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Prevalence

30 % of all 
infertility is 

associated with 
anovulation, & 85-

90% of these 
attributed to 

PCOS

21 – 59 % of  
women in 

reproductive age 
demonstrate USG 

picture of 
polycystic ovaries

About              
30 - 50 %  have 

clinical or 
biochemical signs 
of Anovulation and 
androgen excess

(Dunaif 1995 , Norman etal 2002) 



South Asian population:

50% PCOS 

Caucasian population:

20 – 33% PCO   
5 – 25% PCOS 

Prevalence



Polycystic Ovarian Syndrome

Anovulatory 
InfertilityGenetic 

Environmental
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Menstrual 
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environmental
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Cause for PCO

Higher initial population of primordial 
follicles? 

More PGC entering ovary? 
More cell divisions? 
More follicles formed? 

Lower rate of atresia? 
Higher initial population of 

primordial follicles? 
Lower rate of atresia? 
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Consequences of PCOS spectrum is                     
seen across the entire lifespan of a woman

Multidisciplinary approach

Pediatrician Dermatologist Gynecologist Endocrinologist Diabetologist Cardiologist Geriatrics



Why define and diagnose PCOS?

¥ Obesity 

¥ Hyperinsulinaemia and IR

¥ Elevated VEGF 

¥ Elevated LH and 
androgens 

¥ Increased pre-antral and 
small antral follicle cohort 

¤ Excessive ovarian 
response with OHSS

¤ Cycle cancellation

¤ Slow and poor growth 
of follicles

¤ Poor oocyte quality 

¤ Miscarriage

Identify Problems associated with PCOS 
during infertility treatment 



Why define and diagnose PCOS?

¥ Obesity 

¥ Insulin resistance

¥ Hyperinsulinaemia

¥ Hyperandrogenism

¥ Anovulation 

¤ Impaired glucose  tolerance

¤ Type 2 diabetes

¤ Hypertension

¤ Dyslipidemia

¤ Increased CV risk

¤↑ risk of endometrial 
hyperplasia/endometrial CA 

¤ ? Breast CA

Identify Problems associated with PCOS resulting in 
Metabolic syndrome and long term sequalea

IR is only one component of 
« adipotoxicity »
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NIH criteria

1990 

were 
developed 
first and 

therefore are 
most 

commonly 
used

Rotterdam 
criteria 2003

expanded 
the NIH 
definition

Androgen 
Excess and 

PCOS Society 
Criteria 2006 
AES reviewed 
all available 
data and 

recommended 
an evidence-

based 
definition 

None of the criteria addressed insulin 
resistance and metabolic manifestation 

Diagnostic Criteria

Biochemical Manifestations of PCOS

� Elevated total/free testosterone, 
androstenedione, progesterone, 
dehydroepiandrosterone sulfate (DHEAS), 

� Decreased sex hormone binding globulin� Decreased sex hormone binding globulin 
(SHBG)

� Increased insulin levels
� Elevated LH/FSH ratio.

Diagnostic Criteria

�NIH Criteria 1990
�Rotterdam Criteria 2003
�Androgen Excess and PCOS Society 

C it i 2006Criteria 2006

None of the criteria addressed insulin 
resistance and metabolic manifestations

Ultrasound appearance



Criteria for Diagnosis of PCOS

PCOS definition NIH 
criteria 1990

Patient demonstrates 
both:

1.Clinical and/or 

biochemical signs of 
hyperandrogenism

2. Oligo- or chronic 
anovulation

Rotterdam criteria 
2003 (ESHRE/ASRM)

Two of the following 
three manifestations: 

1.Irregular or absent 
ovulation

2.Hyperandrogenism 
(clinical or biochemical) 

3 polycystic ovarian 
morphology on USG

AES Criteria 2006

Patient demonstrates 
both:

1.Hirsutism and/or 

Hyperandrogenemia
(clinical or biochemical) 

2. Oligo-anovulation 
and/or polycystic 

ovarian morphology
Azziz et al. JCEM 2006; 

91: 4237-45

Exclude other etiologies of androgen excess



Etiologies of androgen excess

¥ Congenital Adrenal Hyperplasia (CAH) 

¥ Cushing's Syndrome 

¥ Androgen producing tumor-ovary or adrenal 

¥ Exogenous sex steroids

¥ Simple Obesity

¥ Severely insulin resistant states 

¥ Other menstrual disorders 



Other causes of menstrual irregularity 

Ovarian failure/ menopause: 

↑ FSH, ↑ LH, ↓ Oestradiol

Hypothalamic or pituitary problems: 

↓ FSH, ↓ LH, ↓ Oestradiol

Underweight

Over-exercise

Chronic illness 



Characters of 
PCOS 

Phenotype

Androgen 
levels

LH/FSH Insulin 
resistance

CV risk 

Type I 
Classic PCOS

Increased Increased Increased Increased

Type II 
Classic PCOS

Increased Mild 
increase

Increased Increased

Ovulatory 
PCOS

Increased Normal Mild 
increase

Mild 
increase

Normoandrogenic
PCOS

Normal Increased Normal Normal?



Rotterdam criteria 
has introduced two 
more phenotypes

normal menstrual 
periods 

normal fertility 

androgen excess 

polycystic ovaries 
on ultrasound 

oligomennorhea

polycystic ovaries on 
ultrasound

normal androgen levels 

� Women with normal menstrual periods and 
normal fertility, but who have androgen 
excess and polycystic ovaries on ultrasound p y y

� Women with oligomennorhea and polycystic 
ovaries on ultrasound, but normal androgen 
levels

HyperandrogenemiaPCOS
NIH

Rotterdam 
additional 
phenotypes

Oligo/anovulation

PCOS
NIH

PCOM

AE‐PCOS Board of Directors, 2009



NIH workshop 2012, Draft statement
Recommend maintaining the broad, inclusionary 
diagnostic criteria of Rotterdam (which includes the 
“classic NIH” and AE-PCOS criteria) while specifically 
identifying the phenotype:

Androgen Excess + Ovulatory 
Dysfunction 

Androgen Excess + Polycystic 
Ovarian Morphology

Ovulatory Dysfunction + Polycystic 
Ovarian Morphology 

Androgen Excess + Ovulatory 
Dysfunction + Polycystic Ovarian 

Morphology 



disorders and neonatal complications (Boomsma et al., 2006). Meta-
bolic complications include an elevated risk of impaired glucose toler-
ance (IGT), type 2 diabetes (DM2) (Legro et al., 1999), the metabolic
syndrome (Apridonidze et al., 2005), elevated cardiovascular risk
factors (Meyer et al., 2005a, b) and potential increased risk for cardio-
vascular disease (CVD) (Shaw et al., 2008). Women with PCOS also
have psychological features with increased depression, poor self-image
and reduced quality of life (Himelein and Thatcher, 2006). PCOS thus
constitutes a significant health and economic burden estimated at
over $4 billion in the USA with !30.1% of costs related to hormonal
treatment of menstrual dysfunction, 12.2% infertility care, 14.2% treat-
ment of hirsutism and 40.5% of DM2 (Azziz et al., 2005). An economic
evaluation of PCOS recently advocated screening, diagnosis and inter-
vention, justifiable by ameliorating or preventing serious sequelae. This
is in keeping with the International Diabetes Federation recommen-
dations to focus on early intervention and avoidance or delay or pro-
gression to DM2 (Alberti et al., 2007). However, before this is
advocated greater understanding of appropriate screening, long-term
risks and effective interventions to minimize metabolic morbidity is
urgently needed in women with PCOS (Azziz et al., 2005).

Both the reproductive and metabolic features of PCOS are under-
pinned by insulin resistance (IR). This is a key factor in the aetiology of
PCOS, with insulin stimulating ovarian androgen production and
decreasing hepatic sex hormone-binding globulin (SHBG production)
and increasing total and free androgens (Diamanti-Kandarakis and
Papavassiliou, 2006). The majority of PCOS women have underlying
IR, and there is ongoing debate as to whether this IR is intrinsic to
PCOS, related to obesity alone or related to both factors. There is
additionally potentially an increased prevalence of obesity and abdomi-
nal obesity in PCOS (Escobar-Morreale and San Millan, 2007), which
worsens the IR-associated clinical features (Kiddy et al., 1990; Balen
et al., 1995). It is hypothesized that lean women with PCOS therefore
have PCOS-specific IR or intrinsic IR, which is augmented by the pre-
sence of obesity-specific IR (Teede et al., 2007).

There remains considerable controversy on the optimal diagnostic
criteria for PCOS (Azziz, 2006; Franks, 2006). Although the National
Institute of Health (NIH) criteria (hyperandrogenism and anovulation)
were proposed in 1992 (Zawdaki and Dunaif, 1992), these have now
been expanded to include the non-NIH diagnostic criteria. In 2003,
European Society for Human Reproduction and Embryology/
American Society for Reproductive Medicine (ESHRE/ASRM) diag-
nostic criteria were formulated as two of the three criteria of hyper-
androgenism, polycystic ovaries on ultrasound (PCO) and irregular
anovulatory periods. This introduced two new PCOS phenotypes of
hyperandrogenic ovulatory women with PCO or non-hyperandrogenic
anovulatory women with PCO (2004). An amendment to these cri-
teria was proposed in 2006 by the Androgen Excess Society (AES)
to exclude the phenotype of PCO and irregular cycles without hyper-
androgenism (Azziz et al., 2006, 2009). The majority of literature to
date has focused on the NIH diagnosis of PCOS, and research on
the metabolic implications of non-NIH phenotypes is only just emer-
ging. To date, there is limited understanding of the relative prevalence
of risk factors for metabolic diseases (DM2 and CVD) across the
reproductive diagnostic phenotypes of PCOS. Clarification of this
will aid in determining whether to include non-NIH phenotypes as
part of the complex condition of PCOS and in identifying if specific
reproductive PCOS phenotypes have elevated metabolic risks.

In this setting, the aim of this study was to review the literature on
the metabolic implications (adiposity, abdominal adiposity and risk
factors for DM2 and CVD) across the reproductive diagnostic pheno-
types of PCOS. Specifically, we aimed to compare the metabolic fea-
tures of the NIH and non-NIH groups and identify potential high
metabolic risk phenotypes of PCOS to target future screening and
prevention of metabolic diseases. We reviewed the metabolic features
of PCOS with a particular focus on the differences between the repro-
ductive diagnostic phenotypes: namely, NIH versus non-NIH PCOS;
non-NIH PCOS versus non-PCOS controls and the different
non-NIH subgroups compared with each other (hyperandrogenic ovu-
latory PCOS and non-hyperandrogenic anovulatory PCOS). We also
examined whether differences in metabolic features between the
reproductive phenotypes were due to different anthropometrics
(total or abdominal adiposity) or differences in features such as IR
and hyperandrogenism that vary across the diagnostic groups.

To address these aims, the key clinical questions with regard to the
metabolic features of the PCOS reproductive phenotypes were shown
in Fig. 1.

Figure 1 Summary of relevant clinical questions with regard to the
metabolic implications of the reproductive diagnostic phenotypes of
PCOS.
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Metabolic features of the 
PCOS reproductive phenotypes 

NIH PCOS A/B 
associated with more 
adverse metabolic 
profile including

ª greater total and 
abdominal obesity

ª IR

ª risk factors for 
CVD and DM2

than non-NIH 
phenotypes

...........................................................................................................................
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background: Polycystic ovary syndrome (PCOS) is a common condition in women of reproductive age with well established metabolic
abnormalities. There are numerous diagnostic criteria generating several reproductive diagnostic phenotypes [National Institute of Health
(NIH) hyperandrogenic anovulatory PCOS and non-NIH PCOS including hyperandrogenic ovulatory or non-hyperandrogenic anovulatory
PCOS]. There is ongoing debate regarding the optimal diagnostic criteria for PCOS and on the metabolic implications of newer non-NIH
PCOS phenotypes.

methods: We reviewed the literature on the presence of risk factors for type 2 diabetes (DM2) and cardiovascular disease (CVD) across
the reproductive diagnostic phenotypes of PCOS with the aims of comparing the metabolic features of the NIH and non-NIH groups and
identifying potential high metabolic risk phenotypes of PCOS.

results: NIH PCOS patients present with greater obesity, abdominal obesity, insulin resistance (IR) and risk factors for DM2 and CVD
compared with non-NIH ovulatory and non-hyperandrogenic PCOS patients. Where differences in metabolic features exist between the
phenotypes, they are generally related to the degree of total and abdominal obesity. There is emerging evidence suggesting ovulatory
and non-hyperandrogenic PCOS have greater metabolic abnormalities than controls primarily linked to abdominal adiposity. There is cur-
rently no evidence that non-hyperandrogenic PCOS is associated with a less adverse metabolic profile than ovulatory PCOS.

conclusions: Current metabolic evidence appears to justify the inclusion of both non-NIH PCOS groups (ovulatory and non-
hyperandrogenic) as PCOS subgroups. NIH PCOS is associated with a more adverse metabolic profile including greater total and abdominal
obesity, IR and risk factors for CVD and DM2 than non-NIH phenotypes.

Key words: polycystic ovary syndrome / diagnostic criteria / insulin resistance / hyperandrogenism

Overview
Polycystic ovary syndrome (PCOS) is a common endocrine condition
in women of reproductive age with prevalence estimated at 4–8%
(Knochenhauer et al., 1998; Diamanti-Kandarakis et al., 1999; Asuncion

et al., 2000; Azziz et al., 2004). It is associated with a range of reproduc-
tive, obstetric, metabolic and psychological features. Reproductive and
obstetric manifestations include hyperandrogenism, menstrual dysfunc-
tion, infertility and pregnancy complications. These include early preg-
nancy loss, gestational diabetes, pregnancy-induced hypertensive
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Why LH/FSH ratio was excluded from NIH 
2012 criteria?

Difficulties with Using Serum LH/FSH levels to diagnosis 
PCOS 

Arroyo A et al. JCEM 1997;82:3728-3733 

Increasing BMI blunts LH pulse amplitude and 
24h mean levels in women with PCOS 

Arroyo A et al. JCEM 
1997;82:3728-3733 

Many women with Functional Hypothalamic Amenorrhea have 
elevated LH to FSH ratio 

Levels are variable due to pulsatile nature- Therefore 
multiple measurements are needed 

Levels in women with PCOS are blunted with increasing obesity 



PCOS Phenotype 
during 

Adolescence

Only most severe phenotype Type 1 
Classic PCOS is diagnosed

Other PCOS phenotypes cannot be 
diagnosed

Patients who present incomplete 
symptoms have to be included in a 

strict follow up and the final 
diagnosis should be determined only 

after 18 years



Carmina, Oberfield and Lobo. AJOG 2010

Proposed diagnostic criteria for PCOS 
during Adolescence

Hyperandrogenism

biochemically confirmed

Menstrual irregularities
Present for at least 2 years post 

menarche

Polycystic Ovaries
include both increased size and 
increased number of follicles

+

+



Anovulation: 
*85 percent of 
cycles 
anovulatory in 
first year of 
menstruation.

*59 percent in 
the third year

*25 percent still 
anovulatory in 
the sixth year

Metabolic features 

Insulin resistance 
insulin due high 

GH 
hyperpulsatile
GnRH secretion 

decreased levels 
SHBG 

ovarian & 
adrenal androgen  

PCOM at USG in 

40% at 2 yrs

35% at 3 yrs

33.3% at 4 yrs

after menarche 
Corresponds to 
physiologic 
condition during 
early 
adolescence

Not associated 
with 
abnormalities in 

ovulation

menstrual cycle 
duration

androgens or 
IR

However all return to normal 
at the end of normal puberty 
but remain elevated in PCOS

Why Adult Criteria not 
applicable to Young PCOS?

Normal adolescent

RCOG Scientific Study Group, 2010 



Clinical Manifestations of PCOS 
q Hirsutism
q Acne
q Amenorrhea/Oligomenorrhea
q Infertility
q Early pregnancy loss 

Metabolic aspects: 
¥Obesity
¥Insulin resistance
¥Type 2 diabetes (10% by 
age 40s)

¥Cardiovascular disease 

Body composi'on 

↑ risk of metabolic 

disturbances 

Android  Gynoid 

↑ WHR in PCOS compared with 

age‐, weight‐ and BMI‐matched 

controls 

Mannerås‐Holm L, et al.  J Clin Endocrinol Metab. 2011 ;96:E304‐11 

Below 
waist 

Above  
waist 

Waist circumference: 
the most cost-effective predictor for insulin resistance, 

adipotoxicity and CV risk

In adult women, 
upper limit is 80 

28

upper limit is 80 
cm…

upper limit 
is 80 cm 



Biochemical Manifestations of 
PCOS 

Elevated

total/free testosterone

ASD

17 OH progesterone

DHEAS

Increased insulin 
levels 

Abnormal
GTT

Decreased 

SHBG 

Elevated 
LH/FSH ratio 



1.Ultrasound scan 
2. Androgen profile:                    
vTestosterone – Total and free <5.0 nmol/l

vFAI                    

v+/- 17OH-P, adrenal profile

vSHBG -surrogate for insulin resistance (16-
119 nmol/l) 

3. FSH, LH, 
oestradiol

4. AMH 

5.Prolactin / TFTs 

6. Assessment glucose tolerance / 
insulin resistance and lipid profile 

Polycystic Ovary Syndrome: Investigations 



Ultrasound Assessment of PCO
International Consensus Definitions 

n Polycystic ovary contains 12 or more follicles 
measuring 2-9 mm in diameter on day 2 or 3 of MC

and/or 

n increased ovarian volume (>10 cm3)
No dominant follicle > 10mm or CL 

Balen, Laven, Tan & Dewailly; Hum Reprod Update 2003; 9: 505 
ESHRE/ASRM Consensus 2003 

Does not apply to women taking OCP, as ovarian size is 
reduced, even though the polycystic appearance may persist 
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� For the definition of PCO morphology, the former 
threshold of >12 for follicle number is no longer valid. 
A serum AMH >35 pmol/l (or >5 ng/ml) appears to be 
more sensitive and specific than a Follicle Number >19 
and should be therefore included in the current 
diagnostic classifications for PCOS. 

Improved Ultrasound Technology allows 
better determination of antral Follicles: 
Picture of a PCOM with old (2001) (left) 

and new (2009) (right) equipment.  

Dewailly D et al. Hum. Reprod. 2011;26:3123-3129 

well. Therefore, our results in 2006 were presumably spoiled by a
greater overlap between the non-PCOM non-PCOS group and the
PCOS population. Conversely, our results with OV were similar to
those in our previous report (Jonard et al., 2005), with an optimal
threshold at 7 ml and similar Spe but with better Se (89 versus 91%
and 87 versus 67%, respectively). This indicates that the higher Se
of the new U/S equipments has much less impacted this measure
than the follicle counting. However, OV still has a lower Se and Spe
than the FN and especially the AMH assay.

Knowing the negative effect of age on the FN and serum AMH
values, that we confirm here, although it was weak, some authors
have advocated adapting the thresholds to the patients’ age (Duijkers
and Klipping, 2009; Johnstone et al., 2010). Besides the inconvenience
of having to validate and then to memorize several thresholds, we
think that this adaptation is not crucial. Indeed, when our ROC analy-
sis was restricted to non-PCOM non-PCOS women that were aged
,30, the data for both FN and serum AMH were very close to
that obtained in the whole population. Conversely, it must be empha-
sized that the criteria proposed here should not be applied to women
aged more than 35. Lastly, we must recognize that our control group
included exclusively patients referred to our clinic. It might therefore
be not fully representative of the general population. Further studies
are required to validate our data in other settings.

In conclusion, for the definition of PCOM and PCOS, serum AMH
appears as a sensitive and specific parameter that would probably be
easier to reproduce from one to another centre than the follicle
count, as the latter is highly dependent on the evolving quality of
the machines and/or the operator skill. When a single commercially
available AMH assay (Kumar et al., 2010) is universally used, it will
become urgent that an international consortium validates the
threshold for AMH proposed here to suggest the presence of

PCOM, i.e. 35 pmol/l (or 5 ng/ml). Since we have previously
reported that the serum AMH level is closely related to both the
markers of HA and ovulatory disturbance in PCOS (Dewailly et al.,
2010), the use of this parameter in the current classifications for
PCOS (The Rotterdam ESHRE/ASRM-Sponsored PCOS consensus
workshop group, 2004; Azziz et al., 2006) would allow simplification
of the diagnosis of PCOS, as proposed in Table III.
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Table III Adaptation of the previous classifications for
the diagnosis of PCOS, proposing an excessive FN of
>19 or serum AMH concentration >35 pmol/l or
>5 ng/ml as a surrogate when either oligo-anovulation
or HA is missing.

Oligo
-anovulation

Clinical
and/or
biological
HA

FN > 19 and/or
serum
AMHa> 35 pmol/l
(5 ng/ml)

Diagnosis

+ + (+/2)b PCOS

+ 2 + PCOS

2 + + PCOS

2 2 + Normal woman
with PCOMc

+ 2 2 Idiopathic
anovulation

2 + 2 Idiopathic
hyperandrogenism

As with the previous classifications, other causes of oligo-anovulation and/or HA
must be excluded before applying this classification.
aTo be used preferentially.
bNot necessary for the diagnosis.
cConsider the risk for OHSS.
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For definition of PCO morphology Former threshold of 
>12 for follicle 
number is no longer 
valid, it is 19 with a 
sensitivity of 81% and 
specificity of 92 %

Serum AMH >35 pmol/l 
(or  >5 ng/ml) is more
sensitive and specific 
than a Follicle Number 
>19 and should 
therefore be included in 
the current diagnostic 
classifications for PCOS 

2011



without HA (clinical or biological) and with regular menses
(non-PCOS group), group 2 (n ¼ 73) including women with only
HA or only oligo-anovulation (presumption of PCOS) and group 3
(n ¼ 62) including women with HA and oligo-anovulation, i.e. patients
with genuine PCOS as defined by the current classifications (The Rot-
terdam ESHRE/ASRM-Sponsored PCOS consensus workshop group,
2004; Azziz et al., 2006). U/S data were not used in this classification.

Group 1 was subjected to cluster analysis using age, TT, A, LH,
AMH, OV and FN as classifying variables. Since the models with
three or four clusters were not accompanied by a significant increase
of total R2 by comparison with the model with two clusters, we con-
sidered that two subgroups (1A and 1B) were generated by the analy-
sis, comprising 66 and 39 women, respectively. The critical parameters
for this classification were primarily the serum AMH level and then the
FN and OV, with R2 values of 0.72, 0.31 and 0.22, respectively. All
other variables, including age, had R2 values ,0.05.

As shown in Table I and Fig. 2, group 1B differed from group 1A by
a significantly higher mean rank of AMH, FN and OV, while mean
ranks of TT, A, LH and FSH were similar. Group 1B differed from
group 2 by lower mean ranks of TT and A, while mean ranks of
AMH, FN, OV, FSH and LH were similar. Compared with group 3,
group 1B had significantly lower mean ranks of LH, TT, A, AMH,
FN and OV (Table I).

Considering that group 1B represented asymptomatic women with
PCOM, it was excluded from the data and we then performed a ROC
curve analysis using a population gathering groups 1A and 3
(non-PCOM non-PCOS controls and PCOS women, respectively).
The AUCs were 0.949 [% confidence interval (CI): 0.915–0.982],
0.923 (% CI: 0.874–0.973) and 0.973 (% CI: 0.947–0.998) for FN,
OV and AMH, respectively. The best compromise between Se and

Spe was obtained with threshold values of FN at 19, of OV at 7 ml
and of AMH at 35 pmol/l (Table II). With these thresholds, the preva-
lence of elevated AMH, FN and OV was 40, 26.5 and 23% in the initial
group 1 (non-PCOS, n ¼ 105), respectively, and 78, 59 and 54% in
group 2 (presumption of PCOS, n ¼ 73), respectively. These figures
reflect the prevalences of PCOM in group 1, and of PCOS (using
the Rotterdam classification) in group 2, both of which were higher
with AMH than with FN or OV.

As shown in Fig. 3, a highly significant correlation was observed
between the values of AMH and FN in the entire study population

Figure 2 Box-and-whisker plots showing the values of the follicle count (left) and serum AMH level (right, logarithmic scale) in the four subgroups of
patients (see text). Horizontal small bars represent the 5–95th percentile range, and the boxes indicate the 25–75th percentile range. The horizontal
line in each box corresponds to the median.

........................................................................................

Table II Results of ROC analysis using a population
consisting of groups 1A and 3 (non-PCOM non-PCOS
women and those with PCOS, respectively).

AUC
(95% CI)

Threshold Sensitivity
(%)

Specificity
(%)

Follicle
number

0.949
(0.915–0.982)

17 87 83
19 81 92
21 78 92

Ovarian
volume

0.923
(0.874–0.973)

7 ml 87 89
8 ml 75 92
9 ml 63 95
10 ml 50 99.5

Serum
AMH

0.973
(0.947–0.998)

30 pmol/l 92 82
35 pmol/l 92 97
40 pmoll/l 85 100

AUC, area under the ROC curve; CI, confidence interval.
Bold values indicate best compromise between sensitivity and specificity.
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� For the definition of PCO morphology, the former 
threshold of >12 for follicle number is no longer valid. 
A serum AMH >35 pmol/l (or >5 ng/ml) appears to be 
more sensitive and specific than a Follicle Number >19 
and should be therefore included in the current 
diagnostic classifications for PCOS. 

Best marker for 
Sensitivity and 
Specificity was 
obtained with 
threshold values

of FN at 19
(follicle size most 
representative 2-
5 mm PCOS)

of OV at 7 ml

of AMH at 35 
pmol/l or 5 ng/ml

2011



Pigny et al JCEM 2003; 88:5957
Laven et al JCEM 2004; 89:318

Dewailly et al JCEM 2010; Hum Rep 2011 

AMH

correlates 
well with AFC 

proposed as 
most accurate 
biochemical 
marker for 

PCOS 

correlates 
best with 2-5 
mm follicles 



REVISITING THE CRITERIA FOR PCOM: 
should we keep the follicle count or 

switch to AMH? 

REVISITING THE CRITERIA FOR PCOM:  
should we keep the follicle count or switch to AMH? 

17 

sens = 81% 
spe = 92%  

19 foll/ov 

sens = 92% 
spe = 97% 

35 pMol/L (5 ng/ml) 

Follicles/ovary Serum AMH 

Dewailly et al., Hum Reprod, 2011, 26:3123-9 

Zone sous la courbe

Variable(s) de résultats tests: FOLL 2D MOY (2-9)

,949 ,017 ,000 ,915 ,982
Zone Erreur Std. a

Signif.
asymptotique b

Borne
inférieure

Borne
supérieure

Intervalle de confiance
95% asymptotique

           
            

       
   

       

Zone sous la courbe

Variable(s) de résultats tests: AMH

,973 ,013 ,000 ,947 ,998
Zone Erreur Std. a

Signif.
asymptotique b

Borne
inférieure

Borne
supérieure

Intervalle de confiance
95% asymptotique
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REVISITING THE CRITERIA FOR PCOM:  
should we keep the follicle count or switch to AMH? 

17 

sens = 81% 
spe = 92%  

19 foll/ov 

sens = 92% 
spe = 97% 

35 pMol/L (5 ng/ml) 

Follicles/ovary Serum AMH 

Dewailly et al., Hum Reprod, 2011, 26:3123-9 

Zone sous la courbe

Variable(s) de résultats tests: FOLL 2D MOY (2-9)

,949 ,017 ,000 ,915 ,982
Zone Erreur Std. a

Signif.
asymptotique b

Borne
inférieure

Borne
supérieure

Intervalle de confiance
95% asymptotique

           
            

       
   

       

Zone sous la courbe

Variable(s) de résultats tests: AMH

,973 ,013 ,000 ,947 ,998
Zone Erreur Std. a

Signif.
asymptotique b

Borne
inférieure

Borne
supérieure

Intervalle de confiance
95% asymptotique

           
            

    
   

       

17 

Follicles/ovary Serum AMH 

Dewailly et al., Hum Reprod, 2011, 26:3123-9 
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The threshold for FNPO                  
defining PCOM should be 

≥25 follicles per whole ovary 

This threshold applies to use of newer 
imaging technology (essentially transducer 

frequency ≥8MHz)

FNPO is recommended over OV since FNPO has 
been shown to have greater predictive power 

for PCOS and less variability among populations 
aged 18–35 yrs

Real-time methods should follow recently proposed 
standardization

Offline methods, with either 2D or 3D ultrasound, must be 
applied after completion of a learning curve and 

standardization 

1



Threshold for OV 
should remain at 
≥10 ml 

OV may have a 
role in instances 
when image 
quality does not 
allow for reliable 
estimates of 
FNPO 

2 Use of the AMH 
assay as a 
surrogate to 
ultrasound is for 
research purpose 
only at the 
present time

Until there is 
standardization 
of the assay 
techniques 

3



Differences between women with 
polycystic ovaries only and

with polycystic ovary syndrome? 

q PCO represents a milder end of the PCOS spectrum 

q Longitudinal data still required 

Balen, Homburg, Franks, BMJ 2009 

16 

5 mm 

2nd millenium 
3rd millenium 

Follicles less 
than 2 mm are 
now counted! 

U/S definition of 
PCOM has 
changed… 

16 



LH and IGF-I 
effect 

on theca cells

Cytochrome 
p-450c 17-alpha 

activity

Androgen secretion

Non-obese Obese

IGFBP-I

IGF-I 

Insulin resistance 
Hyperinsulinemia

SHBG 

LH GH 

PCOS

Insler et al. Hum Reprod. 1993



Elevated DHEAS Elevated Androgens

Pancreas

Insulin Receptor Dysfunction

Hyperinsulinaemia

LHRH

Hypothalamus

Pituitary

Adrenal Stroma Follicle

LH FSH

Liver

Reduced SHBG

á Free androgens

Hyperinsulinaemia & Hyperandrogenaemia

Granulosa 
cells to 
aromatize 
androgens

Stimulate 
theca cells 
with increase 
production of 
androgens



Should androgen testing be 
done in all patients of PCOS?



The Importance of Diagnosing 
Hyperandrogenism in PCOS 

q A diagnostic feature that allows for discrimination 
from other causes of the combination of 
oilgomenorrhea and polycystic ovaries

q The feature that is best associated with metabolic 
abnormalities 

§ IR and Metabolic syndrome
§ CVD Risk

q A prognostic factor for treatment success 



The AUC for each 
androgen was:

FAI 0.81 

Testosterone 0.75

ASD 0.66 

SHBG 0.63 

Barth J H et al.              
Eur J Endocrinol 

2010;162:611-615 

Androgens are not strong markers of PCOS 

Barth J H et al. Eur J Endocrinol 2010;162:611-615 

The AUC for each androgen was: FAI 0.81, testosterone 0.75, Ad 0.66 and SHBG 0.63  

Androgens are not strong markers of PCOS 

But may be done to 
exclude other etiologies



Screening for Insulin Resistance

¥ Acanthosis nigricans

¥ Truncal Obesity

¥ OGTT

¥ Fasting insulin?

¥ Glucose/Insulin ratio? G (mg/dl) / I (mIU/L)

¥ HOMA-IR:
=I (mIU/L) X G (mmol/L)/22.5 

¥ QUICKI:
=1/ log I (mIU/L) + log G (mg/dl) 

Insulin Resistance is a an adaptative and selective 
phenomenon: 

2- at the cellular level

24

Alan R. Saltiel and C. Ronald Kahn Insulin signalling and the regulation of Alan R. Saltiel and C. Ronald Kahn Insulin signalling and the regulation of 
glucose and lipid metabolism. Nature 414, 799glucose and lipid metabolism. Nature 414, 799--806 (13 December 2001)806 (13 December 2001)



Detecting IR in clinically
Familial, clinical and physical features as risk factors for IR 

Family History Patients History Physical features
Glucose intolerance

Obesity

Hypertension

Metabolic syndrome

Hyperurecemia

Coronary heart disease

Stroke

Chronic pancreatitis

Gestation diabetes

PCO or hirsutism

Non alcoholic fatty liver 
disease

Birth weight – small or 
large for gestational age

Precocious puberty

Evolution of obesity

Dietary habits

Physical activity

Medication/drugs which 
affect appetite, glucose 
or lipid metabolism

Acanthosis Nigricans

Striae

Centripetal obesity

Adipomastia

Hypertension

Acne

Hirsutism

Alopecia

Precocious puberty

Genu valgum

Eyzaguirre F, 
Mericq V. Insulin 

resistance markers 
in children. Horm 

Res. 2009;71:65-74 



Medications associated with IR

Hormones HIV therapy Antipsychotic 
drugs

Immune 
suppressants

others

Glucocorticoids HIV 
nucleoside 
reverse 
transcriptase 
inhibitors

Clozapine Tacrolimus Tiazides

Growth 
hormone

HIV protease 
inhibitors

Olanzapine Cyclosporine Valproate

Risperodone Sirolimus Glucosamine



Screening for Glucose Tolerance in PCOS

HbA1c measures the efficacy of glucose lowering treatment
A normal HbA1c cannot exclude DM or IGT

• IGT 140-199mg/dl

• DM ≥200mg/dl

WHO criteria       
2 hour 75gm 

OGTT 

• IFG 100-125mg/dl

• DM ≥126mg/dl

ADA criteria 
fasting glucose 

level 



No standard 
validated assay for 

insulin 

Insulin levels are   
highly variable 

depend on 

Age

gender 
feeding status

Why Insulin Levels Should Not be 
Used to diagnose PCOS 



Role of Vitamin D deficiency in pathology 
of PCOS

Rebecca Thomson et al        
Clin 
Endocrinol.2012;77(3):
343-350



Circulating markers of oxidative stress in PCOS
Human Reproduction Update, Vol.19, No.3 pp. 268–288, 2013 

Promoters and byproducts of oxidative stress 
Homocysteine Promotes reactive species 

Asymmetric 
dimethylarginine  (ADMA)

Promotes reactive species 

Malondialdehyde End-product of lipid peroxidation ↔ 
Nitric oxide Promotes reactive nitrogen ↔ species 
Antioxidants 
Glutathione Detoxifies hydrogen peroxide and 

lipid peroxides, prevents protein from 
oxidation 

Paraoxonase-1 Prevents oxidation of lipoproteins by 
reactive species 

Superoxide dismutase 
activity  (SOD) 

Converts superoxide anions to 
hydrogen peroxide and molecular oxygen 

Glutathione peroxidase Detoxifies hydrogen peroxide,                      
peroxynitrites and lipid peroxides 

↔ 

Total antioxidant capacity 
(TAC) 

Prevents oxidation and ↔ detoxifies 
oxidants 

↔ 
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background: Oxidative stress might be associated with polycystic ovary syndrome (PCOS), but relatively small studies published to
date do not permit reaching a definitive conclusion. We aimed at conducting a systematic review and meta-analysis of studies evaluating
circulating markers of oxidative stress in patients with PCOS.

methods: We conducted a systematic review of studies reporting circulating markers of oxidative stress in women with PCOS and con-
trols published up to June 2012, using Entrez PubMed and EMBASE online facilities. Meta-analysis calculated standardized mean differences
(SMDs) and 95% confidence intervals (95CI).

results: From 1633 potential studies identified electronically, 68 studies, including 4933 PCOS patients and 3671 controls, were
selected. For each of nine circulating markers of oxidative stress, an individual meta-analysis was conducted. Compared with control
women, patients with PCOS presented higher circulating concentrations of homocysteine (23% increase, SMD 0.6, 95CI, 0.4–0.8), malon-
dialdehyde (47% increase, SMD 1.9, 95CI 1.2–2.6) and asymmetric dimethylarginine (36% increase, SMD 1.1, 95CI 0.6–1.6), and increased
superoxide dismutase activity (34% increase, SMD 1.0, 95CI 0.5–1.4) and decreased glutathione levels (50% decrease, SMD 23.7, 95CI
26.2 to 21.2) and paraoxonase-1 activity (32% decrease, SMD 20.9, 95CI 21.3 to 20.4). Similar results were found when restricting
the analyses to studies in which patients and controls were matched for age and body mass index.

conclusions: Circulating markers of oxidative stress are abnormal in women with PCOS independent of weight excess. This finding
suggests that oxidative stress may participate in the pathophysiology of this common disorder.
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Circulating markers of oxidative stress are 
abnormal in women with PCOS 

ª independent of weight excess

ª may contribute in the pathophysiology of 
PCOS

ª However in light of current evidence 
neither the routine measurement of 
markers of oxidative stress nor the use 
of antioxidant therapies can be 
recommended in PCOS 

malondialdehyde, 8-hydroxydeoxyguanosine, thiobarbituric acid reactive
substances, nitric oxide, nitrotyrosine, sulfhydryl group, asymmetric
dimethylarginine, oxidized LDL lipoprotein, xanthine oxidase, total
oxidant status, total antioxidant capacity, superoxide dismutase, glutathi-
one, glutathione peroxidase, glutathione reductase, glutathione transfer-
ase, catalase, homocystein, paraoxonase-1, vitamin A, vitamin C, vitamin
E’, including their acronyms and synonyms.

Inclusion and exclusion criteria
Inclusion criteria included: (i) studies where reproductive-age women with
PCOS were compared with non-hyperandrogenic controls for circulating
markers of oxidative stress; (ii) strict diagnosis of PCOS using National In-
stitute of Child Health and Human Development (NICHD) conference
definition (Zawadzki and Dunaif, 1992), European Society of Human

Reproduction and Embryology (ESHRE)/American Society for Reproduct-
ive Medicine (ASRM) definition (The Rotterdam ESHRE/ASRM-Sponsored
PCOS Consensus Workshop Group, 2004), or Androgen Excess & PCOS
Society (AE-PCOS) definition (Azziz et al., 2009) and (iii) articles written in
English. Meta-analysis was conducted for markers studied in five or more
studies. To avoid over-representation of cases, when several studies on
the same series of cases and controls have been published, only the
report with the larger sample size was included in the meta-analysis.

Exclusion criteria included: (i) studies in which the diagnosis of PCOS
was not strict; (ii) studies addressing markers of oxidative stress in
samples other than blood and its derivatives; (iii) studies reporting less
than 10 cases and/or controls and (iv) articles not written in English.

Study selection was performed independently by three investigators
(M.M., M.I. and M.O.-O.). Disagreements were discussed and resolved
by consensus.

Figure 1 Schematic representation of mechanisms and pathways that may contribute to oxidative stress in polycystic ovary syndrome (PCOS).
Several characteristics and associations of PCOS, including androgen excess, abdominal adiposity, insulin resistance and obesity, may contribute to
the development of local and systemic oxidative stress which may reciprocally worsen these metabolic abnormalities. Superoxide anion can be pro-
duced by NAD(P)H oxidases, xanthine oxidase and cyclooxygenase, among others. Superoxide anion is dismutated by the SOD to hydrogen perox-
ide. Hydrogen peroxide is scavenged by the enzyme glutathione peroxidase which requires GSH as the electron donor, or by catalase. The oxidized
glutathione is reduced back to GSH by glutathione reductase. Some transition metals can breakdown hydrogen peroxide to the reactive hydroxyl
radical. The hydroxyl radical can substract an electron from polyunsaturated fatty acid, DNA or proteins. Lipid hydroperoxides can be reduced by
the reduced form of Vitamin E, which can be regenerated by Vitamin C, or by GPx using GSH as the electron donor. Nitric oxide, which is produced
by nitric oxide synthase, and the superoxide anion may react together to produce peroxynitrite anion, which is a potent oxidizing agent that can cause
protein, DNA and lipid oxidation. Paraoxonase 1 prevents the formation of oxidized LDL. Homocysteine might result in oxidative stress by decreasing
the transcription, translation and catalytic activity of glutathione peroxidase and SOD, and by inducing inducible nitric oxide synthase. ADMA, asym-
metric dimethylarginine; COX, cyclooxigenase; H2O2, hydrogen peroxide; HCY, homocysteine; GPx, glutathione peroxidase; GRd, glutathione reduc-
tase; GSH, reducted glutathione; GSSG, oxidized glutathione; LDL, low-density lipoprotein; NO, nitric oxide; NOS, nitric oxide synthase; O2

·2

superoxide anion; ·OH, hydroxyl radical; ONOO2, peroxynitrite; oxLDL, oxidized low-density lipoprotein; PON-1, paraoxonase 1; SOD, superoxide
dismutase.
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Take home messages

Recommendations for PCOS

Diagnosis



Take home messages - PCOS Screening 

¤ Establish accurate diagnosis of PCOS/identify             
the phenotype

¤ ACOG/ AEPCOS recommends 75gm 2hr OGTT 

¤ Lipid profile (cholesterol, triglycerides, HDL/LDL)

¤ Identify metabolic syndrome, use TG/HDL >3.2 to 
target subjects



Take home messages -PCOS Screening 

þNo test of insulin resistance is needed to make 

diagnosis of PCOS or to select treatment 

þObese women with PCOS (and/or those with 

abdominal obesity) should have an OGTT (or fasting 

glucose) and lipid profile 

þ Utility of these tests in non-obese women with 

PCOS is not yet known 

þ SHBG as a screening test for metabolic 

abnormalities? 



CONCLUSIONS 
þ Androgen testing in suspected cases of PCOS is 

for differential diagnosis 

þ Biological hyperandrogenism in PCOS is inconstant 
and has no specific profile 

þ Serum AMH as a surrogate to follicle count seems 
promising, but issues about assays must be solved

þ Follicle excess is the best criteria for PCOS but 
threshold is highly dependent on technology used 
With newer technologies, it is 25...

þ There will never be a single criteria to define 
PCOS 



Thank  
You


