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1. Stadiul actual al cunoasterii

Sindromul ovarelor micropolichistice (SOP) este o afectiune heterogena ce afecteaza pana la 6-10% din
femeile aflate la varsta reproductiva [Cussons si colab., Atherosclerosis, 2006, Azziz si colab. J Clin
Endocrinol Metab, 2004], caracterizat prin hiperandrogenism clinic si/sau biochimic, acompaniat frecvent
de disfunctie ovulatorie, obezitate si ovare polichistice [Azziz si colab., Humana Press, 2006, Blank si
colab., Ann N Y Acad Sci, 2008]. SOP este considerat nu doar o endocrinopatie, ce afecteaza
reproducerea, ci si o disfunctie metabolica. Desi controverse inca existd, majoritatea studiilor sugereaza
un risc cardiovascular crescut si o prevalenta crescutd a bolii cardiovasculare subclinice, caracterizata prin
afectarea structurii si functiei arteriale si cardiace [Shaw si colab., J Clin Endocrinol Metab, 2008, Talbott
si colab., Arterioscler Thromb Vasc Biol, 2000], disfunctie endoteliald, anomalii ale profilului lipidic si un
grad cronic de inflamatie 1n randul femeilor cu SOP [Tarkun si colab., J Clin Endocrinol Metab, 2004,
Orio si colab. J Clin Endocrinol Metab, 2004, Kelly si colab., J Clin Endocrinol Metab, 2001]. Dovezile
de pana acum releva ca insulinorezistenta si obezitatea ar fi principalii mediatori ai disfunctiei endoteliale
precoce, aterosclerozei carotidiene si coronariene si inflamatiei cronice. Inca insuficient clarificat intr-
adevar, dar e posibila si implicarea excesului androgenic in inducerea leziunilor endoteliale [Kravariti si
colab., J Clin Endocrinol Metab, 2005, Tarkun si colab., J Clin Endocrinol Metab, 2004]. Modificarea
stilului de viata, dieta si scaderea in greutate sunt esentiale pentru prevenirea bolii cardiovasculare si DZ
tip 2 in cazul femeilor supraponderale si obeze cu SOP. Pe langd acestea, si in afara strategiilor
terapeutice directionate citre restaurarea fertilitatii, terapia curentd farmacologica a acestei afectiuni se
bazeazd in principal pe doud categorii de medicamente: contraceptivele orale (CO) si agentii
sensibilizatori la insulina. Chiar si fara prezenta statusului SOP, posibilele efecte adverse metabolice si
cardiovasculare pe termen lung ale CO constituie o problema ingrijoratoare. Pe de altd parte, cateva
studii au raportat printre altele, o imbunatatire a structurii si functiei endoteliale [Diamanti-Kandarakis si
colab., Eur J Endocrinol, 2005, Diamanti-Kandarakis si colab., J Clin Endocrinol Metab, 2001, Orio si
colab., J Clin Endocrinol Metab, 2005], precum si o descrestere a nivelelor hsPCR [Morin-Papunen si
colab., J Clin Endocrinol Metab, 2005, Diamanti-Kandarakis si colab., Hum Reprod, 2006, Teede si
colab., Fertil Steril] dupa 6 luni de tratament cu metformin. Prin prisma celor prezentate, folosirea in
SOP a asocierii dintre un CO continand un progestativ cu activitate androgenicd mai
micd/antiandrogenicd, cum ar fi drospirenona (DRP) si a unui agent care creste sensibilitatea la insulina,
in ideea contracararii potentialelor efecte negative ale CO asupra markerilor cardiovasculari pare foarte
logicd. Oricum, pand in prezent, nu existd date disponibile privind efectul asocierii CO-DRP/EE;,,

+metformin + scddere ponderala asupra acestor markeri de risc cardiovascular in SOP.



2. Contributiile proprii

2.1 Injuria endoteliald si inflamatia cronica in SOP-relatia cu unii parametri antropometrici,

metabolici si hormonali

Ipoteza de lucru: scopul primei parti a acestei cercetari a fost investigarea prezentei inflamatiei cronice,
disfunctei endoteliale si a markerilor morfologici de boala cardiovasculard subclinica, precum si a relatiei
acestora cu alterarile hormonale §i metabolice caracteristice SOP-ului intr-o populatie de femei tinere cu
aceastd afectiune. De asemenea, s-a incercat stabilirea parametrilor endocrini si/sau metabolici care ar
prezice independent un risc cardiovascular crescut in SOP. In Romania nu exista studii care sa fi evaluat
in aceeasi cercetare toti acesti markeri surogat ai aterosclerozei precoce la paciente cu SOP. Astfel, prin
rezultatele primului capitol din contributiile personale, cercetarea aduce contributii originale pentru tara

noastra, reprezentdnd o premiera in acest sens.

Materiale si metode: 54 de femei diagnosticate cu SOP, conform criteriilor propuse de Societatea de
Exces Androgenic 2006 si 36 de femei sanatoase, similare ca varsta si indice de maséa corporalda (IMC)
alese ca martori au fost evaluate prospectiv in Clinica Endocrinologie, Cluj-Napoca. Toate au fost
evaluate complet clinic (scor Ferriman-Gallewey (F-G), IMC, raport talie-sold (ITS), stabilirea statusului
fumator, tensiune arteriala sistolica si diastolicd) si biochimic in cursul fazei foliculare precoce (zilele 2-5
ale unui ciclu menstrual spontan sau indus de progestative). Utilizand kituri comerciale imunosorbent,
avand la baza reactii enzimatice, furnizate de firma DRG Instruments, Marburg, Germany s-au dozat:
insulina (INS, pU/ml), testosteronul total (TT, ng/ml), estradiolul (E,, pg/ml), proteina de legare a
hormonilor sexuali (SHBG, nmol/l), endotelina-1 (ET-1, pg/ml), hsPCR (mg/l), TNF-o (pg/ml). De
asemenea s-au determinat glicemia, colesterolul total (CT) si trigliceridele (TG) serice. S-au calculat
indexul androgenic liber (FAI) si indicii de rezistenta la insulind: HOMA-IR si QUICKI. Totodata, s-a
masurat NO prin determinarea simultand a nitratului (NO3) si nitritului (NO,) cu ajutorul nitrat-
reductazei NADPH, metoda initial descrisdi de Wu si Brosnan, ce se bazeaza pe reducerea nitratului la
nitrit utilizind NADPH si masurarea nitritului total format cu reactivul Griess. Grosimea intima-medie
carotidiand (GIMC) si dilatatia mediata de flux (DMF) la nivelul arterei brahiale au fost determinate de
acelasi cardiolog, utilizand un ultrasonograf Doppler color de inaltad rezolutie (AGILENT SONOS 4500)
cu transductor liniar de 10 MHz, iar compozitia corporala a fost determinata cu ajutorul absorptiometriei

duale cu raze-X (DXA), folosind un echipament DPX-NT (GE, Madison, USA).

Rezultate: Dupa cum era de asteptat, TT si FAI (p<0,001) au fost semnificativ mai mari, iar SHBG-ul
(p=0,009) semnificativ mai mic in SOP comparativ cu grupul de control. In schimb, nu s-au observat

diferente semnificative statistic intre cele doud loturi, In ceea ce priveste parametrii compozitiei



corporale—masa grasa totald si tronculard, masa non-grasa, concentratiile serice ale glicemiei si insulinei
bazale si indicii de rezistentd si sensibilitate la insulind. Concentratiile serice ale ET-1 au fost semnificativ
mai mari (p=0,002) in timp ce DMF a fost semnificativ mai mica (p=0,001) in SOP vs control. Nu a
existat o diferenta intre cele doud loturi in ceea ce priveste GIMC, concentratiile NO, TAS si TAD si

concentratiile serice ale markerilor proinflamatori TNF-a si hsPCR.

In fintreaga populatie studiata (n=90), nivelele ET-1 s-au corelat negativ cu nivelele SHBG (r=-0,222,
p=0,035) si pozitiv cu concentratiile TT, FAI (p<0,001), IMC (r=0,215, p=0,041). O descoperire
interesantd o reprezinta rezultatele regresiei liniare univariate- ET-1 (variabild dependenta) si status SOP,
TT, respectiv FAI, care au aratat ca doar statusul SOP a fost un predictor semnificativ al nivelelor ET-1
(p=0,044), in timp ce FAI a constituit un predictor doar aproape de limita semnificatiei statistice. Aceeasi
relatie ET-1-hiperandrogenemie a fost descrisa si evaluand separat femeile cu SOP si femeile sanatoase:
in cadrul lotului SOP nivelele ET-1 s-au corelat semnificativ doar cu TT (r=0,310, p=0,023), in timp ce in
lotul control acestea s-au corelat semnificativ cu TT, FAI, SHBG, IMC si ITS (p<0,05) si borderline cu
nivelele hsPCR (1r=0,308, p=0,068).

In ceea ce priveste DMF%, aceasta s-a corelat in grupul total (SOP + control) negativ si semnificativ cu
IMC (r=-0,252, p=0,022), ITS, insulina (r=-0,241, p=0,03) si FAI (-0,265, p=0,016). Corelatii negative,
insd doar marginale, au fost de asemenea observate intre DMF si nivelul TG serice, ET-1 si HOMA-IR,
QUICKI, TT, hsPCR. Considerand separat subiectii SOP si martor, nu s-a observat nicio corelatie
semnificativa intre DMF si parametrii studiati in lotul SOP. Analiza de regresie multipld aplicatd pentru
intreaga populatie a aratat ca prezenta statusului SOP a constituit un predictor semnificativ al DMF%,
independent de oricare din variabilele introduse in modele. De asemenea insulina (p=0,049), respectiv
hsPCR (p=0,048) au fost, in modele separate, predictori semnificativi ai DMF%, independent de statusul
SOP, insa adaugarea IMC-ului a eliminat practic asocierea dintre INS-DMF% (p=0,206) si a adus relatia
PCR-DMF% la limita semnificatiei statistice (p=0,059).

In ceea ce priveste evaluarea influentei obezititii asupra inflamatiei cronice, concentratiile serice ale
hsPCR, dar nu si ale TNF-a, au fost semnificativ mai mari in subgrupurile de pacienti supraponderali si
obezi (BMI>25kg/m?), comparativ cu subgrupurile de nonobezi (BMI<25 kg/m?), indiferent de prezenta
statusului SOP (P<0,001), dar nu s-a observat nicio diferenta in ceea ce priveste nivelele celor doi markeri
inflamatori, atunci cand pacientele SOP au fost comparate cu subloturile martor, similare ca IMC. HsPCR
s-a corelat semnificativ cu parametrii obezitétii si rezistentei la insulind: IMC, masa grasa totald, masa
grasd tronculard (p<0,001), insulina, indicii HOMA-IR si QUICKI si SHBG (p<0.05) atat in lotul SOP,

cit si in grupul total. In analiza multivariati s-a observat ci IMC-ul si CT au constituit predictori



independenti ai hsPCR 1in lotul SOP iar includerea in modele a tesutului adipos total a atenuat cel mai
mult efectul IMC-ului asupra hsPCR (de la 42% la 11,78%), sugerand ca cel putin In parte, asocierea

IMC-hsPCR s-ar explica prin masa grasa totala.

Concluzii: Aceste rezultate demonstreazd ca femeile tinere, normoglicemice, non-dislipidemice,
normotensive cu SOP prezintd alterarea functiei endoteliale documentatd atat printr-o reactivitate
vasculara alterata, cat si prin nivele crescute ale ET-1, dar nu si ingrosarea GIMC sugerand o afectare
functionald vasculara preaterosclerotica timpurie. Mai mult decat atdt, SOP nu se asociaza cu inflamatie
cronica per se, concentratiile hsPCR fiind in relatie practic doar cu obezitatea si alterarile metabolice.
Avand 1n vedere valoarea predictivd a statusului SOP evidentiatd prin analiza de regresie atat asupra
DMF% cat si a ET-1, propunem considerarea statusului SOP un marker predictiv al riscului
cardiovascular alaturi de alti binecunoscuti factori, precum rezistenta la insulina, hsPCR, obezitatea etc.,
Sunt necesare totodatd mai multe cercetdri, care sd se desfasoare pe perioade indelungate pentru a se
determina semnificatia acestei afectari endoteliale subclinice timpurii descrisa in randul femeilor cu SOP.
Mai mult decat atat, relatia observata in intreaga populatie intre indicii de disfunctie endoteliala pe de o
parte si nivelele hormonilor androgeni, respectiv nivelele hsPCR, pe de altd parte sugercaza ca
hiperandrogenemia si inflamatia cronicd ar fi implicate, alaturi de rezistenta la insulind si probabil alti
factori, in aparitia leziunilor endoteliale. Cu alte cuvinte, prezenta bolii ovarelor micropolichistice si
excesul androgenic ce caracterizeaza aceasta afectiune presupun un risc cardiovascular crescut in SOP, in
sensul asocierii acestora cu disfunctia endoteliald, la care daca se asociaza alterari metabolice precum
obezitatea si hipercolesterolemia, riscul aterogen s-ar agrava suplimentar prin promovarea de catre acesti

factori a inflamatiei cronice.

2.2. Efectele terapiei combinate metformin-DRP/EE30ug in asociere sau nu cu sciderea ponderala

asupra injuriei endoteliale si inflamatiei cronice la femei tinere obeze si non-obeze cu SOP

Ipoteza de lucru: Cea de-a doua parte a cercetarii a avut ca scop evaluarea efectului CO continand 30 pg
EE+ DRP-3mg (DRP/EE;,,) in asociere cu metforminul + dieta hipocalorica/scaderea in greutate asupra
markerilor de disfunctie endoteliald, GIMC, indicilor de inflamatie cronica, metabolismului carbohidrat si
insulinorezistentei, profilului lipidic, considerati cu totii predictori valorosi ai bolii cardiovasculare

subclinice, la femei obeze si non-obeze cu SOP.

Materiale si metode: La 47 din cei 54 de subiecti SOP, evaluati in prima parte a cercetarii s-a initiat
tratament cu contraceptivul monofazic- DRP/EE3,, si metformin 2x850mg/zi. Totodatd, pacientelor
supraponderale si obeze cu SOP li s-a recomandat scadere 1n greutate, in timp ce celor normoponderale 1i

s-a mentionat sa-si pastreze greutatea sau, dacad doresc, sd scadd in greutate. Cei 25 subiecti SOP care au



respectat indicatiile terapeutice au fost reevaluati complet dupa 24 sdptamani de tratament prin aceleasi
masuratori antropometrice, determindri hormonale, metabolice, DXA si studii cardiovasculare, similar

evaludrii bazale, exceptie determinarea TNF-a care, din motive financiare a lipsit din evaluarea la 6 luni.

Rezultate IMC-ul (p<0,001), tesutul adipos total % (p=0,018) si masa slaba (kg)(p=0,009) au scazut
semnificativ in lotul SOP in urma tratamentului medicamentos si a dietei, in timp ce ITS si tesutul adipos
troncular s-au modificat doar borderline. in ceea ce priveste rezistenta la insulina, atat insulinemia bazala
cat si HOMA-IR sau QUICKI s-au imbunatatit semnificativ de-a lungul perioadei de urmarire (p< 0,001),
in timp ce concentratiile serice ale CT (p=0,005) si TG (p=0,04) au crescut semnificativ. Asa cum era de
asteptat, scorul F-G (p=0,02), TT (p=0,007) si FAI au scazut iar SHBG-ul ((p<0,001) a crescut in urma
interventiei aplicate. Desi fard a atinge semnificatie statisticd, asocierea tratamentului combinat
metformin +CO cu scaderea ponderala s-a asociat cu un trend crescator in ceea ce priveste valorile DMF
in SOP (p=0,101), in timp ce concentratiile ET-1 au scazut, dar nu semnificativ, iar NO si hsPCR nu s-au
modificat de-a lungul studiului. Dimpotriva, o crestere semnificativd s-a constatat in cazul GIMC
(p=0,003). Considerand separat pacientele SOP nonobeze si obeze, doar urmaitorii parametrii au
inregistrat o Imbunatatire semnificativd dupa 6 luni de tratament asociat cu dieta hipocalorica raportat la
valorile bazale in sublotul de paciente obeze si supraponderale: IMC-ul (p=0,001), FAI (p=0,011), TT
(p=0,009), scorul F-G (p=0,007), insulinemia, HOMA-IR si QUICKI (p< 0,003), tesutul adipos total (%)
(p=0,016), si masa slaba (p=0,006). Dimpotriva, atat concentratiile TG serice (p=0,004) cat si GIMC
(p=0,007) au crescut semnificativ, in timp ce s-a observat o crestere cu semnificatie statisticd borderline
in ceea ce priveste nivelele CT. Dimpotriva, referitor la subgrupul nonobez, se observa ca doar FAI,
scorul F-G, si concentratile SHBG au demonstrat modificari semnificative si favorabile de-a lungul
studiului (p<0,05). O crestere semnificativa am observat in cazul CT (p=0,047) si una aproape de limita
semnificatiei statistice s-a remarcat, de asemenea, in cazul indicelui QUICKI. Cu privire la statusul
fumator, glicemia, ambii indici de rezistentd la insulind, concentratiile SHBG si FAI (p<0,021) s-au
imbunatatit semnificativ in randul nefumatorilor pe perioada studiului si nu au prezentat nicio modificare

sau doar modificari borderline catre un status mai bun in randul pacientelor SOP fumatoare.

Grupul de paciente SOP a pierdut 6,61% din greutatea initiala, in timp ce analizate separat, femeile din
subgrupul obez au scdzut in greutate In urma tratamentului indicat i a regimului urmat 8,78%, iar
subgrupul nonobez a demonstrat o scadere ponderala de 2,1%. Avand 1n vedere relatia dintre obezitate si
unii parametri si posibilul impact favorabil al scaderii ponderale asupra lor si dorind totodata sa evaluam
influenta tratamentului instituit asupra factorilor de risc cardiovasculari, s-au facut ajustari pentru
scaderea in greutate, ludnd ca prag o scadere ponderald de 5%, respectiv 10%. S-a constatat ca si dupd o

ajustare pentru o scadere cu >5% si respectiv >10% a IMC-ului au existat diferente semnificative statistic



in ceea ce priveste valorile initiale ale acestuia, valorile initiale ale FAL TT, tesutului gras total %, SHBG
(p<0.05) si valorile lor de la 6 luni, in timp ce pentru masa slaba (kg) (p=0,016), HOMA-IR (p=0,014),
QUICKI (p=0,026), insulinemie (p=0,016) si tesutul adipos troncular % (p=0,033) diferentele
semnificative pretratament versus posttratament au persistat doar in cazul ajustarii pentru 5%. Cresterea
nefavorabild a GIMC max si a TG serice observata la 6 luni de la intrarea in studiu a ramas de asemenea

semnificativa (p=0,008, respectiv p=0,012), si dupa ajustarea de > 5%.

Concluzii: Din céte stim, aceasta este primul studiu care a evaluat efectul metforminului in asociere cu
CO cu efecte antiandrogenice DRP/EE;,, si scdderea ponderald asupra unor markeri de disfunctie
endoteliald i alterare structurald, hsPCR, compozitiei corporale, metabolismului lipidic si carbohidrat la
femei obeze si nonobeze cu SOP. Rezulatele cercetarii de fata sugereaza un efect disociat al interventiei
medicale constind in medicatia metformin- DRP/EE;,, + scdderea ponderald moderata asupra factorilor
de risc cardiovasculari, cu un impact pozitiv asupra hiperandrogenismului clinic si biochimic,
metabolismului carbohidrat §si compozitiei corporale, un usor efect pozitiv/ neutru asupra markerilor de
disfunctie endoteliald: DMF %, concentratiile NO si ale ET-1 si a celor inflamatori, insa fara efecte
benefice asupra markerilor de alterare structurala si a profilului lipidic atat in lotul SOP global, cat si n
subgrupul SOP obez. Dimpotrivi, s-a observat progresia GIMC de-a lungul perioadei de urmirire. In
sublotul non-obez nu s-au observat modificari semnificative ale functiei endoteliale, GIMC, nivelelor
insulind la 6 luni de la inrolare, efecte ce pot fi atribuite per ansamblu doar combinatiei de medicamente
utilizate. Cel putin, se poate trage concluzia cd administrarea de metformin+DRP/EE30ug pacientelor
SOP non-obeze nu prezinta riscuri, in conditiile in care nu s-au observat deteriordri suplimentare ale nici
unui factor de risc cardiovascular in randul acestor femei.Desi studiul de fata este limitat de absenta unui
grup control fard scidere ponderald, rezultatele obtinute in lotul SOP total, dupa ajustarea pentru o
scadere in greutate >5% si respectiv >10% sugereaza ca tratamentul medicamentos folosit de paciente ar
exercita efecte neutre/usor pozitive asupra functiei endoteliale si nivelelor PCR sau cel putin nu
contracareaza efectele scaderii ponderale rezultatd din schimbarea stilului de viatd asupra DMF, dar ar
avea in schimb efecte nocive asupra structurii arteriale si trigliceridelor serice. Statusul fumator a
impiedicat realizarea unor efecte benefice asupra unor parametri ai metabolismului gluco-insulinemic si
markeri de hiperandrogenemie, subliniind incd o datd efectele nocive ale fumatului si necesitatea

incurajarii stoparii acestui obicei nedorit.
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1. The current state of knowledge

The polycystic ovary syndrome (PCOS) is a heterogeneous disorder which affects up to 10% of women of
reproductive age [Cussons et al., Atherosclerosis, 2006, Azziz et al., J Clin Endocrinol Metab, 2004],
characterized by clinical and/or biochemical hyperandrogenism and frequently accompanied by ovulatory
dysfunction, obesity and polycystic ovaries [Azziz et al.., Humana Press, 2006, Blank et al., Ann N Y
Acad Sci, 2008]. PCOS is considered not only an endocrinopathy which affects reproduction, but also a
metabolic dysfunction. Although controversies still exist, the majority of studies suggest a high
cardiovascular risk and an increased prevalence of sub-clinical cardiovascular disease, characterized
through impairment of heart and arterial structure and function [Shaw et al., J Clin Endocrinol Metab,
2008, Talbott et al., Arterioscler Thromb Vasc Biol, 2000], endothelial dysfunction, lipid abnormalities
and a low-grade chronic inflammation in women with PCOS[Tarkun et al., J Clin Endocrinol Metab,
2004, Orio et al. J Clin Endocrinol Metab, 2004, Kelly et al., J Clin Endocrinol Metab, 2001]. Up to the
present, insulin-resistance and obesity appear to be the major mediators of early endothelial dysfunction,
coronary and carotid atherosclerosis and low grade chronic inflammation. Though still unclear, the
androgenic excess might also be involved in the endothelial dysfunction development [Kravariti et al., J
Clin Endocrinol Metab, 2005, Tarkun et al., J Clin Endocrinol Metab, 2004]. Lifestyle modification, diet
and weight loss are essential for cardiovascular disease and diabetes mellitus prevention in overweight
and obese PCOS women. In addition to these and aside from the therapeutic strategies directed toward
restoration of fertility, the current pharmacological treatment of this disease is based mainly on two
categories of drugs: oral contraceptives (OCP) and insulin sensitizers. Even without PCOS, possible long-
term metabolic and cardiovascular adverse effects of OCP are a matter of concern. On the other hand,
some studies reported an improvement of endothelial structure and function [Diamanti-Kandarakis et al.,
Eur J Endocrinol, 2005, Diamanti-Kandarakis et al., J Clin Endocrinol Metab, 2001, Orio et al., J Clin
Endocrinol Metab, 2005] and also a decline of the hsCRP levels [Morin-Papunen et al., J Clin Endocrinol
Metab, 2005, Diamanti-Kandarakis et al., Hum Reprod, 2006, Teede et al., Fertil Steril] after a 6-month
treatment with metformin. Considering these, it seems logical to associate an OCP containing a progestin
with less androgenic/antiandrogenic activity, such as drospirenona (DRP) with insulin sensitizers in the
treatment of PCOS in order to counteract the potential harmful effects of the OCP on the cardiovascular
markers. However, up to now, there have been no available data regarding the effect of the association

OCP-DRP/EEj;,, +metformin + lifestyle changes on such cardiovascular risk markers in PCOS.



2. Personal contributions

2.1 Endothelial injury and low-grade chronic inflammation in PCOS- the relationship with some

antropometric, metabolic and hormonal parameters

The purpose of this study was to investigate the presence of chronic inflammation, endothelial
dysfunction and of anatomic markers for sub-clinical cardiovascular disease, as well as their relationships
with the characteristic hormonal and metabolic alterations of the syndrome in a population of young
women with PCOS. Eventually, we sought to establish which endocrine and/or metabolic parameter may
independently predict increased cardiovascular risk in PCOS. There is no single study in Romania to have
evaluated altogether these surrogate markers of early atherosclerosis in PCOS women. Therefore, the first
chapter of this paper brings up original contributions for our country, representing, thus, a breakthrough in
this direction.

Study protocol: We prospectively studied 54 women with PCOS (the diagnosis of PCOS was based on
the AES 2006 guideline) and 36 healthy control women of similar age and body mass index (BMI). A
complete history and physical examination, including BMI, waist hip ratio (WHR), Ferriman-Gallewey
(F-G) score, systolic blood pressure (SBP) and diastolic blood pressure (DBP), smoking habit were
determined by the same doctor. All blood samples were obtained during early follicular phase (days 2-5)
of a spontaneous or progestin-induced menstrual cycle. Insulin (INS, pU/ml), total testosterone (TT,
ng/ml), estradiol (E,, pg/ml), sex hormone-binding globulin (SHBG, nmol/l), endothelin-1 (ET-1, pg/ml),
hsCRP (mg/l), and TNF-a (pg/ml) were all measured using commercial enzyme —linked immunosorbent
assay kits from DRG Instruments, Marburg, Germany. Besides, serum fasting glucose (GLU, mg/dl), total
cholesterol (TC, mg/dl) and triglycerides (TG, mg/dl) were measured, too. The free androgen index (FAI)
and the insulin resistance indices: HOMA-IR and QUICKI were calculated. The measurement of nitric
oxide (NO) was accomplished by the simultaneous measurement of nitrate (NO;) and nitrite (NO,)
using the NADPH-nitrate reductase, a method first described by Wu and Brosnan, based upon the
reduction of nitrate to nitrite using NADPH and measurement of the total nitrite formed with the Griess
reagent. Carotid intima-media thickness (CIMT) and flow-mediated dilation (FMD) of the brachial artery
were measured in all subjects by the same experienced cardiologist who was blinded to PCOS status,
using a color Doppler Ultrasound (AGILENT SONOS 4500) with a high-resolution 10-Mhz linear probe.
Body composition was assessed by whole-body dual-energy X-ray-absorptiometry (DXA) with a DPX-
NT (GE, Madison, USA) device.

Results: As anticipated in PCOS, TT and FAI were significantly increased p<0,001), while SHBG was

significantly decreased (p=0,009). However, there were no differences between PCOS patients and



controls in terms of body composition, e.g. total and trunk fat mass and fat-free mass, of fasting glucose
and indices of insulin resistance. Furthermore, ET-1 levels were significantly increased (p=0,002) while
FMD was significantly lowered in the PCOS women compared with the control women. (p=0,001). There
were no differences between the two groups in terms of SBP, DBP, CIMT, NO concentrations and

markers of inflammation: TNF-o and hsCRP.

In the whole studied population (n=90), ET-1 values were negatively related to SHBG levels (r=-0,222,
p=0,035) and positively related to TT concentrations, FAI (p <0,001), BMI (r=0,215, p=0,041).
Interestingly, univariate linear regression results of ET-1 and PCOS status, TT and FAI, respectively in
the total group showed that only PCOS status (p = 0.044) was a significant predictor of ET-1 levels, while
the relationship between FAI and ET-1 levels was of borderline significance. The same relationship
between ET-1 and androgen levels was described when evaluating separately women with PCOS and
controls: in women with PCOS, ET-1 levels correlated significantly only with TT concentrations
(r=0,310, p=0,023), whereas, in controls, significant correlations were found with TT and SHBG
concentrations, FAL, BMI, WHR (p<0.05). A borderline association was also found between hsCRP and
ET-1 in controls (r=0,308, p=0,068).

In the total group, FMD values were negatively and significantly related to BMI, WHR ( p < 0.05),
insulin (r=-0,241, p=0,03) and FAI (-0,265, p=0,016). Negative, but of borderline significance
correlations were also found between FMD and TG levels, ET-1, HOMA-IR, QUICKI, TT and hsCRP.
Taking separately PCOS individuals and controls, there was, however, no significant association between
FMD and studied parameters in the PCOS group. In multiple regression analyses for the total population
the PCOS presence was a significant predictor of FMD levels, independent of any variable from the
models. Additionally, both insulin (p=0,049) and hsCRP (p=0,048) were in separate models significant
predictors of FMD values, independent of PCOS status, while with the inclusion of BMI, the significance
of INS as an independent predictor of FMD was eliminated (p=0,206) and the hsCRP-FMD%
relationship remained of borderline significance (p=0,059).

As far as the influence of obesity upon chronic inflammation is concerned, hsCRP, but not TNF-a, was
significantly higher in the overweight and obese groups (BMI >25kg/m?), compared with the non-obese
groups (BMI <25 kg/m®), whether or not they had PCOS (p <0.001), but neither was significantly
different when women with PCOS were compared with weight-matched controls. HSCRP significantly
correlated with parameters of obesity and insulin resistance- BMI, total fat mass, trunk fat mass
(p<0.001), fasting insulin, HOMA-IR, QUICKI (p<0.05) and SHBG levels in both PCOS and the total
group. In the multivariate linear regression models both BMI and TC levels were independent and

significant predictors of hsCRP levels in the PCOS group and the inclusion of total fat mass %, in



particular, reduced the BMI-related contribution to hsCRP variability the most (from 42% to 11.78%),
suggesting that at least part of the observed association of BMI and hsCRP in PCOS may be driven by
total fat mass.

Conclusions: Our data show that young, non-dyslipidemic, non-hypertensive, euglycaemic women with
PCOS have altered endothelial function as documented by both impaired vascular reactivity and increased
ET-1 levels, but not increased CIMT suggesting early functional pre-atherosclerotic vascular impairment.
Furthermore, the PCOS status is not associated per se with chronic inflammation and the hsCRP
concentrations are related only to obesity and metabolic alterations. Having in mind the predictive value
of PCOS presence revealed by regression analysis on both FMD% and ET-1 values, we propose that
PCOS status should be regarded as a predictor marker of cardiovascular risk, beside other well-known
cardiovascular risk factors, such as insulin resistance, hsCRP, obesity. More long-term studies will be
needed to determine the significance of the finding of early endothelial disease in women with PCOS.
We also found negative correlation between increased androgen levels and hsCRP concentrations, on the
one hand and indices of endothelial dysfunction, on the other hand, across all subjects, suggesting that
hyperandrogenemia and chronic inflammation may impair, besides insulin resistance and other factors,
endothelial function. In other words, the combination of the endothelial dysfunction related to both the
PCOS status and hyperandrogenemia, on the one hand, and the co-existent obesity and metabolic
alterations such as hypercholesterolemia promoting inflammation, on the other hand, can contribute

significantly to the progression of atherogenesis.

2.2. The effects of the combined therapy metformin- DRP/EE30pug associated or not with weight
loss on endothelial injury and low-grade chronic inflammation in young obese and non-obese PCOS

women

The aim of the second part of this original research was to assess, in patients with PCOS, the effects of a
pill containing 30 pg+DRP combined with metformin + diet/weight loss on the markers of impaired
arterial structure and function, low-grade chronic inflammation and also on the carbohydrate and lipid
metabolism, insulin resistance and body composition, as valuable predictors of subclinical cardiovascular
disease.

Study design: The treatment with the monophasic OC- DRP/EEs,, (21 days/month) and metformin,
given as 850 mg twice per day was started on 47 of the 54 subjects evaluated in the first part of this
research. In addition, overweight and obese PCOS patients (BMI> 25 kg/m2) were invited to follow a
hypocaloric diet/lose weight, while non-obese patients were instructed to maintain their weight or, if they
wish, to lose weight, too. Those 25 PCOS subjects who completed the study following medical

recommendations were fully revaluated 24 weeks later through the same anthropometric, hormonal,



metabolic determinations, DXA, cardiovascular studies as in the beginning of the study, with the
exception of TNF-o measurement, which was not used in the 6-month evaluation, strictly because of
financial reasons.

Results: The BMI (p<0.001), total fat mass % (p=0.018) and lean mass (kg) (p0.009) were significantly
decreased by the pharmacologic approach and diet in the total PCOS group, while WHR and trunk fat
mass % declined only borderline. Regarding insulin resistance, both fasting insulin and HOMA-IR (or
QUICKI), significantly improved after the medical intervention in comparison with baseline values
(p<0.001), whereas on the contrary, both TC (p=0.005) and TG (p=0.04) concentrations significantly
increased. As expected after 24 weeks of treatment and diet, and compared with baseline measurements,
F-G score (p=0.020, TT (p=0.007) and FAI (p<0.001) significantly decreased, while SHBG significantly
increased (p<0.001). Although not a statistically significant change, the association of diet with
metformin plus 30 pg EE+DRP was accompanied by a trend towards increased FMD in PCOS subjects
(p=0.101), while ET-1 concentrations declined, though not statistically significantly, and both NO and
hsCRP levels did not change over the study. On the contrary, a significant rise in the CIMT was noted
over the study (p=0.003). Considering non-obese and obese PCOS subjects separately, the following
parameters showed a significant improvement after 6 months of therapy associated with diet, compared to
baseline in the overweight and obese PCOS subgroup: BMI (p=0001), FAI (p=0.011), TT (p=0.009), F-G
score (p=0.007), INS , HOMA-IR, QUICKI (p< 0,003), total fat mass % (p=0.016) and lean mass
(p=0.006). On the contrary, both CIMT max (p=0.007) and TG levels (p=0.004) significantly increased in
obese and overweight PCOS women, whereas there was also a borderline increase in TC concentrations.
On the contrary, non-obese PCOS patients noted significant changes only in FAI, SHBG concentration
and F-G score (p<0.05). In addition, serum TC rose (p=0.047) over the study period and it was noted also
a borderline increase in QUICK index, too. Regarding the smoking status, the fasting glucose, both
insulin resistance indices, SHBG levels and FAI (p<0,021) improved significantly in non-smokers during
the study and they showed no changes or only borderline modifications towards a better status in smoker
PCOS subjects.

We noted that our group of PCOS women undergone a 6.61 % amount of weight loss , while in the sub-
groups of obese and non-obese subjects a weight reduction of 8.78 % and 2.10% respectively, occurred.
Having in mind the relationship between obesity and several parameters and the possible favourable
impact of losing weight on them on one hand and trying to establish the influence of the drug association
prescribed in this research on cardiovascular risk markers, on the other hand, adjustments for weight loss

were made, taking as cut-offs a value of > 5% weight loss and a value of > 10% weight loss, respectively.

Even after adjusting for a decline of >5% in BMI and >10% in BMI, respectively there was still a



significant difference between the basal values of BMI, FAI, TT, total fat mass %, SHBG (p<0.05) and
their values at 6 months, while regarding lean mass (p=0.016), HOMA-IR (p=0.014), QUICKI (p=0.026),
INS (p=0.016) and trunk fat mass (p=0.033), significant differences were present only after the
adjustment for > 5% decline in BMI. Additionally, the unfavourable increments in CIMT max and TG
concentrations over the 6 month treatment observed in our research were significant after applying the
adjustment for >5% decrease in BMI) (p=0.008, p=0.012, respectively), suggesting a potential harmful

effect of the medication taken by our patients on some surrogate markers of cardiovascular risk.

Conclusions: To our best knowledge, the present study is the first to evaluate the effect of metformin and
the antiandrogenic OC containing DRP/EE3(,, combined with weight loss exerted on the surrogate
markers of arterial structure and function, hsCRP concentrations, body composition and carbohydrate and
lipid metabolism of obese and non-obese women with PCOS. Our results suggest that the association
metformin- DRP/EE;,, + moderate weight loss may differently affect the cardiovascular risk factors
having a positive impact on clinical and biochemical hyperandrogenism, body composition and
carbohydrate metabolism, a mild positive /neutral effect on FMD, NO and ET-1 concentrations and also
on inflammation but with no beneficial effects on markers of arterial structure and lipid profile in both
total PCOS group and the obese sub-group. On the contrary, a progression of the CIMT was found over
the study. There were no significant changes of endothelial function, CIMT max, hsCRP levels or of any
other parameters in the non-obese subgroup, except an improvement in hyperandrogenemia and insulin
sensitivity observed at 6 months, for which the combination of drugs used in this study may be totally
responsible. At least, we can say that the metformin+DRP/EE;,, association administered to non-obese
PCOS women is safe, as no further deterioration in cardiovascular risk factors were noted in these
women. Although our study is limited by the lack of a weight loss control group, the results obtained
after the adjustment for >5% and >10% decrease in body weight suggest that the medical treatment used
might have neutral or mild positive effects on endothelial function and hsCRP levels, or at least it does
not seem to counteract the effect of the loss of weight due to healthier lifestyle changes on FMD but it
might worsen arterial structure and increase TG levels. Smoking inhibited several beneficial effects of
medical intervention upon some carbohydrate and insulinic metabolism and markers of
hyperandrogenemia, emphasizing once again its deleterious effects and that its cessation should be

aggressively promoted in PCOS subjects.
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