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1. Nota informacyjna

Niniejsza rozprawa doktorska autorstwa lek. Agnieszki Zylki pt. ,,Znaczenie wybranych
markeréw uszkodzenia nerek u chorych z cukrzycg typu 2” oparta jest o monotematyczny
cykl artykutow, na ktory sktadaja si¢ tacznie 4 prace, w tym 3 prace oryginalne i 1 praca
pogladowa, opublikowane w czasopismach indeksowanych w bazie PubMed
oraz znajdujacych si¢ na liscie Journal Citation Reports (Thomson Reuters).

Laczna warto$¢ Impact Factor (IF) dla cyklu przedstawionych prac (wedlug Thomas
Reuters Journal Citation Reports 2017) wynosi 5,897 oraz 75 punktow Ministerstwa Nauki

i Szkolnictwa Wyzszego (wedlug ,,listy A”).

Do cyklu artykutow sktadajgcych si¢ na rozprawe wlaczono nastepujace prace:

1. Zylka A., Gala-Bladzinska A., Rybak K., Dumnicka P., Drozdz R., Kusnierz-Cabala
B.: Role of new biomarkers for the diagnosis of nephropathy associated with diabetes
type 2. Folia Med Cracov. 2015; 55: 21-33. (MNiSW=10).

2. Gala-Btadzinska A., Zylka A., Rybak K., Dumnicka P., Kuzniewski M., Kus$nierz-
Cabala B.: Usefulness of measuring urine neutrophil gelatinase-associated lipocalin
(NGAL) and calculating NGAL to creatinine ratio as early predictors of kidney
dysfunction in patients with type 2 diabetes. Diagn Lab. 2015; 51: 97-104.
(MNiSW=10).

3. Zylka A., Gala-Bladzinska A., Dumnicka P., Ceranowicz P., Kuzniewski M., Gil K.,
Olszanecki R., Kusnierz-Cabala B.: Is urinary NGAL determination useful for
monitoring kidney function and assessment of cardiovascular disease? A 12-month
observation of patients with type 2 diabetes. Dis Markers. 2016;
doi.org/10.1155/2016/8489543. (IF=2,348; MNiSW=25).



4. Zylka A., Dumnicka P., Kusénierz-Cabala B., Gala-Bladzinska A., Ceranowicz P.,
Kucharz J., Zabek-Adamska A., Maziarz B., Drozdz R., Kuzniewski M.: Markers of
glomerular and tubular damage in the early stage of chronic kidney disease in diabetic
patients. Mediat Inflamm. 2018; doi.org/10.1155/2018/7659243. (IF=3,549;
MNiSW=30).

Czes¢ wynikéw zostala dodatkowo przedstawiona w postaci 2 doniesien zjazdowych

prezentowanych na nastepujacych konferencjach:

1. Gala-Btadzinska A., Dumnicka P., Zylka A., Kusnierz-Cabala B., Kuzniewski M.:
Urinary neutrophil-associated lipocalin as complementary to albumin biomarker of
early stage diabetic kidney disease in type 2 diabetes. ASN Kidney Week 2015 Annual

Meeting, San Diego, USA, 5"-8" November, 2015 [FR-PO612].

2. Pater P., Dumnicka P., Gala-Bladzinska A., Zylka A., Ku$nierz-Cabala B., Drozdz R.:
Urine electrophoresis suggests different mechanism of early renal impairment among
patients with type 2 diabetes. The 4th Joint EFLM-UEMS Congress ,,Laboratory
Medicine at the Clinical Interface”, Warsaw, Poland, 21"-24" September, 2016

[eA221].
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2. Podsumowanie pracy doktorskiej w jezyku polskim

Wstep

Cukrzycowa choroba nerek (DKD - diabetic kidney disease) begdaca przedmiotem
badan podjetych w niniejszej pracy doktorskiej stanowi jedno z najczestszych powiktan
cukrzycy typu 2 (DMt2 - diabetic kidney disease) o charakterze mikroangiopatii oraz jedna
z gtownych przyczyn przewlektej choroby nerek (CKD - chronic kidney disease) [1]. CKD
definiowana jest jako utrzymujace si¢ przez ponad trzy miesigce nieprawidtowosci
morfologiczne lub czynnoSciowe nerek lub przesgczanie kiebuszkowe (GFR - glomerular
filtration rate) <60 ml/min/1,73m? [2].

Wedlug obowigzujacych aktualnych kryteriow w celu rozpoznania DKD nalezy
w pierwszej kolejnosci wykluczy¢ inne przyczyny CKD, a nastepnie udokumentowac
obecno$¢ albuminurii w oparciu o ocen¢ wartosci wskaznika albumina do Kreatynina
w moczu (UACR - urinary albumin to creatinine ratio) >30mg/g potwierdzonej nastgpnie
w kolejnych (przynajmniej 2) badaniach wykonanych w ciggu 3-6 miesiecy obserwacji [3].

Pomimo postepu jaki dokonuje si¢ w ostatnich latach w zakresie leczenia DMt2,
jak na przyktad wlaczenie do terapii lekéw inkretynowych, a w szczeg6lnosci antagonistow
receptora dla glukagonopodobnego peptydu-1 (GLP-1 - glucagon-like peptide-1), czy lekow
hamujacych kotransporter sodowo-glukozowy (SGLT-2 - sodium glucose cotransporter-2
inhibitors) w cewkach proksymalnych nerek, DKD nadal pozostaje pierwsza przyczyna
niewydolnosci nerek 1 konieczno$ci rozpoczynania terapii nerkozastepczej w krajach
rozwinigtych [4].

Jedng z  waznych  przyczyn takiej  epidemiologii  s3:  heterogenny

przebieg kliniczny uszkodzenia nerek u chorych z DMt2 wynikajagcy ze wspotistnienia



skorelowanych z DMt2 schorzen w przebiegu zespolu metabolicznego oraz zbyt pozne
rozpoznanie DKD w fazie pojawiania si¢ uszkodzen narzagdowych [5].

DMt2 jest schorzeniem, ktore przez wiele lat bywa asymptomatyczne, stad tez wielu
chorych pozostaje przez dhugi okres czasu bez odpowiedniego leczenia [6]. W poczatkowym
okresie choroby dochodzi zwykle do hiperfiltracji w kiebuszkach nerkowych, co moze
falszowa¢ rozpoznanie uszkodzenia nerek w przebiegu DMt2, natomiast przedluzajaca sie
hiperfiltracja doprowadza do nieodwracalnego szkliwienia kiebuszkéw nerkowych,
ktore w badaniu histopatologicznym opisujemy jako segmentowe stwardnienie kl¢buszkow
nerkowych (FSGS - focal segmental glomerulosclerosis). Tymczasem, FSGS nierzadko
pojawia si¢ u chorych z DMt2, jako wyraz wspotistniejacej otylosci, czy nadci$nienia
tetniczego i wyprzedza na wiele lat objawowe stadium choroby [7].

Dostepne 1 zalecane przez Towarzystwa Nefrologiczne biowskazniki oceny funkcji
nerek, jak estymacja przesgczania klebuszkowego (eGFR) oparta o pomiar kreatyniny
w surowicy krwi oraz ocena albuminurii w pojedynczej porcji moczu pozostaja ztotym
standardem w rozpoznaniu DKD [3], oceniajac wybiorczo jedynie funkcje filtracyjng nerek.

W przebiegu przeprowadzonych prac badawczych w grupie chorych z DMt2 ocenie
poddano zaré6wno biowskazniki uszkodzenia cewek nerkowych jak: lipokaling zwigzang
z zelatynaza neutrofilow (NGAL - neutrophil gelatinase-associated lipocalin) w surowicy
i W moczu, czasteczke uszkodzenia nerek-1 (KIM-1 - kidney injury molecule-1) w moczu,
uromoduling (UMOD) w surowicy i w moczu, jak rowniez markery uszkodzenia kigbuszka
nerkowego, tj. albuminurie, transferyne i immunoglobuling G (IgG - immunoglobulin G)

W moczu oraz cystatyne C w surowicy (sCysC - cystatin C) [8].
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Cele pracy

Przeprowadzono badania majace na celu ocen¢ przydatno$ci diagnostycznej oznaczania

biomarkeréw wczesnego uszkodzenia nerek w stadium G1/A1 i G2/A1 w przebiegu DMt2.

W szczegblnosci oceniono:

uzyteczno$¢ diagnostyczng oznaczen uNGAL 1 wyliczanego wskaznika uNGAL
do kreatyniny w moczu (UNCR - urine neutrophil gelatinase-associated lipocalin to
creatinine ratio) w pierwszej porannej porcji moczu u pacjentow z DMt2, jako
predykatorow wczesnego uszkodzenia cewek nefronu,

zmiany stezenia uUNGAL, albuminurii i uUACR w czasie oraz wielkosci wskaznika
uNCR oznaczanych w porannej porcji moczu po rocznej obserwacji, ze szczegolnym
uwzglednieniem progresji uszkodzenia nerek oraz oceny ryzyka wystapienia schorzen
sercowo-naczyniowych (CVD - cardiovascular diseases) w badanej grupie chorych,
zaleznosci miedzy zmiang stezen (UACR, SNGAL, uNGAL, uNCR) w moczu, sCysC
w surowicy, UMOD w surowicy i w moczu, wskaznika uromodulina/kreatynina
w moczu, transferyny, 1gG, KIM-1 i wskaznika KIM-1/kreatynina w moczu
oraz czasem trwania i stopniem wyroéwnania cukrzyCy ocenianym poprzez zmiang
wielkosci HbA1c,

uzyteczno$¢ diagnostyczng oznaczen sNGAL w surowicy oraz uNGAL, uNCR,
uKIM-1/kreatynina oraz IgG w moczu w prognozowaniu progresji uszkodzenia nerek
oceniang poprzez zmiang¢ warto$ci eGFR oraz UACR po rocznej obserwacji chorych
z DMt2,

mozliwo$¢ zastosowania wartosci eGFR wyliczonych z wykorzystaniem wzoru
z zastosowaniem sCysC (eGFRcs) w celu diagnostyki DKD w przedklinicznym

stadium choroby.
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Material i metody

Grupa badana

Do badan przeprowadzonych w pracy wilaczono pacjentow powyzej 18 roku zycia
z eGFR>60ml/min/1,73m?, bez cech jawnego biatkomoczu, leczonych w Poradni
Nefrologicznej Klinicznego Szpitala Wojewoddzkiego nr 2 im. Sw. Jadwigi Krolowe;
w Rzeszowie z rozpoznaniem DMt2. Do kryteriow wytaczajacych zaliczono: brak $§wiadome;j
zgody na udzial w badaniu, stosowanie lekow potencjalnie nefrotoksycznych, zakazenie drog
moczowych, zakazenie ogolnoustrojowe, choroby nowotworowe, choroby alergiczne,
niedokrwisto$¢, choroby tkanki fgcznej oraz nieustabilizowane nadci$nienie t¢tnicze (>140/90
mmHg) w chwili kwalifikacji do badania. Liczebno$¢ poszczegdlnych grup opisano
szczegdlowo w kolejnych pracach. Najliczniejsza grupa obejmowata 115 pacjentow

z rozpoznaniem DMt2.

Material badany

W ramach badania u pacjentow zglaszajacych si¢ do Poradni Nefrologicznej
wykonywano badania podstawowe, do ktorych zaliczono pomiar stezenia glukozy w surowicy
na czczo, poziom HbAzc, badanie morfologii krwi obwodowej z rozmazem, profil lipidowy,
stezenie biatka C reaktywnego (CRP - C-reactive protein), kreatyniny w surowicy
wraz z wyliczeniem eGFR wg wzoru CKD-EPI oraz badanie ogdlne moczu wraz z analizg
osadu. W pierwszej porannej porcji moczu przeprowadzono pomiar stgzenia NGAL
oraz albuminy i kreatyniny, wyliczajac nastgpnie wskazniki uACR oraz uNCR. Dodatkowo,
probdéwke porannej porcji moczu zabezpieczono do dalszych badan. W celu przeprowadzenia
dodatkowych badan zabezpieczono réwniez surowice oraz 0socze cytrynianowe

i wersenianowe. Rozporcjowane probki o objetosci 500 uL. przechowywano w temperaturze -
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-80°C do czasu zebrania pelnego kompletu. Badania przeprowadzano w seriach.
W zabezpieczonym materiale przeprowadzono pomiary stezen transferyny, IgG,

uromoduliny, KIM-1 w moczu oraz CysC, NGAL i uromoduliny w surowicy.

Metody laboratoryjne

Do badania ogélnego moczu wykorzystano analizator Labumat-Urised 2. Pomiar
uNGAL wykonano przy uzyciu techniki CMIA (chemiluminescent microparticle
immunoassay) na analizatorze Architect Analyzer (firmy Abbott Diagnostics, Lake Forest, IL,
USA).  Stezenie albuminy w  moczu  zmierzono przy uzyciu  metody
immunoturbidymetrycznej, natomiast kreatyniny przy uzyciu metody enzymatycznej
na analizatorze Olympus/Beckman Coulter Chemistry Analyzer AU680 (Beckman Coulter,
Brea, USA). Badanie morfologii krwi obwodowej z rozmazem przeprowadzono
na analizatorze hematologicznym ADVIA 2120i firmy Siemens (Siemens Healthcare
Diagnostics, Germany). Pomiar st¢zenia transferyny, IgG 1 CysC wykonano przy uzyciu
metody immunonefelometrycznej na analizatorze Nephelometer Il firmy Siemens (Siemens
Healthcare, Erlangen, Germany). Uromoduling oraz KIM-1 oznaczono z wykorzystaniem
techniki ELISA przy pomocy zestawéw Human Uromodulin ELISA kit (BioVendor, Brno,
Czech Republic) i Quantikine ELISA Human TIM-1/KIM-1/HAVCR Immunoassay (R&D
Systems, McKinley Place, MN, USA). St¢zenie NGAL w surowicy oznaczono przy uzyciu
zestawu Human Lipocalin-2/NGAL ELISA firmy BioVendor, Brno, Czech Republic. Odczyt
wynikow uzyskiwano w sposob automatyczny przy pomocy mikroczytnika Automatic Micro
ELISA Reader ELX 808 (BIO-TEK® Instruments Inc., Winooski, VT, USA).

Badania laboratoryjne wykorzystywane w rutynowej ocenie stanu pacjenta
przeprowadzono w Laboratorium Zaktadu Diagnostyki Laboratoryjnej Klinicznego Szpitala

Wojewoddzkiego Nr 2 im. Sw. Jadwigi Krélowej w Rzeszowie. Pomiary stezenia transferyny
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1 IgG w moczu oraz CysC w surowicy wykonano w Zakltadzie Diagnostyki Szpitala
Uniwersyteckiego w Krakowie. Badania dodatkowe tj. pomiary stezen uromoduliny
w surowicy i w moczu, NGAL w surowicy oraz KIM-1 w moczu przeprowadzono

w Zaktadzie Diagnostyki Katedry Biochemii Klinicznej UJ CM w Krakowie.

Analiza statystyczna

Wstepne postegpowanie stanowila analiza normalnos$ci rozktadéw badanych
parametrow przy pomocy testu Kormogotowa-Smirnowa. Normalno$¢ rozktadéw zostata
oceniona za pomocg testu Shapiro-Wilka. Dane przedstawiono jako liczb¢ chorych dla
zmiennych nominalnych oraz mediang (dolny-goérny kwartyl) lub $rednig + odchylenie
standardowe dla zmiennych cigglych. R6znice miedzy podgrupami grupy badanej oceniano
testem t-Studenta lub testem Manna-Whitney’a. Analizujac korelacje wykorzystano
wspotczynnik Persona lub R Spermana. Celem oszacowania warto$ci diagnostycznych testow
badanych parametrow przeprowadzono analizy krzywych ROC (receiver operating
characteristic) z wyznaczeniem punktow odcigcia. Za znamiennie statystycznie okreslano
wyniki przy p<0,05. Do analizy statystycznej wykorzystano pakiet Statistica 12.0 (StatSoft,

Tulsa, USA).
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Charakterystyka prac wchodzacych w sklad rozprawy doktorskiej

Artykut numer 1
Zytka A., Gala-Blgdziriska A., Rybak K., Dumnicka P., Drozdz R., Kusnierz-Cabala B.: Role
of new biomarkers for the diagnosis of nephropathy associated with diabetes type 2. Folia

Med Cracov. 2015; 55: 21-33.

Bedacy wstepem do rozprawy doktorskiej artykut stanowi przeglad aktualnej wiedzy
na temat nowych biomarkerow DKD z uwzglednieniem umiejscowienia procesu
patofizjologicznego uszkodzenia nerek w przebiegu DMt2. W artykule przedstawiono
aktualne informacje na temat wybranych wskaznikow DKD uwzgledniajac biomarkery
uszkodzenia cewek nerkowych tj: uNGAL, KIM-1, uromoduling, NAG, L-FABP
oraz markery uszkodzenia kigbuszka nerkowego: CysC oraz interleuking 18. W pracy
przedstawiono rowniez nowe kierunki w diagnostyce DKD wskazujac na znaczenie
markerow stresu oksydacyjnego, jako predykatoréw zmian patofizjologicznych zachodzacych
w strukturach nefronu oraz kluczowa role oksydazy NADPH oraz jej izoform, w tym NOX-4
prowadzacych do powstawania reaktywnych form tlenu (ROS - reactive oxygen species),
uszkadzajgcych czynnos¢ zaréwno $rodbtonka, jak i cewek nerkowych w DMt2.

Autorzy pracy podkreslili réwniez mozliwos¢ wykorzystania nowych biomarkerow
DKD zwigzanych z dysfunkcja podocytow obserwowang we wezesnych stadiach uszkodzenia
nerek w srodowisku cukrzycowym. Ponadto, zaznaczono role oznaczen mikroRNAs (MRNAS)
miedzy innymi, jako markerow wioknienia nerek w przebiegu DKD oraz opisano mozliwos¢
wykorzystania proteomiki w prognozowaniu wystapienia wczesnych etapow rozwoju

choroby.
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Artykut numer 2

Gala-Blgdzinska A., Zytka A., Rybak K., Dumnicka P., KuZniewski M., Kusnierz-Cabala B.:
Usefulness of measuring urine neutrophil gelatinase-associated lipocalin (NGAL) and
calculating NGAL to creatinine ratio as early predictors of kidney dysfunction in patients

with type 2 diabetes. Diagn Lab. 2015; 51: 97-104.

Celem badania byla ocena uzyteczno$ci pomiaréw st¢zenia NGAL w pierwszej
porannej porcji moczu oraz wyliczenie wskaznika uNCR u chorych z wczesng postacig
uszkodzenia nerek rozwijajaca si¢ w przebiegu DMt2. Badaniem objeto 55 chorych z DKD
pozostajacych pod opieka Poradni Nefrologicznej oraz 22 osoby w grupie kontrolnej bez
DMt2. Do badania zakwalifikowani zostali chorzy bez cech jawnego biatkomoczu,
z warto$cia eGFR >60ml/min/1,73m?. Wykazano wyzsze stgzenia UNGAL w moczu
u chorych z DKD, jednak istotng statystycznie rdéznicg zaobserwowano tylko dla warto$ci
uNCR. Wykazano, ze wartosci uNCR>21,3 pg/g moga by¢ pomocne we wczesnym
przewidywaniu uszkodzenia cewek nerkowych w przebiegu DKD. W badaniu
zaobserwowano istotnie statystycznie wyzsze stezenia uNCR u kobiet, nie wykazujac
znamiennych réznic zwigzanych z plcig dotyczacych nieskorygowanych oznaczen uNGAL.
W artykule przedstawiono ponadto dodatnig korelacj¢ pomiedzy zmiang st¢zenia uNGAL
1 uNCR oraz stgzeniem albuminy w moczu i wskaznikiem uACR, obserwujac tym samym ich
wysoka specyficzno$¢ dla wezesnego uszkodzenia nefronu w DMt2, jednocze$nie w grupie
kontrolnej istotna statystycznie byta jedynie korelacja uNGAL z albuminurig. W obu grupach
nie zaobserwowano charakteryzujacych si¢ istotnoscig statystyczng korelacji uNGAL i uNCR
z eGFR. Potwierdzeniem negatywnego wptywu aterogennego lipidogramu na progresj¢ DKD
stanowi przedstawienie dodatniej korelacji uNGAL =z frakcja LDL-cholesterolu

oraz triglicerydow z uNCR, a takze zalezno$¢ obu wskaznikow z wartosciag uACR.
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Artykut nr 3

Zyika A., Gala-Blgdzinska A., Dumnicka P., Ceranowicz P., Kuzniewski M., Gil K,
Olszanecki R., Kusnierz-Cabala B.: Is urinary NGAL determination useful for monitoring
kidney function and assessment of cardiovascular disease? A 12-month observation of

patients with type 2 diabetes. Dis Markers. 2016; doi.org/10.1155/2016/8489543.

Niniejsza praca oryginalna przedstawia mozliwo$¢ zastosowania nowych
biowskaznikow w diagnostyce DKD oraz ocenie ryzyka CVD na podstawie rocznej
obserwacji chorych z DMt2 z uwzglednieniem zmian st¢zenia uNGAL w czasie
oraz wielkosci wskaznika uNCR wynikajacych z podjetego leczenia nefroprotekcyjnego.
Przedstawiona praca ma charakter prospektywnego badania obserwacyjnego. Do badania
pierwotnie zakwalifikowano 55 chorych z DKD pozostajacych pod opieka Poradni
Nefrologicznej. Po uptywie roku obserwacja obj¢to 30 chorych z DMt2 w wieku 64+13 lat
ze zwigkszonym ryzykiem rozwoju DKD bez jawnego biatkomoczu oraz eGFR >60
ml/min/1,73m?.  Chorych leczono zgodnie z zaleceniami Polskiego Towarzystwa
Diabetologicznego [9]. Zaobserwowano istotne statystycznie obnizenie stezenia UNGAL oraz
UNCR u pacjentow po rocznej obserwacji, wskazujac na pozytywny wplyw
wielokierunkowego leczenia w hamowaniu progresji uszkodzenia cewek nerkowych w DKD.

W pracy zwrocono uwage na obnizenie wartos$ci albuminurii oraz wskaznika uACR
po rocznej obserwacji w grupie badanej, nie uzyskujac jednak istotnosci statystycznej
otrzymanych wynikow.

U wigkszosci badanych osiggnieto poprawe w zakresie wyrdwnania cukrzycy,
obserwujac istotne statystycznie zmniejszenie wartosci HbDA1, ktoremu towarzyszylo

obnizenie wartos$ci biatkomoczu cewkowego definiowanego st¢zeniem uNCR.
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W pracy wykazano, ze wzrost uNCR powyzej 21,3 pg/g zwigzany jest z wigksza
czestoscig wystepowania CVD niezaleznie od pici, wieku, czasu trwania cukrzycy, BMI
(Body Mass Index) oraz hiperlipidemii, co stanowi potwierdzenie uzytecznosci klinicznej
oceny wydalania NGAL z moczem w ocenie predykcji CVD niezaleznie od oceny

albuminurii i eGFR.

Artykut nr 4

Zytka A., Dumnicka P., Kusnierz-Cabala B., Gala-Blgdziriska A., Ceranowicz P., Kucharz J.,
Zgbek-Adamska A., Maziarz B., Drozdz R., Kuzniewski M.. Markers of glomerular and
tubular damage in the early stage of chronic kidney disease in diabetic patients. Mediat

Inflamm. 2018; doi.org/10.1155/2018/7659243.

Celem niniejszej pracy byta ocena mozliwosci wykorzystania w rutynowej
diagnostyce DKD markerow uszkodzenia zaréwno kiebuszkéw, jak i cewek nerkowych
u pacjentow z DMt2 we wczesnym stadium CKD (G1/G2 Al/A2 wg KDIGO 2012)
oraz ocena mozliwos$ci wykorzystania ich oznaczen w prognozowaniu pogorszenia funkcji
nerek u chorych z DMt2 po rocznej obserwacji. Wérod markerow uszkodzenia kigbuszkow
nerkowych oceniano w szczegodlnosci przydatno$é oznaczen albuminy, transferyny, IgG
w moczu oraz CysC w surowicy. Stopien uszkodzenia cewek nerkowych badano oznaczajac
stezenia NGAL w moczu, KIM-1 w moczu oraz uromoduliny w surowicy i w moczu.
Do badania zakwalifikowano tacznie 80 pacjentow z DKD. U wiekszosci badanych (N=61,;
77%) wartosci uACR miescily si¢ <30mg/g, u pozostatych pacjentéw stezenia UACR
utrzymywaty si¢ pomigdzy 30 a 300 mg/g, natomiast u 10 chorych sposrod 29 pacjentow

(36% grupy badanej) po rocznej obserwacji stwierdzono podwyzszenie stezenia UACR
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pomimo stosowania leczenia nefroprotekcyjnego. Wykazano znaczacg zalezno$¢ wyzszych
warto$ci uNGAL oraz sSNGAL z pogorszeniem funkcji nerek wyrazong spadkiem eGFR
oraz istotng statystycznie korelacje pomiedzy wzrostem uNGAL, uNCR, uKIM-1/kreatynina
oraz 1gG w moczu z podwyzszeniem wartosci uACR. W przedstawionej pracy stwierdzono
znaczaco wyzsze stezenia sCysC, SNGAL w surowicy, UNGAL, uNCR, uKIM-1, uKIM-
1/kreatynina w moczu, transferyny i IgG w moczu oraz istotnie statystycznie nizsze stezenie
uromoduliny w surowicy u pacjentow z umiarkowanie podwyzszong albuminurig, prezentujac
ich rol¢ jako potencjalnych czynnikéw wskazujacych na CKD w stadium G1/G2 A2.
Jednocze$nie podkreslono obiecujacg rolg oznaczen IgG oraz uKIM-1/kreatynina w moczu,
jako najbardziej swoistych czynnikow predykcyjnych DKD u pacjentow z uACR >30 mg/g.
W badaniu zaobserwowano mozliwos¢ wykorzystania we wczesnej diagnostyce DKD
oznaczen eGFR z wykorzystaniem wzoru opartego na sCysC (eGFRcys), wykazujac znaczaca
roznicg ich warto$ci w grupie pacjentow z CKD w stadium Al oraz A2. Odnotowano
jednoczesnie brak powyzszej korelacji w odniesieniu do eGFR wyliczonego na podstawie
wzoru z zastosowaniem stgzenia kreatyniny wyliczonego wg wzoru CKD-EPI (eGFR CKD-
EPI). Podkreslono uzytecznos¢ diagnostyczng oznaczen wskaznikow uNGAL oraz uKIM-1
skorygowanych ze stezeniem kreatyniny w moczu (UNCR oraz uKIM-1/kreatynina w moczu)
wykazujac wieksza ich specyficzno$¢ w diagnostyce DKD.

Niniejsza praca jest pierwszym polskim doniesieniem dotyczacym oznaczen stezenia
uromoduliny w moczu oraz surowicy u pacjentdw z wczesnym uszkodzeniem nerek
w przebiegu DMt2. Przedstawiono odmiennos$¢ patofizjologiczng uromoduliny w poréwnaniu
z pozostatymi biowskaznikami, zwigzang ze spadkiem jej stezenia w Ssurowicy oraz w moczu
U pacjentéw zagrozonych rozwojem wczesnego uszkodzenia nerek. W pracy podkreslono
brak istotnej korelacji stezenia uromoduliny zarobwno w moczu, jaki i w surowicy z wartos$cig

albuminurii oraz eGFR. Dodatkowo, wykazano ujemng korelacj¢ stezenia uromoduliny
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W moczu z warto$cig HbA1c, mogaca wskazywacé na wigksza podatno$¢é uszkodzenia cewek
nerkowych u pacjentow z niedostatecznym stopniem wyrdéwnania glikemii. Ponadto,
w niniejszym artykule wykazano istotnie statystyczng korelacje uACR, UNGAL, uNCR,
transferyny, IgG, uromoduliny w moczu oraz wskaznika uromodulina/kreatynina w moczu

z poziomem HbA ¢ oraz albuminy w moczu, UACR , uNCR i IgG z dtugos$cia trwania DMt2.
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Whioski i implikacje praktyczne przeprowadzonego badania

Whioski

1. Wyniki przeprowadzonego badania potwierdzaja uzyteczno$¢ zastosowania oznaczen
stezenia uUNGAL oraz wyliczanego wskaznika uNCR w diagnostyce wczesnych
stadiow DKD. Potwierdzeniem wysokiej specyficznoséci tych biowskaznikow dla
przewidywania wczesnego uszkodzenia nerek w DMt2 stanowi wykazanie dodatniej
korelacji uNGAL i uNCR z albuminurig oraz uACR. Ustalenie punktu odcigcia dla
wskaznika uUNCR=21,3 pg/g umozliwia wyodrebnienie grupy chorych zagrozonych
uszkodzeniem cewek nerkowych w przedklinicznym stadium choroby.

2. U pacjentéw z DKD bedacych w rocznej obserwacji, wykazano istotne statystycznie
obnizenie stgzenia uNGAL oraz uNCR w grupie badanej, poddanej
wielokierunkowemu leczeniu nefroprotekcyjnemu oraz znamienne obnizenie wartosci
HbA1.. Wykazano, ze lepsza kontrola glikemii ma zwigzek z poprawa czynnosci
kanalikow nerkowych, zmniejszajac biatkomocz cewkowy. W badaniu wykazano
ponadto uzyteczno$¢ diagnostyczng uNCR w szacowaniu zwigkszonego ryzyka
wystepowania CVD.

3. Potwierdzono uzyteczno$¢ diagnostyczng podwyzszonych stezen sCysC, sNGAL
w surowicy, UNGAL, uNCR, uKIM-1, uKIM-1/kreatynina w moczu, transferyny i 1gG
w moczu oraz spadku st¢zenia uromoduliny w surowicy w grupie badanej
z DMt2 w predykcji CKD w stadium G1/G2 A2. Najwickszg wartos¢ pola
powierzchni pod krzywa ROC wykazano dla oznaczen IgG oraz wskaznika
uKIM-1/kreatynina w moczu. Wykazano, iz wigkszo§¢ badanych biowskaznikow
dodatnio koreluje ze stopniem wyréwnania cukrzycy wyrazong wartoscig HbA1c,
Co potwierdza uzyteczno$¢ ich zastosowania w praktyce klinicznej celem

monitorowania skutecznosci leczenia pacjentow z DMt2.
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4. Przedstawiona istotnie statystycznie znamienna zalezno$¢ pomi¢dzy wyzszymi
stezeniami  UNGAL oraz sSNGAL oraz obnizaniem si¢ wartosci eGFR
oraz podwyzszonymi stezeniami UNGAL, uNCR, uKIM-1/kreatynina oraz IgG
w moczu ze wzrostem uACR po rocznej obserwacji pacjentow z DMt2, wskazuje
na mozliwos$¢ zastosowania powyzszych markerow w prognozowaniu postepujacego
uszkodzenia nerek.

5. Autorzy badania potwierdzili uzyteczno$¢ diagnostyczng oznaczen eGFR
z wykorzystaniem wzoru z zastosowaniem sCysC (eGFRys), w celu wyodrebniania

grup pacjentow zagrozonych wczesnym rozwojem uszkodzenia nerek w DMt2.

Implikacje praktyczne i ograniczenia przeprowadzonego badania

Prowadzona rutynowo diagnostyka uszkodzenia nerek w przebiegu DMt2
z wykorzystaniem oceny st¢zenia kreatyniny w surowicy oraz albuminurii, pozostaje
niewystarczajaca do precyzyjnej oceny nefropatii. Pojawienie si¢ albuminy w moczu nie jest
specyficzne dla DKD, wskazuje natomiast na uszkodzenie bariery filtracyjnej niezaleznie od
zmian zachodzacych w cewkach nerkowych i $rodmigzszu nerki. Wobec powyzszych,
zmianie powinien ulec rowniez u chorych z DMt2 plan diagnostyczny wprowadzajacy
w ramach rutynowych kontroli nefrologicznych oznaczenie nowych biomarkerow DKD,
informujacych o uszkodzeniu rowniez pozakiebuszkowych struktur nefronu w przedklinicznej
fazie choroby. W przedstawionej pracy doktorskiej dokonano oceny uzyteczno$ci
diagnostycznej szeregu wskaznikow, jednak w celu wdrozenia ich oznaczen do codziennej
praktyki, konieczne jest potwierdzenie uzyskanych wynikow w badaniach z udzialem
wigkszej grupy pacjentow. Kluczowe wydaje si¢ rowniez ustalenie wartosci granicznych dla

badanych biomarkerow w diagnostyce DKD.
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Wyniki uzyskane podczas badan przedstawionych w pracy doktorskiej wskazuja
roOwniez na potrzebe prowadzenia kolejnych badan majacych na celu obnizenie wartosci

referencyjnych dla rozpoznania podwyzszonej albuminurii.
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Abstract: In twenty first century, the incidence of type 2 diabetes mellitus (DMt2) dramatically increases,
followed by the number of patients suffering from its complications. Currently, diabetic kidney disease
(DKD) is the leading cause of renal replacement therapy. Often, DMt2 is diagnosed after several years of
duration, and irreversible organ damage can develop during that period. On the other hand, the early diag-
nosis of DKD in the preclinical phase, when glomerular filtration rate (GFR) is still maintained and there
are no evident changes in urinalysis, gives the possibility of implementing the nephroprotective treatment
that can significantly delay the progression of the disease. However, the diagnostic tests available in clinical
practice, i.e. serum creatinine, estimated glomerular filtration rate (¢GFR) and albuminuria have important
limitations. There is a need for new, early and non-invasive biomarkers specific for kidney injury, allowing
for differentiation between glomerular and tubular injury, and changing dynamically in response to the de-
gree of kidney damage. Hereby, we review the current knowledge about the novel and emerging biomarkers
of kidney injury and their used for the diagnosis of DKD.

Key words: diabetic kidney disease, biomarkers, diabetes mellitus type 2.

Introduction

It is estimated that nearly 387 mln people in the world suffer from diabetes. Its preva-
lence exceeds 8,3% and gradually increases [1]. Diabetic kidney disease (DKD) has been
regarded as one of the chronic complications of diabetes resulting from microangiopathy.
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DKD is the most common cause of chronic kidney disease (CKD), leading over
time to the necessity for renal replacement therapy [2]. Among patients with type 2
diabetes mellitus (DMt2), CKD is one of the most common causes of hospitalisation,
associated with cardiovascular events, cardiovascular mortality, and also total mortal-
ity [3]. It is also the only complication which incidence has not decreased despite the
improvement in the methods of diabetes control during the last 20 years [4]. Thus, the
strategy aiming at the decrease of CKD incidence and progression in DMt2 needs to
be improved.

Current criteria of DKD diagnosis

In nearly 70% of DMt2 patients, the coexisting insulin resistance and the diabetic envi-
ronment, exert different effects on kidneys in comparison with the changes observed in
type 1 diabetes [5]. The long term hyperglycemia in poorly controlled diabetes, together
with the coexisting hypertension and hyperlipidemia are considered the main causes
of DKD progression in patients with DMt2 [5]. The recommendations published by
the Kidney Disease Outcomes Quality Initiative (KDOQI) working group in 2002 [6]
introduced the term DKD as one of the CKD forms, and the albumin concentration
measured in 24-hour urine sample has been considered a standard for the assessment
of kidney disease in the course of diabetes. However, urine albumin to creatinine ratio
(UACR) measured in a spot urine sample may be used in routine care in order to es-
timate urine albumin excretion. Since 2007, KDOQI has recommended that increased
UACR (formerly termed “micro-” or “macroalbuminuria”) should be confirmed by at
least 2 further measurements performed in first morning urine samples [7].

Albuminuria is not specific for kidney injury in the course of DMt2. Increased
urine albumin excretion is observed in glomerulopathies irrespective of the cause, as
well as in medical conditions associated with increased vascular permeability, i.e. se-
vere infections or heart failure [8]. Moreover, increased albuminuria does not have to
be caused by kidney injury, but may be associated with hyperfiltration as observed in
febrile patients, in those with urinary tract infections, or in healthy people following
significant physical activity.

At present, the terms “microalbuminuria” and “macroalbuminuria” are not further
recommended. The loss of albumin in urine in quantities of 30-300 mg/day should be
considered a moderately increased albuminuria. Higher albumin loss in urine is con-
sequently called severely increased albuminuria. The former term “microalbuminuria”
has incorrectly suggested the presence of “microalbumine” in urine, or could have
been interpreted as the finding of minimal clinical importance, therefore it has been
abandoned. According to the recommendations of Polish Diabetological Association
published in 2015 [8], the laboratory tests that should be performed for the diagnosis
and assessment of DKD include urine albumin excretion and serum creatinine mea-
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surements followed by the estimation of glomerular filtration rate (GFR) according to
Modification of Diet in Renal Diseases (MDRD) or Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equations. Screening towards increased albuminuria
should be done in each patient with DMt2 at least once a year starting from the diagnosis
of diabetes [8].

Pathophysiology of kidney damage in DMt2

The morphological changes in the course of DKD involve the structures of glomeruli,
including endothelial cells, basement membrane, podocytes and slit membrane. The
mesangial expansion, increased numbers of interstitial cells and tubular lesions have
also been observed [5]. However, there is only a weak association between the severi-
ty of morphological changes in kidneys and the routinely used laboratory and clinical
markers of kidney injury (i.e. increased urine albumin and total protein, increased serum
creatinine and decreased eGFR, high blood pressure) [5]. Moderately increased albumin-
uria (30-300 mg/g creatinine) is a first sign of DKD only in a part of patients. In about
30% of DMt2 patients, the decrease in GFR occurs without increased albuminuria [9].
Moreover, it must be remembered that DKD is not the only cause of CKD among pa-
tients with diabetes. For a proper diagnosis, imaging tests, and in selected cases, his-
tological examination of kidney biopsy may be indicated apart from albuminuria and
serum creatinine. Unfortunately, in routine clinical practice such tests may be difficult
to perform. According to the data from the Polish registry of nephropathies diagnosed
based on kidney biopsy (2009-2012) concerning DMt2 patients, DKD has been diag-
nosed in about 2% of biopsies, whereas 60% of biopsies resulted in the diagnosis of other
nephropathies [10] (it must be remembered, however, that kidney biopsy as an inva-
sive procedure is not indicated in typical course of DKD). It should also be noted that
obesity (often preceding DMt2) causes focal segmental glomerulosclerosis [11]. Thus,
it would be interesting to investigate the existing and emerging biomarkers of kidney
injury in the association to the specific lesions described following kidney biopsy and
histological examination. On account of composite pathomechanism of kidney injury
in DMt2 and in order to systematise knowledge about these processes, markers of DKD
are divided into bioindicators of injury of kidney tract, injury of renal glomeruli, oxi-
dative stress and inflammation. Figure 1 presents the role of particular biomarkers for
the pathogenesis of DKD in DMt2.

The ideal biomarker of kidney injury in DMt2
The diagnostic procedures used in kidney diseases, based on serum creatinine, urinalysis,

and imaging tests may sometimes be inaccurate. Kidney biopsy, in turn, is associated with
significant invasiveness. Serum creatinine concentrations depend not only on GFR, but
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Fig. 1. Role of particular biomarkers for the pathogenesis of DKD in DMt2.

AGES — advanced glycation end-products; AGN II — angiotensin II; BMP — bone morphogenetic protein; CXCL-16 — chemokine
(C-X-C motif) ligand 16; DKD — diabetes kidney disease; DMt2 — diabetes mellitus type 2; IL-6 — interleukin 6; IL-16 — interleukin 16;
IL-18 — interleukin 18; KIM-1 — kidney injury molecule-1; L-FABP — liver type fatty acid binding protein; MPC-1 — monocyte
chemoattractant protein-1; miRNAs — microRNAs; NAG — N-acetylo-b-D-glucosaminidase; NGAL — neutrophil gelatinase-associated
lipocalin; NADPH — nicotinamide adenine dinucleotide phosphate (reduced); NOX 1-5 — NADPH oxidase 1-5; 8 OHdG pentosidine
— 8-hydroxy-deoxy guanosine pentosidine; PKC — protein kinase C; RBP4 — retinol binding protein 4; ROS — reactive oxygen species;

TGF-P1 — transforming growth factor beta 1; TNF-a — tumor necrosis factor a



Role of new biomarkers for the diagnosis of nephropathy associated with diabetes type 2 25

also on many additional factors, such as muscle mass, sex, age, diet or pharmacological
treatment [12]. Also, creatinine in urine comes not only from glomerular filtration, but
it is also excreted by the proximal tubule, which leads to falsely increased estimates of
GFR based on creatinine clearence [12]. The ideal marker of GFR should be freely filtered
in glomerulus, and neither excreted, nor absorbed in kidney tubules. Its concentrations
should be easy to determine. It should be specific for kidney damage, and dynamically
respond to the changes in GFR, also to the improvement in kidney function following
treatment. It is expected that such a marker will be able to predict cardiovascular changes.
A good biomarker of decreased GFR, together with a proper marker of tubular injury,
would allow for the diagnosis of DKD (or the risk for DKD) in DMt2 patients without
increased albuminuria before the kidneys are irreversibly damaged.

Albuminuria in the course of DMt2

In the course of DKD, a damage to the filtration barrier leads to increased leak of plasma
proteins with a molecular mass below 40 kDa, including albumin and transferrin. Such
proteins are also filtered by the healthy renal glomeruli, although in lower amounts, and
are reabsorbed by a proximal tubule [13]. Thus, increased excretion of such proteins in
urine may be due to increased filtration in the or due to diminished reabsorption in the
initial part of the nephron [13].

Currently, albuminuria is the gold standard in the diagnosis of DKD and the evalu-
ation of its advancement [8]. Albuminuria should be regarded as a marker of an ongo-
ing kidney damage, not as a risk factor for DKD [13]. Albuminuria is the independent
predictor of cardiovascular and renal risk in diabetic patients [8]. However, about 30%
of DMt2 patients with renal failure do not have albuminuria [9]. Among DMt2 patients
without albuminuria or proteinuria, advanced glomerulosclerosis has been observed
in kidney bioptates [14]. Also, the cut-off value for increased albuminuria is a matter
of debate. The cut-off value for UACR of 30 mg/g seems too high, and many research-
ers consider UACR above 15 mg/g as a sign of kidney pathology or kidney risk [15].
Most recommendations for early nephroprotection in DMt2 are aimed at controlling
albuminuria. Facing the increasing numbers of patients with DKD, there is a need for
the early biomarkers of kidney injury, that may be used in patients without increased
albuminuria, or that would precede the increase in albuminuria.

New biomarkers of DKD

The promising biomarkers in the field include urinary neutrophil gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1 (KIM-1), serum cystatin C (CysC), uro-
modulin (UMOD), urinary N-acetylo-beta-D-glucosaminidase (NAG), liver type fatty
acids binding protein (L-FABP) and serum interleukin 18 (IL-18).
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Neutrophil gelatinase-associated lipocalin

NGAL, also known as lipocalin 2, is a 25 kDa secretory protein belonging to the lipoca-
lin family, detected in neutrophils’ granules [16]. In response to renal ischemia or toxic
injury, NGAL expression significantly increases in the ascending limb of the loop of
Henle. Urine NGAL concentrations are also correlated with its serum concentrations [17].
NGAL has been studied mainly as a biomarker of acute kidney injury (AKI). In AKI,
increased urinary NGAL (uNGAL) concentrations have been observed already after
4-6 hours from injury, thus NGAL has been regarded a “renal troponin” [18-20]. In
CKD, including DKD, NGAL is considered as a diagnostics and prognostic marker.
Bolignano et al. [21] observed that uNGAL increased and correlated with the advance-
ment of kidney disease in patients with DKD both with and without albuminuria. In
the Chronic Renal Insufficiency Cohort (CRIC) Study [22], in patients with CKD stage
G2-G4, increased uNGAL reflected the risk of cardiovascular complications. However,
Helmersson et al. [23] observed high biological variation of uUNGAL among patients with
CKD due to tubular disorders, therefore they recommend both the assessment of uUNGAL
concentration and the calculation of uNGAL to urine creatinine ratio (uNGAL/uCr).
In pathophysiology of DKD, NGAL may play an important role in adaptation of tubu-
lar cells to the damaging influence of diabetic environment. Summarizing, uNGAL can
become a useful and non-invasive tool for the evaluation of kidney function, overtaking
the classic markers, i.e. albuminuria or eGFR [21, 24]. It seems that a useful strategy
in an evaluation of kidney disease in DMt2 patients would include the determination
of an initial uNGAL concentration and uNGAL/uCr value and then the monitoring of
their changes [24].

Kidney injury molecule-1

KIM-1 seems to be another promising biomarker of tubular injury. It is a type 1 trans-
membrane glycoprotein containing in its extracellular part the immunoglobulin and the
mucous domains [25]. It is expressed in proximal renal tubule in response to hypoxia
or injury, and is not detected in healthy people [26, 27]. Urinary KIM-1 is increased in
AKI from the first day after toxic or ischemic injury [28]. However, KIM-1 expression
in renal tubules has been also observed in the course of the focal glomerulosclerosis,
IgA nephropathy, or membranoproliferactive glomerulonephritis [29, 30]. On the ba-
sis of these observations it has been suggested that KIM-1 can serve as a biomarker of
chronic tubular injury [29, 30]. Currently, studies are ongoing on KIM-1 usefulness as
a diagnostic marker in CKD. Following 3.5-year observation of patients with DKD, it has
been shown that the increase of urinary KIM-1 correlates positively with albuminuria
and negatively with GFR changes, however, it does not correlate with HbA,_[31]. In
turn, Fu et al. [32] reported higher urinary KIM-1 in 101 patients with DMt2 observed
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for 5 years as compared with the control group, however, they did not confirm the cor-
relations with UACR or eGFR. The available data are insufficient for the assessment of
KIM-1 usefulness as a diagnostic tool in DKD, in particular among patients without
albuminuria. Further studies are necessary, especially in the Caucasian population.

Cystatin C

CysC is a single chain 120 amino acid polypeptide, belonging to the cysteine proteinases
inhibitors. It is freely filtered by glomeruli, then reabsorbed and metabolised in proxi-
mal tubules [33]. Its concentrations in serum, unlike creatinine, do not depend on the
muscle mass neither the diet [33]. The determination of serum CysC is usefull for early
detection of the decrease in glomerular filtration rate. A formula utilizing both serum
creatinine and serum CysC allows for a precise estimation of GFR [34]. According to
the 2012 KDIQO guidelines, serum CysC should be determined in adults with eGFR
between 45 and 59 ml/min/1.73 m?* and without other signs of renal disease, in order
to confirm CKD [35]. In patients with DKD, Woo et al. [36] reported higher useful-
ness of GFR estimation with the use of serum CysC than serum creatinine. Moreover,
in Chinese patients with DMt2 [37] and in the study of Triki et al. [38] serum CysC
predicted cardiovascular complications. The promising report of Garg et al. [39] has
shown increased CysC concentrations in patients with glucose intolerance and without
albuminuria. According to current knowledge, serum CysC should be used for early
detection of kidney disease as well as for verification of GFR estimates based on serum
creatinine [8].

Uromodulin

UMOD, also known as Tamm-Horsfall’s protein, is a glycoprotein synthesized exclusively
in kidneys, where it is expressed in a thick ascending limb of the loop of Henle and in
the initial segment of the distal tubule. Following its proteolysis, it is released to urine
under physiological conditions and is a most abundant urinary protein in healthy people,
however, it is also detectable in serum [40]. Urinary UMOD has been reported to prevent
urinary tract infections and crystallization of salts [40]. In 1978, pathological localization
of UMOD in kidneys has been detected in tubulointerstitial diseases, including medullary
cystic disease, chronic pyelonephritis and hydronephrosis [41]. More recently, interesting
observations have been provided by the human genome-wide association studies, which
identified the associations between UMOD gene mutations and the increased risk of hyper-
tension, kidney stones and CKD [42]. Prajczer et al. [43] has shown negative correlations
between urinary UMOD concentrations and serum creatinine and positive correlation
with eGFR. Also, Zhou et al. [44] reported that low urinary UMOD in the initial stages
of CKD predicted fast GFR decrease among patients with IgA nephropathy. In the last
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study, urinary UMOD correlated with the advancement of tubular atrophy and interstitial
tissue fibrosis [44]. The last report is promising, however, more evidence is necessary in
order to assess the usefulness of urinary or serum UMOD as the early markers of CKD.

N-acetylo-beta-D-glucosaminidase

NAG is the enzyme that is not filtered in renal glomeruli, and its increased activity in
urine appears following toxic injury of renal tubules [45]. In diabetic patients, positive
correlations have been observed between increased NAG activity in urine and albu-
minuria, diabetes duration, poor diabetes control, serum CysC and urine NGAL [46].
In the study of Sheira et al. [47] conducted in a group of 50 DMt2 patients, urine NAG
positively correlated with UACR, serum creatinine, and HbAlc. Moreover, urine NAG
activity was associated with the advancement of kidney disease in DMt2. NAG seems
to be the promising DKD marker, increased already in a preclinical DKD, before sig-
nificant increase in albuminuria. However, there is a need for further research on this
marker in Caucasian population.

Liver type fatty acid binding protein

L-FABP is a protein expressed in hepatocytes as well as in the cells of the nephron prox-
imal tubules [48], which appears in urine following tubular injury. Fergusson et al. [49]
reported the role of L-FABP as a biomarker of AKI. Higher urine concentrations of
L-FABP have been observed in DMt2 patients as compared with healthy individuals;
moreover, it correlated with increasing albuminuria and decreasing GFR [50, 21]. In the
study of Nauta et al. [51], among the measured markers of tubular injury, L-FABP was
the most strongly correlated with eGFR. L-FABP seems the promising marker of DKD,
that may be helpful in detecting the preclinical stages of the disease.

Interleukin 18

IL-18 is a cytokine produced mainly by macrophages. The first known function of IL-18
was a strong stimulation of T lymphocytes and NK cells to the production of interfer-
on y [52]. The cytokine is also involved in the polarisation of immune response [52].
Apart from the physiological role, IL-18 has been associated with severe inflammatory
reactions. Also, its pathophysiological role in DMt2 has been suggested [53]. In a group
of 151 patients with DMt2, Moriwaki et al. [54] observed significantly increased serum
IL-18 concentrations in comparison with the control group. Currently, the research
are ongoing aimed at the evaluation of IL-18 as the early marker of DKD. Interesting
observations were made by Szeto et al. [55] among 220 patients with DMt2: increased
IL-18 correlated with the cardiovascular mortality.
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New trends in diagnosing DKD

Oxidative stress and novel therapeutic targets in DKD

There are several mechanisms in which hyperglycemia acts in a damaging way on both
the endothelial cells and the epithelial cells of renal tubules, including increased polyol
pathway flux, increased advanced glycation end-product formation, activation of pro-
tein kinase C, and increased hexosamine pathway flux. The common element linking
these mechanisms is an increased production of superoxide by the mitochondrial elec-
tron-transport chain [56]. The overproduction of reactive oxygen species (ROS) results
in the oxidative stress leading among others to renal tubular injury and the interstitial
tissue fibrosis in DMt2 [56]. NADPH oxidase plays a key role in the oxidative stress.
The enzyme has several isoforms, of which the NOX-4 seems the most important in
the mechanism of ROS generation [57]. The animal studies by Thallas-Bonke et al. [58],
revealed the advantageous effect of NOX-4 gene deletion on the progression of DKD.
Further studies are needed to evaluate the associations between NOX isoforms and the
DKD progression.

Dysfunction of podocytes in DKD pathogenesis

In the search for early DKD markers, it has been observed that podocyturia as well as
urine excretion of proteins associated with podocytes can be a source of early DKD bio-
markers. Wang et al. [59] has shown the presence of nephrin and synaptopodin in urine
of patients with DMt2 with proteinuria and reduced GFR. The results of Zhao et al. [60]
are also promising. The study suggested a role of the CXCL-16 ligand for C-X-X chemok-
ines, taking part in the LDL metabolism within the podocytes, as the early biomarker
of renal injury in DMt2.

MicroRNAs

The microRNAs (miRNAs) seem to be promising as the markers of renal fibrosis in the
course of DKD. Xu et al. [61] has reported the role of miRNAs: miR-216A, miR-217,
miR-192, miR-377, miR-21, miR-29¢ in DKD prognosis. The increased concentration
of miR-21 has been shown in kidney bioptates from patients with DKD [62].

Proteomics as the promising DKD diagnostic and prognostic method

The proteomic methods utilizing mass spectrometry seems to have a great potential in
providing data on protein profiles constituting the “finger print” of the diseases [11, 63].
The methods allowed for introducing several biomarkers of AKI and CKD, present in
urine, blood or tissues. The proteomics has been termed a ,liquid kidney biopsy”, as
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a non-invasive tool that could potentially be used in a preclinical phase of kidney dis-
eases [63]. Rossing et al. [64] have identified the peptide profiles in urine in the group
of patients with DMt1 and DMt2, which seem to have been better predictors of DKD
progression than albuminuria. Also, the method identified 12 metabolites of glucose
metabolism in the glycolytic pathway, which possess the prognostic value for DKD in
DMt2. The proteomics in nephrology has the multidirectional character and constitute
the promising method of searching for DKD biomarkers. However, in order to define
the diagnostic sensitivity and specificity of the markers, further studies are needed, ver-
ifying the results on the larger groups of patients.

Conclusions

Due to the significant diversity of histopathological changes observed in kidneys in
the course of DMt2 and the accompanying diverse clinical picture of DKD, additional
diagnostic tools are necessary, except for eGFR and albuminuria. The kidney injury in
DMt2 is often irreversible, especially in patients with decreased GFR and increasing al-
buminuria. Early diagnosis and multidirectional treatment constitute the only effective
way of stopping the progression of kidney disease and improving prognosis. In clinical
practice, the intensive treatment undertaken in the advanced disease may only slow down
its progression. Due to the insufficient diagnostic sensitivity of clinically used markers,
the research are ongoing to identify the new markers allowing for early diagnosis of the
disease and introducing the proper treatment in the preclinical phase of diabetic kidney
injury. However, further research is needed before implementing the novel markers in
wide clinical practice.
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Streszczenie

Celem badania byta ocena uzytecznosci pomiaréw stezenia NGAL w pierwszej porannej porcji moczu oraz wyliczania wskaznika NGAL/
kreatynina (uUNGAL/uCr) u chorych z wczesng cukrzycowg chorobg nerek (CChN) rozwijajacg sie w przebiegu cukrzycy typu 2 (DMt2;
diabetes mellitus type 2) oraz poszukiwanie zaleznosci pomiedzy wartosciami tych markeréw a rutynowo ocenianymi parametrami
biochemicznymi i morfologicznymi.

Materiat i metody: Badaniem objeto 55 chorych z CChN w przebiegu DMt2 oraz 22 osoby bez cukrzycy; do badania kwalifikowano pa-
cjentéw z szacowana filtracja ktebuszkowa >60ml/min/1,73m? bez cech jawnego biatkomoczu. Stezenie uUNGAL oznaczano przy uzyciu
metody chemiluminescencyjnej z mikroczasteczkami (CMIA) na analizatorze ARCHITECT (Abbott Diagnostics).

Wyniki. W grupie badanej obserwowano wyzsze wartosci wskaznika uNGAL/uCr niz w grupie kontrolnej (mediana 21,3 vs. 12,2 ug/g;
p=0,014). W grupie badanej wyzsze wartosci uNGAL/uCr wykazano u kobiet w poréwnaniu z mezczyznami (38,6 vs. 11,7 ug/g; p=0,001).
W grupie badanej i kontrolnej stezenie uUNGAL dodatnio korelowato ze stezeniem kreatyniny w moczu. W grupie badanej zaobserwowano
dodatnie korelacje miedzy uNGAL i uNGAL/uCr, a albuminurig i wskaznikiem albumina/kreatynina (UACR; urine albumin to creatinine
ratio); w grupie kontrolnej istotna statystycznie byta jedynie korelacja uNGAL z albuminuriag. Dodatkowo w grupie badanej wykazano
dodatnie korelacje miedzy uNGAL i uNGAL/uCr, a stezeniem cholesterolu catkowitego i LDL oraz triglicerydéw w surowicy. W analizie
regresji wielokrotnej istotnymi predyktorami uNGAL w grupie badanej byty albuminuria i stezenie LDL-cholesterolu w surowicy, zas
wskaznika uNGAL/uCr - UACR i stezenie trigliceryddw.

Whioski. Uzyskane wyniki wskazujg na uzytecznos¢ oznaczania uNGAL i wyliczania uNGAL/uCr jako wczesnych wskaznikéw uszkodzenia
nerek u chorych z DMt2. Wyniki badania wymagaja potwierdzenia w wiekszej grupie chorych.

Summary

The aim of the study was to assess the usefulness of measuring concentrations of NGAL in first morning urine and calculating NGAL/
creatinine ratio (UNGAL/uCr) among patients with early stage diabetic kidney disease (DKD) in course of type 2 diabetes (DMt2) and
to assess the correlations between these markers and routine biochemical and blood count parameters.

Material and Methods: The studied group consisted of 55 patients with DKD in course of DMt2 and 22 controls without diabetes; the
study included patients with estimated glomerular filtration rate >60ml/min/1,73m? without overt proteinuria. NGAL was measured
with chemiluminescence microparticle immunoassay (CMIA) with ARCHITECT analyzer (Abbott Diagnostics).

Results: Studied group had higher values of uNGAL/uCr than controls (median 21.3 vs. 12.2 pg/g; p=0.014). Among studied group,
women presented higher uNGAL/uCr comparing to men (38.6 vs. 11.7 pug/g; p=0.001). Both in patients and controls, uNGAL concen-
trations were positively correlated with urine creatinine. In studied group, we observed positive correlations of uUNGAL and uNGAL/uCr
with urine albumin and albumin/creatinine retaio (UACR); in control group, only the correlation between uNGAL and albuminuria was
statistically significant. Additionally, in studied group, positive correlations were observed between uNGAL and uNGAL/uCr and serum
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cholesterol, LDL-cholesterol and triglycerides concentrations. In multiple regression, albuminuria and LDL-cholesterol significantly
predicted uNGAL and UACR and triglycerides significantly predicted uNGAL/uCr in the studied group.
Conclusions: The obtained results confirm the usefulness of measuring UNGAL and calculating uNGAL/uCr as early markers of kidney

dysfunction in patients with DMt2. The results of the study should be confirmed in larger group of patients.

Stowa kluczowe: cukrzycowa choroba nerek, biomarker, lipokalina zwigzana z zelatynaza neutrofili

Key words:

diabetic kidney disease, biomarker, neutrophil gelatinase-associated lipocalin

Wstep

Pomimo postepu jaki dokonat sie w medycynie w ciggu ostatnich
20 lat w zakresie diagnostyki i leczenia cukrzycowej choroby nerek
(CChN), stanowi ona najczestsza przyczyne rozwoju przewlektej
choroby (PChN) oraz niewydolnosci nerek [1]. Dane epidemio-
logiczne szacuja liczbe chorych na cukrzyce w Polsce na ok. 2
miliony 0s6b, z czego blisko pofowa nie ma swiadomosci bycia
chorym, zyjac z nierozpoznang i nieleczong cukrzyca [2]. Przy
zatozeniu, ze jedynie u 20% istnieje zwiekszone ryzyko rozwoju
CChN, blisko 400 000 0séb jest zagrozonych ujawnieniem sie tego
powiktania. Uszkodzenie nerek w przebiegu DMt2 jest czesto
nieodwracalne, szczegdlnie jesli towarzyszy mu spadek filtracji
ktebuszkowej i wzrastajaca albuminuria. Wczesne wykrycie oraz
rozpoczecie leczenia jest bardzo istotne dla przebiegu klinicznego
nefropatii u pacjentéw z DMt2 [3,4].

W 2002 r. w USA ukazaty sie zalecenia Amerykanskiej Narodo-
wej Fundacji Choréb Nerek (National Kidney Foundation Kidney
Disease Outcomes Quality Initiative, NKF KDOQI) dotyczace kla-
syfikacji, oceny oraz stratyfikacji PChN [5]. W opracowaniu tej
klasyfikacji wykorzystano ocene filtracji ktebuszkowej oraz obec-
nos¢ markeréw uszkodzenia nerek. Za prawidtowa albuminurie
arbitralnie uznano wydalanie ponizej 30 mg albuminy na dobe.
W wytycznych KDOQI wprowadzono réwniez po raz pierwszy
rozpoznanie cukrzycowej choroby nerek, ktére zastapito dotych-
czasowy termin nefropatia cukrzycowa.

W celu okreslenia stadium zaawansowania CChN, w grupie cho-
rych zDMt2, Polskie Towarzystwo Diabetologiczne (PTD) zalecito
od 2010 r. wykonywanie pomiaru wskaznika albumina/kreatynina
w pojedynczej porcji moczu (UACR; Urinary Albumin to Creatinine
Ratio), pomiar stezenia kreatyniny w surowicy oraz ocene wiel-
kosci przesaczania ktebuszkowego (GFR) w chwili rozpoznania
cukrzycy u chorego [6].

Z uwagi na ztozony patomechanizm zmian w nerkach w przebiegu
DMt2 trwaja intensywne poszukiwania nowych biomarkeréw
wczesnego uszkodzenia nerek, ktére mogtyby petnic role pro-
gnostyczng w ocenie zaawansowania CChN.

Obiecujacymi parametrami diagnostycznymi w tym zakresie
wydaja sie by¢ NGAL (neutrophil gelatinase-associated lipocalin),
KIM-1 (kidney injury molecule -1), czy L-FABP (liver-type fatty acid
binding protein) [3, 4]. W warunkach fizjologicznych, NGAL jest biat-
kiem o masie czasteczkowej 25 kDa wydzielanym w niewielkich
ilosciach przez nerki, tchawice, ptuca, zotadek oraz jelito grube,
ajego ekspresja zwieksza sie w znaczacy sposéb w przebiegu pro-
cesu zapalnego oraz w uszkodzeniach srédbtonka [3, 4, 7]. NGAL
ulega swobodnej filtracji przez ktebuszek nerkowy, po czym jest
catkowicie resorbowany w cewce proksymalnej w mechanizmie
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endocytozy zaleznej od megaliny. Jako biomarker uszkodzenia
nerek, NGAL odkryty zostat w 2003 r. [8]. Nastepnie badania Yang
etal. [9] wykazaty wyrazny wzrost NGAL w moczu (UNGAL) u cho-
rych zCChN w przebiegu DMt2. W kolejnych badaniach Bolignano
et al. [10] potwierdzono, ze stezenie NGAL w surowicy i w moczu
wzrasta zaleznie od zaawansowania CChN u chorych z ,normo-
albuminurig” i ,mikroalbuminurig”. Zaobserwowano réwniez, ze
zwiekszone wydalanie NGAL z moczem jest wskaznikiem obni-
zania sie filtracji klebuszkowej (eGFR) u chorych z DMt2 zaréwno
z,mikro”, jak i,makroalbuminurig”. Chociaz aktualnie obowigzuje
nomenklatura okreslajagca oba te stany jako albuminurie, ,mi-
kroalbuminurie” rozpoznaje sie, gdy wydalanie albuminy miesci
sie w zakresie od 30 do 300 mg na dobe, natomiast,,makroalbu-
minurie’, gdy wydalanie albuminy przekracza 300 mg na dobe,
niezaleznie od ptci [11].

Fu et al. [12] zaobserwowali ponadto, ze w stosunkowo krétkim
czasie trwania cukrzycy dochodzi do uszkodzenia cewek nerko-
wych, a pomiar uNGAL moze okazac sie jednym z najwczesdniej-
szych wskaznikéw uszkodzenia nerek w DMt2, wyprzedzajacym
wzrost UACR. Réwniez w badaniu Wu et al. [13] wykazano korelacje
pomiedzy stezeniem uNGAL oraz spadkiem eGFR i nasileniem
albuminurii u chorych z DMt2 [4].

Celem badania byfa ocena uzytecznosci pomiaréw stezenia
uNGAL i wyliczania wskaznika uNGAL/uCr w pierwszej porannej
porcji moczu u chorych z CChN rozwijajaca sie w przebiegu DMt2.
Dodatkowo autorzy poszukiwali zaleznosci pomiedzy stezeniami
uNGAL i wartosciami wyliczonego uNGAL/uCr a wybranymi para-
metrami biochemicznymi i morfologicznymi ocenianymi rutyno-
wo u pacjentéw leczonych w Poradni Nefrologicznej Wojewodz-
kiego Szpitala Klinicznego Nr 2 im Krélowej Jadwigi w Rzeszowie.

Materiat i metody

Badaniem objeto tacznie 55 chorych leczonych w Poradni Nefro-
logicznej Klinicznego Szpitala Wojewddzkiego Nr 2 im. Krélowej
Jadwigi w Rzeszowie. Grupe chorych stanowito 29 (53%) kobiet
w wieku srednim 63%14 lat oraz 26 (47%) mezczyzn w wieku
57+15 lat. Kryterium wiaczenia do badania obejmowato: pacjen-
téw ze zdiagnozowang DMt2 w wieku powyzej 18 roku zycia, z sza-
cowana filtracja ktebuszkowa (eGFR) powyzej 60ml/min/1,73m?
bez cech jawnego biatkomoczu. Obecnos¢ DMt2 stwierdzano na
podstawie dostepnej dokumentacji lekarskiej lub na podstawie
przeprowadzonego doustnego testu obcigzenia 75g glukozy —
OGTT (Oral Glucose Tolerance Test). Do badania nie zakwalifikowa-
no chorych, ktérzy nie wyrazili Swiadomej zgody na udziat w ba-
daniu potwierdzonej wiasnorecznym podpisem, a takze chorych
u ktorych stosowano leki potencjalnie nefrotoksyczne, z innymi
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schorzeniami nerek, zakazeniem dr6g moczowych, zakazeniem
ogolnoustrojowym, chorobami nowotworowymi, alergicznymi,
niedokrwistoscia, choroba tkankitacznej oraz nieustabilizowanym
cisnieniem tetniczym (=140/90 mmHg).

Dodatkowo w celu poréwnania analizowanych zmian utworzono
22 osobowa grupe kontrolng bez cukrzycy, zblizona klinicznie
pod wzgledem schorzen wspotistniejgcych do grupy badanej.
Badania laboratoryjne wykonywane byty w Klinicznym Zakfa-
dzie Diagnostyki Laboratoryjnej Szpitala Wojewddzkiego Nr 2
im. Sw. Krélowej Jadwigi w Rzeszowie u wszystkich pacjentéw
oraz w grupie kontrolne;j.

Materiat do badania stanowita prébki krwi petnej pobranej na
wersenian, prébki surowicy oraz poranne prébki moczu uzyski-
wane od pacjentéw w ramach prowadzonej rutynowej kontroli
stanu chorego. Krew pobierano przez naktucie zyty tokciowej wy-
korzystujgc system prézniowy firmy Sarstedt. Badanie morfologii
krwi oraz badanie HbA, wykonywano we krwi petnej pobrane;j
na wersenian (K.EDTA). W przypadku badan biochemicznych su-
rowice uzyskiwano w wyniku 10 minutowego wirowania krwi
z predkoscig 4000 obrotéw/min. Panel rutynowych badan bio-
chemicznych obejmowat takie parametry jak: biatko C-reaktywne
(CRP), petny profil lipidowy oraz stezenie kreatyniny z wyliczeniem
eGFR CKD-EPI. Poréwnanie srednich wartosci ocenianych rutyno-
wo parametréw laboratoryjnych w grupie badanej oraz kontrolnej
przedstawiono w tabeli I.

Stezenie NGAL, albuminy i kreatyniny w moczu oraz badanie
0godlne moczu wykonywano w pierwszej porannej porcji moczu.
W oparciu o wartosci stezen albuminy i kreatyniny wyliczano

wskaznik albumina/kreatynina (UACR). Analogicznie w przypadku
uNGAL oraz kreatyniny wyliczano wskaznik uNGAL/uCr. Badanie
ogdlne moczu wykonywano przy uzyciu analizatora Labumat
Urised 2. Stezenie uNGAL oznaczano przy uzyciu metody wy-
korzystujacej chemiluminescencje z mikroczasteczkami CMIA
(chemiluminescent microparticle immunoassay) na platformie
ARCHITECT Analyzer firmy Abbott Diagnostics (Abbott Park, USA).
Stezenie albuminy w porannej porcji moczu oznaczano metoda
immunoturbidymetryczna, natomiast stezenie kreatyniny metoda
enzymatyczng przy uzyciu analizatora biochemicznego Olimpus
AU680. Do badania morfologii krwi obwodowej wykorzystano
analizator hematologiczny ADVIA 2120i firmy Siemens (Siemens
Healthcare Diagnostic, Niemcy).

Projekt badawczy posiadat zgode Komisji Bioetycznej Okregowej
Izby Lekarskiej w Rzeszowie (Nr 40/2013/B).

Analiza statystyczna

Analizowane dane przedstawiono jako liczbe chorych (odsetek
grupy) dla zmiennych nominalnych oraz mediane (dolny-gor-
ny kwartyl) lub $rednia £+ odchylenie standardowe dla zmien-
nych ciagtych (odpowiednio dla rozktadu réznego i zblizonego
do normalnego). Normalnos¢ rozktadéw oceniano przy uzyciu
testu Shapiro-Wilka. Do oceny réznic pomiedzy dwoma grupa-
mi stosowano test u Manna-Whithey’a lub test t Studenta dla
zmiennych niepowigzanych. Do badania korelacji wykorzystano
wspotczynnik Pearsona po zlogarytmowaniu zmiennych o rozkfa-
dzie prawoskosnym. W analizie regresji wielokrotnej jako zmien-
ne niezalezne wykorzystano zmienne, ktére wykazywaly istotne

Tabela I. Poréwnanie danych klinicznych oraz parametréw biochemicznych i hematologicznych w grupie badanej i kontrolnej.
Parametr badany Grupa badana Grupa kontrolna P
n=55 n=22
kobiety/mezczyzni [N (%)] 29 (53) /26 (47) 13(59)/9 (41) 0,6M
wiek [lata] 63+/-14 57 +/-15 0,06"
nadcisnienie tetnicze, N (%) 40 (73) 15 (68) 0,5
choroba niedokrwienna serca [N (%)] 17 (31) 3(14) 0,1
niewydolnos¢ serca [N (%)] 6(11) 3(14) 0,7
kreatynina w surowicy [umol/I] 64,2 (58,9-77,4) 70,4 (69,5-79,2) 0,046
cukrzyca $wiezo wykryta [n (%)] 17 (31) - -
czas trwania cukrzycy [lata] 6,0 (1-10) - -
BMI [kg/m?] 31,446,1 28,4+5,8 0,040
eGFR (CKD-EPI) [ml/min/1,73m?] 91 (77,0-99,0) 86 (77,0-97,0) 0,6
eGFR [ml/min/1,73m? 60-90 / >90 [N (%)] 30(55) /25 (45) 10 (45) /12 (55) 0,5™
WBC [x10%/pl] 7,51+£2,23 6,31+1,42 0,022
HGB [g/dl] 14,1+1,3 14,0£1,1 0,7
HbA, [%] 8,1+2,0 - -
cholesterol catkowity [mmol/I] 53+14 57%1,5 0,3%
cholesterol-LDL [mmol/I] 3,2+1,2 3,9+1,2 0,06M
cholesterol-HDL [mmol/I] 1,2+0,31 1,3+0,3 0,041
triglicerydy [mmol/I] 1,8(1,2-2,7) 1,5(1,0-1,9) 0,09
kreatynina w moczu [g/1] 1,06 (0,62-1,65) 1,40 (0,71-2,24) 0,3
uNGAL [pg/1] 20,3 (9,9-42,6) 10,9 (6,0-38,2) 0,1
UNGAL/uCr [pg/g] 21,3(10,0-51,9) 12,2 (5,9-27,9) 0,014
albuminuria [mg/I1] 10,0 (6,6-18,2) 5,9 (3,0-22,9) 0,1
UACR [mg/g] 8,9 (4,2-19,8) 6,0 (3,6-9,0) 0,08"
“Swartos¢ nieznamienna statystycznie; WBC - catkowita liczba krwinek biatych; HGB - stezenie hemoglobiny; uNGAL - stezenie NGAL w pierwszej porannej porcji moczu;
UACR - wskaznik albumina/kreatynina w moczu
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wynosit ponizej 38 pg/g, u pozostatych pacjentéw
a o . p=0,001 b 400 =03 (N=18; 33%) wykazano wyzsze wartosci, znacznie
350 350 (nawet 10-krotnie) przekraczajace wartosc 95. per-
300 300 centyla w grupie kontrolnej (maksimum w grupie
% 250 . % 250 badanej: 378,6 ug/qg).
S 200 . S 200 W grupie badanej obserwowano wyzsze wartosci
2 2 . B . .
= = UNGAL/uCr u kobiet w poréwnaniu z mezczyzna-
@ 150 G 150
5 —‘— 5 mi (mediana 38,6 vs. 11,7 ug/g; p=0,001; Rycina
100 100 . . S .
1), natomiast w grupie kontrolnej réznica nie byta
0 i’ 50 é . istotna statystycznie (mediana 12,5 pg/g u kobiet
0 - . 0 . - i 7,7 ng/g u mezczyzn; p=0,3). Nie zaobserwowano
kobiety mezezyini kobiety mezczyéni znamiennych réznic zwigzanych z ptcig dotycza-
Rycina 1. Wartosci wskaznika NGAL/kreatynina w pierwszej porannej porcji moczu u kobiet i mez- cyCh nleskorygowanego stezenia UNGAL (mediana
czyzn w grupie pacjentéw chorych na cukrzyce typu 2 (a) i w grupie kontrolnej (b). Dane przedsta- odpowiednio u kobiet i mezczyzn: 21,1 17,8 ug/g;
wiono jako mediang, dolny-gérny kwartyl (ramka), minimum-maksimum wartosci nieodstajacych _ . . . o
(wasy) oraz wartosci odstajace (punkty) p=0,1 w grupie badanej oraz 10,5i 20,1 pug/g; p=0,2

statystycznie korelacje ze zmiennymi zaleznymi, z pominieciem
predyktoréow nadmiarowych. Za znamienne statystycznie uznano
wyniki przy p<0,05.

Wyniki

W grupie badanej obserwowano wyzsze stezenia uNGAL w po-
réwnaniu z grupg kontrolng, jednak istotng statystycznie rézni-
ce zaobserwowano tylko dla wskaznika uNGAL/uCr (tabela I).
W grupie kontrolnej maksymalna wartos¢ wskaznika uNGAL/uCr
wynosita 39,6 ug/g, za$ warto$c 95. percentyla wyniosta 38,0 ug/g.
W grupie badanej u 37 pacjentéw (67%) wskaznik uNGAL/uCr

w grupie kontrolnej).

Korelacje stezenia uNGAL i wskaznika uNGAL/uCr w grupie bada-
nej i kontrolnej przedstawiono w Tabeli Il. Nie wykazano istotnych
korelacji miedzy uNGAL i uNGAL/uCr a wiekiem pacjentéw, zaréw-
no w grupie badanej, jak i kontrolnej. Nie stwierdzono réwniez
korelacji z liczba leukocytéw i stezeniem hemoglobiny we krwi
obwodowej. Stezenie UNGAL dodatnio korelowato ze stezeniem
kreatyniny w moczu w obu grupach pacjentéw. Stezenie kreatyni-
ny w surowicy korelowato ujemnie z wartoscia wskaznika uNGAL/
uCr jedynie u pacjentéw z cukrzyca, natomiast w obu grupach nie
wykazano znamiennych statystycznie korelacji uNGAL i uNGAL/
uCr z eGFR. W grupie badanej zaobserwowano dodatnie korela-

Tabela Il. Analiza zaleznosci pomiedzy stezeniem uNGAL i uNGAL/uCr oraz wybranymi parametrami w grupie badanej i kontrolnej.
grupa badana grupa kontrolna
n=55 n=22
In (UNGAL) In (UNGAL/uCr) In (UNGAL) In (UNGAL/uCr)
. R=-0,01 R=0,16 R=0,12 R=0,33
wiek

p=0,9"° p=0,2"° p=0,6"° p=0,1"°

WBC R=0,01 R=0,04 R=0,20 R=0,30

p=0,9"° p=0,6M° p=0,4" p=0,2"*

HGB R=-0,08 R=-0,16 R=-0,01 R=-0,29

p=0,5" p=0,2" p=0,9" p=0,2"

In (kreatynina w moczu) R=0,30 R=-0,34 R=0,62 R=-0,08
p=0,028 p=0,012 p=0,002 p=0,7"

In (kreatynina w surowicy) R=-0,21 R=-0,33 R=-0,24 R=-0,25
p=0,1"% p=0,013 p=0,3"° p=0,3"
In (eGFR) R=0,03 R=0,06 R=0,22 R=-0,12

p=0,8"° p=0,7" p=0,3" p=0,6M°

In (albuminuria) R=0,55 R=0,32 R=0,63 R=0,17
p<0,001 p=0,016 p=0,002 p=0,4"*

In (UACR) R=0,36 R=0,54 R=0,38 R=0,32
p=0,007 p<0,001 p=0,08"° p=0,1"%

cholesterol catkowity R=0,26 R=0,33 R=0,26 R=0,14
p=0,061"Ns p=0,014 p=0,3" p=0,6M°
cholesterol-LDL R=0,32 R=0,45 R=-0,03 R=0,21
p=0,025 p=0,001 p=0,6"° p=0,4"°
cholesterol-HDL R=0,04 R=0,10 R=-0,03 R=0,18
p=0,8"° p=0,5"° p=0,9"¢ p=0,5"°
In (triglicerydy) R=0,37 R=0,42 R=0,13 R=-0,12
p=0,008 p=0,002 p=0,6 p=0,6
In - logarytm naturalny; pozostate skroty jak w Tabeli |
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cje miedzy uNGAL i uNGAL/uCr, a albuminurig i UACR (Rycina 2),
w grupie kontrolnej istotna statystycznie byta jedynie korelacja
UNGAL z albuminuriag. Dodatkowo w grupie badanej wykazano
dodatnie korelacje miedzy uNGAL i uNGAL/uCr, a stezeniem cho-
lesterolu catkowitego i LDL oraz triglicerydédw w surowicy.

Czas trwania cukrzycy oraz stezenie HbA, w grupie badanej nie
korelowaty z uNGAL i uNGAL/uCr.

W analizie regresji wielokrotnej (Tabela Ill) istotnymi predyktorami
uNGAL w grupie badanej byty albuminuria i stezenie LDL-chole-
sterolu w surowicy, zas wskaznika UNGAL/uCr — UACR i stezenie
triglicerydow.

Dyskusja

Od konca lat 50-tych XX wieku oznaczanie stezenia kreatyniny
w surowicy krwi uwazane jest za standard diagnostyczny w oce-
nie funkgji nerek, jednak wptyw wieku, ptci, masy ciata pacjenta,
czy wzrost stezenia opdzniony o kilkadziesigt godzin w stosunku
do dziatania czynnika uszkadzajacego nerki, wptywaja na ogra-
niczenie jego przydatnosci w niektérych sytuacjach klinicznych
[14]. Stwarza to zapotrzebowanie na poszukiwanie nowego bio-
markera, niezaleznego od wymienionych cech, a takze prostego
do oznaczania przy pomocy metod rutynowo stosowanych w la-
boratorium, powtarzalnego, o duzej czutosci dla rozpoznawania
niewielkich nawet patologii narzadu.

U chorych z PChN w stadium od 2 do 4 obserwowane sg wzrosty
stezenia NGAL w moczu i w surowicy [15, 16, 17]. Autorzy poddali
analizie zmiany stezenia uNGAL oraz wskaznika uNGAL/uCr u cho-
rych z DMt2 zagrozonych rozwojem CChN, a nastepnie poréwnali
je zdanymi uzyskanymi w grupie kontrolnej. Chociaz brak konsen-
susu, czy oznaczac jedynie catkowite stezenie NGAL w moczu, czy
tez opierac sie na wyliczeniach wskaznika uNGAL/uCr, ze wzgle-
du na wykazana w badaniach Helmersson [18] duzg zmienno$¢
biologiczng NGAL, u chorych z PChN pochodzenia cewkowego
zaleca sie stosowanie obu wskaznikow. W grupie badanej stezenia
UNGAL byty wyzsze w poréwnaniu z grupa kontrolng, choc réznice
istotne statystycznie obserwowano jedynie dla wskaznika uNGAL/
uCr. Wyniki te byty zgodne z obserwacjami przeprowadzonymi
przez innych autoréw w grupie z DMt2 [10, 11, 13]. W toku ba-
dania wykazano, ze stezenia uNGAL oraz uNGAL/uCr korelowaty
dodatnio ze stezeniem albuminy w moczu i wskaznikiem UACR
w catej badanej grupie. Zwigkszone wydalanie albuminy z mo-
czem pozostaje uznanym czynnikiem ryzyka PChN oraz CChN,

In (UNGAL)

. y=1,79+0,56*x
0 1 2 3 4 5 6

In (albuminuria)

(op

In (UNGAL)

y=1,35+0,64*x

0 1 2 3 4 5 6
In (albuminuria)
Rycina 2. Zaleznos¢ miedzy stezeniem NGAL w pierwszej porannej porcji mo-

czu, a albuminuria w grupie badanej (a) i kontrolnej (b). W prawym dolnym
rogu wykreséw podano réwnania regresji.

stad wykazanie dodatniej korelacji pomiedzy uNGAL i uNGAL/
uCr w moczu oraz albuming potwierdza, ze badane wskazniki
moga zostac¢ uznane za wyznaczniki uszkodzenia nerek u chorych
zDMt2[19,20]. W badaniu Bolignano et al. [10] przeprowadzonym
w grupie chorych zDMt2 zauwazono, ze stezenie NGAL oznaczane
zaréwno w moczu, jak i w surowicy jest lepszym wskaznikiem
progresji PChN, w poréwnaniu z eGFR w okresie 18,5 miesiecznej
obserwacji. Réwniez inne badania potwierdzajg istnienie korelacji
pomiedzy NGAL oraz gorszym przebiegiem PChN i spadkiem
eGFR [4, 21, 22, 23]. Publikacje poswiecone NGAL podkreslaja
zwigzek lipokaliny 2 z uktadem immunologicznym, zjawiskiem
opornosci na insuline oraz procesami zapalnymi szczegétowo

Tabela Ill. Analiza regresji wielokrotnej w przewidywaniu uNGAL i uNGAL/uCr w grupie badanej.

In (UNGAL)

skorygowany R?=0,50; p<0,001

In (UNGAL/uCr)
skorygowany R?=0,54; p<0,001

zmienne niezalezne

beta + SE p beta + SE p
ptec zenska - -- 0,15+0,13 0,3\
In (kreatynina w moczu) 0,12+0,13 0,3% -0,09+0,11 0,4
In (kreatynina w surowicy) -- -- -0,18+0,13 0,2
In (albuminuria) 0,50+0,13 <0,001 - -
In (UACR) - - 0,37+0,12 0,004
cholesterol-LDL 0,25+0,12 0,038 0,19+0,11 0,1
In (triglicerydy) 0,22+0,12 0,08"° 0,27 £0,12 0,027

SE - btad standardowy; pozostate skréty jak w Tabeli 1 1l
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analizujac ich wptyw na przebieg CChN [7, 9, 10]. Uogdlniony
proces zapalny oraz niedokrwisto$¢ moga prowadzi¢ do wzrostu
stezenia NGAL, jest to bowiem biatko uwalniane z neutrofilii ma-
krofagéw, a jego podstawowa funkcja biologiczna zwigzana jest
z regulacjg gospodarki zelazem [24]. Autorzy pracy nie zaobser-
wowali wptywu liczby leukocytéw, czy stezenia hemoglobiny na
stezenie UNGAL oraz wielko$¢ uNGAL/uCr. Badania Chou et al. [3]
podkreslaja diagnostyczne znaczenie wysokich stezen krazacego
NGAL, ktéry odzwierciedla przewlekty proces zapalny w przebiegu
PChN. NGAL bywa réwniez okreslany jako predyktor obnizajacej
sie wartosci eGFR u pacjentéw z DMt2 [3].

Pomiary stezert uNGAL oraz wartos¢ wyliczonego wskaznika
UNGAL/uCr moga dostarczy¢ informacji na temat uszkodzenia
nerkiizmieniaja sie dynamicznie w czasie wraz ze wzrostem stop-
nia tego uszkodzenia.

Stezenia cholesterolu we frakgji LDL korelowaty z uNGAL, zas trigli-
ceryddéw ze wskaznikiem uNGAL/uCr w grupie chorych na DMt2.
Ponadto, oba wskazniki korelowaty z UACR. Wyniki te moga wska-
zywac na wptyw aterogennego lipidogramu w grupie zDMt2 na
progresje uszkodzenia nerek u chorych z albuminurig >30mg/g.
Obserwacja ta jest spdjna z badaniem Gall i wsp. [25], w ktérym
wykazano korelacje miedzy stezeniem cholesterolu w surowicy
a progresja CChN szacowanej wartosciag eGFR. Istnieje poglad, ze
dyslipidemia przyspiesza postep PChN, jaka jest CChN. Proces ten
rozpoczyna sie od uszkodzenia wtosniczek ktebuszka nerkowe-
go, ktére umozliwia infiltracje mezangium lipoproteinami [26].
Prawdopodobne jest, ze ten proces, zainicjowany przez hiperli-
pidemie, lezy u podtoza zapalenia srédmiazszu nerek u chorych
z DMt2 z konsekwencjami pod postacig postepujacego uszko-
dzenia nerek.

Wskazniki uNGAL i uNGAL/uCr u chorych bez aktywnego zaka-
zenia, istotnej niedokrwistosci, choroby nowotworowej i cho-
rob autoimmunologicznych wykazujg wysoka specyficznos¢ dla
uszkodzenia nerek. Potwierdza to wykazana przez autoréw do-
datnia korelacja pomiedzy ich wartosciami, a albuminurig i UACR
(wskazniki uznawane za markery specyficzne dla uszkodzenia
nerek).

DMt2 jest uznawana za schorzenie cywilizacyjne, co za tym idzie,
istnieje coraz wieksza swiadomos¢ rozwoju jej pdznych powi-
ktan oraz stosunkowo fatwy dostep do wczesnej diagnostyki.
Rozumienie istoty jej przewlektego i postepujacego charakteru
powinna skfania¢ badaczy do poszukiwania takich wtasnie na-
rzedzi diagnostycznych, jakimi w opinii autoréw pracy mogtoby
stac sie rutynowe stosowanie pomiaréw NGAL w moczu. Brak
wyraznego momentu rozpoczecia DMt2, nierzadko zbyt dtugi
okres czasu do jej rozpoznania i podjecia leczenia, wymaga wdro-
Zenia wiasciwego narzedzia do oceny progresji CChN. Ustalenie
wartosci wyjsciowej uNGAL i ocena wielko$ci uNGAL/uCr, a na-
stepnie monitorowanie zmiany ich stezenia podczas okresowego
badania kontrolnego prowadzonego w Poradni Nefrologicznej
moze znaczaco przyczynic sie do obnizenia liczby pacjentéw kie-
rowanych w przysztosci do leczenia nerkozastepczego z powodu
powikfarh DMt2.
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Background. Diabetic kidney disease (DKD) may start as glomerular or tubular damage. We assessed kidney function during one-
year-long observation of patients with type 2 diabetes mellitus (T2DM) after initiation of nephroprotective treatment, with emphasis
on the changes in urinary neutrophil gelatinase-associated lipocalin (uNGAL), and evaluated the association between tubular
damage and cardiovascular complications of T2DM. Materials and Methods. Adult T2DM patients (55) were assessed initially and
30 patients after 1 year. Albumin and uNGAL and creatinine were measured in first morning urine. Albumin/creatinine (1ACR) and
uNGAL/creatinine (uNCR) ratios were calculated. Results. In logistic regression, both uACR above 30 mg/g and uNCR the median
(21.3 ug/g) were associated with cardiovascular complications, independently of classical risk factors and diabetes duration. One
year after initiation of treatment, a significant reduction in HbA . was observed. BMI and lipid profiles did not change. Increase in
serum creatinine and reduction in eGFR occurred, along with decrease in uNGAL and uNCR. Increasing uNCR and uACR were
associated with higher control HbA, . The increase in uNCR was more frequent in patients with hypertension. Conclusions. Better
glycemic control in T2DM patients results in improved tubular function, as reflected by reduced uNCR and uNGAL. First morning
urine uUNGAL and uNCR may be useful to assess renal function and cardiovascular risk, along with albuminuria and eGFR.

1. Introduction

The prevalence of diabetes worldwide is over 9 percent, and
it is gradually increasing [1]. The World Health Organization
(WHO) estimates that, in highly developed countries, 85
percent of population will suffer from type 2 diabetes mellitus
(T2DM) [2]. The mortality due to diabetes complications,
resulting from diabetic macroangiopathy, microangiopathy,
or neuropathy, is an important social and clinical issue.

In accordance with the latest 2016 European Society of
Cardiology (ESC) guidelines, diabetic patients are considered
to be at a very high or high risk of developing cardiovascular
disease (CVD) [3]. It is assumed that 30-35 percent of genet-
ically predestined individuals, receiving no or inadequate
treatment, may develop angiopathy in renal microcirculation
and diabetic kidney disease [4]. Glomerular filtration rate
(GFR) lower than 60 mL/min/1.73 m? further increases the
risk of developing CVD [3]. Available studies clearly point



to increased mortality rate of patients suffering from T2DM
associated with nephropathy. However, early recognition of
T2DM and adequate treatment inhibit progression of changes
in blood vessels and contribute to favorable prognosis [3].

Kidney diseases are diagnosed on the basis of serum
creatinine concentration and estimated GFR (eGFR), albu-
minuria, renal imaging, and histology following renal biopsy.
However, low accuracy or invasiveness of these tests causes
the fact that they frequently do not meet expectations of clin-
icians. In accordance with American Diabetes Association
(ADA) 2016 standards, in order to detect or assess DKD,
urinary albumin excretion and eGFR have to be measured
annually [4]. Taking into account a limited diagnostic value
of eGFR in detection of early renal dysfunction [5], as well
as the fact that not all people with DKD have increased
albuminuria, a search for new markers for kidney damage
seems necessary. The new markers should be characterized by
higher diagnostic sensitivity and specificity and should allow
detecting the nonglomerular kidney damage [6-8].

Neutrophil gelatinase-associated lipokalin (NGAL), a
member of the lipocalin protein family, has been recognized
as one of the most promising biomarkers of early stages of
kidney damage. It is a secreted protein with a molecular
weight of 25 kDa, found in the neutrophil granules [9]. Recent
studies focus mainly on the role of NGAL as a biomarker of
acute kidney injury (AKI) [10, 11]. However, NGAL may also
serve as a marker of chronic kidney disease (CKD), including
DKD [12, 13]. Due to high biological variability of urinary
NGAL (uNGAL), in CKD patients, uNGAL measurements
should be accompanied by the assessment of urine creatinine
concentration and calculation of uNGAL/creatinine ratio
(uNCR) [14]. Prospective studies in DKD patients indicated
the association between increasing uNGAL and the pro-
gression of kidney disease [15, 16] and negative correlation
between uNCR and eGFR [16, 17], irrespective of albumin-
uria, although a positive correlation with albuminuria was
also observed in some studies [16]. These observations in
T2DM patients encourage the hypothesis that NGAL may
be an earlier biomarker of DKD than albuminuria. The
measurements of initial values of uNGAL and uNCR, and
subsequent regular monitoring of their changes, seem to
be useful in the assessment of kidney function in T2DM
patients. Promising preliminary results were also obtained in
our studies: namely, we found that uNCR exceeding 21.3 ug/g
may be useful for early prediction of renal tubular damage in
the course of DKD [18].

The aim of the study was to assess the changes in renal
function of T2DM patients during a 12-month observation,
following the introduction of nephroprotective treatment
according to ADA 2016 standards. Special attention was
paid to the changes in uNGAL concentrations and uNCR
values after treatment. We evaluated the correlations between
the changes in markers of kidney function after a year-
long treatment and the diabetes duration, blood glucose
concentrations, and the use of medications affecting the
renin-angiotensin-aldosterone system (RAAS) and the lipid
metabolism. Additionally, the relationship between uACR
and uNCR values and cardiovascular complications were
assessed at the beginning of the study.

Disease Markers

2. Materials and Methods

The study group consisted of women and men diagnosed
with T2DM and undergoing treatment at the Department of
Nephrology at St. Queen Jadwiga Clinical District Hospital
No. 2 in Rzeszow, Poland. The inclusion criteria were age
above 18 years, T2DM, and eGFR >60 mL/min/1.73 m?. The
exclusion criteria were anemia, overt proteinuria or urinary
albumin/creatinine ratio (uACR) > 300 mg/g, hematologic
malignancies, systemic connective tissue diseases, allergies,
infections, uncontrolled hypertension, and treatment with
potentially nephrotoxic medications. Patients gave written
informed consent for the study. The protocol received per-
mission from the Bioethics Committee of the Regional
Medical Chamber in Rzeszow, Poland (approval number
70/2014/B issued on 19 September 2014).

A cross-sectional analysis was conducted using data
obtained at the first visit of patients. A prospective, observa-
tional study was conducted in patients with available follow-
up data. At the beginning of the study patients underwent
a careful clinical examination, including the assessment of
body mass index (BMI) and blood pressure, as well as
laboratory tests. Cardiovascular complications of T2DM were
diagnosed in patients with ischemic heart disease, heart
failure, systemic atherosclerosis, or ischemic stroke that
occurred after the diagnosis of T2DM. In accordance with
current clinical regulations [19], nephroprotective treatment
was initiated, hypertension treatment was modified taking
into account documented, outpatient blood pressure read-
ings, diabetes treatment was adjusted taking into account
outpatient measurements of glycemic status and the measure-
ments of glycated hemoglobin (HbA,.), fluid and electrolyte
balance was regulated, and hypolipemizing treatment was
initiated or modified in order to control the lipid profile
and the liver function parameters. Twelve months after the
initiation of the study a subsequent clinical assessment of
patients and laboratory tests were conducted.

Laboratory tests included fasting serum glucose, HbA,,
complete blood count, triglycerides, total cholesterol, low-
density lipoprotein- (LDL-) and high-density lipoprotein-
(HDL-) cholesterol, and serum creatinine. eGFR was cal-
culated on the basis of CKD-EPI equation [20]. The urine
tests included examination of the sediment, concentrations
of uNGAL, albumin, and creatinine in first morning urine
sample. uNGAL was measured using CMIA (chemilumines-
cent microparticle immunoassay), on the immunochemistry
platform ARCHITECT® (ARCHITECT Analyzer, Abbott
Diagnostics, Abbott Park, USA). uNCR and uACR were
calculated. The laboratory tests were performed at the
Department of Laboratory Diagnostics at St. Queen Jadwiga
Clinical District Hospital No. 2 in Rzeszow (Poland) at the
day of blood collection.

2.1. Statistical Analysis. Numbers of patients (percentages
of the study group) were reported for categories. Mean +
standard deviation or median (upper-lower quartile) was
reported for quantitative variables (depending on distribu-
tion as evaluated with Shapiro-Wilk’s test). Chi-squared test
was used to analyze contingency tables. The parametric tests
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TABLE 1: Baseline characteristics of the studied group of 55 T2DM patients with respect to cardiovascular complications of diabetes.

Patients with cardiovascular Patients without cardiovascular
complications (N = 19) complications (N = 36) P

Age, years 70 £11 59+15 0.022
Female sex 10 (53) 19 (53) o™
Ischemic heart disease, N (%) 17 (89) — —
Heart failure, N (%) 6 (32) — —
Systemic atherosclerosis, N (%) 5(26) — —
T2DM duration, years 7 (4-10) 5 (1-10) 01
Hypertension, N (%) 16 (84) 26 (72) 03N
Dyslipidemia, N (%) 18 (95) 33 (92) 0.7
BMI, kg/m’ 326+ 7.6 30.8 +5.2 05
HbA,, % 6.2 (6.1-6.6) 75 (6.2-9.4) 02N
WBC, 10°/uL 8.0 (5.3-9.7) 71 (5.9-8.4) 0.8 N8
Serum creatinine, umol/L 64.5 (60.1-82.2) 65.8 (58.8-76.9) 0.6
eGFR, mL/min/1.73 m> 87 (71-94) 95 (81-99) 0.07
Albuminuria, mg/L 12.3 (7.2-41.2) 9.5 (6.3-13.4) 0.048
uACR, mg/g 16.0 (7.5-53.6) 78 (3.4-13.2) 0.005
uNGAL, pg/L 22.3 (10.4-56.9) 18.8 (8.8-42.6) 0.7 N8
uNCR, ug/g 29.1 (13.4-58.8) 16.2 (9.5-38.8) 0.038

T2DM, type 2 diabetes mellitus; N, number of patients; BMI, body mass index; HbA ., hemoglobin A;_; WBC, white blood cells; eGFR, estimated glomerular
filtration rate; uNGAL, urine neutrophil gelatinase-associated lipocalin; uNCR, urinary NGAL/creatinine ratio; uACR, urinary albumin/creatinine ratio; NS,

nonsignificant result.

were used for normally distributed data, and nonparametric
tests were used for nonnormally distributed data. In detail,
the results obtained at the beginning of the study and after 12
months were compared using paired t-test or Wilcoxon test.
The differences between groups were tested with unpaired
t-test or Mann-Whitney test. Correlations were assessed
using Pearson’s or Spearmans correlation coefficients. In
particular, the correlations between changes in the markers
of kidney function were evaluated; the change in the value
of a given marker was defined as the difference between the
control value (value after 12 months of treatment) and the
initial value (at the beginning of the study). Multiple logistic
regression was calculated to study the association between
cardiovascular complications and uACR and uNCR values,
with adjustment for classical cardiovascular risk factors.
Results were considered statistically significant at p < 0.05.
Statistica 12 (StatSoft, Tulsa, USA) software was used for
computations.

3. Results

Initially, 55 patients were qualified for the study. Nineteen
of them were diagnosed with cardiovascular complications
of T2DM. Patients with cardiovascular complications were
characterized with older age, higher albuminuria and uACR
values, and higher uNCR values (Table 1). Median uNCR
value in the group of 55 T2DM patients was 21.3 ug/g.
In multiple logistic regression, both uACR above 30 mg/g
and uNCR the median were associated with cardiovascular
complications independently of classical cardiovascular risk
factors and diabetes duration (Table 2).

The follow-up data after 12 months from initiation of
nephroprotective treatment were available for 30 patients.
The prospective study group included 17 women (56%) and
13 men (44%), aged 64 + 13 years. The median duration of
T2DM at the beginning of the study was 9 (2-11) years. At
the beginning of the study most patients were diagnosed
with comorbidities: hypertension in 23 (77%), ischemic heart
disease in 17 patients (31%), including one with the history of
non-ST elevation myocardial infarction, systemic atheroscle-
rosis in 5 (9%), and heart failure in 6 (11%) patients. Addi-
tionally, one patient had history of transient ischemic attack.
No new cardiovascular complications were diagnosed during
the follow-up. Most patients with hypertension received
medications affecting the RAAS (angiotensin converting
enzyme inhibitors or angiotensin receptor blockers). These
medications were used by 21 patients (70%) at the beginning
of the study. Only in 2 patients with hypertension, because
intolerance was not treated by the RAAS inhibitors, one
of these patients was repeatedly prone to develop hyper-
kalemia, whereas the other developed hypotension when
RAAS inhibitors were added to alpha-blocker used because
of urological disorder. During the study, 28 patients (93%)
were treated with RAAS inhibitors. Twelve patients (40%)
were treated with statins.

The characteristics of the study group at the beginning
of the study and after 12 months are presented in Table 3.
At the beginning of the study 26 patients (87%) had a BMI
>25kg/m?, and the percentage remained the same after 12
months. During the study, BMI decreased in 16 patients
(53%), increased in 9 (30%), and did not change in the
remaining 5 patients (17%). Mean HbA,  decreased after
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TABLE 2: Multiple logistic regression model showing the association between selected variables and cardiovascular complications among 55

T2DM patients evaluated at the beginning of the study.

Independent variables Odds ratio (95% confidence interval) P
Age, years L11 (0.99-1.25) 0.07 ¢
Female sex 0.44 (0.05-3.80) 0.4 N8
T2DM duration, years 1.03 (0.84-1.26) 0.8 N8
BMI, kg/m? 1.22 (1.00-1.48) 0.041
Hypertension 5.21 (0.15-185) 03N
Dyslipidemia 0.16 (0.02-1.68) 01
uACR > 30 mg/g 25.20 (1.01-639) 0.042
uNCR > 21.3 ug/g 14.99 (1.01-247) 0.048

Whole model

chi* =19.8; p = 0.011

For abbreviations, see Table 1.

TaBLE 3: Characteristics of 30 T2DM patients with available follow-up data at the beginning of the study (baseline results) and after 12-month

follow-up (control results).

Baseline results Control results p
BMI, kg/m’ 30.9+55 314 +57 0.6
HbA,, % 798 +1.99 6.31+0.93 0.037
Hemoglobin, g/dL 142 +14 139+14 0.019
WBC, 10°/uL 7.59 +2.39 7.34 +2.67 0.5™
Total cholesterol, mmol/L 5.38 (4.11-5.95) 4.78 (4.01-5.86) 03NS
LDL-cholesterol, mmol/L 3.10 (2.07-3.75) 2.62 (1.98-3.94) 0.3
HDL-cholesterol, mmol/L 1.32 (1.01-1.53) 1.36 (1.03-1.49) 0178
Triglycerides, mmol/L 1.57 (1.13-1.89) 1.53 (1.16-2.03) 05N
Serum creatinine, ymol/L 68.1 (60.1-76.9) 69.0 (61.9-77.8) 0.035
eGFR, mL/min/1.73 m* 94.4 (79.7-98.3) 87.0 (74.6-99.0) 0.023
Albuminuria, mg/L 8.53 (6.59-13.53) 5.55 (2.14-19.75) 0.2
UACR, mg/g 749 (3.39-13.38) 4.69 (2.86-43.41) 0.1
uNGAL, ug/L 18.00 (9.00-32.20) 9.35 (2.50-19.30) 0.018
uNCR, ug/g 16.18 (10.00-33.72) 8.82 (3.09-26.83) 0.037
Leukocyturia, 7/(%) 3(10) 5(17) 0.4

LDL, low-density lipoprotein; HDL, high-density lipoprotein; see Table 1.

12 months of treatment (Table 1), and in 19 patients (63%)
good glycemic control was achieved (HbA,. < 6.5%).
The treatment had no influence on the concentrations of
total cholesterol, HDL- and LDL-cholesterol, or triglycerides
(Table 3).

After 12 months, serum creatinine increased in 17 patients
(57%) along with a decrease in eGFR (by 7 mL/min/1.73 m?
on average and 16 maximum). In 4 patients (13%) eGFR
did not change, whereas in 9 (30%) it increased (by
4mL/min/1.73 m* on average and 10 maximum). Overall,
average creatinine concentrations slightly increased, and
average eGFR values in the whole study group decreased
(Table 3). Simultaneously, average concentrations of uUNGAL
and urinary albumin decreased; however, in the case of
albuminuria and uACR the difference was not statistically
significant (Table 3). After a year of treatment, uNGAL
concentrations increased in 10 patients (33%), but in 20

patients (67%) there was a considerable decrease in uNGAL
(Figure 1). In turn, uNCR increased in 9 patients (30%) and
decreased in 21 (70%). Albuminuria increased in 12 (40%)
and uACR increased in 11 (73%), while it decreased in the
remaining patients.

Patients whose eGFR values decreased during the study
had higher initial concentrations of uNGAL and lower
control concentrations of HDL-cholesterol and of triglyc-
erides than patients whose eGFR values did not change or
increased (Figures 2(a)-2(c)). The change in eGFR (defined
as the difference between eGFR values at the end of the
study and eGFR values at the beginning) was positively
correlated with control concentrations of total cholesterol
(R = 043; p = 0.022) and the initial and control
concentrations of HDL-cholesterol (R = 0.39; p = 0.042
and R = 048; p = 0.010, resp.). The change in eGFR
was negatively correlated with the initial values of uNCR
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FIGURE 1: Urinary NGAL concentrations at the beginning of the
study (initial results) and after 1 year of nephroprotective treatment
(control results) among 30 DKD patients with available follow-up
data. Closed circles and solid lines represent patients with decreasing
uNGAL; open squares and dashed lines represent patients with
increasing uNGAL. For abbreviations, see Table 1.

(R = -0.38; p = 0.036) and the control concentration of
uNGAL (R = —-0.51; p = 0.004). The differences between
the concentrations of uNGAL after 12 months and the
initial concentrations correlated with, analogically assessed,
changes in the concentrations of urinary albumin (R = 0.42;
p = 0.026). A similar correlation was observed between
the changes in uNCR and uACR (R = 0.48; p = 0.011).
In most patients, a decrease in the values of both markers
was observed during the study (Figure 3). In comparison
with patients whose uACR values decreased, patients whose
uACR values increased during 12 months had higher control
values of HbA, and higher leukocyte count (Figures 2(d) and
2(e)). The increase in uNGAL concentrations was associated
with higher control concentrations of HbA, . (Figure 2(f)).
Additionally, diabetes duration correlated positively with the
changes in albuminuria (R = 0.40; p = 0.033) and uNCR
(R =0.46; p = 0.010).

The increase in uNCR was significantly more frequent
(p = 0.048) in hypertensive patients (9 out of 23 patients,
45%) than in patients with no hypertension (0 out of
7 patients). No correlations were observed between the
increase or decrease in the values of kidney function markers
and the presence of other comorbidities or medications
applied. Furthermore, no correlations were observed between
the changes in the values of kidney function markers and the
age or gender of patients.

4. Discussion

DKD remains one of the most serious complications of
diabetes. Its late recognition and inadequate treatment may

lead to end-stage renal disease and the need for renal replace-
ment therapy. However, although DKD is progressive and
irreversible, there are studies indicating that early recognition
of the disease and initiation of nephroprotective treatment
may slow down its progression.

In T2DM patients, kidney function must be evaluated
in a comprehensive manner. The evaluation should take
into account not only GFR and albuminuria indicating the
possible damage to the filtration membrane, but also the
function of renal tubules. To assess the function of renal
tubules, we analyzed the changes in uNGAL and uNCR
measured in a first morning urine sample during a 12-month
observation of patients suffering from T2DM and CKD
stages G1 and G2, with accompanying normal or moderately
increased albuminuria (Al or A2), according to KDIGO
criteria [20].

Patients recruited for our study had medical conditions
and symptoms typical for the T2DM related metabolic
syndrome and insulin resistance. These was excess weight or
obesity (more than 78% of patients), hypertension (more than
77% of patients), or dyslipidemia requiring drug treatment
(40% of patients). Taking into account cardiovascular disease
observed in the ARETAEUSI study, a study examining the
clinical profile of the Polish population with T2DM of short
duration, the patient group in our study was a representative
sample [21].

According to the latest ADA 2016 and ESC 2016 guide-
lines, T2DM patients should change their dietary habits,
maintain regular physical activity, and reduce their body
weight [19]. Most patients in our study group were able to lose
weight due to pharmacological treatment, as well as changes
in diet and lifestyle.

According to the SHARP study, in order to reduce the
risk of CVD in CKD patients, statins should be used [22].
Moreover, statins play a significant role in nephroprotective
treatments [23]. In our study, 40% of patients were treated
with statins. In accordance with ESC 2016 guidelines, none
of patients was treated with fibrates, even though hyper-
triglyceridemia is a most pronounced lipid disorder in T2DM
patients [24].

From the clinical point of view, it is important to observe
that in most patients glycemic control, measured with HbA
improved after 12 months. This, in turn, had probably a
direct influence on the reduction of albuminuria and the
uACR values. Albuminuria is a recognized risk factor both
for the progression of DKD and for cardiovascular disease [3].
Consequently, for nephrologists, reduction of albuminuria is
crucial in the treatment of T2DM [19]. However, it has to be
remembered that increased albuminuria (30-300 mg/g) is the
first indicator of DKD only in a part of T2DM patients. In
about 30% of DKD patients, progressive reduction in GFR is
not accompanied by increased excretion of urinary albumin
[25].

Since the assessment of kidney function based on eGFR
and albuminuria is far from being satisfactory, and it allows
only monitoring the function of the glomerular filtration
membrane, we have made an attempt to assess the kidney
function in T2DM patients with respect to possible damage to
renal interstitium, by measuring uNGAL. uNGAL excretion
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FIGURE 2: Statistically significant differences in laboratory test results between patients with different direction of change in the studied
markers of kidney function. The change in the marker of kidney function was defined as the difference between the control value (after 12
months of treatment) and the initial value (at the beginning of the study). “Increase or no change in eGFR. TG, triglycerides; see Tables 1 and

3.

increases significantly in the epithelial cells of the ascending
limb of the loop of Henle in renal tubules in a response to
ischemia or toxins [26]. It is assumed that NGAL may play a
significant role in pathophysiology of kidney adaptation to
the destructive influence of diabetic environment on renal
tubules [14].

In this study, following the implemented treatment, a
statistically significant decrease in uNGAL and uNCR was
obtained after 12 months. The observed tendency for decreas-
ing uNGAL and uNCR values may be a confirmation of
the positive influence of multifactorial treatment of T2DM
patients, aimed at inhibiting the progression of renal tubules
damage. During a 3.5-year observation of T2DM patients,
Nielsen et al. [27] observed a positive correlation of uNCR
with HbA,_. Similarly, we observed a decrease in HbA,_
during a 12-month study, accompanied by a decrease in
tubular proteinuria (uNCR values).

The observed significant decrease in eGFR confirms the
observation that in people over the age of 30, the decline
in GFR values is a physiological process (the annual rate of
decrease in GFR is 0.75-1 mL/min/1.73 m*) [28, 29], further
accelerated to 2.3-5.4 mL/min/1.73 m? in DKD [30]. In our
study, the decrease in eGFR values may also be a consequence
of blocking the RAAS in most patients. Such treatment aims
at lowering the glomerular filtration pressure, which in the
initial phase of DKD leads also to a clinically insignificant
decrease in eGFR. However, when applied for a longer time,
such treatment has nephroprotective and cardioprotective
effects, independently of blood pressure values [3]. According
to ADA standards, all patients with uACR greater than
30 mg/g, irrespective of eGFR values, should be treated
with angiotensin converting enzyme inhibitors (ACEI) and
angiotensin II receptor blockers. In such patients, it is
necessary to monitor the serum creatinine and kalemia.
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FIGURE 3: Numbers of patients in whom either a decrease or an
increase in the values of uNCR and uACR was observed after 12
months of treatment in comparison with initial values. |: decrease in
the value of a given marker as assessed after 12 months of the study;
T:increase in the value of a given marker as assessed after 12 months
of the study; For abbreviations, see Table 1.

This treatment is not recommended in primary prevention
of DKD with normotension, normal range of albuminuria,
and normal eGFR [19]. Treatment with ACEI leads to the
reduction in hemoglobin concentration [31, 32]. In this
study the decrease in hemoglobin concentrations (statistically
significant, but clinically insignificant), confirms, together
with the hypotensive effect, the effectiveness of ACEL

Other authors, in 12-month follow-up of DKD patients,
observed the increase in uNGAL [33], as well as inverse
correlations between uNGAL, uACR, and GFR in T2DM
patients [15-17], which is contrary to our results. The discrep-
ancies may result from different patient care and from racial
differences in populations studied (all patients in our study
were of Caucasian race).

The authors of ESC 2016 guidelines stress the potential
benefits of introducing novel urinary biomarkers in selected
patient populations, as these may contribute to improved
assessment of cardiovascular risk [3]. Clinical trials aimed
at finding the optimal biomarker pass through successive
phases [34]. The authors of this study have observed that,
at the time of the first visit, patients with cardiovascular
disease had higher values of uUACR and uNCR than patients
without cardiovascular disease. Both uACR and uNCR were
independently associated with cardiovascular complications,
irrespective of classical cardiovascular risk factors. No new
incidents of cardiovascular disease were diagnosed in the
study group during the 12-month follow-up. During this
time significant decrease in both uNGAL and uNCR and no
increase in albuminuria were observed. Our results indicate
that renal complications of T2DM, both those involving

glomeruli and tubules, are significantly associated with car-
diovascular complications of diabetes. Thus, the measure-
ment of uNCR may be helpful in the clinical prediction of
CVD in T2DM patients.

The major limitation of our study is the small number of
patients enrolled. Therefore, we cannot draw any definitive
conclusions. However, the results seem promising and should
be validated in larger studies.

5. Conclusions

On the basis of a 12-month observation of early-phase DKD
patients it can be concluded that multifactorial nephropro-
tective treatment, focused primarily on the improvement of
glycemic control, has a positive effect on the function of renal
tubules as reflected by the diminishing concentrations of
uNGAL and uNCR. Additionally, uNCR may be considered
as independent predictor of the increased risk of CVD in the
population studied.
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Diabetic kidney disease develops in half of genetically predisposed patients with type 2 diabetes (T2DM). Early diagnosis of kidney
damage and nephroprotective treatment are the ways of preventing the disease progression. Our aim was to evaluate selected
laboratory markers of glomerular and tubular damage in T2DM patients with early stages of chronic kidney disease (G1/G2,
A1/A2) for their associations with A2 albuminuria and early decline in the estimated glomerular filtration rate (eGFR). Among
80 T2DM patients with median eGFR of 92.4ml/min/1.73 m*> and median urinary albumin to creatinine ratio (uACR) of
4.69 mg/g, 19 had uACR > 30mg/g (A2). Higher serum cystatin C, serum and urine neutrophil gelatinase associated lipocalin
(NGAL), urine kidney injury molecule 1 (KIM-1), detectable urine transferrin and IgG, and lower serum uromodulin
significantly predicted A2 albuminuria, urine KIM-1/creatinine ratio, and IgG being the best predictors. Albuminuria, urine
NGAL/creatinine, and IgG correlated with diabetes duration. Albuminuria, urine NGAL, transferrin, IgG, and uromodulin
correlated with diabetes control. In a subgroup of 29 patients, retrospective data were available on changes in eGFR and uACR
over one year. Decline in eGFR was observed in 17 patients and increase in uACR in 10 patients. Serum and urine NGAL
correlated with eGFR changes. Higher urine NGAL, KIM-1/creatinine ratio, and detectable IgG were significantly associated
with the increase in uACR. Widely available markers, serum cystatin C, urine IgG, transferrin, and NGAL, may help in early
assessment of kidney disease in T2DM patients; however, large prospective studies are needed to confirm the conclusion.

1. Introduction

Diabetes is the most prevalent metabolic disease worldwide,
and its complications are among the most important public
health issues [1]. About 30-40% of diabetic patients, espe-
cially the genetically predisposed ones, develop diabetic
kidney disease (DKD), which makes it the most frequent

cause of end-stage kidney disease and renal replacement
therapy [2, 3].

Early diagnosis and early initiation of nephroprotective
therapy have the potential to prevent the progression of
DKD toward end-stage renal disease and to improve patients’
prognosis. Based on the guidelines issued by Kidney Disease
Outcomes Quality Initiative (KDOQI) in 2007 [4], the
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repeated assessment of urine albumin/creatinine ratio
(uACR) in two to three samples of morning urine together
with the estimation of glomerular filtration rate (eGFR) has
been recognized as the best standard screening for DKD.
However, currently, it is well known that kidney damage in
course of type 2 diabetes mellitus (T2DM) may occur without
increased albuminuria [5]. Moreover, decrease in eGFR is not
an early indicator of diabetic renal damage. Therefore, in
some patients, albuminuria and eGFR are not sensitive
markers of early DKD. Diagnostic imaging produces nonspe-
cific results in DKD patients, and the thick needle biopsy is
very rarely used due to invasiveness and the lack of strict
clinical indications in the early stage of DKD, usually
characterized by very few symptoms. Thus, there is a need
to seek new biomarkers of early renal damage in patients
with T2DM.

Morphological changes observed in kidneys in the
course of DKD affect almost all nephron structures:
glycocalyx and glomerular endothelial cells, glomerular
basement membrane, podocytes and slit membranes,
mesangial matrix, renal interstitium, and renal tubules [6].
To properly qualify the potential markers of renal damage
in T2DM, it is useful to classify them according to the renal
structure affected by the pathological process [7]. On this
basis, we distinguish markers of glomerular damage includ-
ing transferrin, immunoglobulin G (IgG), ceruloplasmin,
type IV collagen, laminin, glycosaminoglycans, lipocalin-
type prostaglandin D synthase, fibronectin, podocalyxin,
vascular endothelial growth factor, cystatin C (CysC), or
nephrin and markers of tubular damage such as neutrophil
gelatinase-associated lipocalin (NGAL), alpha-1-microglob-
ulin, kidney injury molecule-1 (KIM-1), N-acetyl-beta-D-
glucosaminidase, angiotensinogen, uromodulin, liver-type
fatty acid-binding protein (L-FABP), heart-type fatty acid-
binding protein (H-FABP), the products of advanced
glycation, or inflammatory markers [8]. Some biomarkers,
including albumin, are filtered in the glomeruli and then
reabsorbed in the proximal tubule of the nephron; increased
urine excretion of such markers may indicate damage of both
glomerular and tubular structures [7].

The aim of the study was the assessment of selected
laboratory markers of glomerular and tubular damage in
serum and urine of T2DM patients without significant
decrease in the glomerular filtration rate and without signif-
icantly increased albuminuria. We evaluated the studied
biomarkers as the predictors of moderately increased
albuminuria and evaluated their associations with early
decline of kidney function in T2DM.

2. Materials and Methods

2.1. Study Group. The cross-sectional study recruited consec-
utive patients with T2DM consulted at the ambulatory clinic
of Nephrology Department of Clinical District Hospital
No. 2 in Rzeszéw, Poland, between October 2014 and
November 2015. The study visit was a part of a standard care
and was either arranged to assess kidney function in newly
diagnosed T2DM patients or was a control visit of patients
with single benign renal cysts or following treatment of
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urinary tract infection. A subgroup of patients attended a
control visit as a part of longitudinal observation of changes
in eGFR and urine albumin/creatinine ratio (uUACR) [9].
Inclusion criteria were T2DM diagnosis, eGFR > 60 ml/min/
1.73m’ and uACR<300mg/g. We excluded patients
diagnosed with anemia, neoplasm, connective tissue disease,
infection, allergy, treated with potentially nephrotoxic
drugs, and with known renal disease other than DKD.
Moreover, patients with poorly controlled hypertension,
decompensated heart failure, urinary tract infection, after
increased physical activity, and women during menstrua-
tion as well as pregnant women were excluded to avoid
nonspecific albuminuria.

Patients were subjected to detailed medical examination.
Patient’s history was collected focusing on the presence of
comorbidities, their duration, and treatment. Weight, height,
and blood pressure were measured; body mass index (BMI)
was calculated, and laboratory tests were ordered. According
to 2012 KDOQI guidelines [10], kidney impairment was
assessed based on uACR and eGFR estimated using 2009
Chronic Kidney Disease Epidemiology Collaboration for-
mula based on serum creatinine (CKD-EPI,). Moderately
increased albuminuria (UACR between 30 and 300 mg/g or
A2 albuminuria category) was considered the objective
evidence of kidney disease, according to the definition of
chronic kidney disease issued by Kidney Disease: Improving
Global Outcomes (KDIGO) [11].

In a subgroup of patients, retrospective data were
available on eGFR values and uACR changes over one-year
observation. These patients were seen a year and 6 months
before the study visit. During the previous visits, patients
were instructed to maintain physical activity and diabetic
diet. The doses of insulin or oral hypoglycemic drugs
were adjusted to maintain good glycemic control. Renin-
angiotensin-aldosterone system inhibitors were used as
antihypertensive drugs, and statins were used in treatment
of dyslipidemia if not contraindicated [12]. We assumed
the decrease in eGFR based on serum creatinine and
the increase in urine albumin/creatinine ratio after one
year of observation as the indicators of kidney function
decline [13, 14].

All patients provided informed consent for the study. The
study protocol was approved by the Bioethics Committee of
the Regional Medical Chamber in Rzeszéw, Poland (approval
number 70/2017/B issued on 19th September 2014).

2.2. Laboratory Tests. First morning urine and fasting blood
sample were collected for laboratory measurements at the
day of the study visit. The laboratory tests included routine
tests used for the assessment of the patients’ health status,
and a set of additional tests was performed for the purpose
of this study.

The routine tests included fasting serum glucose, glycated
hemoglobin A, (HbA, ), complete blood count, lipid profile,
serum C-reactive protein (CRP), and creatinine. GFR was
estimated based on serum creatinine according to CKD-
EPI., formula [8]. Urinalysis with urine sediment analysis
was performed using the first morning urine sample to
exclude urinary tract infection. First morning urine samples
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were also tested for the concentration of NGAL, albumin,
and creatinine, and then, uACR and urine NGAL/creatinine
ratios (uUNGAL/Cr) were calculated. The measurements of
uNGAL were conducted using chemiluminescent micropar-
ticle immunoassay and Architect analyzer (Abbott Diagnos-
tics, Lake Forest, IL, USA). Urine albumin concentrations
were measured using an immunoturbidimetric method, and
creatinine concentration was assessed using an enzymatic
method on Olympus/Beckman Coulter Chemistry Analyzer
AU680 (Beckman Coulter, Brea, USA). Peripheral blood
counts were performed using a hematology analyzer ADVIA
2120i (Siemens Healthcare, Erlangen, Germany). Urinalysis
was performed using LabUMat-UriSed 2 analyzer. The
routine tests and uNGAL measurements were performed
on the day of samples’ collection in the Department of
Diagnostics of St. Queen Jadwiga Clinical District Hospital,
Rzeszéw, Poland.

The remaining serum and urine were aliquoted and
frozen in —80°C until the complete set of samples was
collected. The tests were performed in series to avoid the
cycles of repeated freezing/defreezing. The preserved mate-
rial was used to determine the concentrations of transferrin,
IgG, KIM-1, and uromodulin (WUMOD) in urine and NGAL,
CysC, and uromodulin (sUMOD) in serum. Transferrin,
IgG, and CysC were measured using an immunonephelo-
metric method on a Nephelometer II analyzer (Siemens
Healthcare, Erlangen, Germany) at the Diagnostics Depart-
ment, University Hospital, Krakéw, Poland. The upper
reference limits were, respectively, 2.17 mg/1 for urine trans-
ferrin and 3.36 mg/l for urine IgG. The reference range for
serum cystatin C was 0.59-1.04 mg/1. The concentrations of
sUMOD, uUMOD, serum NGAL, and urine KIM-1 were
determined using commercially available enzyme-linked
immunosorbent assays with a Human Uromodulin ELISA
kit (BioVendor, Brno, Czech Republic), a Human Lipoca-
lin-2/NGAL ELISA kit (BioVendor, Brno, Czech Republic),
and Quantikine ELISA Human TIM-1/KIM-1/HAVCR
Immunoassay (R&D Systems, McKinley Place, MN, USA),
respectively. The readings were done with an automatic
microplate reader Automatic Micro ELISA Reader ELX 808
(BioTek Instruments Inc., Winooski, VT, USA). The refer-
ence range for sUMOD determined by the manufacturer of
the kit was 37.0-501.0 ng/ml (mean 241ng/ml); the limit
of detection was 0.12ng/ml. The reference range for urine
KIM-1 values determined by the manufacturer of the kit
was 0.156-5.33ng/ml, and mean detectable concentration
was 0.009ng/ml. The limit of detection of NGAL in
serum was 0.02ng/ml, and the reference values were
63.5+334 for men and 64.9+46.5ng/ml for women.
Uromodulin, serum NGAL, and KIM-1 measurements were
performed in the Department of Diagnostics, Chair of
Clinical Biochemistry, Jagiellonian University Medical
College, Krakéw, Poland.

2.3. Statistical Analysis. Data were presented as number of
patients (percentage of the group) for categories, mean+
standard deviation or median (lower-upper quartile)
for quantitative variables with normal and nonnormal
distributions (as checked using Shapiro-Wilk’s test).

Spearman’s rank correlation coefficient was used to
study correlations. Differences between groups were tested
with t-test and Mann-Whitney’s test, according to distri-
butions. Simple and multiple logistic regressions were used
to assess predictors of G1/G2 A2 CKD. Odds ratios (OR)
with 95% confidence intervals (95% CI) were reported as
results of logistic regression. The variables that proved
significant predictors in simple logistic regression were
studied further using receiver operating characteristic
(ROC) curves’ analysis to assess the diagnostic accuracy.
Cut-oft values were chosen by maximizing the Youden
index. The statistical tests were two-tailed, and the results
were considered significant at p<0.05. Statistica 12.0
(StatSoft, Tulsa, USA) was used for computations.

3. Results

3.1. Characteristics of Patients. The study recruited 80
patients with T2DM with median eGFR (CKD-EPI,)
of 92.4ml/min/1.73m* (79.7-101.0 ml/min/1.73 m?) and
median uACR of 4.69mg/g (2.86-19.17mg/g). The
patients presented with typical comorbidities, including
hypertension in (67) 84%, ischemic heart disease in 10
(12%), and heart failure in 6 (7%). In most patients, diabetes
was well controlled: median HbA, . concentrations equaled
6.4% (5.9-7.9%). The treatment of diabetes included metfor-
min in 74 patients (93%). Insulin therapy was necessary in
25 patients (31%).

Most patients (N =61; 77%) had normal to mildly
increased albuminuria (WACR<30mg/g). Moderately
increased albuminuria (WACR between 30 and 300 mg/g)
was observed in 19 patients (23%) (Table 1). On average,
these patients were older and had longer known duration of
diabetes, as well as higher HbA,_ (Table 1). Ischemic heart
disease was more commonly associated with moderately
increased albuminuria; however, no significant differences
regarding other comorbidities nor treatment modalities
were observed between patients with normal and moder-
ately increased albuminuria (Table 1). Moreover, white
blood cell counts and C-reactive protein concentrations
were higher among patients with uACR between 30 and
300 mg/g (Table 1).

3.2. The Associations of Studied Markers with Moderately
Increased Albuminuria. Serum cystatin C, serum NGAL,
urine NGAL and NGAL/creatinine ratios, urine KIM-1
and KIM-1/creatinine ratio, urine transferrin, and urine
IgG were significantly higher among patients with moder-
ately increased albuminuria while serum uromodulin was
significantly lower in this group of patients (Table 1). High
serum cystatin C, serum NGAL, urine NGAL and NGAL/
creatinine ratio, urine KIM-1 and KIM-1/creatinine ratio,
detectable urine transferrin, and urine IgG as well as low
serum uromodulin were also significant predictors of
moderately increased albuminuria in simple logistic
regression (Table 2). Most of these predictors (except for
serum concentrations of cystatin C, NGAL, and uromodulin)
were independent of age, diabetes duration, the presence
of hypertension, heart failure, and the treatment with
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TasLe 1: Clinical characteristics and the results of laboratory tests of T2DM patients with eGFR > 60 ml/min/1.73 m* according to
albuminuria categories.

Normal to mildly increased albuminuria: Moderately increased albuminuria:

Characteristic ACR < 30 mg/g (N = 61) WACR 30-300mg/g (N=19) PV
Age, years 59+11 67+ 12 0.007"
Male sex, N (%) 32 (52) 6 (32) 0.1
Known diabetes duration, years 5(2-10) 10 (6-15) 0.009%
Hypertension, N (%) 50 (82) 17 (89) 0.4
Ischemic heart disease, N (%) 5(8) 5 (26) 0.037"
Heart failure, N (%) 3(5) 3 (16) 0.1
BMI, kg/m2 31.5+5.0 319+75 0.8
Insulin treatment, N (%) 17 (28) 8 (42) 0.2
Statin use, N (%) 27 (44) 13 (68) 0.07
ACEI/ARB use, N (%) 40 (66) 13 (68) 08
Hemoglobin, g/dl 14.0+1.4 132+1.7 0.045"
White blood cell count, x10%/ul 7.20 (6.20-8.33) 8.51 (6.65-10.30) 0.039"
Fasting glucose, mmol/l 6.95+0.84 7.25+0.70 0.2
HbA,_, % 6.30 (5.90-7.80) 7.35 (6.30-8.40) 0.049"
Total cholesterol, mmol/l 4.68 (3.85-5.74) 4.84 (3.98-5.72) 0.8
HDL-cholesterol, mmol/l 1.19 (1.06-1.42) 1.22 (1.01-1.40) 0.7
LDL-cholesterol, mmol/l 2.66 (1.86-3.49) 2.49 (1.94-3.54) 0.8
Triglycerides, mmol/l 1.53 (1.15-2.03) 1.83 (1.40-2.80) 0.07
C-reactive protein, mg/l 2.80 (1.30-5.80) 6.90 (3.40-14.60) 0.008"
Serum creatinine, gmol/l 68.1 (59.2-78.7) 64.5 (53.0-79.6) 0.6
eGFR (CKD-EPI,.,), ml/min/1.73 m> 94 (81-101) 86 (72-97) 02
Serum cystatin C, mg/l 0.86 (0.78-1.01) 1.15 (0.93-1.37) <0.001*
¢GFR (CKD-EPI,,), ml/min/1.73 m? 93 (78-103) 71 (62-95) 0.002°
Serum NGAL, pg/l 53.8 (43.3-70.4) 67.2 (61.0-103.1) 0.013"
Urine NGAL, pg/l 10.3 (3.1-21.8) 24.7 (14.3-43.9) 0.008"
Urine NGAL/creatinine, pug/g 9.02 (2.97-18.84) 35.1 (8.89-74.92) 0.012%
Urine KIM-1, pg/1 0.73 (0.32-1.54) 1.26 (0.73-2.92) 0.022"
Urine KIM-1/creatinine, yg/g 0.98 (0.30-1.31) 1.91 (1.20-3.29) <0.0017
Urine transferrin, mg/l <2.17 <2.17 (<2.17-6.43) <0.001%
Detectable urine transferrin (>2.17 mg/l), N (%) 1(2) 9 (47) <0.001%
Urine IgG, mg/l <3.36 5.88 (<3.36-12.60) <0.001"
Detectable urine IgG (>3.36 mg/l), N (%) 4(7) 14 (74) <0.001%
Serum uromodulin, g/l 127 (95-173) 100 (58-138) 0.031%
Urine uromodulin, mg/1 6.56 (2.19-14.38) 5.60 (2.09-13.41) 0.5
Urine uromodulin/creatinine, mg/g 7.62 (2.18-15.95) 9.19 (3.31-12.79) 0.8

*Statistically significant difference between the groups. Abbreviations: T2DM: type 2 diabetes mellitus; uACR: urine albumin to creatinine ratio; BMI: body mass
index; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; HbA, : glycated hemoglobin Alc; HDL: high-density lipoprotein;
LDL: low-density lipoprotein; eGFR: estimated glomerular filtration rate; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; Cr: creatinine; CysC:
cystatin C; NGAL: neutrophil gelatinase-associated lipocalin; KIM-1: kidney injury molecule-1; IgG: immunoglobulin G.

renin-angiotensin-aldosterone system inhibitors (Table 2).
In ROC curves’ analysis, urine KIM-1/creatinine and urine
IgG showed highest values of the area under the ROC
curve, being the best markers to discriminate between
patients with and without moderately increased albumin-
uria (Figure 1, Table 3). In case of most studied markers,
the cut-off values selected to best discriminate between
patients with normal to mildly increased and moderately
increased albuminuria fell within the values observed in

healthy individuals. However, this was not the case for
serum cystatin C, urine transferrin, and urine IgG, where
the selected cut-off values were slightly higher than the upper
reference limit established by our laboratory. Among 61
patients with uACR <30mg/g, 11 patients (18%) had serum
cystatin C above the upper reference limit of 1.04 mg/l,
4 (7%) had urine IgG above the upper reference limit of
3.36mg/l, and 1 (2%) had urine transferrin above the
upper reference limit of 2.17 mg/L.
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TaBLE 2: Odds ratios for moderately increased albuminuria (uACR between 30 and 300 mg/g) among T2DM patients with eGFR > 60 ml/
min/1.73 m* in simple and multiple logistic regressions adjusted for age, diabetes duration, the presence of hypertension, heart failure, and

the treatment with renin-angiotensin-aldosterone system inhibitors.

Predictor variable

Simple analysis

Multiple analysis

Odds ratio (95% confidence interval) p value Odds ratio (95% confidence interval) p value

Serum creatinine, per 1 ymol/l
Serum cystatin C, per 1 mg/l
Serum NGAL, per 1 ug/l

Urine NGAL, per 1 ug/1

Urine NGAL/creatinine, per 1 ug/g
Urine KIM-1, per 1 ug/l

Urine KIM-1/creatinine, per 1 ug/g
Detectable urine transferrin
Detectable urine IgG

Serum uromodulin, per 1 ug/1
Urine uromodulin, per 1 mg/l

Urine uromodulin/creatinine, per 1 mg/g

0.99 (0.96-1.02)
33.09 (2.82-387.83)
1.02 (1.00-1.04)
1.04 (1.01-1.07)
1.02 (1.00-1.035)
1.64 (1.09-2.45)
5.63 (2.16-14.68)
54.00 (5.95-490.37)
39.90 (9.25-172.10)
0.99 (0.98-1.00)
0.96 (0.89-1.02)
1.00 (0.95-1.06)

0.6 0.98 (0.94-1.01) 0.2
0.005" 14.98 (0.64-353.13) 0.09
0.018% 1.02 (1.00-1.04) 0.059
0.016" 1.04 (1.00-1.07) 0.035"
0.018% 1.02 (1.00-1.04) 0.035"
0.020" 1.87 (1.11-3.15) 0.016"
<0.001* 7.12 (2.22-22.87) <0.001*
<0.001" 54.90 (4.70-640.90) 0.001"
<0.001% 59.37 (8.54-412.79) <0.001%
0.049% 0.99 (0.98-1.00) 0.09

0.2 0.95 (0.88-1.03) 0.2

0.9 1.01 (0.95-1.07) 0.8

*Statistically significant result. Abbreviations: see Table 1.

3.3.  Correlations of Studied Markers with eGFR,
Albuminuria, Diabetes Duration, and Diabetes Control.
Except for serum cystatin C, the studied serum and urine
markers of renal function did not significantly correlate with
eGFR based on serum creatinine (Table 4). Patients with
detectable IgG and those with detectable transferrin had on
average lower eGFR values (median 86 and 83 ml/min/
1.73m?, resp.) than those with undetectable concentrations
(median 93 ml/min/1.73 m* for both patients with undetect-
able IgG and those with undetectable transferrin); however,
the differences were not statistically significant (p=0.2 in
case of transferrin, p = 0.3 in case of IgG).

Urine albumin, albumin/creatinine ratio, NGAL/creati-
nine ratio, and IgG significantly correlated with known
duration of diabetes (Table 4). However, only serum cystatin
C (R=0.61; p<0,001) and serum uromodulin (R =-0.26;
p =0.018) were significantly correlated with age. Moreover,
urine albumin, uACR, urine NGAL and NGAL/creatinine
ratio, urine transferrin, urine IgG, urine uromodulin, and
uromodulin/creatinine ratio significantly correlated with
diabetes control as reflected by HbA, _ concentrations. Urine
markers NGAL, KIM-1, IgG, and transferrin were corre-
lated with albuminuria (Table 4). Except for serum NGAL
(R=0.45; p<0.001), the studied markers were not corre-
lated with C-reactive protein. Also, none correlated with
BMI. None of the studied markers differed significantly
between men and women, between patients with and
without hypertension, or between those treated and not
treated with renin-angiotensin-aldosterone inhibitors.

3.4. Associations between Concentrations of Studied Markers
and Follow-Up Data. Among 29 patients (36% of the study
group), the retrospective data were available that had been
recorded one year before the study visit. The retrospective
data included eGFR and uACR values. During the year,
GFR decreased in 17 patients (59%) (Table 5). Median
decrease equaled 5.2ml/min/1.73 m?, that is, 7.6% of the

initial eGFR value. Among studied markers, only higher
NGAL concentrations both in serum and in urine were
significantly associated with decrease in eGFR (Table 5).
Moreover, the concentrations of serum NGAL, urine NGAL,
and urine NGAL/creatinine ratios correlated negatively with
the percentage changes in eGFR over the year (Figure 2).

During the one-year observation, uACR increased in
10 patients (34%), with median increase of 12.2mg/g. We
observed no relationship between the decrease in eGFR and
the increase in albuminuria (p = 0.9). However, higher urine
NGAL, urine NGAL/creatinine ratio, urine KIM-1/creatinine
ratio, and detectable urine IgG were significantly associated
with the increase in uACR (Figure 3).

We compared the longitudinal data (i.e., the incidence of
decrease in eGFR and increase in uACR over one-year obser-
vation) between patients with studied markers below and
above the cut-off values selected in a cross-sectional study
(as presented in Table 3). Serum NGAL above 61 ug/l was
the only marker significantly associated with more prevalent
decrease in eGFR (it occurred in 53% of patients with serum
NGAL above the cut-off versus 17% of those with serum
NGAL below the cut-off; p=0.047). However, several
markers were associated with more prevalent increase in
uACR, that is, urine NGAL above 14.3 ug/l (70% versus
32%; p=0.048), urine NGAL/creatinine above 28.3 ug/g
(50% versus 11%; p =0.023), urine KIM-1/creatinine above
1.81 uglg (50% versus 11%; p =0.018), and urine IgG above
3.49 mg/1 (50% versus 5%; p = 0.005).

4. Discussion

Based on KDOQI definitions [4, 10], DKD diagnosis is
based on increased albuminuria and decreased eGFR.
However, there are several weaknesses of albuminuria as
a marker of (early) DKD. Most importantly, among
T2DM who develop kidney disease associated with
decrease in glomerular filtration, there are about 30-45%
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FIGURE 1: Receiver operating characteristic curves for selected serum and urine markers used to diagnose moderately increased albuminuria
(uACR between 30 and 300 mg/g) among T2DM patients with eGFR > 60 ml/min/1.73 m?% (a) serum cystatin C (sCysC); (b) serum
uromodulin (sUMOD); (¢) serum NGAL (sNGAL); (d) urine NGAL (uNGAL); (e) urine NGAL/creatinine (uNGAL/Cr); (f) urine
transferrin (uTRF); (g) urine KIM-1 (uKIM-1); (h) urine KIM-1/creatinine (uKIM-1/Cr); (i) urine IgG (ulgG).

in whom no increased albuminuria (of above 30mg/g
creatinine) is observed [15, 16]. Further, albuminuria is not
specific for DKD, and the comorbidities often observed in
T2DM (such as hypertension or obesity) may also affect
the filtration barrier of the glomeruli leading to increased
albuminuria [17]. Moreover, treatment of hypertension
often includes renin-angiotensin-aldosterone inhibitors
(angiotensin-converting enzyme inhibitors and angioten-
sin receptor blockers) that lower hydrostatic pressure in
glomeruli and thus normalize albuminuria. Although benefi-
cial, this effect influences the diagnosis of DKD based on

current guidelines [10]. There is an ongoing debate on lower-
ing the cut-off value for albuminuria; evidence exists that the
urine albumin/creatinine ratio exceeding 15mg/g should be
used to define chronic kidney disease as it better predicts
kidney disease-related cardiovascular complications [18].
On the other hand, decreased eGFR occurs rather late follow-
ing changes in the kidney in DKD, the early damage being
often accompanied by hyperfiltration [19]. Both routine
markers of DKD (albuminuria and eGFR) are altered in
consequence of the damage to renal glomeruli. However, in
about 30% of T2DM patients with kidney impairment,
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TaBLE 3: Diagnostic accuracy data for selected serum and urine markers used to diagnose moderately increased albuminuria (uACR between
30 and 300 mg/g) among T2DM patients with eGFR > 60 ml/min/1.73 m*. Values observed in healthy individuals are shown to enable

comparison with selected cut-off values.

Reference values previously

Detection of moderately increased albuminuria in T2DM

Marker associated with healthy individuals AUC (95% CI) Selected cut-off value Sensitivity, % Specificity, %
Serum cystatin C, mg/l 0.59-1.04" 0.78 (0.65-0.91) 1.09 68 90
Serum NGAL, pg/l Wl;ﬂnign‘szi N j iﬁ 5b 0.69 (0.56-0.83) 610 79 61
Urine NGAL, pug/l 10.9 (6.0-38.2)° 0.74 (0.60-0.87) 14.3 80 61
Urine NGAL/creatinine, ug/g 12.2 (5.9-27.9)° 0.71 (0.53-0.89) 283 60 87
Urine KIM-1, ug/l 0.156-5.33" 0.68 (0.54-0.81) 0.73 79 51
Urine KIM-1/creatinine, ug/g 0.225-3.20" 0.84 (0.72-0.95) 1.81 67 92
Urine transferrin, mg/l <2.17% 0.73 (0.58-0.88) 2.41 47 98
Urine IgG, mg/1 <3.36" 0.85 (0.72-0.97) 3.49 74 93
Serum uromodulin, pg/1* 191.2 (89.1-299.1)¢ 0.66 (0.53-0.80) 144 95 43

*Reference interval used in the laboratory that performed the measurement for the present study. "Reference values reported by the manufacturer of the test
used in the present study [43-45]. “Previously reported values measured in the same laboratory and with the same tests as in the present study: urine
NGAL, urine NGAL/creatinine [46], and serum uromodulin [38]. *Low concentrations are associated with renal impairment. Abbreviations: see Table 1.

TaBLE 4: Correlations between studied serum and urine markers and eGFR, diabetes duration, and HbA . concentrations.

Marker eGFR (CKD-EPI,) Diabetes duration HbA, uACR

R p value R p value R p value R p value
Serum cystatin C -0.72 <0.001" 0.17 0.1 -0.05 0.7 0.21 0.08
Urine albumin 0.02 0.9 0.21 0.071 0.28 0.020" NA
Urine albumin/creatinine -0.01 0.9 0.25 0.037" 0.29 0.015" NA
Serum NGAL -0.15 0.2 0.09 0.4 0.10 0.4 0.13 0.3
Urine NGAL -0.06 0.6 0.19 0.1 0.24 0.048" 0.39 <0.001"
Urine NGAL/creatinine -0.05 0.7 0.24 0.046" 0.25 0.035" 0.36 0.002"
Urine KIM-1 0.11 0.4 -0.03 0.8 0.08 0.5 0.32 0.005"
Urine KIM-1/creatinine 0.05 0.7 0.05 0.7 0.16 0.2 0.45 <0.001"
Urine transferrin -0.17 0.1 0.19 0.1 0.32 0.006" 0.48 <0.001*
Urine IgG -0.14 0.2 0.27 0.016" 0.33 0.005" 0.61 <0.001*
Serum uromodulin 0.16 0.2 0.06 0.6 0.03 0.8 -0.09 0.4
Urine uromodulin 0.08 0.5 -0.14 0.2 -0.35 0.002" -0.03 0.8
Urine uromodulin/creatinine 0.04 0.7 -0.12 0.3 -0.32 0.009" 0.01 0.9

*Statistically significant correlation. Abbreviations: see Table 1; NA: not applicable.

changes in renal interstitium and tubules precede damage of
glomeruli [20]. Nevertheless, markers of tubular damage are
currently not a part of routine assessment of T2DM patients.
Our study is a part of extensive efforts aiming at the
evaluation of other urinary and serum markers for their
possible usefulness in early diagnosis of DKD. However, we
used eGFR and albuminuria as the standard indicators of
renal function at baseline and after one year of follow-up.
Our study recruited patients without significant decrease
in eGFR and without severely increased albuminuria.
According to currently accepted definitions [11], in individ-
uals with eGFR > 60 ml/min/1.73 m?, moderately increased
albuminuria serves as the evidence of stage A2 chronic
kidney disease. In our study, patients with A2 albuminuria
presented higher concentrations of most studied markers
of both glomerular (serum cystatin C, urine IgG, and

transferrin) and tubular damage (urine and serum NGAL,
urine KIM-1), as well as lower serum concentrations of
uromodulin. A2 patients were older, with longer history
of diabetes, and there was a positive correlation between
albuminuria and diabetes control, similar to previous
reports [21]. Still, in case of urine IgG, transferrin, NGAL,
and KIM-1, the difference between Al and A2 subgroups
remained significant after adjustment for age, diabetes
duration, and comorbidities (hypertension and heart failure)
as well as treatment with renin-angiotensin-aldosterone
system inhibitors.

Using ROC curves analysis, we determined the cut-off
values that best discriminate between Al and A2 patients.
The cut-off values for studied markers of glomerular
damage, that is, serum cystatin C, urine IgG, and transfer-
rin were higher as compared with upper reference limits
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TaBLE 5: Characteristics of 29 patients for whom retrospective longitudinal data were available. The group was divided according to changes

in eGFR over one-year observation.

Patients with decrease

Patients without decrease

Characteristic in eGFR (N = 17) in eGFR (N = 12) p value
Age, years 64+ 15 63+11 0.4
Male sex, N (%) 11 (65) 6 (50) 0.4
Known diabetes duration, years 7 (2-11) 10 (4-11) 0.4
HbA, ., % 6.10 (5.70-6.45) 6.20 (5.70-7.00) 0.7
Serum creatinine, ymol/l 61.9 (59.2-72.5) 68.9 (61.4-77.8) 0.5
eGFR (CKD-EPI,), ml/min/1.73 m 91 (81-98) 96 (80-99) 0.8
Serum cystatin C, mg/l 0.92 (0.82-1.14) 0.86 (0.76-1.10) 0.2
eGFR (CKD-EPl¢,,), ml/min/1.73 m 87 (67-96) 96 (70-105) 0.2
Urine albumin, mg/l 8.06 (6.76-13.53) 10.18 (6.21-14.65) 0.9
Urine albumin/creatinine, mg/g 7.93 (3.38-13.38) 8.07 (5.50-16.4) 0.6
Serum NGAL, pg/l 66.7 (49.7-72.3) 44.4 (39.7-55.0) 0.028"
Urine NGAL, ug/l 15.3 (4.0-31.5) 2.9 (1.9-18.5) 0.048"
Urine NGAL/creatinine, pg/g 6.47 (3.36-45.78) 8.82 (2.42-20.3) 0.3
Urine KIM-1, pg/1 1.05 (0.42-1.64) 1.12 (0.35-1.69) 0.9
Urine KIM-1/creatinine, pug/g 1.01 (0.55-1.58) 1.34 (0.59-2.23) 0.5
Urine transferrin, mg/l <2.17 <2.17 0.1
Detectable urine transferrin (>2.17 mg/l), N (%) 0 2(17) 0.08
Urine IgG, mg/1 <3.36 <3.36 (<3.36-4.00) 0.2
Detectable urine IgG (>3.36 mg/l), N (%) 2(12) 4 (33) 0.2
Serum uromodulin, g/l 125 (97-142) 105 (61-144) 0.5
Urine uromodulin, mg/1 11.30 (6.38-15.50) 4,94 (2.99-14.41) 0.3
Urine uromodulin/creatinine, mg/g 11.20 (6.67-23.17) 10.07 (4.51-15.34) 0.5

*Statistically significant difference between the groups. Abbreviations: see Table 1.

established in healthy individuals. A substantial proportion
(18%) of G1-G2/ALl patients presented with serum cystatin
C above the upper reference limit, in line with previous
reports [22, 23]. In our study, neither of the tubular
markers was significantly correlated with eGFR based on
serum creatinine. Moreover, serum creatinine and eGFR
based on creatinine did not differ between our Al and
A2 patients, while serum cystatin C and eGFR based on
cystatin C differed significantly. The KDIGO guidelines
[11] recommend the estimation of GFR based on serum
cystatin C in adult patients with suspected stage G3a of
chronic kidney disease (GFR between 45 and 60 ml/min/
1.73m?). Our results suggest that measurements of serum
cystatin C accompanied by calculation of eGFR with the
use of CKD-EPI,  equation may be useful already at the
earlier stages of diabetic kidney disease. The recently
performed laboratory standardization of cystatin C measure-
ments is also the advantage that must be remembered.
Urine IgG and transferrin excretion has been previously
observed in normoalbuminuric patients with diabetes and
has been associated with hypertension and hyperfiltration
[24, 25]. In accordance with previous studies [26, 27], we
observed increased urine IgG and transferrin in a subgroup
with moderately increased albuminuria and both proteins
were specific markers of kidney disease. These are notable
observations, especially considering high molecular weight

of IgG (150kDa) that preserves the protein from being
filtered by healthy glomeruli [28].

In our study, both urine NGAL and KIM-1 correlated
positively with albuminuria, consistently with previous
reports regarding patients with T2DM [29-31] and were
significantly higher in patients with moderately increased
albuminuria. Nauta et al. [32] observed higher concentra-
tions of urine NGAL and KIM-1 in normoalbuminuric
diabetic patients comparing to healthy subjects. Also, we
have previously reported increased urine NGAL concentra-
tions among patients with early stages or risk for DKD
[33], similarly to other groups [34, 35].

Tamm-Horsfall’s protein or uromodulin is the main pro-
tein present in normal urine. This glycoprotein is exclusively
expressed in the thick ascending limb of the loop of Henle
and proximal part of the distal renal tubule and is released
to urine by partial proteolysis [36]. It was demonstrated that
the damage of renal tubules in chronic kidney disease
(including early stages: G1 and G2) was associated with
reduced concentrations of uromodulin in both urine and
serum [37-39], which reflects a pathophysiological difference
of this glycoprotein compared to other renal tubule injury
markers. In our study, neither serum nor urine concentra-
tions of uromodulin were correlated with albuminuria.
Moreover, we have not observed correlations between
uromodulin and eGFR. However, an interesting observation
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is negative correlation between HbA,_  and urine uromodu-
lin, suggesting tubular impairment among patients with
worse glycemic control. Previously, Leiherer et al. [40]
demonstrated decreased concentrations of uromodulin in
urine of patients with impaired carbohydrate metabolism,
including ones with T2DM.

From practical point of view, it is important for clinical
practitioners that both glomerular (albumin, uACR) and
tubular (urine NGAL, transferrin, IgG, and uromodulin)
markers positively correlated with glycemic control, as
assessed with HbA,_ measurements. Hence, good glycemic
control is important both for the glomeruli and tubules in
the early stages of diabetic nephropathy.

In a subgroup of patients, we were able to obtain longitu-
dinal data on changes in standard measures of renal function
(eGFR and uACR) over one-year observation. During the
year, patients were treated according to current recommen-
dations [12]. The concentrations of NGAL in both serum
and urine as well as urine NGAL/creatinine ratios were
correlated with decline in eGFR. We did not observe signifi-
cant correlations between eGFR changes and other studied
glomerular or tubular biomarkers. This may be caused by

the small number of patients in the longitudinally
observed subgroup, as well as by the relatively short period
of observation [14]. However, we were able to show signif-
icant associations between the concentrations of KIM-1,
NGAL, and IgG in urine and the increase in uACR in
longitudinal observation. Urine KIM-1/creatinine ratio
and NGAL/creatinine ratio were also examined by Nowak
et al. [41] who studied the association of the markers with
decline in kidney function in T2DM patients over a
follow-up period of 5-12 years. Both markers were signif-
icantly associated with renal decline in simple analysis;
however, in case of the NGAL/creatinine ratio, the associ-
ation was weak and only KIM-1 remained a significant
predictor in multiple analysis. To the contrary, we have
not observed the correlation between urine KIM-1 or
KIM-1/creatinine ratio and eGFR decline, although it
correlated with the increase in albuminuria.

Our study, in accordance to previous ones, suggests that
various pathways may be involved in early renal damage
among T2DM patients [35, 41, 42]. Although albuminuria
remains one of the most significant predictors of renal
decline [42], other markers, such as serum and urine NGAL,
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serum cystatin C, urine KIM-1, IgG, and transferrin, may add
to the early diagnosis of diabetic kidney disease.

The main limitations of our study are the cross-
sectional setting and relatively low number of patients. In
a subgroup of patients, we were able to obtain the longitu-
dinal data on changes in standard measures of renal
function (eGFR, uACR); however, these are retrospective
data, and the number of patients is small. In this subgroup
of patients, the studied markers were measured at the end
of the follow-up, so we were only able to evaluate the
associations between the studied markers and the changes
in renal function during the preceding year. The diagnosis
of kidney disease was not confirmed by renal biopsy, as
our patients did not have clinical indications for biopsy.
Therefore, we adopted surrogate markers of kidney dis-
ease, that is, the presence of moderately increased
albuminuria, decrease in eGFR, and increase in uACR.
Also, lack of the control group studied simultaneously
with the patients’ group limits our findings; however, we

relied on previous experience of our laboratory with most
studied markers.

In summary, the recruitment of the uniform group
of T2DM patients with eGFR >60ml/min/1.73m” and
uACR <300 mg/g, with exclusion of important interfering
conditions, enabled us to study the concentrations of selected
glomerular and tubular markers in early stages of DKD. In
most of our patients, the diabetes duration was below 10
years and the diabetes was well controlled. Both glomerular
(serum cystatin C, urine IgG, and transferrin) and tubular
(urine NGAL, KIM-1 and uromodulin) markers differed
significantly between patients with moderately increased
albuminuria comparing to those with normal to mildly
increased albuminuria. Serum and urine NGAL were signifi-
cantly associated with eGFR decline. Our findings indicate
that the widely available markers such as serum cystatin C,
urine IgG, transferrin, and NGAL may help in early assess-
ment of kidney disease in T2DM patients, although large
prospective studies are needed to confirm the conclusion.
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8. Wykaz skrotow

Skrot Nazwa angielska Nazwa polska
BMI Body Mass Index Wskaznik masy ciala
CKD Chronic Kidney Disease Przewlekta choroba nerek
CVvD Cardiovascular Diseases Choroby uktadu sercowo-
naczyniowego
CRP C-reactive protein Biatko C-reaktywne
CysC Cystatin C Cystatyna C
DKD Diabetic Kidney Disease Cukrzycowa choroba nerek
DMt2 Diabetes Mellitus type 2 Cukrzyca typu 2
eGFR estimated Glomerular Filtration Rate ~ Szacowana warto$¢ przesaczania
ktebuszkowego
FSGS Focal Segmental Glomerulosclerosis ~ Ogniskowe segmentowe
stwardnienie ktebuszkdéw nerkowych
GLP Glukagon-like peptide-1 Glukagonopodobny peptyd-1
HbA1c Glycated Hemoglobin Aic Hemoglobina glikowana Asc
1gG Immunoglobulin G Immunoglobulina G
IL-18 Interleukin-18 Interleukina-18
KDOQI Kidney Disease Outcomes Quality
Initiative
KIM-1 Kidney Injury Molecule-1 Czasteczka uszkodzenia nerek-1
L-FABP Liver type fatty acid binding protein ~ Watrobowe biatko wigzace kwasy
thuszczowe
MRNAs microRNAs mikroRNAs
NAG N -acetyl-b-D-glucosaminidase N-acetylo-b-D-glukozaminidaza
NGAL Neutrophil gelatinase-associated Lipokalina zwigzana z zelatynaza
lipocalin neutrofilow
OGTT Oral Glucose Tolerance Test Doustny test tolerancji glukozy
ROC Receiver Operating Characteristic Krzywa ROC
ROS Reactive Oxygen Species Reaktywne formy tlenu
SGLT-2 Sodium glucose cotransporter-2 Inhibitory kotransportera sodowo-
inhibitors glukozowego 2
UACR urinary Albumin to Creatinine Ratio = Wskaznik albumina do kreatynina
W moczu
UNCR urine Neutrophil gelatinase- Wskaznik NGAL do kreatynina

associated lipocalin to creatinine
ratio

W mocCzu
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9. Zalacznik nr 1

Kryteria diagnostyczne wykorzystane w pracy doktorskiej:

. DMt2 - kryteria rozpoznania:

Zalecenia kliniczne dotyczace postgpowania u chorych na cukrzyce typu 2 2015. Stanowisko

Polskiego Towarzystwa Diabetologicznego. Clin Diabetol. 2015; 4 (Suppl A): 1-73 [9].

1. Przygodna glikemia >11,Immol/l (200mg/dl) z typowymi objawami cukrzycy
(wzmozone pragnienie, wielomocz, ostabienie).

2. 2-krotnie glikemia na czczo >7 mmol/l (126 mg/dl).

3. Glikemia w 120. min po doustnym obcigzeniu 75g glukozy (OGTT) >11,1 mmol/l

(200 mgy/dl).

Il. DKD - kryteria rozpoznania:

Zalecenia kliniczne dotyczace postgpowania u chorych na cukrzyce typu 2 2015. Stanowisko

Polskiego Towarzystwa Diabetologicznego. Clin Diabetol. 2015; 4 (Suppl A): 1-73 [9].

DKD rozpoznaje si¢ u chorego na cukrzyce typu 1 lub 2 po stwierdzeniu albuminurii,
w obecno$ci retinopatii cukrzycowej oraz po wykluczeniu innych przyczyn CKD.
Zwigkszone wydalanie albuminy (uUACR >30mg/g) nalezy potwierdzi¢ w >1 z 2 dodatkowych
badan wykonanych w pierwszej rannej probce moczu w ciggu nastepnych 3-6 miesigcy

(zwigkszona albuminuria potwierdzona w >2 z 3 badan).
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I11. Definicja CKD (wg KDIGO 2012).

National Kidney Foundation: KDOQI Clinical Practice Guideline for Diabetes and CKD:

2012 update. Am J Kidney Dis. 2012; 60: 850-886. doi.org/10.1053/j.ajkd.2012.07.005 [2].

CKD to utrzymujace si¢ >3 miesigce nieprawidtowosci budowy lub czynnos$ci nerek, majace

znaczenie dla zdrowia.

Celem okreslenia zaawansowania CKD stosuje si¢ kryteria wielkosci GFR oraz wielkosci

albuminurii.

Kategorie GFR w CKD:

Kategoria GFR

GFR (ml/min/1,73m?)

Nazwa opisowa

prawidlowe lub zwigkszone

Gl >90 GER
G2 60-89 niewielkie zmniejszenie GFR
G3a 45-59 zmniejszenie  GFR  miedzy
niewielkim a umiarkowanym

) zmniejszenie GFR  miedzy
G3b 30-44 umiarkowanym a cigzkim
G4 15-29 cigzkie zmniejszenie GFR
G5 <15 schytkowa niewydolno$¢ nerek

*wielkos¢ GFR szacuje si¢ na podstawie stezenia kreatyniny w surowicy z zastosowaniem
wzoru CKD-EPI lub skréconego wzoru MDRD
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Kategorie albuminurii w CKD:

Kategoria Dobowa utrata z moczem | Wskaznik albumina/kreatynina
(mg/24h) (mg/g)

Al <30 <30

A2 30-300 30-300

A3 >300 >300

*wielkos¢ albuminurii okre$la si¢ na podstawie uACR w dowolnej probce moczu lub
dobowej utraty albuminy z moczem
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10. Streszczenie

DMt2 nalezy do choréb przewleklych, ktorych wczesne rozpoznanie
oraz wielokierunkowe leczenie ma na celu zahamowanie progresji zaleznych od cukrzycy
uszkodzen narzadowych oraz ma wptyw na poprawe rokowania. Na podstawie obowigzujacej
definicji opracowanej przez KDIGO 2007 [10], rozpoznanie DKD wymaga potwierdzenia
albuminurii przy wspotwystepowaniu zmian o charakterze retinopatii. Bioragc pod uwage
ograniczong warto$¢ diagnostyczng stosowanych rutynowo metod laboratoryjnych,
kluczowym wydaje si¢ poszukiwanie nowych markeréw DKD pozwalajacych na wczesng
diagnostyke wyprzedzajaca nieodwracalne zmiany zachodzace na poziomie klebuszkow
i cewek nerkowych. Wobec heterogennosci $ciezek patofizjologicznych prowadzacych do
nefropatii w przebiegu DMt2 oraz mozliwosci uszkodzenia si¢ réznych struktur nefronu
w $rodowisku cukrzycowym, celem niniejszej pracy doktorskiej byla ocena wybranych
wskaznikow pod katem ich uzyteczno$ci w diagnostyce wczesnych stadiow DKD.

Grupe badang stanowili pacjenci, ktorzy zakwalifikowani zostali odpowiednio
do czterech grup CKD: G1/Al, G1/A2, G2/Al, G2/A2, z ktorych najliczniejsza obejmowata
115 chorych z DMt2. Badania laboratoryjne wykonywano w ramach wizyt kontrolnych
w Poradni Nefrologicznej w Klinicznym Szpitalu nr 2 w Rzeszowie. Analiza wynikow
uzyskanych w toku pracy wykazata, ze jednym z najbardziej obiecujacych biowskaznikow
DKD jest NGAL (lipokalina zwigzana z zelatynazq neutrofilow) oznaczany zaréwno
w moczu, jak i w surowicy chorych z DMt2. W pracach oryginalnych Autorki (Diagn Lab.
2015; 51: 97-104; Dis Markers. 2016; doi.org/10.1155/2016/8489543; Mediat Inflamm.
2018; doi.org/10.1155/2018/7659243) wykazano uzyteczno$¢ diagnostyczng uNGAL oraz
UNCR w diagnostyce wczesnych stadiow DKD, przedstawiajac ich istotng rolg w predykcji

CKD G1/G2 A2. Wysoka specyficzno$¢ oznaczen powyzszych wskaznikow potwierdza ich
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dodatnia korelacja z albuminurig oraz UACR (Diagn Lab. 2015; 51: 97-104). Wartos¢ uNCR
na poziomie 21,3 ug/g pozwala zakwalifikowa¢ chorych z DMt2 do grupy zwigkszonego
ryzyka rozwoju uszkodzenia cewek nerkowych oraz stanowi niezalezny czynnik ryzyka CVD.
Zaobserwowano, istotny wptyw wiclokierunkowego leczenia nefroprotekcyjnego w grupie
chorych z DMt2, ktére poprzez poprawe wyroOwnania glikemii, wyrazong warto$cig HbA,
wplywa istotnie na zmniejszenie biatkomoczu zwigzanego z uszkodzeniem cewek nefronu
(Dis  Markers. 2016; doi.org/10.1155/2016/8489543). Zgodnie z wiedzg Autorki,
przedstawione w pracy doktorskiej wyniki dotyczace roli 0znaczen uromoduliny w surowicy i
moczu oraz wskaznika uromodulina/kreatynina w moczu u chorych z DMt2, sg pierwszym
doniesieniem, potwierdzajagcym uzyteczno$¢ powyzszych oznaczen w diagnostyce DKD
w populacji polskiej. Obserwowane istotne obnizenie st¢zenia uromoduliny w surowicy
U pacjentow z DMt2 majg warto$¢ prognostyczng dla prognozowania wczesnego uszkodzenia
nerek niezaleznie od wartosci albuminurii. Ciekawa obserwacja jest wykazanie ujemnej
korelacji uromoduliny w moczu oraz wskaznika uromodulina/kreatynina w moczu z warto$cia
HbAic wskazujacej na wigksza podatnos¢ chorych na uszkodzenie cewek
nefronu w  niedostatecznie =~ wyréwnanej DMt2  (Mediat  Iflamm.  2018;
doi.org/10.1155/2018/7659243).

W  przedstawionym badaniu wykazano przewage oznaczen wartosci eGFR
z zastosowaniem wzoru opartego na pomiarze stezenia SCysC (eGFRcys) w diagnostyce CKD
G1/G2 Al1-A2 nad rutynowo stosowanymi obliczeniami z wykorzystaniem wartosci
kreatyniny w surowicy. Powyzsza obserwacja pozwala na poszerzenie dostepnych narzedzi
diagnostycznych o0 mozliwos¢ wykorzystywania alternatywnej metody szacowania GFR
u pacjentow z DMt2 w celu oceny wczesnego uszkodzenia bariery filtracyjnej nefronu.
W pracy podkreslono rowniez istotno$¢ oznaczen SCysC w predykcji uszkodzenia

ktebuszkéw nerkowych. Wykorzystanie w rutynowej diagnostyce DKD pomiaréow CysC

88



w surowicy wymaga jednak ustalenia wartosci wyjsciowych z udzialem wigkszej grupy
chorych (Mediat Inflamm. 2018; doi.org/10.1155/2018/7659243).

Autorzy badania oceniajgc uszkodzenie ktebuszkow nerkowych w DMt2 potwierdzili,
iz obecno$¢ w moczu podwyzszonych stezen IgG oraz transferyny, wobec duzej masy
czgsteczkowej wskaznikéw, $wiadczy o znacznym uszkodzeniu bariery filtracyjnej
u pacjentow z umiarkowanie podwyzszong albuminurig. Otrzymane w pracy Wyniki oznaczen
IgG oraz transferyny w moczu przekraczaty u czeSci pacjentow przyjete zakresy wartoSci
referencyjnych oraz oszacowane w badaniu punkty odciecia, CO moze Stanowié potwierdzenie
ich  wysokiej specyficznosci w  diagnostyce DKD  (Mediat Inflamm. 2018;
doi.org/10.1155/2018/7659243).

Na podstawie przeprowadzonych badan wykazano przydatnos¢ diagnostyczng
pomiarow stezen KIM-1 w moczu oraz wskaznika KIM-1/kreatynina w moczu w predykcji
uszkodzenia cewek proksymalnych we wczesnym stadium CKD towarzyszacym DMt2.
Obserwacje sa zgodne z wczesniejszymi doniesieniami. Przedstawiono istotna przewage
oznaczen KIM-1 skorygowanej ze stezeniem kreatyniny w moczu, podkreslajac dominujaca
role KIM-1/kreatynina w moczu oraz 1gG w moczu jako najlepszych, sposrod
badanych  biowskaznikow -  predykatorow DKD  (Mediat Inflamm.  2018;
doi.org/10.1155/2018/7659243).

Istniejg liczne prace potwierdzajace, ze stosowane leczenie nefroprotekcyjne dziata
ochronnie gtéwnie na kigbuszki nerek, natomiast wplyw tego leczenia na cewki nefronu
pozostaje niejasny. Poczyniona w obecnym badaniu obserwacja stanowi by¢ moze zapowiedz
zmiany kierunku diagnostyki oraz leczenia czgsci pacjentow z DKD na wczesnych etapach
rozwoju tubulopatii zwigzanej z cukrzyca. Zgodnie z aktualng wiedza, nadrzednym celem
opieki nad pacjentem z DMt2 jest utrzymywanie dobrej kontroli metabolicznej choroby.

Potwierdzeniem tej tezy jest wykazanie istotnych korelacji wigkszosci badanych
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biowskaznikow z HbA1c, co wskazuje na znaczaco wicksza podatno$¢ na uszkodzenie

struktur nefronu w zle wyrownanej cukrzycy.
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11. Summary

DMt2 is a chronic disease in which early diagnosis and multidirectional treatment
allows the progression of the disease to be slowed down, improving the prognosis and
preventing complications. According to the current definition developed by
KDIGO 2007 [10], DKD diagnosis is based on confirmed albuminuria with concurrent
retinopathic lesions. Considering the limited diagnostic value of the routine laboratory
methods, finding new DKD markers seems crucial, as it would enable early diagnosis, prior to
the development of irreversible renal glomerular and tubular lesions. Due to the heterogeneity
of the pathophysiological pathways resulting in renal impairment in DMt2, and understanding
of the mechanisms responsible for nephron damage in diabetes mellitus, the aim of this
doctoral thesis was to assess the usefulness of selected parameters in the diagnostics of early
DKD stages.

The study population included patients qualified in four groups, without signs of overt
proteinuria, with CKD stage: G1/A1, G1/A2, G2/Al, G2/A2. The most numerous group
comprised 115 DMt2 patients. Laboratory tests were performed during follow-up visits in the
Nephrology Clinic in Hospital No.2 in Rzeszéw. The analysis of the study results revealed
that one of the most promising DKD biomarkers is NGAL, determined both in urine and in
the blood serum of patients with DMt2. The studies (Diagn Lab. 2015; 51: 97-104; Dis
Markers. 2016; doi.org/10.1155/2016/8489543; Mediat Inflamm. 2018;
doi.org/10.1155/2018/7659243) demonstrated the diagnostic usefulness of uNGAL and
UNCR in the diagnosis of early DKD stages, and presented their significant role in the
prediction of CKD stage G1/G2 A2. The high specificity of determination of the parameters
above is confirmed by their positive correlation with albuminuria and uACR (Diagn Lab.

2015; 51: 97-104). uNCR value of 21.3 pg/g allows to qualify DMt2 patients to the group of
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increased risk of renal tubular damage, and constitutes an independent risk factor for CVD.
Considerable impact of the multidirectional nephroprotective treatment was observed in
patients with DMt2. The therapy improved glycaemic control, expressed by HbA ¢ value, thus
significantly reducing proteinuria associated with the damage of nephron tubules (Dis
Markers. 2016; doi.org/10.1155/2016/8489543). According to the author's knowledge, the
outcomes presented in the thesis regarding the determination of uromodulin in blood serum
and urine, as well as the uromodulin/creatinine index in urine in DMt2 patients are the first
findings supporting the usefulness of the above parameters in the diagnostics of DKD in the
Polish population. The significant reduction of serum uromodulin concentrations in DMt2
patients observed demonstrate a prognostic value in predicting early renal damage,
independently of the level albuminuria. The negative correlation between urine uromodulin or
urine uromodulin/creatinine index and HbA1c value is an important observation. It indicates
that the patients with insufficiently controlled DMt2 are more susceptible to damage of the
nephron tubules (Mediat Inflamm. 2018; doi.org/10.1155/2018/7659243).

The study presented demonstrated that eGFR determination using the formula based
on sCysC (eGFRcys) concentration is superior to the standard calculations involving serum
creatinine values in the diagnostics of CKD stage G1/G2 Al-A2. The conclusion above
allows to extend the range of available diagnostic tools to include the alternative method of
GFR estimation in DMt2 patients in order to assess early damage of the nephron filtration
barrier. The study also emphasises the significance of sCysC determination in the prediction
of renal glomerular impairment. However, for CysC measurements to be used in routine
diagnostics of DKD, baseline values must be established based on a higher number of patients
(Mediat Inflamm. 2018; doi.org/10.1155/2018/7659243).

Assessing the renal glomerular impairment in DMt2, the study authors confirmed that

elevated 1gG and transferrin concentrations in urine, considering the high molecular weights
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of these markers, is indicative of significant damage of the filtration barrier in patients with
moderately increased albuminuria. The urine 1gG and transferrin values observed in some
study patients exceeded the reference range and the cut-off values estimated in the study,
which confirms their high specificity for DKD diagnostics (Mediat Inflamm. 2018;
doi.org/10.1155/2018/7659243).

The tests conducted demonstrated the diagnostic usefulness of urine
KIM-1 concentrations and urine KIM-1/creatinine index for the prediction of proximal tubular
impairment in early stages of CKD associated with DMt2. These findings are consistent with
previous reports. A significant superiority of KIM-1 adjusted to urine creatinine concentration
is demonstrated, emphasizing the dominant role of urine KIM-1/creatinine and urine IgG as
the best predictors of DKD among the studied biomarkers (Mediat Inflamm. 2018;
doi.org/10.1155/2018/7659243).

The commonly applied nephroprotective treatment primarily affects renal glomerules,
leaving nephron tubules prone to damage. The presented finding forecasts a change in the
diagnostics and treatment of patients with early-stage DKD. According to the present state of
knowledge, the primary aim in the management of DMt2 patients is to maintain a good
metabolic control of the disease. This thesis is confirmed by the significant correlations
presented between the studied biomarkers and HbAz1, which demonstrates a considerably

higher susceptibility to damage of the nephron structures in uncontrolled diabetes.
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