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Course coordinators 
 
Mariëtte Goddijn (SIG Early Pregnancy) and Georg Griesinger (SIG Reproductive Endocrinology) 
  
 

Course description 
 
This pre‐congress course will provide an update of clinically important research areas of reproductive 
endocrinology at the intersection with routine fertility treatment with a special focus on reproductive 
success/failure and recurrent pregnancy loss. 
 
 

Target audience 
 
Reproductive endocrinologists, fertility specialists, psychologists, gynaecologists & reproductive 
nurses 
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Scientific programme 
 
Chairman:  Efstratios Kolibianakis ‐ Greece      
 
08:50 ‐ 09:00  Introduction   
  Mariette Goddijn ‐ The Netherlands      
08:50 ‐ 09:00  Introduction   
  Georg Griesinger ‐ Germany      
09:00 ‐ 09:30  Gut and adipose hormones and reproduction in the human   
  Waljit Dhillo ‐ United Kingdom      
09:30 ‐ 09:45  Discussion   
09:45 ‐ 10:15  The endocrinology of obesity: impact on fertility, pregnancy, risk of miscarriage and  
  child health   
  Lesley Regan ‐ United Kingdom      
10:15 ‐ 10:30  Discussion   
 
10:30 ‐ 11:00  Coffee break   
 
Chairman:  Mariette Goddijn ‐ The Netherlands      
 
11:00 ‐ 11:30  Strategies and benefits of periconceptional lifestyle interventions   
  Régine P.M. Steegers‐Theunissen ‐ The Netherlands      
11:30 ‐ 11:45  Discussion   
11:45 ‐ 12:30  Debate: Treat subclinical hypothyroidism preconceptionally to foster fecundability,  
  prevent early pregnancy loss and optimize child health?   
  Yes   
  Robin Peeters ‐ The Netherlands      
  No   
  Kris Poppe ‐ Belgium      
 
12:30 ‐ 13:30  Lunch   
   
Chairman:  Frank J. Broekmans ‐ The Netherlands      
 
13:30 ‐ 14:00  Immunological and endocrine aspects of implantation   
  Thomas Strowitzki ‐ Germany      
14:00 ‐ 14:15  Discussion   
14:15 ‐ 14:45  The endocrinology of pregnancy   
  Cornelis B. Lambalk ‐ The Netherlands      
14:45 ‐ 15:00  Discussion   
   
15:00 ‐ 15:30  Coffee break   
   
Chairman:  Siobhan Quenby ‐ United Kingdom      
 
15:30 ‐ 16:00  Genetic aspects of early pregnancy success   
  Tina Buchholz ‐ Germany      
16:00 ‐ 16:15  Discussion   
16:15 ‐ 17:00  Debate: Is there a need for early pregnancy progesterone supplementation?   
  No 
  Anders Nyboe Andersen ‐ Denmark      
  Yes 
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  Georg Griesinger ‐ Germany      
16:45 ‐ 17:00  Discussion & closing of the meeting   
 
17:00 ‐ 18:00 Business meeting SIG Early Pregnancy   
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ESHRE GUIDELINE:
// MANAGEMENT OF WOMEN WITH PREMATURE 
OVARIAN INSUFFICIENCY

GET INFORMED
The draft of the guideline will be presented  

at the ESHRE Annual Meeting 2014  
by Dr. Melanie Davies

Be there!
Wednesday 2 July 
at 11:30, Room 14

GUIDELINE GROUP
Melanie Davies (Chair), Lisa Webber (Chair),  

Richard Anderson, Jane Bartlett  
(Patient representative), Didi Braat,  

Beth Cartwright, Renata Cifkova,  
Sabine de Muinck Keizer-Schrama,  

Eef Hogervorst, Femi Janse,  
Lih-Mei Liao, Anette Tonnes Pedersen,

Veljko Vlaisavljevic and 
Carola Zillikens

GIVE YOUR OPNION!
The guideline will be open for external review 

after the annual meeting. 

Take this opportunity to review the guideline
and submit your comments!

For more information  
check www.eshre.eu/guidelines 

or email nathalie@eshre.eu
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Relationship between gut / adipose 
hormones and  reproduction

Professor Waljit S Dhillo

No conflict of Interest

• Reproductive function is regulated by nutritional status

• Orexigenic factors e.g. ghrelin released in food 
deprivation and inhibit reproductive function

• Anorexigenic factors e.g. leptin are released when food 
available and stimulate reproductive function

• Ghrelin and leptin mediate their effects on appetite and 
reproductive activity via common hypothalamic 
pathways

Learning Objectives
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Reproductive function is 
regulated by nutritional status

The Venus of 
Willendorf

Reproductive function is regulated 
by nutritional status

• Body weight at menarche is tightly regulated

• Under nutrition leads to infertility in males and 
females

• Obesity also leads to sub fertility in males and 
females

• Common regulatory pathways which control 
energy homeostasis and reproductive function –
poorly understood

GUT & ADIPOSE HORMONES MEDIATE THEIR         
EFFECTS VIA THE CNS

HYPOTHALAMUS

LEPT IN 

Decreases 
food intake

GHRELIN
Increases 
food intake
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Ghrelin
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Ghrelin increases food intake
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Ghrelin is the only identified 
hunger hormone in man

saline ghrelin
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Ghrelin as a meal initiator

Circulating 
Ghrelin

Breakfast

Lunch

Dinner

Time

HYPOTHALAMUS

GHRELIN
Increases 
food intake

NPY & AgRP α-MSH

GHRELIN

HOW DOES GHRELIN INCREASE FOOD INTAKE ?

FOOD INTAKE

+

+
_

_
kisspeptin

_

Ghrelin

+

Stomach

Ghrelin hunger 
signal

Ghrelin inhibits 
reproductive function

Ghrelin increases 
when food deprived
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Ghrelin suppresses 
gonadotrophins in men

Kluge JCEM 2007

Ghrelin suppresses 
gonadotrophins in women

Kluge JCEM 2012

GUT & ADIPOSE HORMONES MEDIATE THEIR         
EFFECTS VIA THE CNS

HYPOTHALAMUS

LEPT IN 

Decreases 
food intake

GHRELIN
Increases 
food intake
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Leptin
From ‘leptos’ 

meaning ‘thin’

Leptin

• Discovered in 1994

• Ob/ob gene codes for 167 
amino acid hormone 

• Missing in the ob/ob mouse.

The ob/ob Mouse
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Leptin is a long term signal of 
body weight 

• Made by adipocytes in white 
adipose tissue

• Circulates in plasma in 
proportion to amount of adipose 
tissue  

Leptin
• Acts upon the hypothalamus to 

inhibit appetite

• Low when low body fat
• High when high body fat 

Leptin

• Leptin replacement in the ob/ob
mouse decreases weight
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Congenital leptin 
deficiency in humans

• Small number of cases identified

• Mutation in ob gene- homologous to 
ob/ob mouse

• Severely hyperphagic and obese

• In these children leptin has been 
effective in 
–reducing body weight

HOW DOES LEPTIN INHIBIT FOOD INTAKE ?

LEPT IN 

Decreases 
food intake

HYPOTHALAMUS

NPY & AgRP α-MSH

FOOD INTAKE

+

+
_

kisspeptin

_

LEPT IN 

+
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Leptin signalling is required for 
fertility

Inactivating mutation in leptin gene (ob/ob)

Inactivating mutation in leptin receptor (db/db)

HYPOGONADOTROPHIC  HYPOGONADISM

•low GnRH 

•low LH / FSH

•low testosterone / oestradiol

Leptin

• Leptin replacement in the ob/ob
mouse decreases weight AND 
stimulates reproductive 
function

Congenital leptin 
deficiency in humans

• Small number of cases identified

• Mutation in ob gene- homologous to 
ob/ob mouse

• Severely hyperphagic and obese

• Hypogonadotrophic hypogonadism
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Leptin Replacement

• In these children leptin has 
been effective in 
–reducing body weight

– stimulating reproductive 
hormone release & puberty

Farooqi IS et al. N Engl J Med. 1999

Hypothalamic amenorrhoea 
(HA)

• 30% of amenorrhoea in women of reproductive age

• Inadequate GnRH secretion. Mostly due to 
– weight loss
– exercise

• Low leptin levels (70% reduction)
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HOW DOES LEPTIN STIMULATE REPRODUCTION ?

LEPT IN 

Stimulates 
reproduction

HYPOTHALAMUS

NPY & AgRP α-MSH

GnRH

+

+

kisspeptin

_

LEPT IN 

+

+
LH & FSH

_ +

Kisspeptin

• The kisspeptins are peptide
products of the KiSS-1 gene.

• Highly expressed in the hypothalamus and the 
placenta

• Bind to G-protein coupled receptor 54
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Kisspeptin signalling is essential for puberty

Does kisspeptin stimulate 

reproductive hormone 

release ?

Thompson et al J Neuroendocrinol 2004

ICV kisspeptin stimulates LH release in rats
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Kisspeptin releases GnRH from hypothalamic 
explants

Kisspeptin (nM)

Thompson et al J Neuroendocrinol 2004
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Does kisspeptin

stimulate

reproductive hormone

release in humans ?

Kisspeptin increases luteinising 
hormone release

Dhillo et al. J Clin Endocrinol Metab 2005

sc kisspeptin increases plasma LH in 
normal women 

Page 25 of 144



Kisspeptin increases LH release in 
women

Dhillo et al. J Clin Endocrinol Metab 2007

Is kisspeptin useful in IVF 
treatment ?

Ovarian Hyper-Stimulation 
Syndrome (OHSS) 

• Associated with hCG use
–hCG used in IVF protocols to trigger 

oocyte maturation

–OHSS occurs due to prolonged LH-
like action of hCG
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Time (hrs)

Plasma 
LH

(ng/ml) *

**

Kisspeptin induces ovulation in 
rats

** **

(n=5/group)

FSHLH

OVARY

ANTERIOR PITUITARY
GnRH

Receptor

Triggers of Oocyte Maturation

hCG

LH
Receptor

GnRH Agonist

Kisspeptin

?

HYPOTHALAMUS

Hypothesis

Kisspeptin is a novel 
physiological trigger for 

inducing oocyte maturation 
in IVF therapy 
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Study Population
• Age 18-34 years

• Regular menstrual cycles 24-35 days

• BMI 18-29 kg/m2

• Follicular phase FSH ≤ 12 iU/l

• Serum AMH 10-40 pmol/L

• No more than one previous IVF cycle

• Both ovaries intact
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Kisspeptin Dosage

53 
patients

1.6 / 3.2 
nmol/kg 

(n=5)
6.4 nmol/kg 

(n=24)

12.8 nmol/kg  

(n=24)

Results

Serum LH during 12hrs following Kisspeptin Trigger

(n=10/dose)

SC Kisspeptin Trigger Injection
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Hormones during 12hrs following Kisspeptin Trigger

(n=10/dose)

Kisspeptin triggers Oocyte 
Maturation in IVF therapy

96% Mature 
Oocytes

51/53

91% Embryo 
Transfer

49/53

Results
• Biochemical pregnancy rate 40% 

(21/53)

• Clinical pregnancy rates 23% (12/53)

• 10 live healthy births to date
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What are effects of 

kisspeptin women with

hypothalamic amenorrhea ?

GnRH

FSHLH

Oestrogen / Testosterone

GONADS

HYPOTHALAMUS

ANTERIOR 
PITUITARY

Hypothalamic amenorrhoea

GnRH

Kisspeptin / GPR54

FSHLH

Oestrogen / Testosterone

GONADS

HYPOTHALAMUS

ANTERIOR 
PITUITARY

Castellano et al. Endocrinology 2005

Page 31 of 144



GnRH

Kisspeptin / GPR54

FSHLH

Oestrogen / Testosterone

GONADS

HYPOTHALAMUS

ANTERIOR 
PITUITARY

Castellano et al. Endocrinology 2005

Effects of kisspeptin injection in women 
with hypothalamic amenorrhea

Blood sample 
End of study

-30

Time
(min)

2 cannulae
inserted on 
arrival

0 10 20 30 40 50 60 70 80 90

Kisspeptin

92 95 100 105 110 120      150    180    210   240

Blood sample 
End of study

-30

Time
(min)

2 cannulae
inserted on 
arrival

0 10 20 30 40 50 60 70 80 90 92 95 100 105 110 120      150    180    210   240

Kisspeptin increases luteinising 
hormone release in women with HA

Jayasena et al. J Clin Endocrinol Metab 2009
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Women with HA are more responsive to kisspeptin 
than healthy women

Healthy 
women

Women 
with HA

**

Can kisspeptin-54 restore LH 
pulsatility in women with 

hypothalamic amenorrhoea 

GnRH

Kisspeptin / GPR54

FSHLH

Oestrogen / Testosterone

GONADS

HYPOTHALAMUS

ANTERIOR 
PITUITARY

Hypothalamic amenorrhoea
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GnRH

Kisspeptin / GPR54

FSHLH

Oestrogen / Testosterone

GONADS

HYPOTHALAMUS

ANTERIOR 
PITUITARY

Hypothalamic amenorrhoea

Kisspeptin restores LH pulsatility in women with HA

SALINE KISSPEPTIN  0.01 nmol/kg/hr 

KISSPEPTIN  0.1 nmol/kg/hr KISSPEPTIN  0.03 nmol/kg/hr 

SUMMARY

LEPT IN 

Decreases 
food intake & 
stimulates 
reproduction

GHRELIN
Increases food 
intake & 
inhibits 
reproduction

HYPOTHALAMUS

NPY & AgRP α-MSH kisspeptin
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Human Reproduction Update. 2014 Mar-Apr;20(2):153-74.0
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The endocrinology of obesity: impact on fertility, pregnancy, risk of miscarriage and child health ‐ Lesley 
Regan (United Kingdom) 
 
Contribution not submitted by the speaker 
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Strategies and benefits of periconception
lifestyle interventions

Régine P.M. Steegers-Theunissen, MD, PhD

Professor in Periconception Epidemiology

Dutch Association of Parent and Patient Organizations

Honorary Visiting Professor of the University of Southampton, England

Department of Obstetrics and Gynaecology, and Clinical Genetics

Erasmus MC, University  Medical  Center, Rotterdam, The Netherlands

14th Pre-congress course ‘Early Pregnancy & Endocrinology’
Eshre Annual Meeting, Munich, June 29th, 2014

2

Disclosure of all commercial and/or financial relationships

with manufacturers of pharmaceutical, laboratory supplies

and/or medical devices

3

Learning objectives

1) Definition of the periconception period

2) Preconception recommendations

3) Preconception interventions

4) Challenges and opportunities of mHealth 
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Non‐
Modifiable

Modifia
ble

Environmental conditions

The periconception window

Steegers‐Theunissen et al, Hum Reprod Update  2013, 19(6):640‐55
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Pregnancy   Birth          1               10                 20                 40               80 yearsPreconception

Development Origin of Health and Disease

Reproductive population and period are the
‘target population’ and ‘window of opportunity’ 
in the prevention of chronic age‐related diseases

How can we create new

life in healthy parental 

conditions with 

beneficial short term 

and long term

health consequences?
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Ziekte perinataal en 
op volwassen leeftijd

Preconception care

• General individual preconception care

• Specialist individual preconception care

• Outpatient clinic tailored on nutrition and lifestyle

• eHealth for parents‐to‐be 

Preconception interventions

 Healthy diet: high fruits, vegetables, fish
low satured fats, animal proteins, carbohydrates

 Quit smoking, social alcohol and drug use

Weight loss:  BMI <25

 Folic acid supplement of 0.4 mg/d  from preconception to 10 wks

 Vitamin D supplement  of 10 ug/d 

Mild to moderate exercise 

Preconception recommendations
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• 2007‐2012: 3,500 couples

planning pregnancy

• couples contemplating pregnancy

• 2 consultations < 3 months

• personal screening (questionnaires, 

anthropometrics, laboratory)

• personal advises (intervention)

30% reduction in risk factors

Hammiche et al, Hum Reprod 2011

>65% enhanced pregnancy chance

Twigt et al, Hum Reprod 2012

Preconception nutrition and lifestyle 
counseling in outpatient clinic

Women visit 1

Women visit 2

Men visit 1

Men visit 2

Rotterdam Reproduction Risk score 
Modifiable risk factors

Hammiche et al., Human Reproduction 2011

R-3 score: Women: 3.9 vs.2.8; p<0.01*   
R-3 score: Men: 2.3 vs. 1.6; p<0.01*

Preconception Dietary Risk score     

4 slices of whole wheat bread

Intake of mono‐ or polysaturated 
fatty acids

200g vegetables/day

2 pieces of fruit/day

3 servings of meat/week

1 serving of fish/week
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Preconception Dietary Risk score 
Validation    

Micronutrients Macronutrients

Huijgen et al, e-SPEN Journal, 2014

women

First visit

Second visit <3 months

** **

men

The chance of ongoing pregnancy
IVF/ICSI population

Odds 
Ratio

95%CI p

Women

Age2 0.97 0.96-0.99 <0.01

BMI 1.1 0.99-1.2 0.05

PDR 1.49 1.03-2.1 0.03

Smoking 0.45 0.14-1.4 0.18

Men

Smoking 0.62 0.25-1.5 0.30

BMI 0.96 0.87-1.05 0.35

PDR 2.0 0.79-5.2 0.14

A beneficial increase of the PDR with 1 point is associated with 
a 49% increased chance of ongoing pregnancy after IVF/ICSI treatment.

Twigt et al., Human Reproduction 2012

Higher Preconception risk score the higher the adequacy of the diet
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Device independent mHealth tool 
coaching on nutrition and lifestyle 

https://www.slimmerzwanger.nl/nl/demo‐en.php

Parents‐to‐be and health care givers
Internet excellent medium to reach the target group anonymously (cheap)

Screening at baseline, 6,12,18,24 weeks:

Pregnancy status, LMP, BMI

 Vegetable intake
 Fruit intake
 Folic acid use
 Smoking
 Alcohol use

Coaching 26 weeks SMS, email,website:

 facts, tips, 
 rewards: vouchers, recipes, free folic acid 

Collaborations: patient organizations, health care professionals, health care 
insurance, drugstore, publisher

mHealth tool for tailored coaching 
on nutrition and lifestyle 

Compliance and Usability 

Evaluation preconception and antenatal outpatient clinics 
(juni‐sept 2012)
86% participation
6% no smartphone
8% other reasons

Survey
76% compliance 26 weeks coaching 
49‐74% positive usability

Survey Achmea‐SAG 2012

August 2013
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Survey after 4 months of use
Overall judgement n=409

Disagree (%)    Agree (%)

0 1 2 3  

 I have more attention for my nutrition 0 14 25 61

 I have more attention for my lifestyle 0 15 23 62

 Slimmer Zwanger supports me very much 0 27 39 34

 I will not take a subscription when I have to pay 0 6 18 77

 I like that the program is also for my partner 0 3 51 46

August 2013

First efficacy 
Survey Achmea‐SAG 2012

August 2013

Smarter pregnant version 2.0 CE‐1
Personal lifestyle coaching program of 26 weeks 

for couples and health care professionals 

http://www.slimmerzwanger.nl/

Gebruiksvriendelijkheid

Eerste effectiviteit

https://www.slimmerzwanger.nl/nl/demo-en.php

E‐health program > september 2013 extended with coaching on: 
‐medication use: safety and high compliance
‐ (complex) treatment, e.g. IVF, reumatic artititis
‐ compliance of hospital appointments
‐ vitamine D supplement use
‐ physical exercise: step‐ kilometercounter
‐ rewardings: 3 recipes/week

vouchers folic acid, pregnancy test

Survey 2012, Achmea
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Should pre-conceptional subclinical 

hypothyroidism be treated? 

R.P. Peeters, MD PhD

30th Annual Symposium – ESHRE 2014 

Pre-congress course

June 29th, 2014

Disclosure

• Lecture and consultancy fees from Genzyme

Learning objectives: 

• To understand the changes in thyroid physiology during pregnancy

• To know the adverse outcomes associated with sublinical 
hypothyroidism

• To make a balanced decision on possible treatment of SCH with the 
current available evidence
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YES !
But only if a non-pregnancy upper limit of TSH is used…

Should pre-conceptional subclinical 

hypothyroidism be treated? 

Hypothetical case:

• You are on board of a plane with a technical 
problem on board

• All passengers have to jump out of the plane before 
it hits the ground

• There are plenty of parachutes on board

Question: 
Who would use a parachute when jumping 
of the plane? 

Is this evidence based? 

BMJ, 2003
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Hypothetical case:

• You are on board of a plane with a technical 
problem on board

• All passengers have to jump out of the plane before 
it hits the ground

• There are plenty of parachutes on board

Question: 
Who would now use a parachute, despite the 
complete lack of evidence that it works? 

Why use a parachute, despite the lack of 
evidence? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome

• Using a parachute does not result in an increased health 
risk

Why use a parachute, despite the lack of 
evidence? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine
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Why use a parachute, preconceptionally, 
despite the lack of evidence in SCH? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome
– Fertility

– Pregnancy Loss

– Child outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine

Why use a parachute, preconceptionally, 
despite the lack of evidence in SCH? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome
– Fertility

– Pregnancy Loss

– Child outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine

During pregnancy

• Increased requirement of Thyroid Hormone

– Increase in serum TBG levels

– Increase in GFR and urinary iodine excretion

– Increase in placental transport and metabolism of TH

– Fetal need for TH

• Stimulation of the maternal thyroid by hCG
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TBG

hCG

Free T4

TT4

TSH

10 20 30 40

Weeks of gestation

C
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Alexander et al, 2004, 
NEJM

TBG

hCG

Free T4

TT4

TSH

10 20 30 40

Weeks of gestation

Course of TSH and FT4 after overian 
hyperstimulation

Poppe et al, JCEM 2004

TPO-ab positive

TPO-ab negative

Page 50 of 144



TSH and FT4 in relation to gestational age

Negro et al, JCEM 2006

Why use a parachute, preconceptionally, 
despite the lack of evidence in SCH? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome
– Fertility

– Pregnancy Loss

– Child outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine

What’s the definition of SCH? 

• An increased TSH in combination with a normal 
FT4

• This diagnosis should not be made on a single 
measurement

• The majority of cases with SCH are due to 
autoimmune thyroid disease

-> What’s a normal TSH ? 
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TSH reference range during pregnancy

USA                 (1126)

Switzerland    (2272)

China                (343)

USA                   (216)

Spain               (1198)
India                 (331)  +

Total 5486

Country             (N)

Dashe, 2005, Obstet Gynecol 

Trimester specific reference ranges

First Second Third

ATA & ENDO Soc guidelines 
advocate the use of pregnancy-
specific population-based RRs

If not available: 
TSH < 2.5mU/l 1st trimester
TSH < 3.0 mU/l 2nd trimester

TSH reference range during pregnancy, 
studies since 2011

Total 34,917

What’s a normal TSH, and how to define 
SCH?  

• The upper limit of normal during pregnancy varies 
between populations. 

• Before pregnancy, there is no reason to use 
pregnancy cut-offs for TSH to diagnose SCH
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SCH prior to conception is associated 
with infertility

Infertile patients
Control group  

P<0.005

Abalovich et al, Gyn Endo, 2007

TSH > 4.222 < TSH < 4.22

Thyroid autoimmunity is associated with infertility

Boogaard et al, Human Reprod Update, 2011

SCH prior to conception is associated 
with pregnancy loss

• 150 pregnancies in primary hypothyroidism

• 99 conceived under euthyroidism

-> 4/99 = 4% abortion rate

• 16 conceived under overt hypo, 35 SCHypo

-> 16/51= 31,4% abortion rate

Abalovich, Thyroid 2002
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L-T4 therapy and pregnancy outcome in women with
subclinical hypothyroidism undergoing

assisted reproduction technologies

First trimester low FT4 is associated 
with child development

Autistic symptoms

Roman et al., Ann Neurol 2013

Why use a parachute, preconceptionally, 
despite the lack of evidence in SCH? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome
– Fertility

– Pregnancy Loss

– Child outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine
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• Pregnancy – Category A 

• Studies in women taking levothyroxine sodium during pregnancy have 
not shown an increased risk of congenital abnormalities. Therefore, the 
possibility of fetal harm appears remote. LEVOTHYROXINE should not 
be discontinued during pregnancy and hypothyroidism diagnosed during 
pregnancy should be promptly treated. 

Why use a parachute, preconceptionally, 
despite the lack of evidence in SCH? 

• There is a good theoretical basis why a parachute should 
work

• Not using a parachute results in a poor clinical outcome
– Fertility

– Pregnancy Loss

– Child outcome

• Using a parachute does not result in an increased health 
risk

levothyroxine

levothyroxine

levothyroxine

levothyroxine

YES !
But only if a non-pregnancy upper limit of TSH is used…
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Should pre-conceptional subclinical 
hypothyroidism be treated before ART? 

Kris Poppe MD, PhD - Free University of Brussels

Yes NO

Receipt of honoraria from Merck‐ Serono in 2011 (ETA meeting)

Should pre‐conceptional subclinical hypothyroidism 
be treated before ART?

Kris Poppe

Disclosure of Conflict of Interest (List)

LT4 – SCH?

NO
thank you! 
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Agenda

• Why NOT to treat SCH in relation to ART 
• (female) infertility 
• controlled ovarian hyperstimulation (COH)
• observational studies
• interventional studies

• Conclusions - YING (any yang?)
– Learning objectives

- Why NOT to treat SCH 

in relation to ART 

Thyroid AI (AITD or TAI) 

& 

Female infertility
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5/19/2014

3

Poppe K et al. Nat Clin Pract Endocrinol Metab. 2008 

PCOS Controls p

age 23.9 ± 5.2 24.3 ± 3.17 n.s.

TPO-Ab 
(IU/ml)

216 ± 428 131 ± 364 0.04

TPO-Ab % > 
75 IU/ml 

30.6 27.8 n.s.

TSH (IU/ml) 2.7 ± 3.8 2.2 ± 1.5 n.s.

Goiter 62.3 % 35.7 % 0.0001
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5/19/2014
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Subclinical hypothyroidism
(SCH) 

& 

Female infertility

Definition of SCH

• Most studies still used a serum TSH cut-off ~ 4 mIU/L 

during the first trimester
--- > non-pregnant ranges

• Trimester, method (and population) specific 
reference ranges should be obtained

--- > some authors / guidelines propose now  a serum 
TSH < 2.5 mIU/L also before pregnany

When individuals “at risk” for thyroid dysfunction and
pregnancy which are identified, prenatal measurement
prenatal measurement of serum TSH is recommended.
If it is above 2.5 mIU/liter, the test should be confirmed by
repeat assay.

J Clin Endocrinol Metab 97: 2543–2565, 2012
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Poppe K et al. Nat Clin Pract Endocrinol Metab. 2008

Conclusions

- Thyroid autoimmunity (TAI) / dysfunction (SCH)
 no strong evidence that the prevalence is 

increased in infertile women 

- TAI is the most frequent cause of SCH in women

- Definition(s) of SCH ?

Thyroid &

Controlled ovarian
hyperstimulation

(COH)
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

Glinoer Endo Reviews 1997

 Depending on the type and duration of COH, 
the estradiol (E2) levels increase before (and 
eventually during the early stages of) 
pregnancy

 the E2 levels at early those moments are 
comparable with those in the 2nd trimester of 
pregnancy

 2000-4000 ng/L
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5/19/2014
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Points of interest

 the ∆ E2 (increase)
• type of ovarian stimulation

• ovarian hyperstimulation syndrome (OHSS)

 the presence of thyroid autoimmunity
and/or

 patients under LT4 treatment 

All patients ongoing miscarriage

n (%) 77 (100) 45 (58) 32 (42)

age (yrs) 31  5 31  5 31  5

TSH (mU/l) 1.6  0.8 1.6  0.8 1.5  0.7

FT4 (ng/l) 12.4  1.8 12.2  1.8 12.4  1.9

ET (n) 2.1  0.6 2.1  0.6 2.2  0.7

ET : number of transferred embryos

all  values expressed as mean  SD             
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Conclusions

• Serum TSH and FT4 significantly increased
after COH

• Thyroid hormone profiles are comparable
between women with

miscarriage &
ongoing pregnancies

• Miscarriage is a multifactorial process
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Observational studies

SCH - ART

* in-vitro 

* during pregnancy

* neuro-intellectual outcome
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Hypothyroidism  during  Pregnancy

Krassas et al. Endocrine Reviews 2010

The incidence rates varied from 0.4% to 11.1% and SCH 
represented 2/3 of all cases

All together, they yielded a 2.4% overall incidence of 
gestational hypothyroidism (1.425 cases identified among 

60.366 pregnancies) 

Health problems related to 
SCH and hypothyroidism

1.Obstetrical complications

• Miscarriage 

• Hypertension 

• Preeclampsia

• Gestational DM 

• Placental abruption

• Preterm Delivery 

• Cesarean delivery             

2.Neonatal complications

• Perinatal Death 

• NICU Admission 

• Apgar Score < 3 CHF 

• Respiratory Distress 

• Low Birth Weight 

• High Birth Weight 

3.Neuropsychological outcome of the offspring
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Preterm delivery in SCH
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Placental abruption in SCH

Perinatal mortality in SCH

Gestational DM in SCH
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Preeclampsia in SCH

Risk of Caesarean section in SCH

Birth weight in SCH
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Reh A, et al. Fertility and Sterility December 2010

• Background/Aims: 
– to evaluate the association of serum TSH and presence of TAI  with the 

live birth rate in euthyroid women undergoing in vitro fertilization (IVF). 

• Methods: 
1. Retrospective design 158 euthyroid women (TSH 0.5-4.5 mIU/L) who 

underwent IVF from January 2006 to December 2010.
2. Thyroid parameters were measured on day 3 of the previous non 

treatment cycle.
3. Women were sub grouped and analyzed according to their TSH 

(low: 0.5-2.5 vs. high: 2.6-4.5 mIU/L) and TAI (+ vs. -).

• Conclusion
– No difference in the live birth rate was found between the TSH (low: 

34.2% vs. high: 36.8%, p = 0.763) or TAI (present: 26.7% vs. absent: 
34.3%, p = 0.568) subgroups. 

Page 70 of 144



5/19/2014

15

Fetal (brain) development
Thyroid disorders: deleterious effects will depend upon how soon, how long and 

how severe they appear during gestation during fetal life

Rovet J 2004 J Neuroendocrinology

IQ scores of children born to mother with untreated 
hypothyroidism during pregnancy were significantly lower than 

those of the control children

Haddow JE et al: Maternal thyroid deficiency during pregnancy and subsequent 

neuropsychological development of the child.  N Engl J Med 341:549, 1999

Control, n = 124
Untreated hypothyroidism, n = 48
Treated hypothyroidism=14

P<0.05

107 100 111
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Conclusions - SCH

• Of the 7 different outcomes that were 
investigated in the meta-analysis:

• 4 did NOT show a positive association
• 3 did

• The few data published on the pregnancy 
outcome in relation to SCH are negative

• but maybe this is more the case for the presence of TAI ?

• More associated with neuro-intellectual 
outcome ?

Intervention trials in 
(infertile) women with SCH

Pregnancy Outcome

Cognitive developement
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Conclusions

• LT4 treatment had no effect on clinical
pregnancy (RR 1.75; 0.90–3.38)

– LT4 treatment resulted in a significantly higher delivery rate, with
a pooled relative risk (RR) of 2.76 (95% confidence limits 1.20–
6.44 )

– LT4 treatment significantly lowered miscarriage rate with a
pooled RR of 0.45 (0.24–0.82 )

• ! Patients with TAI

Antenatal Thyroid Screening and Childhood
Cognitive Function

• Screening group: serum TSH > 97.5th percentile 
and/or free T4 levels < 2.5th percentile in screening 
group

• Intervention: 150 μg LT4/day

• Primary outcome: IQ at 3 years of age in children of 
women

Lazarus JH et al, NEJM 2012

Cognitive development and Maternal Hypothyroidism

Courtesy of John Lazarus ITC 2010

Cognitive Development: CATS 2012

Primary endpoint: IQ score

The proportions of children with an IQ of less than 85 were 12.1% in the
screening group and 14.1% in the control group (difference, 2.1 percentage points;

95% CI, −2.6 to 6.7; P = 0.39)
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published  in The Cochrane  Library  2013, Issue 5

I know …
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YING (any yang) ?

Conclusions

LT4 - SCH

=

LT4SCH
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=

LT4SCH

=

LT4SCH

In my opinion, “yes if” 
will depend on

1. Trials  in progress 
- Thyroid Therapy for Mild Thyroid 

Deficiency in Pregnancy; (NCT00388297)

- TABLET study
- T4 live

2. Role of TAI ?!

3. Definition of SCH

3. The lecture of R. Peeters
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Learning Objectives
1. There is a continuous interaction between 

thyroid hormones and gonadal function

2. SCH should be defined properly (there is NO 
impact of hCG before pregnancy…)

3. The presence of TAI is the most important cause 
of SCH and can be an independent predictor of 
pregnancy outcome

4. The lack of RCT’s objects us to answer the Q 
whether LT4 should be given in case of SCH

Endocrinology

- B. Velkeniers; D. Unuane 

- D. Glinoer (ULB)

Centre for Reproductive Medicine

- H. Tournaye; J. Schiettecatte, P. Haentjens

Thank you 
for your
attention
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Immunological and endocrine aspects of 
implantation

Thomas Strowitzki, Prof. Dr.

Dept. Gyn. Endocrinology and Reproductive Medicine,

University of Heidelberg

Medical Director

ESHRE Annual Meeting 2014
Pre Congress Course 11
Munich

Disclosure

Lecturer for Bayer Health Care: Endometriosis

Research grant Merck Serono: 
Endometrial stromal cell cultures

Learning Objectives

• Physiology of endometrial development and decidualization
and its endocrine and molecular regulation resulting in 
endometrial receptivity

• Immunological aspects during the implantation process

• Physiology of implantation of the human embryo and 
its signaling network

• Translation of lessons that we have learned from basic 
science into clinical care
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Important steps during implantation

• Endometrial development

• Decidualization

• Embryo competence

• Immune tolerance

• Cross talk between maternal and embryonic site

• Stromal cell migration and endometrial embryo
selection (Weimar et al. 2013)

Impact of implantation failures

• Low conception rates
• High rate of early pregnancy loss
• Adverse effects during the course of pregnancy
• Preterm birth

But

No single biomarker identified up to now!

Endometrial Receptivity – Cellular Compartments

• Endometrial epithelium and glands

• Stromal cells

• Immuncompetent cells in the stroma 
(uterine NK cells, dendritic cells, T-cells)

• Endometrial endothelial cells

Cross talk between cellular compartments –
Signals transmitted from epithelium to stroma to induce 
decidualization
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• Proliferative phase

• Secretory phase:
Progesterone –
absolute requirement 
for implantation in all species

• Window of implantation
(7-10 days after ovulation)

Uterine responses to ovarian hormones

Cha et al. Nature Medicine (2012) 18: 1754-1767

Markers of decidualization

• Prolactin

• IGFBP-1

• Pinopodes

Progesterone – importance for implantation

• Genomic (by nuclear receptor PR-A and PR-B)
and non-genomic actions (Halasz and Szekeres-Bartho 2013)

• Secretory transformation and decidualization

• Control of trophoblast invasion

• Suppression of epithelial E2 sensitivity

• Regulation of factors involved in implantation
(Large and DeMayo, 2012)

• Anti-inflammatory response essential for postimplantation
embryo support (Quenby and Brosens, 2013)
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Some factors of decidualization

Indian Hedgehog IHH 
Wnt and BMP2
GLUT
IGF/IGFBP-1
prostaglandins

cell morphology
Progesterone
SRC-1 
prolactin 
IL-6
Msx1
Kruppel like factor 5
MPIF-1 
MIF
ERK-1
TIMP-3 secretion
HOXA10 
COX2 
SP1 
amphiregulin
C/EBPß
FOXO1 expression
STAT-3 

IHH Indian hedgehog

• Progesterone induced morphogen

• Located in the epithelium

• Downstream effectors expressed in the stromal compartment
(for ex. COUP-TFII, Nr2f2)

• Transmitter of P4 action between cellular compartments

Bmp 2 (Bone morphogenetic Protein 2)

• Bmp 2 expressed in stroma near the implantation site

• Wnt4 downstream of Bmp2

• Failure of implantation in Bmp2 d/d mice

• Inhibition by dickkopf 1 reduces decidualization

• Bmp 2 attenuating siRNAs in human endometrial stromal 
cells prevent decidualization (Sonderegger et al. 2010)
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Wingless (Wnt4)

• Glycoprotein

• Functions in cell-cell communication, cell growth and
differentiation

• Attenuation by siRNA in human stromal cells in vitro inhibits
decidualization (Li et al. 2007)

• Mediating progesterone actions by reduced expression of 
Fkbp4, a co-chaperone of progesterone

Glucose transporters in human endometrium

• 7 GLUT known in the uterus (Frolova and Morley, 2011)

• GLUT 1 expressed in huiman decidua (Strowitzki et al. 2001)

• GLUT 1 upregulated in the luteal Phase (von Wolff et al. 2003)

Von Wolff et al. JCEM (2003) 88, 3885-3892

Glucose transporters in human endometrium
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The uterine IGF system

• IGFBP-1 a decidual marker

• IGF-I localized in stromal cells

• IGF-I involved in decidualization

• IGF-I improves embryonic development in vitro 
(Yoshida et al. 1999)

The IGF system is active on both sides

Implantation – immuncompetent cells

• T cells, effector and regulated

• Dendritic cells

• Uterine NK cells

• Macrophages

Erlebacher A. Annu Rev Immunol 2013

Uterine NK cells

• Different from peripheral NK cells

• Interaction with trophoblast HLA-C via KIR

• Promote vascular changes at the fetomaternal interface

• Promote generation of Treg cells
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Galectins
Galectin1:
• Expressed in decidua and trophoblast 
(Tirado-Gonzalez et al. 2013)

• Cycle dependent expression in stromal cells
• Upregulated by progesterone in stromal and decidual cells
• Modulates HLA-G expression on trophoblast
• Mediates the tolerogenic state of decidual and 
dendritic cells

• Pivotal regulator of fetomaternal tolerance 
(Fitzgerald et al. 2010)

Galectin-7:
• Expressed in the luminal epithelium
• Upregulated in women with implantation failure

Die Einnistung

Apposition
Attachment

Invasion

Die AppositionApposition
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Embryo-maternal dialogue during the implantation  
role of hCG

• Supports the corpus luteum

• Direct influence on stromal and epithelial cells via IL-1 
(Bourdiec et al. 2013)

• Facilitates implantation by decreasing TIMP-1 
(Tapia-Pizarro et al. 2013)

• Stimulates osteopontin production in vitro (Racicot et al. 2013)

• Promotes LIF, VEGF, IGBBP-1, M-CSF and more

Attachment

ErB4,
Integrins
Selectins
Cadherine
multiple IL-
Receptors

HB-EGF 
Osteopontin
LIF
GM-CSF
Activin A 
Il-18 
CD44

Galectin-9
Syndecan-1 and -4

Some factors also involved in embryo 
attachment 

• Osteopontin (von Wolff et al. 2001, 2004)

• Integrins, in particular integrin vß3 (Lessey et al. 1992)

• HB-EGF 

• Syndecans (Germeyer et al. 2007)

• Galectin-9 (Popovici et al. 2005)
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Von Wolff M et al. Fertil Steril (2004) 81: 741-748

Embryo attachment - Osteopontin is up-
regulated in human decidual stromal cells

Heparin Binding Epidermal Growth Factor 
HB-EGF

• Transmembrane and soluble form

• Located in the luminal epithelium

• Also produced by the blastocyst

• Regulation of implantation

• Promotes decidualization

• Regulated by progesterone and estrogens

Invasion
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LIF – Leukemia Inhibiting Factor

• Of upmost importance in mouse implantation 
(Stewart et al. 1992)

• LIF antagonists (PEGLA) reduce human embryo attachment
to decidual cells in vitro (Lalitkumar et al. 2013) 

•Regulates invasiveness of trophoblast cells in vitro 
(Suman et al. 2013)

• Reduced in glandular epithelium in women with RIF 

• But: Treatment with rec LIF doesn‘t increase pregnancy rates 
in IVF cycles (Brinsden et al. 2009)

Prostaglandins

• PGE2 and PGF2a abundant at the implantation site

• Important for increased vascular permeability (Vilella et al. 2013)

• COX 2 expression regulated by steroid hormones 
(St. Louis et al. 2010)

• Low COX 2 levels in patients with repeated implantation
failure (Achache et al. 2010)

Translation from basic science 
into clinical practice

• Endometrial scratching
• Intralipid infusions (Fatemi und 
Popovic-Todorovic 2013) 

• Quinolone (Yoshii et al. 2013)
• Seminal plasma (von Wolff et al. 2013)

Further possible options
• ASS
• Heparins
• Immunoglobulins
• Corticosteroids
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Summary Implantation

• Very limited time of endometrial receptivity – WOI

• Dynamic process between decidua and embryo

• Decidualization of upmost importance and 
regulated by many endocrine and immune factors

• Control of selection of the embryo by decidua

• 3 steps of implantation

• Paucity of translation into clinical practice
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1

The endocrinology of 
the pregnancy

C.B. Lambalk

VU University Medical Center
Amsterdam, The Netherlands

European Society of Human Reproduction and Embryology
Munchen, Germany  June 29, Pre congress course The 
contribution of endocrinology & early pregnancy mangement to
the success of an ART Centre

“Endocrinology of pregnancy”

• Endocrinology of Normal Pregnancy

• Endocrinology of Implantation

• Endocrinology of Early Pregnancy Loss

• Endocrinology of Ectopic Pregnancy

• Endocrinology of Preterm Labour

3

‘Fetal origin of development in later life’ 

‘The womb may be more important than the home’

Introduction
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4

The reproductive endocrinology of 
the (PCOS & Twin) pregnancy

C.B. Lambalk

VU University Medical Center
Amsterdam, The Netherlands

European Society of Human Reproduction and Embryology
Munchen, Germany  June 29, Pre congress course The 
contribution of endocrinology & early pregnancy mangement to
the success of an ART Centre

5

Outline 

• Introduction

• Background

• Polycystic ovarian syndrome and 
endocrinology of pregnancy

• The endocrinology of the twin 
pregnancy  

• Conclusions
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7Cohen-Bendahan et al Neurosc Biobehav Rev 2005
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10

Sex differences in prenatal hormone levels 

Van de Beek et al Arch Sex Behav 2009

11
Kuijper et al RBM Online 2013

12
Kuijper et al RBM Online 2013
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13
Kuijper et al RBM Online 2013

14

Cord blood hormones and human development

Hollier et al Front Endocrinol 2014

15

PCOS

Polycystic ovary syndrome (PCOS)

Criteria*:

• oligo- or anovulation

• clinical and/or biochemical signs of hyperandrogenism

• polycystic ovaries on ultrasound

*2003 Rotterdam PCOS consensus
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16

Androgens in girls with PCOS mothers

Does prenatal exposure to androgens cause PCOS?

Origin of androgens in PCOS women: 
• Maternal origin  placental passage during gestation
• Fetal origin        inherited trait which apparent during/after 

puberty

PCOS

17

PCOS

Abbott et al, 1998. Trends Endocrinol Metab 9:62-67

Kent et al, 2008. J Clin Endocrinol Metab 93:1662–1669

Lummaa et al, 2007. Proc Natl Acad Sci USA 104:10915-10920

18

PCOS

However,

Medland et al, 2008. Twin Res Hum Genet 11:481-487

Kuijper et al, 2009. J Clin Endocrinol Metab, 94:1987-1990
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19

Aim of our study:

Compare androgen (and estrogen) levels during 
gestation and in umbilical cord blood from 
children born from PCOS mothers and controls

Caanen et al submitted

20

Subjects

-Prospective, large cohort study, 523 mothers

-Hormones throughout pregnancy

-Natural pregnancy – assisted reproduction

Methods

Caanen et al submitted

21

Subjects

Cases: PCOS defined by Rotterdam criteria (N=20)

Controls (N=83): 
• regular cycle (<35 days)
• no acne or hirsutism
• natural conception

Inclusion: 
• age > 18
• singleton pregnancies

Exclusion: 
• multiple gestations 
• delivery < 32 weeks
• assisted reproduction

Methods

Caanen et al submitted
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22

Time points

Maternal blood samples:
• 20 weeks of gestation
• delivery

Neonatal blood samples:
• cord blood

Hormones measured*
Estrogens:
• estrone (E1)
• estradiol (E2)
• estriol (E3)

Androgens:
• testosterone (T)
• androstenedione (ADION)
• dehydroepiandrosterone sulfate (DHEAS)

*using LCMS technology (Salt Lake City)

Methods

Caanen et al submitted

PCOS
N=20
Mean (SD) or %

non-PCOS
N=83
Mean (SD) or % 

P-value

Cycle duration (days) 140.1 (32.8) 27.7 (2.9) 0.002

Mode of conception 0.000
Spontaneous 25% 100%
Ovulation Induction 55% 0

IVF 5% 0
ICSI 15% 0

PCOS
N=20
Mean (SD) or %

non-PCOS
N=83
Mean (SD) or % 

P-value

Age 32.0 (4.0) 33.8 (3.9) 0.061
Cycle duration (days) 140.1 (32.8) 27.7 (2.9) 0.002
BMI 20 week GA 24.2 (3.6) 25.1 (4.0) 0.375
Menarche (age) 13.3 (2.0) 13.3 (1.6) 0.911
Trying to become pregnant 
(months)

8.3 (9.0) 7 (13.0) 0.698

Mode of conception 0.000
Spontaneous 25% 100%
Ovulation Induction 55% 0
IVF 5% 0
ICSI 15% 0

Neonatal sex 0.090
Girl 70% 45.8%
Boy 30% 54.2%

Mode of delivery 0.668
Natural 70% 62.7%
VE 5% 13.3%
Prim SC 5% 12%
Sec SC 20% 12%

Smoking 0.325
Yes 45% 61%
No 55% 39%

23

Results

Baseline characteristics

Caanen et al submitted

Regression analyses

Maternal serum levels (means) - 20 weeks 

PCOS mothers pregnant with a girl:
significantly higher ADION and T levels

24

Girls Boys

PCOS Non-PCOS P-value PCOS Non-PCOS P-value

ADION (ng/ml) 2.13 1.08 0.034 2.60 1.24 0.084

T (ng/ml) 1.04 0.507 0.019 1.15 0.56 0.113

DHEAS (ng/ml) 3.12 2.76 0.788 4.18 2.58 0.654
E1 (pg/ml) 3889.3 4469.4 0.928 5433.3 3128.7 0.061
E2 (pg/ml) 6441.4 6942.2 0.559 7250.0 6074.4 0.300
E3 (pg/ml) 2213.6 2106.2 0.815 2345.0 1972.9 0.139

Results

Caanen et al submitted
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Regression analyses

Maternal serum levels (means) - delivery

PCOS mothers pregnant with a girl:
significantly higher ADION and T levels

25

Girls Boys

PCOS Non-PCOS P-value PCOS Non-PCOS P-value

ADION (ng/ml) 4.22 1.62 0.009 4.48 2.04 0.537

T (ng/ml) 2.79 0.91 0.004 2.57 1.1 0.675

DHEAS (ng/ml) 9.11 6.85 0.360 5.16 6.09 0.940
E1 (pg/ml) 9786.7 8845.3 0.690 13625 7454.5 0.015

E2 (pg/ml) 8184.8 9882.3 0.979 13850 9460.0 0.208

E3 (pg/ml) 2342.3 4392.9 0.461 19922.3 7843.4 0.341

Results

Caanen et al submitted

Regression analyses

Cord blood (means)

Girls from PCOS mothers: no elevated androgens

26

Girls Boys

PCOS Non-PCOS P-value PCOS Non-PCOS P-value

ADION (ng/ml) 0.45 0.84 0.094 0.49 0.54 0.834

T (ng/ml) 0.12 0.15 0.959 0.178 0.20 0.676

DHEAS (ng/ml) 4.9 5.65 0.577 2.98 2.90 0.162
E1 (pg/ml) 10511.1 22025.7 0.007 14734.5 21123.9 0.718

E2 (ng/ml) 5426.1 8919.2 0.052 9601.5 9196.4 0.520

E3 (ng/ml) 57412.1 52729.2 0.836 51568 55135.1 0.378

Results

Caanen et al submitted

27

• There are no indications of increased fetal androgen levels 
of PCOS mothers in their offspring, despite consequently
elevated levels throughout the pregnancy

• Apparently placental aromatase sufficiently protects

Conclusions 

Caanen et al submitted
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• There is a significant reduction of E1 levels - E2 and ADION 
tend to be reduced, only in the girls

• These gender specific differences may suggest a fetal 
gonadal origin of altered sex-steriodogenesis

• It remains to be determined if this altered setting is 
intrinsic to the female fetus of a PCOS mother, or of 
maternal origin

28

Conclusions (2)

Caanen et al submitted

29

30

Endocrine assumptions in twins

Kuijper et al 2014 submitted 
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Endocrine assumptions; opposite sex twin girls

Kuijper et al 2014 submitted 

32Kuijper et al 2014 submitted 

33Kuijper et al 2014 submitted 
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34

Baseline characteristics children

Kuijper et al 2014 submitted 

35

Baseline characteristics mothers

Kuijper et al 2014 submitted 

36Kuijper et al 2014 submitted 
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37

Estrogens & Progesterone  

Kuijper et al 2014 submitted 

38

Androgens

Kuijper et al 2014 submitted 

39

Same sex twin boys vs opposite sex twin boys

Kuijper et al 2014 submitted 
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40

MZ versus DZ 

• Overall no differences

• No differences between MZ boys and 
DZ boys

• DZ girls versus MZ girls
• Higher Estriol 
• Lower FSH

Kuijper et al 2014 submitted 

41

Endocrine facts in twins

Kuijper et al 2014 submitted 

42

No indications for androgen 
over exposure

Same sex twin girls vs opposite sex twin girls

Kuijper et al 2014 submitted 
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43

• Estrogen and progesterone concentrations are higher in 
mothers of twins compared to singletons

• In contrast to what is generally assumed opposite-sex twin 
babies are not overexposed to sex steroid hormones at birth 

• In opposite-sex twins we found no distinct androgenic effects 
of boys on their female co-twin

• DZ girls experience a higher estrogenic milieu  compared to 
MZ girls 

• The hypothalamic-pituitary-gonadal axis in male newborns 
with a female co-twin is partially suppressed since these boys 
have lower LH and inhibin B levels compared to same sex 
dizygotic twin boys

Conclusions (3)
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Early pregnancy success depends:

Genetic and chromosomal constitution of the embryo
Pedigree
Maternal age

Environmental factors -
As early as zygote, blastocyst, implantation embryo

Endocrine function
Implantation and placentation function
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Embryo Protection Law

Human Embryonic Development 
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Genetic counselling

Personal and familiy history and pedigree
Clinical examination, dysmorphological examination
Background of genetic diseases

Diagnostic options
cytogenetic, biochemical oder molecular genetic diagnostics

Counselling and/or examination of further family members
Interdisciplinary counselling

Individual risk estimation, recurrence risk 
Basic risk 2 - 5 %

Therapeutic options
Information – non-directive counselling
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Dominant Inheritance: 

Recessive Inheritance: 

Monogenetic Disorders

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

• gene dosage effect

• 2 copies (allels) or 1 allel sufficient for gene product functioning
Vice versa
1 allel missing or impaired already disease causing 
or both allels missing or impaired needed

• for metabolic disorders 1 allel mostly enough
(perhaps only 50% enzyme activity)

• for structural defects 1 disfunctioning allel 
leads to structural abnormalities

recessive genes – enzyme proteins
dominant genes – structural proteins

Recessive - Dominant
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S. Munné, Mol Cell Endocrinol, 2001, Suppl 1: S 55-8

%

Prevalence of translocations
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Segregation

 In translocation carriers during meiosis I 

segregation forms 

 regular homologue chromosomal pairing 

 quadrivalents (in reciprocal translocation) or 
trivalents (in Robertsonian translocation)

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

2:2alternate

adjacent 1

adjacent 2

balanced

unbalanced (translocated seg. small)

unbalanced (centric seg. small)

**

O
* *

* not viable

3:1 (quadrivalent asymetrical)

2:2

tertiary trisomy/
monosomy

interchange trisomy/
monosomy

4:0

unbalanced

unbalanced

unbalanced

Segregation Pattern 
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Theoretical Rate of Unbalanced Constitutions

… depending on
 size of translocated segments
 which chromosomes involved
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Early pregnancy success depends:
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Endocrine function
Implantation and placentation function
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(DIR, 2007)

Pregnancy Rates
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Risk of Aneuploidies 
following previous trisomy
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Prior to infertility treatment 

Elevated risk for chromosomal abnormalities
According to pedigree associated with monogenetic disorders

Diagnostics

Genetic counselling prior to preimplantation genetic diagnosis 

Known translocation
Known monogenetic disorder, known mutation  - carrier

Therapy

Genetic counselling – reproductive genetics
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Preimplantation Genetic Diagnosis - PGD

courtesy Prof. Bals-Pratsch
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ArrayCGH Results shown as Ratio Plots

Male karyotype with a trisomy 15

ISCN 2009: arr 15q11.2q26.3(21,414,203->100,564,651)x3
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ArrayCGH Results shown as Ratio Plots

female karyotype with a 2.8 Mb deletion on

chromosome 3q26.33

ICSN 2009: arr 3q26.33(180,804,244→183,600,555)x1
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ArrayCGH – results 
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Postimplantation – Prenatal Testing

Non invasiv PND Invasive PND

prenatal diagnostic (PND)

Molecular
non invasiv PND

• sonographic
• biochemical

+  no risk
+ indirect testing

- Odds ratio, no result

• Massive parallel sequenzing 
of cffDNA
from maternal plasma

+  no risk
+   direct testing

Trisomy 21, 13 and 18 

Trisomie 21 seit August 2012
Trisomie 13 und 18 seit Februar 2013

• CVS
• AC

+ direct testing
+  full karyotype

- Complication rate 0,2-1%
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Factors for sucessful pregnancy 
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Implantation

Langmann, Medizinische Embryologie, 6.Aufl. 1980
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Thrombophilia – Fetal Risk

 Placental perfusion deficiencies
-> miscarriages
-> intrauterine growthretardation
-> placental abruption
-> placental insufficiency
-> preeclamsia

 Implantation failure
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Coagulation

FX FXa  + FVFVa

FVi

thrombin

fibrinogen fibrin

proteinC
proteinS

aPC

fibrin 
fragments

plasmin

plasminogen activator

plasminogen

PAI -1angiotensinII

angiotensin I
ACE

FXII

prekallikrein

kallikrein
FXa  + FVa

FVi

prothrombin thrombin

fibrinogen fibrin

proteinC
proteinS

aPC

fibrin 
fragments

plasmin

plasminogen activator

plasminogen

ACE

FXII

prekallikrein

kallikrein

FVII

F IX

FVIIa

F IXa +

FVIII

FVIIIa
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Thrombophilia - Summary

Factors Alteration Effect

Pro-coagulatory

Factors

FV G1691A continious 
Prothrombin activation

PT (FII) G21210 enhanced 
Plasma-thrombin activation

Anti-coagulatory Factors Proteine 
C

deficiency enhanced FV und FVIII 
activation

Proteine 
S

deficiency impaired 
Proteine C activity

AT III deficiency enhanced 
Plasma-thrombin activation

Fibrinolytic Factors PAI1 4G/4G polymorphism impaired  fibrinolysis

ACE D/D polymorphism reduced fibrinolysis

FXIII mutation reduced fibrin stability

FXII polymorphism reduced fibrinolysis

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

Thrombophilia – Risk for Thrombosis

mutation Prevalence
in general (in 
EU)

Prevalence in 
thrombosis 
patients

RR

F-V-mutation G1691A 5 % Bis 40 % 7-fold

Prothrombin-
mutation

G20210A 2 % 10 % 3-fold

Protein C/S-
deficiency, ATIII

multiple 0,1 % Up to 5 % 11-fold – Prot C

10% - Prot S

40% - ATIII

PAI1 4G/4G 20 % 25 % 2-fold

Antiphospholipid-
syndrome

0,1 % 5 % 50 %

Hyperhomo-
cysteinämia

MTHFR-
mutation

2 % Up to 15 % to determine

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

Fibrinolysis – Synergism of PAI-1 & ACE
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Results - ACE & PAI-1 combined

Buchholz et al., Hum. Reprod., 2003

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

Thrombophilia - Implantation 

IVF failure (n=90) Pregnancy following   
1. IVF (n=90)

Pregnacy spontanously 
(n=100)

FV heterozygote 10 % 1,1% 2%

homozygote 4,4 % 0 % 0 %

MTHFR heterozygote 7,8 % 8,9 % 9 %

homozygote 14,4 % 3,3 % 2 %

PT heterozygote 5,6 % 3,3 % 3 %

homozygote 1,1 % 1,1 % 0 %

Proteine C deficiency 2,2 % 1,1 % 0 %

Proteine S deficiency 3,3 % 2,2 % 3 %

AT III deficiency 1,1 % 0 % 1 %

Lupus Antikoagulans 8,9 % 2,2 % 2 %

Anticardiolipin-AK 10 % 2,2 % 3 %

combined defects 35,6 % 4,4 % 3 %

Hussein S.Qubla et al. Hum Reprod 2006

Zentrum für ReproduktionsgenetikPCC ESHRE 2014 

Cooperation

Gyn-Gen-Lehel
Zentrum fuer Reproduktionsgenetik
München

Dr. Dagmar Gutknecht

Dr.  Angelika Eder

Prof. Dr. Monika Bals-Pratsch

Katrin-Janine Heiliger

Dr. Caroline Adelfalk

PD Dr. Tina Buchholz

Zentrum für Pränataldiagnostik und Humangenetik

Kurfürstendamm 199

BG Berlin-Genetics GmbH

Berlin

PD Dr. Markus Stumm

PD Dr. Tina Buchholz
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Center for Reproductive Genetics

www.gyn-gen-lehel.de

Thank you for listening …. !
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Anders Nyboe Andersen
Professor, MD

The Fertility Clinic, Copenhagen University Hospital, 
Rigshospitalet, Denmark

anders.nyboe.andersen@regionh.dk 

Debate
Is there a need for early pregnancy 

progesterone supplementation?
No

Declarations of potential conflicts of 
interest

Anders Nyboe Andersen has:

Received ph.d. grants, other study supports, honoraria’s for lectures 
and ad hoc advisory functions and have been part in phamaceutical 
industry driven research projects involving the 3 companies

MSD

Ferring 

Merck Serono

Learning objectives

Luteal supplementation with progesterone after ART 
should be withdrawn two weeks after transfer when hCG is 
positive, because:

– There is no biological rationale for this practise, because 
inadequate progesterone secretion is caused by low LH/hCG 
stimulation and this is solved when endogenous hCG from the 
gestation stimulates the corpora lutea of early pregnancy

– Randomised controlled trials (RCT’s) after agonist and antagonist 
protocols show no benefits of prolonging the luteal support

– Several non-RCT provides additional support for the early 
withdrawal of progesterone 
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Practise on progesterone prolongation. www.ivf-worldwide.com

2009

2013

The LH dependence of Progesterone –
Experiments in pituitary stalk-resected monkeys

Zeleznik and 
Hutchison, Endocrinology 1985

LH
P

LH

P

Zeleznik and 
Hutchison, Endocrinology 1985
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The luteal phase concern after 
ART

Progesterone in the luteal phase 
after controlled ovarian stimulation for ART

Jones, 1986

ART:
Excessive levels
Short duration
Steep decline

Natural cycle

Progesterone in the luteal phase 
after controlled ovarian stimulation for ART

Jones, 1986

hCG tests.

hCG rising

Progesterone should  
be used to ”cover the
window” from disappearance 
of exogenous hCG to
appearance of endogenous
hCG
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RCT’s on early withdrawal of
progesterone

A RCT on duration of Progesterone after 
positive hCG in agonist cycles. 

GnRH agonist – protocol, IVF/ICSI
Progesterone 200 mg x 3 from ET to hCG‐test (ET+14days)

303 pregnancies

Study group:  n = 150
Stop Progesterone at 
time of positiv hCG

Control group:  n=  153
Cont. Progesterone to 
week 7+0

Nyboe Andersen  2002

A RCT on duration of Progesterone after 
positive hCG in agonist cycles.

Study group (n=150)
Stop Progesterone 

Controlgroup (n=153)
Cont. Progesterone to week 7+0

Ongoing pregnancy w.7
133 (89%; CI 83 - 93)

Ongoing pregnancy w.7
139 (91%, CI 85 - 95)

Live birth

118 (79%; CI 71 - 85)
Live birth
126 (82%; CI 75 - 88)

Nyboe Andersen 2002 
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A RCT on duration of Progesterone after 
positive hCG in antagonist cycles. 
Antagonist – protocol, IVF/ICSI
Progesterone 200 mg x 3 from ET to hCG‐test (ET+16days)

200 pregnancies

Studygroup:  n = 100
Stop Progesterone at 
time of positiv hCG

Controlgroup:  n=  100
Cont. Progesterone to 
week 7+0

Kyrou  2011

A RCT on duration of Progesterone after 
positive hCG in antagonist cycles.
Study group
Stop Progesterone 

Controlgroup
Cont. Progesterone to week 7+0

Abortion < week 7:  9% Abortion < week 7:   12%

Abortion  > week 7:  8% Abortion > week 7:   10%

Ongoing pregnancy > 12.w
82%

Ongoing pregnancy > 12. w
73%

Progesterone (Utrogestan)
Kyrou  2011

Bleeding episodes: 14% Bleeding episodes: 19%

Even a meta-analysis……

Griesinger 2011 
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Is it time to abandon progesterone 
supplementation of early pregnancy after IVF?

Griesinger 2011

Sample size needed to 
show non-inferiority of
stopping Progesterone after 
positive hCG

Why so few RCT on duration of 
progesterone?

• No interest for the Pharmaceutical industry
•In our country the Medicines Agency have demanded that we paid all medication (30.000  €) 
•The fees for registrations (Data Protection, Ethical Committee, Medicine agency (2.500 €)
•The fees for GCP monitoring may reach (25.000 €)
•The study would take at least 12 month of ”paper work” – incompatible 
with normal clinical work (12 month salary …..€)

So – Can we achieve supportive informations without the RCT……?

Progesterone in early pregnancy 
Evidence through

comparisons of prospective studies designed for other purposes

A comparison of live birth rates with (MERIT) or

without (MEGASET) continuation of Progesterone

Positive βhCG: Positive serum βhCG test 13-15 days after transfer

Clinical pregnancy: Transvaginal ultrasound showing at least one intrauterine 
gestational sac with fetal heart beat 
5-6 weeks after transfer

Ongoing pregnancy: Transvaginal ultrasound showing at least one viable fetus 10-
11 weeks after transfer

Live birth: At least one liveborn neonate
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Pregnancy and Live Birth Rates 
per Cycle with Transfer (MEGASET and MERIT)

MEGASET 
(GnRH antagonist, transfer of 1 blastocyst on day 5, 
progesterone stop at positive βhCG, n=749 cycles)
Devroey 2012

MERIT
(long GnRH agonist, transfer of 1-2 embryos on day 3, 
progesterone stop at clinical pregnancy, n=731 cycles)
Andersen , 2006

WITHOUT  P

12% loss from pos. hCG to live birth in both studies

Duration of progesterone therapy
Evidence through retrospective studies

Autunm 1997 (Control group)

200 pregnant IVF/ICSI patients (hCG >5 iu/l) 14 days after ET who all 
continued Progestan 200 mg x 3 daily for 3 weeks during early 
pregnancy.

vs

Spring 1998 (Study group)

200 pregnant IVF/ICSI patients (hCG >5 iu/l) 14 days after ET who all 
stopped all Progestan treatment at the day the hCG was positive (ET 
day 14 ). 

Schmidt, Andersen  2001

Results – observational study
Duration of progesterone therapy

Study (stop P) Control (continue P)

Positive hCG 200 200

Ongoing ( w 7) 132 (66%; CI 59 - 73) 138 (69%, CI 62 – 75)

Delivery 126 (63%; CI 56 – 70) 128 (64%; CI 57 – 71)

Schmidt,  Andersen  2001
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An American study

Uncontrolled trial of 172 pregnancies 

Live births
Study  (stop all P at day of hCG)   n = 116 77%

Control     (continued P til w.12) n =   56 75%

Proctor 2006

Progesterone withdrawal earlier than week 
10-12 or in selected patients

• Week 5

A RCT (n=220) of supplementation to week 5 vs. 8. 

No difference in outcome (Kohls et al.2012)

• Selected patients, at time of positive hCG

A RCT (n=97) of supplementation (s-Prog > 15 ng/ml at 
the time of positive hCG) to weeks 8 vs immediate 
withdrawal. 

No difference in outcome (Goudge et al. 2010) 

National register data (2007)

The Netherlands and Belgium used  progesterone 
into early pregnancy whereas the Nordic Countries 
did not. (Similar twin birth rates - 12.7% vs 11.2%)

Transfers Births/transfer

• NL + B 30.259 22.6%

• Nordic 32.922 22.1%

ESHRE, EIM 2012
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Let’s stop using ”adjuvant therapy”

with evidence of no effects.

We could also use prednisolone, aspirin, beta-
mimetics, post-retrieval doxycycline for 7 

days and acupuncture for all….? 

Thank you for your attention
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No difference in serum progesterone after 
antagonist versus agonist cycles

Adapted from Fiedler et al. RBMOnline, 12, 2006, 27-32

Prog.
nmol/l
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 To understand the rationale, design and 

interpretation of non‐inferiority trials in the 

context of withdrawing early pregnancy 

progesterone supplementation
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We need to have a high level of confidence of 
not doing harm 

Task is to prove that stopping progesterone 
with a positive pregnancy test is non‐inferior 
to continuing progesterone in terms of live 
birth achievement.

Is it non‐inferior to withdraw progesterone?

Difference in live birth rate:

1%                        3%                        5%                    7%

Or: how many women are we prepared to unnecessarily 

treat with progesterone to save  one pregnancy from 

aborting?
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 In order to demonstrate non‐inferiority, the 
recommended approach is to pre‐specify a 
margin of non‐inferiority

 After study completion, a one‐sided 97.5% 
interval for the true difference between the two 
treatments is constructed. This interval should 
lie entirely on the positive side of the non‐
inferiority margin with special note on the lower 
limit of the confidence interval, which represents 
the degree of inferiority to the reference that 
can be excluded

n = 303 patients randomized (150 + 153 patients)

Study group: 3x200 mg vaginal P (Utrogest) for 3 weeks if hCG positive

Control group: no further progesterone 

Live birth rate: 

78.7 % without progesterone  vs.   82.4 % with progesterone        p>0.05

Authors conclusions: Prolongation of progesterone supplementation in early 
pregnancy has no influence on the miscarriage rate, and thus no effect on the 
delivery rate. Progesterone supplementation can safely be withdrawn at the 
time of a positive HCG test.

Progesterone in 
early pregnancy

No Progesterone in
early pregnancy

‐12 ‐9 ‐6 ‐3 0 +3 +6 +9 +12

acceptable

arguably acceptable

Δ in LBR

inacceptable

Andersen et al., 2002
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‚lackof evidence of difference’ 

is not synonymous with 

‘evidenceof a lack of difference’

0

2000

4000

6000

8000

10000

12000

14000

‐2% ‐3% ‐4% ‐5% ‐6% ‐7% ‐8% ‐9% ‐10%

number of 
patients to be 
randomized

non‐inferiority margin difference

Griesinger, Hum Reprod 2011

Study 

Long GnRH-agonist

Andersen et al., 2002

Test for overall effect: Z = 0.81 (P = 0.42)

GnRH-antagonist

Kyrou et al., 2011

Test for overall effect: Z = 1.53 (P = 0.13)

Total (95% CI)

Total events

Heterogeneity: Chi² = 2.92, df = 1 (P = 0.09); I² = 66%

Test for overall effect: Z = 0.38 (P = 0.71)

Events

118

82

200

Total

150

100

250

Events

126

73

199

Total

153

100

253

Weight

60.2%

39.8%

100.0%

95% CI

-0.04 [-0.13, 0.05]

0.09 [-0.03, 0.21]

0.01 [-0.06, 0.08]

Progesterone No Progesterone Difference Difference 

95% CI

-0.2 -0.1 0 0.1 0.2

Better P4 Better no P4

Griesinger, Hum Reprod 2011

‐13%

‐3%

Lower 
limit of 
95% CI

‐6%
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Martinak 15@piqs.de

…when pregnancy is confirmed, 
continue therapie for up to 30 days

… pregnancy occurs treatment may
continue for up to 10‐12 weeks

…if you become pregnant, your 
doctor may decide to continue 
treatment for up to 10 to 12 weeks

… the recommended dosage is 
600 mg/day, in three divided 
doses, from the day of embryo 
transfer until at least the 7th 
week of pregnancy and not 
later than the 12th week of 
pregnancy
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…the administration of 
Lutinus should be 
continued for 30 days, if 
pregnancy has been 
confirmed

Approximately one positive pregancy test per 

2‐8 woman treated with IVF or ICSI (age 

dependent)!
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 Patients with early bleeding?

 Patients with endometriosis?

 Patients with abnormal cycles?

 Patients with endocrine abnormalities?

Martinak 15@piqs.de
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griesing@uni‐luebeck.de
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UPCOMING ESHRE EVENTS
// ESHRE CAMPUS EVENTS

ESHRE’s 30th Annual Meeting

 www.eshre2014.eu

Endoscopy in reproductive medicine
 www.eshre.eu/endoscopyoct

From gametes to blastocysts –  
a continuous dialogue

 www.eshre.eu/dundee

Bringing evidence based early pregnancy 
care to your clinic

 www.eshre.eu/copenhagen

Munich, Germany
29 June - 2 July 2014

Leuven, Belgium
15-17 October 2014

Dundee, United Kingdom
7-8 November 2014

Copenhagen, Denmark
11-12 December 2014

Epigenetics in reproduction
 www.eshre.eu/lisbon

Making OHSS a complication of the past:  
State-of-the-art use of GnRH agonist 
triggering  www.eshre.eu/thessaloniki 

Controversies in endometriosis and  
adenomyosis

 www.eshre.eu/liege

Lisbon, Portugal
26-27 September 2014

Thessaloniki, Greece
31 October-1 November 2014

Liège, Belgium
4-6 December 2014

For information and registration: www.eshre.eu/calendar
 or contact us at info@eshre.eu

An update on preimplantation genetic 
screening (PGS)

 www.eshre.eu/rome

Rome, Italy
12-13 March 2014
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NOTES 
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