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Impact of PCOS on reproductive outcomeImpact of PCOS on reproductive outcome

 Incidence of periconceptional damage
Sahu B, Arch Gynecol Obstet 2008
Qiao Human Reprod, 2010

Periconceptional 
influences

 Incidence of periconceptional damage 

Incidence of miscarriage 30-50%

Giudice LC, Best Pract Res Clin Endocrinol Metab 2006
Homburg R, Best Practice Research, 2006

Embryo
i l t tiimplantation

 Incidence of negative pregnancy outcomeg p g y
•Gestational Diabetes Mellitus: 20-30%
•PIH: 13.3 % 
•Fetal Growth Restriction: 10 -15 %

Boommsma, Hum Reprod Update 2006
Eshre Consensus Thessalaniki 2008

Fetal Growth Restriction: 10 15 %
Pregnancy outcome



Periconceptional damage and PCOS 

1. Poor oocyte quality1. Poor oocyte quality

2.   Poor embryo quality

3 E i i i fl3.   Epigenetic influences



PCOS patients have a poor oocyte qualityp p y q y

hyperinsulinism

aberrant ovarian growth
factorshyperandrogenemia

abnormal follicle development

poor oocyte quality

low fertilization ratelow fertilization rate
Dumesic et al, Obstet Gynecol Surv 2008



Ovarian growth factors andOvarian growth factors and oocytesoocytes maturation in PCOSin PCOSOvarian growth factors and Ovarian growth factors and oocytesoocytes maturation in PCOS in PCOS 
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Ovarian growth factors and oocyte maturation in PCOSOvarian growth factors and oocyte maturation in PCOS 

AMHAMH InhibinsInhibins

Visser et al, Reproduction 2006 Tsigkou et al, Fertil Steril 2008



Ovarian growth factors and oocyte maturation in PCOSOvarian growth factors and oocyte maturation in PCOS 
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Knight  et al, Reproduction 2006
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Poor Oocyte quantity in PCOS/obesity? 

yt
es

PCOS

O
oc

y PCOS
Non-PCOS

In PCOS women the BMI is inversely correlation 
with oocyte retrieved

Hind , et al  Reprod Biomed Online. 2009



Periconceptional events and PCOS 

1 Poor oocyte quality1. Poor oocyte quality

2.   PoorPoor embryoembryo qualityquality

3.   Epigenetic influences
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Poor Embryo quality in PCOS? 

NO

“There are few indications that embryo quality are significantly
compromised in women with PCOS, at least as far as in vitro

i ”
Weghofer et al Fertil Steril 2007

YES

maturation and IVF are concerned”

P t lit

YES

Increased follicular fluids

Poor oocyte quality Increased markers of oxidative stress

Increased follicular fluids 
homocysteine levels PCOS

P b litPoor embryo quality
Qiao et al Human Reprod 2010



AMH oocyte and embryo qualityAMH, oocyte and embryo quality 

AMH is a predictor of oocytes retrieved and of the number of good
f f f

Majumder, Eur J Obstet Gynecol Reprod Bio 2010

quality embryos available for transfer and freezing.



Periconceptional events and PCOS 

1 Poor oocyte quality1. Poor oocyte quality

2. Poor embryo quality 

3.   Epigenetic influences



Fetal origins of adult disease

Barker DJ Lancet 1989
Undernutrition – Hypoxia -
Infection Stress hormones Barker  DJ Lancet 1989Infection – Stress hormones

Neonatal
Altered Developmental 

Physiology Predisposition

Neonatal 
Responses

Permanent Effects
CHD, Type II Diabetes

The associations are thought to be consequences of developmental
plasticity, the phenomenon by which one genotype can give rise to a
range of different physiological or morphological states in response torange of different physiological or morphological states in response to
different environmental conditions during development.



PCOS and epigenetic influences

“…in utero hyperandrogenemia exposure may lead to abnormal
epigenetic reprogramming during fetal development, thus resulting in

1. Increased incidence of :

PCOS phenotype in the adult...”

- AR (CAG repeats)
-chromosome X inactivation

2. Altered fetal LH secretion

3.  Reproductive consequences on the 
fetus

4. Metabolic consequences on the fetus

fetus 

Dumesic  DA  Rev Endocr Metab Disord 2007



PCOS and its developmental origin

Rhesus monkeys Sheep

Early treated Late treated

Critical times exist during fetal development when the steroidal
status of the mother permanently may alter the physiology of thestatus of the mother permanently may alter the physiology of the
fetus and its susceptibility to disease after birth.

Dumesic  DA  Rev Endocr Metab Disord 2007



PCOS and its developmental origin

P t l/ b t lPrenatal/prepubertal
exposure to androgen

Central adiposity Insulin
Resistance

h d i

l O

Anovulation
1 G l ti

hyperandrogenemia

Fetal Ovary 1 Genes regulating
 Folliculogenesis
 Steroidogenesis

M t l O
hCG/LH

2 Genes regulating
Insulin secretion
Insulin action

Franks et al, Int J androl 2006

Maternal Ovary Insulin action
Adipocyte differentation



Epigenetics in polycystic ovary syndrome: 
A il d f l b l DNA h l iA pilot study of global DNA methylation

“… no significant difference in the global methylation of peripheral
leukocyte DNA between patients with PCOS and matched controlsleukocyte DNA between patients with PCOS and matched controls.

Xu Fertil and Steril 2009

It’s necessary to investigate methylation in key tissues other than
i h l l k t h h i di tiperipheral leukocytes, such as human ovaries, adipose tissue or

adrenals, and specific target genes or regions.



Periconceptional damage and PCOS:

Poor oocyte and   

embryo qualityb i

hyperandrogenemia
e b yo qua ty

Susceptibility to    
h i li i

obesity

adult disease

aberrant ovarian growth factors

hyperinsulinism

aberrant ovarian growth factors
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PCOS and miscarriage: epidemiology

10 15%
Miscarriage rate in 

h lth

Miscarriage rate in women

10-15%healthy women

30-50%with PCOS

PCOS in women with
30%

PCOS in women with
recurrent miscarriage

Giudice LC, Best Pract Res Clin Endocrinol Metab 2006

Homburg R, Best Practice Research, 2006



Endometrium and PCOS

• elevate serum LH
• persistent estrogen actionpersistent estrogen action
• hyperandrogenemia
• hyperinsulinism

e

altered expression of:

ar
ac

rin
e • growth factors (IGFBP-I; activin A)

• cytokines and inflammatory factors
(IL-1; LIF; CRH)

ll dh i l l (i t ipa • cell adhesion molecules (integrins; 
glycodelin)

Endometrium

• decreased endometrial vascularity
i d l i ti t i hibit (PAI)

Van Der Spuy ZM, Best Pract Res Clin Obste Gynecol 2004

Giudice LC, Best Pract Res Clin Endocrinol Metab 2006

• increased plasminogen activator inhibitor (PAI)



PCOS and miscarriage: : endocrine factors

anovulationhyperinsulinism hyperandrogenemia

persistent estrogen action
++AR

++ERIGFR

Impaired
decidualization

decreased expression of

decidualization

decreased expression of
glycodelin and 3 

integrin

Early pregnancy loss



PCOS and miscarriage
i d b li fparacrine and metabolic factors

+  IGFBP

Growth factors

- IGF- I

Cytokines Metabolic factors

+ PAI
+ homocystein

- LIF
- IL-1

Altered
fibrinolysis-

Early pregnancy loss

b o ys s
antifibrinolysis

balance



PCOS and miscarriage: endometrial expression profile.

Impaired endometrial mRNA of cell cycle regulators, enzyme
glycoysis and integrines in PCOS are distinctly different from
th f l l li

Kim JY et al, J Clin Endocrinol Metab. 2009 

those of regularly cycling women.



PCOS and miscarriage: 
impaired endometrial blood flow

Subendometrial and endometrial blood flow is significantly impaired
in women with PCOS who have clinical signs of hyperandrogenism,
but not in women without hyperandrogenism.

Lam Ultrasound Obstet Gynecol 2009



Miscarriage and PCOS

obesity

hyperandrogenemia

Endometrial dysfunction
hyperinsulinism

obesity

aberrant cytokine and
inflammmatory factorsy

Miscarriageimpaired endometrial flow
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Impact of PCOS on reproductive outcomeImpact of PCOS on reproductive outcome

 Incidence of periconceptional damage
Sahu B, Arch Gynecol Obstet 2008
Qiao Human Reprod, 2010

Periconceptional 
influences

 Incidence of periconceptional damage 

Incidence of miscarriage 30-50%
Giudice LC, Best Pract Res Clin Endocrinol Metab 2006
Homburg R, Best Practice Research, 2006

Embryo
implantationimplantation

 Incidence of negative pregnancy outcome Incidence of negative pregnancy outcome
•Gestational Diabetes Mellitus: 20-30%
•PIH: 13.3 % 
•Fetal Growth Restriction: 10 15 %

Boommsma, Hum Reprod Update 2006
Eshre Consensus Thessalaniki 2008

•Fetal Growth Restriction: 10 -15 %
Pregnancy outcome



PCOS and pregnancy outcome: pathogenesis

obesity

hyperandrogenemia hyperinsulinism

Preterm birthGestational diabetes mellitus 

Increase caesarean section

Increased operative delivery

Pregnancy-induced hypertension 

Preeclampsia Increased operative delivery

Neonatal intensive care unit

Preeclampsia 

Fetal growth restriction 



PCOS and pregnancy outcome:
the role of hyperglycemiathe role of hyperglycemia

Counterregulatory Hormones and cytokines

hPL
Placental GH
CRH

g y y

CRH
Progesterone
Adipokines (TNF-)

insulin
resistanceresistance

Glucose, AA



PCOS and pregnancy outcome:
the role of hyperglycemiathe role of hyperglycemia

1-14%GDM in 
healthy women

20-30%GDM in women with PCOS

healthy women

Ben-Haroush , Diabet med 2004



PCOS pregnancy outcome: the role of hyperandrogenemia

Maternal adrenal  gland

hyperandrogenemia

maternal ovary
persistently stimulated

-decrease placental aromatase activity
- decrease androgen metabolism        

enzyme

hyperinsulinism

1,5 -
TestosteroneDHEAS
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*
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Sir-Peterman T.  Human Reprod 2002 
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PCOS and pregnancy outcome: 
h l f h d ithe role of hyperandrogenemia

Plancenta of women with PE express more androgen receptors mRNA

Increased Androgen Receptor (AR) expressionIncreased Androgen Receptor (AR) expression

Normal Preeclampsia p*

AR:β 3,7±1,8 36,8± 19,0 < 0,001

Hsu te-Yao Taiwan J Obstet Gynecol 2009



PCOS and pregnancy outcome: the role of obesity

Hypotalamus
adipose tissue

Leptin
CRH

Urocortin 3

dysregualtion adipokine secretion

Urocortin 3
IL-6Adiponectin - TNF-alfa +

Leptin + IL-6 +
Resistin+ Free fatty acids+

muscle liver

RBP4   +

Denison, Reproduction 2010 



PCOS and pregnancy outcome: the role of obesity

TNF

IL-6

MCP-1

Leptin CRH ?
Urocortin 3 ?Urocortin 3 ?

Denison, Reproduction 2010



PCOS b it d tPCOS, obesity and pregnancy outcome

OBESITY PCOS

GESTATIONAL 
DIABETES

5-6% 20-30%

PRE-ECLAMPSIA 11,4% 5-15%

FETAL GROWTH 
RESTRICTION

7,5% 10-15%

Athukorala C  BMC Pregnancy Chldbirth2010
Sir-Peterman Rev Ned Chil 2007



PCOS and gestational hypertensionPCOS and gestational hypertension

InsulinInsulin--resistanceresistanceInsulinInsulin--resistanceresistance

HyperandrogenemiaHyperandrogenemia
ObesityObesityObesityObesity

Aberrant cytokines (TNF-)Aberrant cytokines (TNF-)
Growth FactorsGrowth Factors

Endothelial disfunctionEndothelial disfunction

PRE-ECLAMPSIAPRE-ECLAMPSIA



PCOS and pregnancy outcome 

?What to do
- to lose weight

?
g

-reduce androgen levels
- to correct of hyperinsulinemia

to attenuation of pro inflammatory signals- to attenuation of pro-inflammatory signals 

When to do ?aberrant placental When to do ?
- before conception

cytokines and 
growth factors

- during pregnancy



Reproductive outcome and PCOS

Gestational diabetes mellitus
i

(GDM) 
hyperandrogenemia

Pregnancy-induced hypertensionobesity

Pre-eclampsiahyperinsulinism

Increased operative delivery



Impact of PCOS on reproductive outcomeImpact of PCOS on reproductive outcome

hyperinsulinismobesityhyperandrogenemia

Poor oocyte
Embryo quality

Miscarriage
Gestational-Diabete Melitus

Pre eclampsiaPre-eclampsia



Recommendations

 The value of periconceptional diet or insulin
l i t i t ti ith PCOSlowering agents in treating women with PCOS

 The clinical management of PCOS women during
the course of gestationthe course of gestation

 The follow-up of neonate born by PCOS women


