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PCOS intervention according to phenotypes and 
Co-morbidity

Learning	 objectives

• Polycystic ovary syndrome (PCOS) is a 
complex and heterogeneous disease that 
involves reproductive and metabolic 
elements

• The Rotterdam PCOS critria are not valid for 
co-morbidity prediction

• Biological effects of intervention will depend
on individual PCOS phenotype
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• Prevalence of PCOS: >10%

• The most prevalent cause of infertility in women

• Etiology: unknown

Fauser B.C. et al, Fertil Steril 2012 Jan;97(1):28-38
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• The Rotterdam criteria

1. Oligo-/amenorrhoea

2. Clin ical and/or biochemical hyperandrogenism

3. Polycystic ovaries (PCO)

And exclusion of other related disorders

Fauser B.C.et el, Hum Repod 2004 Jan;19(1):41-7 

Definition of PCOS

PCOS: Developmental origin

Genetic predisposition
(Insulin resistance)

Central obesity
Abnormal LH secretion

Prenatal exposure to androgen?

High LH

Hyperandrogenism Anovulation
Insulin resistance

sos/pcos/2012
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PCOS phenotypes according to the 
Rotterdam criteria

Features Phenotype 
1

Phenotype 
2

Phenotype 
3

Phenotype 
4

Oligo-/amenorrhoea + + +

Clinical and/or 
biochemical 
hyperandrogenemia

+ + +

Polycystic ovaries + + +
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Heterogeneity!
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• The Rotterdam criteria

1. Oligo-/amenorrhoea

2. Clin ical and/or biochemical hyperandrogenism

3. Polycystic ovaries (PCO)

And exclusion of other related disorders
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Definition of PCOS

Identify women with primarily 
reproductive rather than

metabolic dysfunction

PCO:	Life-time	 expression

Birth Puberty Adolescense Fertile	
period

Senescense

Low
birth-
weight

Pubertas
precox

Hirsu-
tism

Obe-
sity

Irregular	
bleedings

Anovulation
Infertility

Type-2	 DM
CVD

Cancer
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• Insulin resistance (IR)

• Obesity

• Impaired glucose tolerance

• Dyslipidemia

• Type 2 diabetes

• Cardiovascular disease (CVD)

Metabolic	 associations/co-m orbidity
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All	PCOS	phenotypes	display	changes	due	
to	aging,	suggesting	 an	amelioration	 of	
ovarian	 dysfunction	as	indicated	by	the	
increase	 in	number	of	regular	 menstrual	
cycles,	decrease	 in	serum	androgen	
levels,	and	decrease	 in	IR

PCOS and age
PCOS	and	BMI

• 40-60%	BMI	>	30
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Consequenses of High BMI and IR  
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•Are phenotypes of women with PCOS

•based on BMI and insulin resistance are more causally 

associated with distinct  CVD risk profiles

PCOS: CVD in relation to phenotypes

BMI

IR

+IR
+Obesity

+IR
÷Obesity

÷IR
÷Obesity

÷IR
+Obesity

:

Gynecol Endocrinol. 2015;31(9):720-4. doi: 10.3109/09513590.2015.1032930. Epub 2015 Aug 17.

Endogenous thrombin potential in polycystic ovary syndrome: 
the association to body mass index, insulin resistance, and 
inflammation.

Aziz M1, Sidelmann JJ2, Wissing ML3, Faber J4, Skouby SO1.
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A thrombogram
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BMI≤25−IR vs BMI>25+IR p<0.007

Mean ETP in the four 
BMI/IR-phenotypes

18

Herlev Hospital

Anov+HA Anov+PCO HA+PCO Anov+HA+PCO p-value

ETP 
(nM x minutes)

1829 
(1708-1951)

1778 
(1680-1877)

1861 
(1699-2024)

1835 
(1775-1895) 0.756

ANOVA. Mean and 95% CI 

The four Rotterdam phenotypes
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%

Distribution of BMI/IR-phenotypes acccording to the level of ETP and CRP 

GENERAL GYNECOLOGY

Is polycystic ovary syndrome another risk factor for venous
thromboembolism? United States, 2003–2008
Ekwutosi M. Okoroh, MD; W. Craig Hooper, PhD; Hani K. Atrash, MD; Hussain R. Yusuf, MD; Sheree L. Boulet, DrPH

OBJECTIVE: We sought to determine prevalence and likelihood of ve-
nous thromboembolism (VTE) among women with and without polycys-
tic ovary syndrome (PCOS).

STUDY DESIGN: We performed a cross-sectional analysis using Thomson
Reuters MarketScan Commercial databases for the years 2003 through 2008.
TheassociationbetweenVTEandPCOSamongwomenaged18-45yearswas
assessed using age-stratified multivariable logistic regression models.

RESULTS: Prevalence of VTE per 100,000 was 374.2 for PCOS women
and 193.8 for women without PCOS. Compared with women without
PCOS, those with PCOS were more likely to have VTE (adjusted odds

ratio [aOR] 18-24 years, 3.26; 95% confidence interval [CI], 2.61–
4.08; aOR 25-34 years, 2.39; 95% CI, 2.12–2.70; aOR 35-45 years,
2.05; 95% CI, 1.84 –2.38). A protective association (odds ratio, 0.8;
95% CI, 0.73– 0.98) with oral contraceptive use was noted for PCOS
women.

CONCLUSION: PCOS might be a predisposing condition for VTE, partic-
ularly among women aged 18-24 years. Oral contraceptive use might
be protective.

Key words: polycystic ovary syndrome, prevalence, venous
thromboembolism

Cite this article as: Okoroh EM, Hooper WC, Atrash HK, et al. Is polycystic ovary syndrome another risk factor for venous thromboembolism? United States,
2003–2008. Am J Obstet Gynecol 2012;207:377.e1-8.

Venous thromboembolism (VTE) is
a chronic condition that includes

both deep vein thrombosis (DVT) and
pulmonary embolism (PE). Initial pre-
sentation might be leg pain, tenderness,
shortness of breath, or pleuritic chest
pain, or there might be no symptoms.1

VTE is the third most common cardio-
vascular disease–after myocardial infarc-
tion and stroke–among the general pop-
ulation.2,3 The overall annual incidence
of VTE is estimated to be 1-2 per 1000
adults per year.4-7 These incident esti-
mates, however, might not represent the
entire population because VTE inci-
dence differs by age and race, and slightly
by sex. VTE is a multifactorial disease
with both inherited and acquired risk
factors. In 26-47% of first-time VTE
cases, the etiology is unknown4,5,8; a pos-
sible predisposing condition not yet as-
sessed is polycystic ovary syndrome
(PCOS).

PCOS is the most common endocrine
disorder affecting women of reproduc-
tive age. Estimates of its prevalence vary
and range from 4 – 6%.9-12 Its exact eti-
ology is unknown, but it is characterized
by a heterogeneous presentation of hy-
perandrogenism, ovulatory dysfunction,
and polycystic ovaries.13 PCOS is also as-
sociated with insulin-induced elevations
of plasminogen activator inhibitor (PAI)-1,
which is a potent inhibitor of fibrinolysis.14

While some studies have found PCOS to
be associated with coronary heart disease
risk factors,15-20 other studies have shown

that women with PCOS were 3 times
more likely to have a family history of
venous thrombosis.21 Mak and Dokras22

hypothesized that women with PCOS
likely have an increased baseline risk for
developing thrombosis compared with
other women in the general population.
However, no study has evaluated the
prevalence of VTE among women with
PCOS compared with women without
PCOS. Given the potential for throm-
botic disease among women with PCOS,
the purpose of this study was to: (1) de-
termine the prevalence of VTE among
women with and those without PCOS;
and (2) assess the association between
PCOS and VTE.

MATERIALS AND METHODS
Data source
Data for the study were derived from
the 2003 through 2008 Thomson Reu-
ters MarketScan Commercial data-
bases.23 These databases comprise
longitudinal, deidentified health in-
surance claims data from large em-
ployers and health plans across the
United States and contain information
on inpatient admissions, outpatient
visits, and pharmaceutical claims. The
data are derived from multiple US
states that are geographically diverse.23
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outpatient diagnoses to those with a rel-
evant Current Procedural Terminology
code (Appendix) and who had a filled
prescription for an anticoagulant medi-
cation within 90 days of the VTE diagno-
sis; for an inpatient diagnosis, only 1 ap-
propriate ICD-9-CM code for DVT or
PE was required. Diagnosis of VTE was
counted only once, regardless of the
number of times it was reported in the
claims database.

Unique identification numbers were
used to track all women longitudinally
over the study period. Women were in-
cluded if they were enrolled in any health
plan, even if no health claims were sub-
mitted during the 6-year study period.

Covariates
Information on demographic character-
istics and clinical comorbid conditions
was captured from the claims database:
age, geographic region of residence,
pregnancy during the time frame of
study, oral contraceptive use, diabetes,
obesity, metabolic syndrome, thrombo-
philia (289.81), and history of a VTE
(V12.51). Pregnancy was defined as any
inpatient hospital admission for a preg-
nancy-related diagnosis or procedure
(V27.x, 650, 72.0, 72.1, 72.21, 72.29,
72.31, 72.39, 72.4, 72.51-72.54, 72.6,
72.71, 72.79, 72.8, 72.9, 73.22, 73.59,
73.6, 74.0-74.2, 74.4, or 74.99), exclud-
ing records with codes or procedures for
hydatidiform mole, ectopic pregnancy,
other abnormal products of conception,
or abortion (630, 631, 632, 633.x, 634.x-
638.x, 639.x, 69.01, 69.51, 74.91, or
75.0). Contraceptive use was identified
by !1 filled oral contraceptive pill
(OCP) prescription during the study pe-
riod; the use of other types of contracep-
tives such as the patch, the ring, and/or
injections was excluded from the
analysis.

Data analysis
To calculate VTE prevalence among
women with PCOS, the number of VTE
cases among women with PCOS was di-
vided by the total number of women
among the underlying MarketScan pop-
ulation with PCOS. For the individual
phenotypes, prevalence was calculated
by dividing the number of women with

VTE and the particular PCOS phenotype
by the total number of women with that
type of PCOS. For women without
PCOS, the prevalence of VTE was calcu-
lated by dividing the number of women
with VTE and no PCOS by the total un-
derlying MarketScan population with-
out PCOS. Differences in the distribu-
tion of demographic and comorbid
conditions among women with and
those without PCOS were assessed using
2-tailed "2 tests.

Bivariate analyses were used to com-
pare the distribution of demographic
and potential clinical risk factors for VTE
among women with and those without
PCOS. Multivariate logistic regression
analyses also were used to assess the like-
lihood of a VTE diagnosis among
women with and those without PCOS.
The final multivariable regression model
had only those variables that have been
shown to be associated with VTE risk
and changed the estimate of the associa-
tion between VTE and PCOS by !10%.
These variables, which we adjusted for,
were age, pregnancy during study pe-
riod, OCP use, region, obesity, and dia-
betes. We also used logistic regression
models to test for interactions between

PCOS and the previously cited variables.
Age was found to be an effect modifier,
so we stratified the analysis by 3 age
groups (18-24, 25-34, and 35-45 years).
Even though OCP use was not found to
be an effect modifier, we stratified the
analysis by OCP use because, in 2003,
Seaman et al25 demonstrated an in-
creased risk of VTE among women with
acne, hirsutism, or PCOS who used cy-
proterone acetate in combination with
ethinyl estradiol. All data were analyzed
and managed using software (SAS, ver-
sion 9.2; SAS Institute Inc, Cary, NC). All
analyses were conducted at a priori sig-
nificance level (P " .05).

RESULTS
Prevalence of VTE
A total of 12,171,830 women were eligi-
ble to be in the study; of these, 23,941
(0.20%) had VTE; among the group with
VTE, 14,321 (59.8%) had DVT only,
4967 (20.7%) had PE only, and 4653
(19.4%) had both VTE and PE. The
overall prevalence of VTE among the
PCOS population was 374.2 per 100,000,
while the prevalence of VTE among
women without PCOS was 193.8 per
100,000 (Figure 1). Among the pheno-

FIGURE 2
Prevalence of VTE stratified by age

Any PCOS # Women with any PCOS phenotype. No PCOS # Women without any PCOS phenotype.
PCOS, polycystic ovary syndrome; VTE, venous thromboembolism.
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In 2008, !35 million individuals were
enrolled, including employees and
their dependents who were aged "65
years and geographically distributed
throughout the United States.23

This commercial database has met or
exceeded requirements of the US Health
Insurance Portability and Accountabil-
ity Act of 1996 and, accordingly, does not
require specific patient consent to partic-
ipate in the study.24

Population
We restricted the analysis to women
18-45 years of age. The upper limit of age
was set at 45 years to keep within the age
limit used by other prevalence studies.1-4

Women with PCOS were defined by the
presence of hyperandrogenism, the pres-
ence of ovulatory dysfunction, and/or
the presence of polycystic ovaries. Inter-
national Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-

CM) codes were used to identify these
conditions in the database. Each condi-
tion was defined as follows.

“Clinical hyperandrogenism” was
defined as the presence of ICD-9-CM
codes for acne (706.0 or 706.1), alope-
cia (704.0x), or hirsutism (704.1). Ele-
vated testosterone, another character-
istic of clinical hyperandrogenism, was
not included because no ICD-9-CM
codes were available for this laboratory
value in the database.

“Ovulatory dysfunction” was defined
by the presence of any 1 of the ICD-
9-CM codes for the 626 series, which are
codes dealing with disorders of menstru-
ation and other abnormal bleeding from
the female genital tract: 626.0, 626.1,
626.2, 626.3, 626.4, 626.5, 626.6, 626.7,
626.8, or 626.9.

“Polycystic ovaries” were defined by
ICD-9-CM code 256.4.

Exclusion of other conditions
We excluded women who met the crite-
ria for any of the PCOS phenotypes and
had !1 of the following conditions: ad-
renal hyperplasia (255.0 or 255.9), hy-
perprolactinemia (253.1), or thyroid dis-
order (244.0, 244.1, 244.2, 244.3, 244.8,
244.9, 242.90, or 242.91).

Combinations of these conditions
were used to create 4 mutually exclusive
PCOS phenotypes based on the 3 avail-
able criterion recommendations (Na-
tional Institutes of Health, Rotterdam,
and Androgen Society). Women with
phenotype A, or classic PCOS, were de-
fined by the presence of hyperandro-
genism (704.1, 706.0 or 706.1, or 704.0x)
and ovulatory dysfunction (626.0, 626.1,
626.2, 626.3, 626.4, 626.5, 626.6, 626.7,
626.8, or 626.9); but polycystic ovaries
(256.4), adrenal hyperplasia (255.0 or
255.9), hyperprolactinemia (253.1), and
thyroid disorder (244.0, 244.1, 244.2,
244.3, 244.8, 244.9, 242.90, or 242.91)
were absent. Definitions of the remain-
ing PCOS phenotypes are found in the
Appendix.

Due to the heterogenic nature of
PCOS and its complex presentation and
definition, we also assessed the preva-
lence of associated conditions seen
among women with PCOS (eg, obesity
[278.0, 278.00-278.02, 783.1, or V77.8];
infertility [628.0 or 628.9]; syndrome X
or metabolic syndrome [277.7]; and di-
abetes [250.00, 250.02, 250.90, or
250.92]) to provide additional informa-
tion on the frequency of these conditions
within the different PCOS phenotypes.
For all conditions related to PCOS, diag-
noses reported on inpatient claims were
considered valid; diagnoses based solely
on outpatient claims required that the
diagnoses were reported on !2 claims
that occurred !30 days apart.

Women with possible VTE during the
study period also were identified using
ICD-9-CM codes for DVT (671.3x,
671.4x, 671.5x, 671.9x, 451.11, 451.19,
451.2, 451.81, 451.9, 453.1, 453.2,
453.40-453.42, 453.8, or 453.9), PE
(673.2x, 673.8x, 415.11, or 415.19), or
both on any inpatient or outpatient
claim. To reduce inaccurate reporting of
DVT and PE diagnoses, we restricted

FIGURE 1
Prevalence of VTE during study period, 2003 through 2008

A, Women with clinical hyperandrogenism; and menstrual or ovulatory dysfunction, or both. B,
Women with hyperandrogenism and polycystic ovaries. C, Women with menstrual or ovulatory dys-
function, or both; and polycystic ovaries. D, Women with clinical hyperandrogenism; menstrual or
ovulatory dysfunction, or both; and polycystic ovaries. Any PCOS # Women with any polycystic ovary
syndrome (PCOS) phenotype (A-D). No PCOS # Women without any PCOS phenotype (A-D).
VTE, venous thromboembolism.

Okoroh. Polycystic ovary syndrome and venous thromboembolism. Am J Obstet Gynecol 2012.

Research General Gynecology www.AJOG.org

377.e2 American Journal of Obstetrics & Gynecology NOVEMBER 2012

A, Women with c linical hyperandrogenism; and menstrual or ovulatory 
dysfunction, or both. B, Women with hyperandrogenism and polycystic ovaries. 
C, Women with menstrual or ovulatory dysfunction, or both; and polycystic 
ovaries. D, Women with c linical hyperandrogenism; menstrual or ovulatory 
dysfunction, or both; and polycystic ovaries. 

Prevalence of VTE per 100,000 was 
374.2 for PCOS women and 193.8 for 
women without PCOS

A protective association (odds ratio, 
0.8; 95% CI, 0.73– 0.98) with COC 
use was noted for PCOS women.

Population-based cohort from the IMS LifeLink Health Plan Claims 
Database, in the United States. 
Women aged 18–46 years taking COCs and who had PCOS (n = 43 
506) were matched to control women (n = 43 506) taking COCs

The incidence of VTE among women with PCOS was 23.7/ 10 000 
person-years, while that for matched controls was 10.9/10 000 person-
years.

Interpretation: Women with PCOS not taking COCs have a 1.5 fold 
increased risk of VTE and women with PCOS taking COCs have 2-fold 
increased risk. RR 2.14 (95% confidence interval [CI] 1.41–3.24)

CMAJ 2013. DOI:10.1503/cmaj.120677
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Obesity
combined effect of BMI and COC concerning VTE

Pomp ER. et a l., Br J Haematol 2007

FC01.5
Polycystic ovary syndrome, 

hormonal contraception, and 
thrombotic stroke.
Terese Matthiesen, Lars Hougaard Nielsen,
Anne Mette Rasmussen, Øjvind Lidegaard 
University of Copenhagen, Denmark

National cohort study: All Danish non-pregnant 
women 15-45 years old

Conclusion: Women of fertile age with PCOS
have a doubled risk of thrombotic stroke, 
which is not explained by more adiposity and 
more users of hormonal contracepti on

BIOLOGICAL	EFFECTS

COCs 
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Ocs and SHBG level 
Levonorgestrel X	1,7

Norgestimat X	3,3

Gestoden X	3,0

3-ketodesogestrel X	3,5

Drospironone X	3.0
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Sex	 steroids	and	insulin	action…
Oral	Contraceptives
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Skouby SO et al, J Clin Endocrinol Metab 1987
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Sex	 steroids	and	insulin	action…
Oral	Contraceptives
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Petersen et al, J Clin Endocrinol Metab 1995

% change in glucose disposal 
rate

Insulin senitivity during EE+DRSP
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Guido M et al, J Clin Endocrin Metab 2004

DRSP in PCOS. Hormonal changes in the patients        
(n=15) at baseline and sixth, and 12th cycles of treatment

Baseline 6th cycle 12th cycle

T 
(nmol/liter)

2.29 ± 0.59 1.77 ± 0.69 2.08 ± 0.69*

FAI 6.45 ± 4,06 1.26 ± 0.98 1.21 ± 0.96*

SHBG 
(nmol/liter)

35.48 ±
14.53

140.85 ±
70.44

171.80 ±
72.10*

Guido M et al, J Clin Endocrin Metab 2004

Change in HOMA-IR values at baseline and 3 months after 
E2V/DNG treatment. Boxes represent value distribution; 
vertical lines represent on the bottom the minimum value and 
on the top the maximum value. Data are presented as 
medians and IOR. ***p<.001.

Vinc enz o De Leo,  Franca Fruzz etti ,  Maria  Conc etta  Musac chio,  Valeria  Sc olaro,  Ales sandra Di  Sabatino,  Giuseppe Morgante

Effect of a  new oral contraceptive with estradiol valerate/dienogest on carbohydrate metabolism

Contrac eption, Volume 88, Iss ue 3, 2013, 364–368

Metformin versus oral contraceptive pill in polycystic ovary syndrome: a 
Cochrane review
Michael F. Costello1,2,3,6, Bhushan Shrestha1, John Eden1, Neil P. 
Johnson4 and Peter  Sjoblom5

1 Division of Obstetrics and Gynaecology, School of Women's and Children's 
Health, University of New South Wales, Royal Hospital for Women, Sydney, 
NSW, 2031, Australia 2 Department of Reproductive Medicine, Royal Hospital 
for Women, Sydney, NSW, Australia 3 IVFAustralia, Sydney, NSW, Australia 4

National Women's Department of Obstetrics and Gynaecology, University of 
Auckland, Auckland, New Zealand 5 Fertility Centre Scandinavia, Stockholm 
Storangsvagen 10, Stockholm, Sweden 

OC´s	vs	metformin	

Human Reproduction 2007 22:1200-1209 

The RCT evidence to date does 
not show adverse metabolic
risk with the use of the OCs 
compared with metformin
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The	LIPT	 study

• March	2014	– December	2015

• Liraglutide vs.	Placebo	for	26	weeks

• Waiting	for	primary data

39

The	 available	data	 do	 not	offer	
enough	 evidence	 to	 	advocate	
the	 standard	 use	 of	 combined	

treatment	 in	 PCOS

OC´s	+	metformin	

Further studies needed!
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1. Polycystic ovary syndrome (PCOS) is a complex 
and heterogeneous disease that involves 
reproductive and metabolic elements

2. The Rotterdam PCOS critria are not valid for 
CVD prediction

3. There should be two names for the PCOS 
phenotypes: those with primarily reproductive 
consequences , and those with important 
metabolic consequences 

Take	home	messages:

4. A specific phenotyping based on body fat mass
and insulin sensitivity translates well to the 
individual proinflammatory/thrombogenic
potential i.e thrombophilia in PCOS women

5. Biological effects of intervention will depend on 
the individual PCOS phenotype

6. For women with PCOS, literature still do not 
suggest one specific COC formulation over 
another

Take	home	messages:

THANK YOU!

Mubeena Aziz
Johannes	 Siedelmann

Dep.	 Ob/Gyn.	 Herlev Hospital,	 Faculty	 of 	
Medical	 and	 Health	 Sciences	 University	 of 	
Copenhagen1,	 2Department	 for	Thrombosis

Research,	
Institute of 	Public	 Health,	 University of 	

Southern	 Denmark


