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2. Lista skrotow
ACTH- hormon adrenokortykotropowy (ang. adrenocorticotropic hormone, ACTH)

ACS- autonomiczne wydzielanie kortyzolu ( ang. autonomic cortisol secretion, ACS)

ADA- Amerykanskie Towarzystwo Diabetologiczne (ang. American Diabetes Association, ADA)
Al- gruczolak nadnercza (ang. adrenal incidentaloma, Al)

AlXx - wskaznik wzmocnienia ci$nienia skurczowego (ang. augmentation index, Alx)

ARO- aktywnos$¢ reninowa osocza (ang. plasma renin activity, PRA)

BMI- wskaznik masy ciata (ang. body mass index, BMI)

CCA- tetnica szyjna wspdlna (ang. common carotid artery, CAA)

CIMT- grubos¢ kompleksu blona $rodkowa—s$rodbtonek tetnicy szyjnej wspolnej (ang. carotid
intima-media thickness, CIMT)

CT- tomografia komputerowa (ang. computed tomography)

CVD- choroba sercowo-naczyniowa (ang. cardiovascular disease, CVD)

CVR- ryzyko sercowo-naczyniowe (ang. cardiovascular risk, CVR)

DHEAS- siarczan dehydroepiandosteronu (ang. dehydroepiandrosterone, DHEAS)

DM- cukrzyca (ang, diabetes mellitus, DM)

E/A- stosunek wczesnorozkurczowej do poznorozkurczowej predkosci naplywu przez zastawke
mitralng (ang. ratio of peak early to late diastolic transmitral flow velocity, E/A)

EASD - Europejskie Towarzystwo Badan nad Cukrzyca (ang. European Association for the Study of
Diabetes, EASD)
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EFT — grubos$¢ nasierdziowej tkanki thuszczowej (ang. epicardial fat thickness, EFT)

ESC- Europejskie Towarzystwo Kardiologiczne (ang. European Society od Cardiology, ESC)

ESD - koncoworozkurczowy (ang. end-systolic diameter ESD)

ESH- Europejskie Towarzystwo Nadci$nienia Tetniczego (ang. European Society od Hypertension,
ESH)

FMD- dylatacja tetnicy w odpowiedzi na niedokrwienie (ang. flow-mediated vasodilatation,

FMD)

eGFR - wskaznika filtracji kigbuszkowej (ang. estimated glomerular filtration rate, eGFR)

HDL-C — cholesterol — lipoproteina o duzej gestosci (ang. high-density lipoprotein cholesterol, HDL-
C)

HOMA-IR-wskaznik insulinoopornosci HOMA (ang. Homeostasis Model Assesment - Insulin
Resistance, HOMA-IR)

HT- nadci$nienie tetnicze (ang. hypertension)



IDF- Migdzynarodowa Federacja Diabetologiczna (ang. The International Diabetes Federation, IDF)
IGF- insulinopodobny czynnik wzrostu (ang. insulin-like grow factor, IGF)

IGT- nieprawidtowa tolerancja glokozy (ang. impraired glucose tolerance, 1GT)

IVSs - grubos¢ przegrody miedzykomorowej (ang. diastolic interventricular septum thickness, [VSd)
IVRT- czas rozkurczu izowolumetrycznego ( ang. Isovolumic relaxation time, IVRT)

LDL-C — cholesterol - lipoproteina o niskiej ggstosci (ang. low-density lipoprotein cholesterol, LDL-
C)

LVMI- wskaznik masy lewej komory (ang. left ventricular mass index, LVMI)

NFAI- nieczynny hormonalnie gruczolak nadnercza (ang. non-funcional adrenal incidentaloma,
NFAI)

OGTT- test obcigzenia 75 gram glukozy (ang. oral glucose tolerance test, OGTT)

pACS- prawdopodobne autonomiczne wydzielanie kortyzolu ( ang. possible autonomic cortisol
secretion, pACS)

PWd - grubos¢ tylnej $ciany lewej komory (ang. posterior wall thickness at diastole, PWd)

PWYV - szybkos¢ fali tetna (ang. pulse wave velocity, PWV)

SCORE- skala oceny ryzyka zgonu z przyczyn sercowo-naczyniowych (ang. Systematic COronary
Risk Evaluation, SCORE)

SCORE2- skala oceny ryzyka zgonu z przyczyn sercowo-naczyniowych 2 (ang. Systematic
COronary Risk Evaluation 2)



3. Wprowadzenie

Przypadkowiak nadnercza (ang. adrenal incidentaloma, Al) to bezobjawowa zmiana
w nadnerczu o $rednicy powyzej 1 cm, stwierdzona w badaniach obrazowych wykonywanych
Z przyczyn innych niz patologia nadnerczy. W zwigzku z szacunkowa czgstoscig ich wystepowania
w przedziale 3-10% staly si¢ one istotnym problemem w codziennej praktyce klinicznej [1-3].
Mechanizmy patogenetyczne lezace u podstaw wystgpienia Al sg nadal w duzej mierze nieznane.
Sugeruje sie zwigzek wystgpowania Al z hiperinsulinemig i uktadem insulinopodobnego czynnika
wzrostu  (IGF). Insulinooporno$¢ 1 kompensacyjna hiperinsulinemia poprzez aktywacje
receptorow insuliny i IGF-1 mogg odgrywac role we wzroscie guza nadnerczy [4].

Blisko 80% zmian w obr¢bie nadnerczy to tagodne, nieczynne hormonalnie gruczolaki
nadnercza (ang. non-functional adrenal incidentaloma, NFAI). Najczestszym zaburzeniem
endokrynnym wsrod pacjentow z Al jest hiperkortyzolemia z czgstosciag wystepowania od 5%
do 30% [1,2,5,6]. W diagnostyce hiperkortyzolemii rekomenduje si¢ wykonanie nocnego testu
Zz 1 mg deksametazonu. Stezenie kortyzolu w surowicy krwi <1,8 ng/dl (50 nmol/l) wyklucza
hiperkortyzolemi¢, 1,9-5 pg/dl (51-138 nmol/l) wskazuje na prawdopodobne autonomiczne
wydzielanie kortyzolu (ang. possible autonomic cortisol secretion, pACS), a >5 ug/dl (138 nmol/l)
bez objawow klinicznych zespotu Cushinga wskazuje na autonomiczne wydzielanie kortyzolu (ang.
autonomic cortisol secretion, ACS) [1,2]. Diagnostyka subklinicznej hiperkortyzolemii budzi wiele
kontrowersji w zwigzku z niejednoznacznymi Kryteriami rozpoznania oraz trudnymi do uchwycenia
zaburzeniami metabolicznymi towarzyszacymi tej diagnozie. Ocena objawow klinicznych jest
wysoce kontrowersyjnym Kryterium, gdyz zalezy od do§wiadczenia i subiektywnej opinii badajacego
lekarza. W zwiazku ztym Polskie Towarzystwo Endokrynologiczne rekomenduje wykonanie
dodatkowych badan mogacych wskazywaé na obecno$¢ hiperkortyzolemii takich jak: stgzenie
kortyzolu w tescie z 1 mg dexametazonu > 3,4 pg/dl, poranne stgzenie ACTH < 5 pg/ml, zwigkszone
dobowe wydalanie wolnego kortyzolu, stezenie kortyzolu o godz. 23%0-24% > 54 ng/dl, obnizenie
stezenia siarczanu dehydroepiandrosteronu (DHEA-S). Przypuszcza sie, ze wydzielanie kortyzolu
jest continuum pomigdzy prawidtowym stezeniem Kkortyzolu w surowicy krwi a jawnag
hiperkortyzolemia oraz wykazuje znaczng zmienno$¢ u danego pacjenta [1]. Stosowanie zatem
sztywnych kryteriow odcigcia powoduje nieuniknione btgdy w diagnostyce hiperkortyzolemii.

Waznym aspektem rozpoznania Al jest ich zwigzek ze zwigkszong czestoscig wystgpowania
czynnikow ryzyka chordb sercowo-naczyniowych (ang. cardiovascular disease, CVD). W grupie
pacjentow z Al czedciej stwierdza si¢ otylo§¢, nadci$nienie tetnicze (ang. hypertension, HT),

zaburzenia  metabolizmu weglowodanow i hiperlipidemig. Czesc autorOw uwaza,
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ze hiperkortyzolemia, nawet posta¢ subkliniczna, ma wplyw na zwigkszong czgsto§¢ wystepowania
tych schorzen u pacjentow z Al [6-9].

Gruczolaki nadnercza wydzielajgce nawet niewielkie ilosci glikokortykosteroidow moga
prowadzi¢ do zmian morfologicznych 1 funkcjonalnych migénia sercowego oraz naczyn
krwiono$nych.  Wykazano, ze ws$rdd bezobjawowych  pacjentdw z gruczolakami nadnercza
obserwuje si¢ wczesne stadia remodelingu w uktadzie sercowo-naczyniowym [7,9]. Zmiany
zachodzace w naczyniach wyprzedzaja w czasie rozw¢j chorob uktadu krazenia i mogg przektadaé
si¢ na podwyzszone ryzyko sercowo-naczyniowe (ang. cardiovascular risk, CVR) i $miertelnos¢
wsrdd osob z Al. Zatem NFAI mogg stanowi¢ niezalezny od tradycyjnych czynnik CVR.

Grubo$¢ blony wewngtrznej 1 $rodkowej tetnicy szyjnej (ang. carotid intima-media
thickness, CIMT) mierzona za pomocg ultrasonografii jest markerem zaawansowania uogélnionej
miazdzycy, powszechnie stosowanym do oceny ryzyka wystapienia zdarzenia sercowo-
naczyniowego zaréwno u oso6b zdrowych, jak i u pacjentow z roznymi czynnikami ryzyka [10-12].
CIMT i blaszka miazdzycowa odzwierciedlaja zaawansowanie miazdzycy catego drzewa tetniczego.
Na wartosci CIMT moga wplywaé wiek, otylo§¢ brzuszna, podwyzszone cisnienie Krwi,
hiperlipidemia i insulinooporno$¢ [13,14]. Progresja CIMT o 0,1 mm koreluje ze wzrostem ryzyka
zawatu migénia sercowego o 10-15% i ryzykiem udaru niedokrwiennego o 13-18% i jest
bezposrednio zwigzana ze zwigkszong sztywnoscig tetnic [15,16]. Z analizy dostgpnych badan
wynika, ze badanie CIMT jest nieinwazyjnym, tatwo dostepnym badaniem pomocnym w ocenie
powiktan naczyniowych.

Europejskie Towarzystwo Kardiologiczne (ang. European Society od Cardiology, ESC)
zalecaj stosowanie modeli oceny ryzyka wiencowego (ang. Systematic coronary risk evaluation,
SCORE) w celu oszacowania 10-letniego ryzyka CVD. Wytyczne ESC stwierdzajg, ze kluczowa jest
umiejetnos¢ oceny CVR z odpowiednig doktadnoscig [17,18]. W zwigzku z tym rekomenduje si¢
stosowanie algorytmu SCORE jako narzedzia z wyboru dla populacji europejskiej, chyba ze zostanie
ona automatycznie sklasyfikowana jako grupa wysokiego lub bardzo wysokiego ryzyka na podstawie
udokumentowanej CVD, cukrzycy czy choroby nerek.

W dostegpnym piSmiennictwie istnieje niewiele danych oceniajacych CVR  wsrod
pacjentéw zZ NFAIL. Nalezy podkresli¢, ze u pacjentow z NFAI powszechnie wystepuje nadwaga
i otyto$¢, HT, zaburzenia metabolizmu weglowodanow i lipidow, co utrudnia stworzenie grupy
badawczej wolnej od tradycyjnych czynnikow CVR. W dotychczasowych badaniach oceniajacych
obecno$¢ powiktan sercowo-naczyniowych nie wykluczano pacjentow z klasycznymi czynnikami
CVR, w przeciwienstwie do przedstawionego badania. W naszej pracy analizie poddano wyltacznie

pacjentow bez cukrzycy oraz z wyrownanym ci$nieniem tetniczym. Ponadto przeprowadzona
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dodatkowo ocena CVR wedhlug algorytmu SCORE i SCORE2 wyrdznia nasze badanie na tle

pozostatych projektow.
4. Cele pracy
1. Analiza czgstosci wystgpowania zaburzen metabolicznych u pacjentow z nieczynnymi
hormonalnie gruczolakami nadnerczy.
2. Ocena obecnosci wczesnych zmian morfologicznych naczyn krwiono$nych pod postacig
zwigkszenia grubo$ci kompleksu btona srodkowa—s$rédblonek tetnicy szyjnej wspolnej
U pacjentow z nieczynnymi hormonalnie gruczolakami nadnercza.
3. Okreslenie u pacjentow z nieczynnymi hormonalnie gruczolakami nadnerczy ryzyka
sercowo-naczyniowego wedtug algorytmu SCORE 1 SCORE 2.
4. Analiza  potencjalnych  zalezno$ci  pomiedzy  gruboscia  kompleksu  blona
srodkowa-srodbtonek  tetnicy  szyjnej  wspOlnej  a parametrami  metabolicznymi
i hormonalnymi u pacjentéw z nieczynnymi hormonalnie gruczolakami nadnerczy.
5. Analiza zalezno$ci migdzy ryzykiem sercowo-naczyniowym obliczanym wedtug algorytmu

SCORE i SCORE 2 a parametrami  metabolicznymi i  hormonalnymi

U pacjentow z nieczynnymi hormonalnie gruczolakami nadnerczy.

5. Material i metody

5.1 Grupa badana

Do badania wtaczono 46 o0so6b zrozpoznaniem Al hospitalizowanych w Oddziale

Klinicznym Endokrynologii, Diabetologii 1 Chorob Wewngtrznych w Wojewddzkim Szpitalu

Specjalistycznym w Olsztynie w okresie od stycznia 2020 do grudnia 2020.

5.2 Kryteria wlaczenia do badania

wiek pomiedzy 18 a 69 rokiem zycia;

obecno$¢ Al potwierdzona w badaniu tomografii komputerowej (CT);

prawidtowa aktywnos$¢ hormonalna guza oceniona na podstawie prawidtowego dobowego
rytmu kortyzolu (godz. 8%, 23%), stezenia hormonu adrenokortykotropowego (ACTH)
w godzinach porannych >5 pg/ml, stezenia Kkortyzolu w krotkim teScie supresji
z 1 mg deksametazonu ponizej 1,8 wug/dl, prawidlowego dobowego wydalania
metoksykatecholamin w moczu (3-krotnie) lub st¢zenia katecholamin w osoczu, st¢zenia

androgenow nadnerczowych  (siarczan  dehydroepiandrostendionu,  androstendion),
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wskaznika stanowigcego iloraz stezenia aldosteronu oraz aktywnos$ci reninowej osocza
(ARO) ponizej 30 ng/dl/ml/h;
5.3 Kryteria wylaczenia z badania
e czynny hormonalnie gruczolak nadnerczy;
e cukrzyca wszystkich typow;
e przewlekta choroba nerek (wskaznik filtracji ktgbuszkowej <60 ml / min);
e choroba niedokrwienna serca;
e niewydolno$¢ serca;
e niewyrownane nadcis$nienie t¢tnicze;
e choroba naczyn mézgowych;
e choroba tgtnic obwodowych;
e ostre i przewlekle choroby zapalne;
e nowotwor ztosliwy;
e podejrzenie lub rozpoznanie zaburzen psychicznych;
e stosowanie lekow, ktore moga mie¢ wplyw na osi podwzgorze-przysadka-nadnercza;
e cigza;
5.4 Grupa kontrolna
Grupg kontrolng stanowito 44 0s6b dobranych odpowiednio pod wzgledem wieku, plei
I wskaznika masy ciata (ang. body mass index, BMI). Obecnos$¢ guza nadnercza wykluczono na
podstawie badania ultrasonograficznego jamy brzusznej.
5.5 Przeprowadzone badania
W obu grupach przeprowadzono badanie podmiotowe uwzgledniajagce dane niezbedne
do obliczenia wskaznika CVR SCORE (wiek, pte¢, palenie tytoniu) oraz badanie przedmiotowe
wraz z pomiarami antropometrycznymi (masa ciata, wzrost, obwod talii). Badania laboratoryjne
obejmowaly pomiary stezenia sodu, potasu, kreatyniny, glukozy oraz insuliny na czczo,
lipidogramu, test obcigzenia 75g glukozy (ang. oral glucose tolerance test, OGTT). Wskaznik
insulinoopornosci wyliczono wedtug formuty Homeostasis Model Assesment - Insulin Resistance
(HOMA-IR). Za pomocg ultrasonografii przeprowadzono pomiary CIMT. CVR zostato
oszacowane za pomocg algorytmu oceny ryzyka wiencowego (SCORE, SCORE2).
5.6 Analiza statystyczna
Do celow statystycznych wykorzystano program Statistica 13.0 PL dla systemu Windows.
Dla wszystkich analizowanych parametrow obliczono $rednig 1 odchylenie standardowe

srednia = . Dane jakosciowe przedstawiono jako wskazniki struktu 0). NOrmalnosc rozktadu
($rednia + SD). Dane jakosciowe przedstawiono jako wskazniki struktury (%). Normalno$¢ rozktad
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uzyskanych wynikoéw obliczono za pomocg testu Shapiro-Wilka. Do oceny istotnosci statystycznej
r6éznic pomigdzy analizowanymi grupami wykorzystano test t-Studenta. Jezeli zmienne nie spetnialy
kryteriow normalnosci, wykonywano test U Manna-Whitneya. Do okre$lenia rdéznic dla zmiennych
kategorycznych wykorzystano test chi-kwadrat. Do oceny korelacji pomiedzy parametrami
zastosowano wspolczynnik  korelacji rang Spearmana. Poziom istotnosci wszystkich
przeprowadzonych analiz statystycznych przyjeto na poziomie p= 0,05.
5.7 Etyka badania

Protokot badania zostat zatwierdzony przez Komisje Bioetyczng przy Collegium Medicum
Uniwersytetu Warminsko-Mazurskiego w Olsztynie (nr zgody 17/2020). Pisemna, $wiadoma zgoda

kazdego uczestnika zostala uzyskana przed wlaczeniem do badania.

6. Omowienie prac skladajacych si¢ na rozprawe doktorska

Cele rozprawy zostaly zrealizowane w trzech prac opublikowanych w 2020 i 2023 roku
(wykaz publikacji) na tamach polskich i zagranicznych czasopism naukowych. Sktadajg si¢ na nig
dwie prace oryginalne [publikacja 2, publikacja 3] oraz jeden artykut pogladowy [publikacja 1].
Prace oryginalne maja charakter badawczy i1 zawieraja omowienie wyzej wymienionych
celéw rozprawy. W artykule pogladowym opisano na podstawie aktualnego piSmiennictwa wyniki
badan oceniajacych obecno$¢ zaburzen morfologicznych i czynno$ciowych w uktadzie sercowo-

naczyniowym u osob z gruczolakami nadnerczy.

6.1 Publikacja 1.

Praca pogladowa pt. Markers of Subclinical Cardiovascular Disease in Patients with Adrenal
Incidentaloma opublikowana w Medicina-Lithuania stanowi wprowadzenie do prac oryginalnych
oraz przedstawia zalezno$ci pomigdzy obecno$cig gruczolakéw nadnerczy a powstawaniem zmian
morfologicznych 1 funkcjonalnych migsnia sercowego oraz naczyn krwionosnych.

Z definicji nieczynne hormonalnie gruczolaki nadnercza wydzielajace niewielkie ilosci
glikokortykosteroidow moga nies¢ za soba konsekwencje metaboliczne i1 odgrywaé role
w powstawaniu wczesnych stadiow remodelingu w uktadzie sercowo-naczyniowym [7-9]. Ztozone
mechanizmy obejmujace uszkodzenie nabtonka, powstanie stanu zapalnego, stres oksydacyjny
i fibroproliferacje prowadza do zmian funkcjonalnych i strukturalnych w mig$niu sercowym
oraz w naczyniach krwiono$nych. Zmiany te moga przektada¢ si¢ na obserwowane podwyzszone
CVR i $miertelnos¢ wsrod osob z Al [19-23].

W analizowanych pracach w grupach pacjentow z Al stwierdzono wzrost CIMT ilustrujgcej zmiany

morfologiczne w tetnicach szyjnych w postaci przerostu btony srodkowej i zmian miazdzycowych
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srodbtonka [24-26] oraz wzrost podatnosci naczyn tetniczych pod postaciag szybkosci fali t¢tna (ang.
pulse wave velocity, PWV) [27,28] czy wskaznika wzmocnienia ci$nienia skurczowego (ang.
augmentation index, AIX) na tetnicy obwodowej oraz centralnej [26,27]. Ponadto wykazano
zaburzenia funkcji $roédbtonka po postacig nizszych wartosci dylatacji tetnicy w odpowiedzi na
niedokrwienie (ang. flow-mediated vasodilatation, FMD) u pacjentéw z przypadkowiakami
nadnercza wydzielajacymi kortyzol w poréwnaniu do grup NFAI i kontrolnej. Pacjenci z grupy NFAI
mieli nizsze wartosci FMD w porownaniu do grupy kontrolnej [29]. Z dostgpnego piSmiennictwa
wynika, ze zmniejszenie wartosci FMD koreluje z zaburzeniami funkcji endotelium 1 jest zwigzana
z wystepowaniem zdarzen sercowo-naczyniowych w przysztosci [30,31].

[lo$¢ publikacji dotyczacych pomiaréw echokardiograficznych wsrod pacjentow z Al jest
ograniczona. Nieliczne dostepne badania potwierdzity obecnos$¢ cech przerostu lewej komory serca
W tej grupie osob: zwiekszony wymiar koncowoskurczowy (ang. end-diastolic diameter, EDD)
i koncoworozkurczowy (ang. end-systolic diameter ESD) lewej komory, zwigkszong grubo$é
przegrody miedzykomorowej (ang. diastolic interventricular septum thickness, IVSd) i tylnej $ciany
lewej komory (ang. posterior wall thickness at diastole, PWd) czy wskaznik masy lewej komory (ang.
left ventricular mass index, LVMI) [23,32-36]. LVM byt wigkszy u pacjentow z pACS w poréwnaniu
do grup NFAI [35].

Dysfunkcja rozkurczowa lewej komory zwykle poprzedza przerost migsnia sercowego
I moze by¢ wezesnym wskaznikiem zaburzen na poziomie mikro- i makrokrazenia. U pacjentow z Al
zaobserwowano zaburzenia relaksacji pod postacig obnizenia stosunku maksymalnej predkosci fali
wczesnorozkurczowego do fali poznorozkurczowego naptywu mitralnego (wskaznik E/A) [24,28,34]
oraz wydluzenia czasu rozkurczu izowolumetrycznego ( ang. isovolumic relaxation time, IVRT)
[24,33]. Ponadto wsrod pacjentow z Al wykazano wyzsza grubosé nasierdziowej tkanki thuszczowej
(ang. epicardial fat thickness, EFT) bedacej prawdopodobnie nowym czynnikiem ryzyka i rozwoju
zespohu metabolicznego i CVD [35,36].

Zatem analizujac dostgpne piSmiennictwo zwraca uwage wazny problem kliniczny, jakim jest
wplyw obecnosci NFAI na rozw0j zmian w uktadzie sercowo-naczyniowym, zarOwno na poziomie
funkcjonalnym, jak i1 morfologicznym. Zmiany te moga zwigksza¢ CVR 1 $miertelnosé
w pacjentow z NFAI. Dotychczas uznawane za nieczynne hormonalnie gruczolaki nadnerczy, w nie
do konca poznanym mechanizmie, mogg stanowi¢ niezalezny czynnik CVR. Diagnostyka Al
powinna uwzglednia¢ nie tylko czynno$¢ hormonalng, ale takze oceng obecnosci powiktan sercowo-
naczyniowych wtej grupie pacjentow. Wskazane sa dalsze badania wcelu oceny wplywu

adrenalektomii na redukcj¢ CVR u pacjentow z NFAL.
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6.2 Publikacja 2.

Pierwsza praca oryginalna pt. Do Non-Functional Adrenal Adenomas Affect Metabolic Profile
and Carotid Intima-Media Thickness? A Single Centre Study from Poland opublikowana
w czasopismie Journal of Clinical Medicine ocenia wptyw nieczynnych hormonalnie Al na profil
metaboliczny i powstawanie wczesnych zmian morfologicznych naczyn krwiono$nych oraz analizuje
zalezno$ci pomigdzy wskaznikami hormonalnymi a CIMT.

Wprowadzenie

Nadmiar kortyzolu, zarowno egzogennego, jak i endogennego, wigze si¢ z wystepowaniem
powiktan metabolicznych. Wsrod pacjentow z Al stwierdzano czestsze wstgpowanie otyloSci
brzusznej, nadci$nienia t¢tniczego, zaburzen metabolizmu weglowodanéw i lipidow [7-9,37-40].
Kazde z zaburzen sktadajace si¢ za rozpoznanie zespotu metabolicznego jest uwazane za czynnik
ryzyka zachorowalnoéci i $miertelnosci z powodu CVD, ale w przypadku ich wspotwystepowania
ryzyko staje si¢ znaczaco wyzsze niz wynikatoby z poszczegdlnych sktadowych osobno [41].
Gruczolaki nadnercza wydzielajace niewielkie ilosci glikokortykosteroidow moga prowadzic¢
do zmian morfologicznych i funkcjonalnych migénia sercowego oraz naczyn krwionosnych. Wsrod
bezobjawowych  pacjentéw z gruczolakami nadnercza mozna zaobserwowaé wczesne stadia
przebudowy uktadu sercowo-naczyniowego [26,28,32-33]. Grubos¢ CIMT mierzona za pomoca
ultrasonografii, nieinwazyjnej i tatwo dostgpnej metody diagnostycznej, jest markerem
zaawansowania uogolnionej miazdzycy, szeroko stosowanym w ocenie ryzyka wystapienia
incydentu sercowo-naczyniowego zard6wno u osOb zdrowych, jak i u pacjentdéw z réznymi
czynnikami ryzyka [10-15].

Wyniki

W grupie badawczej wykazano istotnie wyzsze stezenie sodu, wyzsze cisnienie skurczowe
oraz rozkurczowe. Sredni wiek grupy NFAI wynosit 58 + 8 lat, a czesto$¢ wystepowania HT w tej
grupie byla istotnie wyzsza niz w grupie kontrolnej (odpowiednio 56% vs. 27%). Byla ona
takze wyzsza od $redniej populacyjnej ustalonej na podstawie dostgpnych badan kohortowych.
W grupie oséb z NFAI stwierdzono wyzsze st¢zenie glukozy w2 godz. OGTT oraz czestsze
wystepowanie nieprawidtowej tolerancji glukozy (ang. impaired glucose tolerance, IGT). W grupie
badawczej obserwowano wyzsze stezenie insuliny na czczo w poréwnaniu z grupg kontrolng. Co
istotne, korelacja pomiedzy stezeniem insuliny na czczo a stg¢zeniem kortyzolu w tescie z1 mg
deksametazonu byta bliska osiggnigcia istotnos$ci statystycznej (r=0,254; p = 0,08). Prawdopodobnie
Z uwagi na niewystarczajacag liczebno$¢ badanych grup nie wykazano wyzszej wartosci HOMA-IR
w grupie NFAI w poréwnaniu z grupa kontrolng. Nie wykazano istotnych roznic w czestosci

wystepowania otylosci brzusznej w analizowanych grupach. Jednak pomimo dobrania grup pod
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wzgledem BMI, obwdd talii w grupie NFAI byt istotnie wiekszy niz w grupie kontrolnej. Nie
wykazano réznic w czgstosci wystgpowania dyslipidemii. W przedstawionej pracy nie wykazano
istotnej statystycznie réznicy w czestosci wystepowania zespotu metabolicznego pomiedzy grupami.
U 7 pacjentéw z NFAI zespot metaboliczny rozpoznano na podstawie obecnosci otytosci brzuszne;,
HT 1 nieprawidtowej glikemii na czczo. Ponadto u jednej osoby stwierdzono niski poziom HDL-C.
W grupie badawczej stwierdzono wigkszg wartos¢ CIMT, a takze znamienne statystyczne dodatnie
korelacje miedzy CIMT a wiekiem, obwodem talii i ci$nieniem rozkurczowym. Znamienng
statystycznie dodatnig korelacje wykazano migedzy CIMT a st¢zeniem kortyzolu w surowicy
po hamowaniu 1 mg deksametazonu.
Podsumowanie

NFAI zwigzane sg z czgstszym wystgpowaniem zaburzen metabolicznych i wczesnych
zmian naczyniowych w postaci podwyzszonej wartosci CIMT. Z przeprowadzonego badania wynika,
ze NFAI z prawidlowym hamowaniem kortyzolu w tescie z 1 mg deksametazonu moga powodowac
niekorzystne konsekwencje zarowno metaboliczne, jak 1 naczyniowe.  Dokladna ocena
pacjentow zZ NFAI pod katem obecnosci zaburzen metabolicznych i powiktan naczyniowych pozwoli
wyodrebni¢ osoby, u ktorych wskazane jest wdrozenie prewencji chorob uktadu sercowo-

naczyniowego.

6.3 Publikacja 3.

Druga praca oryginalna pt. Could a nonfunctional adrenal incidentaloma be a risk factor for
increased carotid intima-media thickness and 10-year cardiovascular mortality based on the
SCORE algorithm? A Study from a Single Center in Poland opublikowana w czasopi$mie
Endokrynologia Polska skupia si¢ na ocenie zwigzku pomigdzy NFAI, wartoscig CIMT i ryzykiem
sercowo-naczyniowym w oparciu o modele predykcyjne SCORE dla Europy.

Wprowadzenie

Waznym aspektem rozpoznania Al jest ich zwigzek ze zwigkszong czgstoscig wystgpowania
czynnikéw ryzyka CVD. Wsrod pacjentow z Al czesciej wystepuje otytos¢, HT, cukrzyca,
zaburzenia metabolizmu weglowodanow i hiperlipidemia [7-9,42-44]. Zauwazono, ze zwigkszona
czgstos¢ wystepowania wymienionych u 0sob na Al wynika¢ moze z hiperkortyzolemii, takze jej
postaci subklinicznej [45,46]. Poniewaz choroby uktadu krazenia sg tak powszechne w populacji
ogolnej 1 stanowig gtowng przyczyng zgondéw W krajach rozwinigtych, szczegolne zainteresowanie
budza badania oceniajagce CVR u pacjentow z Al. Wytyczne ESC zalecaja stosowanie SCORE w celu
oszacowania 10-letniego ryzyka CVD. W wytycznych podkresla si¢ za kluczowa umiejetnos$¢ oceny

CVR z odpowiednig doktadnoscig [17,18]. Bioragc pod uwage rosngcg liczbe osob z Al, istotna
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wydaje si¢ w tej grupie pacjentow ocena CVR celem wdrozenia odpowiednich, wczesnych modeli
terapeutycznych.
Wyniki

W grupie badawczej wykazano istotnie wigkszy obwod talii, wyzsze ci$nienie skurczowe
oraz rozkurczowe, wyzsze st¢zenie sodu, insuliny na czczo i glukozy w 2 godz. OGTT, wyzszy
eGFR, wicksza warto$¢ CIMT oraz wyzsze CVR obliczone wedlug wskaznika SCORE. Nie
wykazano statystycznie istotnej réznicy w SCORE2 pomig¢dzy grupami ze wzgledu na wyzsza
wartos¢ CVR w grupie kontrolnej. W grupie badawczej SCORE wyniosto 7.1 = 6.7, SCORE2
7.3 £5.95 umieszczajac osoby z NFAI w grupie wysokiego CVR. Ze wzgledu na brak istotnych
statystycznie réznic pomigdzy grupami w zakresie wieku, pici, nikotynizmu, st¢zeniu lipidow,
wydaje si¢, ze réznica w SCORE wynikala glownie z wartosci skurczowego cisnienia krwi.
W grupie badawczej czgsciej wystgpowato HT oraz IGT. Stwierdzono znamienne statystyczne
dodatnie korelacje migdzy CIMT a wiekiem, obwodem talii, warto$cia ci$nienia rozkurczowego
oraz CVR obliczonego za pomoca wskaznika SCORE. Nie stwierdzono korelacji pomiedzy CIMT
a skurczowym cisnieniem krwi, stezeniem glukozy we krwi na czczo i w 2 godz. OGTT, stezeniem
lipidow lub paleniem tytoniu. Znamienng statystycznie dodatnig korelacje wykazano migdzy CIMT
a stezeniem kortyzolu w surowicy po hamowaniu 1 mg deksametazonu, natomiast nie wykazano
istotnych statystycznie roznic w grubosci CIMT pomigdzy grupami pod wzgledem pici.

Podsumowanie

NFAI sg zwigzane ze zwickszong warto$cig CIMT i1 CVR ocenionym za pomocg algorytmu
SCORE. U bezobjawowych pacjentow z NFAI mozna zaobserwowaé wczesne etapy przebudowy
uktadu sercowo-naczyniowego. Na podstawie wynikow uzyskanych w naszym badaniu mozna
stwierdzi¢, ze standard opieki nad pacjentem z Al powinien uwzglednia¢ oceng zarowno aktywnosci
hormonalnej, jak i obecno$ci subklinicznej postaci CVD. Ocena zmian morfologicznych
i czynnosciowych ~ w ukladzie sercowo-naczyniowym moglaby utatwi¢  wyodrebnienie
pacjentow z wysokim CVR. Pomiar CIMT moglby pehi¢ funkcje wstepnego wskaznika ryzyka
zdarzenia sercowo-naczyniowego, umozliwiajagc wdrozenie okres$lonej terapii w wybranej grupie

pacjentow.
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7. Whnioski

1.

Nieczynne hormonalnie gruczolaki nadnerczy majg istotny wplyw na wystepowanie zaburzen
metabolicznych pod postacig otylosci brzusznej, nadcis$nienia tetniczego 1 nieprawidtowe;j
tolerancji glukozy.

Wsrod pacjentéw z nieczynnymi  hormonalnie gruczolakami nadnerczy obserwujemy
wczesne stadia remodelingu w uktadzie naczyniowym pod postacig zwigkszenia grubo$ci
kompleksu btony wewng¢trznej i sSrodkowej tetnicy szyjnej wspoélne;.

U pacjentdw Z nieczynnymi hormonalnie gruczolakami stwierdza si¢ wyzsze ryzyko
sercowo-naczyniowe obliczone wedtug algorytmu SCORE.

Nieczynne hormonalnie gruczolaki nadnerczy moga stanowi¢ niezalezny czynnik ryzyka
chorob sercowo-naczyniowych.

Nowatorskie wyniki badan przedstawionych w omowionych pracach wykazaty, ze pozornie
nieczynne hormonalnie gruczolaki nadnerczy stanowia istotny czynnik ryzyka sercowo-
naczyniowego. Temat ten wymaga dalszych wieloosrodkowych badan, co pozwoli na

ustalenie dziatan prewencyjnych i terapeutycznych w tej grupie 0sob.
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Abstract: Due to the growing availability of imaging examinations the percentage of patients with
incidentally diagnosed adrenal tumors has increased. The vast majority of these lesions are benign,
non-functioning adenomas, although according to various estimates even up to 30%-50% of patients
with adrenal incidentaloma may present biochemical hypercortisolemia, without typical clinical
features of Cushing’s syndrome. Adrenal adenomas secreting small amounts of glucocorticoids may
cause morphological and functional changes in the myocardium and blood vessels. Early stages of
cardiovascular remodeling may be observed among asymptomatic patients with adrenal adenoma.
Vascular changes precede the development of cardiovascular diseases and can increase morbidity and
mortality in patients with adrenal incidentaloma. This risk may result not only from the traditional
risk factors. Seemingly hormonally inactive adrenal tumors can indeed produce small amounts of
glucocorticoids that have metabolic implications. Therefore, evaluation of patients with incidental
adrenal findings presenting with subclinical cardiovascular disease seems of particular importance.

Keywords: adrenal incidentalomas; hypercortisolism; cardiovascular risk markers

1. Introduction

Adrenal incidentaloma (Al) is an abnormal tissue mass in the adrenal gland with diameter >1 cm,
found during imaging examinations performed for non-endocrine reasons. Al is a significant problem
in everyday clinical practice. According to various estimates its incidence ranges from 3% to 10%
and increases with age. In Al patients 50%-60% adenomas are right, 30%-40% left, and 10%-15% are
bilaterally localized [1-4].

The vast majority of these lesions are benign, hormonally inactive adenomas. Nevertheless,
pheochromocytoma, aldosteronism, or overt cortisol excess due to hyperfunction may be observed
in patients with AL Cortisol excess is the most frequent endocrine dysfunction among patients with
Al with a prevalence ranging from 5% to 30%, primary aldosteronism has a median prevalence of
2% (range 1.1%-10%) [3-8]. Pheochromocytoma is discovered in approximately 5% of patients with
Al [9]. Mansmann et al. found 41% of Al to be adenomas, 19% metastases, 10% adrenal cortical
carcinoma (ACC), 9% myelolipomas, and 8% pheochromocytomas, with other benign lesions, such as
adrenal cysts, ganglioneuromas, hematomas, and infectious or infiltrative lesions representing rare
pathologies [10]. ACC is rare finding and can be functional or nonfunctional with regard to hormone
synthesis and clinical features. Risk of ACC increases with the diameter of a tumor. ACC represent 2%
of all tumors <4 cm in diameter and 25% of the tumors >6 cm [11,12].

The pathogenesis of Al is still unknown. Some observations showed that Al is more frequent

" in older patients. That led to the notion that these tumors may be a manifestation of the ageing
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adrenal and could represent focal hyperplasia in response to ischemic injury [13]. There are hypotheses
that insulin through the mitogenic action on adrenal cortex could contribute to the development
of these tumors [14,15]. Additionally, alterations in the glucocorticoid feedback sensitivity of the
hypothalamic-pituitary-adrenal axis may lead to subtle but chronic trophic stimulation of the adrenals
by repeatedly inappropriately higher adrenocorticotropic hormone (ACTH) levels, particularly in
response to stress, favoring nodular adrenal hyperplasia [16]. Germline or somatic genetic alterations
are identified only in subgroups of sporadic tumors that are mainly functioning [17-19].

The presence of an Al has been associated with an increased incidence of several cardiovascular
factors. Patients with Al can show a high prevalence of obesity, hypertension, diabetes mellitus, glucose
intolerance, and dyslipidemia [2,20]. Cortisol potentiates cardiac angiotensin Il and noradrenaline
responsiveness and also stimulates the local renin-angiotensin system. High cortisol levels lead to
endothelial damage, activation of inflammation, increased oxidative stress, and fibroproliferation,
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leading to functional and structural change in the heart and blood vessels [21,22].

2. Objective

The aim of the study is to discuss the selected cardiovascular risk (CVR) indicators in patients
with AL

3. Hormonal Evaluation

Current classification of Al based on cortisol secretion includes Cushing’s syndrome
(CS), autonomous cortisol secretion (ACS), possible autonomous cortisol secretion (pACS),
and non-functional adrenal incidentaloma (NFAI) [6,7]. ACS, previously known as subclinical Cushing’s
syndrome (SCS) or subclinical hypercortisolism (SH), is a condition of biochemical hypercortisolism
in the absence of clinical symptoms of CS (Table 1) [23,24]. This definition was modified in 2016 by
European Society of Endocrinology in order to distinguish CS and ACS as distinct conditions that
significantly differ in morbidity and mortality rates. The risk of progression of ACS to overt CS is very
low [11,25-28].

Table 1. Clinical presentations of Cushing’s syndrome.

1. Low effort tolerance, weakness.

Abdominal obesity with fat deposits around the face (rounded face, “moon-shaped face”), in the
2 midsection—especially on the back of the neck (“buffalo hump”) and abdomen, supraclavicular fat
pads.

Skin thinning, dilatation of blood vessels on the face, plethora, wide, purple stretch marks on the
3, abdomen, thighs, hips, breasts, armpits and elbow pits, acne, hirsutism, oily skin, easy bruising,
petechiae, edema.

4. Proximal muscle weakness.

Metabolic disorders: osteoporosis, pathological fractures, glucose and lipid alterations,

5 nephrolithiasis, fatty liver disease.

6. Electrolyte disorders: hypokalemia, hypophosphatemia.

% Hypertension, heart failure, venous thrombosis.

8. Gastric and duodenal ulcer.

9. Menstrual disorders, decreased libido, impotence.

10. Immunodeficiency: opportunistic infections, mycoses, severe infections.

1. Psychiatric disorders: depression, euphoria, sleep disturbances, emotional lability, psychosis.

The recommended diagnostic test for hypercortisolism is 1 mg overnight dexamethasone
suppression test: serum cortisol <1.8 pg/dL (50 nmol/L) excludes hypercortisolism, 1.9-5 ug/dL
(51-138 nmol/L) suggests pACS, and >5 ug/dL (138 nmol/L) with the absence of CS symptoms suggests
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ACS [6,7]. Diagnosis of ACS is highly challenging in view of the ambiguous diagnostic criteria and
the accompanying metabolic disorders that are difficult to detect. The criterion of the absence of
symptoms and signs is highly controversial because it relies entirely on the clinical evaluation and
personal experience of single physicians.

It is suggested that cortisol secretion is a continuum between normal serum cortisol concentration
and overt hypercortisolism and shows significant variability in one patient [11,29]. Thus, the use of
stiff criteria causes unavoidable diagnostic errors. In addition, the reliability of other markers used
in the diagnosis of ACS, such as morning ACTH levels or 24-h urinary free cortisol is low [11,30-32].
Certain diseases or medications can affect the results of dexamethasone suppression tests and may
hinder diagnosis of hypercortisolism [33,34].

In 1%-29% of Al patients ACS can be observed, which probably correlates with increased risk of
metabolic disorders and cardiovascular disease (CVD) in this group of patients [6,7,35]. Some studies
indicate that even 30%-50% of patients with Al may present with biochemical hypercortisolism with
no typical clinical features of CS [36].

ACS is associated with increased CVR and several metabolic disorders and may cause
structural and functional abnormalities in myocardium and arterial wall architecture [37—45].
These patients have higher incidence of arterial hypertension, glucose metabolism impairment
ranging from insulin resistance to diabetes mellitus, lipid metabolism alterations, hyperuricemia,
overweight, and obesity [23,46,47]. Latest publications demonstrate higher CVR also in patients with
NFAI [48,49]. It suggests that NFAI may secrete small amounts of glucocorticosteroids, which has
metabolic consequences.

4. Intima-Media Thickness of the Carotid Artery

Carotid intima-media thickness (CIMT) measured with ultrasonography is a marker of the
advancement of generalized atherosclerosis, including coronary artery disease [50]. CIMT is a valuable
indicator of a cardiovascular event risk. CIMT progression of 0.1 mm correlates with 10%-15% increase
of myocardial infarction risk and 13%-18% increase of stroke risk [51,52] and is directly associated
with increased arterial stiffness [53].

In 2002 the study of Taumanova L. et al. that included 28 patients with SCS showed increased
CIMT value compared to the control group. In 11 (39.3%) patients with no clinical symptoms of CVD,
atherosclerosis in various stages was found. Up to 87.5% of patients with SCS had multiple CVR
factors, and 64% had cardiovascular impairment [54].

Recent works have again tried to determine CVR in Al patients by assessing morphological and
mechanical function of endothelium.

Androulakis 1. et al. examining 60 normotensive euglycemic Al patients, have demonstrated
significantly higher CIMT values in cortisol secreting Al compared to NFAI and controls. NFAI
patients had higher CIMT values compared to the control group. Positive predictive value of 1 mg
overnight dexamethasone suppression test was demonstrated in CVR estimating (sensitivity was 79.2%,
specificity was 88%) [55]. Tuna M. et al. in a group of 28 patients with NFAI and Imga et al. among 51
patients with NFAI confirmed higher IMT values compared to the control group [56,57]. Evran M. et al.
have also observed higher CIMT value in 81 patients with Al compared to the control [58]. A similar
conclusion was formed by Cansu G.B. et al. based on the studies conducted in 35 NFAI patients with
no traditional CVD risk factors. Higher CIMT values were also showed in comparison to the control
group [59]. Emral R. et al. who examined 83 patients with Al have confirmed increased CIMT in
patients with NFAL CIMT showed a positive correlation with age, homeostatic model assessment of
insulin resistance (HOMA), fasting glucose, fasting insulin, total cholesterol, and fibrinogen. Fasting
glucose and insulin and HOMA were significantly higher in NFAI patients than in the control group.
The incidence of metabolic syndrome in the NFAI group was higher than in controls [60].
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5. Arterial Stiffness Index

Stiffness, elasticity, and distensibility of large and medium arteries are major parameters used
to assess arteries condition. Increased arterial stiffness is associated with increased cardiovascular
morbidity and mortality and is an independent early risk factor for coronary artery disease and stroke
in the general population [61]. Pulse wave analysis allows recording of arterial elasticity by measuring
pulse wave velocity (PWV) or augmentation index (Alx) of peripheral or central arteries [62].

Cansu GB. et al. demonstrated higher PWV and peripheral and central Alx in patients with NFAI
compared to the control group. PWV showed a positive correlation with total cholesterol, triglyceride,
and insulin levels [59]. Similar conclusions were drawn by Akkan T. et al. who observed higher
PWV and Alx adjusted for heart rate in NFAI patients. Authors have observed a negative correlation
between PWV and 24-h urinary free cortisol levels [63]. In the study of Sbardella E. et al. significantly
higher PWV in pACS patients was confirmed [64].

6. Assessment of Endothelial Function

An established method for assessing endothelial function is flow-mediated vasodilation (FMD) that
measures arterial dilation in response to a transient period of ischemia. The decrease in FMD correlates
with endothelial dysfunction and is associated with adverse future cardiovascular events [65,66].

In the previously mentioned study conducted by Androulakis I. et al. in 2014, lower FMD in
cortisol-producing Al as compared to NFAI and controls was demonstrated. NFAI patients had lower
FMD compared to the control group [55].

7. Echocardiography

Left ventricular hypertrophy (LVH) is an altered proportion of myocardial fibers, vessels,
and intercellular substance. In addition to cardiac muscle hypertrophy, collagen type I fibers
accumulation within myocardium increases muscle stiffness [67]. Left ventricular diastolic dysfunction
usually precedes myocardial hypertrophy, thus being an early indicator of micro- and macrocirculatory
disorders. Coronary artery disease may also play a role in the pathogenesis of LVH. Normal muscle
tissue compensates for the ischemic tissue work [68]. The presence of LVH is associated with 2- to 3-fold
increase of stroke, 2- to 3-fold increase of coronary heart disease, and 3-fold increase of peripheral artery
disease [69]. It was demonstrated in numerous epidemiological studies that LVH is an independent
risk factor for CVD morbidity and mortality [70,71].

Multiple publications assessing the amount and distribution of epicardial fat thickness (EFT)
suggest its possible use as a CVD risk marker. EFT is being considered as the new risk factor for
metabolic syndrome and CVD [72]. EFT positively correlates with components of metabolic syndrome
and is increased in obesity, type 2 diabetes, or polycystic ovary syndrome [73]. It seems that EFT does
not only reflect other risk factors, but through secretion of proinflammatory cytokines, vasoactive
substances, adipokines, and growth factors may have an independent effect on cardiac muscle,
coronary arteries, and formation of atherosclerotic plaque [74]. In addition, the higher the EFT volume,
the smaller the coronary artery diameter and atherosclerotic plaque becomes less calcified and more
unstable. This directly increases the risk of acute coronary syndrome [75,76]. A 1-SD increment in EFT
is associated with a 33% greater risk of developing incident coronary heart disease [77]. Furthermore,
correlation between EFT and increased left ventricular mass was established [56,78].

Echocardiography is the most important non-invasive method used for assessing cardiac
morphology. Due to the presence of early morphological and functional changes in the myocardium in
Al patients, it seems reasonable to perform this examination in this group.

Ermetici F et al. in a group of 21 NFAI patients observed higher end-diastolic diameter (EDD), diastolic
interventricular septum thickness IVSd, left ventricular mass index (LVMI), and lower mitral peak flow
velocity in early diastole to peak flow velocity in late diastole ratio (E/A ratio) compared to the control group.
Changes in echocardiography were greater in hypertensive Al patients than in the normotensive Al group.
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The study did not reveal a correlation between echocardiographic parameters and hormonal activity of
tumors [79]. In the study of Tacobellis G. et al. in a group of 46 Al patients, greater left ventricular mass
(LVM) compared to controls was observed. LVM was higher in SH than in the NFAI group. No correlation
between cortisol levels and LVM was found. Among NFAI and SH patients higher EFT was observed
compared to the control group [50]. In the aforementioned study of Evran M. et al. in a group of 81 subjects
with Al higher heart rate, EDD, and end-systolic diameter (ESD) were observed in patients with NFAI
and SCS as compared to controls. IVSd and posterior wall thickness at diastole (PWd) in NFAI and SCS
patients were increased, and isovolumetric relaxation time (IVRT) was prolonged compared to the control
group. Additionally, E/A ratio was <1 in up to 79% of NFAI patients, while in the control group it was only
36% of patients. No differences in the abovementioned parameters were observed between NFAI and SCS
groups [58]. In the previously mentioned study conducted by Imga N.N. et al., higher values of LVM, IVSd,
Pwd, IVRT, and EFT were demonstrated in comparison with the control group. In NFAI patients with no
CVD left and right ventricular diastolic dysfunction and LVH were found. Importantly, this study showed a
positive correlation between EFT and LVM, as well as between EFT and CIMT [55,51].

Sbardella E. et al. performed measurements of LVMI normalized to age and body surface area
(LVMI/BSA) and to age, body surface area (BSA), glycated haemoglobin (HbA1c), LDL-cholesterol, and
systolic blood pressure (LVMI/b2.7) in a group of 71 patients with Al. Morphological measurements showed
significantly higher LVMI/BSA and LVMI/b2.7 in pACS than in the NFA group. Incidence of LVH was also
higher in pACS than in the NFA group and it included both concentric and eccentric LVH. IVSd was higher
in pACS than in the NFAI group. Left ventricular diastolic dysfunction estimated with the E/A ratio, was
more common in patients with pACS. Decreased E/A ratio was found in NFAI patients, but it did not reach
statistical significance (p = 0.07). In Al patients, both mean LVMI and incidence of LVH was higher in pACS
than in the NFAI group [64]. Sokmen G. et al. in a group of 30 patients with NFAI also found significantly
higher LVMI, 1VSd, and Pwd, as compared to the control group [52].

8. Final Assessment of the Available CVD Markers in Patients with Al

Due to the widespread use of imaging examinations the proportion of patients with incidentally
diagnosed adrenal tumors increases. That implies the need to establish a new diagnostic and therapeutic
approach in this group. By definition, non-functional adrenal adenomas that produce small amounts of
glucocorticoids may have metabolic consequences and play a role in the development of morphological and
functional changes in the myocardium and blood vessels. Among asymptomatic NFAI patients, early stages
of cardiovascular remodeling can be observed. Complex mechanisms of epithelial damage, inflammation,
oxidative stress, and fibroproliferation lead to functional and structural changes in myocardium and blood
vessels. It may increase CVR and mortality in Al patients [83]. Hormonal diagnostics of hypercortisolism,
in particular ACS, is difficult, thus determining CVR in Al patients and incidence of subclinical CVD seems
especially important. This may help to determine further therapeutic approaches.

In Table 2 we summarize all publications included in our review. In the investigated groups
of Al patients an increased CIMT was observed, illustrating morphological changes in carotid
arteries expressed by intimal hyperplasia and endothelial atherosclerosis, as well as increased PWV
or Alx that are the indicators of arterial stiffness [54,55,58-60,63,64]. Endothelial dysfunction in
the form of FMD was also observed [55]. The number of publications on echocardiographic
measurements among Al patients is limited. The few available studies confirmed the presence
of left ventricular hypertrophy features in this subject group: increased left ventricular EDD and
ESD, IVSd, PWd, or LVMI [55,58,64,79-82]. Left ventricular diastolic dysfunction usually precedes
myocardial hypertrophy, thus being an early indicator of micro- and macrocirculatory disorders. Al
patients had impaired left ventricular relaxation demonstrated by decreased E/A ratio and prolonged
IVRT [55]. One of the studies also demonstrated decreased E/A ratio in NFAI patients, but the level of
statistical significance was not reached (p = 0.07) [52]. Additionally, among Al patients, higher EFT
volume was shown, probably being a new risk factor for metabolic syndrome and cardiovascular
disease [56,80,81].

24



15a-8w 1 aaye p/dr
bR K15 S]9AD] [0S1I0D VAN
B o za €9z 29 VAN 115Q-8w 7 yim pausiguod (ve/zr) 1L sovd e 8102 [euomdas-ssor)  [54] o0 efapieas
1501-8w | aaye 1p/Sit
b §-6'1 S1249] (08100 :5Hvd
SUOHEIIPAW pue ‘aseastp . o
JuRIWOdU0D “Bunjows
Y 1 51 ue
IAD - - - - u__cw_wm .._Muw_.w‘m.sat - €8 v Aoyany 6107 lonuod-ased (9] ‘[ea feaug
1stem ‘JINg 4opual ‘a8e
10J paydjew ‘S[01u0d 9¢
B S10300]
i -Bwip saye Mg s SU e [nOSY 298
AMI XV - - €6T 1¢ sjonuo> Aypeay g Gmn:___au_g__suﬂmzmm_ (zense _a__ez_wﬂ_.!ﬂ Soqany, 210z _M_MHU [£9] e 10 uepy
oYM [VAN
8 - S103003 s1
XV ‘AMd ‘LI - - - % stoao> Aupeay gg 1SGTL I uﬂﬁww_v (D e aadrevompen  Aaymy 20z jonuoddsed  [g] eransue)
10 MORIM [VAN
‘enwapidisip
o T— ViSRGV xaput ssew Apoq GiSation poa ”_ﬁmu g1< PSP or
o 0 0 ez (AN apusii-a8e oj poydiew  Sppaal (051109 wmads 50 18 ot et Aty I O e
slo4uod Ayipeay g¢ 150 Swi saye 1p/An g5 VAN ‘ovd :
S[2AD] [OSHIOD WNIAS VAN sdnoiSqreTy
powaojad
NG pue sem 15(17 ‘@enbapeus sem
E._wa_,.ﬂ o s 0t z¢  opusB afie 10 paydjew  uorssarddns jospaod ewserd  (9g/e) 16 VAN Koang U N O R
s10u0d Ayifeay gg 314150-8w [ e sayge Tp/d
815 SI2A3] 0511100 winidg
‘pawnsogsad . N
sem 151 ‘ayenbapeur sem o
IND €6 * 0g L9 sjonuod Ayjjeay 1+ uorssarddns josna00 ewserd 8z IViIN Aayany, 10z ! asw..s 6] "o 30 eung
-Bw | e saye Tp/Sr Sl
§15 S909] (051400 Winiag
(IV4AN) 1saar esaye 1p/An 60 1< avaN "
3 (IVAN) 992 91§ SIPAD [0S0 WIS VS 18D ‘sdnoafigns) q
NN o U avso e (vsd) e {167 3230 Tp/BH 6015 (ee/re) 09 1V dnas[8no D 0T onuon-ases
966 [9A9] [0SHI0D WINIAS (YN ‘datsuounIoN
N pue e
5 ’ P \ 150-8u g 32y Tp/Ar & |euonag (2] ‘e
1N £09 L 2 L hw“ﬂ:“:“vwm“—“u“ﬂpzeﬂ.”s £< S[AI] [0SHIOD Winuag (61/6) 82 $38 bm: 0002 -$801D) eAouRwONRY
() vorsuanadA (%) ZWa -
sutog-pug ¥ (s1eax) (/W) siuaneq ufisaq
(e [T ——— (@B Ina a8y dnois oyuod PHALD uotsnPUf J0 s9quinN dnain Apmig Anunop BN Lpras Joyiny

"SAIPNIS PApNIOUL JO XNSLIAPLIRYY *Z AqEL

¥r409 69 ‘95 ‘0202 vuIpIN

25



"DWOdINO U PUR J0JDB) MSL B UdIMID] sH dALe]aI a3 puy 03 Ajpandadsonar

¥eq sy0o] Jey uSisap Apnys [euonea1asqo jo ad4) e—Apnis jonuod ases  aum ut wrod sywads e e syuedonred Apnys oy ut saansodxa ayy pue awodINO Ay saansEIW 10jeSHsIAUL
Ay ‘uSisap Apnys [eUORRAIISGO JO adA} B—APNYS [PUORDIAS-SS0ID |, “[OSIIOD da1y ATPULIN-—D7) 4 PWOIPUAS §,FUTYSND) [EIIUIPANS—GG ‘AID0[A 2ABM as[Nd—A M ‘UO1IDAS [0SR0
snowouoine dqissod—gHyd ‘ewoejuapnul feuarpe [euondUN-uou—IviN {(SAep z 10§ Y 9 £1940 Sw ¢'0) 159) uoissazddns uoseypaurexap Suoj—15q7 ‘uoisuaradAy—] | ‘woneiposea
parerpaw-mog— N ‘3591 uoissarddns uoseypawrexap—1S(] ‘g 2dA) srpw $a19qRIP—ZA(] ‘BWO[RUIPIIUI [eudIpE FUOI0AS [0STIHOI—]YS)) ‘SSUDIY) RIPAUW-RUWINUT PHOIRI—L NI
‘aanssaxd poojq— g Xxopur ssewr Apoq—Ng ‘XIpul UOHBJUIWENE—X]y ‘LWO[LIUIPIIUI [BUAIPE—]Y {UONAIIIS [0SI0D SNOWOUOINe—E)Y Duowioy d1donodnt0dousipe— [y

spalgns joyuod

15a-Swig saye p/Ari

Ayde-a8orpaeoyy S € €€ 818 powpyewns Apsadosd oy 15 PAS] [089105 umiog 0¢ VN Aoyany. 10T [eUON29s-5501) I8 30 uawog
Ak 15a-8w saye p/Brig s

Ayde-13orpreaoyoy G 0 10g rzs aapual ‘afe 10j payew ;. (6¥/12) 0L VAN Aoyany. 2107 lonuod-osed 5] “je i edwy

& P S[AAI] [0S11I0D WNIAG

Sjonuod Ayieay 1§

1w/d 01> SpAdl HIDV N
Sunuow * i -Sw VAN
Ayde-13orpaesoyay = e 89T 979 sonuod Aygeay ¢ et ,n_...uw_\wi_mmowm_m_ia 9 m%ﬁﬂﬁf S €107 [euonas-sso1) o] 1212 syaqodey
B 4 $2/80 02< PA2 24N $DS S o B
spalqns
upRaj aalsuajouIou
us1os1nI0212d A1

0Z Pue (INg) Xaput St b i)
Ayde-18o1paedoyog - - - - ssew Apoq pue Japuad Eakm.mwnv\& wx_ 5 1z Aoy 8007 [onuod-ase)  [pz] ‘e 3d Rauuyg

10§ paypjew spalgns IP/AN §15 S[aA3] [osiie)

252Q0 IAISUDJOWIOU §]
S[onuoD
 quon () uosuonadAl (%) ZWA KA ‘ . a
Su0g-pug (saeax) (/W) siudneg uSisaqy
e SIIPIGIOWOD) YO @w/AINg a8y dnoig jonuo) eHALD uotsnU] pl dnoiy Apmg £nunoy o2y G soqny

¥130L

oD "TIqeL

69’95 ‘0T0T vuLIPIN

26



Medicina 2020, 56, 69 8of 14

It must be highlighted that our review has a few limitations. First, summarized studies were
conducted in small groups, without randomization, many without properly matched controls. Second,
groups with heterogeneous inclusion criteria were compared. The vast majority of publications referred
to patients with metabolic syndrome components: insulin resistance, glucose or lipid metabolism
impairment, hypertension, abdominal obesity. Recent studies have also included NFAI patients
without traditional CVD risk factors.

It was suggested that increased CVR in Al patients may not only result from traditional risk factors.
Some studies propose that abnormal dexamethasone suppression test may be an independent CVR
factor [40,42,64]. Studies conducted so far indicate that both ACS and NFAI patients have an increased
cardiovascular risk [39—45]. This conclusion should imply an adequate therapeutic approach. There
is no conclusive data on the superiority of adrenalectomy over a non-operative approach. Surgical
treatment is limited to adrenal tumors with clinically significant hormone excess, and lesions suspicious
of malignancy [5-7]. There are, however, few reports on the possible improvement of classic CVR
factors after adrenalectomy in NFAI patients. In this group after surgery weight loss, reduction of
blood pressure, lipid and fasting glucose levels were observed [84-88]. Certainly, further research is
needed to verify the effect of adrenalectomy on improving CVR factors in Al

9. Conclusions

1. Due to the widespread use of imaging examinations the proportion of patients with incidentally
diagnosed adrenal tumors increases. It implies the need to establish a new diagnostic and
therapeutic approach in this group.

2. Recent studies show that Al that produce small amounts of glucocorticoids may have metabolic
consequences and play a role in the development of morphological and functional changes in the
myocardium and blood vessels.

3. Functional and structural changes of cardiac muscle tissue and blood vessels may increase CVR
and mortality in patients with AL

4. Diagnosis of Al should not only include hormonal activity but also the assessment of cardiovascular
complications risk with the use of available markers.

5. Further research is warranted to uncover benefits and drawbacks of adrenalectomy and its effect
on CVR reduction in patients with Al
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Abbreviations

Al adrenal incidentaloma;

Alx augmentation index;

ACC adrenal cortical carcinoma;
ACS autonomous cortisol secretion;
Al adrenal incidentaloma;

BSA body surface area;

CIMT carotid intima-media thickness;
cs Cushing’s syndrome;

CVD cardiovascular disease;

CVR cardiovascular risk;
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E/A ratio mitral peak flow velocity in early diastole to peak flow velocity in late diastole ratio;

EDD end-diastolic diameter;

EFT epicardial fat thickness;

ESD end-systolic diameter;

FMD flow-mediated vasodilation;

HbAlc glycated haemoglobin;

HOMA homeostatic model assessment of insulin resistance;

IVRT isovolumetric relaxation time;

Ivsd diastolic interventricular septum thickness; ’

LVH left ventricular hypertrophy;

LVM left ventricular mass;

LVMI left ventricular mass index;

LVMI/BSA left ventricular mass index normalized to age and body surface area;

LVMI/b2.7 left ventricular mass index normalized to age;

BSA glycated haemoglobin;

LDL cholesterol and systolic blood pressure;

NFAI non-functional adrenal incidentaloma;

pACS possible autonomous cortisol secretion;

Pwd posterior wall thickness at diastole;

PWV pulse wave velocity;

SCS subclinical Cushing’s syndrome;

SH subclinical hypercortisolism;
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Abstract: Background: Compared to the general population, among people with adrenal inciden-
talomas (Als) the diagnosis of obesity, hypertension, impaired carbohydrate and lipid metabolism
is more common. The aformentioned disorders represent typical cardiovascular remodeling risk
factors. The study was designed to assess the association between NFAIs, metabolic profile and
carotid intima-media thickness (CIMT) as the predictive factor of atherosclerosis. Material: The study
included 48 patients with NFAI (16 men, 32 women, mean age 58.6 +/— 9 years) and 44 control
participants (15 men, 29 women, mean age 57 +/— 7 years). Both groups were matched for age,
gender and BMI. Subjects with history of myocardial infarction, stroke or diabetes mellitus (DM)
were excluded. Participants underwent adrenal imaging, biochemical evaluation, and measurement
of CIMT. Hormonal evaluation was conducted in Al patients. Results: The NFAI group had signifi-
cantly higher waist circumference (p < 0.01), higher systolic (p < 0.01) and diastolic blood pressure
(p <0.01), fasting insulin (p = 0.03) and glucose in the 2 h OGTT (p = 0.04) as well as higher CIMT
(p < 0.01). Hypertension (p < 0.01) and IGT (p = 0.026) were more common in this group as well. There
was a positive correlation between CIMT and cortisol levels in 1 mg dexamethasone suppression
test (r = 0.33, p = 0.02). Conclusions: Patients diagnosed with NFAIs, despite normal cortisol
inhibition in the 1 mg dexamethasone test, still presented a number of metabolic abnormalities.
The assessment of IMT may proove valuable in indicate the presence of early vascular remodelling
in asymptomatic patients. The underlying mechanisms of these findings are still unknown, hence
further studies are required.

Keywords: adrenal incidentaloma; carotid-intima media thickness; metabolic

1. Introduction

Adrenal incidentalomas (Als) are common, asymptomatic lesions detected in imaging
studies performed for reasons other than suspected adrenal pathology. The prevalence of
Als is estimated around 3-10% in general population. By definition, patients with Als do
not present clinical features of excess of adrenal hormones. Nearly 80% of adrenal lesions
are benign, hormonally inactive adenomas (non-functional adrenal incidentalomas, NFAI).
The most common endocrine disorder found in Al patients is excessive cortisol secretion,
with a prevalence of 1% to 29%. The recommended diagnostic test for hypercortisolism is
1 mg overnight dexamethasone suppression test: serum cortisol <1.8 jg/dL excludes hy-
percortisolism, 1.9-5 pg/dL suggests possible autonomic cortisol secretion, and >5 ng/dL
suggests autonomous cortisol secretion (ACS). It is suggested that cortisol secretion is a
continuum between normal serum cortisol concentration and overt hypercortisolism and
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shows significant variability in one patient. The median prevalence of primary hiperaldos-
teronism is 2.5%, while pheochromocytma is estimated around 7%. Only adrenal tumors
with clinically overt hormone excess are an indication for adrenalectomy [1-6].

The presence of Al is known to be associated with higher prevalence of cardiovascular
risk factors, such as obesity, hypertension, carbohydrate and lipid metabolism disorders-
namely conditions closely related to insulin resistance (IR) [7-9].

The pathogenetic mechanisms responsible for the development of Als still remain
unknown. A possihle link between Als and hyperinsulinemia and the insulin-like growth
factor (IGF) system has been suggested in the literature. IR and compensatory hyperin-
sulinemia through activation of insulin and IGF-1 receptors may play important role in
adrenal tumor growth [10]. It remains unclear whether adrenal lesions develop as a result
of primary IR and compensatory hyperinsulinemia, or whether IR is merely secondary to a
slightly excessive cortisol secretion caused by Als.

Interestingly, patients with clinically silent NFAI, with normal inhibition of cortisol se-
cretion in the low-dose dexamethasone suppression test (LDDST), more frequently present
with metabolic disorders, including the development of metabolic syndrome (MS) as well
as morphological and functional changes in the endothelium. Seemingly asymptomatic
patients with NFAI are diagnosed with early stages of cardiovascular remodelling [11-13].

The study was designed to assess the impact of NFAIs on the metabolic profile and
early stages of atherosclerosis in the carotid arteries.

2. Subjects and Methods
2.1. Ethics and Setting

This clinical study was conducted in the Clinic of Endocrinology, Diabetology and
Internal Medicine at the Regional Specialist Hospital in Olsztyn between January 2020 and
December 2020. From total of patients with Al hospitalized in our department patients
with non-secreting Al were selected. The study was approved by the Bioethics Committee
of the Warmia-Mazury Medical Chamber. Written informed consent was obtained from all
recruited subjects.

2.2. Subjects

The study included 48 patients with Al Radiological, biochemical and hormonal di-
agnostics were performed as part of the standard procedure for patients with Al in accor-
dance with the guidelines of the European Endocrine Society [3-5]. In addition, patients
gave written informed consent to CIMT measurement with non-invasive ultrasound
method. The control group, examined between January 2020 and December 2020, con-
sisted of 44 asymptomatic volunteers age-, gender-, ethnicity- and BMI-matched. Written
informed consent to blood examination, abdominal ultrasonography and CIMT mea-
surement was collected from each patient. Subjects with history of myocardial infarction,
stroke or diabetes mellitus (DM) were excluded. Exclusion criteria are listed in Table 1.

2.3. Study Protocol
2.3.1. Medical Interview and Physical Examination

In both groups, an interview and a physical examination with anthropometric mea-
surements (weight, height, waist circumference) were performed. Blood pressure (BP) was
measured twice from the upper right arm after 5 min of rest in a seated position, and the
mean of these two measurements was taken as the BP value. Hypertension was diagnosed
on the basis of two criteria: systolic blood pressure > 140 mmHg and diastolic blood
pressure > 90 mmHg or, in the case of treatment with antihypertensive drugs, according to
the guidelines of the European Society of Cardiology (ESC) and the European Society of
Hypertension (ESH) [14,15].
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Table 1. Exclusion criteria.

Exclusion criteria:

-age below 18 years or over 69 years

-hormonally active adrenal adenoma

-diabetes mellitus

-chronic kidney disease (stage 3a renal failure with eGFR < 60 mL/min)
-ischaemic heart disease

-cardiac insufficiency

-uncompensated hypertension

-cerebrovascular disease

-peripheral arterial disease

-acute and chronic inflammatory diseases

-malignant neoplasm

-suspected or diagnosed mental disorder

-use of medications that may affect the hypothalamic-pituitary-adrenal axis
-pregnancy

2.3.2. Biochemical Evaluation

Blood samples for baseline laboratory tests were collected from the ulnar vein in the
supine position, in the morning, after 12 h of fasting. Laboratory tests included measure-
ments of sodium, potassium, creatinine, uric acid, fasting glucose and insulin, lipid profile,
75 g glucose load test (OGTT). The insulin resistance index was calculated according to the
Homeostasis Model Assesment-Insulin Resistance (HOMA-IR) formula from the following
equation (HOMA-IR = (fasting plasma glucose concentration x fasting plasma insulin concen-
tration)/22.5). HOMA-IR < 2.5 was taken as the normal result [16]. Non-HDL concentration
was calculated using the following formula (non-HDL-C = TC - HDL-C).

Dyslipidaemia was diagnosed on the basis of LDL cholesterol level (LDL-C) > 115 mg/dL,
and/or total cholesterol (TC) > 150 mg/dL, and/or HDL cholesterol (HDL-C) < 40 mg/dL
(men) and 50 mg/dL (women), or the use of lipid-lowering drugs according to the ESC and
ESH guidelines [15].

Diabetes, impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) were
diagnosed according to American Diabetes Association guidelines [17].

According IDF consensus, MS was diagnosed in the presence of any three of the
following: waist circumference greater than 94 cm in men and greater than 80 cm in women,
triglycerides of 150 mg/dL (1.7 mmol/L) or more, HDL cholesterol less than 40 mg/dL
(1.0 mmol/L) in men and less than 50 mg/dL (1.3 mmol /L) in women, blood pressure of
130/85 mm Hg or higher, or fasting glucose of 100 mg/dL or higher [15].

2.3.3. Hormonal Evaluation

Normal hormonal activity of adrenal tumors in the study group was confirmed on
the basis of normal diurnal cortisol rhythm (8 a.m., 10 p.m.), adrenocorticotropic hor-
mone (ACTH) levels in the morning >5 pg/mL, cortisol levels below 1.8 ug/dL ina 1 mg,
low dose dexamethasone suppression test (LDDST), normal adrenal androgen levels (de-
hydroepiandrosterone sulfate (DHEA-S), androstendione) After withdrawal of diuretics,
beta-blockers, angiotensin-converting enzyme inhibitors, and angiotensin II receptor type
1 antagonists) plasma aldosterone concentration (PAC) and plasma renin activity (PRA)
were measured. Aldosterone-renin ratio (ARR) was calculated as PAC (ng/dL) divided by
PRA (ng/mL/h). ARR below 30 ng/dL/mL/h excluded hyperaldosteronism. Pheochro-
mocytoma was excluded by normal limits of urinary fractionated metanephrines or normal
plasma catecholamine levels [2,4,6]. Due to no changes in the adrenal glands hormonal
evaluation of the control group was not performed.

2.3.4. Abdominal Imaging Examination

Al was confirmed as a gold standard by computed tomography (CT). On CT scans,
adrenal tumours in their largest dimension did not exceed 4 cm, they were regularly shaped

36



J. Clin. Med. 2023, 12, 4612

40f12

with well-defined margins, homogeneous density, <10 HU in unenhanced CT, <30 HU
after contrast (Figure 1). If adenomas were not possible to be diagnosed with CT, MRI was
performed [2,4,6].

In the control group the presence of an adrenal tumour was excluded by abdominal
ultrasound with a Samsung SAR7-EXP-CW. This imaging method was chosen due to no
ionising radiation and relatively low price. Ina large sample study the sensitivity, specificity,
and accuracy of ultrasound-based diagnosis were 89%, 99%, and 93.9%, respectively [19].

Figure 1. Non-contrast CT image showing Al

2.3.5. Carotid-Intima Media Tickness

An experienced radiologist measured the carotid intima-media thickness (CIMT)
in the supine position with the head tilted posteriorly using a Samsung SAR7-EXP-CW
ultrasound scanner. In order to increase the repeatability of measurements, the examination
was performed by the same specialist. Ultrasonography images were obtained of the
right and the left common carotid artery of each patient at the lower 1/3 cervical region
proximally and 1 cm above the carotid bulb distally in the longitudinal plane (Figure 2).
CIMT values were calculated with the use of the arithmetic mean formula of the measured
values [20].

Figure 2. Intima-media thickness ultrasound measurement (A).

2.4. Statistical Analysis
Statistica 13.0 PL software for Windows was employed for the statistical purposes. The
mean and standard deviation (mean + SD) were calculated for all the analysed parameters.
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Qualitative data were presented as indices of structure (%). The normality of distribution
of the obtained results was calculated with the Shapiro-Wilk test. Student’s t-test was
used to assess the statistical significance of differences between the analysed groups. If
the variables did not meet the normality criteria, the Mann-Whitney U test was performed.
Chi-square test were used to determine differences for categorical variables. Spearman’s
rank correlation coefficient was applied to assess correlations between parameters. The
significance level of all the performed statistical analyses was set at o = 0.05.

3. Results )

The study encompassed a total of 48 patients with NFAI aged 58.6 +/— 9 years,
16 men (33%), 32 women (67%). The control group consisted of 44 people aged 57 +/—
7 years, 15 men (34%), 29 women (66%). The NFAI group showed a statistically significantly
higher waist circumference, as well as systolic and diastolic blood pressure (Table 2).

Table 2. Characteristics of the analysed groups. * Mann-Whitney U test.

Parameters NFAI Group (48)  Control Group (44) p-Value
Women/Men (1) 32/16 29/15
Age (years) 586 +9 57+£7 0.34
BMI (kg/m?) 28.7 + 4.6 268 +4.3 0.69
Waist circumference (cm) 97.6 + 14 89.1+95 <0.01*
Systolic pressure (mmHg) 131.7 + 15.1 123.6 +10.8 <0.01*
Diastolic pressure (mmHg) 825+99 757 £9.2 <0.01*
Heart rate (per minute) 772 £11 725+ 89 0.176

BMI-Body mass index.

As shown in Table 3, the NFAI group and the control group showed no significant
differences in terms of fasting glucose level, HOMA-IR index, TC, LDL-C, HDL-C, non-
HDL-C, TG and creatinine levels. The NFAI group showed statistically significantly
higher concentrations of sodium (p = 0.02) and glucose in 2 h OGTT (p = 0.04) and
higher CIMT (p < 0.01). In NFAI group mean CIMT value was 0.694 + 0.158 for men
and 0.619 + 0.176 for women. In control group mean CIMT value was 0.516 = 0.099 for
men and 0.452 + 0.117 for women. The differences in CIMT thickness by gender in both
groups were not statistically significant.

As shown in Table 4, hypertension (X* = 7.89, p < 0.01) and IGT (X? = 4.93, p = 0.026)
were more common in the NFAI group as compared with the control group. There was no
statistically significant difference in the incidence of MS in the study group compared to
the control. Such differences were also not demonstrated in the incidence of abdominal
obesity or dyslideaemia (Table 5). Antihypertensive treatment received 27 people from
NFAI group and 11 from control group, lipid lowering drug therapy received 18 people
from NFAI group and 7 participants of controls.

In all 7 patients with NFAI, metabolic syndrome was diagnosed based on abdominal
obesity, hypertension and IFG. In addition, one person had a low HDL-C level.

In the NFAI group statistically significant positive correlations between CIMT and age
(r =0.1872, p = 0.0031), waist circumference (r = 0.316, p = 0.0286), diastolic blood pressure
(r=10.3382, p = 0.0187) were revealed. No correlation was found between CIMT and systolic
blood pressure, fasting blood glucose and glucose in 2 h OGTT, lipid levels or smoking
(Table 6).
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Table 3. Laboratory data and intima-media thickness. * Mann-Whitney U test.

NFAI Group Control Group

Parameters (1 = 48) (1 = 44) p-Value
Fasting blood glucose (mg/dL) 96.1 + 12 1004 + 11 0.7
Blood glucose in 2 h OGTT (mg/dL) 127.7 £382 105.1 + 27.9 0.04
Fasting insulin uU/mL 114 £ 49 89 +5.8 0.03
HOMA-IR Index 22+123 226 +1.64 0.13
Total cholesterol (mg/dL) 208.7 + 43.1 2074 +31.8 0.94
LDL cholesterol (mg/dL) 139.6 +44.8 139.68 + 31.01 094 %
HDL cholesterol (mg/dL) 63.18 + 15.12 63.61 +17.76 0.82*
Non-HDL cholesterol (mg/dL) 144.8 + 4441 143.75 + 29.63 091+
Triglycerides (mg/dL) 101.72 + 452 109.63 + 487 0.62
Creatinine (mg/dL) 0.81 +0.14 0.85 £0.15 0.79
eGFR (mL/min) 82.87 4 18.65 79.84 + 12.86 0.015
Sodium (mmol/L) 138.54 £ 18.01 139.93 + 1.99 0.02*
Potassium (mmol/L) 4.29 +0.34 438 +0.34 02*
CIMT (mm) 0.64 £0.17 047 £0.11 <0.01*
CIMT-Carotid Intima-Media Thickness; eGFR-estimated glomerular filtration rate; HDL-C-high-density lipopro-
tein cholesterol; HOMA-IR-Homeostasis Model A Insulin Resi e; LDL-C-low-density lipoprotein

cholesterol; Non-HDL cholesterol-non-high-density lipoprotein cholesterol; OGTT-Oral glucose tolerance test;
TC-total cholesterol.

Table 4. Prevalence of conditions that have effect on vascular remodeling.

Parameters NF(:I:'ZI;;UP Con(t:ll El;oup p-Value
Hypertension 27 (56%) 12 (27%) <0.01
IFG 10 (20.8%) 21 (47.7%) <0.01
1GT 13 (27%) 4(0.9%) 0.026
Dyslipidaemia 42 (85.7%) 42 (87.5%) 0.11
Smoker 9 (19%) 9 (20.5%) 0.8
Metabolic syndrome 7 (14%) 10 (22.7%) 0.31
IFG-impaired fasting glucose; IGT-impaired glucose tolerance.
Table 5. Incidence of components of MS diagnosis (IDF 2009).
Parameters Stu(:y:C;;())up Con(t,:'o=l 4G4;°“P p-Value
Central obesity 41 (85%) 32(72.7%) 0.501
Hipertriglicerydemia 4 (0.08%) 5(11.4%) 0.625
Low HDL-cholesterol 1(0.02%) 4(0.1%) 0.139
Hypertension 27 (56%) 12 (27%) <0.01
IFG 10 (20.8%) 21 (47.7%) <0.01

IFG- impaired fasting glucose; HDL cholesterol- high-density lipoprotein cholesterol.
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Table 6. Correlation between clinical and biochemical parameters and CIMT in patients with NFAL

CIMT

Paramet s g
Age 0.373 <0.01
BMI 0.201 0.171
Waist circumference 0.316 0.029
Systolic blood pressure 0.271 ’ 0.063
Diastolic blood pressure 0.338 0.019
Fasting glucose 0.035 0.815
Fasting insulin 0.122 0.409
HOMA 0.091 0.538
Glucose in 2 h OGTT -0.005 0.976
Total cholesterol 0.039 0.793
LDL-C 0.022 0.88
HDL-C 0.273 0.060
Non-HDL-C -0.839 0.575
TG -0.051 0.733
Sodium 0.218 0.138
Potassium 0.237 0.105

CIMT-Carotid Intima-Media Thickness; HDL-C-high-density lipoprotein cholesterol; HOMA-IR- Homeostasis
Model A Insulin Resi LDL-C-low-density lipoprotein cholesterol; Non-HDL cholesterol-non-
high-density lipoprotein cholesterol; OGTT-Oral glucose tolerance test; TC-total cholesterol.

Hormonal assessment of hypophysis-adrenal axis in Al group showed mean
8 a.m. cortisol 13.4 + 3.41 pg/dL, 10 p.m. cortisol 3.6 + 1.66 pug/dL, cortisol in
LDDST 1.23 + 0.41 ug/dL, morning ACTH 10.32 + 7.36 pg/mL and DHEAS level
115.83 4 92.13 pg/dl. ARR calculated as PAC (ng/dL) divided by PRA (ng/mL/h)
was 8.44 + 3.81, androstendione 1.08 + 0.65 ng/mL, plasma free metanephrines level
0.842 +/— 0.062 nmol/L, urinary metanephrine 468.62 + 183.6 ug/day and urinary
normetanephrine 434.2 + 163.5 ug/day.

The analysis of associations between CIMT and values of steroidogenesis hormones
showed a statistically significant positive correlation between CIMT and serum cortisol
levels after suppression with 1 mg dexamethasone (r = 0.33, p = 0.02). There was no
correlation between CIMT and morning cortisol and ACTH levels, cortisol levels at 10 p.m.,
or DHEA-S levels (Table 7).

Table 7. Correlation between hormonal parameters and CIMT in patients with NFAL

Parameters CIMT
x lig
Cortisol 8:00 a.m. 0.1607 0.2753
Cortisol 10:00 p.m. 0.2238 0.1262
ACTH 8:00 a.m. 0.1691 0.2504
Cortisol after LDDST 0.3334 0.0205
DHEA-S —-0.1587 0.2813

ACTH-adrenocorticotropic hormone; DHEAS-dehydroepiandrosterone; LDDST-low-dose dexamethason supres-
sion test.
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4. Discussion

A higher prevalence of abdominal obesity, hypertension, as well as carbohydrate and
lipid metabolism disorders has been found in patients with Als [8,21-29]. Each of these
disorders contributing to metabolic syndrome is considered an independent risk factor for
cardiovascular disease occurrence and cardiovascular disease- related death. Yet, when
they co-occur, the total cardiovascular risk is significantly higher than when individual
components appear separately [30].

Our study did not reveal significant differences in the prevalence of abdominal obesity
in the analysed groups. However, despite the fact that both of the groups were matched for
BMI, waist circumference in the NFAI group was significantly higher than in the control
group (97.6 £ 14 vs. 89.1 & 9.5, respectively; p < 0.01). Similar findings revealed also
studies of other authors [5,10,31]. To date, the relationship between excessive body weight
and Als has been explained as a possible consequences of minimal hormonal secretion not
detectable by current diagnostic methods. However, the observed anabolic and mitogenic
effects of insulin on the adrenal cortex have led to the hypothesis suggesting a potential two-
way relationship between obesity and Als [10,32]. It should be noted that adipose tissue,
especially visceral fat, is regarded as an important component of the endocrine system. It
releases adipokines, and thus, it plays a significant role in the regulation of glucose and
lipid metabolism, leading to disorders observed in individuals with Als [29,33,34].

In a study by Garrapa et al. the glucose area under the curve after an OGTT was
significantly larger in patients with Cushing’s syndrome and NFAI as compared to the
control group [21]. These alterations suggest that a subtle cortisol hypersecretion is prob-
ably present in Als and it may be the factor promoting alterations of body composition
and metabolic parameters. Reincke et al. identified IR and abdominal obesity in all the
13 assessed patients with NFAI [24]. Similar conclusions were reached by Peppa et al. in
their study including 29 patients with NFAL. HOMA-IR was statistically significantly higher
in the NFAI group compared to the control group (3.6 = 1.7 vs. 2.4 + 1.5, respectively;
p =0.009) [28]. Itis likely that because of the insufficient number of participants in the
assessed groups, our study did not demonstrate a higher HOMA-IR value in the NFAI
group compared to the control group. The fasting insulin level in the NFAI group was
statistically significantly higher compared to the control group (11.4 + 4.9 vs. 89 + 5.8,
p = 0.03). Importantly, the correlation between fasting insulin levels and cortisol levels
in the 1 mg dexamethasone test was close to reaching statistical significance (r = 0.254;
p = 0.08).

IR and IGT are known to be among the major metabolic complications of glucocor-
ticoid (GC) excess, which can ultimately lead to the development of type 2 DM [35,36].
GCs promote hepatic gluconeogenesis, inhibit the secretion and action of insulin, pro-
mote differentiation and proliferation of adipocytes, redistribution of fat, and decrease
lipoprotein-lipase activity [?]. It has been noted that fasting glucose testing has a relatively
low sensitivity when it comes to detecting abnormal carbohydrate metabolism in people
with endogenous hypercortisolaemia [36]. In patients with Cushing’s syndrome, abnormal
carbohydrate metabolism is observed in up to 43-84% [37-39]. Previous studies indicate
that carbohydrate tolerance disorders are also more common in the NFAI group, although
their fasting glucose levels remain normal [36]. In our study, the NFAI group showed
significantly higher 2 h OGTT glucose levels, significantly more frequent IGT compared to
the control group (27% vs. 0.7%, respectively; p < 0.01). Terzolo et al. also demonstrated
that the 2-h post-challenge glucose level was significantly higher in the NFAI group than in
the control group [31]. Such results make one suspect that seemingly benign NFAIs may
temporarily secrete supraphysiological amounts of GCs. Although there was no correlation
between cortisol levels in the LDDST and glucose levels in the 2 h OGTT, the relationship
was close to reaching statistical significance (r = 0.263, p = 0.077). On the other hand, a
less frequent occurrence of IFG was observed in the NFAI group than in the control group
(20.8% vs. 47.7%, respectively; p < 0.01). This may be due to the fact that DM2 was more
frequently diagnosed in the NFAI group based on blood glucose in the 2 h OGTT. As
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such patients met the exclusion criterion established for the present study, they were not
considered in the statistical analyses.
The prevalence of hypertension in the general adult population is app. 31% and

increases with age. The percentage is greater than 50% in the 60-69 age group and app.

75% in those over 70 years of age [40]. In our study, the mean age of the NFAI group
was 58 + 8 years, and the prevalence of hypertension among patients in that group was
significantly higher than in the control group (56% vs. 27%, respectively; p < 0.01). It was
also higher than that determined on the basis of available cohort studies. Higher systolic
and diastolic blood pressure values were observed in the NFAI group, and hypertension
was more common there than in the control group. Our data are consistent with the findings
of other authors [22,25,29,51]. In the study by Rabelo et al. patients with Al presented

higher frequency of hypertension (74.1 vs. 57.8%; p = 0.02), resistant hypertension (45.4 vs.

9.4%; p <0.001) compared to the controls, respectively. NFAI and ACS patients presented
similar frequency of arterial hypertension (70.8 vs. 79.3%) and resistant hypertension (41.3
vs. 51.1%) [41].

The long-term effects of mild autonomous cortisol production may be harmful and
surgical treatment could be a considered option. There are reports suggesting that it
is possible to improve metabolic parameters in patients with NFAI after they undergo
adrenalectomy. In such patients weight loss, lowered blood pressure, as well as lowered
lipid and fasting glucose levels have been observed after surgery [42,43]. It may suggest
that a subtle cortisol hypersecretion is probably present in NFAI patients and it may be
the factor promoting alterations of metabolic profile and body composition. In the light of
current recommendations adrenalectomy in NFAI patients is still controversial and requires
further research.

In the present study, the NFAI group showed a significantly higher CIMT value
compared to the control group (p < 0.01). There was a positive correlation between the
CIMT and age (r = 0.373, p < 0.01), diastolic blood pressure (r = 0.338, p = 0.19) and waist
circumference (r = 0.316, p = 0.029). Importantly, a positive correlation was also observed
between the CIMT value and the LDDST cortisol level (r = 0.333, p = 0.02), which indicates
that Als may in fact produce small amounts of GCs that, in consequence, may cause
morphological and functional changes in blood vessels. Our results are consistent with
the observations of other authors [11,12,44,45]. Androulakis et al. presented significantly
higher CIMT values in cortisol secreting Als (CSAIs) compared to the NFAI group and the
control group. Patients with NFAT had higher CIMT values compared to the control group.
The study determined a positive correlation between CIMT values and cortisol levels in the
LDDST. Authors suggested that increased prevalence of CV risk factors described in NFAI
patients could result from either a mild cortisol excess that cannot be detected with available
diagnostic methods or its periodic secretion. [7] In a study by Emral et al., the CIMT had a
positive correlation with age (r = 0.245, p = 0.004), HOMA-IR (r = 0.490, p < 0.001), fasting
insulin concentration (r = 0.432, p < 0.001), and TC concentration (r = 0.267, p = 0.002) [12].
Similar conclusions were drawn by Cansu et al., based on a study of 35 patients with NFAI
without traditional CVD risk factors such as DM2, HT or hyperlipidaemia. The study
showed a positive correlation of the CIMT with age (r = 0.484, p < 0.005), triglycerides
(r = 0.378, p < 0.005) and cortisol levels after the LDDST (r = 0.346, p < 0.005). Authors
speculated that increased level of CIMT may be attributable to subtle and undetectable
cortisol autonomy in NFAI patients [13].

NFALI is diagnosed on the basis of hormonal tests (normal diurnal cortisol rhythm,
ACTH and DHEAS levels, cortisol levels dl in LDDST below 1.8 ug/dL), which seem to
be contradicted by the results of biochemical tests and numerous metabolic disorders in
this group of patients. Some authors state that there is a slight excess of cortisol in patients
with NFAT that cannot be detected by existing diagnostic tests or due to intermittent
hormonal secretion. This raises suspicion that LDDST as a recommended tool for diagnosis
subtle autonomic cortisol secretion is not perfect. According to the results of our research,
normal hormonal tests may occur in patients who already have metabolic and vascular
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complications. For this reason, further research is needed of patients with apparently
non-functional adenomas.

5. Limitations

It is a limitation of the present study that the NFAI group which underwent analysis
was relatively small. Additionally, no hormonal tests were performed in the control group.
However, exposing patients without known adrenal lesions to additional hormonal tests
was assumed to be unreasonable, especially if such tests were to be associated with taking
a suppressive dose of GCs. This is a cross-sectional study and thus it is not possible to
determine a causal relationship between Al and the variables observed.

6. Conclusions

NFAIs are associated with the occurrence of metabolic disorders and early vascular
changes in the form of increased CIMT values. The undertaken study indicates that NFAls
with normal cortisol inhibition in LDDST test may have adverse metabolic and vascular
effects. Patients with Al presenting with hypertension, impaired carbohydrate metabolism,
dyslipidemia should be considered for primary and secondary prevention of CVD. The
underlying mechanisms of these findings are unknown, hence further studies are needed.
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Abstract

Introduction: Adrenal incidentaloma (AI) secreting small amounts of glucocorticoids may cause morphological and functional changes
in the blood vessels. Farly stages of cardiovascular remodeling may be observed among asymptomatic patients with AL But it is unclear
whether the nonfunctional adrenal incidentalomas (NFAIT) may also be a risk factor for cardiovascular diseases. The aim of this study was
to determine the relationship between NFAI carotid intima-media thickness (CIMT), and cardiovascular risk (CVR) based on Systematic
Coronary Risk Evaluation (SCORE) prediction models for Europe.

Material and methods: This study from a single centre in Poland included 48 NFAl patients and 44 individuals in the control group matched
for age, sex, and body mass index (BMI). All participants underwent adrenal imaging, biochemical evaluation, measurement of CIMT,
and assessment of the 10-year risk of cardiovascular mortality based on the SCORE algorithm. Hormonal evaluation was conducted in
Al patients.

Results: The NFAI group showed significantly higher sodium (p = 0.02) and glucose levels in the 2-h oral glucose tolerance test (OGTT)
(p = 0.04), a higher CIMT (p < 0.01), and a higher CVR calculated according to the SCORE algorithm (p = 0.03). The estimated glomeru-
lar filtration rate (eGFR) was higher in the NFAI group (p = 0.015). Hypertension (p < 0.01) and IGT (p = 0.026) were more common in
the NFAI group. Statistically significant positive correlations were found between CIMT and age (r = 0.373, p = 0.003), waist circumfer-
ence (r = 0.316, p = 0.029), diastolic blood pressure (r = 0.338, p = 0.019), and CVR based on the SCORE algorithm (r = 043, p = 0.004).
There was a statistically significant positive correlation between CIMT and serum cortisol levels after 1 mg dexamethasone suppression
test (r = 0.33, p = 0.02).

Conclusion: Non-functional adrenal adenomas are associated with increased CIMT and CVR. Early stages of cardiovascular remodelling
can be observed in asymptomatic NFAI patients.

Key words: nonfunctional adrenal incidentaloma: intima-media thickness; cardiovascular risk

Introduction in adrenal tumour growth [7, 8]. Almost 80% of adrenal

lesions are benign, hormonally inactive adenomas,
Adrenal incidentalomas (Al) are asymptomatic adrenal  called non-functional adrenal incidentalomas (NFAI).
lesions larger than 1 cm in diameter, which are detected ~ The most common endocrine disorder in patients with

in imaging studies performed for reasons other than
adrenal pathologies. With an estimated prevalence of
3-10%, they have become a major problem in everyday
clinical practice [1-6]. The pathogenetic mechanisms
behind the development of Als are still largely un-
known. It has been suggested that there is a correlation
of Al occurrence with hyperinsulinaemia and the in-
sulin-like growth factor (ICF) system. Through activa-
tion of insulin and IGF-1 receptors, insulin resistance
and compensatory hyperinsulinaemia may play a role

Al is excessive cortisol secretion, the prevalence of
which ranges from 1% to 29% [9]. The recommended
diagnostic test for hypercortisolism is 1 mg overnight
dexamethasone suppression test: serum cortisol < 1.8
ug/dL excludes hypercortisolism, 1.9-5 ug/dL sug-
gests possible autonomic cortisol secretion, and > 5
ung/dL suggests autonomous cortisol secretion (ACS)
[4, 5]. It is suggested that cortisol secretion is a con-
tinuum between normal serum cortisol concentration
and overt hypercortisolism, and it shows significant

N Magdalena Szychlinska, Clinic of Endocrinology, Diabetology, and Internal Medicine, Department of Internal Medicine,
~ School of Medicine, Collegium Medicum, University of Warmia and Mazury, 10-561 Olsztyn, Poland, tel.: +48 895386389;

e-mail: szychlinskam@gmail.com

e

This article is availabla in open access under Creative Common Attribution-N

No Denvatives 4.0 (CC BY-NC-ND 4 0} license, allowing to download articles 1

and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially

46



CIMT and 10-year CV mortality based on the SCORE algorithm

Magdalena Szychlinska et al

variability in one patient [10]. The median prevalence
of primary aldosteronism is 2.5%, while that of pheo-
chromocytomais 7%, as reported by the authors. Adre-
nalectomy as the standard of care is recommended only
for adrenal tumours with clinically significant hormone
excess [3-5].

Animportant aspect of diagnosing Als is their asso-
ciation with an increased prevalence of cardiovascular
disease (CVD) risk factors. Al patients most often suf-
fer from obesity, hypertension (HT), diabetes mellitus
(DM), impaired carbohydrate metabolism, and hy-
perlipidaemia [7, 10-12]. It has been remarked that
such complications appear with increased frequency
in Al patients due to hypercortisolaemia, including
its subclinical form [13-16]. Because cardiovascular
diseases are so prevalent in the general population
and a leading cause of death in developed countries,
studies of the cardiovascular risk (CVR) in patients
with Al in comparison with the background popula-
tion are of special interest. Therefore, over the past few
years, attempts have been made to determine CVR
in Al patients. Considering the increasing number of
patients affected by Al, it seems important to perform
accurate subtyping of the patients, in light of tailored
treatment.

Guidelines of the European Society of Cardiology
(ESC) recommend using Systematic Coronary Risk
Evaluation (SCORE) models to estimate 10-year risk of
CVD. The guidelines state that it is essential for clini-
cians to be able to assess CVR with appropriate accuracy.
This led to recommending the SCORE system as a tool
of choice for the European population over 40 years of
age, unless they are automatically categorised as being
at high risk or very high risk based on documented
CVD, DM, and kidney disease [17, 18].

Carotid intima-media thickness (CIMT) measured
with ultrasonography is a marker of the advancement
of generalized atherosclerosis widely used to assess
the risk of a cardiovascular event in both healthy people
and patients with various risk factors [19-21]. CIMT
and carotid plaque reflect atherosclerotic burden in
the whole arterial tree. CIMT values can be affected by
age, abdominal obesity, elevated blood pressure, hyper-
lipidaemia, and insulin resistance [22-24]. Mean values
of CIMT in adults range from around 0.65 to 0.9 mm
and increase on average at a rate of 0.04 mm/year [20,
25]. CIMT progression of 0.1 mm correlates with a 10%—
15% increase of myocardial infarction risk and 13-18%
increase of ischaemic stroke risk [20, 26] and is directly
associated with increased arterial stiffness [27].

The aim of this study from a single centre in Poland
was to determine the relationship between NFAI, ca-
rotid intima-media thickness (CIMT), and CVR based
on SCORE prediction models for Europe.

Figure 1. Adrenal adenoma

Material and methods

The analysed population

From total of patients with Al hospitalized in our department be-
tween January 2020 and December 2020, patients with non-secret-
ing Al aged 18 to 69 years were selected. The study encompassed
a total of 48 patients aged 58.6 + 9 years; 16 men (33%) and 32
women (67%). Radiological, biochemical, and hormonal diagnostics
were performed as part of the standard procedure in accordance
with the guidelines of the Furopean Society of Endocrinology
(ESE) to confirm hormonal inactivity and benign nature [3-6]. Al
was confirmed as a gold standard by computed tomography (CT).
On CT scans, adrenal tumours in their largest dimension did not
exceed 4 cm, they were regularly shaped with well-defined margins,
homogeneous density, < 10 HU in unenhanced CT, and < 30 HU
after contrast (Fig, 1). If adenomas could not be diagnosed with CT,
MRI was performed [3-6].

The control group consisted of 44 asymptomatic volunteers aged
57 7 years; 15 men (34%) and 29 women (66% ). Both groups were
age-, gender-, and body mass index (BMI)-matched. In the control
group the presence of adrenal lesions was excluded by abdominal
ultrasound with a Samsung SAR7-EXP-CW. This imaging method
was chosen because it has no ionising radiation and relatively low
cost. In a large sample study the sensitivity, specificity, and ac-
curacy of ultrasound-based diagnosis were 89%, 9%, and 93.9%,
respectively [28).

I'he exclusion criteria were age below 18 years or over 69 years, hor-
monally active adrenal adenoma, diabetes mellitus, chronic kidney
disease (stage 3a renal failure with estimated glomerular filtration
rate [eGFR] < 60 mL/min), ischaemic heart disease, cardiac insuf-
ficiency, uncompensated hypertension, cerebrovascular disease, pe-
ripheral arterial disease, acute and chronic inflammatory diseases,
malignant neoplasm, suspected or diagnosed mental disorder, use
of medications that may affect the hypothalamic-pituitary-adrenal
axis, and pregnancy.

Study protocol

Medical interview and physical examination

In both groups, an interview concerning the data necessary to
calculate the SCORE (age, sex, smoking) and a physical examina-
tion with anthropometric measurements (weight, height, waist
crcumference) were performed. In both groups, an interview
and a physical examination with anthropometric measurements
(weight, height, waist circumference) were performed, and the BMI
was calculated as the weight in kilograms divided by square of
the height in metres.
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Blood pressure (BP) was measured twice from the upper right arm us-
ing an automatic device (Omron M2) after 5 minutes of rest in a seated
position, and the mean of these 2 measurements was taken as the BP
value. Hypertension was diagnosed on the basis of 2 criteria: systolic
blood pressure > 140 mm Hgand diastolic blood pressure 290 mm Hg
or, in the case of treatment with antihypertensive drugs, accord-

ing to the guidelines of the European Sodiety of Cardiology (ESC)
" and the European Sodciety of Hypertension (ESH) [29].

Biochemical evaluation

In both groups blood samples for baseline laboratory tests were
collected from the ulnar vein in the supine position, in the morning,
after 12 hours of overnight fasting. Laboratory tests included mea-
surements of sodium, potassium, creatinine, uric acid, fasting
glucose and insulin, lipid profile, and 75 g oral glucose tolerance
test (OGTT). The insulin resistance index was calculated accord-
ing to the Homeostasis Model Assessment — Insulin Resistance
(HOMA-IR) formula from the following equation:

HOMA-IR = (fasting plasma glucose concentration X fasting plasma
insulin concentration)/22.5

HOMA-IR < 2.5 was taken as the normal result [30]. Non-high-den-
sity lipoprotein (non-HDL) concentration was calculated using
the following formula:

Non-HDL-C = TC - HDL-C [18].

Dyslipidaemia was diagnosed on the basis of low-density lipopro-
tein (LDL) cholesterol level (LDL-C) > 115 mg/dL, and/or total cho-
lesterol (TC) > 150 mg/dL, and/or high-density lipoprotein (FIDL)
cholesterol (IIDL-C) < 40 mg/dL (men) and 50 mg/dL (women),
or the use of lipid-lowering drugs according to the ESC and ESH
guidelines [18, 19]

Diabetes, impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT) were diagnosed according to American Diabetes
Assodiation guidelines [31].

Hormonal evaluation

Normal hormonal activity of adrenal tumours in the study group
was confirmed on the basis of normal diurnal cortisol rhythm
(8 am., 10 p.m.), adrenocorticotropic hormone (ACTH) levels
in the morning > 5 pg/mL, cortisol levels below 1.8 ug/dL in
a 1 mg, low-dose dexamethasone suppression test (LDDST),
and normal adrenal androgen levels (dehydroepiandrosterone
sulphate (DIHEA-S), androstenedione). After withdrawal of di-
uretics, beta-blockers, angiotensin-converting enzyme inhibitors,
and angiotensin Il receptor type 1 antagonists, aldosterone levels
and plasma renin activity (PRA) were measured. Aldosterone-renin
ratio below 30 ng/dl/ml/h excluded hyperaldosteronism. Pheo-
chromocytoma was excluded by normal limits of urinary fraction-
ated metanephrines or normal plasma catecholamine levels [3-6].
Due to no changes in the adrenal glands, hormonal evaluation of
the control group was not performed.

Carotid-intima media thickness

A diagnostic imaging specialist measured the carotid intima-media
thickness (CIMT) index of both groups in the supine position with
the head tilted posteriorly using a Samsung SAR7-EXP-CW ultra-
sound scanner. Ultrasonography images were obtained of the right
and the left common carotid artery of each patient at the lower 1/3
cervical region proximally and 1 cm above the carotid bulb distally
in the longitudinal plane. CIMT values were calculated with the use
of the arithmetic mean formula of the measured values (Fig. 2) [32]

Systematic coronary risk evaluation
T'he 10-year risk of fatal CVD was estimated using the coronary
risk assessment algorithm (SCORE and SCORE2) in accordance
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Figure 2. Intima-media thickness

with the ESC guidelines on CVD prevention. SCORE takes into
account the following: gender, age, systolic blood pressure, lipid
levels, and smoking.

The risk was evaluated with the SCORE calculator in the following
ranges: 2 10%, 5-9%, 3-4%, 2%, 1%, and £ 1%; 2 10% — very high
risk; % — high risk; 1-4% - moderate risk; < 1% — low risk.
Due to changes introduced in the 2021 edition, published after
our research was completed, we assessed CVR in both the SCORL
and SCORE2 algorithms. The main difference between the SCORE
and SCORE2 models is that SCORE estimates the 10-year risk of
death from cardiovascular causes while SCORE2 estimates the risk
of fatal and non-fatal CVD [17-18].

Statistical analysis

Statistica 13.0 PL software for Windows was employed for the sta-
tistical purposes. The mean and standard deviation (mean = SD)
were calculated for all the analysed parameters. Qualitative data
were presented as indices of structure (%). The normality of distri-
bution of the obtained results was calculated with the Shapiro-Wilk
test. Student’s t-test was used to assess the statistical significance
of differences between the analysed groups. If the variables did
not meet the normality criteria, the Mann-Whitney U test was per-
formed. The Chi-square test was used to determine differences for
categorical variables. Spearman’s rank correlation coefficient was
applied to assess correlations between parameters. The significance
level of all the performed statistical analyses was set at p = 0.05.

Results

As shown in Table 1, the NFAI group showed a statisti-
cally significantly higher waist circumference, as well as
systolic and diastolic blood pressure. The NFAI group
and the control group showed no significant differences
in terms of fasting glucose level, HOMA-IR index, TC,
LDL-C, HDL-C, non-HDL-C, TG, and creatinine levels.
The NFAI group showed statistically significantly high-
er concentrations of sodium (p = 0.02) and glucose in
2-h OGTT (p = 0.04), and higher eGFR (p = 0.015),
CIMT (p < 0.01), and CVR calculated according to
the SCORE index (p = 0.03). eGFR was higher in
the NFAI group (p = 0.015). In the NFAI group the mean
CIMT value was 0.694 + 0.158 for men and 0.619 + 0.176
for women. In the control group the mean CIMT value
was 0.516 =+ 0.099 for men and 0.452 + 0.117 for women.
The differences in CIMT thickness by gender in both
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Table 1. Characteristics of the analysed groups

Parameters NFAI group (n = 48) Control group (n = 44) p-value
Women/Men (n) 32/16 29/15
Age (years) 586 =9 T 0.34

- BMI [kg/m?] 28746 268 =43 0.69
Waist circumference [cm] 976 = 14 89.1 £ 95 < 0.01*
Systolic blood pressure [mmHg] 131.7 £ 15.1 1236 = 10.8 < 0.01*
Diastolic blood pressure [mmHg] 825+ 99 75.1 £ 9.2 < 0.01*
Heart rate [per minute] 772+ 1 725+ 89 y 0.176
Smoker (n) 9(19%) 9 (20.5%) 08
Fasting blood glucose [mg/dL] 96.1 £ 12 1004 = 11 0.7
Blood glucose in 2h OGTT [mg/dL] 127.7 = 38.2 105.1 = 27.9 0.04
Fasting insulin [uUl/mL] 11449 89 =58 0.03
HOMA-IR Index 2712+1.23 2.26 = 1.64 0.13
TC [mg/dL] 208.7 = 43.1 2074 =31.8 0.94*
LDL-C [mg/dL] 139.6 = 44.8 139,68 = 31.01 0.94*
HDL-C [mg/dL] 63.18 = 15.12 63.61 = 17.76 0.82*
Non-HDL-C [mg/dL] 1448 = 44.41 143.75 + 29.63 0.91*
Triglycerides [mg/dL) 101.72 =45.2 109.63 = 48.7 0.62
Creatinine [mg/dL] 0.81 = 0.14 0.85 = 0.15 0.79
eGFR [mL/min] 82.87 + 18.65 79.84 + 12.86 0.015
Sodium [mmol/L] 138.54 +18.01 139.93 + 1.99 0.02*
Potassium [mmol/L] 429 +0.34 438 +0.34 0.2*
CIMT [mm] 0.64 +0.17 047 = 0.1 < 0.01*
SCORE (%) 71 267 43+48 0.03
SCORE2 (%) 73 £595 5.61 = 4.24 0.13

BMI — body mass index; CIMT — carotid intima-medi ; eGFR — d gl filtration rate; HDL-C — high-density lipoprotein cholesterol;

HOMA-IR — is Model A — Insulin R LDL-C — low-density lj h NFAI — nonf | adrenal inci

y lipop
Non-HDL-C — non-high-density lipoprotein cholesterol; 0GTT — oral glucose tolerance test; SCORE — Systematic Coronary Risk Evaluation; TC — total cholesterol;

*Mann-Whitney U test

Table 2. Prevalence of conditions that have an effect on vascular remodelling

Parameters NFAI group (n = 48) Control group (n = 44) p-value

Hypertension 27 (56%) 12 (27%) <0.01

IFG 10 (20.8%) 21 (47.7%) < 0.01

16T 13(27%) 4{0.9%) 0.026

Dyslipidaemia 42 (85.7%) 42 (87.5%) on

Smoker 9(19%) 9(20.5%) 0.83
NFAI — nonfunctional adrenal incidental IFG — impaired fasting glucose; IGT — impaired glucose tolerance

groups were not statistically significant. Hypertension
(> = 7.89, p < 0.01) and IGT (¢* = 4.93, p = 0.026)
were more common in the NFAI group than in the con-
trol group (Tab. 2).

In the NFAI group statistically significant posi-
tive correlations were found between CIMT and age
(r = 0.373, p < 0.01), waist circumference (r = 0.316,
p = 0.0286), diastolic blood pressure (r = 0.3382,

p = 0.0187), and CVR calculated based on SCORE
(r = 0.43, p = 0.004). No correlation was found between
CIMT and systolic blood pressure, fasting blood glu-
cose, and glucose in 2-h OGTT, lipid levels, smoking,
or SCORE2 index (Tab. 3).

Hormonal assessment of the hypophysis-adrenal
axis in the Al group showed mean 8 a.m. cortisol
13.4 + 3.41 pg/dL, 10 p.m. cortisol 3.6 = 1.66 ug/dL,
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Table 3. Correlation between clintical, biochemical, and hormonal
parameters and carotid intima-media thickness (CIMT)
in patients with nonfunctional adrenal incidentalomas (NFAT)

risk assessed by SCORE algorithm. We showed positive
correlation between CIMT and cortisol levels in LDDST,

The literature on the subject does not provide many
data as regards assessing CVR in NFAI patients. Apart
from a few papers, the studies performed so far have
d cardiovascular complications also in patients

Parameters el
r P

Age 0.373 < 0.01
BMI 0.201 017
Waist circumference 0.316 0.029
Systolic blood pressure 0.271 0.063
Diastolic blood pressure 0.338 0.019
Fasting glucose 0.035 0.815
Fasting insulin 0.122 0.409
HOMA 0.091 0.538
Glucose in 2-h OGTT -0.005 0.976
c 0.039 0.793
LDL-C 0.022 0.88
HOL-C 0.273 0.060
Non-HOL-C -0.839 0.575
TG -0.051 0.733
Sodium 0.218 0.138
Potassium 0.237 0.105
SCORE 0.430 0.004
SCORE2 0.058 0.707
Cortisol 8:00 a.m. 0.1607 0.2753
Cortisol 10:00 p.m. 0.2238 0.1262
ACTH 8:00 a.m. 0.1691 0.2504
Cortisol after LDDST 0.3334 0.0205
DHEA-S -0.1587 0.2813

ACTH — adrenocorticotropic hormone; CIMT — carotid intima-media thickness;
DHEA-S — dehydroepiandrosterone; HDL-C — high-density lipoprotein

hol ; HOMA-IR — H; is Model A — Insulin Resi
LDOST — low-dose d ppression test; LOL-C — low-density
lipoprotein cholesterol; Non-HDL-C — non-high-density lipoprotein cholesterol;
OGTT — oral glucose tolerance test; SCORE — Systematic Coronary Risk
Evaluation; TC — total cholesterol

cortisol in LDDST 1.23 + 0.41 ug/dL, morning ACTH
1032 = 7.36 pg/mL, and DHEA-S level 115.83 + 92,13
ug/dL. The analysis of associations between CIMT
and values of steroidogenesis hormones showed a sta-
tistically significant positive correlation between CIMT
and serum cortisol levels after suppression with 1 mg
dexamethasone (r = (.33, p = 0.02). There was no cor-
relation between CIMT and morning cortisol and ACTH
levels, cortisol levels at 10 p.m., or DHEA-S levels.

Discussion

In the present study, NFAI patients with no history of
vascular disease presented early stages of atherosclero-
sis in carotid arteries and had evidence of increased CV

with classical CVR factors. High prevalence of over-
weight and obesity, hypertension, and carbohydrate
and lipid metabolic disorders in Al patients make it
difficult to collect a group of patients unaffected by
traditional CVR factors. In this study, the undertaken
analysis encompassed only patients with well-con-
trolled hypertension and no history of myocardial
infarction, stroke, or diabetes mellitus type 2. Further-
more, additional assessment of patients for CVR accord-
ing to the SCORE and SCORE2 algorithm distinguishes
the study presented here from other projects.

Carotid intima-media thickness

As summarized in our review, in the groups of Al
patients an increased CIMT was observed, illustrat-
ing morphological changes in carotid arteries expressed
by intimal hyperplasia and endothelial atherosclerosis
[33]. The association between CIMT and severity of hy-
percortisolism has been investigated in a meta-analysis
of 14 studies of CVR in patients with ACS. CIMT
and atherosclerotic carotid plaques were independently
associated with severity and duration of cortisol excess,
as shown in patients with active disease. This may sug-
gest the need for a strict monitoring of early signs of
subclinical cardiovascular remodelling in ACS patients.
Moreover, improvement of CIMT was correlated with
the median time of disease remission in cured patients,
providing indirect evidence on the role of duration of
cortisol excess as an important determinant of the de-
velopment of subclinical atherosclerosis [34]. A 2002
study by Tauchmanov et al. involving 28 patients with
subclinical Cushing’s syndrome (SCS) for the first time
showed an increased CIMT value compared to the con-
trol group, with no statistically significant correlation
between hormonal and biochemical test results [35].
With regard to the above results, it was hypothesised
that NFAI may also lead to an increase in CIMT.

In the study presented herein, the NFAI group
showed significantly higher CIMT values compared to
the control group. Endothelial damage in NFAI group
can be also explained by dyslipidaemia. However,
there were no statistical differences in lipid profile in
both groups. A positive correlation between CIMT
and LDDST cortisol levels was described, which sug-
gests that Als may in fact produce small amounts of
glucocorticoids that can cause morphological and func-
tional changes in the myocardium and blood vessels.
Some studies have also revealed changes in CIMT in Al
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patients. I. Androulakis et al. included patients without
a diagnosis of HT, diabetes mellitus type 2 (T2DM),
and hyperlipidaemia in their research (it is worth point-
ing out that HDL-C > 40 mg/dL, LDL-C < 160 mg/dL,
and TC < 240 mg/dL. were regarded as normal lipid
-levels). The group of 60 Al patients showed signifi-
cantly higher CIMT values in cortisol-secreting Als
(CSAls) compared with the NFAI group and the control
group. Moreover, patients with NFAI presented higher
CIMT values compared to the controf group. The study
also indicated a positive correlation between CIMT
values and cortisol levels in LDDST. The authors sug-
gested that the increased prevalence of CV risk factors
described in NFAI patients could result from either
amild cortisol excess that cannot be detected with avail-
able diagnostic methods or its periodic secretion [36].
Results of studies conducted by Tuna et al., Imga et al.,
Evran et al., and Emral et al. were consistent and con-
firmed higher CIMT values in Al patients compared
to the control group [37-40]. Similar conclusions were
proposed by Cansu et al. based on a study that included
35 patients with NFAI without traditional CVD risk fac-
tors, namely T2DM, HT, or hyperlipidaemia. Based on
a positive correlation of CIMT with cortisol levels after
LDDST (r = 0.346, p < 0.005), the authors speculated
that increased levels of CIMT may be attributable to
subtle and undetectable cortisol autonomy in NFAI
patients [41].

Systematic coronary risk evaluation

Cortisol levels seem to play a role in determining
cardiovascular events in patients with Al. However,
the cortisol-related mechanisms (direct effects of cortisol
on cardiovascular system vs. indirect actions through
the associated co-morbidities) leading to cardiovascular
damage are still not completely understood [42]. It is
still debated whether NFAIs increase the CVD risk.
However, due to a multitude of metabolic disorders
detected in NFAI patients, this hypothesis requires
further investigation.

In the study presented herein, the NFAI group
showed a higher CVR calculated according to
the SCORE algorithm, defined as a high risk compared
to the control group (7.1% vs. 4.3%, respectively). Due to
the lack of statistically significant differences in age, sex,
nicotinism, and concentration of lipids between groups,
it seems that the difference in SCORE results mainly
from the value of systolic blood pressure. The NFAI
group showed a statistically significantly higher sys-
tolic and diastolic blood pressure. It may be suggested
that in this group of patients there is an additional,
non-traditional factor that leads to such a significant
increase in the risk of developing CVD in the future.
Statistically significant differences between groups

were not shown for SCORE2 due to the higher value
in the controls. To our knowledge, the present study
is the first to determine SCORE and SCORE2 in pa-
tients with NFAIs. No correlation was found between
the CVR calculated according to the SCORE algorithm
and the analysed hormonal parameters. Als might
raise CVR indirectly through an increased prevalence
of abdominal obesity, hypertension, or disorders of
carbohydrate and lipid metabolism.

Elevated CIMT values and a high CVR in the NFAI
group may suggest that subtle autonomic cortisol secre-
tion may have an impact on endothelial damage, while
NFAI'may constitute an independent factor in the CVR.
Several experimental studies have shown that an excess
of glucocorticoids causes direct cardiovascular effects,
such as increased renin-angiotensin system and sympa-
thetic nervous system as well as decreased nitric oxide
(NO) synthesis and kallikrein/kinin system [43]. NFAI
is diagnosed based on hormonal tests (normal diurnal
cortisol rhythm, ACTH and DHEA-S levels, cortisol
levels in LDDST below 1.8 ug/dL), which seem to be
contradicted by the results of biochemical tests and nu-
merous metabolic disorders in this group of patients.
This raises suspicion that LDDST as a recommended
tool for diagnosis of subtle autonomic cortisol secretion
is not perfect. Moreover, there are reports confirming
that the effect of classical CVR factors might decrease
after adrenalectomy in patients with NFAIs. In this
group, this surgical procedure led to a reduction in
body weight, blood pressure, as well as lipid and fast-
ing glucose levels [44-48]. This supports our hypothesis
suggesting that subtle, hard to detect, but still pos-
sible hypercortisolaemia, with normal cortisol level in
LDDST may result in an increased CVR.

Limitations

Itis alimitation of the present study that the groups that
underwent analysis were relatively small. Additionally,
no hormonal tests were performed in the control group.
However, exposing patients without known adrenal
lesions to additional hormonal tests was assumed to be
unreasonable, especially if such tests were to be associ-
ated with taking a suppressive dose of GCs.

Conclusions

NFAIs are associated with increased CIMT and CVR
assessed using SCORE algorithm. Asymptomatic NFAI
patients can be observed to be undergoing early stages
of cardiovascular remodelling. Based on the results
obtained in the present study, it can be suggested
that the standard assessment of Al patients should
include both endocrine activity and the presence of
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subclinical CVD. It seems that the assessment of mor-
phological and functional changes in the cardiovas-
cular system could facilitate distinguishing a group of
patients with a high CVR. Patients with Al presenting
with hypertension, impaired carbohydrate metabolism,
and dyslipidaemia should be considered for primary
and secondary prevention of CVD. CIMT could work as
an initial indicator of a potential cardiovascular event,
thus enabling doctors to implement specific therapy in
a selected group of patients.
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STRESZCZENIE

Nieczynny hormonalnie przypadkowiak nadnercza (NFAI) to zmiana nie wykazujaca
czynno$ci hormonalnej, stwierdzona w badaniach obrazowych wykonywanych z innych przyczyn niz
patologia nadnerczy. Hiperkortyzolemia, takze posta¢ subkliniczna, ma wplyw na zwigkszong
czestos¢ wystepowania otylosci, nadci$nienia tetniczego, zaburzen metabolizmu weglowodanow i
hiperlipidemii. Wsréd bezobjawowych pacjentéw z gruczolakami nadnercza mozna zaobserwowac
wczesne stadia przebudowy ukladu sercowo-naczyniowego. Zmiany zachodzace w naczyniach
wyprzedzajg w czasie rozw0j chordb uktadu krazenia i mogg przektadaé si¢ na zwigkszone ryzyko
sercowo-naczyniowe (CVR). Zatem NFAI moga stanowi¢ niezalezny od tradycyjnych czynnik CVR.

Celem pracy byta analiza czgstosci wystgpowania zaburzen metabolicznych 1 zwigkszenia
grubosci kompleksu btona §rodkowa- srodbtonek tetnicy szyjnej wspolnej (CIMT) u pacjentow z
NFAL Okreslono CVR wedtug algorytmu SCORE i SCORE2 w badanych grupach. Ponadto analizie
poddano potencjalne zalezno$ci pomiedzy gruboscig CIMT a parametrami metabolicznymi i
wskaznikami hormonalnymi w grupie oséb z NFAI. Zbadano takze zaleznosci migdzy CVR
obliczanym wedhlug algorytmu SCORE i SCORE2 a parametrami metabolicznymi i hormonalnymi u
pacjentow z NFAL

Badanie przeprowadzono na grupie 46 oséb z rozpoznaniem NFAI hospitalizowanych w
Oddziale Klinicznym Endokrynologii, Diabetologii i Chorob Wewnetrznych w Wojewodzkim
Szpitalu Specjalistycznym w Olsztynie w okresie od stycznia 2020 do grudnia. Grupe¢ kontrolng
stanowilo 44 0sob bez stwierdzonej patologii nadnerczy. W obu grupach przeprowadzono badanie
podmiotowe i przedmiotowe wraz z pomiarami antropometrycznymi. Badania laboratoryjne
obejmowaly pomiary stezenia sodu, potasu, kreatyniny, insuliny na czczo, lipidogramu, test
obcigzenia 75 g glukozy. Za pomocg ultrasonografii przeprowadzono pomiary CIMT. CVR
oszacowano za pomocg algorytmu oceny ryzyka wiencowego (SCORE oraz SCORE2).

W grupie pacjentéw z NFAI wykazano istotnie wickszy obwod talii, wyzsze ci$nienie
skurczowe oraz rozkurczowe, wyzsze st¢zenie sodu, insuliny na czczo i1 glukozy w 2 godz. OGTT,
wickszg warto§¢ CIMT oraz wyzsze CVR obliczone wedlug wskaznika SCORE. Czesciej
wystepowato nadcisnienie tetnicze oraz nieprawidtowa tolerancja glukozy. Stwierdzono znamienne
statystycznie dodatnie korelacje miedzy CIMT a wiekiem, obwodem talii, warto$cig ci$nienia
rozkurczowego oraz CVR obliczonego za pomocg wskaznika SCORE. Wykazano znamienng
statystycznie dodatnig korelacje migdzy CIMT a stezeniem kortyzolu w surowicy po hamowaniu 1
mg deksametazonu.

Na podstawie przeprowadzonych badan wysnuto nastepujace wnioski:

1. Wsrod pacjentow z NFAI obserwujemy wczesne stadia remodelingu w uktadzie
naczyniowym pod postacig zwigkszenia grubosci CIMT.

2. U pacjentéow z NFAI stwierdza si¢ wyzsze CVR obliczone wedtug algorytmu SCORE.

3. NFAI moga stanowi¢ niezalezny czynnik CVR.

4. Temat ten wymaga dalszych wieloosrodkowych badan, co pozwoli na ustalenie dziatan
prewencyjnych i terapeutycznych w tej grupie osob.

Stowa kluczowe: nieczynny hormonalnie przypadkowiak nadnercza; zaburzenia metaboliczne;
CIMT,; ryzyko sercowo-naczyniowe; SCORE
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STRESZCZENIE W JEZYKU ANGIELSKIM

Adrenal incidentaloma (Al) is an abnormal tissue mass in the adrenal gland that does not
show hormonal activity, found during imaging examinations performed for non-endocrine reasons.
Hypercortisolemia, also subclinical form, results in an increased incidence of obesity, hypertension,
carbohydrate metabolism disorders and hyperlipidemia. Early stages of cardiovascular remodeling
can be observed among asymptomatic patients with adrenal adenomas. Vascular changes precede the
development of cardiovascular diseases and can increase cardiovascular risk (CVR). Therefore, NFAI
may constitute a CVR factor independent of traditional ones.

The aim of the study was to analyze the incidence of metabolic alterations and the carotid
intima-media thickness (CIMT) in NFAI patients. CVR according to SCORE and SCORE2
algorithms was assessed in both groups. Moreover, the relationships between CIMT, metabolic and
hormonal parameters was determined in NFAI group. The relationship between CVR based on
SCORE and SCORE? algorithms, metabolic and hormonal parameters was determined in NFAI
patients.

The study was conducted on a group of 46 people with NFAI hospitalized at the Clinical
Department of Endocrinology, Diabetology and Internal Medicine at the Provincial Specialist
Hospital in Olsztyn in the period from January 2020 to December 2020. The control group consisted
of 44 people without diagnosed adrenal pathology. In both groups, a medical and a physical
examination with anthropometric measurements were preformed. Laboratory tests included
measurements of sodium, potassium, creatinine, fasting insulin concentrations, lipid profile, 759
glucose tolerance test (OGTT). IMT measurements of the common carotid artery were performed
using ultrasonography. CVR was estimated using the coronary risk assessment algorithm (SCORE
and SCORE?2).

The NFAI group showed significantly higher waist circumference, higher systolic and
diastolic blood pressure, higher sodium and glucose levels in 2h OGTT, a higher CIMT and a higher
CVR calculated according to the SCORE algorithm. Hypertension and impaired glucose tolerance
were more common in the NFAI group. Statistically significant positive correlations were found
between CIMT and age, waist circumference, diastolic blood pressure and CVR based on SCORE
algorithm. There was a statistically significant positive correlation between CIMT and serum cortisol
levels after 1 mg dexamethasone suppression test.

Based on the research conducted, the following conclusions were drawn:

1. The presence of NFALI has a significant impact on the incidence of abdominal obesity, hypertension
and impaired glucose tolerance.

2. Among patients with NFAI, early stages of remodeling in the vascular system in the form of an
increased CIMT can be observed.

3. Among patients with NFAI, a higher CVR using SCORE algorithm can be found.

4. NFAI may be an independent CVR factor.

5. This topic requires further multi-center research, which will allow to establish preventive and
therapeutic options in this group of people.

Keywords: non-functional adrenal incidentaloma; metabolic disorders; CIMT; cardiovascular risk;
SCORE
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Magdalena Rzeczkowska Udzial w prowadzeniu badan i 5%
analizie wynikoéw

Katarzyna Gontarz-Nowak Udziat w prowadzeniu badan 1 5%
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Szychlinska M, Rzeczkowska M, Matuszewski W, Bandurska-Stankiewicz E. Could a nonfunctional
adrenal incidentaloma be a risk factor for increased carotid intima-media thickness and 10-year
cardiovascular mortality based on the SCORE algorithm? A Study from a Single Center in Poland.
Endokrynologia Polska 2023;74(6).
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wspolautora wkiad
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Wojciech Matuszewski Udzial w analizie i dyskusji 5%
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Elzbieta Bandurska- Udziat w koncepcji badania, analizie i 10%
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OSWIADCZENIA KANDYDATA | WSPOLAUTOROW

Oflsztyn, 09.01.2024

Lek Magdalena Szychlinska

Nauki Medyczne

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE autora rozprawy doktorskiej
Oswiadczam, ze w pracy pod tytulem ,Markers of Subclinical Cardiovascular Disease in
Patients with Adrenal Incidentaloma™  autorstwa Magdaleny Szychlinskiej, Angeliki
Baranowskiej-Jurkun, Wojciecha Matuszewskiego, Katarzyny Wotos-Klosowicz, Elzbiety
Bandurskiej-Stankiewicz opublikowanej w czasopi$mie .,Medicina- Lithuania™ 2020: 56 (2), s.
1-14 méj wklad merytoryczny w jej przygotowanie szacuje na 75% i polegal on na:

opracowywaniu koncepcji, analizie piSmiennictwa, przygotowaniu manuskryptu.

(podpis kandydata)

58



Olsztyn, 09.01.2024

Lek. Angelika Baranowska-Jurkun

Oddziatl Kliniczny Endokrynologiczny, Diabetologiczny i Choréb Wewngetrzych
Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Oswiadczam, ze w pracy pod tytulem .Markers of Subclinical Cardiovascular Disease in
Patients with Adrenal Incidentaloma™  autorstwa Magdaleny Szychlinskiej. Angeliki
Baranowskiej-Jurkun, Wojciecha Matuszewskiego, Katarzyny Wolos-Klosowicz, Elzbiety
Bandurskiej-Stankiewicz opublikowanej w czasopismie ,,Medicina- Lithuania™ 2020: 56 (2). s.
1-14 méj wktad merytoryczny w jej przygotowanie szacuje na 5% i polegat on na: analizie
pi$miennictwa.

Jednocze$nie wyrazam zgode na przedlozenie w/w pracy przez Magdalene Szychlinska jako
czes$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu

koncepcji. analizie pismiennictwa, przygotowaniu manuskryptu.
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Olsztyn, 09.01.2024

Lek. Katarzyna Wolos- Klosowicz

Oddziat Kliniczny Endokrynologiczny, Diabetologiczny i Chorob Wewnetrzych
A Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Os$wiadczam, ze w pracy pod tytutem ,Markers of Subclinical Cardiovascular Disease in
Patients with Adrenal Incidentaloma™ autorstwa Magdaleny Szychlinskiej, Angeliki
Baranowskiej-Jurkun, Wojciecha Matuszewskiego, Katarzyny Wolos-Klosowicz, Elzbiety
Bandurskiej-Stankiewicz opublikowanej w czasopismie ,,Medicina- Lithuania™ 2020; 56 (2), s.
1-14 moj wklad merytoryczny w jej przygotowanie szacuje na 5% i polegat on na: analizie
pismiennictwa.

Jednoczesnie wyrazam zgode¢ na przediozenie w/w pracy przez Magdaleng Szychlinska jako
czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow naukowych
opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu

koncepcji. analizie pismiennictwa, przygotowaniu manuskryptu.
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Olsztyn, 09.01.2024

Dr n. med. Wojciech Matuszewski

Oddzial Kliniczny Endokrynologiczny. Diabetologiczny i Choréb Wewnetrzych
‘ Wydzial Lekarski
Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspolautora

Oswiadczam, ze w pracy pod tytulem ,Markers of Subclinical Cardiovascular Disease in
Patients with Adrenal Incidentaloma™ autorstwa Magdaleny Szychlinskiej, Angeliki
Baranowskiej-Jurkun, Wojciecha Matuszewskiego, Katarzyny Wolos-Klosowicz, Elzbiety
Bandurskiej-Stankiewicz opublikowanej w czasopismie ,Medicina- Lithuania™ 2020; 56 (2). s.
1-14 mo6j wklad merytoryczny w jej przygotowanie szacuj¢ na 5% i polegal on na: analizie
pismiennictwa.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez Magdaleng Szychlinska jako
czgS¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykuléw naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czes¢ ww. pracy wykazuje
indywidualny wkfad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu

koncepcji, analizie pismiennictwa, przygotowaniu manuskryptu.
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Olsztyn, 09.01.2024

prof. dr hab. n. med. Elzbieta Bandurska-Stankiewicz

'Oddzial Kliniczny Endokrynologiczny, Diabetologiczny i Choréb Wewngtrzych
Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminisko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspolautora

Oswiadczam, ze w pracy pod tytulem ,Markers of Subclinical Cardiovascular Disease in
Patients with Adrenal Incidentaloma™ autorstwa Magdaleny Szychlinskiej, Angeliki
Baranowskiej-Jurkun, Wojciecha Matuszewskiego, Katarzyny Wolos-Klosowicz, Elzbiety
Bandurskiej-Stankiewicz opublikowanej w czasopismie ,,Medicina- Lithuania™ 2020; 56 (2), s.
1-14 moj wkiad merytoryczny w jej przygotowanie szacuje na 10% i polegal on na:
opracowywaniu koncepcji i ocenie merytorycznej tej pracy.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez Magdaleng Szychlinska jako
cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutéw naukowych
opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$¢ ww. pracy wykazuje
indywidualny wktad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu

koncepcji, analizie piSmiennictwa, przygotowaniu manuskryptu.
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Podpis
Olsztyn, 09.01.2024

- Lek Magdalena Szychlifiska
Nauki Medyczne

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE autora rozprawy doktorskiej
Oswiadczam, ze w pracy pod tytulem Do Non-Functional Adrenal Adenomas Affect
Metabolic Profile and Carotid Intima-Media Thickness? A Single Centre Study from Poland”
autorstwa Magdaleny Szychlinskiej, Magdaleny Rzeczkowskiej, Katarzyny Gontarz-Nowak,
Wojciecha Matuszewskiego, Elzbiety Bandurskiej-Stankiewicz w czasopismie ..Journal of
Clinical Medicine™2023; 12(14), s. 1-12 m6j wklad merytoryczny w jej przygotowanie szacuje
na 75% i polegal on na: opracowywaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikow tej pracy.

(podpis kandydata)
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Olsztyn, 09.01.2024

Lek. Magdalena Rzeczkowska
Zaktad Radiologii i Diagnostyki Obrazowej

Wojewodzki Szpital Specjalistyczny w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Os$wiadczam, ze w pracy pod tytulem ,Do Non-Functional Adrenal Adenomas Affect
Metabolic Profile and Carotid Intima-Media Thickness? A Single Centre Study from Poland™
autorstwa Magdaleny Szychlinskiej. Magdaleny Rzeczkowskiej, Katarzyny Gontarz-Nowak.
Wojciecha Matuszewskiego, Elzbiety Bandurskiej-Stankiewicz w czasopismie ,.Journal of
Clinical Medicine™2023; 12(14), s. 1-12 moj wklad merytoryczny w jej przygotowanie szacuj¢
na 5% i polegal on na opracowywaniu koncepcji, wykonywaniu czgsci eksperymentalne;j.
Jednocze$nie wyrazam zgode na przedlozenie w/w pracy przez Magdaleng Szychlinska jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.
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Lek. Katarzyna Gontarz-Nowak

Oddzial Kliniczny Endokrynologiczny., Diabetologiczny i Chorob Wewnetrzych
Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Oswiadczam, ze w pracy pod tytulem ,.Do Non-Functional Adrenal Adenomas Affect
Metabolic Profile and Carotid Intima-Media Thickness? A Single Centre Study from Poland”
autorstwa Magdaleny Szychlinskiej. Magdaleny Rzeczkowskiej, Katarzyny Gontarz-Nowak.,
Wojciecha Matuszewskiego. Elzbiety Bandurskiej-Stankiewicz w czasopismie .Journal of
Clinical Medicine™2023; 12(14). s. 1-12 moj wkiad merytoryczny w jej przygotowanie szacuje
na 5% i polegal on na opracowywaniu koncepcji, wykonywaniu czesci eksperymentalne;.
Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez Magdaleng Szychlinska jako
czgs¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.
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Dr n. med. Wojciech Matuszewski

Oddzial Kliniczny Endokrynologiczny, Diabetologiczny i Choréb Wewnetrzych
Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Oswiadczam, ze w pracy pod tytulem ,Do Non-Functional Adrenal Adenomas Affect
Metabolic Profile and Carotid Intima-Media Thickness? A Single Centre Study from Poland”
autorstwa Magdaleny Szychlinskiej, Magdaleny Rzeczkowskiej, Katarzyny Gontarz-Nowak,
Wojciecha Matuszewskiego. Elzbiety Bandurskiej-Stankiewicz w czasopi$mie,,Journal of
Clinical Medicine™ 2023; 12(14), s. 1-12 mo6j wkiad merytoryczny w jej przygotowanie szacuje
na 5% i polegal on na: interpretacji wynikow i ocenie merytorycznej tej pracy.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez Magdaleng Szychlinska jako
cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykuléw naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.
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Olsztyn, 09.01.2024

prof. dr hab. n. med. Elzbieta Bandurska-Stankiewicz

Oddziat Kliniczny Endokrynologiczny, Diabetologiczny i Choréb Wewnetrzych
Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Oswiadczam. ze w pracy pod tytulem Do Non-Functional Adrenal Adenomas Affect
Metabolic Profile and Carotid Intima-Media Thickness? A Single Centre Study from Poland™
autorstwa Magdaleny Szychlinskiej, Magdaleny Rzeczkowskiej, Katarzyny Gontarz-Nowak,
Wojciecha Matuszewskiego, Elzbiety Bandurskiej-Stankiewicz w czasopismie ..Journal of
Clinical Medicine”2023; 12(14), s. 1-12 m6j wklad merytoryczny w jej przygotowanie szacuje
na 10% i polegal on na: opracowywaniu koncepcji, interpretacji wynikow i ocenie
merytorycznej tej pracy.

Jednoczesnie wyrazam zgodg na przedlozenie w/w pracy przez Magdalene Szychlinska jako
czgs¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykuléw naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlifskiej polegajacy na opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.
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Olsztyn, 09.01.2024

Lek Magdalena Szychlinska
Nauki Medyczne

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE autora rozprawy doktorskiej
Oswiadczam, ze w pracy pod tytutem ..Could a nonfunctional adrenal incidentaloma be a risk
factor for increased carotid intima-media thickness and 10-year cardiovascular mortality based
on the SCORE algorithm? A Study from a Single Center in Poland.” autorstwa Magdaleny
Szychlinskiej. Magdaleny Rzeczkowskiej, Wojciecha Matuszewskiego. Elzbiety Bandurskiej-
Stankiewicz w czasopismie ,.Endokrynologia Polska™ 2023;74(6) mdj wktad merytoryczny w
jej przygotowanie szacuj¢ na 80% i polegal on na: opracowywaniu koncepcji, wykonywaniu

czedei eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

(podpis kandydata)
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Olsztyn, 09.01.2024

Lek. Magdalena Rzeczkowska
Zaklad Radiologii i Diagnostyki Obrazowej

Wojewodzki Szpital Specjalistyczny w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Os$wiadczam, ze w pracy pod tytulem .,Could a nonfunctional adrenal incidentaloma be a risk
factor for increased carotid intima-media thickness and 10-year cardiovascular mortality based
on the SCORE algorithm? A Study from a Single Center in Poland.” autorstwa Magdaleny
Szychlinskiej, Magdaleny Rzeczkowskiej, Wojciecha Matuszewskiego, Elzbiety Bandurskiej-
Stankiewicz w czasopismie ,,Endokrynologia Polska™ 2023;74(6) méj wkiad merytoryczny w
jej przygotowanie szacuje na 5% i polegatl on na opracowywaniu koncepcji, wykonywaniu
czescei eksperymentalnej.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez Magdalene Szychlinskg jako
czgs¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutéw naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia cz¢$¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

lek. Magdalem)
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Olsztyn, 09.01.2024

Dr n. med. Wojciech Matuszewski
“Oddzial Kliniczny Endokrynologiczny, Diabetologiczny i Choréb Wewngtrzych
Wydziat Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Os$wiadczam, ze w pracy pod tytulem ,,.Could a nonfunctional adrenal incidentaloma be a risk
factor for increased carotid intima-media thickness and 10-year cardiovascular mortality based
on the SCORE algorithm? A Study from a Single Center in Poland.” autorstwa Magdaleny
Szychlinskiej. Magdaleny Rzeczkowskiej, Wojciecha Matuszewskiego, Elzbiety Bandurskiej-
Stankiewicz w czasopismie ..Endokrynologia Polska™ 2023:74(6) moj wkiad merytoryczny w
jej przygotowanie szacuje na 5% i polegal on na: interpretacji wynikow i ocenie merytorycznej
tej pracy.

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez Magdalene Szychlifiskg jako
czes$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy wykazuje
indywidualny wklad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu
koncepcji. wykonywaniu czgsci eksperymentalnej. opracowaniu i interpretacji wymkow tej

pracy.
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Olsztyn, 09.01.2024

prof. dr hab. n. med. Elzbieta Bandurska-Stankiewicz

Oddziat Kliniczny Endokrynologiczny, Diabetologiczny i Chorob Wewnetrzych
A Wydzial Lekarski

Collegium Medicum

Uniwersytet Warminsko-Mazurski w Olsztynie

Przewodniczacy Rady Naukowej Dyscypliny
Nauki Medyczne
Uniwersytetu Warminsko-Mazurskiego w

Olsztynie

OSWIADCZENIE wspélautora

Oswiadczam, ze w pracy pod tytulem ,,Could a nonfunctional adrenal incidentaloma be a risk
factor for increased carotid intima-media thickness and 10-year cardiovascular mortality based
on the SCORE algorithm? A Study from a Single Center in Poland.” autorstwa Magdaleny
Szychlinskiej, Magdaleny Rzeczkowskiej, Wojciecha Matuszewskiego, Elzbiety Bandurskiej-
Stankiewicz w czasopismie .,Endokrynologia Polska™ 2023:74(6) moj wkiad merytoryczny w
jej przygotowanie szacuj¢ na 10% i polegal on na: opracowywaniu koncepcji, interpretacji
wynikow i ocenie merytorycznej tej pracy.

Jednoczes$nie wyrazam zgode na przedlozenie w/w pracy przez Magdaleng Szychlinska jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw naukowych
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia cz¢s¢ ww. pracy wykazuje
indywidualny wkfad kandydata Magdaleny Szychlinskiej polegajacy na opracowywaniu

koncepcji. wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

o %W&Wo
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OSWIADCZENIE KOMISJI BIOETYCZNEJ

UCHWALA Nr 17/2020
Komisji Bioetycznej
przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego w Olsztynie
z dnia 29 kwietnia 2020r.

w sprawie akceptacji programu badawczego

Na podstawie ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty ( Dz.U.
z 2019 1. poz. 537 ze zm.), ustawy z dnia 6 wrzesnia 2001r. Prawo farmaceutyczne (Dz.U.
22019, poz. 499 ze zm.), rozporzadzenia Ministra Zdrowia i Opieki Spolecznej z dn. 11 maja
1999 r. w sprawie szczegélowych zasad powolywania i finansowania oraz trybu dziatania
komisji bioetycznych (Dz. U. z 1999 r., Nr 47, poz.480), ustawe z dnia 20 maja 2010 r.
o wyrobach medycznych (Dz. U. z 2020 r., poz. 186), rozporzgdzenia Ministra Zdrowia
z dnia 30 kwietnia 2004 r. w sprawie zglaszania niespodziewanego ci¢zkiego niepozadanego
dziatania produktu leczniczego (Dz.U. z 2004 r., Nr 104, poz.1107), rozporzadzenia Ministra
Zdrowia z dnia 30 kwietnia 2004 r. w sprawie sposobu prowadzenia badan klinicznych
z udziatem matoletnich (Dz. U. 2004.104.1108), rozporzadzenie Ministra Zdrowia z dnia 12
pazdziernika 2018 r. w sprawie wzoréw dokumentéw przedktadanych w zwigzku z badaniem
klinicznym produktu leczniczego oraz opfat za zatozenie wniosku o rozpoczecie badania
klinicznego. (Dz. U. z 2018 r., poz. 1994 ze zm.), rozporzadzenia Ministra Zdrowia z dnia 30
kwietnia 2004 r. w sprawie obowigzkowego ubezpieczenia odpowiedzialnosci cywilnej
badacza i sponsora (Dz. U. 2004. Nr 101.1034 ze zm.).

Komisja Bioctyczna
w skiadzie okreslonym w zatgczniku Nr 1 do uchwaty, na posiedzeniu w dniu 29 kwietnia

2020r.:

* rozpatrzyta wniosek ztozony w dniu 1.04.2020r. przez panig lek. Magdaleng Szychlinskg —
dotyczacy akceptacji programu badawczego:

Markery subklinicznej choroby sercowo-naczyniowej u pacjentow z nieczynnymi
hormonalnie guzami nadnercza

* zapoznala si¢ z opinig opracowang przez pana dr n. med. Tadeusza Zechowicza
W wyniku przeprowadzonej dyskusji, rozpatrzeniu dokumentow (zatgcznik Nr 2 do uchwaty)

i glosowania (10 glos6w za)

uchwala
€o nastepuje:
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§1
Wyraza si¢ akceptacje programu badawczego pt.. Markery subklinicznej choroby
sercowo-naczyniowej u pacjentow z nieczynnymi hormonalnie guzami nadnercza.

§2
Komisja zobowiazuje badacza do realizacji zalecen zawartych w Uchwale tutejszej
Komisji podjetej w dniu 29.04.2020r.

§3
Komisja zobowigzuje badacza do:
1. Zgloszenia zmian i odchylen w protokole badania oraz wplywajacych na przebieg
badania;
2. Raportowania cigzkich, nicoczekiwanych, niepozgdanych dziatan produktu badanego;
3. Sporzgdzania rocznych i koncowych raportdow z przebiegu eksperymentu oraz
przyczynach przedwczesnego zakonczenia badania.

§4

1. Od niniejszej uchwaly przyshuguje prawo wniesienia odwolania do Odwotawczej
Komisji Bioetycznej w terminie 14 dni od jej dorgezenia — za posrednictwem Komisji
Bioetycznej przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego
w Olsztynie.

2. Odwolanie, o ktorym mowa w ust. 1 przystuguje:
1) Podmiotowi zamierzajgcemu przeprowadzi¢ eksperyment medyczny,
2) Kierownikowi zakladu opieki zdrowotnej, w ktorym eksperyment medyczny ma

by¢ przeprowadzony.

§5
Uchwata wehodzi w zycie z dniem podjecia.

UNIWERSYTET WARMINSKO-MAZURSKI

w Qlsztynie .PRZJ‘ RUNICZACA
> g sihe MIS VD ZNEJ
KOMISJA BIOETYCZNA KOMIS Y ERpEL 0‘@

tel. £9 524 53 04, tel.ffs 4 53 07 prof. drhab. n: med. Elibie

Oféwiadczenie

Niezalezna Komisja Biotyczna przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego
w Olsztynie oswiadcza, Ze jej organizacja i dziatanie jest zgodne z Zasadami Prawidlowego
Prowadzenia Badan Klinicznych GCP (Good Clinical Practice) i obowigzujacymi przepisami.
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UCHWALA Nr 35/2020
Komisji Bioetycznej
przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego w Olsztynie
z dnia 22 pazdziernika 2020r.
dotyczgca poprawki do Uchwaly Nr 17/2020

Na podstawie ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty ( Dz.U.
z 2019 r. poz. 537 ze zm.), ustawy z dnia 6 wrze$nia 2001r. Prawo farmaceutyczne (Dz.U.
22019, poz. 499 ze zm.), rozporzadzenia Ministra Zdrowia i Opieki Spotecznej z dn. 11 maja
1999 r. w sprawie szczegblowych zasad powolywania i finansowania oraz trybu dziatania
komisji bioetycznych (Dz. U. z 1999 r., Nr 47, poz.480), ustawe z dnia 20 maja 2010 r.
o wyrobach medycznych (Dz. U. z 2020 r., poz. 186), rozporzadzenia Ministra Zdrowia
z dnia 30 kwietnia 2004 r. w sprawie zgtaszania niespodziewanego ciezkiego niepozadanego
dzialania produktu leczniczego (Dz.U. z 2004 r., Nr 104, poz.1107), rozporzadzenia Ministra
Zdrowia z dnia 30 kwietnia 2004 r. w sprawie sposobu prowadzenia badan klinicznych
z udziatem matoletnich (Dz. U. 2004.104.1108), rozporzadzenie Ministra Zdrowia z dnia 12
pazdziernika 2018 r. w sprawie wzor6w dokumentéw przedkladanych w zwigzku z badaniem
klinicznym produktu leczniczego oraz oplat za zalozenie wniosku o rozpoczecie badania
klinicznego. (Dz. U. z 2018 r., poz. 1994 ze zm.), rozporzadzenia Ministra Zdrowia z dnia 30
kwietnia 2004 r. w sprawie obowigzkowego ubezpieczenia odpowiedzialnosci cywilnej
badacza i sponsora (Dz. U. 2004. Nr 101.1034 ze zm.).

Komisja Bioetyczna

w skiadzie okreslonym w zatgczniku Nr 1 do uchwaty, na posiedzeniu w dniu 22 pazdziernika
2020r.:

* rozpatrzyla zgloszenie poprawki do programu badawczego pt. Markery subklinicznej
choroby sercowo-naczyniowej u pacjentéw z nieczynnymi hormonalnie guzami nadnercza

Poprawka dotyczy: zmian wprowadzonych w protokole badania, informacji dla pacjenta,
karcie obserwacji klinicznej.

W wyniku przeprowadzonej dyskusji, rozpatrzeniu dokumentéw (zatgcznik Nr 2 do uchwaty)
i glosowania (9 gltoséw za) Komisja Bioetyczna zmiany zaopiniowata pozytywnie.

Oswiadczenie

Niezalezna Komisja Biotyczna przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego
w Olsztynie o$wiadcza, Ze jej organizacja i dzialanie jest zgodne z Zasadami Prawidlowego
Prowadzenia Badan Klinicznych GCP (Good Clinical Practice) i obowigzujacymi przepisami.
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ZRODLEA FINANSOWANIA PRACY

Praca zostala sfinansowana przez Uniwersytet Warminsko-Mazurski w Olsztynie w ramach

projektu statutowego o numerze 61.610.005.110.
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