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3. Wstep

Zespot policystycznych jajnikow (Polycystic Ovary Syndrome,
PCOS) jest najczestsza endokrynopatia wsrod kobiet w  wieku
rozrodczym, z czestoscia wystepowania 6-20%, w zaleznosci
od zastosowanych kryteriow [1]. Zgodnie z obecnie obowigzujgcymi
kryteriami rotterdamskimi (European Society of Human Reproduction
and Embryology, ESHRE/ American Society for Reproductive Medicine,
ASRM) PCOS rozpoznaje si¢ na podstawie spetnienia co najmniej dwoch
z trzech nastgpujacych kryteriow: hiperandrogenizm kliniczny i/lub
biochemiczny, oligoowulacja i/lub brak owulacji oraz policystyczna
morfologia jajnikbw w  badaniu  ultrasonograficznym  metoda
transwaginalng (Polycystic Ovarian Morphology, PCOM) [2]. Diagnoza
PCOS moze by¢ postawiona po wykluczeniu innych jednostek
chorobowych o podobnym obrazie klinicznym, takich jak guzy
wydzielajace androgeny, pdzno ujawniajacy si¢ przerost nadnerczy,
zespot Cushinga, hiperprolaktynemia. W oparciu o kryteria rotterdamskie
wyodrgbniono cztery kliniczne fenotypy PCOS (Tabela 1). Najbardziej
powszechny fenotyp A [3], okreslany jako ,klasyczny” spelnia wszystkie
trzy  kryteria PCOS: kliniczny/biochemiczny hiperandrogenizm,
zaburzenia miesigczkowania i policystyczna morfologia jajnikow.
Fenotyp B, w  ktorym  wystgpuje  kliniczny/biochemiczny
hiperandrogenizm 1 zaburzenia miesigczkowania, oraz fenotyp C,
charakteryzujacy si¢ klinicznym/biochemicznym hiperandrogenizmem
i PCOM, sg spotykane nieco rzadziej, natomiast najmniej powszechny
jest fenotyp D, w ktorym obserwuje si¢ zaburzenia miesigczkowania

I PCOM oraz prawidlowe stezenia androgenow w surowicy [4].



Tabela 1. Fenotypy PCOS

Fenotyp A FenotypB Fenotyp C Fenotyp D

hiperandrogenizm

+ + + -
kliniczny/biochemiczny
oligoowulacja/brak
. + + - +
owulacji
PCOM + - + +

Wickszos¢ kobiet z PCOS charakteryzuje wystepowanie zaburzen
metabolicznych, takich jak otyto$¢ brzuszna i insulinooporno$¢ [5], ktore
predysponuja do rozwoju nieprawidlowej tolerancji  glukozy,
a w konsekwencji do ujawnienia si¢ cukrzycy typu 2, a takze dyslipidemii
wiazacej si¢ ze zwigkszonym ryzykiem rozwoju chorob uktadu krazenia
[6]. Dotychczas przeprowadzone badania wykazaly, ze insulinooporno$é
odgrywa istotng rol¢ w patogenezie PCOS [7], a poszczegdlne fenotypy
roznig si¢ migdzy sobg pod wzgledem wystepowania insulinoopornosci
[4]. W insulinoopornosci, ktérej towarzyszy hiperinsulinemia, insulina
dziata synergistycznie z hormonem luteinizujacym (luteinizing hormone,
LH), prowadzac do zwigkszonej produkcji androgenéw w komorkach
tekalnych jajnika [8]. Hiperandrogenizm biochemiczny obejmuje
podwyzszone stezenia w surowicy catkowitego i wolnego testosteronu,
androstendionu oraz siarczanu dehydroepiandrosteronu
(dehydroepiandrosterone sulfate, DHEA-S). Dane z piSmiennictwa
wskazuja, ze zwickszone stezenie calkowitego 1 wolnego testosteronu
w surowicy krwi u kobiet z PCOS jest zwigzane z nadmiarem trzewnej
tkanki tluszczowej [9], a takze insulinoopornoscia 1 czestszym
wystepowaniem zaburzen tolerancji glukozy [10], jednak nie badano

tej zalezno$ci w poszczegolnych fenotypach PCOS (fenotyp A, B, C, D).
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Jednoczes$nie wykazano ze nieprawidlowo zbilansowana dieta
pacjentek z PCOS moze prowadzi¢ do otytosci androidalnej oraz
insulinooporno$ci [11]. Istniejg sprzeczne dane na temat tego, ktory
makrosktadnik odzywczy zawarty w diecie (biatka, thluszcze,
weglowodany) jest najbardziej powigzany z rozwojem otylosci [12-17].
Tkanka thuszczowa jest glownym miejscem magazynowania nadmiaru
energii, ale takze organem wydzielania wewng¢trznego. Adipocyty
syntetyzuja 1 wydzielaja substancje biologicznie czynne, w tym leptyne
[18-19]. Istniejace doniesienia sugerujg zwigzek miedzy przyrostem masy
ciala a zaburzeniem rownowagi w stezeniach leptyny i greliny w osoczu
kobiet z PCOS [20-21]. Leptyna wpltywa na rownowage energetyczng
organizmu, powodujac zmniejszenie spozycia pokarmu i wzrost wydatku
energetycznego [22]. Wykazano, ze hormon ten, bedacy produktem genu
leptyny, wydzielany jest proporcjonalnie do ilosci tkanki tluszczowej
[23], a otylos¢ jest zwigzana ze zwigkszonym stezeniem leptyny
W surowicy [24-25]. Jednakze u 0sob otytych, pomimo podwyzszonych
stezen leptyny W surowicy, jej dziatanie ulega ostabieniu ze wzgledu
na wspotwystgpowanie oporno$ci na leptyne [26-27]. Do tej pory
opublikowano kilka badan majacych na celu ustalenie zwigzku pomig¢dzy
sktadnikami diety a st¢zeniem leptyny w osoczu, a istniejace doniesienia
przedstawiaja sSprzeczne wyniki. Niektorzy autorzy zaobserwowali,
ze positki wysokoweglowodanowe zwigkszajg stezenie leptyny w osoczu
u oso6b o prawidlowej masie ciata [25]. Z kolei Pourghassem
i wspoétautorzy, w badaniu przeprowadzonym na grupie kobiet z PCOS
wykazali, ze dieta o wysokiej zawartosci thuszczu obniza stezenie leptyny
w osoczu [28]. Podobne wyniki uzyskali Kong i wspoétautorzy, ktorzy
dodatkowo zaobserwowali ujemng korelacje pomiedzy stezeniem leptyny
W 0SO0CzU a odsetkiem energii pochodzacej ze spozycia weglowodanow
[29]. W przeciwienstwie do wynikow cytowanych powyzej badan,
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Yannakoulia i wspotautorzy wykazali zwigzek pomigdzy stezeniem
leptyny w osoczu a spozyciem tluszczu w diecie [30]. Kolejnym
hormonem, ktory ma znaczagcy wplyw na bilans energetyczny,
przyjmowanie pokarméw oraz mase ciata jest grelina [31]. Odgrywa
ona wazng role w krotkoterminowej regulacji apetytu poprzez stymulacje
przyjmowania pokarmu, a jej stezenie we krwi rosnie przed positkiem
i maleje po spozyciu pokarmu [31]. Niskie stezenia greliny w osoczu
stwierdzono w stanach dodatniego bilansu energetycznego, takich jak
otytos¢, a zatem sg odwrotnie powigzane z insulinoopornoscia i cukrzycg
typu 2 [32]. Wczesniejsze badania wykazaly nizsze stezenia greliny
w osoczu krwi kobiet z PCOS w odniesieniu do grupy kontrolnej przy
porownywalnym wskazniku masy ciata (Body Mass Index, BMI) [33].
Badania nad zwigzkiem pomiedzy sktadnikami odzywczymi a st¢zeniem
greliny i leptyny w o0soczu pacjentek z PCOS sg ograniczone

1 przedstawiaja sprzeczne wyniki.



4. Omowienie prac skladajacych si¢ na prace doktorska
4.1. Cel rozprawy doktorskiej

Celem pracy byta ocena stezen androgenow, leptyny i greliny
we krwi pacjentek z zespotem policystycznych jajnikow w korelacji

z parametrami antropometrycznymi i dieta.

4.2. Praca pt. ,,Body Composition, Serum Concentrations of
Androgens and Insulin Resistance in Different Polycystic Ovary

Syndrome Phenotypes”

Celem pracy byla ocena zalezno$ci pomigdzy st¢zeniami
androgendw w surowicy, insulinoopornosciag i rozktadem tkanki
thuszczowej ocenianej za pomoca dwuwigzkowej absorpcjometrii
promieniowania rentgenowskiego (dual-energy X-ray absorptiometry,
DXA) w réznych fenotypach PCOS.

Szczegélowe informacje dotyczace celu pracy, materialow i metod,
wynikow oraz wnioskow zostaly zaprezentowane w pracy oryginalnej

wchodzacej w sklad rozprawy doktorskiej:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska,
Agnieszka tebkowska, Justyna Hryniewicka, Marcin Adamski, Irina
Kowalska: Body Composition, Serum Concentrations of Androgens and
Insulin Resistance in Different Polycystic Ovary Syndrome Phenotypes.
Journal of Clinical Medicine, 2020. 9(3), 732. Doi: 10.3390/jcm9030732
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4.2.1 Material i metody
4.2.1.1 Grupa badana

Do badania wiaczono 146 Kkobiet: 89 pacjentek z PCOS
przydzielonych do jednego z czterech fenotypow (fenotyp A, B, C, D)
oraz 57 kobiet stanowigcych grupe kontrolng. Kobiety z PCOS byty
pacjentkami hospitalizowanymi w Klinice Endokrynologii, Diabetologii
i Chorob Wewnetrznych oraz Klinice Choréb Wewngetrznych i Choréb
Metabolicznych Uniwersytetu Medycznego w Biatymstoku. Diagnoza
PCOS oraz podziat na fenotypy (A, B, C, D) zostaly przeprowadzone
w oparciu 0 kryteria rotterdamskie opisane we Wstepie [2]. Kryteria
wykluczenia obejmowaly: choroby przebiegajace z zaburzeniami
miesigczkowania i/lub hiperandrogenizmem tj. hiperprolaktynemia,
zespOt Cushinga, pézno ujawniajacy si¢ wrodzony przerost nadnerczy
(w tym celu oznaczyliSmy Stezenie 17-hydroksyprogesteronu
w surowicy), niedoczynno$¢ 1 nadczynno$¢ tarczycy, cigza (wykonano
test cigzowy), karmienie piersig, a takze cukrzyca typu 1 lub 2,
przewlekta lub ostra infekcja (w ciagu ostatnich 30 dni), antykoncepcja
hormonalna i/lub terapia antyandrogenowa (w ciagu ostatnich 6 miesiecy)
oraz stosowanie lekow wplywajacych na mase ciata, hiperglikemig,
dyslipidemi¢ lub nadcisnienie tgtnicze. Grupg¢ kontrolng rekrutowano
sposrod studentek spetniajacych nastepujace kryteria: brak hirsutyzmu,
w wywiadzie regularne, owulacyjne cykle miesigczkowe oraz prawidtowa
morfologia jajnikow w przezpochwowym badaniu ultrasonograficznym.

Zgoda na przeprowadzenie badan w ramach przygotowania
niniejszej pracy zostata wydana przez Komisj¢ Bioetyczng Uniwersytetu
Medycznego w Biatymstoku (numer zgody: R-1-002/127/2018).
Wszystkie kobiety wzigty udziat w badaniu dobrowolnie i1 wyrazity

pisemng $wiadomg zgode¢ na wiaczenie do badania. Wszystkie procedury
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byly szczegétowo wyjasnione uczestniczkom przed rozpoczeciem

badania.
4.2.1.2 Protokol badania

U wszystkich kobiet zostalo wykonane pelne badanie lekarskie
oraz przeprowadzono pomiary antropometryczne. Wskaznik masy ciata
(BMI) obliczono poprzez podzielenie masy ciala wyrazonej
w kilogramach przez kwadrat wzrostu podanego w metrach (kg/m?).
Obwod talii mierzono w pozycji stojacej, w najmniejszym obwodzie
pomigdzy klatkg piersiowg 1 grzebieniem biodrowym. U kazdej
uczestniczki badania wykonano pomiar skurczowego i rozkurczowego
ci$nienia tetniczego krwi. Kliniczny hiperandrogenizm okre$lono
na podstawie oceny wystepowania hirsutyzmu (zdefiniowanego jako
wigcej niz osiem punktow w zmodyfikowanej skali Ferrimana-Gallwey’a)
I/lub obecnosci tradziku. Zaburzenia miesigczkowania zdefiniowano jako
mniej niz sze$¢ miesigczek w przeciagu ostatniego roku. Transwaginalne
badanie USG zostalo wykonane u wszystkich kobiet przez tego samego
ginekologa aparatem o czestotliwosci 5-9 MHz (Voluson 730 Expert GE
Healthcare) we weczesnej fazie folikularnej. Probki krwi do badania
pobierano na czczo pomigdzy 3. a 6. dniem cyklu badZz niezaleznie
od fazy cyklu w przypadku braku miesiaczki dluzszego niz 3 miesiace.
W grupie kobiet z PCOS i grupie kontrolnej wykluczono cukrzyce
na podstawie doustnego testu tolerancji glukozy z 75g glukozy.

4.2.1.3 Analizy biochemiczne

U wszystkich kobiet wyliczono wskaznik insulinoopornosci
(Homeostasis Model Assessment of Insulin Resistance, HOMA-IR),
miedzy innymi oznaczono st¢zenia W Surowicy testosteronu catkowitego,

androstendionu i DHEA-S metoda radioimmunologiczng (DIAsource
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ImmunoAssays S.A., Belgia), natomiast st¢zenia w surowicy globuliny
wigzace] hormony plciowe (sex hormone-binding globulin, SHBG)
oznaczono metodg radioimmunometryczng (ZenTech, Angleur, Belgium),
a takze obliczono wspélczynnik wolnych androgenow (free androgen
index, FAI).

4.2.1.4 Analiza skladu ciala

Analize sktadu ciala przeprowadzono za pomocg badania DXA
(GE Healthcare, Chicago, IL, USA, Lunar iDXA). Oszacowano masg¢
trzewnej tkanki tluszczowej (visceral adipose tissue, VAT) w regionie
androidalnym oraz obliczono wskaznik tkanki tluszczowej androidalnej
(A) do gynoidalnej (G) (wskaznik A/G).

4.2.1.5 Analiza statystyczna

Analiza statystyczna zostala przeprowadzona przy uzyciu
oprogramowania pakietu Statistica (Statistica 13.3, Statsoft, Krakow).
Zmienne zbadano pod katem normalno$ci rozktadu za pomoca testu
Shapiro-Wilka. Ze wzgledu na brak normalnosci rozktadu wszystkie
warto$ci wyrazono jako mediang i przedzial migdzykwartylowy. Réznice
pomiedzy badanymi grupami oceniono nieparametrycznym testem
Kruskala—Wallisa z wielokrotnymi poréwnaniami (post-hoc) $rednich
rang dla wszystkich par obu grup. Analiza korelacji zostata wykonana
za  pomocg testu  Spearmana.  Nastgpnie  przeprowadzono
wieloczynnikowsq analiz¢ regresji celem zbadania niezaleznych korelacji.

Wartos$¢ p<0,05 uznano za istotng statystycznie.
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4.2.2 WynikKi
4.2.2.1 Charakterystyka grupy badanej

W grupie pacjentek z PCOS 34 (38%) kobiety prezentowaty
fenotyp A, 20 (23%) kobiet fenotyp B, 20 (23%) kobiet fenotyp C oraz
15 (16%) kobiet fenotyp D. Grupy nie roznity si¢ pod wzgledem wieku
I BMI (p>0,05). Stezenia calkowitego testosteronu w surowicy byly
istotnie wyzsze w fenotypie A (p<0,01) i fenotypie C (p<0,01)
w pordéwnaniu do grupy kontrolnej. Ponadto, w fenotypach A, B i C
zaobserwowano wyzsze stezenie catkowitego testosteronu w poréwnaniu
z fenotypem D (odpowiednio; p<0,01; p=0,01; p<0,01). W fenotypie A
I B stwierdzono nizsze stezenie SHBG w surowicy w odniesieniu
do grupy kontrolnej (w obydwu przypadkach p<0,01). W fenotypach A, B
i C wspélczynnik FAI byl istotnie wyzszy w poréwnaniu z grupg
kontrolng (wszystkie p<0,01). Jednocze$nie wykazano wyzsze wartosci
wspotczynnika FAI w fenotypie A w poréwnaniu z fenotypem D
(p<0,01). Stgzenia w surowicy androstendionu i DHEA-S byty istotnie
wyzsze w fenotypach A 1 C w pordwnaniu z grupa kontrolng (wszystkie
p<0,01). Nie obserwowano roéznic w wartosciach wskaznika HOMA-IR
pomigdzy badanymi grupami (p=0,25), jednakze glikemia na czczo byta
wyzsza w fenotypie A w porownaniu z fenotypem C (p=0,04). Analiza
sktadu ciata za pomocg badania DXA wykazata wigkszg ilos¢ VAT
(p=0,01) oraz wigkszy wskaznik A/G (p<0,01) w fenotypie A
w odniesieniu do grupy kontrolnej.

4.2.2.2 Zalezno$¢ pomiedzy HOMA-IR a VAT oraz wskaznikiem A/G

oszacowanymi za pomoca DXA w badanych grupach

We wszystkich fenotypach PCOS wykazano dodatnig korelacje
HOMA-IR z VAT (wszystkie p<0,05) oraz ze wskaznikiem A/G

(wszystkie p<0,05).
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4.2.2.3 Zalezno$¢ pomiedzy HOMA-IR a stezeniem androgenéw W surowicy
w badanych grupach

Wykazano korelacj¢ pomiedzy FAI i HOMA-IR w fenotypie A
(r=0,40, p=0,01), fenotypie B (r =0,47, p=0,03) oraz fenotypie C (r=0,66,
p<0,01), natomiast w fenotypie D nie stwierdzono istotnego zwigzku
(r=0,36, p=0,18).

4.2.2.4 Zaleznos¢ pomiedzy stezeniem androgenow w surowicy a VAT oraz

wskaznikiem A/G oszacowanymi za pomoca DXA w badanych grupach

We wszystkich fenotypach PCOS obserwowano korelacje FAI
ze wskaznikiem A/G (wszystkie p<0,05). W fenotypie C wykazano
zwigzek pomiedzy stezeniem DHEA-S i androstendionu w surowicy
a wskaznikiem A/G (odpowiednio r=0,46, p=0,03; r=0,53, p=0,01).
Jedynie w fenotypie A stwierdzono dodatnig korelacj¢ FAI z VAT
(r=0,58, p<0,01).

4.2.3 Wnioski

1. Pacjentki z fenotypem A PCOS, ze wzgledu na wigkszg mase trzewnej
tkanki  tluszczowej maja  wicksze ryzyko rozwoju  zaburzen

metabolicznych w poréwnaniu z grupa kontrolna.
2. Masa trzewnej tkanki thuszczowej wptywa na rozwoj insulinoopornosci

oraz stezenie androgendw w surowicy Zzarowno w fenotypach

normoandrogennych, jak i hiperandrogennych PCOS.
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4.3 Praca pt. ,, The Association of Serum Levels of Leptin and Ghrelin
with the Dietary Fat Content in Non-Obese Women with Polycystic

Ovary Syndrome”

Celem pracy byla ocena zwigzku pomigdzy stezeniem leptyny

I greliny w osoczu a sktadnikami diety u kobiet z PCOS.

Szczegélowe informacje dotyczace celu pracy, materialow i metod,
wynikow oraz wnioskow zostaly zaprezentowane w pracy oryginalnej

wchodzacej w sklad rozprawy doktorskiej:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka t.ebkowska,
Angelika Buczynska, Marcin Adamski, Edyta Adamska-Patruno, Joanna
Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska, Agnieszka
Adamska: The Association of Serum Levels of Leptin and Ghrelin with the
Dietary Fat Content in Non-Obese Women with Polycystic Ovary
Syndrome. Nutrients, 2020. 12(9), 2753. Doi: 10.3390/nu12092753

4.3.1 Material i metody

4.3.1.1 Grupa badana

Grupa badana sktadata si¢ z 73 kobiet: 39 kobiet z PCOS 1 34
kobiet stanowigcych grupe kontrolng dobrang pod wzgledem BMI.
Kobiety z PCOS byty pacjentkami leczonymi w Klinice Endokrynologii,
Diabetologii 1 Choréb Wewnetrznych oraz  Klinice  Chorob
Wewngtrznych 1 Choréb Metabolicznych Uniwersytetu Medycznego
w Biatymstoku. Grupe kontrolng rekrutowano sposrod studentek
Uniwersytetu Medycznego w  Bialymstoku. Kryteria wlaczenia
do badania pacjentek z PCOS 1 grupy kontrolnej byty takie same

jak w poprzedniej pracy, gdzie zostaly one szczegdtowo opisane.
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Zgoda na przeprowadzenie badan w ramach przygotowania
niniejszej pracy zostata wydana przez Komisj¢ Bioetyczng Uniwersytetu
Medycznego w Biatymstoku (numer zgody: APK.002.171.2020).

4.3.1.2 Protokol badania

U wszystkich pacjentek przeprowadzono 3-dniowy
wystandaryzowany  kwestionariusz  oceny  spozycia  skladnikow
pokarmowych, na podstawie ktorego wyliczono spozywane sktadniki
pokarmowe w g/dzien. Badane zostaty poinformowane o koniecznosci
utrzymania dotychczasowego stylu zycia (w tym zachowan
zywieniowych). Dzienne spozycie sktadnikow odzywczych wyliczono
przy uzyciu programu Dieta 5.0 opracowanego przez Instytut Zywnosci
i Zywienia. Przeprowadzony kwestionariusz zywieniowy pozwolit
na uzyskanie informacji dotyczacej dziennej zawartos$ci energii, bialka,
weglowodanow, thuszezu catkowitego, nasyconych kwasow tluszczowych
(saturated fatty acids, SFA), jednonienasyconych kwasow ttuszczowych
(monounsaturated fatty acids, MUFA), wielonienasyconych kwasow
thuszczowych (polyunsaturated fatty acids, PUFA), dlugotancuchowych
wielonienasyconych kwaséw thuszczowych (long-chain polyunsaturated
fatty acids, LC-PUFA), cholesterolu calkowitego, btonnika
pokarmowego, witamin i pierwiastkéw §ladowych. Oceniony zostat takze
procent energii pochodzacej ze spozycia biatka, weglowodanow

1 thuszczow.

4.3.1.3 Pomiary antropometryczne

U wszystkich badanych zostato wykonane petne badanie lekarskie
oraz przeprowadzono pomiary antropometryczne. Wskaznik masy ciata
BMI obliczono jako mas¢ ciata wyrazong w kilogramach podzielong

przez kwadrat wzrostu wyrazonego w metrach (kg/m2). Wspotczynnik
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obwodu talii do obwodu bioder (waist-hip ratio, WHR) obliczono
w pozycji stojacej jako stosunek obwodu talii (najmniejszy obwod
pomiedzy klatkg piersiowg a grzebieniem biodrowym) do obwodu bioder

(maksymalny obwod na wysokosci kretarzy kosci udowych).

4.3.1.4 Analizy biochemiczne

Probki krwi do badania pobierano na czczo pomiedzy 3. a 6.
dniem cyklu badz niezaleznie od fazy cyklu w przypadku braku
miesigczki dluzszego niz 3 miesigce. Stezenia leptyny w osoczu Krwi
badanych oznaczono metoda immunoenzymatyczng (Human Leptin
ELISA, BioVendor, Brno, Republika Czeska). St¢zenia catkowitej
i aktywnej greliny mierzono metoda radioimmunometryczng przy uzyciu
specyficznych przeciwcial odpowiednio dla catkowitej i aktywnej postaci
greliny. Stezenia calkowitej greliny 0znaczano przy uzyciu zestawu
dla greliny catkowitej (GHRT-89HK, RIA, Millipore, USA), natomiast
stezenia aktywnej postaci greliny mierzono zestawem dla greliny
aktywnej (GHRA-88HK, RIA, Millipore, Burlingtone, MA, USA).
Ponadto wyliczono wskaznik leptyny do greliny.

U wszystkich badanych we krwi oznaczono stezenie cholesterolu
calkowitego, HDL-cholesterolu (high-density lipoprotein, HDL),
LDL-cholesterolu (low-density lipoprotein, LDL), trojglicerydow oraz
stezenia LH, FSH, hormonu tyreotropowego (thyroid stimulating
hormone, TSH), estradiolu, testosteronu catkowitego i SHBG, a takze
obliczono wspotczynnik FAI. Ponadto 0znaczono stgzenie glukozy
I insuliny na czczo oraz 2 godziny po doustnym obcigzeniu 75g glukozy
oraz obliczono wskaznik HOMA-IR.
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4.3.1.5 Analiza statystyczna

Analiza statystyczna zostala przeprowadzona przy uzyciu
oprogramowania pakietu Statistica (Statistica 13.3, Statsoft, Krakow).
Zmienne przetestowano pod katem normalno$ci rozktadu za pomocy testu
Shapiro-Wilka. W zwiazku z tym, ze dane nie wykazywatly rozktadu
normalnego, zastosowano testy nieparametryczne, a wszystkie warto$ci
wyrazono jako median¢ 1 przedzial miedzykwartylowy. Pordéwnanie
grupy PCOS i grupy kontrolnej przeprowadzono testem Manna-
Whitneya. Do analizy korelacji zastosowano test Spearmana. Warto$¢

p<0,05 uznano za istotng statystycznie.

4.3.2 Wyniki
4.3.2.1 Charakterystyka grupy badanej

Badane grupy nie rdznily sie istotnie pod wzgledem BMI i WHR
(wszystkie p>0,05).

Nie wykazano istotnych réznic pomigdzy badanymi grupami
w stezeniach leptyny, greliny catkowitej i greliny aktywnej w 0soczu oraz
warto$ci wskaznika leptyny do greliny (wszystkie p>0,05). Ponadto grupy
nie roznity si¢ istotnie pod wzgledem spozycia makrosktadnikow (biatek,
thuszczow 1 weglowodanow), SFA, MUFA, PUFA, LC-PUFA oraz
mikrosktadnikéw (so6d, potas, wapn, fosfor, magnez, zelazo, cynk,
wiatamina A, witamina E, witamina D, witamina C, witamina B3,
witamina B6, witamina B12 oraz jod) (wszystkie p>0,05).
Nie zanotowano réwniez réznic pomigdzy badanymi grupami w dziennej
ilosci przyjmowanej energii (p=0,51) oraz w procentowej ilosci energii
dostarczanej ze spozycia biatek, weglowodanéw i thuszczow (wszystkie
p>0,05). W grupie pacjentek z PCOS stezenie catkowitego testosteronu

w surowicy oraz FAI byly istotnie wyzsze, podczas gdy st¢zenie SHBG
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w surowicy bylo istotnie nizsze w porownaniu do grupy kontrolnej

(wszystkie p <0,05).

4.3.2.2 Zalezno$¢ pomiedzy stezeniem leptyny i greliny w osoczu oraz

wskaznikiem leptyna/ grelina a spozyciem makroskladnikéw odzywczych

W grupie kobiet z PCOS stezenie leptyny w osoczu korelowato
dodatnio ze spozyciem tluszczow (r=0,36, p=0,02), SFA (r=0,43, p<0,01)
i MUFA (r=0,37, p=0,02), natomiast stezenie greliny W 0SOCZU
korelowalo ujemne ze spozyciem tluszczow (r=-0,37, p=0,02),
cholesterolu catkowitego (r=-0,36, p=0,02), MUFA (r=-0,37, p=0,02),
PUFA (r=-0,34, p=0,03) i LC-PUFA (r=-0,38, p=0,02). Ponadto w grupie
PCOS wykazano zwigzek pomiedzy wskaznikiem leptyna/grelina
a spozyciem thluszczu caltkowitego (r=0,45, p<0,01), SFA (r=0,49,
p<0,01), MUFA (r=0,45, p<0,01) i PUFA (r=0,34, p=0,04). W tej grupie
stwierdzono réwniez ujemng korelacje pomigdzy stgzeniem greliny

acylowanej (aktywnej) a zawartoscig biatka w diecie (r=—0,35, p=0,03).

4.3.2.3 Zalezno$¢ pomiedzy stezeniem hormonow we krwi oraz HOMA-IR

a spozyciem makroskladnikéw w diecie

W grupie kobiet z PCOS stwierdzono ujemny zwigzek HOMA-IR
ze stezeniem greliny w osoczu (r=-0,4, p=0,03) oraz dodatni ze stezeniem
leptyny w osoczu (r=0,5, p<0,01), a takze korelacj¢ pomiedzy HOMA-IR
a zawartos$cig tluszczow (r=0,38, p=0,03) i MUFA w diecie (r=0,35,
p =0,04).

U pacjentek z PCOS wykazana zostata réwniez zalezno$é
pomigdzy stezeniem leptyny w osoczu a FAIl (r=0,38, p=0,01) oraz
stezeniem SHBG w surowicy (r=—0,4, p<0,01). Ponadto w grupie PCOS
zaobserwowano zaleznos¢ pomigdzy FAI a spozyciem SFA (r=0,34,

p=0,04) oraz ujemny zwigzek pomiegdzy stgzeniem SHBG w surowicy
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a spozyciem w diecie tluszczu catkowitego (r=—0,38, p=0,02), SFA
(=—0,51, p<0,01) i MUFA (r=—0,35, p=0,03).

4.3.3 Wnioski

Dicta bogatotluszczowa u pacjentek z PCOS wigze si¢ z rozwojem
insulinoopornos$ci, zaburzeniami w rownowadze pomiedzy stezeniem

leptyny i greliny w osoczu prowadzac do rozwoju otytosci.

5. Kopie publikacji wchodzacych w sklad rozprawy doktorskiej
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Abstract: Insulin resistance and hyperandrogenemia observed in polycystic ovary syndrome (PCOS)
are associated with metabolic disturbances and could be connected with body composition pattern.
To date, several studies defining the parameters of body composition using dual energy X-ray
absorptiometry (DXA) method in the group of PCOS patients have been published, however,
without the analysis in different phenotypes. The aim of the present study was to investigate the
relationships between serum androgens concentration, insulin resistance and distribution of fat mass
using DXA method in various PCOS phenotypes according to the Rotterdam criteria. We examined
146 women: 34 (38%) had PCOS phenotype A, 20 (23%) phenotype B, 20 (23%) phenotype C
and 15 (16%) phenotype D (with mean age of each phenotype 25 years), and 57 control subjects
(mean age of 25.5 years). Homeostasis model assessment of insulin resistance (HOMA-IR) was
calculated. Serum concentrations of testosterone, androstenedione and dehydroepiandrosterone
sulfate (DHEA-S) were assessed and free androgen index (FAI) was calculated. In phenotypes A, Band
C, we observed higher FAI in comparison to the control group (all p < 0.01). Serum concentrations of
androstenedione and DHEA-S were higher in phenotypes A and C in comparison to the control group
(all p < 0.01). However, only in phenotype A we found higher visceral adipose tissue (VAT) mass and
android/gynoid ratio (A/G ratio) in comparison to the control group (all p < 0.01). In phenotype A,
we observed connection of VAT with FAI (r = 0.58, p < 0.01). Accordingly, A/G ratio was related with
FAT in all phenotypes (all p < 0.05). Additionally, in phenotype C, A/G ratio was related to serum
concentrations of DHEA-S and androstenedione (r = 0.46, p = 0.03; r = 0.53, p = 0.01, respectively).
We also found connections of HOMA-IR with VAT and A/G ratio in all phenotypes (all p < 0.05).
Women with phenotype A had higher amount of VAT and A/G ratio in comparison to the control
group. Serum concentration of androgens and insulin resistance are connected with VAT and A/G
ratio in normoandrogenic and hyperandrogenic PCOS phenotypes.

Keywords: body composition; insulin resistance; androgens; PCOS phenotypes

1. Introduction

Polycystic ovary syndrome (PCOS) is a common endocrinopathy in women of reproductive
age, with a prevalence of 6-20% according to the criteria used [1]. Most women with PCOS are also

J. Clin. Med. 2020, 9, 732; doi:10.3390/jcm9030732 www.mdpi.com/journal/jem
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characterized by metabolic abnormalities like abdominal obesity or insulin resistance, which form the
risk factors for metabolic syndrome [2]. A number of studies have indicated that insulin resistance
plays a crucial role in the pathogenesis of polycystic ovary syndrome [3]. Insulin acts synergistically
with luteinizing hormone (LH), leading to increased production of androgens in the ovarian theca
cells [4]. Hyperandrogenemia includes elevated serum concentrations of total and free testosterone,
androstenedione and dehydroepiandrosterone sulfate (DHEA-S). Previous data have shown that
hyperandrogenemia may affect the distribution of adipose tissue in PCOS patients [5]. Additionally,
it has been reported that increased serum testosterone levels in PCOS women are associated with
excess of visceral fat amount [5], as well as with insulin resistance and more frequent occurrence of
impaired glucose tolerance [3].

In the Rotterdam Consensus, it was defined that in order to diagnose PCOS, at least two of the
following criteria have to be fulfilled: oligoovulation and/or anovulation, clinical and/or biochemical
hyperandrogenism, and polycystic ovarian morphology in transvaginal ultrasound [6]. The Rotterdam
criteria for PCOS recognize four clinical phenotypes of the syndrome. The most prevalent phenotype
is the classic form [7], which meets all three current criteria for PCOS: clinical and/or biochemical
hyperandrogenism (HA), menstrual dysfunction (oligo/amenorrhea) (Oligo) and polycystic ovarian
morphology (PCOM)-phenotype A (Oligo + HA + PCOM). Phenotype B (HA + Oligo) and phenotype
C (HA + PCOM) are less frequent. The Rotterdam criteria also recognize a fourth phenotype, D, which
is defined by oligomenorrhea, polycystic ovarian morphology in ultrasound and normal androgen
levels (Oligo + PCOM) [8]. An increased incidence of metabolic disorders is observed among women
with phenotypes A, B and C [9], whereas phenotype D is probably characterized by fewer metabolic
abnormalities [1]. However, not all published data confirm this hypothesis [1].

To date, several studies defining the parameters of body composition using dual energy X-ray
absorptiometry (DXA) method in the group of PCOS patients have been published [10-12], however,
without the division into phenotypes. Magnetic resonance imaging is considered the gold standard in
the assessment of fat distribution (visceral and subcutaneous adipose tissue). However, this technique
requires advanced equipment and highly qualified staff. It has been shown that visceral obesity might
be detected at an early stage by DXA. Moreover, due to high reproducibility of this method, repeated
measurements might be performed in the same patient to monitor changes in body composition over
time [13].

As it was mentioned previously, hyperandrogenemia is connected with adverse metabolic
parameters, therefore, we hypothesized that women with phenotypes characterized by elevated serum
concentration of androgens (phenotypes A, B and C) presented insulin resistance and adverse fat
distribution compared with those with normal serum level of androgens (phenotype D). Therefore,
the aim of the present study was to investigate the relationships between serum androgen concentrations,
insulin resistance and distribution of fat mass using the DXA method in various PCOS phenotypes.

2. Materials and Methods

2.1. Subjects

A prospective, cross-sectional study was conducted between March 2018 and June 2019. The study
group consisted of 146 women: 89 patients with PCOS divided into four phenotypes (phenotype A,
B, C, D with mean age of 25 years), and 57 control women (mean age of 25.5 years). PCOS women
were patients treated in the Department of Endocrinology, Diabetology and Internal Medicine and the
Department of Internal Medicine and Metabolic Diseases, Medical University of Bialystok. The control
group was recruited from students who met exclusion criteria and met the following criteria: they
were normoandrogenic, without hirsutism, had a history of regular, ovulatory menstrual cycles and
morphologically normal ovaries on ultrasound. The diagnosis of PCOS was made according to the 2003
Rotterdam ESHRE/ASRM PCOS Consensus Workshop Group diagnostic criteria. We defined PCOS
by the presence of at least two out of three criteria: clinical and/or biochemical hyperandrogenism,
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oligo/anovulation, and polycystic ovaries in ultrasound (>12 follicles measuring 2-9 mm in diameter or
ovarian volume >10 mL in at least one ovary) [6]. The phenotypes of PCOS (A, B, C, D) were classified
according to Rotterdam criteria described in the Introduction section [6]. Exclusion criteria included:
other conditions causing menstrual irregularity and/or hyperandrogenism (i.e., hyperprolactinemia,
Cushing’s syndrome (based on history taking and physical examination), late-onset congenital
adrenal hyperplasia (for this purpose, we determined the serum levels of 17-hydroxyprogesterone),
hypothyroidism and hyperthyroidism, pregnancy (appropriate test was performed) and breastfeeding,
type 1 or type 2 diabetes, chronic or acute infection (within the previous 30 days), any other serious
medical problem, hormonal contraception and/or anti-androgen therapy (within the previous 6 months),
and the use of medications for obesity, hyperglycemia, dyslipidemia or hypertension. All the patients
participating in the study were Caucasians. The study was approved by the Institutional Review
Board (Ethics Committee of the Medical University of Bialystok, Bialystok, Poland; approval no.
R-1-002/127/2018) and was concordant with the Declaration of Helsinki. All the procedures were
performed in accordance with the relevant guidelines and regulations. All women participated in the
study voluntarily and gave their written informed consent for inclusion. All the procedures were
explained to the participants in detail before the beginning of the study.

2.2. Study Protocol

All women underwent physical examination. Clinical hyperandrogenism-hirsutism (defined
as more than eight points in the modified Ferriman-Gallwey score) [14] and presence of acne were
evaluated. Oligo/amenorrhea and anovulation were defined as fewer than six menses during the
previous year.

BMI was calculated as body weight in kilograms divided by height in meters squared (kg/m?).
Waist circumference was measured in the standing position, at the smallest circumference between
the rib cage and the iliac crest. Systolic and diastolic blood pressure was recorded. Transvaginal
ultrasound was performed in all women by the same gynecologist with a 5-9 MHz transvaginal
transducer (Voluson 730 Expert GE Healthcare) in the early follicular phase. Ovarian volume was
calculated using the simplified formula for a prolate ellipsoid [15].

In the morning, blood samples were obtained between the 3rd and 6th day of the cycle or

independently of cycle phase in the presence of amenorrhea, at least 3 months from the last menses.

Oral glucose tolerance test with 75 g of glucose was performed in all subjects to exclude diabetes.

2.3. Biochemical Analyses

Fasting plasma glucose and serum insulin concentrations, as well as plasma concentrations
of glucose and serum levels of insulin two hours after the ingestion of 75g of glucose were
determined. Plasma glucose concentrations were assessed by the hexokinase method, and plasma lipid
concentrations (total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG))

were measured by enzymatic colorimetric method (Cobas c111, Roche Diagnostic Ltd., Switzerland).

Plasma low-density lipoprotein cholesterol (LDL-C) was calculated with the Friedewald’s formula.
Serum insulin concentrations were assessed with the immunoradiometric method (DIAsource
ImmunoAssays S.A., Belgium) (minimum detectable concentration (MDC)—1 plU/mL; intra-assay
coefficient of variation (CV)—below 2.2%, inter-assay CV—below 6.5%,). There is no cross-reaction
between human and animal proinsulins in this method.

Serum follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels were determined
with immunoradiometric method (DIAsource ImmunoAssays S.A., Belgium) (LH: intra-assay
CV—below 3.9%, inter-assay CV—below 8%; FSH: intra-assay CV—below 2%, inter-assay CV—below
4.4%). Concentrations of total testosterone were measured by radioimmunoassay (DIAsource

ImmunoAssays S.A., Belgium) (MDC—0.05 ng/mL, intra-assay CV—3.3%, inter-assay CV—4.8%).

Serum sex hormone-binding globulin (SHBG) concentrations were assessed with immunoradiometric

method (ZenTech, Angleur, Belgium) (intra-assay CV—below 5.2%, inter-assay CV—below 5.8%).
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Serum concentrations of DHEA-S and androstenedione were measured with radioimmunoassay
(DIAsourcelmmunoAssays S.A., Belgium) (MDC for DHEA-S—1.23 ug/dL, for androstenedione—0.03
ng/mL;intra-assay and inter-assay CV for DHEA-5—3.6% and 6.5%, for androstenedione—3.2% and 5.9%).

2.4. Calculations

Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as fasting insulin
(1IU/mL) x fasting plasma glucose (mmol/L)/22.5 [16]. Free androgen index (FAI) was calculated
according to the formula: serum total testosterone (nmol/L) x 100/SHBG (nmol/L) [14].

2.5. Body Composition Analysis

Body composition analysis was conducted using DXA (GE Healthcare, Chicago, IL, USA, Lunar
iDXA) by qualified physicians at the Clinical Research Centre, Medical University of Bialystok.
The equipment was calibrated before every examination. The patients were positioned on the examination
table in a supine position, with their feet secured together with an adjustable strap and hands lying
flat adjacent to the sides of the body. Each examination took approximately 8 min. On the basis of the
scans, CoreScan software estimated mass of visceral adipose tissue (VAT) within the android region.
Additionally, android/gynoid ratio (A/G ratio) was calculated. DXA assessed fat mass with the precision
(coefficient of variation) of 2.0% and 8.0%, respectively.

2.6. Statistical Analysis

The statistical analysis for the present study was performed with the Statistica package (Statistica
13.3, Statsoft, Cracow, Poland). All analyzed variables were tested for normality of distribution with the
Shapiro-Wilk test. Due to non-normal distribution, all values were expressed as median (interquartile
range). Differences between the studied groups were assessed with non-parametric Kruskal-Wallis
test with post-hoc multiple comparisons of mean ranks of all pairs of groups. Correlation analysis was
performed using the Spearman test. Afterwards, multivariate regression analysis was performed to
investigate independent relationships. A p-value < 0.05 was considered statistically significant.

3. Results

The clinical characteristics of the studied groups are presented in Table 1. In PCOS group, 34 (38%)
women had phenotype A, 20 (23%) women had phenotype B, 20 (23%) women presented phenotype C
and 15 (16%) were diagnosed with phenotype D. The groups were similar in terms of age and BMI
(all p > 0.05) (Table 1).

Serum concentrations of total testosterone were significantly higher in phenotype A (p < 0.01 in
post-hoc analysis) and C (p < 0.01 in post-hoc analysis) in comparison to the control group. Similarly,
a higher level of total testosterone was observed in phenotypes A, B and C in comparison to phenotype
D (in post-hoc analysis p < 0.01; p = 0.01; p < 0.01; respectively). We noticed lower serum concentration
of SHBG in phenotype A and B in comparison to the controls (in post-hoc analysis both p < 0.01).
In phenotypes A, B and C, FAI was higher in comparison to the controls (in post-hoc analysis all
p <0.01). Accordingly, we observed higher FAI in phenotype A in comparison to phenotype D
(p < 0.01). Serum concentrations of DHEA-S were higher in phenotype A and C in comparison to the
healthy women (in post-hoc analysis both p < 0.01). Similarly, we noticed higher serum concentrations
of androstenedione in phenotype A and C in comparison to the control group (in post-hoc analysis
both p < 0.01). We did not observe differences in HOMA-IR between the studied groups (p = 0.25),
however, fasting glucose was higher in phenotype A vs. C (in post-hoc analysis p = 0.04) (Table 1).
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Table 1. Clinical and biochemical characteristics of the studied groups.
Control Group  Ph A Ph Ph C Ph
=57 =34) B (1=20) (1=20) Du=15 PValue
25 24 2 24 2%
Age (years) (23-28) (22-27) (23-275) (215-27.5) (22-28) 050
2 24 237 249 231 234
BMI (kg/m?) (21.7-243) (211-29.4) (222-295) (21.6-252) (205-27.1) 0.60
80 80 815 785 82
WC(cm) (74-84) (73-96) (775-97) (735-89) (69-91) 072
Ferriman-Gallwey 3 9 1 9 1 i
score (2-5) (4-12) 12 (9-15)36 (3-11) 43 (1-5) 235 :
540 561 476 567 519
FH UL (4.4-6.3) (3.62-6.39) (3.91-6.02) (5.14-6.57) (434-6.6) 04
370 4.66 366 371 442
LHauL) (27-4.7) (3.1-7.2) (2.57-4.56) (2.95-4.91) (3.58-5.95) o
0.72 0.78 0.80 051
TT (ng/mL) 056042069  geanon1z  (050.088)° (065089  arosy OO
669 132 347 563 57.5
SHBG (nmol/L) (54.6-92.5) (27.2-51.8)! (25.8-86.6) ¢ (36.7-73.4) (51.5-79.7) <001
270 618 538 465 258
FAL (17-38) 43497312 (269-894)*  (3.19-659)° eoasy <00
Androstenedione 310 460 373 468 343 001
(ng/mL) (249-4.04) (3.3-5.1)! (32-4.62) (3.26-5.85) 4 (2.9-4.95) i
2301 3003 287.1 3586 238
DHEAS(ug/dl) (1656 338)  (2569-3686)" (2228400.6) (2419-4416)% (2015-3014) <00
Glucose 0’ OGTT 9 95 9.5 %0 % _—
(mg/dL) (88-97) (90-100)7 (91-100) (84-92) (87-94) s
Glucose 120' 91 98 9.5 85 83 o
OGTT (mg/dL) (75-101) (86-121) (855-111) (78-98) (77-95) :
Insulin 0 OGTT 8.80 10.60 981 836 820 o
(ulU/mL) (7.2-11.6) (7.5-14.8) (66-14.2) (7.1-100) (68-135) .
Insulin 120' OGTT 27.1 1 296 238 292 -
(ulU/mL) (18.7-38) (25.5-67.9) (25.8-46.6) (17.2-40.3) (19.2-57.1) :
206 260 235 185 192
HOMA-R (1.64-2.9) (1.91-3.49) (145-3.61) (146-2.3) (146-2.73) 02
Total cholesterol 171 172 169.5 168 174 0.80
(mg/dL) (149-195) (157-199) (160-182) (157-179.5) (140-193) i
HDL-cholesterol 63 67 60.5 69.5 69 038
(mg/dL) (57-75) (49-75) (50.5-69.5) (59-77.5) (51-79) ’
LDL-cholesterol 90 9%.6 913 866 %08 —
(mg/dL) (76-106) (81.2-1106) (83.6-103) (68.8-91.6) (72-104) -
59 67 68 60 60
TG (mg/dL) 2-81) 49-92) G15-102)  (475-835) (50-76) &0
168 242 220 157 219
VAT mass (3) (68-336) (125-897) ! (88-667) (57-356) (118-420) o0
. 0.79 0.94 0.88 0.82 076
ARG mHD (067-0.89) ©074109)'  O78113) (07009 (069093 00
Values are d as median (i range): ! p <0.05 phenotype A vs. control; 2 P 0.05 phenotype A vs.
phenotype D 3 p <0.05 phenotype B vs. ype D; * p < 0. ype C vs. control; > p < 0.05 phenotype C

vs. phenotype D; ¢ p < 0.05 phenotype B vs. control; 7 p < 0. 05 phenotype A vs. phenotype C. BMI: body mass

index; WC: waist ci:

index; SHBG: sex h

TT: total HEA-S: d sulfate; TG: triglycerides;
OGTT: oral glucose tolerance test; FSH: follicl g h \; LH: luteinizing h FAL free and
binding globulin; HOMA-IR: h is model of insulin TSH:

thyroid-stimulating hormone; VAT: visceral adipose tissue; A/G ratio: android/gynoid ratio.

DXA analysis revealed higher VAT mass (in post-hoc analysis p = 0.04) and A/G ratio (in post- hoc
analysis p = 0.01) in phenotype A than in the control group (Figure 1).
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Figure 1. Android/gynoid ratio in different PCOS phenotypes and the control group.

In phenotype A, we observed relationships between FAI and VAT (r = 0.58, p < 0.01). We also
found connections of HOMA-IR with VAT in phenotypes A, B, C and D (all p < 0.05). We did not find
significant relationships of serum concentrations of DHEA-S and androstenedione with VAT estimated
with DXA in phenotypes A, B, C and D (all p > 0.05) (Table 2).

Table 2. Relationship of HOMA-IR and serum concentration of androgens with VAT estimated with
DXA method in the studied groups.

Control Group ~ Phenotype A Phenotype B Phenotype C  Phenotype D

(n=57) (n=34) (n=20) (n=20) (n=15)

r=012, r=0.61, r=0.70, r=051, r=057,
HOMA-IR p=037 p<001* p<0.01* p=002* p=003*
r=0.14, r=0.20, r=0.01, r=0.13, r=0.05,

TT (ng/mL) p=027 p=086 p=094 p=056 p=085
FAI r=022, r=0.58, r=0.38, r=044, r=0.50,
p=008 p<001* p=0.10 p=005 p=006

Androstenedione r=0.18, r=0.09, r=0.11, r=022, r=0.11,
(ng/mL) p=0.18 p=0.58 p=0.63 p=043 p=063
DHEA-S r=0.09, r=0.12, r=0.05, r=021, r=027,
(ug/dl) p =050 p=048 p=084 p=035 p=034

Data are derived from Spearman correlation coefficient. The level of significance was accepted at * p < 0.05. VAT:
visceral adipose tissue; DXA: dual energy X-ray absorptiometry; HOMA-IR: homeostasis model assessment of
insulin resistance; TT: total testosterone; FAL: free androgen index; DHEA-S: dehydroepiandrosterone sulfate.
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In phenotypes A, B, C and D, we observed relationships between FAI and A/G ratio (all p < 0.01).
We also found connections of HOMA-IR with A/G ratio in phenotypes A, B, C and D (all p < 0.05).
However, only in phenotype C, serum concentrations of DHEA-S and androstenedione were connected
with A/G ratio (r = 0.46, p = 0.03; r = 0.53, p = 0.01, respectively). We found no correlation of serum
concentration of androstenedione and DHEA-S with A/G ratio estimated with DXA in phenotype A, B
and D (all p > 0.05) (Table 3).

Table 3. Relationship of HOMA-IR and serum concentration of androgens with A/G ratio estimated
with DXA in the studied groups.

Control Group Phenotype Phenotype B Phenotype C  Phenotype D

(n=57) A(n=34) (n =20) (n =20) (n=15)

r=0.12, r=0.53, r=0.53, r=0.50, r=0.58,

HOMATR p=036 p<001* p=001* p=002% p=002*
r=0.05, r=0.16, r=0.08, r=051, r=0.06,

TT (ng/mL) p=067 p=033 p=074 p=001 p=082
FAI r=0.26, r=053, r=10.50, r=061, r=052,
p=004% p<001* p=002* p=0003* p=004%

Androstendione r=0.09, r=0.02, r=-0.05, r=0.53, r=-0.05,
(ng/mL) p=048 p=089 p=083 p=001* p=083
DHEA-S r=0.08, r=0.002, r=0.24, r=0.46, r=048,
(ug/dL) p=055 p=048 p=030 p=003* p=0.06

Data are derived from Spearman correlation coefficient. The level of significance was accepted at * p < 0.05. A/G:
android/gynoid ratio; HOMA-IR: homeostasis model assessment of insulin resistance; TT: total testosterone; FAI:
free androgen index; DXA: dual energy x-ray absorptiometry; DHEA-S: dehydroepiandrosterone sulfate.

We found relationships between FAl and HOMA-IR in phenotype A (r = 0.40, p = 0.01), phenotype
B (r =047, p = 0.03) and phenotype C (r = 0.66, p = 0.001), but not in phenotype D (r = 0.36, p = 0.18).

In the entire group, multiple regression analysis showed that FAI (p = 0.33, p < 0.01) and HOMA-IR
(B = 0.36, p < 0.01) were significantly associated with A/G ratio and there was no significant interaction
with phenotypes. Additionally, in the entire group, multiple regression analysis showed that FAI
(p =0.37,p <0.01) and HOMA-IR (f = 0.52, p < 0.01) were significantly associated with VAT mass and
there was no significant interaction with phenotypes.

In the control group, we found no correlation between HOMA-IR, serum concentrations of
androstenedione, DHEA-S and VAT estimated with DXA (all p > 0.05) (Table 2). We observed relationships
between A/G ratio and FAI (r = 0.26, p = 0.04) in the control group (Table 3).

4. Discussion

In our study, we demonstrated the relationships of serum concentrations of different androgens and
HOMA-IR with body composition estimated with DXA in different phenotypes of PCOS. In phenotype
A, we observed higher VAT amount, as well as A/G ratio and FAI in comparison to the control group,
and a connection between FAI and VAT and A/G ratio in this phenotype. Previous studies have shown
contrasting results of fat content in PCOS women [12,17,18]. In some studies, increased abdominal fat
was observed in overweight and lean PCOS women in comparison to controls [18], whereas in others,
fat mass in trunk and arms were significantly higher in patients with PCOS vs. control [12]. In the
cited study, FAI positively correlated only with fat mass in arms in women with PCOS [12]. However,
they did not examine various PCOS phenotypes, as we did. In one study, there were no differences
in fat distribution in DXA method between phenotypes. However, the authors found that A/G ratio
was connected positively with HOMA-IR and negatively with insulin sensitivity index [19]. Previous
studies have shown that VAT is metabolically more active than subcutaneous adipose tissue, and that
the increased amount of VAT is associated with higher risk of metabolic disturbances, e.g., hypertension,
dyslipidemia, insulin resistance and type 2 diabetes [20]. It has also been observed that fat distribution
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is altered in PCOS patients and that this group presents greater tendency to increased VAT accumulation
in comparison to the general population [17]. Moreover, it has been shown that VAT is associated with
insulin resistance and increased metabolic risk in PCOS women [21], and that increased concentrations
of androgens are connected with abdominal fat deposition [22]. Therefore, our results confirmed that
phenotype A could be considered a phenotype with increased risk of obesity, type 2 diabetes, coronary
heart disease and other metabolic disorders [23], and it may be related to significantly higher FAI in
this group of patients. However, prospective studies are needed to confirm this hypothesis.

It is unclear whether hyperandrogenic PCOS phenotypes are at an increased cardiovascular risk
in comparison to normoandrogenic phenotype. In the present study, relationships between serum
concentration of androgens and body distribution in various PCOS phenotypes were observed.
We revealed relationships between FAI and A/G ratio in phenotypes with hyperandrogenism
and normoandrogenic phenotype. We also observed that serum concentrations of DHEA-S and
androstenedione were connected with A/G ratio in phenotype C. Furthermore, we demonstrated
the association of HOMA-IR and FAI with A/G ratio in all phenotypes. Interestingly, in phenotypes
C and D, the relationship between FAI and VAT almost reached statistical significance. Therefore,
we could not exclude connections between fat distribution and FAI in those phenotypes. Therefore,
it seems that women without elevated serum androgens concentration are not protected from metabolic
disturbances. On the contrary, Carmina et al. [18] did not find any correlation between fat parameters
and serum testosterone levels in PCOS patients. However, they did not study various PCOS phenotypes.
Our observation can be supported by the fact that insulin resistance in PCOS women is related to
excessive serine phosphorylation of the insulin receptor 1 (IRS-1) [24], and serine phosphorylation
modulates the activity of the key regulatory enzyme of androgen biosynthesis, P450c17 [25].

In our study, we reported a significant difference among the four studied phenotypes in terms
of total testosterone levels. However, we found that in phenotype D, serum concentration of total
testosterone was similar to control group and lower in comparison to other phenotypes. Our findings
are in accordance with Jamil et al. [26], who also reported higher total testosterone levels in phenotype
A, B and C than in phenotype D. Additionally, Yilmaz et al. reported that phenotype D was more
similar to the control group than the other PCOS phenotypes [27]. Those results suggest that PCOS
patients are not a homogenous group in relation to androgen excess. Previous studies [2,26,28]
confirmed that metabolic abnormalities are less severe in normoandrogenic women with PCOS in
comparison to phenotypes with hyperandrogenism. However, based on our data, we could not
confirm that phenotype D is characterized by milder endocrine and metabolic abnormalities than other
PCOS phenotypes.

The limitation of the present study is a relatively small number of participants representing
different PCOS phenotypes, however, they are very well characterized. Another limitation is the use of
HOMA-IR to estimate insulin resistance. The gold standard in the assessment of whole-body insulin
sensitivity is hyperinsulinemic euglycemic clamp, however, it is time-consuming and difficult to
perform [29]. Other methods of insulin sensitivity assessment could be minimal model S; and indirect
indices calculated from OGTT [30]. HOMA-IR takes into account fasting glucose and insulin levels
and only reflects hepatic insulin sensitivity [31]. Therefore, the correlation between HOMA-IR and M
index derived from the clamp is only moderate [29]. It should also be emphasized that concentrations
of total testosterone were measured by RIA. The currently recommended method, considered a gold
standard in the assessment of testosterone concentrations, is liquid chromatography-tandem mass
spectrometry (LC-MS), however, its use is limited by high costs of the technique.

5. Conclusions

In conclusion, women with phenotype A have a higher amount of VAT and A/G ratio in comparison

to the control group, therefore, metabolic disturbances could be more pronounced in this phenotype.

Serum concentration of androgens and insulin resistance are connected with VAT and A/G ratio in
normoandrogenic and hyperandrogenic PCOS phenotypes.
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Abstract: Women with polycystic ovary syndrome (PCOS) are at an increased risk of developing
insulin resistance and abdominal obesity in the state of an improper diet balance. Leptin is a peptide
considered to be a satiety hormone that plays an important role in the long-term energy balance,
whereas ghrelin is a hormone that controls short-term appetite regulation and is considered a
hunger hormone. The aim of the present study was to assess the relationship between serum leptin
and ghrelin concentrations and the dietary macronutrient content in PCOS women. We examined
73 subjects: 39 women diagnosed with PCOS by the Rotterdam criteria and 34 healthy controls,
matched by the body mass index. The subjects completed a consecutive three-day dietary diary
to identify the macronutrient and micronutrient intake. Serum concentrations of leptin and total
ghrelin were measured and homeostasis model assessment of insulin resistance (HOMA-IR) was
calculated. The studied groups did not differ significantly in terms of the intake of macronutrients
(proteins, fats, and carbohydrates) and serum concentrations of ghrelin and leptin (all p > 0.05).
In the PCOS group, the serum leptin concentration positively correlated with the intake of total fat
(r = 0.36, p = 0.02), total cholesterol (r = =0.36, p = 0.02), saturated fatty acids (r = 0.43, p < 0.01),
and monounsaturated fatty acids (MUFA) (r = 0.37, p = 0.02), whereas the serum ghrelin concentration
correlated in an inverse manner with the intake of total fat (r = -0.37, p = 0.02), MUFA (r = -0.37,
p = 0.02), polyunsaturated fatty acids (r = ~0.34, p = 0.03), and long chain polyunsaturated fatty acids
(r = -0.38, p = 0.02). In this group, we also found a negative association of HOMA-IR with serum
ghrelin levels (r = -0.4, p = 0.03) and a positive relationship with the serum leptin concentration
(r=0.5, p <0.01) and relationships between HOMA-IR and total dietary fat (r = 0.38, p = 0.03) and
MUFA (r = 0.35, p = 0.04) intake. In PCOS women, dietary components such as the total fat and type
of dietary fat and HOMA-IR are positively connected to serum leptin concentrations and negatively
connected to serum ghrelin concentrations, which may influence the energy balance.

Keywords: leptin; ghrelin; macronutrients; PCOS
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common endocrinopathy affecting reproductive-age
women, with a prevalence reaching 6-20%, depending on the criteria used [1]. Polycystic ovary
syndrome is diagnosed by the presence of at least two of the following criteria: oligoovulation and/or
anovulation, clinical and/or biochemical hyperandrogenism, and a polycystic ovarian morphology
in a transvaginal ultrasound [2]. Insulin resistance and hyperinsulinemia play a crucial role in
the pathogenesis of PCOS, which is associated with a higher risk of developing abdominal obesity,
metabolic syndrome, pre-diabetes, and, as a consequence, type 2 diabetes, in comparison to the general
population [3]. It has been shown that more than 50% of women with PCOS are overweight or obese,
which is largely related to dietary patterns [4]. The three principal dietary components (macronutrients)
are fats, proteins, and carbohydrates. Fats are classified into subgroups on the basis of the carbon chain
length and the degree of saturation [5]. Saturated fatty acids (SFA) have been deemed the predisposing
factors of cardiovascular disease [6], while monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) have been considered to be protective factors [7,8]. There are conflicting data
on which macronutrient in the diet is connected the most with human obesity [9-14]. Some studies
have shown an association of an increased consumption of total fat and saturated fatty acids with
weight gain and obesity [9,11]. It has been established that fat provides more energy per gram than
carbohydrates [12]. Therefore, a higher proportion of fat in the diet can lead to weight gain through an
excess energy intake [13]. On the other hand, it has been observed that the percentage of fat in the diet
is not connected with excess body fat in Western countries [15]. On the contrary, other authors have
demonstrated weight gain with an increased carbohydrate intake [10] and with an increased calorie
intake [16]. These conflicting data may result from several methodological issues that make findings
from studies on diet and body weight difficult to interpret. Moreover, there are indications that the
intake of carbohydrates and fat is more subject to underreporting than the intake of protein, which can
affect the results of studies on the macronutrient composition and body weight [12,14] and therefore
may confound the association between dietary intake and body weight.

Adipose tissue is considered the primary site able to store energy excess, but also an organ of
endocrine secretion. Adipocytes synthesize and secrete biologically active substances, including leptin
and ghrelin [17,18]. It has been shown that leptin, which is a product of the leptin gene, is secreted
proportional to the amount of adipose tissue [19]. This hormone affects the energy balance, resulting in
a decrease in food intake and an increase in energy expenditure [20]. Accordingly, leptin participates in
the regulation of metabolism of energy substrates—lipids and carbohydrates [21]. It has been shown
that obesity is associated with increased serum leptin concentrations [22,23]. However, in obesity,
despite elevated leptin concentrations, the effect of leptin is reduced due to leptin resistance [24,25].
To date, several studies have been published to determine the relationship between dietary components
and serum leptin levels, although the existing reports are contradictory. It has been found that
high-carbohydrate meals increase serum leptin concentrations in subjects with a normal weight,
while obese participants have both fasting and postprandial leptin concentrations higher than those
with a normal weight [23]. Pourghassem et al., in a study on PCOS women, showed that high-fat
meals reduced the concentrations of circulating leptin [26]. Similar results were obtained by Kong et al.
in a study carried out on a group of obese and overweight postmenopausal women. Additionally,
they observed an inverse relationship between the serum leptin concentration and the percentage of
carbohydrate energy [27]. In contrast to the results of the studies cited above, Yannakoulia et al. showed
a positive correlation between the serum leptin concentration and dietary fat intake [25]. In turn,
other studies failed to show any association of dietary fat with the serum leptin concentration [29].

Another peptide hormone that has a significant impact on the energy balance, food intake,
and regulation of body mass is ghrelin [30]. Ghrelin is secreted by cells in the stomach, pancreas,
kidneys, and gonads, and, as mentioned above, by adipose tissue [31]. It plays an important role in
the short-term regulation of appetite by stimulating the food intake, and its concentration in blood
rises before a meal and decreases after food ingestion [30]. Low serum ghrelin levels were found in
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conditions of a positive energy balance, such as obesity, and therefore are associated, in an inverse
manner, with insulin resistance and type 2 diabetes [32]. Previous studies have shown lower serum
ghrelin concentrations in a group of women with PCOS in relation to a control group with a comparable
body mass index (BMI) [33]. Studies on the relationship between dietary nutrients and serum ghrelin
levels in PCOS subjects are limited and present conflicting results. Pourghassem et al. did not show
an association between the serum ghrelin concentration and dietary macronutrient intake in PCOS
patients and control subjects [26]. In turn, Barber et al. found that an intake of oral glucose reduced
ghrelin secretion in women with PCOS [34].

Some studies have suggested a link between weight gain and imbalance in leptin and ghrelin
concentrations in women with PCOS [35,36]; therefore, it seems to be important to determine
macronutrients altering leptin and ghrelin concentrations. Accordingly, few studies so far have
addressed the relation between dietary macronutrients and serum leptin and ghrelin concentrations
in PCOS. Considering the insufficient data and contradictory results of studies conducted in women
with PCOS, the purpose of this study was to assess the relationship between serum leptin and ghrelin
concentrations and the dietary macronutrient intake in women with PCOS.

2. Materials and Methods

2.1. Study Participants

The study group consisted of 73 women: 39 subjects with PCOS and 34 healthy women, matched for
BMI. Women were recruited from the Department of Endocrinology, Diabetology and Internal Medicine,
as well as from the Department of Internal Medicine and Metabolic Diseases, Medical University of
Bialystok, Poland. The control group consisted of healthy women recruited from students and staff
who met the exclusion criteria and met the following criteria: they did not present hyperandrogenemia
or hirsutism; they had a history of regular, ovulatory menstrual cycles; and they had morphologically
normal ovaries, assessed by a transvaginal ultrasound. The diagnosis of PCOS was made according to
the 2003 Rotterdam European Society of Human Reproduction and Embryology/American Society
of Reproductive Medicine (ESHRE/ASRM) PCOS Consensus Workshop Group diagnostic criteria,
i.e., the presence of at least two out of three of the following criteria: clinical and/or biochemical
hyperandrogenism, oligo/anovulation, and polycystic ovaries on an ultrasound (=12 follicles measuring
2-9 mm in diameter or an ovarian volume >10 mL in at least one ovary) [2]. The exclusion criteria
for all subjects included other causes of irregular menstrual cycles and/or androgen excess, i.e.,
hyperprolactinemia; Cushing’s syndrome (excluded on the basis of history taking and a physical
examination); late-onset congenital adrenal hyperplasia (excluded on the basis of serum levels of
17-hydroxyprogesterone); hypothyroidism or hyperthyroidism; pregnancy (excluded on the basis of
an appropriate test) and breastfeeding; type 1 or type 2 diabetes; chronic or acute infection (within the
previous 30 days); any other serious medical condition; hormonal contraception and/or anti-androgen
therapy (within the previous 6 months); and the use of medications for obesity, hyperglycemia,
dyslipidemia, or hypertension.

The study protocol was approved by the Ethics Committee of the Medical University of Bialystok,
Poland (approval no. APK.002.171.2020) and was concordant with the Declaration of Helsinki.
After being fully informed on the purpose and procedures of the study, all subjects signed an informed
consent form.

2.2. Dietary Intake

Subjects completed a consecutive three-day dietary diary to identify the macronutrient and
micronutrient intake. Dietary intake was assessed on the basis of a completed questionnaire regarding
the type and amount of products consumed on the previous three days. The subjects were instructed
to maintain their lifestyle (including eating behaviors) before the blood collection, and they were asked
to record the food intake during the three days preceding the blood collection. The reported amount of
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studied food items was converted to grams using household measures. For mixed meals, nutrients
were calculated based on their components. Food intake data obtained from the participants were
analyzed for energy, protein, carbohydrates, total fat, SFA, MUFA, PUFA, long chain polyunsaturated
fatty acids (LC-PUFA), total cholesterol, dietary fiber, vitamins, and trace elements, as well as the
percentage of energy from protein, carbohydrate, fat, and alcohol. The content of daily nutrient intake
was calculated by the Diet 5.0 program developed by the Institute of Food and Nutrition, Poland.

2.3. Anthropometric Measurements

All women underwent a physical examination. The body mass index was calculated as the body
weight in kilograms divided by the height in meters squared (kg/m?). The waist-hip ratio (WHR) was
calculated from the waist circumference (the smallest circumference between the rib cage and the iliac
crest) and hip circumference (the maximum circumference at the level of the femoral trochanters),
measured in the standing position.

2.4. Biochemical Analysis

Blood was sampled in the morning between the 3rd and 6th day of the menstrual cycle, or,
if the woman suffered from amenorrhea, in any phase of the cycle at least 3 months from the last
spontaneous menses. Fasting concentrations of plasma glucose and serum insulin, as well as plasma
concentrations of glucose and serum levels of insulin two hours after the ingestion of 75 g of glucose,
were assessed. Plasma glucose concentrations were determined with the hexokinase method and
serum insulin levels were determined by the immunoradiometric method (DIAsource ImmunoAssays
S.A., Louvain-La-Neuve, Belgium) (minimum detectable concentration (MDC)—1 ulU/mL; intra-assay
coefficient of variation (CV)—below 2.2%, inter-assay CV—below 6.5%). Plasma total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were assessed by the enzymatic
colorimetric method (Cobas ¢111, Roche Diagnostic Ltd., Rotkreuz, Switzerland). The plasma
low-density lipoprotein cholesterol (LDL-C) concentration was calculated with Friedewald’s formula.

Serum leptin concentrations were measured using an immunoenzymatic method (Human Leptin
ELISA, BioVendor, Brno, Czech Republic) (MDC—0.2 ng/mL; intra-assay CV—5.9%, inter-assay
CV—5.6%). Total and active ghrelin concentrations were measured by the radioimmunometric
method, using specific antibodies for the total and active ghrelin form, respectively. Total ghrelin
concentrations were assayed using the commercial kit for ghrelin (total) (GHRT-89HK, RIA, Millipore,
USA, with MDC—100 pg/mL, intra-assay CV—below 10.0%, inter-assay CV—below 17.8%). The level
of the active form of ghrelin was measured by a ghrelin (active) kit (GHRA-88HK, RIA, Millipore,
Burlingtone, MA, USA, with MDC—10 pg/mL, intra-assay CV—below 9.5%, inter-assay CV—below
16.2%). Accordingly, the leptin/ghrelin ratio was calculated.

The levels of serum follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) were assessed with the immunoradiometric method (DIAsource ImmunoAssays S.A.,
Louvain-La-Neuve, Belgium) (LH: intra-assay CV—below 3.9%, inter-assay CV—below 8%,
FSH: intra-assay CV—below 2%, inter-assay CV—below 4.4%). The serum concentration
of estradiol was determined by a radioimmunoassay (DIAsource ImmunoAssays S.A.,
Louvain-La-Neuve, Belgium) (MDC—2.7 pg/mL, intra-assay and inter-assay CV—4.7% and 10.4%,
respectively). The measurement of total testosterone was performed using a radioimmunoassay
(DIAsource ImmunoAssays S.A., Louvain-La-Neuve, Belgium) (MDC—0.05 ng/mL, intra-assay
CV—3.3%, inter-assay CV—4.8%). Serum sex hormone-binding globulin (SHBG) was measured
by an immunoradiometric assay (ZenTech, Angleur, Belgium) (intra-assay CV—below 5.2%, inter-assay
CV—below 5.8%). The free androgen index (FAI) was calculated as the serum total testosterone
(nmol/L) x 100/SHBG (nmol/L) ratio [37]. The serum TSH concentration was measured with the
immunoradiometric method (DIAsource ImmunoAssaysS.A., Louvain-La-Neuve, Belgium) (sensitivity
0.025 plU/mL; intra-assay CV—0.6%; inter-assay CV—2.1%).
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Insulin resistance was estimated by using the homeostasis model assessment index (HOMA-IR),
which was calculated according to the following formula: (fasting insulin [uU/mL] X fasting glucose
[mmol/L])/22.5 [38].

2.5. Statistical Analysis

Statistical analyses were performed using the Statistica 13.3 package (Statsoft, Cracow, Poland).
The variables were tested for a normal distribution using the Shapiro-Wilk test. Due to a non-normal
distribution of the data, non-parametric tests were applied and all values were expressed as the
median and interquartile range. Comparisons of the PCOS and control group were performed by the
Mann-Whitney U test. The Spearman test was used for correlation analysis. A p-value < 0.05 was
considered statistically significant. We did not correct for multiple correlation analyses employing the
same subjects and involving many parameters.

3. Results

The clinical and biochemical characteristics of the studied groups are presented in Table 1.
The studied groups did not differ significantly in terms of BMI and WHR (all p > 0.05), although women
with PCOS were younger than controls. In the PCOS group, the serum level of total testosterone
and FAI were significantly higher in comparison to the control group, whereas the serum SHBG
concentration was found to be lower in the PCOS group in comparison to the control group (all p < 0.05)
(Table 1).

Table 1. Clinical and biochemical characteristics of the studied groups.

Control Group (n = 34) PCOS (1 =39) p Value

Age (years) 26 (24.0-28.0) 23(21-27) <0.01*
BMI (kg/mz) 2292 (20.64-24.9) 23. 51 (21.47- Z:' 93) 024
WHR 0.8 (0.77-0.85) 083 (0.79-0. 37) 0.12
FSH (IU/L) 5.64 (4.43-6.56) 5.69 (439-7.0) 0.62
LH (IUL) 379 (293-6.0) 405 (2.94-5.56) 0.62
Estradiol (ng/L) 66.68 (48.46-77.96) 58.26 (49.17-76.46) 072

TT (ng/mL) 0.63 (0.49-0.79) 0.78 (0.61-0.89) 0.01*

SHBG (nmol/L) 7223 (56.51-91.36) 47.02 (31.56-64.68) <0.01*

FAI 2.79 (2.01-4.01) 5,03 (2.86-8.5) <0.01*
TSH (mlU/Li 1.69 (1.36-2.33) 217 (1.34-2.8) 025
Glucose 0 OGTT (mg/dL) 92 (88-99) 93 (89-98) 081
Glucose 120" OGTT (mg/dL) 94 (86-104) 96 (80-106) 097
Insulin 0 OGTT (ulU/mL) 7.68 (6.78-10.16) 9.01 (6.36-11.67) 042
Insulin 120" OGTT (ulU/mL) 34.05(22.3-45.21) 38.37 (25.3-62.91) 0.15
HOMA-IR 1.81(1.52-2.31) 2.19 (1.42-2.86) 047
Total cholesterol (mg/dL) 170.5 (149-195) 172 (155-180) 0.62
HDL-cholesterol (mg/dL) 73 (60-81) 68 (57-75) 011
LDL-cholesterol (mg/dL) 88.9 (72-105) 90.8 (81-103) 076
TG (mg/dL) 50.5 (40-70) 57 (47-79) 014
Ghrelin (total) (pg/mL) 1017.60 (823.06-1124.05)  869.39 (702.34-1101.45) 0.08
Ghrelin (active) (pg/mL) 39.62 (33.58-51.12) 41.95 (32.53-55.7) 078
be'plln (ngmL) 9.94 (559-14.94) 12.84 (5.68-19.75) 046
Leptin/Ghrelin ratio 0.01 (0.01-0.02) 0.01 (0.01-0.03) 0.28

Values are expressed as the median (interquartile range): * p < 0.05. Abbreviations: BMI: body mass index;
WHR: waist-hip ratio; FSH folhclﬁhmulanng hormone; LH: luteinizing hormone; TT: total testosterone;
SHBG: sex hor bi in; FAL free androgen index; TSH: thyroid-stimulating hormone;

OGTT: oral glucose tolerance kesz 'HOMA-IR: h is model of insulin resi: ; TG: triglycerides;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; PCOS: polycystic ovary syndrome.
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We did not observe significant differences in total ghrelin, active ghrelin, and leptin serum
concentrations or the leptin/ghrelin ratio between the groups (all p > 0.05) (Table 1).

The studied groups did not differ in the amount of daily macronutrient (proteins, fats,
and carbohydrates), as well as SFA, MUFA, PUFA, LC-PUFA, and micronutrient intake (sodium,
potassium, calcium, phosphor, magnesium, iron, zinc, Vitamin A, Vitamin E, Vitamin D, Vitamin C,
Vitamin B3, Vitamin B6, Vitamin B12, and iodine) (all p > 0.05). Moreover, no differences in the total
energy intake during the day were observed between the studied groups (p = 0.51). We did not observe
differences between the percentage of energy from fat, proteins, and carbohydrates between PCOS

women and the control group (all p > 0.05) (Table 2).

Table 2. Macronutrient and micronutrient intake in the studied groups.

Control Group (n = 34) PCOS (n =39) p Value
Carbohydrate (g) 22474 (167.37-278.24) 201.01 (166.21-227.37) 0.28
Protein (g) 64.58 (58.22-75.3) 66.34 (59.67-78.49) 04
Total fat (g) 51.58 (42.52-63.79) 52.35 (36.91-68.46) 1
SFA (g) 18.40 (15.21-22.59) 18.72 (13.56-23.05) 0.74
MUFA (g) 20.9 (16.2-25.76) 21.89 (14.5-28.59) 0.95
PUFA (g) 7.83 (5.47-10.46) 7.24 (5.52-10.52) 0.8
LC-PUFA (g) 0.06 (0.02) 0.07 (0.03-0.25) 0.55
Total dietary cholesterol (mg) 190.11 (154.66-290.59) 239.19 (154.37-307.62) 0.53
Total dietary fiber (g) 17.96 (12.89-26.33) 16.02 (12.21-22.16) 0.32
Total energy intake (kcal) 157520 (1240.07-1935.8)  1556.85 (1217.86-1791.39) 0.51
Percentage of energy from carbohydrate (%) 52.0 (43.51-56.27) 49.55 (43.16-52.52) 0.27
Percentage of energy from protein (%) 16.45 (14.56-19.41) 18.39 (15.28-21.39) 0.13
Percentage of energy from fat (%) 28.26 (24.25-36.04) 30.58 (26.57-35.05) 0.69
Sodium (mg) 2507.58 (2240.78-3177.19)  2454.1 (2161.57-3307.55) 1
Potassium (mg) 2864.78 (2205.7-4234.38)  2725.26 (2304.4-3706.78) 047
Calcium (mg) 643.95 (458.71-807.84) 603.75 (418.67-773.5) 0.33
Phosphor (mg) 1120.78 (902.5-1449.26) 1138.16 (958.67-1403.96) 0.87
Magnesium (mg) 274.67 (232.25-330.97) 287.56 (206.36-351.9) 0.85
Iron (mg) 9.23 (7.52-15.68) 9.21 (8.08-12.11) 0.65
Zinc (mg) 8.3 (6.87-9.8) 8.43 (6.89-9.72) 0.89
Vitamin A (ug) 7922 (614.91-1128.55) 839.89 (537.03-1196.49) 0.63
Vitamin E (mg) 743 (4.96-11.42) 7.7 (5.35-9.85) 0.71
Vitamin B3 (mg) 18.57 (12.45-23.04) 17.27 (12.68-22.5) 0.93
Vitamin B6 (mg) 1.62 (1.34-2.26) 1.69 (1.3-2.18) 0.82
Vitamin B12 (mg) 2.44(2.02-3.93) 256 (1.8-4.13) 093
Vitamin C (mg) 70.59 (44.93-111.29) 81.3 (60.8-112.08) 0.5
Vitamin D (ug) 2.14(1.18-3.35) 1.66 (1.32-3.23) 0.87
lodine (ug) 95.53 (62.49-128.72) 95.99 (69.72-131.17) 0.57

Values are expressed as the median (interquartile range): The level of significance was accepted at p < 0.05.
Abbreviations: SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;
LC-PUFA: long chain polyunsaturated fatty acids; PCOS: polycystic ovary syndrome.

We observed relationships between the BMI and serum concentration of leptin (r = 0.61, p < 0.01)
and ghrelin (r = —0.39, p = 0.01) in PCOS women. We also noticed a correlation between the BMI and
serum concentration of leptin (r = 0.69, p < 0.01), but no relationship between the BMI and serum level
of ghrelin (r = =0.1, p = 0.56) in the control group.

In the PCOS group, the serum leptin concentration correlated with the total fat (r = 0.36, p = 0.02),
SFA (r = 0.43, p < 0.01), and MUFA (r = 0.37, p = 0.02) contained in the diet, whereas serum ghrelin
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concentrations correlated, in an inverse manner, with the total fat (r = —0.37, p = 0.02), total cholesterol
(r = -0.36, p = 0.02), MUFA (r = —0.37, p = 0.02), PUFA (r = —0.34, p = 0.03), and LC-PUFA (r = -0.38,
p = 0.02) contained in the diet. Additionally, in the group of PCOS women, we found a negative
correlation between the acylated ghrelin concentration and proteins contained in the diet (r = -0.35,
p=0.03). Furthermore, in the PCOS group, we observed a positive association between the leptin/ghrelin
ratio and total fat (r = 0.45, p < 0.01), SFA (r = 0.49, p < 0.01), MUFA (r = 0.45, p < 0.01), and PUFA
(r = 0.34, p = 0.04) contained in the diet. There was also a correlation of borderline significance between
the leptin/ghrelin ratio and the percentage of energy from fats (r = 0.32, p = 0.05) (Table 3).

Table 3. Correlations of leptin and ghrelin conc ions and the leptin/ghrelin ratio with the dietary
intake of macronutrients.
Control Group (1 = 34) PCOS (n =39)
Leptin Ghrelin  Leptin/Ghrelin  Leptin Ghrelin  Leptin/Ghrelin
: r=-014 r=023 r=-018 r=0.19 r=-02 r=025
Total g intake (kcal) p=045 -019 p=032 p=026 p=013
v
r=-005 r=-013 r=006 r=011
Carbiohydeate (@) p=079 p=048 p=07 p=052
Protel r=-045 r=-044 r=021 r=02
wotein g) p<001* p<001* p=019 p=023
r=-002 r=-001 r=036 r=045
Total fat (g) p=09 <001
r=-0.12 r=049
SFA (g) p=05 p<001*
r=045
MUFA (g) <001
r=034
PUFA (g) o004
r=018
LC-PUFA (g) p=027
Total dietary cholesterol (mg) ;== -0%; r=02
Percentage of energy from r=002
carbohydrate (%) p=091
Percentage of energy from r=-035 r=-027
protein (%) p=004* p=013
Percentage of energy r=-001 r=-024 r=006
from fat (%) p=097 p=018 p=072

Data are derived from the Spearman correlation coefficient. The level of significance was accepted at * p < 0.05.
Abbreviations: SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;
LC-PUFA: long chain polyunsaturated fatty acids; PCOS: polycystic ovary syndrome.

In the control group, we did not observe relationships between serum ghrelin concentrations and
dietary macronutrients (all p > 0.05). We found a correlation between the serum leptin concentration
and protein intake in the diet (r = —0.45, p < 0.01) and between the leptin/ghrelin ratio and proteins in
the diet (r = —0.44, p < 0.01) (Table 3).

In the PCOS group, we observed a negative association of HOMA-IR with serum ghrelin levels
(r=-04, p =0.03) and a positive relationship with the serum leptin concentration (r = 0.5, p < 0.01).
We also found an association between HOMA-IR and the dietary intake of total fat (r = 0.38, p = 0.03)
and MUFA (r = 0.35, p = 0.04) in this group (Table 4).
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Table 4. Correlations between hormones, HOMA-IR, and the dietary intake of macronutrients in
polycystic ovary syndrome (PCOS) women.

PCOS (n =39)
HOMA-IR SHBG FAI
R A
Total ghrelin (pg/mL) ”':&gé“' ; - g?
Total energy intake (kcal) 'f‘zg;‘:
Carbohydrate (g) ;Z g;!;
Protein (g) ;:812‘;
Total fat (g) ; Z gfi
SFA (g) Pr: :&4.
20
PUFA (g) ; : 3’. 13;
LC-PUFA (g) ;zg;
Total dietary cholesterol (mg) ;Z gg‘;
Percentage of energy from carbohydrate (%) ; i go;;
Percentage of energy from protein (%) r’ ‘==-0(?.2188
Percentage of energy from fat (%) f; -‘f-lz: ; = 3‘, 1;
Values are exp d as the median (interquartile range): * p < 0.05. Abbreviations: SFA: saturated fatty acids;
MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids; LC-PUFA: long chain polyunsaturated
fatty acids; PCOS: polycystic ovary synd HOMA-IR: h is model of insulin resi:

SHBG: Serum sex hor binding globulin; FAIL free androgen index.

We observed a positive relationship between FAI and the serum levels of leptin (r = 0.38, p = 0.01)
and a negative association between the serum concentration of SHBG and serum levels of leptin
(r =—=0.4, p < 0.01) in PCOS women (Table 4). In the control group, we did not observe relationships of
total testosterone and FAI with serum levels of leptin and ghrelin (all p > 0.05).

Furthermore, in the PCOS group, we observed a positive association between FAI and SFA intake
(r=0.34, p = 0.04) and a negative association between SHBG concentrations and the dietary intake of
total fat (r = —0.38, p = 0.02), SFA (r = —0.51, p < 0.01), and MUFA (r = —0.35, p = 0.03) (Table 4). In the
control group, we did not observe relationships of FAl and SHBG with fat or subgroups of fatty acids
(all p > 0.05).

4. Discussion

In our study, we did not observe significant differences in diet and serum leptin and ghrelin
concentrations between PCOS patients and control subjects. However, we found a positive association
of the dietary total fat, SFA, and MUFA intake with serum leptin concentrations exclusively in
non-obese PCOS women; whereas, in the control group, we did not notice the above associations.
Additionally, we observed a negative relationship between serum levels of leptin and HOMA-IR and a
positive association between the dietary fat intake and HOMA-IR. According to the available evidence,
dietary SFA increase the risk of obesity [9], which may result in changes in leptin concentrations. Some
studies have reported that a high-fat diet is associated with an increased leptin concentration [39-41],
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while other studies have shown that dietary fat reduced the serum leptin concentration [26,42,43].
In turn, some researchers did not show the influence of dietary fat on serum leptin concentrations [44].
The above conflicting data may reflect the lack of adjustment for gender, the total energy intake,
and BMI. Yannakoulia et al. [28] found that the free leptin index is negatively associated with the
energy intake from carbohydrates and positively associated with the energy intake from dietary fat.
Moreover, they observed that the serum leptin concentration reflects the amount of body fat and is
higher in women compared with men. Sexual dimorphism of the body fat distribution or differences
in sex steroid hormones between genders have been proposed to be responsible for the observed
differences in leptin concentrations [28]. It has been found that the intake of SFA increases serum
leptin concentrations [45]. This relationship can be explained by the induction of insulin resistance
by dietary fat and SFA [46]. The association between dietary fat intake and an increase in the serum
leptin concentration could be related to changes in serum insulin concentrations. As mentioned
previously, we found a positive association between the dietary fat intake and HOMA-IR and a positive
relationship between serum levels of leptin and HOMA-IR. It has been previously reported that serum
leptin concentrations are positively associated with insulin resistance in obese women [47], and that
an elevated serum insulin concentration that follows insulin resistance can stimulate leptin mRNA
expression in adipocytes and increase circulating leptin concentrations [48,49]. Moreover, the available
data have shown that the ingestion of a high-fat diet induces a state of leptin resistance in the absence of
an increasing serum leptin concentration and body fat mass in rodents [50]. These findings suggest that
certain macronutrients may be involved in the induction of leptin resistance prior to an increase in the
leptin concentration and body weight and may play an important role in the development of obesity.

In our study, we did not observe an association between the dietary fiber intake and serum leptin
concentration; however, a study carried out on young Japanese women showed that a higher intake of
dietary fiber was associated with a lower serum leptin concentration [29]. Additionally, the protein
and PUFA intake was inversely related to the serum leptin concentration, although this association
was dependent on the intake of other nutrients. The suggested explanation of this pattern is that the
dietary fiber intake may decrease the serum leptin concentration directly through a decrease in leptin
production or indirectly through an increase in leptin sensitivity, which in turn leads to a decrease in
leptin production through feedback mechanisms [29].

In our study, we did not observe differences in serum levels of ghrelin between women with PCOS
and control subjects, although our results indicate that ghrelin serum concentrations are connected,
in an inverse manner, to the dietary intake of total fat, MUFA, PUFA, LC-PUFA, and total cholesterol in
the PCOS group. The findings of previously conducted studies suggest that, besides leptin disturbances,
an imbalance in the ghrelin concentration may also be associated with weight gain in women with
PCOS [35,36,51,52]. Our results contrast with those of some other studies, which showed that an
increased intake of fat and carbohydrates is associated with higher ghrelin concentrations [27] and those
which showed no relationship between dietary macronutrients and serum ghrelin concentrations [26,53].
The above conflicting data may reflect the differences in ethnic groups; lack of adjustment for potential
confounding factors, such as the BMI of the studied group; or different methods of diet analysis.
An inverse association between ghrelin concentrations and the dietary intake of fat and fatty acids
observed in our study can be explained by the involvement of fat and fatty acids in the induction of
insulin resistance, which is suggested by the positive relationship of total fat and MUFA in the diet
with HOMA-IR. Moreover, it has been previously shown that an increased insulin concentration leads
to a decrease in the serum ghrelin concentration [54,55].

Tt has been proposed that in the analysis of the hormonal response to meal intake, leptin and
ghrelin effects should be combined [56], as the energy balance and the final clinical effect depend on the
interplay between both hormones [57]. Therefore, in our study, we also analyzed the ratio of leptin and
ghrelin. In the PCOS group, we found a positive correlation between the leptin/ghrelin ratio and total
fat, SFA, MUFA, and PUFA contained in the diet. Previous studies noted that a higher leptin/ghrelin
ratio was associated with a lower resting metabolic rate [58]. It has been found that overweight and
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obese subjects present a higher leptin/ghrelin ratio [56]. Therefore, we can suspect that a higher intake
of total fat, SFA, MUFA, and PUFA in PCOS individuals may increase the leptin/ghrelin ratio and
contribute to the development of obesity.

As previously mentioned, in our study, we did not find any significant differences in leptin and
ghrelin concentrations between the PCOS patients and the control group. These results support the
previous findings of other studies, which presented similar leptin and ghrelin levels in both PCOS
patients and control group [59]. Contradictory results have been reported by Pekhlivanov et al. [60]
and Jalilian et al. [61], who noted increased leptin concentrations in PCOS patients. In addition, it has
been found, similarly to our study, that the serum leptin concentration is closely related to BMI [61].
Therefore, these controversial results and a lack of differences in the serum leptin concentration shown
in our study may result from the fact that the studied groups did not differ in BMI and our groups were
non-obese. This statement is based on the fact that leptin is predominantly produced by adipocytes,
and therefore, patients with a higher BMI, which reflects the amount of adipose tissue, may present
higher serum leptin concentrations [61]. Interestingly, it has been proposed that, in part by increased
intra-follicular levels of leptin, obesity directly affects ovarian functions in PCOS and may induce
a relative resistance to gonadotropins [62]. In addition, the small size of the group may affect the
obtained results, which was indicated in the limitations of this study. Another explanation of the
obtained results could be connected to the fact that we only studied Caucasian women, in contrast to
other studies.

In our study, we also observed a negative correlation between the serum acylated ghrelin
concentration and diet protein intake in the group of PCOS women. Proteins have been shown to
reduce the appetite more than equivalent calories from carbohydrates or lipids [63-65]. The higher
satiety associated with the protein intake seems to be related to ghrelin suppression [64]. Studies have
shown that postprandial ghrelin suppression is greatest after protein ingestion [66,67]. Moreover,
protein intake suppresses ghrelin longer than other types of macronutrients [64,68]. The prolonged
suppression of ghrelin after the intake of protein might be associated with a prolonged emptying
of proteins from the stomach [66]. Moreover, proteins are able to stimulate the secretion of specific
gastrointestinal peptides (cholecystokinin, glucagon-like peptide-1, and gastric inhibitory polypeptide),
which delay gastric emptying [64,69]. Additionally, after protein intake, the concentration of circulating
amino acids increases, which stimulates hepatic gluconeogenesis, preventing hypoglycemia and thus
causing satiety [69]. Therefore, based on the inverse relationship between the serum acylated ghrelin
concentration and diet protein intake in the PCOS group, we can speculate that the mechanisms
described above are sufficient in these women. However, this association requires further research.

We also noticed that PCOS women had higher concentrations of serum testosterone and FAI,
whereas SHBG was lowered compared to healthy women. Additionally, in our study, we only
observed a relationship between FAI and serum levels of leptin in PCOS women. In the literature,
the relationship between the serum concentration of leptin and androgens in PCOS is still controversial,
and the interactions between gonadotropins, insulin, and leptin are very complex [35]. Leptin inhibits
the insulin-mediated promotion of gonadotropin-stimulated ovarian steroidogenesis [35]. However,
in our study, we did not observe differences in the serum concentration of leptin and ghrelin between
PCOS women and healthy controls, despite the fact that a high proportion of women with PCOS were
hyperandrogenic. In the aforementioned study, it has been shown that an elevated serum concentration
of leptin is associated with elevated levels of testosterone in PCOS women. Therefore, it has been
postulated that there is as yet an undefined mechanism, probably mediated by insulin, that would
explain these relationships [35]. Elevated levels of androgens in PCOS are due to an excessive
production of androgens by the ovaries [70] in the state of insulin resistance [71]. Dietary components
seem to play a role in the regulation of androgens and SHBG concentrations in PCOS subjects [72,73],
and itis possible that insulin resistance is involved in this process. It has been found that diets containing
higher amounts of SFA are able to reduce insulin sensitivity more than diets consisting of other types of
fatty acids [74]. In our study, we found that SFA correlate positively with FAl and negatively with SHBG.
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Moreover, the dietary total fat intake was negatively associated with SHBG concentrations. Given the
important role of insulin resistance in the development of hyperandrogenemia, it is possible that fat
and saturated fatty acids induce insulin resistance and compensatory hyperinsulinemia, which affect
the changes in the androgen level.

The major limitation of the present study is that women in the PCOS group were younger than the
control individuals, what could have affected the results when comparing the differences in parameters
which are partially dependent on age. Another limitation of our study is the relatively small sample
size; however, the participants were very well-characterized. Moreover, we only measured leptin and
ghrelin concentrations in the fasting state, without an assessment of the postprandial state or hormone
response to given macronutrient test meals. The use of a self-reported dietary intake may also be
considered a limitation of the present study because it may not accurately reflect the real amount
and type of food consumed. In addition, the results indicate a relationship of leptin and ghrelin with
dietary macronutrients; however, they do not explain the causal relationships, but only the associations.
Considering the results of our study, which suggest an association of dietary macronutrients with
serum leptin and ghrelin concentrations, it seems to be important to find the causal relationship arising
from these findings. Therefore, future research is needed. In order to reach a full understanding of the
mechanism and effect of dietary macronutrients, as well as the possible interactions between dietary
components and the energy balance, the omics approach may be considered. This approach would
provide more accurate information on mechanisms involved in the response to the consumption of
different dietary macronutrients [75]. Omics-based nutrition research can identify those individuals
who are likely to respond maximally and will provide personalized dietary recommendations [76,77
for women with PCOS. This is very important for this group of patients, as they have an increased
risk of obesity, metabolic syndrome, and type 2 diabetes in relation to the general population [3].
However, this approach requires advanced skills for data analysis and is relatively expensive; therefore,
the availability of sufficient funding is the main limiting factor for performing such studies [78].
Additionally, in our study, we included a unique, non-obese group of women with PCOS, compared
to their control counterparts. In our study, PCOS women differed from the control group in terms
of the serum levels of total testosterone, SHBG, and FAI, whereas we did not observe differences
between the studied groups in terms of the serum concentration of glucose and insulin during OGTT,
as well as HOMA-IR. However, we used HOMA-IR instead of a euglycemic hyperinsulinemic clamp to
estimate insulin resistance and we therefore cannot exclude insulin resistance in the non-obese PCOS
group. On the other hand, this group differs profoundly from obese PCOS women. Therefore, it is an
advantage of our study that we examined non-obese subjects, because the impact of obesity on the
studied parameters was removed. Itis important to study non-obese PCOS women, because they could
present a tendency for weight gain and obesity [3] in the future. Moreover, it has been shown that
women with PCOS are characterized by atherogenic dyslipidemia [79]. In our study, we did not observe
differences in serum levels of lipids between non-obese PCOS women and the control group, but we
found relationships between fat in the diet and the leptin and ghrelin serum concentration. Therefore,
dietary fat could impact the physiological function in PCOS women, and it could be indicative of
an abnormal lipid function in PCOS per se. Therefore, it seems to be important to assess whether
the non-obese PCOS group has any metabolic abnormalities and what kind of abnormalities they
present before the onset of obesity, which could be accompanied by leptin resistance [24]. Based on our
findings, we can speculate that limiting food products high in fat (especially SFA) would be beneficial
for the appropriate control and management of the metabolic status of PCOS patients. However,
to confirm this hypothesis, a prospective study should be performed.

5. Conclusions

In PCOS women, dietary components, especially the total fat intake and the types of dietary fat,
as well as HOMA-IR, correlate positively with serum leptin concentrations and negatively with serum
ghrelin concentrations, which may influence the energy balance.
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6. Streszczenie w jezyku polskim

Wstep

Zespot policystycznych jajnikéw (Polycystic Ovary Syndrome,
PCOS) jest najczestsza endokrynopatig u kobiet w wieku rozrodczym.
Wedtug kryteriow rotterdamskich wyodrgbniono cztery kliniczne
fenotypy zespotu policystycznych jajnikéw: fenotyp A spetniajacy
wszystkie trzy Kryteria PCOS: kliniczny/biochemiczny
hiperandrogenizm, zaburzenia miesigczkowania 1  policystyczna
morfologia jajnikéw (PCOM), fenotyp B, w ktorym wystepuje
kliniczny/biochemiczny hiperandrogenizm i zaburzenia miesigczkowania,
fenotyp C,  charakteryzujacy  si¢  klinicznym/biochemicznym
hiperandrogenizmem 1 PCOM, oraz fenotyp D, w ktorym obserwuje
si¢ zaburzenia miesigczkowania i PCOM. W PCOS obok zaburzen
funkcji jajnika wystepuja zaburzenia metaboliczne, takie jak otylo$§¢
brzuszna i insulinooporno$¢. W insulinoopornos$ci, ktorej towarzyszy
hiperinsulinemia, insulina dziata na komorki tekalne jajnika, powodujac
wzmozong produkcje androgenow. Badania wykazaty, ze zwigkszone
stezenia calkowitego testosteronu w surowicy u kobiet z PCOS
sa zwigzane z nadmiarem tkanki tluszczowej trzewnej, co moze
prowadzi¢ do rozwoju insulinoopornosci i czgstszego wystepowania
zaburzen tolerancji glukozy.

Nieprawidlowo zbilansowana dieta pacjentek z PCOS prowadzi
do otyloSci brzusznej oraz insulinoopornosci, jednak nie stwierdzono
dotychczas, ktoéry makrosktadnik odzywczy zawarty w diecie (biatka,
thuszcze, weglowodany) jest najbardziej powiazany z rozwojem otylosci.
Wecezesniejsze badania wykazaly, ze do otylosci prowadzi zachwianie
roéwnowagi pomiedzy stezeniem leptyny i greliny w osoczu. Leptyna
powoduje zmniejszenie taknienia i wzrost wydatku energetycznego,
natomiast grelina zwigksza apetyt.

Celem pracy byla ocena stezen androgendéw, leptyny i1 greliny
we krwi pacjentek z zespotem policystycznych jajnikéw w korelacji
z parametrami antropometrycznymi i dieta.

Material i Metody:

Pierwsza badang grupe stanowilo 89 pacjentek z PCOS
przydzielonych do jednego z czterech fenotypow sklasyfikowanych
zgodnie z kryteriami rotterdamskimi (fenotyp A, B, C, D) oraz 57 kobiet
z grupy kontrolnej. W grupie tej oznaczono w surowicy Stezenia
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testosteronu  catkowitego, androstendionu i DHEA-S metoda
radioimmunologiczng, natomiast stezenia w surowicy globuliny wiagzacej
hormony plciowe oznaczono metoda radioimmunometryczng.
U wszystkich kobiet wyliczono wskaznik insulinoopornosci (Homeostasis
Model Assessment of Insulin Resistance, HOMA-IR) oraz obliczono
wspotczynnik wolnych androgenow (free androgen index, FAI) oraz
wykonano badanie dwuwigzkowej absorpcjometrii promieniowania
rentgenowskiego (dual-energy X-ray absorptiometry, DXA) szacujgc
mase¢ trzewnej tkanki thuszczowej (visceral adipose tissue, VAT) oraz
gynoidalnej tkanki tluszczowej, a nastgpnie obliczono wskaznik tkanki
thuszczowej androidalnej (A) do gynoidalnej (G) (wskaznik A/G).

Druga grupg¢ badang stanowilty 73 kobiety: 39 kobiet z PCOS
I 34 kobiety z grupy kontrolnej. U wszystkich badanych przeprowadzono
wystandaryzowany 3-dniowy kwestionariusz spozycia sktadnikow
pokarmowych. Nastepnie za pomocg programu Dieta 5.0 wyliczono
spozywane skladniki pokarmowe w g/dzien (bialka, thluszcze,
weglowodany), a takze W osoczu krwi stezenie leptyny oznaczono
metodg immunoenzymatyczng natomiast stezenie catkowitej greliny
oznaczono metodg radioimmunometryczng.
Wyniki

W fenotypach A, B 1 C FAI byt istotnie wyzszy w poroéwnaniu
z grupg kontrolng (wszystkie p<0,01), ponadto w fenotypie A byt istotnie
wyzszy w pordwnaniu z fenotypem D (p<0,01). Jedynie w fenotypie A
zaobserwowano wieksza mas¢ VAT oraz wickszy wskaznik A/G
(wszystkie p<0,01) w odniesieniu do grupy kontrolnej. We wszystkich
fenotypach PCOS wykazano zwigzek HOMA-IR z VAT oraz
ze wskaznikiem A/G (wszystkie p<0,05), ponadto stwierdzono korelacje¢
pomiedzy FAI i HOMA-IR w fenotypie A (r=0,40, p=0,01), fenotypie B
(r =0,47, p=0,03) oraz fenotypie C (r=0,66, p<0,01). We wszystkich
fenotypach PCOS obserwowano dodatnie korelacje FAI ze wskaznikiem
AJG (wszystkie p<0,05).

W grupie PCOS stgzenie leptyny w osoczu korelowalo dodatnio
a greliny ujemnie z zawartoscig w diecie tluszczéow (r=0,36, p=0,02;
r=-0,37, p=0,02). Jednoczesnie w grupie PCOS wykazano zalezno$¢
pomiedzy HOMA-IR a stezeniem leptyny w osoczu (r=0,5, p<0,01),
orazpomiedzy HOMA-IR a st¢zeniem greliny w osoczu (r =-0,4, p=0,03).
Ponadto wykazano dodatni zwigzek pomiedzy HOMA-IR a zawartoscig
w diecie thuszczow (r=0,38, p=0,03).
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Whioski:

1.

3.

Pacjentki z fenotypem A PCOS, ze wzgledu na wigkszag mase
trzewne] tkanki tluszczowej maja wicksze ryzyko rozwoju
zaburzen metabolicznych w porownaniu z grupg kontrolna.

Masa trzewnej tkani tluszczowej wplywa na rozwoj
insulinoopornosci oraz stezenie androgenéw w surowicy zard6wno
w fenotypach normoandrogennych, jak i hiperandrogennych
PCOS.

Uzyskane wyniki potwierdzaja, ze dieta bogatottuszczowa
u pacjentek z PCOS wigze si¢ z rozwojem insulinoopornosci,
zaburzeniami w roéwnowadze pomigdzy stezeniem leptyny
i greliny w osoczu prowadzgc do rozwoju otytosci.
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7. Streszczenie w jezyku angielskim

Polycystic ovary syndrome (PCOS) is the common
endocrinopathy in women of reproductive age. The Rotterdam criteria
for PCOS recognize four clinical phenotypes of the syndrome. Phenotype
A, which meets all three current criteria for PCOS: clinical/biochemical
hyperandrogenism, menstrual dysfunction and polycystic ovarian
morphology (PCOM), phenotype B involving clinical/biochemical
hyperandrogenism and menstrual dysfunction, phenotype C characterized
by clinical/biochemical hyperandrogenism and PCOM, phenotype D
in which menstrual dysfunction and PCOM are observed. In PCOS, apart
from ovarian dysfunction, we can observe metabolic disorders such as
abdominal obesity and insulin resistance. In state of insulin resistance,
accompanied by hyperinsulinemia, insulin acts on the ovarian theca cells,
leading to increased production of androgens. It has been reported that
increased serum testosterone levels in PCOS women are associated with
excess of visceral fat amount, which may lead to development of insulin
resistance and more frequent occurrence of impaired glucose tolerance.
Improper diet balance of patients with PCOS leads to abdominal obesity
and insulin resistance, however there are conflicting data on which
macronutrient in the diet (proteins, fats, carbohydrates) is connected
the most with human obesity. Previous studies have suggested a link
between weight gain and imbalance in leptin and ghrelin concentrations
in women with PCOS. Leptin reduces appetite and increases energy
expanditure, while ghrelin increases appetite.

The aim of the study was to assess the concentrations
of androgens, leptin and ghrelin in the blood of patients with polycystic

ovary syndrome in correlation with anthropometric parameters and diet.
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Material and Methods:

The first study group consisted of 146 women: 89 patients with
PCOS divided into four phenotypes according to Rotterdam criteria
(phenotype A, B, C, D) and 57 control women. In this group serum
concentrations of total testosterone androstenedione and DHEA-S were
measured with radioimmunoassay (DIAsource ImmunoAssays S.A.,
Belgium), whereas serum concentrations of serum sex hormone-binding
globulin  (SHBG) were assessed with immunoradiometric method
(ZenTech, Angleur, Belgium). In all women the insulin resistance index
(Homeostasis Model Assessment of Insulin Resistance, HOMA-IR) was
calculated, the free androgen index (FAI) was calculated and the dual-
energy X-ray absorptiometry (DXA) analysis was performed, estimating
the weight visceral adipose tissue (VAT) and gynoid adipose tissue, and
then the android (A) to gynoid (G) ratio (A/G ratio) was calculated.

In the second group of 73 women: 39 subjects with PCOS and 34
healthy women completed a consecutive three-day dietary diary
to identify the macronutrient and micronutrient intake. Subsequently,
using Diet 5.0 program the content of daily nutrients intake in g/day
(proteins, fats, carbohydrates) were calculated and the concentration
of leptin in the blood plasma was determined by the immunoenzymatic
method (Human Leptin ELISA, BioVendor, Brno, Czech Republic),
while the concentration of total ghrelin was determined by the
radioimmunometric method (GHRT-89HK, RIA, Millipore, USA).
Results:

In phenotypes A, B and C, we observed higher FAI in comparison
to the control group (allp< 0.01), as well as in phenotype A
in comparison to phenotype D (p < 0.01). Only in phenotype A we found
higher visceral adipose tissue (VAT) mass and android/gynoid ratio (A/G

ratio) in comparison to the control group (all p< 0.01). We found
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a positive correlations of HOMA-IR with VAT and A/G ratio
in all phenotypes (all p < 0.05), moreover we found relationships between
FAI and HOMA-IR in phenotype A (r= 0.40, p = 0.01), phenotype B
(r=0.47,p = 0.03) and phenotype C (r = 0.66, p < 0.01). Accordingly,
AJ/G ratio was related with FAI in all phenotypes (all p < 0.05).

In the PCOS group, the plasma leptin concentration correlated
positively, and ghrelin plsma concentration correlated negatively with
the dietary fat content (r = 0.36, p = 0.02; r = -0.37, p = 0.02).
Accordingly, in the PCOS group we found a positive association
of HOMA-IR with serum leptin levels (r = 0.5, p < 0.01) and a negative
relationship with the serum ghrelin concentration (r = —0.4, p = 0.03).
Moreover, we found a positive relationship between HOMA-IR and total
dietary fat (r =0.38, p = 0.03).

Conclusions:

1. Due to the greater amount of visceral adipose tissue in the A
PCOS phenotype, patients presenting this phenotype have
a greater risk of developing metabolic disorders compared to the
control group.

2. The amount of visceral adipose tissue is associated with insulin
resistance and serum concentration of androgens in both
the normoandrogenic and hyperandrogenic phenotypes of PCOS.

3. A high-fat diet in patients with PCOS is associated with
the development of insulin resistance, disturbances in the balance
between the concentration of leptin and ghrelin in the plasma,

leading to the development of obesity.
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Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wchodzacej w sktad rozprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 18% polegat na stworzeniu koncepcji pracy,
planowaniu eksperyment6w, pomocy przy przygotowaniu manuskryptu i konsultacji merytorycznej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandr¢ Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Bialystok, 10.10.2020r.
Lek. Anna Krentowska
Klinika Chor6b Wewnetrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska, Agnieszka f.ebkowska, Justyna
Hryniewicka, Marcin Adamski, Irina Kowalska: Body composition, serum concentrations of
androgens and insulin resistance in different polycystic ovary syndrome phenotypes. Journal of
Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wchodzacej w skiad rozprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 7% polegal na pomocy przy rekrutowaniu
pacjentéw, tworzeniu bazy danych oraz korekeie jezykowej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Dr n. med. Agnieszka Lebkowska
Klinika Chor6b Wewnetrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska, Agnieszka Lebkowska, Justyna
Hryniewicka, Marcin Adamski, Irina Kowalska: Body composition, serum concentrations of
androgens and insulin resistance in different polycystic ovary syndrome phenotypes. Journal of
Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wchodzacej w sktad TOZprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 1% polegat na pomocy przy rekrutowaniu
pacjentow i tworzeniu bazy danych.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Bialystok, 10.10.2020r.
Dr Justyna Hryniewicka
Klinika Endokrynologii, Diabetologii
i Chor6b Wewnetrznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24 A
15-276 Bialystok

OSWIADCZENIE

Oswiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska, Agnieszka Eebkowska, Justyna
Hryniewicka, Marcin Adamski, Irina Kowalska: Body composition, serum concentrations of
androgens and insulin resistance in different polycystic ovary syndrome phenotypes. Journal of
Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wchodzacej w sklad rozprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 1% polegal na pomocy w przeprowadzaniu
eksperymentow prezentowanych w pracy.

Jednoczes$nie wyrazam zgode na wykorzystanie przez lek. Aleksandrg¢ Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Dr inz. Marcin Adamski
Wydziat Informatyki
Politechniki Biatostockiej
ul. Wiejska 45A
15-351 Bialystok

OSWIADCZENIE

Oswiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska, Agnieszka febkowska, Justyna
Hryniewicka, Marcin Adamski, Irina Kowalska: Body composition, serum concentrations of
androgens and insulin resistance in different polycystic ovary syndrome phenotypes. Journal of
Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wchodzacej w skiad rozprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 1% polegat na pomocy w przeprowadzeniu
analizy statystycznej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Prof. dr hab. n. med. Irina Kowalska
Klinika Choréb Wewngtrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz mdj udziat w publikacji:

Aleksandra Maria Polak, Agnieszka Adamska, Anna Krentowska, Agnieszka Lebkowska, Justyna
Hryniewicka, Marcin Adamski, Irina Kowalska: Body composition, serum concentrations of
androgens and insulin resistance in different polycystic ovary syndrome phenotypes. Journal of
Clinical Medicine, 2020; 9(3): 732. doi: 10.3390/jcm9030732, wechodzacej w sklad rozprawy
doktorskiej lek. Aleksandry Marii Polak, wynoszacy 10% polegat na stworzeniu koncepcji pracy
oraz konsultacji merytorycznej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre¢ Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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9.2. Informacja o charakterze udzialu wspoétautorow w publikacjach
wraz z szacunkowym okresleniem procentowego wkladu

(praca oryginalna)

Aleksandra Maria Polak, Anna Krentowska, Agnieszka ¥.ebkowska,
Angelika Buczynska, Marcin Adamski, Edyta Adamska-Patruno, Joanna
Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska, Agnieszka
Adamska: The Association of Serum Levels of Leptin and Ghrelin with the
Dietary Fat Content in Non-Obese Women with Polycystic Ovary
Syndrome. Nutrients, 2020. 12(9), 2753. Doi: 10.3390/nu12092753

Imig l’nazwzsko Charakter udzialu Procentowy
wspolautora wklad
Udziat w planowaniu eksperymentow,
przeprowadzanie eksperymentow
doktorant — lek. prezentowanych w pracy, opracowanie
: . o . 60%
Aleksandra Polak i analiza wynikow, przygotowanie
manuskryptu, przygotowanie tabel
wchodzacych w sktad manuskryptu
Pomoc przy rekrutowaniu pacjentow do
Lek. : -
badania, tworzeniu bazy danych, korekta 5%
Anna Krentowska .
jezykowa
Dr n. med. Pomoc przy rekrutowaniu pacjentow i 1%
Agnieszka T.ebkowska tworzeniu bazy danych
Pomoc w przeprowadzaniu
Mgr eksperymentow prezentowanych w 1%
Angelika Buczynska pracy
Dr inz. Pomoc w przeprowadzeniu analizy 1%
Marcin Adamski statystycznej
Dr ; 0
Edyta Adamska-Patruno Konsultacja merytoryczna 2%
Magr ; 0
Joanna Eiedorczuk Pomoc przy tworzeniu bazy danych 1%
Prof. dr hab. n. med. ; 0
Adam Jacek Kretowski Konsultacja merytoryczna 1%
Prof. dr hab. n. med. Stworzenie koncepcji pracy, konsultacja
. 10%
Irina Kowalska merytoryczna
Stworzenie koncepcji pracy, udziat w
Dr hab. n. med. planowaniu eksperymentow, pomoc
- . 18%
Agnieszka Adamska przy przygotowaniu manuskryptu,
konsultacja merytoryczna

Oswiadczam, ze wszyscy wspolautorzy wyrazili zgode na wykorzystanie powyzszej
publikacji w pracy doktorskiej lek. Aleksandry Marii Polak
Podpis doktoranta

- pasousho 6



https://doi.org/10.3390/nu12092753

Bialystok, 10.10.2020r.
Lek. Anna Krentowska
Klinika Chor6b Wewngtrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz m6j udzial w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzacej w sklad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 5% polegal na pomocy przy rekrutowaniu pacjentéw, tworzeniu bazy danych oraz
korekcie jezykowej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Marie Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Dr n. med. Agnieszka Lebkowska
Klinika Chor6b Wewnetrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nul2092753, wchodzacej w sklad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 1% polegat na pomocy przy rekrutowaniu pacjentéw i tworzeniu bazy danych.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.

Orn. med. Agniefzka tebkowska
specjalista chi ewngtrznych
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Biatystok, 10.10.2020r.
Mgr Angelika Buczynska
Klinika Endokrynologii, Diabetologii
i Chor6b Wewngtrznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24 A

15-276 Bialystok
OSWIADCZENIE

Oswiadczam, iz moj udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nul2092753, wchodzacej w skiad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 1% polegat na pomocy w przeprowadzaniu eksperymentéw prezentowanych w pracy.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Dr inz. Marcin Adamski
Wydziat Informatyki
Politechniki Biatostockiej
ul. Wiejska 45A
15-351 Biatystok

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Eebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzgcej w sklad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 1% polegat na pomocy w przeprowadzeniu analizy statystycznej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych.
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Bialystok, 10.10.2020r.
Dr Edyta Adamska-Patruno
Centrum Badan Klinicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24 A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Eebkowska, Angelika Buczyniska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzacej w sklad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 2% polegat na konsultacji merytorycznej.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Bialystok, 10.10.2020r.
Megr Joanna Fiedorczuk
Centrum Badan Klinicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24 A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka ELebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzacej w sktad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 1% polegal na pomocy przy tworzeniu bazy danych.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Bialystok, 10.10.2020r.
Prof. dr hab. n. med. Adam Jacek Kretowski
Klinika Endokrynologii, Diabetologii
i Chor6b Wewnetrznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24 A
15-276 Biatystok

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczynska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wehodzacej w skad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 1% polegal na konsultacji merytorycznej.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Prof. dr hab. n. med. Irina Kowalska
Klinika Choréb Wewngtrznych
i Chor6b Metabolicznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sklodowskiej-Curie 24A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz mo6j udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczyfska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzacej w skiad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 10% polegat na stworzeniu koncepcji pracy oraz konsultacji merytorycznej.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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Biatystok, 10.10.2020r.
Dr. hab. n. med. Agnieszka Adamska
Klinika Endokrynologii, Diabetologii
i Chor6b Wewnetrznych
Uniwersytetu Medycznego w Biatymstoku
ul. M. Sktodowskiej-Curie 24 A
15-276 Biatystok

OSWIADCZENIE

Oswiadczam, iz moj udziat w publikacji:

Aleksandra Maria Polak, Anna Krentowska, Agnieszka Lebkowska, Angelika Buczyniska, Marcin
Adamski, Edyta Adamska-Patruno, Joanna Fiedorczuk, Adam Jacek Kretowski, Irina Kowalska,
Agnieszka Adamska: The association of serum levels of leptin and ghrelin with the dietary fat
content in non-obese women with polycystic ovary syndrome. Nutrients, 2020; 12(9): 2753. doi:
10.3390/nu12092753, wchodzacej w sklad rozprawy doktorskiej lek. Aleksandry Marii Polak,
wynoszacy 18% polegat na stworzeniu koncepcji pracy, planowaniu eksperymentéw, pomocy przy
przygotowaniu manuskryptu i konsultacji merytoryczne;.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Aleksandre Mari¢ Polak
powyzszej publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych.
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