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Cliniche 
- alterazioni mestruali (66-75%)
- iperandrogenismo (50-70%)
- obesità (40-60%)
- infertilità (33-50%)

Endocrine
- aumento androgeni
- aumento LH
- aumento insulina
- aumento AMH
- riduzione SHBG

Metaboliche
- sindrome metabolica 

(dislipidemia, iperglicemia, etc)
- aumento colesterolo LDL
- insulino-resistenza (50-60%)

Possibili sequele
-menopausa tardiva
- patologia cardiovascolare
- carcinoma endometriale

Manifestazioni della PCOS 
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Sindrome metabolica

Per Sindrome Metabolica si intende la 
contemporanea presenza, in uno 
stesso paziente, di un gruppo di
disordini metabolici, caratterizzato da
una risposta biologicamente
“subnormale” dell’insulina associato
ad obesità viscerale. Comporta una 
elevata probabilità di sviluppare 
diabete di tipo 2 (DM2) e malattia 
cardiovascolare (CVD). I disturbi 
metabolici influenzano la funzione 
riproduttiva controllata 
dall'ipotalamo e dall'ipofisi.



Criteri diagnostici

3 o più dei seguenti criteri:

 Obesità viscerale → Circonferenza 
vita (CV)

≥  88 cm ♀
≥ 102 cm ♂

 Trigliceridi (TG)  
≥ 150 mg/dl o terapia mirata

 Colesterolo HDL 
< 50 mg/dl ♀
< 40 mg/dl ♂
o terapia mirata

 Pressione arteriosa 
≥ 130/85 mmHg
o terapia mirata

 Glicemia a digiuno
≥ 100 mg/dl o terapia mirata

 Obesita viscerale →
 Circonferenza vita (CV) 

≥ 80 cm ♀
≥ 94 cm ♂

 + almeno 2 dei seguenti criteri:

 Trigliceridi (TG)
≥ 150 mg/dl o terapia mirata

 Colesterolo HDL
< 50 mg/dl ♀
< 40 mg/dl ♂

o terapia mirata
 Pressione arteriosa

≥ 130/85 mmHg
o terapia mirata

 Glicemia a digiuno
≥ 100 mg/dl o terapia mirata

IDF

Circulation 2005; 112: e285-e290
IDF Consensus Worldwide Definition of the Metabolic Syndrome, 2006

NCEP-ATPIII



Criteri per la SM nelle donne con PCOS 

La presenza di 3 criteri identifica la sindrome 
metabolica 

1. Obesità addominale > 88 cm
2. Trigliceridi > 150 mg/dl
3. HDL <50 mg/dl
4. Pressione arteriosa > 130/85
5. Glicemia a digiuno 110-126 mg/dl e dopo 2 

h (OGTT) 140-199 mg/dl

1. Non sono necessari test di insulino-resistenza per
effettuare diagnosi di PCOS

2. Le donne obese e quelle che hanno familiarità per
diabete dovrebbero essere screenate per la sindrome
metabolica



Conclusions: Although low HDL-C levels and insulin resistance are common PCOS 
findings in adolescents, the metabolic profile seems to be worse in Phenotype A 
than the other phenotypes. Therefore, screening programs should evaluate 
patients based on the known risk factors and phenotypes for adolescents with 
PCOS. KZ Altintas et al, Gin Pol 2017



Influence of metabolic syndrome on female fertility and in vitro 
fertilization outcomes in PCOS women.

Yaqiong HE et al, Am J Obstet Gynecol 2018

PCOS women with MetS negatively impacts female fecundity and suggests a 
negative association of MetS and IVF cycle stimulation characteristics and clinical 
outcomes.
Furthermore, the prevalence may be higher in infertile PCOS women then age-
matched reproductive women and highlights the importance of metabolic 
profile screening prior to assisted reproduction therapy.



PCOS e Sindrome Metabolica

La PCOS ha implicazioni sistemiche, oltre che sulla sfera
riproduttiva.

• La prevalenza di PCOS tra le donne con DM2 è 5 volte
quella di controlli.

• Il DM2 ha una forte componente genetica, riscontrata
anche nelle pazienti con PCOS.

Quale il link tra Sindrome Metabolica
e PCOS?

L’insulina!



Obesità Diabete Sindrome metabolica

PCOS

Per Insulino-resistenza si intende una ridotta sensibilità dei tessuti
all’azione dell’insulina. Questa alterazione viene inizialmente e
solitamente compensata da una super produzione
dell’ormone insulina (iperinsulinismo compensatorio). In taluni
frangenti della giornata e in particolare dopo il pasto, quando vi è
un ulteriore stimolo alla produzione di insulina determinato
dall’ingestione di cibo, l’ iperinsulinemia può determinare una caduta
dei livelli di glucosio nel sangue (ipoglicemia reattiva).

Essa rappresenta la base fisiopatologica della sindrome metabolica.

Le Roith D, Diabetes care 2001 



Patogenesi: ‘Insulin school’
L’iperinsulinemia è una condizione predisponente
all’iperandrogenismo attraverso molteplici meccanismi.

Ipofisi Aumenta l’ampiezza dell’increzione di LH

Ovaio

Diretta: aumenta l’increzione di androgeni per
stimolo dell’attività del citocromo p450

Indiretta: aumenta la risposta secretoria allo
stimolo dell’LH

Riduce i livelli sierici delle SHBG e IGFBP-1 ed
aumenta la quota libera degli androgeni circolanti
e IGF-1

Riduce la clearance degli androgeni e l’attività
delle aromatasi mentre aumenta l’attività della
5α-reduttasi

Aumenta la risposta androgenica surrenalica
allo stimolo indotto dall’ACTH

Surrene

Metabolico



Insulin action on the ovary
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72%
Iper-insulinemiche

28%
Normo-insulinemiche

64% obese

60%
Normo-insulinemic

40%
Hyper-insulinemic

36% not obese

Insulin resistance and the compensatory hyperinsulinemia affect 
some 65–70% of women with PCOS, with 70–80% of obese (BMI > 30) 

and 20–25% of lean (BMI < 25)

Marshall JC et al., Fertil Steril 2012

Hyperinsulinemia prevalence in PCOS women



Controllo peso e PA

Livelli sierici lipidi e 

glicemia OGTT

Obesità, età avanzata, storia di 

diabete gestazionale o storia 

familiare di diabete di tipo II

Cambiamento stile di 

vita
Insulino-

sensibilizzanti

Dislipidemia e altri fattori di 

rischio

Assessment of cardiovascular risk and prevention of cardiovascular disease in
women with the polycystic ovary syndrome: a consensus statement by the
Androgen Excess and Polycystic Ovary Syndrome (AE-PCOS) Society.

J Endocrinol metab 2010

Monitoraggio donne PCOS

Prevenzione rischio cardiovascolare in donne PCOS



Insulin-resistance

Ovulation
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Positive effects induced by weight loss in obese women



Non sono state riportate 

malformazioni

Non sono state riportati casi 

di ipoglicemia neonatale

FDA: 

FARMACO DI 
CLASSE B

Metformina

Troglitazone

Rosiglitazone/Pioglitazone

Somatostatina

Diazossido

Acarbosio

Inositolo

Diarrea
Nausea

Disturbi addominali
Acidosi lattica

Aumento di peso
Edema
Diarrea
Nausea
Cefalea

Tossicità epatica



L’inositolo è contenuto:
 negli agrumi, 
 nel lievito di birra, 
 nel latte, 
 nella verdura, 
 nei legumi,
 nel fegato

Un adulto consuma circa
1 gr di inositolo al giorno

No side effects have been reported

De Leo, Morgante et al, Endocrine Review, 2003

Inositols

 At intracellular level, myo-inositol is converted into D-
chiro-inositol

Morphogenesis and cellular cytogenesis
 Synthesis of lipids

 Important for cell membrane structure and cell growth
 Precursor of phosphoinositide synthesis (signal

translation mechanism)
 Is an insulin-sensitizing substance that interferes with 

the intracellular insulin signal transduction
 Administered to women with PCOS causes a reduction 

of insulin resistance and testosterone levels



2Nor dio M. e Proietti E.: “The combined therapy with myo-inositol and D-Chiro-inositol reduces the risk of metabolic disease in PCOS overweight patients compared to myo-
inositol supplementation alone”-Eur Rev Med Pharmacol Sci 2012; 16:575-581

Myo-inositol D-chiro-inositol
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At tissue level, the relationship between myo and d-chiro is regulated 
by the activity of the epimerase enzyme1

Insulin resistance modifies the action of the epimerase differently 
in different tissues

1Carlomagno G. et al.: “ The D-chiro-inositol paradox in the ovary”- Fertil Steril 2011; 95: 2515-2516

Myo/D-Chiro-Inositol ratio

Insulin resistance

Insulin resistance
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Scopo della supplementazione mirata                                                       
nelle donne con PCOS e in sovrappeso  

• Ripristina l’uptake del glucosio 
cellulare
• Migliora la qualità e la maturità 
ovocitaria
• Riduce le unità di r-FSH 
somministrate durante i cicli IVF

• Consente lo stoccaggio in 
glicogeno del glucosio
• Migliora la sensibilità dei tessuti 
all’insulina in donne con PCOS 
insulino-resistenti e obese, 
evitando il peggioramento del 
quadro iper-insulinemico

+



Endocrine Journal  2013

Insulin resistance is associated with an inositol imbalance of excess myo-inositol 
and deficient chiro-inositol together with a deficiency of myo-inositol to chiro-

inositol epimerase

In insulin sensitive PCOS theca cells the inositol imbalance goes in the 
opposite direction to that observed in insulin resistant cells, and there is a 

decreased M/C ratio and an increased myo-inositol to chiro-inositol
epimerase activity



• […] Therefore, we could 
speculate that PCOS patients 
with hyperinsulinemia likely 

present an enhanced MI to DCI 
epimerization in the ovary; this 

would result in an increased 
DCI/MI ratio (i.e., 

overproduction of DCI), which 

in turn would lead to an MI 
deficiency in the ovary.

[…]
• […] Furthermore, because MI supplementation 

reduces the rFSH IU administrated during IVF 

cycles, it is likely that the putative MI 
deficiency in the ovary would 
also impair the FSH signaling, 

resulting in an increased risk of ovarian 
hyperstimulation syndrome for PCOS patients.[…]

Il paradosso ovarico



Inositol treatment of anovulation in women with 
polycystic ovary syndrome: a meta-analysis of
randomised trials J Pundir, BJOG 2017

Menstrual Cycle
Regularization

Ovulation



Clinical Pregnancy
Rate

Inositol appears to significantly improve the ovulation rate, 
and metabolic and hormonal profiles in women with PCOS 
compared with placebo. There is a need to assess its effect on 
pregnancy and live birth rates and on longer term metabolic 
health outcomes. This review shows promising but 
preliminary favourable results with myo-inositol in women 
with PCOS. A well-designed and well-conducted multicentre 
trial to address this issue to provide robust evidence of 
benefit is warranted before the widespread use of inositol can 
be recommended.

Inositol treatment of anovulation in women with 
polycystic ovary syndrome: a meta-analysis of
randomised trials J Pundir, BJOG 2017



Myo-inositol (2 grx2/die vs placebo) supplementation for 6 months in 
postmenopausal women affected by metabolic syndrome 
demonstrated that it may improve some of the metabolic features of 
the syndrome such as carbohydrate metabolism, lipid profile, and 
blood pressure.

Giordano D et al, Menopause 2011



Am J Obst Gynecol 9-2018

Starting early in pregnancy, MI supplementation reduced preterm birth and large infants, in 
addition to preventing GDM development in approximately twothirds of the population.

Although confirming a significant reduction of GDM rate in women who received MI in 
comparison with placebo, we also demonstrated a reduction of preterm birth rate and in 
the rates of macrosomia and LGA babies. Indeed, MI supplementation reduced the risk for 
macrosomia and preterm birth by 60% and 50%, respectively, as shown by univariate
and multivariate analysis.



Ferrari F et al, Am J Obstet Gynecol, 2016

CONCLUSION: Combined inositol treatment during pregnancy
improves blood pressure, glucose levels at the glucose 
tolerance test, and leptin levels in pregnant dams with 
metabolic-like syndrome phenotype but not in obese pregnant 
dams. In addition, inositol treatment was associated with 
lower gestational weight gain in the obese but not in the
metabolic-like syndrome pregnant dams.





Inositolo e PCOS 
- proposte terapeutiche -

 BMI
> 24,9 3/4 gr myo-inositolo

< 24,9 2/2.4 gr myo-inositolo
½ h prima
dei pasti

(a digiuno)
> 24,9 1/1.2 gr chiro-inositolo

< 24,9 250/600 mg chiro-inositolo

Associazione di inositolo a metformina a basse dosi (850-

1000 mg) per ridurne gli effetti collaterali

Inositolo e CO (dosaggio in base al BMI)

Inositolo e clomifene citrato/gonadotropine per induzione 

ovulazione (dosaggio in base al BMI)

PCOS Terapeutic Options



Inositol

• MYO is effective in improving reproductive profile

• DCI more metabolic effect (hyperandrogenism and 
IR)

• They seem to play different but synergistic roles in 
glucose metabolism and insulin regulation, in 
counteracting reproductive / endocrine-metabolic 
defects

• Both treatments are proposable

• The combination of MYO: DCI could be more 
effective but ....

• Precise relationship are not still clear
• Pharmacokinetic studies are ongoing

• Importance of the dosage


