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Winding back the clock…



• Why is the biological clock so important in the 21st

century?

• Quantifying the biological clock

• AMH – reading the clock

• Donor eggs – substituting the clock

• Freezing eggs – stopping the clock

• What makes the clock tick?

• Mitochondria – adding extra cog wheels to the clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Age at first 
child
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Why is it so important? 
When do women have the greatest number of eggs?
Ovarian reserve – egg quality and quantity

2019?



Survey - What people ‘know’ about fertility 
and women’s age

• Overestimated natural pregnancy rate by 
age

• Overestimated effectiveness of IVF

• Students studying medicine, nursing, 
biomed no better than those studying law, 
education

• Nurses most over-optimistic

• Medical students most convinced 
technology would help

• 85% wanted children

• 29 considered the best age to become a 
parent (but how many take note?)



ART Fecundability and women’s age
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Age and 
trying to 
become 
pregnant 
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Woman's age 

Birth rate from a single cycle

FA DS-IUI Hutterite women (Larsen & Yan)

Average age at presenting to a fertility clinic  - elig MOH IVF Rx?

Average age at presenting, single women  - waitlist donor sperm?

Average age at first birth in NZ now



Advanced Paternal Age

Men 40-50 yo RR 1.1-3
Men >50 yo RR up to 9.5



Age of 
presentation and 

resolution of 
infertility

Resolved infertility Number of children for 
those resolving

<30 79% 2.0

30-34 69% 1.7

35-37 51% 1.4

38-39 39% 1.2

40-41 33% 1.2

≥42 8% 1.0



• AMH – reading the clock

• Donor eggs – substituting the clock

• Freezing eggs – stopping the clock

• What makes the clock tick?

• Mitochondria – adding extra cog wheels to the clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Distribution 
of AMH 
levels
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AMH and 
fecundability

• Steiner et al (2017) JAMA 318(14):1367

• N = 750 women aged 30-44, trying to conceive =< 3 months, NO 
history of infertility

• Conclusion - Age rather than AMH key factor

Pregnant 
after 6 
months

Pregnant 
after 12 
months

AMH < 5 
pmol/l

65% (50-75) 82% (70-91)

AMH > 5 
pmol/l

62% 57-66) 75% (70-78)



AMH and 
the number 

of eggs in 
IVF

But if need IVF and low AMH - need more eggs



• Donor eggs – substituting the clock

• Freezing eggs – stopping the clock

• What makes the clock tick?

• Mitochondria – adding extra cog wheels to the clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Impact of 
Donor Eggs 

on IVF 
Outcomes

Egg quality not endometrial receptivity

https://static.businessinsider.com/image/55770c6e69beddec4745a3de/image.jpg?_ga=2.50146080.760394323.1508634083-637999242.1508634083


Donor egg –
‘demand and 
supply’

Proportion of IVF cycles using donor 
eggs

• ~ 5% Australia and NZ 

• unknown vs unknown

• clinic vs social media

• ~ 10% USA

• ~ 25% Spain

• Spain does 50% of all donor egg treatment in 
Europe

• ~ 0% in Japan

• 2017 – 1st anonymous egg donor

• 50,000 Japanese women go to Korea and SE 
Asia for donor eggs each year



The ‘BUT’ with donor egg
• There will be no donor anonymity in 

the 21st century, despite

• The laws of the country

• The wishes of the patients and 
donor

• 23andMe

• Sperm donation teaches us that 

• Offspring want to know their 
origins

• Some offspring will want 
contact with their donor or half 
siblings

• Reason reduction sperm 
donors?

Discover DNA relatives from around the world



• Freezing eggs – stopping the clock

• What makes the clock tick?

• Mitochondria – adding extra cog wheels to the clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Egg freezing makes egg banks practical 
for donor eggs

In favour of egg banks

• Specialisation→ well documented 
processes

• Choice of donors for patients

• Patient information – disclosure of 
medical history



Egg freezing - a 
market with 
players



Attitudes to 
egg freezing

O’Brien et al (2017) Eur J Gynecol Reprod
Biol 217:71

• N=663 women 18-44, Dublin

• 90% knew about egg freezing

• 62% considered it acceptable for social reasons

• 59% women > 30 interested

Laillemant et al (2016) Acta Obstet
Gynecol Scand 95(12):1402

• N=973 women, Denmark UK

• 83% knew about egg freezing

• 89% considered it acceptable for social reasons

• 46% active or possible interest

NZ - FA experience?



Social egg 
freezing – is 

there a 
‘sweet 
spot’?

➔Don’t bank too early 

➔Don’t bank too late

Age at 
banking

Age at 
using

Chance of a 
baby naturally 

before 
‘infertility’

Average pay off 
in IVF birth rate

30 35 85% 40% → 47%

30 40 60% 23% → 47%

35 40 60% 23% → 40%

35 43 40% 8% → 40%

37 43 40% 8% → 35%



25-37 YEARS OF AGE
E X A M P L E S  O F  O U T C O M E S

Average Outcomes by Age and AMH
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ESTIMATED NUMBER 
OF  CYCLES

1 - 2  C YC L E S9  E G G S

2 - 3  C YC L E S5  E G G S

1  C YC L E S1 5  E G G S

AVERAGE NUMBER 
OF  EG G S

5 - 1 5  p M

< 5  p M

> 1 5  p M

AMH RANGE

10
EGGS

R E C O M M E N D E D  F O R  
5 0 %  C H A N C E  O F  H A V I N G  
A  B A B Y  I N  T H E  F U T U R E
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W O M E N  A N D  F E R T I L I T Y  – E G G  F R E E Z I N G

Studies demonstrate how many eggs are required per baby 
(50% chance)

HOW MANY EGGS DO I NEED?

24

2 5 - 3 7  Y E A R S

10 eggs
3 8 - 4 0  Y E A R S

15 eggs
4 1 - 4 2  Y E A R S

25 eggs



• What makes the clock tick?

• Mitochondria – adding extra cog wheels to the clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Aneuploidy 
vs Age

Forman et al Fertil Steril 103(5):1136

Age-related poor reproductive performance
- reduced ovarian reserve AND increase aneuploidy



Where does aneuploidy come from?
80% of embryo aneuploidy arises during meiosis 

http://www.google.co.nz/url?sa=i&rct=j&q=human+egg+spindle&source=images&cd=&cad=rja&docid=bgI3-ArqV7cFpM&tbnid=kjhDcbmWLfREKM:&ved=0CAUQjRw&url=http://www.sciencedirect.com/science/article/pii/S0015028202041961&ei=p9H2UbTIBMWlkQWJ1IDACg&bvm=bv.49784469,d.dGI&psig=AFQjCNEiQCk6F8pzecHpKwSvhAWGijSoxQ&ust=1375216327198065
http://www.google.co.nz/url?sa=i&rct=j&q=human+egg&source=images&cd=&cad=rja&docid=bkPrxXuNCnj1cM&tbnid=JxRMuMsAKouLJM:&ved=0CAUQjRw&url=http://www.eurekastreet.com.au/article.aspx?aeid%3D15449&ei=6c_2UYTpM43jlAWOhoC4Bg&bvm=bv.49784469,d.dGI&psig=AFQjCNFWjd5Avp6q8cdI0ThTHnVkrQg34w&ust=1375215952292574


Mitochondria 
are Important

May-Panloup et al (2016) Hum Reprod Update 22(6):725

Age – decreases mtDNA integrity and oocyte quality



• Mitochondria – adding extra cog wheels to the 
clock

• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Empirical 
grounds for 

mitochondrial 
transfer

Oocyte – largest number mitochondria and mtDNA of ANY cell

Ooplasmic transfer (non patient matched)
- aim boost female germline mitochondria for developmentally compromised eggs
FDA Moratorium – gene transfer for human reproduction



Tilly & Sinclair (2013) Cell Metab Perspective 17(6):838

Success? Small studies, low level trials

OSC – egg precursor cells (ovaries)



Clinical 
Success?



• Pharmacological agents – oiling the cogs

• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Supplements to Improve Oocyte Quality?

• When and how long?
• Does it delay, reverse oocyte aging?

MitoQ - promoted better absorbed, better bioavailability
- delivers CoQ10 directly to mitochondria 



• Residual primordial follicles - shaking the clock

• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Ex Vivo 
Primoridal

Follicle 
Activation

• Follicular growth waves detected 6 : 14
• 4 OPU - 1-2 eggs
• 2 deliveries, 2 pregnancies ongoing

• N=14 patients with POI, no stim IVF, 
mean age 29

• 1000’s primordial follicles
• One ovary removed, treated with AKT 

stimulators (promotes growth)
• Tissue auto-transplanted

Zhai et al (2016) J Clin Endocrinol Metab 101(11):4405

Based on mouse study that phosphatidylinositol-3-kinase-AKT forkhead box O3 
(Foxo3) pathway activated dormant primordial follicles



• Artificial gametes – bypassing the clock

• Out of options? What’s a person to do in 2019?



Ways of making 
artificial 

gametes?

Is it ethical?

Hendriks et al (2015) Hum Reprod Update 21(3):285

NB Mice - $500,000 create sperm for one mouse

21st Century – In Vitro Gametogenesis (IVG)
• Converting somatic cells into artificial gametes 
(giving biological parent)
• Options

• Heterosexual couple, Same sex couple
• Single parent
• Grieving widow

Crispr-Cas9 (gene editing)
• Repair, add, remove genes during IVG process

1978 – Louise Brown
• Nova magazine : ”IVF biggest threat since atomic bomb”
• American Medical Association – halt research
• Time and evidence – where we are today



• Out of options?  What’s a person to do in 2019?

Healthy Lifestyle for Optimal Reproductive Outcomes



Cigarette 
Smoking and 
IVF Outcomes

Prevalence of smoking in reproductive 
age women

• Europe 33% (2005)

• USA 28% (2008)

• IVF/ICSI Patients, NZ 2% (2015)

Gormack et al., Hum Rep 2015; 30:1617-1624



Meta-analysis of Effects of Cigarette 
Smoking and IVF Outcomes

Studies 
(N)

Cycles (N) OR CI

Clinical 
Pregnancies

24 6014 0.59 (0.51-
0.68)

Live Births 7 8851 0.52 (0.37-
0.74)

Miscarriage 8 1756 2.48 (1.79-
3.43)

Zhang et al., J Gyn Ob Hum Rep 2018; 47:461-468



Second-Hand Smoke

Smokers
Second-

Hand 
Smoke

Non-
Smokers

Fertilization Rate 57% 58% 63% NS

Pregnancy Rate 19.4% 20.0% 48.3% P<0.001

Implantation Rate 12.0% 12.6% 25.0% P<0.01

Neal et al.,Hum Rep 2005; 20:2531-35



Second-Hand Smoke – Quantified by Cotinine in Follicular Fluid
(measurement tobacco smoke exposure)

Second-hand smoke defined as cotinine >1.12 ng/ml

Adjusted 
OR

95% CI P

Implantation 
Failure

1.52 1.20-1.92 0.0005

Live Births 0.76 0.58-0.99 0.045

Benedict et al.,Hum Reprod 2011; 26:2525-31



Male Cigarette 
Smoking and 
IVF Outcomes



Cigarette 
Smoking:
Proposed 
Mechanisms

• Premature depletion of the oocyte 
pool 

• Increased oxidative stress

• Impaired folliculogenesis

• Altered Steroidogenesis

• Reduced implantation



Cigarette 
Smoking 
Conclusions

• Smoking reduces IVF pregnancies 
~50%

• Smoking increases IVF miscarriages 
~2.6X

• Second-hand smoking decreases IVF 
success

• Male smoking reduces IVF success



Rossi et al.,Obstet Gyn 2011; 117:136-42

Alcohol Consumption and IVF Outcomes

• 2545 couples, 4729 IVF cycles from 1994-2003 (Boston)

• Assessed at start of treatment

Women Men

<1 drink/week 55% 33%

1-6 Drinks/week 41% 58%

At least daily 4% 9%

Beer 25% 27%

Red wine 25% 26%

White wine 22% 22%

Spirits 23% 23%

NZ 
Any intake
50.8%



Consuming ≥ 4 
drinks/week

Women Men Both

Live Birth

OR 0.84 0.90 0.79

Confidence 
Interval

0.71-
0.99*

0.79-
1.03**

0.66-
0.96

Rossi et al.,Obstet Gyn 2011; 117:136-42

*lowest = white wine
**lowest = beer



Alcohol 
Consumption 
Conclusions

• Nearly half of women undergoing IVF 
and 2/3 of US men consume alcohol

• Live births may decrease for women 
and couples consuming >4 
drinks/week

• Risk appears greatest if consumption 
is in the month prior to cycle



Choi et al.,J Caff Res 2011; 1:29-34

Caffeine Consumption and IVF Outcomes

Low Caffeine Moderate 
Caffeine

High Caffeine

0-800 mg/wk 801-1400 mg/wk >1400 mg/wk

Live Birth OR 1.00 0.89 1.07

Confidence Interval (0.83-1.21) (0.71-1.12) (0.85-1.34)

• 2474 couples, 4716 IVF cycles from 1994-2003 (Boston)

• Assessed at start of treatment

• No difference in number of oocytes, fertilisation rate, or 
implantation rate



Caffeine 
Consumption 

and IVF 
Outcomes

300 women Live birth P

<50 mg/d 46% 0.34

50.1-100 mg/d 44%

100.1-200 mg/d 42%

200.1-300 mg/d 40%

>300 mg/d 40%

Abadia et al.,Hum Reprod 2017; 32:1846-54

NZ 
Any intake
86.8%



Caffeine 
Consumption and 
IVF Outcomes -
Conclusions

Caffeine probably 
does not reduce live 
birth rate

Caffeine increases 
miscarriage rate



Diet and IVF 
Outcomes

Pregnancy 
OR

CI

Health conscious 0.8 0.6-1.0

Mediterranean 1.4 1.0-1.9

Mediterranean Diet
• 161 couples undergoing IVF
• Completed 195 food item frequency questionnaire
• Two dietary patterns:

• Health conscious-low processed (high intake of fruits, vegetables, fish and 
whole grains)

• Mediterranean diet (high intakes of vegetable oils, vegetables, fish and 
legumes)

Vujkovic et al.,Fert Steril 2010; 94:2096-2101



Diet and IVF 
Conclusions

• Balanced diet may increase 
pregnancies

• Mediterranean diet may improve live 
birth rate



Exercise and 
Fertility

Fecundity Ratio

Vigorous Activity
None
2 hrs/week
≥5 hrs/week

1.0
0.84 (0.73-0.97)
0.68 (0.54-0.85)

Moderate Activity
<1 hr/week
2 hrs/week
≥5 hrs/week

1.0
1.15 (0.95-1.40)
1.18 (0.90-1.43)

Wise et al.,Fert Steril 2012; 97:1136-42

• 3628 Danish women, 
planning pregnancy, 
2007-2009

• Vigorous = running, fast 
cycling, aerobics, 
gymnastics, swimming

• Moderate = brisk 
walking, leisurely cycling, 
golfing, gardening



Male Exercise 
and Semen 
Parameters

• Physical activity and semen quality

• 2261 men, 4565 fresh semen 
samples (1993-2003)

• Overall no effect of exercise on 
semen parameters

• Bicycling >5hrs/week associated with 
low sperm concentration

Wise et al.,Fert Steril 2011; 95:1025-30



Male Exercise and Semen Parameters

57

Physical activity and TV watching hours per week vs semen quality

Gaskins et al.,Br J Sport Med 2015; 99:265-70

73% higher



Exercise and 
Fertility -
Conclusions

• Vigorous physical activity increases 
time to pregnancy

• Moderate exercise is beneficial

• Physical activity does not diminish 
semen parameters (other than 
excessive cycling)





Conclusions

Understanding the biological clock is very important as we delay 
parenthood further

Most people’s knowledge is faulty

Difficult to measure an individual’s clock

Substitution (donor egg) is the only remedy when you are too old or 
your own eggs don’t work

Freezing eggs when younger is a technological approach to a social 
problem, but its a good bet, not insurance

Healthy lifestyles choices optimise gamete health

There are always new promises on the horizon, but caveat emptor –
good chance there will be a merchant before there is an RCT


