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Antli-mullerian
hormone

» Glycoprotein
hormone
= Dimeric
» Belongs to the TGF B
superfamily.

» Role in growth and
differentiation

» Others: inhibin and
activin, BMP, PDGF

What is AMH?

Anti-Millerian Hormone




Physiological functions Mid gesialic T
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https://www.sciencedirect.com/science/journal/00150282
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Physiological functions Follicular ga’rekeeper

FSH

» |_|m|'|'s primordio| ‘|'O Initial recruitment Cyclic recruitment

primary .fO||ICU|CII’ Primary follicular pool FSH : —

conversion thus = & Granulosa cell

prevents follicular

loss t t
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sensitivity of @)= W& @

follicles
Primordial Small Large ,
follicle pool Preantral Preantral Antral Antral

Granulosa cells of primary, preantral, small antral follicles (<4mm),




Physiological functions

AMH and anovulatory PCOS

Anti-Mullerian hormone reduces follicle sensitivity to
follicle-stimulating hormone in human granulosa cells

Laura Pellatt, Ph.D.,” Suman Rice, Ph.D.,* Nafi Dilaver, B.Sc.,* Amira Heshri, B.5c.,” Raymond Galea, M.B., B.5.,"
Mark Brincat, Ph.D.," Kristy Brown, Ph.D.,° Evan R. Simpson, Ph.D.,° and Helen D. Mason, Ph.D.®

* Biomedical Sciences, St George's, University of London, London, United Kingdom; " Department of Obstetrics and
Gynaecology, University of Malta Medical School, Mater Dei Hospital, Msida, Malta; * Prince Henry's Institute, Monash
Medical Centre, Monash University, Melboumne, Victonia, Australia

HEEilI'I{S}: The AMH decreased gonadotropin-stimulated aromatase expression and decreased forskolin-stimulated
aromatase in KGN cells and this effect was through a dose-dependent inhibition of promoter IL. Surprisingly, AMH
also reduced FSH receptor mRNA expression. High AMH doses had no effect on inhibin B, whereas a low dose
stimulated production. There was no effect on inhibin A or vascular endothelial growth factor.

Conclusion(s): The AMH inhibits factors affecting FSH sensitivity. As AMH levels decrease with follicle growth,
this inhibition would be removed. The AMH overproduction in anovulatory polycystic ovaries (PCO) may therefore

restrict folliculogenesis by an inhibitory effect on FSH sensitivity, thereby contributing to anovulation. (Fertil
Steril® 2011;96:1246-51. ©2011 by American Society for Reproductive Medicine.)
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B Variations in

AMH levels

Role of
» Biology:
» |nfer-individuagl

» |Nfra-individual
®» |nter-menstrual
» |Nfra-menstrual

» Fxposure:
» OCPs
» Vitamin D deficiency

» | aboratory



AMH variabllity: Biology

Inter individual variabllity

» High as at same age different reserves of
follicular pool

Intra-individual variabillity
» |n different phases of a menstrual cycle

» |nter-menstrual (between 2 cycles) variability
Is low compared to other markers of ovarian
reserve




Inter-cycle variabllity
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AMH (ng/mL)

12. La Marca A, Stabile GG, Carducci Artenisio A, Volpe A. Serum
anti-Mullerian hormone throughout the human menstrual cycle.
Human Reproduction. 2006;21(12):3103-3107. [PubMed]
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Intfra-cycle variability

Hadlow N et al. Variation in AMH
concentration during the menstrual cycle
may change the clinical classification of
the ovarian response. Fertility and Sterility.
2013;99(6):1791-1797
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What importance does one place to
these fluctuations.

» 725% showed no variation at all.

Younger women had significantly larger fluctuations
IN AMH levels than older women.

®» Random and noncyclic fluctuations in AMH

Measuring AMH on a fixed day of MC
would not yield any advantage over

random assessment




AMH variabllity: Exposure to OCP
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Vitamin D deficiency and AMH

®» Farlier studies have suggested a link suggesting
supplementation in small studies improve AMH.
»Naderi Z et al. Gynecol Endocrinol. 2017 Dec 6:1-4.
»Dennis NA et al. Nutrients. 2017 Jul 8;9(7).

®» Recent prospective large scale studies fail to
find that link with AMH levels, oocyte recovery,
pregnancy rates.
» Drakopopuoulos et al. Hum Reprod. 2017 Jan;32(1):208-214.

»Fabris A M et al. Reprod Biomed Online. 2017 Aug;35(2):139-
144




AMH variabllity: Laboratory

» Stforage of samples

» 3% increase compared with fresh samples when
stored at -20°C for 5 days

» 58% increase when stored at room temperature

» AMH kits

» Gen |l ELISA AMH values ~ 20% lower than DSL assay
(automated Beckman coulter)

®» [echnical error

Rustamov O, et al
Anti-Mullerian hormone: poor assay reproducibility in a large cohort of subjects
suggests sample instability. Hum Reprod. 2012 Oct;27(10):3085-21.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rustamov%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22777530

A number of assays and profocols have been used since 1990 to
measure serum AMH levels complicating the interpretation of the

hormone , S
Analytical variability
Older methods Modern methods Within person variability 21 to

32%
I()Dsi;g:;gri):; Consolidation of these e GENII5.510 10.3 %
Systems Lab) 2 by Beicnkrz%?? coulter « Elecsys Cobas 2.8to 3.3%
GEN Il assay
I.OT or IBC assay Uses DSL antfibody & Optimal performance
(immunotech) |IOT calibrations (ELISA) « GEN Il at high range only
» Elecsys Cobas throughout

Both are ELISA measuring range

(Enzyme Linked

Immuno-assays) Fully automated assay Lowest values
and use different Elecsys Cobas by « GEN Il =3 pmol/I

primary antibodies Rosche . Elecsys Cobas 0.5pmol/

against AMH and
different standards
with values much
higher with 10T than
DSL




Conftribution of various sources

“True’ AMH variability by source Possible
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Clinical uses of AMH

Predictive marker Assisting IVF

»PCOS ¢

OF &
menopause?

» Granulosa cell
fumours

» Ovarian reserve

» Assessing
ovarian tissue
loss after surgery
or therapy?¢

» Fecundabilitye

» AMH and time 1o
pregnancy

» Prediction of ovarian
response to COS?

» Development of
Individualized COS
regimes¢

» Predicting live birthse




Diagnosis

POF & menopausee

®» women 45-49 years, undetectable
AMH >60% probability of menopause
iINn 5 years.Kim C et al. Maturitas. 2017 Aug

» Higher AMH=delayed menopause in

PCOS women by 2 years. Minooee $. et
al Climacteric. 2018 Feb:21(1):29-34.

\

granulosa cell tumourse.

» Mean AMH level
can be
uptol1124ng/ml

» As effective as
iInhibin B



PCOS¢e

(b)

Serum PCO: TAMH preovulatory

AMH
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Figure 6 Rationale for the use of serum AMH assay as a probe for PCOM. (a) All growing follicles secrete AMH but serum AMH reflects only the se-
cretion from bigger follicles that are in contact with the vascular bed. As the numbers of follicles in all growth stages are strongly related to each other, serum
AMH is considered to reflect the sum of growing follicles but not the number of primordial follicles that do not secrete AMH. (b) In PCO, the numbers of all
growing follicles is increased, resulting in a marked increase in serum AMH level. AMH may be considered as a deeper and more sensitive probe to define

follicle excess than the follicle count by ultrasound (U/S) since it appraises more follicle classes (blue arrows).
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AMH: predictor of ovarian Reserve

USG

Selected follicle ~10mm AFC

Mid-antral (2-8mm)

Early antral (0.4-2mm)

Secondary follicles
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AMH: Predictor of fecundabllity?

Low concentration of circulating
antimullerian hormone is not
predictive of reduced fecundability in
young healthy women: a prospective
cohort study

Casper P. Hagen, M.D.® Sonja Vestergaard, Ph.D."” Anders Juul, Dm.5.C_,° Miels Erik Skakkebask, Dm.S.C.,
Anna-Maria Andersson, Ph.D.,® Katharina M. Main, Ph.D.° NMiels Henrik Hjellund, Ph.D.,*~ Erik Ernst, Ph.D.,
Jens Peter Bonde, Dm.S.C., %9 Richard A. Anderson, Ph.D.,"™ and Tina Kold Jlensen, Ph.D.*"

&
o =

Result(s): Fifty-nine percent of couples conceived during the study period. Compared to the re
AMH (AMH quintiles 2—4), fecundability did not differ significantly in women with low AMH (AM
interval [CI] 0.44-1.40). In contrast, women with high AMH (AMH quintile 5) had reduced fecunda
adjustment for covariates (woman's age, body mass index [BMI], smoking, diseases affecting fe
regular menstrual cycles were more prevalent in women with high AMH compared with won
and they had higher levels of LH (geometric mean: 8.4 vs. 5.3 [U/L) and LH:FSH ratio (2.4 vs. 1.8). A
cycles, women with high AMH still had reduced fecundability (FR 0.48; 95% CI 0.27-0.85) and
Conclusion(s): Low AMH in healthy women in their mid-20s did not predict reduced

fecundability. Even after exclusion of women with irregular cycles, the probability of

conceiving was reduced in women with high AMH. (Fertil Steril® 2012;98:1602-8. ©2012 by

American Society for Reproductive Medicine.)
Key Words: AMH, MIS, time to pregnancy, fecundity, fecundability, PCOS




AMH and

fecundabllity

0.6 1

L

T
=
|
o
L
g
= 05 -
-g p
L
O M0 -
w &
C D4 "
E Gl - &
g i a B
i
E 0,3 M A
adl &

o = aaf a & .a s A
.E E 40 1 - .‘ i .l..‘.l. i &
2 i i P :. ad
8" T 30 - T
e 2 S el el
ﬁ 20 - a & 1:':". .u.h'-" ".‘:Ll l :
= 01 - F bttt 4o
E & & Ad R oa i
= 10 -
[

0 : : Q. : ; , . .

i i’ 2 3 4 5 & 19 21 23 25 2T 29 3 i3 i5
Time from cessation of birth control Age (years)

(cycles)

(A) Kapian-Meier curves showing cumulative proportion of pregnancy by serum level of antimilierian hormone (AMH). Low AMH (guintile 1)
orange line, medium AMH (guintiles 2-4) black line, high AMH (gquintile 5) red fine. P value describes difference between curves (log-rank test;
P=289. (8) Antimiilerian hormone level as a function of age in 186 participating women. Colors correspond to subgroups of AMH levels: low
(orange), medium (black), and high {red].

Hagen, Low AMM predicts normal fecundatvley. Fertl Stard 20712,



AMH concentration and time to

pregnancy

e r=-0.10

7 . % AMH concentration is not related to effective time
g to pregnancy in women who conceive naturally
E Eﬂ' . .
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AMH and IVF

Predicting response to COS for IVF
Tailoring treatment cycles (iICOS)
Predicting live-birth rate?

Excluding women who have low AMH from
IVF/offering egg donation



Journal List : J Hum Reprod Sci » v.5(2) May-Aug 2012 > PMC3483837

Pubiscation of Indian Societyol ﬂﬂiﬂ}dh&pmﬂmcﬂm Hume.
3 ' G ti
JournalofHuman | Sy
H&‘p roductive sciences Submit article
J Hum Reprod Sci. 2012 May-Aug; 5(2): 206-212. PMCID: PMC3493837
doi: 10.4103/0974-1208.101023 PMID: 23162361

Anti-mullerian hormone cut-off values for predicting poor ovarian response
to exogenous ovarian stimulation in in-vitro fertilization

Ruma Satwik, Mohinder Kochhar, Shweta M Gupta, and Abha Majurmndar]

= Author information = Article notes ~ Copyright and License information Disclaimer
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Sensitivity specificity chart calculated from
ROC of AMH

Cut-off levels Sensitivity Specificity Positive predictive value Negative predictive value
AMH of 2 12% 98% 64% 79%

AMH of 3 20% 92.8% 45% 80%o

AMH of 4 33% 90.8% 51.7% 82.4%

AMH of 10 71% 69% 40% 89%

AMH of 20 91% 47% 33.6% 95%




Optimization

of tfreatment
stfrategies
based on
AMH levels

®» |n women with AMH levels of 2 pmol/L or less, cycle
cancellation may be a good option.

= With AMH levels between 2 and 10pmol/L a high
suspicion of poor response is raised. Higher starfing dose
of gonadotropins may be helpful, and appropriate
counselling about the risks of poor oocyte recovery and
poor reproductive outcome would be a god opfion.

» AMH levels above 25 pmol/L definitely call for caution
while deciding on gonadotropin dosage in order to
avoid risk of OHSS.



AMH as a predictor of ovarian
response

Using specificity of 90%, detection
rate for high and low response: cut-

off 4.5ng/ml and 0.8ng/mlwas 207% NI E e e B R A Rt el

& 40% Hamdine et al, Hum Reprod 2014 AUC: 0.768, Sig: 0.000 AUC: 0.843, Sig: 0.000
Cut-off= 2pmol/L Cut-off-25pmol/L

High response cut-off: 3.5ng/ml i
(AUC 0.843) Low response: os-
0.3ng/ml (AUC: 0.768) satwik R,

Majumdar A. Anti-mullerian hormone cut-
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Tallor-making stimulation protocol

Human Reproduction Update, Yol.20, No.1 pp. 124-140, 2014
Adwvanced Access publicadon on September 29, 2013 doi: 10,1093 /humupd/dmt037

Individualization of controlled ovarian
stimulation in IVF using ovarian reserve
markers: from theory to practice

Antonio La Marca!"" and Sesh Kamal Sunkara2

AFC (n) AMH (ngfomi) Owvarian reserve
—
5 )
Main Objective: minimize OHSS risk
20 high Expectad
high response "< GnRH antagonist protocol + minimal FSH stimulation
.
b
15 -
5 ot
o Main Objective: maximize success rate
Expected
normal response :
10 4 Standard treatment
2 5 o
—
s 1 4 p—— Expected Main Objective: minimize treatment burden
-
PO FOTEIONES GnRH antagonist protocol + maximal FSH stimulation
o o S




|human

update

AMH and live
births In IVF

» Weak association with
live births in IVF AUC:
0.631, 0.534)

\\

reproduction

Human Reproduction Update, Vol.20, No.4 pp. 560-570, 2014
Advanced Mccess publication on February 13, 2014 doi: 1 0. 1093 /' humupd Admu 03

T he predictive accuracy of anti-

Mullerian hormone for live birth after

assisted conception: a systematic review
and meta-analysis of the literature

Stamatina lliodromiti!-, Thomas ¥W. Kelsey2, Olivia YWu?3,
Richard A. Anderson%i, and Scott M. Nelson!'T
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Exclusion from autologous IVF or
enrolment in donor IVF programs

Human Reproduction, Vol.26, No.7 pp. 1905— 1909, 2011

Advanced Access publication on Aprl 30, 201 | doi: | 0. 1093  humrep/der| 34
.h'-lmﬂﬂ : ORIGINAL ARTICLE Reproductive endocrinology
reproduction

Live birth chances in women with
extremely low-serum anti-Mullerian

hormone levels

Andrea Weghofer !-2:*T, Wolf Dietrich 3-T, David H. Barad 24,
and Norbert Gleicher 2.5

/

BACKGROUND: |o determine whether women with extremely low-serum anti-Mullerian hormone (AMH) levels (<<0.1 —0.4 ng/ml) sill
demonstrate live birth potential with assisted reproduction and whether such potential is age dependent.

METHODS: Between January 2006 and October 2009, 128 consecutive infertility patients with AMH <0.4 ng/ml were retrospectively
evaluated for pregnancy chances and live birth rates after IVF.

CONCLUSIONS: VWith extremely low-serum AMH levels, moderate, but reasonable pregnancy and live birth rates are still possible. Extre-
mely low AMH levels do not seem to represent an appropriate marker for withholding fertility treatment.

Key words: anti-Mullerian hormone / dehydroepiandrosterone / diminished ovarian reserve / IVF / pregnancy
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‘At present, due to
the low accuracy
of ORTs In
pregnancy
prediction,
exclusion of
oatients other than
on the basis of
female age is not to
be supported.’

Low AMH or low AFC

should not be a criteria to

refuse IVF with self oocytes




Conclusion

» The variability in AMH stems more from the laboratory
rather than from women's biology

» AMH appears the most reliable marker presently to
diagnose PCOS, POF and granulosa cell tumors clinically
as well as determine change in ovarian reserve post
therapy

® |t |s possibly beftter in efficacy to AFC for ovarian reserve
prediction

» | ow AMH concentration is not predictive of lowered
fecundabillity

» AMH levels are not related fto effective time to
pregnancy in natural pregnancies



Conclusion

» AMH has become one of the most important
prognosticator of ovarian response to stimulation in IVF

®» The use of AMH in ovarian reserve prediction has
enabled us to develop individualized COS for IVF 1o
optimize cycle outcome

» | ow AMH has poor association with live birth rate in IVF

» | ow AMH levels should not be used to refuse women
from IVF with self oocytes, unless they are of high age






