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1. [VADAS
1.1. Tiriamoji problema ir jos aktualumas

Mokslininkai jau daug deSimtmeciy kruop$éiai tiria pacienty mitybos
btklés rysj su gyvenimo kokybe, psichologine gerove, fizine parengtimi,
gretutinémis ligomis ir iSgyvenamumu. O 1étiné inksty liga (LIL) yra viena i$
lyderiaujanéiy visuomenés sveikatos problemy, susijusi su padidéjusia
sergamumo, mirtingumo ir pablogéjusios gyvenimo kokybés rizika bei turinti
jtakos pacienty mitybos biiklés poky¢iams (1). Lietuvoje serganciyjy LIL
mitybos buklei skiriama mazai démesio, nors 2020 mety tarptautinése
rekomendacijose patariama vertinti pacienty, serganc¢iy LIL 3-5 stadijomis,
dializuojamy ir po inksty transplantacijos, mitybos biikle du kartus per metus
(2). Mitybos nepakankamumas (MN) yra viena i§ svarbiy LIL komplikacijy,
jos daznis proporcingai didéja blogéjant inksty veiklai (literattiros
duomenimis, svyruoja nuo 28 iki 65 proc. priklausomai nuo diagnostikos
kriterijy), turijtakos pacienty gyvenimo kKokybei ir prognozei, nors daznai ir
nediagnozuojama (3). Mitybos ir metaboliniai sutrikimai yra daZni
pacientams, sergantiems galutinés stadijos inksty liga (GSIL), o juos sukelia
sumazgjes apetitas, skonio pokyciai, nepakankamas maisto suvartojimas dél
griezty dietos ribojimy, hiperkataboliné¢ buklé, ureminiai toksinai ir létinis
uzdegimas. Sie poky¢iai apibréZiami kaip baltymy energijos $vaistymas
(BES) ir yra reik§mingai susije su didesniu pacienty mirStamumu (4).
Svarbiausi BES padariniai — baltymy netekimas ir laipsniskas skeleto raumeny
masés mazéjimas, lemiantis trapuma, sarkopenija ir raumeny funkcijos
sutrikimg (5).

Diagnozavus GSIL, pacientui skiriama pakaitiné inksty terapija — dializé
ar inksty transplantacija (IT) (6). IT yra optimalus GSIL gydymas,
pagerinantis pacienty i§gyvenamuma, bet lemiantis jau kitus mitybos buklés
sutrikimus. Po sékmingos transplantacijos iSnyksta uremija, acidozé,
elektrolity pusiausvyros sutrikimai, atsinaujina eritropoetino sintez¢ ir
vitamino D metabolizmas. Tadiau pageréjes apetitas, tai, kad néra griezty
mitybos apribojimy, didesnis energijos ir maistiniy medziagy suvartojimas,
imunosupresiniai vaistai kelia nutukimo issivystymo rizika (7,8). Kita vertus,
ankstyvuoju potransplantaciniu laikotarpiu, neuztikrinant tinkamos mitybos
ar esant sunkiam uzdegimui, MN gali patiméti ir dél to pablogéja zaizdy
gijimas, padidéja infekcijy rizika, nusilpsta raumenys (9).

Apibendrinant reikia pazyméti, kad mitybos ir metaboliniai sutrikimai
pacientams tiek pries, tiek ir po IT yra svarbi kliniking ir moksliné problema,
0 tai patvirtina disertacinio darbo aktualuma. Siuo perspektyviuoju moksliniu
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tyrimu siekéme pirmg karta Lietuvoje jvertinti dializuojamy pacienty, kurie
yra kandidatai IT, mitybos bukle ir pokyc¢ius po inksto persodinimo
operacijos, mitybos biiklés Zymeny ry$j su pacienty seksualine funkcija bei
jvertinti bioelektrinio impedanso iSmatuojamy rodikliy — fazés kampo ir
edemos indekso reikSme mitybos biiklei vertinti. Tikétina, kad disertacinio
darbo rezultatai padés jdiegti ir placiau taikyti stacionarines, ambulatorines
dietologines ir reabilitacines priemones LIL sergantiems pacientams, tai
tikétina leisty sumazinti Siy pacienty mitybos nepakankamumo, sarkopenijos
ar nutukimo daZnj bei sergamumg, mir§tamumg ir pagerinti jy gyvenimo
kokybe.

1.2. Tyrimo tikslas

Ivertinti kandidaty inksty transplantacijai mitybos biikle, kiino sudétj
prie§ operacijg ir 12 mén. po operacijos, atlikti Siy poky¢iy analize bei
nustatyti ry§j su ligos baigtimis (seksualine funkcija, mir§tamumu) ir mitybos
btiklés biocheminiais Zymenimis.

1.3. Tyrimo uzdaviniai

1. Jvertinti recipienty inksto transplantacijai mitybos btkle ir poky¢ius
ankstyvuoju laikotarpiu po inksty transplantacijos (I ir 111);

2. I8siaiskinti serumo leptino ry$j su mitybos bikle ir kiino sudétimi
ankstyvuoju laikotarpiu po inksty transplantacijos (1);

3. Nustatyti edemos indekso ribines vertes ir rysj su pacienty mirStamumu
pries inksto transplantacija (I1);

4. Nustatyti bioelektrinio impedanso standartizuoto fazés kampo rysj su
kiino sudétimi, biocheminiais mitybos Zymenimis ir rankos griebimo jéga
(1);

5. Ivertinti inksty transplantacijos ir mitybos buklés Zymeny reikSmeg
pacienty seksualinei funkcijai (1V).

1.4. Mokslinis naujumas

Sioje disertacijoje pirma karta Lietuvoje vertinta kandidaty inksty
transplantacijai mitybos biiklé ir su ja susijusiy sindromy paplitimas $ioje
populiacijoje. Taip pat perspektyviai vertinta inksty transplantacijos jtaka
mitybos biuklés ir kiino sudéties pokyc¢iams. Trecia, nustatyta
hemodializuojamy pacienty edemos indekso ribiné verté, prognozuojanti
mir§tamuma dél visy prieZaséiy, ir standartizuoto fazés kampo rySys su
mitybos biikkle po inksty transplantacijos. Be to, sergant létine inksty liga,
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daugiausia démesio sutelkiama j pagrinding liga, jos komplikacijy valdyma,
pooperacing prieziiira, transplantuoto inksto veikla, o seksualiné funkcija
dazniausiai néra vertinama dél temos nepatogumo ir asmeniSkumo. O tai
svarbu norint visapusiskai pagerinti pacienty gyvenimo kokybe. Sioje
disertacijoje pateikiami duomenys suteikia naujy ziniy apie mitybos biklés
rodikliy ir inksty transplantacijos jtaka pacienty seksualinei funkcijai.

1.5. Praktiné tyrimo verté

Inksty transplantacija pagerina pacienty iS§gyvenamuma ir gyvenimo
prognozg. Taciau mitybos ir metaboliniai sutrikimai prie§ operacijg ar po jos
lemia didesn¢ chirurginiy, infekciniy komplikacijy bei Sirdies ir kraujagysliy
ligy rizika (10).

Miisy tyrimas atliktas viename i§ dviejy Lietuvos transplantacijos centry,
jame per vienerius metus vidutini$kai apie 70 pacienty jtraukiama j inksty
transplantacijos laukian¢iyjy sarasa ir apie 50 pacienty atlickama inksty
transplantacijos operacija. Todél atlikta analizé leidzia daryti patikimas
iSvadas apie kandidaty inksty transplantacijai bei pacienty, kuriems atlikta
inksty transplantacija, mitybos biikle bei vykstanéius jos poky¢ius
ankstyvuoju laikotarpiu po operacijos. Siuo tyrimu siekéme atkreipti
specialisty, dirbanciy su §ia specifine pacienty populiacija, démesj ] mitybos
biuklés vertinimo svarbg visais LIL etapais, suteikti informacijos apie mitybos
sutrikimy daznj, padarinius, vertinimo ir i§tyrimo metodus bei prevencines
priemones.

1.6. Ginamieji teiginiai

1. Ankstyvuoju laikotarpiu po inksty transplantacijos susilpnéja pacienty
raumeny jéga, bet sumaz¢ja mitybos nepakankamumo rizika.

2. Leptino koncentracijos pokytis po inksty transplantacijos susij¢s su riebaly
mase ir rankos griebimo jéga.

3. InBody edemos indekso hemodializuojamy pacienty populiacinés vertés
nuo 0,390 iki 0,410 susijusios su mirStamumu dél visy priezas¢iy, mitybos
biukle ir kiino sudétimi.

4. Didesnis standartizuotas fazés kampas prie§ transplantacija susijes su
didesne raumeny griebimo jéga prag¢jus 6 mén. po transplantacijos.

5. Raumeny mas¢ ir funkcija susijusi su recipienty seksualiniu potraukiu ir
aktyvumu.
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2. LITERATUROS APZVALGA

2.1. Mitybos sutrikimy samprata ir klasifikacija

Mitybos sutrikimas — mitybos buklé, i$sivystanti d¢l energijos ir maistiniy
medziagy tritkumo, pertekliaus ar disbalanso ir sukelianti iSmatuojamus kiino
sudéties, funkcijy ir klinikiniy baig¢iy Salutinius poveikius (11). 2017 m.
Europos parenterinés ir enterinés mitybos draugija (ESPEN) paskelbé
atnaujinta mitybos sutrikimy ir su mityba susijusiy bukliy klasifikacija (1
paveikslas) (12). O mitybos nepakankamumas apibréziamas kaip vienas i$
mitybos sutrikimy, i$sivystantis dél sutrikusios energijos, maistiniy medziagy
suvartojimo ir (ar) jsisavinimo bei poreikio organizme pusiausvyros (13).

Mitybos sutrikimai ir su mityba susijusios

buklés
Mitybos Sarkopenija ir Antsvoris ir Mikroelementy Permaitinimo
nepakankamumas trapumas nutukimas sutrikimai sindromas

1 paveikslas. ESPEN mitybos sutrikimy ir su mityba susijusiy bukliy
klasifikacija

MN yra susijes ne tik su maisto medziagy suvartojimu ir jsisavinimu, bet
ir su gretutine liga, kuri gali lemti létinj ar Giminj uzdegima. Tuo pagrista ir
ESPEN mitybos nepakankamumo klasifikacija (2 paveikslas).
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Mitybos nepakankamumas

Su liga susijgs mitybos Su liga susijgs mitybos Mitybos
nepakankamumas su nepakankamumas be nepakankamumas be
uzdegimu uzdegimo ligos
I I_I_I
I ]
Susijes su Susijes su . SuS.l_] @s su . Susijes su
imine liga Iétine liga socioekonomine/psichologine badavimu
situacija

|
Onkologinés ar kitos
ligos sukelta
kacheksija

2 paveikslas. ESPEN mitybos nepakankamumo klasifikacija
Su liga susijes mitybos nepakankamumas su uzdegimu

Su liga susijes mitybos nepakankamumas su uzdegimu — tai specifiné MN
risis, nulemta kitos ligos. Sios riisies MN apibiidinamas kaip kataboliné
buklé, kuriai budingas uzdegiminis atsakas, anoreksija ir audiniy pazeidimas.
Toks MN klasifikuojamas j létinj ir Gminj. Létinis su liga susijes MN ir
uzdegimas vadinamas kacheksija. Tai kompleksinis metabolinis sindromas,
susijes su pagrindine liga, kuriam biidingas raumeny masés sumazéjimas su
riebaly masés netekimu ir be jo. RySkus kacheksijos simptomas — svorio
netekimas, dél jo sumazéja kiino masés indeksas (KMI), raumeny masé ir
funkcijos bei biocheminiai uzdegimo aktyvumo rodikliai. Kacheksija daZnai
diagnozuojama pacientams, sergantiems onkologinémis ligomis, Ilétine
obstrukcine plauciy liga, uzdegiminémis Zarnyno ligomis, staziniu Sirdies
nepakankamumu, LIL ar kitomis galutinés stadijos vidaus organy ligomis
(14). Uminés ligos ar suzeidimo sukeltas MN diagnozuojamas intensyvios
terapijos skyriuose gydomiems pacientams (d¢l infekcijy, nudegimy, traumy)
ar po dideliy chirurginiy operacijy, kai susiduriama su streso metabolizmu ir
didele MN rizika (15). Padidéjes prieSuzdegiminiy citokiny aktyvumas,
kortikosteroidy kiekis ir katecholaminy i$siskyrimas, atsparumas insulinui,
lovos rezimas ir nevalgymas ar sumazg&jgs maisto medziagy suvartojimas
sukelia greitg energijos ir maistiniy medziagy atsargy mazéjima.
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Su liga susijes mitybos nepakankamumas be uzdegimo

Su liga susijes MN be uzdegimo — tokia kitos ligos sukelto MN forma, kai
uzdegimas néra etiologinis veiksnys. Sios formos priezastys gali biti
disfagija, virSutinés virskinamojo trakto dalies obstrukcija, neurologiniai
sutrikimai, demencija ar kognityviné disfunkcija bei psichiatrinés ligos
(nerviné anoreksija, depresija), malabsorbcija.

Su liga susijusio MN be uzdegimo diagostiniai kriterijai tokie patys kaip
MN dél pagrindinés ligos, ta¢iau be pakitusiy biocheminiy uzdegimo rodikliy
(12).

Mitybos nepakankamumas, nesusijes su liga

Pagrindiniai veiksniai, sukeliantys su socioekonomine / psichologine
biikle ir badavimu susijusj mitybos nepakankamuma (MN be ligos), —skurdas,
socialiné atskirtis, gedulas, prasta slauga, danty ir kramtymo problemos, saves
neprieziiira, jkalinimas ar badas.

2.1.1. Mitybos nepakankamumo diagnostiniai Kriterijai

Vienas i§ pagrindiniy mitybos nepakankamumo pozymiy — savaiminis
svorio kritimas (16). Nepaisant svorio netekimo svarbos, MN yra laikomas su
raumenimis susijusiu sutrikimu, todél skeleto raumeny vertinimas turéty bati
atlickamas kasdieninéje klinikingje praktikoje (17). Mitybos ir dietetikos
akademija (The Academy of Nutrition and Dietetics) bei Amerikos
parenterinés ir enterinés mitybos draugija (American society for Parenteral
and Enteral Nutrition, ASPEN) pabrézé, kad néra vieno pozymio MN
diagnostikai, ir rekomendavo vertinti energijos suvartojima, svorio Kkritima,
poodiniy riebaly kiekj, skys¢iy kaupimagsi ir raumeny jéga (18). Véliau
ESPEN paskelbé du diagnostinius kriterijus, pagristus trimis Kintamaisiais:
svorio netekimu, sumazéjusiu KMI ir neriebalinés kiino masés indeksu (19).
Ivertinus tai, kad pasaulyje néra bendry MN diagnostikos kriterijy, buvo jkurta
Pasauliné mitybos nepakankamumo lyderystés iniciatyviné darbo grupé
(Global Leadership Initiative on malnutrition, GLIM), jtraukiant dauguma
mitybos draugijy, kurios tikslas buvo standartizuoti MN diagnostika. GLIM
i§skyre fenotipinius (svorio netekimas, sumazéjes KMI ir sumazéjusi raumeny
maseé) ir etiologinius (sumazéjgs maisto medziagy suvartojimas/ jsisavinimas
ir uzdegimas, sukeltas gretutinés ligos) diagnostikos kriterijus. Taip pat
pasitulé trijy etapy metodikg: pirma, pacienty identifikavimas, antra, MN
diagnostika, kuriai reikia po vieng kriterijy i$ abiejy grupiy, ir, galiausiai, MN
stadija nustatoma tik pagal fenotipinius kriterijus (20) (3 paveikslas).
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IVERTINIMO KRITERIJAI

DIAGNOZE

LIGOS SUNKUMAS,
TIK PAGAL
FENOTIPINIUS
KRITERIJUS

Fenotipiniai Kriterijai

Etiologiniai kriterijai

Nevalingas svorio kritimas

Mazas kiino masés indeksas

Sumazéjes maisto
suvartojimas ar jsisavinimas

Sumazejusi raumeny masé

Ligos salygota uzdegiminé
bukleé

-

2

1 fenotipinis kriterijus +

1 etiologinis kriterijus

MITYBOS NEPAKANKAMUMAS

Vidutinio sunkumo/ Sunki/ 2 stadija
1 stadija
5-10% svorio netekimas per 6 | >10 % svorio netekimas per 6
men. ar men. ar

10-12% per daugiau nei 6 mén.

>20% per daugiau nei 6 mén.

KMI <20 kg/m?, jei <70 m.
KMI <22 kg/m?, jei >70 m.

KMI <18,5 kg/m?, jei < 70 m.
KMI <20 kg/m?, jei >70 m.

Nedidelis ar vidutinis raumeny
masés sumazeéjimas

Zenkliai sumazéjusi raumeny
mase

3 paveikslas. GLIM mitybos nepakankamumo diagnostikos fenotipiniai ir etiologiniai kriterijai
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2.1.2. Sarkopenija

Mitybos nepakankamumas yra svarbus veiksnys sarkopenijai iSsivystyti
(21). Sarkopenijos terming pirmg kartg apra$¢ 1988 metais Irvinas
Rosenbergas, jo teigimu, tai vyresnio amziaus zmoniy baklé, kai netenkama
raumeny masés (22). Taciau dabar sarkopenija laikoma atskiru sindromu,
kuriam btidingas laipsniskas, progresuojantis, generalizuotas skeleto raumeny
masés, jégos ir funkcijos sumazéjimas, lemiantis blogesnes baigtis bei susijes
su senéjimu ir kitomis buklémis. Sarkopenija padidina kritimy ir kauly laziy
rizika, pablogina kognityving funkcija ir geb¢jima atlikti kasdieng veikla,
sutrikdo asmens mobilumg ir padidina priklausyma nuo kito asmens
priezitiros, pablogina gyvenimo kokybe ir sukelia mirtj (23). Sarkopenija
daznesné 60-70 mety amziaus zmonéms, paplitimas nuo 5 iki 13 proc., 0
vyresniems nei 80 mety biuna net 11— 50 procenty. (24). Keletoje tyrimy
nurodytas paplitimas ir jaunesniems nei 60 mety, nuo 0 iki 20,8 proc. vyrams
ir nuo 0 iki 25,8 proc. moterims (25). Nors sarkopenija budinga vyresnio
amziaus pacientams, taciau ji gali pasireiksti ir jaunesniems, sergantiems
létinémis, onkologinémis ligomis, dél Salutinio vaisty poveikio, mazo fizinio
aktyvumo ar 1étiniy mitybos problemy. Sarkopenija sergantiems pacientams
yra didesné hospitalizacijos rizika ir didesnis mirtingumo daznis (26).

Deja, bendry sarkopenijos diagnostiniy kriterijy dar néra. Europos
vyresnio amziaus zmoniy sarkopenijos darbo grupé (The European Working
Group on Sarcopenia in Older People, EWGSOP2) raumeny jégos
sumaz¢jimg nurodo kaip svarbiausig kriterijy sarkopenijos diagnozei. Esant
sumazgjusiai raumeny jégai sarkopenija jtariama, o patvirtinama iSmatavus
maza raumeny mase ir kokybe. Jei be $iy kriterijy, patvirtinamas dar ir mazas
fizinis pajégumas, tada diagnozuojama sunki sarkopenijos forma. EWGSOP2
sarkopenija taip pat skirsto j pirming (sukeltg senéjimo) ir antring sarkopenija
(sukelta gretutiniy ligy, mazo fizinio aktyvumo ar baltymy trukumo) bei
pateikia specifines raumeny jégos ir masés ribines vertes (27,28). Fizinis
pajégumas vertinamas atliekant éjimo greicio testg, trumpg fizinés funkcijos
testy rinkinj (TFFT) (angl. The Short Physical Performance Battery, SPPB)
arba testa ,,Stotis ir eiti (angl. Timed get up and go). 2020 m. jvykes
Sarkopenijos apibrézimo ir baig¢iy konsorciumas (The Sarcopenia Definition
and Outcomes Consortium, SDOC) pateiké naujas rekomenduojamas
raumeny jégos ribines vertes ir nusprendé nejtraukti j sarkopenijos
diagnostikos kriterijus liesosios kino masés matavimo dvigubos energijos
rentgeno absorbciometrijos metodu (DEXA). Kadangi, tyrimy duomenimis,
liesoji kiino masé, iSmatuota DEXA metodu, néra susijusi su blogesnémis
baigtimis (29).
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2019 m. Azijos sarkopenijos darbo grupé (The Asian Working Group for
Sarcopenia, AWGS) apibrézé sarkopenija kaip su amziumi susijusj griau¢iy
raumeny praradimg kartu su maza raumeny jéga ir (ar) fiziniu pajégumu. O
visi trys kriterijai apibtidina sunkia sarkopenijg (30). Visy trijy sarkopenijos
darbo grupiy diagnostiniy kriterijy palyginimas pateikiamas 4 paveiksle.

EWGSOP2 SDOC kriterijai AWGS kriterijai
Silpna raumeny jéga Silpna raumeny jéga MazZa raumeny masé
Rankos griebimo jéga Rankos griebimo jéga Raumeny masés indeksas

<27 kg vyrams <35,5 kg vyrams DEXA, BIA
<16 kg moterims <20 kg moterims <7 kg/m2 vyrams
Nuo kédes pakilimo testas <5,4 kg/m2 (DEXA)
>15sek 5 atsikélimai <5,7 kg/m2 (BIA moterims)
MazZa raumeny masé Létas éjimo greitis Susilpnéjusi raumeny jéga
Raumeny masé arba Létumas: Rankos griebimo jéga
raumeny masé€s indeksas
Vyrams: <20 kg < 0,8 m/sek Vyrams: <28 kg
arba <7 kg/m?
Moterims: <15 kg Moterims: <18 kg
arba <5,5 kg/m?
Sunkumui jvertinti ARBA
Fizinis pajégumas Fizinis pajégumas
Vienas i§ §iy kriterijy: Vienas i$ $iy kriterijy:
Ejimo greitis: <0,8 m/sek 5 atsikélimai nuo kédeés:>12 sek
TFFT: <8 taskai TFFT: <9 taskai
“Stotis ir eiti”:>20 sek. 6 m &jimo testas: <1 m/sek

400 m &jimo testas: >6 min

4 paveikslas. Trijy sarkopenijos darbo grupiy diagnostiniy kriterijy
palyginimas (14)

EWGSOP2 — Europos vyresnio amziaus zmoniy sarkopenijos darbo grupé;
SDOC - sarkopenijos apibrézimo ir baig¢iy konsorciumas; AWGS — Azijos
sarkopenijos darbo grupé; BIA — bioelektrinio impedanso analizé, TFFT —
trumpas fizinés funkcijos testy rinkinys

2019 m. EWGSOP2 pristat¢ sarkopenijos diagnostikos algoritma
(5 paveikslas). Klinikingje praktikoje pacienta tirti dél sarkopenijos
rekomenduojama atsiradus tokiy simptomy: anamnezéje nurodoma buvus
parkritimy, silpnumas, sulétéjes &jimo greitis, sunku atsikelti nuo kédés,
krenta svoris. EWGSOP rekomenduoja naudoti SARC-F (angl. Strength,
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Ambulation, Rising from a chair, Stair climbing and history of Falling)
klausimyng, kuriuo jvertinama raumeny jéga, vaik$¢iojimas, gebéjimas
pakilti nuo kédés ir lipimas laiptais bei anamnezé apie parkritimus (31).
SARC-F klausimyno jautrumas svyruoja nuo mazo iki vidutinio, ta¢iau labai
didelis specifiskumas numatyti silpng raumeny jéga (32). EWGSOP2
peréjimag nuo raumeny masés prie raumeny funkcijos kaip pagrindinio
diagnostikos kriterijaus aiskina tuo, kad silpna raumeny jéga labiau nei maza
raumeny maseé susijusi su blogesnémis baigtimis vyresnio amziaus Zzmonéms
(ilgesne hospitalizacijos trukme, mazesniu funkciniu pajégumu ir prastesne
gyvenimo kokybe) (33,34).

Raumeny jéga. Rankos griebimo jéga (RGJ) susijusi su jéga kitose kiino
vietose, todél tai yra geras atitikmuo vietoj sudétingesniy biidy, pavyzdziui:
kojy jégos matavimy. RGJ matuojama dinamometru — paprastu ir nebrangiu
metodu, todél jis rekomenduojamas sveikatos priezitros jstaigose (35).
Atsistojimo nuo kédés testu jvertinama kojy raumeny jéga. Atliekant §j testa
skaiiuojama, per Kkiek laiko tiriamasis 5 kartus pakils nuo kédés
nesinaudodamas rankomis arba kiek karty pakils nuo kédés per 30 sekundziy
(36).

Raumeny masé. Raumeny masé gali biti iSmatuojama naudojant keleta
techniky, jvertinanc¢iy skeleto raumeny ar galtiniy raumeny masg¢. Magnetinio
rezonanso tomografija (MRT) ir kompiuteriné tomografija (KT) laikoma
aukso standartu vertinant raumeny mas¢ neinvaziniu bidu. Taiau dél
sudétingo naudojimo, reikalingy jgudziy ir didelés kainos Sie biidai néra
placiai taikomi (36). DEXA metu per kelias minutes jvertinama raumeny
mase, taCiau rezultatai gali buti iSkreipti priklausomai nuo paciento
hidratacinés biiklés ir néra galimybés prietaiso transportuoti. Siuo metu placiai
naudojama bioelektrinio impedanso analizé (BIA) — tai prieinamas, portabilus
ir paprastas naudoti prietaisas, bet juo raumeny masé tiesiogiai nematuojama,
0 jvertinus viso kiino elektrinj laiduma, apskai¢iuojamas raumeny masés
jvertis (37). Klinikinéje praktikoje antropometriniais matavimais taip pat
galima paprastai ir pigiai jvertinti raumeny masg, iSmatuojant vidurio rankos
raumeny apimtj (38).

Fizinis pajégumas. Fizinis pajégumas apibréziamas kaip objektyviai
iSmatuota viso kiino judéjimo funkcija. Tai apima ne tik raumenis, bet ir
centriniy bei periferiniy nervy funkcijas, pavyzdziui, pusiausvyra (39). Ejimo
testas yra greitas, saugus ir patikimas testas sarkopenijos diagnostikai
klinikingje praktikoje (40). Létas ¢éjimo greitis susijes su neigiamais
sarkopenijos padariniais — negalia, kognityviniais sutrikimais, parkritimu,
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slaugos poreikiu ir mirtingumu (41). Daznai praktiSkai naudojamas 4 metry
jprasto éjimo testas. Greitis <0,8 m/s jau rodo sunkig sarkopenijos forma (42).

4 N\ . e N\
SARC-F ar Neigiamas|  Nera sarkopenijos;
klinikinis jtarimas 7| veéliau tirti pakartotinai
\ J N J
‘Teigiamas
e N N
Raumeny jéga Normali . .
Griebimo jéga > .I\Tem.sqkopemjgs, .
Pakilimo nuo kédés véliau tirti pakartotinai
N J N J
y Silona (o
s — \ Klinikinéje praktikoje
Lesite p topakanka; aiskintis
L sarkopenija ) priezastis, pradéti
intervenciias
v N J
e A A
Raumeny kiekybé N i
ir kokybé ormat
Dexa, KT, BIA, MRT
N J
v Maza
4 N\
Sarkopenija
patvirtinta
S ¢ J/
P
s o e .o L' . ..
SUNKUMO F ALV R (IR ctas Sunki sarkopenija
LAIPSNIS Ejimo greitis
AN

5 paveikslas. EWGSOP?2 sarkopenijos diagnostikos algoritmas

2.1.3. Trapumas

Trapumas (angl. frailty) ir sarkopenija yra vienas kita papildantys
sindromai, kalbant apie fizinius aspektus. Abiem biidingi pozymiai: silpna
rankos griebimo jéga, l1étas &jimo greitis ir maza raumeny masé (6 paveikslas).
Trapumas apibréziamas kaip pazeidziamumo ir neatsparumo biiklé, susijusi
su vyresniu amziumi. Sis sindromas taip pat yra glaudziai susijes su BES ir
raumeny netekimu, turi didele reikSme LIL / GSIL pacienty (ypaé
dializuojamy) sergamumui ir mirtingumui (43,44). Esant §iai buiklei, dazniau
patiriama traumy ir ligy, kurios sukelia negalig ir priklausomybe nuo kito
asmens. Anoreksija, maisto atsisakymas vyresniame amziuje budingas deél
pakitusios hormony ir neurotransmiteriy pusiausvyros, lemia alkio ir sotumo
pojuciy sutrikimus, svorio mazéjimg (45). Taip pat finansiniai sunkumai,
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vienatvé, depresija, kramtymo ar rijimo sutrikimai turi jtakos mitybos
nepakankamumui ir trapumui i$sivystyti.
Trapumui diagnozuoti butini 3 i§ 5 kriterijy (46,47):

e Svorio sumazéjimas;

e ISsekimas (nuovargis);

e Mazas fizinis aktyvumas;

o Sulétejes ¢jimo greitis;

e Silpnumas (vertinant rankos griebimo jéga).

TRAPUMAS

FIZINIY -Nuovargis
SARKOPENIJA FUNKCLJUY -Séslus gyvenimo
-Skeleto raumeny SUTRIKIMAS budas
masés sumazejimas -Silpna raumeny jéga -Svorio kritimas
-Prasta raumeny -Létas ¢jimo greitis -Kognityviniy
kokybe -Sunku i8laikyti funkcijy
pusiausvyra blogéjimas

-Socialiné atskirtis

6 paveikslas. Sarkopenijos, trapumo ir fiziniy funkcijy sutrikimo rysys
2.1.4. Pertekliné mityba

Antsvoris ir nutukimas apibréziamas kaip nenormalus ar per didelis riebaly
masés kaupimasis, kuris turi jtakos sveikatai, i§sivysto dél perteklinio kalorijy
suvartojimo, fizinio neaktyvumo, rezistentiSkumo insulinui, genetiniy
priezasCiy, gretutiniy ligy ir kai kuriy medikamenty (pvz., steroidy) vartojimo
(48). Ligy kontrolés bei prevencijos centrai ir Pasaulio sveikatos organizacija
(PSO) nutukimo diagnostikai ir apibrézimui rekomenduoja naudoti KMI
(svoris (kg) / tgis (m)?). Klasifikuojant pagal KMI, antsvoris diagnozuojamas,
kai KMI yra tarp 25 ir 29,9 kg/m?, o nutukimas, kai siekia 30 kg/m?2.

Yra skiriami 3 nutukimo laipsniai:

e Pirmo laipsnio nutukimas, kai KMI 30-34,9 kg/m?;
e Antro laipsnio nutukimas, kai KMI 35-39,9 kg/m?;
e Tredio laipsnio nutukimas, kai KMI > 40 kg/m?.
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Nepaisant to, kad tai labai paprastas, lengvai apskaic¢iuojamas, nebrangus
metodas, taCiau, vertinant jj, neatzvelgiama | asmens lytj, ras¢, kiino
proporcijas, raumeny mas¢ ar volemija (49). Todél KMI neturéty bati
laikomas vieninteliu rodikliu diagnozuojant antsvorj ar nutukimg (50).
Zinoma, kad juosmens apimtis stipriai susijusi su mir§tamumu d¢l Sirdies ir
kraujagysliy ligy bei kity priezas¢iy (51). Taip pat nutukimo diagnostikai gali
biti naudojami tokie rodikliai, kaip antai riebaly masés procentiné dalis ar
riebaly masés indeksas. Verta paminéti, kad svarbus ne tik kiino riebaly kiekis,
bet ir jy i$sidéstymas, nes tai lemia neigiamas baigtis ir uzdegiming buklg (52).
Taip pat zinoma, kad visceraliniy riebaly masé labiau susijusi su visomis
nutukimo komplikacijomis (pvz., metaboliniu sindromu) nei poodiniy riebaly
masé (53).

2.2. Mitybos sutrikimai ir 1étiné inksty liga

Pastaraisiais metais vartota daug skirtingy terminy (MN, baltymy energijos
$vaistymas, sarkopenija, kacheksija)  pacienty, serganéiy LIL, mitybos
sutrikimams apibiidinti. Visos §ios buklés turi bendry diagnostiniy pozymiy
ir baig¢iy, taiau skiriasi jy apibrézimai. MN apibréziamas kaip svorio,
raumeny ir riebaly masés praradimas dél nepakankamo energijos ir maistiniy
medZiagy suvartojimo, 0 BES turi panaSius kriterijus tik su papildomu
etiologiniu kriterijumi — Zemo laipsnio uzdegimu (54).

Literatiiroje pateikiamas MN daznis pacienty, serganciy LIL, yra 28—65
proc. (55) ir tai yra ketvirta pagal daznumg diagnoz¢, sukelianti su liga susijusj
mitybos nepakankamumga (56). Siems pacientams MN reik§mingai pablogina
gyvenimo kokybe (57), trapuma, padidina infekcijy ir mirtingumo rizikg (58).
MN LIL pacientams iSsivysto kitaip nei pacientams, sergantiems Gimine ar
kritine liga. Pradedant nuo ankstyvyjy LIL stadijy, kai atsiranda metaboliniy
sutrikimy mazéjant glomeruly filtracijos grei¢iui (GFG), o vélesnése stadijos
apribojant baltymus, kad bty pristabdytas ligos progresavimas ir atitolintas
gydymas dializémis (59). Pradéjus gydyma dializémis, atsiranda Kkity
jatrogeniniy  priezasCiy, prisidedanéiy prie MN — maistiniy medziagy
netekimas su dializatu bei dializés sukeltas 1étinis uzdegimas. Tuo paciu
prisideda ir nejatrogeniniai veiksniai: nepakankamas maisto medziagy
suvartojimas, skonio pokyciai, prastas apetitas, rezistentiSkumas insulinui,
psichosocialiniai veiksniai. Kwon su kolegomis, naudodami subjektyvy
visapusiska mitybos vertinimg (angl. Subjective Global Assessment, SGA),
jvertino pacienty mitybos bukle ir nustaté, jog tie pacientai, kurie priklauso
vidutinio ar sunkaus mitybos nepakankamumo grupéms, dar pries dializiy
pradzig turi tris kartus didesn¢ mirties rizika 12 mén. laikotarpiu (60).
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Hemodializuojamiems pacientams, kuriems per 6 mén. sumazéja KMI ir
serumo albuminas, taip pat nustatyta didesné mirStamumo rizika (61).

Moksliniy tyrimy duomenimis, baltymy energijos $vaistymo paplitimas
priklausomai nuo vertinimo metody gali svyruoti nuo 16 iki 62 proc. bei yra
susijes su LIL stadija (60). Vienoje i§ metaanaliziy, j kurig buvo jtraukti 16
434 dializuojami pacientai, BES paplitimas sieké 24-58 proc., o Kitoje vertinti
1 778 LIL 3-5 stadijos pacientai ir tarp jy paplitimas BES buvo maZesnis 11—
54 proc (55).

2.2.1. Baltymy energijos Svaistymas ir kacheksija

Pirmga kartg baltymy energijos $vaistymo terming 2007 m. pasitlé vartoti
Tarptautiné inksty mitybos ir metabolizmo draugija (The International Society
of Renal Nutrition and Metabolism, ISRNM), jj apibrézé kaip LIL serganciy
pacienty bukle, kuriai budingi mitybos ir medziagy apykaitos sutrikimai, kai
organizme sumazéja baltymy ir energijos atsargos, o tai sukelia raumeny ir
riebaly masés praradima, kacheksijg (54). 2008 m. Sarkopenijos, kacheksijos
ir §vaistymo sutrikimy draugija (angl. The Society on Sarcopenia, Cachexia
and Wasting disorders, SCWD) kacheksija apibrézé kaip kompleksinj
metabolinj sindroma, kuriam btidingas sunkaus laipsnio raumeny masés
netekimas, kartu su riebaly masés netekimu arba be jo (62). ISRNM draugija,
klasifikuodama uremijos sukeltus baltymy energijos Svaistymo sutrikimus,
kacheksija priskyré labai sunkiai BES formai (28,63). Nors $ie sutrikimai
nedaug skiriasi, abiejy draugijy apibrézti jy diagnostikos Kriterijai palyginami
1 lenteléje.

1 lentelé. Baltymy energijos $vaistymo ir kacheksijos diagnostikos kriterijy

palyginimas
Kriterijai Kacheksija (SCWD) BES (ISRNM)
Biocheminiai | Serumo albuminas <32 g/L | Serumo albuminas <38 g/L
tyrimai Anemija <120g/L Serumo prealbuminas <0,3 g/L
Padidéje uzdegiminiai (dializuojamiems)
zymenys (CRB >5 mg/L) Bendras cholesterolis <5,6 mmol/I
Kiino mas¢ | KMI < 20 kg/m? KMI < 23 kg/m?
Savaiminis svorio Savaiminis svorio sumazéjimas 5
sumazeéjimas 5 proc. per 12 | proc. per 3 mén. arba 10 proc. per
mén. 6 mén.
Bendras riebaly kiekis < 10 proc.
Raumeny Sumazéjes raumeny masés | Raumeny Svaistymas:
masé indeksas (DEXA) sumazgéjusi raumeny masé 5 proc.
< 5,45 kg/m? moterims, per 3 mén. ar 10 proc. per 6 mén.
<7,25 kg/m? vyrams Sumazéjusi vidurio rankos
raumeny apimtis
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Sumazéjusio rankos vidurio | Mazas kreatinino kiekis

raumeny apimtis

Nuovargis
Energijos ir | <20 kcal/kg/dieng <0,8 g/kg/dieng (HD/PD)
baltymy <70 proc. jprasto maisto <0,6 g/kg/dieng (2-5 st. LIL)
suvartojimas | Kiekio <25 kcal/kg/diena

Prastas apetitas Paskutinius 2 mén.
Apibrézimas | Jeigu KMI < 20 kg/m? ar Nors trijuose i$ 4 iSvardyty

5 proc. svorio netekimas kategorijy po bent vieng atitinkantj

per 12 mén. ir 3 pirmiau kriterijy.

iSvardyti Kriterijai

SCWD - Sarkopenijos, kacheksijos ir Svaistymo sutrikimy draugija, ISRNM —
Tarptautiné inksty mitybos ir metabolizmo draugija, BES — baltymy energijos
S$vaistymas, CRB — C reaktyvusis baltymas, KMI — kiino masés indeksas, DEXA —
dvigubos energijos rentgeno absorbciometrija, HD — hemodializé, PD — peritoniné
dializé, LIL — 1étiné inksty liga

Jdomu, kad BES ir kacheksijos apibrézimai Siek tiek skiriasi, bet jy
etiologiniai veiksniai ir klinikinés baigtys yra tokios pa¢ios. Siuos sutrikimus
lemia nespecifiniai uzdegiminiai, kataboliniai procesai, maistiniy medZiagy
praradimas su dializatu, ureminiai toksinai ir hormoniniai sutrikimai
(atsparumas insulinui, augimo hormonas, j insuling panasus augimo faktorius
1, hipergliukagonemija, hiperparatiroidizmas) bei kraujo netekimas
hemodializiy metu (58). BES issivystyma skatinantys veiksniai, gretutinés
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Gretutings ligos: CD,

kardiovaskulinés ligos, Tuzdegiminiy citokimy
infekcijos gamyba
Hormoniai sutrikimai. SEETE BN Oksidacinis
VitD deficitas, CD, acidoze, anemija stresas
Maistiniy medZiagy AW N ——
netekimas dializés T Ureminiai e Al i
metu toksinai
e e | maistiniy
Su dialize susije medZiagy
faktorai; suvartojimas, dietos
AVE, dializés apribojimai
membrana
TSa
H1pcrkatabolmnas Kraujagysliy
lalbuminas, kalcifikacya,
prealbuminas ir J L ateroklerotiné firdies liga
lipidan
T CRB |Svoris, |KMI, l 1Mirtingumas, Thospitalizacija
|kino neb_a_lq, S e Jgvvenimo kokybe
sarkopentja -
1igyvenamumas
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2.2.2. Sarkopenija ir trapumas

Raumeny masés netekimas yra dazna LIL komplikacija, ypa¢ esant GSIL
(64,65). To priezastys yra pati inksty liga, dializés procediira, persistuojantis
létinis uzdegimas, sukeliantys neigiama baltymy pusiausvyra dél padidéjusio
baltymy skaidymo ir sumazéjusios jy sintezés (66—68). Neuzdegiminiai, bet
su inksty funkcijos praradimu susij¢ veiksniai, tokie kaip antai metaboliné
acidozé, atsparumas insulinui, vitamino D trikumas, taip pat prisideda prie
didesnio baltymy katabolizmo ir sumazéjusios sintezés (69,70). Neigiamai
energijos ir baltymy pusiausvyrai turi jtakos ir hormoniniai sutrikimai
(testosterono, insulino augimo faktoriaus, augimo hormono), aminoriigs¢iy
netekimas dializés metu bei nepakankamas energijos ir baltymy suvartojimas
(ypac dializés dieng) (71,72). Ureminé biiklé, mazas skaiduly suvartojimas su
maistu sukelia Zarnyno disbiozg ir barjero sutrikima, o tai lemia endotoksiny
suzadinima ir zemo laipsnio létinj uzdegima (73). Ne maziau svarbus veiksnys
— mazas dializuojamy pacienty fizinis aktyvumas (74).

NHANES (The National Health and Nutrition Examination Survey) Ill
studija, kurioje buvo tirtas GFG rySys su sarkopenija, nustatyta, jog
sarkopenijos paplitimas didéja mazéjant GFG (75). Sarkopenija retai i$sivysto
ankstyvose LIL stadijose, dazniausiai raumeny masé pradeda mazéti
predializiniu laikotarpiu ir laipsniSkai progresuoja (75,76). Be to, $iy pacienty
raumeny masés mazejimas yra ankstyvesnis nei to paties amziaus bendrosios
populiacijos (76,77). Literatiroje LIL sarkopenijos paplitimas varijuoja nuo 4
iki 63 proc. priklausomai nuo raumeny mases vertinimo metodo (DEXA, BIA
ar antropometriniai matavimai) bei autoriy pasirinkty ribiniy ver¢iy (78,79).
Dazniau sarkopenija diagnozuojama hemodializuojamiems pacientams nei
nedializuojamiems, gydomiems peritonine dialize ar esantiems po inksty
transplantacijos (78).

Pastaraisiais deSimtmeciais atlikti tyrimai  pacienty, serganciy LIL,
raumeny masés praradima sieja su blogesne gyvenimo kokybe, depresija,
BES, parkritimais ir kauly laZiais, Sirdies ir kraujagysliy sistemos
komplikacijomis, transplantato nepakankamumu, pooperaciniy komplikacijy
rizika bei didesniu hospitalizacijos dazniu ir mirties rizika (80-85). 2019
metais publikuotoje metaanalizéje teigiama, kad sumazéjusi dializuojamy
pacienty rankos griebimo jéga susijusi su 1,88 kartais didesne mirties rizika.
Kitaip tariant, Siems pacientams 1 kg padidéjusi RGJ 5 proc. sumazina mirties
rizika (86).

Jungtinése Amerikos Valstijose (JAV) trapumas diagnozuojamas 30 proc.
hemodializuojamy pacienty (87). CRIC (The Chronic Renal Insufficiency
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Cohort) studijoje teigiama, kad trapumo paplitimas susijes su GFG ir siekia
43 proc. tarp pacienty, serganciy 4 stadijos LIL, o 2 stadijos LIL pacientams
diagnozuojamas daug re¢iau — 7 proc. (88). Dializuojamy pacienty
populiacijos trapumas siejamas su periferiniy kraujagysliy liga, diabetu, kiino
sudéties rodikliais (riebaly mase ir uzlgsteliniu vandeniu), bet ne su KMI ar
dializés rasimi (89). Daugiacentrio tyrimo duomenimis, trapumas nustatytas
18,4 proc. pacienty, esanéiy IT laukianéiyjy sarae (90). Sis sindromas taip
pat tirtas kaip IT baig¢iy prognostinis veiksnys (91). Jis yra nepriklausomas
uzdelstos transplantato veiklos (92), delyro po operacijos (93), ilgesnés
hospitalizacijos trukmés (94), ankstyvos pakartotinés hospitalizacijos (95),
Salutinio imunosupresiniy vaisty poveikio (96), taip pat mirties veiksnys (97).
Skirtingy autoriy duomenimis, IT gali pagerinti pacienty fizinj aktyvuma ir
trapumg praéjus daugiau nei 3 mén. po operacijos (98).

2.2.3. Nutukimo paradoksas sergant létine inksty liga

Nutukimo paplitimas LIL serganciy pacienty populiacijoje didéja, o jo
vaidmuo priklauso nuo ligos stadijos (99). Esant ankstyvoms stadijoms,
riecbaly masés perteklius prisideda prie ligos progresavimo, o iSsivyséius
GSIL, poodiné pertekliné riebaly masé tampa apsauginiu veiksniu, ypac esant
BES sindromui.

Bendrosios populiacijos antsvoris ir nutukimas yra susije¢ su daugelio
letiniy ir klinikiy bukliy iSsivystymu, tokiy kaip arteriné hipertenzija,
dislipidemija, cukrinis diabetas (CD), $irdies ir kraujagysliy ligos, smegeny
kraujagysliy ligos, kai kurios onkologinés ligos, bei didesne mirtingumo rizika
(100,101). O daugelyje studijy, tyrusiy LIL/GSIL sergancius pacientus,
teigiama, kad, prieSingai nei bendrosios populiacijos, $iy asmeny didesnis
KMI yra susijes su geresniu iSgyvenamumu, ir tai vadinama ,,nutukimo
paradoksu® ar ,atvirkStine epidemiologija“. Be to, nustatyta, kad
hemodializuojamy (HD) pacienty KMI yra mazesnis, palyginti su sveiky
zmoniy populiacija (102). O svorio padidéjimas (nesant edemy) Siems
pacientams taip pat susijes su geresniu iSgyvenamumu neatsizvelgiant j lytj,
amziy, CD ar nutukimo laipsnj (103). Jdomu, kad peritonine dialize (PD)
gydomy pacienty populiacijoje Sis paradoksas biina reciau dél didesnio
kalorijy suvartojimo per pilvapléve su dializei naudojamais tirpalais
(104,105). Nutukimo paradokso mechanizmas aiskinamas tuo, jog
pacientams, kuriy KMI ar kiino svoris maZesnis, dazniau nustatomos biklés,
didinan¢ios mirStamumo rizika — BES ir uzdegimas (104,106). Taip pat
manoma, kad ureminiai toksinai yra efektyviau paSalinami, kai yra daugiau
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riebalinio audinio. Todél GSIL serganciy pacienty riebaly masés maz¢jimas
susijes su didesne mir§tamumo rizika (107).

Sergant LIL, daznai biina nutukimas kartu su maza raumeny mase, o tai
susije su dar didesniu pacienty mirtingumu nei sindromai biity diagnozuoti
atskirai (108). Tokia buklé vadinama sarkopeniniu nutukimu, ji ypa¢ budinga
vyresnio amziaus asmenims, sergantiems 2 tipo CD, onkologine liga ar po
organy translantacijos. Pagrindinis Sio sindromo i$sivystymo mechanizmas
apima uzdegimg ir (ar) fizinio neaktyvumo nulemta raumeny katabolizma
asmeny, sergan¢iy nutukimu (109).

2.2.4. Mitybos buklé po inksty transplantacijos

Inksto transplantacija, atlikta i§ gyvo ar mirusio donoro, pagerina paciento
gyvenimo kokybe, suteikia laisve nuo dializiy, pagerina pacienty
iSgyvenamuma (110). Taciau $is gydymo metodas taip pat turi jtakos mitybos
biiklei — vieniems pacientams gali sukelti mitybos nepakankamuma, kitiems
— nutukima. O tai gali lemti prastesnius transplantacijos rezultatus ir
pabloginti gyvenimo kokybe (91,111).

Dél po operacijos pacientams patiméjusio MN padidéja infekcijos rizika,
sulétéja zaizdy gijimas ir silpnéja raumeny jéga (9). Hori su bendraautoriais
retrospektyvinéje studijoje jrodé mitybos biiklés pageréjima po operacijos ir
ry$] su geresniu paciento iSgyvenamumu po IT (112). Zarifi ir kolegy
atliktame tyrime tik 42,5 proc. pacienty pries§ inksty transplantacijg buvo geros
mitybos buklés, taciau po atliktos operacijos geros mitybos buklés buvo net
75 proc. (113).

Atsizvelgiant | bendrosios populiacijos tendencijas, taip pat ir pacienty,
laukian¢iy IT, antsvorio ir nutukimo daznis did¢ja, literatiiros duomenimis,
siekia 60 procenty. O per pirmuosius metus po operacijos svoris padidéja dar
5-10 kg (114). Kitame tyrime ypa¢ spartus svorio prieaugis (6—10 kg) buvo
pirmuosius 6 mén. po IT, kai KMI padidéjo 2-3,8 kg/m? (115). Pastarajj
desimtmetj JAV inksty transplantacijos recipienty nutukimo paplitimas
padidéjo nuo 23 iki 33 proc. (116). O Malgorzewicz su bendraautoriais
antsvor] nustaté 33,8 proc. ir nutukimg 21,1 proc. recipienty po IT (117).
Deja, svoris padidéja ne dél liesosios, bet dél riebaly masés didéjimo (118—
120). Tai susije su per dideliu kilokalorijy suvartojimu dél pageréjusio apetito,
nes néra dietos apribojimy, taip pat su imunosupresiniy vaisty vartojimu ir
mazu fiziniu aktyvumu (7,10,121,122). Nors aukstesnis KMI dializuojamiems
pacientams siejamas su geresnémis baigtimis, taCiau transplantuotiems
pacientams KMI padidéjimas gali pabloginti transplantato veikla, skatinti
metabolinio sindromo iSsivystyma, padidéjes riebaly Kiekis taip pat gali
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sukelti Sirdies ir kraujagysliy ligas, o tai susij¢ su blogesniu trumpalaikiu ir
ilgalaikiu paciento bei transplantato iSgyvenamumu (123-125). vairiose
studijose jrodyta nutukimo po IT jtaka nepageidaujamoms  baigtims,
palyginti su recipientais, kuriy KMI buvo normalus (126,127). Perioperaciniu
laikotarpiu nutukimas susijes su blogu Zaizdy gijimu, ilgesne hospitalizacijos
trukme, chirurginémis komplikacijos bei uzdelsta transplantato veikla (128).
El Haggan su bendraautoriais pataré visiems recipientams 3 ménesius laikytis
grieztos hipokalorinés dietos (129). K. Moreau kartu su kolegomis nustaté
ilgalaikés mitybos korekcijos Svietimo svarba, norint uzkirsti kelig perteklinio
riebaly kiekio kaupimuisi (130).

Daug maziau démesio skiriama mitybos nepakankamui po IT, kuris gali
biiti nustatytas ir kartu su svorio pricaugiu ar nutukimu (131). Literatiiroje
nurodomas MN daznis po IT 28-52 proc. (132), o siejamas su
imunosupresiniu gydymu, transplantato atmetimu, rezistentiSkumu insulinui
ir imuniniu atsaku j transplantatg (133). Ankstesni tyrimai parodé, kad MN
taip pat reikSmingai pablogina S$iy pacienty gyvenimo kokybe ir
iSgyvenamuma, todél reikéty nepamirsti jvertinti dél MN ir §ig populiacija
(134,135).

Skirtingy moksliniy tyrimy duomenimis, sarkopenijos daznis po IT
svyruoja nuo 3,7 proc. iki 72,1 proc., o keletoje tyrimy net teigiama, kad
sarkopenija pacientams diagnozuojama dazniau po transplantacijos nei prie§
ja (136-138). Ir tai siejama su pooperaciniu Soku, mazesniu fiziniu aktyvumu,
imunosupresiniais vaistais. Jrodyta, kad maza raumeny masé¢ lemia
mir§tamumg ir transplantato netekimg, 0 didesné raumeny masé susijusi su
geresniu iSgyvenamumu po IT. Todél raumeny masés vertinimas yra svarbus
prie§ planuojama operacija (139). Taip pat Zinoma, kad po transplantacijos
sarkopenija i$sivysto jaunesniame amzZiuje, palyginti su bendrgja populiacija,
todel tirti reikia ne tik vyresnio amziaus pacientus (77,140).

Rankos griebimo jégos susilpnéjimas ankstyvuoju laikotarpiu po
operacijos yra susijgs su imunosupresine bikle, nes pirmuosius ménesius
skiriama ypa¢ didelé¢ imuniteta slopinanciy vaisty dozé dél didesnés organo
atmetimo rizikos (141).

2.3. Mitybos biiklés vertinimas
2.3.1. Mitybos nepakankamumo rizikos patikra
Pirmiausia, svarbu jtarti ir aptikti pacientus, kuriems yra mitybos

nepakankamumo ir jo i$sivystymo rizika. Tam naudojamos priemonés turi
buti lengvai pritaikomos, ekonomiSkos, patvirtintos ir standartizuotos.
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Mitybos rizikos patikra rekomenduojama atlikti visiems hospitalizuotiems
pacientams per 24-48 val. bei reguliariai gulint stacionare, siekiant greitai ir
tiksliai nustatyti asmenis, kurie turéty bati siunciami gydytojo dietologo
konsultacijai. Van Bokhorst-de van der Schueren M su kolegomis, atlike
literatiros analize, nustaté, kad $iuo metu yra naudojamos 33 mitybos bukle
vertinancios anketos (142). Renkantis tinkamiausig anketa, svarbu jvertinti,
kam ir kokiai sveikatos prieziliros jstaigai patikros priemoné buvo sukurta ir
validuota. Dazniausiai klinikinéje praktikoje nepakankamumo rizikai vertinti
naudojamos §ios priemonés:

1. Mitybos nepakankamumo rizikos anketa (angl. Nutritional Risk
Screening, NRS-2002).

NRS-2002 viena i§ dazniausiy ligoninése naudojamy mitybos rizikos
patikros ankety, kuri leidzia jvertinti pacienty MN rizikg per 24 val. nuo
hospitalizacijos. Sig patikros anketa taikyti suaugusiems pacientams
rekomenduoja ir ESPEN (59).

2. Universali mitybos nepakankamumo patikros anketa (angl. Malnutrition
Universal Screening Tool, MUST).

MUST anketa buvo sukurtanepakankamos mitybos asmenims visose
sveikatos priezitiros jstaigose (ne tik ligoninése, bet ir slaugos / globos
namuose) nustatyti (143). Literattiros duomenimis, inksty ligomis serganciy
pacienty vertinimas MUST anketa yra mazo jautrumo dél kompleksiniy ir
daugiafaktoriniy MN prieZas¢iy (144). Sios anketos pagrindu buvo sukurta
NRS-2002.

3. Subjektyvus visapusiSskas mitybos vertinimas (angl. Subjective Global
Assessment, SGA).

SGA skirtas mitybai detaliau jvertinti, nes vertinama ne tik medicininé
istorija (svorio kritimas, maisto suvartojimo pasikeitimai, virSkinamojo trakto
ir funkciniai sutrikimai), bet ir atliekamas fizinis iStyrimas (vertinamas
poodiniy riebaly ir raumeny praradimas, edemos, ascitas) (145).

4. Mitybos nepakankamumo ir uzdegimo vertinimas (angl. Malnutrition
inflammation score, MIS)

MIS tai anketa, naudojama MN, jo sunkumui ir uzdegimui vertinti, sergant
LIL. Si patikros anketa yra vertinama kaip labiausiai susijusi su LIL serganéiy
pacienty hospitalizacijos dazniu ir mirtingumu (146).
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5. Geriatrinis mitybos rizikos indeksas (angl. Geriatric Nutritional Risk
Index, GNRI).

GNRI skai¢iuojant vertinamas paciento svoris, Gigis, amzius, lytis bei
serumo albumino koncentracija. Sis indeksas sukurtas vyresnio amziaus bei
HD pacienty su mityba susijusiam sergamumui, mirStamumui vertinti
gydymo jstaigoje ir 1étiniy ligy eigai prognozuoti (147,148)

Nustac¢ius MN rizikg, atlickamas iS§samesnis mitybos biklés
vertinimas specifinéms mitybos problemoms nustatyti. Toks vertinimas
apima subjektyvius ir objektyvius poZymius — gyvenimo ir ligos istorija,
gyvenimo kokybe, fizinj iStyrima ir antropometrinius matavimus. Visos
vertinimo priemonés turéty biiti nebrangios, lengvai atlickamos ir prieinamos,
jautrios, pagristos ir gerai susietos su kitais mitybos parametrais.

2.3.2. Detalus mitybos biiklés vertinimas

Detalus mitybos biiklés vertinimas gydytojui suteikia daugiau informacijos
apie mitybos problema, leidzia nustatyti sunkumo laipsnj bei atlikti su mitybos
biikle susijusj fizinj iStyrima (149).

Klinikinio iStyrimo metu vertinama paciento gyvenimo ir ligos istorija.
[Saiskinami galimi veiksniai, turintys jtakos mitybos biiklei — iminis ar létinis
skausmas, virskinamojo trakto sutrikimai (vémimas, viduriavimas, viduriy
uzkietéjimas), svorio kritimas ar prieaugis, apetito stoka, negaléjimas
kramtyti, nuryti, burnos ir danty problemos, suvartojamo maisto kiekio ar
raciono poky¢iai. Taip pat aptariamos gretutinés Giminés ar létinés ligos,
funkcinis pajégumas ir pokyciai.

Fizinio iStyrimo metu objektyviai jvertinama mitybos buklé: raumeny
masé, poodinis riebaly sluoksnis, edemos ir ascitas (150). Kartu
rekomenduojama atlikti patikimg ir paprasta raumeny funkcija vertinantj
tyrimg — rankos griebimo jégos matavima. Vertinti gali biiti naudojamas keliy
matavimy vidurkis arba didZiausias gautas rezultatas i§ keliy matavimy. Innes
teigimu, néra reik8mingo skirtumo tarp vertinimo metody, 0 metodo
pasirinkimas priklauso nuo tyréjo (151). Svarbu paminéti, kad yra nustatyta
reik§mingy matavimy skirtumy, juos atliekant pries ir po HD procediiros.
Hemodializé neigiamai veikia RGIJ, kuri reik§mingai sumazéja, palyginti su
matavimu, atliktu prie§ procedira (152). Sumazéjusi RGJ LIL / GSIL ar
dializuojamiems pacientams nustatoma daznai ir yra reikSmingai susijusi su
didesniu sergamumu bei mir§tamumu (4).
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Atliekant antropometrinius matavimus pirmiausiai vertinamas svoris ir
KMI. KMI pla¢iai naudojamas kaip klinikinis matas mitybos
nepakankamumo, antsvorio ar nutukimo diagnostikai. Tai nebrangus ir
paprastas metodas, kurj yra patvirting PSO bei Ligy kontrolés ir prevencijos
centrai (153). Europieiams KMI < 18,5 kg/m? vertinamas kaip MN, kuris yra
susijes su blogesnémis klinikinémis baigtimis ir didesniu mirtingumu. Ta¢iau
vyresniems pacientams KMI reik§mé, zyminti MN, yra <22 kg/m?. KMI
skai¢iavimas ir vertinimas turi trikumy, nes nejvertinama kiino sudétis,
riebaly  iSsidéstymas ir neatskiriama skys¢iy sankaupy, edemy bei
neisskiriama pagal amziy ir lytj. Literatiros duomenimis, KMI
neidentifikuoja net pusés Zzmoniy, kuriy riebaly masés procentas yra didelis
(154).

Zasto vidurinio tre¢dalio apimties ir odos rauksliy storio matavimas —
tai paprasti ir piglis neinvaziniai metodai kiino sandarai jvertinti. Odos
rauksliy storio matavimas suteikia informacijos apie kiino energijos atsargas.
Zasto vidurio tre¢dalio apimties matavimas apibiidina raumeny mase. Sie
antropometriniai matavimai retai naudojami kasdien¢je klinikinéje praktikoje,
nes pacientai, sergantys Sirdies, kepeny, inksty ligomis, linke ] skysCiy
pertekliy ir edemas, o tai turi jtakos matavimo reik§méms (155).

Juosmens apimties matavimas bei juosmens / kluby santykis daznai
naudojami riebaly pasiskirstymui jvertinti, ypac¢ epidemiologiniuose
tyrimuose. Juosmens apimtis reikSmingai Susijusi su visceraliniy riebaly
kiekiu, todél yra metabolinio sindromo issivystymo rizikos veiksnys (156).
Pagal PSO, juosmens apimtis turéty bati matuojama vidurio taSke tarp
paskutinio Ciuopiamo Sonkaulio apatinio krasto ir klubakaulio virSutinio
tasko. Nors galimi ir kiti anatominiai taskai, pavyzdziui, ties bamba (157).

KiugiSkumo indekso apskaifiavimas taip pat gana tiksliai leidzia
nustatyti riebaly pasiskirstymg ir visceralinj nutukimg. Klinikiniai tyrimai
parodé, kad Sis indeksas patikimai progozuoja didele $irdies ir kraujagysliy
ligy rizika (158).

Be antropometriniy matavimy, kiino sudétj galima iSmatuoti tikslesniais
instrumentiniais metodais. DaZniausiai klinikinéje ir epidemiologinéje
praktikoje taikomas dviejy skyriy kiino sudéties jvertinimas: riebalinés (RM)
ir neriebalinés kiino masés (NR-KM). NR-KM priklauso skeleto raumenys,
vidaus organai, intersticinis riebalinis audinys. Pagrindiniai kiino sudéties
komponentai pateikiami 8 paveiksle.
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Kiino riebalai

Skeleto raumeny masé

KUNO MASE

Organa

Vanduo

LIESOQII KUNO MASE

Kaulai ¥

MNERIEBALINE KUNO MASE

8 paveikslas. Pagrindinés kiino sudéties dalys

Klinikinéje praktikoje kiino sandarai vertinti naudojami metodai iSvardyti
2 lentelgje. Kiti budai naudojami isskirtinai moksliniuose tyrimuose dél jy
sudétingumo — oro iSstimimo pletizmografija, izotopy skiedimo metodai, viso
kino kalio kiekio matavimas ir neutrony aktyvacijos analizé.

2 lentelé. DaZniausiy klinikinéje praktikoje naudojamy kino sudéties

vertinimo metody palyginimas

Metodas Tikslas Privalumai Trikumai
BIA Riebaly masé Nebrangus Netikslus
Neriebaliné kiino masé Transportabilus
Kiino lgsteliy masé Greitas
Bendras organizmo
vanduo
Fazés kampas
DEXA Riebaly masé Lengva naudoti Brangus
Kauly mineralinis tankis | Labai nedidelé radiaciné
Neriebaliné kiino masé apsvita
Duomenys apie riebaly ir
neriebalinés kiino masés
pasiskirstyma
MRT Raumeny masé Tikslus Brangus
Riebaly masé Tiksliai iSmatuoja
Riebaly masés visceraliniy ir poodiniy
pasiskirstymas riebaly kiekj
KT Riebaly masé Tikslus Brangus
Riebaly pasiskirstymas Netransportabilus
Raumeny masé Radiaciné apsvita
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Bioelektrinio impedanso analizé (BIA) —paprastas, nebrangus,
neinvazinis, placiai naudojamas tyrimo metodas, leidZiantis jvertinti paciento
kiino sudétj ir mitybos biikle net prie paciento lovos. Atliekant analize, per
paciento kiing yra leidziami nejuntami skirtingo daznio elektros impulsai.
Mazo daznio elektros srove (5 kHz) eina tik tarp Igsteliy, tokiu biidu gaunama
pasyvioji kiino varza, o didelio daznio elektros srové (50 kHz, 200 kHz) eina
ir per lasteles — gaunama reaktyvioji ir vidulasteliné kiino varza. Pagal Siy
varzy dydzius, panaudojus populiacines atskaitos lygtis, analizatorius
apskaiCiuoja paciento kiino sudétj: riebaling, neriebaling kiino mase,
uzlastelinio ir vidulastelinio vandens kiekj (159,160).

Taip pat BIA analizatorius automatiskai apskaiCiuoja reikSme, kuri
apibiidina vidulasteliniy ir uZlasteliniy varzos komponenty santykj. Si reik§mé
vadinama fazés kampu (FK) ((R/Xc) x (180/x)), apskai¢iuojamas laipsniais),
kuris ESPEN gairése yra nurodomas kaip galimas ateities MN nustatymo
rodiklis. Taciau Siuo metu nepakanka atlikty kinikiniy tyrimy, kuriais biity
patvirtintos ribinés FK diagnostinés reik8més skirtingomis ligomis
sergantiems pacientams. Sveiky asmeny FK varijuoja nuo 6 ° iki 7 °(161), o
sportininky gali siekti iki 8,5 °(162). Mazas FK (<5°) indikuoja lgsteliy
vientisumo praradima, todél jis laikomas jautresniu indikatoriumi mitybos
buiklei vertinti nei analizatoriaus i§matuota varza (163,164).

Dvisrauté absorbciometrija (DEXA) — Siuo metu laikomas kiino sudéties
vertinimo aukso standartu. Dazniausiai vertinant klubo ir stuburo radiologinj
tankj, netiesiogiai, bet tiksliai apskai¢iuojama riebaliné, liesoji kiino masé ir
kauly mineralinis tankis (vadinamas trijy skyriy modelis) (165). Taciau dél
radiacijos poveikio §is tyrimo metodas néra naudojamas rutiningje klinikinéje
praktikoje mitybos biiklei vertinti.

Magnetinis branduoliy rezonansas (MRT) ir Kkompiuteriné
tomografija (KT) — Sie tyrimo metodai kiekybiskai jvertina riebaling ir
neriebaling klino masg, suteikia duomeny apie riebaly pasiskirtyma ir skeleto
raumeny mase. Skirtingai nei KT, atlickant MRT néra jonizuojanciosios
spinduliuotés. Taciau dél riboto prieinamumo, didelés kainos ir laiko sgnaudy
Sie du tyrimo biidai dazniausiai naudojami tik moksliniuose tyrimuose (166).

Néra vieno laboratoriniy tyrimy rodiklio, kuriuo biity galima nuodugniai
jvertinti mitybos bikle, taCiau klinikiniy laboratoriniy tyrimy rinkinys
(bendras kraujo tyrimas, lipidograma, elektrolity kiekis, kepeny fermentai,
serumo (visceraliniy) baltymy koncentracijos matavimai gali suteikti
vertingos informacijos ir papildyti iStyrima.
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Vienas i§ visceraliniy baltymy jau deSimtmecius naudojamas kaip mitybos
nepakankamumo biocheminis Zymuo — albuminas. Nors dél ilgo eleminacijos
pusperiodzio (20-21 dienos) Sis tyrimas MN diagnostikai vertinamas
kontroversiskai (167), nustatytas aiSkus serumo albumino koncentracijos ir
vyresnio amziaus asmeny mirStamumo dél jvairiy prieZaséiy rySys (168).
Albumino koncentracijos poky¢iai susij¢ ne tik su mitybos bikle, bet ir su
kitais  veiksniais. Hipoalbuminemija gali bati nulemta kepeny
nepakankamumo ar albumino netekimo su Slapimu, esant nefroziniam
sindromui ir sisteminiam uzdegiminiam atsakui (169,170). Albuminas taip
pat vadinamas neigiamu tminés fazés baltymu, nes esant Gminei ligai jo
sintez¢ ir koncentracija kraujyje sumaz¢ja. Tai maziau jautrus mitybos buklés
rodiklis, todél turéty bati vertinimas tik kartu su fiziniu ir Klinikiniu mitybos
buklés istyrimu (171).

Prealbuminas, kitaip vadinamas transteritinu, — skydliaukés hormony
transportavimo baltymas, taip pat priskiriamas visceraliniams baltymams,
sintetinamas kepenyse ir i§ dalies katabolizuojamas per inkstus. Jo
koncentracija <100 mg/L yra susijusi su MN (172). Kaip mitybos biklés
zymuo, jis dazniau naudojamas vyresnio amziaus asmenims ar esant
permaitinimo sindromui. Serumo prealbuminas yra pranasesnis nei albouminas
dél trumpesnio pusinés eleminacijos laiko, kuris yra 2—3 dienos (173). Taciau
jo kiekis gali padidéti dél inksty nepakankamumo, dehidratacijos,
kortikosteroidiniy medikamenty, o sumazéti dél fiziologinio streso, infekcijos,
kepeny nepakankamumo, hipervolemijos. Rekomenduojama prealbuminag tirti
tik tada, kai yra ekskliuduota iminé uzdegimin¢ biikle (174). Zinoma, kad
maza serumo prealbumino koncentracija susijusi su didesne pacienty po IT
mirtingumo rizika (175).

Dar vienas kepenyse sintetinamas baltymas - transferinas,
transportuojantis gelezj kraujo plazmoje. Jo eliminacijos pusperiodis yra gana
ilgas (7—10 dieny), ta¢iau trumpesnis nei albumino. Transferino kiekj kraujyje
gali lemti geleZies koncentracija, kepeny ligos, inksty nepakankamumas ir
uzdegimingé biiklé. Mazéjant gelezies kiekiui organizme, kepenyse aktyvéja
transferino sintezé. Sis trikumas ypa¢ svarbus pacientams, gydomiems
dialize, kuriems daznai skiriami intraveninés ar peroralinés gelezies preparatai
(176). Literaturoje dél transferino tikslumo diagnozuojant MN autoriy
nuomonés issiskiria — vieni teigia, kad tai netikslus mitybos biklés zymuo, 0
kiti — kad tai gali blti naudingas tyrimas epidemiologinéms studijoms ar
vertinant mitybos biklg individualiai (174,177).
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Retinolj suriSantis baltymas — tai mazos molekulinés masés baltymas,
kuris transportuoja retinolj i§ kepeny | tikslinius organus. Jo eliminacijos
laikas i3 visy visceraliniy baltymy yra trumpiausias (apie 12 val.). Sio baltymo
kiekis kraujo plazmoje yra labai mazas ir priklauso nuo vitamino A, cinko
kiekio organizme, skydliaukés ir kepeny veiklos bei sisteminio uzdegiminio
atsako. Néra placiai naudojamas dél tyrimo sudétingumo (178).

Bendras cholesterolis — jo jautrumas ir specifiSkumas vertinant MN
mazas, ta¢iau jis naudojamas kai kuriose mitybos rizikos patikros anketose.
Literatliroje yra duomeny apie mazos cholesterolio koncentracijos rys$j su
padidéjusiu mir§tamumu (178).

Serumo insulino augimo faktorius 1, anks¢iau vadintas somatomedinu
C, yra sintetinamas kepenyse ir jo koncentracija priklauso nuo augimo
hormony, inksty ir kepeny funkcijos, sunkios traumos (pvz., nudegimo). Yra
duomeny, kad jo kiekis kraujo plazmoje, kaip ir visceraliniy baltymy, gali biity
nulemtas Giminio uzdegiminio atsako. Pastaruoju metu literatiiroje kaip
mitybos biiklés Zymuo jis minimas retai (178,179).

Leptinas yra riebalinio audinio produkuojamas hormoniskai aktyvus
baltymas, reguliuojantis alkio ir sotumo centrus pagumburyje, turintis jtakos
augimui, energijai ir kauly metabolizmui. Tai vienas i$ pagrindiniy adipokiny,
kuris pirma kartg apraSytas kaip nutukimo zZymuo. Sergantieji nutukimu turi
padidéjusia serumo leptino koncentracijq ir selektyvy atsparuma jo centriniam
antiadipogeniniam poveikiui. Jis taip pat atsakingas uz kitus medziagy
apykaitos procesus — insulino sintezés slopinimg ir lipogenezg, lipolizés
riebaliniame audinyje aktyvinimg. Be to, leptinas veikia ne tik simpatinés
nervy sistemos veikla, bet ir kaip citokinas taip pat dalyvauja stiprinant kai
kuriuos prieSuzdegiminius atsakus (180,181). Padidéjes nutukimu serganciy
pacienty leptino kiekis svarbus atsparumui insulinui, taigi ir 2 tipo diabetui,
Sirdies ir kraujagysliy bei autoimuninéms ligoms iSsivystyti (182,183).
Ankstesni klinikiniai tyrimai patvirtino leptino pasiSalinima per inkstus, todél
GSIL yra susijusi su $io hormono kaupimusi kraujo serume (183-185). Taip
pat analizuojamas ir serumo rySys su LIL sukeltu baltymy energijos
$vaistymu, apraSoma teigiama leptino Kkoreliacija su KMI ir riebaly mase
(186). Molnar su bendraautoriais paskelbé, kad mazas serumo leptino kiekis
kraujo serume prisideda prie LIL serganciy pacienty didesnio mirStamumo
(187).

Azoto balansas — tai matavimas, kuriuo jvertinama baltymy apykaita
organizme (skirtumas tarp suvartoto ir i§ organizmo pasalinto azoto kiekio).
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Sis metodas dazniausiai naudojamas moksliniuose tyrimuose, nes klinikinéje
praktikoje sudétinga tiksliai iSmatuoti suvartojamo ir iSskiriamo azoto kiekj.
Azoto balanso nerekomenduojama vertinti pacientams, turintiems sutrikusia
inksty veikla, gydomiems dél nudegimy, gausios sekrecijos fistuliy ar zaizdy
(188).

Mitybos biiklei jvertinti taip pat rekomenduojama matuoti elektrolity
(kalcio, fosforo, magnio, cinko, seleno, gelezies) koncentracija serume bei
uzdegiminius Zymenis, tokius kaip C reaktyvusis baltymas (CRB). Zinoma,
kad baltymy energijos $vaistymas susijes ne tik su nepakankama mityba, bet
ir su uzdegimo sukeltu baltymy katabolizmu (189). UZdegimas lemia
nepakankamg mitybg, nes slopina apetitg (190).

Mitybos buklés vertinimas turéty bati pagristas klinikinio vertinimo,
antropometriniy ir kiino sudéties matavimy bei laboratoriniy tyrimy deriniu
(191). Taciau dél laiko, ziniy, motyvacijos stokos mitybos ir metaboliniai
sutrikimai dazniausiai néra gydymo jstaigos ar gydytojy prioritetas. Nors
pastaraisiais deSimtmeciais pasaulyje tai placiai aptariama problematika,
Lietuvoje néra detaliau tirta dializuojamy ir pacienty po inksty
transplantacijos mitybos buklé. Todel Siuo tyrimu siekéme jvertinti
dializuojamy pacienty, esanciy inksty transplantacijos laukianéiyjy sarase, ir
po atliktos inksty transplantacijos mitybos bikle ir jos pokyc¢ius viename i$
Lietuvos transplantacijos centry.
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3. TYRIMO PLANAS IR METODAI
Etinis patvirtinimas

Tyrimas atliktas vadovaujantis Helsinkio deklaracija. Visi pacientai sutiko
savanoriskai dalyvauti tyrime ir pasira¢ informuoto asmens sutikima.
Bioetikos leidimas tyrimui gautas i§ Lietuvos bioetikos komiteto (leidimo Nr.
158200-17-972-470).

3.1. Tiriamoji populiacija. Jtraukimo ir nejtraukimo kriterijai

Perspektyvusis kohortinis tyrimas atliktas Vilniaus universiteto ligoninéje
Santaros klinikose (VULSK). Dalyvauti tyrime buvo pasitilyta visiems
recipientams, kurie 2018-2019 metais VULSK nefrologijos ir inksty
transplantacijos skyriuje buvo atrinkti inksto transplantacijai bei atitiko
jtraukimo kriterijus ir neturéjo nejtraukimo j tyrima kriterijy.

Jtraukimo kriterijai:
- 218 mety asmenys;
- gydomi dialize (hemodialize ar peritonine dialize) ilgiau nei 3
menesius.
Neijtraukimo kriterijai:

- jaunesni nei 18 mety asmenys;

- implantuotas Sirdies stimuliatorius;

- atsisaké dalyvauti tyrime;

- pacientai po galliniy amputacijos.

2018-2019 metais VULSK Nefrologijos centre atliktos 106 inksty
transplantacijos. IS jy 98 recipientai jtraukti j tyrimg. Antrasis iStyrimo etapas
atliktas 89, treciasis — 93 tiriamiesiems. Visiskai tyrimg baigé 89 recipientai.
Detali tiriamyjy atranka ir tyrimo etapai vaizduojami 1 schemoje.
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1 schema. Tiriamyjy atranka ir tyrimo etapai

2018-2019 metais
transplantuct paciental
(=106)
Nertraukh (7= &)
Amzms <18 m. (r=73)
Atsizaké dalyvauti (n=13)
2-as ityrimas Itraukti | tyrima
Tiradymo 1§ stacionaro diena 1-as (pradinis) iityrimas
(n=89) Inksto transplantacijos diena
(n="108)
— - Nejtraukti (n = 5):
Nejtraukti (n=29): Evyko | kifa gydvmo istaiga (= 2)
Nepakako duemeny (n = 8) Prarastas transplantatas (n=2)
Atsizaké dalyvaut (n=1) Mirs (r= 1)
3-as iityrimas
G mén. po operacijos
(n=103)
Nejtraukti (n= 4):
IEvyko | kita gydymo istaiga (r= 1)
Prarastas transplantatas (7= 1)
Atsizalé dalyvauh (n=1)
Miré (n=1)
4-a8 1¥ymimas
12 mén. po operactjos
(n=18%)

3.2. Tiriamyjy i$tyrimas

Atvykusiy recipienty buvo surinkta ligos anamnezg, atlikta fiziné apZzitira
bei laboratoriniai ir instrumentiniai tyrimai pagal Lietuvos Respublikos
sveikatos apsaugos ministro jsakymag Nr. V-748 | Inksty transplantacijos
paslaugy teikimo ir apmokéjimo aprasas“ bei VULSK generalinio
direktoriaus patvirtintg gydymo protokolg ,Inksty transplantacija‘“.
Papildomai S§iam biomedicininiam tyrimui buvo atliekami serumo
prealbumino ir leptino tyrimai. Laboratoriniai tyrimai pakartotinai vertinti po
6 ir 12 ménesiy.

Pacienty mitybos biklé vertinta atliekant antropometrinius matavimus,
kiino sudéties iStyrimg BIA metodu, matuojant rankos griebimo jéga ir
uzpildant mitybos nepakankamumo patikros anketas operacijos dieng bei
pragjus 6 ir 12 mén. po atliktos inksto transplantacijos.

ISraSymo i§ stacionaro dieng pacientai buvo pakartotinai pasveriami ir
atliekamas antrasis i$tyrimas BIA metodu.

Vyry ir motery seksualiné funkcija anketinémis apklausomis vertinta prie$
inksto transplantacijg ir praéjus 12 mén. po jos.
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3.2.1. Mitybos buklés vertinimo metodika

Mitybos nepakankamumo patikros anketos

Tiriamyjy mitybos buklés patikra buvo atlikta naudojant Nacionalinio
inksty fondo (angl. National kidney foundation, NKF) inksty ligy / dializiy
baigéiy ir kokybés iniciatyvos (angl. Kidney Disease / Dialysis Outcomes and
Quality Initiative (K/DOQI) rekomenduojamas mitybos nepakankamumo ir jo
issivystymo rizikos patikros anketas (2):

1. Subjektyvus visapusiSkas mitybos jvertinimas (SGA) (1 priedas).
2. Mitybos nepakankamumo ir uzdegimo vertinimas (MIS) (2 priedas).
3. Geriatrinis mitybos rizikos indeksas (GNRI).

SGA yra viena i$ labiausiy pritaikyty mitybos biiklés vertinimo ankety
pacientams, sergantiems LIL. Ja vertinama paciento ligos istorija 5 aspektais
(svorio poky¢iai, maisto suvartojimas, virSkinamojo trakto simptomai,
funkcinis pajégumas bei liga ir jos rySys su mitybos poreikiu) ir fiziné apzitra
3 aspektais (riebaly ir raumeny netekimo pozymiai, skys¢iy kaupimasis).
Ivertinus rezultatus, paciento mitybos biiklé yra vertinama taip: A — gera
mitybos biuiklé, B — vidutinis mitybos nepakankamumas, C — sunkus mitybos
nepakankamumas.

MIS patikros anketa yra sudaryta remiantis 7 SGA komponentais bei
papildzius KMI, serumo albumino bei bendrosios gelezies sujungimo gebos
(TIBC) koncentracijomis. Kiekvienas MIS anketos kriterijus vertinamas pagal
4 sunkumo laipsnius nuo 0 (normalus) iki 3 (sunkus). Galutiniam vertinimui
naudojamas bendras surinkty baly rezultatas, kuris gali bati nuo 0 (néra
mitybos nepakankamumo) iki 30 (sunkus mitybos nepakankamumas ir
uzdegimas). Siame tyrime naudojome Yamada ir bendraautoriy
rekomenduotg klasifikacija: nuo 0 iki 5 geros mitybos buiklés, 6-10 lengvas
BES, >11 vidutinis / sunkus BES (192).

GNRI — tai objektyvus biuidas vyresnio amziaus pacienty MN rizikai
jvertinti. ApskaiCiuojamas jvertinant serumo albumino koncentracija,
paciento kiino svorj ir idealy svorj.

Idealus svoris = Ugis (m)?x 22
GNRI = 1,487 x albuminas (g/l) + svoris / idealus svoris

Pagal apskaiciuoto indekso rezultata, pacientai skirstomi j didelés rizikos
(GNRI <82), vidutinés rizikos (GNRI 82-91), mazos rizikos (GNRI 92-98) ir
neturin¢ius rizikos (GNRI >98) grupes (193).
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Antropometriniai matavimai

Antropometriniai matavimai buvo atlickami vieno tyréjo pacientams
nusirengus iki lengvy virSutiniy drabuziy ir nusiavus batus. Ugis ir svoris
buvo iSmatuoti naudojant medicinines elektronines svarstykles, kuriy
tikslumas yra 0,1 cm ir 0,1 kg. Tiriamyjy svoris buvo vertinamas po HD
procediiros arba, iStustinus pilvo ertme, jei yra atliekama PD.

Kiino masés indeksas apskai¢iuotas pagal formule: KMI (kg/m?) = Svoris
(kg) / ugis (m2).

Centimetrine juostele buvo iSmatuota juosmens ir Kluby apimtis (cm) bei
apskaiGiuotas juosmens ir kluby santykis.

Mitybos biiklés ir kiino sudéties vertinimas bioelektrinio impedanso metodu

Sio biomedicininio tyrimo metu buvo naudojamas tarptautinius standartus
atitinkantis ,,InBody 10 aparatas (Biospace, Seulas, Koréja). Pradiné
kalibracija atlikta gamintojo, taCiau kiekvieno naudojimo metu aparatas
susikalibruoja pagal i§ anksto gamintojo nustatytus parametrus. Matavimai
buvo atlieckami pacientams nusirengus iki lengvy virSutiniy drabuziy, nusiavus
batus. Recipientai buvo nevalge ir negére >2 val. bei pasislaping (jei ne
anuri$ki). Dél tikslesniy rezultaty prie$ analize pacientai iSbuvo 30 min.
gulimoje padétyje. IStiesus kojas peciy plotyje ir rankas 15° kampu j Sonus,
pagal gamintojo Zyméjimus uzdéjus elektrodus ant abiejy nyksciy bei didziyjy
pirsty ir kulksniy, atlikta kiino sudéties analizé (9 paveikslas).

9 paveikslas. Kiino padétis ir elektrody tvirtinimas BIA tyrimo metu
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Tyrimo rezultatai, naudoti statistinei analizei: neriebaliné kiino mase,
skeleto raumeny masé, kiino riebaly masé¢, procentinis kiino riebaly kiekis,
kiino lgsteliy masé, bendrojo (BVT), vidulastelinio (VVT) ir uZlgstelinio
(UVT) vandens tiiriai. Taip pat apskai¢iuoti neriebalinés kiino masés, kiino
riebaly ir raumeny masés indeksai — BIA apskaicCiuotus rezultatus (kg)
padalijus is figio (m?). Analizatorius apskai¢iuoja UVT / BVT santykj, kitaip
vadinama edemos indeksa.

Bioelektrinis impedanso analizatorius automatiskai apskaiciuoja 50 kHz
daznio elektros srovés aktyviosios ir pasyviosios varzos santykj — fazés
kampa (FK), kuris yra priklausomas nuo paciento amziaus, lyties ir kiino
mases indekso. Todél BIA iSmatuotoms fazés kampo reikSméms taikoma
fazés kampo standartizacija. Standartizuotas fazés kampas (SFK)
apskaiciuojamas kaip z jvertis, kuris yra pagristas populiacijos pamatinémis
vertémis ir leidZia jvertinti individualius nuokrypius nuo amziaus, lyties,
KMI. Fazés kampo z jveréiams Sioje miisy biomedicinio tyrimo dalyje
apskaiciuoti naudojome standartizuotas fazés kampo vertes, koreguotas pagal
amziy ir KMI, kurios buvo publikuotos Bosy-Westphal ir bendraautoriy
(194).

Fazés kampo z jverciai apskaiciuoti taip:
SFK = (FK (tiriamyjy populiacija) — populiacijos pamatiné FK reik§mé) /
pamatinis standartinis nuokrypis.

Rankos griebimo jégos matavimas

Siame biomedicininiame tyrime RGJ buvo matuojama naudojant Saehan
hidraulinj dinamometra (modelis SH5002), kurio maksimali skalé 100 kg.
Tiriamajam atsisédus, sulenkus rankg 90° kampu, nesilie¢iant su liemeniu,
buvo papraSyta suspausti dinamometrg i§ visy jégy (10 paveikslas). RGJ
matuota rankoje, kurioje néra arterioveninés fistulés (AVF) arba, jei pacientas
neturi AVF, tada dominuojancioje rankoje. Atlikti 3 matavimai 5 sekudziy
intervalu, galutinei analizei buvo naudojamas auksc¢iausias rezultatas.

2019 m. EWGSOP?2 sarkopenijos darbo grupé pateiké RGJ ribines vertes
sarkopenijos diagnostikai: <27 kg vyrams ir <16 kg moterims.
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10 paveikslas. Paciento padétis matuojant rankos griebimo jéga

Seksualinés funkcijos vertinimas

Seksualinés  funkcijos vertinimas buvo atlickamas anketinémis
apklausomis, kurias tiriamieji pildé savarankiskai:

- Tarptautinis erektilinés funkcijos indeksas (vyrams) (3 priedas)

- Motery seksualinés funkcijos indeksas (4 priedas).

Tarptautinis erektilinés funkcijos indeksas — tai klausimynas, skirtas vyry
seksualinei funkcijai ir erektilinés disfukcijos sunkumo laipsniui jvertinti.
Anketa sudaro 15 klausimy, Kuriais vertinama seksualiné funkcija per
paskutines 4 savaites penkiose skirtingose srityse: erektiliné funkcija,
orgazminé funkcija, seksualinis potraukis, pasitenkinimas lytiniu aktu bei
bendras pasitenkinimas. Kiekvienas klausimas vertintas 5 baly skaléje.
Bendra baly suma gali buti nuo 4 iki 75 (3 lentel¢). Didesnis rezultatas
indikuoja geresne seksualing funkcija.

3 lentelé. Klausimyno ,,Tarptautinis erektilinés funkcijos indeksas* struktiira

Sritis Klausimai Balai Maksimaltis
balai
Erektiliné funkcija 1-5ir15 0-5 30
Orgazmin¢ funkcija 9ir10 0-5 10
Seksualinis potraukis 11ir 12 1-5 10
Pasitenkinimas lytiniu aktu 6,7ir8 0-5 15
Bendras pasitenkinimas 13ir14 1-5 10
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Siame biomedicininiame tyrime erektilinés disfukcijos sunkumo laipsnis
buvo vertintas pagal Cappelleri kriterijus: néra disfunkcijos (26—30 balai),
lengva disfunkcija (22—25 balai), lengva / vidutiné disfunkcija (17-21 balas),
vidutiné disfunkcija (11-16 baly) ir sunki disfunkcija (610 baly) (195).

Motery seksualinés funkcijos indeksas — tai placiai pasaulyje naudojama
anketa, sudaryta i§ 19 klausimy, vertinaniy motery SeSis skKirtingus
seksualinés funkcijos aspektus per paskutines 4 savaites: seksualinj potraukj,
susijaudinimg, lubrikacija, pasitenkinima, orgazmg ir skausmg lytinio akto
metu. Kiekvienas klausimas yra vertinamas 5 baly skaléje. Galutinis rezultatas
gaunamas sudéjus klausimy rezultatus, padauginus i$ nekintamojo rodiklio,
kuris kiekvienai sriciai yra skirtingas (4 lentel¢). Kai bendra suma <26,55, tai
— seksualiné disfunkcija.

4 lentelé. Klausimyno ,,Moters seksualinés funkcijos indeksas* struktiira

Sritis Klausimai | Balai | Nekintamas | Minimaliis | Maksimalts
rodiklis balai balai
Seksualinis 1,2 1-5 0,6 1,2 6,0
potraukis
Susijaudinimas 3-6 0-5 0,3 0 6,0
Lubrikacija 7-10 0-5 0,3 0 6,0
Orgazmas 11-13 0-5 0,4 0 6,0
Pasitenkinimas 14-16 0-5 0,4 0,8 6,0
Skausmas 17-19 0-5 0,4 0 6,0

Seksualiai neaktyviais asmenimis buvo laikomi tiriamieji, kurie klausimyne
pazyméjo, kad per pastargsias 4 savaites neturéjo lytiniy santykiy ar nebuvo
Iytinio aktyvumo.

Siame biomedicininiame tyrime vertinome net tik motery ir vyry seksualine
funkcijg pries inksty transplantacija ir 12 mén. po jos, bet ir mitybos biiklés
bei tam tikry kiino sudéties komponenty jtaka seksualinei funkcijai.

Laboratoriniai tyrimai

Kraujo méginiai buvo paimti j BD Vacutainer SST-II Advance serumo
mégintuvélius (BD Diagnostics, JK). Leptino ir prealbumino méginiai buvo
nedelsiant centrifuguojami 10 minuc¢iy 1800 RCF (aplinkos temperatiiroje), o
alikvotiné serumo dalis buvo uzsaldyta — 20 ° C temperatiroje iki tyrimy
analizés. Visy kity biocheminiy Zymeny méginiai buvo centrifuguojami
vietinéje klinikinés chemijos laboratorijoje (3230 RCF, aplinkos
temperatiiroje, 7 min.) ir analizuojami tg pacia dieng. Atlikty tyrimy sarasSas ir
ju analizés metodai pateikiami 5 lenteléje.
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5 lentelé. Tyrimo metu atlikty laboratoriniy tyrimy sarasas

Biocheminis tyrimas

Metodas

Leptinas, ng/mL

ELISA (IBL International GmbH, Germany) Gemini
analizatorius (Stratec Biomedical, Germany)

Albuminas, g/L

Kolorimetrinis, reagentas — bromkrezolio Zaliasis
(Architect ci8200, Abbott, USA)

Prealbuminas, g/L

Imunonefelometrinis (BN 11, Siemens Healthineers,
Germany)

Feritinas, pg/L

CMIA (Architect ci8200, Abbott, USA)

Transferinas, g/L

Imunoturbidimetrinis (Architect ci8200, Abbott, USA)

hs-CRB, mg/L

Latekso imunoturbidimetrinis (Architect ci8200,
Abbott, USA)

Bendras cholesterolis, mmol/L

Fermentinis, cholesterolio oksidazé / cholesterolio
esterazé (Architect ci8200, Abbott, USA)

Didelio tankio cholesterolis,
mmol/L

Apskaiciuotas pagal Friedewald formulg, bet jei
TG>4,5 mmol/L — tiesioginé fermentiné kolorimetrija
(Architect ci8200, Abbott, USA)

Trigliceridai, mmol/L

Fermentinis, glicerolio fosfato oksidazé (Architect
€i8200, Abbott, USA)

PTH, pmol/L

CMIA (Architect ci8200, Abbott, USA)

aGFG

Apskaiciuotas pagal CKD-EPI formule: kreatininas —

fermentinis metodas (Architect ci8200, Abbott, USA)

hs-CRB — auksto specifiskumo C reaktyvusis baltymas, PTH — parathormonas, aGFG
— apskai¢iuotas glomeruly filtracijos greitis

3.3. Statistiné analizé

Surinkti duomenys anonimizuoti, statistiné analizé atlikta naudojant R
commander (Rcmdr) versijg 3.3.2. statistinés analizés paketus. Hipotezéms
tikrinti buvo pasirinktas P < 0,05 statistinio reik§mingumo lygmuo.
Kiekybiniai tolydieji kintamieji pateikiami vidurkio + standartinio nuokrypio
(SN) israiska, diskretieji kintamieji — medianomis su min-maks. reik§mémis
ar tarpkvartiliniais diapazonais (IQR), o kokybiniai — procentais. Aprasomoji
statistika buvo naudota jvertinti pagrindines klinikines charakteristikas.
Vertinant skirtumus tarp dviejy nepriklausomy grupiy, pirmiausia,
pasinaudojant Sapiro ir Vilko (angl. Shapiro-Wilk) testu, buvo jvertintas
analizuojamy grupiy duomeny normalumas. Jei duomenys buvo pasiskirste
normaliai, grupiy skirtumai vertinti atlieckant Stjudento (angl. Student-t) testa,
o jeigu duomenys nebuvo pasiskirste normaliai — Mano, Vitnio ir Vilkoksono
(angl. Mann-Whitney-Wilcoxon) testa. Tikslusis Fiserio (angl. Fisher) testas
buvo naudojamas nepriklausomy im¢iy dispersijoms palyginti, Pirsono (angl.
Pearson) koreliacijos koeficientas — kintamyjy koreliacijai vertinti. Chi
kvadratu (angl. Chi-square test) testas buvo naudojamas siekiant dviejy
kokybiniy kintamyjy nepriklausomumui jvertinti.
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I straipsnyje serumo leptino pokytis ,,Aleptinas“apskaiciuotas i$
leptino koncentracijos po 6 mén. atémus prading (pries inksto transplantacija)
serumo leptino koncentracijg. Daugiaveiksnei analizei naudojome
kaupiamosios Zingsninés regresijos metoda, kuris vertino ,,Aleptino* isilginj
pokyti, koreguota pagal prading leptino koncentracija, amziy ir lytj, bei jo rysj
su mitybos biiklés rodikliais.

Il straipsnyje ECW/TBW pasiskirstymas skirtingose SGA grupése
buvo palygintas taikant Kruskalio ir Valio (Kruskal-Wallis) kriterijy.
Koreliacijos tarp ECW ir kity Kintamyjy analizuotos taikant neparametrinj
Spirmeno (Spearman) koreliacijos koeficienta. Vienaveiksne logistine
regresijos analize iSaiskinti reikSmingi mirStamumui veiksniai toliau buvo
jtraukti j daugiaveiksnés logistinés regresijos analizés modelj. Zingsniné
modelio atranka taikant Akaike informacijos kriterijy (AIC) naudota ROC
kreivéms (angl. ROC — Receiver Operating Curves) vaizduoti ir apskaiciuoti
plota po kreive (angl. AUC — Area Under the Curve). Mirties ir mitybos buklés
ribinéms vertéms (angl. cut-off values) nustatyti buvo taikomas Judeno
(Youden) indeksas. Isgyvenamumas buvo analizuojamas Kaplano ir Mejerio
metodu.

Il straipsnyje daugiaveiksné tiesiné regresijos analizé buvo
naudojama nustatyti pradinio ir iSraSymo dieng standartizuoto fazés kampo
geba prognozuoti rankos griebimo jéga praéjus 6 ménesiams po inksty
transplantacijos, koregavus pagal amziy, lytj ir prading rankos griebimo jéga.
Standartizuota fazés kampa (iSrasant) koregavome pagal hospitalizacijos
trukme ir pradinj SFK, pavadinome ,,SFKiasant .

IV straipsnyje mitybos biiklés Zymeny ir seksualinés funkcijos
domeny koreliacijai buvo taikytas Spirmeno koreliacijos koeficientas. Tiesiné
regresijos analizé atlikta vertinant raumeny masés (koreguotos pagal amziy,
CD, aGFGQG) ir seksualinio potraukio ry$i pra¢jus 12 mén. po inksty
transplantacijos.
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4. REZULTATAI

4.1. Pagrindinés pacienty charakteristikos

I tyrimg jtraukti 98 recipientai inksto transplantacijai: 54 (55 proc.) vyrai
ir 44 (45 proc.) moterys. Tiriamyjy amziaus mediana — 43 metai [20-69].
ReikSmingo skirtumo tarp vyry ir motery amziaus mediany nenustatyta
(motery amziaus mediana 48 [20-69], o vyry 40 [22-65] mety, P = 0,1).

Analizuojant priezastis, kurios sukélé GSIL, ligos suskirstytos j Sias
kategorijas: IgA nefropatija, létinis glomerulonefritas, inksty policistoze,
diabetiné nefropatija, Zidininé segmentiné glomerulosklerozé, hipertenziné
nefropatija, jgimtos ir kitos inksty ligos. Tiriamyjy pasiskirstymas pagal GSIL
priezastis pateikiamas 11 paveiksle. Dazniausios priezastys buvo IgA
nefropatija (19 proc.) ir létinis glomerulonefritas (19 proc.).

Kitos inksty ligos IgA nefropatija
16 proc. 19 proc.

Igimtos inksty
ligos
15 proc.
Létinis
glomerulonefritas
19 proc.

Hipertenziné
nefropatija
3 proc.

Zidininé
segmentine
glomerulosklerozé Diabetiné Inksty policistoze
6 proc. nefropatija 13 proc.
9 proc.

11 paveikslas. Dazniausios priezastys, sukélusios GSIL

10 (10 proc.) pacienty sirgo cukriniu diabetu. 79 (81 proc.) tiriamieji buvo
gydomi hemodializémis, o 19 (19 proc.) — peritonine dialize. Pakaitinés inksty
terapijos trukmés mediana 18,5 ménesio [3-204]. I8likusig diureze turéjo 53
(54 proc.) recipientai, kiti 45 (46 proc.) buvo anuriski. 85 (87 proc.)
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pacientams atlikta kadaverinio donoro transplantacija, o 13 (13 proc.) — i$
gyvo donoro. ISemijos laiko mediana 15 valandy [0,5-33,5]. UZzdelsta
transplantato veikla buvo 61 (62 proc.) recipientui. Visiems pacientams skirtas
palaikomasis imunosupresinis gydymas metilprednizolonu ir mikofenolato
mofetiliu. 93 (95 proc.) pacientams skirtas gydymas takrolimu, o 5 (5 proc.)
ciklosporinu.

4.2. Mitybos biiklé pries inksty transplantacijg ir po jos
Itraukimo j tyrimg metu pacienty KMI vidutiné reik§mé — 25,05 kg/m?
[16,4-42,8]. Daugiau nei pusé tiriamyjy turéjo nutukimg ir antsvorj, o kiino

maseés indeksg <18,5 kg/m? —tik 4 (4 proc.) pacientai. Pacienty pasiskirstymas
pagal KMI vaizduojamas 12 paveiksle.

50

45 4
40
35 34
30 m<18,5kg/m2
g 25 ® 18,5-24.9 kg/m2
[=H
20 18 25-29.9 kg/m2
>30 kg/m?2
15
10
5 4
, 1 |
KMI grupés

12 paveikslas. Tiriamuyjy pasiskirstymas pagal KMI grupes

Mitybos nepakankamumo rizikos nustatymas mitybos biiklés patikros
anketomis

Tiramyjy mitybos nepankankamumo rizika vertinta Siomis mitybos
nepakankamumo patikros anketomis: SGA, MIS, GNRI. Pradinés patikros
metu nustatyta, kad mitybos nepakankamumo rizikos daznis prie§ inksto
transplantacija yra nuo 7 iki 40 proc., priklausomai nuo patikros anketos (6
lentelé).
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6 lentelé. Mitybos nepakankamumo vertinimas anketomis

Mitybos nepakankamumo Pries inksto Po 6 mén. Po 12 mén.
anketiné patikra transplantacija

SGA:
SGA A 59 (60 %) 82 (88 %) 77 (87 %)
SGAB 39 (40 %) 11 (12 %) 12 (13 %)
SGAC 0 (0 %) 0 (0 %) 0 (0 %)
MIS:
MIS 0-5 61 (62 %) 85 (92 %) 85 (96 %)
MIS 6-10 37 (38 %) 6 (7 %) 3(3%)
MIS >11 0 (0 %) 1(1%) 1(1%)
GNRI:
GNRI >98 91 (93 %) 90 (97 %) 87 (98 %)
GNRI 92-98 6 (6 %) 3(3%) 1(1%)
GNRI 82-91 1 (1 %) 0 (0%) 1 (1 %)
GNRI <82 0 (0 %) 0 (0 %) 0 (0 %)

Visy trijy mitybos buklés patikros ankety rezultatai parodé, kad né vienas
pacientas prie§ operacija neturé¢jo didelés rizikos ar sunkaus mitybos
nepakankamumo. Didziausias MN daznis prie§ inksto transplantacija
nustatytas naudojant SGA patikros anketa (40 proc. 39 pacientams). Vertinant
mitybos biiklés patikros anketas po IT, buna, kad mazos mitybos
nepakankamumo rizikos ar lengvo mitybos nepakankamumo daznis sumazéja
ir daugiau pacienty tampa geros mitybos biiklés ir neturi rizikos MN (87-98
proc.).

Kiuino masés ir sudéties pokyciai hospitalizacijos laikotarpiu

Hospitalizacijos trukmés mediana — 22 dienos [15-62]. Siuo laikotarpiu
pacientai vidutiniskai neteko 2,2 kg raumeny [-13,8 - +2,9], 2,8 (£3,8) L
bendrojo organizmo vandens, ta¢iau buvo ir riebaly masés prieaugis 0,8 (+3,8)
kg. Vertinant svorj ir kiino sudéties rodiklius prie§ operacija ir paskuting
hospitalizacijos dieng, nustatytas reikSmingas vyry visy rodikliy pokytis, o
motery reikSmingai nepakito tik riebaly masé ir uzlastelinio vandens kiekis
(7 lentelé).
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7 lentelé. Kiino masés ir sudéties pokyciai hospitalizacijos laikotarpiu

Moterys (n = 37) Vyrai (n = 50)
Kintamieji Op((ja_r acljos Isra_symo P reiksmé | Operacijos diena ISra§ymo diena P reik§mé
iena diena

Svoris, kg 67,4 (13) 65,5 (13,4) <0,001 85,6 (17,7) 81,8 (17,1) <0,001
KMI, kg/m? 24,8 (4,9) 24,1 (5) <0,001 26,3 (4,8) 25,1 (4,7) <0,001
Bendras kiino vanduo, L | 35,5 (5,6) 33,7 (4,3 0,01 51,8 (7,8) 48,3 (6,8) <0,001
Vidulastelinis vanduo, L | 21,6 (3,9) 20,1 (3,4) <0,001 31,8(5,1) 29,4 (4) <0,001
UZlastelinis vanduo, L 139 (2,3 13,6 (2,4) 0,31 19,2 [14,3-35,9] | 18,3[14,1-27,9] <0,001
Raumeny masé, kg 26,4 (4,8) 24,7 (3,5) <0,001 39,8 (6,5) 36,3 (5,2 <0,001
Riebaly masé, kg 19,1 (11,3) 19,6 (10,7) 0,43 12,5 [1,8-56,9] 13,1 [1,7-59,1] 0,01

Neriebaliné masé, kg 48,3 (7,7) 46 (5,9) 0,01 70,7 (10,9) 65,6 (9,2) <0,001
Liesoji masé, kg 455 (7,2) 43,2 (5,5) 0,01 66,6 (10,1) 61,8 (8,7) <0,001
Fazés kampas, ° 5514 4,7 (0,9) <0,001 6,4 (0,9) 5,6 (0,9 <0,001

Duomenys pateikti kaip vidurkis (SN) arba mediana [min-max].
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Atlikus tiesing regresija, 1§ visy rodikliy tik fazés kampas priklaus¢ nuo
hospitalizacijos trukmeés. Ilgéjant hospitalizacijos trukmei, fazés kampas
mazejo (8 lentelg).

8 lentelé. Tiesiné regresija. Hospitalizacijos trukmés jtaka fazés kampui —
pakoregavus pagal amziy, lytj ir pradinj fazés kampa

Fazés kampas
Beta SP P reikSmé

Hospitalizacijos trukmé, dienos -0,018 0,006 0,01

SP — standartiné paklaida

Raumeny jéga, masé ir sarkopenija

Atsizvelgiant | EWGSOP2 kriterijus, sarkopenijos atvejy tiriamyjy
populiacijoje nebuvo nei pries IT, nei stebéjimo laikotarpiu. Trims (7 proc.)
moterims prie§ operacija ir prag¢jus 6 mén. nustatyta susilpnéjusi rankos
griebimo jéga, o 9 (20 proc.) — sumazéjes raumeny maseés indeksas, nors
raumeny masé iSliko normali. Motery populiacijoje reikSmingai sumazéjo
rankos griebimo jéga, vertinant prie$ inksto transplantacija bei po 6 mén.
(26,246 ir 24,1+6, P < 0,004) ir 12 mén. (26,246 ir 24,2+6,7, P < 0,01).
Raumeny masé ir raumeny masés indeksas stebéjimo laikotarpiu reikSmingai
nepakito (13 paveikslas).

40

35 =1

30

. |

20

15

10 24,2 25,8 1 :[
2 9,5

0
Rankos griebimo jéga, kg Raumeny masé, kg Raumeny masésindeksas,
kg/m2

M Prie3 Po 6 mén. Po 12 mén.

13 paveikslas. Motery raumeny masés ir funkcijos poky¢iai pries$ inksty
transplantacijg ir po jos
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Visy vyry rankos griebimo jéga ir raumeny masé prie$ IT buvo normali.
Po 6 mén. raumeny masé sumazéjo 8 proc. (n = 4), o po 12 mén. — 4 proc. (n
= 2) vyry. Kitaip nei motery grupéje, vyry buvo reikSmingas raumeny masés,
raumeny mases indekso pokytis tarp visy matavimy. Rankos griebimo jéga
reikSmingai skyrési, vertinant pradinj ir po 6 mén. matavimus bei po 6 mén. ir
12 mén. (14 paveikslas).

70
60 * —
1
50
40 l ]
30
40 36,8 37,6
20 44,1 ;
11,2 11,5
0
Rankos griebimo jéga, kg Raumeny masé, kg Raumeny masés indeksas,

kg/m2

M Pried Po 6 mén. Po 12 mén.

14 paveikslas. Vyry raumeny masés ir funkcijos poky¢iai prie$ inksty
transplantacijg ir po jos

Mitybos buklés rodikliy pokyciai

Vertinant mitybos biiklés rodikliy poky¢ius prie§ operacija (pradinis) ir
stebéjimo laikotarpiu (po 6 ir 12 mén.) buvo palyginti antropometriniy,
bioelektrinio impedanso matavimy ir laboratoriniy tyrimy vidurkiai arba
medianos (9 lentelé). Nors tiramyjy juosmens apimtis pradéjo reikSmingai
didéti jau per pirmgjj pusmetj (+3,3 cm, P < 0,001), svorio reik§mingas
prieaugis buvo tik praéjus vieneriems metams po IT (77,6+17,6 palyginti su
79,1+18,3, P <0,01).
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9 lentelé. Mitybos biikleés rodikliy poky¢iai tiriamyjy steb¢jimo laikotarpiu

Rodiklis Pradinis Po 6 mén. Po 12 mén.
(n=98) (n=93) (n =89)
Antropometriniai matavimai
Svoris, kg 77,6£17,6 77,9£17,6 79,1+18,32¢
KMI, kg/m? 25[16,4-42,8] | 25[16-36,2] 25,3 [17-40,7]
Juosmens apimtis, cm 92.6+15 95,9+15,12 96,7+16,2°
Kluby apimtis, cm 100,5 [54-124] | 102 [70-135] 101 [84-134]
Juosmens/kluby apimtis 0,92+0,1 0,94+0,1 0,94+0,1

Bioe

lektrinio impeda

nso matavimai

Bendras kuno vanduo, L

44,6 [26,4-71,8]

42,6 [244-63 1

43,4 [27,567,1]°¢

Vidulastelinis vanduo, L

27,3 [15,8-44,6]

25,7 [14,8-38]

26,5 [16,7-39,3] >°

UZzlastelinis vanduo, L 17,2444 16,8+3,8 16,9+3,7

Edemos indeksas 0,383+0,01 0,392+0,012 0,39+0,01 b
Raumeny masé, kg 33,3[18,5-56,1] | 31[17,3-47,6]° 32,8 [19,7-49,2] ¢
Raumeny masés indeksas, kg/m? 11+1,9 10,4+1,72 10,6+1,8"
Riebaly masé, kg 14,4 [1,8-56,9] 18,4 [1,8-52,2]2 17,3 [2-51,8]°
Riebaly masé, % 21,1£11,8 24,8+10,92 24,3+11,8"P
Riebaly masés indeksas, kg/m? | 4,7 [0,5-16,8] 5,7[0,5-17,1]2 5,4[0,5-19,8]°

Liesoji kiino masé, kg

55,9 [33,7-92,3]

54,2 [31,3-80,3]

56 [35,3-85,2] °¢

Liesosios kiino masés indeksas, kg/m? | 18,7+3 17,842,42 18+3.4
Nericbaliné kiino masé, kg 59 [35,8-985] | 57,2 [33,4-854]° | 59,7 [37,5-90,2] b
Neriebalinés kiino masés 19,8+3,1 18,9+2,52 19,3+2,9b¢

indeksas, kg/m?

Kino Igsteliy masé, kg

38,8 [22,6-63,8]

36,2 [21,2-54,5]°

38,3 [23,9-56,2] °°

Kiino lasteliy masés indeksas, kg/ m? 12,8+2,1 12,1+1,62 12,542,1

Fazés kampas, ° 5,9 [3,6-13,1] 5,3[2,7-11,6]2 5,6 [2,5-13,7]1 P
Laboratoriniai tyrimai

Albuminas, g/L 43 8+4 44.6£3.6 442+32

Prealbuminas, g/L 0,42+0,07 0,34+0,07 @ 0,32+0,07°

Leptinas, ng/mL 6,31[0,02-119,7] | 3,79[0,01-53,66]> | 4,06 [0,12-88,85]"

Transferinas, g/L 1,87+0,3 2,140,732 2,2+04°

Feritinas, pg/L

322[48,4-914]

239 [13,4-1819]

156 [8,5-1327]°¢

Kreatininas, mkmol/L

796 [354-1524]

124 [61-365] °

125 [61-303] °

GFG, ml/min/1,73m? 6 [3-12] 55 [11-113] 2 54 [14-107]®
B. cholesterolis, mmol/L 5,7 [3,5-11,8] 5,3 [3,2-10,4] 5,5[3,3-9,7]
Trigliceridai, mmol/L 2[0,6-8,1] 1,8 [0,6-5,5] 1,7 [0,5-6,8] ¢
MTL, mmol/L 3,2 [1-7] 3,3[1,5-7,4] 3,3[1,4-6,2]
DTL, mmol/L 1,1[0,6-2,5] 1,2 [0,4-3,6]° 1,2[0,75-2,3]°
CRB, mg/L 1,6 [0,1-24,7] 1,9[0,1-23,3] 1,8[0,1-37 4]
PTH, pmol/L 65[0,6-117,2] | 17,8[0,7-81,8]? 16,8 [0-72,1]°

Duomenys pateikti kaip vidurkis + SN arba mediana [min-max].
StatistiSkai reikSmingi poky¢iai pazymeéti:
& —tarp pradinio ir po 6 mén. matavimy;

® _ tarp pradinio ir po 12 mén. matavimy;
¢ —tarp 6 mén. ir 12 mén. matavimy.

KMI — kiino masés indeksas, GFG — glomeruly filtracijos greitis, MTL — mazo tankio
lipoproteinai, DTL —didelio tankio lipoproteinai, CRB — C reaktyvusis baltymas, PTH

— parathormonas.
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Ankstyvuoju  pooperaciniu laikotarpiu  (pirmaisiais 6 mén.) dél
atsinaujinusios diurezés pasisalina perteklinis organizmo vanduo, todél buvo
reikSmingas bendro ir vidulgstelinio vandens sumazéjimas. Taip pat mazéja
raumeny mase, pra¢jus 12 mén. po operacijos ji pradeda atsistatyti. Raumeny
masés mazéjimas lemia ir NR-KM reik§mingg sumazéjima. Sumazéjusia
raumeny mas¢ pakeicia riebaly masés prieaugis. Neriebalinés ir riebaly masés
proporcijy pokyciai stebimuoju laikotarpiu vaizduojami 15 paveiksle.

0% 2094 40% 60% 0% 100% 120%

Po 12 mén.

® Riebaly masé = Neriebaling masé

15 paveikslas. Neriebalinés ir riebaly masés proporcijy pokyciai pirmaisiais
metais po inksty transplantacijos

4.3.1 straipsnis — Serumo leptino rySys su mitybos biikle ir kiino sudétimi

Sioje tyrimo dalyje siekéme nustatyti serumo leptino poky¢ius praéjus
pirmiesiems 6 mén. po inksty transplantacijos ir jo rysj su mitybos biukle bei
kiino sudétimi. ISkéléme hipoteze, kad serumo leptino pokytis 6 mén. po
inksty transplantacijos, atsizvelgiant j prading jo koncentracijg (pries
transplantacijg), susijes su recipienty mitybos biikle ankstyvuoju laikotarpiu
po inksty transplantacijos.

Reiksmingos serumo leptino koreliacijos pries inksty transplantacijg ir 6
meén. po jos pateikiamos 10 lenteléje.
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10 lentelé. Mitybos buklés rodikliy ir serumo leptino kiekio koreliacija

Leptino koncentracija prie$ Leptino koncentracija 6
IT mén. po IT

r P verté r P verté
Svoris, kg 0,252 0,04 0,305 0,01
KMI, kg/m? 0,564 <,001 0,601 <,001
Juosmens apimtis, 0,357 0,003 0,462 0,001
cm
Riebaly masé, % 0,643 <,001 0,757 <,001
Riebaly masé, kg 0,614 <,001 0,703 <,001
Raumeny masé¢, kg -0,194 0,11 -0,197 0,11
Albuminas, g/L -0,218 0,08 - 0,148 0,23
PTH, pmol/l 0,316 0,01 0,278 0,02
GNRI, balai 0,407 0,008 0,551 <,001
MIS, balai - 0,257 0,03 - 0,150 0,23
RGJ, kg -0,312 0,011 -0,212 0,089

IT — inksty transplantacija, KMI — ktino masés indeksas, PTH — parathormonas, GNRI
— geriatrinis mitybos rizikos indeksas, MIS — mitybos nepakankamumo ir uzdegimo
vertinimas, RGJ — rankos griebimo jéga.

Pragjus pusmeciui po operacijos, leptino kiekis reikSmingai padidéjo 21
tiriamajam, o kity tiriamyjy isliko nepakites arba sumazéjo. Daug mazesnés
serumo leptino koncentracijos tiek prie§ transplantacija, tiek po
transplantacijos buvo tiriamuyjy, priklausiusiy SGA B mitybos grupei.

Serumo leptino pokytis ,,Aleptinas buvo reikSmingai susijes su kiino
svoriu, juosmens apimtimi, riebaly mase ir rankos griebimo jéga. Leptino
koncentracijos sumazéjimas taip pat buvo susijes ir su PTH koncentracijos
sumazéjimu. Kiti biocheminiai rodikliai nebuvo susije su leptinu. Jdomu, kad
cukrinis diabetas (3 —6,773, P = 0,01) ir lickamoji inksty veikla (8 3,626, P =
0,03), bet ne dializés trukmé ar uzdelsta transplantato veikla, buvo susije su
serumo leptino poky¢iu po IT. Nustatytas stipriai teigiamas rySys mitybos
patikros anketos GNRI su leptino poky¢iais praéjus 6 mén. po operacijos.

Atlik¢ Zingsning modelio atrankg naudodami Bajeso informacijos kriterijy
(BIC), nustatéme nepriklausomus kintamuosius, reikSmingai susijusius su
leptino pokyc¢iais 6 mén. po IT (11 lentelé).
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11 lentelée. Leptino koncentracijos  pokytis, koreguotas pagal
priestransplantacinj leptino kiekj, amziy bei lytj, ir jam turintys jtakos
veiksniai. Daugiaveiksné kaupiamoji Zingsninés regresijos analizé

Daug'lévelksn.es‘ Zingsniné modelio atranka
regresinés analizés . .
modeliai (atgaliné/progresing)
B SE Pverté | B SE P verté
AKiino svoris, kg 0,151 | 0,067 | 0,02 - - -
AKMI, kg/m? 1,725 | 0,375 | <0,001 | - - -
AJuosmens apimtis, cm 0,343 | 0,121 | 0,007 - - -
ARiebaly masé, kg 0,420 | 0,120 | <0,001 | 0,527 0,103 | <0,001
ARiebaly mase, % 0,444 | 0,108 | <0,001 | - - -
APTH, pmol/L 0,115 | 0,056 | 0,04 0,129 0,042 | 0,004
ARankos griebimo jéga, kg 0,272 | 0,130 | 0,04 0,403 0,104 | <0,001
AGeriatric nutritional risk index | 0,442 | 0,133 | 0,002 - - -

Lenteléjé iSvardyti tik statistiSkai reik§mingi modeliai. Visi A yra koreguoti pagal
priestransplantacines reik8mes. B — standartizuotas regresijos koeficientas, KMI —
kiino maseés indeksas, PTH — parathormonas.

4.4.11 straipsnis — Edemos indeksas ir mitybos biiklé

Tiriant kiino sudétj BIA metodu, apskaiiuojamas edemos indeksas
(uzlgstelinio / bendro vandens tiirio santykis). Naujausi tyrimai rodo, kad $is
santykis susijes su hipervolemija ir baltymy energijos §vaistymu, taip pat gali
buti reik§mingas prognostinis prastesniy pacienty ligos baigéiy veiksnys
(196). Todél siekéme iSsiaiskinti edemos indekso jtakg mirtingumui
prognozuoti bei nustatyti ribines vertes pacientams, laukiantiems inksty
transplantacijos, ir HD pacientams, kurie dél gretutiniy ligy néra tinkami
kandidatai inksto transplantacijai.

Sioje tyrimo dalyje buvo analizuojami ne tik $io, bet ir anks¢iau atlikto
biomedicininio tyrimo metu surinkti HD pacienty, nesanciy transplantacijos
laukianciyjy sarase, duomenys ir palyginti tarpusavyje.

Rezultatai parodé, kad pacientai, kurie lauké IT, yra jaunesni, geresnés
mitybos buklés (vertinant kiino sudéties analizatoriumi ir SGA balais), reCiau
sirgo CD, anemija ir buvau maziau uremiSki. Pacientai, kurie yra
hemodializuojami, bet néra kandidatai inksty transplantacijai, dazniau buvo
hipervolemiski (UVT/BVT, 0,401 vs. 0,388, P < 0,001).

Tiriamieji, kuriy edemos indeksas buvo Zemesnis, buvo geresnés mitybos
vertinant SGA balais (SGA A 0,391; SGA B 0,400; SGA C 0,413; P <0,001)
(16 paveikslas).
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16 paveikslas. SGA baly rysys su volemijos biikle — edemos indeksu

Apskaiciuota edemos indekso ribiné vert¢ mirtingumui buvo 0,4055,
kurios jautrumas 84,6 proc., specifiskumas 69,8 proc., teigiama prognostiné
reik§mé 48,7 proc. ir neigiama prognostiné reik§mé 92,4 proc. Gamintojo
pateikta ribiné verté yra 0,400, kurios jautrumas 70,7 proc., specifiSkumas
67,8 proc., teigiama prognostiné reikSmé 33,3 proc. ir neigiama prognostiné
reikSmé 91,1 proc. ApskaiC¢iavome, kad bati jtrauktiems | inksty
transplantacijos laukianciyjy saraSa reikalinga UVT/BVT ribiné verté yra
0,394, jautrumas 75,2 proc., specifiskumas 69,8 proc. , 70,8 proc. teigiama
ir 74,4 proc. neigiama prognostiné¢ reikSmé.

Pagal misy apskaiiuota edemos indekso ribing verte pacientus
suskirstéme j dvi grupes: UVT/BVT < 0,4055 (75,32 proc. pacienty) ir
UVT/BVT > 0,4055 (24,68 proc. pacienty). Vienaveiksnéje logistingje
regresijos analizéje aukstesnis edemos indeksas (UVT/BVT > 0,4055) buvo
susijes su: amziumi (OR 1,06, 95 %CI [1,03; 1,09]), ypac >65 metai (OR 4,00,
95 %CI [1,82; 9,1]), nebuvimu kandidatu inksty transplantacijai (OR 7,08, 95
%Cl [2,93; 19,92]), hipoalbuminemija (OR 0,84, 95 %CI [0,75; 0,93]), maza
raumeny mase (OR 0,94, 95 %CIl [0,89; 0,99]), maZa cholesterolio
koncentracija (OR 0,64, 95 %CI [0,44; 0,88]), anemija (OR 0,94, 95 %ClI
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[0,91; 0,97]), CD (OR 3,07, 95 %CI [1,18; 7,98]). Recipienty inksty
transplantacijai grupés daugiaveiksné analizé parodé, kad tik maza
hemoglobino koncentracija yra susijusi su hipervolemija (P = 0,02). Analizé
nebuvo koreguota pagal mirtis (jvyko tik viena mirtis) ir SGA balus, nes tik
vienam pacientui diagnozuotas sunkus mitybos nepakankamumas — SGA C.
Pacienty, kurie nebuvo kandidatai inksty transplantacijai, skysc¢iy perteklius
buvo susijes su maza hemoglobino koncentracija (P = 0,03),
hipoalbuminemija (P = 0,02) ir mitybos nepakankamumu (SGA B ir C balai,
P =0,009).

Pagal mirStamumo dé¢l visy priezas¢iy ROC kreivés analize,
koreguota pagal amziy, plotas po kreive buvo 0,8371 (95 % CI: 0,7599-
0,9142 (DeLong)), mazas jautrumas 0,39 (0,22, 0,59), bet didelis
specifiskumas 0,96 (0,91, 0,99) (17 paveikslas).
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17 paveikslas. ROC kreivés analizé. Edemos indekso reik§mé mirtingumui.
Plotas po kreive : 0,8371 ; 95 % CI : 0,7599-0,9142 (DeLong)

Stebéjimo laikotarpiu per vidutiniskai 3,5 +1,15 metus miré 28
pacientai (17,72 proc.). Kaplano ir Mejerio analizé parodé, kad edemos
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indeksas >0,4055 buvo susijes su reik§mingai blogesniu i§gyvenamumu (P <
0,001) (18 paveikslas).

Cummulative survival
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18 paveikslas. Kaplano ir Mejerio i§gyvenamumo analizé

4.5. 111 straipsnis — Fazés kampas ir jo rySys su mitybos biikle

Fazés kampas — vienas i§ BIA matavimy, vertinamas kaip membranos
vientisumo ir kiino Igsteliy masés rodiklis (197). Tai svarbus rodiklis mitybos
buklei vertinti ir jvairiomis ligomis serganciy pacienty prognostinis veiksnys
(198). Literatiiroje tik keli tyréjai yra verting FK pacienty po IT, bet niekas
neanalizavo standartizuoto fazés kampo LIL ir transplantuoty pacienty
populiacijose. Todél Sioje tyrimo dalyje iSsikéléme tiksla — nustatyti, ar
standartizuotas fazés kampas, iSmatuotas ankstyvuoju potransplantaciniu
laikotarpiu (iSraSymo i§ stacionaro dieng), turi jtakos recipienty mitybos
biklei ir rankos griebimo jégai praé¢jus 6 mén. po inksty transplantacijos.

Idomu, kad hospitalizacijos laikotarpiu standartizuotas fazés kampas
tapo neigiamas, sumazéjo ir serumo albumino koncentracija, o tai indikuoja
mitybos buklés pablogéjima (12 lentelé).
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12 lentelé. Standartizuoto fazés kampo palyginimas ankstyvuoju
potransplantaciniu laikotarpiu

Kintamasis Pradinis ISrasant Po 6 mén P verte | P verté
pradiné | pradiné
ir ir po 6
iSrasant mén
SFK, ° -0,28 (1,65) | -1,50*(1,23) | -1,46(1,16) | <0,001 | <0,001
Teigiamas 37 (30) 10 (8) 7 (6) <0,001 | <0,001
SFK, taip

Duomenys pateikti kaip vidurkis / mediana (SN/IQR) ar procentai (pacienty
skaicCius)
SFK — standartizuotas fazés kampas

Tiriamiesiems, kuriy iSrasant i$ ligoninés SFK buvo maZesnis nei vidutinis
(< -1,46), praéjus 6 ménesiams po inksto transplantacijos buvo mazesnés Siy
kintamyjy reik§més: albumino koncentracija plazmoje (43,4 ir 45,1 g/l, P =
0,01), hemoglobino koncentracija (124 ir 133 g/l) L, P = 0,01), GNRI (113 ir
118, P = 0,04) ir rankos griebimo jéga (30 ir 33 kg, P = 0,04). Ir atvirks¢iai,
Siy pacienty buvo didesné feritino koncentracija (420 ir 258 mkmoL/L, P =
0,02), ilgesné hospitalizacijos trukmé (32 dienos ir 21 diena, P < 0,001) ir
aukstesni MIS balai (3 ir 1, P = 0,001). Vertinant SGA mitybos klausimyna,
skirtumy nenustatyta.

ISanalizavome, ar, apskaiCiavus SFK vertes pries$ IT ir iSrasant i$ ligoninés,
galima numatyti rankos griebimo jéga, praéjus 6 ménesiams po inksto
persodinimo. Rankos griebimo jégos ir SFK sasajos sklaidos diagramos
vaizduojamos 19 paveiksle.
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19 paveikslas. Standartizuoto fazés kampo ir rankos griebimo jégos 6 mén.
po inksto transplantacijos koreliacija

SFK — standartizuotas fazés kampas. rS — Spirmeno koreliacijos koeficientas.

Daugiaveiksnés tiesinés regresijos analizé parodé, kad pradinis SFK yra
susijgs su rankos griebimo jéga praéjus 6 mén. po operacijos tik moterims
(koregavus pagal amziy ir prading rankos griebimo jéga) (13 lentele).
Vertinant vyrus, tokiy rezultaty negauta. Be to, miisy tirtoje populiacijoje RGJ
nebuvo susijusi su dializés trukme ar Kitais pradiniais kintamaisiais — i§skyrus
amziy ir fazés kampa.

13 lentelé. Rankos griebimo jégos daugiaveiksné tiesiné regresijos analize,
koregavus pagal amziy ir prading rankos griebimo jéga (prieS inksto
transplantacija)

SFK pradinis SFK iSrasant
Beta SP P vert¢ | Beta SP P verté

Rankos griebimo | 0,953 0,451 0,04 0,451 0,757 0,55
jéga, moterys

SFK — standartizuotas fazés kampas.
4.6. IV straipsnis — Mitybos buklés ir seksualinés funkcijos rysys

Sios tyrimo dalies tikslas buvo jvertinti ar (ir) kokie mitybos buklés
Zymenys turi jtakos pacienty seksualiniam aktyvumui pries ir po IT. Taip pat
vertinome inksty transplantacijos poveikj bendrai seksualinei funkcijai ir atskirai
skirtingiems domenames.
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4.6.1. Vyry seksualiné funkcija

Seksualiai aktyviy (n = 41) ir neaktyviy (n = 11) vyry su mitybos biikle
susijusiy kintamyjy palyginimas prie$ inksto transplantacijg pateikiamas 14
lenteléje.

Didzioji dalis seksualiai aktyviy vyry (93 proc.) ir tik tre¢dalis (36 proc.)
seksualiai neaktyviy vyry turéjo seksualing partnere. Nutukimas buvo paplites
tarp 46 proc. seksualiai neaktyviy vyry ir 15 proc. seksualiai aktyviy vyry. Be
to, seksualiai aktyviis vyrai turéjo gerokai didesnj fazés kampa, bet mazesnj
kiino riebaly procentg ir riebaly masés indeksa.

14 lentelé. Seksualiai aktyviy ir neaktyviy vyry su mityba susijusiy kintamyjy
palyginimas pries inksto transplantacija

Kintamasis Nebuvo seksualinio Seksualiai P verté
aktyvumo (n =11) | aktyvis (n =41)
Dializés trukmé 16 (17) 19 (21) 0,76
Amzius, metai 44 (13) 40 (10) 0,20
Svoris, kg 91 (25) 84 (15) 0,35
KMI, kg/m? 28 (6) 25 (4) 0,05
Juosmens apimtis, cm 105 (21) 94 (12) 0,13
Raumeny masé, kg 39 (9) 40 (6) 0,67
Raumeny masés indeksas, kg/m? 12 (2) 12 (1) 0,90
Liesoji masé, kg 66 (14) 67 (9) 0,84
Rankos griebimo jéga, kg 44 (8) 48 (11) 0,26
Fazés kampas, ° 6 (1) 71 0,04
Liesosios masés indeksas, kg/m? 20 (3) 20 (2) 0,76
Riebaly masé, kg 22 (15) 11 (12) 0,07
Riebaly masés indeksas, kg/m? 7(5) 34 0,04
Kiino riebalai (%) 22 (15 13 (12) 0,05
Neriebaliné mas¢, kg 70 (16) 71 (9) 0,85
Neriebalinés masés indeksas, kg/m? 22 (4) 22 (2) 0,72
Kino Iasteliy masé, kg 45 (10) 46 (6) 0,75
Kiino Iasteliy masés indeksas, kg/m 14 (2) 14 (2) 0,89
MIS, balai 4(2) 5(2) 0,83
GNRI, balai 118 (12) 114 (10) 0,23
Prealbuminas, mg/dL 43 (8) 42 (8) 0,81
Albuminas, g/L 45 (3) 45 (4) 0,81

Duomenys pateikti kaip vidurkis / mediana (SN / IQR) ar procentai (pacienty skaicius)
KMI — kioino masés indeksas, GNRI — geriatrinis mitybos rizikos indeksas, MIS —
mitybos nepakankamumo ir uzdegimo vertinimas

Mitybos biiklés zZymenys ir erektiliné funkcija pries inksty transplantacijq ir
po jos

Visi tiriamieji, kurie buvo seksualiai neaktyvis iki transplantacijos, isliko
neaktyviis ir po atliktos operacijos. Sie pacientai j tolesn¢ analize nebuvo
jtraukti.
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Erektiliné disfunkcija (ED) pries$ IT buvo diagnozuota 44 proc. tiriamyjy
(n = 18), po transplantacijos — 33 proc. (n=13) (P = 0,57). Visiems
pacientams, sirgusiems CD (n = 3), buvo nustatyta erektiliné disfukcija tiek
pries, tiek po IT. Erektilinés disfunkcijos daznio ir sunkumo laipsnio pokyciai
pateikiami 15 lenteléje. Seksualinis potraukis ir pasitenkinimas lytiniais
santykiais buvo dvi labiausiai paveiktos seksualinés funkcijos sritys (P <
0,003).

15 lentelé. ED daznis prie$ inksty transplantacijg ir po jos

Disfunkcijos daznis

Sunki, | Vidutine, Lengva- Lengva, n | Néra disfunkcijos,

n (%) n (%) viduting, n (%) (%) n (%)
Pries IT 3(7%) | 2(5%) 6 (15 %) 7 (17 %) 23 (56 %)
(n=41)
PoIT 38%) | 2(5%) 5 (13 %) 3(8%) 26 (66 %)
(n=39)
P verté 0,94 0,95 0,81 0,20 0,33

BIA metu gauty vyry, kuriems buvo diagnozuota ED (<26 balai) ir kuriy
erektiliné funkcija buvo normali (>26 balai), kiino sudéties matavimy
palyginimaspateikiamas 16 lentelé¢je. ReikSmingas skirtumas rastas lyginant
neriebaling mase (67+11 vs 74+7, P < 0,04) ir liesgja kiino mase (64+10 vs
70+7, P < 0,03). Svarbu paminéti, kad S$ie skirtumai buvo tik prie$
transplantacijg, o pragjus 12 mén. po operacijos reik§mingy skirtumy tarp Siy
grupiy nerasta.

16 lentelé. Vyry su ir be ED su mityba susijusiy kintamyjy palyginimas pries
inksty transplantacija ir po jos

PrieS IT (n = 41) 12 mén. po IT (n = 39)
ED Be ED P ED Be ED P

(n=18) | (n=23) | vert¢ | (n=13) (n =26) verté
Amzius, metai 40 (12) 39 (9) 0,79 42 (13) 41 (9) 0,76
Dializés trukmé, mén 23 (21) 18 (20) 0,62 - - -
UZdelsta transplantato - - - 7 (54%) 16 (61%) 0,64
veikla, taip (%)
KMI, kg/m? 25 (4) 26 (4) 0,27 25 (8) 25(4) 0,83
Juosmens apimtis, cm | 91 (16) 91(16) 0,46 97 (11) 98 (12) 0,66
Rankos griebimo 50 (10) | 46(12) | 0,19 | 44 (11) 53(15) | 0,13
jéga, kg
Raumeny masé, kg 38 (7) 42 (4) 0,05 36 (4) 38 (5) 0,16
Raumeny masés 12 (2) 12 (1) 0,24 11 (1) 12 (1) 0,59
indeksas, kg/m?
Riebaly masé, kg 10 (9) 12 (15) 0,41 13 (9) 15 (12) 0,42
Kiino riebalai % 14(9) | 14(8) | 078 | 18(8) 19 (9) 0,81
Neriebaliné masé, kg 67 (11) 74 (7) 0,04 65 (7) 68 (8) 0,19
Neriebalinés masés 21 (3) 22 (2) 0,24 20 (2) 21 (2) 0,66
indeksas, kg/m?
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Riebaly masés 3(3) 4(4) 0,58 5(4) 4(3) 0,97
indeksas, kg/m?

Kino Igsteliy masé, 44 (7) 48 (4) 0,05 42 (4) 44 (5) 0,17
kg

Kino lasteliy masés 14 (2) 14 (2) 0,27 13 (1) 13 (1) 0,62
indeksas, kg/m?

Fazés kampas, ° 71 7(1) 0,76 6 (1) 6 (1) 0,25
Liesoji masé, kg 64 (10) 70 (7) 0,03 61 (6) 65 (8) 0,19
Liesosios masés 20 (2) 21 (2) 0,23 18 (2) 19 (2) 0,42
indeksas, kg/m?

Albuminas, g/l 46 (5) 45 (4) 0,76 44 (3) 45 (3) 0,06
Prealbuminas, mg/dL 43 (8) 43 (8) 0,83 33 (8) 37 (8) 0,25
GNRI, balai 112 (10) | 115(9) | 037 | 112 (6) 115(9) | 0,21
MIS, balai 5(2) 5(2) 0,82 1(1) 1(2) 0,61

Duomenys pateikti kaip vidurkis / mediana (SN/IQR) ar procentai (pacienty skaicius)
KMI — kiino masés indeksas, GNRI — geriatrinis mitybos rizikos indeksas, MIS —
mitybos nepakankamumo ir uzdegimo vertinimas

Taip pat analizavome, ar BIA metodu atlikti matavimai yra susije su
seksualine funkcija (erektiline funkcija, orgazmu, seksualiniu potraukiu,
bendru pasitenkinimu ar pasitenkinimu lytiniais santykiais) prie$ ir po IT.
Nustatéme silpng raumeny masés ir seksualinio potraukio rysj, bet tik praéjus
12 mén. po operacijos (20 paveikslas). Atlike tiesine regresijos analize (17
lentel¢) nustatéme, kad jei dviejy pacienty raumeny masé skirtysi 10 kg,
tikétina, kad turinéiojo didesn¢ raumeny mase¢ paciento seksualinis potraukis
bus didesnis vidutiniskai vienu balu, jvertinus pagal amziy, CD, aGFG.
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rS — Spirmeno koreliacijos koeficientas.
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17 lentelé. Tiesinés regresijos analizé. Raumeny masé kaip lytinj potraukj
lemiantis veiksnys — pakoregavus pagal amziy, CD ir aGFG, praéjus 12
ménesiy po IT

Seksualinis potraukis
Beta SP P verté
Raumeny masé, kg 0,102 0,051 0,04
SP — standartiné paklaida
aGFG — apskaiciuotas glomeruly filtracijos greitis.

4.6.2. Motery seksualiné funkcija

Seksualiai aktyviy (n = 28) ir neaktyviy (n = 12) motery su mitybos bakle
susijusiy kintamyjy palyginimas prie$ IT pateikiamas 18 lenteléje.
Visos seksualiai aktyvios moterys (100 proc.) ir 42 proc. seksualiai neaktyviy
motery turéjo seksualinius partnerius. Keturios (33 proc.) moterys, kurios
nurodé buvusios seksualiai neaktyvios, sirgo nutukimu, o tarp seksualiai
aktyviy motery, serganéiy nutukimu (KMI daugiau nei 30 kg/m?) nebuvo. Be
to, seksualiai aktyvios moterys jaunesnés, turéjo didesnj fazés kampa ir
stipresn¢ rankos griebimo jéga.

18 lentelé. Seksualiai aktyviy ir neaktyviy motery su mityba susijusiy

kintamyjy palyginimas prie§ inksto transplantacija
Kintamasis Nebuvo seksualinio Seksualiai aktyvios | P
aktyvumo (n = 12) (n=28) verté

Dializés trukmé 25,5 (28,5) 14 (17) 0,19
AmZius, metai 56,5 (10,7) 41 (24,5) 0,02
Svoris, kg 67,3 (6,9) 66,4 (14,2) 0,77
KMI, kg/m? 24,8 (4,5) 225 (5,4) 0,26
Juosmens apimtis, cm 90,5 (9,7) 84,2 (13,1) 0,14
Raumeny masé, kg 25,7 (5,7) 26,1 (4.5) 0,62
Raumeny masés indeksas, kg/m? 9,4 (1,5) 9,6 (1,3) 0,71
Liesoji kiino masé, kg 445 (7,7) 455 (7,3) 0,69
Liesosios masés indeksas, kg/? 16,7 (3,3) 16,4 (2,4) 0,75
Rankos griebimo jéga, kg 21,9 (5) 28,6 (5,2) 0,001
Fazés kampas, °© 4,9(1,3) 5,6 (0,7) 0,03
Riebaly masé, kg 20,1 (10,8) 17,9 (10,3) 0,55
Riebaly masés indeksas, kg/m? | 7,6 (4,3) 5,3 (4) 0,35
Kiino riebalai (%) 29,1 (14,1) 25,5 (10,3) 0,37
Neriebaliné mas¢, kg 47,2 (8,2) 48,4 (7,8) 0,66
Neriebalinés masés indeksas, kg/m? | 17,4 (2,4) 175(2,1) 0,87
Kino Igsteliy masé, kg 30,4 (6,2) 30,9 (4,9) 0,61
Lasteliy masés indeksas, kg/m? | 11,2 (1,6) 11,3 (1,5) 0,73
MIS, balai 53(2,1) 5,1 (2,6) 0,85
GNRI, balai 1112 (8,9) 111,8 (11,3) 0,87
Prealbuminas, mg/dL 0,4 (0,07) 0,3 (0,08) 0,64
Albuminas, g/L 42,6 (4,7) 43,9 (4,4) 0,40

Duomenys pateikti kaip vidurkis / mediana (SN/IQR) ar procentai (pacienty skaicius)
KMI — kiino masés indeksas, GNRI — geriatrinis mitybos rizikos indeksas, MIS —
mitybos nepakankamumo ir uzdegimo vertinimas
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I tolesng analiz¢ buvo jtrauktos tik seksualiai aktyvios moterys (n = 28).
Jy bendra FSFI baly suma buvo 14,5 [15,7] (prie$ operacijg) ir 16,5 [18,8] (po
operacijos; P = 0,37). 93 proc. (n = 26) motery buvo seksualiné disfunkcija
(FSFI baly suma <26,55 baly) prie$ IT ir pragjus 12 mén. po jos. Vertinant
kiekvieng i§ SeSiy funkcijy: norg, lubrikacija, pasitenkinimg, orgazma,
skausmg ir susijaudinimg, prie§ transplantacijg ir po transplantacijos
statistiS8kai reik§Smingai pageréjo susijaudinimas (P = 0,03) ir lubrikacija (P =
0,008) (21 paveikslas).

mPries IT mPolT

P=0,09
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P=0,03 P=0.008 g9 32

P=0,32 - 28

24 24
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18
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FSFI BALAI

21 paveikslas. FSFI balai pries ir 12 mén. po IT
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5. DISKUSIJA

5.1. | straipsnis — Serumo leptino rySys su mitybos bukle ir kiino
sudétimi

Klinikiniy studijy, tyrusiy serumo leptino reik§mg pacientams po IT, atlikta
nedaug (pateikta I straipsnio priede), ta¢iau, manoma, kad tai daug zadantis
biocheminis mitybos biiklés rodiklis, jj reikéty toliau tirti. Malgorzewicz ir kt.
nustaté apskai¢iuoto glomeruly filtracijos grei¢io (¢GFR) ir leptino (125) rysj.
Fonseca ir kt. nustaté, kad sumazgjusi leptino koncentracija susijusi su
mazesniu uzdelstos transplantato veiklos dazniu (199). Tik viena
epidemiologiné studija parodé, kad leptino sumazéjimas susijgs SU mitybos
nepakankamumo ir uzdegimo patikros anketos balais (180).

Misy tyrimo rezultatai rodo, kad ankstyvuoju laikotarpiu po IT serumo
leptino koncentracijos pokytis labiausiai priklauso nuo riebaly masés
padidéjimo ir susilpnéjusios rankos griebimo jégos. Vertindami BIA metu
gautus rezultatus, nustatéme raumeny masés mazéjimag pragjus 6 mén. po
operacijos, o susilpnéjusi rankos griebimo jéga — Silpnesnés raumeny
funkcijos rodiklis. Literatiros duomenimis, GNRI patikros anketa yra
veiksmingesné diagnozuojant sarkopenija, todél, manome, kad biitent dél to
buvo rySys tarp serumo leptino ir GNRI, bet ne su SGA ar MIS (200,201).
Raumeny masés ir serumo leptino rySys vertinamas priestaringai. Ankstesnés
studijos jrodé serumo leptino iSsiskyrimg i§ skeleto raumeny bei leptino
receptoriy i$sidéstymg tiek skeleto raumenyse, tiek kauly mezenchiminése
lastelése (202). Hubbard su bendraautoriais nustaté maza vyresnio amziaus
zmoniy, kuriems yra raumeny atrofija, serumo leptino koncentracija. O tai
rodo, kad sutrikes leptino signalizavimas greiCiausiai labai svarbus sergant
sarkopenija (203).

Kintant leptino kiekiui, atitinkamai kito ir kiino sudétis (didéjo riebaly
maseé) ir normalizavosi tam tikry hormony kiekis — sumazéjo PTH. Misy
tyrimo rezultatai sutampa ir su kity autoriy iSvadomis, jog serumo leptinas
daugiausiai i$skiriamas ] kraujotakg i$ riebalinio audinio, o jo koncentracija
yra teigiamai susijusi su tiek liesy, tiek nutukimu sergan¢iy asmeny riebaly
mase (204). Literatiiroje nurodomas pacienty, serganciy 2-5 stadijos LIL
antrinio hiperparatiroidizmo ir didesnio KMI rysys (205). Ekperimentinéms
studijoms neigiant serumo leptino ir PTH rysj (206), o misy tyrimo
rezultatams neatitikus ankstesniy epidemiologiniy tyrimy skelbty iS§vady, kad
yra neigiama prieskydinés liaukos hormono ir serumo leptino koreliacija
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(180), manome, jog biitini tolesni tyrimai, nagrinéjantys patofiziologinius $iy
dviejy rodikliy rysius.

Imunosupresinis gydymas, ypa¢ gliukokortikoidais, indukuoja leptino
MRNR riebaliniuose audiniuose, taip padidindami insulino — kito leptino kiekj
didinanéio veiksnio, koncentracijg plazmoje (207,208). Atlikti tyrimai (209)
parodé, kad gliukokortikosteroidai 1émé didesnj maisto suvartojimg ir
padidéjusj leptino kiekj, o tai rodo atsparuma leptino reguliuojamiems sotumo
signalams. Si i§vada galéty paaiskinti serumo leptino koncentracijos poky¢ius
po IT.

Si tyrimo dalis turi tam tikry trikumy. Visy pirma, tai vieno centro
tyrimas, atliktas su palyginti nedidele pacienty imtimi. Kiti trikumai — tyrime
nebuvo kontrolinés grupés ir nebuvo atlikta analizé pagal lytis. O stiprybé yra
jo testinumas ir perspektyvus pobtdis bei serumo leptino vertinimas kaip
papildomo pacienty po IT mitybos buklés rodiklio.

5.2.11 straipsnis — Edemos indeksas ir mitybos biiklé

Sis tyrimas yra vienas i§ nedaugelio, kuriame analizuojama edemos
indekso jtaka prognozuojant mirStamumg dél visy priezas¢iy bei vertinant
mitybg ir nustatomos ribinés vertés hemodializuojamiems pacientams.

Misy tyrimo rezultatai parodé, kad recipientai inksty transplantacijai
skiriasi nuo pacienty, kurie yra taip pat hemodializuojami, bet dél gretutinés
patologijos néra kandidatai transplantacijai, pagal skysciy pasiskirstyma ir
bendrg kiino sudétj. Kandidatai inksty transplantacijai buvo jaunesni, turéjo
didesnj bendro kiino vandens kiekj, didesn¢ raumeny, bet mazesne riebaly
mas¢. Abiejy grupiy tiriamyjy kiino masés indeksas buvo panasus ir tai tik
patvirtina faktg, kad KMI yra prastas rodiklis kino sudé¢iai vertinti (210).
Jdomu tai, kad, vertindami pacienty, nesanéiy transplantacijos laukian¢iyjy
sarase, kino sudéties parametrus, neradome jokios edemos indekso ir BVT
koreliacijos, o tai jrodo raumeny masés praradimg (211). Tam galéjo turéti
jitakos létiné hiperhidrataciné buklé ir negaléjimas pasiekti ,,Sauso* svorio
Sioje populiacijoje, turinCioje daugybiniy gretutiniy patologijy. Todél
duomeny interpretavimas esant sarkopenijai yra labai sudétingas.

Nustatéme, kad didesnis edemos indeksas buvo susijes su mitybos
nepakankamumu, vertinant SGA klausimynu. Tai buvo nustatyta ne tik tiriant
pacientus, kurie gydomi pakaitine inksty terapija (212), bet ir serganéius
autosomine dominantine policistine inksty liga. Siy pacienty aukstesnis
edemos indeksas koreliavo su Zemesniais SGA balais (213). Be to, miisy
tiriamyjy populiacijoje UVT / BVT santykis buvo susijes ir su kitais MN
Zymenimis: maza raumeny mase, hipoalbuminemija ir hipocholesterolemija.
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Sie rezultatai sutampa ir su kity autoriy, tyrusiy pacientus, serganéius virusiniu
hepatitu B ir C (213) bei Sirdies nepakankamumu (214), publikuotais
duomenimis.

UVT / BVT santykio arba kitaip edemos indekso ribinés vertés
literatiiroje svyruoja nuo 0,371 iki 0,400 priklausomai nuo suformuluotos
hipotezés ir vertinty baig¢iy (196,215,216). Bioimpedanso analizés jrangos
gamintojas pateikia edemos indekso ribing verte 0,400, kuri leidzia jtarti
skys¢iy pertekliy. Neseniai Shu Y ir kiti paskelbé studijy su PD pacientais
metaanalizg, kurioje vertinama jvairiy hiperhidratacijos indeksy jtaka
mirtingumui prognozuoti (217). Vienoje studijoje nustatytos UVT / BVT
ribinés vertés >0,371 vyrams ir >0,372 moterims vieneriy mety mirtingumui
(215), o kitoje studijoje naudota 0,400 verté (196). Studijoje, tyrusioje
pacientus, sergan¢ius iminiu Sirdies nepakankamumu, nustatyta, kad edemos
indeksas 0,390 susijes su didesniu rehospitalizacijos dazniu (214). Misy tirtos
populiacijos edemos indekso ribiné verté buvo panasi | gamintojo — 0,4055,
kuri buvo reik§mingai susijusi su blogesniu isgyvenamumu.

Tyrimas atliktas viename centre ir buvo gana maza pacienty, laukianc¢iy
inksty transplantacijos, imtis. Si populiacija turi maziau gretutiniy ligy nei kiti
dializuojami pacientai, nelaukiantys inksto transplantacijos. Kitas Il tyrimo
trikumas — mes nerinkome duomeny apie Sirdies ir kraujagysliy biukle, 0 ji
yra labai svarbi vertinant volemija.

5.3. I straipsnis — Fazés kampas ir jo rySys su mitybos bukle

I11 tyrimo metu nustatyta, kad maZesnis nei vidutinis SFK i§raSymo dieng
yra susijes su baltymy energijos Svaistymu: mazesne biocheminiy mitybos
zymeny koncentracija (serumo albumino, hemoglobino) bei su aktyviu
uzdegiminiu atsaku (didesné feritino koncentracija, MIS). O didesnis SFK
pries transplantacija prognozuoja rankos griebimo jéga praéjus 6 mén. po
operacijas, bet tik moterims.

Pacientai, kuriems nustatytas mazesnis SFK, buvo ilgiau gydomi
ligoninéje po IT dél chirurginiy ir (ar) infekciniy komplikacijy (218). Su LIL
ir potransplantaciniu uzdegiminiu atsaku susijusi didelé feritino (iminio fazés
baltymo) koncentracija ir didesni MIS balai rodo sutrikusig mitybos biiklg.
Ringaitienes su kolegomis atliktoje studijoje, kurioje tirti kardiochirurginiai
pacientai, mazas fazés kampas taip pat buvo susij¢s su maZzesne raumeny mase
bei silpnesne rankos griebimo jéga (219). Sirdies nepakankamumo atveju
mazas fazés kampas susijes su didesniu pacienty mirtingumu ir ilgesne
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hospitalizacijos trukme (220). Pacientams, kuriems nustatytas mazesnis fazés
kampas, buvo didesnis komplikacijy daznis po chirurginiy procediiry (221).
Kosoku su bendraautoriais publikavo rezultatus, kad recipienty inksty
transplantacijai mazesnis fazés kampas neigiamai koreliuoja su sarkopenija
(222). O Dos Reis ir kiti paskelbé, kad fazés kampas pacienty po IT buvo
susijes tik su rankos griebimo jéga, bet ne su kitais sarkopenijos komponentais
ar pacia sarkopenija (223). Svarbu paminéti, kad visose pirmiau minimose
studijose buvo naudojamas nestandartizuotas fazés kampas.

Remiantis ankstesniais tyrimais, mazas fazés kampas susij¢s su silpnesne
raumeny jéga, kuri yra vienas i$ sarkopenijos diagnostikos kriterijy (223).
Miisy duomenimis, didesnis (nekoreguotas) standartizuotas fazés kampas yra
susijes su stipresne rankos griebimo jéga pragjus 6 mén. po transplantacijos ir
nepriklausomai nuo lyties. Taciau koreguotas SFK gali prognozuoti tik
motery rankos griebimo jéga. Anksciau literatiroje buvo publikuota, kad FK
sumazéja po raumeny pazeidimo, ir nustatytas jo rySys su raumeny
degeneracijos Zymenimis (224,225). Tai patvirtina sumazéjusio FK ry§j ne tik
su mazesne raumeny mase, bet ir su silpnéjusia raumeny funkcija (226).
Passadakis ir kt. nustaté, kad pacienty, gydomy nuolatine ambulatorine
peritonine dialize, fazés kampas reikSmingai skyrési geros mitybos buklés ir
turin¢iy sunky mitybos nepakankamuma pacienty (227). Varan su kolegomis
nustaté¢ zema FK specifiSkumg prognozuojant geriatriniy pacienty mitybos
nepakankamumga (228). Zemo specifiskumo paaiskinimas galéty biiti toks, jog
tyréjai naudojo nestandartizuotg fazés kampag ir mitybos rizika nustatinéjo
NRS-2002 anketa. Misy tyrime nustatytas reik§mingas standartizuoto fazés
kampo, MIS ir hipoalbuminemijos, bet ne SGA rysys.

Inksty transplantacija — tai sudétingas chirurginis gydymas, sukeliantis
baltymy katabolizmg, dél kurio netenkama raumeny audinio, sumazéja
albumino koncentracija ir pablogéja mitybos buklé. Recipienty kiino sudéties
poky¢iams, o ypa¢ netekti raumeny masés, turi jtakos ir skiriamas
imunosupresinis gydymas bei neatsinaujinusi inksty veikla. Paprastai po IT
biina kiino svorio pricaugis, taciau tai dél padidéjusios riebaly, bet ne raumeny
masés (229).

Pagrindinis 11l tyrimo privalumas — analizuotos standartizuoto fazés
kampo reik§més ir jy rySys su mitybos biikle stebéjimo laikotarpiu. Miisy
Ziniomis, $is tyrimas yra pirmasis, kuriame buvo iStirtas SFK vaidmuo
vertinant mitybos biiklg labai ankstyvu laikotarpiu po inksto transplantacijos.

Pagrindinis 111 tyrimo trikumas — vieno centro tyrimas, maza imtis,
sarkopenijai vertinti nebuvo atliekami KT / MRT tyrimai.
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5.4.1V straipsnis — Mitybos buklés rysys su seksualine funkcija

Inksty transplantacija yra geriausias LIL gydymo metodas, taciau
transplantacijos reikSmé erektilinei disfunkcijai literatiiroje apraSoma
skirtingai — nuo visisko atsistatymo iki mimalaus efekto (230,231). Seksualiné
disfukcija yra dar viena priezastis, kuri blogina LIL serganciy pacienty
gyvenimo kokybe, ta¢iau daznai yra nejvertinama gydytojy (232). Nors yra
zinoma, kad sékminga IT pagerina $iy pacienty gyvenimo kokybe (233), miisy
tyrimo rezultatai rodo, jog seksualiné funkcija gali ir nepageréti (234,235).
Literattiroje tik keletas tyrimy vertino recipienty inksty transplantacijai
mitybos buklés rodikliy jtakg jy seksualinei funkcijai.

Seksualinis neaktyvumas ar seksualiniy santykiy nebuvimas daznai kity
autoriy tyrimuose yra nejtraukimo Kriterijus (235). Miisy nuomone,
seksualinis neaktyvumas taip pat yra svarbus aspektas, vertinant LIL pacienty
seksualing funkcija. Kadangi kiino formy ir i$vaizdos pasikeitimas (kateteriai,
AVF) gali mazinti seksualinj potrauk]j, pasitikéjimg savimi, tai prisideda prie
seksualinés disfunkcijos (236). Misy tyrime 30 proc. motery ir 21 proc. vyry
nurodé, kad per paskutines 4 savaites nebuvo seksualiai aktyviis, panasis
Goncalves ir kt.teikiami rezultatai (237).

Europos vyry sen¢jimo tyrimo (angl. The European Male ageing study)
nustatyta, kad nutukimas yra seksualinés disfunkcijos rizikos veiksnys (238).
Idomu, kad vyrams, sergantiems nutukimu, nustatomas mazesnis testosterono
ir lytinius hormonus suri$ancio globulino kiekis bei atvirkstiné koreliacija su
nutukimo laipsniu (238,239). Tai lyg uzburtas ratas — maza testosterono
koncentracija prisideda prie didelio svorio ir pilvo riebaly kaupimosi, dél to
dar labiau mazéja testosterono kiekis (240).

Masy tyrime nutukimas, mazas fazés kampas ir aukStas riebaly masés
indeksas buvo susije su vyry seksualiniu neaktyvumu. O seksualiai neaktyvios
moterys buvo vyresnés, joms nustatytas mazesnis fazés kampas ir silpnesné
rankos griebimo jéga.

Po transplantacijos vartojami imunosupresiniai vaistai
(gliukokortikosteroidai, kalcineuriny inhibitoriai ir mofetilio mikofenolatas)
taip pat turi jtakos riebaly kaupimuisi ir raumeny masei prarasti (241). Mes
nustatéme, kad didesné vyry raumeny masé lemia didesnj seksualinj potraukj
po IT. Be to, seksualiai aktyviems vyrams, kuriems buvo diagnozuota
erektiliné disfunkcija prie§ IT, nustatyta reikSmingai mazesné neriebaliné ir
liesoji kiino maseé.
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Vertindami vyry duomenis, nustatéme, kad seksualinis potraukis ir
pasitenkinimas lytiniais santykiais buvo dvi labiausiai paveiktos sritys. Raggi
ir Kiti nustate, kad vyry tiek seksualinis potraukis, tiek seksualinio aktyvumo
daznis po transplantacijos sumazéja (242). Al Khallaf aprasé, kad vienintelé
iSlikusi nepakitusi buvo dializuojamy ir transplantuoty vyry orgazminé
funkcija (235). Keletoje studijy pateikta rezultaty apie pageréjusig erektiling
funkcija po IT (243-245). Taciau misy rezultatai sutampa su ty autoriy, Kurie
nurodé, jog néra reikSmingo dializuojamy ir transplantuoty pacienty
erektilinés funkcijos skirtumo (234,235). Musy tyrime erektiliné funkcija
nereik§mingai pageréjo ty pacienty, kuriems pries transplantacija buvo lengvo
laipsnio disfunkcija, taciau kitose grupése pageréjimo nenustatyta.

Be to, nenustatéme jokio reik§mingo skirtumo tarp bendro IIEF-15 balo ar
atskiry seksualinés funkcijos domeny lygindami vertes pries ir 12 ménesiy po
IT. Svarbu paminéti, kad visiems pacientams transplantacijos metu buvo
atlikta transplantato arterijos ir recipiento iSorinés ar bendrosios klubinés
arterijos anastomoz¢ galas j Song. Todél kraujagysliné anastomozé miisy
kohortoje neturéjo jtakos erektilinei funkcijai.

Vertintant motery duomenis, FSFI bendra baly suma padidéjo nedaug ir
nereikSmingai. Kitaip tariant, miisy kohortoje motery seksualiné funkcija
praéjus 12 mén. po transplantacijos taip pat nepager¢jo. Pasaulyje vyrauja
priestaringi atlikty tyrimy rezultatai — vienuose tyrimuose aprasomas
seksualinés funkcijos pageréjimas (246), o kituose teigiama, jog $i funkcija
nepageréja (247). Pertuz su bendraautoriais teigimu, seksualinés funkcijos
pageréjimas po IT biina 25-30 proc. motery ir tai yra labiausiai susije su
jaunesniu amziumi (<45 metai), sumazéjusiu prolaktino Kiekiu ir trumpesne
dializiy trukme (<6 mén.) (248). Analizuojant atskiras motery seksualinés
funkcijos sritis, nustatéme, jog reikSmingai pageréjo susijaudimas ir
lubrikacija, tai paaiSkinama prolaktino koncentracijos bei pagumburio-
hipofizés funkcijos pageréjimu po seékmingos IT (249).

Pagrindinis IV tyrimo trikumas — netyréme lytiniy hormony, Kurie yra
reik§mingi seksualiniams sutrikimams, koncentracijos. Taip pat nevertinome
pacienty gyvenimo kokybés ir fizinio aktyvumo. Galiausiai, maza tyrimo
imtis nesuteikia tyrimui pakankamai galios.
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6. ISVADOS

Pacientai po inksty transplantacijos tampa geros mitybos biiklés ir
neturi mitybos nepakankamumo rizikos. Pirmuosius metus po
operacijos raumeny masés netekima pakeicia riebaly masés pricaugis.
Serumo leptino koncentracijos pokyc¢iai ankstyvuoju laikotarpiu po
inksty transplantacijos yra susij¢ su raumeny masés netekimu ir riebaly
masés padidéjimu.

Gamintojo pateikiama edemos indekso (UVT / BVT) ribiné verté
0,400 turéty buti vertinama atidziai, nes jis skiriasi priklausomai nuo
pasirinktos baigties ir tiriamosios populiacijos. Hemodializuojamy
pacienty, siekiant jvertinti mirStamuma dél visy priezas¢iy, mitybos
biikle ir kiino sudétj, patikimiausios InBody UVT / BVT ribinés vertés
yra nuo 0,390 iki 0,410.

Mazesnis nei vidutinis standartizuotas fazés kampas yra susijgs su
baltymy energijos $vaistymu ir aktyviu uzdegiminiu atsaku, o didesnis
— stipresne rankos griebimo jéga praéjus 6 mén. po inksty
transplantacijos.

Seksualiné disfunkcija gali iSlikti ir po sékmingos inksty
transplantacijos. Didesné raumeny masé susijusi su vyry didesniu
seksualiniu potraukiu praéjus 12 mén. po operacijos.
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7. PRAKTINES REKOMENDACIJOS

Siekiant identifikuoti dializuojamus ar po inksty transplantacijos
pacientus, kuriems yra baltymy energijos $vaistymo rizika, tikslinga
vertinti jy mitybos bukle du kartus per metus.

Nustacius mitybos nepakankamuma ar jo rizika, tikslinga informuoti
klinikinés mitybos grup¢ ir (ar) sudaryti mitybos priezitiros plang bei
koreguoti mityba.

Vykdant potransplantacinio raumeny netekimo, svorio prieaugio ir
nutukimo prevencija, rekomenduotina ankstyva klinikinés mitybos
grupés konsultacija / stebésena bei jdiegti fizioterapijos / reabilitacijos
programg transplantacijos centruose. Pacientus po inksty
transplantacijos reikéty skatinti bati fiziskai  aktyvius pagal
individualy pajéguma.

Fizinio aktyvumo ir sveikos mitybos skatinimas gali turéti teigiamag
poveikj Sios populiacijos seksualiniam aktyvumui ir seksualinei
disfunkcijai pageréti.

Ankstyva lytinés funkcijos sutrikimo diagnostika turéty buti svarbi
dializuojamy pacienty ir pacienty po inksty transplantacijos klinikinio
iStyrimo dalis.
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SUMMARY

Dynamics of Changing Nutritional Status and Related Factors in Patients

BIA
BMI
CKD
DM
ECW/TBW
eGFR
ESRD
FFM
FM
GNRI
HD
HGS
hs-CRP
KT
MIS
PD
PhA
PTH
SGA
SPhA

after Kidney Transplantation
Abbreviations

bioelectrical impedance analysis
body mass index
chronic kidney disease
diabetes mellitus
extracellular water/ total body water (Edema index)
estimated glomerular filtration rate
end stage renal disease
fat free mass
fat mass
Geriatric Nutritional Risk Index
hemodialysis
handgrip strength
high sensitivity C reactive protein
kidney transplantation
Malnutrition Inflammation Score
peritoneal dialysis
phase angle
parathyroid hormone
Subjective Global Assessment Scale

standardized phase angle
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1. INTRODUCTION

1.1. Research Problem and Relevance of the Study

For decades, scientists have been carefully studying the link between the
nutritional status and the quality of life, psychological well-being, physical
fitness, co-morbidities, and the survival rate. In this context, chronic kidney
disease (CKD) is one of the leading public health problems associated with an
increased risk of morbidity, mortality, and a reduced quality of life; on top of
that, it tends to influence changes in the nutritional status of patients (1). Little
attention is paid to the nutritional status of 2020 recommend assessing the
nutritional status twice a year for patients with CKD stages 3 to 5, as well as
patients on dialysis and after kidney transplantation (2). Malnutrition (MN) is
one of the important complications of CKD, the frequency of which increases
proportionally with the worsening kidney function (based on the information
provided in the literature, it ranges from 28% to 65% depending on the
diagnostic criteria), affecting the quality of life and prognosis of patients,
although it often goes undiagnosed (3). Nutritional and metabolic disorders
are common in patients with end-stage renal disease (ESRD) and are caused
by decreased appetite, taste changes, inadequate food intake due to severe
dietary restrictions, hypercatabolic condition, uremic toxins, and chronic
inflammation. These changes are defined as protein energy wasting (PEW)
and are significantly associated with a higher patient mortality (4). The most
important consequences of PEW are protein loss and a gradual decrease in the
skeletal muscle mass, which leads to frailty, sarcopenia, and muscle
dysfunction (5).

When ESRD has been diagnosed, the patient is prescribed the kidney
replacement therapy — dialysis, or kidney transplantation (KT) (6). KT is the
optimal treatment for ESRD which improving patient survival, yet it leads to
other challenges pertaining to the nutritional status. After a successful
transplantation, uremia, acidosis, and electrolyte imbalances disappear, and
erythropoietin synthesis and vitamin D metabolism are restored. However, an
improvement in appetite, lack of strict dietary restrictions, a higher
consumption of energy and nutrients, along with immunosuppressive
medication cause the risk of developing obesity (7,8). On the other hand, in
the early post-transplantation period, without ensurance of adequate nutrition
or in the presence of a severe inflammation, MN may worsen and, as a result,
wound healing deteriorates, the risk of infections increases, and muscles
weaken (9).
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To generalize the above outlined points, it can be stated that nutritional
and metabolic disorders in patients both before and after KT are an important
clinical and scientific problem, which confirms the relevance of the present
doctoral research. In this prospective scientific study, for the first time in
Lithuania, we aim to assess the nutritional status of dialysis patients who are
candidates for KT, as well as changes after a kidney transplant surgery, the
link between the markers of nutritional status and the sexual function of
patients, and to evaluate the importance of bioelectrical impedance parameters
— the phase angle and the Edema index — for the assessment of the nutritional
status. Hopefully, the results of this doctoral research will help to implement
and apply inpatient, outpatient dietetic, physiotherapy and rehabilitation
programs for CKD patients more widely, thereby allowing to reduce the
frequency of malnutrition, sarcopenia or obesity, and will reduce morbidity
and mortality, and also improve the quality of life of the affected patients.

1.2. Aim of the Research

The aim of this thesis is to assess the nutritional status and body
composition of candidates for kidney transplantation before the surgery and
12 months after it, to analyze the changes, to evaluate the association with the
outcomes (sexual function, mortality) and the biochemical nutritional
markers.

1.3. Research Objectives

1. To assess the nutritional status and changes of kidney transplant recipients
during the early period after kidney transplantation (papers | and 111);

2. To determine the association of the serum leptin concentration with the
nutritional status and body composition during the early post-kidney
transplant period (paper 1);

3. To determine the performance of the ECW/TBW ratio (the edema index)
to predict all-cause mortality and to establish certain cutoff values in
patients awaiting kidney transplantation (paper I1);

4. To verify whether the standardized phase angle measured during the early
post-transplant period reflects on other compartments of body
composition, biochemical nutritional markers, and handgrip strength
(paper I111);

5. To evaluate the impact of the kidney transplantation and the nutritional
status on the sexual function in kidney transplant recipients (paper 1V).
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1.4. Scientific Novelty

During this doctoral research, for the first time in Lithuania, we have
assessed the nutritional status and the prevalence of nutrition-related
conditions in kidney transplant recipients. Our research prospectively
evaluates the impact of kidney transplantation on the changes in the nutritional
status and body composition. Moreover, the cutoff value of the edema index
predicting the all-cause mortality and the association between the standardized
phase angle and the nutritional status after kidney transplantation have been
determined in hemodialysis patients. In addition, in chronic kidney disease,
the main focus is on the underlying disease, the management of its
complications, postoperative care, the function of the transplanted kidney,
while the sexual function is usually not evaluated due to the awkwardness and
the personal nature of the topic. Yet, this is inherently important in order to
fully improve the quality of life of the patients. This dissertation provides
novel knowledge on the impact of the nutritional status parameters and kidney
transplantation on the sexual function in kidney transplant recipients.

1.5. Practical Value of the Study

Kidney transplantation improves the patient survival and life expectancy.
However, nutritional and metabolic disorders before the surgery or after it may
lead to a higher risk of surgical and infectious complications as well as
cardiovascular diseases (10).

Our study was conducted in one of the two transplant centers in Lithuania,
where, on average, about 70 patients are added to the kidney transplant waiting
list annually, and about 50 patients undergo transplantation. Therefore, the
performed analysis allows us to draw reliable conclusions about the nutritional
status of the kidney transplant candidates and the patients who already
underwent transplantation; the research also allowed us to determine the
changes of the nutritional status in the early period after surgery. Our aim in
this study was to draw the attention of specialists working with this specific
patient population to the importance of the assessment of the nutritional status
during all stages of CKD, provide information on the frequency and
consequences of nutritional disorders, along with assessment, examination
methods and preventive measures.
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1.6. Defended Statements

1. In the early period after kidney transplantation, the muscle strength is
weakened, but the risk of malnutrition is reduced.

2. The change in leptin concentration after kidney transplantation is associated
with the fat mass and the handgrip strength.

3. InBody ECW/TBW reference values from 0.390 to 0.410 are associated
with the all-cause mortality, nutritional status and body composition in the
hemodialysis population.

4. The higher median standardized phase angle before a kidney transplantation
is related to the higher handgrip strength within 6 months following the
transplantation.

5. The muscle mass and function are associated with the recipients’ sexual
desire and sexual activity.

2. METHODOLOGY OF THE STUDY
2.1. Ethical Approval

The study was conducted in accordance with the Declaration of Helsinki.
All patients provided written informed consent. The ethical approval was
obtained from the local Lithuanian Bioethics Committee (approval number
158200-17-972-470) and the research ethics committee of the hospital
involved in the research.

2.2. Study Design and Patients

The prospective cohort study was conducted at Vilnius University Hospital
Santaros Klinikos. Participation in the study was offered to all recipients who
were selected for kidney transplantation in the nephrology and kidney
transplantation department of the hospital in 2018-2019 and who met the
inclusion and exclusion criteria for the study.

Inclusion criteria:
- age >18 years;
- undergoing hemodialysis or peritoneal dialysis for more than 3
months.
Exclusion criteria:
- younger than 18 years of age;
- implanted pacemaker;
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- refusal to participate in the study;
- patients after limb amputation.

The flowchart of the patient selection is presented in Figure 1.

The nutritional status of the patients was assessed by performing laboratory
tests, anthropometric measurements, and body composition analysis by using
the Bioelectrical Impedance Analysis (BIA), measuring the handgrip strength,
and filling out malnutrition screening tools on the day of the kidney

transplantation, 6 and 12 months after it.

On the day of discharge from the hospital, the patients were weighed again,

and a second BIA test was conducted.

The male and female sexual function was assessed by questionnaires

before the kidney transplantation and 12 months after it.

All transplanted patients
in 2018-2019
(n=106)

Not enrolled (n = 8):
Age <18y (n=3)
Refused to participate (n=73)

2nd asseszment
Day of discharge
(n=189)

The patients recruited for the study
13t asgessment (Baseline)
Transplant day
(n="98)

Excluded (n=9):
Incomplete data (n=1§)
Refused to participate (n=1)

3rd assessment
6 months after transplantation
(n=93)

Excluded (n=13):
Lost to follow-up (n=2)
Graft loss (n=1)
Died (n=1)

Excluded (n=4):
Lost to follow-up (n=1)
Graft losz (n=1)
Refuzed to participate (r =1)
Died (n=1)

4th assessment
12 months after transplantation
(n=289)

Figure 1. Study flowchart
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2.3. Evaluation of Nutritional Status

2.3.1 Laboratory data

Three times during the course of the study [at the baseline (before KT), 6
and 12 months later], blood samples were collected to assess the following
parameters: serum albumin, prealbumin, leptin, ferritin, transferrin, high-
sensitivity C-reactive protein (hsCRP), total cholesterol, low density
lipoprotein cholesterol, triglycerides, and parathyroid hormone (PTH). The
blood samples were collected after a 12-h overnight fasting period and
analyzed on the same day by using standard automated methods. The samples
for leptin and prealbumin were immediately centrifuged for 10 min at 1800
RCF (ambient temperature), and aliquoted serum was frozen at —20°C until
analysis. The CKD-EPI formula was used for estimating the glomerular
filtration rate (eGFR).

2.3.2. Nutritional screening tools

Nutritional risk screening tools are very helpful in the daily clinical
practice to detect the potential or already existing malnutrition. Currently,
more than 33 different nutritional risk screening tools are available (155). We
chose the Subjective Global Assessment Scale (SGA), the Malnutrition
Inflammation Score (MIS), and the Geriatric Nutritional Risk Index (GNRI)
which have been previously reported to be applicable tools in CKD
populations (2). SGA and MIS were administered through face-to-face
interviews. GNRI does not require patient interviewing, and the scores were
calculated from the serum albumin level and the ratio between the ideal and
the actual body weight.

SGA focuses on the features of the medical history and physical
examination and ranks patients on a scale ranging from A — well nourished, B
— mild to moderately malnourished, to C — severely malnourished (250).

What concerns MIS, the cut-off proposed by Yamada et al. was used to
classify the nutritional status: 0 to 5 — well-nourished, 6 to 10 — mild PEW,
and > 11 — moderate to severe PEW (192).

2.3.3. Anthropometric data
A trained nephrologist performed the anthropometric measurements

for all participants. Height (cm) and weight (kg) were measured by using an
automatic scale with a sensitivity of 0.1 cm and a resolution of 0.1 kg. The
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body mass index (BMI) was calculated as a ratio between the weight and the
height in meters squared (kg/m?). The waist and hip circumferences (cm) were
examined by using a measuring tape, and the waist-to-hip ratio was calculated.

2.3.4. Handgrip strength assessment

The handgrip strength (HGS) was measured by using a Saehan hydraulic
hand dynamometer (model SH5002) with a scale of strength up to 100 kg.
HGS was evaluated for the non-fistula dialysis arm, or, if a subject had no
fistula, for the dominant arm (because the arteriovenous fistula is usually
located in the non-dominant arm. Three measurements were performed with
an interval of 5 s between the measurements, and the highest value was used
for the analysis.

2.3.5. Bioelectrical impedance analysis

BIA is a technology that is widely used for the assessment of body
composition. The purpose of BIA is to measure the electric impedance of an
electric current passing through the body. We performed measurements by
using an InBody S10 portable body bioimpedance spectroscopy device
(Biospace, Seoul, Republic of Korea). The analysis was conducted with
patients in a supine position 30 min after HD or when PD patients had an
empty abdomen, and all recommendations provided by the European Society
for Clinical Nutrition and Metabolism (ESPEN) and the manufacturers were
followed (251). From the determined impedance, a number of BIA parameters
were evaluated: intracellular water (ICW), extracellular water (ECW), total
body water (TBW), fat mass (FM), fat free mass (FFM), skeletal lean mass
(SLM), skeletal muscle mass (SMM), body cell mass (BCM), bone mineral
content (BMC), and phase angle (PhA).

FM and FFM estimations are considered the main parameters in the body
composition assessment techniques. FFM is everything that is not body fat,
and it decreases with age and chronic diseases. PhA is one of the best markers
of the cell membrane function in terms of characterizing training and the
nutritional status. Low PhA and low SMM values indicated a poor training
status and a poor nutritional status (252). BIA-derived parameter indices — the
Fat Mass Index (FMI), the Fat Free Mass Index (FFMI), the Muscle Mass
Index (MMI), the Lean Mass Index (LMI), and the Body Cell Mass Index
(BCMI) — were calculated by dividing each type of the tissue weight in
kilograms by the height squared (kg/m?).
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The ECW/TBW (edema index) was subsequently calculated from the
sum of each segment by using the equations provided in the BIA software.
2.3.6. Standardized phase angle measurement

PhA is calculated automatically with a BIA device according to the
following formula: phase angle (°) = (reactance/resistance) x (180°/) (198).
Interestingly, many authors focus on the calculation of the standardized phase
angle (SPhA) which aims to account for confounding factors when
determining PhA. SPhA is calculated as a z-score that may be based on
established population reference values stratified by a combination of age, sex,
BMI, or ethnicity. In our study, we used standardized PhA values adjusted for
the age and BMI acquired from Bosy-Westphal et al. to calculate PhA z-scores
(194). Hence, we calculated PhA z-scores as follows:

SPhA = (PhA (study population) — reference PhA value)/reference SD

SD — standard deviation

Then, SPhA (at discharge) was adjusted for the hospitalization time and the
baseline SPhA and labeled as SPhAg;s.

2.4. Assessment of the Sexual Function

2.4.1. International index of the erectile function

The International Index of Erectile Function (11EF) is an extensively used,
self-report diagnostic tool for the evaluation of the male sexual function and
ED severity. lIEF is a 15-item tool which examines five domains of the male
sexual function: the erectile function, the orgasmic function, the sexual desire,
the intercourse satisfaction, and the overall satisfaction (253). Each question
is rated on a 5-point scale. The total score range is 475, but the scales for
each domain vary. A higher score indicates better sexual functioning. The
severity of ED was based on the Cappelleri criteria: no ED (EF score 26 to
30), mild ED (EF score 22 to 25), mild to moderate ED (EF score 17 to 21),
moderate ED (EF score 11 to 16), and severe ED (EF score 6 to 10) (195).

2.4.2. Female sexual function index

The Female Sexual Function Index (FSFI) is a widely used questionnaire
consisting of 19 questions that assesses the female sexual function over the
past 4 weeks on six different aspects: sexual desire, arousal, lubrication,
satisfaction, orgasm, and pain during intercourse. Each question is rated on a
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scale of 5 points. The final result is obtained by adding up the scores of the
questions, multiplied by a fixed indicator, which is different for each domain.
When the total is < 26.55, it is considered as a sexual dysfunction.

2.5. Statistical Analysis

The data was analyzed by using R Commander (Rcmdr) version 3.3.2. The
data was tested for the normal distribution by the Shapiro—-Wilk statistical tool.
Continuous variables are expressed as the mean + standard deviation (SD),
discrete variables as medians with the min-max values in parentheses, whereas
categorical variables are presented as percentages. To check the equality of
two populations, an F-test and, if appropriate, Student’s t-test or a two-sample
Wilcoxon test were applied, while, for categorical variables, the chi-square
test was used. P-values lower than 0.05 were considered statistically
significant.

Paper 1. Correlations of clinical parameters with serum leptin
concentrations were evaluated by Pearson’s correlation test. Leptin
concentration change ‘Aleptin’ was calculated as: post-transplant leptin (6
months after kidney transplantation) concentration minus pre-transplant leptin
concentration. Furthermore, multivariate forward stepwise regression analysis
was conducted which evaluated the longitudinal change of ‘Aleptin’ adjusted
for pre-transplant leptin concentration, age, sex, and its association with
nutrition parameters and outcomes.

Paper Il1. ECW/TBW distribution in the Subjective Global Assessment
guestionnaire groups was compared with the Kruskal-Wallis rank sum test.
For the correlation between ECW/TBW and other variables, Spearman’s rank
test was performed. Factors associated with all-cause mortality found to be
significant in univariate logistic regression analysis were entered into the
multivariable logistic regression model. A stepwise model selection using the
Akaike Information Criterion (AIC) served for a depiction of the receiver
operating characteristic curves and for the calculation of the areas under the
ROC. The “best’ cut-off values for death and nutritional status were checked
with Youden’s index. The results of event-free survival were depicted in the
Kaplan-Meier survival curve.

Paper I11. Multivariate linear regression analysis was used to evaluate the
potency of SPhA at the baseline and at discharge to predict HGS 6 months
after the kidney transplantation following corrections for the age, sex, and
baseline HGS. Since in men these associations were absent, we reported only
data on women.
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Paper 1V. For the correlations between the nutritional parameters and the
sexual function (erectile function, orgasmic function, sexual desire,
intercourse satisfaction, and overall satisfaction), Spearman’s rank test was
performed. Linear regression analysis was used to evaluate the association of
the muscle mass (adjusted for age, diabetes mellitus (DM), estimated
Glomerular Filtration Rate (GFR)) with the sexual desire 12 months after KT.

3. RESULTS
3.1. Patient Characteristics

This study enrolled 98 kidney transplant patients who received standard
immunosuppressive treatment, including methylprednisolone, calcineurin
inhibitor and mofetil mycophenolate, after deceased (87%) or living (13%)
donor kidney transplantation. The baseline characteristics are presented in
Table 1. The median dialysis vintage before KT was 18.5 months [3-204].

The underlying Kkidney disease encompasses glomerulonephritis,
polycystic kidney disease, inherited diseases, diabetes and hypertensive
nephropathy, amyloidosis, pyelonephritis, kidney stones and post-renal
pathologies. The median cold ischemia time was 15h [0.5-33.5], and 62% (n
= 52) experienced the delayed graft function.

Table 1. Baseline characteristics of kidney transplant recipients

Variable n=98

Age, year 43 [20-69]
Women, yes 44 (45)
Diabetes, yes 10 (10)
Residual kidney function, yes 53 (54)
Immunosuppression MMF 98 (100)

Methylprednisolone 98 (100)
Tacrolimus 93 (98)
Cyclosporine 5 (5)

Dialysis modality HD 79 (81)

PD 19 (19)

Note. The data is expressed as the mean/median (SD/min-max) or the
number of patients (percent)

3.2. Nutritional Status before and after Kidney Transplantation

At the time of inclusion in the study, the average BMI of the patients was
25.05 kg/m? [16.4-42.8]. More than a half of the subjects were obese or
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overweight, and only 4 patients had a body mass index <18.5 kg/m?. The
distribution of patients according to BMI is presented in Figure 2.

50
44
45
40
34
35
30 m <18.5 kg/m2
25 m 18.5-24.9 kg/m2
20 18 25-29.9 kg/m2
15 >30 kg/m2

10

%

c 4
.

BMI groups
Figure 2. Distribution of subjects according to BMI

3.2.1. Assessment of nutritional risk and malnutrition with nutritional
screening tools

The risk of malnutrition of the subjects was assessed with the SGA, MIS,
GNRI malnutrition screening tools. During the baseline screening, the
prevalence of malnutrition prior to the kidney transplantation ranged from 7
to 40 percent, depending on the screening questionnaire. When assessing the
nutritional risk after KT, it is observed that the frequency of a low or mild risk
of malnutrition is reduced, and more patients achieve a good nutritional status
and subsequently lose the risk of MN (87-98%).

3.2.2. Changes in body mass and composition during hospitalization

The median length of hospitalization was 22 days [15-62]. During this
period, patients lost an average of 2.2 kg of muscle mass [-13.8 — +2.9], 2.8
( 3.8) L of total body water, but an increase in the fat mass by 0.8 (+ 3.8) kg
was observed as well. When assessing the body composition parameters prior
to the transplantation and on the last day of hospitalization, a significant
change in all measurements was observed in males, while only the fat mass
and extracellular water did not change significantly in females.
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3.2.3. Muscle mass, strength and sarcopenia

According to the European Working Group on Sarcopenia in Older People
(EWGSOP2) criteria, there were no cases of sarcopenia in the study
population either before KT or during the follow-up period. In the female
population, there was a significant decrease in the handgrip strength before
KT, 6 months (26.2 + 6 and 24.1 + 6, P <0.004) and 12 months (26.2 + 6 and
24.2 £6.7, P <0.01) after the surgery. The muscle mass and the muscle mass
index did not change significantly during the follow-up period (Figure 3).
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Figure 3. Changes in muscle mass and function in females before and after KT

The handgrip strength and the muscle mass in all males prior to KT were
within the normal range, but significantly decreased after KT (Figure 4). A
decrease in the muscle mass was found in 8% (n = 4) of males 6 months after
the surgery, and in 4% (n = 2) of females 12 months after the surgery. Unlike
in the female group, a significant change in the muscle mass and the muscle
mass index was observed among all measurements.
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Figure 4. Changes in muscle mass and function in males before and after KT

In the early postoperative period (during the initial 6 months), due to
renewed diuresis, excess body water is removed; therefore, a significant
decrease in the total and intracellular water was observed. The muscle mass
decreases as well, but 12 months after surgery it begins to recover. The
decrease in the muscle mass leads to a significant decrease in FFM. According
to BIA measurements, the decreased muscle mass and therefore the weaker
HGS was replaced by a striking increase in the fat mass. Changes in FFM and
FM proportions during the follow-up period are presented in Figure 5.
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Figure 5. Changes in proportions of FFM and FM during the first year after KT
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3.3. Paper | — The association of serum leptin concentration with
nutritional status and body composition

In Kidney transplant (KT) patients, leptin has been found to be associated
with the estimated glomerular filtration rate (eGFR) (117) and graft survival
(199), which suggests that lean(er) individuals with lower leptin levels may
benefit from kidney transplantation (254). The studies that aimed to
investigate the role of serum leptin in KTR are summarized in Supplemental
Table S1 (paper 1). The association of leptin with nutritional parameters after
KT still needs additional clarification and further investigation. Therefore, we
aimed to determine the relationship of the leptin concentration with the
nutritional status and the body composition during the early post-kidney
transplant period. We hypothesized that the leptin concentration six months
post-kidney transplant, with regard to the baseline pretransplant value, plays
an important role in diagnosing early post-transplant nutrition outcomes.

Leptin levels significantly increased in 21 subjects and remained stable or
decreased in others after the first 6 months post-kidney transplant.
Significantly lower pre and post-transplant leptin values were measured in
SGA B group. Significant leptin level correlations with pre- and post-
transplant variables are listed in Table 2.

Table 2. Correlation between various variables and leptin levels

Pre-transplant leptin Post-transplant (after 6 months)
concentration leptin concentration

r p-value r p-value
Weight, kg 0.252 0.042 0.305 0.013
BMI, kg/m? 0.564 <.001 0.601 <.001
WC, cm 0.357 0.003 0.462 0.001
Body fat, % 0.643 <.001 0.757 <.001
Fat mass, kg 0.614 <.001 0.703 <.001
Muscle mass, kg -0.194 0.119 -0.197 0.114
Albumin, g/L -0.218 0.080 -0.148 0.238
PTH, pmol/l 0.316 0.010 0.278 0.024
GNRI 0.407 0.008 0.551 <.001
MIS -0.257 0.038 -0.150 0.232
HGS, kg -0.312 0.011 -0.212 0.089

Note. BMI — body mass index, WC — waist circumference, GNRI — geriatric
nutritional risk index, MIS — malnutrition inflammation score, HGS — handgrip
strength
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Leptin concentration change ‘ALeptin’ was significantly associated with
the body weight, the waist circumference, the fat mass, the body fat
percentage, and HGS. Other biomarkers failed to be associated with leptin. It
is worthy to note that diabetes mellitus (B —6.773, P = 0.010) and the residual
renal function (coded as ‘no/yes’, 3 3.626, P = 0.039), but not dialysis vintage
or delayed graft function, were associated with the leptin change after renal
transplantation. Interestingly, GNRI as a nutritional status tool was strongly
positively related to changes in leptin within the 6-month follow-up period.
After conducting stepwise model selection by using the Bayesian Information
Criterion (BIC), we identified independent variables significantly related to
the post-transplant leptin change (Table 3).

Table 3. Leptin concentration change adjusted to pre-transplant leptin
concentration, age and sex, and its influencing factors. Multivariate forward
stepwise regression analysis

Multivariate Regression  Stepwise Model Selection

Analysis Models (backward/forward)
B SE P-value B SE P-value
ABody weight, kg 0.151 0.067 0.028 - - -
ABMI, kg/m? 1.725 0.375 <0.001 - - -
AWaist circumference, cm 0.343 0.121 0.007 - - -
AFat mass, kg 0420 0.120 <0.001 0.527 0.103 <0.001
ABody fat, % 0.444 0.108 <0.001 - - -
APTH, pmol/L 0.115 0.056 0.045 0.129 0.042 0.004

AHandgrip strength, kg 0.272 0.130 0.040 0.403 0.104 <0.001
AGeriatric nutritional risk

index

Note. Only statistically significant models are listed above. All the A are adjusted to
pre-transplant variable values. Abbreviations: 8 — standardized regression coefficient,
BMI — body mass index, PTH — parathyroid hormone

0.442 0.133 0.002 - - -

3.4. Paper Il — Edema index and nutritional status

An advanced BIA technology can further precisely measure the
intracellular and extracellular water and generate an ‘edema index’ which is
calculated as the ratio of the extracellular water to the total body water
(ECWI/TBW).

Recent studies demonstrate that ECW/TBW may be a significant predictor
of worse outcomes as a composite of overhydration and protein-energy
wasting (196). Therefore, we aimed to determine the ECW/TBW ratio to
predict all-cause mortality and to establish certain cutoff values in patients
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awaiting KT and HD patients who are not candidates for kidney
transplantation due to their comorbidities. The risk factors related to fluid
overload and malnutrition in these patients were also examined.

A higher edema index correlated with an older age (r = 0.529, P <0.001),
longer time on hemodialysis (r = 0.362, P <0.001), a low muscle mass (r = -
0.318, P <0.001), a lower albumin level (r = -0.423, P <0.001), a lower body
mass index (r = -0.186, P <0.04), a lower cholesterol level (r = -0.280, P =
0.002), a lower hemoglobin concentration (r = -0.309, P <0.001), and a higher
ferritin level (r = 0.278, P = 0.002). The patients who died were more likely
to have manifested fluid overload (ECW/TBW, 0.393 vs. 0.408, P <0.001).
Subjects with a lower edema index had better nutrition according to the
Subjective Global Assessment score (SGA A 0.391; SGA B 0.400; SGA C
0.413; P <0.001) (Figure 6).
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Figure 6. Subjective global assessment score relationship with fluid status
(Kruskal-Wallis rank sum test, P <0.001)

The calculated cut-off point for all-cause mortality was ECW/TBW
0.4055, with a sensitivity of 84.6%, a specificity of 69.8%, a positive
predictive value of 48.7%, and a negative predictive value of 92.4%. We tested
the manufacturer-provided critical ECW/TBW value of 0.400 as well, and it
revealed a sensitivity of 70.7%, a specificity of 67.8%, a positive predictive
value of 33.3%, and a negative predictive value of 91.1%. On the other hand,
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the cut-off point for SGA scores B and C was 0.396 with a sensitivity of 72.7%
and a specificity of 68.7%.

Based on this cut-off point, we divided the patients in two groups:
ECW/TBW less than 0.4055 (which accounted for 75.32% patients) and
more/equal to 0.4055 (which accounted for 24.68%). In univariate logistic
regression analysis, a higher edema index (ECW/TBW >0.4055) was related
to: age (OR 1.06, 95%CI [1.03; 1.09]), especially older than 65yo (OR 4.06,
95%CI [1.82; 9.1]), not being on kidney transplant waiting list (OR 7.08,
95%CI [2.93; 19.92]), hypoalbuminemia (OR for albumin concentration 0.84,
95%CI [0.75; 0.93]), a low muscle mass (OR for muscle mass 0.94, 95%ClI
[0.89; 0.99]), hypocholesterolemia (OR for cholesterol level 0.64, 95%ClI
[0.44; 0.88]), anemia (OR for hemoglobin level 0.94, 95%CI [0.91; 0.97]),
presence of diabetes (OR 3.07, 95%CI [1.18; 7.98]). The results of
multivariate analysis for kidney transplant recipients revealed interesting
results that only a lower hemoglobin level in KT recipients is related to
hypervolemia classified according to the cut-off point for all-cause mortality
(P =0.029).

In all-cause mortality ROC curve analysis, ECW/TBW adjusted for age
stood at 0.8371, whereas the area under the curve was (95% CI: 0.7599-
0.9142 (DelLong)) with a low sensitivity of 0.39 (0.22, 0.59), but a high
specificity of 0.96 (0.91, 0.99) (Figure 7).
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Figure 7. ROC curve analysis for edema index in all-cause mortality
prediction
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Kaplan-Meier analysis showed that patients with a higher than 0.4055
edema index had a significantly lower survival rate (P <0.001) (Figure 8).
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Figure 8. Kaplan-Meier analysis for event-free survival
3.5. Paper 11l — Standardized phase angle for predicting nutritional status

The measurement of the phase angle (PhA) is the most clinically
established BIA parameter which has been acknowledged as a valuable
measurement for the nutritional assessment and as an important predictor of
the health status in a variety of diseases (198,228).

Currently, a limited number of studies have investigated the importance of
PhA measurement in kidney transplant recipients. To the best of our
knowledge, none of them provided standardized PhA values for either CKD
population or for patients after kidney transplantation. Therefore, in this study,
we aimed to verify whether standardized PhA (SPhA) measured during the
early post-transplant — at the discharge from the hospital and then after 6
months of follow-up — reflects on other compartments sections of body
composition, biochemical nutritional markers, and handgrip strength (HGS).

During the in-hospital stay, the study subjects lost some muscle mass, but
gained the fat mass instead and developed mostly negative SPhAdis (at
discharge) accompanied by significantly lower plasma albumin levels.
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The overlap of SPhA histograms at the baseline, at the day of discharge
from hospital, and 6 months after kidney transplantation is presented in Figure 9.
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Figure 9. SPhA histograms. ‘basal’, white — SPhA before Kkidney
transplantation; ‘dis’, grey — SPhA at hospital discharge; ‘6 mo’, black — SPhA
6 months after kidney transplantation

The subjects with lower than median (<-1.46) SPhAdis displayed lower
values for the following variables 6 months after KT: plasma albumin
concentration (43.4 vs. 45.1 g/L, P = 0.01), hemoglobin (124 vs. 133 g/L, P =
0.01), GNRI (113 vs. 118, P = 0.04), and the handgrip strength (30 vs. 33 kg,
P = 0.043). Conversely, these patients had higher ferritin concentrations (420
vs. 258 mkmoL/L, P = 0.02), experienced a longer inpatient stay (32 vs. 21
days, P <0.001), and showed higher MIS scores (3 vs. 1, P =0.001). The SGA
nutrition questionnaire could not reveal these differences. We analyzed
whether the calculation of SPhA values before kidney transplantation and at
the discharge from hospital could predict HGS 6 months after kidney
transplantation. The scatterplots of the association between HGS and SPhA
are visualized in Figure 10.
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Figure 10. Correlation between SPhA and handgrip strength after 6 months
after KT

Abbreviations: SPhA — standardized PhA. rS — Spearman correlation coefficient

Multivariate linear regression revealed that only in women baseline SPhA
could predict HGS following the adjustments for age and the baseline HGS
(Table 4). We failed to confirm this association in males. Besides, in our
population, HGS was not associated with the dialysis vintage or any other
baseline variables — except for the age and raw PhA values — and therefore we
did not adjust for that in the linear regression analysis.

Table 4. Multivariate linear regression analysis with handgrip strength
following adjustments for age and handgrip strength before kidney
transplantation

SPhA at baseline SPhA at discharge
Beta | SE P-value | Beta | SE P-value
Handgrip strength, women | 0.953 | 0.451 | 0.04 0.451 | 0.757 | 0.55
Note. SE — standard error
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3.6. Paper IV — The Impact of nutritional status on sexual function

Sexual dysfunction is highly prevalent in the CKD population. To date, the
effects of KT on sexual function are very contradictory — the outcome ranges
from the recovery of potency to minimal effects (231,255).

So far, a limited number of studies have investigated the impact of the
nutritional status on the sexual function in KT recipients. Therefore, the
primary endpoint of the study was whether any nutritional parameters
influence any aspect of the sexual function before and after KT. The secondary
endpoint was the impact of KT on specific domains of the sexual function.

3.6.1. Male sexual function

We compared nutrition-related variables between sexually active (n = 41)
and inactive (n = 11) male KT recipients. The majority of sexually active men
(93%) and only one-third (36%) of sexually inactive men had a sexual partner.
Obesity was prevalent in 46% of the sexually inactive men and in 15% of the
sexually active men. In addition, the sexually active men had significantly
higher BIA-derived PhA but a lower body fat percentage and a lower fat mass
index.

Those who reported no sexual activity before KT remained sexually
inactive after KT as well. Therefore, further data analysis was performed only
with the sexually active men.

The prevalence of ED before KT was 44% (n = 18), yet, following KT, it
dropped to 33% (n = 13) (P = 0.57). Sexual desire and intercourse satisfaction
were the two most affected domains (P <0.003).

The BIA-derived nutritional parameters were compared in men with ED
(score <26) and in those with the normal erectile function (score >26).
Significant pre-transplant differences were found in the fat-free mass (67 + 11
vs. 74 = 7, P <0.04) and the soft lean mass (64 + 10 vs. 70 + 7, P <0.03).
However, no differences were identified in the 12-month post-transplant
period.

We also analyzed whether BIA-derived nutritional parameters could
predict the sexual function (erectile function, orgasm, sexual desire,
intercourse satisfaction, overall sexual satisfaction) before and after KT. A
weak association between the muscle mass and the sexual desire 12 months
after KT was identified.
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Linear regression (Table 5) revealed that if two patients differ by 10 kg of
the muscle mass, we expect that the one with the higher muscle mass will have
a +1 point higher SD, on average, after accounting for the age, DM, and eGFR.

Table 5. Linear regression analysis. Muscle mass as determinant of sexual
desire — following adjustments for age, diabetes mellitus, and eGFR 12
months after KT

Sexual desire
Beta SE P-value
Muscle mass, kg 0.102 0.05 0.04
Note. eGFR — estimated glomerular filtration rate

3.6.2. Female sexual function

We compared nutrition-related variables between the sexually active (n =
28) and inactive (n = 12) female KT recipients.

4 (33%) females who reported sexual inactivity had obesity, whereas,
among sexually active females, there were no females with a BMI over 30
kg/m?2. In addition, the sexually active females were younger (P <0.02), had a
higher phase angle (P <0.03) and a higher handgrip strength (P <0.001).

If only sexually active females are considered, 93 percent (n = 26) of them
had sexual dysfunction (sum of FSFI scores <26.55 points) before KT and 12
months later. Only two females were found to have a normal sexual function,
hence, further analysis of the sexual function and nutritional parameters in
females was not performed.

4. CONCLUSIONS

1. Patients after kidney transplantation have a better nutritional status and
face a lower risk of malnutrition. During the first post-transplant year,
the loss of the muscle mass is replaced by a gain of the fat mass.

2. Early post-transplant changes in the serum leptin concentration are
mainly due to an increase in the fat mass and a loss of the muscle mass.

3. The manufacturer-provided edema index (ECW/TBW) cut-off point of
0.400 should be addressed carefully because it varies depending on the
selected outcome and the studied population. InBody ECW/TBW
reference values from 0.390 to 0.410 are associated with the all-cause
mortality, nutritional status, and body composition in hemodialysis
population.

99



A lower than the median standardized phase angle is related to protein
energy wasting and an active inflammatory response, whereas a higher
value is associated with a higher handgrip strength within 6 months
following transplantation.

Sexual dysfunction may persist after successful kidney transplantation.
A greater muscle mass is associated with a stronger sexual desire in
men 12 months after kidney transplantation.

5. RECOMMENDATIONS

Biannual assessment of nutritional status is recommended to identify
dialysis or kidney transplant patients who are at risk of protein-energy
wasting.

Once malnutrition or risks for malnutrition have been identified, it is
recommended to inform the clinical nutrition team and/or to establish
protocols for nutritional monitoring and dietary adjustments.

For the purpose of accurate and early diagnostics of malnutrition, the
muscle mass loss, weight gain and obesity, early
consultation/monitoring by a clinical nutrition team and the
implementation of a physiotherapy/rehabilitation program in
transplant centers is recommended. Each patient after a kidney
transplantation should be encouraged to be physically active based on
his/her individual capabilities.

Promotion of physical activity and a healthy diet may have a positive
effect on the sexual activity and sexual dysfunction in this population.
Early diagnosis of the sexual dysfunction should be an important part
of the clinical examination of dialysis and kidney transplantation
patients.
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PRIEDAI

1 priedas. Subjektyvus visapusiSkas mitybos vertinimas (SGA)

SUBJEKTYVUS VISAPUSISKAS MITYBOS VERTINIMAS

LIGOS ISTORIJA

Svorio pokytis A |B |C

A. Svorio pokytis per paskutinius 6 mén.
B. Svorio procentinis (%) pokytis:
pricaugis  ar neteko <5% kiino svorio
neteko 5-10% kiino svorio
- neteko >10% kiino svorio
C. Svorio pokytis per paskutines 2 sav.
- padid¢jo
nepakito
sumazgjo

kg

Mityba
A. Mitybos pokytis
- nepakito
- pakito
B. Trukm¢ savaitémis
C. Mitybos poky¢iy detalizavimas
- suvartojama maziau maisto nei jprastai
- vartojami hipokaloriniai skysciai
- vartojami tik skysciai
- badavimas

VirSkinamojo trakto simptomai, trunkantys ilgiau
kaip 2 sav.

_néra __ pykinimas __ vémimas __ viduriavimas
_ sumazgjes apetitas

Fukcinis pajégumas (susijesi su mitybos pokyciais)
A. Bendras nusilpimas
- néra
- vidutinio sunkumo
- sunkus
B. Pokytis per paskutines 2 sav.
- pageréjo
- nepakito
- sumazgjo

FIZINIS ISTYRIMAS Norma | Silpnas | Vidutinis | Sunkus

Nustatyti pozymiai:
. poodinio riebalinio sluoksnio suplonéjimas

raumeny netekimas

edemos

o0 W

. ascitas (tik HD)
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2 priedas. Mitybos ir uzdegimo patikros anketa (MIS)

MITYBOS IR UZDEGIMO PATIKROS ANKETA (MIS)

A. Ligos istorija:

1. “Sauso” svorio poky¢iai (per paskutinius 3-6 mén.)

0 1 2 3
Nebuvo sumazéjimo ar Nedidelis svorio Svorio netekimas <5 | Svorio sumazéjimas >5
nedidelis < 0,5 kg netekimas (> 0,5 kg, | proc. , bet daugiau nei 1 proc.
bet maziau nei | kg) kg
2. Maisto suvartojimas
0 1 2 3

Geras apetitas ir
nesumazejimas maisto

Siek tiek sumazéjes
suvartojamo maisto

Vidutiniskai sumazéjes
suvartojamo maisto

Zenkliai sumazejes
suvartojamo maisto

suvartojimas kiekis kiekis kiekis/badavimas
3. Virskinamojo trakto simptomai
0 1 2 3
Néra simptomy Lengvi simptomai, Vidutiniski simptomai | Daznas viduriavimas,
prastas apetitas ar ar vémimas vémimas ar sunki
pykinimas anoreksija
4. Funkcinis pajégumas (susijes su mitybos biikle)

0 1 2 3
Normalus ar pageréjgs, Pasunkeéjes Sunku save apsitarnauti | Gulintis lovoje, judantis
patenkinama savijauta vaiksciojimas, (pvz.: iSsimaudyti) nejgaliojo vezimélio

nuovargis pagalba
5. Gretutinés ligos ir gydymas dialize (metais)
0 2 3
Maziau nei vieneri Dializiy trukmé nuo 1 Dializiy trukmé > 4 Sunkios, daugybinés

metai gydymo
dializémis be kity
gretutiniy ligy

iki 4 mety bei lengvos
gretutinés ligos

metai, vidutinio
sunkumo gretutinés
ligos

gretutinés ligos

B. Fizinis iStyrimas:

6. SumaZéjusios riebaly atsargos ar poodiniy riebaly netekimas
0 2 3
Néra Lengvas Vidutinis Sunkus
7. Raumeny netekimo poZymiai
0 1 2 3
Néra Lengvi Vidutiniai Sunkdis
C. Kiino masés indeksas (KMI):
8. KMI= Svoris (kg)/(iigis (m))
0 1 2 3
KMI >20 kg/m? KMI 18-19,9 kg/m? KMI 16-17,9 kg/m’ KMI <16 kg/m?
D. Laboratoriniai tyrimai:
9. Serumo albumino koncentracija
0 1 2 3
Albuminas >40 g/l Albuminas 35-39 g/l Albuminas 30-34 g/l Albuminas <30 g/l
10. Bendros geleZies suriSimo geba (TIBC) arba serumo tranferino koncentracija
0 1 2 3
TIBC > 250 mg/dl TIBC 200-249 mg/dl TIBC 150-199 mg/dl TIBC < 150 mg/dl

Transferinas > 2 g/l

Transferinas 1,7-2 g/l

Transferinas 1,4-1,7 g/l

Transferinas < 1,4 g/l

Bendra baly suma = nuo 0 iki 30.
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3 priedas. Tarptautiné erektilinés funkcijos skalé (ITEF-15)

Ar turite partnerj?

Taip
Ne

1. Kaip daznai per pastarajj ménes;j jis
sugebéjote pasiekti erekeija lytinio akto
metu?

0 nebuvo lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau kaip pusg laiko)

1 beveik niekada arba niekada

2. Kiek karty per pastarajj ménesj patyréte
erekcijy su lytiniu stimuliaviu, kaip daznai
jusy erekeija buvo pakankamai tvirta
jsiskverbimui?

0 nebuvo lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau kaip puse laiko)

1 beveik niekada arba niekada

3. Kaip daznai per pastarajj ménes;j lytinio
akto metu galédavote jsiskverbti j partnere?

0 nebuvo lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau kaip puse laiko)

1 beveik niekada arba niekada

4. Kaip daznai per pastarajj ménesj lytinio
akto metu galédavote islaikyti erekcija po
jsiskverbimo j partnere?

0 nebuvo lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau kaip puse laiko

1 beveik niekada arba niekada

5. Ar sunku btidavo per pastargjj ménesj
lytinio akto metu iSlaikyti erekeija iki akto
pabaigos?

0 nebuvo lytinio aktyvumo
1 ypatingai sunku

2 labai sunku

3 sunku

4 Siek tiek sunku

5 nesunku

6. Kiek karty per pastargjj ménesj bandéte
atlikti lytinj akta?

0 nebuvo bandymy
1 1-2 kartus

2 3—4 kartus

3 5-6 kartus

4 7-10 karty

5 11-20 karty

7. Kai per pastarajj ménesj bandéte atlikti
lytinj akta, kaip daznai jums jis suteiké
pasitenkinima?

0 nebuvo bandymy atlikti lytinj akta

5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau kaip pusg laiko)

1 beveik niekada arba niekada

8. Kokj malonuma patyréte lytinio akto
metu per pastarajj ménesj?

0 nebuvo lytinio aktyvumo
5 labai didelj

5 didelj

3 gana didelj

2 nelabai didelj
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1 jokio malonumo

9. Kaip daznai vyko ejakuliacija lytinio
stimuliavimo ar lytinio akto metu per
pastargjj ménesj?

0 nebuvo lytinio stimuliavimo/ lytinio akto
5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau kaip puse laiko)

1 beveik niekada arba niekada

10. Kaip daznai patyréte orgazma (su
ejakuliacija ar be jos) lytinio stimuliavimo
ar lytinio akto metu per pastarajj ménesj?

0 nebuvo lytinio stimuliavimo/ lytinio akto
5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug puse laiko)

2 kelet karty (maziau kaip pus¢ laiko)

1 beveik niekada arba niekada

11. Kaip daznai patyréte lytinj geisma per
pastarajj ménes;j?

0 nebuvo lytinio stimuliavimo/ lytinio akto
5 beveik visada arba visada

4 didesniaja dalj karty (> negu pusg laiko)
3 kartais (mazdaug puse laiko)

2 kelet karty (maziau kaip pus¢ laiko)

1 beveik niekada arba niekada

12. Kaip jvertintuméte savo lytinio geismo

5 labai aukstas

lygj per pastarajj ménes;j? 4 aukstas

3 vidutinis

2 7emas

1 labai Zemas arba jokio
13. Ar jiis apskritai patenkintas savo Iytiniu | 5 labai patenkintas

gyvenimu per pastarajj ménesj?

4 vidutiniskai ptenkintas

3 mazdaug vienodai patenkintas ir
nepatenkintas

2 vidutiniskai nepatenkintas

1 labai nepatenkintas

14. Ar jiis patenkintas savo lytiniais
santykiais su partnere per pastarajj ménesj?

5 labai patenkintas

4 vidutiniskai ptenkintas

3 mazdaug vienodai patenkintas ir
nepatenkintas

2 vidutiniskai nepatenkintas

1 labai nepatenkintas

15. Kaip vertinate pasitikéjimo savo
galimybiy pasiekti ir islaikyti erekcija lygi
per pastargjj meénes;?

5 labai aukstas

4 aukstas

3 vidutinis

2 7emas

1 labai Zemas arba jokio

Bendra baly suma
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4 priedas. Motery seksualinés funkcijos indeksas (FSFI)

Ar turite partnerj?

Taip
Ne

1. Kaip daznai patyréte lytinj geisma per
pastargsias 4 savaites?

5 beveik visada arba visada

4 didesniaja laiko dalj (> negu pusg laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

2. Kaip jvertintuméte savo lytinio geismo ar

5 labai aukstas

intereso lygj per pastarasias 4 savaites? 4 aukstas

3 vidutinis

2 Zemas

1 labai zemas arba jokio
3. Kaip daznai per pastarasias 4 savaites 0 jokio lytinio aktyvumo

jautéteés lytiskai susijaudinusi (,,suzadinta )
lytinio aktyvumo ar lytinio akto metu?

5 beveik visada arba visada

4 didesniaja laiko dalj (> negu puse laiko)
3 kartais (mazdaug pusg laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

4. Kaip jvertintuméte savo lytinio
susijaudinimo (,,suzadinimo®) lygj lytinio
aktyvumo ar lytinio akto metu per
pastargsias 4 savaites?

0 jokio lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja laiko dalj (> negu pusg laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

5. Kaip apibiidintuméte savo pasitikéjima
sugebéjimu lytiskai susijaudinti
(,,susizadinti *) lytinio aktyvumo ar lytinio
akto metu per pastargsias 4 savaites?

0 jokio lytinio aktyvumo

5 labai didelis pasitikéjimas

4 didelis pasitikéjimas

3 vidutinis pasitikéjimas

2 mazas pasitikéjimas

1 labai mazas arba jokio pasitikéjimo

6. Kaip daznai per pastarasias 4 savaites
buvote patenkinta savo lytiniu
susijaudinimu (susizadinimu) lytinio
aktyvumo ar lytinio akto metu)?

0 jokio lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja laiko dalj (> negu pusg laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

7. Kaip daznai per pastarasias 4 savaites
lytinio aktyvumo ar lytinio akto metu jvyko
lubrikacija (sudrékimas)

0 jokio lytinio aktyvumo

5 beveik visada arba visada

4 didesniaja laiko dalj (> negu puse laiko)
3 kartais (mazdaug pus¢ laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

8. Kaip sunku per pastargsias 4 savaites
lytinio aktyvumo ar lytinio akto metu buvo
pasiekti lubrikacija (sudrékima)?

0 jokio lytinio aktyvumo

5 ypatingai sunku arba nejmanoma
4 labai sunku

3 sunku

2 §iek tiek sunku

1 nesunku
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9. Kaip daznai per pastargsias 4 savaites
pavyko islaikyti lubrikacijg (sudrékima) iki
lytinio aktyvumo ar lytinio akto pabaigos?

0 jokio lytinio aktyvumo

5 beveik visada arba visada

4 didesnigja laiko dalj (> negu pus¢ laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau negu puse laiko)

1 beveik niekada arba niekada

10. Kaip sunku per pastargsias 4 savaites
buvo islaikyti lubrikacija (sudrékima) iki
lytinio aktyvumo ar lytinio akto pabaigos?

0 jokio lytinio aktyvumo

5 ypatingai sunku arba nejmanoma
4 labai sunku

3 sunku

2 siek tiek sunku

1 nesunku

11. Kaip daznai per pastargsias 4 savaites
lytinio stimuliavimo ar lytinio akto metu
pasiekéte orgazma (virSing)?

0 jokio lytinio aktyvumo

5 beveik visada arba visada

4 didesnigjg laiko dalj (> negu pus¢ laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

12. Kaip sunku per pastarasias 4 savaites
jums buvo pasiekti orgazma lytinio
stimuliavimo ar lytinio akto metu?

0 jokio lytinio aktyvumo

5 ypatingai sunku arba nejmanoma
4 labai sunku

3 sunku

2 siek tiek sunku

1 nesunku

13. Kaip jvertintuméte savo pasitenkinima
galimybémis pasiekti orgazma lytinio
stimuliavimo ar lytinio akto metu per
pastargsias 4 savaites?

0 jokio lytinio aktyvumo

5 labai patenkinta

4 vidutiniskai patenkinta

3 mazdaug vienodai patenkinta ir
nepatenkinta

2 vidutiniskai nepatenkinta

1 labai nepatenkinta

14. Kaip jvertintuméte savo pasitenkinima
emociniu ry$iu tarp jlsy ir partnerio lytinio
akto metu per pastarasias 4 savaites?

0 jokio lytinio aktyvumo

5 labai patenkinta

4 vidutiniskai ptenkinta

3 mazdaug vienodai patenkinta ir
nepatenkinta

2 vidutiniskai nepatenkinta

1 labai nepatenkinta

15. Kaip jvertintuméte savo pasitenkinima
lytiniais santykiais su partneriu per
pastarasias 4 savaites?

0 jokio lytinio aktyvumo

5 labai patenkinta

4 vidutiniSkai ptenkinta

3 mazdaug vienodai patenkinta ir
nepatenkinta

2 vidutiniSkai nepatenkinta

1 labai nepatenkinta

16. Kaip jvertintuméte bendrg pasitenkinima
savo lytiniu gyvenimu per pastargsias 4
savaites?

5 labai patenkinta

4 vidutiniskai ptenkinta

3 mazdaug vienodai patenkinta ir
nepatenkinta

2 vidutini$kai nepatenkinta
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1 labai nepatenkinta

17. Kaip daznai per pastargsias 4 savaites
isiskverbimo | makstj metu patyréte
diskomfortg ir skausma?

0 nebuvo lytinio akto

5 beveik visada arba visada

4 didesniajg laiko dalj (> negu puse laiko)
3 kartais (mazdaug puse laiko)

2 keleta karty (maziau negu pusg laiko)

1 beveik niekada arba nickada

18. Kaip daznai per pastarasias 4 savaites po
isiskverbimo  makstj patyréte diskomforta
ar skausma?

0 nebuvo lytinio akto

5 beveik visada arba visada

4 didesniajg laiko dalj (> negu puse laiko)
3 kartais (mazdaug pusg laiko)

2 keletg karty (maziau negu pusg laiko)

1 beveik niekada arba niekada

19. Kaip jvertintuméte diskomforto ar
skausmo lygj (laipsnj) jsiskverbimo | makstj
metu arba po jsiskverbimo j makstj per
pastarasias 4 savaites?

0 nebuvo Iytinio akto

5 labai aukstas

4 aukstas

3 vidutinis

2 7emas

1 labai 7zemas arba jokio

Bendra baly suma
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Abstract: Background and Objectives: Kidney transplant recipients represent a unique population
with metabolic abnormalities, altered nutritional and immune status, as well as an imbalanced
regulation of adipocytokine metabolism. Leptin is a hormonally active protein mainly produced
by fat tissue that modulates appetite, satiety, and influences growth, energy, and bone metabolism.
There has been great interest in the role of this hormone in chronic kidney disease-related protein
energy wasting; thus, a positive leptin correlation with body mass index and fat mass was confirmed.
This study was designed to determine the association of pre and post-kidney transplant leptin
concentration with nutritional status and body composition. Materials and Methods: We studied
65 kidney transplant recipients. Nutritional status was evaluated before kidney transplantation
and 6 months later using three different malnutrition screening tools (Subjective Global Assessment
Scale (SGA), Malnutrition Inflammation Score (MIS), and Geriatric Nutritional Risk Index (GNRI)),
anthropometric measurements, and body composition (bioelectrical impedance analysis (BIA)).
Demographic profile, serum leptin levels, and other biochemical nutritional markers were collected.
Statistical analysis was performed with R software. Results: Median age of the studied patients was
45 years, 42% were females, and 12% had diabetes. Leptin change was associated with body weight
(p <0.001), waist circumference (p < 0.001), fat mass (p < 0.001) and body fat percentage (p < 0.001),
decrease in parathyroid hormone (PTH) (p < 0.001) transferrin (p < 0.001), diabetes mellitus (p = 0.010),
and residual renal function (p = 0.039), but not dependent on dialysis vintage, estimated glomerular
filtration rate (eGFR), or delayed graft function at any time during the study. After adjustment
for age and sex, body mass index (BMI) (p < 0.001), fat mass (p < 0.001), and body fat percentage
(p <0.001) were independent variables significantly associated with post-transplant leptin change.
Lower leptin values were found both before and after kidney transplantation in the SGA B group.
GNRI as a nutritional status tool was strongly positively related to changes in leptin within the
6-month follow-up period. Conclusions: Kidney transplant recipients experience change in leptin
concentration mainly due to an increase in fat mass and loss of muscle mass. GNRI score as compared
to SGA or MIS score identifies patients in whom leptin concentration is increasing alongside an
accumulation of fat and decreasing muscle mass. Leptin concentration evaluation in combination
with BIA, handgrip strength measurement, and GNRI assessment are tools of importance in defining
nutrition status in the early post-kidney transplant period.

Keywords: leptin; malnutrition; kidney transplantation; bioelectrical impedance analysis

1. Introduction

Kidney transplantation is a preferred renal replacement therapy for end-stage kid-
ney disease (ESKD), providing a better health-related quality of life [1] and long-term
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survival [2]. However, the transition from ESKD to transplantation and further to the
post-transplant period causes metabolic stress due to hormonal changes, shifts in nutrient
intake and energy wasting [3], the loss of anorectic factors, low physical activity, the im-
munosuppressive treatment, the immune response to the transplant, rejection episodes,
impaired kidney function, and the activation of systemic inflammation [4]. Thus, nutrition
status evaluation and early identification of malnutrition is of crucial importance. Despite
recent advances in diagnosing post-kidney transplant metabolic and nutrition complica-
tions, there is no consensus of the optimal strategy. Body composition analysis along with
biomarkers, e.g., leptin, seems to improve malnutrition identification in ESKD [5].

Leptin is one of the major adipokines, first described as a biomarker of obesity two
decades ago. Expression of leptin in visceral adipose tissue modulates appetite and satiety
centers in the hypothalamus, influencing growth, energy, and bone metabolism. Emerging
evidence suggests that leptin production is not limited to adipocytes, showing that skeletal
muscle together with bone cells are also responsible for that [6]. Moreover, leptin receptors
have been identified in human skeletal muscle [7] and their numbers may be reduced
alongside muscle mass in patients with sarcopenia [8].

Notably, serum leptin release occurs in the circadian cycle, reaching a peak at night
and therefore a disruption of the circadian balance can indirectly affect leptin secretion,
thermogenesis, and energy homeostasis [9,10]. As a pro-inflammatory cytokine, it is re-
sponsible for innate and adaptive immune responses, and contributes to the generation and
maintenance of low-grade inflammation that makes obese individuals more susceptible to
develop cardiovascular diseases, type 2 diabetes, or degenerative [11-13] and autoimmune
diseases [14,15].

Previous studies highlighted an important role of the kidney as the major site of leptin
removal from the circulation. Renal uptake of circulating leptin in normal kidney functions
as compared to kidney failure accounts for 12% and 0%, respectively [16]. Conversely, an
increase in leptin synthesis takes place in the adipose tissue in CKD patients, which further
contributes to hyperleptinemia. Chronic inflammation, hyperinsulinemia, and alterations
in the fatty acid profile could be important factors that stimulate leptin synthesis in the
adipose tissue in CKD [17].

In kidney transplant (KT) patients, leptin has been found to be associated with the
estimated glomerular filtration rate (eGFR) [4] and graft survival [18], suggesting that
lean individuals with lower leptin levels may benefit from kidney transplantation [19].
Studies that aimed to investigate the role of serum leptin in KTR are summarized in
Supplemental Table S1. The association of leptin with nutritional parameters after kidney
transplantation needs clarification and further investigation. Therefore, we aimed to
determine the relationship of the leptin concentration with nutritional status and body
composition during the early post-kidney transplant period. We hypothesized that leptin
concentration six months post-kidney transplant, in regard to the baseline pretransplant
value, plays an important role in diagnosing early post-transplant nutrition outcomes.

2. Subjects and Methods
2.1. Study Design and Patients

A follow-up observational study was conducted in a tertiary care university hospital
between January 2018 and December 2019. The primary aim of this study was to evaluate
the association of serum leptin level and nutritional status in the relevant KTR population,
alongside patient demographics, biochemical markers, and bioelectrical impedance analy-
sis (BIA) parameters. This study was approved by the regional research ethics committee
(approval date 1 December 2017 and number 158200-17-972-470) and the research ethics
committee of the hospital, and informed consent was obtained from all patients prior to
enrollment in the study. Inclusion criteria were as follows: (1) undergoing hemodialysis
(HD) > 3 months before KT; (2) age > 18 years; and the (3) signed informed consent form.
Exclusion criteria included patients with pacemakers; who were limbless; and patients
who refused to participate in the study.
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2.2. Laboratory Data

The blood samples were collected into BD Vacutainer SST-II Advance serum separator
tubes (BD Diagnostics, Oxford, UK) by venipuncture after the overnight fast between 7:00
and 9:00 am. The samples for leptin and prealbumin were immediately centrifuged for
10 min at 1800 RCF (ambient temperature) and aliquoted serum was frozen at —20 °C until
analysis. Samples for all other biochemical markers were centrifuged at the local clinical
chemistry laboratory (3230 RCF, ambient temperature, 7 min) and analyzed the same day.
Laboratory analysis was performed before KT and 6 months later. The list of performed
tests and their analytical methods are summarized in Table 1 below.

Table 1. Analytical methods of the study.

Variable, Units Method Details
Leptin, ng/mL ELISA (IBL International GmbH, Hamburg, Germany) on Gemini
ptn, ng analyzer (Stratec Biomedical, Bielefeld, Germany)
. Bromocresol green, colorimetric (Architect ci8200, Abbott, Chicago,
Albumin, g/L 1L, USA)
Prealbumin, /L Immunonephelometric (BN II, Siemens Healthineers, Erlangen,
Germany)

Ferritin, pg/L

CMIA (Architect ¢i8200, Abbott, Chicago, IL, USA)

Transferrin, g/L

Immunoturbidimetric (Architect ci8200, Abbott, Chicago, IL, USA)

hs-CRP, mg/L

Latex immunoturbidimetric (Architect ci8200, Abbott, Chicago, IL,
USA)

Enzymatic, cholesterol oxidase/cholesterol esterase (Architect
¢i8200, Abbott, Chicago, IL, USA)

Calculated by Friedewald formula, but if TG > 4.5 mmol /L, direct
enzymatic colorimetric (Architect ci8200, Abbott, Chicago, IL, USA)

Total cholesterol, mmol /L

LDL cholesterol, mmol/L

Enzymatic, glycerol phosphate oxidase (Architect ci8200, Abbott,

TG, mmol/L Chicago, IL, USA)
PTH, pmol/L CMIA (Architect ci8200, Abbott, Chicago, IL, USA)
«GFR Calculated by CKD-EPI formula: creatinine method-enzymatic

(Architect ci8200, Abbott, Chicago, IL, USA)
Abbreviations: ELISA, enzyme-linked immunosorbent assay; CMIA, chemiluminescent magnetic microparticle
immunoassay; hs-CRP, high sensitivity C reactive protein; LDL, low density lipoprotein; TG, triglycerides; PTH,
parathyroid hormone; and eGFR, estimated glomerular filtration rate.

2.3. Anthropometric Data

The same nephrologist performed all anthropometric measurements for all partici-
pants. Height and post-dialysis weight were measured using an automatic scale with a
sensitivity of 0.1 cm and resolution of 0.1 kg. BMI was calculated as the ratio between
weight and height in meters squared (kg/m?). Waist and hip circumferences in centimeters
were measured using a measuring tape and the waist-to-hip ratio was calculated.

2.4. Handgrip Strength

Handgrip strength (HGS) was evaluated using ahydraulic hand dynamometer (model
SH5002, SAEHAN Corp.,Changwon, South Korea) with a scale of strength of up to 100 kg.
Maximum strength of the non-fistula dialysis arm or, if there was no fistula, on the dominant
arm (because the arteriovenous fistula (AVF) is usually located in the non-dominant arm)
was measured three times with an interval of 5s between measurements and the highest
recorded value was considered maximal grip strength.
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2.5. Evaluation of Nutritional Status

Body composition including intracellular water (ICW), extracellular water (ECW),
total body water (TBW), fat free mass (FFM), skeletal lean mass (SLM), skeletal muscle
mass (SMM), body cell mass (BCM), bone mineral content (BMC), and phase angle (PhA)
were estimated by multiple frequency BIA. Measurements were performed by using the
portable body bioimpedance spectroscopy device InBody S10 (Biospace, Seoul, Korea).
Fat mass index (FMI) and lean mass index (LMI) were calculated as the quotient of fat
mass/height? and lean mass/height? (kg/m?).

As there is still no specific or validated nutrition screening tool for chronic kidney
disease, we have chosen to use the Subjective Global Assessment Scale (SGA) and Malnu-
trition Inflammation Score (MIS) that were administered through face-to-face interviews
and have been previously reported to be applicable tools in this population [20].

The Geriatric Nutritional Risk Index (GNRI) calculated from the serum albumin
level and the ratio between ideal and actual body weight. GNRI does not require patient
interviewing and therefore it was chosen as an additional nutrition measure. It has been
shown to be an appropriate nutrition screening tool and prognostic predictor in the CKD
population [21].

2.6. Statistical Analysis

The results were expressed as the mean + SD and median values. Data were tested
for normal distribution by Shapiro-Wilk statistics. Categorical variables were analyzed by
a Chi-square test. Comparisons between patients were performed using the Student’s t-test
for normally distributed data or two-sample Wilcoxon test for non-parametric variables.
Correlations of clinical parameters with serum leptin concentrations were evaluated by
Pearson’s correlation test.

Leptin concentration change ‘Aleptin’ was calculated as: post-transplant leptin
(6 months after kidney transplantation) concentration minus pre-transplant leptin concen-
tration. Furthermore, multivariate forward stepwise regression analysis was conducted
that evaluated the longitudinal change of ‘Aleptin’ adjusted for pre-transplant leptin con-
centration, age, sex, and its association with nutrition parameters and outcomes.

p-values lower than 0.05 were considered statistically significant. Statistical analysis
was performed using 3.3.2 version R commander (Remdr, Canada).

3. Results

Out of 105 eligible recipients for deceased kidney transplantation (KTR), 65 subjects
met the inclusion criteria and were enrolled in further analysis. Main pretransplant KTR
characteristics are presented in Table 2. The most prevalent causes of ESKD were IgA nephri-
tis and autosomal dominant polycystic kidney disease (16.9% and 13.8%, respectively). All
patients received immunosuppressive treatment according to our local protocols including
long-term immunosuppression with the calcineurin inhibitor, methylprednisolone, and
mofetil mycophenolate.

Significant leptin level correlations with pre and post-transplant variables are listed
in Supplemental Table S2. eGFR wasn’t correlated to the leptin level (pre-transplant
r=—0.013, p = 0.922; post-transplant r = 0.083, p = 0.514).

The comparison of pre-transplant and follow-up body composition measurement
results, as well as nutritional and biochemical parameters, is presented in Table 3. Leptin
levels significantly increased in 21 subjects and remained stable or decreased in others after
the first 6 months post-kidney transplant. Although the post-transplant weight increase
was documented, the BMI change was insignificant. According to BIA measurements, the
decreased muscle mass and therefore weaker HGS was replaced by a striking increase in
fat mass. Beyond previously mentioned changes, higher post-transplant transferrin, lower
prealbumin, leptin, and PTH were observed, while other biochemical markers remained
stable. Significantly lower pre and post-transplant leptin values were measured in the SGA
B group.
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Table 2. Pretransplant characteristics of enrolled KTR.
Variable, Units Baseline [min; max] or &= SD
n 65
Age, years 45(23; 69]
Sex, % women 42 (27)
Diabetes, % 12.(8)
Dialysis vintage, months 20 [0; 204]
BMI, kg/m? 25.3[18.3; 42.8]
Residual renal function, % of yes 52
Delayed graft function, % of yes 62
Ischemia time, minutes 870 [30; 1650]
Subjective global assessment scale: 615
A, % and 385
B %
Geriatric nutrition index 114 £ 10
Malnutrition-Inflammation Score 5[1;10]
Abbreviations: SD, standard deviation and BMI, body mass index.
Table 3. Comparison of pre and post-transplant variables in KTR.
Variable, Units Baseline Value [min; max] or = SD  After 6 Months [min; max] or + SD p Value
Weight, kg 67.5+29.1 79.6 +19.1 <0.001
BMI, kg/m? 25.3[18.3;42.8] 25.6 [16.0; 36.2] 0.797
Waist circumference, cm 94 +15 97 £ 16 <0.001
Hip circumference, cm 101 [54.0; 124] 102.2 +£10.5 0.613
Conicity index 128 4+0.1 1.31 £0.1 <0.001
GNRI 114 + 10 116 +£10 0.100
MIS 5[1;10] 11[0; 10] <0.001
Muscle mass, kg 344 +94 31.7 £79 <0.001
Fat free mass, kg 61.6 +15.6 579 +£13.3 <0.001
Fat mass, kg 179 £119 21.7 £11.9 <0.001
Body fat, % 21.7 £125 26.3 £11.3 <0.001
Fat mass index 4.910.5;16.8] 6.3[0.5;17.2] <0.001
HGS, kg 39 [15; 72] 32[16; 63] <0.001
Leptin, ng/mL 8.0[0.02; 119.7] 5.81[0.01; 45.63] <0.001
Albumin, g/L 438 £3.6 446 £3.8 0.096
Prealbumin, g/L 0.429 + 0.082 0.358 £ 0.074 <0.001
Ferritin, ug/L 304 [48; 914] 289 [19; 1819] 0.666
Transferrin, g/L 1.83 £0.28 217 £0.37 <0.001
hs-CRP, mg/L 1.9[04;24.7] 2.410.1;23.3] 0.324
Total cholesterol, mmol /L 5.88 [3.50; 11.85] 5.71[3.94; 10.49] 0.696
LDL cholesterol, mmol/L 3.58 +1.23 3.56 & 1.09 0.683
TG, mmol/L 2.15[0.69; 6.13] 1.92[0.80; 5.58] 0.734
PTH, pmol/L 87[0.6; 212] 17[0.7; 82] <0.001

Abbreviations: BMI, body mass index; GNRI, geriatric nutritional risk index; MIS, malnutrition inflammation score; hs-CRP, high sensitivity
C reactive protein; LDL, low density lipoprotein; TG, triglycerides; and PTH, parathyroid hormone.
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‘ALeptin’ (Table 3) was significantly associated with body weight, waist circumference,
fat mass, body fat percentage, and HGS. Decreased PTH alongside a leptin decrease was
observed. Other biomarkers failed to be associated with leptin. Worthy to note, diabetes
mellitus (8 —6.773, p = 0.010) and residual renal function (coded as “no/yes”, £8 3.626,
p =0.039), but not dialysis vintage or delayed graft function, were associated with leptin
change after renal transplantation. Interestingly, GNRI as a nutritional status tool was
strongly positively related to changes in leptin within the 6 months follow-up period.

After conducting stepwise model selection using Bayesian information criterion (BIC),
we identified independent variables significantly related to post-transplant leptin change
(Table 4).

Table 4. Leptin concentration change adjusted to pre-transplant leptin concentration, age and sex,
and its influencing factors. Multivariate forward stepwise regression analysis.

Multivariate Regression Stepwise Model Selection
Analysis Models (backward/forward)
g SE p-Value g SE p-Value
ABody weight, kg 0.151 0.067 0.028 - - -
ABMI, kg/m? 1.725 0.375 <0.001 - - -
AWaist circumference, cm 0.343 0.121 0.007 - - -
AFat mass, kg 0.420 0.120 <0.001 0.527 0.103 <0.001
ABody fat, % 0.444 0.108 <0.001 - - -
APTH, pmol/L 0.115 0.056 0.045 0.129 0.042 0.004
AHandgrip strength, kg 0.272 0.130 0.040 0.403 0.104 <0.001
AGeriatric nutritional risk 0.442 0133 0.002 . . .

index

Only statistically significant models are listed above. All the A are adjusted to pretransplant variable values.
Abbreviations: 8—a standardized regression coefficient, BMI, body mass index and PTH, parathyroid hormone.

4. Discussion

Nutritional issues are highly relevant in all phases of kidney diseases and even in
kidney transplantation. Wasting and frailty are related to negative outcomes in kidney
transplant recipients; however, post-transplant diabetes, obesity, and accelerated atheroscle-
rosis have a major impact on the overall prognosis [22]. Leptin evaluation is a promising
biomarker for nutrition status assessment after kidney transplantation and calls for further
assessments. Our report shows that in the early post-transplant period, leptin concentration
change is mainly dependent on fat mass gain and decreasing handgrip strength. As HGS is
a marker of muscle mass and alongside bioimpedance-derived evidence for muscle mass
loss after kidney transplantation in study subjects, we suppose that leptin association with
GNRI, but not SGA or MIS, could be explained by better GNRI performance in detecting
sarcopenia [23,24].

We observed leptin concentration changes in concordance with a body composition
shift, i.e., increase in visceral adiposity and fat mass, and with certain hormonal normaliza-
tion, a decrease of PTH. These findings are in agreement with the studies of many other
authors who clarified that leptin is mainly secreted into circulation from the adipose tissue
and its concentration is positively associated with fat mass in both lean and obese individ-
uals [25]. Furthermore, secondary hyperparathyroidism was associated with higher BMI
as shown in patients with CKD stages 2-5 [26]. Data from experimental studies disagree
on the relation between serum leptin and PTH [27]. Our findings were inconsistent with
earlier epidemiological studies that showed a negative correlation of the parathyroid hor-
mone and leptin in CKD, and higher leptin levels have been associated with reduced bone
turnover [11]. Further studies are warranted for elucidating the potential pathophysiologic
pathways between leptin and PTH.
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Kidney transplant recipients have usually a better nutritional status compared to
dialysis patients not on a transplant waiting list. Based on all of the three used nutrition
assessment tools (SGA, GNRI, and MIS), our patients had normal nutrition status or
mild-moderate malnutrition. Only GNRI was related to leptin change largely due to
the main constituents of this index, i.e., albumin and body weight, and due to the better
performance in detecting sarcopenia [21]. Furthermore, elevated pre and post-transplant
leptin concentration correlated with weaker handgrip strength. However, the handgrip
strength decrease during the follow-up was associated with a simultaneous leptin decrease,
possibly reflecting muscle wasting. The relationship between leptin and muscle mass
is rather controversial. Previous studies have proved the release of leptin from skeletal
muscle [28] and the presence of leptin receptors in both skeletal muscle and bone-derived
mesenchymal (stromal) stem cells. These findings suggest that leptin can be an important
part of a muscle-bone crosstalk [6]. Hubbard et al. reported low serum leptin levels in
relation to muscle atrophy in the frailest older population, suggesting that aberrant leptin
signaling is likely to play a significant role in sarcopenia [29].

Immunosuppression regimen that includes the administering of glucocorticoids
(16 mg peroral methylprednisolone administration) could also be a significant factor in
our cohort. Glucocorticoids play an important role in metabolic stress, especially in the
early post-transplant period when doses are higher. They induce leptin mRNA in adipose
tissues and lead to increased plasma levels of insulin, another leptin-inducing agent [30,31].
Some studies [32] show that increased food intake after glucocorticosteroid intake was
surprisingly related to increased leptin levels, suggesting resistance to leptin-determined
satiety signals and particularly explaining the leptin concentration change after kid-
ney transplantation.

Limitations of our study include the small sample size, the absence of a sex disaggre-
gated analysis, and a case-matched control group. The main strengths include the fact that:
this is an ongoing follow-up study analyzing the value of leptin concentration as an addi-
tional tool in the post-transplant nutrition status evaluation and our study used different
nutrition assessment tools including questionnaires and bioelectrical impedance analysis.

5. Conclusions

We confirm that ESKD patients undergoing kidney transplantation obtain early post-
transplant changes in leptin concentration (adjusted to age and sex) mainly due to the shift
in body composition, i.e., increase in fat mass and loss of muscle mass. The GNRI score as
compared to the SGA or MIS score identifies patients in whom the leptin concentration
is increasing alongside the accumulation of fat and decreasing muscle mass. Hence, we
suggest that leptin concentration evaluation in combination with BIA, HGS measurement,
and GNRI assessment are tools of importance in defining nutrition status in the early post-
kidney transplant period. Further research elucidating the leptin interplay with muscle
mass, hormonal changes, and nutrition after kidney transplantation is warranted.
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Table S1. The list of the studies investigating the role of serum leptin in KTR.

Author (year) Sample size/study design Mean age Correlations Findings
Muras-Szwedziak et al. (2019) 25/ follow up 3mo L. . The impact of physical activity on
[1] KTR vs CKD 46.9+11.8 Positive with CRP adipokines
Marchelek-Mysliwicc et al. 56/ cross-sectional Positive w1th BMI, BF , KT is assgcmted with the increase
5504124  Klotho protein; negative  of leptin, FGF23 and Klotho
(2019) [2] KTR vs HD vs control . . ; :
with adiponectin proteins
s Positive with TG, Leptin is associated with PTDM
Dedinska et al. (2018) [3] 70/ follow up 6mo 46.7+11.1 PTDM. AR and AR
Positive with BMI and . .
Matgorzewicz et al. (2016) [4] 183/cross-sectional 51.7+13.6 BF %; negative with Leptin correlated with BMI and
BF%, LBM and eGFR
LBM, eGFR
Positive with BMI, Graft function was a strong
Fonseca et al. (2015) [5] 40/follow up 7 days ND gender, age, DGF determinant of leptinemia
Increased BMI, abdominal
Positive with duration obesity, and high leptin
Matgorzewicz et al. (2014) [6] 80/cross-sectional 524+140  of KTX, BMIand BF%; concentration are aggravated by
negative with SGA time after transplantation and
deterioration of graft function
Positive with MS,
gender, BM, WC, BMI, KT recipients with MS were
Shu et al. (2014) [7] 280/cross-sectional 435+12.7 hypertension, Cr, associated with significantly
glucose, HbAlc, TG, higher serum leptin levels
uric acid
. . Positive with gender; ~ An inverse association between
Raﬁelan»Kop[e;e]] etal. 2013) 72/cross-sectional 44+ 12 negative with duration serum leptin and duration of renal
of KTX transplantation
Leptin levels and HOMA decrease
. Positive with BMI,  in the immediate post-transplant
£ . .
Nicoletto et al. (2012) [9] 32/ follow up 5 years 415+114 gender, BF%, HOMA  period and remain reduced for at
least 1 year
Teplan et al. (2012) [10] 70/follow up 12mo ND Positive with BF An increase of body fat was

associated with leptin

Leeetal. (2010) [11]

55/cross-sectional

40 to 61 years

Positive with WC, BMI,

Serum leptin concentration

BF, TG, hs-CRP), TSF, correlates positively with MS in

midAFA KT recipients
. Positive with age, MIS; MIS correlated significantly with
Molnar et al. (2010) [12] 993/cross-sectional si13 negative with eGFR _all measures of nutritional status
. . . Higher leptin levels were
Kovesdy et al. (2010) [13] 979/cross-sectional 509 +12.8 Posmye W]!h PTH’ associated with higher PTH and
negative with vitD L
lower vitamin D levels
32/ follow up 12mo Positive with BF,  Pretransplant leptin levels reduced
Souza et al. (2007) [14] KTR vs control 4154114 HOMA after KT
. . Elevated leptin levels are
Agras et al. (2005) [15] 41/cross-sectional 16 to 55 years Posmv;]\v;;t)h BML, associated with increased BMD in
KT recipients
e - . Positive with BF%,  Leptin levels are associated with
Malyszko et al. (2005) [16] 27/cross-sectional 30 to 67 years trunk fat, LBM, Cr, urea araft function and BF
El Haggan ct al. (2004) [17] 41/follow up 6mo 437+ 104 Positive x&éllt{hPBF, BMI, Pretransplant ]e%t:;‘ levels reduced
34/ follow up 6mo Positive with BF%, =~ HOMA and BF% were found to
Kayacan etal. (2003) [18] KTR vs control 2949 HOMA be associated with leptin level
. . . Leptin shows correlation with
25/cross-sectional Positive with BMI, . .
Kagan et al. (2002) [19] KTR vs HTR vs LTR 46.0+2.6 gender, Cr, CrCl gelnder,ABMI, kldnley function,
insulin and cortisol levels
28/follow up 12mo Body weight and BMI was
Baczkowska et al. (2000) [20] P 39.2+10.6 Positive with BMI associated with increased leptin
KTR vs control level
Kokotetal (1998) [21] 0/ follow up until discharge 3 5, ¢ Positive with BML -y 1o vels reduced after KT

from the hospital

negative with age
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Hyperleptinemia contributes to the
anorexia and poor nutritional
status in ESRD

45/ cross-sectional Positive with BMI,

Howard et al. (1997) [22] KTR vs HD vs PD vs control 25 to 70 years gender

CRP - C reactive protein; BMI - body mass index; BF —body fat, FGF23 - fibroblast growth I delayed graft function; KT —
kidney transplantation, KTR - kidney transplant recipient; HTR — heart transplant recipient; LTR - liver transplant recip-
ient; HD -hemodialysis; PD - peritoneal dialysis; K- healthy controls; CKD - chronic kidney disease; SGA — Subjective
Global Assessment; TG - triglycerides; PTDM — post-transplant diabetes mellitus; AR — acute rejection; HOMA — homeo-
stasis model assessment; MS — metabolic syndrome; BM — body mass; WC — waist circumference; Cr — serum creatinine;
CrCl - creatinine clearance; TSF — triceps skinfold, AFA — arm fat area; MIS — malnutrition inflammation score; PTH —
parathyroid hormone, vitD — vitamin D; BMD - body mineral density, ESRD - end-stage renal disease; ND —no data.

Table S2. Correlation between various variables and leptin levels.

Pre-transplant leptin concentration Post-transplant (after 6 months) leptin concentration
r p-value T p-value

Weight, kg 0.252 0.042 0.305 0.013
BMI, kg/m? 0.564 <.001 0.601 <.001
WC, cm 0.357 0.003 0.462 0.001
Body fat, % 0.643 <.001 0.757 <.001
Fat mass, kg 0.614 <.001 0.703 <.001
Muscle mass, kg -0.194 0.119 -0.197 0.114
Albumin, g/L -0.218 0.080 -0.148 0.238
PTH, pmol/I 0.316 0.010 0.278 0.024
GNRI 0.407 0.008 0.551 <.001
MIS -0.257 0.038 -0.150 0.232
HGS, kg -0.312 0.011 -0.212 0.089

BMI - body mass index, WC — waist circumference, GNRI - geriatric nutritional risk index, MIS —
malnutrition inflammation score, HGS — handgrip strength.
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Standardized Phase Angle for
Predicting Nutritional Status of
Hemodialysis Patients in the Early
Period After Deceased Donor Kidney
Transplantation

Diana Sukackiene*, Laurynas Rimsevicius and Marius Miglinas

Institute of Clinical Medicine, Faculty of Medicine, Vilnius University, Vilnius, Lithuania

Background: This study was designed to verify whether early posttransplant
standardized phase angle (SPhA) determines nutrition status of hemodialysis patients
in regard to different nutritional markers and predicts handgrip strength (HGS) 6 months
after kidney transplantation.

Methods: A total of 82 kidney transplant recipients on maintenance hemodialysis
treatment entered the study. Nutritional status was evaluated before kidney
transplantation, at the hospital discharge date, and 6 months after. We used
bioelectrical impedance analysis (BIA), three different malnutrition screening tools, HGS,
and anthropometric measurements. Demographic profiles and biochemical nutritional
markers were collected. SPhA values, adjusted for age and BMI, were used in our study.

Results: In the early posttransplant period, kidney transplant recipients lost muscle
mass, gained fat mass, and developed mostly negative SPhA, accompanied by
significantly lower albumin levels. The subjects with lower than median (<-1.46) SPhAgs
[the SPhA (at discharge) adjusted for hospitalization time and the baseline SPhA]
displayed lower values of albumin concentration (43.4 vs. 45.1 g/l, p = 0.010),
hemoglobin (124 vs. 133 g/I, p = 0.016), GNRI (113 vs. 118, p = 0.041), and HGS
(30 vs. 33kg, p = 0.043). These patients had higher ferritin concentrations (420 vs. 258
mkmol/l, p = 0.026), longer inpatient stays (32 vs. 21 days, p < 0.001), and higher MIS
scores (3 vs. 1, p = 0.001).

Conclusion: At the moment of hospital discharge, lower than the median SPhA
is related to protein-energy wasting, represented as lower concentrations of nutrition
biomarkers and an active inflammatory response. Higher SPhA before kidney
transplantation predicts HGS 6 months after kidney transplantation, especially in women.

Front. Nutr. 9:803002. Keywords: phase angle (PA), kidney tr ion, bioelectrical i d: lysis (BIA), z-score, handgrip
doi: 10.3389/fnut.2022.803002 strength (HGS)
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INTRODUCTION

Kidney transplantation is considered as the optimal treatment
option for end-stage kidney disease. It enables greater longevity
and better quality of life compared to peritoneal dialysis and
hemodialysis (1, 2). The early posttransplant (the first 6 months)
period carries a risk of significant complications, which includes
those related to nutrition and metabolic changes (3). In simple
terms, kidney transplant recipients could be considered both
“gainers” and “losers” by reflecting different posttransplant shifts
within body compartments.

During the last decade, nutritional status is shown to be a
relevant clinical factor in patients with chronic kidney disease
(CKD), as malnutrition and sarcopenia are strongly associated
with prolonged hospitalization, increased risk of complications,
infections, morbidity, and mortality (4). Kidney transplant
recipients may also suffer from the loss of muscle mass that
is replaced by fat mass. These changes might be caused by
the following triggers: low physical activity, uremic toxins,
inflammation, urine and/or dialysate nutrient losses, catabolic
and anabolic hormone dysfunction, and metabolic acidosis (5, 6).

A number of nutrition assessment tools are available on the
market. One of them is bioelectrical impedance analysis (BIA).
BIA has been advocated as a simple, safe, and non-invasive
technique. It measures body composition by determining the
resistance and reactance of the body against an alternating
electrical current (5). The measurement of phase angle (PhA)
is the most clinically established BIA parameter and has been
interpreted as an indicator of membrane integrity and body cell
mass (7). It has been acknowledged as a valuable measurement
for nutritional assessment and as an important predictor of
health status in a variety of diseases (8).

Currently, a limited number of studies have investigated PhA
measurement importance in kidney transplant recipients. To our
knowledge, none of them provided standardized PhA values for
either CKD population or for patients after kidney transplant.
Therefore, in this study, we aimed to verify whether standardized
PhA (SPhA) measured during the early posttransplant—at
the discharge from the hospital and then after 6 months of
follow-up—reflects on other compartments of body composition,
biochemical nutritional markers, and handgrip strength (HGS).

SUBJECTS AND METHODS
Study Design and Patients

A longitudinal observational study was conducted in a tertiary
referral university hospital between January 2018 and March
2020. The aim of this study was to measure BIA-derived
PhA and to investigate its associations with other BIA-derived
nutritional parameters: fat mass (FM), fat-free mass (FFM),
skeletal lean mass (SLM), skeletal muscle mass (SMM), HGS,
patient demographics, and biochemical markers at the baseline
(before KT), at the discharge day and 6 months posttransplant.
The eligibility criteria were as follows: (1) undergoing
hemodialysis (HD) > 3 months, (2) age > 18 years, and (3) signed
informed consent form. Exclusion criteria included limbless

patients, pacemakers, and patients who refused to participate in
the study.

In our hospital, the recipients after kidney transplant surgery
are transferred to the intensive care unit for 24-48 h, and then,
they are moved to the urology department for a week and the rest
of time they recover in the kidney transplantation department.
The patients remain in the hospital for a total of about 14-21
days. Dietary therapy during recovery period consists of high
protein, fiber, and low salt intake.

The flow chart of patient selection.

KT number during 2018-2020 year

(n=106)
Not enrolled (n=8):
<Age 18 (n=3)
Refused (n=5)

The patients recruited in the study
1st measurement (Baseline)

(n=98)
Excluded (n=9):
> Incomplete data (n=8)
Died (n=1)
2nd measurement
(Discharge day)
(n=89)
Excluded (n=7):
Lost to follow up (n=4)
Graft loss (n=2)
Died (n=1)

3rd measurement
(6 months after KT)
(n=82)

Ethics

Permissions from the regional research ethics committee
(approval number 158200-17-972-470) and the research ethics
committee of the hospital were acquired. Informed consent was
obtained from all patients prior to enrollment in the study.
The study was conducted in accordance with the principles of
Declaration of Helsinki.

Laboratory Data

Two times during the course of the study [at the baseline
(before KT) and 6 months later], blood samples were collected
to assess the following parameters: serum albumin, prealbumin,
ferritin, transferrin, and high-sensitivity C-reactive protein (hs-
CRP). The blood samples were collected into BD Vacutainer
SST-II Advance Serum Separator Tubes (BD Diagnostics, UK) by
venipuncture from all participants after a 12-h overnight fasting
period. Samples for all biochemical markers were centrifuged
at the local clinical chemistry laboratory (3230 RCE, ambient
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temperature, 7 min) and analyzed the same day using standard
automated methods. The CKD-EPI formula was used for
estimating glomerular filtration rate (eGFR).

Evaluation of Nutritional Status
Anthropometric Data

A trained nephrologist performed the anthropometric
measurements for all participants. Height (cm) and weight
(kg) were measured using an automatic scale with a sensitivity of
0.1cm and a resolution of 0.1 kg. BMI was calculated as a ratio
between weight and height in meters squared (kg/m?). Waist
and hip circumferences (cm) were examined using a measuring
tape, and the waist-to-hip ratio was calculated.

Handgrip Strength Assessment

Handgrip strength was measured using a Saehan hydraulic hand
dynamometer (Model SH5002) with a scale of strength up to
100kg. HGS was evaluated on the non-fistula dialysis arm or, if
there was no fistula, on the dominant arm, as the arteriovenous
fistula (AVF) is usually located in the non-dominant arm (9).
Three measurements were taken with an interval of 5 between
measurements, and the highest value was used for analysis.

Subjective Global Assessment and Malnutrition
Inflammation Score

The 2020 Updated Clinical Practice Guideline for Nutrition
in CKD published by the National Kidney Foundation/Kidney
Disease Outcome Quality Initiative recommended the 7-point
subjective global assessment (SGA) (7p-SGA) and malnutrition
inflammation score (MIS) for the assessment of nutritional status
in patients with CKD on HD. We have chosen to use SGA and
MIS, which were administered through face-to-face interviews
and have been previously reported to be applicable tools in this
population (10).

The SGA scores patients on a scale ranging; A—well
nourished, B—mild-to-moderately malnourished, C—severely
malnourished (11).

For the MIS, the cutoff proposed by Yamada et al. was used
to classify the nutritional status: 0 to 5—well-nourished; 6 to
10—mild protein-energy wasting (PEW), and >11—moderate-
to-severe PEW (12).

Phase Angle Measurement

Bioelectrical impedance analysis was performed to obtain the
measurements of resistance (R) and reactance (Xc) using a
calibrated body composition analyzer (InBody S10, Biospace,
Seoul, Korea), which applies a single frequency of 50kHz.
The analysis was conducted for patients in a reclining posture
and according to all recommendations from ESPEN and the
manufacturers (13).

The PhA was calculated automatically by the BIA device from
these two components according to the following formula: phase
angle (°) = (reactance/resistance) x (180°/1) (8).

Interestingly, many authors focus on the calculation of
a standardized phase angle (SPhA), which aims to account
for confounding factors when determining PhA. An SPhA
is calculated as a z-score that may be based on established

population reference values and allows assessment of individual
deviations from age-, sex-, and BMI-specific population (14). We
used standardized PhA values adjusted for age and BMI acquired
from Bosy-Westphal et al. to calculate PhA z-scores (15). In
summary, we calculated PhA z-scores as follows:

SPhA = [PhA (study population)

— reference PhA value] /reference SD

SD, standard deviation.

Then, the SPhA (at discharge) was adjusted for hospitalization
time and the baseline SPhA and labeled as the “SPhA;;.”

PhA and SPhA values for each study patient are provided in
the Supplementary Material.

Statistical Analysis
Data were analyzed using R commander (Remdr) version 3.3.2.
Continuous variables are expressed as the mean + standard
deviation (SD), discrete variables as medians with min-max
values in parentheses, and categorical variables as percentages.
To check the equality of two populations, an F-test and, if
appropriate, Student’s t-test or a two-sample Wilcoxon test were
applied, and for categorical variables, a chi-square test was
used. Multivariate linear regression analysis was used to evaluate
potency of SPhA at the baseline and at discharge to predict HGS
6 months after kidney transplantation following corrections for
age, sex, and baseline HGS. Since in men, these associations were
absent, and we reported only data on women.
p-values lower than 0.05 were
statistically significant.

considered  as

RESULTS

Patient Characteristics

We enrolled 82 kidney transplant patients who received
standard immunosuppressive treatment, which includes
methylprednisolone, ~calcineurin  inhibitor, and  mofetil
mycophenolate, after deceased-donor kidney transplantation.
Baseline characteristics are presented in Table 1. The underlying
kidney disease encompasses glomerulonephritis, polycystic
kidney disease, inherited diseases, diabetes nephropathy,
amyloidosis, pyelonephritis, kidney stones, and postrenal
pathologies. The mean cold ischemia time was 14 h 30 min, and
63% (52) experienced delayed graft function but without acute
transplant rejection.

Nutrition Status Change During Early

Posttransplant Period

The prevalence of protein-energy wasting (PEW) before kidney
transplantation was 44% and decreased to 7% after surgery. We
compared nutrition-related variables during early posttransplant
period (Table 2), that is, at the baseline (before transplantation)—
labeled as “basal,” on the hospital discharge day—Ilabeled as
“dis, and 6 months after kidney transplantation—labeled as “6
mo.” During the in-hospital stay, the study subjects had lost
muscle mass, but gained fat mass instead and developed mostly
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negative SPhAg;; accompanied by significantly lower plasma
albumin levels.

Standardized PhA and Nutrition Evaluation
The overlap of SPhA histograms at the baseline, at the discharge
day from hospital, and 6 months after kidney transplant is

presented in Figure 1.

The subjects with lower than median (<-1.46) SPhA g
displayed lower values for the following variables 6 months

TABLE 1 | Baseline characteristics of kidney transplant recipients.

Variable N=82
Age, year 43.9(12.9)
Women, yes 43 (35)
Diabetes, yes 11(9)
Residual kidney function, yes 55 (45)
Inpatient treatment duration, days 26 (12)
Immunosuppression Tacrolimus 95 (78)
MMF 100 (82)
Cyclosporin 5 (4)
SGA A59(48)
B 41 (34)
GNRI score 114 (10)
MIS score 5(2)

Data expressed as mean (SD) or percent (number of patients).
SGA, subjective global assessment; GNRI, geriatric nutritional risk index; MIS, malnutrition
inflammation score.

after kidney transplant: plasma albumin concentration (43.4 vs.
45.1 g/L, p = 0.010), hemoglobin (124 vs. 133 g/L, p = 0.016),
GNRI (113 vs. 118, p = 0.041), and handgrip strength (30
vs. 33kg, p = 0.043). Conversely, these patients had higher
ferritin concentrations (420 vs. 258 mkmoL/L, p = 0.026), longer
inpatient stay (32 vs. 21 days, p < 0.001), and higher MIS scores
(3 vs. 1, p = 0.001). The SGA nutrition questionnaire could not
reveal these differences.

We analyzed whether the calculation of SPhA values before
kidney transplant and at the hospital discharge could predict
HGS 6 months after kidney transplant. The scatterplots on the
association between HGS and SPhA are visualized in Figure 2.

Multivariate linear regression revealed that only in women,
baseline SPhA could predict HGS following adjustments for age
and baseline HGS (Table 3). We failed to confirm this association
in men. Besides, in our population, HGS was not associated with
dialysis vintage or other baseline variables—except for age and
raw PhA values—and therefore, we did not adjust for that in the
linear regression analysis.

DISCUSSION

This study aimed to evaluate whether early posttransplant
standardized phase angle (SPhA) determines nutritional
status regarding different nutrition markers and predicts
HGS 6 months after kidney transplantation. The main
finding of this study indicates that lower than the median
SPhA at the hospital discharge is related to protein-energy
wasting, represented as lower concentrations of nutrition

TABLE 2 | Comparison of nutrition-related variables during the early posttransplant period.

Variable “basal” “dis” “6 mo” p-value p-value
“basal” vs. “dis” “basal” vs. “6 mo”
Weight, kg 78(18) 75(18) 78(18) <0.001 0.52
BMI, kg/m? 25.9(6.2) 24.8(4.9) 26.1(6.2) <0.001 0.46
Body fat percent 21(12) 23 (11) 25 (11) 0.003 <0.001
Fat-free mass, kg 61(15) 57 (13) 58 (13) <0.001 <0.001
Fat mass, kg 17 (12) 18 (11) 21(12) 0.042 <0.001
Fat-free mass index, kg/m? 20 (3) 19©0) 19(3) <0.001 <0.001
Fat mass index, kg/m? 6(4) 6(4) 74 0.048 <0.001
Muscle mass, kg 34(9) 31(7) 32(7) <0.001 <0.001
Muscle mass index, kg/m? 1@Q) 10(2) 10 <0.001 <0.001
BCM, kg 40 (10) 37(8) 37(8) <0.001 <0.001
SPhA, —0.28 (1.65) —1.50%(1.23) —1.46 (1.16) <0.001 <0.001
Positive SPhA, yes 37 (30) 10(8) 7(6) <0.001 <0.001
TBW, L 45 (11) 42(9) 43(9) <0.001 <0.001
ECW, L 17 (4) 16 (5) 17 (4) 0.029 0.137
ICW, L 27 (7) 26 (6) 25 (6) <0.001 <0.001
Albumin, g/l 44 (4) 38 (1) 44 (4) <0.001 0.63
Handgrip strength, kg 37.8(13.6) - 32.7 (12.1) - <0.001

Data expressed as mean (SD) or percent (number of patients).
*Unadjusted.

BMI, body mass index; SPhA, standardized phase angle (PhA z-score); positive SPhA, the raw PhA score is higher than the mean average score presented by Bosy-Westphal et al.
(15); TBW, total body water; ECW, extracellular water; IW, intracellular water; BCM, body cell mass.
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biomarkers (measured by plasma albumin, hemoglobin), an
active inflammatory response (ferritin, MIS), whereas higher
SPhA before kidney transplantation predicts HGS 6 months
after kidney transplantation. In addition, this finding is specific
to women.

One potential explanation of our results could be the
longer hospital stay of the patients with lower SPhA caused
by surgical and/or infectious complications (16). Furthermore,
the underlying CKD-related and posttransplant inflammatory
responses observed as increased ferritin—acute phase protein—
levels and higher MIS scores reflected on impaired nutritional
status. Ringaitiene et al. demonstrated the associations among
the low PhA, low muscle mass, and decreased HGS in cardiac
patients (17). In the setting of heart failure, low PhA is
associated with increased mortality and prolonged length of
stay (18). Patients with a lower PhA also had a higher risk of
complications after surgical procedures (19). Kosoku A et al.
showed that PhA was negatively correlated with sarcopenia
in kidney transplant recipients (5). However, dos Reis et al.
reported that PhA was associated with only HGS but not with
other sarcopenia components or sarcopenia in kidney transplant
recipients (20). Notably, the latter studies used unstandardized
PhA values.

In line with previous studies, a low PhA is related to lower
HGS, a criterion for diagnosing sarcopenia, which results from
loss of SMM and strength (20). We also show that higher
unadjusted SPhA is associated with higher HGS 6 months
after transplantation, irrespective of sex. However, adjusted
SPhA predicts HGS only in women. PhA has previously been
reported to correlate with biomarkers of muscle degeneration
and to decrease after muscle injury (21, 22). This supports the
relationship between decreased PhA and not only low muscle
mass but also impaired muscle function (23).

Passadakis et al. found that in continuous ambulatory
peritoneal dialysis patients, PhA was only significantly different
between well-nourished and severely malnourished groups,
with a weak correlation between SGA and PhA (24). Varan
et al. showed a poor specificity of a low PhA for predicting
malnutrition in geriatric patients (7). The possible explanations
of a poor specificity could be the use of unstandardized
PhA and nutritional risk assessment with the Nutritional Risk
Screening Tool 2002 (NRS-2002). In contrast, we found a
significant association among standardized PhA, MIS, and
hypoalbuminemia but not SGA in our study. Even though
SGA has been considered as a tool applicable for patients with
CKD, there are many studies claiming otherwise. They show
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that MIS that includes 7 SGA components and TIBC, albumin Kidney transplantation, as a major surgical procedure, causes
and BMI, and GNRI is superior over SGA in malnutrition  protein catabolism, which leads to the loss of muscle tissue,
evaluation (25-27). decreased albumin concentration, and impaired nutritional
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TABLE 3 | Multivariate linear regression analysis with HGS following adjustments
for age and HGS before kidney transplantation.

SPhA at baseline SPhA at discharge
Beta SE p-value  Beta SE p-value
Handgrip 0.953  0.451 0.042 0.451  0.757 0.556

strength, women

status. However, the use of immunosuppressive therapy and
often abnormal renal function can affect the body composition
of renal recipients, particularly causing the loss of muscle mass.
In general, an increase in body weight is observed after renal
transplantation, but at least initial posttransplant weight gain
appears to be predominant due to an increase in fat mass (28).
Therefore, it is important to start systematic and supervised
physiotherapy immediately after surgery in combination with
dietary measures.

For example, patients with a lower functional capacity at
discharge are at risk of maintaining posttransplant physical
inactivity (29). Both aerobic training and resistance training
interventions appear to be clinically beneficial in kidney
transplant recipients (30). Even though kidney transplant
recipients increase their posttransplant physical activity level,
they do not reach the same level as their age-matched healthy
controls based on remaining compromised functional capacity,
due to the combined effects of prior deconditioning, uremic
myopathy, and muscle atrophy, which are also partly exacerbated
by immunosuppressive and steroid therapy (31). The proven
benefits of regular physical activity include healthy bones,
muscles, and joints and reduced risk of premature mortality
from arteriosclerotic disease and hypertension (32). This study
encouraged us to launch an early posttransplant physiotherapy
or rehabilitation program at our hospital and to prove the need
for organizational measures to improve the ambulatory stage of
physical rehabilitation and psychological therapy. Each patient
should feel encouraged to participate in exercise training adjusted
for individual capacity.

A major advantage is that we analyzed not raw but
standardized PhA values to detect the relationship between PhA
and nutrition status during the follow-up. To our knowledge,
this study is the first that has investigated the role of SPhA in
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Abstract: Background and Objectives: Sexual function and nutritional status assessment are relevant
topics in chronic kidney disease patients. This study was designed to investigate whether bioelectrical
impedance analysis-derived nutritional parameters, nutritional biomarkers, and handgrip strength
influence sexual function and to analyze the changes in sexual function after kidney transplantation
in men. Materials and Methods: Fifty-four men with kidney failure who had undergone replacement
therapy entered the study. In addition, sexual function and nutritional status were evaluated before
kidney transplantation and 12 months after. We used the International Index of Erectile Function,
bioelectrical impedance analysis, three different malnutrition screening tools, handgrip strength,
and anthropometric measurements. The demographic profiles and biochemical nutritional markers
were collected. Results: Sexual inactivity was associated with a lower phase angle (6 (1) vs. 7 (1),
p < 0.05) and a higher fat mass index (7 (5) vs. 3 (4), p < 0.05). Normal erectile function before
kidney transplantation was significantly related to higher fat-free mass (67 (11) vs. 74 (7), p < 0.05)
and lean mass (64 (10) vs. 70 (7), p < 0.05). The improvement in erectile function after kidney
transplantation was nonsignificant (44% vs. 33%, p = 0.57). Only a weak association between muscle
mass and sexual desire 12 months after kidney transplantation was found (¢S = 0.36, p = 0.02). Further,
linear regression revealed that higher muscle mass could predict better sexual desire after kidney
transplantation following adjustment for age, estimated glomerular filtration rate, and diabetes
mellitus. Conclusions: Kidney transplantation did not significantly improve erectile dysfunction in
our study population. Sexual desire and intercourse satisfaction are the most affected domains in
patients with chronic kidney disease. Higher muscle mass predicts higher sexual desire after kidney
transplantation. Higher levels of fat-free and lean mass are associated with normal erectile function
before kidney transplantation.

Keywords: sexual function; erectile dysfunction; sexual desire; nutritional status; kidney transplantation;
handgrip strength; muscle mass; body composition; bioelectrical impedance analysis

1. Introduction

Chronic kidney disease (CKD) is a leading public health problem worldwide, with
a continuously rising incidence during the past decades, affecting quality of life despite
the increase in life expectancy in these patients [1]. In addition, sexual dysfunction is
highly prevalent in the CKD population. In total, 50% of kidney failure patients without
replacement therapy (KRT) and 75% of kidney failure patients with replacement therapy
(KFRT) report erectile dysfunction (ED), and these estimates are higher than those in the
general population [2,3]. Further, disorders of sexual function and CKD share common
pathophysiological pathways—vascular or hormonal abnormalities—and are the hallmarks
of cardiovascular disease, hypertension, and diabetes mellitus (DM) [1].

Poor nutritional status due to protein-energy wasting (PEW), malnutrition, and sar-
copenia are frequent complications associated with increased mortality in patients with
CKD [4]. However, kidney transplantation (KT), championed as the best treatment for
CKD, can also contribute to malnutrition and muscle weakness [5]. To date, the effects of
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KT on ED are very contradictory, ranging from recovery of potency to minimal effects on
ED following KT [6,7].

Currently, a limited number of studies have investigated the impact of nutritional
status on sexual function in KT recipients. Therefore, the primary endpoint of the study
was whether any nutritional parameters influence any aspect of sexual function (sexual
activity, erectile function, sexual desire, orgasmic function, intercourse satisfaction, or
overall satisfaction) before and after KT. The secondary endpoint was the impact of KT on
specific domains of sexual function.

2. Subjects and Methods
2.1. Study Design and Patients

This prospective observational study was carried out between January 2018 and March
2020 in a tertiary referral university hospital. The aim of this study was to evaluate male
sexual function and investigate its associations with anthropometric measurements, hand-
grip strength, biochemical markers, and bioelectrical impedance analysis (BIA)-derived
nutritional parameters at baseline (before KT) and 12 months posttransplant.

The inclusion criteria were as follows: (1) male sex; (2) age greater than or equal
to 18 years; (3) KFRT (on hemodialysis (HD) or peritoneal dialysis (PD)) for more than
3 months; (4) being a kidney transplant recipient; and (5) signing an informed consent form.
The exclusion criteria were as follows: limbless patients, patients with pacemakers, and
patients who refused to participate in the study. The flowchart of patient selection is shown
in Figure 1.

Transplanted men
during 2018-2020 year
{n=54)

l l

The patients recruited in the study Refusalto participate
1st assessment (Baseline) (n=2)
(n=52)

l l

No sexual activity Sexually active Lost to follow up (n=1)
reported (n=41) ™| Died (n=1)
(n=11)

l l

2nd assessment
(12 months afterKT)
(n=50)

| l

No sexual activity Sexually active
reported (n=38)
(n=11)

Figure 1. Study flowchart.

2.2. Ethics

The study was approved by the regional research ethics committee and complies with
the principles of the Helsinki Declaration. Written informed consent was obtained from all
patients before enrolment in the study.

2.3. Laboratory Data

The blood samples for the assessment of albumin and prealbumin were collected twice
during the study: at baseline (before KT) and 12 months later, after a 12-h overnight fast.
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BD Vacutainer SST-II Advance Serum Separator Tubes (BD Diagnostics, UK) were used.
Samples were centrifuged at the local clinical chemistry laboratory (3230 RCF, ambient
temperature, 7 min) and analyzed the same day using standard automated methods.

2.4. Assessment of International Index of Erectile Function

The International Index of Erectile Function (IIEF) is an extensively used, self-report
diagnostic tool for the evaluation of male sexual function and ED severity. The IIEF
is a 15-item tool that examines five domains of male sexual function: erectile function
(EF), orgasmic function (OF), sexual desire (SD), intercourse satisfaction (IS), and overall
satisfaction (OS) [8]. Each question is scored on a 5-point scale. The total score range is 4-75,
but the scales for each domain vary. A higher score indicates better sexual functioning.
The severity of ED was based on the Cappelleri criteria: no ED (EF score 26 to 30), mild
ED (EF score 22 to 25), mild to moderate ED (EF score 17 to 21), moderate ED (EF score 11
to 16), and severe ED (EF score 6 to 10) [9]. The questionnaire, translated into the native
local language, was administered by a nephrologist before and at least 12 months after
successful KT.

2.5. Evaluation of Nutritional Status
2.5.1. Anthropometric Data

The anthropometric measurements for all participants were performed by one trained
nephrologist. Height (cm) and weight (kg) were measured using an automatic scale with a
sensitivity of 0.1 cm and a resolution of 0.1 kg (Seca, model 704, Hamburg, Germany). BMI
was calculated as a ratio between weight and height in metres squared (kg/m?). The waist
circumference (cm) was examined 2.5 cm above the umbilicus using a measuring tape.

2.5.2. Handgrip Strength Assessment

Handgrip strength (HGS) is an important tool for representing overall muscle strength
and diagnosing sarcopenia. HGS in our study was measured using a Saehan hydraulic
hand dynamometer (Saechan, model SH5002, Changwon, Republic of Korea) with a scale of
strength up to 100 kg. HGS was evaluated on the nonfistula dialysis arm or, if there was no
fistula or PD patient, on the dominant arm. Three measurements were performed with an
interval of 5s between measurements, and the highest value was used for analysis.

2.5.3. Bioelectrical Impedance Analysis

Bioelectrical impedance analysis is a technology that is widely used for the assessment
of body composition. The purpose of BIA is to measure the electric impedance of an electric
current passing through the body. We performed measurements by using an InBody 510
portable body bioimpedance spectroscopy device (Biospace, Seoul, Republic of Korea). The
analysis was conducted with patients in a supine position 30 min after HD or when patients
had an empty abdomen in PD patients, and all recommendations from the European Society
for Clinical Nutrition and Metabolism (ESPEN) and the manufacturers were followed [10].
From the determined impedance, a number of BIA parameters were evaluated. Fat mass
(FM) and fat-free mass (FFM) estimations are considered the main parameters in body
composition assessment techniques. FFM is everything that is not body fat and decreases
with age and chronic diseases. All cells that have an effect on metabolism compose body cell
mass (BCM). Low BCM values are associated with malnutrition, dehydration, and cachexia.
Phase angle (PhA) is one of the best markers of cell membrane function, characterizing
training and nutritional status. Low PhA and low muscle mass (MM) indicated poor
training status and poor nutritional status [11].

BIA-derived parameter indices (fat mass index (FMI), fat free mass index (FFMI),
muscle mass index (MMI), lean mass index (LMI), and body cell mass index (BCMI)) were
calculated by dividing each type of tissue weight in kilograms by height? (kg/m?).
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2.5.4. Nutrition-Related Questionnaires

Nutritional risk screening tools are very helpful in daily clinical practice to detect po-
tential or existing malnutrition. Currently, more than 33 different nutritional risk screening
tools are available [12]. We chose the Subjective Global Assessment Scale (SGA), Malnutri-
tion Inflammation Score (MIS), and Geriatric Nutritional Risk Index (GNRI), which have
been previously reported to be applicable tools in CKD populations [13]. SGA and MIS
were administered through face-to-face interviews. The GNRI does not require patient
interviewing, and the scores were calculated from the serum albumin level and the ratio
between ideal and actual body weight.

The Subjective Global Assessment Scale (SGA) is a validated tool to assess nutritional
status and is recommended by the American Society of Parenteral and Enteral Nutrition
(ASPEN). The SGA focuses on features of the medical history and physical examination
and scores patients on a scale ranging from A-well nourished, B-mild to moderately
malnourished, to C-severely malnourished [14].

For the MIS, the cut-off proposed by Yamada et al. was used to classify nutritional
status: 0 to 5 well-nourished, 6 to 10 mild PEW, and >11 moderate to severe PEW [15].

2.6. Statistical Analysis

The results are expressed as the mean + standard deviation (SD) or the median with
interquartile range (IQR), and categorical variables are expressed as percentages. Data
were tested for normal distribution by Shapiro-Wilk statistics. To check the equality of
two groups, an F test and, if appropriate, a paired Student’s t test for normally distributed
data or a paired Wilcoxon signed rank test for nonparametric variables were applied, and
for categorical variables, a chi-square test was used. For correlations between nutritional
parameters and sexual function (EF, OF, SD, IS, OS), Spearman’s rank test was performed.

Linear regression analysis was used to evaluate the association of muscle mass (ad-
justed for age, DM, and estimated glomerular filtration rate (GFR)) with sexual desire
12 months after KT.

A value of p lower than 0.05 was considered significant. All analyses were performed
using R Commander (Remdr) version 3.3.2.

3. Results
3.1. Patient Characteristics

Fifty-two male kidney transplant recipients were enrolled. Baseline characteristics are
presented in Table 1.

The underlying causes of kidney disease included glomerulonephritis (60%), poly-
cystic kidney disease (12%), inherited kidney diseases (13%), diabetic nephropathy (8%),
amyloidosis (2%), pyelonephritis (2%), and kidney stones (4%). A total of 50 out of 52 en-
rolled patients (96 %) had primary or secondary hypertension. A total of 46% of patients
received four or more antihypertensive agents. Only 8% were taking monotherapy, 27%
were taking dual therapy, and 19 % triple therapy. Among all antihypertensive classes,
the most common were calcium channel blockers (67%) and beta blockers (65%). Other
antihypertensive agents were used more rarely: centrally acting (48%), angiotensin receptor
blockers (ARB) (44%), diuretics (33%), alpha blockers (29%), and angiotensin-converting
enzyme (ACE) inhibitors (13%).

Identical immunosuppressive treatment with a combination of a calcineurin inhibitor,
methylprednisolone, and mofetil mycophenolate was prescribed to all participants. The
mean cold ischaemia time was 14 h 48 min & 7 h, and in 34 cases (65%), delayed graft
function without acute transplant rejection was observed.

3.2. Sexual Activity and Nutritional Status in Kidney Transplant Recipients before
Kidney Transplantation

We compared nutrition-related variables between sexually active (n = 41) and inactive
(n =11) KT recipients before KT (Table 2).
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Table 1. Pretransplant characteristics.

Variable n=52
Age, year 40.8 (11)
Residual kidney function, yes 31 (60)
A 30 (58)
SGA B2 (42)
GNRI score 114 (10)
MIS score 4(2)

e . HD 42 (81)
Dialysis modality PD 10 (19)
Dialysis vintage, months 19 (20)
Having a partner, yes 42 (81)
Comorbidities

Diabetes 4(8)

Hypertension 50 (96)

Cardiovascular disease 9(17)

Dyslipidemia 33 (63)

Neurological disorders 3(6)

Data expressed as mean/ median (SD/IQR) or percent (number of patients); SGA—Subjective Global Assessment,
GNRI—Geriatric Nutritional Risk Index, MIS—Malnutrition Inflammation Score.

The majority of sexually active men (93%) and only one-third (36%) of sexually inactive
men had a sexual partner. Obesity was prevalent in 46% of sexually inactive men and
in 15% of sexually active men. In addition, sexually active men had significantly higher
BIA-derived PhA but lower body fat percent and fat mass index.

3.3. Nutritional Parameters and Erectile Function before and after Kidney Transplantation

Those who reported no sexual activity before KT remained sexually inactive after KT.
Therefore, further data analysis was performed only with sexually active men.

The prevalence of ED before KT was 44% (1 = 18), and that following KT dropped to
33% (n =13) (p = 0.57). All patients (1 = 3) with DM had ED before and after KT. The results

of ED are summarized in Table 3.

Sexual desire and intercourse satisfaction were the two most affected domains

(p < 0.05). No significant differences were found among any of the five domains of the
IIEF-15 before and 12 months after KT (EF p = 0.57, OF p = 0.15, SD p = 0.33, IS p = 0.15, OS
p = 0.54) (Figure 2).

The BIA-derived nutritional parameters in men with ED (score < 26) compared to those
with normal erectile function (score > 26) are shown in Table 4. Significant pretransplant
differences were found in fat-free mass (67 = 11 vs. 74 + 7, p < 0.05) and soft lean mass (64 + 10
vs. 70 & 7, p < 0.05). However, no differences were identified 12 months posttransplant.

We also analysed whether BIA-derived nutritional parameters could predict sexual
function (erectile function, orgasm, sexual desire, intercourse satisfaction, overall sexual
satisfaction) before and after KT. A weak association between muscle mass and sexual
desire 12 months after KT was identified (Figure 3). Linear regression (Table 5) revealed
that if two patients differ by 10 kg of muscle mass, we expect that the one with more muscle
mass will have a SD +1 point higher, an average, after accounting for age, DM, eGFR.
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Table 2. Comparison of nutrition related variables between sexually active and inactive recipients
before kidney transplantation.

Variable No Se();u:ll?;:tivity Sext::ll=y41:)ctive p Value
Dialysis vintage 16 (17) 19 (21) 0.76
Age, year 44 (13) 40 (10) 0.20
Weight, kg 91 (25) 84 (15) 0.35
BMI, kg/m? 28 (6) 25 (4) 0.05
Muscle mass, kg 39 (9) 40 (6) 0.67
Muscle mass index kg/m2 12(2) 12.(1) 0.90
Lean mass, kg 66 (14) 67 (9) 0.84
Handgrip strength, kg 44 (8) 48 (11) 0.26
Phase angle, ° 6(1) 7(1) 0.04
Lean tissue index, kg/ m? 20 (3) 20 (2) 0.76
Fat mass, kg 22 (15) 11(12) 0.07
Fat mass index, kg/m? 7 (5) 3(4) 0.04
Body fat (%) 22 (15) 13 (12) 0.05
Fat free mass, kg 70 (16) 71(9) 0.85
Fat free mass index, kg/ m? 22 (4) 22(2) 0.73
Body cell mass, kg 45 (10) 46 (6) 0.75
Body cell mass index, kg/m 14 (2) 14 (2) 0.89
Waist circumference, cm 105 (21) 94 (12) 0.13
MIS score 4(2) 5(2) 0.83
GNRI score 118 (12) 114 (10) 0.24
Prealbumin, mg/dL 43 (8) 42 (8) 0.81
Albumin, g/L 45(3) 45 (4) 0.81

Data expressed as mean/median (SD/IQR) or percent (number of patients). BMI—body mass index, GNRI—
Geriatric Nutritional Risk Index, MIS—Malnutrition Inflammation Score.

Table 3. ED rate before and after KT.

Dysfunction Rate.
Severe, 11 (%) Moderate, n (%)  Mild to Moderate, 1 (%) Mild, n (%) No Dysfunction, 1 (%)
Before KT (1 = 41) 3 (7%) 2 (5%) 6 (15%) 7 (17%) 23 (56%)
After KT (n = 39) 3 (8%) 2 (5%) 5 (13%) 3 (8%) 26 (66%)
p-value 0.94 0.95 0.81 0.20 0.33
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Figure 2. IIEF-15 score before and after KT.
Table 4. Comparison of nutrition related variables with regards to ED presence before and after KT.
Before KT (1 = 41) 12 Months after KT (n = 39)
ED No ED Val ED No ED Val
(1=18) (n=23) pvatue (1=13) (1 =26) pvatue
Age, year 40 (12) 39 (9) 0.79 42(13) 41 9) 0.76
Dialysis vintage, months 23 (21) 18 (20) 0.62 - - -
Delayed graft function, yes (%) - - - 7 (54%) 16 (61%) 0.64
BMI, kg/m? 25 (4) 26 (4) 0.28 25(8) 25 (4) 0.83
Waist circumference, cm 91 (16) 91(16) 0.46 97 (11) 98 (12) 0.67
Handgrip strength, kg 50 (10) 46 (12) 0.19 44(11) 53 (15) 0.13
Muscle mass, kg 38 (7) 42 (4) 0.05 36 (4) 38 (5) 017
Muscle mass index, kg/ m? 12(2) 12(1) 0.25 11(1) 12(1) 0.59
Fat mass, kg 10 (9) 12 (15) 041 13 (9) 15 (12) 043
Body fat % 14 (9) 14 (8) 0.78 18 (8) 19 (9) 0.81
Fat free mass, kg 67 (11) 74 (7) 0.04 65 (7) 68 (8) 0.19
Fat free mass index, kg/ m? 21(3) 22(2) 0.24 20 (2) 21(2) 0.66
Fat mass index, kg/m? 3(3) 44 0.58 5(4) 4(3) 0.98
Body cell mass, kg 44 (7) 48 (4) 0.05 42 (4) 44 (5) 017
Body cell mass index, 1<g/m2 14 (2) 14 (2) 0.27 13 (1) 13 (1) 0.62
PhaseA, ° 70) 7(1) 0.77 6(1) 6(1) 0.26
Lean mass, kg 64 (10) 70 (7) 0.03 61 (6) 65 (8) 0.19
Lean tissue index, kg/ m?2 20(2) 21(2) 0.24 18 (2) 19 (2) 0.43
Albumin, g/1 16 (5) 45 (4) 0.76 44(3) 45 (3) 0.07
Prealbumin, mg/dL 43 (8) 43 (8) 0.83 33(8) 37(8) 0.25
GNRI score 112 (10) 115 (9) 0.38 112 (6) 115 (9) 0.21
MIS score 5(2) 50) 0.83 1(1) 12) 0.61

Data expressed as mean/median (SD/IQR) or number of patients (percent); BMI—body mass index, GNRI—
Geriatric Nutritional Risk Index, MIS—Malnutrition Inflammation Score.
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Figure 3. Correlation between muscle mass and sexual desire 12 months after. KT.rS—Spearman
correlation coefficient.

Table 5. Linear regression analysis. Muscle mass as determinant of sexual desire —following
adjustments for age, diabetes mellitus and eGFR 12 months after KT.

Sexual Desire

Beta SE p-Value

Muscle mass, kg 0.102 0.05 0.04
eGFR—estimated glomerular filtration rate.

4. Discussion

Sexual dysfunction is a common feature that reduces CKD patients” quality of life and
is often underestimated by clinicians [16]. Successful KT is a preferred renal replacement
therapy for KERT patients, providing better health-related quality of life [17]. The present
study showed that kidney transplantation may not improve erectile function after one year
of follow-up [18,19]. Impaired sexual desire was associated with lower muscle mass in
male kidney transplant recipients.

In this population, ED has a multifactorial etiology, including abnormalities in the
hypothalamic-pituitary-gonadal axis, autonomic nervous system disturbances, endothelial
dysfunction, anaemia, secondary hyperparathyroidism, medication effects, and neuro-
logical and psychological derangements [20,21]. Disturbances on sex steroid synthesis,
secretion, and metabolism (leading to primary hypogonadism and dysfunction of the
hypothalamic-pituitary axis) occur with a degree of severity proportionate to the reduc-
tion in glomerular filtration rate [22]. High levels of follicle stimulating hormone (FSH),
luteinizing hormone (LH), prolactin, and low testosterone levels are reported in uremic
men. Kidney transplantation has been demonstrated to reverse the impaired endocrine
status in the majority of recipients. The restoration of kidney function improves prolactin
clearance, which leads to normalization of LH and testosterone levels [6,23].

Furthermore, ED and CKD are associated with diseases causing endothelial impair-
ment, such as hypertension, diabetes, dyslipidemia, obesity, and metabolic syndrome [24].
Endothelial dysfunction plays an important role in ED, as nitric oxide (NO) production is
decreased in poorly functioning endothelial cells. Therefore, CKD directly (via impact on
endothelial function) and indirectly (via associated metabolic conditions) influence ED [25].

Sexual inactivity or absence of sexual intercourse is usually considered an exclusion
criterion [19]. However, we suppose that sexual inactivity is one of the important puzzle
details in evaluating sexual function in CKD patients. Changes in body shape and image
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(catheter, fistula) also contribute to weaker sexual desire and dysfunction [1]. In accordance
with Goncalves et al. [26], we showed that 11 male kidney transplant recipients reported no
sexual activity in the previous 4 weeks (21%). The European Male aging Study indicated
adiposity as a risk factor for sexual dysfunction [27]. Additionally, it has been reported that
testosterone and sex-hormone binding globulin levels are lower in men with obesity and
inversely correlate with the degree of obesity [28,29].This condition triggers a vicious cycle
in which low testosterone contributes to maintaining a high body weight and accumulation
of intra-abdominal fat, leading to a greater degree of testosterone deficiency [30]. In our
report, obesity, a lower phase angle, and a higher fat mass index were associated with
sexual inactivity.

A higher phase angle indicates better nutritional status [31]. In fact, nutritional issues
(malnutrition, protein energy wasting, and sarcopenia) are also highly relevant in all phases
of CKD, even in KT [32]. Posttransplant immunosuppressive therapy, e.g., glucocorticoids,
calcineurin inhibitors, and mofetil mycophenolate, affects body composition by causing the
accumulation of fat mass and the loss of muscle mass [33]. We found that the greater the
muscle mass, the better the sexual desire. In addition, sexually active men with ED before
KT had significantly lower fat-free mass and lean mass. It is likely that measures that result
in gaining muscle mass would be helpful in increasing sexual desire after KT.

Sexual desire and intercourse satisfaction were the most affected domains in men after
KT. Raggi et al. found that both the desire and the frequency of sexual activity decreased
after transplantation [34]. Al Khallaf summarized that orgasmic function is the only sexual
function spared among male dialysis patients and kidney transplant recipients [19]. Several
studies reported improvements in erectile parameters after KT [35-37]. However, our
results are in agreement with the authors, who showed that there was no significant
difference in erectile function between uremic patients who receive kidney transplant and
dialysis [18,19]. The main change in erectile dysfunction was observed in patients with
mild dysfunction to no dysfunction, while the rest of the ED severity groups remained
unaltered before and after KT.

In addition, we found no significant difference when comparing the mean values
of the total IIEF score, erectile function, orgasmic function, intercourse satisfaction, or
overall satisfaction score before and 12 months following kidney transplantation. It is
worth mentioning that all patients received transplants in which an end-to-side vascular
anastomosis was created between the renal artery of the graft and the external or common
iliac artery of the recipient. Therefore, vascular anastomosis did not affect erectile function
in our cohort.

Due to the small number of living donations in our transplantology center, we could
not compare sexual function between living and deceased kidney donor recipients. Inter-
estingly, Branco et al. could only observe a higher level of intercourse satisfaction among
living donor recipients [38].

Some limitations need to be considered. First, we did not measure testosterone levels,
which are meaningful in sexual disorders. Furthermore, the study had a relatively small
sample size, which may have reduced the statistical power. Another limitation is that
the BIA measurement used in the present study has lower accuracy in monitoring body
composition than dual-energy X-ray absorptiometry. However, BIA is an easily applicable
bedside method that is widely used in daily practice. Finally, quality of life and physical
activity were not evaluated, which could be useful in interpreting the results.

Despite these limitations, the present study provides valuable information as the first
exploratory study to identify how the specific changes in body composition are related to
male sexual function after kidney transplantation.

5. Conclusions/Future Directions

This study confirmed that ED may persist after successful kidney transplantation.
Sexual desire is one of the most impaired domains in male KT recipients and is associated
with lower muscle mass. In addition, the promotion of physical activity and a healthy diet
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together with the management of immunosuppressive therapy may have beneficial effects
in terms of the improvement of sexual dysfunction in this population before and after KT.
Further, sexual function assessment should be considered an essential part of the clinical
assessment of kidney transplant recipients. Early diagnosis of sexual dysfunction and early
referral to specialists leads to improvements in mental health and quality of life.

Additionally, large-scale prospective studies examining the impact of nutritional
parameters and their relationship with sexual function in KT patients are needed to sub-
stantiate the findings of the present study.
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Correlation of serum leptin and nutritional parameters in ESRD
patients. Rugpjtacio 30 — rugséjo 3 d., 2019. Krokuva (Lenkija).
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