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The Egg Store in Quito, Ecuador! 
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The Menstrual Cycle and role of The 
Anterior Pituitary 
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AMH (MIS) 

 

In the 1940’s Jost revealed the means of sexual differentiation. 
Male characteristics must be imposed on the fetus by the testicular 
hormones - testosterone and AMH. 
 

Testosterone  virilizes the Wolffian ducts, urogenital sinus and 
external genitalia. 
AMH induces regression of Mullerian ducts.  
 

Without the actions of these hormones, the fetus becomes 
phenotypically female. 
 

AMH is a ‘hormone’ in this regard.  
It is also a growth factor – with autocrine and paracrine roles. 
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A member of the TGF β super-family of Growth 
Factors 

�  AMH is a product of the immature Sertoli cell in the male, and the 
granulosa cells of human ovarian follicles in the female. 

�  It operates through molecular pathways common to the TGF β 
family, with a specific type II receptor which dimerises and elicits 
internal messages through SMADS 1,5,8 to effect control of 
nuclear gene transcription. 
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Follicular development in the adult 
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AMH and normal ovarian follicle development 
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The Faddy-Gosden model of primordial follicle 
decline (birth-menopause) 



Hansen, K. R. et al. Hum. Reprod. 2008 23:699-708 

Power-model of human ovarian NGF decay 
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Methodology 

� Data aggregation 
�  Systematic search for data sources from the 

literature 
○  Tables, charts, descriptive statistics 

� Our own data – if available 
� Data selection to create data set 

�  Exclusion & Inclusion criteria (eg exclude infertile) 
� Homogeneous data set that approximates the 

healthy population for a wide range of ages. 



Methodology 

� Comparative analysis of biologically plausable 
models 
�  goodness of fit (coefficient of determination: r2) 

� minimise overfitting 
○  too accurate to generalise to unseen data 
○   too many peaks and troughs 

� minimise underfitting 
○  not accurate enough  
○  too few peaks and troughs   



Methodology 

� Model validation is important 
�  the highest-ranked candidate could be a result of 

serendipity 
�  small changes in the data could promote other 

candidates 
� There are various techniques 

�  k-fold: split the data into 10 equal subsets 
�  train on 90%, test using 10%, for each choice of 10% 
� model validated if the prediction error is similar each time 



Data set:  
Eight quantitative histological studies 
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The Wallace-Kelsey Model 
(Five parameter asymmetric double-Gaussian cumulative curve) 

Wallace &Kelsey (2010) PloS ONE 
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Ovarian reserve: Conception to Menopause 
(NGF population) 

Wallace &Kelsey (2010) PloS ONE 
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A hypothetical link between ovarian reserve and 

age at menopause.  
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Percentage of NGF population remaining with increasing age 

Wallace &Kelsey (2010) PloS ONE 
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Follicular Recruitment from the Pool according to 
age of menopause 

Wallace & Kelsey, 2010 ESHRE, Lille, 2012 



Follicular Recruitment from the Pool according to 
age of menopause 

There is close to 100 fold difference in recruitment 
between the early and late menopause groups 

Wallace & Kelsey, 2010 
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Prediction of ovarian reserve 

Ü Anti Mullerian Hormone (AMH) is an important 
product of the adult ovary, produced by the 
granulosa cells of small growing follicles 

Ü AMH has little variation across and between 
menstrual cycles  

Ü AMH is the best currently available marker of 
the number of small-growing follicles in the 
ovary 
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Serum AMH  in 926 healthy infants, girls, 
adolescents, and adult women  
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Hagen C et al.  
J Clin Endocrinol Metab, 2010 



Longitudinal serum levels of AMH (pmol/l) 
in 85 healthy girls and adolescents (n=504) 
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AMH Data set 
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A validated model of serum anti-Mullerian hormone from conception 
to menopause  

(a single data set of healthy females  (n=3260) from twenty different sources)  
 

Kelsey et al. PLoS ONE 2011 
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AMH: Normogram from birth to menopause  
The green and blue lines are the 68% and 95% prediction limits for the model  

Kelsey et al. PLoS ONE 2011 
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Relationship between AMH and Follicular recruitment 

�  Pre-puberty: Strong positive correlation (r = 0.92). AMH 
and follicular recruitment increasing 

�  Pubertal: Moderate negative correlation (r = -0.55). 
AMH falls as follicular recruitment continues to rise 
(Transition Phase) 

�  Post–pubertal (15 - 25): Strong negative correlation 
(r= -0.83). AMH rises as Follicular recruitment falls. 

�  Post Age 25 years: Very Strong positive correlation 
(r=0.96). AMH level is a good surrogate marker of 
declining ovarian reserve 
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