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Goals of presentation 

• Discuss what and how paternal effects influence obstetric 

health and development; 

• Discuss the main paternal effects and current data; 

• Discuss future directions and knowledge gaps. 



  

  

  

  

   

    

   

       

Outline of presentation  

• What is the paternal contribution? 

• Effects - Paternal Age 

• Effects - Paternal Health 

• Effects – Altered semen quality 

• Effects – Exposure to reproductive toxicants 

• Effects – Male factors of infertility 

• What don’t we know/where do we need to get?  
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Summary I 

• Sperm contribute half of the nuclear genome to the embryo; 

• 80% of de novo mutations arise from the paternal contribution; 

• There are many anatomical, endocrine, cellular and molecular 

mechanisms to ensure adequate sperm production; 

• Alterations may arise from environmental, lifestyle, and individual 

factors; 

• Consequences may be observed in future generations. 



Effects  - Paternal Age  





       

1912 

Achondroplasia – mainly derived from paternal age (Penrose, 1955) 









Association of paternal age with perinatal outcomes between 
2007 and 2016 in the United States: population based cohort 
study 
Yash S Khandwala, 1 Valerie L Baker,2 Gary M Shaw,3 David K Stevenson,3 Ying Lu,4 

Michael L Eisenberg1.2 

WHAT THIS STUDY ADDS 
Men aged 45 yea rs or o lder had increased odds of fatherin g infants born 

premature, of low birth weight, and with a low Apgar sco re compared with their 

younger counterparts;. t he offspring of fathers older than 55 were also more li kely 

to requ ire assisted ven t ilat ion and admission to a neonatal intensive care unit 

The odds of gestationa l drabetes was a lso higher for pregnancies involving 

fathers older than .45 years 

13.2°/o of premature births and 14.5°/o of low birt h weight infants born to older 

fathers were estimated to be prevented if all men elected to have children before 

age 45 years 





Type Specific condition 

Age 
(relative to 

reference age) 
Relative risk 

( CI, if available) 
Population risk 

(or reference risk) Adjusted risk 

References 
(first author's 
name only) 

Autosomal 
dominant 

Achondroplasia > 50 (25-29) 7.8 1/15,000 1/1923 Risch t 

30-34 (<20) 3.5 1/4285 Tiemann-Boege2t 

35-39 (<20) 4 1/3750 

40-44 {<20) 8 1/1 875 

45-49 (<20) 9 1/1666 

50-54 (<20) 12 1/1250 

A pert > 50 (25-29) 9.5 1/50,000 1/5263 Risch 1 

Pfeiffer > 50 (25-29) 6 l/100,000 1/16,666 Glasern 

Crouzon > 50 {25-29) 8 1/50,000 1/6250 

Progeria Unknown Effect seen "Exceedingly rare" 

MEN2A Unknown Effect seen 1/30,000 

MEN2B Unknown Effect seen 1130,000 

Neurofibromatosis I > 50 (25-29) 3.7a 1/3000-1/4000 11810-l/1080 Risch 1 

> 40 {<30) 2.9 1/1034-1/1380 Bunin23 

Osteogenesis 
imperfecta 

> 35 (<25) 2.5 1/10,000 1/4000 Carothers24 

> 35 (<35) 1.37 {0.73-6.89) 117300 Orioli25 

Thanatophoric 
dysplasia 

> 35 (<35) 3.18 ( 1.48-6.89) 1/20,000-1/50,000 1/6290-1 /15,723 Oriouzs 

Retinoblastoma > 45 3a {0.21-41.7) 1/15,000-1/20,000 115000-1/6667 Dockerty, Yip26,27 

> 35 {<35) 1.34 ( 1.04-1.74) 1111,200-1114,925 MoU28 

> 50 (32.5) 5 1/3000-l/ 4000 DerKinderen29 



Chromosomal Dovrn syndrome 40--44 {20--29) 1.37 (0.48-3.86) 1/1200 
(mat. age 20--29) 

1/876 Zhu30 

45-49 (20--29) 2.68 (0.76-9.5 1) 1/448 

> 49 {20--29) 4.5 ( 1.0--20.3) 1/267 

40--44 {25-29) 1.45 (1.26-1.68) Use maternal age 
as baseline for 
counseling 
ptuposesb 

Yang31 

45-49 (25-29) 1.28 (1.04-1.57) 

>49 (25-29) 1.39 ( 1.04-1.83) 

None given "May be increased'' Kuhnert 16 

None given "Paternal age effect in 
association ·with maternal 
age (> 35) effecf' 

14 Fisch

Klinefelter syndrome >50 {20's) 1.6c (0.69-3.0) 11500 men 1/312 men Lowe32 

Congenital 
anomalies 

VSD > 40 (< 40) 1.69a 11200 1/118 33 Olshan

ASD > 35 1.95a 11400 1/205 Lian•• 

Tracheoesophageal 
fistula 

> 50 {25-29) 2.55 (1.28- 4.6) 113600 1/1412 Yang31 

Other complex 
disorders 

Childhood leukemia > 35 1.5 1125,000 1/16,667 34 Murray

>40 (< 25) 1.14 (0.85- 1.53) 1/21930 Yip27 

Childhood CNS 
tumor 

30--34 ( < 25) 1.34 (1.04-1.72) 1136,000 1126,866 Yip27 

35- 39 ( < 25) 1.4 ( 1.04-1.86) 1/25,714 

> 40 (< 25) 1.69 (1.21- 2.35) 1/21,302 



Type Specific condition 

Age 
(relative to 

reference age) 
Relative risk 

(CI, if available) 
Population risk 

(or reference risk) Adjusted risk 

References 
(first author's 
name only) 

Childhood type l 
diabetes 

> 34 (<25) 1.52 {1.1-2.09) 1/415 1/273 Card'"'ell3s 

Epilepsy 35- 39 1.18 {1.02- 1.26) 1/100 1/85 Vestergaard 36 

40-45 1.3 (1.08-1.55) 11770 

Schizophrenia > 50 (20-24) 4.62 (2.28-9 .36) 1/100 1/22 Rasmussen37 

35-44 ( 15-24) 1.6 ( 1.0--2.6) 1/62.5 38 Zammit

45- 54 (15-24) 1.6 {0.8- 3.1 ) 1/62.5 

> 54 ( 15-24) 3.8 ( 1.3- 11.8) 1/26 

> 49 (<25) 3 1/33 Malaspina 12 

> 32 (<28) 3 ( 1.49~.04) 1/33 Tsuchiya39 

Autism > 40 (<30) 5.75 (2.65-12.46) 1/1000 1/174 Reichenberg4° 

Unknown Effect seen 9 Cantor

Autism spectrum 
disorders 

35- 39 (25-29) 1.38 {1.04- 1.84) 1/200 1/145 Croen41 

> 39 (25-29) 1.52 {1.1- 2.1) 1/131 

Breast cancer > 40 (<30) 1.6 ( 1.04- 2.32) 1/8.5 1/5.3 Choi42 

Prostate cancer > 38 (<27) 1.7 {l.0--2.8) 1/5.9 1/3.5 Zhang43 

Multiple sclerosis 51- 55 (21- 25) 2.0 ( 1.35-2.96) Montgomery44 



June 2008 · Vol. 10 · No. 6 ACMG Practice Guidelines 

Statement on guidance for genetic counseling in 
advanced paternal age 
Helga V. Toriello, PIJD 1

, and jeanne M . M eek, PhiY, for the Professional Practice and Guidelines Committee 

Key Words: paternal age, genetic counseling, mutation , chromosome anomalies 

Other Spontaneous 
miscarriages 

> 35 {<35) 1.26 {1.0-1.6) l/7 1/5.3 45 Slama

> 39 {25--29) 1.6 {1.2- 2.0) 114 Kleinhaus46 

Relative infertility > 39 (<39) 2.3 (1.67- 3.17) 1/14 couples 116.2 De Ia Rochebrochard47 

Low birth weight >34 (20-34) 1.7 (1.3-2.2) l/40 1123 Reichman.ots 

Preeclampsia 35-44 (25--34) 1.24 ( 1.05- 1.46) l/62 1/50 Harlap49 

>44 {25--34) 1.8 (1.04- 1.51) l/62 l/34 

Total risk For 86 examined 
congenital 
anomalies 

> 40 (<20) 1.2 l/50 1142 Liantt 

> 50 {<20) 1.3 1/38 







  Effects - Paternal Health  





TABLE 2 

Multivariable logistic regression models predicting association of paternal health on birth outcomes after adjustment for year of birth, maternal 
age, region, and maternal metabolic syndrome or chronic disease components or maternal CCI and paternal and maternal smoking status. 

Parameter 

Preterm birth low birth weight NICU stay 

n (0/o) OR (95°/o Cl) n (0/o) OR (95°/o Cl) n (0/o) OR (95°/o Cl ) 

MetS componentsa 
0 38,667 (6.3) Reference 27,455 (4.5) Reference 6,3 19 (1 .03) Reference 
1 8,941 (7.4) 1.07 ( 1.05, 1 .1 0) 6,410 (5.3) 1 .08 (1.05, 1. 11) 1,457 (1 .20) 1.07 (1 .0 1,1.14) 
2 3,087 (8.1} 1. 11 ( 1.06, 1 . 15) 2, 197 (5.7) 1. 10(1.05, 1. 16) 468 (1 .22) 1.02 (0.93, 1.13) 
3 911 (9.4) 1.18 (1.09, 1.27) 629 (6.5) 1. 13 (1.03, 1.23) 154 (1. 58) 1.26 (1 .06, 1.49) 
4 153 (9.7) 1.14 (0.95, 1.36) 113 (7 .1) 1 .21 (0.98, 1.48) 25 (1 .58) 1.16 (0.76, 1.75) 

Hypertension 
No 45,000 (6.4) Reference 32,026 (4.6) Reference 7,321 (1 .04) Reference 
Yes 6,759 (7.9) 1.11 (1.08, 1. 14) 4,778 (5.6) 1 .09 (1.06, 1.13) 1, 102 (1 .30) 1.12 (1 .05, 1.20) 

DM 
No 49,767 (6.5) Reference 35,362 (4.6) Reference 8,085 (1 .06) Reference 
Yes 1,992 (8.2) 1.06 (1.01,1. 12) 1,442 (5.9) 1 .09 ( 1.02, 1. 15) 338 (1.39) 1.11 (0.99, 1.25) 

Obesity 
No 49,009 (6.5) Reference 34,884 (4.6) Reference 7,981 (1 .06) Reference 
Yes 2,750 (8.4) 1.13 (1.08,1. 18) 1,920 (5.8) 1.11 (1.05,1. 17) 442 (1 .34) 1.1 4 (1.03, 1.26) 

Hyperlipidemia 
No 44,800 (6.5) Reference 31,801 (4.6) Reference 7,350 (1 .06) Reference 
Yes 6,959 (7.6) 1.05 ( 1.02, 1.08) 5,003 (5.5) 1 .06 (1.02, 1.09) 1,073 (1 .17) 0.98 (0.92, 1.05) 



TABLE 2 

Multivariable logistic regression models predicting association of paternal health on birth outcomes after adjustment for year of birth, maternal 
age, region, and maternal metabolic syndrome or chronic disease components or maternal CCI and paternal and maternal smoking status. 

Preterm birth Low birth weight NICU stay 

Parameter n (%) OR (95% Cl) n (%) OR (9 5°/o Cl) n (%) OR (95% Cl) 
COPD 

No 4 7,181 (6.5) Reference 33,588 (4.6) Reference 7,720 (1.07) Reference 
Yes 4,578 (7.3) 1.08 (1 .04, 1.11) 3,216 (5.2) 1 .06 (1.02, 1.11) 703 (1 .13) 1.01 (0.93,1.1 0) 

Cancer 
No 51,150 (6.6) Reference 36,360 (4.7) Reference 8,324 (1 .07) Reference 
Yes 609 (8.1) 1.17 (1.07,1.28) 444 (5.9) 1 .20 (1.09, 1.33) 99 (1.32) 1.15 (0.94, 1.42) 

Depression 
No 49,021 (6.5) Reference 34,853 (4.6) Reference 7,973 (1 .06) Reference 
Yes 2,738 (8.0) 1.19 (1.14, 1.24) 1,951 (5.7) 1 .18 (1.12, 1.24) 450 (1.32) 1.21 (1.09, 1.33) 

Chronic diseasesb 
0 34,088 (6.2) Reference 24,202 (4.4) Reference 5,600 (1 .02) Reference 
1 11,497 (7 .2) 1.08 (1 .06, 1 .11) 8,240 (5.1) 1 .09 (1.06, 1.12) 1,856 (1 .16) 1.06 (1.00, 1.12) 
2 4,200 (7.9) 1.12 (1.08,1.16) 2,978 (5.6) 1.11 (1.06,1.16) 645 (1.21) 1.04 (0.96, 1.14) 
3 1,497 (9.0) 1.19 (1.13,1.27) 1,049 (6.3) 1 .1 7 ( 1 . 09 I 1 . 2 5) 241 (1.46) 1.20 (1.05, 1.38) 
4+ 477 (9.6) 1.19 (1.07, 1.32) 335 (6.7) 1 .18 (1.05, 1.33) 81 (1.63) 1.27 (1.01, 1.60) 

Paternal CCI 
0 42,782 (6.4) Reference 30,421 (4.6) Reference 7,004 (1 .05) Reference 
1 6,927 (7.5) 1.09 (1.06, 1.12) 4,883 (5.3) 1.11 (1 .07,1.15) 1,088 (1 .18) 1 . 08 ( 1 . 0 1, 1 . 1 5) 
2 1,278 (7.9) 1 • 11 ( 1. 041 1 • 1 8) 908 (5.6) 1.15 (1.07,1.23) 203 (1.26) 1.06 (0.92, 1.23) 
3+ 772 (8.7} 1.15 (1.07,1.25) 592 (6.7) 1 .31 (1 20, 1.44' 128 (1 .45\ 1.23 (1.03 1.47) 

Note: IBM Marf<etscan Research database rermbursed health care clamlS data. Percentages may not add to 100% due to roundrng. CCI = Charlson Comorbrdrty Index; Cl =confidence mterval; 
COPD =chrome obstructive pulmonary drsease; DM = diabetes mellrtus; MetS = metaboliC syndrome; OR =odds ratio. 
a MetS components are hypertensiOn, hyperliprdemra. drabetes mellitus. obeSity. 
b One of seven. Chrome drsease mcluded hypertensiOn, d~abetes melhtus. obesrty. hyperhprdem~a. COPD. cancer. and depressiOn. 

Kasman. Preconception paternal health birth outcomes. Ferri/ Sten1 2019. 



TABLE 3 

Multivariable logistic regression models predicting association of paternal health on maternal peripartum outcomes birth outcomes after 
adjustment for year of birth, maternal age, maternal metabolic syndrome, and region of birth. 

Paternal metabolic syndrome components 

Outcomes 0 1 2 3 4 Total 

Total N 614,738 121,418 38,351 9,7 17 1,585 785,809 
Gestational diabetes 

Yes, N (o/o) 94,859 (15.4) 22,332 (18.4) 8,22 1 (21.4) 2,438 (25.1) 436 (27.5) 128,286 (1 6.3) 
No, N (%) 519,879 (84.6) 99,086 (81.6) 30,130 (78.6) 7,279 (74.9) 11149 (72.5) 657,523 (83.7) 
OR (95o/o Cl) Reference 1.07 (1.05,1 .09) 1.15 (1. 12,1. 18) 1 .24 (1 .18, 1.30) 1.16 (1 .03,1 .3 1) 

Preeclampsia 
Yes, N (o/o) 30,560 (5.0) 7,155 (5.9) 2,618 (6.8) 752 (7.7) 156 (9.8) 4 1 ,241 (5.3) 
No, N (%) 584,178 (95.0) 114,263 (94. 1) 3 5,733 (93.2) 8,965 (92.3) 1 ,42 9 (90.2) 744,568 (94.8) 
OR (95o/o Cl) Reference 1.04 (1.01 11 .07) 1.06 (1.02,1.11) 1.04 (0.96, 1.13) 1.15 (0.97,1.38) 

Eclampsia 
Yes, N (0/o) 754 (0.12) 177 (0.15) 71 (0. 19) 18 (0.16) NAa 1,020 (0.1 3) 
No, N (%) 613,984 (99.88) 121,241 (99.85) 38,280 (99.81) 11 ,284 (99.84) NAa 784,789 (99.87) 
OR (95o/o Cl) Reference 0. 99 (0.84, 1 .18) 1.09 (0.84, 1.40) 0.78 (0.48, 1.26) NAa 

Maternal hospital stay 
Total N 614,738 121,418 38,351 9,7 17 1,585 785,809 
Average days 2.54 (2.80) 2.67 (3.09) 2.77 (3.44) 2.84 (3.77) 2.99 (3.67) 2.58 (2.89) 
Days> 3 226,918 (36.9) 49,335 (40.6) 16,374 (42.7) 4,3 55 (44.8) 784 (49.45) 297,766 (37.9) 
OR (95o/o Cl) Reference 1.07 (1.05, 1 .08) 1.09 (1.07,1. 11) 1.11 (1 .07, 1.16) 1.25 (1 .13, 1.39) 
Days> 5 24,404 (4.0) 5,794 (4.8) 2,025 (5.3) 612 (6.3) 11 2 (7. 1) 32,94 7 (4.2) 
OR (95°/o Cl) Reference 1.06 (1.03, 1 .1 0) 1.07 (1.02,1. 12) 1 .1 5 (1 .05, 1.26) 1.13 (0.92, 1.39) 
Days> 7 8,985 (1.5) 2,262 (1.9) 777 (2.0) 246 (2.5) 47 (3.0) 12,317 (1 .6) 
OR (95o/o Cl) Reference 1.1 1 (1.05, 1 .17) 1.08 (0.99, 1.17) 1 .19 (1 .04, 1.37) 1.22 (0.89, 1.66) 

Note: IBM Marketscan Research database reimbursed hea lth care claims data. Percentages may not add to 100% due to rounding. Cl =confidence interval; MetS = metabolic syndrome; NA = not 
available; OR = odds ratio. 
a Given the sma ll number of individuals (N) with this condit ion, stratification was done only for t he metabolic syndrome components 0, 1, 2, and 3 only. 

Kasman. Preconception paternal health birth outcomes. Fertil Sten12079. 



    Effects – Altered semen quality  



 

 

 

Sperm DNA fragmentation – 
Consequences 

• Infertility; 

• Increased number of low quality embryos;  

• Lower pregnancy rates; 

• Recurrent Pregnancy Loss; 

• Alterations in offspring. 



http://www.asiaandro.com
http://www.ajandrology.com


http://www.asiaandro.com
http://www.ajandrology.com


Sperm DNA fragmentation and 
recurrent pregnancy loss: a 
systematic review and meta-analysis 
Dana B. McQueen, M.D., M.A.S., John Zhang, Ph.D., and Jared C. Robins, M.D. 
Divosion of Reproducttve Endocrinology .1nd Infertility, Department of Obstetrocs and Gynecology, Northwestern 
Universoty, ChiCAgo. ll lonoos 

Study or Subgroup 
Recurrent Pregnancy Loss Fertile Control Mean Difference 

Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 
Absalan 2012 23.3 1.1 30 11.6 0.5 30 7.9% 11.70 [11.27, 12.13] 
Bareh 2016 36.8 2.7 26 9.4 2.7 31 7.9% 27.40 [25.99, 28.81] 
Bhattachara 2008 18.1 16.1 74 6.4 3.6 65 7.6% 11. 7 0 [ 7. 9 3 ' 15 .4 7] 
Brahem 2011 32 .2 6.1 31 10.2 2.1 20 7.8% 22.00 [19.66, 24.34] 
Carrell 2003 38.3 4.2 21 11.9 1 26 7.8% 26.40 [24.56, 28.24] 
Coughlan 2014 10.9 1.9 16 7.2 3.7 7 7.7% 3.70 [0.81, 6.59] 
Esquerre-Lamare 2018 6.8 5.6 33 6.6 5.5 27 7.7% 0.20 [-2.62, 3.02] 
Imam 2011 23.4 9.9 20 13.9 5.4 20 7.3% 9.50 [4.56, 14.44] 
Kumar 2012 28.1 5 45 21.8 4.8 20 7.8% 6.30 [3. 74, 8.86] 
Ribas 2012 19.3 6.1 20 12.2 4.6 25 7.7% 7.10 [3 .88, 10.3 2] 
Ruixue 2013 25.6 11.5 68 20 7.7 63 7.6% 5.60 [2.27, 8.93] 
Zhang 2012 15.2 6.4 111 13.9 4.4 30 7.8% 1.30 [-0.67, 3.27] 
Zidi-Jrah 2016 17.1 9.3 22 11.8 5.7 20 7.4% 5.30 [0.68, 9.92] 

Total (95% Cl) 517 384 100.0% 10.70 [5.82, 15.58] 
Heterogeneity: Tau 2 = 78.10; Chi 2 = 1019.62, df = 12 (P < 0.00001); 2 1 = 99% 
Test for overall effect: Z = 4.30 (P < 0.0001) 

Mean Difference 
IV, Random, 95% Cl 
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ORIGINAL ARTICL(: ASSISTCD RCPRODUCTION 

High sperm deoxyribonucleic acid 
fragmentation index is associated 
with an increased risk of 
preeclampsia following assisted 
reproduction treatment 
AmeiiP Stenqvist, M_O_, Ph_D .a.b< Mona Blmg u m, Ph _D ,0 Anja Bl'i.gaarrl Pinborg, D.M.SrL,d 
Jeanette 13ogstad, M .D.,d Anne Lis Eng lund, D.M.SCI.,e Mar e Lo u1se Grondahl, D.M.ScL/ Anne Zedeler, Ph.D., ; 
Stefan R. Hansson, M .D., Pll.D./ · and Alek.sander Giwercman, M.D .• Ph.D ... 11 

TABLE 2 

Perinatal outcomes by deoxyribonucleic acid fragmentation index ( < 20% vs. ~20%) and method of ferti lization. 

Outcome DFI level of < 20% DFIIevel of ~20% Adjusted OR (95% Cl) Pvalue 

Preterm b1rth 
Total (N = 1 ,660) 1 0.8% (137/1 ,268) 1 5.1% (59/392) 1.4 (1.0-2.0) .03 
IVF {N = 871) 1 o.8% (8 1n48) 15.4% (19/123) 1.5 (0.84- 2.5) .18 
ICSI (N = 776) 1 0.8% (55/509) 1 5 0% (40/267) 1.5 (0.94-2.3) .1 0 

Low birth we1ght 
Total (N - 1 ,652) 10.0% (126/1 ,261) 8.7% (341391) 0.85 (0.57-1.3) .44 
IVF (N = 867) 9.9% (74/744) 8.1% (10/123) 0.75 (0.38-1.5) .42 
ICSI (N = 772) 1 0.3% (52/506) 9.0% (24/266) 0.88 (0.53- 1.5) .63 

Small for gestational agea 
Total (N = 1,518) 4.0% (47/1, 169) 2.3% (8/349) 0.56 (0.26-1 .2) .13 
IVF (N = 806) 4.6% (32n01) 3.8% {4/105) 0.83 (0.29-2.4) .72 
JCSI (N = 70 1) 3.3% (15/457) 1.6% {4/244) 0.49 (0 16-1 .5) .20 

Low Apgar score 
Total (N = 1 ,652) 1.7% (2 1/1 ,262) 2.6% (1 0/390) 1.6 (0.76-3.5) .20 
IVF (N = 868) 1.6% (12n45) 4. 1% (5/123) 2.7 (0.91 - 7.8) .07 
tcs• ("J -= 771) 1 6% (81506\ 1 9°/n (5/265) 1 .1 (0 41-4.0' 67 

Note: The odds ra tios were adjusted for paternal age. The unrt of observation was the child. CJ = confidence interval, Dfl deoxyribonudercaad fragmentation index, JCSI inttacytoplasmic sperm 
injectron, IVF - in vitro fertiliz.;tion, OR - odds ratio. 
" Data on small for gestational age were unavailable for multiple b1rth chrldren. 

Stenqvist Sperm DNA fragmentation and preeclampsia. Fertil Steril 2025. 
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TABLE 3 

ORIGINAL ARTICL£: ASSISTCD RCPRODUCTION 

High sperm deoxyribonucleic acid 
fragmentation index is associated 
with an increased risk of 
preeclampsia following assisted 
reproduction treatment 

0 AmeiiP Stenqvist, M _O_, Ph_D ,a,b< Mona Blmgum, Ph_D , Anja Bl'i.gaarrl Pinborg, D.M.SrL,d 
Jeanette 13ogstad, M .D.,d Anne Lis Englund, D.M.SCI.,e Mare Lou1se Grondahl, D.M.ScL/ Anne Zedeler, Ph.D ., ; 
Stefan R. Hansson, M .D .. Pll.D./ · and Alek.sander Giwercman, M .D., Ph.D ... 11 

Odds of preeclampsia by deoxyribonucleic acid fragmentation index groups ( < 10% vs. ~10% and < 20% vs. ~0%) and method of 
fertilizatjon . 

Outcome DFI Ievel of < 10% DFIIevel of ~10% DFI level of < 20% DFI level of ~20% 

Total (N = 1 ,594) 
Preeclampsia 3.1% (14/450) 6.5% (74/1, 144) 5.1% (62/1 ,222) 7.0% (26/372) 
Adjusted OR (95% Cl) Ref. 2.1 (1.2-3.8) +- Ref. 1.4 (0.85-2.2)

IVF (N = 841) 
Preeclampsia 3.1% (1 0/325) 7.2% (37/516) 4.8% (35n27) 10.5% (12/114) 
Adjusted OR (95% C I) Ref. 2.3 (1 .1-4.8) +- Ref. 2.2 (1.1-4.4) 

ICSI (N = 741) 
Preeclampsia 3.3% (4/122) 5.7% (35/619) 5.4% (26/484) 5.1% (13/257) 
Adjusted OR (95°'o c•) Ref. 1.8 (0.61 - 5.1) Ref. 0.94 (0 .47- 1.9) 

+-

+-

Note: The odds ratios were adjusted for paternal age. The unit of obseiVation was the couple. Cl = confidence interval; DA = deoxyribonucleic acid fragmentation index; ICSl = intracytoplasmic 
sperm injection; IVF = in vitro fertilization; OR = odds ratio; Ref. = reference category. 

Stenqvist Sperm DNA fragmentation and preeclampsia. Fertil Steril 2025. 



         

               

  
 

 
   

  

Higher body 
weight with ICSI 

Higher mortality 
with frozen sperm 
(for high DFI) 

Biol Reprod, Volume 78, Issue 4, 1 April 2008, Pages 761–772, https://doi.org/10.1095/biolreprod.107.065623 
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“With  ICSI  using  DFS,  but  not  using  fresh  sperm,  

33%  of CD1  females  developed  tumors  (Fig.  3,  a– 

d),  and  15%  of these  females  that developed  

tumors  died  between  3  and  5  mo  of age. 

Biol Reprod, Volume 78, Issue 4, 1 April 2008, Pages 761–772, https://doi.org/10.1095/biolreprod.107.065623 

The content of this slide may be subject to copyright: please see the slide notes for details. 
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    Effects – Exposure to reproductive toxicants  
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cadmium ] 

Somatic cell development-functtons 
Testis: Sertoli cells - 1' cyrotoxicity, alrered 
gap junctions; Leyd1g cells - 1' cytotoxiCitY, 
altered junctions. 

Somatic cell development-f unctions 
Hypothalamic-pituitory gonadal (HPGJ axis: 
altered functions 

Induces inflammation 
lestis: 1' inflammatory 
markers 

Induces oxidative stress 
 resets: -.!, anctoxldant levels, 1· 

lipid perox1dation 
HPG Axis: 1' lipid peroxidation J

Hormone receptors levels· 
function 
Testis: -.!, Leydig cell LH-receptor 

Is genoto:Nic 
Testis: ROS-dependenr 
DNA damage 

Hormone 
production-levels 
HPG axis: altered 
FSH, LH, & prolactin 

Germ cell development-functions 
Testis: 'I' spermatogenic cell 
apoptosls -.!, germ cell number 

Hormone 
production-levels 
Testis: -.!, LC 
steroidogenesis -

male fertility 
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HOW AND WHAT
OR GfNAL ARTICLC: :NVIRCf', MCNT 

Environmental exposure to industrial 
air pollution is associated with 
decreased male fertility 

Azoospermia Concentration {M/ml) 

Organochlorines 
q1 ref ref 
q2 1.75** (1.34, 2 28) - 4.60** (- 7.62, - 1 57) 
q3 1.98** (1.52, 2 57) 0.21 (-2.93, 3.35) 
q4 2.09** (1.62, 2 69) 6.63** (3.48, 9.77) 
Trend ?-value < .001 il <.001 

Phthalates 
q1 ref ref 
q2 1.28 (0.95, 1.73) - 11.90** (- 1551, - 8.29) 
q3 1.33"'"' (1 07, 1 65) 3.81 ** (0.96, 6.65) 
q4 1.44** (1.17, 1.78) 7.23** (4.37, 1 0.09) 
Trend P-value < .001 il <.001 

Silver particles 
q1 ref ref 
q2 1.37** (1.05, 1 80) 9.29** (56, 12.97) 
q3 1.59** (1.27, 198) 1 .66 (- 1 2, 4.52) 
q4 1.64** (1.32, 2 04) 4.29** (1.36, 7.22) 
Trend P-value < .001 a .030 
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http://www.elsevier.com/locate/reprotox
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     Effects – Male factors of infertility  
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Adolescent varicocele: improved sperm function after 
varicocelectomy 
Jose Iran Lacerda, Ph.D., M.D.," Paula Toni Del Giudice, M.Sc.," Barbara Ferreira da Silva, B.Sc.," 
Marcilio Nich~ M.Sc., D.V.M., b Roberta Maria Fariello, B.Sc.," Renato Fraietta, Ph.D., M.D.," 
Adriana Euer Restelli, Ph.D.," Camile Garcia Blumer, M.Sc.," Ricardo Pimeflfa Bertolla, Ph.D., D.V.M. ," 
and Agnaldo Pereira Cedenho, Ph.D., M.D. " 

• Department of Surgery, Division of Urology. Human Reproduction Section, Sao Paulo Federal University. and b Department of 
Animal Reproduction, School of Veterinary Medicine. University of Sao Paulo, Sao Paulo, Brazi l 

90 days

Pre-varicocelectomy
• Semen analysis – 2 samples
• DNA fragmentation
• Mitochondrial activity
• TBARS

Post-varicocelectomy
• Semen analysis – 2 samples
• DNA fragmentation
• Mitochondrial activity
• TBARS





Seminal  plasma  –  male fertility 

Sperm DNA 
• Inflammation

In  sperm 
•  ELSPBP1

ELSPBP1 







   

  

 

  

  

• High DFI group proteins - oxidative 

stress response, protein misfolding, 

mitochondrial dysfunction, 

ferroptosis, cellular senescence, and 

the tricarboxylic acid cycle 



 • Several fertilization-related  proteins  

were also  detected  in  both  groups, 

suggesting  that  sperm  with  substantial  

DNA  damage may  retain  fertilizing 

capacity  yet  potentially  compromise 

embryonic  development. 



   

 

     

 

 

• Multiple hyper and hypomethylated 

CpG regions 

• Genes involved in meiotic cell division, 

spermatogenesis-related 

transcriptional regulation. 
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Summary II 

• Paternal age is increasing, and it is linked to obstetric outcomes 
and to child health; 

• Paternal health is linked to obstetric outcomes; 

• Sperm DNA fragmentation is associated to obstetric outcomes;  
•  Animal data – and to increased risk of cancer; 

• Environmental exposure is associated to altered semen and 
altered sperm DNA methylation profiles; 

• Some treatable clinical conditions are associated to increased 
sperm DNA fragmentation. 



      

  
     

       

  

        
  

       

      

       
      

What don’t we know/where do we need to 
get  to? 

• Critical gaps: 
• For most paternal data: 

1. Need to collect more data on evidence; 

2. Need to collect more data on pre-conceptional cohorts (without infertility); 

3. What are the effects? 

4. What are the mechanisms? Metabolomics, exposomics, DNA methylation, sperm 
quality (functional integrity)? 

5. Do clinical conditions affect the observed effects (varicocele, obesity)? 

6. Do lifestyle factors? Alcohol, diet, exercise, smoking? 

• Paternal effects are potentially modifiable/preventable – they 
represent a window of prevention before conception. 
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