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* Mexaausmsl pazsutuss COVID-19
* CaxapapIit guadet ctumymupyet passure COVID-19
a COVID-19 crumynupyet pa3surmne amuadera
* Bupyc Sars Cov-2 mHdmnmpyer nomKeaygJoIHYIO JKele3y
Y CHVDKaeT ceKpelLlMIO MHCYJIMHA
* Kak runepriamkemMus nospexgaer MMMYHUTET
u ctuMmysanpyert passurue COVID-19
* Yacrora passurmsa C npu COVID-19 1 BEDKMBaeMOCTh

e COVID-19: C/] moBpInIaeT 4acTOTy pa3sBUTUA CEPaAeIHO-
COCYAMCTBIX OCJIO>KHEHWM

e COVID-19: C/I noBeIIIaeT 4acTOTy pa3sBUTMS
pEeHaJIBHBIX OCJIO>KHEHWM

* COVID-19 n C/I: nmarHocTM4YeckKoe M IIpOrHoCcTMYecKoe
3Ha4YeHue I[MoKa3aTeieVl IMneprjiuKkeMun
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Sars-CoV-2 (COVID-19) : >xn3HeHHBIN ITMKJT
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Buenpenne COVID-19 B kiteTkmn:

MTnnbl (S-0es1km, criamikoBble 0eJIKM) CBSI3BIBAIOTCS C PELIeIITOPOM:
aHTMOTeH3UH-IIpeoOpasyroimuM depmenToM AlID2

) protein disordered protein disordered region

\ / \ Structured Instrinsically Structured protein with

Proteins
and lipids

Disordered proteins (or regions) can fold into ordered
structures when encountering and binding to their target

Goh GK-M, Dunker AK, Foster JA, Uversky VN, Shell disorder analysis predicts greater resilience of the SARS-CoV-2 (COVID-
19) outside the body and in body fluids, Microbial Pathogenesis, 2020

George Tetz Victor Tetz SARS-CoV-2 prion-like domains in spike proteins enable higher affinity to ACE2, 2020

https://medium.com/medical-myths-and-models/what-makes-the-novel-coronavirus-so-contagious-e677e825¢c566
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Opransbl, Ha IOBEePXHOCTU KOTOPBIX
pacnosioKeHsl perentopsl 411 COVID-19
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Saba L, Molecular pathways triggered by COVID-19 in different organs: ACE2 receptor-expressing cells

under attack? A review Eur Rev Med Pharmacol Sci. 2020 Dec;24(23):12609-12622




Sars-Cov-2 npoHMUKaeT
B pa3/IMYHbIE OpIraHbI
1 BbI3bIBaeT B HUX
OIUTOKMHOBBIN IIITOPM
VI TUIIepBOCIIa/IeHVIe
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Koxa:

Metexumn
PeTukynapHas achpukcus
Metexumn
Spurema
KpanusHuua
Besukynbi
NepHuo-nogobHan cbink

Gupta, A et al. Extrapulmonary manifestations of COVID-19. Nat Med 26, 1017-1032 (2020).




Caxapsbin nuader crumyaupyer COVID-19,
a COVID-19 crumynupyet passurme avadera
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ABSTRACT

Background and aims: Diabetes mellitus is associated with poor prognosis in patients with COVID-19. On
the other hand, COVID-19 contributes to worsening of dysglycemia in people with diabetes mellitus over
and above that contributed by stress hyperglycemia. Herein, we have reviewed the two-way interactions
between COVID-19 and diabetes mellitus.
Methods: We have performed an extensive literature search for articles in PubMed, EMBASE and Google
Scholar databases till Apnl 25, 2020, with the following keywords: “COVID-19", “SARS-CoV-2", “dia-
betes", “diabetes mellitus”, “SARS", “infection” and “management of diabetes mellitus” with interposition
of the Boolean operator “AND".
Results: Compromised innate immunity, pro-inflammatory cytokine milieu, reduced expression of ACE2
and use of renin-angiotensin-aldosterone system antagonists in people with diabetes mellitus contribute
to poor prognosis in COVID-19. On the contrary, direct [i-cell damage, cytokine-induced insulin resis-
tance, hypokalemia and drugs used in the treatment of COVID-19 (like corticosteroids, lopinavir/rito-
navir) can contribute to worsening of glucose control in people with diabetes mellitus.
Conclusions: The two-way interaction between COVID-19 and diabetes mellitus sets up a vicious cycle
wherein COVID-19 leads to worsening of dysglycemia and diabetes mellitus, in turn, exacerbates the
severity of COVID-19. Thus, it is imperative that people with diabetes mellitus take all necessary pre-
cautions and ensure good glycemic control amid the ongoing pandemic.

@ 2020 Published by Elsevier Ltd on behalf of Diabetes 'I'Qi'l
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«[IBycropoHHee B3aumoaeicreue mexxay COVID-19
M fuadeToM co3JaeT MOPOYHEIN KPYT, B KOTOPOM
COVID-19 yraxenser TUCIIIUKEMUIO,

a nuabet obocTpaer Taxecte COVID-19»,
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COVID-19 -> ca1->COVID-19->CO->COVID-19->CJ/1->

Hyperglycemia

DM
A Direct B cell injury V¥ Innate Immunity
WV Insulin production A Cytokines
A Cytokines A Glycosylated ACE2
A Insulin resistance A Glycosylated S-protein

COVID-19

Ot C/I crpagaet 400 MMJIJIMOHOB 4YeJI0BeK.
3aboneBaemocts C/I kx 2030 rony Bo3pacrer Ha 25% , k 2045 Ha 50%.
KonnuecrBo 60apHBIX COVID-19 - 200 MuiinonoB (aBrycr 2021)
YTo maabIiie? 14



Sars Cov-2 mHPULIMpYyeT NOAKeTyJOYHYI0 JKejle3y
" CHVDKAeT CeKpelmIo MHCYJIMHA

Infected
Beta Cells
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Direct invasion Cell dysfunction
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A ER stress W Energy utilization

Islet of Langerhans




Cell Metabolism

SARS-CoV-2 infects human pancreatic 3 cells and

elicits  cell impairment

Graphical abstract

PROGRESSIVE INFECTION
Severe COVID-19

V2 indects Bocalls in patients with COMDTES
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== Loss of Insulin Secretion -

== May Contribute to Diabetes -

Highlights
» SARS-CoV-2infects p cells in COVID-19 patients and human
islets in vitro

o SARS-CoV-2 infection causes i cell death and reduced GSIS
in vitro
» Phosphoproteomics shows SARS-CoV-2 spike protein and

virus induce apoptotic kinases

# High neuropilin-1 levels support B cell selectivity, and
inhibitors block infection

Authors

Chien-Ting Wu, Peter V. Lidsky,
Yinghong Xiao, ..., Matthias 5. Matter,
Raul Andino, Peter K. Jackson

Cormrespondence
matthias.matter@usb.ch (M.S.M.),

raulandino@ucsf.edu (RAL),
pjackson@stanford.edu (P.K.J.)

In brief

Diabetic patients are at risk for severe
COVID-19, but the virus may further
damage insulin-secreting B cells. Wu

et al. found that patient p cells are virally
infected and the highly expressed
neuropilin-1 receptor is critical for viral
entry, causing cell death and reduced
insulin secretion, exacerbating diabetes
in patients.

Wu CT et al. SARS-CoV-2 infects human pancreatic p cells and

elicits P cell impairment. Cell Metab. 2021 May 18:51550-4131(21)00230-8.

Penreritop Bupyca
AIIdD2 v cBsA3aHHBIE
¢ HUM ¢paKTOPBI
BHepeHMs BUpyca
B Kj1eTKM (TMPRSS2,
NRP1 n TRFC)
JKCIIPECCUPYIOTCA
Ha OeTa-KJIeTKax
IIOI>KeJIy JOUHOM
JKesie3bl, B UTOIe BUPYC
MHpUIpyeT
OeTa-KJIeTKM1
¥ BBI3BIBaeT MX aIlloIITo3,
4TO CHMIKaeT CeKpermio
VHCYJIVHA.
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B nomxenyaomon

SARS-CoV-2 infection of the pancreas promotes thrombo-

fibrosis and is associated with new-onset diabetes /KeJiese BUpyc

Mirza Muhammad Fahd Qadir, ... , Xuebin Qin, Franck Mauvais-Jarvis I’IH(l)VIIJ,VIpyeT

JCI Insight. 2021. https://doi.org/10.1172/clinsight.151551. KJ-_[ eTK-'-/I OCTPOBKOB

In-Press Preview | COVID-19

Graphical abstract HaHreprchal
KJIETKM ITIPOTOKOB,
JHAOO0TE/IMAa/IbBHBIEC

KJIETKW, YTO
OPUBOOUT K
reHepajanM30BaHOMY
¢dnodpo3y,
CBSI3aHHOMY C
MHO>KeCTBEeHHbIMMU
MUKPOCOCYIMUCTHIM

TpoMOaMm 1

Qadir MMF,et al. SARS-CoV-2 infection of the pancreas promotes C pa3BUTEM CH.
thrombo-fibrosis and is associated with new-onset diabetes. 18
JCI Insight. 2021 Jul 9:151551




Sars Cov-2uHnnmpyer v peryIMnupyeTcs
B 3HAOKPVHHOM M 3K30KPMHHOM OTJeJIeHMUIX
10K Ty JOYIHOM JKeJIe3bl

W) Check for updates

SARS-CoV-2 infects and replicates in cells of the
human endocrine and exocrine pancreas

Janis A. Miiller©'2°, Riidiger Grof3™"2°, Carina Conzelmann'2°, Jana Kriiger© 220, Uta Merle3,
Johannes Steinhart®+4, Tatjana Weil @7, Lennart Koepke@®1, Caterina Prelli Bozzo', Clarissa Read 5,
Giorgio Fois™?7, Tim Eiseler?, Julia Gehrmann@® 3, Joanne van Vuuren®'912 |sabel M. Wessbecher® '3,
Manfred Frick®7, Ivan G. Costa®™ &, Markus Breunig©?2, Beate Griiner', Lynn Peters@®"4,

Michael Schuster @5, Stefan Liebau'®, Thomas Seufferlein?, Steffen Stenger'’, Albrecht Stenzinger's,
Patrick E. MacDonald", Frank Kirchhoff', Konstantin M. J. Sparrer®"’, Paul Walther?,

Heiko Lickert@®®'°"12 Thomas F. E. Barth?, Martin Wagner®©?2=, Jan Minch®'=, Sandra Heller®2=
and Alexander Kleger© 22

Infection-related diabetes can arise as a result of virus-associated f3-cell destruction. Clinical data suggest that the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causing the coronavirus disease 2019 (COVID-19), impairs glucose
homoeostasis, but experimental evidence that SARS-CoV-2 can infect pancreatic tissue has been lacking. In the present study,
we show that SARS-CoV-2 infects cells of the human exocrine and endocrine pancreas ex vivo and in vivo. We demonstrate that
human p-cells express viral entry proteins, and SARS-CoV-2 infects and replicates in cultured human islets. Infection is asso-
ciated with morphological, transcriptional and functional changes, including reduced numbers of insulin-secretory granules
in p-cells and impaired glucose-stimulated insulin secretion. In COVID-19 full-body postmortem examinations, we detected
SARS-CoV-2 nucleocapsid protein in pancreatic exocrine cells, and in cells that stain positive for the 3-cell marker NKX6.1 and
are in close proximity to the islets of Langerhans in all four patients investigated. Our data identify the human pancreas as a
target of SARS-CoV-2 infection and suggest that B-cell infection could contribute to the metabolic dysregulation observed in
patients with COVID-19.

- SARS-CoV-2 nadunympyer 3HJOKpMHHOE M 3K30KPUHHOE OTHOeIeHNA
IIOIDKEJTyJOYHOM >Kesie3bl. B OeTa-KjleTKax 3TO0 NPMBOAMUT K CHVKEHWMIO
KOJIM4YecTBa I'paHyJI, CeKpeTUPYIOIIMX MHCYJIMH.

- AyTomncusa nokasasia HaJim4ue 0esIKOB HyKJIeOKaIlCUAbI BUpyca

B 3K30KPpVMHHBIX KJIeTKaX. DK30KpVMHHBIE KJIIeTKM CEKPEeTUPYIOT
nuieBapuTebHbIe pepMeHTHI B IBeHAALIATUIIEPCTHYIO KMIIKY.

Miiller JA et al. SARS-CoV-2 infects and replicates in cells of the human endocrine
and exocrine pancreas. Nat Metab. 2021 Feb;3(2):149-165.
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Why is Covid-19 more severe
in some patients but not others?

New research from the EPFL Blue Brain Project used
machine learning and knowledge engineering to analyze
data extracted from 240,000 open access scientific articles.
In a paper published in Frontiers, the researchers reveal the
previously undiscovered role of elevated blood glucose levels
in the severity of Covid-19.
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Key findings: The impact of elevated blood glucose (BQG)

Elevated BG can facilitate virtually every step of the SARS-CoV-2 infection

« Elevated BG impairs Cytokine storm Elevated BG causes
the ‘first responders’ of Harmfu . > * dysregulations in the immune
our lungs’ immune S . 5 response that facilitates the
defense, making the blood stream ‘ ‘e ' a4 cytokine storm and
ideal conditions for : Sl acute respiratory distress
SARS-CoV-2 to spread g, syndrome (ARDS)

Complications caused by
Covid-19 — such as
hyperinflammation and
pro-coagulation — were brought
on by elevaled BG levels

Elevated BG works synergistically
with SARS-CoV-2-dependent
inactivation of ACE 2 to escalate
the disease to multi-organ failure
and thrombotic events

Managing glucose may need to become
a central strategy to limiting severity of Covid-19

More than One potential treatment option for at-risk
o patients is the use of metformin, a common,
8 0 /o FDA-approved drug for glucose management

of COVID-19
patients in intensive
care units present
high blood glucose

U cKyccTBeHHBIN
VHTEJIJIeKT:
TUIepriIiKeMmst
HapylLIiaeT
VMMMYHUTET
Y CTUMYJIVPYyeT
pasBuTHE

COVID-19
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A Machine-Generated View of the
Role of Blood Glucose Levels in the
Severity of COVID-19

Emmanuelle Logette®, Charlotte Lorin, Cyrille Favreau, Eugenia Oshurko, Jay S. Coggan,
Francesco Casalegno, Mohameth Francois Sy, Caitlin Monney, Marine Bertschy,

Emilie Delattre, Pierre-Alexandre Fonta, Jan Krepl, Stanislav Schmidt, Daniel Keller,
Samuel Kerrien, Enrico Scantamburlo, Anna-Kristin Kaufmann and Henry Markram™

Blus Brain Frojact, Ecola polytechnique fédérala de Lausanne [EPFL), Ganeva, Switzerand

SARS-CoV-2 started spreading toward the end of 2019 causing COVID-18, a disease
that reached pandemic proportions among the human population within months. The
reasons for the spectrum of differences in the severity of the disease across the
population, and in particular why the disease affects more severely the aging population
and those with specific preconditions are unclear. We developed machine learning
madels to mine 240,000 scientific articles openly accessible in the CORD-19 database,
and constructed knowledge graphs to synthesize the extracted information and navigate
the collective knowledge in an attempt to search for a potential common underlying
reason for disease severity. The machine-driven framework we developed repeatedly
pointed to elevated blood glucose as a key faciltator in the progression of COVID-19.
Indeed, when we systematically retraced the steps of the SARS-CoV-2 infection, we
found evidence linking elevated glucose to each major step of the life-cycle of the virus,
progression of the disease, and presentation of symptoms. Specifically, elevations of
glucose provide ideal conditions for the virus to evade and weaken the first level of the
immune defense system in the lungs, gain access to deep alveolar cells, bind to the
ACEZ receptor and enter the pumonary cells, accelerate replication of the virus within
cells increasing cell death and inducing an pulmonary inflammatory response, which
overwhelms an already weakened innate immune system to trigger an avalanche of
systemic infections, inflammation and cell damage, a cytokine storm and thrombotic
events. We tested the feasibility of the hypothesis by manually reviewing the literature
referenced by the machine-generated synthesis, reconstructing atomistically the virus
at the surface of the pulmonary airways, and performing quantitative computational
modeling of the effects of glucose levels on the infection process. We conclude that
elevation in glucose levels can facilitate the progression of the disease through multiple
mechanisms and can explain much of the differences in disease severity seen across the
population. The study provides diagnostic considerations, new areas of research and
potential treatments, and cautions on treatment strategies and critical care conditions
that induce elevations in blood glucose levels.

y COVID-19, glu glycolysis, gly lion, hyp i 0!
CoV-2

ic diet, SARS-

Frontiers in Public Health | www.frontiersin.org 1
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I'mnepriavkemMusi HapyllaeT UMMYHHBIV OTBeT,
410 cTumyaupyet passurte COVID-19

| ASL glucose

' N _;g:’,“f‘;lﬁ‘_*, ITpu Tsxestom COVID-19 uacro
d imnat > 14 Itk IIOBBIIIIEeH YPOBEHBb ITTIOKO3bI, 3TO
! T e ks BJIMsIET HA MHOTVE OMOXMMMUYecKue
t SARS-Col IIyTH ¥ Ha MHOTMe cTaaguy MHQeKImnmu
IloBbIIIeHMe ypOBHEV ITOKO3BI
J_ -B cypdakTaHTe ajJIbBeoJI M B CJIN3U
‘ CHVKaeT BpOKIeHHYIO

AHTMBUPYCHYIO 3aINUTYy JIETKMNX, 9TO
- IOBBIINaeT TsDKeCcTh MHQeKInmn
" peIIMKALMIO BUpPYCa,

- HapyHIiaeT peryJsiii0 MMMYHHOTIO

OTBETa,

- BBI3bIBaeT IUTOKMHOBBIV INTOPM
VI OCTPBIN pecIMpaTOPHBIN OVICTPecc
cuaapom (OPIC),

- crioco0cTByeT 3aBMcMMOM 0T SARS-

CoV-2 unaktuBarmmu AIID 2,

YTO IPUBOANUT K IIOJIMOPIraHHOM

HEeJOCTATOYHOCTM 1 TPOM603y

Logette E et al. Elevated Blood Glucose Levels as a Primary Risk Factor for the Severity of COVID-19.
medRxiv preprint doi: httpsy//doi.org/10.1101/2021.04.29.21256294; May 1, 2021. 22



I'mnepriavkemMusi HapyllaeT UMMYHHBIV OTBeT,
410 cTumyaupyet passurtue COVID-19

Patients with severe COVID-19
| ASL glucose a3dP. commonly present with elevated blood
S (1) &° "3‘5"@{ glucose levels.
)\ mmune defens t Blood ghicoss ‘ @ Elevated blood glucose impacts
000 numerous biochemical pathways that
t SARS-Co\ can facilitate many steps of the SARS-
viral load CoV-2 infection.

_L @ Elevated blood glucose increases
glucose in the pulmonary airway
surface liquid (ASL), which breaks
down the primary innate antiviral
2 defenses of the lungs and facilitates
t Glucose viral infection and replication.

@ Elevated blood glucose causes
dysregulations of the immune response
that facilitates the cytokine storm and
acute respiratory distress syndrome
(ARDS).

@ Elevated glucose levels act
synergistically with SARS-CoV-2-
dependent inactivation of angiotensin-
converting enzyme 2 (ACE2) to escalate
the disease to multi-organ failure and
thrombotic events

23
Logette E et al. Elevated Blood Glucose Levels as a Primary Risk Factor for the Severity of COVID-19. medRxiv

preprint doi: https://doi.org/10.1101/2021.04.29.21256294; May 1, 2021.



Hyperglycemia
Fibrinolysis

CJ1 noBpIIIIaeT MHTEHCUBHOCTH
NPOHUKHOBEHNSA BUPYCA
SARS-COV-2 B KJIeTKH

Iyt I. MennkKamMeHTO3HAas
tepanusa C/ ctumynmpyer
cuHTe3 penernntopa AIID2,
YTO ITOBBIIIAeT CBsI3bIBaHMEe
BUIpyca ¢ KJIeTKaMMN.

IIyTs II. Hapymenue npu CJ{
MMMYHHOT'O OTBETA yBeJIMYUBAET
4yBCTBUTEJILHOCTH KJIETOK

K pa3sBUTHIO UH(EKLNH

U pa3MHOXKEHUIO BUpPYca.

IIyTs III. C/I cTuMyaupyeT CMHTE3
(ypuHa, MmeMOpaHHOrO O€JIKa,
KOTOPBIH, CIOCOOCTBYET

NMPOHMKHOBEHMIO BUPYCA B KJIETKH.

Viswanathan V et al. Bidirectional link between diabetes mellitus and coronavirus disease 20194
leading to cardiovascular disease: A narrative review. World J Diabetes. 2021 Mar 15;12(3):215-237



Hyperglycemig
Fibrinolysis

COVID-19 npusoaut K
pa3BuTtnio CII vam K
yTsoKeJIeHUIO
npencymecrsoBasuiero C/I.

Ilyte IV. IIpn orcyrcrBum CII B
anamHese COVID-19 crumy-
aupyet passurue C.JI Y iurg c
npenmecrsoBasiamuMm CII COVID-19
CTUMYJIMpPYeT ero yTsKeIeHue.
CHmoKeHMe ceKpenu MHCYJIMHA
BeJleT K BBICOKOVI KeTOHEeMMUN 1 K
Pa3sBUTHUIO IMadeTMIeCcKOro
KeToanmmo3sa ([IKA).

IIyTs V. IupoumTo3 SARS-CoV-2
MOBBIIAET BA30KOHCTPUKLMIO, YTO
CHUKAeT MOCTyIJIeHre KPOBU B
MOKeJYJOYHY IO JKeJle3y, CHUXKaeT
CeKpeLyIo MHCYJINHA U yTsKeseT
TedeHune CJ1

Ilyte VI. ITpu C]I - 6os1ee BbICOKME
IIpOBOCHa/INTeIbHbIE HUTOKMHBI,
gem 0e3 C/I, - Oostee xyammmn
IIPOTHO3.

Viswanathan V et al. Bidirectional link between diabetes mellitus and coronavirus disease 2019 25
leading to cardiovascular disease: A narrative review. World J Diabetes. 2021 Mar 15;12(3):215-237



| Covid-19 Leading to Heart & Brain Injury: Three Pathways
SARS-CoV-2
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COVID- 19 npusBoaur K
MOBpPEXXIeHMsIM cepala u
MO3rIa

IlyTs 1. V 33% nmanmenTos ¢ COVID-19
OCTpas pecrivpaTOpHasi eJ0CTaTOYHOCTH,
Y TUIIOKCUA IPUBOIAT K MILIEMUN
MWMOKapJa ¥ ero IoBpe>XJeHMsIM
(MMokapanuTam, apUTMuUM, CEpAeIHON
HeJOCTAaTOYHOCTH, K MUMKPOCOCYAMUCTHIM
TpoMO03aM, BHE3aITHOM OCTaHOBKe
cepana). A Tak >Ke K MIIIeMWUy MO3ra u
HapyIIeHUsIMM ero JeATeIbHOCTN.

ITyTe II. IIpv IMTOKMHOBOM LITOpME
IOBpeXKaaeTcs 3HA0TeINM, 9YTO BeleT K
MOBBIIIEHNIO HECTAOMIJIBHOCTM OJIsIIeK,
IOBBIILIEHNIO PVCKa MX pa3pbIiBa U, B
urore, Kk CC3.

IlyTs III. ITpn nHpeKkIMM cHIDKaeTcs
ypoBeHb perentopa AIID2 n
MOBBIIaeTcs ypoBeHbs AHIrmoTH3nHa II,
49TO BeeT K pa3BUTHUIO
arepocksiepormaecknx CC3

Viswanathan V et al. Bidirectional link between diabetes mellitus and coronavirus disease 20196
leading to cardiovascular disease: A narrative review. World J Diabetes. 2021 Mar 15;12(3):215-237



COVID-19-C/I: nosbiiieane HbAlc koppenmpyer
C IOBBIIIIeHMEeM 01MOMapKepOB BOCIIaIeHWMSI
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Wang Z et al. Glycosylated hemoglobin is associated with systemic inflammation, hypercoagulability,
and prognosis of COVID-19 patients. Diabetes Res Clin Pract. 2020 Jun;164:108214.
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COVID-19: C/1 noBsIitaeT OMoMapKepbl BOCIIaJIeHMA
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Guo W et al. Diabetes is a risk factor for the progression and prognosis of COVID-19.

Diabetes Metab Res Rev. 2020 Mar 31:e3319
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COVID-19 u C/I: rmniepriavkeMusi IIOBBIIIIaeT
CKOPOCTh IPOAYKLIUM BUpPYyca

WA
"

0.30+
0.25+
0.20 1
0.154
0.10+

Virus replication rate
(numbers/sec)

0.05+

0.00

1 Low viral load
2 |ntermediate viral load
Bl High viral load

L

Normoglycemic

Hyperglycemic

Logette E et al. Elevated Blood Glucose Levels as a Primary Risk Factor for the Severity of COVID-19.

medRxiv preprint doi: https://doi.org/10.1101/2021.04.29.21256294; May 1, 2021.
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Ot Cl x yrsixenenuro COVID-19

I'mnepriamukemms:

- IPUBOONUT K INIMKO3WINPOBaHUIO perenropa AIId2
M CIIaMIKOBOTO0 Desika S-1, YTO moOBBIIIaeT:

- 3¢ PeKTMBHOCTHF IPOHMKHOBEHMSI BUPYCa B KJIETKM
M TSDKeCTh MH@EeKIINM,

- UHAKTUBUIPYeT CUCTEMY BPO>KIE€HHOI'O0 MMMYHWTETA,
YTO yBeJIMIMBaeT YyBCTBUTEIBHOCTh KJI€TOK

K TMIIepBOCHAIEHWUIO,

- HOHVDKaeT pyHKIMM T-KJIeTOK UYTO IIOBBIIIaeT
MHTeHCUBHOCTH pa3suTtmsa COVID-19.

Landstra CP et al. COVID-19 and Diabetes: Understanding the Interrelationship and Risks for a
Severe Course. Front Endocrinol (Lausanne). 2021 Jun 17

Corrao S et al. Type 2 Diabetes Mellitus and COVID-19: A Narrative Review. Front Endocrinol
(Lausanne). 2021 Mar 31;12:609470 30



KoMmnbrorepHasi Tomorpadmisi:
CII yBestumBaeT 00beM HOBpEXXIeHMA
JIETOYHOV TKaHM

(a) Non-diabetes Diabetes

V - D

B

Guo W et al. Diabetes is a risk factor for the progression and prognosis
of COVID-19. Diabetes Metab Res Rev. 2020 Mar 31:e3319
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Yacrora passurusa CI npu COVID-19

M BBIZDKUBA€MOCTb

32



dakTopsl pucka pazsurmusa CI npmu COVID-19

ITo>xmtov Bo3pacT (B Havuasie ITaHOeMMM).
B KHP no despasns 2020 r - 50-60 s1eT,

MK - 65 J1erT.

B Texyme dpaze maHmemmy, B 3KOHOMUYIECKN
pa3BuThix crpaHax (FOxHas Kopes, CIIIA,
dopmaa) - Bospact 30-40 sxer.

IIpenimecrByroias OMUCIJIIKEMVIA.

Apicella M, et al. COVID-19 in people with diabetes: understanding the reasons for worse outcomes?)3
Lancet Diabetes Endocrinol. 2020 Sep;8(9):782-792



COVID-19-C/1: ocHOBHbIe DMOMapKepbl M PUCKN
pasButusa C/1

Hopmorinukemus IIpen-[InaOer CI1
I'1roko3a
(Mos1B/T) 6,2+12 74 £ 1,8 12,1 = 5,8
HbA1c (%) 54+ 0,2 59 £ 0.2 85+ 2,0
CPb (mr1/n) 3,3 (1.1-7,7) 2,7 (0,9-9,8) 10,1 (2,5-34,2)
TsoKeapIn
COVID (%) 2,2 2,2 22,1
OWUT (%) 0,6 1,1 15,0
CMmepTs (%) 0,1 0,0 2,9

Koh H et al. Diabetes predicts severity of COVID-19 infection in a retrospective cohort: A mediatory

role of the inflammatorymbiomarker C-reactive protein. ] Med Virol. 2021;1-10.

34



COVID-19: uacrora nmpenirecrsosasiero CJI
IIPY HOCTYILJIEHUN

Hwvaberorennoe gevicteue COVID19: yrsiokesnienmne
npeninecrsoBasmiero C/ n npsamoe pa3sutue CL (new-
onset)

KHP.N=138, nocrynusuimne 8 OUT, c
npenimecrsoBasmmm CII - 22.2% nporus 5.9% 06e3 C/I.

Li G et al.. Diabetes Mellitus and COVID-19: Associations and Possible Mechanisms.
Int J Endocrinol. 2021 Apr 1;2021:7394378

Mexkcnka.N=480. IlocTtynmiam ¢ rmnepriimkeMment -
48,5% , 13 HMX 29% c npenmecrBoBaBumM CJI .

Martinez-Murillo C et al. COVID-19 in a country with a very high prevalence of diabetes: The

impact of admission hyperglycaemia on mortality. Endocrinol Diabetes Metab. 2021 Jun
14;4(3):e00279



Yacrora C/l y marmmenTos ¢ COVID-19

Bcrpeuaemocts C mpu COVID-19 - ot 5% 1o 36%.

3aBucHUT OT: cTpaHbl, Bo3pacra, TsKect COVID-19,
oxupeHnns, runeprersumn . CIIIA. CmepTHOCTD

npu COVID-19 + C/I: y He rociuTaiM3nMpoBaHHBIX - 6%,
y rocuuraansvpoBaHHbIix - 24%, B OUT - 32%.

Corrao S et al.Type 2 Diabetes Mellitus and COVID-19: A Narrative Review.
Front Endocrinol (Lausanne). 2021 Mar 31;12:609470.

CIIIA, n = 5700 maumenTos ¢ COVID-19. CII -y 33,8%,
runepreHsuay 56,6%, oxwupenuey 41,7%.

Merta-anaymmsel: puck CI nipu Tsioxkesiom COVID-19

B 2 -4 pa3sa BbIllle, YeM IIPU He TsOKeJIOM.

Landstra CP et al. COVID-19 and Diabetes: Understanding the Interrelationship and Risks for a
Severe Course. Front Endocrinol (Lausanne). 2021 Jun 17 36



Yacrora C/1 y manmenTos ¢ COVID-19
B pPa3HBIX CTpaHax

Utanusa. N = 27955 ymepummx or COVID-19,
gacTrora CII1 - 31,1%.

Anrmma. N =23 804 ymepmmux or COVID-19,
yacrorta , CII1 -1,5% , CII 2 Timna - 32%.

®Dpanumsa. N = 1317 ymeprunx or COVID-19,
gacrora C/1 1 tmima - 23 3%, CJI 2 Tiuma - 88,5%

Apicella M, et al. COVID-19 in people with diabetes: understanding the reasons for worse
outcomes. Lancet Diabetes Endocrinol. 2020 Sep;8(9):782-792.
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COVID-19 u C/I: KoMOpOMIHOCTH
M BBDDKMBAaeMOCTb

- Patients without diabetes ~=— Patients with diabetes
o Hﬁ_‘

Log-rank ~P=0.021

~J
o)

Survival probability
9)]
O

N
4

0 5 10 15 20 25 30 35 40 45 50 55

KHP.N =306 COVID-19+C  COVID-19 6e3 C/I

BerKuBIIIME.

I'mmiepreH3us 56,9% 28,8%
CC3 - 20,9% 11,1%
He BpDKMBIIIHME

I'mmiepreH3us 83,9% 37,5%
CC3 45,2% 18,8%

Sun Y et al. Independent and combined effects of hypertension and diabetes on clinical outcomes in
patients with COVID-19: A retrospective cohort study of Huoshen Mountain Hospital and Guanggu39
Fangcang Shelter Hospital. J Clin Hypertens (Greenwich). 2021 Feb;23(2):218-231.
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COVID-19: C[1 nmoBbIIIaeT 4acToTy
U TSIDKeCTh KOMOPOMIHOCTI

COVID-19 + C[1  COVID-19 6e3 C/I
I'mepreH3ns 56,9% 28,8
CC3 20,9, 11,1
IlepeOpoBacKyIsspHBIE

3 abosreBaHMS 7,8% 1,3

He BppKMBIIIMEe BbDKMBIIIME

I'mepreH3us 83,9% 50,0%

CC3 45,2% 14,8%
ITepeOpoBacKyisspHBbIE

3a001eBaHMA 12,1% 5,7%

XpoHud. IyJIbMOHapHbIE

3a001eBaHMA 12,9% 3,3%

XpoHn4. 3a001eBaHMA

TIOYEeK 6,5% 3,3%.

Apicella M, et al. COVID-19 in people with diabetes: understanding the reasons for worse 42

outcomes. Lancet Diabetes Endocrinol. 2020 Sep;8(9):782-792



COVID-19: C/I noBslIIaeT 4acToTy pa3sBmUTHUs

cepaevHO-COCYIMCTHIX OC/I0>KHEHM

43



Sars-Cov-2 mEpHUnmpyer KJIeTKM cepana
Y BbI3bIBaeT B HMX IIMTOKMHOBBIN IIITOPM

VISUAL ABSTRACT

Cardiac

M

Pasitive

covip19 - ¢
patient

autopsy/biopsy .4t
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2D cultures

Cardiomyocytes
Engineered ¥
heart tissue

Macrophage Fibroblast

1 Sarcomere disassembly
4 Cardiomyocyte cell death
1 Cytokine production

Activated macrophage  Activated fibroblast

HIGHLIGHTS

¢ SARS-CoV-2 directly infects
cardiomyocytes in patients with COVID-19
myocarditis and does not infect cardiac
macrophages, fibroblasts, or endothelial
cells.

+ COVID-19 myocarditis is characterized by
a myeloid-rich inflammatory infiltrate.

¢ SARS-CoV-2 infects cardiomyocytes
through an ACE2 and endosomal cysteine
protease dependent pathway.

+ Infection of hPSC-derived cardiomyocytes
and engineered heart tissues show that
cytokine production, sarcomere disas-
sembly, and cell death were a direct
consequence of cardiomyocyte infection.

¢ SARS-CoV-2 reduces cardiomyocyte
contractility through sarcomere

breakdown and cardiomyocyte cell death.

Bailey AL et al. SARS-CoV-2
Infects Human Engineered Heart
Tissues and Models COVID-19

Myocarditis. bioRxiv 2020 Nov 5:

KapananbHblie
OCJI0>KHEeHU A
OVID-19: npsimoe
MHUIIMpOBaHMe
MMOKap/a M pa3BuUTHe
B HeM BUpyca WiINn
CcTEMHOe BOcCIHaJIeHle
" /vsiv TpoMO003.
Iloka3aHo, uTO
COVID-19 nadpunmupyer
KapaOMOMMOIINTBI,
BbI3bIBaeT B HUX
IIMTOKMHOBBIN IIITOPM,
OVICCOLIVIAITMIO
CapKOMepOB, CHV>KeHMe
COKpPaTHMMOCTH
" CMepTh
KapOMOMMIIUTOB 44



COVID-19: komnproTepHas Tomorpacdpms -
CC3 noBbIlIaeTr 00beM HOpa>keHust
JIETOYHOM TKaHWU

Non-cvD be3z CC3 cvo CC3 B
P=0.04
204
oo
& 5 Q_gQ
"‘_8’ 0 1Ly DU
U R
TR o (m}
0
l.\’\ (':‘p
o

Li M et al. Cardiovascular disease potentially contributes to the progression and poor prognosis of

COVID-19. Nutr Metab Cardiovasc Dis. 2020;30:1061-7.
45



COVID-19 u C:
CepaevHO COCYOAMCThbIEe OC/IO>KHEeHV

N=142 bes CII (%) CI (%)
OcTtpb1vt MMOKapaUT 15,5 36,6
OnmM 1,4 9,9
DOudpwLIAN A

npencepanmn 1,4 12,7
KomOmHMpoO-

BaHHBIbIe KOHEeUYHbIE
TOUKM 40,6 73,2

* 80% of our study population were African Americans

Abe T,et al. Cardiovascular complications in COVID-19 patients with or without diabetes
mellitus. Endocrinol Diabetes Metab. 2020 Dec 25;4(2):e00218 46



HM&I‘HOCTVI‘IECKOE SHaYECHVE JMHAMUKWU
BbICOKOUYBCTBUTE/IBHbBIX TPOIIOHVMHOB

npu COVID-19

VIHTepBasibl cEpUITHBIX M3MepeHUN (IesIbTa) 3 CyTOK

350 —
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e
250 —

200 — o
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BY TH, v/

A 1345
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o — 21-0/,-—5 >7 Y576
5 a.a 247 | _——
—c L 33 a1 144 2-5 2-5 3-8
—m | —
: Pt
7

Zhou F, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020, 28;395(10229):1054-1062.

High-sensitivity cardiac troponin | (ng/mL)
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COVD-19: anropurm BU TH nsmepenmn

bes3 umemmumn

COVID-19: Asrropur™m BY T n3mepenwmit C mimemmen

Without overtischemia BY TH > 99-011 IIPOLIEHTMIN 0

With overtischemia

Increased cTn concentration (s) >99t" percentile URL in patients with confirmed COVID-19

¥

Myocardial injury

Henbra < 20%

Delta <20%

MT/IOKapHT/IaJ'IBHOG IIOBPEXXIIEHIIE

i oM
- |
mcggzr::;al Acute nonischemic i Acute myocardial
YOS ' myocardial injury il infarction
injury I
XpoHuy. ‘/ OcTpoe He nieMmd. \ 1 Iz oM mn\
MVOKap..
IIOB ep Primary HAIATOIONSE AR Primary i Type 1 Type 2
PEXIL. cardiac IIOBpEXEeHIIE. non-cardiac i myocardial myocardial
iliness illness 1 infarction infarction
Mcxomuooe IKapm/m. Wcxogroe Helkapm/xo. i l’ l'
3abos1e e 3a00s1eBMiTIE :
Examples: Examples: N . Examples:
eaenighicarhialiue i Avecarditis -E:\a(;:i%[ceaslrillness I :tchuetSOSt;lerotic ?'elsp"a}'g?
- Cardiomyopathy - girect SARS-CoV-2 injury ~ e i SiEc e nffp“Jﬁg“'
- Hypertension - tress cardiomyopathy B . " A Tachyarrhyvthmi
_  CKD/ESRD _  Acute heart failure Pulmonary embolism : disruption H?;o-ts:si'onmlas

Increased prevalence of
chronic cardiovascular
conditions in COVID-19
that can explain chronic
myocardial injury

Sandoval Y etal. Cardiac Troponin for the Diagnosis and Risk-Stratification of Myocardial Injury in COVID-19: JACC Review Topic of the Week, JACC (2020),

= Increasedinflammatory responses (1 CRP, 1 interleukins, t procalcitonin, t ferritin) and prothrombotic state (1 D-dimer) can contribute to acute
nonischemic myocardial injury and acute myocardial infarction, with increasesand/or dynamic changes in NT-proBNP and/or hs-cTn possible

across allthese conditions.

- For several conditions, such as criticaliliness, sepsis, orrespiratory failure, there is a spectrum, with cTn increases categorized as acute non-
ischemic myocardial injury in the absence ofischemia, and as acute myocardial infarction if clearischemia is present

= The suggested classification is based on the most common designation, but clinicians /researchers should recognize that patients with conditions
such as heart failure can potentially be classified in distinct categories based on their clinical presentation, presencefabsence ofischemia, and serial

cTn results (stable/dynamic).
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COVID-19: C/I noBbIIIaeT 4acTOTy pa3sBmUTHS

peHaIbHBIX 0CJIO>KHEeHMM

50



Sars-Cov-2 mHpUIMpyeT NOUYKM

Cunres
o _ PHK
; | by e W COVID-19
Lung, PCR (+) Kidney, PCR (+)
In Situ Hybridization
DNA SARS-CoV-2 | DNA SARS €y 2, Cunres
Nephrin * . | Nephrin e Bekos

4 ;
Typaie COVID-19

Glomerulus T
DNA SARS-CoV-2
Lung, PCR (+) Kidney, PCR (+)
Immunofluorescence
Puelles VG, et al. Multiorgan and Renal Tropism of SARS-CoV- 51

N Engl ] Med. 2020 Aug 6;383(6):590-592.



Hypovolaemia

R A )
LR ‘.," e y -

Fibrinoid necrosis

Co Ia:)sinc_l
glomerulopathy

dokasIbHO
CeI'MeHTaPHBIﬁ Endothelial dam arc_:e
ITIOMEPYJIOCKIICPO3

! ;
Podocyte Localization y Microthrombosis

Glomerulus
Proteinuria

Acute tubular
l](j(:'-f).‘_;l‘_;

Capillary obstruction

by RBCs : OCTpBIVI
TyoynsapubIi
HeKpPO3

Tubular obstruction

COVID-19:
HanOoJ1ee
JacTble
peHaIbHbIEe
OCJIO>KHEeHMSI:
OCTPbIN
TyOyJIApHBIN
HEeKpO3 "
dokapHO-
CerMeHTapHbIN
rJioMepyJio-
CKJIepO3

Ahmadian E et al. Covid-19 and

kidney injury: Pathophysiology

and molecular mechanisA®. Rev
Med Virol. 2020 Oct 6:e2176.



COVID-19: yactoTa peHaIbHBIX OCJIOJKHEHUM
apu CL v puckm yTsKe1eHUs1 MHpeKIun

YacTroTa peHaIbHBIX OCIIO>KHEHMM:

COVID-19m CO1 mnna 20-25%

COVID-19 1 CII 2 Tumia ~ 40%

Hnabernueckas 0os1e3ub mouek (ABII) -y 30-40%

ITpu COVID-19- u CI v IbII

o cpasHeHnI0 ¢ COVID-19-c C u 6e3 C/I:

Puick pa3BuTHsI THEBMOHMM - IIOBBIIIIEH B 2 pa3a,

Prick HeoOXxoavMocT MHTYOaIMM ~ MOBBILIEH B 2 pas3a,
Puck nepesona B OUT moswIiieH Ha 52,6%

Puck cMmepTH moBbInieH Ha 27,14%

Landstra CP et al. COVID-19 and Diabetes: Understanding the Interrelationship and Risks

Lebei-A Bancer § A evateThoith Padast 0OMIBur9 3 @i AREd kidivey disease and chronic kidney g3
disease: A population-based study medRxiv preprint doi: tps://doi.org/10.1101/2020.09.12.20193235



COVID-19: TsixecTs IpoTeMHY pUNA
" BBDKMBAeMOCTh

. 100% <150 mg/g

el

5 90% o000 mEfE

L0

o 80%

Q.

T 70%

C  60%

v 0 10 20 30 40
Time (days)

Huart J et al. Proteinuria in COVID-19: prevalence, characterization and prognostic role. J
Nephrol. 2021 Apr;34(2):355-364.
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al-microglobulin/creatinine ratio (mg/g)

COVID-19: buomapkepsbl ~TyOyJIsspHO
ovicpyHKIIMM, MU3MEepeHre B Mo4e

bes OIIII OIII1 0e3 OIIII OIIIl
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al-microglobulin

tissue inhibitor of metalloproteinases-2

Husain-Syed F, et al. Acute kidney injury and urinary biomarkers in hospitalized patients with g5
coronavirus disease-2019. Nephrol Dial Transplant. 2020 Jul 1,;35(7):1271-1274



COVID-19: peHasibHBIE OCIIO>KHEHWMS

Bupyc SARS-CoV-2 nadpunmupyer nouxku
¥ BBI3BIBaeT B HUX
IJIOMepyJIsApHBIE M TyOyJIapHBbIe II0Bpe KIeHMsI:
DoKa/ILHO CerMeHTapHbIV IJIOMEepPYyJ/IOCKJIepOo3
1 OcTpblit TYOYy/IApHBIN HEKPO3.
71 Iy1arHOCTMKY 3TUX IIOBPeXXIeHM

He00X0aMMBbI OMOMapKephI IJIOMepPyJIApHOMI
(M3MepeHMEe B KPOBM)

" TyOyJIsipHOV AVichyHKIIUMU

(M3MepeHMe B MOUe)
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Incratuu C

B xpoBu (s - serum, p - plasma) B moue (u - urinary)
Mapkep riiomMepysIapHON AUcPyHKINMU Mapxkep TyOys1sipHOM

aicpyHKIOIUM
YemMm T5I0Ke 1€Ce pEHaJIBHaﬂ

I11aTOJIOI'Ms, TEM XysKe (bMJIBTpYETCH
IIpu HapyImeHUM
B IIOYKaX, TEM BbIIIl€ YPOBE€Hb B KpPOBM1

peabcopOIIIN
[Tpu passurnmu OIIIl HaunHaeT P ORCIIM BTN
IIOBBIIIATHCA 3a 24-48 u 1o KaHaJ/IbIlaX
KJIMHWYIeCKOV MaHMd@ecTarmm CeKpeTupyercsa B MOUY

COIVIaCHO Kpe€aTMHMHY

YpoBHM B I1a3Me M B MOYe
OnHoOKpaTHOe M3MepeHMe IIpaKTUYIeCK He 3aBVCAT:
I103BOJIsIeT pacCYUTHIBATH - OT MBIIII€YHO MacChl,
- BO3pacra,
- I1oJ1a

sHaueHusa CKdD



COVID-19-C: KOHTpOJIb ITITMKEeMUN
CHVKaeT PUCKU Pa3BUTUA OC/IOKHEHUM

B Poory-controlled diabetes (n=250) Well-controlled diabetes (n=250])
® Ca0b1t KOHTPOIb  XOpOIINMVL KOHTPOJIb
=T
%
4]
~ ©
Lo
U=
e
]
"
- -
o =
L=
ARDS ACUTE KIDNEY INJIURY ACUTE HEART INJURY ALL-CAUSE DEATH
OP/IC OIIII OVIM OO0n1asa

CMepPTHOCTH

Singh AK et al. Does poor glucose control increase the severity and mortality in patients
with diabetes and COVID-19? Diabetes Metab Syndr. 2020 Sep-Oct;14(5):725-727.
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COVID-19 u C[I: amarHOCTMYecKOe M IPOTrHOCTUYEeCKOe
3HaYeHMe [MoKa3areyien r'mieprimKeMmnn
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Cell Metabolism

Association of Blood Glucose Control and Outcomes
in Patients with COVID-19 and Pre-existing Type 2
Diabetes

Graphical Abstract Authors

Lihua Zhu, Zhi-Gang She, Xu Cheng, ...,
Jiao Guo, Bing-Hong Zhang,

Slluiie] Hongliang Li

98.9% glang
- A\ Correspondence
COVID-18 hxd19681031@whu.edu.cn (X.H.),
.. 4 guoj@gdpu.edu.cn (J.G.),

rm001985@whu.edu.cn (B.-H.Z.),

Well-controlien lihl@whu.edu.cn (H.L.)

Blood Glucose
(upper limit < 10mM)

In Brief

Type 2 diabetes (T2D) correlates with a
worse outcome for COVID-19. Here, Zhu
et al. show that among ~7,300 cases of
COVID-19, T2D is associated with a
higher death rate, but diabetics with
better controlled blood glucose die at a
lower rate than diabetics with poorly

Poorly-controlled | controlled blood glucose.
Blood Glucose
(upper limit >10 mM)

Diabetes

Highlights
o A cohort of 7,337 COVID-19 patients with or without diabetes
was retrospectively studied

o Diabetes status increased the need for medical interventions
during COVID-19

o Diabetes status increased the mortality risk of patients with
COVID-19

e Well-controlled blood glucose correlated with improved
outcomes in infected patients

Zhu et al., 2020, Cell Metabolism 31, 1068-1077
o June 2, 2020 © 2020 Elsevier Inc.
: https://doi.org/10.1016/j.cmet.2020.04.021 a CellPress

Zhu L et al., Association of Blood
Glucose Control and Outcomes

in Patients with COVID-19 and Pre-
existing Type 2 Diabetes. Cell
Metab. 2020 Jun 2;31 (6):1068-1075623.



COVID-19: BbIcOKMM ypOBEHB ITTIOKO3bI

IIPM IIOCTYIUIEHUMU - IIPEAVUKTOP pa3BUTUA
KPUTUYIECKOI'0 COCTOSTHMS
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KHP. N=123. Kpurnueckoe cocrosstaue: OMT, VIBJI,
cerrTuMyecKuy MoK, y - 31,7% nmanmeHTos.

Liu Q et al. Fasting blood glucose predicts the occurrence of critical illness in COVID-19
patients: A multicenter retrospective cohort study. J Infect. 2020 Sep;81(320-:e20-e23.e23.
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COVID-19: cBsa3b pucka nmocrymieansa B OUT
C IIOBBILIIEHHBIMM YPOBHSIMM IJIFOKO3bI

-~ FPG <7mmol/L{ n=169)
- 7= FPG <11.1mmol/L{ n=56)

X .
FT —i - FPG =1.1mmol/iL{ n=30)
S 100 -
o = -
R S
g @
! E %k
U 3 50+ X %
E b

-

o
E‘ o
é e o

0+ | I |
0 20 40 60

Liu SP et al. Hyperglycemia is a strong predictor of poor prognosis in COVID-19.
Diabetes Res Clin Pract. 2020 Sep;167:108338
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COVID-19 n C[: ypoBHM ITIIOKO3BI IIPU
IIOCTYIUIEHUW - IIPeAUKTOP BbDKMBaeMOCTU
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Chang MC et al. Fasting Plasma Glucose Level Independently Predicts the Mortality of Patients with
Coronavirus Disease 2019 Infection: A Multicenter, Retrospective Cohort Study. Endocrinol Metab

(Seoul). 2020 Sep;35(3):595-601.

63



COVID-19 n C: moEUTOpUHT 3¢pPeKTMBHOCTH Tepanmm

C IIOMOIIBI0 KOPTUKOCTEPOMIA
(HPEI[HI/ISO.TIOH NI ME€TN1J1 HPEI[HI/ISO.TIOH).
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Liu SP et al. Hyperglycemia is a strong predictor of poor prognosis in COVID-19.
Diabetes Res Clin Pract. 2020 Sep;167:108338 64



COVID-19 1 C2: xoporuwi M c1adbin

KOHTPOJIb ypOBHEﬂ I'NTHOKO3bI
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Zhu L et al., Association of Blood Glucose Control and Outcomes in Patients with COVID-19 65
and Pre-existing Type 2 Diabetes. Cell Metab. 2020 Jun 2;31(6):1068-1077.e3



COVID-19: nmaEaMMKa BBIDKMBAaeMOCTU
npu Tepnv MmepOpMMHOM

N=131 Ilocrynmam ¢ CI2 N=1496

100

Metformin

90+

80= No Metformin

70 ! ! T T I ]

LiJ et al. Metformin Use in Diabetes Prior to
Hospitalization: Effects on Mortality in
Covid-19. Endocr Pract. 2020 Oct;26(10):1166
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Lalau JD, et al. Metformin use is associated with a
reduced risk of mortality in patients with diabetes

hospitalised for COVID-19. Diabetes Metab. 2020

Dec 10;47(5):101216 66



Cell Metabolism

Insulin Treatment Is Associated with Increased
Mortality in Patients with COVID-19 and Type 2

Diabetes

Graphical Abstract

Patients with COVID-19 and T2D

Non-insulin group ﬁ

maortality 3.5%
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mortality 27.2% ()2
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0.4
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Time since admission (days)
Highlights

» 689 patients with COVID-19 and T2D were retrospectively
analyzed

+ Insulin freatment associated with increased mortality risk
with COVID-19

¢ Insulin was associated with higher mortality compared to
other anti-diabetics

+ Insulin treatment should be used with caution for patients
with GOVID-19 and T2D

Yu et al, 2021, Cell Metabolism 33, 65-77
January 5, 2021 © 2020 Elsevier Inc.
https/doi.orgM 0.101 6/.cmet.2020.11.014

s

Authors

Bo Yu, Chenze Li, Yang Sun,
Dao Wen Wang

Correspondence
dwwang @tjh.tjmu.edu.cn

In Brief

Type 2 diabetes (T2D) is associated with
poor outcome for patients with COVID-
19. Here, Yu et al. demonstrated that
among 689 patients with T2D from a
cohort of 3,305 hospitalized COVID-19
cases, insulin treatment was associated
with a significant increase in death rate in
patients with COVID-19 and T2D.

¢? CelPress

Tepanms MHCYyIMHOM
CBsI3aHA C IIOBBIIIIEHHOM

CMEPTHOCTBIO IIalIIMECHTOB
¢ COVID-19 u C12

Mucynvn  bes mHcymMHa
I'mroxo3a 9,1 (6,6-14,6) 7,1 (5,9-9,3)
HbAlc,% 8,4 (6,5-10,1) 6,9 (6,3-8,0

Yu B et al. Insulin Treatment Is Associated
with Increased Mortality in Patients with
COVID-19 and Type 2 Diabetes.

Cell Metab. 2021

Jan 5;33(1):65-77.¢2 e
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COVID-19 n C2: Tepanimsi MHCYJIVTHOM,
CBsI3b C IIOBBILIEHVEM OMOMapKepOB BOCIIa/IeHMSI
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COVID-19 u ClI: MoHUTOpVHT
IIPY TOCOMUTa/IM3aLVM Y I10CJIe BBINVICKN

Octpeii COVD-19 Ilociie BBIIMCKM
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L1 Normoglycaemic
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% of patients free

from event
(death/discharge)
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IIpm rociuraavsanm

P = 0.002 (diabetic vs. hyperglycaemic)

e

P = 0.009 (diabetic vs. normoglycaemic)

Diabetic (n = 151)
a=de Hyperglycaemic (n = 253)
sl NOrmoglycaemic (n = 147)

10 20 30

MOHI/ITOPT/IHI" B TeueHme 2 Mec. I10cJie BBIIIMCKN. OGHaPY)KeHBIZ
I'niiepriimKeMmsi, pe3sMmCreHTHOCTDb K MHCYJIVHY, II0BbIIII€HHbIE€ IIMTOKMHDbI

(ma>ke y marmeHTOB ¢ HOpMOIJIMKeMMer)
Montefusco L et al. Acute and long-term disruption of glycometabolic control after SARS-CoV-2

infection. Nat Metab. 2021 Jun;3(6):774-785.
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Boszpact <40
Bozpact 40-59
Bozpact 60-79 17,5%

BozpacT 80 u bonee

Onut CI <5
Onut C11 5-9
Onwt CJ1 10 v 6onee

MeHLWmnHbI
MyKumHbI

Puc. 2. YpoBeHb netanbHocT1 B 3aBUCMMOCTI OT BO3pacTa (nert), AnuTenbHOCTH caxapHoro anabeta 2-ro tuna (ner) v nona.




COVID-19 n C1: 1abopaTopHasa AuarHoCTUKa

J:[_I/IaI'HOCTI/IKa ANCIJIMKEMUN.

ITpu nocTynsieHM, MOHUTTOPVMHTE, BBIITMCKE, I10CTIE
BBIIIMCKM: TJIF0OKO3a HaToInak, HbAlc

I'mnepBocnaneue: C-peakTuBHBIN 0esioK, VJI-6,
dbeputnn, [1-anumep;
CepoedHo coCcyaucTble OCJI0KHEHUA:

BBICOKOYYBCTBUTEIbHBIV TPOIIOHMH, NT-proBNP;

PeHa1bHBIE OCTIOKHEHS:

Kpeatnnumns,
bes10K B Moue,

ITvcratna C B CBIBOPOTKE M B MOYe.
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VIMMyHOXeMUJIIOMVHECIIEeHTHBIN aHa/IN3aTop
PATHFAST (LSI Medience Corporation, fIrroHsi)

Tounoe KoyMYecTBeHHOE M3MepeHe:
B LIeJIBHOVI KPOBY, CEIBOPOTKE W IUIa3Me
3a 15 MyHyT

OnyH aHa/IM3 — OAVH KapTPUIK
6 KaHaJIOB ISl OTHOBPEMEHHOTO
M3MepeHVIs B peXIMe «IIPOVI3BOJIbHBIN
BBIOOP»

Usmeperusa npu COVID-19:
H-ovumep

IIpecenncuua
BeicokouyscrBUTeIbHBIT CPb

BbIcOKOYYyBCTBUTEIBHBIV TPOIIOHMH |
NTproBNP

Mmwuors100mMH
~ / KK-MB
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