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	RoWerdam	Criteria		

1.	Oligo-ovulaGon	or	anovulaGon	
2.	Clinical	or	biochemical	signs	of	hyperandrogenism	
3.	PolycysGc	ovaries	on	ultrasound	

any	two	of	above	three		
(exclusion	of	TSH,	ProlacGn,	17	OH	progesterone,	DHEAS)		

Most	common	endocrine	disorder	in	reproducGve	age	women	
8-13%	





Ultrasound	Morphology	of	Ovaries	



THERE	IS	NO	OVARIAN	CYST!	



DiagnosGc	Dilemmas	

•  Changing	definiGons	
•  Heterogeneous	-	phenotypes	
•  Age	of	diagnosis	-	changing	symptoms	

•  Race/Ethnicity	

Stein IF, Leventhal ML. Amenorrhea associated with bilateral polycystic ovaries. Am J Obstet 
Gynecol, 1935; 29: 181-91. 



Human	ReproducGon	27:14-24	(2012)	

A	Changing	Paradigm	in	PCOS		



Endometrial hyperplasia 

Oligomenorrhea 

Glucose intolerance 

Infertility 

Hyperlipidemia 

Hirsuitism 

Cardiovascular disease risk 

PCOS 
Preeclampsia 

Mood	disorders	

OBESITY 



Obesity	Increased	in	PCOS	

OR 2.77 (95%CI 1.88-4.1) 
Lin	et	al,	HRU,	2012	



Obesity	High	in	PCOS	Adolescents	

Hickey	et	al,	2011,	Hum	Reprod	



Abdominal	Adiposity	in	PCOS	

Prevalence of abdominal adiposity in 
normal and overweight women 

Jovanovic	et	al.	Fert	Steril	2010	Aug	



PCOS	–	Impaired	Glucose	Tolerance	

OR 3.26 (2.17-4.9)  Prevalence 6-35% 

Kakoly	et	al,	2018,	Hum	Reprod	



PCOS	-	Type	2	Diabetes	

OR 2.87 (1.44-5.72) Prevalence 2-10% 
Kakoly	et	al,	2018,	Hum	Reprod	



PCOS	-	GestaGonal	Diabetes	

Khomami	et	al,	Obesity		Rev,	2019	

OR 2.89 (95% CI 2.37 – 3.54) 



	Diabetes	Risk	is	Independent	of	Age	and	BMI	

Morgan	et	al,	2012,	JCEM	

HR 3.07 (95% CI 2.7-3.3) 



Dyslipidemia	in	PCOS	-	LDL-C		

LDL-C levels were higher by 12.6mg/dl (%95 CI 9.5-16.5) 
Wild	et	al,	FerGl	Steril,	2012	



Reverse	Cholesterol	Transport	&	Efflux	



Cholesterol	Efflux	Capacity	&	Coronary	Artery	Disease	

Khera	et	al,	NEJM,	2013	



Women with PCOS had an 11% decrease in normalized cholesterol 
efflux capacity 

Roe	et	al,	2014,	JCEM	



Lipid	Profile	Overview	



Atherogenic	Lipoprotein	ParGcles	–		
NMR	Spectroscopy	

**p<0.01, *p<0.05 
Roe	et	al,	2014,	JCEM	



Risk	of	Metabolic	Syndrome		

Lim et al, Obesity Rev 2018  

Adolescents OR 2.69 (1.29, 5.60)      
   Fazleen et al, Diabet Metab Syn  2018   

Adults OR 3.35 (95% CI 2.44-4.59) 



Non	Obese	Women	with	PCOS	have	increased		
Cardio	Metabolic	Risk		



Day	et	al,	PCOS	2018	

GeneGc	CorrelaGons	with	Metabolic	Phenotype	



•  Mothers	–	metabolic	syndrome,	dyslipidemia	
•  Fathers	–	metabolic	syndrome,	dyslipidemia,	hypertension	
•  Brothers	–	hypertension	
•  Sisters		-	hypertension,	metabolic	syndrome	

Family	Members	have	Increased	Metabolic	Risk	

Yilmaz	et	al,	Fert	Steril	2018	



PCOS	and	Subclinical	Atherosclerosis	

* 
* * 
* 
* * 

* * 

* 

* 

* 



Human	Reprod	2012	

PCOS 1123, Controls 923 



Coronary	Artery	CalcificaGon	&	PCOS	

Author 
Year n 

Study	
Popula'on/ 
Study	Design 

Outcome	Measure/ 
Results 

Shroff,		
2007	

24	cases	
24	24	controls	

Obese,	
premenopausal	
[cross-secGonal]	

Prevalence	of	CAC	(>0)	
OR=5.5	(1.03,	29.45)	
p<0.03	

ChrisGan,	2003		 36	cases	
71	controls	

Premenopausal,		
age	30-45	
[cross-secGonal]	

Prevalence	of	CAC	(>0)	
OR=1.99	(0.68,5.82)	
p=0.21	(NS)	

TalboW,		
2004	

61	cases	
85	controls	

BMI	<	35	
[prospecGve]	
Age	40-61	

Prevalence	of	CAC	(>0)	
OR=2.31	(1.00,	5.33)	
p=0.049		

TalboW,		
2008	

149	cases	
166	controls	

All	BMI	
[cross-secGonal]	

Prevalence	of	CAC	>10	
OR=1.90	(1.04,	3.48)	
p=0.037	

Chang,	2011	 144	PCOS	
170	controls	

Age	37-45years	
Cross	secGonal	

Prevalence	of	CAC	(>10)	
PCOS	5.4%	controls	6.3%	
p=0.74	

Calderon-Margalit		
	2014	

55	PCOS	
668	controls	

Mean	age	45.3	 Prevalence	of	CAC	(>0)	
OR	2.7	(1.37-5.25)	





CVD	in	a	Danish	PopulaGon	of		
Young	Women	with	PCOS	

Glintborg et al, Cardiovasc Diabetol 2018 



Non fatal stroke 

Non fatal CHD 

Int	J	Card	,	2014	



Pinola	et	al,	JCEM	,	2015	

PCOS n=681, controls n=230 

Age in years 



Does	the	CVD	Risk	Persist	in	the	Menopause?	

Hypothesis – older women with PCOS should have an increased risk of CVD 



Obstruc've	sleep	apnea	should	be	considered,	screened	and	treated	only	if	symptoma'c			

Step	4:	Lipid	screening	in	overweight	and	obese	women	at	diagnosis,	repeated	based	on	risk		

Step	3	-	Blood	Pressure	check	annually		

Step	2-	Glucose	screening	

Every	3	years	-	HbA1C	or	
fas'ng	glucose	

PCOS	+	other	diabetes	risk	factors	-	OGTT	
every	1-3	years		

Preconcep'on	or	early	pregnancy	=	
OGTT	at	24-28wk	

Step	1-	Weight	and	BMI	assessment		-	monitoring	at	each	visit	or	minimum	of	6-12	monthly,	with	
frequency	planned	and	agreed	between	the	health	professional	and	the	individual	

Metabolic	Risk	Screening	for	Primary	PrevenGon	of	
CVD		

Human	ReproducGon	2018	Sep	1;33(9):1602-1618	
FerGl	Steril	2018	Aug;110(3):364-379	



Mesormin	&	Lifestyle	Changes	

Human	ReproducGon	2018	Sep	1;33(9):1602-1618	
FerGl	Steril	2018	Aug;110(3):364-379	



What	Diet	is	the	Best	for	PCOS?	

• No specific diet, general energy deficit -30% 

• Behavioural; SMART  
 Specific, Measurable, Activating, Realistic, Timely 

• Psychological wellbeing to promote healthy lifestyle 





PENN	PCOS	CENTER	

•  Reproductive Endocrinologist 
•  Nurse Practitioner 
•  Clinical Nutritionist 
•  Dermatologist 
•  Psychiatrist/Clinical Psychologist 
•  Weight management 
•  Research Coordinator 





Cardiovascular risk factors and disease in women. Art work by Piet 
Michiels, Leuven, Belgium. 



Coronary	Artery	Disease	Timeline	

Atypical presentations and expanded spectrum of Ischemic Heart Disease 
(coronary microvascular dysfunction, vasomotor abnormalities, spontaneous 
coronary artery dissection and stress induced cardiomyopathy) in women 



PREVALENCE		OF	PCOS	

Country		 Prevalence	NIH	 Prevalence	Roaerdam	

Australia	 8.6-15.3%	 9-21.3%	

Brazil	 NA	 8.5%	

China		 2.2-7.1%	 5.6-11.2%	

Denmark	 NA	 16.6%	

Greece	 6.8%	 NA	

Iran	 4.8-7.1%	 14.1-15.2%	

Italy	and	Spain	 5.4%	 NA	

Mexico	 6%	 NA	

Sri	Lanka	 NA	 6.3%	

Turkey	 6.1%	 19.9%	

UK	 8%	 NA	

USA	 4-13%	 NA	

Lizneva et al, Fertil Steril. 2016 May 24. 



PCOS	 US	White	
US	

	Black	 India	 Brazil	 Finland	 Norway	

n	 186	 101	 220	 238	 94	 287	

Metabolic	
Syndrome	

52		
(28%)	 52	(51.5%)	 65	(29.6%)	 70	(29.4%)	 26	(27.7%)	

106	
(26.5%)	

BMI	criterion	
89	

(47.9%)	 74	(73.3%)	 82	(37.3%)	 100	(42%)	 45	(47.9%)	 135	(47%)	

TG	criterion	
38	

(20.4%)	
10	

	(9.9%)	 59	(26.8%)	 64	(26.9%)	 11	(11.7%)	 58	(20.2%)	

BP	criterion	
68	

(36.6%)	 59	(58.4%)	 37	(16.8%)	 83	(34.9%)	 34	(36.2%)	
131	

(45.6%)	
Glucose	
criterion	

22	
(11.8%)	 22	(21.8%)	 63	(28.6%)	 42	(17.7%)	 16	(17%)	 75	(26.1%)	

HDL	
criterion	

77	
(41.4%)	 72	(71.3%)	

214	
(97.3%)	

142	
(59.7%)	 41	(43.6%)	

161	
(56.1%)	

Impact	of	Race	on	Metabolic	Risk	

Chan et al, AJOG, 2017 



Oncotarget , 2016 



Sprung	et	al,	Clin	Endo	2013	

PCOS 908 
Controls 566 


