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Consensus meetings on PCOS

• NIH 1991 (Diagnosis)

• Rotterdam 2004 (Diagnosis) – ESHRE/ASRM

• Thessaloniki 2007 (Infertility treatment) –
ESHRE/ASRM

• Amsterdam 2010 (Medical management) -
ESHRE/ASRM

• NIH 2012 – Diagnosis and research agenda



Various phenotypes possible in the 
diagnosis of PCOS

 “NIH” definition

 Rotterdam (ESHRE/ASRM)

 AEPCOS





NIH Workshop Panel Recommendations

• “The name “PCOS” is a distraction and an 
impediment to progress”

• “The right name will enhance recognition of 
this major public health issue for women…”

• No new name suggested



NIH Workshop Panel recommendations
Diagnosis

• Recommend “maintaining the broad 
inclusionary diagnostic criteria of Rotterdam”

• “Specific phenotypes should be reported 
explicitly in all research studies and clinical 
care”



“Rotterdam” definition of PCOS

 Polycystic Ovaries on Ultrasound

 Menstrual irregularity

 Hyperandrogenism (clinical or biochemical)

 No other competing diagnoses

 Only requires 2/3 criteria: many phenotypes 
possible (A-D)                                           
Fertil steril 2004; 81: 18                            
Human Reprod 2004; 19: 41



Prevalence of PCOS in China (15942 in 10 
provinces) by Rotterdam criteria ~ 6%

A = 29%

B = 19%

C = 37%

D = 15%

Li R and  Qiao J. Human Reproduction 2013; 28: 2562-69



GWAS from Han Chinese showing 
susceptibility loci on 2p16.3, 2p21, 9q33.3 

Chen Zi-Jiang. Nature Genetics 2010; doi: 10.1038/ng.732



GWAS 2 combination 1+2= 8226 cases; 
7578 controls  (not a very 

hyperandrogenic cohort): 8 risk loci  

Shi Yongyong. Nature Genetics 2012; doi:10.1038/ng.2384





Fine mapping of 2p16.3 (LHCGR, FSHR) 
PCOS (905)of European ancestry (956 con)

dark red: strong Linkage Disequilibrium

Muthgarasan P. J Clin Endocrinol Metab 2013; 98: E185-E190



AMH and ultrasound in various 
Phenotypes

Carmina and Lobo. Endocrine Practice, 2015

A/B

C

D



AMH is only helpful in “classic” patients 
while FNPO is helpful in all phenotypes

Carmina and Lobo. Endocrine Practice, 2015

ROC 
analyses



Infertility in PCOS: nature of the problem

• “Classic” patients: anovulation is the norm, 
although spontaneous ovulations and 
pregnancies may occur sporadically. 
Represents majority of all PCOS

• “Ovulatory” PCOS – highly variable 
prevalence: 2.4% (Chae 2008) – 40% (Carmina
2007); 37% in China: Is fertility impacted?



Subfertility in Ovulatory PCOS

• Ovulatory PCOS – less fertile related to higher 
LH and FAI (Eden J. Clin Endocrinol 1989; 30: 
77-82

• “PCO” over-represented among infertility 
patients including those with ovulatory 
function (Kousta E. Human Reproduction 
1999; 14: 2720)

• Evidence for early luteal phase deficiency in 
progesterone in Ovulatory PCOS (Josph-Horne 
R. Human Reproduction 2002; 17: 1459-63)



Joseph-Horne, R. et al. Hum. Reprod. 2002 17:1459-1463 



What causes anovulation in PCOS?
Candidates:

• Androgen

• Insulin resistance

• BMI – obesity/cytokines

• Inherent ovarian characteristics 
(morphology/AMH)

• Inherent dysfunction of hypothalamic 
pituitary axis (GnRH/LH/FSH) ??? No  
definitive data except suggestion by GWAS



Suggestions of endometrial defects in 
women with PCOS 

• Data a little confused based on inclusion of 
various phenotypes of PCOS

• Increased androgen receptor levels           
Apparao KB. Biol Reprod 2002;66:297-304

• Decreased HOXA-10 mRNA during 
implantation                                                 
Cermik D. J Clin Endocrinol Metab 2003; 
88:238-43

• Decreased expression of αvβ3 (?)             
Apparao 2002 



Increased endometrial osteopontin expression during 
“Window of Implantation” (ligand for αvβ integrin 3)



Endometrial defects (decreased osteopontin) with 
isolated “PCO”: Potential abnormal cell-cell adhesion 



Consensus on Infertility treatment 
related to Polycystic Ovary Syndrome

• Thessaloniki ESHRE/ASRM meeting:         
Human Reproduction 23: 462-477 2008    
Fertility and Sterility 89: 505-522, 2008

• Sections:
Lifestyle, Clomiphene, Gonadotropins, 
Laparoscopic ovarian surgery, IVF



Indication for IVF in PCOS

• Failure to conceive after several cycles of 
ovulation induction

• Difficult to manage cases of ovulation 
induction/hyperstimulation

• Other co-existing factors



Oocytes in PCOS

Are there really any abnormalities – if 
so, does this apply to all women with 

“PCOS”?



Steroid environment in small follicles 5-8 mm by LC-MS/MS 

Naessen T. Fertil Steril 2010; Feb 18



Extra and Intra Ovarian Factors in PCOS affecting 
oocytes and embryos

Qiao J, Feng HL. Human Reprod Update 2011; 17: 17-33



NMR spectroscopy of FF: Oocyte quality 
affected by hypothesized decreased 

availability of glucose by defective transport

Arya BK. Medical Hypotheses 2012; 78: 475-8



Aberrant expression of growth 
expression factors in oocytes

from women with PCOS 
 Delayed or reduced GDF-9 mRNA in PCOS and 

PCO oocytes                                          
Teixeira Filho FL. J Clin Endocrinol Metab 2002; 
87: 1337-44

 Decreased GDF-9 expression in cumulus 
granulosa cells                                          
Zhao SY. Fertil Steril 2009; April 17 

 Decreased expression of GDF9 and BMP15 in 
mature oocytes in PCOS                              
Wei LN. Zhonghua Fu Chan Ke Za Zhi. 2012



Copyright ©2007 The Endocrine Society

Wood, J. R. et al. J Clin Endocrinol Metab 2007;92:705-713

Distinct differences identified in the global gene expression profiles of 
NL and PCOS oocytes



Copyright ©2007 The Endocrine Society

Wood, J. R. et al. J Clin Endocrinol Metab 2007;92:705-713

Fifteen genes involved in the meiotic/mitotic cell cycle pathway 
exhibited altered mRNA abundance in PCOS oocytes



No differences in oocyte quality in PCO or PCOS

Sahu B. Arch Gyn Obstet 2008; 277: 239-44



IVF outcomes in PCOS

• No evidence that overall outcomes are 
decreased (Thessaloniki, Human Reproduction 
2008) – may be increased (Kalra, Fertil Steril
2013)

• Findings of oocyte and other abnormalities 
probably relate to specific phenotypes – major 
variable is BMI

• Clear evidence that obesity negatively affects 
outcomes



Thessaloniki 2007: Overall Conclusions

• IVF-ET: Third line treatment

• May reduce the risk of multiple pregnancies

• Overall outcomes not affected by PCOS status 
(implantation probably not a problem)

• More oocytes, but less fertilized

• Greater chance of cycle cancellation (poor 
response or OHSS)



The Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus 
Workshop Group,   Hum. Reprod. 2008 23:462-477

Main findings of clinical IVF outcomes in women with PCOS compared 
with matched controls (Heijnen et al., 2006, with permission)



IVF outcomes in PCOS vs Tubal  – SART registry –
higher in PCOS until >40 yrs

Kalra SK. Fertil Steril 2013, April 1



Effect of BMI on live birth rate from 
SART – fresh cycles

Lukes B. Fertil Steril 2011; 96: 820-5



IVF outcomes in PCOS
 No evidence that overall outcomes are 

decreased (Thessaloniki, Human 
Reproduction 2008) – may be increased 
(Kalra, Fertil Steril 2013)

 Findings of oocyte and other abnormalities 
probably relate to specific phenotypes –
major variable is BMI

 Clear evidence that obesity negatively 
affects outcomes ( primarily mediated by 
adiponectin and other adipokines , insulin 
resistance)



Effects of Insulin Resistance 

 Associations with anovulatory cycles

 Androgen metabolism

 Adipocytokine enhancement

 ? Direct effects on oocytes – oxidative 
stress and mitochrondrial dysfunction (the 
latter a factor in obesity – Molley) Ou XH. 
Hum Reprod 2012

 Endometrial effects?



Hyperinsulinemia /IR causing oxidative 
stress, mitochondrial dysfunction and 

abnormalities in spindle formation  - mouse 

Ou XH. Human Reproduction 2012; 27: 2130-45



Oocyte aneuploidy and spindle formation/chromosome alignment. 

Grindler N M , and Moley K H Mol. Hum. Reprod. 
2013;molehr.gat026

© The Author 2013. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oup.com

Mice
HFD



HFD contributing to abnormalities
in oocytes – mouse model

Grindler and Moley. Mol Hum Reprod 2013; May17



Oocyte spindle abnormalities in Obese 
women using failed fertilization oocytes

Machtinger R. Human Reproduction 2012; 27: 3198-207



Multiple factors affecting CV and Metabolic Health



Higher Leptin in serum and FF in PCOS 
– related to increased BMI - linked to 

poor outcomes

Qiao J. Human Reproduction Update 2011; 17: 17-33



Positive effects of adiponectin on 
oocytes and embryo development

 Decreased adiponectin in obesity; well 
documented in PCOS even after adjusting 
for BMI

 Abnormal L/A ratios in Obesity and PCOS

 Strong evidence that increasing 
adiponectin is beneficial for follicles and 
embryos                                      
Richards JS Fertil Steril 2012; 98: 471-9



Adiponectin modulates follicle growth 
and embryo development

Richards JS. Fertil Steril 2012; 98: 471-9



Various adipocytokines in women with 
PCOS and age matched controls

Kort and Lobo. Gynecol Endocrinol 31: 152-5, 2015



Best correlates of fat content and 
IR seen with Chemerin and L/A 

ratio

Kort and Lobo. Gynecol Endocrinol 31: 152-5, 2015



CHEMERIN correlates with FAT and HOMA-IR in 
PCOS

Kort and Lobo Gynecol Endocrinol 31: 152-5, 2015



Chemerin induces follicular arrest in a rat model

Kim JY. Endocrinology 2013; 154: 2912-23



Management of metabolic 
concerns – reproductive benefit?

 Life Style – diet and exercise

 Insulin sensitizers                                    
metformin                                               
inositols
cinnamon                                               

 “glitazones” unsafe? and can cause weight 
gain



Effects of Myo-Inositol in PCOS
 Suggestion that decreased tissue availability 

and/or altered metabolism of inositols in PCOS 
is related to insulin resistance

 Several studies showing improvement in 
oocyte quality with myo-inositol (>DCI)        
Unfer V. Gynecol Endocrinol 2012; 28:509-15

 Improvements in endocrine profiles, insulin 
resistance and menstrual cycles with myo-
inositol                                                      
Artini PG. Gynecol Endocrinol 2013; 29: 375-9



Oocyte quality in women with 
PCOS: is there a metabolic link?

 Myo-inositol with Folic acid (2 g bid) 
versus Folic acid alone (RCT)  taken 
throughout stimulation and retrieval in 
PCOS resulted in lower gonadotropin 
doses, days of stimulation and lower E2 
levels with Myo-inositol, and a trend for 
better quality oocytes                                       
Papaleo E. Fertil Steril 2009; 91: 1750-4



Papaleo E. Fertil Steril 2009; 91: 1750-4

Improvement of oocytes in PCOS via alterations in metabolism?



Effects on the Endometrium  (PCOS)

• Endometrial abnormalities even in ovulatory 
PCOS                                                            
DuQuesnary. Fertil Steril 2009  
possibly androgen effects

• Obesity compounds defects in PCOS – altered 
gene expression in luteal phase  - additional 
influence of insulin resistance/cytokines                           
Beliver J. Fertil Steril 2011; 95: 2335-41



IR in PCOS may have a greater effect 
on endometrial receptivity

• IVM model: PCOS with IR (n=51); without IR (n= 
64)

• No differences in oocyte maturity, fertilization, 
cleavage or embryo development

• Implantation: 11.6% vs 28.7 %; p=0.001             
Clinical and Ongoing Pregnancy: 23.5% vs 53.1%, 
p= 0.002; 21.6% vs 46.9%, p= 0.006

• OR of 4.9 after controlling for age, BMI and lipids                                    
Chang EM. Clin Endocrinol 2012; 



Metformin may be beneficial for the 
endometrium in PCOS – direct vs via IR?

• Upregulation of GLUT4 expression which is 
decreased with IR – improvement in 
endometrial IR                                                         
Zhai J. Biol Reprod 2012; 87: 29 

• Improvement in various indices of 
endometrial vascular effects                                 
Mohsen IA. J Clin Ultrasound 2012



Additional concerns to improve 
outcomes in PCOS with IVF



Narrowed FSH threshold

Elevated Androgens

Elevated Insulin

Elevated AMH

Other factors ?



Incidence of OHSS in PCOS

• Overall 10% (Delvigne E, Hum Repro Update 
2002)

• Difference in rates with Induction of 
Ovulation: step-up: 2.25% versus step down: 
11% per cycle (Christin-Maitre S, Human 
Repro 2003)

• Versus IVF : ~30%



Predictability of OHSS in PCOS?

• PCOS is already a risk factor for OHSS

• Within the diagnosis:                                      
Higher androgen levels (Elder-Geva 2005) 
Higher AMH levels (Kaya 2010) – broad range –
unclear if this is useful                  
Higher insulin (Fulghesu 1997) – others 
suggesting greater gonadotropin dose 
requirement (Homburg 1996 )                            
Lower BMI?; Higher LH?

• No good way except prior history                                  



Prevention of OHSS in PCOS

 Recognize the problem, make the diagnosis – what 
is important here is ovarian morphology (PCO/PAO 
and PCOS)

 Lower dose, step-up regimen

 Use of antagonists

 Use of metformin

 GnRH agonist trigger (routine or meeting  preset 
criteria?)

 Dopamine agonists (experimental?) unnecessary 
with agonist trigger

 In vitro maturation (experimental consideration)



Updated Cochrane review: Lower rate of OHSS with 
antagonists versus agonists – all comers

Al-Inany HG. Human Reprod Update 2011; 17: 435



Meta-analysis of agonist versus antagonist 
cycles in PCOS

Significant reduction in moderate and severe OHSS with antagonist, 
but authors suggest data are not definitive

Pundir J. Reproductive BioMedicine Online 2012; 24: 6-22



Does metformin improve outcomes of IVF 
in women with PCOS

• No improvement in Cochrane review              
Live birth rate OR: 0.77 (0.27-2.18)           
Clinical pregnancy rate: 0.71 (0.39-1.28)  
Risk of OHSS reduced: 0.27 (0.16-0.47)
Tso LO Cochrane Library 2009, 2:CD006105

• Metformin versus placebo: No difference in 
pregnancy rate, but decrease in abortion rate 
and OHSS with metformin                          
Qublan HS. J Obstet Gynaecol 2009;7:651-5 



RCT of metformin versus placebo in women with PCOS 
undergoing IVF 

Palomba S. Fertil Steril 2011; 96: 1384-90



GnRH agonist trigger in antagonist 
cycles in PCOS

• Reduction/elimination of severe OHSS with 
use of agonist trigger

• No difference in pregnancy rates with 
intensive luteal support                            
Babayof R. Hum Reprod 2006; 21: 1260-5 
Engmann L. Fertil Steril 2008; 89: 84-91    
Kolibiankis EM. Hum Reprod Update 2012; 18: 
228-9



Decreased expression of Dopamine receptor 2 in PCOS 
ovaries versus normal women (A-D)

Gomez R. J Clin Endocrinol Metab 2011; 96: 2484-92



Decreased Dopamine receptor 2 and increased 
vascularizatrion in theca of luteinized cysts in PCOS

Gomez R. J Clin Endocrinol Metab 2012; 96: 2484-92



Inhibition of VEGF by cabergoline in cultured 
luteinized granulosa cells

Gomez R. J clin Endocrinol Metab 2012; 96: 2484-92



Cabergoline meta-analysis: evidence for benefit for 

moderate OHSS; no difference in pregnancies or 
miscarriage

Tang H. Cochrane Database Syst Rev 2012; 2: CD008605



In Vitro maturation of oocytes 
for IVF in PCOS

 Theoretically a very attractive option:        
No stimulation                                         
No risk of OHSS 

 Various protocols – none, or minimal 
stimulation with/without HCG; endometrial 
preparation; oocyte retreival; various 
cultures/ICSI/ET  - no clear advantage of 
different techniques documented



In Vitro maturation of oocytes 
for IVF in PCOS (continued)

 Clinical results:  Cochrane: Modest benefit 
versus non PCOS Siristatidis CS, Cochrane 
PloS 2015; 10: e0134696

 Lower cummulative pregnancy rates 
versus traditional IVF for fresh cycles; 
similar in frozen cycles: Walls ML. Hum 
Reprod 2015; 30: 88-96



Cochrane: marginal benefit of IVM in PCOS 
versus non PCOS – not overall efficacy

Siristatidis C
PloS One 2015; 10:  e0134696



In Vitro maturation of oocytes
for IVF in PCOS (continued)

 Montreal experience:                                          
Clinical pregnancy rate 30-35%; implantation rate 10-15% 
Chian RC. Reprod Biomed Online 2004; 8: 547-52                        

 French experience:                                                    
Clinical pregnancy rates of 20% (per punture); 22.5% (per 
transfer)                                                                         
Le Du A. Hum Reprod 2005; 2: 420-4

 Korean Experience:                                                    
Overall pregnancy rate ~21.9%                                  
Survey of pregnancy outcomes – not different from other 
women with PCOS                                                                     
Cha KY. Fertil Steril 2005; 83:1461-5



In Vitro maturation of oocytes
for IVF in PCOS (continued)

 Chinese experience:                                 
Trial of pretreatment with OC and 
metformin
Live Birth Rate: 37.7% versus 30.4% 
without (NS); beneficial effect of reduced 
miscarriage rate with OC+ metformin
versus no pretreatment                                               
Zhao JZ. J Women’s Health 2010; 2:261-5





Multicenter RCT: FET vs Fresh ET 
improves live birth rate in PCOS

Chen ZJ. N Engl J Med 2016; 375: 523-33 



Transition into menopause

Age of menopause has been reported to 
be normal or slightly later

Certain populations are destined for earlier 
menopause in all women (eg East Asian 
women)

Premature ovarian insufficiency (POI) 
occurs in all populations of women; 
“paradoxically” it may occur more 
frequently in PCOS – thus a longer time of 
life after menopause



Increased risk of POI in PCOS: 3.73 vs 0.44 %;                    
in 10 year follow up: HR 8.64(7.33-10.18); 

lower with metformin use

Pan M-L. Menopause 24: 2017



Adverse Pregnancy 
outcomes?

Highly dependent on the 
phenotype of PCOS – obesity is 

the dominant feature



The Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus 
Workshop Group,   Hum. Reprod. 2008 23:462-477

OR for the incidence of perinatal mortality in babies from women with 
PCOS versus controls (Boomsma et al., 2006, with permission)





Adverse pregnancy outcomes in Chinese 
women with PCOS: mainly risks of Gest DM 

and preterm birth

Xiao, Qing. International Journal of Endocrinology Feb, 2016



Conclusions: PCOS and ART

 PCOS is extremely prevalent among women 
presenting with infertility and can present with 
several phenotypes

 When IVF is indicated, in general, the prognosis is 
good (careful monitoring is imperative)

 There are important metabolic stressors that can 
lead to adverse outcomes; it is likely that these are 
related to increased body weight

 Pregnancy outcomes are worse in PCOS, in all 
phenotypes, but mainly in the more classic 
phenotypes; DM and neonatal prematurity are most 
prevalent


