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The importance  of

• history taking and examination

• semen analysis

• novel diagnostic and prognostic tests

impediments

• the neglect of andrological research since ISCI

• the lack of funding to improve

• but now there is a window of opportunity  
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Few studies 

accountaccount

for male factors





Female Male Female and 
male

Unexplained

Male and female 

contributions to infertility

male

Diagnosis 40 40 65 20
IVF 46 31 13 23
ICSI 16 64 15 20





The success of ISCI has led 

to a downsizing of  clinical 

care of the male and care of the male and 

research into sperm 

dysfunction



History Taking

• duration of involuntary infertility

• previous partnerships and children

• previous infertility investigations

• history of diseases with possible adverse effects on 

fertility (cancer,‘flu )

• pathology/surgery causing testicular damage

• occupational risks

• drugs (prescription and recreational)

• difficulties with sexual function 

Male Infertility  ed TB Hargreave, 1994



Insufficient evidence exists to recommend 

most of the treatments proposed to improve 

pregnancy rates in poor responders



Physical examination

• General examination

body hair distribution

gynaecomastia

Inguinal examination

• Exam of penis• Exam of penis

• Exam of testis

position, axis vol, consistency

• Exam of epididymis, 

vasa deferentia, 

prostate gland



Lab tests

•Testosterone

•SHBG•SHBG

•Inhibin

• Inflammatory markers



Conventional Sperm 
Evaluation

• Recommended Abstinence

• Volume

• pH,  liquefaction, viscosity

• Presence of leucocytes 

• 2-7 days

• 1-6mL

• 7.2-8.2, complete, normal

• >1 x 106 /mL• Presence of leucocytes 

• Presence of organisms

• Sperm concentration

• Total and progresssive motility 

• Sperm morphology

• Antisperm antibodies 

(IgG and IgA)

• >1 x 10 /mL

• none

• >20 x 106/mL

• >50%, >25%

• >30%, >14% Tygerberg 

• <50%  motile sperm with 

Ab

criteria recommended  by WHO (1999)



Regional and world-
wide variation

of semen parameters
• Within USA, New York had highest concentrations (134 x 106/mL)

Iowa had lowest concentrations (48 x 106/mL)

cf Thailand (52 x 106 /mL)cf Thailand (52 x 10 /mL)

• In Japan,  fertile men had   lower semen quality, similar to 

Norway (20% < WHO)

• In Europe, Finland and Denmark’s  fertile men have markedly 

different semen profiles

Fisch et al, 1996,  Swan, 2006; Jorgensen et al, 2006;

Iwamoto et al, 2006



Variability of semen 
parameters between and 

within individuals
• Marked biological heterogeneity of  semen

in 243 fertile men
Chia et al, 1998

• Consecutive samples from same individual

(twice a week for 120 weeks)

WHO, 1990

(673 samples from 7 men over 324 weeks)

Mallidis et al,1991



Clinical significance of semen profiles
No single parameter was diagnostic of infertility (n=1461)
Extensive overlap between fertile and infertile ranges
Morphology most powerful
Guzick et al, 2001

Morphology most powerful but volume and motility of limited value
Concentration <40 x 106 /mL no further association (n=430)
Extensive overlap between fertile and infertile ranges
Bonde, Skakkebaek et al, 1998Bonde, Skakkebaek et al, 1998

Concentration and motility were most powerful
Morphology poorest predictive power
- 50% of fertile men had abnormal morphology (n=719)
Nallella, Agarwal et al, 2006

243 fertile men had  a mean of only 20% normal morphology
by WHO 1992 criteria  Chia et al, 1998

Reference values have little diagnostic use



Conventional Sperm 
Evaluation

• Volume

• Sperm concentration

• Motility 

• min 2mL→→→→ 1.5mL

• >20 x 106/mL →→→→ 15 x 106/mL

• Motility 

• Sperm morphology

• Vitality

• >50%, →→→→ > 32%, 

• >14% →→→→ 4%

• 75% →→→→ 59%

criteria recommended  by WHO (2010)



• After a sustained decline, EU birth rate is  now 1.6 children/couple 

• Why?    – choice  or  reduced fertility?  

Cause of declining semen quality?

environmental pollution

lifestyle factors

obesity, diabetes

sexually transmitted infections

alcohol, tobacco, recreational drugs

–



Sperm function tests

• Quantitative motion (CASA)

Donnelly, Lewis et al, 1998;Hirano et al, 2001

• Hyperactivation (CASA)

Sukchareon et al, 1995Sukchareon et al, 1995

• Cervical mucus penetration

Eggert-Kruse et al; 1989 Shara et al, 1995

• Sperm-zona recognition and penetration

Liu and Baker, 2004; Cabellero- Capo et al, 2006

• Acrosome reactions- basal and induced –ARIC

Cummins et al, 1991



Oxidative stress
tests

• XS production of ROS, H2O2 and O2
.-

Jones et al, 1979; Aitken and Clarkson, 1987; Aitken et al, 2006

• Inadequate antioxidant protection

Lewis et al, 1995;Agarwal et al, 2003; Aitken, 2005Lewis et al, 1995;Agarwal et al, 2003; Aitken, 2005

• Chemiluminescence tests- Lucigenin and Luminol

Donnelly, Lewis et al, 1994; Said et al, 2004

• Leucocyte contamination - use of anti CD beads

Aitken 1996

• OS measured by  lipid peroxidation and nDNA and 

mtDNA damage

Lewis and Aitken, 2005; Aitken, 2006



Male Infertility  

Occupation
Plastics and resins, solvents,

wood processing, metal industry,
Automobile, truck and aircraft mechanics

Sperm DNA damage

Environment

Endocrine disruptors

xenoestrogens

Anti-androgens

Toxic compounds

Automobile, truck and aircraft mechanics
Sedentary or stressful job

Lifestyle
diet

smoking
alcohol

recreational drugs
STIs

injury
infection

Genetic Inheritance
CABVD

Robertsonian 
translocations
Y-chromosome  

deletions
Paternal Age



Do Sperm DNA anomalies  influence 
fertility outcomes?

• Failure of fertilization in IVF

Bianchi et al, 1993; Sun et al, 1997

• Failure to implant in ICSI 

Sakkas et al, 1996; Lopes et al, 1998

• Increased time to conception• Increased time to conception

• Poor embryo development

Morris et al, 2002; Tomsu et al, 2002

• Post-implantation loss and malformations

Robaire et al, 1985

• Increased miscarriage rate

Evenson et al, 1999;  Carrell et al, 2003

• Childhood cancers
Knight and Marrett, 1997



Ramifications of sperm DNA damage

Aitken and de Iulius, 2007



Risk of Diseases in Offspring from 
Damaged Sperm DNA

• Sperm DNA damage increases with          Age

Singh et al, 2003; Wyrobek et al, 2006; Aitken and de Iulius, 2007

• Oxidative damage increases with Age

• ↑↑↑↑ age is associated  with ↑↑↑↑ incidence of disease

-miscarriage de Rochebrochard and Thonneau, 2002-miscarriage de Rochebrochard and Thonneau, 2002

• dominant genetic mutations-Achondroplasia and Apert Syndrome

Crow, 2000; Wyrobek et al, 2006

• neurological Disorders -Schizophrenia, Autism and Bipolar Disease

Sipos et al, 2004; Frans et al, 2008

• Birth defects- neural tube defects and even Downs Syndrome

McIntosh et al, 1995



Are sperm DNA tests 

useful as diagnostic or useful as diagnostic or 

prognostic clinical tests?



For a DNA test to be useful, it must have 
strong predictive capacity for pregnancy 
outcome and little overlap between fertile 

and infertile samples



• 22 studies

•13 studies with 2161 cycles

•SCSA or TUNEL

• biochem  preg. to delivery

• female age uncontrolled

• DFI : 27% or 30%

• overall preg rates 17-55%



Odds ratios need to be > 2.0

to be useful

(Diagnostic) Odds Ratios 

An Odds Ratio gives us the chance of a pregnancy
occurring if the test result is above  our specified  threshold

to be useful

If CIs include 1.0, 

relationship is usually  NS



Small and significant risk of failed pregnancy
( diagnostic OR  1.44, CI:1.03-2.03 )

but
Current tests not strong enough yet  to warrant  clinical use

To improve diagnostic accuracy

• identify  vulnerable subgroups

• control for female age

• make end point live birth not pregnancy

• consecutive accrual

• standardise protocols, blinded testing

• develop more sensitive markers

My question  to you-

is it not  more predictive than a semen analysis?





Sperm DNA Damage and IVF Outcomes
Author n design Female sel Assay Threshold 

(%)

< Preg (%) > Preg (%) Fer

t

Preg OR CI

Filatove ’99 176 - none Chromatin 

compaction

50 23 6 0 ↓ 6.33 1.82,22.08

Host ’00 175 Pro none TUNEL 4 NA NA ↓ ↓ 1.92 0.92,4.04

Tomlinson ’01 140 - none ISNT - NA NA 0 ↓

Tomsu ’02 40 Pro <40 COMET - NA NA 0 ↓

Morris ’02 20 Retro <40 COMET - NA NA 0 0

Henkel ’03 208 Pro None TUNEL 37 34.7 18.7 0 0 2.24 1.09,4.58

Gandini ’04 12 Pro None SCSA 27 25 0 0 0Gandini ’04 12 Pro None SCSA 27 25 0 0 0

Huang ’05 217 Retro None TUNEL 10 56.8 51.7 ↓ 0 1.30 0.66,2.56

Boe- Hansen ’06 139 Pro SCSA 27 29 14.3 ↓ 2.43 0.28,20.83

Borini ’06 83 - None TUNEL 10 23.2 15.4 ↓ ↓ 1.66 0.33,8.28

Bakos ‘07 45 - None TUNEL - NA NA ↓ ↓

Benchaib ’07 84 pro <40 SCSA 15 29 25 0 ↓ 0.46 0.11,2.00

Bungum ‘07 388 pro <40 SCSA 30 33.7 29 0 ↓ 1.24 0.69,2.26

Frydman ‘07 117 pro <40 TUNEL 35 57.8 23.5 0 ↓ 2.97 1.39,6.32

Lin ‘07 117 pro <40 SCSA 27 51.3 54.4 0 ↓ 0.88 0.35,2.19



So is DNA damage a useful test

for IVF?

• Combined odds ratio 1.67 (1.27-2.20) p<0.01

• Positive predictive value 74% no PR (with high 

DNA damage)

Zini et al, 2009



Sperm DNA Damage and ICSI Outcomes
Author n design assay Threshold (%) < Preg (%) > Preg

(%)

Fert Preg OR CI

Hammadeh ’96 61 Pro A-Blue 29 18.5 35.3 0 ↓ 2.40 0.72,7.96

Host ’00 61 Pro TUNEL 4 NA NA 0 0 0.79 0.28,2.25

Virant-Klun ’02 183 Pro AO 56 -- -- ↓ 0

Morris ’02 40 Pro COMET - NA NA 0 0

Henkel ’03 54 Retro TUNEL 24 48 22.2 0 0 3.67 1.12,12.0

Gandini ’04 22 Pro SCSA 30 44.4 55.6 0 0 0.36 0.06,2.08

Huang ’05 86 Retro TUNEL 4 59.5 33.3 ↓ 0 1.80 0.76,4.27

Check ’05 104 - SCSA 30 -- -- - 0 1.34 0.52,3.43

Zini ‘05 60 Pro SCSA 30 51 55 0 0 0.87 0.23,3.22

Boe-Hansen ’06 47 Pro SCSA 27 27.6 33.3 0 0.76 0.21,2.72

Borini ’06 50 - TUNEL 10 45 10 0 ↓ 7.36 1.67,32.4

Muriel ’06 85 Pro SCD - NA NA ↓ 0

Benchaib ’07 218 pro TUNEL 15 37.4 27.8 0 ↓ 1.55 0.70,3.41

Bungum ’07 223 Pro, 

consec

SCSA 30 37.3 47.9 0 0 0.65 0.37,1.14

Lin ’07 86 pro SCSA 27 52.3 47.6 0 0 1.21 0.45,3.23

Bakos ‘07 68 - TUNEL 35 NA NA 0 ↓



Combined Odds ratio=1.20 (0.91,1.59) 

p>0.05

so  there is no clinical application 
as sperm DNA damage does not 
affect pregnancy rates after ICSIaffect pregnancy rates after ICSI

- ISCI appears to bypass poor sperm 
DNA too

Zini et al, 2009



Sperm DNA Damage and Pregnancy Loss after 

IVF and/or ICSI
Author ART n Threshold < Preg

loss (%)

> Preg

loss (%)

Preg loss 

(%)

Risk OR CI

Virro ’04 IVF and 

ICSI

30% NA NA

Check ’05 ISCI 104 -- -- 47 ↑ 2.27 0.45,1.59

Zini ’05 ISCI 60 30% 12 33 16 ↑ 3.67 0.46,29.42

Borini ’06 IVF 82 10% 15.8 50 6 ↑ 32.0 0.62,1663

Borini ’06 ICSI 50 10% 0 62.5 25 ↑ 108.0 1.73,6729Borini ’06 ICSI 50 10% 0 62.5 25 ↑ 108.0 1.73,6729

Benchaib

’07

IVF 84 30% 2.6 25 13 ↑ 10.0 0.87,114.8

Benchaib

‘07

ICSI 218 30% 2.8 8.3 13 ↑ 3.51 0.89,23.28

Lin ’07 ISCI 137 27% 11.8 40 12 ↑ 2.56 0.44,15.03

Lin ’07 IVF 86 27% 8.5 16.7 12 ↑ 5.00 0.97,25.77

Frydman ’07 ISCI 117 35% 10 36.8 19 ↑ 5.25 1.31,21.11

Bungum ’07 IVF 388 30% 24.4 19 22 0 0.73 0.23,233

Bungum ‘07 ICSI 223 30% 15.6 23.8 22 ↑ 1.69 0.63,4.49



So is DNA damage a useful test
for predicting pregnancy loss?

• Combined odds ratio 2.48 (1.52-4.04) p<0.0001

• Rate of pregnancy loss is  37%  with high DNA 

damage  and only 10% with low DNA damage

• Clinically valuable information but 

• will this information affect clinical practice? 

Zini et al, 2009



• All fresh ART cycles ( n=1300, IVF and • All fresh ART cycles ( n=1300, IVF and 

ICSI)

• Only exclusion –testicular sperm

• lower probability of clinical pregnancy

• But no increase in ECPRL



Relationship between sperm DNA fragmentation

and pregnancy rates in IVF

Assay Sample n ROC CI P

Comet

Native 219 0.648 0.56-0.74 0.006

DCG 219 0.629 0.54-0.72 0.016DCG 219 0.629 0.54-0.72 0.016

Comet + 

FPG

Native 64 0.776 0.64-0.91 0.004

DCG 64 0.693 0.52-0.86 0.005

• Native semen – 39.5 v 51.7 %

• DGC sperm     – 26.9 v 36.8%

• Potential  breaks constitute additional 12 – 20 %

• Adducts present in both native and  DGC sperm

Luke Simon et al, 2010



Table 1:  Demographic data on IVF treatment

IVF

Pregnant Non-Pregnant CI P value

Couples included (n) 20 50 -- --

Only couples presenting  with abnormal semen parameters i.e male 

infertility according to WHO criteria were included

Female age (years) 33.4 ± 0.9 34.4 ± 0.5 -3.0 – 1.0 NS

Male age, (years) 35.9 ± 1.1 37.6 ± 0.6 -4.3 – 0.9 NS

Sperm concentration (106ml-1) 52.6 ± 7.1 51.4 ± 5.2 -17.8 – 20.3 NS

Progressive motility (%) 46.8 ± 4.2 44.2 ± 2.1 -6.1 – 11.4 NS

Normal morphology (%) 32.7 ± 4.3 26.3 ± 1.4 -0.7 – 13.5 NS

DNA fragmentation in native semen (%) 33.8 ± 3.6 68.5 ± 2.3 -43.3 - -26.0 <0.001

DNA fragmentation in DGC sperm (%) 23.2 ± 2.8 50.3 ± 2.3 -35.5 - -18.7 <0.001

Values expressed as mean & SD, NS – P > 0.05, CI – 95% Confidence interval



Prognostic value of sperm DNA fragmentation in  diagnosing  male infertility and  

predicting clinical pregnancy after IVF

Male Infertility

IVF

Native semen DGC sperm

25 52 42

Odds Ratio (95% CI) 117.25 (12.73-2731.83) 76.00 (8.69-1714.44) 24.18 (2.89-522.34)

Sensitivity (%) 63.64 95.00 95.00

Specificity (%) 98.53 80.00 56.00

PPV (%) 93.33 65.52 46.34

NPV (%) 89.33 97.76 96.55

RR (95% CI) 8.75 (4.48-17.08) 4.75 (2.70-8.34) 2.16 (1.55-3.00)

ROC curve (95% CI) 0.970 (0.94-1.0) 0.905 (0.81-0.99) 0.879 (0.78-0.97)

PPV - Positive Predictive Value; NPV - Negative Predictive Value; RR - Relative Risk, ROC - Receiver Operator 

Characteristic



Relationship between sperm DNA fragmentation

and  pregnancy rates in ISCI

Assay Sample n ROC CI P

Comet

Native 116 0.601 0.49-0.71 0.117

DCG 116 0.572 0.46-0.68 0.271

Comet + 

FPG

Native 51 0.704 0.54-0.87 0.015

DCG 51 0.717 0.56-0.88 0.005

• No relationship between Comet alone and pregnancy

• Significant relationship between  Comet  plus adducts 

and pregnancy

Luke Simon et al, 2010



Recommendations from 
Consensus Document

1. Fundamental research is urgently required

2. Standardization of clinical assays

3. Animal Models

4. High quality clinical data is urgently required 

5. Long term follow up of ART children

Sperm DNA: organization, protection and vulnerability: from basic 
science to clinical applications
edited by Chris Barratt, 
ESHRE Campus symposium,  Stockholm, Sweden , 21-22 May 2009 



The role of ART is finally recognised

In 2008, European Parliament  acknowledged for the first time that falling birth rates In 2008, European Parliament  acknowledged for the first time that falling birth rates 
were a major cause of its demographic decline.  Over mortality and migration, 
infertility  is the major determinant of the future size and population composition in 
Europe 

Europe performs 60% of world ART
1-6% of births in Europe are by ART

The  European Parliament (resolution adopted by parliament on 21 February 2008) ‘calls on 

the member states to ensure the right of couples to universal access to infertility treatment. 

Improving  diagnosis and success rates is essential 
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