c 6.46+0.13ggd
8. 0.22+0.01 0.21+0.03 0.20+0.02 0.26+0.04g 0.17+0.02a 0.15£0.01b 0.14+0.01c 0.13+0.03d
9. 10.25+0.25 10.98+0.12* 11.41£0.13# 12.63+0.27¢ 9.01+0.12a 8.51£0.27**b 7.99+0.10##c 6.58+0.12ggd
10. 0.23+0.01 0.24+0.01* 0.27+0.01# 0.31+0.029 0.19+0.01a 0.16+0.01**b 0.13+0.01##c 0.10+0.01ggd

Notes: * — P1 < 0.05 — between patients with the debut of T2D with BMI < 24.9 kg/m2and patients with the debut of T2D with BMI
>25.0 kg/m?to <29.9 kg/m?in the pre-COVID period; # — P2 < 0.05 — between patients with the debut of T2D with BMI 25.0 kg/m? —
< 29.9 kg/m? and patients with the debut of T2D with BMI 30.0 kg/m? to < 34.9 kg/m? in the pre-COVID period; g — P3 < 0.05 —
between patients with the debut of T2D with BMI 30.0 kg/m? — < 34.9 kg/m? and patients with the debut of T2D with BMI > 35.0 kg/
m2 in the pre-COVID period; ** — P4 < 0.05 — between patients with the debut of T2D with BMI<24.9 kg/m? and patients with the
debut of T2D with BMI > 25.0 kg/m? to <29.9 kg/m? in post-COVID period; ## — P5 < 0.05 — between patients with the debut of
T2D and BMI from 25.0 kg/m? — <29.9 kg/m? and patients with the debut of T2D with BMI30.0 kg/m? to <.34.9 kg/m? in post-COVID
period; gg — P6 < 0.05- between patients with the debut of T2D and BMI 30.0 kg/m? — <.34.9 kg/m? and patients with the debut of
T2D and BMI — > 35.0 kg/m? in post-COVID period; a— P7 < 0.05 — between patients with the debut of T2D and BMI<24.9 kg/m? in
pre-COVID period and patients with the debut of T2D with BMI<24.9 kg/m?2 in pre-COVID period; b — P8 < 0.05 — between patients
with the debut of T2D with BMI from 25.0 kg/m? — <29.9 kg/m? in post-COVID period and patients with the debut of T2D with BMI
from 25.0 kg/m? — <29.9 kg/m? post-COVID period; ¢ — P9 < 0.05 — between patients with the debut of T2D with BMI 30.0 kg/m? —
<.34.9 kg/m2 in post-COVID period and patients with the debut of T2D with BMI 30.0 kg/m? — <.34.9 kg/m? in pre-COVID period;
d- P10 < 0.05- between patients with the debut of T2D with BMI >35 kg/m?in post-COVID period and patients with the debut of T2D
with BMI >35 kg/m? in pre-COVID period.

2.0 times, p < 0.001). lymphopenia (a decrease
in the relative number of lymphocytes by almost
2.0 times., p < 0.001), and an increase in the VNL
inflammatory index by more than 2.0 times (p <
0.001), which indicates a total increase in the lev-
el of systemic inflammation in patients with the
debut of type T2D after coronavirus disease. The
results of the study demonstrate that at the debut
of T2D in the pre-COVID period, an increase in al-
most all lymphocyte subsets is detected, with the
exception of CD20+. The obtained results are con-
sistent with both our previous data and the data
of other authors, who also found elevated rates
of leukocytosis, neutrophilosis, monocytosis and
an increase in the VNL inflammatory index, which
together are markers of low-gradient systemic
inflammation [20, 21]. In contrast, according to
our study, in a cohort of patients with newly diag-
nosed T2D with different BMI in the post-COVID
period, a progressive decrease in all lymphocyte
subsets was observed against the background
of sharply increased indicators of leukocytosis,

neutrophilosis, monocytosis, the VNL inflamma-
tory index, and lymphocytopenia. Thus, our data
may explain the extremely high level of inflamma-
tion combined with a decrease in the lymphocyte
immunophenotype in patients with the debut of
T2M with different BMI in the post-COVID period.
These processes may be explained by the fact
that in patients with the debut of T2D in the post-
COVID period, there is a layering of inflammato-
ry on existing systemic low-grade inflammation,
accompanied by an immunosuppressive state in-
herent to the disease, as shown by our data [22,
23] and data from other authors [24, 25]. It is this
combination of hyperinflammation and immuno-
suppression that may explain the more compli-
cated course of COVID, observed specifically in
patients with T2D [26]. Our findings fully support
the current concept that newly diagnosed T2D
with different BMI is a disease based on low-grade
inflammation, which underlies both 72D and over-
weight/obesity. In patients with the debut of T2D
with different BMI in the post-COVID period, there
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is a layering of inflammatory processes in com-
bination with immunosuppression, which leads
to an increase in the imbalance between pro-in-
flammatory and anti-inflammatory T-lymphocyte
subpopulations, which leads to a further increase
in the pathologically impaired immune status, in
particular, CD4+ T-cells, which causes a more se-
vere clinical course of the disease and increases
the risk of developing comorbid complications.

Conclusions

Changes in leukocyte composition, namely the
level of leukocytosis, neutrophilosis, monocytosis,
lymphocytopenia, and the VNL index in patients
with debut of T2D, depend not only on BMI but are
also due to the systemic inflammatory state of the
post-COVID-19 background, which enhances low-
grade chronic inflammation, which is the patho-
genetic basis for the onset of type 2 diabetes.
Patients with newly diagnosed T2D in the post-
COVID-19 period are characterized by a decrease
in the content of most lymphocyte subsets in the
peripheral blood, which is most pronounced in pa-
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tients with concomitant obesity. This indicates the
immunosuppressive effect of coronavirus disease
on the immune system in patients with debut of
T2D with various BMI in the post-COVID-19 period.
Thus, based on an analysis of the results of our own
research and literature data, we can conclude that
changes in the immunological phenotype detected
in patients with the debut of T2D and various BMI
in the pre-COVID period are due to the combination
of T2D and overweight/obesity, and in patients with
newly diagnosed T2D in the post-COVID period, this
classic combination is also accompanied by an im-
munosuppressive state of cellular immunity [27].
Taking this into account, today, the choice of the
most effective drugs for the treatment of patients
with the onset of T2D with different BMI in the post-
COVID period, as demonstrated by the data of our
study, should be considered those that, in addition
to the hypoglycemic effect, also have a powerful
immunomodulatory effect on the state of the im-
munophenotype of blood lymphocytes in patients
with newly diagnosed T2D with different BMI in the
post-COVID period against the background of post-
CoviD.
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