Apxusb BHyTpeHHe MepArumHbL ® Ne 3 o 2025

PEAAKIOVMOHHASA KOANET'A

TAABHBIV PEAAKTOP — MnbyeHKo JllogMuna OpbeBHa — 4.M.H., npodeccop, PHUMY um. H.W. Muporosa (Mocksa, Poccus)

3AMECTHUTEAD TAABHOTO PEAAKTOPA — bBbinoBa Hagewpa AnekcaHapoBHa — K.M.H., JOLIEHT,
CeBepHbIN rocyAapCTBeHHbIN MeAULMHCKUI yHMBEpcuTeT (ApxaHrebck, Poccus)

PeAaKHHOHHaH KOAAEruA

Apamesa Tarsssaa Baapumuposua — 0., npogeccop,
Pocewitexuit ynnsepcumem meduynunw (Mocxea, Poccus)

Anna6exosa basu AabkeHoBHA — 0.1, pocheccop,

HAO «Mednynncxuit ynnsepcnmem Acmana» (Acmana, Kasaxcman)
Benas JKanna EBrensesna — .., ru.c., Haynonarvnoit meduynncrnit
nccaedosamerncruit yenmp andoxpunororun (Mocxea, Poccns)
Buprokosa Exena BarepseBra — d.m.n., doyenn,

Poccuiickuit ynusepcumem meduyunoe (Mockea, Poccus)

Baryrua Huxonai TuxonoBua — o, npogeccop,

Aol MY um. M. Lopvioro (Aoneysx, Poccus)

Boponxosa Kupa Brapumuposua — d.xm.n., npogpeccop,
PHUMY um. HH. TIuporosa (Mocrea, Poccus)

3ayroasuukosa Taressna Bacuabesna — k.., doyenn,

lepeuviit MI'MY um. M.M. Cevenosa (Mockea, Poccis)

Kapabunenko AnexcaHpp AAEKCAHAPOBHY — 0.1, ipogheccop,
PHUMY um. HM. Iuporosa (Mocxea, Poccus)

Kapuaymkunua Mapust AxekcanppoBHaA — 0.M.1., nipogheccop, Poccudickmi
ynngepcumem 0pyacove rapodos . Ilampuca Aymymou (Mockea, Poccin)
Kapnos Urops ArekcaHApOBUY — 0.M.1., npogheccop,
uren-koppecnondenm HAH Pb, beaopyccxuii rocydapcmeennnlit Meduyunckuit
ynnsepcumen (Munck, beaapyce)

Komeaesa Haraapss AHaTOABEBHA — 0.M.H., Ipoeccop,
Capamoscknit TMY um. B.M. Pasymoscroro (Capamos, Poccius)
Mansasun Auppei I'eopruesuda — d.yu., npog.,

Pocewitcxuit ynnsepcumem meduynunw (Mockea, Poccus)

Mepgeaes Baapumup dpucrosud — .., doyenm, Poccuitckui
ynngepcumemn 0pyacov napodos um. Iampuca Aymymou (Mockea, Poccns)
Muxun Bapum IlerpoBuy — d.m.u., npogeccop,

Kypexuit rocydapemeennvix meduynnckuii yuusepcumen (Kypex, Poceus)
Hukurnn Urops T'ennapueBud — d.n., npopeccop,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Huxudopos Buxrop Cepreesuya — d.wi., npogeccop,

C3I'MY um. 1. Meunnxosa (Canxm-Ilemepypr, Poccus)

Peb6pos Anppeii IlerpoBud — 0., npogpeccop,

Capamoscxnit TMY um. B.M. Pasymoscroro (Capamos, Poccus)
Caiipyranuos Pycram MabxamoBua — o, npogheccop,
Openbyprexas rocydapemeennasn meduynnckan axademus (Opendypr, Poccus)
Conosbsesa dara FOpbesua — 0., doyenm,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Cranenko Muxana EsrenseBua — 0., npogheccop,

Boar'MY (Boarorpad, Poccus)

Cynonesa Haraaps ArexcanapoBHA — 0.0, pogeccop,
waen-xoppecnondenm PAH, Haywnvit yenmp nesporornn (Mocxea, Poccus)
TxaueBa Oabrra Hukonaesna — d.wi, npogeccop,

Poccuitexnit reponmororateckmit Hayno-KAuneckuit yenmp

PHUMY um. HH. Inporosa (Mocxsa, Poccns)

XoxnaueBa Haranbs ArekcaHppoOBHA — 0.1, Joyenin,

Worcescran rocydapemeennan mednyuncran axademns (Mocesck, Pocens)
Yecuukosa Auna VIBanoBHa — 0.1, npoeccop,

PocmI’MY Munsdpasa Poccun (Pocmos-na-Aowy, Poccis)

SAropa Anexcanpp Barenrunosud — d.m.u., npogeccop, Cmasponorscxusi
rocydapcmeennuiii meduynnckuit ynngepcumem (Cmasponoas, Poccns)

Axymun Cepreint CrenanoBuY — 0.M.H., npogheccop,
PasI'MY um. M. I1agrosa (Pasans, Poccns)

PEAAKIIMOHHBIM COBET

Baciox IOpuit ArekcanppoBud — 0.M.4., npogpeccop,

Pocenitexnit ynnsepcumem mednynnn (Mocxea, Poccia)

Nruarenko I'puropuit AHaToAbeBUY — 0.M.H., 1pogheccop,
uaen-roppecrondenm HAMHY, AonI'MY um. M. Topvroro (Moweyx, Poccus)
Masypos Bapum BanoBua — 0., npogheccop, uren-xoppecnondenm PAMH,
axadermnx PAH, C3I'MY um. W Meunuxosa (Canxm-IlemepGypr, Poccus)
Manees Bukrop BacuawseBud — 0.m.1., npoeccop, axademur PAH,
IJHU U snudemmorornn Pocnompebnadzopa (Mockea, Poccin)

Hacounos Esrennit AbBoBuY — 0.m.1., npocheccop, akademnx PAH,
HUWP um. BA. Haconosoit (Mocxsa, Poccns)

Tpomuna Exarepuna AnatroabeBHa — 0.1, npogheccop,
uaen-koppecnondenm PAH, Haymnonarvroiit meduiynrckuit nccaedosamensckiuit
yenmp andoxpunorornn (Mocxea, Poccus)

XoxaoB ArexkcaHAp AeOHUAOBHY — 0.1, npoceccop,
uren-Koppecnondenin PAH, Apocaascruit rocydapcmeennuiii MeduymncKiit
ynngepcumem (Apocaasav, Poccus)

HIasixro EBrennit Baapumuposuy — d.xm.u., npoeccop, axademnx PAH,
HMMUIL] um. BA. Aamasosa Munsopasa PO (Canxm-Ilemepiypr, Poccus)

Hay4Ho-npakTunyeckui
XYpHan ans paboTHUKOB
3/paBoOOXpaHeHnA

Apxusb
» BHYTpEHHeH -
MeAULMHEI

BkntouéH B MNepeyeHb
BeAYLNX peLieH3NpyeMbIX

nepuUoANYECKUX U3JaHUI THE RUSSIAN ARCHIVES
BAK MuHo6pHayku PO OF INTERNAL M.EDICINE
www.medarhive.ru
MIOHD 2025 (Ne 3(83))

YYPEAWUTE/Ib U U3 ATE/Ib

O61ecTBO C OFpaHNYEHHOW OTBETCTBEHHOCTbIO «CMHANC»
107076, Mocksa, yn. KoponeHko, 4.3A, odpuc 186

Ten.: (495) 777-41-17

E-mail: info@medarhive.ru

FEHEPA/IbHbIN AUPEKTOP
YepHosa Onbra AnekcaHapoBHa
o_chernova@medarhive.ru

AOPEC PEAAKLUU
107076, Mocksa, yn. KoponeHko, 4.3A, odpuc 186
Ten.: (495) 777-41-17

MeaunumnHcKuli pegakTop

EppemoBa Enena BnagnmuposHa, 0.M.H., npogeccop kagedpsi
mepanuu u npogeccuoHanbHeix 6onesHell ®r60Y BO «YnbsaHoBcKul
20cydapcmserHbili yHuBepcumems (YnbsHoBcK, Poccus)

KoueTkoB AHgpelt Banepbesuy, k.Mm.H. (Mocksa, Poccus)

HayuHbli1 KOHCYBTaHT
®egopoe Nnbs lepMaHOBUY, K.M.H., QoyeHm,
PHUMY um. H.W. Mupozosa Muxzdpasa Poccuu (Mocksa, Poccus)

BepcTka
Butanun Kotos

OTAen pacnpocTpaHeHUA U peKaaMbl
Babsk AnuHa
reklama@medarhive.ru

MoanucaHo B nevatb 12.05.2025 roaa
Tupax 3000 3k3eMnAspos.

M3paHue sapernctpuposaro B GegepanbHoil cayx6e no Haa30py
B cpepe CBA3M, UHPOPMALMOHHBIX TEXHONOTUI U MACCOBbIX
KOMMyHWKaLui (PockoMHag3op).

CBMAETEeNbCTBO O perncTpaymm
M Ne ®C77-45961 o1 26 ntona 2011 r.

ISSN 2226-6704 (Print)
ISSN 2411-6564 (Online)

OTneyartaHo B Tunorpa¢um «Onebook.ru»

00O «Cam Monurpadpucr»

r. Mocksa, Boarorpagckuii npocnekT, 4. 42, kopn. 5
www.onebook.ru

KOHTeHT gocTyneH noa nnueHsueit
Creative Commons Attribution 4.0 License.

YKypHan BKNto4eH B POCCUMNCKMI MHAEKC Hay4HOro uuTuposaHus (PUHLL)

CTaTbM )KypHana npeAcTaB/eHbl B POCCUIICKON YHUBEPCaNbHOW HayYHOW
3/1eKTpOHHOW 6ubanoTteke www.elibrary.ru

MoanucHol nHaekc B KaTanore «Ypan-lNpecc Okpyr» 87732

DOI: 10.20514/2226-6704-2025-3

161



162

The Russian Archives of Internal Medicine ® Ne 3 e 2025

THE EDITORIAL BOARD

EpITOR-IN-CHIEF — Lyudmila Yu. llchenko — Dr. Sci. (Med.), prof., the Pirogov Russian National Research Medical University (Moscow, Russia)

Deputy EDITOR-IN-CHIEF — Nadezhda A. Bylova — Cand. Sci. (Med.), assistant professor,
Northern State Medical University (Arkhangelsk, Russia)

The Editorial Board

Tatiana V. Adasheva — Dr. Sci. (Med.), prof,, Moscow State University

of Medicine and Dentistry (Moscow, Russia)

Bayan A. Ainabekova — Dr. Sci. (Med.), prof., Medical University of Astana
(Astana, Kazakhstan)

Zhanna E. Belaya — Dr: Sci. (Med.), Chief Researcher, National Medical Research
Center for Endocrinology (Moscow, Russia)

Elena V. Biryukova — Dr: Sci. (Med.), assistant professor, Moscow State
University of Medicine and Dentistry (Moscow, Russia)

Nikolai T. Vatutin — Dr. Sci. (Med.), prof,, M. Gorky Donetsk National Medical
University (Donetsk, Russia)

Kira V. Voronkova — Dr. Sci. (Med.), prof, the Pirogov Russian National
Research Medical University (Moscow, Russia)

Tatyana V. Zaugonlikova — Cand. Sci. (Med.), assistant professor,

the I.M. Sechenov First Moscow State Medical University (Moscow, Russia)
Alexander A. Karabinenko — Dr: Sci. (Med.), prof., the Pirogov Russian
National Research Medical University (Moscow, Russia)

Maria A. Karnaushkina — Dr: Sci. (Med.), prof,, Moscow State University

of Medicine and Dentistry

Igor A. Karpov — Dr. Sci. (Med.), prof.,, member correspondent of the National
Academy of Sciences of the Republic of Belarus, Belarusian State Medical University
(Minsk, Belarus)

Natalya A. Kosheleva- Doctor of Medical Sciences, Professor, Saratov State
Medical University named after. IN AND. Razumovsky (Saratov, Russia)

Andrey G. Malyavin — Dr. Sci. (Med.), prof,, Moscow State University

of Medicine and Dentistry (Moscow, Russia)

Vladimir E. Medvedev — Cand. Sci. (Med.), assistant professor, the People’s
Friendship University of Russian (Moscow, Russia)

Vadim P. Mikhin — Dr. Sci. (Med.), prof,, the Kursk state medical university
(Kursk, Russia)

Igor G. Nikitin — Dr. Sci. (Med.), prof, the Pirogov Russian National Research
Medical University (Moscow, Russia)

Victor S. Nikiforov — Dr. Sci. (Med.), prof,, the North-Western State Medical
University named after 11 Mechnikov (Saint-Petersburg, Russia)

Andrey P. Rebrov — Dr. Sci. (Med.), prof., the Saratov State Medical University
named after IN AND. Razumovsky (Saratov, Russia)

Rustam I. Saifutdinov — Dr. Sci. (Med.), prof., the Orenburg State Medical
University (Orenburg, Russia)

Ella Yu. Solovyeva — Dr. Sci. (Med.), assistant professor, Russian National
Research Medical University named after. N.I. Pirogov (Moscow, Russia)

Mikhail E. Statsenko — Dr. Sci. (Med.), prof,, the Volgograd State Medical
University (Volgograd, Russia)

Nataliya A. Suponeva — doctor of medical sciences, professor, member
correspondent of the Russian Academy of Sciences, head of the department of
neurorehabilitation and physiotherapy, Research Center of Neurology (Moscow, Russia)
Olga N. Tkacheva — Dr. Sci. (Med.), prof,, Russian Gerontology Clinical Research
Center the Pirogov Russian National Research Medical University (Moscow, Russia)
Natalia A. Hohlacheva — Dr. Sci. (Med.), prof, the Izhevsk State Medical
Academy (Izhevsk, Russia)

Anna I. Chesnikova — Dr. Sci. (Med.), prof,, the Rostov State Medical University
(Rostov-on-Don, Russia)

Alexander V. Yagoda — Dr: Sci. (Med.), prof,, the Stavropol State Medical
University (Stavropol, Russia)

Sergey S. Yakushin — Dr. Sci. (Med.), prof, the Ryazan State Medical University
named after academician I.P. Pavlov (Ryazan, Russia)

EDITORIAL COUNCIL

Yury A. Vasyuk — Dr. Sci. (Med.), prof,, the Moscow State Medical and Dental
University (Moscow, Russia)

Grigory A. Ignatenko — Dr. Sci. (Med.), prof,, member correspondent

of the NAMSU, Donetsk National Medical University. M. Gorky (Donetsk, Russia)
Vadim I. Mazurov — Dr. Sci. (Med.), prof,, Academician of the Russian Academy
of Sciences, the North-Western State Medical University named after I.I. Mechnikov
(Saint-Petershurg, Russia)

Victor V. Maleev — Dr. Sci. (Med.), prof,, Academician of the Russian Academy
of Science, professor, the Central Research Institute for Epidemiology (Moscow, Rusia)
Evgeny L. Nasonov — Dr. Sci. (Med.), Academician of the Russian Academy

of Sciences, the Institute of rheumatology of the Russian Academy of Medical Science
(Moscow, Russia)

Ekaterina A. Troshina — Dr. Sci. (Med.), prof,, member correspondent, Russian
Academy of Sciences, National medical Research Center of Endocrinology (Moscow,
Russia)

Alexander L. Khokhlov — Dr. Sci. (Med.), prof,, Corresponding Member, Russian
Academy of Sciences, the Yaroslavl state medical university (Yaroslavl, Russia)
Evgeny V. Shliakhto — Dr. Sci. (Med.), prof., Academician of the Russian
Academy of Science, the Federal Almazov North-West Medical Research Centre
(Saint-Petersburg, Russia)

Scientific and practical journal
for health professionals

Apxusb
- BHYTpeHHeil -
MeIULMHEI

THE RUSSIAN ARCHIVES
OF INTERNAL MEDICINE
www.medarhive.ru

JUNE 2025 (Ne 3(83))

Included the List of the Russian
reviewed scientific magazines

in which the main scientific
results of theses on competition
of academic degrees

of the doctor and candidate

of science have to be published.

FOUNDER AND PUBLISHER

«SYNAPSE» LLC

107076, Moscow, Korolenko str., 3A, of. 18B
info@medarhive.ru

CHIEF EXECUTIVE OFFICER
Olga A. Chernova
o_chernova@medarhive.ru

JOURNALEDITORIAL OFFICE
107076, Moscow, Korolenko str., 3A, of. 18B
Phone: +7(495)777-41-17

MEDICALEDITOR

Elena V. Efremova, Dr. Sci. (Med.), professor, Department of General Medicine
and Occupational Diseases, Medical Faculty, Institute of Medicine, Ecology
and Physical Education, Federal State Budgetary Educational Institution
«Ulyanovsk State University» (Ulyanovsk, Russia)

Andrey V. Kochetkov, Cand. Sci. (Med.), (Moscow, Russia)

SCIENTIFIC CONSULTANTS
Ilya G. Fedorov — Cand. Sci. (Med.), assistant professor,
the Pirogov Russian National Research Medical University (Moscow, Russia)

PAGE-PROOFS
Kotov Vitaly

ADVERTISING
Babiak Alina
reklama@medarhive.ru

Signed for printing on 12.05.2025
Circulation 3000 exemplars

It is registered by state committee of the Russian Federation on the press

The certificate on registration of mass media M Ne ®C77-45961,
26 July 2011

ISSN 2226-6704 (Print)
ISSN 2411-6564 (Online)

Printed «Onebook.ru»

«Sam Poligrafist»

Moscow, Volgograd Prospect, 42-5

www.onebook.ru

This work is licensed under a Creative Commons Attribution 4.0 License.

The journal is included in Russia Science Citation Index (RSCI)

Journal data are published on website of Russian General Scientific
Electronic Library www.elibrary.ru

Subscription index in the catalogue «Ural-Press Okrug» 87732

DOI: 10.20514/2226-6704-2025-3




Apxusb BHyTpeHHe MepArumHbL ® Ne 3 o 2025

COAEPXAHUE

OB30PHBIE CTATBU

Xaneo A. A6denv-Camep
bonesnp AnblreiiMepa: BIVAHNE MUKPOQIOPHI KUIIeYHIKA Y IIOIOBBIX Pas/IN4mit
HA [TATOTE€HE3 VI CTPATETYI JIEUCHIIS ...ovviniriniiisiniereseitesistesetssessetesssssssssesesssbsss et sas s b esssasnssaese st eassasbesssasnsssesssens 165

M.E. Cmauenxo, PI. Ms3un, M.H. Ycmunosa,
A.B. Tymapenxo
Oco6ennocty BezieHMst 60MBHBIX € HAYKBIT M CAPKOTIEHMET ...cevueuceireerineacirieeeiseeaetseeeesseeseesesesessencsesnes 178

OPUTMHAABHBIE CTATHU

A.M. Kapauenosa, E.H. Pomarosa
CopeprkaHue MOJIEKY/T MeKKJIETOUHO a[ire3ny Y MalieHTOB
¢ COVID-19-acconmpOBaHHBIM HOPAMKEHIEM TIETKIIX «..cucereeverrereerereresesescsesereresssmssestsssesesessssssssesesesescsesens 187

PH. Mycmagun

Knnnnueckast XapakTepucTiKa HeitpodnbpomaTosa 1-ro Tuia B pecy6inke bamkopTrocTas ............. 199

Wnacc Hlanmoym, Mapu Yaou, Masen Ammua,

As Kxagpaeu, Capa A. Xaccan

Koppenaums Mexy IopaKeHneM Me/TKIX Y KPYIHBIX COCYTOB y ITAal[IeHTOB

C CAXAPHBIM [IUAOETOM 2-TO THIIA ..cvuvuereeerseresrseesesessessesessessesessesesessssstssssessssessesstsessessssssesstssssessssssesesesseseses 206

A. B. fz00a, I1. B. Kopoii, T. P. [Tydos
HennpasusHbIe IPEMKTOPDI BBIPAXKEHHOI TMCTOIOTMYECKON aKTMBHOCTH
IIPY XPOHMYECKUX 3a00/IeBaHMAX IIEYEHI: POJIb MATPUKCHBIX META/UIOIPOTEHAS ...oueeverereeersenseeenseesesens 216

PA3BOP KAMHUYECKUX CAVYAEB

O.B. Condamosa, M.A. Topsnckas
JleTanbHbII KIMHUYECKUIT CITy4dall aMMIONIHOM KapAMOMMUOIIATUN Y MTOKU/ION MALIMEHTKH ......ovevevecee. 226

O.B. Ilonomapesa, E.A. Cmupnosa, K.A. Illyxuc

XpoHndeckasi cepfieuHast HeOCTATOYHOCTh C COXpaHeHHOIT (pakiiueit BIOpoca
Y KOMOPOMIHOTO MallJieHTa: BOIIPOCH! BePUDUKALININ KCTIOKHOTO» TMATHOBA ...cvuveeeererseaenseneenscnesensensees 233

C 2021 TOAA CTATBM B JKYPHAA ITPUHUMAIOTCA
TOABKO YEPE3 PEAAKIIMMOHHVYIO ITAATDOPMY:

http://www.medarhive.ru/jour/about/submissions#onlineSubmissions

HOBBIE ITPABUAA TTYBAMKAILTMM ABTOPCKIMX MATEPHAAOB (c 01 mapra 2025 ropa):

http://www.medarhive.ru/jour/about/submissions#authorGuidelines

163



The Russian Archives of Internal Medicine ® Ne 3 e 2025

CONTENT

REVIEW ARTICLES

Khaled A. Abdel-Sater

Alzheimer’s Disease: The Impact of Gut Microbiota and Sex Differences
on Pathogenesis and Treatment SLrAte@Ies ............ccvccucuncircicieieiireieieiseie e sae s saens 165

M.E. Statsenko, R.G. Myazin, M.N. Ustinova,
A.V. Tumarenko

Features of Management of Patients with NAFLD and Sarcopenia ..........oecveveueeercrerererereerseneecsensneenens 178

ORIGINAL ARTICLE

A.M. Karachenova, E.N. Romanova

The Content of Intercellular Adhesion Molecules in Patients
With COVID-19-Associated LUNgG DISEASE .........ceureuevcuivercriierieiieeieeieeereeseeessesesessesssssssesssssssensessssessessssens 187

R.N. Mustafin
Clinical Characteristics of Neurofibromatosis Type 1 in the Republic of Bashkortostan ..........c.cccccccueuuue. 199

Inass Shaltout, Mary Wadie, Mazen Attia,
Aya Khafagy, Sarah A. Hassan

Correlation Between Microvascular and Macrovascular Affection in Type 2 Diabetes Mellitus ............... 206

A.V. Yagoda, P.V. Koroy, T.R. Dudov

A Noninvasive Predictors of Significant Histological Activity in Chronic Liver Diseases:
The Role of Matrix MetallOProteiNases .........evcreeeeeereueeiereueeneunesereeneeeseesesesessesessesessesesessessessssessessssesessssens 216

ANALYSIS OF CLINICAL CASES

O.V. Soldatova, 1. Y. Goryanskaya
Amyloid Cardiomyopathy: Review of A Fatal Case RePOIt ..o 226

O.V. Ponomareva, E.A. Smirnova, K.A. Shukis

Chronic Heart Failure with Preserved Ejection Fraction in A Comorbid Patient:
Issues in Verification of A «Difficult» DIQGROSIS .......cccveureeerrerrieirerriciriinecireieeeeeseeeeessesessesessessessesessessesennes 233

SINCE 2021, ARTICLES IN THE JOURNAL HAVE BEEN ACCEPTED
ONLY THROUGH THE EDITORIAL PLATFORM:

http://www.medarhive.ru/jour/about/submissions#onlineSubmissions

NEW GUIDELINES OF PUBLICATION FOR AUTHORS OF ARTICLES (from March 01, 2025):

http://www.medarhive.ru/jour/about/submissions#authorGuidelines

164



Apxusb BHyTpeHHe MepArumHbL ® Ne 3 o 2025 OB3OPHBIE CTATbMU

=

(@)ev 20|

DOI: 10.20514/2226-6704-2025-15-3-165-177
Y]IK 616.126.32-008.9-073.43-085
EDN: ACHXWS

Xanep A. Abpenb-CaTtep

CromaTonoruyeckuin pakynbtet, YHuBepcuteT MyTa, Kapak, Mopaarus

BOAE3Hb AABUTEMMEPA:
BAUSIHUE MUKPO®PAOPBI KMIITEYHUK A U ITOAOBBIX
PA3AVYUN HA TIATOTEHE3 U CTPATET MU AEYEHU A

Khaled A. Abdel-Sater

Faculty of Dentistry, Mutah University, Karak, Jordon

Alzheimer’s Disease: The Impact

of Gut Microbiota and Sex Differences

on Pathogenesis and Treatment Strategies

Pesiome
bonesHb Anbureiimepa (BA) — rnobanbHoe 3a6oneBaHve. Hanbonee BaxHbIM B natoreHese bA siBasieTcs yBennyeHNe OTIOKEHUI aMUNIOUAHOTO
6enka 6eta (AB) u natonornyeckoe ckomsieHue Tay-6enka. B pasButuy 601€3HM NPUHMMAET y4acTue PAj STUO/IOrMYECKUX GaKTOPOB, TaKUX Kak
BO3pacT, reHeTuKa, 06pas u3Hu, GakTopbl OKpYKatoLLel cpeabl  MUKpodiopa kuwweyHuka (MK). Hapywenue peryaaumn MK — oguH 13 daktopos
naTtoreHesa bA, KOTOpbI cNOcO6CTBYeT HapYLIEHWNIO KOFTHUTUBHOM GYHKLMK, BKAKOYan ckonaeHne AB v Tay-6eska, BbIPaboTKy HelipoMemaTopoB
1 MeTabo/IMTOB, HapyLleHVe UMMYHHON Perynfauumn, HelipoBOCManeHWe, HapylleHne reMaTosHLepaMTUYeckoro 6apbepa, OKCMAATUBHBIN CTpecc
1 CUHAPOM Pa3/paXKeHHOro KULeYHMKa.

MonoBble pa3nnunsa MOryT 6biTb BaXKHbIM pakTopoM natoreHesa bBA. Okono 75 % naumeHToB ¢ BA aBstoTCA xeHwmHamu. MpeobaagaHne BA
Y KEHLUMH CBA3AHO C reHETUKOM, CTPYKTYPOI 1 GYHKLMEN rOSI0BHOIO MO3ra, 3CTPOreHoM, 06pasoM m3Hu (HarnpuMmep, obpasoBaHue, pos AesTe b-
HOCTM, YPOBEHb PU3NYECKOW aKTUBHOCTM U MPOAO/IKUTENLHOCTb CHA) U CyHanMU UHPEKLIMOHHO-BOCMAIUTENbHbIX 3a60/1eBaHMiA. [OCKO/LKY Mpo-
LO/MKUTENILHOCTb XU3HU Y XeHLMH 60/blle, YeM Y MYXUUMH, eHIUHbI 60/1ee CKNOHHBI K BA.

B HacToAwlel cTaTbe paccMaTpuBaeTca posib MK v nososble pasinuns npu BA. B Havane cTaTby NPUBOAMTCA KpaTKOe ONMCaHe XapaKTepUCTUK MUKPO-
bnopbl KuiLLIEYHMKa 1 MON0BbIX pa3/inyumii npu BA. B paboTe paccMaTpuBaroTca nepcreKTVBHbIE TepaneBTUYecKue cTpaTerin npu bA, HanpaeneHHble Ha MK.
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Abstract

Alzheimer's is a global disease (AD). The most important pathogenesis of AD is the increase in the amyloid-B protein (AB) deposition, and abnormal
phosphorylation aggregation of the microtubule-associated protein tau. Many etiological factors are implicated in the production of AD such as age,
genetics, lifestyle, environmental factors, and gut microbiota (GM). Dysregulation of GM contributes to AD pathogenesis and cognitive impairment
via several mechanisms, including AB and Tau protein aggregation, production of neurotransmitters and metabolites, immune dysregulation, neuro-
inflammation, blood-brain barrier disruption, oxidative stress, and leaky gut.

Sex differences might be an important factor for AD pathogenesis. About 75 % of AD patients are females. The higher prevalence of AD in females
is due to their genetics, brain structure, and function, estrogen, lifestyle factors (e.g., education, occupation, exercise, and sleep), and incidences of
infection and inflammations. Because women live longer than men do, they are more likely to get AD.

This article discusses the role of the GM and sex differences in AD. It begins with an overview of the gut-microbiota axis and sex differences in AD.
It discusses promising therapeutic strategies for AD targeting GM.

Key words: Alzheimer's disease, gut microbiota, sex differences, amyloid-8 protein, tau protein
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Introduction

Alzheimer’s disease (AD) is characterized by deterio-
ration in memory, behavior, thinking, ability to perform
daily activities, judgment, and language. It has become
a global health epidemic problem. The total estimated
prevalence is expected to reach 82 million by 2030 and
210 million by 2050 [1]. Per year, approximately 6 % is
the rate of death from AD. The survival duration from
the date of AD symptoms is about four years for males
and six years for females [2].

There are many hypotheses for describing the patho-
genesis of AD including amyloid-P protein (AP) depo-
sition, abnormal phosphorylation aggregation of the
microtubule-associated protein tau, accumulation of
apolipoprotein E (APOE), microglia dysfunction, oxida-
tive stress, neuroinflammation, and astrocyte activation
in the gut [3]. Any infections or traumatic brain injury
can interfere with central immune homeostasis and
accelerate the progression of the disease [4].

A complex combination of aging, genetics, lifestyle,
and environmental factors can cause AD. The strongest
risk factors for AD are at advanced ages [5]. It affects
50 % of individuals older than 85%. A strong and sta-
tistically significant positive genetic correlation has been
observed between AD and family history [6]. Among the
environmental factors implicated in AD pathogenesis,
rapidly growing evidence from animal and human data
suggests an important role of the gut microbiota (GM)
in the onset and progression of AD pathology [7]. Addi-
tionally, Tan et al., [8] reported that the increasing AD
prevalence in recent years was highly correlated with
unhealthy diets and environmental exposures that affect
the GM composition [9].

There are about 100 trillion commensal microbial
communities that colonize the human gut and are consti-
tuted by bacteria, fungi, archaea, viruses, and protozoans
living in symbiotic relationships with our intestines [10].
The human intestines contain approximately 1000 spe-
cies and 7000 strains of bacteria which constitute the gut
flora [11].

The flora of the intestinal tract is not pathogenic
and has numerous beneficial effects on the body’s phys-
iological functions and nutrition. For example, intes-
tinal flora participates in energy metabolism, reduces
inflammatory response, stimulates systemic immunity,
and promotes intestinal motility and nutrient absorp-
tion [12].

Animal studies have shown that gut flora regu-
lates memory and learning [13]. Dysregulation of the
GM has been associated with abnormal brain protein
aggregation, inflammation, immune dysregulation, and
impaired neuronal and synaptic activity in animal and
human studies of AD [14].

The human GM is influenced by various factors,
including genetics, race, mode of delivery (vaginal vs.
cesarean), early dietary intake (breastfeeding vs. for-
mula feeding), age, body mass index, medical condi-
tions, psychological factors, acidic pH of the gut, diet,
physical activity, stress, lack of sleep and environmental
factors [15].

Sex differences may also be a significant factor in
addition to these well-known confounding factors.
The microbiota compositions before and after puberty
were different in the male mice, suggesting male sex
hormones may play an important role in the sex dif-
ferences in GM [16]. When the androgen source was
removed by castration, the GM of the castrated male
was similar to that of a female mouse. Also, bilateral
ovariectomy causes microbial dysbiosis in mice [17]
and humans [18]. The GM of postmenopausal women
is more similar to that of men than that of premeno-
pausal women [19].

Because there is no treatment for AD, only symptom-
atic measures, all studies aim to clarify the pathogenesis
of the disease for future prevention of the progressive
neurodegeneration caused by AD [3].

While there have been extensive studies on GM,
research specifically focusing on sex differences and GM
in AD is relatively limited with conflicting results. There-
fore, this review summarizes the current knowledge of
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the mechanistic role of sex differences, GM in the devel-
opment of AD, and potential gut microbiome-targeting
therapies in managing the disease.

Understanding the Microbiota
Gut-Brain axis

The gut-brain axis allows a two-way communi-
cation network between the intestine and the brain,
including the central nervous system (CNS), auto-
nomic nervous system, enteric nervous system, neu-
roendocrine system, and neuroimmune system [20].
It encompasses several pathways, including the ner-
vous system, endocrine system — hypothalamic-pitu-
itary-adrenal axis (HPA)- and immune system, that
work together to regulate various physiology, such as
digestion, immune function, mood, cognition, and
anxiety [21]. HPA activation leads to a release of corti-
sol which can cause changes in both GM composition
and cognition [22].

The CNS affects intestinal motility, sensory, per-
meability, and secretion. The GM regulates CNS neu-
rons, astrocytes, microglia, and the blood-brain bar-
rier by the production of a variety of neurotransmitters
and metabolites and regulation of inflammation and
immune systems [23]. Intestinal flora produces neu-
rotransmitters such as glutamate, gamma amino butyric
acid (GABA), serotonin (5-HT), acetylcholine, and
dopamine [24]. While gut dysbiosis produces metabo-
lites such as lipopolysaccharide (LPS), trimethylamine
N- oxidase (TMAO), short-chain fatty acids (SCFAs)
(such as butyrate and acetate), amino acids, and bile
acids. It also produces inflammatory cytokines, directly
affecting neuro-inflammation or activating peripheral
immune cells [25].

Mechanisms of action of GM
in driving AD progression

Gut dysbiosis contributes to AD pathogenesis and
cognitive impairment via several mechanisms, includ-
ing APB and Tau protein aggregation, production of neu-
rotransmitters and metabolites, immune dysregulation,
neuroinflammation, blood-brain barrier disruption, oxi-
dative stress, and leaky gut.

AP and Tau protein aggregation

It is widely believed that an increase in the produc-
tion of AP plaques and Tau protein is the most important
pathogenesis of AD. The imbalance between production
and clearance of Ap leads to accumulation of it. A is
produced by neurons and secreted into the interstitial
fluid of the brain. The major clearance system for Ap and
tau proteins is the glymphatic system [26]. Tau protein is
a microtubule protein that has a role in neuronal stabil-
ity. There is a relationship between tau and Ap. Tau is

essential for AP action and also AP is necessary for tau
hyperphosphorylation [27].

Most microorganisms in the human body, including
bacteria and fungi, secrete functional amyloid [28]. Bac-
terial amyloid protein can cross the blood-brain barrier
into the blood flow to the CNS, deposit in the brain, and
promote AP plaques and tau protein accumulation [29].
Furthermore, GM dysbiosis reduces the clearance of AP
by affecting the gut mucosal barrier and energy homeo-
stasis [30]. GM-induced tau protein aggregation through
the TMAO formation and activation of the glycogen syn-
thase kinase 3 beta pathway [31].

Production
of Neurotransmitters

1. Glutamate

The excitatory neurotransmitter glutamate is
responsible for memory and learning. It has two recep-
tors: metabotropic and ionotropic. The ionotropic glu-
tamate receptor (NMDA) has a role in the AD [32].
Furthermore, the hippocampal NMDA level decreased
significantly after antibiotic treatment, indicating that
intestinal flora was involved in the metabolic activity
of NMDA [33].

2. GABA

Lactobacillus and Bifidobacterium are components of
normal intestinal microbiota, which can convert sodium
glutamate into GABA [34]. There is cognitive and
memory impairment when the function of the GABA
system is impaired. GABA also participates in the pro-
liferation of precursor neurons, synaptic formation, and
inhibition of inflammation in vivo [35].

3.5-HT

It is a neurotransmitter produced by the gastrointesti-
nal tract chromaffin cells [36]. Candida, Streptococcus, E.
coli, and Enterococcus indirectly stimulate intestinal cells
to store and release 5-HT [35].

It influences mood, memory, and overall bodily func-
tions as a stimulant. Thus, disturbances in 5-HT metabo-
lism coming about because of uneven characteristics in
the gastrointestinal microbiota may assist the movement
of neurodegenerative problems [37].

4. Acetylcholine

The expression and functioning of acetylcholine are
closely associated with AD [38]. Acetylcholine is a com-
monly occurring metabolite in bacteria, specifically in
Lactobacillus plantarum, Bacillus subtilis, Escherichia
coli, and Staphylococcus aureus [39]. Nevertheless, ace-
tylcholine is unable to traverse the blood-brain barrier
(BBB); however, its precursor choline can be transported
to the brain through a carrier present on the capillary
endothelial cells. Once in the brain, choline can contrib-
ute to the biosynthesis of acetylcholine [40].
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5. Dopamine

Dysregulation of the dopamine system significantly
contributes to the pathological progression of AD [41].
Staphylococcus bacteria residing in the human gut pro-
duce substantial quantities of dopamine via the enzy-
matic activity of aromatic amino acid decarboxylase [42].
The disruption of the dopamine system due to alterations
in the GM has the potential to expedite the pathological
progression of CNS disorders, including AD [37].

Production of Metabolites

As discussed before, GM can produce bioactive
metabolites. These metabolites can cross the BBB to
affect cognition directly or indirectly through immune,
neuroendocrine, or vagal mechanisms [25].

1 LPS

It is the glycolipid formed by the combination of
lipids and polysaccharides. Contrasted and the age-
matched control bunch, the typical LPS level of the cere-
bral neocortex in old Promotion patients expanded mul-
tiple times. Neuroinflammation of AD patients may be
determined by LPS [43].

LPS causes neuroinflammation, microglia activa-
tion, an increase in the permeability of the intestine, and
changes in BBB [44]. Animal experiments also confirmed
that intraperitoneal injection of LPS could increase the
Ap protein level in the hippocampus of mice, resulting in
learning disabilities [45].

2. TMAO

It promotes neuro-inflammation and the accumula-
tion of AP and tau proteins by inducing the imbalance
of intestinal microorganisms. Additionally, it induces the
release of proinflammatory mediators [46].

TMAO causes neurodegeneration by affecting fragile
neurons, brain, and neuronal aging, increases oxidative
stress damages mitochondrial function [47], and can
lead to cognitive impairment. Therefore, anti-TMAO
preparations can inhibit the course of AD [48].

3.SCFAs

SCFAs participate in nerve conduction and regu-
late cognition and behavior. Butyric acid and propionic
acid can promote tyrosine and tryptophan hydroxylase
expressions, which are involved in synthesizing dopa-
mine, norepinephrine, and 5-HT [49].

4. Amino acid

Neural function in the AD brain is greatly impacted
by glutamate metabolism [50]. The decrease of Trypto-
phan reduces 5-HT and leads to cognitive decline [51].

Similarly, gut bacteria have an effect on tyrosine and
valine metabolism in the diet. Tyrosine is a precursor of
the catechol neurotransmitters dopamine, norepineph-
rine, and epinephrine. These tyrosine-dependent neu-

rotransmitters affect various central and peripheral func-
tions, which are involved in stress response and working
memory [52]. Reduced plasma valine concentrations are
linked to faster cognitive loss, and individuals with AD
have much lower valine concentrations. On the other
hand, as the brain absorbs valine more readily than other
branched-chain amino acids, higher valine concentra-
tions can lower the risk of AD [53].

5. Bile acid (BA)

It can also be produced in the brain or transferred
from the peripheral circulation to the brain via BA trans-
porters via the BBB. BA influences cognition, memory,
and motor skills [54]. Kiriyama and Nochi [55] investi-
gated the relationship between intestinal microbiota, BA
distribution, and genetic variation in AD etiology. Con-
jugated BA Tauroursodeoxycholic acid (TUDCA) has
been found in tests to decrease AP peptide buildup in the
hippocampus and frontal cortex, leading to improved
memory. Therefore, they have protective effects on ner-
vous system diseases [55].

Immune Dysregulation

Activated astrocytes are supportive cells that affect
neuroinflammation in AD and supply nutrients and
metabolic support for neurons [56]. To remove the accu-
mulated AP, astrocytes also release chemokines and
pro-inflammatory cytokines. A positive feedback loop
is created by the extra AP deposition, which encour-
ages astrocyte activation and increases the release of
pro-inflammatory cytokines. Massive pro-inflammatory
cytokine production can harm microglia, impair their
capacity to remove toxic AP, hinder their capacity to
repair synapses and cause irreparable brain damage [57].

The creation of gut-associated lymphoid tissue plays
a role in priming the innate immune system, and the gut
microbiota also regulates adaptive local and systemic
immune responses. Alterations to the gut microbiome
are associated with increased penetration of peripheral
T-helperl immune cells into the BBB, increased microg-
lial activation, AP aggregation, and cognitive decline in
AD mouse models [58].

Gut and Neuroinflammation

AD is characterized by systemic and gut inflamma-
tion. It is associated with an increase in inflammatory
markers such as interleukinl (IL1), IL6, IL12, and IL18,
interferon, and tumor necrosis factor leading to neuro-
nal cell death and ultimately AP and tau protein deposi-
tion [59].

On the other hand, intestinal flora is closely associ-
ated with gut and neuroinflammation [60]. Microbiota-
host immune interactions in the gut lead to the release
of proinflammatory mediators, e.g., cytokines such as
IFN-y, IL-1p, IL-6, and TNF-a and other inflammatory
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mediators, and specific antibodies involved in the regu-
lation of brain immunity [61]. The increase in gut pro-
inflammatory is accompanied by enhanced systemic
inflammation and neuroinflammatory processes [48].

In addition, microbial disorders at the intestinal
level may damage intestinal permeability and induce
systemic activation of the immune system [46]. Patients
with AD have markedly higher levels of calprotectin
in their brains and CSF, a marker of intestinal inflam-
mation. It implies that intestinal permeability could be
associated with AD pathogenesis [62]. Gut inflamma-
tion might also have sex differences concerning the GM.
In a mouse model of colitis induced with 2,4,6-trinitro
benzenesulfonic acid, the males exhibited more severe
colonic inflammation [63].

Blood-brain barrier disruption

Even in the early stages of AD, disruption of the BBB
has been preset. This disruption is linked to increased
amyloid pathology because it impairs the clearance of
AP, as well as the loss of pericytes and endothelial tight
junctions [64]. AP and tau aggregation or neuronal death
may be preceded by BBB changes, according to animal
studies [65].

On the other hand, gut dysbiosis is associated with
increased BBB permeability in animal studies which
improves after restoring gut microbial homeostasis [66].

Oxidative stress

Under stressful conditions, reactive oxygen species
formation increases within mitochondria and increases
the risk of developing AD. Oxidative stress increases
tau hyperphosphorylation and AP accumulation in AD,
which leads to the eventual loss of synapses and neu-
rons [67].

Because gut dysbiosis affects the CNS’s levels of
oxidative stress, it may play a role in the development
of AD. For example, NO conversion from nitrate and
nitrite by Lactobacillus, E. coli, and Bifidobacterium
increases the permeability of the BBB and contributes to
neurotoxicity in AD [68]. Pathogenic enteric bacteria,
such as Salmonella and E. coli, may cause the stomach
to produce hydrogen sulfide, which lowers mitochon-
drial oxygen consumption and increases the expression
of pro-inflammatory cytokines [69]. The primary source
of hydrogen, a highly diffusible bioactive gas, is anaero-
bic cocci which are members of the Enterobacteriaceae
family. Reduced hydrogen synthesis and restricted gas
availability to CNS neurons may result from gut dysbio-
sis [70].

Leaky gut

The condition known as inflammation is linked to
the breakdown of the intestinal epithelial barrier, which

makes it easier for endotoxins, inflammatory cells, and
germs to enter the bloodstream [71]. While certain gut
species such as Lactobacillus plantarum, Escherichia coli
Nissle, and Bifidobacterium infantis enhance the expres-
sion of tight junction proteins, others such as the Bac-
teroides fragilis toxin disrupt the intestinal barrier [72].
Serum samples from individuals with dementia have
increased markers of gut permeability, such as serum
diamine oxidase levels, and increased inflammatory
mediators including the soluble cluster of differentiation
14 levels compared to controls [73].

The cross-talk between AD
and sex- differences

SEX DIFFERENCES
IN THE INCIDENCE OF AD

Two-thirds of AD patients are women, and women
have a greater lifetime risk of developing AD (1 in 5)
compared with men (1 in 10) [74]. Sex-specific differ-
ences in genetics, race, brain structure, and function, sex
hormones, traumatic brain injury, infection and inflam-
mations, and lifestyle factors (e.g., education, occupa-
tion, exercise, and sleep) may contribute to AD devel-
opment. Females have a higher frequency of AD due to
their greater longevity than males [75].

Genetic factor
(The APO E gene)

The gene of APOE is present on chromosome 19 and
there are three alleles (e2=8 %, £3=77 %, and €4=15%).
APOE ¢4 is associated with AD [76]. The effect of the
APOE &4 genotype is more pronounced in women than
in men [77]. AD risk increases nearly 4- and 10-fold in
women with one and two APOE &4, whereas men exhibit
essentially no increased risk with one APOE and a four-
fold increased risk with two APOE 4 [78].

Race

In general, older Hispanics and African Americans
are more likely to get AD than older whites [79]. Dif-
ferences in health, lifestyle, and socioeconomic status
are believed to contribute to their increased risk of
AD. These include a higher prevalence of CVD, T2DM,
hypertension, and early childhood adversity, as well as
low education and physical activity [80].

Brain structure and functions

Head size and cerebral brain volume are 10 % larger
in men than in women [81]. Also, women have a higher
percentage of grey matter and hippocampus, whereas
men have a higher percentage of white matter, amygdala,
and thalamus. These sex differences contribute to perfor-
mance differences. In particular, men perform better on
visually oriented tasks, while women perform better on
verbal memory [82].
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Hormonal factor

Estrogen is protective against AD pathology.
It reduces levels of AP by stimulating the generation of
amyloid precursor protein (APP)-containing vesicles
from the Golgi network, thereby promoting APP deliv-
ery to cell surfaces [83].

It has been shown to play a role in emotions, memory,
and cognitive functions. Several studies have shown a
higher incidence of AD in females after menopause [84].
Females who started hormone replacement treatment
within 5 years after menopause had a 30 % reduced inci-
dence of AD than women who did not utilize hormone
replacement therapy [85].

In addition to estrogen and testosterone, other hor-
mones, including oxytocin, prolactin, and follicle-stimu-
lating hormone (FSH), have been implicated in processes
related to AD. Oxytocin and prolactin may be involved
in neuroprotection and the regulation of inflamma-
tion [86]. Elevated FSH levels are associated with lipid
metabolism, obesity, and cognitive deterioration in
menopausal women. The blockade of FSH improved
cognition in mice with AD [87].

Traumatic Brain Injury

There is a link between traumatic brain injury (TBI)
and an increased AD risk [88]. Compared to their male
counterparts, females are far more likely to experience
worse outcomes, more severe symptoms, and a slower
pace of recovery after moderate traumatic brain injury
and concussions [89]. Estrogen administration pre- and
post-TBI is associated with increased neuronal survival,
significant reductions in apoptosis, and improvements in
functional outcomes [90].

Infection and Inflammation

It has been shown that there are sex differences in the
way that infections and inflammation are responded to
and experienced; in particular, when there is a decrease
in estradiol levels, females tend to have more severe ill-
ness and poorer prognoses than males [91]. For example,
especially after menopause, women are more likely to
develop chronic inflammatory diseases such as multiple
sclerosis, lupus, and rheumatoid arthritis [92].

Lifestyle Factors

A sedentary life is associated with a higher risk of
dementia and greater cognitive decline among older
adults [93]. Women tend to engage in less physical activi-
ties than men. It has been demonstrated that increased
physical activity increases the synthesis of brain-derived
neurotrophic factor (BDNF), which is crucial for the
development, growth, and plasticity of neurons, as well
as the creation, survival, and synaptic plasticity of new
neurons in the hippocampus [94].

A higher risk of AD is linked to low levels of occu-
pational and educational performance. More education
and mentally demanding jobs increase one’s cognitive

reserve. Women in low-income nations are less likely
than males to have access to schooling, which may have
negatively impacted their ability to accumulate cognitive
reserve [95]. When compared to men, women are gener-
ally at a greater risk for sleep deprivation and insomnia,
especially after menopause. Sleep deprivation leads to an
increase in AP plaque accumulation [96].

SEX DIFFERENCES
IN SYMPTOMS

Female patients were more frequently to show cog-
nitive and functional decline, depression, delusion, and
memory impairment including verbal learning, delayed
recall, and visual memory [97]. While males were more
likely to exhibit indifference, anxiousness, and hostility
[98].

A meta-analysis of 15 studies revealed a consistently
better performance in males over females on verbal,
visuospatial, episodic, and semantic memory indepen-
dent of age, education level, and disease severity [99].
However, it has been reported that premorbid depressive
symptoms, significantly increased the risk for dementia,
particularly AD in men but not in women [100]. Women
seem to be more susceptible to pathological lesions while
men have greater cognitive reserve [101].

SEX DIFFERENCES
IN DIAGNOSIS

A study examined AP and tau levels in the brain by
positron emission tomography scanning in 298 cogni-
tively normal-aged men and women found that women
had higher levels of AD pathology, despite not having
symptoms. This shows that while women may be more
susceptible to the development of AD pathology and
symptoms, there may be sex-specific characteristics
that compensate for the early stages of the illness [102].
In example, cognitive impairment in women is linked
with bigger reductions in fluency capability, whereas
in males it is associated with considerable declines in
visual-spatial ability. In women, the intensity of delirium
was connected with dementia [103].

In women, delirium severity was related to dementia
severity. For men, unlike for women, delirium sever-
ity was greater in those with lower educational levels.
Differences were noted based on gender and race. Afri-
can American women reported greater difficulty with
all Basic activities of Daily Living (BADLs) and Instru-
mental Activities of Daily Living (IADLs) except dress-
ing and using the telephone. In comparison to males,
non-Hispanic White women reported considerably
more difficulty with transfers, indicating a gender gap
in this mobility-related daily activity. African Ameri-
can men and non-Hispanic White men demonstrated
an equivalent prevalence of difficulty for all BADL
tasks. However, for all IADLs African American men
reported greater difficulty compared to non-Hispanic
White men [104].
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Studies using magnetic resonance imaging (MRI)
showed greater loss of gray matter in brain regions,
including the bilateral precuneus, caudate nucleus,
entorhinal gyrus, thalamus, middle temporal gyrus,
insula, and amygdala in women with AD compared to
men [105]. Furthermore, neuroimaging studies showed
that the rate of hippocampal atrophy affects the pro-
gression of AD in females more than in males. A neu-
roimaging study showed that post-menopausal women
exhibited higher tau and global AP deposition than
men in the inferior parietal, rostral middle frontal,
and lateral-occipital regions compared to age-matched
men [106].

Potential Therapeutic Strategies
for AD Targeting the Microbiota-
Gut-Brain Axis

Dietary modification

Mediterranean diet is associated with a high input of
fruits, vegetables, cereals, and legumes; and a low input of
meat, high-fat dairy, and sweets [107]. It’s characterized
by bettered cognition, reduced brain atrophy in regions
vulnerable to announcement pathology, advanced
tube carotenoid situations and paraoxonase exertion,
advanced SCFA situations, increased gut microbial
diversity, and lower supplemental labels of inflammation
(e.g., C- reactive protein) [108].

Reduced inflammation and oxidative stress in the
brain, and high situations of fiber, vitamin C, p- caro-
tene, and folate are the neuroprotective mechanisms of
these diets. As a result, it improves brain integrity and
increases the quantum of brain towel [109]. It has also
been reported that impregnated and trans adipose acid

insufficiency may reduce BBB dysfunction and amyloid
aggregation [110].

Also, the high input of fiber, vitamins (e.g., B1, B9,
and B6), and minerals (copper, manganese, magnesium,
iron, and potassium), were associated with bettered cog-
nition and reduced frailty in another study [111]. Salu-
tary rudiments rich in Vitamin D3 (e.g., dairy and fish)
promote the neural growth factor protein [112], and
those rich in flavonoids (e.g., grapes, citrus, and green
tea) or the polyunsaturated adipose acid, docosahexae-
noic acid (e.g., fish) may reduce AP and tau pathology
and neuroinflammation [113].

Analogous diets, similar to the Dietary Approaches
to Stop Hypertension (DASH) diet, also have salutary
goods on brain health when combined with exercise
[114]. Diets that combine rudiments from both the
Mediterranean and DASH diets, which are rich in
fruits, vegetables, whole grains, low-fat dairy, and spare
protein, may be more effective in delaying cognitive
decline [115].

The ketogenic diet also has salutary goods in brain
health. In announcement mouse models, ketones reduce
oxidative stress, help intracellular uptake of AP, and
ameliorate synaptic malleability [116]. In mice models,
ketone bodies have been demonstrated to influence neu-
rotransmission, reduce neuroinflammation and oxida-
tive stress, as well as reduce AP accumulation, and ame-
liorate literacy and memory capacities [117]. likewise,
the ketogenic diet has been shown to alter the gut micro-
biome, reduce announcement pathology and ameliorate
cognition [118].

The combination of the Mediterranean and ketogenic
diets is associated with increased SCFA product by GM,
bettered CSF labels of AP and tau, and better cognitive
performance [119].

Table 1. Potential therapeutic strategies for ad targeting the microbiota-gut-brain axis

Therapeutic strategies Mechanism Refs

1. Dietary Modification:

Mediterranean diet It enhances cognition and gut microbial diversity. It also reduces brain atrophy, 108, 109, 110
BBB dysfunction, amyloid aggregation oxidative stress and neuroinflammation.

Ketogenic diet It reduces neuroinflammation, AP accumulation and oxidative stress. It helps 116, 117
intracellular uptake of A, and ameliorate synaptic malleability

Intermittent fasting It promotes hippocampal neurogenesis through activation of GSK-3f and increased 120
BDNF, increase insulin perceptivity, reduce inflammation, and promote autophagy

2. Antibiotics It reduces the intestinal microflora, microglial exertion and pro-inflammatory cytokines. 122,123

3. Prebiotics

It enhances cognitive and memory functions, butyrate levels, production of SCFAs,

127,128, 42,130

restoring the balance between anti- and pro-inflammatory bacteria in the GM,
insulin sensitivity and production of nerve growth factor and BDNE. It also reduces
AP accumulation, restoration of redox homeostasis and neuroinflammation.

4. Probiotics

It enhances cognitive and memory functions , immunomodulation, long-term

134, 136

potentiation, and intestinal epithelial barrier and BBB functions. It also reduces
neuroinflammation, AB accumulation and oxidative stress.

5. Fecal microbiota
transplantation

It enhances cognitive and memory functions, synaptic plasticity and boosted
SCFA-producing gut microbes. It reduces neurogenesis, memory impairment,

123,108

inflammatory cytokines, and Af plaque formation.
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Intermittent fasting has also been shown to promote
hippocampal neurogenesis through activation of gly-
cogen synthase kinase (GSK)- 3P and increased BDNE,
increase insulin perceptivity, reduce inflammation, and
promote autophagy and protein concurrence in beast
studies [120]. A 30 reduction in calories from carbo-
hydrates averted AP shrine accumulation in a model of
AD complaint in womanish, but not manly mice [121],
which was associated with coitus-specific changes in
amyloid-precursor processing enzymes.

In summary, salutary interventions are generally safer
and further salutary than medicine remedies because
theyre affordable, easy to administer, and reduce the
burden on caregivers of announcement cases.

Antibiotics

Antibiotics can affect AD by changing the intestinal
microflora. DNA analysis of the cecum and feces of mice
treated with antibiotics showed that AP shrine deposit
was significantly reduced and could restore intestinal
microflora analogous to that of the control group. Like-
wise, intestinal permeability was also restored, and glial
cell reactivity in the original area of the shrine was weak-
ened [122]. It also reduced microglial exertion and pro-
inflammatory cytokines similar as IL- 1p and IL- 17A in
manly, but not womanish [123].

Ceftriaxone use can reduce the increase of glutamate
by perfecting glutamate transport, which is generally
present in the area of AP shrine deposit, thereby perfect-
ing neuronal activity in mice [124].

Still, some antibiotics (similar to streptozotocin and
ampicillin) can disrupt the intestinal bacteria balance
[125]. The use of these antibiotics is conducive to or
worsens the course of disease. Such as, rats taking ampi-
cillin have elevated glucocorticoids, increased anxiety
and worse spatial memory. The increase in glucocorti-
coids is related to memory impairment and dropped
hippocampal BDNF, common features of AD pathology.
Ampicillin treatment also significantly depresses the
action of NMDA receptors in the hippocampus of rats
[126].

Prebiotics

Prebiotics are short-chain carbohydrate substances
able to widely stimulate the growth and/ or activity of
one or more beneficial gut bacteria [127]. They have also
decreased A accumulation, restoration of redox homeo-
stasis, and increased butyrate levels [42].

Yeast beta-glucan has elevated the production of
SCFAs, restoring the balance between anti — and pro-
inflammatory bacteria in the GM and reduced neuroin-
flammation [128].

Mannan oligosaccharides have improved cognitive
and memory functions, enhanced synthesis of SCFAs,
reduced accumulation of AP in the cerebral cortex, hip-
pocampus, and amygdala, as well as reduced neuroin-
flammation [42].

Lactulose has been shown to reduce neuroinflam-
mation, promote insulin sensitivity, and improve short-
term memory and learning [129].

Ferulic acid has anti-inflammatory and anti-oxidant
effects and increases the production of nerve growth
factor and BDNF [130].

The effect of prebiotics was also different between the
sexes. The administration of oligofructose increased the
abundance of Bacteroidetes in female rats though the
butyrate levels were increased, but not in males, [131].

Still, other authors suggest that further substantia-
tion for the use of prebiotics in clinical practice is still
demanded for concluding the normalization of several
factors such as age, gender, race, and diet [132].

Probiotics

It is the live microorganisms that change micro-
biota toward a beneficial state [133]. Probiotic supple-
mentation causes improvement of immunomodulation,
long-term potentiation, and intestinal epithelial barrier
and BBB functions [134]. Mice treated with probiotics
showed increased memory and significantly lower quan-
tities of plaques and neuroinflammation [135].

Probiotics have anti—inﬂammatory, anti-stress, and
anti-oxidant effects in humans [136].

The effect of probiotics was also different between the
sexes, they lowered the colonic mucosal mast cell count
and decreased the levels of inflammatory cytokines only
in females but not in males [137].

A mixture of a probiotic plus a prebiotic, and syn-
biotic supplement improved memory, visual-spatial,
executive, and linguistic abilities in test subjects and
decreased the formation of proinflammatory cytokines
(IL-8, IL-12, and TNF-a) [138].

Fecal microbiota transplantation

Fecal microbiota transplantation (FMT) is the tech-
nique of introducing prescreened feces into patients’ GI
tracts to restore function and boost the total variety of
GM [139]. Fecal material is expected to come from a
well-organized stool bank and be administered via colo-
noscopy, enema, or capsule [140].

Dodiya et al. [123] found that FMT enhanced cogni-
tion, lowered AP buildup and tau expression, improved
synaptic plasticity, and boosted SCFA-producing gut
microbes. Transplanting feces from AD model donor
mice into healthy mice led to decreased of neurogenesis,
memory impairment, inflammatory cytokines, and A
plaque formation [108].

Conclusion

AD is a global health crisis. The gut-brain axis
controls several aspects of brain and gut physiology.
Through a number of pathways, gut dysbiosis contrib-
utes to the pathophysiology of AD and cognitive decline.
It results in the aggregation of Tau and AP proteins,
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immunological dysregulation, neuroinflammation, dis-
ruption of the blood-brain barrier, oxidative stress, and
leaky gut. Sex differences may have a major impact on
GM. Women make up two thirds of AD patients, and
they are more likely than males to have AD during their
lifetime. AD treatment strategies that target the gut-
brain-microbiota axis include dietary changes. These
strategies may be more effective when combined with a
high-fiber, vitamin- and mineral-rich diet. Intermittent
fasting combined with a ketogenic diet activates GSK-3
and increases BDNF to support hippocampal neurogen-
esis. Probiotics, prebiotics, and fecal microbiota trans-
plantation might all be important.
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OCOBEHHOCTU BEAEHU I BOABHBIX
C HAJKBITI U CAPKOIIEHUEN
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Features of Management of Patients
with NAFLD and Sarcopenia

Pestome

C y4yeToM pocTa 3a60/1€BaeMOCTU HEANKOro/IbHOM 1poBoit 6one3Hbio nedeHn (HAXKBM) u geMorpadmyeckoro crapeHus HaceneHWa capkone-
HWA CTana pacCMaTpUBATLCA KaK OAHO M3 MaTONOMMYECKMX COCTOAHUI, yHacTBYHOLWMX B pasBUTUM U nporpeccupoBaHun HAXKBI. YcTtaHoBaeHo,
4yTo HAXKBI 1 capkoneHus CBA3aHbl C Pe3UCTEHTHOCTBIO K MHCYIMHY M aTPOPUEl CKeNeTHbIX MbILL, KaK OpraHa-MULLIEHW MHCY/IMHA. B naToreHese
HAXBI y4acTBytoT BOCMasMTeIbHble LIUTOKUHBI C MOC/EAYIOWMM PacnajoM 6e/IKOB CKeN€THbIX MbILL, afUMOHEKTUH, HU3KWUI YPOBEHb KOTOPO-
ro MPUBOAUT K CHUKEHMIO YyBCTBUTE/IbHOCTU K MHCY/INHY, OKCUAATMBHbIVA CTPECC C aKTMBaLMell KaTaboIM4YecKnx NpoLLeccoB 1 pasBuUTUEM aTpo-
¢éun mbiwy,. Mporpeccnposanne capkoneHun npu HAXKBI ABnaeTca NpOrHOCTUYECKUM paKTOPOM M yBENNYMBAET PUCK CMepTHOCTU. CapKoneHus,
npevMyLILeCTBEHHO BO3HMKaIOLWAA 3@ CHET CHUXKEHUA MbILIEYHOM MaCcChl, B COYETaHWUM C yBe/IMYeHNEM BUCLLePasibHOrO XI1Pa, 40CTaTOYHO 4acTo Npu-
BOAMWT K CapKomneHUYeckoMy oxupeHnuto u npu HAXKBI yBesmumBaeT puck cepAeyHO-COCYAUCTIX 3abosieBaHMin. [MnepaMMoHneMus, aHoManbHas
MUKPOBMOTA KMLLEYHUKA, MNUAHbIe GaKTOPbI TaKXKe CNOCOBCTBYIOT pa3BUTUIO CapKoneHum y nauneHToB ¢ HAXKBI. YunTbiBas obwme naToreHeTu-
YecKne MexaHV3Mbl, yKasblBatollMe Ha ByHarnpaB/IeHHYI0 CBA3b Mexay capkoneHueid n HAXKBI, MyabTuANCUMNANHAPHDIV NOAXOA K BeAeHUIo 60/1b-
HbIx ¢ HAXKBI 1 capkoneHueit B HacTosLee BpeMs NpeACcTaBaseTcs Hambosiee onTuManbHbIM. COBpeMeHHbIe KOHLENTYya bHble CTpaTerny Hanpas-
JIeHbl Ha paHHtoto gnarHocTuky HAXKBI 1 capkoneHuu, 03g0poB/ieHVe 06pasa KMU3HU TaknX 60/bHbIX, MOUCK 3G PEKTUBHBIX /IEKAPCTB, KOMM/IEKCHOE
NepCoHaNn3NpoBaHHOE leveHNe, NMPOPUIAKTUKY NPOrPeccUpOBaHUA JaHHbIX 3a60/1€BaHUA U X OC/NIOMKHEHUIA.

KnroyeBbie C10Ba: Heankoz0/1bHas upoBas 60/€3Hb NeYeHU, CapKONeHUSs, O3UPeHUe, MbIeYHas Macca, MbIWeYHas CUAA, MbILEYHAs PyHKUUS

KoH}pAMKT nHTepecos

CoapTop cTaTby CTaueHko M.E. ABAseTCA YNeHOM pefakLMOHHONW KON KypHana «ApXuBb BHYTPeHHel MeAnLMHbl». CTaTba NpoLuAa NPUHATYIO
B )XypHane npoLiesypy peLieHsupoBaHus. CtaueHko M.E. He yyacTBOBas B MPUHATUM pelleHna o ny6anKaLumm 3Tol ctaTb. O6 MHBIX KOHPAMKTaX UH-
TepecoB aBTOPbI He 3aABAAM
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Abstract

Nowadays non-alcoholic fatty liver disease (NAFLD) and sarcopenia are actually considered as one of the pathological condition with involvement into
development of pathology of liver and skeletal muscles. Scientists of different countries found that sarcopenia is associated with insulin resistance
and skeletal muscle atrophy as an insulin target organ. Spredly known many cytokines of inflammation with variable affection of skeletal muscle
proteins, low level of adiponectin, decreased insulin sensitivity, oxidative stress with activation of catabolism leading to muscle atrophy are involved
into complicated pathogenesis of NAFLD. Progressive sarcopenia associated with NAFLD is prognostic factor and can increase the risk of mortality.
Sarcopenia, which due to decreased skeletal muscle mass and increased visceral fat, very often provokes development of sarcopenic obesity and
NAFLD. Hyperammonemia, abnormal intestinal microbiota, lipid factors also contribute to the development of sarcopenia in patients with NAFLD.
Given the common pathogenetic mechanisms indicating a bidirectional relationship between sarcopenia and NAFLD, a multidisciplinary approach to
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the management of patients with NAFLD and sarcopenia could be the most optimal. Modern strategies are aimed at early diagnosis of NAFLD with
sarcopenia, optimizing the lifestyle of these patients, searching for effective drugs, personalizing treatment and prevention of the progression of these
diseases and their complications.

Key words: non-alcoholic fatty liver disease, sarcopenia, obesity, skeletal muscle mass, muscle strength, muscle function
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Non-alcoholic fatty liver disease (NAFLD) is cur-
rently defined as the most common chronic liver dis-
ease that includes steatosis, non-alcoholic steatohepa-
titis (NASH) with fibrosis, liver cirrhosis (LC), and
hepatocellular carcinoma (HCC). Prior studies have
demonstrated that NAFLD increases the risk of car-
diovascular diseases, cancer, type 2 diabetes mellitus
(DM2) [1-3]. Sarcopenia has been deemed the progres-
sive disease associated with DM2, metabolic syndrome
(MS), liver diseases, and cardiovascular diseases [6-8].
A common combination of NAFLD and sarcopenia can
be considered two interdependent conditions associated
with aging, systemic inflammation, and insulin resis-
tance (IR) [8].

The term ,sarcopenia“ meaning age-related muscle
mass loss was introduced into practice by I. Rosenberg
in 1989. In 2000, R.N. Baumgartner proposed the term
»sarcopenic obesity®, i.e. the condition characterised
by the combination of excessive adipose tissue in the
body and decreased muscle amount, decreased muscle
strength, and impaired muscle function [5].

In 2010 and 2019, European Working Group on
Sarcopenia in Older People (EWGSOP) developed and
published diagnostic criteria, which made sarcopenia a
widely renowned disease [6, 7].

The prevention of sarcopenia and its detection in the
presarcopenia stage in patients with NAFLD is an up-to-
date objective of modern medicine. It has been shown
that the risk of NAFLD in patients with sarcopenia is

increased more than 5-fold, regardless of the presence of
obesity [8, 9]. S. Petta et al. detected a linear incremen-
tal growth of the sarcopenia & fibrosis (especially severe
fibrosis, F3-F4) severity association. Significant associa-
tions have also been proven for sarcopenia and NASH,
sarcopenia and steatosis severity. The prevalence of sar-
copenia in the European population with hepatic fibro-
sis depending on its severity is as follows: FO — 22.2 %,
F1 — 34.9%, F2 — 43.7%, F3 — 66.6 %, F4 — 60.0 %.
With that, the prevalence of severe fibrosis along with
sarcopenia was higher both in patients with visceral
obesity (46 % vs. 30.9 %) and in patients without obesity
(44.4% vs. 7.1 %, respectively) [10].

The association between sarcopenia prevalence and
steatosis severity has been detected in the Asian popula-
tion. Sarcopenia was observed in healthy subjects from
the control group without NAFLD (~8-22 %), in patients
with NAFLD (~18-38 %) and NASH (~35-63 %). A high
incidence of NASH with fibrosis (46 %) was also detected
in patients with sarcopenia compared to those without it
(25 %), as well as with a higher risk of NASH (2.5-fold)
and significant fibrosis in patients with NAFLD, regard-
less of obesity and IR [11-14].

Diagnostic aspects of NAFLD

and sarcopenia

In NAFLD, fat is detected in over 5% of hepatocytes
in patients not abusing alcohol (< 20 g/day for females,
< 30 g/day for males), while the severity varies from
simple steatosis to steatohepatitis, progressive fibrosis
and LC. Liver biopsy is currently considered the ,,golden®
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standard of NAFLD diagnosis despite limitations con-
cerning the sample variability, invasiveness, and high
costs.

Multiple non-invasive biomarkers, serum markers,
imaging methods are mainly intended to detect steato-
sis, NASH, or severe fibrosis. Currently US examination
is proposed as a screening method for the diagnosis of
steatosis in the target population, while the diagnosis of
NAFLD requires the exclusion of other steatosis causes
in chronic liver diseases. Progressive fibrosis is impor-
tant in the NAFLD diagnosis; this can be excluded using
the NAFLD Fibrosis Score, FIB-4 score, or with transient
elastography. The most reliable diagnostic methods are
represented by magnetic resonance imaging, enabling
the accurate steatosis evaluation or determining the
fibrosis stage, although they are still not applicable in
routine practice [3].

The updated consensus document EWGSOP2 pre-
sented in 2019 defines sarcopenia as a progressive and
generalised disease of skeletal muscles characterised by
the decreased muscle strength, mass, and physical abil-
ity. The main attention is paid to low muscle strength as
a key criterion for the diagnosis of sarcopenia, with the
addition of evaluating muscle amount and quality to
confirm the diagnosis. Severe sarcopenia is diagnosed
in the presence of all three criteria: low muscle strength,
low muscle amount or quality, and decreased physical
ability. Sarcopenia is divided into acute and chronic
forms: an acute condition spans for less than 6 months,
while the chronic form lasts > 6 months [6, 7].

In clinical practice, the diagnosis may start from
the detection of symptoms, i.e. frequent falls, weakness
sensation, slowed walking rate, and difficulties when
rising from a chair. In such cases, further testing for
sarcopenia is recommended. To screen for sarcopenia,
EWGSOP2 proposes the SARC-F (Strength, Assistance
with Walking, Rising from Chair, Climbing Stairs, and
Falls) questionnaire, enabling patients to assess their
limitations of daily activities independently. The ques-
tionnaire consists of five items and serves as a simple
tool for the detection of sarcopenia risk in clinical con-
ditions. EWGSOP?2 specifically denotes a high SARC-F
validity, its sensitivity from low to moderate, and very
high specificity for the prognosis of low muscle strength
with > 4 points [6, 7].

As an alternative, a more formal tool is proposed
for the detection of sarcopenia cases in clinical popula-
tions — this Ishii test is based on three variables: age,
grip force, and calf circumference. Functional tests are
more informative in the muscle strength assessment.
»Rise from a chair® test defines the time within which
a patient can rise from a chair five times without using
arms (it is usually over 15 s in sarcopenia) [6, 7].

Based on EWGSOP2 guidelines, the amount of skel-
etal muscles is assessed as their total mass (SMM), as well
as the mass of appendicular skeletal muscles. Magnetic
resonance imaging (MRI) and computed tomography

(CT) are defined as a golden standard for the non-inva-
sive evaluation of the skeletal muscle amount or mass
according to the latest EWGSOP2 guidelines; never-
theless, in the majority of cases these methods are not
widely used due to high equipment costs and the absence
of highly qualified staff. As noted by EWGSOP2, dual-
energy X-ray absorptiometry (DXA) is more frequently
preferred to measure the appendicular skeletal muscle
mass (ASMM) [6, 7].

Normal values for the appendicular skeletal mass
(ASM) (DXA) are as follows: males > 7.26 kg/m?, females
> 5.76 kg/m?.

Bioelectrical impedance analysis (BIA) does not
measure the muscle mass directly, but rather assesses the
muscle mass based on the electric conductivity of the
whole body [6, 7].

Physical ability may be tested using the 4-meter walk-
ing speed, Short Physical Performance Battery (SPPB),
walking time test (TUG), 400-meter walking test [6, 7].

Reference values for physical ability tests are as
follows:

4-meter walking speed < 6 seconds is considered

normal;

SPPB test > 10 points defines the well-fit physical

form;

TUG test < 10 seconds is considered normal;

400-meter walking test < 6 minutes is considered

normal.

Muscle quality may be evaluated using the phase
angle measured using BIA [6, 7].

The ultrasound method is recommended to measure
the muscle amount and quality [6, 7].

The search for laboratory biomarkers of the muscle
mass loss is considered perspective, requiring further
studies.

Testing ammonia levels in patients with NAFLD
and concomitant sarcopenia is important, as sufficient
scientific data demonstrate that hyperammoniemia is
an important factor of the impaired contractile skel-
etal muscle function [15]. Multiple studies have dem-
onstrated that ammonia synthesis in hepatocytes is the
main route of ammonia neutralisation. NAFLD with the
impaired hepatocyte function promoting intestinal dys-
biosis leads to the decreased tolerance to physical loads
and hyperammoniemia. With that, skeletal muscles
become the main organ accumulating ammonia, which
impairs the contractile response of skeletal muscles.
Leptin and other adipokines from the adipose tissue
enhance the muscle catabolism and progressive hepatic
fibrosis, which also makes the analysis of adipokines
important when studying patients with sarcopenia and
NAFLD [16] (Figure 1).

Increased blood cortisol levels may leads to insulin
resistance (IR), metabolic syndrome (MS), increased levels
of specific cytokines, and obesity. Consequently, cortisol
may be a potential biomarker of sarcopenia and NAFLD.
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Sarcopenia

* Myosteatosis

* Reduced glucose intake

* Growth hormone inhibition
* Protein catabolism

* Increased proteolysis

NAFLD
* Increased gluconeogenesis
* Increased consumption of FFA
* Reduction of FFA oxidation
* Oxidative stress
» Increased steatosis
* Increased fibrosis

Figure. Interaction between pathogenesis of sarcopenia and NAFLD.

List of abbreviations: FFA — free fatty acids

Sufficiently significant data from studies demonstrate
that skeletal muscles, liver, and adipose tissue exhibit
variable activity (endocrine, autocrine, and paracrine)
[17]. Secretion of cytokines and other signal molecules
forms the basis of molecular crossover interactions in the
»muscle-liver-adipose tissue“ system, with cortisol acting
as a key modulator. Chronic inflammation is considered
a result of increased plasma levels of pro-inflammatory
mediators, e.g. tumor necrosis factor a (TNF-a), inter-
leukin-6 (IL-6), and C-reactive protein (CRP) [18]. Other
circulating agents, i.e. TNF-like weak apoptosis inducer
(TWEAK), IL-18, insulin-like growth factor 1 (IGF1),
insulin, leptin, adiponectin, have been confirmed to be
associated with sarcopenia and NAFLD — thus, they can
be considered potential markers [19, 20]. Besides, the
developing oxidative stress and accumulation of reac-
tive oxygen species (ROS), trending to increase with
age, cause severe lesions of the skeletal muscle cells, also
participating in the NAFLD pathogenesis [19, 20]. Thus,
testing for lipid peroxidation (LPO) and antioxidant pro-
tection (AOP) system may be important in patients with
NAFLD and sarcopenia.

Actual issues of NAFLD
and sarcopenia prevention
and treatment

Non-drug aspects of NAFLD
and sarcopenia treatment

According to modern national and European guide-
lines, a reconvalescent lifestyle is

feasible, which presumes a healthy diet, sufficient
physical activity, body weight normalisation as a basis
for the treatment and prevention of NAFLD, IR; this is
especially important both for sarcopenia and ,sarcope-
nic obesity“ [3, 6, 7, 17, 21-24]. Guideline preferences
focus on the Mediterranean diet, specifically count-
ing the calories, with the optimal balance of vegetables,

fruits, seafood, monounsaturated fatty acids, w-3,6,9-
polyunsaturated fatty acids, various plant fibers, and
products with a low glycemic index. The diet also pre-
sumes rational limitation of sweet beverages and simple
carbohydrates, increased amounts of insoluble dietary
fibers to decrease the risk of hepatic steatosis and the risk
of associated metabolic disorders [3, 21-24].

According to many studies, the efficacy of the Medi-
terranean diet has been demonstrated in the treatment
of NAFLD with a sufficiently high degree of significance
regarding the improvement in steatosis, inflammatory
processes, and insulin resistance. However, its effects
on the hepatic fibrosis degree remains less significant
[21-24]. In overweight patients, World Health Organiza-
tion (WHO) and European Liver Association guidelines
define the necessity of the steady smooth weight decrease
(no more than 0.5-1.0 kg per week). Many authors
underline that weight loss > 5 % may decrease the hepatic
liver amount, 7-10 % — may decrease the inflammation,
and > 10 % — may decrease fibrosis. Quick weight loss
is undoubtedly dangerous regarding the steatohepatitis
and fibrosis progression, as well as a more significant
LPO/AOP imbalance, which can lead to the deteriorated
condition in sarcopenia [22-24].

Patients with NAFLD, but without obesity are recom-
mended to lose weight moderately (3-5 %) to achieve the
disease remission [24].

Physical activity is recommended in the form of
predominantly aerobic, to the lesser extent — strength
training both in NAFLD and sarcopenia, accounting for
the individual approach. Physical activities should cor-
relate to the NAFLD and sarcopenia stage, as well as
with concomitant diseases. Exercises should be selected
strictly individually.26 With that, one should account for
the patient preferences, which will increase his/her com-
pliance. It has been detected that physical exercises in the
adequate scope arranged constantly lead to the improved
histological signs in NASH even if the body weight has
not decreased significantly. Besides, the physical activity
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option proposed above promotes the decreased serum
cholesterol levels5 [21]. This is specifically important in
the treatment of sarcopenic obesity.

It has been shown that physical activity is an efficient
method of maintaining the normal function of muscles
and the cardiovascular system. The combination of aero-
bic and strength exercises may be considered as a thera-
peutic strategy in patients with primary or secondary
sarcopenia [7].

As physical abilities vary in different patients, it is
important to use the personalised approach to each
patient when selecting the physical exercise program.
Electrical myostimulation and vibration have been pro-
posed in patients with sarcopenia on a prolonged bed
regimen as new therapeutic interventions. However,
additional studies are required to determine their efficacy.

It has been established that the use of several diets
(Mediterranean, Scandinavian) are associated with the
improved physical functions and the decreased sarcope-
nia risk. One should thoroughly and individually weigh
the risks and advantages before administering diets to
decrease the weight in elderly persons with obesity due to
the risk of muscle mass loss in them. When losing weight,
to achieve the target loss of approximately 5-10 % from
the primary body weight within 6 months, using protein
in the amount at least 1.0 g/kg of body weight and fluid
in the amount of at least 1.6-2.0 L of water daily will be
required. Dietary regulations in patients with sarcopenia
should provide them with sufficient calories, guarantee
the adequate consumption of nutrients according to the
individual features (age, sex, treatment, physical activity
level) [25-28].

Drug aspects of NAFLD
and sarcopenia treatment

No drugs have been currently approved for the treat-
ment of NAFLD and sarcopenia [3, 6, 7, 21-23]. Thera-
peutic approaches for the combination of NAFLD and
sarcopenia may be implemented via the increased tissue
insulin sensitivity and decreased hepatic lesions.

Omega-3,6,9-polyunsaturated fatty acids are pro-
posed for use in the treatment of NAFLD and sarcope-
nia. Currently these drugs are considered the first line
in the treatment of hypertriglyceridemia in patients with
NASH [22].

It is feasible to use statins to decrease cardiovascular
risks in patients with NAFLD.

Statins decrease levels of cytolytic liver enzymes,
decrease inflammation and steatosis in patients with
NAFLD. Rosuvastatin is somewhat better to recommend,
as it is the safest and most efficient. Antiangiogenic and
antineoplastic effects define the preventive direction of
lipophilic statin effects [29, 30].

Potential statin properties promoting sarcopenia may
be associated with mechanisms mediated by infamma-
tory processes, apoptosis, disorders in the ubiquitine-

proteasome system, as well as with changes in insulin-
like growth factor 1 and myostatin levels [31].

Increased triglyceride (TG) levels in blood may be
adjusted with fibrates. Fenofibrate is an optimal repre-
sentative of this drug group [23, 28]. This drug increases
the insulin sensitivity of tissue receptors. In turn, this
prevents lipid accumulation in muscles and the liver.

Fenofibrate as monotherapy or in combination with
statins improves the atherogenic lipid serum profile, sig-
nificantly decreasing TG levels, while increasing high-
density lipoprotein (HDL) levels. Besides, it exhibits
anti-inflammatory and antithrombotic effects, simulta-
neously improving the endothelial function, especially
in patients with MS and DM2 [32].

Muscular complications, i.e. myalgia, myopathy, and
rhabdomyolysis with increased creatine phosphokinase
(CPK) levels, are considered the most common effects
of statins and fibrates; they become the main causes for
the adjustment of initial treatment with these drugs in
sarcopenia [33, 34].

It is interesting to note that the daily tocopherol
dose (vitamin E) dose of 800 mg positively affects his-
tological parameters in NAFLD, including the improve-
ment in balloon dystrophy, steatosis, and inflammatory
processes. However, no improvement is detected in the
hepatic fibrosis setting. At the same time, one should pay
attention to the potential procarcinogenic tocopherol
effects in doses > 800 mg/day, which were detected in
the context of prostatic cancer. The dose of 400 mg/day is
considered optimal [3, 35]. The association between this
drug and the muscle tissue condition is being actively
analysed.

Tocopherol in combination with ursodeoxycholic
acid (UDCA) is used in the treatment of patients with
NAFLD. The efficacy of this combination is associated
with decreased serum transaminase levels, decreased ste-
atosis and hepatic inflammatory processes in NASH. The
concomitant use of these drugs promotes the decreased
hepatocyte apoptosis and improved hepatic histology.
Besides, blood adiponectin levels restore, which is asso-
ciated with metabolic and cytoprotective effects [36].

UDCA demonstrates a wide spectrum of pleiotro-
pic effects, which promote its efficacy in the treatment
of NAFLD. In particular, it possesses antioxidant, anti-
fibrotic, and cytoprotective properties in hepatocytes.
Besides, UDCA normalises apoptotic processes: if
the apoptosis level was high, it promotes the decrease,
though it can activate the process if apoptosis was lack-
ing. This UDCA feature is the key for its anticarcinogenic
effects. UDCA use also leads to the decreased aggressive
effects of toxic bile acids on hepatocytes. When using
UDCA at the NASH stage, functional hepatic parameters
improve in patients with NAFLD. Besides, UDCA affects
insulin resistance, which is one of the main pathogenetic
mechanisms of NAFLD and metabolic syndrome.

UDCA therapy in patients with NAFLD significantly
decreases lipotoxicity signs, steatosis, and even hepatic
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fibrosis. UDCA promotes decreased insulin resistance,
normalised lipid profile, and provides positive effects on
metabolic processes [23, 36, 37].

Several effects (inhibition of serotonin, bradykinin,
histamine inflammatory reactions; decreased vascu-
lar permeability; anti-kinin, antiproliferative effects)
define the anti-inflammatory properties of glycyrrhi-
zinic acid. Glycyrrhizinic acid inhibits protein kinase
C, which blocks CD4+ leukocyte receptors, implement-
ing pseudo-corticoid effects. Antioxidant properties
of glycyrrhizinic acid are associated with its ability to
block LPO processes. The mechanism of this inhibition
includes 5-lipoxygenase phosphorylation [23]. Besides,
glycyrrhizinic acid interacts with prostaglandin E2, a
prooxidant. All these effects have significant effect in the
treatment of NAFLD and sarcopenia.

Randomised controlled trials (RCTs) aimed at eval-
uating the efficacy of using cholecalciferol (vitamin D)
orally for the treatment and prevention of sarcopenia
demonstrated ambiguous results. Currently no sufficient
evidence confirms its efficacy in the treatment of sarco-
penia [38].

As of today, no drug product is approved for the
treatment of sarcopenia, including testosterone. Cur-
rently the administration of testosterone is feasible only
in patients with the established cause of hypogonadism,
as it improves the muscle mass and strength in patients
with hypogonadism [39, 40]. The addition of testoster-
one is efficient to improve the muscle mass and muscle
strength only in elderly patients with variable hypogo-
nadism degrees. However, the efficacy of testosterone
concerning the physical ability is very low [40].

Besides, no positive estrogen effects have been dem-
onstrated in the treatment of sarcopenia. It has been
shown that estrogens do not significantly affect muscle
mass and strength. Thus, estrogen benefit in females with
sarcopenia is mild; with that, estrogen therapy is asso-
ciated with a higher risk of breast cancer. This issue is
an important limitation regarding estrogen therapy in
patients with sarcopenia and NAFLD [40].

Dehydroepiandrosterone (DHEA) is synthesised in
males and females, having the ability to increase tes-
tosterone levels. Only several small and relatively short
RCTs analysed DHEA effects on sarcopenia [41], which
proves that further studies are required.

Synthetic androgen receptor modulators (SARM) do
not bond with corticosteroid and progesterone recep-
tors, but are characterised by a high variability of regula-
tory androgenic receptor properties. This enables them
to affect skeletal muscles without androgenic effects.
However, additional studies are required. Currently no
synthetic androgen modulator has been approved by the
US Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMA) [42].

Several studies have demonstrated that peripheral
B2-receptor agonist, salbutamol, usually administrated
in chronic obstructive pulmonary disease and asthma,

improves the protein metabolism rate in skeletal muscles
with a positive protein synthesis balance. Despite the
potential therapeutic benefit in muscle atrophy, salbu-
tamol or other highly selective B2-agonists have never
been analysed in patients with sarcopenia [42].

Metformin and other prospective molecules, e.g.
exerkines (interleukin-6, TNF-q, interleukin-15, fibro-
blast growth factor 21, irisin, apelin, etc.) or xenolytics
(dazatinib, quercetine, ruxolitinib, etc.) are currently ana-
lysed in preclinical studies for the prevention of muscle
mass, strength, and physical ability losses [43-45].

The intestinal microbiome affects the amino acid
absorption [46]. This means that a microbiome may
promote sarcopenia. In the future, after corresponding
RCTs, the intestinal microbiome correction may become
a new direction in the treatment of sarcopenia.

Probiotics and prebiotics may become new tools in
the treatment of sarcopenia. The studies of bacterial quo-
rum-sensitive peptides, e.g. iAM373, produced by E. fae-
calis have detected a potentially new sarcopenia inducer
both in animals and humans [47], which requires addi-
tional analysis.

Thus, there is still very little evidence of efficient drug
use for the treatment or prevention of sarcopenia. Unless
current studies (large-scale Phase 3 RCTs, in particular)
confirm the drug efficacy in the context of sarcopenia,
lifestyle modification, including adequate physical exer-
cises and quality food, will remain the sole recommenda-
tion for this indication.

Prophylactic aspects of NAFLD
and sarcopenia evolution

Based on the data from randomised controlled
trials (RCTs) concerning sarcopenia prevention,
EWGSOP2 recommends the concept of maximum
muscle mass increase in young persons, its preserva-
tion in the middle age, and minimising losses in the
elderly [7]. Physical activities are considered as the
basis for both primary and secondary sarcopenia pre-
vention. In physical activities, the production of pro-
inflammatory cytokines decreases, along with the
increased synthesis of muscle protein, production of
pro-inflammatory cytokines, and glucose consump-
tion — that decreases the risk of NAFLD and sarcope-
nia progression. Physical exercises stimulate myocytes
to produce myokines, enhancing muscle innervation
and angiogenesis, satellite cell proliferation and differ-
entiation. Regarding the bone tissue, physical exercises
activate osteocytes to produce osteokines, promoting
mitochondrial biogenesis and (indirectly) the muscle
tissue growth.

The role of inflammatory cytokines and chemo-
tactic proteins, e.g. monocytic chemotactic protein 1
(CX3CL1), in trained muscles presumes the attraction
of immune cells and facilitation of their migration and
infiltration into muscles; simultaneously, the product
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of IL-10 and IL-1 receptor antagonist switches the pro-
inflammatory reaction to anti-inflammatory [48]. This
leads to decreased levels of several inflammatory cyto-
kines participating in systemic inflammatory reactions
[48, 49]. In addition to the localised release of the vas-
cular endothelium growth factor (VEGF), the levels of
associated extracellular matrix proteins, 61/CNN1 cys-
teine-rich angiogenic protein, and /CNN2 connec-
tive tissue growth factor along with IL-8 increase after
exercises, and these molecules play an important role in
skeletal angiogenesis, activating the endothelial cell pro-
liferation, capillary tube organisation, and extracellular
matrix remodeling. The production of angiopoietin-
like protein 4 (ANGPTLA4) in trained muscles enhances
angiogenesis in skeletal muscles to an even larger extent,
also increasing vascular permeability and lipid metabo-
lism in muscles. These secretory angiogenic factors cause
enhanced angiogenic effects in muscles, enabling a larger
amount of blood to enter muscles with a more efficient
delivery of nutrients into the muscle tissue — this is an
important function in the prevention and delay of sarco-
penia progression [49, 50].

Currently the issue of developing therapeutic & diag-
nostic algorithms for combined NAFLD and sarcopenia
phenotypes is still not resolved. Undoubtedly, this topic
will form the basis of prospective studies.

Conclusion

1. A clear association has been detected between
NAFLD and sarcopenia. The prevalence of sarcopenia
increases with NAFLD progression, and, vice versa, sar-
copenia increases the risk of NASH and/or liver fibrosis
in patients with NAFLD, affecting the mortality in LC.
Physicians should assess the association between sarco-
penia and NAFLD. Sarcopenia may be a potentially treat-
able condition. Specific therapeutic recommendations
have still not been defined for patients with sarcopenia
and NAFLD. No algorithm exists for the management of
such patients.

2. It is feasible to actively screen patients with
NAFLD for sarcopenia, assessing their muscle strength,
force, and function.

3. The multidisciplinary approach for patients with
NAFLD and sarcopenia should include the participation
of not only a gastroenterologist, endocrinologist, cardi-
ologist, and gerontologist, but also a physical therapist,
dietician, and nutrition specialist. The treatment efh-
cacy may require an individual approach, combination
of drug and non-drug interventions accounting for the
NAFLD and sarcopenia staging, as well as concomi-
tant diseases and possible complications. The alertness
concerning concomitant sarcopenia in patients with
NAFLD is important to prevent the disease progression
and to decrease the risk of remote negative results when
selecting the optimal time for the start of therapeutic
interventions.
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The Content of Intercellular Adhesion Molecules
in Patients With COVID-19-Associated Lung Disease

Pestome

Llenb. OueHWTb coaepaHue MoeKyn MexknetouHon agresmmn: ICAM-1, ICAM-2, ICAM-3, NCAM, VCAM-1, PECAM-1, E-sel, P-sel, EpCAM, L-sel
y naunentos ¢ COVID-19-accounmnpoBaHHbIM MOPaXKeHNEM JIErKMX U BbIABUTb Ha/NM4Me B3aMMOCBA3N MEX/AY X KOHLLeHTPaLMel 1 TAXKECTbIo Teve-
HuA npouecca. MaTepuanbl n MeToabl. B nccnegoBanme 6biam BkAtodeHbl 200 naymeHToB nocne nepeHeceHHoro COVID-19-accoummpoBaHHOro no-
pakeHWsA Nerkunx Yepes 1 MecAL, Noc/e BbIMUCKU U3 MOHOCTaLMOHApPOB . YuTbl. Miccneayemble 6611 pasgeneHbl Ha rpynnbl no 50 YenoBek, B 3aBUCK-
MOCTM OT CTEMEHW MOPAXKEHWA Nerknx No pesynbTaTaM NpoBeAeHNA KOMMbIOTepHOM ToMorpadum: 1-a rpynna (KT-1), 2-a rpynna (KT-2), 3-a rpynna
(KT-3), 4-a rpynna (KT-4). B rpynny KOHTpoAs 6blay BKAKOYEHbI 56 OTHOCUTE/IbHO 340POBbIX /UL, He 60/1EBLUMX paHee KOPOHABUPYCHOMN MHbeKLMel
1 pyrviM1 OCTPbIMU pecnpaTopHbIMM 3a6o1eBaHUAMM 3a NocneHue 3 Mecsla. Bce nccnegyembie rpynmbl 6b111 CONOCTaBMMbI MO MOJY U BO3pacTy.
CopepaHune MOJIEKY1 MEXK/IETOYHOW aAre3nn B CbIBOPOTKU KPOBUM ONpeAesiaav MeTOA0M UMMYHOXMMUYECKOro aHaiun3a. PesyabTaTsl. B pesysib-
TaTe NMpoBeAEHHOr0 NCCeA0BaHMUsA Gbi10 BbISB/IEHO MOBbLILIEHHOE COAEPKaHME MOIEKY/ MeXKeTo4HOM agresun (MMA) (ICAM-1, ICAM-2, ICAM-3,
NCAM, VCAM-1, PECAM-1, E-sel, P-sel, EpCAM, L-sel) y uccnegyembix rpynn 60/bHbix ¢ COVID-19-accoummpoBaHHbIM MOpaXeHUeM erkux B Cpas-
HEHWM C rPynnoi KOHTPOIA. Bbln 06HapyeHbl pasnnuna MexAy rpynnamu naLMeHToB C PasHbIM YPOBHEM MOPaXKeHWA JIeTKUX Mo gaHHbIM KT, npu
MCCNe0BaHNMN HEKOTOPBIX MO/IEKY/T MEXK/IETOUHOW aare3nn. 3akitoueHue. o utoram npoeeseHHON paboTbl BbIABIEHO, YTO NOC/IE NepeHeCeHHOM
KOPOHaBUPYCHOW MHPEKLUM, OCIOKHEHHOW NOpaXKeHWeM SIerkux, B KpOBM Hab/1t04aeTCsA NOBbILEHNE KOHLEHTPaL MU MOJIEKY/1 MEXK/IETOYHON aj-
resun — npejcTaBuTesIeN BCeX UCC/IeAyeMbIX CyNepceMeicTB. YBeImyeHne ypoBHEN MOeKY/1 M@XKNETOYHOM ajresunn y nccieayemblix naLmMeHToB
OoTpaaeT Ha/nyme SHAO0TEeIMO03a U KOPPEUPYeT C TAXKECTbIO MOPaXKeHWA 1erOYHOM TKaHW, B TOM YMUC/1e U B Nepuo/, peKOHBaNeCLeHLMN.
KnroueBbie caoBa: COVID-19-accoyuuposaHHoe nopaeHue Ne2Kux, MOAEKYAbl MexKaemoyHoli adzesuu, ICAM-1, ICAM-2, ICAM-3, NCAM,
VCAM-1, PECAM-1, E-sel, P-sel, EpCAM, L-sel
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Abstract

Objective. To evaluate the content of intercellular adhesion molecules: ICAM-1, ICAM-2, ICAM-3, NCAM, VCAM-1, PECAM-1, E-sel, P-sel, EpCAM,
L-sel in patients with COVID-19-associated lung damage and to identify the relationship between their concentration and severity the flow of the
process. Materials and methods. The study included 200 patients after suffering COVID-19-associated lung damage 1 month after discharge from
Chita monostationals. The subjects were divided into groups of 50 people, depending on the degree of lung damage according to the results of
computed tomography: Group 1 (CT-1), median age was 51.5 [50.5; 54.8]; Group 2 (CT-2), median age 57.0 [53.1; 57.0]; group 3 (CT-3), median age
52.5[51.9; 55.0]; 4th group (CT-4), median 55.0 [53.2; 56.4]. The control group included 56 relatively healthy individuals who had not previously had
coronavirus infection and other acute respiratory diseases in the last 3 months, the median age was 55.0 [51.1; 55.0]. All the study groups were com-
parable in gender and age. The content of intercellular adhesion molecules in blood serum was determined by immunochemical analysis. Results. The
study revealed an increased content of intercellular adhesion molecules (MMA) (ICAM-1, ICAM-2, ICAM-3, NCAM, VCAM-1, PECAM-1, E-sel, P-sel,
EpCAM, L-sel) in the studied groups of patients with COVID-19-associated lung damage in comparison with the control group. Differences were found
between groups of patients with different levels of lung damage according to CT data, when examining some intercellular adhesion molecules. Con-
clusion. According to the results of the work carried out, it was revealed that after a coronavirus infection complicated by lung damage, an increase
in the concentration of intercellular adhesion molecules in the blood is observed — representatives of all the studied superfamilies. An increase in the
levels of intercellular adhesion molecules in the studied patients reflects the presence of endotheliosis and correlates with the severity of lung tissue
damage, including during the period of convalescence.

Key words: COVID-19-associated lung damage, intercellular adhesion molecules, ICAM-1, ICAM-2, ICAM-3, NCAM, VCAM-1, PECAM-1, E-sel, P-sel,
EpCAM, L-sel

Conflict of interests
The authors declare no conflict of interests

Sources of funding
The work was carried out with the financial support of the Chita State Medical Academy of the Ministry of Health of the Russian Federation within the
framework of the approved research plan

Conformity with the principles of ethics

The study was approved by the local Ethics Committee of the Chita State Medical Academy of the Ministry of Health of the Russian Federation (extract
from Protocol No. 105. December 2, 2020). Informed consent was obtained from all subjects who participated in the study. Written informed consent
was also obtained from the patients for the publication of this article.

Article received on 11.11.2024
Reviewer approved 10.02.2025
Accepted for publication on 05.03.2025

For citation: Karachenova A.M., Romanova E.N. The Content of Intercellular Adhesion Molecules in Patients With COVID-19-Associated Lung Disease.
The Russian Archives of Internal Medicine. 2025; 15(3): 187-198. DOI: 10.20514/2226-6704-2025-15-3-187-198. EDN: GEREGM

IAM — intercellular adhesion molecule, EC — endothelial cells, COVID-19 — novel coronavirus infection
e @ o

Introduction tion both as cell substrate and intercellular adhesive

Intercellular adhesion molecules (IAM) are cell sur-
face proteins, which participate in binding cells to one
another and to the extracellular matrix. They are essen-
tial components in maintaining the tissue structure and
functions. Also, IAMs participate in cell growth mecha-
nism, contact cell inhibition and apoptosis, endothelial
cell (EC) activation at the inflammation site, white blood
cell migration from the vascular bed to adjacent tissues,
pathogen and toxin eradication, vessel sequestration and
remodelling, reparation and hemostasis mechanisms [1].
In the physiologically normal state, endotheliocytes do
not express IAMs. Under the influence of damaging fac-
tors, IAM concentration on their surface increases, and
oxidised lipids and lipoproteins accumulate in larger
amounts in the subendothelial area [2]. Excessive,
uncontrolled EC activation causes formation of small
blood clots, higher vascular permeability, tissue and cell
hypoxia, and results in inflammation [1, 3].

In terms of structural similarity, IAMs are stratified
into five 5 superfamilies [4]:

1. Integrins (CD29 (B ), CD18 (B,), CDé61 (B,), CD49

(B,), etc.) are hetero-dimeric molecules, which func-

receptors.

2. Adhesive receptors from immunoglobulin superfam-
ily (PECAM-1, NCAM, ICAM-1, ICAM-2, ICAM-3,
etc.) participate in intercellular adhesion.

3. Selectins (E-, P-, L-selectins) are adhesive receptors,
the lectin-like domain of which ensures adhesion of
white blood cells to endothelial cells.

4. Cadherins (E-, P-,N-, R-, VE-cadherins) are calcium-
dependant adhesion proteins, which ensure contacts
between endothelial cells.

5. Homing receptors or addressins (MAdCAM-I1,
mucosaladressin cellular adhesion molecule-1)),
CD34, GlyCAM-1) are molecules, which ensure lym-
phocyte release to the lymphoid tissue.

Another IAM has been found recently, which is not
included in any of the above molecule classes: EPCAM
(epithelial cell adhesion molecule, CD326) — a mem-
brane protein, encoded by a same-name gene, which
participates in the intercellular adhesion in epithelium,
signal transmission to the cell nucleus, cell migration,
cell proliferation and differentiation, as well as dissemi-
nation of tumours [5].
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There are membrane-dependent and soluble IAMs,
their main function being regulation of white blood cell
migration from the blood flow via endothelium to the
cell damage area [2].

The process of white blood cell migration from the
vessel bed via endothelium runs in several steps, and
IAMs participate in each and every of them. The process
of “border standing”, as a result of which white blood cells
stay at the borderline of the vessel bed, is facilitated by
P-selectin. White blood cell activation (early adhesion)
is also promoted by selectins (P- and E-selectins). “Other
white blood cell adhesion” is ensured by ICAM-1 and
ICAM-2 as well as by leucocyte integrins (LFA-1 and
Mac 1). Transendothelial white blood cell migration is
facilitated by the same integrins and ICAM-1, VCAM-1,
PECAM-1 [4].

Given that IAMs participate in immune response
and inflammation progression, the academic interest
lies in the research of their expression in various conta-
gious pathologies, including COVID-19-assoiciated lung
damage.

Study Objective

To study the levels of intercellular adhesion mol-
ecules (ICAM-1, ICAM-2, ICAM-3, NCAM, VCAM-1,
PECAM-1, E-sel, P-sel, EpCAM, L-sel) in patients with
COVID-19-assoiciated lung damage and identify the
correlation between their concentration and condition
severity.

Materials and Methods

The study included 200 patients, who previously
had COVID-19-assoiciated lung damage and were dis-
charged from specialised inpatient clinics in Chita a
month before enrolment. All patients were divided into
groups of 50 people, depending on the degree of lung
damage as seen on CT scans: group 1 (CT1) — median
age was 51.5 [50.5; 54.8]; group 2 (CT2) — median age
was 57.0 [53.1; 57.0]; group 3 (CT3) — median age was
52.5 [51.9; 55.0]; and group 4 (CT4) — median age was
55.0 [53.2; 56.4]. The study included patients with con-
firmed COVID-19; they had a positive polymerase chain
reaction test for SARS-CoV-2 RNA. Exclusion criteria
were: systemic diseases; lymphoproliferative and myelo-
proliferative disorders requiring immunosuppressive
therapy; pregnancy, HIV infection, chronic alcoholism.
The control group included 56 healthy volunteers with-
out a history of coronavirus infection and other respira-
tory diseases within the past three months; median age
was 55.0 [51.1; 55.0]. All study groups were comparable
in sex and age composition. The levels of serum inter-
cellular adhesion molecules were measured using immu-
nochemical assay. Statistical processing of study results
was performed with IBM SPSS Statistics Version 25.0
(licence No. Z125-3301-14, IBM, USA) [6,7].

Results and Discussion

ICAM-1 (CD54) is an integral membrane protein,
included in the immunoglobulin superfamily. In the
physiologically normal state, its expression by endothe-
lial cells is close to zero. Its expression rises under the
influence of free radicals, complement components,
nitrogen oxide, lipopolyssacharides, pro-inflammatory
cytokines (IL-1, 6, 8; TNF-q, etc.), histamine, leukotriene
and other mediators [8-9]. Also, this IAM is expressed
by lymphocytes, monocytes, bronchoalveolar epithe-
lial cells, and the expression increases within 6-8 hours
after stimulation and persists for 48 hours [2]. The role
of ICAM-1 as a marker of diseases, including inflamma-
tory conditions, has been proven by a number of patho-
logical reactions. In allergic inflammation of airways,
ICAM-1 promotes the development of nasal allergies.
Higher IAM (sICAM-1) levels were found in HIV-1 car-
riers. According to G.P. Downey and L. Fialkow (1995)
[10], plasma sSICAM-1 levels are a prediction criterion;
a value of over 1,000 ng/mL is a sign of a high probabil-
ity of death [11]. A study of A/HIN1/09 pneumonias
showed that sSICAM-1 levels in patients with various
degrees of disease severity had multidirectional fluctua-
tions: they were higher in more severe cases and lower in
mild pneumonias; in a vast majority of patients with the
highest sSICAM-1 levels, pneumonia was associated with
acute lung damage [12].

An analysis of ICAM-1 concentrations in the study
groups showed its higher levels in patients with COVID-
19-associated lung damage vs. controls. Group 1
(CT-1) — 1.2 times higher [1.4; 2.03] (p < 0.001),
group 2 (CT-2) — 1.8 times higher [2.2; 2.2] (p < 0.001),
group 3 (CT-3) — 1.9 times higher [1.1; 2.2] (p < 0.001),
group 4 (CT-4) — 2.01 times higher [1.3; 2.8] (p < 0.001)
(Table 1). Also, lower ICAM-1 concentrations were
observed in patients with mild COVID-19-associated
lung damage (CT-1) vs. groups CT-2, CT-3, CT-4:
1.4, 1.5 and 1.6 times higher, respectively (p < 0.001)
(Figure 1).

ICAM-2, another representative of the immu-
noglobulin superfamily, is found on the cell mem-
brane surface, mostly of hemopoietic cells [2, 13]. Its
expression on dormant lymphocytes is higher than
that of ICAM-1, whereas the synthesis of these mol-
ecules on monocytes is approximately the same. Simi-
larly to ICAM-1, its receptor is integrin LFA-1. Since
unlike ICAM-1, ICAM-2 is found on dormant ECs, it
is likely to participate in recirculation of LFA-1-pos-
itive lymphocytes. Also, ICAM-2 is essential for ini-
tiation of T-cell adhesion to antigen-presenting cells.
For now, it is assumed that an additional function of
ICAM-2 is ICAM-1-independent lysis of various target
cells [2, 14].

In this study, ICAM-2 levels were higher in patients
in CT-1, CT-3, and CT-4 groups vs. healthy subjects
(Table 1): CT-1 — 1.2 times [1.01; 1.3] (p = 0.025),
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CT-3 — 1.4 times [1.2; 1.7] (p < 0.001), CT-4 — 1.6 times
[3.5; 1.04] (p < 0.001). There are also differences in
the concentration of this IAM between the group of
mild lung damage (CT-1, CT-2) and the group of severe
COVID-19-associated lung damage (CT-3, CT-4)
(Figure 2).

ICAM-3 is an integral membrane protein with high
homology to ICAM-1 and ICAM-2 in the extracellular
region; it is expressed on dormant lymphocytes, mono-
cytes and neutrophils. ICAM-1, ICAM-2, and ICAM-3
are a ligand for LFA-1, which impacts its activity. Unlike
ICAM-1 and ICAM-2, ICAM-3 is not present on
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Figure 1. The concentration of ICAM-1 intercellular adhesion molecules in the blood of patients in the studied groups

Note: statistical significance of differences between: p_, — control group and group 1; p_, — control group and group 2; p_, — control group and group 3; p_, — control group and
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Figure 2. The concentration of ICAM-2 intercellular adhesion molecules in the blood of patients in the studied groups
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endothelium, but its expression is better on monocytes
and dormant lymphocytes vs. other LFA-1 ligands [2,
16]. An analysis of the available information shows that
ICAM-3 has a crucial role to play in immune response
initiation. It has also been found that this IAM partici-
pates in regulation of LFA-1/ICAM-1-dependent inter-
cellular white blood cell interaction. sSICAM-3 levels
increase in rheumatoid arthritis, systemic lupus erythe-
matosus [1].

An analysis of serum ICAM-3 levels in
patients demonstrated higher concentrations in
patients with coronavirus infection vs. controls:

group 1 (CT-1) — 1.9 times [1.6; 2.7] (p < 0.001),
group 2 (CT-2) — 1.7 times [1.3; 2.3] (p < 0.001),
group 3 (CT-3) — 1.4 times [1.1; 2.03] (p < 0.001),
in group 4 (CT-4) — 1.4 times [1.1; 2.01] (p < 0.001).
Comparison of patients with COVID-19-associated
lung damage revealed statistically significant differences
in ICAM-3 concentrations between patients with mild
lung damage (CT-1) and patients with severe condition
(CT-3, CT-4) (p = 0.001). Of note, a higher concentra-
tion of this IAM was observed in patients with smaller
areas of pulmonary tissue damage caused by coronavi-
rus infection (CT-1) as compared to patients in CT-3
and CT-4 groups: comparison of group 1 (CT-1) and
group 3 (CT-3) — 1.4 times [1.03; 1.8] (p = 0.001); of
group 1 (CT-1) and group 4 (CT-4) — 1.4 times [1.04;
1.8] (p = 0.001) (Figure 3).

NCAM (CD56), a neural cell adhesion molecule, is
a homophilic binding glucoprotein, which is expressed
on the surface of neurons, glia and skeletal muscles. Its
expression was also found in the hematopoietic system; it

is associated with natural killer cells, but is not limited to
them. CD56 was found on other lymphocytes, including
y8 T cells and activated CD8+ T cells, as well as dendritic
cells. According to present knowledge, NCAM partici-
pates in cell adhesion, axon spread, synaptic plasticity,
learning, and memory [2,17].

An analysis of this IAM in patients
showed its higher concentrations: group 1 (CT-1)
vs. controls — 1.4 times [1.2; 1.6] (p < 0.001);
group 2 (CT-2) — 1.6 times [1.9; 1.4] (p < 0.001);
group 3 (CT-3) — 1.8 times [1.5; 2.01] (p < 0.001);
group 4 (CT-4) — 2.2 times [1.9; 2.5] (p < 0.001). There
is also difference in NCAM levels between patients
with mild COVID-19-associated lung damage (CT-1)
and other study groups (CT-2, CT-3, CT-4): 1.1 [1.1;
1.4]; 1.3 [1.1; 1.4]; 1.5 [1.4; 1.7] timely, respectively
(p <0.001) (Figure 4).

VCAMS-1 is involved in leukocytic-endothelial inter-
action and expressed after cell stimulation by IL-1, TNF-a
or an endotoxin. This IAM is a ligand to integrin VLA-4,
found on lymphocytes, monocytes and eosinophils [2].
It participates in white cell adhesion outside vessels, thus
ensuring interaction between lymphoblasts and stromal
cells of the bone marrow and between B cells and den-
dritic cells in lymph node follicles. According to the liter-
ature, VCAM-1 possesses selective leukocytic adhesion,
thus ensuring mononuclear cell accumulation during
acute inflammation [18, 19]. Higher VCAM-1 levels
were observed in various autoimmune conditions (mul-
tiple sclerosis, systemic sclerosis, systemic lupus erythe-
matosus), infections (sepsis, meningitis, malaria) and
other [1, 2, 18].

our
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Figure 3. The concentration of ICAM-3 intercellular adhesion molecules in the blood of patients in the studied groups

Note: see figure 1
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A study of concentrations of this molecule in post-
coronavirus infection patients demonstrated higher
levels in patients with COVID-19-associated lung
damage (CT-2, CT-3, CT-4) vs. controls: 1.3, 1.7,
1.8 times, respectively (p < 0.001). Serum VCAM-1 levels
were higher in patients with a more severe condition
(Figure 5).

PECAM-1 (CD31) is a transmembrane glucopro-
tein; it is expressed mostly by vascular cells and is an

immunohistochemical marker of blood vessel angio-
genesis. CD31 was found on platelets, monocytes, neu-
trophils, and CD8+ T cells [2]. Previous studies confirm
PECAM-1 involvement in inflammatory processes and
interaction between white blood cells and ECs. It has
also been established that, during white cell migration,
they enter the inflammation site via intercellular junc-
tions of vessel endotheliocytes under the influence of
PECAM-1 [20, 21].
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Figure 4. The concentration of NCAM intercellular adhesion molecules in the blood of patients in the studied groups

Note: see figure 1
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Figure 5. The concentration of VCAM-1 intercellular adhesion molecules in the blood of patients in the studied groups
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Studies of PECAM-1 showed its higher concentra-
tions in patients vs. controls. Higher PECAM-1 levels
were observed in patients with COVID-19-associated
lung damage (CT-1) vs. controls: 1.4 times [1.2; 1.6]
(p < 0.001), and 1.6 times [1.5; 1.9] vs. CT-2, CT-3 and
CT-4 (p < 0.001) (Figure 6).

Selectins (cluster of differentiation 62, or CD62) are
cell membrane glucoproteins, which ensure adhesion
interactions between hematopoietic, tumour cells, white
blood cells, platelets and endothelium. Cell adhesion has
a crucial role to play in inflammatory, infectious, meta-
static and immune processes, as well as in the ability of
stem cells to identify their “niche” [22, 23]. Selectins are
essential for rolling and adhesion of polymorphonucleo-
cytes to endothelial wall, their migration to the intercel-
lular matrix [24-26]. As we know, selectins are practi-
cally not expressed on membranes of non-activated cells.
When endothelial cells, white blood cells and platelets
are activated under specific conditions (changes in blood
flow velocity, pH and temperature, impaired cell struc-
ture, exposure to biologically active molecules), their
expression increases [22, 27]

E-selectin (E-sel) is expressed by endothelial cells
when endothelium is damaged as well as in case of an
inactive, long-lasting non-specific inflammation, pro-
moting white blood attraction (chemotaxis) [24, 28, 29].
E-selectin is synthesised on endothelial cell membrane
4-6 hours after exposure to tumour necrosis factor a,
interferon y and interleukin-1. This selectin is involved
in initiation of activated white cell adhesion to endothe-
lial cells in the inflammation site [22, 30]. The highest
selectin E concentrations can persist for 1-2 days. With

lower levels, slow white cell rolling and inflammation
severity drop. This molecule is involved in adhesion of
endotheliocyte precursor, facilitating their migration
and formation of capillaries. Introduction of an adeno-
viral vector of E-selectin promotes formation of capillar-
ies and reduces severity of necrosis caused by ischaemia.
Thus, E-selectin hyperexpression proves its involvement
in adhesion of endothelial cell precursors and neoangio-
genesis [22, 31, 32].

P-selectin (P-sel) is found in a-granules of platelets
and secretory granules (Weibel-Palade bodies) of endo-
thelial cells; they are involved in primary interaction
between polymorphonuclear neutrophils and endothe-
lial cells, particularly in the inflammation site. It has
been proven that, when acting together with cytokines,
it can regulate integrin synthesis. The highest concentra-
tion is observed 5-10 minutes after cell activation, and
within half an hour/an hour P-selectin is detected on
cell surfaces [22, 33]. According to G. V. Chaitanya et al.,
P-selectin expression can be regulated under the influ-
ence of nitrogen oxide [34, 35]. Besides, expression of
this selectin on endothelial cell surface increases during
hypoxia and reduces in hypoglycaemia [36].

L-selectin (L-sel) is involved in white cell migration
to inflamed tissues; higher levels of L-selectin ligands
initiate its expression. The important role of L-selectin is
adhesion of circulating white blood cells to white blood
cells adhering to a vessel wall, known as secondary bind-
ing. This selectin is constantly produced on white blood
cells and quickly leaves the cell surface after its activa-
tion. It helps white cells to adhere to lymph node cells
and activated endothelium [37, 38].
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Figure 6. The concentration of PECAM-1 intercellular adhesion molecules in the blood of patients in the studied groups

Note: see figure 1
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A study of E-selectin in patients after coronavirus
infection showed higher concentrations in the study
groups vs. controls: group 1 (CT-1) vs. controls —
1.5 times [2.4;4.4] (p =0.007); group 2 (CT-2) — 1.9 times
[1.7; 4.8] (p < 0.001); group 3 (CT-3) — 1.8 times [1.5;
3.2] (p < 0.001), group 4 — (CT-4) — 1.7 times [1.6; 2.6]
(p < 0.001) (Figure 7).

Analysis of P-selectin concentrations demon-
strated similar results; its levels were higher in patients
after COVID-19 as compared to controls. group 1

(CT-1) — 1.1 times [1.1; 1.9] (p = 0.002), group 2
(CT-2) — 1.7 times [1.4; 2.5] (p < 0.001), group 3
(CT-3) — 1.8 times [1.5; 2.5] (p < 0.001), in group 4
(CT-4) — 1.9 times [1.6; 2.8] (p < 0.001). Also, sig-
nificantly higher levels of P-selectin were observed in
patients with lung damage (CT-2, CT-3, CT-4) as com-
pared to CT-1 patients: CT-2 vs. CT-1 — 1.5 times [1.01;
1.8] (p = 0.008), CT-1 and CT-3 — 1.6 times [1.02;
1.8] (p = 0.002), CT-4 and CT-1 — 1.7 times [1.1; 1.9]
(p < 0.001) (Figure 8).
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Figure 7. The concentration of intercellular adhesion molecules of E-selectin in the blood of patients in the studied groups

Note: see figure 1
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Figure 8. The concentration of intercellular adhesion molecules of P-selectin in the blood of patients in the studied groups

Note: see figure 1
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An analysis of L-selectin levels in this study also
demonstrated high concentrations in the study groups
vs. controls: group 1 — 1.4 times [1.3; 1.7] (p < 0.001);
group 2 — 1.2 times [1.1; 1.4] (p < 0.001); group 3 —
1.2 times [1.1; 1.5] (p < 0.001); group 4 — 1.2 times [1.4;
1.1] (p = 0.001). Excess concentrations of L-selectin were
recorded in patients with CT-1 lung damage as compared
to patients from CT-2, CT-3, CT-4 groups: CT-1 vs.
CT-2 — 1.1 times [1.02; 1.4] (p = 0.001), CT-1 vs.
CT-3 — 1.1 times [1.01; 1.3] (p = 0.004), CT-1vs. CT-4 —
1.1 times [1.4; 1.05] (p = 0.002) (Figure 9).

EPCAM is a type I transmembrane glucoprotein; it
plays an important role in cell adhesion and is expressed
mainly in the large and small intestine, pancreas. Its inter-
cellular binding is ensured by the extracellular domain of
this protein; however, EPCAM-mediated intercellular
contacts are relatively weak. EPCAM affects cadherin-
mediated cell interaction by diminishing the associa-
tion of the cadherin-catenin complex in cytoskeleton.
Higher EPCAM expression lowers alpha catenin levels.
Active proliferation in epithelial tissues is associated with
increased EPCAM synthesis, whereas epithelial cell dif-
ferentiation is associated with its decrease [39, 40]. This
molecule possesses oncogenic potential: it can boost the
activity of c-myc, e-fabp proteins, cyclins A and E and can
be a marker of some cancer types due to specific expres-
sion only in epithelium and epithelial tumours [40].

A study of EPCAM showed its higher levels in
patients with CT-1 lung damage as compared with con-
trols: 1.6 times [1.2; 2] (p < 0.001). There are differences
between study groups: mild lung damage (CT-1) and
severe involvement (CT-3, CT-4) after the past coronavi-
rus infection. EPCAM levels were 1.5 times higher when

comparing CT-3 to CT-1 [1.01; 1.8] (p = 0.007) and
1.4 times higher when comparing CT-4 to CT-1 [1.03;
1.9] (p = 0.005) (Figure 10).

The available references evidence that COVID-19
patients have higher levels of soluble cell adhesion mole-
cules, especially of ICAM-1 [41]. A retrospective study of
COVID-19 patients in China showed that SICAM-1 con-
centrations in the blood increased with increasing dis-
ease severity. This parameter normalised during the
recovery phase [42]. In patients with COVID-19 and cir-
rhosis, higher ICAM-1 levels were an independent pre-
dictor of death [43]. An analysis of blood ICAM-1 con-
centrations in COVID-19 patients 2 to 33 weeks after the
diagnosis showed that ICAM-1 levels remained low two
weeks after COVID-19 diagnosis and increased six-fold
five weeks, and then normalised [42]. Similar data are
available for ICAM-1 molecules in COVID-19 patients
two weeks and five weeks after COVID-19 diagnosis: five
weeks later, ICAM-1 levels increased six-fold vs. baseline
values [42, 43].

In this study, plasma IAM levels were measured one
month after discharge from a specialised hospital, and
results are similar to the data presented by other authors,
who studied the levels of endothelial dysfunction mol-
ecules at various stages after the past COVID-19 infec-
tion.

Following the study, a binary logistic analysis was
performed in order to assess the influence (identifi-
cation of independent predictive factors) of the test
parameters on the probability of pulmonary fibrosis
after COVID-19-associated lung damage. The model was
based on the logistic regression method with sequential
exclusion of the least significant factors. Selection and
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Figure 9. The concentration of L-selectin intercellular adhesion molecules in the blood of patients in the studied groups

Note: see figure 1
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Figure 10. The concentration of EPCAM intercellular adhesion molecules in the blood of patients in the study groups

Note: see figure 1

the method of elimination were used to identify the fac-
tors with the highest confidence, including intercellular
adhesion molecules. This model was converted into a
calculator, which can be used in practical healthcare; and
details will be provided later in publications.

Conclusions. Thus, patients with past coronavirus
infection with lung involvement have higher concen-
trations of intercellular adhesion molecules from all
superfamilies. Higher levels of intercellular adhesion
molecules in study subjects prove the presence of endo-
theliosis and correlate with the degree of pulmonary
tissue involvement, including recovery.
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Pesome

AKTyanbHOCTb. Helipopnbpomatos 1-ro tuna (HP1) — 370 HacesCTBEHHDBINA OMYXO/EBbI CUHAPOM, BCTPeYatoLuiica ¢ yactoToit 1:3164 HaceneHums
B MUpe. Bone3Hb xapaKkTepusyeTcsa TAXeNbIMU KAMHUYECKUMU MPOABACHUAMU B BUAE MHOMECTBEHHbIX KOXHbBIX U MOAKOMHbIX OMyXO/el, naeKcu-
$OPMHbIX HelipOPUOPOM, CKeNeTHbIX aHOMas/IN, KOTHUTUBHBIX PACCTPOMCTB U Pa3/IMyHbIX OCNOXHEHWI. Lienb uccneposanus. OnpeseneHne 4acToTbl
BcTpeyaeMocT HP1 B Pecnyb/nke ballkopTocTaH U ee ANHAMUKW, KAMHUYeCKMX ocobeHHocTelt HP1 ana coBeplleHCTBOBaHWA OpraHM3aLMOHHbIX
1 neYyebHO-MarHoCTUYECKMX NOAXO/0B NPV OKasaHUM MeAULIMHCKOM noMolm nauveHTam ¢ HP1. MaTtepuan u MeTogbl. [poBeieHO KNMHMKO-3NMAe-
MUoIornyecKoe nccneoBaHune 60/1bHbIX HP1 B Pecnybmke balikopTocTaH 1 CpaBHUTE/NbHBIA aHanus ¢ AaHHbIMK 3a 2009 1 2021 rogbl. PesynbTaThl.
B Pecny6uke bawkopTocTaH 3apernctpuposaHo 544 60/bHbix HD1 13 433 cemeii B BospacTe oT 1 40 85 net (cpeaHuii Bospact 30 et n 7 Mecsaues),
4acToTa BCTpeyaeMocTu coctaBuna 1:7407 yenosek. XapaktepHble Ana HP1 nurMeHTHble NATHA onpejeneHbl Y BCeX NaLMEHTOB, KOXHbIE N MOAKOX-
Hble HelpoprBpoMbl y 58 %, naekcndopMHble HelipodunbpoMbl — Yy 7 %, ckonmos —Yy 17,4 %. TpyaHOCTU B 06y4eHUn BbisBaeHbl Y 14 %, snunencua —
y 3,7 %, rugpouedanva —y 4 %, r/AMOMbl 3pUTe/NbHbIX HEPBOB — Y 6 %, OMYXONM FOI0BHOIO Mo3ra — Y 4 % 60/1bHbIX. O6cyaeHUe. CpaBHUTENbHbIV
aHanM3 0cobeHHOCTeN KANHUYECKUX nposaBeHnii HDTy 60nbHbIX M3 Pecny6mkm balukopTocTaH ¢ MMPOBbLIMUM AaHHbIMU NMOKa3an A0CToBepHO Bonee
peAKoe BbifiBNIeHWe HelipodunbpoM, y3enkos JINia, FAVOM 3pUTe/NbHLIX HEPBOB, HAapYLIEHWI MHTeNeKTa U NCMXONOrMYecKkmnx paccTporcTs. Komnye-
cTBO nauuneHToB ¢ HO1 B pecnybaunke yBennumnocsk B 2,3 pasa 3a 15 neT u Ha 35 % 3a nocneaHue 3 roga. bosnee Toro, 4 60/1bHbIX C N1EKCUGOPMHBIMU
HelipopnbpoMaMM NoyHaloT UHIMBUTOP MUTOreH-aKTUBMPYEMOI NMPOTEMHKMHA3bI, MOKa3aBLUMI CBOK 3PPEKTUBHOCTL. 3akatoyeHue. MonyyeHHble
pe3y/nbTaThbl CBUAETE/ILCTBYIOT O MOBbILIEHUWN KOIMHeCTBa 3aperncTpUpoBaHHbIX ciyvaeB H®1 3a nocsegHve rogbl M He06X0AMMOCTU MYIbTUANCLN-
N/IMHAPHOrO NOAX0/Aa B MCCeJ0BaHNM NaLMEHTOB B CBA3M C JOCTOBEPHO HU3KOW YacTOTON PerncTpaLym XxapakTepHbIX CUMNTOMOB 60/1€3HN.

Knro4deBbie cnoBa: 2en NF1, duazHocmuka, nederue, Helipodubpomamos 1-20 muna, HelipogubpoMbi, 0nyxoau, 4acmoma BCmMpeyaemMocmu.

KoH$AuKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa607a, eé Tema, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUpYHOLWKUX MHTepecoB

McTo4YHMnKn prHaHCcupoBaHuna
ABTOPpbI 3aABNAIOT 06 OTCYTCTBUM PUHAHCUPOBAHWA NPY NPOBEAEHNMN NCCNIRA0BaAHNA

CooTtBeTcTBUE NpUHUUNAM 3TUKU
Bce naumeHTb noAnu1cbIBanM MHGOpPMaLMOHHOE coriacue. MPOTOKoA UcCaeAoBaHMA 6bi YTBEPK/AEH Ha 3aceAaHnn JIOKasbHOrO 3TUYECKOro KoMUTETa
(npoTokon Ne 5 o1 7 gekabps 2009 roga)

Cratba nonyyera 29.11.2024 r.
OpobpeHa peueHseHToM 06.02.2025 r.
MpuHaATa K ny6avkauum 13.03.2025 .

Ana untupoBaHua: Mycradun P.H. KTMHUYECKAA XAPAKTEPUCTUKA HEMPO®UEPOMATO3A 1-FO TUMA B PECTNYB/IMKE BALLKOPTO-
CTAH. ApxvBb BHYTpeHHeit MeauLmHbl. 2025; 15(3): 199-205. DOI: 10.20514/2226-6704-2025-15-3-199-205. EDN: HJYYBD

Abstract

Relevance. Neurofibromatosis type 1(NF1) is a hereditary tumor syndrome occurring with a frequency of 1:3164 of the world's population. The disease is
characterized by severe clinical manifestations such as multiple cutaneous and subcutaneous tumors, plexiform neurofibromas, skeletal abnormalities,
cognitive disorders and various complications. The aim of the study. To determine the frequency of NF1 in the Republic of Bashkortostan and its
dynamics, clinical features of NF1 to improve organizational and therapeutic and diagnostic approaches in providing medical care to patients with NF1.
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Material and methods. A clinical and epidemiological study of NF1 patients in the Republic of Bashkortostan and a comparative analysis with data for
2009 and 2021 were conducted. Results. In the Republic of Bashkortostan, 544 patients with NF1 from 433 families aged 1 to 85 years (average age
30 years and 7 months) were registered, the incidence rate is 1:7407 people. Pigment spots were identified in all patients, cutaneous and subcutaneous
neurofibromas in 58 %, plexiform neurofibromas in 7 %, scoliosis in 17.4 %. Learning difficulties were identified in 14 %, epilepsy in 3.7 %, hydrocephalus
in 4 %, optic nerve gliomas in 6 %, and brain tumors in 4 % of NF1 patients from the republic. Discussion. A comparative analysis of the characteristics
of NF1 in patients from the Republic of Bashkortostan with global data showed a significantly rarer detection of neurofibromas, Lisch nodules, optic
nerve gliomas, intellectual disabilities and psychological disorders. The number of patients with NF1in the republic has increased by 2.3 times in 15 years
and by 35 % in the last 3 years. Moreover, 4 patients with plexiform neurofibromas are receiving a mitogen-activated protein kinase inhibitor, which has
proven its effectiveness. Conclusion. The obtained results indicate an increase in the number of registered cases of NF1 in recent years, but the need
for a multidisciplinary approach in the study of patients due to the reliably low frequency of registration of characteristic symptoms of the disease.

Keywords: NF1 gene, diagnosis, treatment, neurofibromatosis type 1, neurofibromas, tumors, incidence.
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Introduction

Neurofibromatosis, type 1 (NF1) is one of the most
common hereditary tumour syndromes with autosomal
dominant mode of inheritance, the global incidence
of which is 1 : 3,164 people (the value varies between
1:2,132 and 1 : 4,712 depending on the country) [1].
This condition is driven by heterozygous mutations in
NFI tumour suppressor gene, which encodes neurofibro-
min, GTP-activating protein, comprising 2,818 amino
acids and containing a domain, downregulating the
activity of Ras protooncogenes, called GRD (GAP-related
domain) [2]. Approximately a half of all NF1 cases are
sporadic due to new mutations in gametal cells in par-
ents (80 % are found in spermatozoa) [3].

NF1 manifests with specific café-au-lait pigmented
spots (CALM, café-au-lait macules) measuring over
5 mm in diameter in pre-puberty and over 15 mm in
post-puberty (99 %), or inguinal or axillary freckles, iris
hamartomas (Lisch nodules), cutaneous and subcutane-
ous neurofibromas, optic nerve gliomas and plexiform
neurofibromas, as well as typical bone abnormalities
(sphenolateral bone dysplasia, cortex thinning and/or
long bone pseudoarthrosis). Where two or more of these
signs are present, clinical NF1 is diagnosed as per the
guidelines of the National Institutes of Health (NIH).
Where NF1 is confirmed in close relatives, one sign of
the disease is enough [4]. NF1 is associated with com-
plete penetration, therefore molecular genetic verifica-
tion is not mandatory, and the condition is diagnosed on
the basis of the above criteria in 90 % of cases in patients
under 7 years old and in 100 % of cases in patients under
19 years old [3].

According to global references, CALM is observed in
96.5% of patients with NF1, while inguinal or axillary
freckles are recorded in 90 % of cases. Cutaneous and/or
subcutaneous neurofibromas are diagnosed in over 99 %,
iris hamartomas — in 70 %, plexiform neurofibromas —
in a half of NF1 patients [4]. The incidence of optic nerve
gliomas in this disease is 27 %, brain tumours — 10 %,
dropsy of brain — 7.7 % [5]. Malignant peripheral nerves
sheath tumours (MPNST) are very rare and aggressive
neoplasms in general population, while they are observed
in 13 % of NF1 cases. Usually, these tumours are a result
of canceration of existing plexiform neurofibromas [6].

Cognitive disorders in NF1 patients are diffuse and
can be observed throughout their lives [3]. According
to meta-analysis results, convulsive disorder is recorded
in 8.1% of NF1 patients (of which: generalised tonic-
clonic epilepsy — 16.8 %, focal fits — 54.2 %; with one
or two anticonvulsants, absence of seizures was observed
in 68.5 %; median age: 3.5 to 12 years old) [7]. Impaired
mental capacity, resulting in learning difficulties, is diag-
nosed in 40 % of NF1 cases; the mean IQ value is 85-90.
Autism spectrum disorders are observed in 25-30 % of
NF1 patients, while attention deficit/hyperactivity disor-
der is recorded in 40 % [3].

NF1 patients have locomotor disorders. According
to a meta-analysis, approximately 26.6 % of NF1 patients
have scoliosis. It usually develops in the early child-
hood and affects the thoracic spine. No reliable cor-
relation between scoliosis and NF1 genotype has been
identified. In terms of efficacy and safety, spinal fusion
and growing rods demonstrated the best results in sco-
liosis management in NF1 patients [8]. On the average,
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5% of NF1 patients globally have pseudoarthrosis [4],
24 % of them have short stature [9]. Of interest is the
description of the clinical presentation of NF1 in patients
in the Republic of Bashkortostan and comparison of the
results with the results of academic publications and
meta-analyses from various countries, as well as previ-
ous data for this region. The results of the analysis can
help in identifying the required areas of medical care
improvement.

Study Objective

To identify the incidence of NF1 in the Republic of
Bashkortostan and its changes, clinical characteristics of
NF1 and comparison of results with available global data
in order to improve organisational, treatment and diag-
nostic approaches to the management of NF1 patients.

Materials and Methods

The analysis included data on NF1 patients from the
Republic of Bashkortostan (RB) registered with a genetics
specialist at the Republican Medical and Genetics Centre
with confirmed NF1. All the studies were performed in
accordance with the requirements of biomedical ethics
and GCP (Good Clinical Practice). We have studied
clinical manifestations of NF1 in patients in RB and the
comparison of the data with global results, as well as
published results of studies conducted in RB in 2009 and
2021. Statistical processing of qualitative binary data
was performed using an interactive 2x2 cross table with
calculation of relation statistics (Pearson’s y°) with Yates’
correction for continuity developed by V. P. Leonov, as
well as analysis of four-fold cross tables; see https://med-
statistic.ru/calculators/calchi.html.

Results

In the Republic of Bashkortostan, there are
544 NF1 patients aged 1 to 85 years old (mean age:
30 years 7 months) in 433 families, i. e. 1 : 7,407 people,
with uneven area distribution (Figure 1). Despite the
fact that these figures differ from the global values more
than two times (1 : 3,164 population [1]), if comparing
to the 2009 national data (238 NF1 patients in 192 fami-
lies, incidence: 1 : 17,000 [10]), the number of registered
NF1 patient rose 2.3-fold, evidencing higher utilisation
of genetics specialist services by patients. Over the past
three years vs. the 2021 data (401 patients in 321 fami-
lies, incidence: 1 : 10,103 [11]), the number of registered
NF1 cases increased by 35 % (Figure 2).

In the RB, there are 299 sporadic cases (55 %) and 45 %
of hereditary NF1 cases; male-to-female ratio is approxi-
mately 1 : 1 (52% of females and 48 % of males), corre-
sponding to the global statistics [3] and results of previ-
ous NF1 studies conducted in the RB [10, 11]. Pigmented
spots were observed in all NF1 patients; 314 patients

(58 %) had cutaneous or subcutaneous neurofibromas,
which is lower than the global value (99 %) [4]. This dif-
ference can be explained by the fact that 42 % of patients,
who did not present with cutaneous or subcutaneous
neurofibromas, had their NF1 diagnosed from the family
history (NF1 in either parent). Also, some patients had
CALM + plexiform neurofibromas or CALM + optic
nerve gliomas without visible cutaneous or subcutaneous
neurofibromas, which meets the criteria set forth by the
NIH for NF1 diagnosis. Of them, 112 people had focal
neurofibromas, whereas the majority of patients (64 %)
had multiple neurofibromas. Although the global inci-
dence of MPNST in NF1 patients is 13 % [6], there were
no cases of this neoplasm among 544 NF1 patients in the
RB. Learning difficulties were diagnosed in 78 patients
in the RB (14 %), which also differs from study results in
other countries (40 %) [3].

Some NF1 patients in the RB had brain damage; 20
(3.7 %) NF1 patients had epilepsy, 23 (4.23 %) — dropsy
of brain, 22 (4 %) — cerebral cysts, 21 (3.86 %) — brain
growth, and 34 (6.25%) — optic nerve gliomas. Lisch
nodules were described just in 5 patients (1 %). Scoliosis
was diagnosed in 95 NF1 patients (17.4 %), short stat-
ure — in 75 (13.8 %), lower-leg bones pseudoarthrosis —
in 15 (3 %).

100 Kilometers L4 #k 8

S

Figure 1. Distribution map of patients with NFI
in the Republic of Bashkortostan
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Figure 2. Scheme of the dynamics of the increase in the frequency of occurrence of NFI in the Republic of Bashkortostan

and in the world

Plexiform neurofibromas were described in 38
(7%) NF1 patients in the RB. Four patients are cur-
rently undergoing efficient target therapy with mito-
genic-activated protein kinase inhibitor (selumetinib
[12]) within the Circle of Goodness program. These
are a 10-year-old boy (inherited NF1 from his mother,
selumetinib 30 mg/day) with facial plexiform neurofi-
broma; a 6-year-old boy (inherited NF1 from his father,
selumetinib 30 mg/day) with oropharynx plexiform
neurofibroma; a 12-year-old girl (inherited NF1 from
her mother, selumetinib 50 mg/day) with hypophar-
ynx plexiform neurofibroma; and a 6-year-old boy
(sporadic case, selumetinib 20 mg/day) with plexiform
neurofibroma of his supraclavicular region and medi-
astinum. With the therapy, the four NF1 patients had
improvements over a one-year follow-up period: reduc-
tion in the size of plexiform neurofibromas.

Discussion

A comparative analysis of clinical manifestations
of NF1 in patients in the Republic of Bashkortostan
(Table 1) shows statistically significantly lower inci-
dence of cutaneous and subcutaneous neurofibromas,
Lisch nodules, plexiform neurofibromas, optic nerve
gliomas, short stature and impaired mental capacity
vs. global data [3-6, 9]. These data are likely to be a
result of lack of specialised consultations to describe
and diagnose the pathology. An analysis of medical

records demonstrated that only eight NF1 patients in
the RB were consulted by an eye specialist; following
consultations, Lisch nodules were diagnosed in 63 %,
which is also less than the global data [4], however,
the difference is not statistically significant (x> = 808;
p=0.369). According to the data from medical records,
oncologists consulted 168 (31 %) NF1 patients, mainly
those with severe signs of disease, e.g., recorded
plexiform neurofibromas, optic nerve gliomas, brain
tumours, because these patients require a special
approach and antitumour management. There are no
data on consultations by surgeons, psychiatrists and
psychologists in patient medical records, and such
consultations need to be included into examinations
of NF1 patients. More reliable pathology identifica-
tion requires a thorough examination, consultation
by an eye specialist, and NF1 signs, patient height
and weight should be recorded in medical records;
questionnaires should be used to identify any mental
impairment.

Also, absence of MPNST, autism spectrum disorders
and attention deficit disorder in NF1 patients in the RB
is statistically different. It shows the need for whole-
body MRI and consultation by a cancer specialist to
diagnose MPNST, and consultation by a psychiatrist
and psychologist to diagnose mental disorders. The
incidence of CALM, brain tumours, dropsy of brain,
epilepsy and skeleton abnormalities correlates with the
data presented by other authors [4, 5, 7, 8].
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Table 1. Comparative characteristics of neurofibromatosis type 1 features in patients from the Republic of Bashkortostan

with world data

Frequency of occurrence in

Clinical features NF1-patients from RB in %

Frequency of occurrence in
patients worldwide in % [author]

X2 test; p-value at
1 degree of freedom

cutaneous and subcutaneous neurofibromas 58% 99 % [4]
Lisch nodules 1% 70 % [4]
plexiform neurofibromas 7% 50% [4]
MPNST 0% 13% [6]
optic nerve gliomas 6,25% 27% [5]
brain tumor 3,86% 10% [5]
hydrocephalus 4,23% 7,7 % [5]
epilepsy 3,7% 8,1% [7]
scoliosis 17,4 % 26,6 % [8]
short stature 13,8% 24% [9]
pseudoarthrosis 3% 5% [4]
learning difficulties 14 % 40% [3]
autism spectrum disorders 0% 28 % [3]
attention deficit hyperactivity disorder 0% 40% [3]

X = 49,8; p<0,001
x* = 103,9; p<0,001
X2 = 45,37; p<0,001

x* = 13,9; p<0,001
X’ = 16,004; p<0,001
X>=2,765; p = 0,097
= 1,418; p = 0,234
= 1,418; p = 0,234
X*=2,914; p = 0,088
X°=3,25; p = 0,072
x*=0,521;p = 0,471
X2 =27,022; p<0,001
X = 32,558; p<0,001

X2 = 503 p<0,001

Table 2. Comparative analysis of clinical manifestations of NF1 in male and female patients from the Republic

of Bashkortostan

Clinical features

Frequency of occurrence in male
NF1-patients with from RB, n=259

Frequency of occurrence in female
NF1-patients with from RB, n=285

X2 test; p-value at 1 degree
of freedom

neurofibromas

Lisch nodules

plexiform neurofibromas
optic nerve gliomas
brain tumor
hydrocephalus

epilepsy

scoliosis

short stature
pseudoarthrosis

learning difficulties

149 (58 %)
3(1,16%)
18 (7 %)
19 (7,34 %)
12 (4,6%)
14 (5,4%)
11 (4,3%)
47 (18,15 %)
27 (10,4 %)
4(1,54%)
46 (17,7 %)

165 (58 %)
2 (0,7 %)
20 (7 %)
15 (5,3 %)
9 (3,1%)
9 (3,1%)
9 (3,1%)
48 (16,8 %)
48 (16,8 %)
11 (3,9%)
32 (11,23 %)

X2 = 0,007; p = 0,932
x> =0,311;p=0,578
x* =0,001; p = 0,976
X = 0,995; p = 0,319
x*=0,796; p = 0,373
X =1,693; p = 0,194
x> =0,455; p = 0,501
x* =0,160; p = 0,689
X = 3,480; p = 0,063
X2 =2,713; p = 0,100
X2 = 4,714; p = 0,030

A comparative analysis of recorded clinical manifes-
tations of NF1 in patients in the RB this year vs. 2009 [10]
and 2021 [11] did not demonstrate significant changes
in the incidence of clinical manifestations of the disease.
In order to determine possible impact of sex differences
on the incidence of NF1 symptoms, a comparative analy-
sis of clinical signs in male and female patients was per-
formed (Table 2). Significant differences were found only
in terms of learning difficulties (learning difficulties are
more frequent in male patients).

According to the analysed data from the study of
NF1 patients in the RB, there is no information on the
presence of autism spectrum disorders, attention defi-
cit/hyperactivity disorder; however, the global incidence
of these conditions among patients is 30-60% and
25-30%, respectively [3]. It demonstrates the need to
refer NF1 patients to psychologists, neurologists and psy-
chiatrists for timely diagnosis and management of neuro-
logical and mental disorders. It is even more important,
since multiple neurofibromas on patients’ bodies (64 %
of examined NF1 patients) have mental implications [3]

(Figure 3). Medical records of NF1 patients in the RB do
not contain any data on mental disorders, such as depres-
sion, anxiety or distress; however, scientific references
suggest that these conditions are not uncommon among
NF1 patients. For instance, clinical depression is diag-
nosed in 19 % and anxiety disorders are observed in 15 %
of NF1 patients [13]. Their diagnosis and management by
a psychologist will help improve the quality of patient’s
life significantly. Given a new therapy of plexiform neu-
rofibromas — mitogenic-activated protein kinase inhibi-
tor (selumetinib), this product should be used more
widely, since plexiform neurofibromas were diagnosed
in 38 NF1 patients in the RB. Indications for selumetinib
therapy currently include documented plexiform neu-
rofibroma, and the condition of use is genetically con-
firmed NF1 (heterozygous mutation in gene NFI) [14].
Efficiency criteria of the medicinal product are tumour
reduction, which, according to a meta-analysis [12], was
observed in 75.3 %. The majority of adverse reactions to
selumetinib were mild; the most common reactions were
diarrhoea and vomiting [12].
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Conclusion

We have conducted a clinical and epidemiological
study of NF1 patients in the Republic of Bashkortostan.
As a result, we have identified the incidence of the dis-
ease, which was 1 : 7,407, i.e. significantly lower than
the global figures (1 : 3,164); however, the incidence is
significantly higher than in previous periods. The ration
between male and female NF1 patients was 1 : 1, spo-
radic cases accounted for 55%. The clinical character-
istics of NF1 patients in the Republic of Bashkortostan
show comparable incidence of neurofibromas, brain
tumours, dropsy of brain, epilepsy, scoliosis, and pseu-
doarthrosis if compared to the global data. Significantly
lower incidence of plexiform neurofibromas, optic nerve
gliomas, short stature and impaired mental capacity have
been observed in NF1 patients in the Republic of Bash-
kortostan. It has been established that the incidence of
clinical manifestations of the disease in male and female
patients is comparable, and men have learning diffi-
culties more often. An analysis of patient examination
in the Republic of Bashkortostan shows the need for
patient referral to all-body MRI for timely diagnosis of
plexiform neurofibromas, because these tumours are an
indication for mitogenic-activated protein kinase inhibi-
tor therapy. Since the diagnosis of NF1 is based on NIH-
approved clinical criteria, a multidisciplinary approach
in disease diagnosis would be advisable. Also, consulta-
tions by specialists can help in more precise diagnosis
of NF1, since this condition shares clinical presentation
with other diseases [15]. For instance, a consultation
by an eye specialist can help diagnose Lisch nodules,

Figure 3. A patient
from the Republic of
Bashkortostan with
multiple cutaneous
and subcutaneous
neurofibromas (the
author’s photo was
taken with the consent
of the patient and his
relatives).

the presence of which is described just in 1% of all
NF1 patients in the RB. A consultation by a neurosur-
geon allows identifying an approach to the management
of dropsy of brain, tumours and cerebral cysts. Referral
of paediatric NF1 patients to an orthopaedist can ensure
early diagnosis and correction of skeleton abnormalities.
Resection of multiple cutaneous and subcutaneous neu-
rofibromas is possible in a surgical ward, especially in
those using a surgical laser [14]. In order to diagnose and
treat autism spectrum disorders, attention deficit/hyper-
activity disorder, cognitive deficit and distress caused by
numerous psycho-traumatic tumours, it is advisable to
refer patients to psychologists and psychiatrists. These
measures will significantly improve the quality of diag-
nosis and management of NF1 patients and make their
life better.
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Correlation Between Microvascular and Macrovascular
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Pestome

Llenb pa6oTbi: 13y4nTb BO3MOXHYIO B3aMMOCBA3b MEX/Y MaKpOCOCyAUCTbIMK 3a60/1eBaHNAMK, OCOBEHHO aTePOCKNEPO3OM, U HapyLIeHUAMM
MUKPOLMPKYAALMM y nauveHToB ¢ C/12, a TaKKe OLEeHWUTb B3aMOCBA3b MeX/y YPOBHEM F/IIOKO3bl KPOBU U MOPaXeHNeM Me/IKUX U KPYMHbIX CO-
cyaos. MaumneHTsl 1 MeToabl: B nccnegosanun npuano ydactue 150 naunentos: 100 naymentos ¢ C12 n KOHTPO/bHaA rpynna n3 50 y4acTHUKOB.
Bce yyacTHUKM npownu c6op aHaMHe3a 1 KAMHUYeCcKoe 06C/ieloBaHMe, a TaKKe Can KPOBb Ha BUOXMMUYECKUI aHau3, BK/OYas onpejeneHue
YPOBHel rMKMpoBaHHOro reMorno6una (HBA'C), ratokosbl niasmbl HaTowak (FPG), nocTnpaHAmManbHOro ypoBHs FoKo3bl yepes 2 vaca (2h-PG),
Tpuravuepugos (TG), obuwero xonectepuna (TC), JINBM v JINHM. Bugeo-kanuanspockonuio Horresoro soxa (NVC) npoBogu/m C Liesibio OLEeHUTb
MOP$ONIOrUI0 KanUANAPOB HOTTEBOrO /I0Xa, AMaMeTp apTepuii 1 BeH, U3MEHEHWA //INHbI KanuAAAPOB U pasMep NeT/U, Haanune UAn oTCcyTCTBue
KanuANApPHOro KPOBOTEYEHMsA, KPOBOMOATEKOB, PybLieBaHNsA, AepeKTHbIX U KPYMHbIX Kanuanapos. [1a OLEHKN TaKuxX U3MEHeHWU UCNoNb3oBanu
NoAyKoAnYecTBeHHYto WwKany (0-3). Bce y4acTHWKM MPOLLAY AyNAEKCHOE UCCIeA0BaHME COHHOM apTepum ANS U3MEPEHNS TOALUMHBI C/I0S UHTUMA-
MeAwa B obueit coHHol apTepun (TUIM). PeayabTaTthl. MaymnenTsl ¢ C/I2 Menu cylectBeHHo 6obluee 3HauyeHne TUM no cpaBHeHMIO C KOHTPOIb-
HoWi rpynnoii. OTMe4anuch 6onee HacTble CyYau OTKAOHEHUI B MOP(ONOTrUM KanUANAPOB, KPOBOTEUEHWI, pybLieBaHNA 1 AedeKTOB KanuanapoB.
MogundurumposarHeiin 6ann NVC y nauneHtos ¢ C/12 coctaBun >1 no cpaBHEHWIO C KOHTPOJIbHO rpynnoit. Kpome Toro, y naymeHtoB ¢ C/12 Ha-
61t04anncb 60s1ee BbICOKME MOKasaTe/IM HYacTOTbl KPOBOMOATEKOB, Pa3BeTBAEHUI, NepeceyeHnit 1 LUTOMOPOBUAHbIX KanuaiapoB, 60/bline NeTau
1 YKOpOYeHue KanuanapoB. 3aperncTpupoBaHo 3HauuTe/IbHoe yBenunyeHve 3HavyeHuin TUM cnesa u cnpasa B rpynne yd4acTHukos ¢ C/l, a Mo-
andurumposaHnHbiii 6ann NVC coctasun >1. 3akntoueHne. OTMeyeHa TecHas CBA3b MeX/y aTePOCK/epPO30M M HapyLeHWeM MUKPOLIMPKYAALMN.
Braeo-Kannnnapockonmnio MOXHO MCMOAb30BaTh A/1A OLLEHKM HapyLIEHWUI MUKPOLMPKYAALMK A0 ObHapyeHWNs aTepoCKneposa No pesynbTaTaMm
AYNNEKCHOrO NCCNeA0BaHNA COHHOW apTepum.

Knro4deBbie cnoBa: duabem, sudeo-kanuaaspockonus HO2meBo2o N0xa, dynaeKcHoe uccaedoBaHue COHHOU apmepuu, amepocK/epo3, MUKpO-
YupKynayus
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Abstract

Aim of the work: to explore the possible relation between macrovascular disease especially atherosclerosis and microcirculation abnormalities in
patients with T2DM and, to assess any relationship between blood glucose level, microvascular and macrovascular affection. Patients and methods:
the study recruited 150 participants; 100 patients with T2DM and 50 controls. All participants underwent history taking, clinical examination,
biochemistry testing including HBA1c, FPG, 2h-PG, TG, TC, HDL, and LDL. Nailfold video capillaroscopy (NVC) was performed to evaluate
morphology of the nailfold capillaries, arterial and venous limb diameter, alteration in Capillary length and loop diameter, presence or absence
of capillary hemorrhage, extravasation, scarring, scanty and large capillaries. To score these alterations, a semi-quantitative rating scale (0-3) was
used. Carotid duplex was done to all participants to measure the intima media thickness in the common carotid artery (CIMT). Results: Subjects
with T2DM showed significantly increased CIMT when compared with controls. There were a significantly higher frequencies of abnormal capillary
morphology, hemorrhage, scarring and scanty capillaries, Modified NVC score>1 in T2DM. In comparison to the control group, they also exhibited
noticeably greater rates of extravasation, branching, crossed, and corkscrew-shaped capillaries, larger loops, and decreased capillary length. There
was significantly higher left and right CIMT in the group of diabetics with Modified NVC score >1. Conclusion: A significant relationship was found
between atherosclerosis and microcirculation abnormalities. Videocapilloroscopy could be used to assess microcirculatory abnormalities before
detection of atherosclerosis by carotid duplex.

Key words: diabetes, nailfold videocapillaroscopy, carotid duplex, atherosclerosis, microcirculation
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Introduction ) o
The artery disease known as atherosclerosis is typified

T2DM is a metabolic disorder that affects quality
of life and represents a burden on society because it is
accompanied with many complications mainly vascular
complications [1].

About one-third to one-half of diabetic patients expe-
rience vascular complications, which can be classified as
macrovascular or microvascular). These complications
cause damage and failure of various organs [2].

Hyperglycemia is the main cause of microvascu-
lar and macrovascular affection. Both types of vascular
complications seem to be interconnected but the relation
between microvascular, macrovascular complications
and chronic hyperglycemia is not clear yet [3].

by the buildup of fatty plaques on the inner walls of the
vessels. It takes many years for it to develop. Atheroscle-
rotic vascular alterations are linked to both macrovascu-
lar and microvascular diabetes problems. B-mode ultra-
sound is used to measure CIMT, a non-invasive marker of
subclinical atherosclerosis. Numerous research has dem-
onstrated a link between CIMT and atherosclerosis [4].

The aim of this work was to explore the possible
relation between macrovascular disease variables and
microcirculation abnormalities in patients with T2DM.
Also, to assess any relationship between blood glucose
level, microvascular and macrovascular affection.
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Patients and methods

The study recruited 150 participants from the out-
patient clinic of DM at Kasr Alainy teaching Hospital
divided into two groups age and sex matched: control
group which included 50 healthy individuals, and T2DM
group which included 100 patients suffering from T2DM
based on the ADA criteria diagnosed for at least one year.

The T2DM group was further divided according to
glycemic control into two groups, one with HBA1c<7 and
the other one with HBAlc>7; to study the relation
between glycemic control and microcirculatory changes.

T2DM group was also subdivided into dyslipidemic
and non dyslipidemic group to assess the role of dyslip-
idemia in microcirculatory changes.

Sample size was calculated using STATA 16.

All participants underwent complete medical his-
tory taking, thorough clinical examination , biochemical
testing was done including HbAlc (%), FPG (mg/dL),
2h-PG (mg/dl) TG (mg/dL), Total Cholesterol (TC)
(mg/dL), HDL (mg/dL), and LDL (mg/dL),Imaging in
the form of nailfold Capillaroscopy to detect microvas-
cular affection, and carotid doppler ultra-sonography
to detect macrovascular affection. They study follows
the principles outlined in the Helsinki Declaration of
1964 and its later amendments. The study was approved
by institutional ethical committee (faculty of Medicine,
Cairo University, Egypt, 2019). A consent was taken
from the participants.

Inclusion criteria included adult patients above
30 years old with type 2 diabetes diagnosed for at least
one year based on American Diabetes Association cri-
teria [5] as follows: a FPG level of > 126 mg/dL, a 2-h
Plasma Glucose (2h-PG) level of > 200 mg/dL in the 75-g
OGTT, or a RBG level of > 200 mg/dL and/or HbAlc
level 2 6.5 %.

Exclusion criteria were any evidence of cancer, active
liver disease, current pregnancy, active infection, very
poorly controlled heart disease, pulmonary disorders,
current or previous tobacco smoking or severe impair-
ment of the renal function, individuals with injuries
within the nail fold as a result of aesthetic procedures or
nail polish, as well as those exhibiting symptoms of any
vascular collagen disease.

None of the patients previously received antihyper-
tensive or lipid lowering drugs.

A nailfold Capillaroscopy examination was per-
formed on each participant utilising a video Capillaros-
copy. The optical microscope was connected to a digital
camera and computer.

The participant sat calm on the chair in front of
the machine. The procedure was explained for him.
To increase the translucency, a drop of immersion oil
was applied to the finger’s nail fold.

The following capillaroscopic properties were evalu-
ated for every image: morphology of the nailfold capil-
laries (considered normal when there is uniform dis-

tribution of capillaries resembling hairpins (comb-like
structure) morphological anomalies include branched
capillaries, cork screw, and crossed), large capillary
(defined by Marique’s as 4-10 increase in capillary size
and The diameter of the arterial and venous limbs ranges
from 7 to 17 ym and 11 to 20.6 um, respectively, while
the capillary width of expanded capillaries is at least
90 to 150 ym (0.090 to 0.150 mm), alteration in Capillary
loop diameter ( normal values 8 to 14 ym, enlarged loop
> 20 pym,), alteration in Capillary length (normal length
200 to 500 p and increased length, or reduced length)
[6-10] and presence or absence of capillary hemorrhage,
extravasation and scarring, scanty capillaries.

According to earlier research, a semi-quantitative
grading scale was used to grade these modifications [6]
score 0, no significant changes, score 1, few (< 4 altera-
tions), score 2, some (between 4 and 6 alterations) and
score 3, frequent (> 6 alterations/linear mm).

We categorized our subjects in 2 groups: modified
NVC score >1: includes Patients with abnormal capilla-
roscopic pattern with existence of > 4 abnormal param-
eters (score 2,3) and modified NVC score < lcomprises
individuals who have a uniform distribution of comb-
like, hairpin-shaped capillaries and no discernible altera-
tions (score 0).

Participants with suspicious capillaroscopic pattern
(score 1) with existence of < 3 abnormal parameters
(non-specific morphological abnormalities) [6, 12-14].

Numerous research studies have demonstrated that a
microcirculation score more than one indicates a clini-
cally severe impairment [6, 12, 13, 15].

Modified nailfold video capillaroscopy (NVC) attri-
butes were quantified using the NVC score in accordance
with a number of criteria.

The report by Barchetta et al. is where the scoring
standards were adjusted [6]. All collected data were then
documented and subjected to statistical analysis.

An HD5000 system (Philips Ultrasound, Bothell,
Washington) equipped with a 7.5- megahertz (MHz)
linear array probe to assess the maximum thickness of
IMT and a 5-MHz linear array probe to assess the RI
of ICA was used to perform the duplex sonographic
evaluation.

The patient was lying flat in bed. The IMT was mea-
sured in the common carotid artery 2 cm just before
common carotid artery bifurcation and also common
and internal carotid arteries were screened for any ath-
erosclerotic plaques. Peak Systolic Velocity (PSV) and
End Diastolic Velocity (EDV) were be calculated of both
internal carotid arteries [16].

Spectral analysis: This makes it possible to estimate
the blood flow rate, After inserting a probing cursor into
the artery (on the screen), a signal indicating the blood
flow velocity was produced. There was an audible and
visual cue. The systolic and diastolic blood flow are rep-
resented by the peaks and ebbs in the signal. The spec-
trum k15] is made up of the peaks and ebbs [17].
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Every asymptomatic adult or
hypertensive patient at moderate risk
for cardiovascular disease should
have their intima-media thickness
(IMT), a measure of subclinical ath-
erosclerosis (asymptomatic organ
damage), assessed. Values of intima-
media thickness exceeding the 75th
percentile (ASE) or 0.9 mm (ESC)
ought to be regarded as abnormal.

Two of the three criteria—abnor-
mal wall thickness (defined as C-IMT
>1.5mm), abnormal shape (protru-
sion into the lumen, loss of alignment
with adjacent artery wall border),
and abnormal wall texture (brighter
echoes than adjacent boundaries)—
were used to determine whether
plaque was present or not [18].

Statistical analysis: IBM SPSS,
Chicago, USAs SPSS statistics soft-
ware package, version 22.0, was used
to conduct statistical analyses. Cat-
egorical variables were reported as
frequencies and percentages, while
continuous data were given as the
mean with the standard deviation.
The chi-squared test or Fisher’s exact
test was used to analyse categorical
variables, while the Mann-Whitney
U test and Student’s t-test was used to
analyse continuous variables in order
to compare the characteristics of the
two groups.

Results

In this study, 100 T2DM patients
were involved; 88 of the patients
were female and 12 were male, with
a mean age of 52.4 + 8.8 (F:M 7:1).
The gender (five males and forty-five
females; F:M 9:1; p=0.7) and mean
age (54.1-20.3) of the 50 controls
ranged from 33 to 70 years (p=0.2).
The mean duration of this disease
in T2DM group was 8 years (mean+
SD= 8.5+ 7.1 years). When compared
to the control group, the T2DM
group has significantly greater FPG,
2h-PG, HbAlc, TC, LDL, TG, and
reduced HDL. The CIMT measure-
ments showed a statistically signifi-
cant difference between the T2DM
patients and the controls, with higher
values (mean 0.1 £ 0.02, p value 0.00)
(Table 1).

Table 1. Clinical and biochemical characteristics together with

CIMT measurements of T2DM group and control group

T2DM Controls
Characteristics P Value
n=100 n=>50
Age (years)
Range 33—70 33—70
Mean + SD 52.4+88 54.1+9.3 0.268
Gender
Male 12 (12%) 5(10%) 0.716
Female 88 (88 %) 45 (90 %)
WC (cm)
Range 78 — 138 77 — 138
Mean + SD 108.5+£9.9 105.6 +12.1 0.112
BMI
Range 21.3 —55 229 —52
Mean + SD 36.7+6.8 352+6.6 0.193
HTN 31 (31%)
Duration of Disease (years)
Range 1—35
Mean * SD 85+71
DM Treatment
Insulin 40 (40 %)
Oral hypoglycemic 37 (37%)
Sulphonylureas 30
DPP4i 7
Insulin + oral hypoglycemic 23 (23%)
Insulin+DPP4i 7
Insulin+sulphonylureas 16
FPG (mg/dL)
Range 65 — 359 61 — 114
Mean + SD 174.5 + 60.9 85.5+9.6 <0.001
2h-PG (mg/dL)
Range 110 — 649 90 — 161
Mean + SD 290.9 +£99.4 120.4 + 14.6 <0.001
HbA1lc (%)
Range 51—12.3 49—6.4
Mean + SD 87+1.3 5.8+0.5 <0.001
TC (mg/dL)
Range 102 — 493 112 — 199
Mean + SD 230.7 £ 70.6 159.9 + 30.2 <0.001
HDL (mg/dL)
Range 26 — 69 40 — 60
Mean + SD 429+99 51.4+59 <0.001
LDL (mg/dL)
Range 20 — 423 20— 129
Mean + SD 140.9 + 65.7 96.4+22.4 <0.001
TG (mg/dL)
Range 68 — 764 54 — 149
Mean + SD 213.3+£130.1 99.2+25.1 0.003
Lt. CIMT (cm)
Range 0.06 — 0.3 0.05 —0.12
Mean + SD 0.1£0.03 0.08 £0.02 <0.001
Rt. CIMT (cm)
Range 0.07 —0.2 0.06 —0.12
Mean + SD 0.1 +£0.02 0.08 +0.01 <0.001
Atherosclerosis 70 (70 %) 16 (32 %) <0.001

Note. WC — Waist circumference, BMI — Body Mass Index, HTN — hypertension, DM — diabetic mellitus,

FPG — Fast-post glucose, 2h-PG — Postprandial plasma glucose at two hours, TC — total cholesterol, HBAlc —

haemoglobin Alc, HDL and LDL — High and Low densiy Lipoproteins, TG — Triglycerides, CIMT — The
thickness of the carotid intima media, Rt — right, Lt — left, DPP4i — dipeptidyl peptidase 4 inhibitors
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When comparing the T2DM group to the control
group, there is a statistically significant increase in the
incidence of aberrant capillary morphology, scarring,
capillary haemorrhage, and sparse capillaries (p values
<0.001,0.001,0.005, and 0.03 correspondingly). They also
had higher frequency of Branched capillaries, extravasa-
tion of capillaries, crossed capillaries, corkscrew shape
capillaries, reduced capillary length, enlarged Loops
when compared with control group, but these changes
didn’t reach statistical significance (p value 0.17, 0.553,
0.551, 0.551, 0.454, 0.719 respectively). In T2DM group,
there was 19% of patients had scarring in the capil-
lary field, 14 % had capillary hemorrhage, and 10 % had
scanty capillaries and all these findings did not present
at all in control group, so it cannot be considered as a
normal variant. The control group has a significantly
higher frequency of Modified NVC score < 1 when com-
pared with T2DM group. (Table 2, Figure 1).

There was no discernible variation in CIMT and NVC
measures, morphological alterations, or statistical signif-
icance between the HbAlc =7 and the HbAlc < 7 groups
in individuals with T2DM, but we noticed reduced NVC
measurements in the HbAlc > 7 group when compared
with the HbAlc < 7 group in patients with T2DM. They
have also higher frequency of scarring, capillary hemor-
rhage, scanty capillaries, large capillaries, branched cap-
illaries, extravasation of capillaries and crossed capillar-
ies when compared with the other group (Table 3).

The dyslipidemic group had a significantly higher
FPG, 2h-PG, and HbA1c when compared with the non
dyslipidemic group. There was a significantly higher
frequency of HbAlc < 7 in the non dyslipidemic group
when compared with dyslipidemic group, but no statisti-
cally significant difference between dyslipidemic and the
non dyslipidemic group in patients with T2DM regard-
ing CIMT measurements (Table 4).

Table 2. NVC measurements of T2DM group and Control group

| T2DM group | Control group P value
Arterial Limb (pm)
Range 4—139 41—16.1
Mean + SD 9.67 £2.72 9.04 +2.54 0.186
Venous Limb (ym)
Range 10.4 — 19.2 8.06 — 24
Mean + SD 15.52 +2.57 14.39 +3.34 0.087
Capillary Loop (um)
Range 9.2 —279 6 —30.2
Mean + SD 18.58 + 5.44 18.01 +5.17 0.582
Capillary Length (um)
Range 95.7 — 283.3 78.7 — 284.4
Mean + SD 162.69 + 49.4 156.93 £ 44.1 0.619
Popeaion NVC Measurements Figure 1.
percentage Shows frequency of
100% NVC measurements

92%
90%
80%
70%
60% 53%
50% 47%
40%

30%
19%

8%
0%

20% 14%

10%

0%

ET2DM m Controls

Normal Abnormal Scarring Hemorrhage
Morphology capillary
morphology

in T2DM group and
control group

34%

10%

m-

Scanty capillaries NVC score > 1
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Table 3. Comparison of CIMT and NVC measurements
between the HBAlc < 7 and HBAIc 2 7 groups in T2DM group

Characteristics HbAle<7 HbAlc27 P Value
n=15 n=_85

Lt. CIMT (cm)

Range 0.07 —0.13 0.06 — 0.3

Mean + SD 0.1 £0.02 0.1 £0.03 0.224
Rt. CIMT (cm)

Range 0.08 —0.13 0.07 —0.2

Mean + SD 0.09 £ 0.03 0.1 £0.02 0.517
Atherosclerosis (%) 11 (73.3%) 59 (69.4 %) 1.000
Note. HbAlc — hemoglobin Alc, CIMT — carotid intima media thichness, Rt — right, Lt — left
Table 4. Comparison of clinical and biochemical characteristics
between the dyslipidemic and non-dyslipidemic groups in T2DM group

Characteristics Dyslipidemic Non-dyslipidemic P Value
n=91 n=9

Age (years)

Range 33 —70 54 —62

Mean + SD 51.9+89 57.8 £3.6 0.029
Gender

Male 11 (12.1%) 1(11.1%) 1.000

Female 80 (87.9%) 8(88.9%)
WC (cm)

Range 78 — 138 91 — 122

Mean + SD 108.5 £ 10.1 108.9 + 8.8 0.838
BMI

Range 21.3 —55 28.3 —51.2

Mean + SD 36.5+6.7 39.2+72 0.268
HTN 28 (30.8 %) 3(33.3%) 1.000
Duration of Disease (years)

Range 1—35 1—20

Mean + SD 8.5+71 9+6.8 0.740
DM Treatment

Insulin 34 (37.4%) 6 (66.7 %) 0.151

Oral hypoglycemic 35 (38.5%) 2 (22.2%) 0.478

Insulin + oral hypoglycemic 22 (24.2 %) 1(11.1%) 0.680
FPG (mg/dL)

Range 65 — 359 90 — 178

Mean + SD 178.7 £ 61.5 132.7 + 34.5 0.019
2h-PG (mg/dL)

Range 110 — 649 140 — 290

Mean + SD 298.9 £ 99.3 210.2 £56.1 0.005
HbAlc (%)

Range 51—12.3 6.2 —10.7

Mean + SD 8.8+1.2 7.7 1.6 0.038
HbAlc

<7 10 (11 %) 5 (55.6 %) 0.003

>7 81 (89%) 4(44.4%)
Lt. CIMT (cm)

Range 0.06 — 0.3 0.07 — 0.12

Mean + SD 0.1 £0.03 0.1 £0.02 0.513
Rt. CIMT (cm)

Range 0.07 —0.2 0.08 —0.13

Mean + SD 0.1 £0.02 0.1 £0.02 0.815
Atherosclerosis 64 (70.3 %) 6 (66.7 %) 1.000
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Figure 2. Comparison between modified NVC score < 1 and modified NVC >I groups in T2DM patients as regards glycemic
parameters (a), lipid profile (b) and right and left CIMT measurements(c)

When comparing the group of type 2 diabetics with a
Modified NVC score of <1 and those with Modified NVC
score>1, FPG, 2h-PG, HbAlc, TC, and LDL all showed
statistically significant increases, Lt and Rt CIMT mea-
surements all showed statistically significant increases
in the diabetics group with a Modified NVC score of >1
(figure 2).

Lt. CIMT was found to have a statistically significant
direct association with age, TC, and LDL. Table 5 indi-
cates that there was no statistically significant link dis-
covered between CIMT measures and NVC measure-
ments, although there was a statistically significant direct
correlation between Rt. CIMT and age.

Discussion

Atherosclerosis in diabetic patients is a complex pro-
cess which is the result of interaction of many factors,
not only dyslipidemia, and total cholesterol and LDL
are the most important parameters that affect vascular
affection. The development of atherosclerosis was sub-
stantially correlated with increasing age. Thus, the ageing
process that leads to atherosclerosis happens over a long
period of time.

In our study we found that Rt. and Lt. CIMT were
significantly higher in T2DM patients when compared to

controls and this emphasize the hypothesis of premature
atherosclerosis that occurs in diabetic patients despite
that both groups had visceral obesity.

This is in line with the findings of Brohall G et al,,
who discovered that patients with diabetes mellitus had
noticeably higher CIMT levels than healthy persons [19].

In our study there was a significantly abnormal capil-
lary morphology in diabetic patients compared to con-
trols in the form of capillary hemorrhage, scarring and
branched capillaries, crossed capillaries, corkscrew shape
capillaries, scanty capillaries and extravasation. In addi-
tion, type 2 diabetics had significantly higher frequen-
cies of reduced capillary length and enlarged loops than
the control group. There is also a significantly higher
frequency of Modified NVC score < 1 in controls when
compared with T2DM group which signifies micro-
vascular affection in diabetic patients, also we raise the
hypothesis that the three morphological changes which
are scarring, scanty capillaries and capillary hemorrhage
never to be considered as normal variants as their inci-
dence in controls is 0 %.

This is in line with the findings of Po-Chi Hsu et al.,
who reported that, in comparison to the controls patients,
those with pre-DM or T2DM had considerably greater
rates of microcirculation abnormalities and altered NVC
scores [20].
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Table 5. Correlations between CIMT measurements
with clinical and biochemical characteristics and
NVC measurements.

| Characteristics | oMt | RecIMT |
R 0.302 0.286
Age
p value 0.002 0.004
R -0.053 0.120
W.C.
p value 0.601 0.236
R -0.102 0.036
BMI
p value 0.314 0.719
R 0.052 0.172
Duration of Disease
p value 0.610 0.086
R -0.033 -0.051
FPG
p value 0.742 0.615
R -0.018 0.051
2hr-PG
p value 0.856 0.616
R -0.019 0.006
HbAlc
p value 0.849 0.953
R 0.284 0.103
TC
p value 0.004 0.309
R 0.029 -0.044
HDL
p value 0.776 0.665
R 0.253 0.077
LDL
p value 0.011 0.447
R -0.057 -0.043
TG
p value 0.575 0.669
R -0.175 -0.154
Arterial Limb
p value 0.081 0.127
R 0.028ab 0.065
Venous Limb
p value 0.779 0.521
R -0.135 0.015
Capillary Loop
p value 0.181 0.882
R -0.018 0.094
Capillary Length
p value 0.862 0.350

There was no significant difference regarding the
CIMT measurements of patients with type 2 DM accord-
ing to HbAlc level (HbA1c>7% and HbAlc<7 %). This
may highlight that the process of atherosclerosis is an
ongoing process which is not only related to disease con-
trol, but it may be related to other parameters in diabetic
patients which need further studies.

High HbAlc and elevated CIMT were reported to
be significantly correlated in the diabetic investigations
by Mukai N et al. [21- 25], However, HbAlc and CIMT
results [25] did not significantly correlate in research by
Du HW et al. on diabetic mellitus patients.

This difference in results may be due to other factors
that affect atherosclerosis like age, hyperlipidemia, dura-
tion of disease or even genetic factors. Study size and
ultrasound method also may have a role e.g.: our study
size is 150 subjects, while Mukai N et al have 2702 sub-
jects the definition of carotid wall thickening also may
vary e.g.: in our study it was defined as a maximum IMT
of > 0.09 cm, while Mukai N et al defined it as a maxi-
mum IMT of >1.0 mm [19]. This also may be due to level
of FPG, 2h PP in our patients who were not controlled
even in those with HbAlc < 7 %.

The NVC characteristics of patients with type 2 dia-
betes mellitus were not significantly different between
groups based on HbAlc level (HbAlc = 7% and HbAlc
< 7%). However, we did find that subjects with HbAlc
> 7% had a higher frequency of Modified NVC score
> 1, as well as scarring, capillary haemorrhage, large,
branched, crossed capillaries, and extravasation.

Nevertheless, upon conducting a quantitative and
qualitative analysis of the nailfold capillary abnormali-
ties in type 2 diabetics and classifying them based on
Modified NVC score (NVC < 1 and NVC >1), we dis-
covered that the diabetics with Modified NVC score >1
exhibited significantly higher levels of FPG, 2hr-PG,
and HbAlc.

These findings suggested that in T2DM patients,
alterations of the nailfold capillaries have been linked
to poor glycaemic control.This may raise the hypothe-
sis that tight glycemic control will affect microvascular
changes before it conducts an effect on macrovascular
changes and the first abnormality is the capillary mor-
phology, this may explain that macrovascular complica-
tions will take more time to improve than microvascular
complications and need more time of tight blood sugar
control and may be the etiology of the absence of differ-
ence in intima media thickness between controlled and
non-controlled patients.

According to Po-Chi Hsu et al, patients with
HbA1c>7% showed a significantly higher NVC score.
Subjects with HbAlc > 7% [21] had higher rates of
shortened capillary length, irregular capillary distribu-
tion, abnormal capillary morphology, expanded loop,
and abnormal flux.

In our study, no significant difference regarding to
The CIMT was found in patients with type 2 DM classi-
fied according to lipid abnormalities and this highlights
the hypothesis that atherosclerosis in diabetic patients is
related not only to dyslipidemia but also to underlying
process of inflammation and advanced glycation.

However, Lt. CIMT was proven to have a significant
direct correlation with TC and LDL .This finding confirm
that the process of atherosclerosis in diabetic patients is
complex, and it is due to an interaction of many factors,
one of them is dyslipidemia and mainly affected by TC
and LDL and that the protective effect of HDL is not
enough to protect our diabetic patients from the pro-
cess of atherosclerosis, which needs a multidisciplinary
approach to control it.

We found variables like age, FPG, 2hr-PG and HbAlc
significantly higher in dyslipidemic than non dyslipid-
emic group.

Age, the length of diabetes, systolic and diastolic
blood pressure, total cholesterol, triglycerides, LDL cho-
lesterol, FPG, 2-hour postprandial glucose, and HbAlc
were among the factors that Sunil et al. showed to have
a significant and positive correlation with CIMT, while
HDL cholesterol showed a negative correlation with the
latter [26].
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However, when we categorized type 2 diabet-
ics according to Modified NVC score (NVC < 1 and
NVC >1), we found significantly higher levels of TC
and LDL in the group of diabetics with Modified NVC
score >1. This indicated that nailfold capillary abnor-
malities have been associated with dyslipidemia (mainly
abnormalities in TC and LDL).

There were significantly higher Rt. CIMT and Lt.
CIMT in the group of diabetics with Modified NVC
score > 1 and so higher frequency of atherosclerosis in this
group, so macrovascular abnormalities are more frequent
in patients with abnormal capillaroscopic findings, and
this means that microvascular and macrovascular com-
plications are correlated to each other and that microvas-
cular affection precedes macrovascular affection.

All these findings emphasize the importance of
microvascular study in diabetic patients which may be
an early detector for glycemic control in those patients
and it is an easy non-invasive method to detect early
changes in microvascular affection and an indicator for
macrovascular affection.

Conclusion

We emphasized that glycated hemoglobin level affects
earlier microvascular complications ealier than macro-
vascular complications which take longer duration.

Our study also emphasized the hypothesis of pre-
mature atherosclerosis among subjects with T2DM and
revealed that NVC identified high frequencies of micro-
vascular abnormalities among those patients. This study
highlights the importance of microvascular study as well
as macrovascular study.

We recommend that all patients with T2DM should
undergo carotid doppler ultra-sonography to detect
macrovascular affection as a routine investigation. Nail-
fold capillaroscopy should be done at earlier stage of dia-
betes mellitus to detect microvascular affection and for
proper control of the disease to improve outcomes and
avoid related complications.
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®epepanbHoe rocysapcTBeHHoe 6o eTHoe obpasoBaTeibHOE yUpex eHune Bbicliero obpasoBaHuna
«CTaBpOMO/IbCKUIA FOCYAapCTBEHHbIN MeAULNHCKUIA YHUBEpCUTET» MUHUCTepCTBa 34paBoOOXpaHeHNs
Poccuiickon ®eagepauuu, CtaBponosb, Poccua

HEMHBA3UBHBIE IPEAVKTOPBI BBIPAJKEHHON
TUMCTOAOTMYECKOV AKTUBHOCTU

TP XPOHUYECKUX 3ABOAEBAHUX ITEYEHMN:
POAb MATPUKCHBIX METAAAOITPOTENHAS3

A.V. Yagoda, P.V. Koroy, T.R. Dudov

Stavropol State Medical University, Stavropol, Russian Federation

A Noninvasive Predictors of Significant
Histological Activity in Chronic Liver Diseases:
The Role of Matrix Metalloproteinases

Pestome

Llenb uccnepoBaHuA: 13yyeHUe NPOrHOCTUYECKOM 3HAYMMOCTM K/IMHUKO-N1ab0paTOPHbIX MapKepoB NeYeHOUYHO NaToN0r 1K, B TOM YMC/1e KOMMOHEH-
TOB CUCTEMbI MAaTPUKCHBIX MeTanonpoTenHas (MMIM), s BbISBACHNUA YMePEHHO/BbIPAXKEHHOM aKTUBHOCTU NPY XPOHWUYECKNX 3a60/1eBaHAX Nneve-
Hu (X3MM). MaTepuanbl n MeTogbl. O6cneaoBaHo 76 nauveHTos X3 BUPYCHOW UM aIKOTO/IbHOM 3TMO/IOrMK B BO3pacTe oT 18 40 64 neT. MuHuManb-
Has (MHAEKC rucTonornyeckomn aktmeHoctn — UMA 1-3 6anna), cnabosbipaxerHasn (VIFA 4-8 6annos), ymeperHas (VA 9-12 6ann0B) 1 BblpaXkeHHas
Mopgonoruyeckas akTueHocTb (VIF'A 6oee 12 6annos) Bbiseasauch B 19 (25,0 %), 34 (44,7 %), 14 (18,4 %) 1 9 (11,9 %) cnyyaeB COOTBETCTBEHHO.
MeTog0M MMMyHOGEPMEHTHOrO aHamn3a onpejensanun cogepxarue B kposu MMI-1, MMI1-9, TkaHeBOro MHrMGMTOpa MaTPUKCHBIX MeTasI0rnpoTe-
uHas-1 (TUMTI-1), paccumtbiBanm cooTHoweHne TUMI-1/MMM-1, TMM-1/MMM-9. PesyabTatbl. [10 4aHHLIM MHOrOGAKTOPHOM JIOTUCTUYECKON
perpeccuu, yMepeHHas/BblpaXKeHHas r1cTon0r1yeckas akTMBHOCTb X3MM 6bi1a accoumMmpoBaHa ¢ nokasatensamu y-raTamuatpaHcnentugass (T)
(oTHoweHwme warcos (OLL) 1,016; 95 % aoseputensHsbiit untepsan (4N) (1,006-1,024), p=0,001), MeXayHapOAHOTO HOPMA/IM30BAHHOIO OTHOLIEHNA
(MHO) (OLWL 1,079; 95 % AU (1,028-1,132), p=0,002), cooTHoweHuns TUMM-1/MMT1-9 (OLL 0,554; 95 % AN (0,380-0,809), p=0,002). KombuHaLus
3TWX NapaMeTpoB MMe/ia YyBCTBUTENIbHOCTbL 82,6 %, cneymnduunocTb 92,5 % 1 TouHocTb 89,5 % B BhiAsBneHnn UIFTA 9 1 6onee 6annos. 3akitoueHue.
YBenuyeHHble 3HadeHns [TT n MHO, a Takxe cHumxeHHoe cooTHoweHne TUMIM-1/MMI1-9 aBnaloTca He3aBUCUMbIMU GpaKTOpaMM pUCKa yMepeH-
HOVi/BbIPaXK€HHOW FMCTONOrMYeCKOl aKTUBHOCTM MU X311, 4TOo 06YCI0BIEHO UX YYacTMeM B NpoLieccax NeYeHOYHOr o BOCMaNeHuA.

KnroueBbie cnoBa: XpOHU4YeCKue 3a60/1eBaHUs NeYeHU, 2UCMO02U4eCKas akmuBHOCMb, MaMPUKCHas MemanaonpomeuHasa-9, mkaHesoli UH2u-
6umop MampUKCHbIX MemaanonpomeuHas-1, y-2aomamunmpaHcnenmudasa, Mexx0yHapooHoe HoOpMaau30BaHHOEe OMHoOWeHUe

KoH$pAUKT nHTepecos

CoasTop cTaTbu Aroga A.B. ABNfeTCA Y1€HOM PeAaKLMOHHOM KOANErui XypHaia « ApX1Bb BHYTPeHHe MeANLMHbI». CTaTbsA NpoLU/ia NPUHATYIO B XKYp-
Hane npoleaypy peleHsnpoBaHua. Aroga A.B. He yyacTBOBas B NPUHATUM pelleHns o nyb6ankaumm 3Tol ctatbh. O6 UHBIX KOHGAMKTaX UHTepecoB
aBTOpbI He 3aABAA/N

NcTouHunku puHaHcupoBaHus
ABTOpbI 3aABNAIOT 06 OTCYTCTBUN GPUHAHCUPOBAHUA NPY MPOBEAEHNN UCCNIeL0BAHUA
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Abstract

Aim of investigation. To study the prognostic significance of clinical and laboratory markers of liver pathology, including components of the matrix
metalloproteinase (MMP) system, to identify moderate/significant activity in chronic liver diseases (CLD). Materials and methods. 76 patients
with CLD of viral or alcoholic etiology aged from 18 to 64 years were examined. Minimal (histological activity index — HAI 1-3 points), minor
(HAI 4-8 points), moderate (HAI 9-12 points) and significant morphological activity (HAl more than 12 points) were detected in 19 (25.0 %), 34
(44.7%), 14 (18.4 %) and 9 (11.9 %) of cases, respectively. Enzyme immunoassay was used to determine the blood levels of MMP-1, MMP-9, tissue
inhibitor of matrix metalloproteinases-1 (TIMP-1), and the of TIMP-1/MMP-1, TIMP-1/MMP-9 was calculated. Results. According to multivariate
logistic regression data, moderate/significant histological activity of CLD was associated with y-glutamyltranspeptidase (GGT) (odds ratio (OR)
1.016; 95 % confidence interval (Cl) (1.006-1.024), p=0.001), international normalized ratio (INR) (OR 1.079; 95 % CI (1.028-1.132), p=0.002), and
TIMP-1/MMP-9 ratio (OR 0.554; 95 % CI (0.380-0.809), p=0.002). The combination of these parameters had sensitivity of 82.6 %, specificity of
92.5 % and accuracy of 89.5 % in detecting HAI of 9 or more points. Conclusion. The increased values of GGT and INR, as well as a reduced ratio
of TIMP-1/MMP-9, are independent risk factors for moderate/significant histological activity in CLD, due to their participation in the processes of
hepatic inflammation.

Key words: chronic liver diseases, histological activity, matrix metalloproteinase-9, tissue inhibitor of matrix metalloproteinases-1, y-glutamyltrans-
peptidase, international normalized ratio
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Introduction
of deceased and recovered patients. Half of all infec-

Chronic liver diseases (CLD) constitute a seri-
ous health-related issue, which is associated with high
prevalence, morbidity, and mortality, low quality of life,
enhanced patient disability, and increased organ trans-
plant requirements. CLDs are mainly represented by
infections associated with hepatitis B (HBV) (29 %) and
C (HCV) (9%) viruses, alcoholic (2%) and non-alco-
holic (59-60 %) fatty liver disease; autoimmune, heredi-
tary, and drug-induced lesions (1 %) are rare [1].

Despite the vaccination and use of nucleos(t)ide
analogues, chronic HBV infection is diagnosed in 240-
296 million people, which is more commonly diagnosed
in China (29%), India (6.6 %), and Nigeria (5.8 % of
cases). 1.5 million new HBV infection cases are diag-
nosed annually; every year, 800-820 thousand people die
from its complications (liver cirrhosis and hepatocellular
carcinoma) [1, 2, 3].

Approximately 58-113 million people globally are
infected with HCV (0.8-1.1%); 1.5-1.8 million new
cases are detected annually, which exceeds the number

tion cases are reported in China, Pakistan, India, Egypt,
Russia, and the USA [1, 2].

12 million patients with the HDV infection have been
diagnosed globally; anti-HDV antibodies are detected in
4.5-16.4% of HBsAg-positive persons. Mongolia is the
first in the list of HBsAg-positive and HDV-infected
population (36.9 %), followed by Guinea-Bissau (23.9 %),
Gabon (22 %), Mauritania (19.4 %), Togo (18.5%), and
Moldova (15 %) [4].

The exact prevalence of alcoholic liver disease is
unknown, while its trend can be followed with the alco-
hol consumption per capita. Alcohol consumption leads
to 3.3 million deaths annually, 5.3-10% of premature
deaths among people of working age [5]; alcohol is asso-
ciated with a high risk of mortality from liver diseases
(27 %) and hepatocellular carcinoma (20-30 %) [1, 2].

Determining the severity of necrotic & inflammatory
changes in the liver is important to optimize the patient
management from the point of prognosis and timely ther-
apeutic decisions. Transcutaneous liver biopsy followed
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by the morphological study is a golden standard of evalu-
ating the hepatic inflammation severity. However, biopsy
is an invasive diagnostic method, which is not available
in the limited resource setting, but rather associated with
the low patient compliance, unfavorable risks, variability
of results, insufficient representativeness, and impossi-
bility of monitoring changes [6].

Currently almost no non-invasive markers and scales
exist that help to diagnose hepatic inflammation, espe-
cially in patients with stably normal aminotransfer-
ase activity. Actitest (BioPredictive, France) including
six parameters (alanine aminotransferase, bilirubin,
y-glutamyl transpeptidase, haptoglobin, alpha-2 mac-
roglobulin, apolipoprotein Al) is positioned as a non-
invasive tool in the diagnosis of hepatic disease activity.
Along with that, some data demonstrate the insuffi-
cient Actitest concordance with morphological signs of
chronic hepatitis [7, 8], while several parameters of the
scale are not used routinely, which limits its use.

Besides controlling the accumulation and degrada-
tion of the extracellular matrix components, matrix
metalloproteinases (MMP) and their tissue inhibitors
(MPTI) actively participate in the inflammatory process,
angiogenesis, and hepatic regeneration [9]. MMPs affect
the replication, penetration, and spread of hepatotropic
viruses, release the membrane-bound pro-inflammatory
cytokines, destroying the basal membrane markers,
and promote white blood cell transfer to tissues [9, 10].
Increased MMP-2 and MMP-9 expression is associated
with white blood cell extravasation and infiltration,
enhanced inflammation in the setting of the ischemic-
reperfusion liver injury [11]. MMP-8 deficiency in the
acute hepatitis model impaired white blood cell migra-
tion and chemokine release, which can prove the role
of this matrix metalloproteinase in the regulation of
inflammation [9].

However, the association of serum MMP and MPTI
levels and the histological activity of chronic liver dis-
eases has not been always detected [12, 13, 14]. TIMP-1,
MMP-3 parameters have been more commonly used in
the non-invasive diagnosis of fibrosis [6], while the prog-
nostic ability of metalloproteinases and their inhibitors
regarding the severity of inflammation in patients with
hepatic diseases have not been analyzed at all.

The study is aimed at analyzing the diagnostic sig-
nificance of clinical & laboratory parameters, including
the components of the matrix metalloproteinase system,
in the prediction of moderate/significant morphological
activity in chronic liver diseases.

Materials and Methods

A total of 76 patients with chronic liver diseases
(27 females, 49 males) aged 18 to 64 years (41 (31; 48)
years). Inclusion criteria: histologically confirmed CLDs
of viral or alcoholic origin; age over 18 years; signed

informed consent to participate in the study, including
the liver biopsy. Exclusion criteria: liver diseases of any
other etiology; acute and chronic (exacerbated) clini-
cally significant somatic diseases; drug abuse; psychic
diseases; pregnancy and lactation; malignancies.

Study design: open-label cross-sectional study.

Clinical characteristics of patients with CLDs are pre-
sented in Table 1.

Chronic hepatitis was detected in 59 (77.6 %) cases
(HBV — 16, HCV — 30, HDV — 13), liver cirrhosis
(Child-Pugh Class A) — in 17 (22.4%) patients: that
of viral etiology — in 13 (17.1 %) patients (HBV — 2,
HCV — 8, HDV — 3), alcoholic cirrhosis — in 4 (5.3 %)
cases.

The viral etiology of hepatic diseases was established
based on the presence of HBsAg and HBV DNA (HBV
infection), anti-HCV antibodies and HCV RNA (HCV
infection), anti-HDV antibodies and HDV RNA (HDV
infection). The alcoholic etiology of hepatic diseases was
diagnosed based on the history, AUDIT test (> 8 points),
detection of alcoholic stigmata and laboratory mark-
ers (AST elevation > ALT, increased mean corpuscular
volume (MCV), y-glutamyl transpeptidase activity).

Depending on the ALT and/or AST parameters,
biochemical CLD activity was divided into minimal
(increase < 3 x upper limit of normal (ULN)), moder-
ate (3-5 fold increase), and severe (> 5 x ULN), which
were observed in 57 (75.0 %), 11 (14.5%), and 8 (10.5 %)
patients, respectively.

Mesenchymal-inflammatory syndrome was diag-
nosed based on increased erythrocyte sedimentation
rate (ESR), C-reactive protein, a- and g-globulin, fibrino-
gen levels; its manifestations were detected in 19 (25 %)
patients. Cholestatic syndrome detected in 7 (9.2%)
cases was determined with the increased alkaline phos-
phatase, y-glutamyl transpeptidase, and conjugated bili-
rubin levels.

To evaluate the histological activity, all patients
underwent the transcutaneous liver biopsy in the morn-
ing in the fasting condition under ultrasound guidance
with the 18G needle, obtaining the liver sample 1.5 mm
wide and > 1.5 cm long (the sample should have con-
tained at least six portal tracts). Biopsy specimens were
fixed in formalin, embedded in paraffin, and stained
with hematoxyline-eosin. All liver specimens were ana-
lyzed by the pathologist not knowing the clinical patient
characteristics.

Based on the histological activity index (HAI)
(R.J. Knodell et al., 1981), the morphological activity was
stratified into minimal (1-3 points), mild (4-8 points),
moderate (9-12 points), and severe (> 12 points), which
were detected in 19 (25.0 %), 34 (44.7 %), 14 (18.4 %), and 9
(11.9 %) cases, respectively. Liver fibrosis (V. Desmet et al.)
FO, F1, F2, F3, F4 was detected in 8 (10.5%), 20 (26.3 %),
18 (23.7%), 13 (17.1 %), 17 (22.4 %) cases, respectively.

The gender- and age-matched control group con-
sisted of 72 almost healthy persons.




Apxusb BHyTpeHHe MepArumHbL ® Ne 3 o 2025

OPUTMHAABHBIE CTATHU

Table 1. Clinical characteristics of patients with CLD

| Parameters

Patients with CLD, n=76

Gender (women/men, n (%))

Age (years)

AST (u/l) (reference values: men 0-40 u/l, women 0-31 u/l)
ALT (u/l) (reference values: men 0-41 u/l, women 0-32 u/l)

GGT (u/l) (reference values: men 8-61 u/l, women 7-32 u/l)

Alkaline phosphatase (u/l) (reference values: men 40-130 u/l, women 36-106 u/l)

Total bilirubin (pmol/l) (reference values: 0-17 umol/l)
Conjugated bilirubin (umol/l) (reference values: 0-5 pmol/l)
ESR (mm/h) (reference values: men 2-10 mm/h, women 2-15 mm/h)
C-reactive protein (mg/l) (reference values: 0-5 mg/1)
Fibrinogen (g/1) (reference values: 2.2-3.97 g/1)

Albumin (g/1) (reference values: 34-48 g/1)

Prothrombin time (sec) (reference values: 9.1-12.1 sec)
Prothrombin index (%) (reference values: 90-105 %)

INR (reference values: 0.85-1.15)

Total cholesterol (mmol/l) (reference values: 0-5.17 mmol/l)
Platelets (x10°/1) (reference values: 150-400x10°/1)
Moderate/severe biochemical activity n (%)

Mesenchymal inflammatory syndrome n (%)

Cholestatic syndrome n (%)

27 (35,5) / 49 (64,5)
41,0 (31,0; 48,0)
43,0 (25,9; 81,0)
56,5 (28,0; 99,9)
51,0 (33,5; 95,5)

111,0 (70,0; 210,0)
15,9 (11,9; 25,45)
3,7 (3,0;7,1)
8,0 (5,05 12,0)
0,7 (0,2; 4,4)
2,63 (2,23; 3,55)
45,0 (42,0; 47,0)

16,19 (12,65; 17,45)
91,0 (88,0; 97,5)
1,13 (1,02; 1,2)
4,28 (3,75; 4,65)

187,5 (150,5; 238)
19 (25,0)
19 (25,0)

7(9,2)

Footnote: quantitative data are presented as Me (Q1; Q3), categorical data as n (%)

Abbreviations: ALT — alanine aminotransferase, AST — aspartic aminotransferase, CLD — chronic liver diseases, GGT — y-glutamyltranspeptidase, ESR — erythrocyte

sedimentation rate, INR — international normalized ratio

The study was approved by the Local Ethics Commit-
tee of the University (Protocol No. 100 dated 17/06/2020).

The immunoenzymatic method was used to detect
the blood levels of MMP-1 (RayBiotech, USA), MMP-9
(Bender MedSystems GmbH, Austria), MPTI-1 (Avis-
cera Bioscience, USA), with subsequent calculation of
MPTI-1/MMP-1 and MPTI-1/MMP-9 ratios.

The results were statistically processed (StatTech v.
3.1.7; StatTech LLC, Russia). Quantitative values with the
distribution other than normal are presented as medians
(Me) and the interquartile range (Q1; Q3). Differences
were detected using the Mann-Whitney test. Categori-
cal data presented as percentages (%) were evaluated
using the > test with Yates’ correction for continuity.
The Spearman rank correlation coefficient, odds ratio
(OR), and its 95% confidence interval (CI) were calcu-
lated. The following was calculated: sensitivity, speci-
ficity, positive and negative predictive value, accuracy.
The association of independent variables and the depen-
dent variable (HAI > 9 points) was analyzed using the
logistic regression analysis method. ROC analysis and

model informativity were evaluated using the area under
ROC curve. Differences were considered statistically sig-
nificant with p < 0.05.

Results

Patients with chronic liver diseases com-
pared to the control group had MPTI-1 (565 (478;
691) ng/mL and 387.5 (284.5; 482.0) ng/mL, p < 0.00001)
and MMP-1 (22 (12.75; 33.63) ng/mL and 4.95 (2.64;
14.25) ng/mL, p < 0.00001) in blood; MPTI-1/MMP-9
(3.02 (1.3; 6.7) U and 1.40 (0.95; 2.05) U, p = 0.00002)
were higher, while plasma MMP-9 levels (188.0 (95.15;
407.0) ng/mL and 320.0 (200.0; 362.0) ng/mL, p = 0.056)
and MPTI-1/MMP-1 (23.95 (15.0; 53.15) U and 67.90
(24.105139.85) U, p < 0.00001) were lower than in healthy
persons. The parameters analyzed did not depend on the
sex and age of persons in the study.

Changes in the matrix metalloproteinase system
parameters were unidirectional for the alcoholic and viral
CLD etiology, without statistically significant differences.
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Maximum MPTI-1, MPTI-1/MMP-1 and
MPTI-1/MMP-9 ratios, and minimum MMP-1 values
were reported in the patient group with the F4 fibrosis
vs. the FO-F3 fibrosis.

Blood MMP and MPTI levels in patients with CLD
were not associated with hepatitis B/C virus replication,
besides the direct correlation of serum MMP-9 values
with the HBV (r = 0.65; p = 0.004) and HCV (r = 0.39;
p =0.02) viremia level. Histological activity index param-
eters in CLD did not correlate with the HBV (r = 0.22;
p > 0.05) and HCV (r = 0.15; p > 0.05) viremia level.

Higher serum levels of aspartate (AST) and alanine
(ALT) aminotransferases, gamma-glutamyl transpep-
tidase (GGT), total bilirubin, higher ESR, international
normalised ratio (INR) levels, lower platelet count were
observed with the moderate and severe histological activ-
ity of liver diseases compared to the minimal one; mod-
erate/high cytolysis and mesenchymal inflammation syn-
dromes were also more common among the former ones.
In this patient group, blood MPTI-1 and MMP-9 levels
were higher, while the MPTI-1/MMP-9 ratio was lower
than in minimum morphological activity cases (Table 2).

Table 2. The relationship of markers of liver pathology and components

of the matrix metalloproteinase system with HAI

Patients with CLD, n=76

Parameters HAI <9 points, HAI 29 points, P Value
n=53 n=23

Gender (women/men, n (%)) 17 (32,1) / 36 (67,9) 10 (43,5) / 13 (56,5) p>0,05
Age (years) 40,0 (29,5; 44,0) 45,0 (35,05 47,0) p>0,05
AST (u/) (reference values: men 0-40 u/l, women 0-31 u/l) 39,9 (22,5; 55,5) 67,2 (28,05 95,0) p=0,016
ALT (u/l) (reference values: men 0-41 u/l, women 0-32 u/l) 49,0 (25,35; 66,95) 97,4 (39,0; 113,0) p=0,007
GGT (u/l) (reference values: men 8-61 u/l, women 7-32 u/l) 37,0 (21,5; 60,0) 91,0 (55,0; 107,2) p<0,001
Alkaline phosphatase (u/l) (reference values: men 40-130 u/l, women 36-106 u/1) 90,0 (68,5; 163,0) 210,0 (70,0; 210,0) p=0,061
Total bilirubin (umol/l) (reference values: 0-17 pmol/1) 15,0 (11,15; 18,5) 21,9 (14,0; 34,2) p=0,003
Conjugated bilirubin (umol/l) (reference values: 0-5 pumol/l) 4,0 (3,05 5,8) 3,0 (1,7; 5,0) p>0,05
ESR (mm/h) (reference values: men 2-10 mm/h, women 2-15 mm/h) 5,0 (4,5; 12,0) 9,0 (8,0; 9,0) p=0,013
C-reactive protein (mg/1) (reference values: 0-5 mg/1) 0,6 (0,2;2,4) 1,03 (0,2; 4,8) p>0,05
Fibrinogen (g/1) (reference values: 2.2-3.97 g/1) 2,6 (2,29; 3,5) 3,0 (1,7; 5,0) p>0,05
Albumin (g/1) (reference values: 34-48 g/1) 45,0 (42,05 47,0) 43 (40,5; 47,0) p>0,05
Prothrombin time (sec) (reference values: 9.1-12.1 sec) 15,9 (12,35; 17,0) 16,5 (13,05 17,2) p>0,05
Prothrombin index (%) (reference values: 90-105 %) 91,0 (88,05 97,5) 91,0 (79,0; 95,0) p>0,05
INR (reference values: 0.85-1.15) 1,1 (1,05 1,15) 1,17 (1,11; 1,3) p<0,001
Total cholesterol (mmol/l) (reference values: 0-5.17 mmol/l) 4,28 (3,75; 4,59) 4,28 (3,75; 4,54) p>0,05
Platelets (x10°/1) (reference values: 150-400x10°/1) 210 (143; 238) 161 (1045 172) p=0,008
Moderate/severe biochemical activity n (%) 9 (17,0) 10 (43,5) p=0,031
Mesenchymal inflammatory syndrome n (%) 9 (17,0) 10 (43,5) p=0,031
Cholestatic syndrome n (%) 3 (5,7) 4(17,4) p>0,05
TIMP-1 (ng/ml) 528,0 (429,05 621,0) 664,0 (564,0; 713,0) p<0,001
MMP-1 (ng/ml) 21,0 (13,88; 30,6) 25,3 (10,15 31,35) p>0,05
MMP-9 (ng/ml) 119,0 (73,65; 254,0) 576,0 (200,0; 790,0) p<0,001
TIMP-1/MMP-1 22,36 (14,89; 35,95) 25,4 (15,71; 36,4) p>0,05
TIMP-1/MMP-9 3,5 (1,9; 6,8) 1,2 (0,6; 2,8) p<0,001

Footnote: quantitative data are presented as Me (Q1; Q3), categorical data as n (%); criterion Yates’s chi-squared test, Mann-Whitney criterion
Abbreviations: ALT — alanine aminotransferase, AST — aspartic aminotransferase, CLD — chronic liver diseases, GGT — y-glutamyltranspeptidase, ESR — erythrocyte

sedimentation rate, HAT — histological activity index, INR — international normalized ratio, MMP — matrix metalloproteinase, TIMP — tissue inhibitor of matrix metalloproteinases
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Increased risk (IHA > 9 points) was associ-
ated with the following parameters: ESR >8 mm/h,
GGT = 538 U/L, INR = 1.11, total biliru-
bin > 20.5 pmol/L, ALT > 70.5 U/L, alkaline phospha-
tase > 189 U/L, AST = 53 U/L, platelet count < 187x10°/L,
as well as with moderate/high biochemical activity,
mesenchymal-inflammatory syndrome. Blood MPTI-1
levels > 554 ng/mL, MMP-9 levels > 410 ng/mL, and
MPTI-1/MMP-9 ratio < 1.59 U were also associated
with the increased risk of significant inflammation. The
most optimal area under curve was detected in cases of
MMP-9 levels > 410 ng/mL (0.82+0.05), GGT = 53.8 U/L
(0.81£0.05), MPTI-1 > 554 ng/mL (0.74+0.06),
MPTI-1/MMP-9 < 1.59 U (0.74+0.06), INR > 1.11
(0.73£0.06). Sensitivity and specificity values for the
aforementioned parameters were as follows: MMP-9 —
60.9% and 92.5 %, GGT — 91.3 % and 69.8 %, MPTI-1 —
87.0% and 58.5 %, MPTI-1/MMP-9 — 60.9 % and 83.0 %,
INR — 87.0 % and 54.7 %, respectively (Table 3).

The multivariate regression analysis was arranged to
detect the most significant factors associated with mod-
erate and high histological activity (HAI = 9 points).
It included 13 factors (AST, ALT, GGT, total biliru-
bin, alkaline phosphatase, ESR, INR values, platelet
count, moderate/high biochemical activity, mesen-

chymal inflammatory syndrome, blood MMP-9 and
MPTI-1 levels, MPTI-1/MMP-9 ratio) which were asso-
ciated with a high risk of severe morphological hepatic
changes based on the univariate analysis.

According to the multivariate analysis results, asso-
ciation with HAI > 9 points was detected for param-
eters of the MPTI-1/MMP-9 ratio (OR 0.554; 95%
CI (0.380-0.809), p = 0.002), GGT (OR 1.016; 95%
CI (1.006-1.024), p = 0.001), INR (OR 1.079; 95%
CI (1.028-1.132), p = 0.002). The odds of moder-
ate/severe histological activity decreased 1.805-fold with
MPTI-1/MMP-9 increase by 1 U and increased 1.016-
fold with GGT increase by 1 U/L, 1.079-fold with INR
increase by 1.

The association observed was described by the fol-
lowing equation:

2=-9.077 = 0.590 X X o | vivipo T
+0.015 x X .. +7.599 x X

INR?

where z is the value of the logistic regression func-
tion; X is a value of the MPTI-1/MMP-9 ratio

MPTI-1/MMP-9
(U); Xy is a value of the GGT activity (U/L); X, is

INR
the INR value; -9.077 is a regression constant; —0.590;
0.015; 7.599 are regression coeflicients for corresponding

variables.

Table 3. Diagnostic significance of liver pathology markers and components
of the matrix metalloproteinase system in the detection of HAI 29 points

| Parameters | oroswcy | aucouzse) [ se@) | sp@) | PPV (%) |NPV (%) | Ac(0) |
AST 253.0 u/l 4’S=(1)”2';33 és ) szsoi)g’g 65,2 71,7 50,0 82,6 69,7
ALT 270.5 u/l 6’32%”%)_015,}7) 0;;6:8(;_:8)1(;7 65,2 77,4 55,6 83,7 73,7
GGT 253.80 u/l 24’;:(31(1)-01(;16’1) Or,iloi:(())(,)()IS 91,3 69,8 56,8 94,9 76,3
Alkaline phosphatase >189 u/l 5’;363359’3) 01;6:401?8;097 60,9 77,4 53,8 82,0 72,4
Total bilirubin >20.5 pmol/l 7’?)30”%_023;12) 0;)1001:8’0076 65,2 79,2 57,7 84,0 75,0
ESR 28 mm/h 61’(;(:3(’)?(;;?1577’0) 0{)6:60%(());067 100 56,6 50,0 100 69,7
INR >1.11 8’;2%’1)_33{4) 0&13;86026 87,0 54,7 45,5 90,6 64,5
Platelets <187x10°/1 4’31;)116?(_)1)28,7) 012)6:701:8’1%7 73,9 60,4 44,7 84,2 64,5
Modeate/severe biochemical activity 3’§£10’i)_1171;2) 01;6:201: g’l(;7 43,5 83,0 52,6 77,2 71,1
Mesenchymal inflammatory syndrome 3’?)30’)30_117152) 0{)6:2; 8’1(;7 43,5 83,0 52,6 77,2 71,1
TIMP-1 2554 ng/ml 9’39;2:’32_;15)55) 01:;7:4;86016 87,0 58,5 47,6 91,2 67,1
MMP-9 2410 ng/ml 19)0§£f):10_511)27) Or’iz()i,(())(’)(is 60,9 92,5 77,8 84,5 82,9
TIMP-1/MMP-9 <1,59 7’6p(:2£g(_)%23’9) O£)7<40J_t86016 60,9 83,0 60,9 83,0 76,3

Abbreviations: Ac — accuracy, ALT — alanine aminotransferase, AST — aspartic aminotransferase, AUC — area under the ROC curve, CI — confidence interval, GGT —
y-glutamyltranspeptidase, ESR — erythrocyte sedimentation rate, HAT — histological activity index, INR — international normalized ratio, MMP — matrix metalloproteinase,
NPV — negative predictive value, OR — odds ratio, PPV — positive predictive value, Se — sensitivity, Sp — specificity, TIMP — tissue inhibitor of matrix metalloproteinases
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The probability of HAI > 9 points is calculated
using the formula: p = 1: (1 + e*), where e is the base
of the natural algorithm (2.72), p is the probability of
HAI > 9 points.

The p threshold in the cut off point was 0.457.
HAI > 9 points was predicted with p over or equal to
this value. Parameters of the diagnostic significance for
p = 0.457 were as follows: sensitivity — 82.6 %, specific-
ity — 92.5%, positive predictive value — 82.6 %, nega-
tive predictive value — 92.5 %, accuracy — 89.5%. The
regression model was statistically significant (p < 0.001),
with area under ROC-curve of 0.911+0.043 (95% CI:
0.828-0.995), which proved an excellent model quality.

Discussion

Thus, chronic liver diseases are accompanied by
increased blood MMP-1, MPTI-1 levels, and the
MPTI-1/MMP-9 ratio, with decreased MPTI-1/MMP-1
levels. Based on our data, the matrix metalloprotein-
ase system plays an important role in the development
of necroinflammatory lesions in hepatic diseases. Thus,
moderate and significant morphological activity of
chronic liver diseases was associated not only with cytol-
ysis, inflammation, and cholestasis markers, INR values,
and platelet count, but also with increased serum MPTI-1,
MMP-9 levels and decreased MPTI-1/MMP-9 ratio.

Older age, higher ALT, AST, GGT, alkaline phos-
phatase, prothrombin time, INR values, lower albumin
levels and platelet count were typical for patients with
chronic viral hepatitis and significant inflammation that
was confirmed morphologically [15]. Severe hepatic
inflammation during the HBV infection was associated
with the increased rate of the male sex, HBeAg positiv-
ity, increased total bilirubin, ALT, AST, alkaline phos-
phatase, GGT, prothrombin time, INR, viremia, mean
platelet volume and mean corpuscular volume vales, as
well as with low albumin levels, platelet and white blood
cell counts [16, 17, 18, 19]. It is presumed that the Golgi
73 protein, antibodies to the core hepatitis B antigen,
globulins, and red blood cell distribution width (RDW)
are associated with the histological activity of chronic
liver diseases; however, their predictive values have not
been validated [19-22].

Aminotransferase parameters are widely used in
routine practice for the indirect evaluation of hepatic
inflammation in chronic hepatitis; however, their corre-
lation with the process activity is limited by the effects
of various factors [16, 23]. It is considered that AST
better predicts inflammatory changes in the liver (due to
slower excretion and mitochondrial damage associated
with severe inflammation), but ideal values for the cutoff
point have not been defined. Besides, the predictive ami-
notransferase value is negatively affected by periodic
fluctuations of their levels.

The association of platelets with lesion and inflamma-
tion severity in liver diseases is based on the participation

in white blood cell recruitment and accumulation
(CD8+ T-cells) in parenchyma; interaction with Kupfer
cells mediated by the von Willebrand factor-GP1b com-
plex; ability to preserve viruses from degradation or, vice
versa, to present them to immune cells; sinusoidal blood
flow modulation due to the secreted serotonin [24].

MMP-1 plays a role in the regression of inflammation,
fibrosis, and liver regeneration, cleaving collagen and pro-
teoglycans, interleukin-1p, and tumor necrosis factor-a,
activating MMP-2 and -9, participating in the white
blood cell migration, facilitating the molecule release
from storage pools. In liver diseases, MMP-1 is expressed
predominantly by stellate and inflammatory cells [9, 25,
26]. Blood MMP-1 levels increased in chronic hepatitis
C [27]; however, some data demonstrate its generally
decreased levels in CLD [13], including in the setting of
viral, alcoholic hepatitis, and cirrhosis, as well as in late
stages of the primary biliary cholangitis [28]. One cannot
exclude the presence of normal serum MMP-1 levels
in alcoholic and non-alcoholic fatty liver disease, early
stages of primary biliary cholangitis [28, 29].

MMP-9 is secreted by endotheliocytes, Kupfer cells,
white blood cells, and macrophages [28, 30]. It destroys
type IV collagen, elastin, fibronectin, increases the per-
meability and white blood cell extravasation and infil-
tration, promotes inflammation, impairs liver regen-
eration [30]. MMP-9 expression and activity increased
with ischemic-reperfusion damage, chronic hepatitis C,
alcoholic liver [9, 27]. Blood MMP-9 levels increased
in acute alcoholic intoxication [31], chronic hepatitis B
[32]. In other studies serum MMP-9 levels decreased in
viral or alcoholic hepatitis and cirrhosis, primary biliary
cholangitis [28], but were normal in alcoholic or non-
alcoholic fatty liver disease [28, 29].

Several studies demonstrated increased serum levels of
several matrix metalloproteinases in liver diseases associ-
ated with the increased histological activity [12, 14]. Blood
MMP-7 levels or its expression in the biliary epithelium
directly correlated with morphological signs of inflamma-
tion in primary sclerosing cholangitis and biliary atresia
[14]. MPTIs expressed by stellate cells and macrophages
also negatively affect the inflammation severity [33].
Thus, MPTI-1 hyperexpression is an indicator of stellate
cell activity, which is associated with necroinflammatory
changes in the liver [34]. With that, one cannot exclude
negative correlation or the absence of association of serum
matrix metalloproteinase values and their inhibitors with
the hepatic inflammation severity. Blood MMP-1 levels in
children or adults with liver diseases did not depend on
the morphological activity degree [12, 13].

Currently, non-invasive markers reflecting the inten-
sity of hepatic inflammation are almost lacking. The
multivariate regression analysis has demonstrated that
increased GGT activity, INR values, and decreased
MPTI-1/MMP-9 ratio had independent effects on the
development of moderate and severe histological activity
(HAI = 9 points).
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Prior logistic regression data established that combi-
nations of GGT and prothrombin time with the alkaline
phosphatase activity [15], ALT and HBV viremia levels
[17] or AST and anti-HB core levels [16] were indepen-
dent predictors of significant inflammation in chronic
viral hepatitis B. Prognostic models developed based
on these parameters evaluated the hepatic inflamma-
tion (= G2) with moderate sensitivity (61.0-80.8 %) and
specificity (60.8-84.2 %) (area under ROC curve 0.714-
0.767) [15, 16, 17]. Besides ALT, AST, and GGT activ-
ity, platelet count and HBsAg levels in blood [18], RDW,
platelet count, and albumin levels [19] had significant
effects on inflammation severity in HBV infection. Based
on the multivariate regression analysis, necroinflamma-
tion predictors in autoimmune hepatitis included Golgi
73 protein and GGT levels in blood, while in patient with
primary biliary cholangitis those included serum Golgi
73 protein, alkaline phosphatase, IgM levels, and the
platelet count [21].

Being a microsomal enzyme of hepatic ductal and
canalicular epithelium, GGT controls the metabolism
of glutathione, the main antioxidant molecule in cells.
In this aspect, the association of GGT with the inflamma-
tion severity is caused by the modulating enzyme effects
on the pro-oxidant activity and endothelial dysfunction
[35], which plays some role in hepatic injury and inflam-
mation [36, 37]. It is proposed that unlike ALT, GGT is a
more sensitive marker of necroinflammatory changes in
chronic liver diseases [16].

The association of increased INR levels with the
CLD activity detected in our study is caused the ability
of inflammation and cellular necrosis to cause the acti-
vation and consumption of blood coagulation factors.
On the other hand, activated coagulation proteases may
modulate the inflammatory activity with receptors on
mononuclear or endothelial cells, on platelets, altering
the production of pro-inflammatory cytokines, adhesins,
or causing the apoptosis of inflammatory cells. Besides,
the prolonged prothrombin time (and INR, respec-
tively) reflects the impaired synthetic hepatocyte func-
tion worsened by the severity of inflammatory hepatic
lesions [16].

The detected predictive significance of decreased
MPTI-1/MMP-9 ratio (with MMP-9 prevailing over
MPTI-1) regarding the histological activity is based on
the ability of MMP-9 produced by immune cells (among
others) to impair regeneration processes, enhance the
parenchymatous inflammation due to the activation of
pro-inflammatory cytokines and enhanced white blood
cell migration. It is presumed that MMP-9 reflects the
inflammatory process in the liver more than fibrogen-
esis [28]. Thus, in ischemic-reperfusion liver injury
MMP-9 provided extravasal white blood cell migration
and promoted inflammation [11].

Thus, the imbalance in the matrix metalloprotein-
ase system is associated with the morphological activ-
ity in chronic liver diseases in the form of MMP-9

hyperproduction associated with enhanced inflamma-
tion severity. The inclusion of risk factors (GGT, INR,
MPTI-1/MMP-9) into a simple mathematical model
facilitates the personified prediction of moderate/severe
activity in patients with chronic liver diseases.

Conclusion

The study has demonstrated that increased
GGT and INR parameters, as well as decreased
MPTI-1/MMP-9 ratio values are independent predic-
tors of moderate/severe inflammation in chronic liver
diseases. Their association with the inflammation
severity is related to the effects on endothelial dysfunc-
tion, activity of proinflammatory cytokines, migra-
tion of immune cells into the hepatic parenchyma. The
combination of GGT, INR, and MPTI-1/MMP-9 is of
high significance in the diagnosis of histological activ-
ity index > 9 points; thus, it can be used in chronic
liver diseases as a non-invasive marker of significant
inflammation.
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Amyloid Cardiomyopathy:
Review of A Fatal Case Report

Pesome

MpucTanbHOEe BHUMaHWe K NpobieMe aMUIONAHOW KapAYOMMONATUM B NOCAeAHUE FoAbl 06YC/I0B/IEHO 3HAYNTE/IbHBIM NPUPOCTOM BbISBJISEMOCTM 3a-
6os1eBaHVA Ha GOHe MOBbILIEHWA YYBCTBUTENBHOCTU U CNeLMPUYHOCTM METOA0B BMU3yan3aLum, NpUMeHAEMbIX B KapAVWOIOTMYECKON NpaKTUKe, Ha-
pPAAY C NOAB/NEHUEM HOBbIX MEPCNEKTUBHbBIX METOAOB AMNAarHOCTUKM U crieunduyeckori Tepanum Boibop TaKTUKM Ie4eHNA CMCTEMHOIO aMUI0MA03a
HanpAMYyIo 3aBUCUT OT Pe3y/NbTaToB TUMUPOBAHMA aMUNOUAOTEHHbIX 6e/KOB, KOTOpPOE CTa/I0 BO3MOXHbIM 61aroAapa pasBUTUIO MPOTEOMUKM, OCHO-
BaHHOW Ha Macc-crneKTpoMeTpumn. Ha cerogHALHNUIA ieHb 0Ka3aHO, YTO BaXHOW M 4acTO HeAMarHoCTVPOBaHHOM NPUYMHOWM XPOHUYECKOW CepAeyHol
He0CTaTOYHOCTU U HapYLUEHWI CepAe4yHOro puTMa, ocobeHHO B MOXWIOM BO3pacTe, ABAAETCA aMuionaHaa kapauommonatus. CyuiectyeT 6onee
15 TMNOB 6e/KOB-NpeALWEeCTBEHHUKOB, CMOCO6HbIX Bbi3blBaTb CUCTEMHbIV aMUIOWA03, OAHAKO TO/IbKO 2 U3 HUX HaKanIMBaloTCA B UHTEPCTULIMK CEPA-
La: Ierkve Lenv KAoOHaNbHOro MMMyHor/o6yavHa (AL) v TeTpaMepHbiii 610k TpaHcTupeTuH (TTR). O 3HauMTENbHOM PacnpOCTPaHEHHOCTU FeHeTU-
4ECKOro TPaHCTUPETUHOBOIO aMUIOUA03a AUKOTO Tuna (ATTRwt), paHee MMEHYeMOro CTapyeCcKUM CUCTEMHBIM aMUIOMA030M, FOBOPAT C/IeAytoLme
unépbl: y 13 % NaLmMeHTOB, rOCNUTaNN3UPOBAHHbIX MO MOBOAY AEKOMMEHCALMN XPOHUYECKON CepAeYHOM He0CTaTOYHOCTU C COXpaHHON ¢paKkuuel
BbI6pPOCa /1IEBOrO Xe/lyAouKa ANarHOCTUYECKON HaXOAKON ABUAACk TPaAHCTUPETUHOBAA aMUIOMAHAA KapAuOMUONaTuA, CpeAn MaLMeHToB CTaplue
80 sieT gaHHas natosorus post mortem BbissaseTca B 20-25 % NaToN0roaHaTOMUYECKUX 3aK/t04eHUI, U B 37 % C/y4yaes B rpynne goaroxurenei (na-
uMeHTOB cTapLe 97 neT). [Jaxe npu paHHel AnarHocTuke ATTR-aMUN0UA03a NPOAO/IKUTENBHOCTb XKMU3HU OT MOMEHTA NMOSAB/IEHNA NEPBbIX CUMMTOMOB
coctasnseT 10-12 neT, TaK Kak 3ab6osieBaHVe HeO6pPaTUMO NPOrpeccupyeT, MPUBOANUT K MHBA/IMAHOCTU BC/IEACTBUE TAXKE/IOrO MOPaXeHWs cepALa v no-
NviHerponaTtun. MNo3gHAs e ANarHocTrKa CUCTEMHOIO aMWU/IoMA03a 06YyC/IOB/IEHa HU3KOW OCBEOM/IEHHOCTBIO Bpayei NepBUYHOrO 3BeHa, HaInuyneM
KOMOPOUAHOCTY Y MOXW/IbIX NALMEHTOB, OTCYTCTBUEM CrieLMdpUYHecKnX CUMNTOMOB 3a60/1eBaHNA U OCTYMHbIX AUArHOCTUHECKUX CKPUHUHT-METO/0B,
1 npeAonpeaenseT HebnaronpUATHbIV NPOrHO3 AaHHOro 3a6o/ieBaHnA, 0CO6eHHO Npu GOPMUPOBAHUM aMUNOUAHON KapAMOMMONaTUN.

Hamu npegcTaBneHo onvcaHue KJAMHUYECKOro Cyyas NOXWUAON NaLMEHTKN C TOPNUAHBIM Te4eHneM NpOorpeccUpyoLLei 4eKOMMeHCMPOBaHHOM 3a-
CTOMHOW cepAe4HON He0CTaTOYHOCTH, OKOHUMBLUEMCA IeTa/lbHO Ha 3-1 CyTKM rocnuTanmsauuu. lNpuxmsHeHHas BepupuKaLma TpaHCTUPETUHOBOM
aMUIOVMA0UAHON KapAMOMMONATUM He NpeACTaB/sffack BO3MOXHOM. DXoKkapAnorpaduyeckne KpUTepun NpubAN3NAN Hac K AUarHosy, a naTosoro-
aHaTOMUYeCKune nccneA0BaHNA NO3BOANAN MNOATBEPAUTD 4MArHO3 CUCTEMHOrO aMUIoMA03a C NMPenMYLLLECTBEHHbBIM MOPaXeHNeM cepALa.
KnroyeBbie caoBa: cucmemtbiii amuaoudos, amunoudHas kapduomuonamus, cepdeqHas HedoCmMamo4HoCMb, cepdeyHo-cocyoucmsle 3a6oesa-
HUA, KAUHUYecKul cnyyall

KoH$pAMKT nHTepecos
ABTOpbI 3asBAIAIIOT, YTO faHHan paboTa, eé TeMa, NpejMeT U Co/epaHne He 3aTparnBaloT KOHKYPUPYIOLLMX MHTEpecoB

NcTouHnku prHaHcupoBaHus
ABTOPI:I 3anB/1A10T 06 OTCYTCTBUN ¢VIHaHCVIPOBaHVIFI npu nposejeHnn ncciegoBaHna

CooTtBetcTBME npuyHUMNaMm 3TUKU
V|H¢t0le/lpOBaHHoe cornacue He Tpe6yeTcs1 B CU/1Ty HEBO3MOXHOCTU MAEHTMq)MuMPOBaTb nayuneHTa
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Abstract

Close attention to the problem of amyloid cardiomyopathy in recent years has been caused by a significant increase in the disease detection
simultaneously with increased sensitivity and specificity of imaging methods used in cardiological practice, along with the emergence of new
promising diagnostic methods and specific therapy. The choice of treatment tactics for systemic amyloidosis directly depends on the results of typing
of amyloidogenic proteins, which became possible due to the development of proteomics based on mass spectrometry. To date, it has been proven
that amyloid cardiomyopathy is an important and often undiagnosed cause of chronic heart failure and cardiac arrhythmias, especially in the elderly.
There are more than 15 types of precursor proteins capable of causing systemic amyloidosis, but only 2 of them accumulate in the interstitium of
the heart: light chains of clonal immunoglobulin (AL) and tetrameric protein transthyretin (TTR). The significant prevalence of wild-type genetic
transthyretin amyloidosis (ATTRwt), formerly referred to as senile systemic amyloidosis, is indicated by the following figures: in 13 % of patients
hospitalized for decompensation of chronic heart failure with preserved left ventricular ejection fraction, transthyretin amyloid cardiomyopathy was
a diagnostic finding, among patients over 80 years of age, this pathology is detected post mortem in 20-25 % of pathoanatomic reports, and in 37 %
of cases in the long-lived group (patients over 97 years of age). Even with early diagnosis of ATTR-amyloidosis, the life expectancy from the moment
the first symptoms appear is 10-12 years, as the disease progresses irreversibly, leading to disability due to severe heart damage and polyneuropathy.
The late diagnosis of systemic amyloidosis is due to the low awareness of primary care physicians, the presence of comorbidity in elderly patients, the
absence of specific symptoms of the disease and available diagnostic screening methods, and determines an unfavorable prognosis of this disease,
especially with the formation of amyloid cardiomyopathy. The relevance of this topic is due to the need to improve diagnostic algorithms and reduce
the time for primary diagnosis of amyloid cardiomyopathy in order to improve the prognosis of the disease.

We have described a clinical case of an elderly patient with a torpid course of progressive decompensation of congestive heart failure, which ended
fatally on the 3rd day of hospitalization. Echocardiographic criteria brought us closer to the diagnosis of amyloid cardiomyopathy, but pathoanatomic
studies have confirmed the diagnosis of systemic amyloidosis with predominant heart damage.

Key words: systemic amyloidosis, amyloid cardiomyopathy, heart failure, cardiovascular diseases, clinical case
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AL — amyloidosis light chain, ATTRwt — amyloidosis transtyretin wild type, NT-proBNP — N-terminal prohormone of brain natriuretic peptide,
NYHA — New York Heart Association, SpO2 — peripheral oxygen saturation, TTR — transthyretin, AVO — atrioventricular opening, BP — blood
pressure, AC — amyloid cardiomyopathy, BMI — body mass index, LVEDD — left ventricle end-diastolic dimension, LVEDV — left ventricular end-
diastolic volume, COI — cutoff index, LVESD — left ventricle end-systolic dimension, chest CT — computed tomography of thoracic organs, LV — left
ventricle, LA — left atrium, IVS — interventricular septum, IU — international units, MSCT — multispiral computed tomography, MRI — magnetic
resonance tomography, ICU — intensive care unit, RV — right ventricle, RA — right atrium, PCR — polymerase chain reaction, PET — positron emission
tomography, CF — cardiac failure, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein, LVPWT — left ventricular posterior wall thickness,
IVST — interventricular septum thickness, LVWT — left ventricular wall thickness, EF — ejection fraction, FC — functional class, daily monitoring of
ECG — 24-hour Holter monitoring, CCFWLVEF — chronic heart failure with preserved left ventricle ejection fraction, CDH — central district hospital,
RR — respiratory rate, HR — heart rate, ECG — electrocardiography, EMB — endomyocardial biopsy, ECA — cardiac electrical axis, echoCG —
echocardiography

Introduction systolic dysfunction. Cardiac remodelling and amyloid

Amyloidosis is a multisystem disease, associated
with depositions of insoluble amyloid fibrils contain-
ing incorrectly aggregated proteins, in the extracellu-
lar space. Each type of amyloidosis has its own type of
amyloidogenic precursor protein, the name of which
underpins the modern classification of the disease [1].
It has been proven that amyloid cardiomyopathy (AC)
significantly worsens disease prognosis, and in 98 % of
cases it develops in primary systemic amyloidosis, such
as AL-amyloidosis caused by deposition of immuno-
globulin light chain (AL), and TTR-amyloidosis (ATTR),
where transthyretin tetramers are deposited (ATTR) [2].
Interstitial infiltration of amyloid in the heart impacts
restrictive cardiomyopathy phenotype on the patho-
genic level and causes myocardial diastolic and (later)

deposition in the heart walls can lead to heart rhythm
and conductivity disorders. In elderly patients, reduced
quality of life can be a result not only of the age, but also
of non-specific symptoms of AC due to ATTRwt, which
vary from minimal to the symptoms of progressive
decompensated cardiac failure (CF). Therefore, routine
examination is not sufficient for diagnosis verification.
The peculiarities of AC diagnosis lie in identification
of suspicious clinical signs, associated with amyloido-
sis phenotype, and suspicion verification using imag-
ing and specific disease-identifying laboratory tests [3].
Given the absence of specific signs and symptoms of
this disease, as well as availability of sensitive diagnostic
methods, such as heart MRI and scintigraphy, endomyo-
cardial biopsy (EMB) with subsequent amyloidogenic
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protein typing using immunohistological and biochemi-
cal assays, early diagnosis and timely initiation of dis-
ease-specific therapy is a topical problem in the real-time
clinical practice. The incidence of AC, low rates of early
diagnosis verification and, as a result, lack of ability to
timely initiate disease-specific therapy, lay behind the
importance of a detailed discussion of a lethal case study
of amyloid cardiomyopathy in an elderly female patient.

Clinical case study

On 02/09/2024 Patient M, a 75-year-old female
patient, was urgently admitted to the intensive care unit
(ICU) of N. A. Semashko Republican Clinical Cardio-
logical Dispensary in Simpheropol in serious condition;
the severity of her condition was caused by cardiopul-
monary failure and generalised oedema syndrome. Upon
admission, the patient complained of marked weakness,
heart problems, shortness of breath after minor physi-
cal activities (walking for 5-10 minutes), swollen ankles,
abdomen dilatation. The patient noted weight loss of
over 10 % over the past six months.

Past medical history: according to the patient, she
got ill in February 2024, when she noted arrhythmia,
but she did not seek medical advice. In June, after the
patient returned from health resort treatment, her con-
dition deteriorated: shortness of breath and lower limb
swelling developed, and in June the patient was admit-
ted to the internal medicine ward at the central district
hospital at the place of the patient’s residence. Chest CT
dated 30/07/2024 showed right pneumohydrothorax,
compensated right atelectasis, cardiomegaly, pulmo-
nary engorgement, ascites. Pleural puncture was per-
formed: pleural fluid examination showed serous tran-
sudate with the relative density of 1,010 g/mL, protein:
19 g/L; microscopic findings: mesothelium — 5-6 per
HPE, lymphocytes — 3-4 per HPF, RBC — 10-12 per
HPF, no atypical cells. She received symptomatic treat-
ment and was discharged without any improvements.
Because of persistent signs of congestive CF, one month
later, the patient was hospitalised to the geriatric ward
of the Crimean Republican Clinical Hospital for War
Veterans with the following diagnosis: CCE, stage 2B;
senile asthenia. EchoCG dated 07/08/2024 showed
dilated right heart and left atrium, impaired diastolic
myocardial function, EF 50 %; valves: unremarkable.
Repeated chest CT dated 08/08/2024 confirmed cardio-
megaly, bilateral hydrothorax and signs of pulmonary
engorgement: right pleural space — free fluid (density:
approx. 8 HU), layer thickness: up to 48 mm; left cavity:
free fluid (density: approx. 5 HU), layer thickness: up
9 mm. Abdomen CT dated 08/08/2024: ascites, hydro-
sarca, fatty hepatosis.The therapy included treatment
of CCF symptoms (furosemide 100 mg/day, verospi-
ron 50 mg/day, metoprolol 50 mg/day, candesartan
32 mg/day), steroids (dexamethasone 8 mg/day), lipid-
lowering drugs (rosuvastatin 5 mg/day). The patient

was discharged without improvement. At the place of
residence, the patient had follow-up chest X-ray exami-
nation (29/08/2024): the horizontal fluid level on the
right is at the level of the IV rib, left pleural diaphrag-
mal corner is free. Since there were no any positive
changes in her condition, the patient had to visit the
outpatient clinic at the cardiac dispensary, where she
was ungently hospitalised.

Physical examination: severe general condition,
lucid; body temperature: 36.4 °C, BMI = 18; by ausculta-
tion: above the lungs, the respiration is harsh, weaker
in side areas, and absent in lower sections; no rales;
respiratory rate is 24/min; oxygen saturation (SpO2)
96 %; muffled, arrhythmic cardiac tones, no heart mur-
murs; HR 60 bpm, arrhythmical pulse of poor volume,
BP 85/55 mm Hg; symmetrical lower limb oedema up
to the upper third of shin; abdomen soft on palpation,
enlarged because free fluid, positive fluctuation symp-
tom. Complete blood count showed no abnormal results:
Hb 133 g/L, RBC 4.43x10"/L, platelets 175x10°/L,
WBC 8.6x10°/L, ESR 20 mm/h. Blood biochemistry:
glucose 4.9 mmol/L, cholesterol 3.8 mmol/L, bilirubin
14.7 mmol/L, urea 23.0 mmol/L, creatinine 197 mmol/L,
total protein 57 g/L, albumin 30 g/L, ALT 32.9 U, AST
24.7 U, potassium 4.9 mmol/L, sodium 129.3 mmol/L,
calcium 1.27 mmol/L. Coagulation profile: prothrom-
bin time 25.0, PTI 41.2 %, INR 2.0, fibrinogen A 4.5 g/L,
APPT 41 s, thrombin clotting time 21 s. Cardiac markers:
myoglobin — 72.0 ng/mL (normal range: < 70 ng/mL),
troponin I — 0.14 ng/mL (normal range: < 0.01 ng/mL),
NT-proBNP — 9,086 pg/mL. Markers of viral hepatites,
HIV, syphilis: negative. Urinalysis results show protein-
uria 0.12 g/L, leukocyturia — 10 per HPF. ECG upon
admission (Figure 1): normal voltage; atrial flutter with
AV conduction; HR 108 bpm, electrical cardiac axis is of
normal position, left ventricle hypertrophy.

Transthoracic echoCG (Figure 2) dated 04/09/2024:
LA 4.6 cm, LVEDD 3.6 cm, LVESD 3.0 cm, LVEDV index
46 mL/m* LVPWT 1.3 ¢cm, IVST 1.3 cm, LVEF 36 %, RV
2.9 cm; moderately dilated right ventricle and both atria;
normal LV dimension and volume; valves — unremark-
able; moderate concentric LV myocardial hypertrophy;
echo-structure of LV myocardium looks finely grained
and shiny with typical glow; marked relative tricuspid
insufficiency; moderate pulmonary hypertension with
systolic pulmonary pressure of up to 42 mm Hg; sig-
nificantly lower contractility of LV myocardium; signifi-
cantly impaired diastolic function; right pleural cavity
with signs of up to 600 mL of free fluid; no free fluid
in pericardial cavity and left pleural cavity. Longitudinal
deformity of the left ventricle was not accessed due to
unavailability of technical capacities.

Clinical examination results were used to verify
the primary diagnosis: primary amyloidosis with
predominant cardiac involvement, complicated by
stage 2B CCF with reduced myocardial contractility
(EF 36 %), functional class 4 (NYHA); persistent atrial
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fluttering (CHA2DS2-VASc 4 points, HAS-BLED
1 point, EHRA 2b); right-sided hydrothorax, ascites.
The patient had therapy complying with clinical guide-
lines and medical assistance standards for her conges-
tive heart failure, including cardiotropic (a combina-
tion of valsartan + sacubitril, bisoprolol), dehydration
(furosemide, spironolactone), antiarrhythmic (amio-
darone), anticoagulation (rivaroxaban) therapy and
SGLT2 inhibitors (dapagliflozin) (standard doses).
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EMB was planned to histologically confirm the type of
systemic amyloidosis.

Due to the antiarrhythmic therapy, on day 2 of hospi-
talisation the patient had sinus rhythm (Figure 3); how-
ever, the patient’s condition remained the same (critical
but stable). Despite the combined diuretic therapy (furo-
semide 100 mg intravenous drip and oral spironolactone
100 mg), no positive diuresis was observed, and hydro-
sarca persisted.

Figure 1. ECG
on admission — Atrial
flutter
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Figure 2. Amyloid cardiomyopathy “glow” during transthoracic echocardiography findings

Note. A — parasternal position along the long axis; B, B — apical position along the long axis
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Figure 3. ECG

on the second day of

hospitalization —

sinus rhythm restoring

after pharmacological

cardioversion
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On day 3 of hospitalisation, the patient’s condition
deteriorated: she suddenly lost consciousness, unas-
sisted breathing was ineffective, and resuscitation was
initiated. Despite the intensive care, the patient went
into cardiac arrest, monitors showed asystole, and
the patient was pronounced clinically dead. Cardiac
compressions, tracheal intubation, breathing support
with a breathing bag and intravenous adrenaline were
ineffective, and in 30 minutes, the natural death was
pronounced.

Autopsy Results

A yellow clear fluid was found: in abdomen —
1,000 mL, in right pleural cavities — 2,000 mL, in left
pleural cavities — 1,000 mL, in pericardial cavity —
100 mL. Heart: 700 g, 14x11x7 cm, with rounded apex,
formed by LV; enlarged cardiac cavities, right atrioven-
tricular opening (AVO) perimeter: 12 cm, left AVO:
10 cm, aorta: 7 cm. The myocardium is of cartilaginous
density, light-brown in colour, shiny; LV wall thickness
in the cross-section 1.0 cm from the fibrous atrioventric-
ular ring 1.8 cm, RV — up to 0.5 cm. Coronary arteries
are rigid, with single dense greyish-yellow plaques cov-
ering up to 50 % of intima surface, the opening is 50 %
occluded. The lungs are pushed forwards by the fluid;
dense, a lot of foamy liquid and thin blood drop from
the cur surface.

Histological examination

Heart: positive staining with Congo red for amyloid
and positive green glow in polarised light; uneven vascu-
lar congestion, thickening and amyloidosis of small and
medium-sized vessel walls; perivascular, intermuscular
foci of amorphous eosinophilic amyloid masses; thin-
ning, atrophy and tortuosity of muscle fibres; dystrophy
and moderate hypertrophy of cardiac myocytes; focal
fragmentation of muscle fibres.

Brain: perivascular, pericellular oedema; glial cell
dystrophy, areas of brain tissue rarefication; vascular
congestion.

Lungs: poor blood supply to vessels; thickened inter-
alveolar septa with eosinophilic amyloid deposits; the
same deposits are observed along the vessels.

Liver: preserved frame structure; vast amyloid depos-
its in vessel walls, along portal tracts; dystrophic hepatic
cells, oedema.

Kidneys: thickened, sclerotic glomerule capsule and
vascular walls, amyloid deposits. Parenchyma with focal
lymphocytic and globo-cellular infiltration, sclerosis
and hyaline degeneration; vast areas of amyloid depos-
its along the vessels. Areas of amyloid deposits along the
vessels are observed also in the pancreas.

The autopsy results show that the death was caused by
progressive cardiopulmonary failure, namely pulmonary
and brain oedema, resulting from the primary disease:
primary systemic amyloidosis with predominant cardiac
involvement.

Discussion

Numerous recent studies show undervaluation
of ATTR amyloidosis as a cause of arrhythmias and
impaired contractility, as well as progressive CF in
elderly patients [4], which was observed in this clinical
case study. The diagnostic search for the causes of torpid
decompensated CCF and atrial fluttering was limited
to ischaemic heart disease, acquired valvular problems
and amyloid cardiomyopathy. The medical history of
the patient did not show any data on arterial hyperten-
sion, chronic or acute forms of ischaemic heart disease,
including myocardial infarction, or valvular heart dis-
ease, which could cause progressive CCF, that is why AC
was most probably. According to the current idea, wild
type ATTR (ATTR-wt) is associated with generalised
amyloid deposits in interstitial tissue of parenchymal
organs because of age-related defects of transthyretin
tetramers secretion by the liver [5], and it can bring
about the mentioned cardiac signs and symproms. Also,
a typical clinical sign of AC was observed: reduced QRS
voltage seen on ECG and mismatch between ECG results
of myocardial hypertrophy and echoCG observations,
i.e., reduced ECG/echoCG index below 7.8; sensitivity
and accuracy of this sign are 94 % and 82 %, respectively,
while its negative predictive value — 97 % [6]. A minor
increase in cardiac markers (myoglobin — 72.0 ng/mL,
troponin I — 0.14 ng/mL) ruled out massive myocar-
dial damage, while an excessively high NT-proBNP
level (9,086 pg/mL) suggested severe myocardial dys-
function from other causes. A combination of cardiac
manifestations, such as weakness, arrhythmia, severe
drug-resistant decompensated CCF (hydrosarca). ECG
signs and echoCG observations: dilated right heart and
LV, concentric LV myocardial hypertrophy (LV wall
thickness up to 1.3 cm), diastolic and myocardial dys-
function (EF 36 %), and pathognomonic fine-grained
structure of LV myocardium with glow confirmed AC.
The only thing left to do was to identify the type of
amyloidosis. The key differential diagnosis was to con-
firm ATTR- or AL type of systemic amyloidosis, which
have similar manifestations, observed in this patient,
namely she was over 70 years of age, lost weight and
had symptoms of torpid progressive CCE. In this case
study, where the patient did not have any extracardiac
manifestations, the hypothesis of ATTRwt phenotype
was supported only by arrhythmia (atrial flutter) [7];
studies show that the incidence atrial fibrillation/flutter
in patients with AC in ATTR-wt was higher (71% of
patients) than in AL amyloidosis (26 %) [8]. Minimal
proteinuria (0.12 g/L) did not help reliably differenti-
ate between ATTR- and AL-amyloidosis, although, the
latter is more often associated with nephrotic levels of
proteinuria. Unfortunately, we did not have a chance to
perform planned intravital identification of the type of
systemic amyloidosis: subcutaneous tissue biopsy and
EMB with subsequent identification of amyloid protein
type, tests for plasma cell dyscrasia (bone marrow biopsy
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with cytofluorometry, analysis of released paraproteins:
immunofixation and electrophoresis of serum and
urine proteins with quantification of monoclonal and
polyclonal immunoglobulins). Even postmortem, it was
impossible to verify systemic ATTR amyloidosis using
routine autopsy methods, since no immunohistological
and biochemical amyloid analysis was performed [9].
According to the literature, symptoms of CCF are a pre-
dictor of poor outcome in patients with systemic amy-
loidosis, because, if untreated, the mean survival rate is
approximately one year, and half a year if symptoms of
severe CCF are present [10]. This fact was confirmed
in this clinical case study: six months after the onset of
first cardiac symptoms (arrhythmia) and three months
after CCF symptoms, the patient died of torpid CCF
progression. Independent risk factors of poorer survival
rates in AC from ATTR are also age, NYHA FC III-1V,
systolic BP < 100 mm Hg, resistance to diuretics, while
NT-proBNP levels > 1,800 ng/L increase the all-cause
death rates [11]. It is worth noting that all mentioned
risk factors of poor outcome were observed in this case
study, which made the patient’s prognosis even worse.
The mismatch between LV wall thickness on ecoCG
(1.3 cm) and autopsy (1.8 cm) observed in this patient
is rather a pattern than an exclusion. According to the
literature, the diagnostic efficiency of intravital identifi-
cation of LV hypertrophy at postmortem measurement
was low: the difference between autopsy and echoCG
results for LV wall thickness was 3.3 to 5.2 mm, and
for IVS — from 1.3 to 1.4 mm. This phenomenon can
be caused by postmortem changes in the heart, which
should be taken into consideration when diagnosing
heart pathologies [12]. Unfortunately, despite numer-
ous hospitalisations, neither healthcare professionals at
the sanatorium, nor at the CDH, nor at the republican
hospitals were able to suspect systemic amyloidosis,
which, in our opinion, is a sign of their poor awareness.
Early and prompt diagnosis of AC where amyloidosis is
suspected is the top priority and a key to efficient ther-
apy, since early therapy initiation can prevent further
deposition of amyloid and progressive damage to target
organs [1, 3]. Up to 2018, the only possible therapy of
AC at ATTR was heart transplantation, the availability
of which was significantly limited due to elderly age
of patients and the need to transplant several organs
(heart and liver). A breakthrough in the ATTR therapy
was recently introduced and approved drug therapies,
based on TTR gene inhibition (TTR protein synthesis
inhibition), or TTR stabilisation (prevention of TTR
tetramers dissociation to fibrils) [13].

In this case, the right moment was lost, and even
despite the scientific breakthrough in the management of
such patients with specific therapies [14], the patient was
fated to die. Two days of hospitalisation after AC diag-
nosis was made did not make it possible to identify the
type of amyloid while the patient was alive, and initiate
specific therapy.

Conclusions

This clinical case emphasises the need for raising
awareness of primary care providers about systemic
amyloidosis in elderly patients, its diagnostic criteria and
possible use of disease-specific therapy. Patients with AC
need personalised diagnostic and therapeutic approach
by a multidiscipline team of healthcare providers to
develop a therapeutic strategy and access the potential
role of available therapies to manage CF. Due to signifi-
cant achievements in modern healthcare for the manage-
ment of this category of patients, timely diagnosis will
help in prompt therapeutic interventions to improve
survival rates, physical functioning and/or quality of
patients’ life.

Bknap aBTopoOB:

Bce aBTOpbI BHEC/IM CYLLLECTBEHHBIV BK/1aJ B NOATOTOBKY paboTbl, Npoy4/u
1 006pun GpuHanbLHYIO Bepcuio CTaTby Nepes NybanKauven
Conpartosa O.B.: HanucaHue cTaTby, peAakTUpOBaHMe PYKOMUCK, UH-
TeprpeTauma faHHbIX KAVMHUYECKOrO Clyyan YTBEPX/AeHNe OKOHYaTe lb-
HOrO BapMaHTa CTaTby, MOUCK IMTEPaTYPHbIX NCTOYHUKOB.

FopsaHckaa W.Al.: Hay4yHoe KOHCYy/NbTWMpOBaHWe, paspaboTka Aun3aiiHa
1 pejaKTUpOBaHMe CTaTby, YTBEPX/EHWe OKOHYaTe/NbHOro BapuaHTa
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Chronic Heart Failure with Preserved
Ejection Fraction in A Comorbid Patient:
Issues in Verification of A «Difficult» Diagnosis

Pesome

XpoHuYecKas cepAeyHas He0CTaTOYHOCTb C COXpaHeHHOM dppakumeit BbiGpoca (XCHC®B) — 3T0 CN0MKHBINA, FETEPOreHHbII, MONMOPraHHbIA CUCTEM-
HbIi CUHZPOM, KOTOPbIN XapaKTepu3yeTcs 3Ha4MTe/IbHON 3a60/1eBaeMOCTbIO U CMEPTHOCTBIO. B HacToAee BpeMa OH Npuobpen xapakTep annaemMum
XX| BeKa. B KAMHWYECKOM HabNOAEHUM ONMCcaHa UCTOPMA MALMEHTKM MOXU/IOMO BO3pacTa, CTpajatoleit uiwemMmdeckomn 6oesHoio cepaua (MBC),
AUCAUNUAEMUEN, CTEHO3UPYIOLMM aTepOCKIepO30M BpaxmoLiedasibHbIX apTepuii Ha GpoHe apTepuanbHOM runepTeHsum (AT), OXKUpeHUsa, caxapHoro
avaberta (CA) 2 TMNa, 0CNOKHEHHOrO AnabeTUYECKON peTUHONATUEN, NOMHENpOonaTHel, HepponaThei C pa3BUTUEM XPOHUYECKOM 60/1E3HM MOYeK
(XBM) n XCHc®B. CocTosHME OTAroLanoch HaIMYMEM XPOHUYECKOTO NenoHeppumTa eAMHCTBEHHOM NOYKM Noc1e HedPIKTOMUM CripaBa Mo NoBoAy
abcLiecca NoYKK, 6poHXMaNbHONM acTMbl. [1pOAEMOHCTPUPOBaHbI OFPaHUYEHNA B UCMO/Ib30BaHUM COBPEMEHHbIX WKan ANA onpeAeneHns npeaTecto-
BOVi BeposTHOCTU XCHC®B, HM3KMIA NoKasaTenb HaTpuiypeTudeckux nentugos (HYT). KoMop6ugHocTs, naoxo KoHTpoanpyembie AT, C/l, HuU3Kas
NPUBEPKEHHOCTb K Tepanun NpUBe/an K pasBUTMIO OCTPOI COCYAMCTON KaTacTpodbl, MOBTOPHOE HapylleHNe MO3roBOro KpoBoobpaleHns — K /e-
TaNbHOMY UCXoAy. MMCTONOrNYeCcK 06HapYKeH BbIpaXeHHbIN Nepy1BaCKY/IAPHbIA U UHTEPCTULMA/bHDBIV CKAEPO3 B MUOKap/Ae U anuKap/e, KOTOopbIi
SIBNAETCA OCHOBOW AMacTonmyeckon ancoyHkumum npu XCHcdB.

KAnHuyeckuii npuMep oTpaxaeT TpyAHOCTU aAnarHocTukm XCHc®B, a Takke B3aMMHOe MaToreHeTUYeCKoe BAUsSHWE COMYTCTBYHOLEN NaToNoruu,
4TO MpMBE/IO K He6NAronpUATHOMY UCXOAY NMPU HECOBIOAEHUM peKOMeHAALMIA.

KnroueBbie cn0Ba: xpoHudeckas cepdeyHas HeAOCMamo4YHOCMb, COXpaHeHHas PpaKyus BbI6poca, ubpo3 Muokapda, KOMOPEUOHOCMb
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Abstract

Chronic heart failure with preserved ejection fraction (HFpEF) is a complex, heterogeneous, multi-organ systemic syndrome characterized by
significant morbidity and mortality. Currently, it has acquired the character of an epidemic of the 21st century.

The clinical observation describes a typical story of an elderly patient suffering from coronary artery disease (CAD), dyslipidemia, atherosclerosis of the
brachiocephalic arteries against the background of arterial hypertension (AH), obesity, type 2 diabetes mellitus (DM), complicated by diabetic retinopathy,
polyneuropathy, nephropathy with development of chronic kidney disease (CKD) and HFpEF. The condition was aggravated by the presence of chronic
pyelonephritis of a single kidney (right nephrectomy for renal abscess in 2013), bronchial asthma. The limitations of modern scales for determining the
pre-test probability of HFpEF and low natriuretic peptide levels are demonstrated. Comorbidity, poorly controlled hypertension, diabetes, low adherence
to therapy led to the development of acute vascular accident, then, repeated cerebrovascular accident — to a fatal outcome. Histologically, perivascular
and interstitial sclerosis in the myocardium and epicardium was detected, which is the basis of diastolic dysfunction in HFpEF.

A clinical example reflects the difficulties of verification of HFpEF-diagnosis, as well as the mutual pathogenetic influence of concomitant pathology,
which can lead to an unfavorable outcome if recommendations are not followed.

Key words: chronic heart failure, preserved ejection fraction, myocardial fibrosis, comorbidity
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Introduction

A comorbidity (especially DM, AH, obesity and atrial
fibrillation) is an underlying factor for CCFWEE. Nowa-
days, the number of patients with excessive body weight,
impaired lipid and carbohydrate metabolism, renal dys-
function is constantly growing; these conditions trig-
ger cellular and molecular changes in cardiac tissues:
inflammation; fibrosis; impaired nitrogen oxide synthe-
sis; sarcomere dysfunction; mitochondrial and metabolic
diseases, which result in diastolic dysfunction, a key
component in the development of CCFwEF [1]. Clini-
cal phenotyping of CCFwEF is essential for selection
of an individualised approach to the therapy. Patients
with cardiac-renal-metabolic phenotype who have obe-
sity, IHD, DM2, CKD, have poor prognosis and are at a
high risk of all-cause death of hospital admission due to
CCF [2]. Higher acute cardiovascular mortality rates in
patients with abdominal obesity, dyslipidaemia, AH and
hyperglycaemia are associated with endothelial dysfunc-
tion caused by insulin resistance, which is a universal
vascular wall defect [3]. CCFWEF diagnosis in the real
clinical practice is often challenging. Current clinical

recommendations regulate diagnosis based on specific
complaints, confimred with objective signs (or reaction
to diuretics), markers of left ventricle diastolic dysfunc-
tion seen on echoCG, as well as higher natriuretic pep-
tide levels. It is recommended to use H2FPEF and HFA-
PEFF scales; and if there are minor dystolic dysfunction
and other contradictory examination results, diastolic
stress test should be used, which is not readily available
in our country [4].

We are discussing a case study here, which reflects the
characteristics and challenges with CCFwEF diagnosis in
a cardiac-renal-metabolic patient.

Case Study

Here is the medical record of Patient S. (Figure 1),
who was followed up in the outpatient clinic of City
Clinical Hospital No. 11. In November 2023, the patient
started complaining of shortness of breath and retroster-
nal pain after physical exercises, elevated blood pressure
(BP) of up to 160/100 mm Hg, headache, general weak-
ness, occasional ankle swelling.
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. . Inpatient treatment for uncontrolled
Diagnosed with IEIEEEe ) arterial hypertension in the
X coronary artery . . .
bronchial asthma disease therapeutic department, diagnosis of
chronic HF, ejection fraction = 58%
2005 2009 2012 2013 2021 2024
51-year-old
female
patient -
woman with Diagnosed with KIEITEE) £, Had two strokes, last
obesity and type 2 diabetes UEITEERTT? hospitalization was fatal at
Y . . chronic kidney
hypertension mellitus disease the age of 70

Figure 1. Timeline of development of the cardiorenometabolic continuum and its outcomes in the observed patient

According to her medical record, the patient had
been suffering from hypertension since 1997; she did
not take any regular antihypertensive drugs, usu-
ally when her BP was elevated. Then she was diag-
nosed with broncial asthma, which was treated with
budesonide + formoterol (partial control of symptoms
was achieved). Later she was diagnosed with DM2, her
medications included various combinations of metfor-
min, glibenclamide, gliclazide, vildagliptin. The patient
was diagnosed with IHD, exertional angina, functional
class (FC) II; she was taking acetylsalicylic acid, statins,
nitroglycerine when needed, courses of trimetazidine,
nicorandil. CKD developed as a result of BP, DM and
prior right nephrectomy because of an abscess. In 2021,
she was treated in an inpatient internal medicine ward
of City Clinical Hospital No. 11, where CCFWEF was
diagnosed for the first time (left ventricle ejection frac-
tion (LVEF) = 58 %). The patient was not hospitalised
any more, her condition worsened from November
2023. Life history: disabled person of group 2 from 2011;
during the follow-up, she worked as a receptionist in a
musical school (work in day-long shifts). Objective find-
ings: height — 150 cm, weight — 85 kg, body mass index
(BMI) — 37.7 kg/m? Waist circumference: 114 cm.
Oxygen saturation is 98 %. The condition is satisfactory,
and consciousness is clear. Vesicular breathing with indi-
vidual dry rales in lower sections with forced expiration.
Respiratory rate is 18/minute. Auscultation of the heart:
muffled heart tones, regular rhythm; heart rate is 64 bpm;
BP: 150/90 mm Hg. The abdomen is soft and non-tender
on palpation. Ankle and feet pastosity. Bowel and blad-
der functions are within normal. Laboratory and instru-
mental test results: N-terminal pro B type natriuretic
peptide (NT-proBNP) (31/10/2023) — 106.8 pg/mL;
complete blood count (28/11/2023): elevated erythro-
cyte sedimentation rate (25 mm/h), otherwise unre-
markable; urinalysis (27/11/2023): protein traces, albu-
minuria test strip testing: 20 mg/L. Blood biochemistry

(27/11/2023): total cholesterol 7.2 mmol/L, high den-
sity lipoproteids 1.3 mmol/L, low density lipoproteids
4.9 mmol/L, plasma glucose 8.1 mmol/L, glicated hae-
moglobin 7.9 %, creatinine 112 pmol/L, glomerular fil-
tration rate 43.2 mL/min/1.73m? Electrocardiography
(27/11/2023): axis deviation to the left, sinus rhythm
with heart rate of 70-77 bpm, signs of left ventricu-
lar (LV) hypertrophy, diffuse changes in the miocar-
dium. Annual chest X-ray fluorography: no pathologi-
cal shadows. Diagnosis: IHD, exertional angina, FC 2.
Atherosclerosis of aorta and brachiocephalic arteries.
Stage 3 hypertension, uncontrolled. LV hypertrophy.
Degree 2 obesity. Dyslipidemia. Type 2 diabetes melli-
tus, diabetic retinopathy, polyneuropathy, nephropathy.
Stage 3B CKD, stage Al albuminuria. Risk grade 4 (very
high). Stage 2A CCFwEE, FC 2 (LVEF 64 %). Chronic
pyelonephritis of the remaining kidney (right nephrec-
tomy because of an abscess, 2013). Mild persistent
bronchial asthma (mixed genesis), controlled. Chronic
cholecystitis, remission. Dorsopathy resulting from
lumbar osteochondrosis, remission. The patient was
consulted by a cardiologist, endocrinologist, lung spe-
cialist; commendations: losartan 100 mg/day; bisoprolol
2.5 mg/day; nitroglycerine 0.5 mg as required; torase-
mide 2.5 mg/day; atorvastatin 40 mg/day; acetylsalicylic
acid 100 mg/day; metformin 2,000 mg/day; gliclazide
60 mg/day; vildagliptin 100 mg/day; budesonide + for-
moterol 400 + 12 pg/dose, 2 inhalations daily; ipratro-
pium bromide + fenoterol 20 + 50 pg/dose, 2 inhalations
as required. Patient’s Morisky-Green (MMAS-8) com-
pliance score is four points, i.e. poor compliance. After
torasemide therapy, the patient noted improvement in
swelling, shortness of breath after physical exercises,
and discontinued the drug by herself one month later.
She explained the inconsistencies in taking the medica-
tions and insufficient dosages by a large number of pre-
scribed products, complicated dosage regimens, high
cost of therapy, and irregularities in supply of subsidized
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drugs. In March 2024, the patient underwent brachioce-
phalic artery duplex ultrasound scanning (11/03/2024):
signs of atherosclerosis of brachiocephalic arteries, ste-
notic left internal carotid artery (up to 65 %) in its prox-
imal section. Left vertebral artery hypoplasy. EchoCG
(11/03/2024): LV end-diastolic diameter — 4.9 cm;
LV end-sistolic diameter — 3.2 cm; LV end-diastolic
volume — 110 mL; LV end-sistolic volume — 39 mL;
LVEF — 64 %; interventricular septum thickness —
1.4 cm; diastolic LV posterior wass thickness — 0.9 cmy;
LV myocardial mass index — 116 g/m?, relative LV wall
thickness — 0.56; left atrium — 43*54*38 mm; indexed
left atrium volume — 27.7 mL/m? pulmonary artery
systolic pressure — 20 mm Hg; E/e¢’ — 14. 6-minute
walking test: 389 m, corresponding to FC 2. H2FPEF
score: 5 points; HFA-PEFF score: 2 points. Intermedi-
ate probability of CCFwEF [4]. On 17/04/2024, the
patient visited the emergency room at the outpatient
clinic complaining of high blood pressure (160/100 mm
Hg), headache, dizziness, shortness of breath during
walking. Her antihypertensive therapy was corrected:
amlodipine 2.5 mg/day and moxonidine 0.2 mg/day
were added, a sick note was initiated because of uncon-
trolled AH. When on 22/04/2024 her blood pressure
rose to 190/100 mm Hg, the patient started experienc-
ing unsteady gait, blackouts, weakness in her lower
extremities; she did not call for ambulance, as her next
GP and endocrinologist appointments were due on
23/04/2024. Consultation by GP dated 23/04/2024: BP
160/100 mm Hg, talks with difficulties, marked weak-
ness in her limbs, unsteady gait. Electrocardiography
findings: no signs of acute coronary pathology. The
neurologist urgently referred the patient to the neural
vascular ward at City Clinical Hospital No. 11 with sus-
pected acute cerebrovascular event, where the patient
was treated from 23/04/2024 to 13/05/2024 for ischemic
stroke in the vertebrobasilar system with dysarthria,
atherothrombotic subtype, with secondary brainstem
syndrome. EchCG (23/04/2024): LVEF — 60 %, E/e’ —
14, left atrium volume index — 24 mL/m? left ventri-
cle myocardium mass index — 110 g/mm?, pulmonary
artery systolic pressure — 20 mm Hg. The patient was
discharged for the follow-up by neurologist and GP;
recommendations: lisinopril 20 mg/day, amlodipine
5 mg/day, atorvastatin 40 mg/day, ezetemibe 10 mg/day,
acetylsalicylic acid 100 mg/day, gliclazide 90 mg/day,
sitagliptin 100 mg/day. Home visit (14/05/2024): stays
is bed, double incontinence, quadriparesis, dysarthria,
requires assistance. Since on 18/05/2024 the patient’s
condition and speech function deteriorated, her short-
ness of breath at rest worsened, the patient was admit-
ted to the neural vascular ward at City Clinical Hospital
No. 11 and connected to an invasive mechanical ventila-
tion apparatus, where she died on 19/05/2024. A post-
mortem examination revealed ischaemic brainstem
stroke; myocardial hypertrophy (heart weight: 398 g,
left ventricle wall thickness: 1.6 cm, interventricular

Figure 2. Fragment of the myocardium.
Note. Van Gieson’s staining. The connective tissue in the perivascular and
interstitial zone turned bright pink. Edema of the interstitium and hypertrophy of
cardiomyocytes

Figure 3. Fragment of the epicardium
Note. Van Gieson’s staining. The connective tissue in the perivascular zone turned
bright pink (severe sclerosis of the vessel walls)

Figure 4. A kidney fragment
Note. Van Gieson’s staining. The connective tissue in the perivascular zone
and the connective tissue in the stroma of the organ. Necrobiosis of the tubular
epithelium
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septum: 1.6 cm); enlarged cardiac cavities; macrofocal
cardiosclerosis of the lower wall of the left ventricle (old
grey 2.2 cm scar); obliterating atherosclerosis of coro-
nary arteries (grade 3, stage 3, stenosis 56 %); chronic
general congestion of internal organs: nutmeg liver, con-
gestive splenomegaly, swelling of subcutaneous tissue of
lower limbs; chronic pyelonephritis attack. Heart tissue
histology showed marked interstitial and perivascular
fibrosis (Figure 2, Figure 3).

Discussion

Patients with CCFwEF have comorbidities; every
second patient has over five non-cardiac comorbidi-
ties; the process is triggered by a combination of risk
factors and associated conditions, including age, female
sex, hypodynamia, obesity, atrial fibrillation, IHD, DM,
dyslipidemia, AH, metabolic syndrome, CKD, anaemia,
chronic obstructive pulmonary disease, and sleep apnea.
There are no specific diseases, which could be a clear
cause of CCFwEEF, since this condition is inflammatory
or metabolic [5]. There are no specific symptoms or
signs of CCFwEF; they are similar to those in patients
with cardiac failure: shortness of breath, poor tolerance
of physical activities, fatigue, chest discomfort [6]. The
patient had signs and symptoms of CCEF, diastolic dys-
function seen on echo CG, which, even in the absence of
elevated NT-proBNP confirms CCFwEE, despite insuffi-
cient HFA-PEFF and H2FPEF score [4]. In the real-time
clinical practice, diagnostic algorithms are often not
used due to NUP testing unavailability, poor availabil-
ity of modern ultrasound units at outpatient clinics, and
impossibility for the functional diagnostics specialists to
examine the diastole in detail. Thorough echoCG exam-
ination is fundamental for the diagnosis of diastolic dys-
function and CCFwEF verification. Myocardial fibrosis
caused by inflammatory and metabolic disorders makes
cardiac cavities more rigid, resulting in higher LV filling
pressure and left atrium pressure. A non-invasive marker
of this process is E/e’ — a ratio between the force, the
left atrium has to overcome to fill LV with blood during
diastole, and the rate of LV relaxation. However, during
echoCG only 20.6 % of functional diagnosis specialists
measure Simpson’s LVEF; 13.5% still use the Teich-
holz method; 62.6 % use both methods, and 3.2 % don’t
measure LVEF at all. Indexed left atrium volume is rou-
tinely measured by 56.8 % of medical professionals, E/e’
is measured by 51.6%; echoCG speckle-tracking and
diastolic stress test are rare. Under these circumstances,
symptomatic comorbid patients with obesity, DM, atrial
fibrillation, CKD are in the grey area for the assess-
ment of the probability of CCFWEF using modern scales
[7, 8]. Clinical measurements of NUP values shifted the
paradigm in the management of CCF patients; however,
NT-proBNP is not an ideal biomarker of CCFWEE. The
value ruling out this condition is below 125 pg/mL;
and patient previously treated for CCF can have lower

values [4]. There are causes of elevated NUP levels:
elderly age, CKD, acute coronary syndrome, pulmonary
hypertension, pulmonary embolism, transient elevation
during initiation of valsartan + sacubitril, use of cardio-
toxic medicines, atrial fibrillation and other arrhyth-
mias, sepsis, thyrotoxicosis, valvular diseases. Literature
references actively discuss the NUP deficit syndrome;
there are numerous factors affecting their reduction in
CCF patients: obesity, pulmonary oedema, chronic car-
diac compression, cardiac tamponade, gene NPPB poly-
morphism, elevated androgen levels in female patients,
hypercorticoidism, insulin resistance, continuous val-
sartan + sacubitril therapy, elevated androgen levels,
minor problems with myocardium structure and func-
tion [9, 10]. The exact feedback mechanism between
obesity and NT-proBNP levels is still unknown. It is
assumed that obesity increases NUP clearance in adi-
pocytes, which can be programmed on genetical level
and reduces their release. It is thought that lower NUP
levels are recorded in patients with CCFwEF and obe-
sity because of increased mechanical load for the peri-
cardium (similar to chronic cardiac compression) [6,
11, 12]. Therefore, the current recommendation is to
reduce baseline NT-proBNP values by 25% for BMI
of 30 to 35 kg/m? by 30% for BMI of 35 to 40 kg/m?,
and by 40 % for BMI over 40 kg/m? [13]. According to
this recommendation, in stage 2 obesity, the lower NT-
proBNP level for the patient was 87.5 pg/mL. Also, she
had factors increasing NT-proBNP levels: elderly age
and CKD. Cardiac-renal-metabolic CCFWEF is widely
presented in numerous studies; these are patient with
obesity, DM, CKD; they can account for 1/3 of the
CCFwEF population [2]. Developing metabolic dis-
orders and inflammatory process play an important
role in CCFwEF pathogenesis, and the relationship
between these two biological processes is termed appro-
priately — metaflammation, or inflammatory-fibrous
paradigm [14, 15]. Obesity, which is associated with
constant low-intensity systemic inflammation, trig-
gers a cascade of cardiac-renal-metabolic syndrome,
promotes myocardium infiltration with monocytes,
which release inflammatory cytokines activating fibro-
blasts and later causing myocardial fibrosis, underlying
CCFwEF development [16, 17]. By triggering insulin
resistance, obesity promotes DM development, which
is diagnosed in every third patient with CCE, irrespec-
tive of impaired glucose tolerance, fasting glycemia and
pre-diabetes. Even more marked microvascular inflam-
mation in DM patients results in diffuse atherosclerosis-
independent myocardial fibrosis. In uncontrolled gly-
cemia, endothelial dysfunction worsens, vascular wall
is affected by atherosclerosis, which can later result in
acute circulation failure [18]. DM leads to significant
reduction in NT-proBNP levels, which is a result of
its higher glycosilation, which is promoted by higher
blood glucose levels and insulin resistance in obese
individuals [11]. DM, obesity and AH underlie CKD.
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Table 1. Management considerations for patients with a cardiorenal-metabolic profile and comorbid conditions

Issue

Approach |

Weight management and
glycemic control

Achieving target blood pressure
Preserving kidney function
Lipid disorders and

atherosclerosis

Bronchial asthma management

Patient education and preventive
care

Low-calorie diet, increased physical activity (aerobic exercises), and consideration of GLP-1 receptor agonists.
If eGFR >30 ml/min/1.73m? SGLT2i and metformin are the primary options [4].

Avoid short-acting antihypertensive drugs. In patients with asthma, CCB and ARB are preferable, as they are
less likely than ACE:i to induce cough [20, 21].

Initiate treatment with low doses and titrate up carefully while monitoring eGFR and electrolytes. Avoid any
medications without prior consultation with a physician [4, 20].

Statins should be used to achieve LDL targets (<1.4 mmol/L or a 50 % reduction from baseline). If statins are
insufficient, ezetimibe should be added [4, 21].

Regular use of maintenance therapy is essential. Avoid short-acting f-agonists due to their adverse
cardiovascular effects, systemic glucocorticoids (which negatively impact glucose and lipid metabolism), and
B-blockers unless absolutely necessary, using only at low doses [20, 21].

Participation in diabetes education programs and heart failure management clinics. Referral for stage 3 medical
rehabilitation and routine medical follow-ups. Vaccination against influenza and pneumococcal infections [4].

Abbreviations: GLP-1 — Glucagon-like peptide-1 receptor agonists, eGFR — estimated Glomerular Filtration Rate, SGLT2i — Sodium-glucose co-transporter 2 inhibitors,
CCB — Calcium channel blockers, ARB — Angiotensin receptor blockers, ACEi — Angiotensin-converting enzyme inhibitors, LDL — Low-density lipoproteins

General pathological mechanisms, general risk factors
or systemic impairments affect the heart and kidneys,
causing their simultaneous dysfunction. Every second
CCF patient has CKD. Organ hypoperfusion resulting
from inadequate heart functioning activates the renin-
angiotensin-aldosterone and sympathic nervous system,
oxidative stress, necrobiotic and fibrotic changes in the
kidney, resulting in the development and active progres-
sion of CKD. The patient had chronic type 2 cardiore-
nal syndrome: impaired cardiac function caused by AH,
IHD, DM, CCF, leading to progressive kidney injury;
nephrectomy because of an abscess was an important
factor for CKD development, which affected the renal
function [19, 20].

When observing this interconnected pathological
cascade, it becomes clear that monitoring blood glu-
cose levels, BP and lipid levels in a comorbid patient is
very important, and the patients should be aware not
only of their diseases, but also understand that the pre-
scribed therapy improves prognosis and prolongs their
life. A disease-modifying therapy in CCFwEF patients
should include sodium glucose linked co-transporter-2,
renin-angiotensin-aldosterone system inhibitors, miner-
alocorticoid receptor antagonists [4]. Since BP was not
controlled adequately, losartan replacement with cande-
sartan, or valsartan + sacubitril should have been dis-
cussed, aldosterone antagonists should have been added
[4, 21]. Failure to reach target levels of low-density lipo-
protein in the patient from the very high risk group with
obliterating atherosclerosis of brachiocephalic arteries
requires addition of ezetemibe to the statin. Since the
patient had bronchial asthma, her heart rate should have
been controlled with ivabradine or dihydropyridine cal-
cium antagonists (amlodipine/ felodipine) instead of
beta blockers [4]. A combination of the mentioned medi-
cations would have provided optimal heart and kidney
protection.

Conclusion

This case study demonstrates challenges with
CCFwEF verification in a comorbid patient with car-
diac-renal-metabolic phenotype in outpatient settings
due to low NUP levels and lack of ultrasound criteria for
reliable diagnosis, which restricts the use of scales and
algorithms for CCFwEF verification in real-time clini-
cal practice. Timely diagnosis and drug correction of a
comorbidity, prescription of disease-modifying therapy
and better compliance are the factors, which can improve
prognosis.
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