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T lk O tliTalk Outline

 1. What happens to the phenotype of 
women with PCOS as they age?

 2 Is there prolonged ovarian function in 2.Is there prolonged ovarian function in 
women with PCOS
3 I th l PCOS 3.  Is there a menopausal PCOS 
Phenotype?

 4.  Where should research go in this 
area?area?



Life Cycle of PCOSLife Cycle of PCOS

In utero Peripuberty
Adolescence 

Adulthood Aging

Exaggerated 
Adrenarche PCOS

Diabetes, CVD, 
Endometrial Cancer

Small for Gestational 
Age/IUGR



Diagnostic Criteria: No 
M l Ph tMenopausal Phenotype
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E 2004) 2 of  3
cess

Society  
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Aging and Androgen Levels in 
F lFemales

 Progressive, substantial, age-related
decline in DHEASdecline in DHEAS. 

 Minimal evidence to support a decline in 
testosterone associated with thetestosterone associated with the 
menopause transition per se; 
However T does decline substantially from theHowever T does decline substantially from the 

mid-reproductive years 
women in their forties have an approximately pp y

50% reduction in plasma testosterone from 
their 20’a

Androgen therapy in women, JCEM 2006



Relationship betweenRelationship between 
age and individual 
androgens for theandrogens for the 
reference group (N 
=1572 Australian 

W )Women)

Davison, S. L. et al. J Clin Endocrinol 
Metab 2005;90:3847-3853;

Copyright ©2005 The Endocrine Society



If circulating hormones are 
meaningful indicators of 

biological activity then thebiological activity, then the 
natural menopause cannot benatural menopause cannot be 
conceptualized as an ovarianp

androgen-deficiency state.



Age and Age and 
Fecundity



Among women who had attempted a pregnancy 86 7% of PCOSAmong women who had attempted a pregnancy, 86.7% of PCOS 
patients and 91.6% of controls had given birth to at least one child. 
Among PCOS patients who had given birth, 73.6% had done soAmong PCOS patients who had given birth, 73.6% had done so 
following a spontaneous conception.



262 Caucasian women with normal menses 
22-45 days, off confounding medications in 

good healthgood health



In an Unselected Normal Female Population, 
PCOS Stigmata Resolve with Age

Johnstone et al, 
JCEM, Epub 2010



Decreasing Testosterone Levels 
with Age in PCOS 
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Improved Menstrual Regularity 
ith A  i  PCOS Wwith Age in PCOS Women
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Conclusions: Ovarian volume and follicle number 
decrease with age in women with PCOS and controlsdecrease with age in women with PCOS and controls 
necessitating age-based criteria to define polycystic 
ovarian morphology. It is possible to use these criteria to gy
distinguish PCOS in women over age 40 yr.



Postmenopausal ovary viewed on transvaginal 
ultrasound and under light microscopyultrasound and under light microscopy

Alsamarai, S. et al. 
J Clin Endocrinol Metab
2009;94:4961-4970



Log ovarian volume (A) 
and follicle number (B)and follicle number (B) 
as a function of age in 
PCOS (black circles) ( )
and control subjects 
(open squares) and 

postmenopausal PCOS 
(red circles) and 

(control subjects (red 
squares) 

Alsamarai, S. et al.  J Clin Endocrinol Metab 
2009;94:4961-4970



A) Box and whisker plots of the FSH-sensitive follicle cohorts, as estimated ) p ,
by the E2 (Open box) and the inhibin B increment (Hatched box) in 

24 hours after 300 IU of FSH = inhibin B increment (B) Box and 
whisker plot of the follicle counts in women with PCOS

QuickTime™ and a
decompressordecompressor

are needed to see this picture.

Elting. Follicle cohort size in aging PCOS women. Fertil Steril 2003.



Age Related Changes in PCOS 
Ph tPhenotype

Reproductive Abnormal

Metabolic Abnormal

Bi th P b t M D thBirth    Puberty                             Menopause       Death



The Importance of Diagnosing The Importance of Diagnosing 
Hyperandrogenemia in PCOS



Association Between Metabolic Syndrome and y
Free Testosterone in PCOS
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University of Pittsburgh Case Control 
S d  f  CVD Ri k FStudy of  CVD Risk Factors

 200+ cases /200+ community based 
controls identified

 Age-matched ~35 yrs Age matched 35 yrs
 Followed for 10+ years
 with biometric, serum markers, imaging 

techniques, etc.
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Elevated LDL in Younger 
W  ith PCOSWomen with PCOS

• Talbott EO et al, J Clin Epidemiol, 1998



Effect of Age on LDL-CEffect of Age on LDL C

Talbott EO et al, J Clin Epidemiol, 1998



Effect of Time on Glucose Tolerance in 
PCOS (Combined N =138) 

Reversion                      Baseline                   ConversionReversion                      Baseline                   Conversion

NGTNGT IGT orIGT or45%45%NGTNGT IGT or IGT or 
DMDM

45%45%
16%16%

IGTIGT DMDM17%17%22%22%NGTNGT DMDMNGTNGT
54%54%0%0%

DMDM1414%%IGTIGT Legro et al, 2005

NANA Norman et al, 2001



Glucose and insulin levels during a 2-h OGTT in control women and 
women with PCOS at baseline and follow-upwomen with PCOS at baseline and follow up

Copyright ©2005 The Endocrine Society

Legro, R. S. et al. J Clin Endocrinol Metab 2005;90:3236-3242



Summary- Age and PCOS 
Ph tPhenotype

 Reproductive Abnormalities Lessen 
and may completely normalize
HyperandrogenemiaHyperandrogenemia
Oligomenorrhea
Polycystic ovary size and morphologyPolycystic ovary size and morphology

 Metabolic Abnormalities
Do they plateau?



T lk O tliTalk Outline

 1. What happens to the phenotype of 
women with PCOS as they age?

 2 Is there prolonged ovarian function in 2.Is there prolonged ovarian function in 
women with PCOS?
3 I th l PCOS 3.  Is there a menopausal PCOS 
Phenotype?

 4.  Where should research go in this 
area?area?



Age of Menopause: Indicator of 
H lth Ri kHealth Risks

 Early Menopause
Increased risk of cardiovascular disease
Increased risk osteoporosisIncreased risk osteoporosis

 Late Menopause
Increased risk of breast cancer



Reproductive Milestones in 
PCOS F ili H hPCOS Families-Hershey

Relation N Mean(yr) Std Dev(yr)

Age of MenarcheAge of Menarche
PCOS Proband 601 12.5 2.1
PCOS Mother 374 12.6 1.6
Control Mother (PM) 37 12.9Control Mother (PM) 37 12.9
Age of Menopause (No 
Hysterectomy)Hysterectomy)
PCOS Mother 120 50.2 4.5
Control Mother (PM) 26 51.3 3.0



Distribution of Age of 
M  i  PCOS M thMenopause in PCOS Mothers



In women, Anti Mullerian Hormone (AMH) expression can first be 
observed in primary follicles, and is strongest in pre-antral and 

small antral folliclessmall antral follicles

La Marca, A. et al. Hum. Reprod. 2009 24:2264-2275;



AMH plasma levels in patients and controls

La Marca, A. et al. Hum. Reprod. 2009 24:2264-2275



Hypothesis of the effects of AMH on follicles in polycystic ovaries: both ovulatory 
and anovulatory polycystic ovaries increased the numbers of preantral follicles 

than normal ovaries and more of these ovaries progress to antral stages in both; p g g ;
however, anovulatory ovaries contain the most follicles

Reproduction. 2010 May;139(5):825-833



CONCLUSION: Serum AMH levels decreased with age both 
i h lth d i ith PCOS lth h thin healthy women and in women with PCOS, although they 
were always 2- to 3-fold higher and remained elevated until 
40 years of age in PCOS subjects40 years of age in PCOS subjects.



Correlation between 
AMH and age inAMH and age in 

control women 21–44 
years (open circles, y ( p ,
n=44) and in women 
with PCOS aged 16–

44 years (filled44 years (filled 
circles, n=65) and 

correlations between 
follicle number, AMH 

and age in women 
with PCOSwith PCOS.

Piltonen T et al. Hum. 
Reprod. 2005;20:1820-
1826



Increased OvarianIncreased Ovarian 
Reserve among 

Women with PCOS

The relationship between ovarian volume, number of 
antral follicles, AMH serum concentrations, PCOS status 
and age in 57 pre- and post-menopausal PCOS patients 

and 64 pre- and post-menopausal controls without 
hormonal treatmenthormonal treatment.

Hudecova M et al. Hum.Hudecova M et al. Hum. 
Reprod. 2009;24:1176-1183



Comparison of AMH Production from 
C l d G l  C ll  f  F lli lCultured Granulosa Cells from Follicles

Reproduction. 2010 May;139(5):825-833



CONCLUSIONS: The reproductive lifespan of PCOS women extends 
on average 2 years beyond that of normo-ovulatory women.



Change in the AMH levels (value visit 2–value visit 1) in 
relation to time intervals between visit 1 and visit 2

Ramezani Tehrani F et al.Ramezani Tehrani F et al. 
Hum. Reprod. 
2010;25:1775-1781



Serum levels 
of AMH in 

relation to age 
in PCOS cases 

(dotted line 
and open 

circles) and 
normo-

ovulatory 
controls (solid 
line and black 

diamonds).
Ramezani Tehrani F et al. Hum. 
Reprod. 2010;25:1775-1781p



MRI  P l ti   N l O iMRI: Polycystic vs Normal Ovaries



Increased Density of Follicles in 
PCOSPCOS

QuickTime™ and a
 decompressor

are needed to see this picture.

Webber et al, 
Lancet 2003Lancet, 2003



Increase in the percentage of early growing (primary) follicles and 
a reciprocal decrease in the proportion of primordial folliclesa reciprocal decrease in the proportion of primordial follicles 

compared with normal ovaries

QuickTime™ and a
 decompressor

are needed to see this picture.are needed to see this picture.

Webber et 
al Lancetal, Lancet, 
2003



The increased 
d it f lldensity of small 

preantral follicles 
in polycystic 

i ldovaries could 
result from 
increased 

population of thepopulation of the 
fetal ovary by 

germ cells, or from 
decreased rate ofdecreased rate of 

loss of oocytes 
during late 
gestation,gestation, 

childhood, and 
puberty

Webber et al, 
L 2003Lancet, 2003



L  f O t  ith ALoss of Oocytes with Age
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Summary-Prolonged Ovarian 
F tiFunction

 There is evidence of increased 
ovarian reserve in women with PCOS 
compared to age matched controlp g

 There are little data on long term 
fecundity and age of menopause infecundity and age of menopause in 
women with PCOS



T lk O tliTalk Outline

 1. What happens to the phenotype of 
women with PCOS as they age?

 2 Is there prolonged ovarian function in 2.Is there prolonged ovarian function in 
women with PCOS?
3 I th l PCOS 3.  Is there a menopausal PCOS 
Phenotype?

 4.  Where should research go in this 
area?area?



Polycystic Ovaries and CVD-
U it d Ki dUnited Kingdom

 Retrospective Case Control Study
 Identified 786 women with polycystic 

ovaries 1930-79 30 yrs of Follow-upovaries 1930 79, 30 yrs of Follow up
 Most with some documented clinical 

i d f tiovarian dysfunction
 Compared death rates with nationalCompared death rates with national 

mortality rates

Pierpoint T et al, J Clin Epidemiol, 1998



Mothers of women with PCOS with history of 
irregular menses have elevated T and Insulinirregular menses have elevated T and Insulin 

Resistance

Copyright ©2006 by the National Academy of Sciences

Sam, Susan et al. (2006) Proc. Natl. Acad. Sci. USA 103, 7030-7035



QuickTime™ and a
 decompressor

are needed to see this picture.



Rancho Bernardo Postmenopausal 
PCOS C it i  (≥3)PCOS Criteria (≥3)

 (1) a history of irregular menses
 (2) hirsutism, or current biochemical evidence of relative (2) hirsutism, or current biochemical evidence of relative 

hyperandrogenism (i.e., values in the highest quintile for total 
testosterone or bioavailable testosterone, or the lowest quintile 
f SHBGfor SHBG 

 (3) a history of personal infertility or inability to carry pregnancies 
to termto term

 (4) central obesity defined as a waist circumference >88 cm
 (5) insulin resistance, defined either as a HOMA-IR value in the ( ) ,

top quintile for the cohort, or, in women for whom insulin levels 
were not available, a fasting plasma glucose concentration ≥6.1.



Prevalence of PCOS in Rancho 
B d  C h tBernardo Cohort

 N =713 postmenopausal women
 9.3% with ≥ 3 of the criteria in whole 

cohortcohort
 5.8% among those women without 

di b tdiabetes



Prevalence of individual and composite features of 
a putative PCOS phenotype among affected

PCOS No PCOS P value

Menstrual 13 6 3 6 <0 001Menstrual 
irregularity

13.6 3.6 <0.001

Bi h i l 95 5 34 2 <0 001Biochemical 
hyperandrogenism

95.5 34.2 <0.001

Infertility or 
miscarriage

31.8 3.9 <0.001

Central obesity 68.2 12.8 <0.001
Biochemical insulin 75.6 18.4 <0.001Biochemical insulin 
resistance

75.6 18.4 <0.001



Binary logistic regression of CVD and CHD in non-
diabetic non-oophorectomized women (N = 610)

Estimated 
Odds 

95% 
Confidence 

P

Ratio Interval
Cardiovascular disease
Age 1.06 1.021-1.093 <0.01

PCOS 1 36 1 052-1 762 0 02PCOS 1.36 1.052 1.762 0.02

Coronary heart disease
Age 1.05 1.012-1.090 <0.01

PCOS 1.36 1.030-1.796 0.03

Krentz et al, Menopause, 2007



Postmenopausal women with a history of irregular menses 
and elevated androgen measurements at high risk forand elevated androgen measurements at high risk for 

worsening cardiovascular event-free survival

Shaw et al, JCEM, 2008



Determination of Menopausal 
PCOS WISE St dPCOS-WISE Study

 History of irregular menses during reproductive life
Since menses onset before menopause (excluding theSince menses onset, before menopause (excluding the 

perimenopausal years) did they had periods that occurred on a 
monthly basis

 Current hyperandrogenemia in the upper quartile Current hyperandrogenemia in the upper quartile
Testosterone (>30.9 ng/dL (1.07 nmol/L)
Free Testosterone (>4.5 pg/mL)( pg )
Androstenedione (701 pg/mL)

Shaw et al JCEM, 2008



Of 104 women with “PCOS” Of 104 women with PCOS  
(from 336 postmenopausal ( o  336 post e opausa  

women with ovaries)

20 with history of PCOS, 85%20 with history of PCOS,  85% 
reported irregular menses, 82% with 

current T and Free T in the uppercurrent T and Free T in the upper 
quartile



Intra Assay Variability 

Bland Altman Plots of absolute 
(LC/MS and RIA)

percentage differences in serum 
T levels between the duplicate 

lsamples  

The bold solid line represents 0%, the 
light solid line the mean percentage 
difference between the methods, and the ,
dashed line 2 SD of the absolute mean 
percentage difference.

lLegro et al, JCEM, 
In press



Testosterone InterTestosterone Inter 
Assay Variability y y
(LC/MS and RIA

Bland Altman plots of 
 diff  i  percentage differences in 

serum testosterone levels 

The bold solid line represents 0%, the light solid 
line the mean percentage difference between theline the mean percentage difference between the 
methods, and the dashed lines 2 SD of the mean 
percentage difference.

Legro et al, JCEM, In press



Coefficient variation of serum 
t t t  t testosterone measurement 

Legro et al, JCEM, In press



Summary- Menopausal PCOS 
Ph tPhenotypes

 There is a plethora of PCOS 
menopausal phenotypes

 None of these have been validated in None of these have been validated in 
prospective studies
Th th t i There are no assays that are precise 
in menopausal testosterone levels



T lk O tliTalk Outline

 1. What happens to the phenotype of 
women with PCOS as they age?

 2 Is there prolonged ovarian function in 2.Is there prolonged ovarian function in 
women with PCOS?
3 I th l PCOS 3. Is there a menopausal PCOS 
Phenotype?

 4.  Where should research go in this 
area?area?



AVOID:  Post Hoc Determination AVOID:  Post Hoc Determination 
of PCOS Phenotype in Existing o  COS e otype  x st g 

Cohorts or Studies

Subject to selection and publicationSubject to selection and publication 
bias  



R h A d  IResearch Agenda I

 Long Term Multi-Center Cohort Studies
Nurse’s Health Study
SWAN (Study of Women’s Health Across the 

N ti )Nation)
 Establish
The menopausal phenotype
Cardiovascular event determination
Cancer
Other morbidity/mortality



R h A d  IIResearch Agenda II

 Utilize Genome Wide Association 
Studies to identify new genes/pathways 
involved in ovarian function
GWAS of genes related to age of 

menopausemenopause
GWAS of PCOS Genes



A  t MAge at Menopause

 Complex genetic trait
 Heritability – Wide range 31-87%
Twin Sib/sib mother/daughter studiesTwin, Sib/sib, mother/daughter studies

 Environment
Smoking
Chemotherapy/Radiation, etc.C e ot e apy/ ad at o , etc

Vorhuis et al,  HRU, 2009



A total of 18,862 genotyped and imputed single nucleotide g yp p g
polymorphisms (SNPs) in 278 genes were assessed for their 
associations with these two traits among a total of 24,341 

f th N ’ H lth St d (NHS N 2 287) dwomen from the Nurses’ Health Study (NHS, N = 2,287) and 
the Women’s Genome Health Study (WGHS, N = 22,054).



Genes Associated with Age at 
N t l MNatural Menopause



Nib i  (NBN)Nibrin (NBN)

 Nibrin is a protein associated with the 
repair of double strand breaks(DSBs) 
which pose serious damage to a p g
genome. 

 a 754 amino acid protein a 754 amino acid protein
 Located on Chr. 8
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