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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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PE3VJIBTATbI WU HEBJAI'OIIPUATHBIE MCXO/bI
MNOCJIE YPECKOKHOI'O KOPOHAPHOI'O BMEIIA-
TEJBCTBA: PETPOCHHEKTUBHOE KOI'OPTHOE HUC-
CJIEJOBAHHUE

"Paxbinbexos T.K., 2Illaaryméaesa I.M., 2Cus3dexosa 3.C.,
MbicaeB A.O., ’bpycaru JI.

!Pecnybnuxanckuii yenmp paseumust 30pagooxpanenus; *“HAO
«Meouyunckuii ynusepcumem 2. Cemeity, Kazaxcman; 3Youn
yHusepcumem, Hmanus

Lenpro mccnenoBaHus SBUICS aHAIN3 MCXOIO0B TOCIE Upec-
KO>KHOTO KOPOHAPHOTO BMEIIATENbCTBA HA IPUMEPE ABYX PETH-
onoB Kaszaxcrana (Bocrouno-Kasaxcranckas u IlaBnomapckas
obmactn) 3a nepuon 2012-2018 rr.

B perpocnekTuBHOE KOTOPTHOE HCCIEIOBAHUE BKIIOUEHBI
JaHHBIE O MAlMEHTaX, MEPEHECHINX YPECKOKHOE KOPOHap-
Hoe BMemarenbcTBOo (UKB). [lanHble mpeacTaBieHbI B BHIC
CpPeIHEro+CTaHAAPTHOTO OTKIOHEHHS UM YaCTOT U MPOLEHTOB.
INoka3zarenn 3a00/1€Ba€MOCTH PACCIUTHIBATINCH KaK KOJINUECTBO
ciaydaeB Ha 100000 nacenenus ¢ 95%/W. Jlnst BeIsABICHUS He-
3aBHCUMBIX IIPEIUKTOPOB BHYTPHUOONBHHYHOW CMEPTHOCTH
HCIIOJb30BAH MHOTOMEPHBINA JIOTUCTUUECKUH PErpecCHOHHBIN
aHanu3. B uccnenoBanue BkirodeH 11931 mamment, nepenec-
it YKB, u3 mux 8349 (70,0%) - myxunn, 3582 (30,0%) -
KEHIIMHBL. BHyTpHrocnuransHas cmeprHocTh nocie YKB co-
crasmia 320 (2,7%) ciay4aeB, B OCHOBHOM, MyX4HHHI (55,9%),
cpennuii Bozpact 67,8+9,71 ner. B pesynsrare mpoBeneHHOTO
aHaJM3a BBISBICHBI BBICOKHE MOKA3aTE CMEPTHOCTU Yy XKEH-
IIMH U TIAIMEHTOB B Bo3pacTe 70 ;eT u crapiie, a Takke y
GONBHBIX C JHATHOCTHPOBAHHBIM HMH(APKTOM TOJIOBHOTO MO3-
ra. Iloka3zarenn BHyTpHOONBHUYHOI CMEPTHOCTH OBUTH BBIIIE
Y KEHIIWH, 9YeM y MY>KIHH, a €€ HE3aBUCUMBIMHU NIPEAUKTOPAMHU
OBLIH BO3PACT M TOJI.
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THE MAIN CAUSES OF THE COMPLICATED COURSE OF COVID-19
IN PATIENTS WITH DIABETES MELLITUS AND TREATMENT (REVIEW)

Halushko O., Loskutov O., Kuchynska I., Synytsyn M., Boliuk M.

Shupyk National Medical Academy of Postgraduate Education of the Ministry of Health of Ukraine, Kyiv, Ukraine

Coronavirus disease 2019 (COVID-19) has confidently and
aggressively marched across the planet since December 2019.
Among the main risk factors for the development of a severe
course of COVID-19 are old age, arterial hypertension, diabetes
mellitus (DM), chronic obstructive pulmonary diseases, cardio-
vascular and cerebrovascular diseases [1]. Recently, based on
the epidemiological data DM is not considered as a risk fac-
tor for SARS-CoV-2 infection, but diabetes is associated with
a more severe course of COVID-19 [2]. What is the reason for

114

the severe course of COVID-19 in diabetic patients? The need to
provide an answer to this question led to this study.

The aim of this study was to determine the main causes of
complicated COVID-19 course in diabetic patients.

Material and methods. Literature search was conducted
through PubMed and Google Scholar using keywords: COVID-19,
diabetes, hyperglycemia, carbohydrate metabolism disorders, com-
plications. 946 publications were initially identified. Articles were
published between December 2019 and July 15, 2020.
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Results and discussion. In our opinion, there are three groups
of factors that can worsen the course of infectious disease in
patients with diabetes:

1. Features of DM and the mutual influence of the DM and CO-
VID-19.

2. Influence of separate groups of drugs used in the treatment of
both diseases.

3. Shortcomings in the organization of patients treatment and care.

Let’s consider all the reasons in sequence.

Features of diabetes mellitus and the mutual influence of dia-
betes and COVID-19

Currently, there are only a limited number of experimental
studies that directly concern the role of hyperglycemia and DM
in the pathogenesis and prognosis of viral respiratory diseases
[3]. Thus, Morra ME, et al. [4] discovered that elevated blood
glucose levels can directly increase the concentration of glu-
cose in respiratory mucosal secretions. Due to the influence of
elevated glucose concentrations on lung epithelial cells, virus
penetration and replication significantly increase in vitro, which
let us suggest that hyperglycemia may increase virus replication
in vivo. Elevated glucose levels can also lead to inhibition of the
antiviral immune response. These results are similar to those in
studies of patients infected with highly pathogenic avian influ-
enza, where hyperglycemia was associated with a fatal outcome.
Hyperglycemia can also affect lung function, that is why the
respiratory dysfunction induced by the influenza virus is ampli-
fied in patients with DM. Diabetes is associated with numer-
ous structural changes in the lungs, in particular with increased
vascular permeability and collapse of the alveolar epithelium in
animal models [5].

Another reason that complicates the course of coronavirus
disease is the features of the autonomic nervous system in pa-
tients with DM. The severity of COVID-19 in diabetic patients
may be hidden by a milder presentation of viral infection, with
fewer patients experiencing fever, chill, chest tightness, and
shortness of breath [6]. This phenomenon resembles the “silent”
symptoms that are observed in DM. Thus, a disorder of the au-
tonomic innervation of the heart which is described as “cardiac
autonomic neuropathy” leads to damage to afferent autonomic
fibers which determine the perception of pain during myocardial
injury. As a result, diabetic patients often have painless “silent”
myocardial infarction [7]. The same situation can be observed in
patients with diabetes and COVID-19 who underestimate their
symptoms. Thus, adequate treatment is not prescribed in time.
As a result, medical help is delayed, complications develop, and
treatment results worsen.

The next mechanism that influences the course of coronavirus
disease is a pancreatic dysfunction in the background of infec-
tion. It is considered that SARS-CoV-2 leads to temporary disor-
ders of the function of pancreatic islet cells [8]. It was found that
coronaviruses attach to host cells using dipeptidyl peptidase-4
(DPP-4), which is physiologically involved in modulating the
action of insulin, and as an enzyme plays a major role in glucose
metabolism, and is responsible for the degradation of incretins
such as glucagon-like peptide-1 (GLP-1) [9,10]. Hyperglycemia
observed in patients with COVID-19 can be caused by these (or
similar) mechanisms [11]. The problem of the need to prescribe
DPP-4 inhibitors during the COVID-19 pandemic has been ac-
tively discussed in the scientific literature and there is currently
no data on the need to cancel treatment with these drugs.

Another phenomenon that is observed in the case of the de-
velopment of viral infection in patients with DM is the mutual
influence of these two diseases. Thus, hyperglycemia itself can
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negatively affect lungs function and immune response [12], and
diabetes is a risk factor influencing on the progression and prog-
nosis of COVID-19. Guo W, et al. (2020) in their study founded
that COVID-19 patients who had no other comorbidities except
diabetes had a high risk of severe pneumonia, the release of tis-
sue-related enzymes, excessive uncontrolled reactions to inflam-
mation, and hypercoagulation associated with impaired glucose
metabolism [13]. In addition, the serum level of inflammation
biomarkers, such as interleukin-6 (IL-6), C-reactive protein, se-
rum ferritin, prothrombin index, and D-dimer, were significantly
higher (p<0.01) in diabetic patients compared to patients with-
out DM, which indicates the development of a broader complex
of inflammatory reactions in patients with diabetes, and this, in
turn, leads to a rapid worsening of COVID-19 course [13].

In turn, COVID-19 can worsen the course of DM in patients.
As Maddaloni E. and Buzzetti R. (2020) emphasize, the interac-
tion between COVID-19 and diabetes can be bi-directional since
SARS-CoV-2 can potentially worsen the course of co-existing
diabetes or even predisposition to diabetes in individuals who
do not suffer from DM [6].

Thus, hyperglycemia and insulin resistance are often registered
in seriously ill patients, including COVID-19 patients. This hap-
pens due to the release of contrinsular hormones such as glucagon,
cortisol, and epinephrine, as well as increased levels of pro-inflam-
matory cytokines such as IL-6 and TNF-a, which leads to a “cyto-
kine storm” [14]. Their effect on insulin-sensitive tissues leads to
a decrease in glucose uptake in muscles, increased lipolysis, and
increased glucose synthesis in the liver [15].

COVID-19 can also manifest by dyspeptic symptoms, such
as vomiting and diarrhea, leading to dehydration [16]. Research
by Li J, et al. (2020) showed that SARS-CoV-2 infection was
associated with ketoacidosis in 12% of diabetic patients [17].

It is generally recognized that some viral diseases can cause
autoimmune type 1 diabetes in genetically predisposed patients,
or even cause rapid development of diabetes from the mass col-
lapse of B-cells [16]. COVID-19 uses the angiotensin-convert-
ing enzyme type 2 receptor (ACE-2) as a “gateway” to invade
human target cells [18]. This enzyme is expressed by various tis-
sues and cell types, including the lungs, as well as the endocrine
part of the pancreas [18]. In a study by Yang JK, et al. (2010) it
has been suggested that SARS-CoV-2, which also uses the ACE-
2 receptor as an entry receptor, may damage the islets of Lang-
erhans, causing hyperglycemia during the infection course [8].
Drucker DJ. (2020) reported a pancreatic injury characterized
by elevated plasma amylase and lipase levels in 17% of patients
with COVID-19, among whom 67% had moderately elevated
plasma glucose levels [19].

The influence of certain groups of drugs used in the treatment
of diabetes mellitus and COVID-19. ACE inhibitors

ACE inhibitors are currently the most controversial group
of drugs often used in patients with hypertension and diabe-
tes, including the cases of coronavirus disease. Although well-
known angiotensin-converting enzyme 1 (ACE-1) promotes the
conversion of angiotensin I to angiotensin I, its homologous
analogue, ACE-2, is a membrane-bound enzyme (carboxypepti-
dase) that usually contributes to the inactivation of angiotensin
11, and therefore physiologically contracts the activation of the
renin-angiotensin-aldosterone system (RAAS) [18-20].

ACE-2 has many physiological roles, in particular: negative
regulation of RAAS and facilitation of amino acid transport.
Recently, ACE-2 was identified as a SARS-CoV-2 receptor that
provides a critical link between immunity, inflammation, and
cardiovascular diseases [21]. ACE-2 also acts as a receptor that
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allows coronaviruses (SARS-CoV-2 and SARS-CoV) to enter
human cells [22]. SARS-CoV-2, associated with ACE-2, is acti-
vated by type II transmembrane protease, serine 2 (TMPRSS2)
to promote virus invasion and replication within human target
cells, including type II pneumocytes [22]. On the other hand,
ACE-2 plays a crucial role in maintaining glucose homeostasis
and B-cell functions [19,23].

ACE inhibitors usually suppress ACE-1 but not ACE-2 [24].
However, studies have shown that these drugs enhance the regu-
lation of the ACE-2 receptor, which the SARS-CoV-2 uses to
enter host cells [25]. In turn, SARS-CoV-2 entering into human
alveolar epithelial cells often leads to acute respiratory distress
syndrome (ARDS), a clinical condition with high mortality as-
sociated with poor prognosis in patients with COVID-19 [26].
In addition, DM increases the expression of ACE-2, as shown
in several experimental models [27,28], and the resulting in-
crease in viral load may also explain the more severe course of
COVID-19 in diabetic patients [29]. All this can complicate the
course of COVID-19 and worsen the condition of patients tak-
ing ACE inhibitors. Some publications suggest replacing ACE
inhibitors and angiotensin II receptor blockers in patients with
hypertension and diabetes with other groups of drugs, such as
calcium channel blockers [30].

However, there are other thoughts. In particular, a group of
American and Dutch researchers led by Danser AHJ, et al. (2020)
argue that ACE inhibitors do not inhibit ACE-2, since ACE-1 and
ACE-2 are different enzymes, and therefore ACE inhibitors cannot
contribute to the entry of the virus into the cell [22]. Also, there is
no precise evidence to support the statement that ACE inhibitors or
angiotensin II type 1 receptor blockers facilitate the entry of SARS-
CoV-2 coronavirus by increasing the expression of ACE-2 [22].
Some other researchers agree with this position. Moreover, it is not
known whether alternative antihypertensive agents do not have the
same risk. Because of the lack of evidence, the European Medical
Association (EMA) advises not to stop taking ACE inhibitors dur-
ing the COVID-19 pandemic [31].

Ibuprofen and other non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) are often
used to treat hyperthermia in the case of viral infections. How-
ever, Day M. (2020) demonstrates four cases in which young pa-
tients with COVID-19 who did not have any underlying health
problems developed serious symptoms after using NSAIDs at
an early stage of the disease [32]. Somewhat earlier Voiriot G,
et al. (2019) described cases of severe disease course with in-
creased frequency of empyema, lung cavitation, and prolonged
stay in the ICU of patients had used NSAIDs to treat pneumonia
[33]. However, today WHO notes the current lack of evidence of
severe adverse events and the need for additional medical care
(hospitalization, intensive care, oxygen support) in patients with
COVID-19 due to the use of NSAIDs [34].

NSAIDs, including ibuprofen, must be used with caution in
patients with concomitant diseases of the gastrointestinal tract
and cardiovascular system. It is contraindicated to use NSAIDs
in the case of renal failure [35]. The NICE review (the UK,
2020) indicates that available evidence suggests that although
the anti-inflammatory effect of NSAIDs reduces acute symp-
toms (e.g. fever), these drugs may either not affect or worsen
long-term treatment outcomes, possibly due to masking symp-
toms of progression of acute respiratory infection. Additional
evidence from randomized clinical trials is needed to confirm
the effect of NSAIDs on the course of COVID-19 [36].

The use of NSAIDs to treat fever in patients with COVID-19
is still discussed. Until more evidence is found, Surviving Sepsis
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Campaign (2020) suggests that severely ill adults with COVID-19
should use acetaminophen (paracetamol) to treat fever [37]. It
should be noted that the use of NSAIDs in patients with diabetic
nephropathy is contraindicated due to the possibility of developing
an acute renal injury. Therefore, we recommend to avoid using ibu-
profen and other NSAIDs for the treatment of pain or hyperthermia
and use paracetamol in patients with DM and COVID-19.

Glucocorticosteroids

Treatment protocols of critically ill patients often include ex-
tensive use of glucocorticosteroids (GCS), which significantly
worsens infection-related hyperglycemia. A report from the Ital-
ian National Institute of Health (ISS, Istituto Superiore di San-
ita) indicates that GCS was used in 34% of ICU patients [38].
At the same time, GCS therapy increases glucose levels in 80%
of diabetic patients and in many non-diabetic patients, which
may increase the risk of mortality in the case of coronavirus in-
fection [39]. It should be remembered that GCS are not recom-
mended to all patients with severe COVID-19. Surviving Sepsis
Campaign: guidelines on the management of critically ill adults
with COVID-19 recommends using GCS only for patients who
have mechanical ventilation due to severe ARDS, as well as for
patients with refractory shock [37]. Using of GCS for patients
without ARDS and in other routine cases is not recommended
[37]. In the case of GCS prescription blood sugar level should be
carefully monitored to maintain euglycemia, which contributes
to optimal respiratory and immunological functions [37].

Hydroxychloroquine

Hydroxychloroquine and chloroquine are used to prevent
and treat malaria and certain autoimmune conditions such as
rheumatoid arthritis and systemic lupus erythematosus. These
medications are considered by researchers as one of the potential
agents in the fight against COVID-19 [35]. However, hydroxy-
chloroquine and chloroquine can have serious side effects. Thus,
cases of cardiomyopathy, which led to the development of heart
failure, have been reported, in some cases with a fatal outcome
[40]. It is also noted that due to hydroxychloroquine using, QT
interval is often prolonged, which can lead to dangerous arrhyth-
mias [41]. It is interesting that in the mentioned study the admin-
istration of hydroxychloroquine was stopped prematurely in ten
patients due to side effects: overwhelming nausea, hypoglyce-
mia, and one case of ventricular arrhythmia torsades de pointes
[41]. Besides, patients with DM may have severe hypoglycemia
during treatment with hydroxychloroquine [42].

It is worth remembering that the molecule of hydroxychloro-
quine has a hypoglycemic effect and is used in India as an alter-
native means to reduce blood sugar level [43]. The mechanisms
underlying this hypoglycemic effect are not well understood; a
series of complex molecular effects can improve both insulin
sensitivity and insulin secretion [16]. The dosage of hypoglyce-
mic drugs should be adjusted.

However, there are some positive reviews. In particular, Singh
AK, et al. (2020) believe that given the minimal risk of use,
long-term experience in other diseases, cost-effectiveness and
availability, hydroxychloroquine and chloroquine can be con-
sidered for clinical use as experimental drugs, even in patients
with concomitant DM [43]. Taking into account the literature
data, we consider that hydroxychloroquine can be used in pa-
tients with DM and COVID-19 only in exceptional cases within
the clinical studies, and, of course, only in a hospital, under strict
monitoring, and cannot be used by patients themselves.

Azithromycin

Azithromycin is a broad-spectrum macrolide antibiotic that
has activity against bacteria and other microorganisms. There
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are only insufficient evidence or contradictory evidence about
the use of azithromycin together with hydroxychloroquine in
COVID-19 patients [35]. In a study by Gautret P, et al. (2020) a
positive result was obtained in 6 patients with lower respiratory
tract infection due to COVID-19 treated with hydroxychloro-
quine together with azithromycin [44]. In a study by Rosenberg
ES, et al. (2020) azithromycin treatment was performed in 211
patients, including 58 (27.5%) patients with DM, among 1,438
hospitalized patients diagnosed with COVID-19 in New York.
However, this treatment did not lead to changes in the mortality
rate [45]. If azithromycin is intended to be used for the treat-
ment of COVID-19, it is necessary to check prescriptions and
cancel unnecessary medications that may prolong the QT inter-
val. While treating patients with a known hereditary long QT
syndrome or a history of drug-induced polymorphic ventricular
tachycardia (torsades de pointes) a decision about using these
drugs must be made only after consulting a cardiologist [35].

Metformin and other oral hypoglycemic agents

Metformin was approved by the FDA in 1995 as an oral hypo-
glycemic agent, which has become one of the most commonly
prescribed drugs to treat DM worldwide [46]. In recent years,
it has been suggested that metformin may inhibit the activity
of viruses by increasing insulin sensitivity [47]. In the United
States, a retrospective cohort study was conducted from 2002 to
2012 for elderly patients over the age of 65 and with a history of
diabetes who were hospitalized with pneumonia. It is interesting
that pre-administration of metformin to these patients was asso-
ciated with significantly lower mortality [48]. According to some
authors, it is advisable to add to the indications for metformin
using in the official instructions an option “as adjunctive ther-
apy to reduce the risk of mortality from COVID-19 in elderly,
obese and diabetic patients due to weight loss and reduced risk
of pneumonia” [49]. Also, there are reports of the effectiveness
of metformin in concomitant liver diseases and liver functional
changes due to SARS-Cov-2 infection [S0]. However, most re-
searchers are not sure about the possibility of using metformin
in coronavirus disease. Thus, Orioli L, et al. (2020) believe that
patients with severe forms of COVID-19 should cancel metfor-
min due to the risk of lactic acidosis [16]. In addition, metformin
is contraindicated to patients with acidosis or risk of acidosis,
including patients who have hemodynamic instability, hypoxia,
and/or severe renal injury [51].

Thus, in severe forms of COVID-19, metformin and SGLT-2
inhibitors should be discontinued, taking into account their own
risk of lactic acidosis and ketoacidosis.

There are several important issues to consider when using
DPP-4 inhibitors in a hospital. The DPP-4 enzyme has been
identified as a co-receptor for Middle East respiratory syndrome
coronavirus (MERS-CoV), but not for SARS-CoV or SARS-
CoV-2. At present, no data would demonstrate the harmful or
beneficial effect of these drugs in patients with COVID-19 [19].
The use of saxagliptin and alogliptin is not recommended due
to concerns about increasing the frequency of heart failure. It is
important to note that all published trials of DPP-4 inhibitors us-
age in inpatient settings were conducted in combination with in-
sulin for correction, and several were in combination with basic
insulin therapy. Due to the unstable nature of acutely ill patients
hospitalized with COVID-19, DPP-4 inhibitors are not generally
recommended [52].

Thus, insulin therapy remains the standard of care for hyper-
glycemia in patients hospitalized with COVID-19. Selective use
of DPP-4 inhibitors, sitagliptin and linagliptin may be consid-
ered for patients with type 2 diabetes or mild hyperglycemia
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when they have regular meals and are expected to be discharged
home [52]. In the case of severe decompensation of DM and
with disorders of consciousness, the transition to insulin as the
optimal way to correct disorders of carbohydrate metabolism is
mandatory.

Shortcomings in the organization of patients treatment and care

The first shortcomings in the treatment of patients with CO-
VID-19 with concomitant DM have appeared since outpatient
stage. It is known that most patients with diabetes cancel regular
appointments to the endocrinologist. Many patients develop ex-
cessive stress associated with social isolation and lack of exer-
cise, which contributes to the deterioration of glycemic control
and further increases the risk of developing COVID-19 in this
vulnerable category of patients [3]. Improper organization of
outpatient appointments, insufficient and unbalanced nutrition,
lack of medicines and diagnostic devices, insufficient communi-
cation with an endocrinologist and family doctor, disregard for
personal hygiene and social distance — these are not all problems
in the organization of treatment and care of patients during CO-
VID-19 pandemic.

There are no fewer problems in the management of patients
with DM and COVID-19 at the inpatient stage of treatment too.
Thus, experimental data support the important thesis that gly-
cemic control may favourably influence on clinical outcomes
in patients with concomitant diabetes and viral respiratory dis-
eases such as COVID-19 [3]. At the same time, most emergency
medicine practitioners are not professional endocrinologists
and they may not be concerned about the patient’s blood glu-
cose level and may have lack of clinical experience in diabetes
therapy, which can lead to sharp fluctuations in glycemia and
the development of acute disorders of carbohydrate metabolism
in diabetic patients as shown by experience in outbreak centers
[53]. Therefore, it is very important to raise awareness among
doctors who are directly involved in the treatment of COVID-19
patients about the importance of controlling glycemia in these
patients and to establish standardized management of glycemia
in diabetic patients with COVID-19.

Zhou J. and Tan J. (2020) draw attention to the fact that dur-
ing a stay in a quarantined hospital, it is impossible to exercise
through limited indoor space and reduced respiratory function
of the patient. In addition, a diet for COVID-19 patients or a
personalized diet is often not available [54], while in a study
by Li X, et al. (2020) it is shown that insufficient and improper
nutrition is often observed in patients with severe disease [55].

Due to these factors, the optimal treatment of COVID-19 pa-
tients with concomitant DM should include a multi-disciplinary
team approach involving specialists in emergency medicine, en-
docrinology, infectious diseases, respiratory support, nutrition
and rehabilitation.

Performed analyses suggest that the main factor that is crucial
in the management of COVID-19 patients with co-existing DM
is the normalization of blood sugar level and carbohydrates me-
tabolism by all possible means.

Conclusions:

1. Existing DM can complicate the course of COVID-19, wors-
en patients’ condition and increase mortality.

2. According to the data analysis, in our opinion, there are three
groups of factors that can worsen the course of infectious dis-
ease in patients with diabetes:

1) Features of the DM and the mutual influence of diabetes and
COVID-19.

2) Influence of separate groups of drugs used in the treatment of
both diseases.
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3) Shortcomings in the organization of patients’ treatment and care.
3. The main factor that is crucial in the management of CO-
VID-19 patients with co-existing DM is the normalization of
blood sugar level and carbohydrates metabolism achieved by all
possible means.
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SUMMARY

THE MAIN CAUSES OF THE COMPLICATED COURSE
OF COVID-19 IN PATIENTS WITH DIABETES MELLI-
TUS AND TREATMENT (REVIEW)

Halushko O., Loskutov O., Kuchynska I., Synytsyn M.,
Boliuk M.

Shupyk National Medical Academy of Postgraduate Education,
Kyiv, Ukraine

Among the main risk factors for the development of a severe
course of Coronavirus disease 2019 (COVID-19) are old age,
arterial hypertension, diabetes mellitus (DM), chronic obstruc-
tive pulmonary diseases, cardiovascular and cerebrovascular
diseases.

The aim of this study was determinating the main causes of
complicated COVID-19 course in diabetic patients.

Publications were searched using PubMed and Google Schol-
ar for keywords: COVID-19, diabetes, hyperglycemia, carbohy-
drate metabolism disorders, and complications.

The review of scientific literature considers the main causes
and pathogenetic mechanisms of COVID-19 complications de-
velopment in patients with DM. Groups of factors that worsen
the disease course were identified. We also proved that modern
treatment of COVID-19 in diabetic patients should consider all
risk factors and include a multidisciplinary team approach with
specialists in emergency medicine, endocrinology, infectious
diseases, respiratory support, nutrition and rehabilitation.

The main reasons that worsen the course of COVID-19 in
patients with DM are features of DM and mutual influence of
DM and COVID-19; the influence of separate medicines groups
used in the treatment of both diseases; shortcomings in the orga-
nization of patients’ treatment and care. The main factor that is
crucial in the management of these patients is the normalization
of blood sugar level and carbohydrates metabolism achieved by
all possible means.

Keywords: COVID-19, diabetes mellitus, hyperglycemia,
complications.
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PE3IOME

OCHOBHBIE TPHYUHBI OCJIO)KHEHHOI'O TEYEHUS COVID-19
Y BOJIBHBIX CAXAPHBIM JTUABETOM (OB30P)

Taaymko A.A., JlockyTtoB O.A., Kyuunnckas U.A., Cunnubia M.H., Boroxk M.B.

Hayuonanvhas meouyunckas axademus nocieouniomHozo oopazosanus um. I1J1. [lynuxa, Kues, Ykpauna

daxropamMu prCKa TSHKEIOTO TEICHUST HOBOH KOPOHABUPYC-
Hoit 6one3nn (COVID-19) aBnsoTCS NPEKIOHHBIA BO3pacT,
apTepuabHas THIepTeH3us, caxapuslil tuabder (C), XxpoHH-
4ecKHe 0OCTPYKTHBHBIC 3a00JIeBaHNUS JIETKUX, CEPAEYHO-CO-
CYINCTBIC U LIepeOpOBACKYISIPHEIE 3a00IeBaHUS.

Ilenbio mccnenoBaHUs SIBUJIOCH OIPENEIEHHE OCHOBHBIX
npuyuH ocyoxkHeHHoro tedeHus COVID-19 y GonbHEIX ca-
XapHBIM T1a0eTOM.

IIpoBeneH moMCK W aHAIW3 NyOMHKAaIMH B CHCTEMax
PubMed u Google Scholar o kiroueBsim ciioBam: COVID-19,
caxapHbI AHa0eT, THICPIITHKEeMUs], HapyIIeHHEe YIIICBOAHOTO
obmeHa U ocnoxHeHus. B 0030pe paccMarpuBaroTCs OCHOB-

HbIC IPUYUHBl U MAaTOTCHETHYECKUE MEXAHM3Mbl Pa3BUTHSL
ocinoxxkHeHuid COVID-19 y naunuentoB ¢ CJI. BrisaBieHbl
rpynmnsl GakTopoB, yXyAIIAIOMINE TeICHUE 3a00IeBaHs.

[IpogeMOHCTpUPOBAHO, YTO HpPH JICYCHUM HALUEHTOB C
COVID-19 u conyrctBytomum CJ] OCHOBHBIM (paKTOPOM SIB-
JseTCsl HOpMaIu3alus ypOBHS caxapa B KPOBU U YIVIEBOJHO-
ro oOMeHa, JJOCTHraeMasi BCeMH BO3MOXHBIMH CIIOCOOaMHU.

OCHOBHBIMH ~ IPUYMHAMH, yXY[AMAIOMHUMH  TCUCHHE
COVID-19 y 6onbnbix CJI, sBastorcsi: ocodennoctu CJ| u
B3aumHoe Biusinue CJI u COVID-19; B3aumopeiictBue ot-
JICNIBHBIX TPYII JICKApCTBEHHBIX CPEJCTB, IPUMEHIEMBIX MPH
JIedeHnn 000uX 3a00IeBaHHH.
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